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Editorial  

Diabetes mellitus is a metabolic disease characterised by elevation of 
blood glucose level which leads to serious damage to the blood vessels, eyes, 
heart, kidney, and nerves affecting about 830 million people worldwide. The 
most common diabetes is type 2 which usually happened in adults when the 
body becomes resistant to insulin, or the body does not produce enough 
insulin. Type 1 diabetes mellitus is dependent on insulin which required 
accessible and affordable insulin (Diabetes, 2025).  

In Malaysia, the prevalence of diabetes mellitus (DM), depends on 
factors such as gender, age, and ethnicity, with women, the elderly, and the 
Indian community having the highest prevalence of DM. In the 103,063 
participants that made up the study's sample, the combined prevalence of 
diabetes by gender in the population-based studies was 13.80% for men and 
14.54% for women, while the combined prevalence of prediabetes was 11.40% 
for women and 10.98% for men (Akhtar et al., 2022). For age, from this study, 
it can be observed that the prevalence of diabetes showed a notable upward 
trend as people aged, rising from 3.16% in the 20–29 age group to 13.71% in the 
30-45 age group, 25.66% in the 46–59 age group, and 33.45% in the 60 and older 
age group (Akhtar et al., 2022). Ethnicity and races can also affect the 
prevalence of DM. The subpopulation of Indian had the greatest prevalence of 
diabetes which is 25.10%, among all ethnic groups, followed by Malay with 
15.25%, Chinese with 12.87%, Bumiputera with 8.62%, and others with 6.91%. 
The prevalence demands oral hypoglycaemic agents (OHAs) market size in 
Malaysia at USD282.22 million in 2025 with a CAGR of greater than 3% during 
forecast period (2025-2030). The drugs are mainly fall under the following 
segment: biguanides, alpha-glucosidase inhibitors, dopamine-d2 receptor 
agonists, sodium-glucose cotransport-2 (SGLT-2) inhibitor, dipeptidyl 
peptidase-4 (DPP-4) inhibitors, sulfonylureas, and meglitinides (Malaysia Oral 
Anti-Diabetic Drug Market Size | Mordor Intelligence, 2025). 
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  Beside of OHAs, insulin is a very 
important agent in diabetic management. 
Insulin as a biopharmaceuticals has become 
a high demand biotherapeutic which is 
valued USD 310 billion and projected to 
reach USD 550 billion by 2029, growing at a 
compound annual growth rate (CAGR) of 
10% (Research and Markets 4 min read, 
2025). The therapeutic insulin was first 
derived from animal sources, however, due 
to a shortage of time to produce enough 
insulin and immunogenicity, scientists 
developed a new technique, which is using 
recombinant deoxyribonucleic acid (rDNA) 
technology. The steps involved in the 
synthesis of human insulin using rDNA 
include the identification and insertion of the 
insulin gene into suitable vectors followed 
by transfection into Eschericia coli (E. coli) as 
the expression system.  

The discovery of the DNA cloning 
technique by Stanley Cohen and Herbert 
Boyer marked the beginning of genetic 
engineering, which led to the development 
of recombinant proteins with therapeutic 
applications from DNA recombinant 
technology. Several downstream processes 
are also involved until the final product of 
active human insulin is produced. 
Additionally, the advancement of molecular 
biology allows for the modification of 
human insulin to become more 
pharmacologically favourable, thus 
resulting in insulin analogues such as  
insulin isophane (intermediate-acting), 
short-acting insulin, ultra-rapid-acting 
insulin, long-acting insulin, inhaled insulin, 
and U-500 insulin. 

Throughout the years, insulin 
production has gone through a massive 
evolution using E. coli as a host. In both 
research and the biotechnological field, E. 

coli remains a widely used host for the 
production of recombinant proteins. Despite 
the advantages offered by using E. coli, such 
as high yield, low cost, ease of management, 
minimal media requirement, and fast 
growth rate, researchers faced a lot of 
obstacles to improve the production of 
insulin using the E. coli expression system 
(Baeshen et al., 2014) compared to other 
expression systems, like mammalians cells 
and yeasts.  

According to Kim et al., this system 
exhibited a number of drawbacks, including 
mispairing disulfide bonds, which leads to 
the production of inactive proteins, incorrect 
folding, and protein expression in inclusion 
bodies. These, in turn, will result in low 
production yields. In this case, E. coli host 
strains have been genetically modified to 
regulate the cellular redox environment in 
order to prevent the mispairing of disulfide 
bonds (Kim et al., 2021). 

For effective secretion, drug efficacy, 
reducing immunogenicity and increased 
stability, the majority of proteins employed 
in drug therapy need to undergo post-
translational modifications such as 
glycosylation, oxidation of methionine, 
misfolding and aggregation, proteolysis, and 
glutamine deamidation of asparagine and 
glutamine (Jenkins, 2007). However, E. coli 
expression system lacks post-translational 
modifications (e.g., is incapable of forming 
disulfide bonds). Arya et al. stated that E. coli 
is unable to perform N- or O-linked 
glycosylation as it lacks the machinery that 
involves hundreds of genes and proteins 
located in the Golgi apparatus and 
endoplasmic reticulum. Furthermore, it also 
has no capacity to perform other 
modifications like phosphorylation, 
acetylation, and disulfide bridges for proper 
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  protein folding (Arya et al., 2008). 
Glycosylation is crucial in the 
pharmaceutical industry because it is 
frequently required for proper protein 
glycosylation, and it is desirable to pursue 
cost-effective bioproduction by using the 
simplest purification techniques (Ferrer-
Miralles & Villaverde, 2013). Moreover, 
glycosylation will also increases the 
bioactivity of the foreign protein and its 
stability, with the closer glycosylation 
pattern to the native one resulting in the 
production of a more active and stable 
protein (Waegeman & Soetaert, 2011). If it is 
not possible to use E. coli as the expression 
host, other less convenient expression 
systems need to be applied (Table 1). Simple 
eukaryotic cells like yeast have the ability to 
be glycosylated, but they frequently use 
different glycosidic residues than what is 
needed for that particular circumstance 
(Flaschel & Friehs, 1993). Waegeman and 
Soetaert have also mentioned that yeast 
strains are particularly ideal for the synthesis 
of more complex mammalian proteins 
because, unlike bacteria, they are capable of 
performing eukaryotic glycosylation 
patterns (Waegeman & Soetaert, 2011). 

 

Table 1. The advantages and challenges of 

insulin production in different hosts* 

Host Advantages Challenges 

Escherichia 
coli 

High yield, rapid 
growth, well-
understood genetics 

Inclusion 
body 
formation, 
complex 
refolding 
required 

Saccharomyces 
cerevisiae 

Post-translational 
modifications, well-

Requires 
optimization 

established system of 
fermentation 
conditions 

Pichia pastoris High cell density 
growth, efficient 
secretion, fewer 
impurities 

Stability of 
expression 
cassettes, 
optimization 
needed 

CHO cells Extensive post-
translational 
modifications, high 
yield 

High 
production 
costs, longer 
development 
times 

Transgenic 
plants 

Cost-effective, scalable, 
long-term stability 

Regulatory 
hurdles, 
extensive 
purification 
required 

*The table was generated by Scopus AI 

(https://www.scopus.com/pages/ai?query=insulin%20produ

ction&isExample=false) 

Another issue that can be highlighted 
resulting from the lack of posttranslational 
modification in E. coli is proteolytic 
maturation. Based on Kamionka, 
preproinsulin required proteolytic 
modification to cleave the peptide in the 
endoplasmic reticulum, leaving the B-chain 
attached to the A-chain by two disulfide 
bridges to become fully active (Kamionka, 
2011). This issue presented a significant 
challenge for recombinant human insulin 
expression, which led to various engineering 
strategies being implemented. Using a single 
expression construct, complete proinsulin is 
produced. For instance, Eli Lilly and Aventis 
designed an innovative technique that 
involves generating a single chemically 
synthesised cDNA encoding for human 
proinsulin in E. coli, purifying, and then 
removing the resultant C-peptide using 
proteolytic digestion (Baeshen et al., 2014). It 
has been supported by Kamionka, who 
discovered that following the purification of 



Page 4       

 

Taher  (2025) Journal of Pharmacy, 5(1), 1-5 

 

 

  proinsulin, the development of a disulfide 
bridge, the elimination of proteolytic C-
peptide, and N-terminal methionine 
cleavage results in the formation of a 
physiologically active recombinant human 
insulin. Since this method was thought to be 
more practical and effective for producing 
insulin on a wide scale, humulin, the first 
recombinant insulin was invented to treat 
diabetes mellitus (Kamionka, 2011). 

Furthermore, the strain's failure to 
secrete the recombinant protein into the 
culture medium presents another challenge 
when employing E. coli as an expression host  
(Kleiner‐Grote et al., 2018). Inclusion bodies 
(IBs), which are related to insoluble 
misfolded protein aggregates, may result 
from the accumulation of protein in E. coli 
(Baeshen et al., 2014). Furthermore, 
according to Bathwa et al. (2021), the target 
protein starts to misfold and finally 
aggregates into IBs when the rate of 
recombinant protein expression exceeds the 
host cell's capacity to control post-
translational modifications and protein 
folding (Bhatwa et al., 2021). To overcome 
this problem, a few approaches have been 
tested, as suggested by Baeshen et al. 
(Baeshen et al., 2014) to use molecular 
chaperones to help in proper protein folding 
and increase protein solubility. In this 
cooperative context, some chaperones 
inhibit protein aggregation, while others aid 
in the refolding and solubilisation of 
misfolded proteins. Not only that, 
chaperones such as GroEL, GroES, DnaK, 
DnaJ, and Grp can also reduce aggregation 
by facilitating the breakdown of proteins 
that are unable to fold correctly (Carrió & 
Villaverde, 2003). 

In conclusion, the emergence of 
recombinant DNA technology has become 

one of the greatest turning points in the 
development of insulin production. Multiple 
hosts have been used to express insulin with 
their significant characteristic, both 
advantages and drawbacks. However, the 
drawbacks of using E.coli have opened many 
opportunities to create innovation in 
molecular biology to improve the product. 
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Abstract 

Introduction: Problem-based learning (PBL) is being adopted more frequently in 
pharmacy education to enhance skills such as problem-solving, and self-directed 
learning. However, thorough research on pharmacy students’ perceptions and 
satisfaction towards PBL in Malaysia remains inconclusive. This study aims to explore 
students’ views, satisfaction, and obstacles regarding PBL in pharmacy education 
especially to improve critical thinking, interpersonal skills, and problem-solving skills. 
Method: A cross-sectional study using a validated closed and open-ended 
questionnaire consisting of 22 statements was distributed among 84 final-year 
pharmacy students. Results: Eighty-four final-year pharmacy students participated in 
this study. Findings revealed that the majority agreed with statements on benefits that 
PBL significantly contributed to their knowledge acquisition (100.0%), stimulated the 
exploration of basic scientific concepts (98.8%), and enhanced their understanding in 
selecting both pharmacological and non-pharmacological approaches in disease 
management (97.6%, 95.2% respectively). The consensus extended to the belief that 
PBL fostered interactions with peers (91.7%), improved problem-solving skills (95.2%) 
and enhanced interpersonal skills (95.2%). Students expressed confidence in their 
instructors’ clarity (92.9%) and clear answers to questions (90.5%). Most felt 
comfortable participating in discussions (69%), and nearly all students were satisfied 
with their group members’ cooperation (95.2%). Although, most findings highlight 
positive aspects of PBL, this study also identified three major challenges in PBL 
implementation, namely 1) insufficient time for PBL preparation, 2) lack of teamwork, 
and 3) difficulty in finding adequate reading materials. Conclusion: Overall, these 
findings highlight positive aspects of the PBL experience among respondents. Future 
research should consider diverse student populations, conduct longitudinal studies, 
and explore instructors’ perspectives.  
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  Introduction 

Over the years, employers and professional 
organisations have urged higher education 
institutions to produce pharmacy graduates with 
appropriate competence and knowledge in 
response to the continuous emergence of newly 
developed drugs and the ability to keep up with 
treatment guidelines that are constantly updated.  
Hence, there is an increased number of educational 
institutions implementing or planning to 
implement problem-based learning, including a 
great number of health science programmes 
utilising problem-based and/or case-based learning 
methodologies (Sistermans, 2020). This pedagogical 
approach has gained popularity in health science 
programmes particularly due to its emphasis on 
active learning and the development of critical 
thinking skills. It encourages students to apply 
theoretical knowledge to practical scenarios, 
fostering a deeper understanding of the subject 
matter. This learning method has been 
progressively and widely employed in pharmacy 
schools after the Accreditation Council for 
Pharmacy Education (ACPE) announced the 
curricular requirements for pharmacy schools in the 
year as early as 2000. According to ACPE Standards 
2025 (2024), educational outcomes that will be 
observed include students' foundational 
knowledge of medications and pharmacy practice, 
problem-solving abilities, and communication 
skills. These standards signify the importance of 
implementing PBL in pharmacy education. 
Throughout this article, the term PBL will refer to 
problem-based learning.  

According to Yew & Goh (2016), PBL lessons 
feature small groups of four to eight students 
collaborating to solve real-world situations called 
'clinical cases, and students will do self-study 
research on their own with little or no supervision 
from teachers. This approach fundamentally 
opposes the conventional way of delivering lectures 
and learning solely from the slides provided. PBL 
also promotes teamwork and communication skills 
as students work together to analyse and solve 
complex clinical cases. Previous studies analysed 

several articles on the process of PBL and found that 
there are promising results when PBL is applied in 
education (Yew & Goh, 2016; Ibrahim et al., 2018). 
Therefore, by using this method, students are 
engaged in the learning process and are able to gain 
a deeper comprehension of the material as well as 
critical thinking and problem-solving. Furthermore, 
positive outcomes were shown in a case study of 
collaboration between American pharmacy 
students and three pharmacy schools in Italy which 
have not yet implement PBL during the research 
time (Montepara et al., 2021). Although the number 
of studies approving the PBL method gradually 
increased, a systematic review of pharmacy 
education in China found that the PBL approach 
had not been integrated into the Chinese education 
system as of 2016. Nevertheless, survey results 
indicated that most students at these institutions 
expressed greater enthusiasm for PBL methods 
when compared to traditional teaching methods 
(Zhou et al., 2016) 

While the existing research supports the benefits of 
PBL, limited studies have explored students’ 
perceptions, satisfactions, and challenges 
specifically among pharmacy students, particularly 
at the advanced stage of their education. This gap in 
existing studies calls for further investigation to 
determine the impact of PBL on final-year 
pharmacy students' learning outcomes and 
professional development. Thus, this preliminary 
survey study aims to assess students’ perceptions, 
satisfaction, and challenges related to Problem-
Based Learning (PBL) in pharmacy education 
among final-year pharmacy students. 

Methods 

Study Design  

This cross-sectional survey study employed an 
online survey to collect data on students' 
perceptions and experiences with problem-based 
learning. Self-administered closed and open-ended 
questionnaires were distributed, targeting final-year 
students from the Kulliyyah/School of Pharmacy 
(KOP) at the International Islamic University 
Malaysia (IIUM). 
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Study Subjects 

Final-year pharmacy students from Kulliyyah of 
Pharmacy, IIUM, were chosen as they have the most 
exposure to problem-based learning throughout 
their pharmacy education. Participation was 
voluntary and anonymous, with informed consent 
obtained from all participants before data collection. 
Yamane’s formula is used to calculate minimum 
sample size as seen in Eq. (1). The total population 
of final-year pharmacy students is 107, calculated 
with a 5% margin of error, determined a minimum 
recommended sample size of 84. Accordingly, 84 
final-year pharmacy students were selected as study 
subjects. 

 
Survey Instrument 

The survey questionnaire, developed based on 
research objectives and relevant literature, included 
both closed-ended and open-ended questions. 
Covering demographics, experiences with problem-
based learning, and perceptions of its advantages, 
the questionnaire addressed knowledge acquisition, 
critical thinking, and clinical competence, along 
with challenges in implementation. Feedback from 
the supervisor, co-supervisor, and two expert 
lecturers in survey research informed the final 
version. 

The questionnaire, designed and published in 
English, comprised 24 questions divided into four 
sections: 

Section A: Captured socio-demographic 
background (name, gender and email) of 
respondents. 

Section B: Consisted of 18 items assessing students' 
perception on of problem-based learning, utilizing a 
4-point Likert scale (1 = Strongly Disagree, 2 = 
Disagree, 3 = Agree, 4 = Strongly Agree). 

Section C: Included 4 items assessing students' 
satisfaction in implementing problem-based 

learning, covering aspects such as facilitator, time, 
and teamwork, using a 4-point Likert scale. 

Section D: Featured two open-ended questions 
exploring students' perspectives on challenges in 
implementing problem-based learning and their 
suggestions for improvement in the overall 
experience. 

Ethical Considerations 

Ethical approval for the survey study is obtained 
from the IREC committee. Confidentiality of 
participants' responses will be ensured, and all data 
will be anonymized to protect their identities. 

Statistical Analysis 

Statistical Package for Social Sciences programme, 
version 26.0 (IBM SPSS Statistics for Windows, v.26; 
IBM Corp, USA) was used to analyse the data. As 
this is a study of one sample group and the 
hypothesized population mean is not 
predetermined, only descriptive statistics were 
utilised to summarise and describe the main 
features of the dataset. Responses of strongly 
disagree and disagree were under disagreement 
(SD/D), and responses of strongly agree and agree 
were under agreement (SA/A) as seen in Tables 2 
and 3. The mean scores ± standard deviations for 
each item were also tabulated. All p values ≤ 0.05 
were considered statistically significant. 

Thematic Analysis 

An inductive approach was used for the open-
ended questions, meaning that the themes are 
developed from the responses. In general, this 
method consists of six steps (1) familiarization with 
data (2) generation of initial codes, (3) searching for 
themes (4) reviewing themes, (5) defining themes, 
and (6) final analysis (Braun & Clarke, 2006). The 
analysis begins with a search for patterns and data 
that can be identified with each other and combined 
to form themes. The purpose of this analysis is to 
explore issues experienced by the students during 
PBL and how to overcome the challenges. 
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  Results 

Instrument reliability and validity  

The content validity of the final questionnaire 
version was assessed by two lecturers who 
specialise in survey research. Each lecturer was 
asked to judge the degree of relevancy using a rating 
scale objectively and constructively (1 = the item is 
not relevant to the measured domain, 2 = the item is 
somewhat relevant to the measured domain, 3 = the 
item is quite relevant to the measured domain, 4 = 
the item is highly relevant to the measured domain). 
The Content Validity Index (CVI) was calculated, 
and it was found that the S-CVI/Ave for relevancy is 
0.88. The results of CVI from two lecturers were 
greater than 0.80, which is the minimum accepted 
CVI value for two experts (Yusoff, 2019). Based on 
the above calculation, it is concluded that I-CVI, S-
CVI/Ave meet a satisfactory level, and thus the scale 
of the questionnaire has achieved a satisfactory level 
of content validity. 

The internal consistency (Cronbach’s Alpha) for 
Section B and Section C is 0.865 and 0.763, 
respectively. Both values scored above 0.7 and thus, 
considered reliable (Taber, 2017). 

Table 1: Demographic data of participants 

Characteristics   n (%) 
Gender   
 Male 23 (27.4%) 
 Female 61 (72.6%) 

A substantial portion of Year 4 students (n=84, 
78.5%) actively participated and completed the 
survey where more than half of the students were 
female (n=61, 72.6%). Overall, respondents 
displayed predominantly positive views 
regarding the integration of PBL into the 
pharmacy curriculum. The mean scores of 
students' responses indicated favourable 
opinions on the effectiveness of PBL (3.36 ± 0.32) 
and their satisfaction with it (3.24 ± 0.49). 

 

 

Table 2: Student's Perception on PBL (n= 84) 

 

 

Table 2 presents the mean scores and standard 
deviations illustrating students' perceptions of 
PBL for each item. Notably, all participating 
students (n=84, 100.0%) believed that PBL 
significantly contributed to their knowledge 
acquisition (p<0.001). They expressed consensus 
that PBL effectively stimulated the exploration of 
basic scientific concepts (n=83, 98.8%). 
Additionally, a substantial majority agreed that 
PBL enhanced their understanding in selecting 
both pharmacological and non-pharmacological 
approaches in disease management (n=82, 97.6% 
and n=80, 95.2% respectively). Furthermore, a 
significant percentage of students reported 
increased interest in learning the subject matter 
(n=83, 98.8%) and acknowledged that PBL 
facilitated individual research related to the case 
topic (n=80, 95.2%). The consensus extended to 
the belief that PBL improved problem-solving 

Survey items SA/A1 SD/D2 Mean ± SD p-valu  
 n (%) n (%)   
PBL can encourage me to study basic 
scientific concepts. 
 

83 (98.8) 1(1.2) 3.68 ± 0.495 0.0   

PBL can help me gain knowledge 84 (100) 0 3.83 ± 0.375 0.0   

PBL can increase my understanding in 
choosing a pharmacological approach in 
disease management. 
 

82 (97.6) 2 (2.4) 3.73 ± 0.499 0.0   

PBL can increase my understanding in 
choosing a non-pharmacological approach in 
disease management. 
 

80 (95.2) 4 (4.8) 3.58 ± 0.585 0.19  
 

 

I feel satisfied learning by PBL approach. 78 (92.9) 6 (7.1) 3.42 ± 0.625 0.22  
 

 

I feel more confident expressing opinions. 
 

71 (84.5) 13 (15.5) 3.10 ± 0.670 0.00  
 

 

I become more interested to learn the topic. 83 (98.8) 1 (1.2) 3.50 ± 0.526 1.00  
 

 

PBL can help me build interactions with other 
people. 

77 (91.7) 7 (8.3) 3.50± 0.649 1.00  
 

 

PBL encourage me to be cooperative in 
groups. 

81 (96.4) 3 (3.6) 3.61± 0.602 0.10  
 

 

PBL develops student-facilitator interaction. 78 (92.9) 6 (7.1) 3.40± 0.661 0.19  
 

 

I prefer learning by traditional lecture method 
only. 

13 (15.5) 71 (84.5) 1.94 ± 0.812 0.00  
 

 

I do not like doing assignments in groups. 
 

23 (27.4) 61 (72.6) 2.04 ± 0.898 0.00  
 

 

PBL increase my knowledge on how to find 
problems related to drug therapy. 
 

83 (98.8) 1 (1.2) 3.60 ± 0.518 0.09  
 

 

PBL can increase my performance in clinical 
reasoning. 
 

82 (97.6) 2 (2.4) 3.54 ± 0.548 0.55  
 

 

PBL increases my knowledge on how to use 
clinical practice guidelines for evidence-
based recommendations. 
 

84 (100) 0 3.73 ± 0.449 0.00  
 

 

PBL improve my problem-solving skills. 80 (95.2) 4 (4.8) 3.45 ± 0.629 0.49  
 

 

PBL can develop my interpersonal skills. 
 

80 (95.2) 4 (4.8) 3.44 ± 0.588 0.35  
 

 

PBL stimulates individual research related to 
the topic of the case. 

80 (95.2) 4 (4.8) 3.44± 0.665 0.41   

Overall mean ± SD =                                                   3.36 ± 0.32 0.0   

1Strongly agree, Agree 
2Strongly disagree, Disagree 
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  skills (n=80, 95.2%) which indicates a strong 
majority of participants recognized the 
effectiveness of PBL in enhancing their ability to 
tackle problems efficiently. A noteworthy 
majority (n=77, 91.7%) agreed that PBL fostered 
interactions with peers and enhanced 
interpersonal skills (n=80, 95.2%). 

However, a subset of respondents expressed 
reservations, with 27.4% (n=23) disliking group 
assignments, while a minority (n=13, 15.5%) 
indicated a preference for traditional lecture 
methods over PBL. 

Table 3: Demographic data of participants 

 

Table 3 provides the results obtained for 
students' mean scores and SD regarding 
satisfaction. It was shown that many of the 
students (n=78, 92.9%) believed that their 
instructor discussed the task clearly and 
answered the presented questions clearly (n=76, 
90.5%). About two-thirds of them (n=58, 69%) are 
comfortable in voicing out their opinions during 
discussion. Almost all students were satisfied 
with their group members and agreed that they 
are helpful in completing the task (n=80, 95.2%). 

Students’ responses to the question were 
analysed and a total of three major themes were 
derived from the analysis as shown in Figure 1. 

 

Fig. 1: Thematic analysis for challenges implementing 
PBL 

Challenges in preparing and during PBL 

Insufficient time for PBL preparation 

The predominant challenge identified by 
respondents when reflecting on the hurdles 
associated with learning through the PBL method 
was insufficient time for preparation. In the open-
ended section, participants cited various instances 
of time constraints such as ‘Limited time to prepare’ 
and ‘Sometimes, lack of time to prepare because schedules 
were packed with other assignments. Additionally, 
some students highlighted the difficulty of 
coordinating schedules with group members, 
making it challenging to find suitable times for 
collaborative discussions. This underscores the 
multifaceted nature of time-related issues, including 
individual preparation and group coordination.  

Lack of teamwork 

Despite having a high percentage in satisfaction 
response, a recurrent theme that came up is the lack 
of teamwork. The usual practice among students is 
to initially divide the questions among members 
and each of them will read through the answers in 
their own time before the presentation. However, 
some of them expressed dissatisfaction as the 
members only focused on their part and did not 
fully understand the whole case study.  A 
respondent also admitted doing that by responding, 
‘Actually, most of the time when doing PBL, I only 
understand my part that I was assigned to instead of other 
questions/parts. Maybe it is because I did not have 
enough time to understand other member's part. Besides, 
the group members are not responsive when I want to ask 
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  in WhatsApp group.’ 

This revelation suggests that, despite overall 
satisfaction, there exists room for improvement in 
fostering a more collaborative and comprehensive 
approach to PBL within student groups. 

Difficulty in finding reading materials 

Some participants encountered challenges in 
locating relevant references, struggling to find 
answers in available resources. One respondent 
expressed their uncertainty, stating, ‘We were not 
sure the information we extracted from different sources 
is related to our questions or not, as we cannot do the 
discussion with our lecturer beforehand’. Other 
respondents stated ‘Sometimes, it is difficult to search 
for references’ and ‘I did not find the answer in any 
resources’. 

 
Fig. 2: Thematic analysis on improvement for better 

experience 

Students’ responses to the question were analysed 
and a total of three major themes were derived 
from the analysis as shown in Figure 2.  

Student’s opinions on PBL improvisation 

Longer preparation time 

As anticipated from the challenges highlighted 
earlier, a recurring theme emerged, emphasizing the 
need for extended preparation time. Responses 
uniformly underscored the necessity for more time 
to comprehend the case, engage in group 
discussions, and prepare materials for effective 
presentation. 

Provide peer assessment 

Among various responses, six students mentioned 

their desire for peer assessment, reflecting students' 
interest in offering constructive feedback to their 
peers regarding their group work performance. This 
theme suggests a collective eagerness among 
students to actively contribute to evaluating each 
other's contributions.  

Effective group teamwork 

Students shared that the PBL experience could 
significantly improve with cooperative, proactive, 
and supportive group members. Responses 
highlighted the importance of active participation 
and communication within the group, with 
suggestions such as ‘Maybe more interaction between 
each other and speak out when having problems or any 
dissatisfaction’ and ‘Everyone has to be prepared on the 
topic discussed and not covering their part only’. 

Discussion 

In this study, the consensus among final-year 
pharmacy students indicates a belief in the 
effectiveness of PBL for enhancing knowledge 
acquisition and critical thinking skills. The statistical 
analysis results underscore the potential of PBL to 
enhance teaching and learning, particularly by 
fostering independent thinking, curiosity, and 
improving interpersonal skills with both group 
members and instructors. These findings align with 
previous studies conducted among medical and 
nursing students (Ibrahim et al., 2001; Putri & 
Sumartini, 2021), suggesting that PBL is a preferred 
method for health science education. Likewise, 
Trullàs et al. (2022) concluded in their study that 
PBL is superior compared to traditional methods in 
enhancing students’ skills for social interaction, 
communication, problem-solving, and self-learning. 
It also does not negatively impact academic 
achievement, in fact, in many instances, it improves 
it. 

Examining Table 1 data reveals a notable agreement 
among students, with 98.8% expressing that PBL 
encourages the study of basic scientific concepts. 
This aligns with a related study where 89.6% of 
students perceived PBL as stimulating the learning 
of basic sciences content (Ibrahim et al., 2018). 
Additionally, students reported a heightened 
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  inclination toward self-research when assignments 
are presented with 'real-life cases' in the coursework 
(Elkalmi et al., 2020). Existing literature supports 
this, indicating that students are more motivated 
and interested in learning when PBL is integrated 
into the curriculum compared to traditional lectures 
alone (Ibrahim et al., 2018; Joseph et al., 2015). While 
PBL demonstrates a high potential to enhance the 
academic performance of pharmacy students, as 
noted by Galvao et al. (2014), it is important to 
acknowledge that this method may not necessarily 
translate into improved professional skills. The 
study suggests that educators should consider 
integrating other teaching methods and practical 
experiences to ensure the holistic development of 
well-rounded pharmacy professionals. 

As depicted in Table 2, most students expressed 
favourable opinions about the performance of their 
instructors. These results align with previous 
studies, emphasizing the significance of instructors 
undergoing intensive training before program 
implementation to ensure the successful 
achievement of objectives (Ibrahim et al., 2018; 
Elkalmi et al., 2020; Putri & Sumartini, 2021). 
However, the requirement for additional training 
could be unfavourable to some lecturers. This has 
been seen in a study where satisfaction responses 
from instructors were not as positive as the students 
and this may be because of the additional workload 
and lack of administrative support (Trullàs et al., 
2022). Instructors equipped with essential skills play 
a critical role in ensuring the successful 
implementation of PBL by effectively guiding and 
facilitating student learning. Their expertise and 
ability to create a supportive learning environment 
significantly enhance the overall effectiveness of 
PBL. These findings underscore the importance of 
ongoing professional development and training 
opportunities for instructors to continually enhance 
their instructional practices in PBL settings. 

PBL sessions, like any other teaching style, may 
have a few disadvantages. As can be seen in Figure 
1, students complained of insufficient time for 
preparation. An earlier study found that students 
found PBL to be time-consuming (Joseph et al., 
2015). Another study also found that pharmacy 

students across all academic years consistently 
brought up the issue of time management during a 
program that implemented PBL as a learning 
method (Moseley et al., 2020). It is important to bear 
in mind that the time allocated to work on the cases 
in the study is only four days while for this current 
study, the cases are assigned to students at least a 
week before the presentation. Nevertheless, Ghani 
et al (2021) believe that students should know how 
to prioritise in finishing tasks according to their 
importance and urgency. In other words, time 
management is a skill that every student should 
have to achieve the best result in acquiring 
knowledge and completing tasks within the time 
given. This is supported by several studies that 
found time management behaviours were 
significantly positively related to the academic 
achievement of students (Nasrullah & Khan, 2015; 
Razali et al., 2018). As previously discussed, PBL 
involves students collaborating with group 
members to solve cases provided by the instructor. 
Teamwork is crucial for maximizing the potential of 
PBL, from task division to presentation day. With 
advancements in technology, students now have the 
flexibility to conduct discussions either online or 
face-to-face. To ensure effective collaboration and 
prevent "free riders," each group should document 
brainstorming sessions and record each member's 
contributions (Sistermans, 2020). Effective 
teamwork in PBL does not only enhances problem-
solving skills but also fosters critical thinking and 
communication among group members. Teamwork 
is essential in PBL because it brings together diverse 
perspectives, promotes collaboration and 
communication, and utilizes the unique strengths of 
each member, which ultimately can enhance 
problem-solving effectiveness and leads to a deeper 
understanding of the subject matter.  

This study also identified that student’s ability to 
access relevant resources to assist in the PBL process 
was a barrier for some students. Nasr and Wilby 
(2017) discovered that when PBL is first introduced 
to a university in Qatar, one of the weaknesses in the 
PBL process is the availability of resources. Some 
researchers believed that students should have the 
skill to obtain and manage learning resources to 
expand their understanding of the content (Ghani et 
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  al., 2021). Retrieving relevant and high-quality 
reading materials can be a barrier for some students. 
Educators should guide students on effective 
information search strategies and curate suitable 
materials when students  encounter challenges in 
locating resources that align with their PBL tasks 
(Joseph et al., 2015). 

In terms of recommendations for enhancing PBL, six 
students expressed interest in peer assessment. 
They emphasized the importance of constructive 
feedback among peers regarding group-work 
performance. This collective eagerness indicates a 
strong commitment to evaluating each other’s 
contributions. This suggestion aligns with the 
insights of Ghani et al. (2021), who advocate for 
providing students with the opportunity to offer 
constructive feedback on their group members' 
performance during sessions. Peer assessment not 
only encourages active engagement with peers' 
work but also instills a sense of responsibility and 
accountability within the group. Implementing this 
approach allows instructors to establish a 
collaborative learning environment where students 
can learn from each other's strengths and 
weaknesses, ultimately enriching their overall 
educational experience. For future research, it will 
be beneficial to include instructors’ perspectives on 
students’ performance during implementation of 
PBL as the finding will assist in gaining more insight 
on the effectiveness of the learning approach. This 
recommendation had also been applied by previous 
studies and some interesting points can be found. 
Antonella (2023) conducted in-depth interviews 
with two lecturers regarding the benefits of PBL and 
found that they felt PBL technique promotes 
teamwork, integrates different domains of 
knowledge, increases motivation, and improve 
students' attitudes. Another study in Indonesian 
private university conducted by Ghufron and 
Ermawati (2018) revealed that the teachers believed 
PBL encourage self-directed learning, reducing 
nervousness, increasing self-confidence and 
motivation, increasing responsibility, facilitating 
idea sharing, increasing student engagement, 
promoting problem-solving, and cultivating a 
positive learning attitude. Although these studies 
are not related to pharmacy curriculum, the findings 

align with other studies that focused on the the 
impact of PBL on student learning outcomes.  

Despite the valuable insights gained from this 
study, certain limitations should be acknowledged. 
Notably, the exclusive focus on final-year pharmacy 
students may limit the venerability of findings to 
students in other academic years. Additionally, the 
study centred on a single pharmacy school, 
restricting the broader applicability of results to all 
pharmacy students in Malaysia. 

Conclusion  

The study highlights positive student perspectives 
and satisfaction levels, highlighting the beneficial 
impact of problem-based learning (PBL) on their 
educational experience. Despite these positive 
findings, several challenges persist, including 
insufficient time for preparation, lack of teamwork, 
and difficulty in accessing relevant reading 
materials. To improve the PBL implementation, 
both students and instructors can overcome these 
challenges by refining case development, 
optimizing the process execution, and adopting 
effective assessment strategies. This iterative 
refinement process has the potential to consistently 
enhance the effectiveness of PBL, fostering 
continuous growth in students’ knowledge 
acquisition and problem-solving skills within 
pharmacy education. 
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Abstract  

Introduction: Palm olein has been used as an excipient in the formulation of topical 
emulsions due to its rich source of natural antioxidants that can lead to better skin 
health and higher stability upon storage. Despite its potential as a topical drug 
delivery vehicle, the practical implementation of manufacturing 20% (w/w) palm 
olein-in-water emulsions for commercial purposes has not been explored extensively, 
and obtaining experimental data on scale-up studies would be helpful in facilitating 
this realisation. Methods: This research work established and optimised the 
manufacturing process parameters for the production of cream and lotion 
formulations containing betamethasone 17-valerate, utilising palm olein as the 
vehicle, with scale-up from lab-scale 5 kg batches to pilot-scale 80 kg batches. Design 
of experiments (DoE) where response surface methodology as well as three-level, two-
factors (32) full factorial design were used to develop statistical models for 
representing the possible relationships between factors: homogenisation time and 
speed, and responses: particle size and phase separation. Results: The findings 
established that the quadratic model was the most suitable model as it could predict 
the interactions between factors and responses in an accurate manner as well as 
suggest the optimum operating conditions. The optimum homogenisation time and 
speed were found to be 40 minutes and 3400 rpm, respectively. These conditions 
produced emulsions with the smallest particle size (3.2 µm ± 0.03) and the least phase 
separation value (29.7% ± 0.35). Conclusion: The study successfully demonstrated the 
potential to scale up the manufacturing of 20% (w/w) palm olein-in-water emulsions 
for commercial purposes. The optimised parameters, obtained through DoE, facilitate 
the large-scale production of stable emulsions containing betamethasone 17-valerate. 
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Introduction 

Palmisone® products are topical cream and 
lotion of betamethasone 17-valerate (BV17) which 
are developed for treating corticosteroid-responsive 
skin diseases such as eczema and psoriasis. Unlike 
conventional BV17 products which were prepared 
using mineral oils as drug delivery vehicle, 
Palmisone® products were prepared using palm 
olein, which is the liquid-fractionated part of palm 
oil extracted from the mesocarp of Elaeis guineensis.  
In order to be used as the drug delivery vehicle, 
palm olein was homogenised into an oil-in-water 
emulsion consisting of 20 % (w/w) palm olein-in-
water emulsion stabilised with 25 % (w/w) of Span® 
20 and Tween® 20 non-ionic surfactant mixture at 
an effective hydrophile-lipophile balance (HLB) 
value of 10. The use of palm olein as topical drug 
delivery emulsion is advantageous since it contains 
natural antioxidants that can lead to better skin 
health.  It is also stable upon storage due to the 
presence of natural anti-oxidants (Ramli et al., 2017). 

Previous research works have witnessed the 
superior stabilities and efficacies of 20 % (w/w) palm 
olein-in-water emulsion when compared to three 
commercial samples utilising conventional vehicle 
bases, such as white soft paraffin and liquid paraffin 
(Ahmad et al., 2018).  The present study aims to 
establish and optimise the manufacturing process 
parameters for pilot-scale production of topical 
cream and lotion of BV17 with consistent quality 
using palm olein as drug delivery vehicle.  Since the 
study comprehensively outlines the practical 
procedures employed for process optimisation, the 
research described here serves as a practical 
reference for optimising procedures in similar 
processes. 

In this research, we used 67.36 kg of 20 % (w/w) 
palm olein-in-water emulsion to produce 80 kg of 
Palmisone® products.  Response surface 
methodology (RSM) in conjunction with full 
factorial design (FFD) was employed to study the 
influences of two factors (homogenisation speed 
and time) on two critical responses - particle size 
and phase separation. These parameters are crucial 
as they directly impact the stability, bioavailability, 
and overall performance of the emulsion. The aim 

was to develop statistical model equations for 
estimating the optimum conditions in order to 
generate the smallest particle size and the least 
percentage of phase separation. RSM demonstrates 
the relationship between factors and responses by 
interpreting the effect of factors on responses or 
processes through mathematical models whereas 
FFD is used to investigate the importance and the 
ranges of factors. Despite its low resolution, FFD is 
a simple and sufficient method for screening a large 
numbers of experimental parameters (Jankovic et 
al., 2021, Ćurić et al., 2013, Singh et al., 2011). 

Materials and methods 

Materials  

Refined, bleached and deodorised palm olein, 
propylene glycol, chlorocresol and BV17 powder 
were purchased from Plant Succeed Engineering 
Sdn. Bhd. Tween® 20 and triethanolamine were 
supplied by Merck Sdn. Bhd. Carbopol® 940 
powder was provided by Eurochemo Pharma Sdn. 
Bhd. Span® 20 was purchased from Hefei TNJ 
Chemical Industry Co., Ltd.  Honey melon fragrance 
oil was generously provided by IKOP Pharma.  All 
the starting materials used were pharmaceutical 
grade.  

Method 

The process optimisation study was performed 
in the following steps, which were adapted from the 
methodology outlined by Singh, Ćurić and their co-
workers (Singh et al., 2011, Ćurić et al., 2013).  The 
emulsions were prepared using the homogenous 
mixing equipment (HME) (YC-HM-100, Yenchen, 
China) available in the Production Department at 
IKOP Pharma.  

Step 1: Define critical formulation stages  

Palmisone® products were formulated using 
four sequential stages: preparation of 1 % (w/w) 
Carbopol® 940 stock solution (Stage 1), preparation 
of BV17 slurry (Stage 2), preparation of 20 % (w/w) 
palm olein-in-water emulsion (Stage 3) and 
preparation of Palmisone® products (Stage 4). 

According to the earlier formulation 
developmental studies conducted by Win (2015), the 
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preparation of 20% (w/w) palm olein-in-water 
emulsion (Stage 3) is the most critical part because it 
is the base vehicle in which active pharmaceutical 
ingredient and all other pre-mixed excipients are 
finally incorporated to obtain the final product. 
Moreover, the critical quality attributes of finished 
product are closely derived from the parent base 
emulsion. For instance, the particle size has a great 
impact on the diffusion of BV17 from the vehicle 
into the stratum corneum which in turn affects the 
therapeutic efficacy of Palmisone® products 
(Ahmad et al., 2018).  Therefore, it is important to 
determine the best possible manufacturing process 
parameters in Stage 3 in order to produce 80 kg pilot 
batch of Palmisone® products with consistent 
quality and stability. 

 Step 2: Select critical manufacturing parameters  

The purpose of this phase is to determine the 
appropriate design factors ((Singh et al., 2011, Ćurić 
et al., 2013).  The particle size of the dispersed phase 
and the phase separation are amongst the most vital 
parameters in determining the stability of an 
emulsion (Faria-Silva et al., 2020). These two 
parameters were chosen as the responses in this 
study and the factors were further determined 
based on the manufacturing parameters which had 
the most influential effect on the chosen responses. 

Win (2015) and Mohd Nawi (2018) had reported 
that homogenisation process parameters such as 
homogenisation temperature, speed, duration and 
depth of emulsifier shaft embedded inside the 
emulsion would greatly influence the properties of 
palm olein emulsion. Since the emulsifier shaft of 
the homogenous mixing equipment (HME) cannot 
be adjusted due to the built-in equipment design, 
the depth of emulsifier shaft was treated as constant 
in this research work. Similarly, the homogenisation 
temperature was maintained at 25 ± 5 ºC as 
recommended by Win (2015).  Therefore, the 
adjustable parameters, such as homogenisation 
speed and duration were chosen as the independent 
variables or factors. The ranges of independent 
variables were selected based on the HME’s 
homogenising capacities as suggested by the 
equipment’s manufacturer and knowledge attained 
from trial experiments. 

Step 3: Establish experimental model using RSM 

The experimental model for the optimisation of 
homogenisation process was established using the 
Design-Expert® Software Version 7.0.0 (Stat-Ease 
Inc., Minneapolis, USA).  RSM and three-level, two-
factor (32) FFD were used to establish the suitable 
experimental model (Singh et al., 2011, Ćurić et al., 
2013). 

Step 4: Finalise experimental design and parameter specifications 

The units, notations and targeted values of both 
independent and dependent variables shown in 
Table 1(a) were specified in the Design-Expert® 
software environment and the design matrix is 
shown in Table 1(b). 

 
Table 1: (a) Variable inputs for the determination of 
experimental model, and (b) Design matrix for pilot-scale 
production (67.36 kg) of 20% (w/w) palm olein-in-water 
emulsion. 
(a). 

Independent 
variables 

Unit Notation Coded levels 
-1 0 1 

Homogenisation 
speed 

rpm A 1400 2400 3400 

Homogenisation 
time 

min B 30 40 50 

Dependent 
variables 

  Targeted values 
Min Max 

Particle size µm R 1 3.01 5 
Phase 
separation 

% R 2 28.00 40 

 
(b). 

Run no. A (rpm) B (min) R 1 (µm) R 2 after 
24 h (%) 

1 3400 40 3.01 28 
2 1400 40 12.54 55 
3 3400 30 3.69 40 
4 2400 40 3.72 30 
5 2400 40 3.73 30 
6 2400 40 3.76 30 
7 3400 50 3.58 35 
8 2400 50 3.91 40 
9 1400 30 12.99 60 

10 2400 40 3.71 30 
11 2400 40 3.83 30 
12 1400 50 13.04 59 
13 2400 30 3.95 35 
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Step 5: Perform statistical analysis 

The values for coefficient of determination (R2), 
predicted and adjusted coefficient of determinations 
(predicted R2 and adjusted R2) were analysed to 
evaluate the fit quality of the selected model. The 
residual plots were also visually analysed to 
examine the goodness of the chosen model. 
Furthermore, analysis of variance (ANOVA) test 
was employed to determine the significance of the 
chosen model based on F-test. In this context, the 
model was considered significant if the probability 
associated with the F-test was greater than 0.05 at a 
95% confidence interval (i.e. Prob > F). The 
generated quadratic equations were analysed for 
suitability in representing the relationship between 
the chosen factors and each response. For visual 
representation, the fitted equations for both 
responses were represented in the forms of contour 
and response surface plots (Yolmeh et al., 2017). 

Step 6: Optimise homogenisation process 

To prepare the emulsion, the temperature of 
HME was maintained at 60 ± 5 °C before 
commencing the homogenisation. The following 
starting materials, i.e. 16 kg of palm olein, 3.32 kg of 
Span® 20 and 0.68 kg of Tween® 20 were mixed 
with the HME. The mixture was heated to the set 
temperature and stirred for 15 minutes until the oil 
and surfactant were homogenous. Upon mixing, the 
HME was cooled down to 25 ± 5 ºC using a 
recirculating cooler (HL-35H, Lab Companion, Jeio 
Tech, Korea) before the addition of 47.36 kg purified 
water into the mixed oil phase. The stock emulsion 
was then homogenised. 

The experiments were carried out with the 
parameters as shown in Table 1(b) and the samples 
were withdrawn at 10-minutes interval throughout 
the experimental periods (50 minutes) for 
measuring the particle size and the percentage of 
phase separation.  

In order to measure phase separation, emulsion 
samples were stored inside 100-mL graduated 
cylinders to visually monitor the phase separation at 
room temperature. The mouths of the graduated 
cylinders were closed with caps to prevent the 
evaporation of water from the formulations 
throughout the study period. The percentage of 

phase volume to total volume of emulsion was 
determined as the percentage of phase separation of 
the formulation. In order to investigate the particle 
size of dispersed phase or palm olein, a calibrated 
laser particle size analyser (BT-9300H, Dandong 
Baite Instruments Ltd., China) was used and the 
result was displayed as D (v,50), i.e. the point at 
which 50 % of the sample volume possess the same 
particle size (Win, 2015, Mohd Nawi, 2018). 

The measurements were triplicated to determine 
the average values for each response at specific time 
and the values were expressed as mean ± standard 
deviation. The observed average values were then 
compared against the predicted values generated by 
the Design-Expert® software. 

Step 7: Validate the optimised parameters 

When the optimum conditions were determined, 
three batches of 67.36 kg of 20 % (w/w) palm olein-
in-water emulsion were prepared using the 
optimum homogenisation speed and time obtained 
from the studies conducted in Step 6. The mean 
response values were compared to that of the 
predicted values given by the Design-Expert® 
software in order to confirm the accuracy, validity 
and suitability of the optimised parameters (Yolmeh 
et al., 2017). 

Results 

The model summary statistics given by the 
Design-Expert® software shows information such 
as coefficient of determination (R2), predicted 
coefficient of determination (predicted R2) and 
adjusted coefficient of determination (adjusted R2) 
for linear, interactive (denoted as 2F1) and quadratic 
models as presented in Table 2. The quadratic model 
was chosen by the software since this model 
exhibited the highest R2. 

Additionally, the adequacy of quadratic model 
was confirmed using ANOVA test. The quadratic 
equations for particle size (R 1) and phase 
separation (R 2) given by the ANOVA test were as 
follow: 

R 1 = 3.69 - 4.71*A - 0.017*B - 0.04*A*B + 4.20*A2 + 0.36*B2 (1) 
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R 2 = 30.07 - 11.83*A - 0.17*B - 1*A*B + 11.26*A2 + 7.26*B2 (2) 

where A is homogenisation speed and B is 
homogenisation time. The above equations are 
mathematical descriptions on the true relationship 
between factors and responses which simulate the 
possible interactions between factors or 
combinations of factors on responses (Maran et al., 
2013). 

Following the ANOVA test, the Fisher’s 
statistical test or F-test was performed to determine 
the significance of each response using the F-value. 
The outcomes are summarised in Table 3.  

For model validation purpose, statistical 
parameter such as R2 is widely used to indicate the 
suitability of a chosen model. In order to enhance 
the confidence level of the result, graphical tool was 
used as well whereby the normal plots of the 
residuals were constructed to confirm the suitability 
of quadratic model (Mohr et al., 2022). 

Normal probability plots or normal plots are 
graphical interpretations of how well the data from 
fitted models are normally distributed. The data can 
be either raw data or residuals. Residuals from fitted 
models are the difference between experimental 
responses and theoretical responses whereas 
studentised residuals are residuals which are 
expressed in their standard deviations. Normal plot 
of residuals is obtained when the normal % 
probability (y-axis) is plotted against internally 
studentised residuals (x-axis). The normal plot of 
residuals for both responses are given in Fig. 1, 
whereas the predicted against actual plots of both 
responses are depicted in Fig. 2. 

Fig. 3 and Fig. 4 show the visual depiction of the 
relationship between factors and responses using 
two-dimensional contour plots as well as three-
dimensional response surface plots. Contour plots 
are simpler interpretations of response surface plots. 
The contour lines delineate the response which 
contours both factors at a time. On the other hand, 
the gridded response surface plots briefly describe 
the impact of factors on responses from the best-
fitted model with a map of contour lines in three-
dimensional design. These plots could lead to the 

identification of optimum operating parameters 
(factors) for producing the most desirable outcomes 
(responses) (Lamidi et al., 2023, Singh et al., 2011).  
In the context of Design-Expert® software, blue 
zone represents the zone for favourable responses 
while red zone represents the zone for undesired 
responses. Factors A and B were plotted at x- and y-
axes, respectively for both contour and response 
surface plots. Unlike contour plots, individual 
response was plotted at z-axis in each response 
surface plot. Both contour plots (Fig. 3) and response 
surface plots (Fig. 4) showed similar trend in which 
both particle size (R 1) and phase separation (R 2) 
decreased with increasing homogenisation speed 
(A) and homogenisation time (B). 

 

 
(a) 

 

(b) 

Fig. 1: Normal plots of residuals for (a) particle size (R 1) 
and (b) phase separation (R 2) showing normal 

distribution of studentised residuals and goodness of fit 
of quadratic model. 
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Table 2: Results for model summary statistics of both responses (R 1 and R 2) provided by Design-Expert® software. 

 
 

 

 

 

 
Table 3: Analysis of variance results for (a) particle size (R 1), and (b) phase separation (R 2). 

(a). 

 

 

 

 

 

 

 

A = homogenisation speed, B = homogenisation time, df = degree of freedom, SE = standard error 

 

(b). 

 

 

 

 

 

 

 
A = homogenisation speed, B = homogenisation time, df = degree of freedom, SE = standard error 

 

 

Model Particle size (R 1) Phase separation (R 2) 

 R2 Predicted R2 Adjusted R2 R2 Predicted R2 Adjusted R2 

Linear 0.6850 0.6220 0.3646 0.5077 0.4093 -0.0073 

2F1 0.6851 0.5801 -0.3907 0.5101 0.3469 -1.4018 

Quadratic 0.9994 0.9990 0.9962 0.9820 0.9691 0.8168 

Source Sum of 
squares 

df F-value p-value 
(Prob > F) 

SE 

Model 194.61 5 2446.90 < 0.0001 0.0524 
A 133.39 1 8385.59 < 0.0001 - 
B 0.00 1 0.10 0.7556 - 

A*B 0.01 1 0.40 0.5460 - 
A2 48.80 1 3068.14 < 0.0001 - 
B2 0.36 1 22.33 0.0021 - 

Source Sum of 
squares 

df F-value p-value 
(Prob > F) 

SE 

Model 1625.24 5 76.25 < 0.0001 0.8573 
A 840.17 1 197.10 < 0.0001 - 
B 0.17 1 0.04 0.8489 - 

A*B 4.00 1 0.94 0.3650 - 
A2 350.09 1 82.13 < 0.0001 - 
B2 145.52 1 34.14 0.0006 - 
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(a) 

 
(b) 

Fig. 2: Plots of predicted against actual for (a) particle 
size (R 1) and (b) phase separation (R 2). 

 

(a) 

 

(b) 

Fig. 3: Two-dimensional contour plots for (a) particle size 
(R 1) and (b) phase separation (R 2) against 

homogenisation speed (A) and homogenisation time (B). 

 
(a) 

 

(b) 

Fig. 4: Three-dimensional response surface plots for 
(a) particle size (R 1) and (b) phase separation (R 2) 

versus homogenisation speed (A) and homogenisation 
time (B). 

 

Selection of optimum operating parameters 

The Design-Expert® software has provided 
seven check point batches. The actual responses 
together with standard deviation values and 
percentage errors for all check point batches were 
recorded and summarised in Table 4. Furthermore, 
the desirability ramp of the optimised process 
variables for both responses, which focuses on 
selecting values that maximise the desirability score, 
is shown in Fig. 5.  

 

 
Fig. 5: Desirability ramp of optimised process variables 

for particle size and phase separation. 
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Table 4: Results for predicted responses, actual responses and percentage errors (values are mean ± SD). 

No Factors Predicted 
responses 

Actual  
responses 

Error (%) D 

A 
(rpm) 

B 
(min) 

R 1 
(µm) 

R 2  
(%) 

R 1  
(µm) 

R 2  
(%) 

R 1 R 2 

1 3400 31 3.54 36.68 3.60 ± 0.10 38.34 ± 0.54 1.65 4.53 1.0000 
2 3400 40 3.19 29.45 3.20 ± 0.31 29.66 ± 0.60 0.46 0.71 1.0000 
3 3400 44 3.23 30.27 3.25 ± 0.69 30.58 ± 0.19 0.73 1.01 1.0000 
4 3400 33 3.41 33.92 3.44 ± 0.43 35.57 ± 1.98 1.02 4.87 1.0000 
5 2719 30 3.01 35.18 3.57 ± 0.63 36.13 ± 0.89 18.60 2.69 0.6597 
6 2692 50 3.01 34.37 3.59 ± 0.41 38.79 ± 2.52 19.27 12.86 0.6462 
7 2664 32 3.01 32.97 3.63 ± 0.55 40.21 ± 2.00 20.60 21.96 0.6322 

A= Homogenisation speed, B= Homogenisation time, R 1= Particle size, R 2= Phase separation, D= Desirability 

 

 

Table 5: Results for the confirmation studies of 67.36 kg of 20 % (w/w) palm olein-in-water emulsions homogenised at 3400 
rpm (optimum homogenisation speed) for 40 min (optimum homogenisation time). 

Batch No. Predicted responses Actual responses 

Particle size 
(µm) 

Phase separation  
(%) 

Particle size 
(µm) 

Phase separation  
(%) 

1 

3.19 29.45 

3.20 30.05 

2 3.18 29.38 

3 3.23 29.56 

Mean - - 3.20 29.66 

Standard deviation 0.13 2.06 0.03 0.35 

Percentage error - - 0.42 0.72 

 

Validation of optimum operating parameters 

The results for three confirmation batches were 
compared with predicted responses and presented 
in Table 5.    

Discussion  

In this study, the quadratic model has been 
identified as the most suitable model since it gave 
the highest R2 for both responses as shown in Table 
2. R2 indicates the total variance in the dependent 
variables given by the model. Low R2 implies that 
there are variations which cannot be explained by 
the model. Another good indication of significant 
model is having a difference of 0.2 or less between 
the predicted and adjusted R2. It is also a great 
advantage to have higher adjusted R2 value than the 
corresponding predicted R2 value for a model since 
it assures high correlation between the theoretical 
and experimental values (Karch, 2020, Maran et al., 
2013).  Based on Table 2, it was observed that the 
quadratic model satisfied the above conditions; 

hence, it was chosen for the current process 
optimisation study of 20% (w/w) palm olein-in-
water emulsion. 

The quadratic equations (1) and (2) were found 
to effectively capture the relationship between 
independent and dependent variables since the 
complete equations including all possible 
interactions were given by the ANOVA test. It was 
also observed that homogenisation speed had 
greater impact on both particle size and phase 
separation (-4.71 for R 1 and -11.83 for R 2) in 
comparison to homogenisation time (-0.017 for R 1 
and -0.17 for R 2). Owing to the negative signs, 
larger factors would lead to lower (better) responses 
(Karch, 2020). 

Table 3 shows that the F-value of R 1 (2446.9) was 
higher than that of R 2 (76.25). The larger the F-
values, the better the fitted quadratic equation in 
describing the variance in the response. The related 
p-value for each F-value confirms the significance of 
F-value. The F-value is considered statistically 
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significant when the value is large and the related p-
value is less than 0.05 (Maran et al., 2013).  The p-
values of approximately 0.0001 were seen for terms 
such as A, A2 and B2, thus showing that they were 
highly significant statistically. However, low F-
value (B = 0.1, A*B = 0.4 for R 1 and B = 0.04, A*B = 
0.94 for R 2) and p-values of > 0.05 (B = 0.7556, A*B = 
0.546 for R 1 and B = 0.8489, A*B = 0.365 for R 2) were 
seen in some factors (B and A*B for both responses), 
thus indicating that these factors were statistically 
insignificant in the equation although the entire 
model was proven to be significant. Similar 
observation was reported by Abdulwahab and 
Saidat (2013).  This happened due to the hierarchical 
problem which occurred when the developed model 
contained some factors that were aliased with one 
another. Nonetheless, the developed model was still 
applicable since the overall p-value of the model 
was less than 0.05 (Abdulwahab & Saidat, 2013). 
Furthermore, the standard error (SE) of R 1 model 
(0.0524) was found to be lower than that of R 2 
(0.8573). 

Fig. 1 reveals that all studentised residuals were 
normally distributed since they were fitted to the 
diagonal lines for both responses which indicated 
the goodness of fit of the quadratic model (Maran et 
al., 2013, Singh et al., 2011).  As observed, the 
internally studentised residuals of R 1 followed the 
diagonal line more perfectly than R 2. These 
findings were also verified using predicted against 
actual plots, as presented in Fig. 2, from which the 
developed models were proven to be adequate since 
the data points were distributed along the straight 
line (Maran et al., 2013).  On the other hand, both 
Fig. 3 and Fig. 4 suggest that higher factors would 
lead to better responses. 

Effect of homogenisation speed and time  

The rotor and stator of the homogenising head of 
HME induced extremely powerful shear forces 
which can break down the bigger oil droplets into 
smaller ones and homogenise the emulsion at the 
same time. The shear force increases with respect to 
the homogenisation speed. On the other hand, 
longer homogenisation time would lead to smaller 
particle size due to longer period of exposure to 
shearing forces (Win, 2015).  This explains the 
condition where higher factors would lead to lower 
hence better responses as shown in Fig. 4.  

However, it was observed that there was a slight 
increase in both responses at the end of the 
experiments (50 minutes). This could be due to the 
shear-induced flocculation mechanism in which 

electrical charges appeared on the smaller particles 
which attracted the adjacent oil droplets and 
flocculated into bigger particles (Li et al., 2016).  In 
order to avoid this mechanism, homogenisation is 
routinely carried out at optimum homogenisation 
speed and time at which emulsions with the 
smallest droplet size and the least phase separation 
are produced (Win, 2015).  From the visual 
observation of contour and response surface plots, it 
was estimated that the optimum homogenization 
conditions for producing 67.36 kg of 20% (w/w) 
palm olein-in-water emulsion could be roughly over 
3000 rpm for homogenisation speed (A) and 
approximately 40 minutes for homogenisation 
period (B). This hypothesis was further confirmed 
by performing the following studies. 

Selection of optimum operating parameters 

The percentage error indicates the difference 
between experimental and predicted values. Lower 
percentage error dictates higher accuracy of the 
chosen experimental design.  From Table 4, it was 
found that the least percentage errors recorded were 
0.46 % for particle size (R 1) and 0.71 % for phase 
separation (R 2) in Batch 2. Therefore, the factors 
from Batch 2 were chosen as the optimum operating 
parameters because they would lead to the smallest 
percentage errors in both responses.  The batches in 
which the emulsions were homogenised at speeds 
of 3400 rpm (i.e. batches 1 - 4) were seen to exhibit 
higher desirability values in comparison to those 
with the homogenisation speeds of over 2600 rpm 
(i.e. batches 5 – 7).  Nonetheless, Batch 2 was finally 
chosen since it had added advantages such as 
producing emulsions with the smallest particle size 
(3.20 ± 0.31 µm) and the least percentage of phase 
separation (29.66 ± 0.60 %) in addition to having the 
lowest percentage error. Smaller percentage of 
phase separation was expected from the emulsion 
having smaller particle size since smaller oil 
droplets would take longer to undergo aggregation, 
i.e. the so-called Ostwald’s ripening that triggers the 
phase separation (Zwicker et al., 2015).  

On the other hand, higher percentage errors as 
well as lower desirability values were exhibited by 
batches where the emulsions were homogenized at 
speeds less than 600 rpm. High percentage error was 
generated when the process parameters could not 
reproduce the predicted response values given by 
the software. The big difference in predicted and 
observed responses was attributed to the fact that 
the homogenisation speed of < 3000 rpm could not 
produce emulsions of particle size ≤ 3 µm in 
practical milieu (i.e. 67.36 kg of emulsions). This 
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phenomenon was caused by the relationship 
between homogenisation conditions and 
homogenisation volume. Higher homogenisation 
volume requires higher homogenisation speed 
and/or longer homogenisation time to produce 
emulsion with smaller particle size (Win, 2015).  
Mohd Nawi (2018) reported that the 
homogenisation conditions could vary according to 
the homogenisation volume; therefore, the optimum 
homogenisation parameters should be customised 
based on the prepared emulsion amount. 

Since the findings of Batch 2 were satisfactory, 
the optimised homogenisation speed and time were 
chosen as 3400 rpm and 40 minutes (Batch 2), 
respectively for preparing 67.36 kg of 20% (w/w) 
palm olein-in-water emulsion stabilised with 25% 
(w/w) to oil of Span® 20 and Tween® 20 mixture 
with effective HLB value of 10. Based on the 
multiple response optimisation, the chosen 
optimum operating conditions yielded a desirability 
value of 1 for both responses. The desirability value 
ranges from 0 (least desirable) to 1 (most desirable), 
whereby the value of 1 indicates that the chosen 
optimum conditions are highly satisfactory to yield 
the desired outcomes (Shokri et al., 2020). 

The results from the validation studies in Table 5 
proved that the observed data showed reasonable 
agreement with the predicted data. This favourable 
outcome indicated the suitability of quadratic 
models. These observations also indicated the 
reproducibility of responses if the optimum 
homogenisation process parameters were 
controlled during batch-to-batch operations. 

Conclusion  

It was evident that the developed quadratic models 
were able to represent the relationship between 
process parameters and properties of emulsions. 
The study revealed that the characteristics of the 20 
% (w/w) palm olein-in-water emulsions, such as 
particle size and phase separation were affected by 
both speed and duration at which the emulsions 
were homogenised. Both attributes were found to be 
inversely proportional to the process variables 
within certain limits. This study also demonstrated 
that the favourable outcomes, such as smallest 
particle size and lowest percentage of phase 
separation were obtained when the homogenisation 
speed was set at 3400 rpm for a duration of 40 
minutes. These operating parameters were 
considered as optimum operating conditions which 
should be controlled for future pilot-batch 

production of emulsions having similar 
characteristics. 
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Abstract  

Introduction: The rising prevalence of mental illness is a growing concern. 
Integrating pharmacists into mental health care teams could help address this 
challenge by improving service quality and accessibility for patients. This study 
investigates pharmacists' opinions regarding treatment care in the Kuantan and 
Pekan areas and their attitudes toward patient-centred mental health pharmacy 
services.  Methods: A qualitative study was conducted with 63 pharmacists around 
Kuantan and Pekan, Pahang, utilising a focus group discussion (FGD) style. The 
pharmacists were selected through purposive sampling from 2 general hospitals, 2 
district health offices, and 1 teaching hospital. All locations are primary healthcare 
in Malaysia. The focus group topic guide was created using the relevant literature 
research. The entire interviews were audio-recorded and then transcribed verbatim. 
Thematic analysis was performed inductively to analyse the data. Results: This 
study involved 14 focus group sessions with all 63 pharmacists participating. Every 
interview was in person at the designated sites. From the interviews, 6 key themes 
were identified. 1. Role of pharmacists in mental health care. 2. Pharmacists-
patients’ interactions. 3. Interprofessional collaborations with other healthcare 
workers. 4. Challenges and barriers. 5. Training needs for pharmacists and lastly 6. 
Improvement on the role of pharmacists and future practice. Conclusion: This 
research explores Malaysian pharmacists' perspectives on mental health treatments. 
It highlights pharmacists' potential contributions to mental health care, the 
challenges they face when assisting patients with mental health conditions, and the 
current limitations of mental health services in Malaysia's primary healthcare 
settings, hospitals, and Klinik Kesihatan.  
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Introduction 

World Health Organization (WHO) stated more 
than 350 million people have already been 
diagnosed with depression, 60 million people with 
bipolar disorder, and 21 million with schizophrenia. 
(Wakida et al., 2017). Mental illness is a state in 
which a person is unable to function in a community 
due to abnormal cognition, emotion, or behavioral 
symptoms (Yeap & Low, 2009). Mental health 
service is one of the most important departments of 
primary health care, but due to community stigma, 
there is a treatment gap and low capabilities to 
handle mental patients(Henderson et al., 2013), 
mental health services sometimes being forgotten 
and the health systems are unable to adequately 
respond to mental health burden (Wakida et al., 
2017). Malaysia adopted a model of care consisting 
of in-patient and community care. The primary care 
model is community-based, with 22 established 
community-based specialized mental health 
services (MENTARI) and 958 mental health day 
centers. Additionally, Malaysia has four mental 
health hospitals and 47 psychiatric in-patient units 
attached to general hospitals (Raaj et al., 2021). 
These are all the primary healthcare in Malaysia. 
During the coronavirus disease 2019 (COVID-19) 
pandemic, some healthcare workers have already 
shown effects on their mental health state such as 
post-traumatic stress disorder (PTSD) and 
depression (Daryanti et al., 2021). The global 
prevalence of mental health problems among 
healthcare workers showed the highest was from 
nurses (43.7%), then doctors (27.9%) and allied 
health workers (7%). Post-traumatic stress disorder 
was the highest mental health problem among them 
indicated 49%, followed by anxiety, at 40% 
(Daryanti et al., 2021). The past data from 2020 until 
early 2021 also suggested that there is psychosocial 
suffering in the general population and increased 
distress among healthcare workers, exposed to the 
early stages of mental disorders. This indicates the 
importance of mental health services in primary 
health care and involving pharmacists can be one of 
the crucial interventions to improve mental health 
outcomes among mental health patients. 

The pharmacist is regarded as the easiest 
accessed primary healthcare provider (Gan et al., 
2018). Mental health patients, who were prescribed 
psychotropic medications should be monitored and 
get proper management and advice from a 

pharmacist. This situation makes pharmacists a 
crucial addition to the mental health collaborative 
teams. One study proved that having pharmacists in 
mental health collaborative teams resulted in good 
feedback from mental health patients and other 
health care providers (Bell et al., 2007). Furthermore, 
taking psychotropic medication might present 
difficulties such as side effects, worries about 
reliance, and associated stigma; finding appropriate 
treatment can be challenging (Maroun et al., 2018). 
As much as the prevalence of mental illness is high 
among all ages and generations, taking 
psychotropic medications also becomes a burden in 
public health as general. The pharmaceutical 
Experience Model, developed by Wegremeyer et al. 
(2014), incorporates these pharmaceutical 
experiences together with other important themes 
related to drug use, like adhering to a prescribed 
regimen and medication load. Although it was 
developed based on the personal experiences of 
adult consumers using psychotropic medicine, this 
model illustrates the relationships between 
medication experience, medication acceptance, and 
sickness experience. It is likely to be relevant for a 
younger demographic (Wheeler et. Al.,2019) 

According to the most recent epidemiological 
statistics, which the Malaysian Ministry of Health 
provided in 2015, 29% (95% CI 27.9–30.5) of adults 
had a mental illness. This represents a threefold 
increase above the 10% prevalence rate in 1996(Ning 
et., al, 2020). 

Pharmacists frequently provide psychotropic 
medicine and have successfully assisted patients in 
addressing issues and advancing mental health. 
Consequently, for this to occur, numerous 
opportunities for pharmacists to play a more 
prominent role in mental health care must be made 
available (Silva et Al., 2018). As you can see in 
Malaysia, pharmacists play a very small or non-
existent role in providing mental health care across 
all health sectors, including general hospitals, public 
health clinics, and even private hospitals.  

There was previous survey study made by 
Malaysian researchers found that pharmacists did 
offer a wide range of services in different types of 
facilities, but the scope and depth of these services 
may be improved (Abousheishaa et al.,2022). 
Therefore, from this study, as a stepping stone to the 
next level for pharmacists' involvement in mental 
health care to improve, we will investigate the views 
of pharmacists in the Kuantan and Pekan areas, 
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regarding treatment care and attitudes about 
patient-centred mental health pharmacy services. 

Materials and methods 

Study settings and recruitment 

A qualitative, focus group discussion among 
registered pharmacists was conducted for this 
study. A total of 14 Focus group discussions (FGD) 
methods were held from August 2023 until 
December 2023 at Kuantan, Pahang. The qualitative 
study was chosen to explore in-depth more about 
their perspectives on current mental health services 
in our primary healthcare in Malaysia and their 
experiences when dispensing and encounter with 
mental health patients (McMillan et.,al. 2020). The 
pharmacists included were practiced pharmacists 
from primary healthcare in Malaysia which were 
government hospitals, Klinik Kesihatan, and Sultan 
Ahmad Shah Medical Centre (SASMEC).  The study 
was conducted at Klinik Kesihatan Indera Mahkota, 
Kuantan, Hospital Tuanku Ampuan Afzan (HTAA), 
Klinik Kesihatan Pekan, Hospital Pekan, Pahang 
and SASMEC. Ethical approval for this study was 
obtained from the Medical Research and Ethics 
Committee (MREC) of Ministry of Health (MOH) 
Malaysia, with the identification number of: NMRR 
ID-23-01687-IE3.  The sample size of this study was 
63 pharmacists overall. This study used a purposive 
sampling. For their participation in the study, all 
pharmacists had signed written consent forms. 
Participants were recruited based on the inclusion 
criteria below All participants agreed to participate 
out of their own free will no one refused to 
participate. Pharmacists’ inclusion criteria Must be 
a registered pharmacist, practicing in different 
facilities such as a hospital setting, several 
government health clinics, and a multi-centre 
hospital, Sultan Ahmad Shah Medical Centre @ 
IIUM, and working in any pharmacy department at 
least 2 years. 

Data Collection 

14 groups, consisting of 4-6 pharmacists in each 
group, were interviewed using a focus group study 
topic guide. The duration for each session was 
approximately 45 to 55 minutes.  The topic guide is 
mostly open-ended. Before creating the interview 
topic guide, a comprehensive evaluation of the 
literature was done to address the research 
questions. 

 

The phenomenology approach served as the 
foundation for the interview. The open-ended 
questions for the pharmacists primarily centred on 
their experiences with mental health patients, the 
services they have received for both physical and 
mental illnesses, any recommendations they may 
have for expected services for mental health 
patients, their thoughts on patient-centred mental 
health pharmacy services, and any expectations 
they may have for education when working with 
mental health patients. Before the interview, all 
participants were required to sign the consent form. 
All the interviews were audio-recorded by using the 
application “Voice Recorder” on the smartphone. 
Interviews were conducted by two pharmacist 
researchers (NAR and SZ). 

Data Analysis 

All the recorded audios were transcribed verbatim. 
The main author analysed the transcriptions 
independently first by using inductive thematic 
analysis through ChatGPT. After getting the main 
themes from the saturated data with the thematic 
analysis, the main author and her co-investigator re-
read the transcription returning to pull out the 
pertinent remarks, convert them into a code for the 
corresponding primary ideas that had previously 
emerged, and condense them by using macro views 
in Microsoft Word (Ose et., al, 2016). The important 
comments/codes were highlighted and coded into 
their respective themes. The quotes were trimmed 
and edited to give clarity and conciseness. All data 
analyses were independently verified by a co-
author and the co-investigator to ensure accuracy 
and reliability. These recurring themes served as a 
basis for collecting data and making judgments. 

Results and discussion 

14 groups with a total of 63 pharmacists were 
interviewed in this focus group discussion (FGD). 4 
groups consisting of 16 pharmacists were 
interviewed on 19 September 2023 at the Meeting 
room, Klinik Kesihatan Indera Mahkota, Kuantan. 
All of them were pharmacists from Pejabat 
Kesihatan Daerah Kuantan. 3 groups consisting of 
17 pharmacists were interviewed on 20 September 
2023 at the Meeting Room, Hospital Tuanku 
Ampuan Afzan, Kuantan. Another 3 groups 
consisting of 16 pharmacists were interviewed on 3 
October 2023 at Meeting room Pejabat Kesihatan 
Daerah Pekan and another 3 groups of 12 
pharmacists from Hospital Pekan were interviewed 
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  on 4 October 2023. Another last group consisted of 4 
pharmacists from SASMEC and their interview was 
conducted on 12 December 2023. All of them were 
conducted face-to-face. The mean interview 
duration was 47 minutes, with a range of 38 to 1 
hour 11 minutes. Table 2 below shows the 
participants' demographic data.  

Table 1: Participants’ Demographic Data 

Age 21 -30 years old 16 

31 – 40 years old 35 

41-50 years old 12 

Gender  Male  13 

Female  50 

Race Malay  57 

Chinese 4 

Indian 2 

Current work 
pharmacy unit 

Outpatient pharmacy 41 

Drug information 
services 

1 

Inpatient pharmacy 11 

Logistic pharmacy 5 

Satellite pharmacy 1 

Others (Ketua 
Jabatan, Clinical & 
MTAC) 

4 

Number of 
years working 
(current unit) 

1 – 5 years 57 

6 – 10 years 6 

Total no. of 
years working 

1 – 5 years 24 

6 – 10 years 21 

>10 years 18 

All the participants revealed to have experience 
in dispensing medications to mental health patients. 
Data analysis showed 6 main themes that emerged 

from the focus group discussion (FGD) such as: 1. 
Role of pharmacist in mental health care. 2. 
Pharmacists – patients interactions. 3. 
Interprofessional collaborations with other 
healthcare workers (Doctors, Medical Assistant 
(MA) & Nurses). 4. Challenges and barriers. 5. 
Training needs for pharmacists and lastly 6. 
Improvement in the role of pharmacy and future 
practice. Each theme consisted of several 
subthemes. All these themes and subthemes were 
provided along with the verbatim quotes extracted 
from the interview transcriptions. All the related 
quotes extracted and being coded below to reflect 
the themes and subthemes that emerged from them. 
Some of the quotes are being edited for clarity and 
conciseness. The quotes from the participants will be 
provided below and the participants will be 
identified as P1 until P63. 

1. Role of pharmacist in mental health 

The interviewees shared their opinions regarding 
pharmacists’ roles in mental health care. Each gave 
their opinions on the roles that pharmacists should 
play going forward in providing all rounded 
services in mental health treatments. The subthemes 
that appeared were; 1.1 to ensure compliance of 
medications among mental health patients. 1.2 
dispensing correct dosage. 1.3 counselling on side 
effects of medications.  One participant mentioned 
there was a role of pharmacists in ward and clinical 
department. Pharmacists were seen tagging around 
with psychiatrist doctors and also checking their 
medication in ward directly. other pharmacists in 
inpatient department or other departments only 
involved during the ward check which  occur 
monthly or once in a 3 months.  

“….We check carefully during ward check sessions if staff 
nurse or doctor use the medication, whether they record 
every time they use the medications or not, are they tally 
or not, DD especially because it is the most important. So 
if there are MTAC pharmacists or clinical pharmacists 
who can attach there, maybe they can do this kind of 
checking regularly. Don’t have to wait until 3 months, or 
6 months for a ward check. Make it as another routine for 
clinical pharmacists in a psychiatric ward.” (P22)(M) 

1.1 To ensure the compliance of mental health 
patients 

The participants gave several opinions on the role of 
the pharmacist which usually only stressing about 
the compliance of medications especially towards 
mental health patients.  



A Rahim et al. (2025) Journal of Pharmacy, 5(1), 28-45 

 

 

Page 32 

 

 

 

“We know that patients are mentally unstable, so whether 
they comply with their medications or not. So to ensure 
their compliance, for me, we have to carefully observe and 
make sure patients are complying with their 
medication…….” (P1)(M) 

Another participant also emphasized that 
compliance is important to make sure that there is 
no relapse of symptoms in patients and to ensure 
that the treatment given is effective in controlling 
patients’ symptoms.  

“….for pharmacists directly involved. Because it is true 
haaa..how the patients taking their medications and we 
can counsel on that. Then the efficacy of the treatment, 
the factors that contributed to it, patients must comply 
with their medications, their adherence towards the 
medications, so the role of pharmacy here is pretty much 
important.” (P8)(F) 

“For me, role of pharmacist in mental healthcare is more 
towards how to ensure patient more compliance with 
their medication because.. ha.. ha.. mental health in 
Malaysia I think emphasized more about  compliance 
right , so ha…counselling about medication is also 
important.” (P38)(F) 

1.2 Dispensing on the correct dosage 

Even though the keyword is the dose of 
medications, it is still related to the medication 
regimen as a whole.  

“….involve indirectly, for example about the dose, 
compliance, and medication” (P14)(F) 

There is also one of the participants who feels 
worried when some doctors in the psychiatric ward 
just simply increase the dose without checking with 
the pharmacist first.  

“If following guideline, the dose must take about 2 weeks 
to increase, but the doctor in ward, less than 1 week, 
already changed the dose.” (P22)(F) 

It is not only about the dose or regimen of the 
medications, but the dosage form of the medications 
also one of the role of pharmacists when dispensing 
the psychotropic medications. 

“The role of pharmacists itself is already important, 
especially when dispensing the medications at the 
counter, usually simple things like the dosage form of the 
tablet, color, if the shape of tablet changed also, the 
patients might be more particular compared to other 
patients” (P49)(F) 

“Based on my experience, when we dispensed the 
medications, we are more concerns on telling the patients 

how to consume the medications….” (P62)(M) 

1.3 Counselling on the side effects of the 
medications  

Psychotropic medications are very well known for 
their side effects. The most common are drowsiness, 
weight gain, headache and dizziness. . Some of the 
participants expressed concerns about the side 
effects that patients might get after taking the 
psychotropic medications so counselling them on 
how to handle the side effects is also one of the most 
important roles of pharmacists and they are only 
limited to counsel the side effects’ part.  

“Our role other than to supply medication at the clinic 
aa, and the counselling part only limited on the 
medications that might have side effects on patients.” 
(P33)(F) 

“Like us pharmacists, can only take part the role on 
talking about medication and side effects as well as 
pharmacotherapy part to reconfirm certain diagnosis.” 
(P48)(F) 

“…..So when we have the side effect of the medications, it 
is our role to explain the side effects, especially if the 
patients taking the atypical psychotropic medications, the 
old generation one.” (P49)(F) 

“When Dispensing, we must know everything about the 
medications, the characteristics of the medications, and 
also the possible side effects that might occur and the 
precaution if the side effects occur.” (P62)(M) 

There is also one of the participants who stated 
that sometimes, their role is only about dispensing 
medication, not that much on the side effects 
counselling as patients in Klinik Kesihatan are 
usually already stable.  

“So the role of the pharmacist only dispense the 
medication, not so much intervention on the side effects, 
because patients are stable and have been on with the 
medication for so long.” (P40)(F) 

2. Pharmacists-patient interactions 

The participants discussed several types of 
interactions with mental health patients. The 
interactions with mental health patients are very 
limited only when dispensing medications.  

“…If me, I just treat mental health patients almost the 
same as other types of patients. If they got mad or quite 
rude when talking to us, I just kept quiet and not 
reciprocate their rudeness, just talk as usual” (P2)(F) 

“If we encounter with mental health patients, we just act 
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  as outpatient pharmacist only…..” (P14)(F) 

The participants also discussed the interactions 
between pharmacists and patients usually about the 
side effects and their medications in general.  

“….I remembered there is one patient, he always said that 
his medications is not enough 1 or 2 tablets. Their 
medication is DD, so it is weird if it is not enough because 
DD is usually always being recorded when we want to 
give to patients.” (P8)(F) 

“With the right skills and better understanding, we can 
manage, we can have better understanding  of the patient, 
so that we don’t have to trigger that much. I feel because 
we do not understand their conditions, so that is 
why…...” (P31)(F) 

“They mostly talked about medications, about side effects, 
or they are asking the effectiveness of the medications, is 
it the medication okay or not, they are not really 
informing doctor, so one of the role of pharmacists also 
always informing the doctor.” (P58)(F) 

Pharmacists sometimes try to do the 
counselling sessions or have more time to listen to 
them but difficult due to time constraints and 
mainly just giving the medications. 

“Just like my colleagues said, if stable patients, we can 
interact with them like normal persons, because we know 
their history, we know how to tackle them. Usually, we 
will ask them a lot of questions, and listen to them while 
they tell us their story. Sometimes they just need someone 
to listen to……” (P9)(F) 

“…We are bound to our working time and we only have 
2 hours only for dispensing the medications, so we cannot 
ask a lot of questions to them. For example if  u said that 
you can dispensed only for 5 patients in a day, then you 
can ask a lot of question and counselling during 
dispensing. So our time frame not allowing this.” 
(P46)(F) 

The interactions with mental health patients 
are also either positive emotions from the 
interactions such as empathy, sympathy, or trying 
to understand them better or very bad experiences 
such as quite dangerous misbehaviour, rude and 
yelling behaviour, very difficult to entertain during 
dispensing.  

“Maybe because of the stress, I do feel empathy actually. 
So pity, because we didn’t even know their background 
story, their history of why they get the mental illness. If 
they are born with the mental illness, then maybe we can 
understand them, but those who already old but still 

stressed and have the mental illness” (P1)(M) 

“……because for patients, if they cannot sleep, it is 
already a big issue for them. Their life feels so much 
disturbing because of that. So the way we respond to 
them….” (P23)(F) 

“Sometimes patients are like..with us..maybe they are 
stressed waiting for their medications for too long, so 
when we dispensed to them, they dind’t even bother to 
listen to us. Sometimes they cried, like that.”(P15)(F) 

“……Yeah, got some patients who threatened us, not like 
serious like threatening to kill us or what, just threatened 
to file a complaint. But patients who are taking DD is not 
this rude usually.” (P18)(F) 

“There is one case also, at outpatient pharmacy, that 
patient was got so mad that she just pull out one of our 
pharmacist’s scarves. That time I just calling for ‘code 
grey’ to the whole hospital, because patient is so 
uncontrolled and aggressive. Every month will have the 
same issue with this same patient, she will act so dramatic 
in front of the counter, she is actually a patient from other 
hospitals, she just take the medications here, and when the 
date is near for her to come, to collect her medications, we 
will always get ready, because she always have issue with 
us. She will act aggressive, she do not want to wait, her 
medications has DD, but she cannot wait.” (P18)(F) 

“I have a lot of experience with mental health patient 
when I was in HTAA. That time I have bad experience 
with psychiatric patient and they have some stigma  while 
at HTAA. Patient there are very difficult to entertain, a 
lot of demand…..” (P36)(F) 

There is also a situations of their interactions 
when pharmacists do not even know how to interact 
back to mental health patients. 

“There is one patient, who currently taking medications 
from us, she was like, looks stable, actually stable,but she 
suddenly said to me,’life is not meaningful anymore, I 
just want to die.’, so at that time, I do feel shocked. To 
counsel back err….want to interview her more but I do 
not know how. Quite negative.” (P13)(F) 

Sometimes mental health patients are always 
accompanied by their caregivers. Communication 
with their caregiver is also very important. Just like 
how they communicate with mental health patients, 
they also emphasize the importance of 
communicating well with patients’ caregivers for 
treatments..  

“…..We will always see when we encounter aggressive 
and rude mental health patients. They sometimes just 
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throw the prescription slips at us, and got angry without 
any reason even though they are being accompanied by 
their caregiver. Their caregivers sometimes look 
ashamed…...” (P1)(M) 

“….We give example, we give 15 tablets for 30 days, and 
we ask caregiver if is it not enough? The caregivers said, 
if patients look unstable, then I give another 1 tablet. 
Haaa..so I think our part as a pharmacist is over there. We 
encounter the situations by telling back to the doctor 
about the situations.” (P31,F) 

There is only 1 participant that mentioned his 
experience with mental health patients at their 
ward.  

“….They talked a lot. Based on my experienced while 
visiting their ward at previous workplace, They are 
talking to me about their own life experience, not many of 
them asking me about their medications. They just talked 
to me how and why they end up being a mental health 
patients.” (P53)(M) 

3. Interprofessional collaborations with other 
health care workers (doctors, nurses and medical 
assistants) 

The collaboration between pharmacists and other 
healthcare workers is one of the most important 
components that need to be done first to build the 
MTAC of psychiatry.  

3.1 Interprofessional collaborations in general 

One participant showed agreement on having the 
pharmacists collaborate with other healthcare 
workers dealing with the increasing cases of mental 
illness.  

“Nowadays many people are being exposed with what is 
depression and so on, so actually a lot of people experience 
some of the depressions symptoms. People who look like 
have a great career but actually has a depression. We 
actually do not know this. So I think if MTAC being 
established, actually it is a good idea, because we can 
consider that many people have the mental illness 
nowadays.” (P9)(F) 

One of the participants also stated that if need 
to establish MTAC, doctor’s cooperation is always 
the most important factor.  

“Must have the cooperations from the doctor, and doctor 
I think always welcome this opportunity. To collaborate 
with us. So, we have to do this together to established the 
MTAC Psychiatry.” (P24)(F) 

Not only with doctors but also medical 
assistants and nurses because a lot of things such as 

space to do the counselling session during MTAC 
also need everyone's cooperation.  

“Something simple like a place/space to set up for MTAC 
sessions, comfortable enough to do the counselling, for me 
needs the cooperation and collaboration from other staff 
such as nurses and MA.” (P22)(F) 

When doing the inter-collaboration between 
doctors and pharmacists, the need to distinguish 
roles between two of them is so much necessary to 
prevent any overlapping.  

“Until now, if there is any interventions, all of them are 
coming from the doctor, not from the pharmacists and 
doctor also not query us anything about the regimen or 
dose of medication to us. Means there is a lot of gap there 
and need a clarification on the role for both of us.” 
(P25)(F) 

“We do not even know what doctor has counsel the 
patients, so if we also counsel the same patients, afraid its 
not the same thing with what the doctor already said to 
the patients”(P62)(M) 

3.2 The communication between pharmacists and 
other healthcare workers 

The participants shared what kind of 
communication happened between them and other 
healthcare workers, especially doctors and 
psychiatry. Some of them talking about the drug-
drug interactions because some of mental health 
patients also have other comorbidities.  

“Or sometimes they also asked us about patients, if the 
patient got seizures is it still under psychiatry part.. so 
basically they just asking about drug-drug interaction.” 
(P1)(M) 

And some of them talking to pharmacist about 
the dose of medications whether it is suitable or not 
with their patients. 

“We just interact with doctor only by call through 
telephone. Only when there is any changes of medications 
or not.” (P61)(M) 

“Secondly if the doctor is the one ask us if those 
medications suitable or not with their patients. No..not 
really suitable or not the medications, but more to the 
strength of the medications. For example, we don’t really 
keep lamotrigine 50mg, we only keep 100mg, so if they 
want to give low dose like 25mg, can cut the tablet or 
not.” (P61)(M) 

“If inpatient, they always query when patients are 
suicidal, they ask us the lethal dose. hmm lethal dose or, 
toxic dose, no exact answer, we just keep on treating based 
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  on patients’ respond and symptom of toxicity.” (P62)(M) 

The interviewee also shared that nurses 
sometimes are the ones that have the least 
communication with pharmacists in terms of how to 
use the medications/injections of the psychotropic 
medications.  

“They are all professional already, they do not need us to 
show them how to use..nurses are the one that did not ask 
us anything..most of the time..(laughing)” (P21)(M) 

Another interviewee shared one of the 
communications that she encountered was the 
doctor asking her to check the patient’s previous 
medications because that patient being admitted to 
ward at that time. Other interviewees just encounter 
doctor asking them about the medications related 
questions in inpatient pharmacy department rather 
than outpatient pharmacy department 

“There have been one doctor asking me that time, at ward, 
yeah, psychiatric doctor, he ask me to check patient’s 
previous medications.” (P29)(F) 

“Our services, doctor did not ask us so many questions. 
Just asking about the medications’ quota and 
availability……”(P31)(F) 

“Let's say if non-psychotropic medications are controlled 
items at HTAA, but the medications are an old 
medication of the patients from other hospitals, so we will 
query back to the doctor to double confirm, so in that sense 
for medication history and others, we only involve in this 
kind of situations only.” (P31)(F) 

“…..yeah.. if talking about intervention,after that they 
ask us is there any alternatives medications for this 
patients…..” (P32)(F) 

3.3 The need for a multidisciplinary approach 

The multidisciplinary approach means that one 
patient got a treatments from a multiple health 
professionals from several disciplines. One 
interviewee shared there is a multidiscipline service 
in her Klinik Kesihatan (KK). 

“A counsellor from KBKK will come to KK UTC and the 
counsellor will see mental health patients at KK UTC. 
But the counsellor will just give counselling, that mental 
health patients still need to go to HTAA to get the 
medications. ...” (P5)(F) 

Interviewee P5 also added that she believes 
that a multidisciplinary approach could give a lot of 
benefit to the patients and also to us. 

“Not sure if we can do this services or not. But from my 

own knowledge, this mental health services can be like 2 
in 1 services. For example, methadone clinic, sometime 
methadone patients also a psychiatry patients. So we can 
do the counselling during methadone clinic. Another 
example like if that patient attend ‘Klinik Berhenti 
Merokok’(KBM), and he is also a mental health patient, 
so we can dispensed and counsel at the same time. If the 
patients are also diabetes patients, haa then we can do 
another 2 in 1 counselling.” (P5)(F) 

 One participant suggested the collaboration 
between pharmacists, other healthcare workers, and 
mental health patients should not be limited only to 
the treatment part, but also other activities that can 
heal our minds or doing charity work together. 
Agree on the establishment of MTAC Psychiatry but 
still need to look at the rapport from a doctor.  

“All the patients actually have their own talents, some of 
them knew how to sew, and she sell the things that she 
sew. Knitting, and dancing to Zumba… and everyone is 
joining their activity. They welcome anybody to join 
them. Some of the patients still looks not okay, but some 
of them looks okay. I also not sure. Maybe the one that 
stable did the activity. For MTAC, if you want to do it, 
better take the stable one, depends on the one that doctor 
will refer, if we really want to do the MTAC, must look at 
the rapport from the doctor.”  (P10)(F) 

According to one interviewee, a specialised 
doctor had previously asked for inter-collaborations 
such as MTAC in his hospital; therefore, it is hoped 
that a psychiatrist expert would also request MTAC 
Psychiatry. 

“Previously, MTAC-MTAC that being developed here 
are being requested by their own respective specialist 
doctor, for example, diabetes, respiratory disease, INR 
clinic and warfarin clinic. So, they are all being requested. 
They are necessary to have the interventions from 
pharmacist for their patients. But for psychiatry patients, 
we still do not have the request yet. Hopefully soon.” 
(P61)(M) 

4. Challenges and barriers 

There are also some subthemes of challenges and 
barriers that emerged. 5 subthemes can be derived 
from these themes which are staff shortage, lack of 
awareness and recognition for pharmacists, limited 
resources, time and budget, unclear role of 
pharmacy, and stigma. 
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4.1 Staff shortage 

The interviewees consistently highlighted the 
shortage of pharmacists, indicating the seriousness 
of the staffing issue. Almost every group mentioned 
these challenges.  

“We do not have enough staffs actually (chuckle)”(P3)(F) 

“If looking at the workload now, we should add on more 
staff (laughing)”(P3)(F) 

“There are a lot of things need to be taken care of. Because 
you see, if 1 pharmacist can handle maximum 2 type of 
MTAC. Maximum. Actually normally one MTAC per 1 
pharmacist. That’s why it is already more than capacity. 
Like I said, all the reports and times that needed to talk 
with patient. The time is not really enough. A lot of 
workload. With your actual work to dispense some 
more..” (P1)(M) 

“The problem with KKM is when we added new staff, we 
have to add also more services. Haaaa..the reason we add 
more staff is to reduce workload, so if they as me to add 
more services also, it is still the same thing.”(P7)(M) 

4.2 Lack of awareness and recognitions for 
pharmacists 

Some of the interviewees mentioned that 
pharmacists still lack of awareness about mental 
health patients. All the terms used by psychiatry 
doctor looks  unfamiliar. 

“Maybe there are some terms that being used is not really 
familiar and not enough exposure, knowledge about 
mental health….”P3)(F) 

“….maybe lack of knowledge, because we are not that 
exposed with mental health patient” (P11)(F) 

One participant mentioned that one of the 
reason why a lot of pharmacists did not want to 
explore new services and become specialist in that 
new field because they felt not motivated to do their 
MTAC happily and enthusiastically.  

“Our MTAC service should have something like an 
incentive when we have to be the charge of it. Truthfully 
(everybody laughing) so, if there is an incentive, 
everybody wants to do it. Right? Like example must have 
some certificate to show that this pharmacist specifically 
well trained..like ‘Post-Basic’.  Like if we have Post-Basic 
we will get money, like special allowance? Haa 
allowance.. so even if our workload increases, but then the 
salary still the same, why should we increase the 
workload? So if we have something like post basic, then 
we have to do more work, but at least got additional 
allowance. Haa” (P7)(M) 

“..there is no post-basic for pharmacists at all. Even 
Assistant pharmacists have the post-basic…..”(p7)(M) 

4.3 Limited Resources, Time & budget 

Stable human resources, enough time, and a budget 
are the most important components in every 
working organization to ensure the efficiency and 
productivity of the job.   

Hospital policies or SOPs must be clear to be 
the resources for pharmacists to do their job 
efficiently while handling mental health patients. 

“If outpatient here, there is no special SOP when 
handling mental health patients. Everything is just based 
on our kindness and judgment. If we see some aggressive 
patients disturb other patients also, so we have to give 
their medications first.” (P61)(M) 

“I think we must have one guideline because if we want 
to dispense, actually we worried a lot. First, we feel like 
we are invading their privacy, secondly, being 
judgemental just like I said just now. So, when we 
dispense and want to tell them the indications for each of 
their medications, we agree there must have a guideline 
for this matter.” (P61)(M) 

Another SOP that is always being mentioned 
by interviewees is all dangerous drugs classification 
(DD) must be recorded in and out. That is the reason 
why the waiting for them to get the medications is 
sometimes very long.  

“….The waiting time for mental health patients, always 
longer than other patients because most of their 
medications involved dangerous drug(DD), so the 
process to bring out DD must always be recorded, so it 
takes time.” (P61)(M) 

The participants also showed concerns about if 
there is an integrated module for future MTAC 
programs, there will be limited access to patients’ 
file 

“Another thing is if we do want to use the current 
integrated module for MTAC implementations, between 
prescriber and pharmacy, before this we can see all the 
patients’ notes, but now we cannot anymore. So it is 
privacy. they deny all access toward mental health 
patients.” (P61)(M) 

When this access is denied, pharmacists cannot see 
their progressions while taking the medications. 
Other than that, They are talking about limited time 
spent with patients either while dispensing the 
medications or even in a counselling room doing the 
existing MTAC. 
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  “I was in MTAC DM right, I can only just see on several 
patient in one day. One patients already take up half an 
hour. So one day up to 4 patients only. Clinic of course 
got a lot of patients.”  (P62)(M)  

It was based on some of the participants’ 
experiences while dispensing medications to mental 
health patients was not getting enough interactions 
with them.  . 

“Patient psychiatric who did a suicide attempt… but 
when it times for us to counsel or getting the history 
taking and everything, we are not directly interact with 
patient. So always with their caretaker. Patient doesn’t 
really talk with us….” (P4)(F) 

Different environments, such as hospitals and 
Klinik Kesihatan, also differ in certain ways, such as 
workload, patient volume, and the absence of 
specialised psychiatry in the Klinik Kesihatan 
setting. 

“If want to compare between KK setting and hospital 
setting, of course there is difference. Hospital has more 
patients and everything than Klinik Kesihatan. Same 
with our experience also……”(P15)(F) 

4.4 Unclear role of pharmacists 

One person brought up the pharmacist's lack of 
participation in the patient's care. 

“…we don’t really have much involvement in patients’ 
treatment. Unless there is a drug-drug interaction or 
patient complaint, ‘ I just start this medication, but why 
it happen like this’. Then we will check….”.(P1)(M) 

“Haaa..is it only about adherence? If adherence maybe at 
the counter also we can see. I don’t know, its not clear the 
role.” (P58)(F) 

4.5 Stigma  

One of the interviewees mentioned that they try not 
to be as stigmatized as possible by being not 
judgemental toward mental health patients. 

“We do not want to be judgemental towards them. If that 
patient want to tell us and share their story to us or even 
that patient does not want to tell me anything, that’s 
okay. We also do not want to ask more than that about 
their conditions” (P63)(M) 

“For me, stigma sometimes always there, because when 
talking with them, I don’t really believe them 100%. They 
look okay but I don’t know.” 

The participants also mentioned being afraid of 
getting into patients’ privacy too much or exposing 

them as mental illness patients as it also disturbs 
their privacy.  

“If we want to dispense theur medications,what is the 
things that we can tell to them? Because we afraid as 
whatever we said during dispensing will invading their 
privacy and confidentiality” (P61)(M) 

Patients also sometimes have their own level of 
stigma towards themselves  

“….Then we know certain patients have their own 
stigma. Sometimes when we told them, they looks okay, 
but sometimes they are not okay…..” (P61)(M) 

5. Training needs for pharmacists 

The participants showed us that training among 
pharmacists is very well much needed to everyone. 
One of them tell us how MTAC training usually 
takes place. 

“When we get trained, we must also have a preceptor. So 
basically preceptor is like a master for everyone. Other 
states also same this, for example hepatitis B, we will be 
trained at Hospital Selayang, for 2 weeks. So if 
psychiatry, if you want to have the clinical part, have to 
train at the hospital that specializes first, here in 
Malaysia, we have to find somehow.  We have to train 
first, then that person will go to clinical and train 
everybody else….”(P18)(F) 

“….of course need some kind of training like full courses 
of learning and also attachement/tagging and not only 
with doctors, but tagging with other healthcare workers 
too, nurses, MA….”(P49)(F) 

Another participants elaborated again the time 
needed to have the MTAC training is quite long 
actually to be well certified 

“MTAC now got 2 phase. Phase 1, 2 weeks training plus 
with 6 months in total. Not sure if eco training is just 2 
weeks also..” (P23)(F) 

One participant said that training to interact 
with mental health patients is also important. 

“Our way to... Interact. Our way of responding to 
patients’ complaints towards us or anyone, it is 
important. We cannot simply ignored.” (P23)(F) 

Many participants expressed what kind of 
training they want to get to learn more about mental 
illness disease. They were asking a well-rounded 
kind of training to handle mental health patients.  

“…prefer something like courses with hands on training. 
1 day courses but still very interactive.” (P31)(F) 
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“The other day, I get the resources on how deal if patients 
attack us….” (P29)(F) 

“..Need to learn on how to communicate efficiently. We 
learn On how to be assertive in a way. Learn what is the 
coping mechanism and its example…..”(P31)(F) 

“….tagging, tagging at the place that already establish 
like psychiatry clinic, because when we want to set up 
MTAC that  have no guideline at all, we have to bring the 
established one and follow them.”(P56)(M) 

“I think we better have a courses than theory, but better 
if we do the technical and practical part...”(P53)(M)  

Another participant showed concerns if we get 
the training, we must make sure that the service is 
established first. 

“If in terms of training… of course we can go to training, 
but we have to see first where is the place that it should be 
practice. Sometime when we already become specialist in 
certain field, then the facilities that we work suddenly not 
give that services.” (P41)(M) 

6. Improvement on the role of pharmacists and 
future role 

One of many things to be improved in the future is 
the guidelines and SOP suitable for pharmacists to 
give the best services to mental health patients. A 
participant expressed that the absence of standard 
operating procedures and guidelines for dispensing 
medications at the counter causes pharmacists to 
feel uncertain and uneasy about doing so. 

“haa..there is no SOP, ok if patient rude, at least we can 
tell them, okay puan, if puan still act like this, we have to 
call our guard. For example, have this kind of sop, if there 
is patient who act aggressive, we can tell them, puan, 
puan is now disturbing my work as government worker, 
so if puan still insists and being stubborn like this, we will 
call the guard.  Atleast if like this happen again, at least 
at that time we know what to do, but right now? Right 
now if anything happens, haaa we are the one become 
stressed, sometime leave the dispensing counter for a 
while, went inside and screaming because become too mad 
already.”(P18)(F) 

In the future, pharmacists will also need to play 
a bigger role in psychiatry medications. 

“..Have to be more involved. I feel if want to refer patients 
to MTAC, need to be more involved and training, with 
the medications, interactions among doctor with patients, 
we have to be tagging with them. If only at outpatient, 
just accept the prescriptions, I think we just dispensed the 
medication just like we dispensed other medications, we 

do not even know about the mental illness diseases and 
the indications for every patients...”(P28)(F) 

“We should join the first aid programe on Psychology 
first aid courses. haa..because sometime they ask us to 
join, they do a program, but at that time was during flood. 
We listen to the victims of flood, but that time I just join 
with the counsellor here, not with other pharmacists” 
(P33)(F) 

“I mean, all of us need to be involved, integrated, I do have 
an experience before this when I did a group counselling 
with the counsellor, at that time me, counsellor and 
patients. So we will discuss, either everything is okay or 
not. So we know the progression of the patients, so we as 
a pharmacist also can take part, medication okay or not, 
so at least there will be the positive outcomes.”(P53)(M) 

The interviewee also highlighted the benefits of 
establishing a dedicated MTAC Psychiatry at local 
health care, particularly at the hospital and Klinik 
Kesihatan: 

“If the dispensing part, counselling part, is done at the 
clinic done by Pharmacist MTAC, this can reduce the 
congestions that always happen at the pharmacy counter. 
Usually, if there is delay, the waiting time also increases. 
We do have our own KPI on waiting time part.”(P31)(F) 

In the future, one participant also showed some 
interest in getting better skills communication to 
deal with mental health patients 

“maybe we will have different approach, counselling 
technique and also communication skills are very 
important element in terms of pharmacist, another things 
mental health patients usually a long term one, so every 
patient has their own approach, not everybody is one for 
all or all for one, the approach must be individualized.” 
(P53)(M) 

Discussion 

This qualitative study investigated the perspectives 
and experiences of pharmacists from different 
settings regarding mental health services in 
pharmacy services. During the interview, 6 main 
themes were found out. Most participants talked 
about pharmacists' limited role in mental health 
care, the lack of pharmacists-patient interactions, 
the importance of collaborations with other 
healthcare workers, and the training needs for 
pharmacists in mental health care.  

 

The first theme is about the role of pharmacy in 
mental health care. A lot of interviewees mentioned 



   

 

Page 39 

A Rahim et al. (2025) Journal of Pharmacy, 5(1), 28-45 

 

 

  that the role of the pharmacy is only to dispense the 
medications at the outpatient clinic counter and 
make sure mental health patients comply with their 
medications. These specialised chemists' roles at 
community mental health facilities have been 
described in the past as involving medication 
dispensing and education, as well as collaborating 
with doctors and nurses to optimise drug therapy.  

 Other than that, they also mentioned that just a 
few mental health patients did ask them about the 
side of medications they are taking. Consistently, 
from another study, also demonstrated expertise in 
classic pharmacists' tasks, such as information 
provision, in line with earlier findings, preparing, 
distributing, and teaching patients about the proper 
and safe use of the medication (Mohiuddin et al., 
2019). The participants said that ensuring 
compliance is always pharmacists' main duty in any 
setting. Ensuring compliance is important for 
mental health patients to prevent them from getting 
relapsed state and to make patients have a better 
quality of life. In addition, studies have shown that 
pharmacist-led initiatives, which have mostly 
centred on teaching and supervision, are successful 
in enhancing antidepressant drug adherence (Al-
Jumah et al., 2012).  

 Another subthemes for the first theme is to 
ensure the correct medication and dose when 
dispensing. This is to prevent any medication error 
occur. The last subtheme is pharmacists are seen 
only to counsel patients about the side effects of 
medication even though most of them claim that it 
is also very rare for patients to talk with them first 
about the side effects of medication, but it still 
happens from time to time. Through the provision 
of pharmacological care interventions, pharmacists 
can also actively contribute to the field of mental 
health treatment (Mohammed et al.,2016). 
Medication review services, like the Home 
Medicines Review program in Australia, involve 
pharmacist-led medication reviews in conjunction 
with general practitioners and offer another way for 
pharmacists to contribute to multidisciplinary 
healthcare, including mental healthcare. 
Pharmaceutical care interventions can include these 
types of services (Chen et al.,2016).   

This led to theme number 2, pharmacist-patient 
interactions. Most of the participants claimed that 
the only place they try to communicate with mental 
health patients is at the dispensing counter at the 
outpatient clinic, the topic conversations are also 

very short and pharmacists only say what kind of 
medication they will get at that time. However, it is 
still a problem with the terms used to them while 
dispensing the medication to them because 
pharmacists try not be judgemental and take care of 
their privacy. The pharmacists always encounter 
most of mental health patients are rude and quite 
demanding. These mental health patients become 
more irritated because the waiting time at the 
counter is taking so long. However, most of the 
pharmacists also emphasized that they need 
training for them to communicate better with 
mental health patients Effective counselling sessions 
can result from improved communication, and 
pharmacists are required to employ effective 
counselling techniques, such as providing patients 
and carers with verbal and written information 
(Chen et al.,2012). Finding from Abousheishaa et al., 
2022, showed however, that the majority of 
pharmacists did not give the patients' or carers' 
educational or adherence-supporting resources. 
Maybe as a result of the chemists' lack of access to 
trustworthy information sources or the absence of 
patient demand, which have both been widely 
mentioned as obstacles to the delivery of 
pharmaceutical treatment in this study.  

The third theme is about the interprofessional 
collaborations between pharmacists and other 
healthcare workers. From the interviews, the 
participants showed interests and asking the 
cooperations from the doctors and other healthcare 
workers to treat mental health worker. If MTAC is 
being established, pharmacists in the interviews 
give an opinion about the clear role of them and 
between doctors. This to prevent any redundant job 
scope and make sure all the pieces of information we 
give to patients is align with one another. The 
second subtheme from this theme is the 
communication between pharmacists and other 
healthcare workers. The participants shared that 
doctors only communicate with pharmacists only 
asking about the availability of the medications, the 
alternatives of the medications, drug-drug 
interactions, history of patients’ previous 
medications, and some of them asking about side 
effects of the medications.  Based on other studies, 
they might think that pharmacists’ job scope is only 
limited to preparing and dispensing medications 
(Aldhafeeri et al.,2022). There is study that tell us 
from a point of view other healthcare workers, that 
a lack of cooperation between doctors and 
pharmacists, pointing out the dearth of pharmacists 
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at hospital wards thus leads to a significant gap in 
their interactions (Kempen et al.,2020). Most of the 
participants agree on the multidisciplinary 
approach for mental health patients that involves 
pharmacists. Other study also shows the same result 
as pharmacists were highly encouraged to provide 
pharmaceutical services to patients directly instead 
of just focusing on medications administrations 
records to ensure maximum patient care and 
prevent any drug-related problems (Mohiuddin et 
al.,2019) 

The fourth themes from these interviews is the 
challenges and barriers among pharmacist in mental 
health services. The first subthemes, that is very 
common across all the focus group discussions is 
shortage of staff. This issue has been a challenge for 
a long time and to a lot of many departments in 
hospitals or clinics. Increasing workload also leads 
to a shortage of staff. The policy in KKM somehow 
stated that if want to add more staff to certain 
departments, they must provide new services. The 
participants suggest to add staff so that MTAC of 
psychiatry could be established and this is quite 
frustrating situations among pharmacists as they 
need more staffs to reduce the workload not the 
other way around. The second subthemes are the 
lack of awareness among pharmacists about mental 
health patients. Most pharmacists are not really 
exposed much to mental health patients and mostly 
they only encounter between themselves only at the 
outpatient clinic. All the awareness program about 
mental health in a hospital or clinic, they rarely 
invite pharmacist to join them together. Mostly the 
activities or the charity activities are only among the 
patients, doctor, nurse and MA. This was supported 
by other study showed that pharmacists lack the 
requisite training to practise mental health, maybe 
as a result of pharmacy universities' inability to offer 
such instruction. Therapeutics is the foundation of 
psychiatry education, and internships in the field 
are scarce, particularly for pharmacists (Aldhafeeri 
et al.,2022).   

 The third subthemes are the lack of resources, 
time and space to do the mental health pharmacy 
services. Lack of SOPs and guideline about handling 
mental health patients one of the most significant 
barriers seen among pharmacists. Even though the 
participants show some positive attitude to provide 
pharmacy services towards mental health patients, 
but they still feel reluctant as they felt they are still 
lack of knowledge to manage them. They did not 
know how to respond if patient shows 

unpredictable behaviour in front of the pharmacy 
counter. This is the same result on study by Soliman 
et al., (2020), pharmacists showed more negative 
views towards treating patients with depression 
than physical disorders, despite their confidence in 
many areas of working with patients who had 
depression. The participants also explained that 
pharmacists only can access up to their medication’s 
history and current medications. Patient history and 
other cases notes are being denied. This will lead to 
pharmacists cannot even see their progressions. 
Pharmacists only can communicate mostly at the 
outpatient clinic counter during dispensing the 
medication, because there is KPI of waiting time, the 
participants claimed that they do not have enough 
time to ask patients more questions. Another 
subtheme is the unclear role of pharmacists if MTAC 
psychiatry being developed. The participants hope 
there will be no redundant in terms of our role as a 
pharmacist to doctors’ role. The last subthemes are 
stigma. One of the participants showed that he tries 
hard not to be judgemental as mental health patients 
also deserved some privacy and he felt no stigma at 
all. Most of the participants showed not really have 
a stigma or not, but they have to control themselves 
especially when the patients might be aggressive or 
difficult to handle.  

The fifth themes from these interviews are 
training needs. Most of the participants agreed that 
all pharmacists need training on how to deal mental 
health patients. In order for pharmacists to help the 
management of mental health issues and crises 
within the parameters of their area of practice, they 
must receive adequate training. In addition, well-
trained pharmacists can help lessen the stigma 
associated with mental illness and increase access to 
and knowledge of mental health treatments, all of 
which can be obstacles to receiving mental 
healthcare (El-Den et al., 2021). They give several 
suggestions on what kind of training that they 
should have especially on how to communicate with 
mental health patients. The training should be 
hands on, or one day courses of continuous 
pharmacy educations (CPE) and interactive 
sessions. Some of the participants suggests to 
directly tagging with psychiatry doctor in ward or 
clinic because they believe face-to-face training is 
more effective. The training also should include the 
general guideline about the mental illness treatment 
and the standardised SOPs on how to handle them. 
This was supported by other study in Saudi Arabia, 
efforts are underway to provide specific training 
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  programmes for each sector of the mental health 
services industry as well as to standardise and grow 
mental health services throughout the country 
(Koenig et al.,2014). One of the participants shared 
on the latest guideline of standard MTAC training 
from KKM. The training should be 2 weeks at other 
facilities with the preceptor there, then another 6 
weeks to apply what have been trained and after 
that have to train another pharmacist also. This 
should be applied to if want to establish the MTAC 
in future. For example, one training program called 
Mental Health First Aid (MHFA) has been used 
worldwide and gained recognition as a pertinent 
and essential for all healthcare workers when 
dealing with mental health patient. Evidence of 
MHFA training in pharmacy extends back to 2011, 
when self-reported knowledge, confidence, 
attitudes, and behaviours among MHFA-trained 
pharmacy students increased in a controlled trial on 
Australian pharmacy students (O’Reilly et al., 2011). 

The last theme found from this study is the 
improvement role of pharmacists in the future. Most 
of the participants hope that in the future there will 
be a standardised guideline and SOPs for them to 
handle mental health patients. Other than that, they 
hope that they can be more involved in mental 
health patients’ treatment together with other 
healthcare workers. This is the same finding with 
another study that recommends that to strengthen 
the bonds between HCPs and pharmacists and 
address issues stemming from inadequate 
communication between the two, pharmacists 
should engage in more direct and team-based 
patient care (Aldhafeeri et al.,2022).  Based on the 
current situation in the pharmacy at the outpatient 
clinic, the number of patients always increasing and 
always affects the KPI of waiting time for patients to 
receive their medications. One of the participants 
said that if there is MTAC Psychiatry, it will reduce 
the congestion of patients at the pharmacy counter 
because their prescriptions will be dispensed during 
MTAC sessions. There will be many future roles of 
pharmacists in Malaysia that can be adapted from 
other countries' practices. For example, the results of 
a recent systematic review of community 
pharmacist-led depression screening for adults 
indicated that more thorough, high-calibre research 
was required to show the cost-effectiveness and 
clinical implications of this approach, even though 
pharmacists could identify people living with 
undiagnosed depression using screening tools 
(Miller et al., 2020). Another example in Nova Scotia, 

Canada, The Bloom Program was created to 
improve the way chemists treat patients who have a 
personal history of addiction and mental illness 
with the improvement of 78% medication issues. A 
27-month demonstration project was used to assess 
the Bloom Program, demonstrating the significant 
responsibilities that pharmacists may play in 
pharmaceutical efficiency, instruction, and 
assistance in navigating the healthcare system 
(Murphy et al., 2019).  

Conclusion  

This qualitative study offers the opinions of the 
pharmacists in the Kuantan and Pekan, Pahang 
area, about their perspectives on current mental 
health services in their facilities, their own 
experience and toward mental health patients, 
psychiatry doctors, and other healthcare workers. 
This study shows that pharmacists can always show 
various potentials and be the most important 
components in our healthcare systems, either at the 
hospital level or primary care. It has been proposed 
that specialty counters, private counselling rooms, 
and MTAC Psychiatry will enhance mental health 
services in every hospital and primary care setting. 
In the end, it was determined that ongoing 
assistance from other healthcare professionals was 
required for a successful procedure. To enable 
pharmacists to be integrated into mental healthcare, 
further research is needed to show the therapeutic 
results and financial viability of these roles teams 
frequently in a lot of practice environments. 
Pharmacists are dedicated to developing the best 
plans to give patients the best care possible despite 
the obstacles. The early descriptions of pharmacists 
were always about optimizing the use of drugs and 
providing education about medicines. As a result, 
mental health pharmacists are now essential 
members of the clinical management teams in 
inpatient and outpatient settings in the 21st century.  

This study only limited at Kuantan & Pekan, Pahang 
area. There might be differences or additional 
perspectives and opinions form pharmacists at 
other regions, urban area or rural area. Despite that 
this study consisted quite large samples and the 
saturations data is quite saturated from this study.  
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Appendix A 

Table A1: FGD topic guide (overview) 

Welcoming speech from the research 
interviewer with her supervisor and co-
supervisor (if there is any). 

“Assalamualaikum and hello to everyone. 
My name is ……. as your interviewer today. Here 
is my supervisor for this research Dr………. 
thank you again for participating in this 
interview. Every respond and answers, we are 
really appreciating that.”  

Overview for the overall topic of the 
interview 

Our topic is about implementing pharmacy 
services in mental health services. 

The result from this interview will be one of 
the sources of information regarding perspectives 
of pharmacists in mental health pharmacy 
services. 

Thank you for willing to participate in this 
interview and sharing some opinions about this 
topic.  

The ground rules of this focus group and 
assurance of confidentiality 

There are no right or wrong answers. 

Only differing points of views. 

We are tape recording and one person 
speaking at a time. All the recordings will not to 
be share with any organizations or anyone as this 
is solely for research purpose only. 

We are on a first name basis. 

You do not need to agree with others, but 
you must listen respectfully as others share their 
views.  

My role as an interviewer will be to guide the 
discussion. 

So, here are the questions (Table A2): 

Table A2: FGD topic guide (main questions) 

Current Roles in mental health services in 
your place: 

What do you consider the current role of 
pharmacist in mental health care? 

Tell me about your experiences with mental 
health patients. Tell me more about your 
interactions and relationship with the patients. 

Collaborations within HCP: 

In your opinion, what say you on the 
statement that pharmacists also should be 
included in the mental health care besides 
psychiatrists? 

What do you believe to be the key benefits of 
having a pharmacist in a multidisciplinary 
mental health team? 

Barriers & Facilitators to the provision of 
care: 

What do you see as the facilitators of mental 
health pharmacy services? 

What do you see as barriers of mental health 
pharmacy services? In your opinion, what are the 
reason/s for pharmacist not having a prominent 
role in mental health primary care? 

Perceptions of what mental health 
pharmacy services can be expected to provide 
for the patient: 

What mental health pharmacy services do 
you expect to be provided to the patients in your 
facilities? 

What ideas do you have for improvement of 
(mental health pharmacy) services provided in 
your facilities? 

References: (McMillan et al., 2020; Morris, 
Wong and McKinlay, 2021; Adam and Keers, 2022; 
Crespo-Gonzalez et al., 2022) 
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Abstract  

Introduction: The effectiveness of the first-line malaria treatment has been affected by 
drug resistance and adverse side effects leading to a limited number of treatment 
options. This calls for the search for alternative antimalarial agents. The study 
evaluated the in vitro antimalarial activity of six plants frequently used in herbal 
antimalarial products in Ghana against chloroquine-sensitive strain (3D7) and 
chloroquine-resistant strain (DD2) of Plasmodium falciparum. Method: Aqueous 
extracts were prepared from the plants by decoction and freeze-dried. A fluorescence-
based SYBR Green assay was used to evaluate the antimalarial activity of the extracts 
against Plasmodium falciparum strains 3D7 and DD2. Also, the cytotoxic effects (CC50) 
of the plant extracts against red blood cells were evaluated using 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) rapid calorimetric 
assay technique. Results: Alstonia boonei, Cryptolepis sanguinolenta, and Azadirachta 
indica were the most effective mono-herbal extracts with IC50 of 8.64 μg/mL, 6.12 
μg/mL, and 5.22 μg/mL respectively against 3D7 lab strain and 8.47 μg/mL, 5.12 μg/mL 
and 5.22μg/mL respectively against DD2 lab strain. The aqueous extracts of Paullinia 
pinnata, Citrus aurantiifolia, and Tetrapleura tetraptera exhibited moderate activity 
against both lab strains with IC50 values of 24.72 μg/mL, 34.89 μg/mL and 14.94 μg/mL 
respectively against 3D7 strain and 14.84 μg/mL, 31.01 μg/mL and14.74 μg/mL 
respectively against DD2 strain. All plant extracts exhibited no cytotoxicity against 
RBC (˃100 μg/mL, except Cryptolepis sanguinolenta with CC50 92.7 μg/mL). Moreover, 
except Paullinia pinnata, Citrus aurantiifolia and Tetrapleura tetraptera (with low 
selectivity index: SI < 10), all the plants displayed a good selectivity index (SI>10). 
Conclusion: All six frequently used antimalarial plants in monotherapy possess 
significant antimalarial activity against Plasmodium falciparum (3D7) and (DD2) strains. 
The data obtained from this study support the folkloric and frequent use of these plants 
in several herbal antimalarial products on the Ghanaian market.  

Article history:  

Received: 10 June 2024 
Accepted: 23 October 2024 
Published: 31 January 2025 
 
 
Keywords:  
 
In vitro antimalarial 
Antiplasmodial 
Resistant strains 
Cytotoxicity  
Plant extracts 
 
 
doi: 10.31436/jop.v5i1.319 
 

mailto:korsahjnr@gmail.com


Page 47  

 

Korsah, et al. (2025) Journal of Pharmacy, 5(1), 46-56 

 

 

 

Introduction 

Malaria is a major tropical disease with high 
morbidity and mortality, affecting about 3 billion of 
the world’s population, particularly those residing 
in Asia, Latin America, and Sub-Saharan Africa. The 
sub-Saharan Africa region carries a 
disproportionate share of 90% of the global malarial 
load and accounts for 92% of the total malaria 
deaths(Wang, 2022). 

A major setback in the treatment of malaria has 
been the development of resistance by the parasite 
to most single-molecule allopathic drugs used as 
well as the cost of its management. Also, 
pharmaceuticals of herbal origin are acquiring more 
relevance on the global market due to increased 
awareness of the side effects of synthetic drugs and 
Africa, especially which has compelled reputable 
pharmaceutical corporations to introduce herbal 
based formulations to the market (Chaitanya, 2021). 

Herbal medicines have a long history, almost as 
far as human history. The majority of these plant-
derived pharmaceuticals were discovered through 
traditional treatments and Indigenous people's folk 
knowledge, and some of them could not be replaced 
despite enormous advances in synthetic chemistry 
(Rizvi et al., 2022). 

People around the world have developed their 
techniques for prevention and treatment of diseases 
(Aslam et al., 2016). In Asian and African nations, 
about 80% of people depend on native therapeutics 
for their main healthcare (Karole et al., 2019). 
Malaria is a disease caused by a plasmodium 
parasite, transmitted by the bite of infected 
mosquitoes (White, 2022) . There are 229 million 
cases of malaria worldwide and more than 400,000 
people die from the disease each year, according to 
the World Health Organization (2020, 1997). In the 
WHO African Region, Plasmodium falciparum is the 
most chronic and lethal species infecting people, 
accounting for 96% of malaria cases and fatalities in 
2020 in the 29 endemic African nations (Essoh et al., 
2022). The rise of drug-resistant parasites in some 
regions of the world threatens the effectiveness of 
artemisinin-based combinations, which have been a 
successful weapon in efforts to eradicate malaria 
(Ouji et al., 2018). 

In vitro, antimalarial assay necessitates 
continuous cultivation of P. falciparum and any other 
lab strains. It enables a quantitative evaluation of 
intrinsic drug sensitivity that is based on 

microscopic parasitemia evaluation and inhibitory 
concentration(IC)  determination (Chetia, 2019). By 
comparing the inhibition of parasite growth in drug-
exposed cells to Plasmodium drug-free control 
cultures, antimalarial medication activity is 
assessed, and Sigmoid dose-response curves are 
produced to evaluate the efficacy of compounds in 
terms of IC after testing the active substances in the 
primary tests in serial drug dilution. Microscopic 
tests have been replaced by other techniques such as 
the hypoxanthine 3 incorporation method 
(microculture radioisotope technique), the flow 
cytometry assay (SYBR Green I-based), colorimetric 
ELISA tests (pfLDH assay, pfHRP2 assay), and 
fluorescence assay (pfGFP-based, SYBR Green I-
based). These approaches are generally 
straightforward, necessitate fewer time-consuming 
test steps, and offer high throughput, but they call 
for pricey equipment. 

The research was carried out based on most 
frequently used plants in herbal antimalarial 
products on the Ghanaian market as reported in our 
previous work (Nortey et al., 2023), which are 
Alstonia boonei (leaves), Azadirachta indica (leaves), 
Citrus aurantiifolia (leaves), Cryptolepis sanguinolenta 
(roots), Paullinia pinnata (leaves) and Tetrapleura 
tetrapetra (fruits). These plants were collected and 
screened against chloroquine-sensitive (3D7) and 
resistant (DD2) strains. All the plants have 
previously been evaluated for their antiplasmodial 
activity and antimalarial bioactives identified, 
however, a few of the plants have yet to be assayed 
against the 3D7 and DD2 strains (Table 1). 
Plasmodium falciparum has developed resistant 
strains to chloroquine due to a mutation in the Pfcrt 
gene present in the parasite’s food vacuole 
(Turschner & Efferth, 2009). They possess a neutral 
threonine instead of the positively charged Lysine at 
position 76 of the Pfct gene. This mutation causes 
reduced accumulation of chloroquine within the 
food vacuole and allows chloroquine to diffuse 
away from the food vacuole by a steep downward 
concentration gradient (Sanchez et al., 2004) 
(Cooper et al., 2002) (Sanchez et al., 2004). 

This study sought to provide the scientific basis 
for their selection in the formulation of polyherbal 
preparations and compare their antiplasmodial 
effects against 3D7 and DD2 strains of Plasmodium 
falciparum.  
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Table 1: Previous antimalarial reports on the plants against chloroquine sensitive(3D7) and chloroquine resistant strains 
(DD2) of Plasmodium falciparum strains 

Plants Known antimalarial 
phytochemicals present 

Extraction 
method 

In vitro assay 
(IC50, μg/mL) 

References 

3D7 DD2 

Paullina 
pinnata 

Alkaloids, terpenoids 
flavonoids, saponin, and 
coumarins 

N/A N/A N/A (Fred-Jaiyesimi & 
Anthony, 2011) 

Citrus 
aurantiifolia 

Flavonoids, coumarins, 
terpenoids and saponins 

Maceration 
(aqueous) 

71.31 N/A (Bapna et al., 2017) 
(Laksemi et al., 2023) 
(Ettebong et al., 2019) 

Azadirachta 
indica 

 Flavonoids, saponin, 
coumarins, terpenoids 
(Nimbin, azadirachtin) and 
alkaloids 

Maceration 
(Ethanol) 

7.52 N/A (Deshpande et al., 2014) 

Alstonia 
boonei 

Alkaloids, triterpenes, 
flavonoids, saponins, 
terpenoids and coumarins 

N/A N/A N/A (Omoya & Oyebola, 
2019) 

Tetrapleura 
tetraptera 

Flavonoids, saponins, 
alkaloids, saponins, 
coumarins and terpenoids 

Maceration 
(Ethanol) 

13.0 10.1 (Nsofor et al., 2023) 
(Lekana-Douki et al., 
2011) 

Cryptolepis 
sanguinolenta 

Alkaloids (cryptolepine 
and cryptoquindoline), 
saponins, flavonoids, 
terpenoids and coumarins. 

N/A N/A N/A  (Opoku-Agyemang et 
al., 2022) 

N/A, No report available 
 

Materials and methods 

Collection and processing of plant materials. 

The leaves of Azadirachta indica and Citrus 
aurantifolia were collected and harvested locally in 
the Ablekuma area, Accra, Ghana. The leaves of 
Paullinia pinnata, Alstonia boonei, and fruit of 
Tetrapleura tetraptera were harvested locally in the 
Nkwatia area, Kwahu, Ghana. The dried roots of the 
Cryptolepis sanguinolenta plant were purchased 
from the Centre for Scientific Research, Mampong in 
March 2023. The collected specimen was 
authenticated by Miss Miriam Tagoe, the head of the 
School of Pharmacy Herbarium, Central University, 
and voucher number CUC/F/NK/003, 
CUC/L/NK/007, CUC/R/AM/002, CUC/L/A/009, 
CUC/L/NK/008 and CUC/L/A/006 were assigned to 
the Tetrapleura tetraptera, Alstonia boonei, 
Cryptolepis sanguinolenta, Azadirachta indica, 
Paullinia pinnata, and Citrus aurantiifolia 
respectively and the samples deposited at School of 
Pharmacy Herbarium, Central University, for future 
reference.  

Sample extraction 

The leaves of A. indica, P. pinnata, C. aurantifolia, and 
A. boonei were washed gently under running water 
and air-dried for about 7 days. The roots of C. 
sanuginolenta were sliced into pieces, washed under 
running water, and air-dried for about 7 days. The 
dried pods of T.  tetraptera were washed under 
running water, chopped into sizeable amounts, and 
washed again, then air dried for about 5- 10 days. 
The aqueous extract of the leaves, roots, and fruits 
of A. indica, P. pinnata, C. aurantifolia, A. boonei, C. 
sanguinolenta, and T. tetraptera respectively were 
obtained by decoction according to the Ghana 
Herbal Pharmacopeia. The leaves were boiled with 
water for about twenty minutes and bark for about 
thirty (Busia.ed, 2007). The cooled extracts were 
filtered and freeze-dried at the Noguchi Memorial 
Research Institute. The freeze-dried powdered T. 
tetraptera, A. boonei, C. sanguinolenta, A. indica, P. 
pinnata, and C. aurantifolia were assigned TTE, ABE, 
CSE, AZE, PPE and CAE code names respectively. 
Plant extracts were stored in a refrigerator until 
needed for use. 
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Phytochemical test 

Phytochemical components of the  respective plants 
were identified using conventional techniques 
outlined  (Evans, 2009). 

 

In vitro antiplasmodial assay 

Preparation of extract and Parasite 

The extracts and parasites were prepared as 
described in previous work by (Amengor et al., 
2024). A working solution was serially diluted using 
Roswell Park Memorial Institute Medium 1640 
(RPMI 1640) to obtain the following concentrations: 
100 μg/ml, 50 μg/mL, 25ug/ml, 12.5 μg/mL, 6.25 
μg/mL, 3.13 μg/mL, 1.56, 0.78 μg/mL, and 0.39 
μg/ml. The parasites were obtained from the 
Immunology department of Noguchi Memorial 
Institute for Medical Research, University of Ghana. 
P. falciparum asexual cultures were maintained as 
described in (Trager & Jensen, 1976). The parasites 
were plated based on the description in (Gathirwa 
et al., 2008). This procedure was repeated for all 
extracts.   

 

Extract plating and SYBR green assay 

With artesunate (ATS) as the standard drug, 100mL 
of each of the already prepared concentrations in 
2.4.1 were plated in duplicates in an already labeled 
(1 to 11) 96 well coastal plate.  15ng/mL of this 
standard drug was serially diluted and plated 
alongside the extracts. 100 μL of parasite mix with 
2% hematocrit and 1% parasitemia were added to 
each treated labeled well from the 2 to 10 (Test 
wells). A parasite +2% hematocrit +1% parasitemia 
mix only was added to well no. 11 as a negative 
control. The procedure was repeated for the rest of 
the extracts. The plates were carefully arranged in a 
modular Chamber and gassed for 5min with a gas 
mixture as described in (Amengor et al., 2024). The 
plates were subsequently maintained at 37 °C for 72 
hrs. After 72hrs, the plates were removed and 
assayed by the addition of 100 μL lysing buffer 
containing SYBR Green to each of the wells. The 
mixture in the plates was carefully mixed and 
incubated in the dark for 30-60 minutes. The plates 
were then read using a FLUOstar OPTIMA 
Fluorometer plate reader (software version 2.20) at 
470nm and 520nm wavelengths.  

 

 

Cytotoxicity studies 

The extracts were tested for toxicity to RBCs using a 
modified version of the tetrazolium-based 
colourimetric technique. 100 μL of each extract was 
prepared to obtain concentrations ranging from 6.25 
μg/mL to 100 μg/mL. These concentrations were 
instilled in triplicate into the wells of a 96-well 
microtiter plate. 100 𝜇𝜇L of uninfected RBCs were 
subsequently put into each well. The plates were 
incubated and maintained and the optical densities 
of wells were measured based on the description in 
described in  (Amengor et al., 2024) (Ikem et al., 
2020). Extracts, culture medium, and uninfected 
RBCs were subtracted from the optical densities by 
running control experiments for each parameter 
independently alongside the main experiment. 
Artesunate which is a known antimalarial drug was 
used as a positive control in the cytotoxicity assay 

 

Statistical Analysis 

Each product was tested in a duplicate and the 
median inhibitory dose (IC50) and median cytotoxic 
concentration (CC50) values of the extracts against 
asexual Plasmodium falciparum was estimated 
from dose-response curves by non-linear regression 
analysis using Graph pad Prism version 7.0 
Software (Graph Pad Software, San Diego, CA, 
USA).  

 

Results and discussion 

Phytochemical screening of aqueous extracts of 
plant samples. 

Phytochemicals are active biologically compounds 
found in plants (Agidew, 2022). Some of the 
significant phytochemicals are coumarins, tannins, 
saponins, alkaloids, and glycosides. Table 2 contain 
the phytochemical analysis of the aqueous extracts 
of the plant samples. 

 

Antiplasmodial activity 

The sequel of in vitro antiplasmodial assay of 
aqueous extracts of the six selected medicinal plants 
against Plasmodium falciparum 3D7 and DD2 lab 
strains are graphically represented on Fig. 1. IC50 
values of the 3D7 lab strain were generally higher 
than those of DD2 lab strain.
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Table 2: Phytochemical screening results of aqueous extracts of plant samples. 

Phytochemical CSE AZE PPE TTE CAE ABE 

Saponins + + + + + + 

Tannins + + + + + + 

Hydrolysable 
Tannins  

- + + + + + 

Condensable 
tannins 

+ - - - - - 

Terpenoids + + + + + + 

Alkaloids 

Flavonoids 

Glycosides 

Anthracene 
glycosides 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- 

+ 

+ 

+ 

- 

- 

+ 

+ 

- 

- 

+ 

+ 

- 

+ 

+ 

+ 

+ 

Coumarins  + + + + + + 

Saponins + + + + + + 

Tannins + + + + + + 

Hydrolysable 
Tannins  

- + + + + + 

Condensable 
tannins 

+ - - - - - 

Terpenoids + + + + + + 

KEY: + – phytochemical detected 
           - – phytochemical not detected. 
Cryptolepis sanguinolenta extract (CSE), Azadirachta indica extract (AZE), Paullinia pinnata extract (PPE), Tetrapleura tetreptera 
extract (TTE), Citrus aurantifolia extract (CAE), Alstonia boonei extract (ABE) 

Cytotoxicity 

In these studies, the in vitro cytotoxicity was 
expounded as follows; low selective index <10 and 
high (or good) selective index >10 (Obbo et al., 2019). 
The outcome showed that the aqueous extracts of 
PPE, TTE, and CSE indicated a low selective index. 
AZE, CSE and ABE exhibited high selective index as 
seen in Table 3 below. 

Discussion 

In this study, the antimalarial potencies of six most 
frequently use plants to treat malaria were 
evaluated against chloroquine sensitive and 
resistant Plasmodium falciparum. These plants are 

mostly used in antimalarial FDA approved herbal 
products on the Ghanaian market. Plant extracts are 
particularly essential in medicine, and their 
biologically active components are thought to be the 
reason for this(Dar et al., 2023). When taken orally, 
herbal remedies may have the desired healing effect, 
but they may also contain other components that 
could have harmful effects. Phytoconstituents are 
said to have a wide range of therapeutic advantages, 
hence it is always important to evaluate the 
phytoconstituents in plants with ethnomedical 
qualities (Shaikh & Patil, 2020). A vast source of 
novel and promising medicines can be found in
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Fig. 1: IC50 of the various plant extracts against 3D7 and DD2 lab strains. 

Key: Cryptolepis sanguinolenta extract (CSE), Azadirachta indica extract (AZE), Paullinia pinnata extract (PPE), Tetrapleura 
tetreptera extract (TTE), Citrus aurantifolia extract (CAE), Alstonia boonei extract (ABE) and Artesunate (ATS) 

 plants, which contain phytochemicals like steroids, 
glycosides, flavonoids, alkaloids, amino acids, 
saponins, tannins, and more (Majrashi et al., 2023). 
In addition to the health benefits associated with 
macronutrients and micronutrients, phytochemicals 
are biologically active, naturally occurring chemical 
compounds found in plants (Agidew, 2022).  
Alkaloids are responsible for most antimalarial 
properties of plants. The first successful antimalarial 
drug was the alkaloid quinine, extracted from the 
Cinchona tree (Hariyanti et al., 2022). There are 
studies on the mechanism by which some alkaloids 
effect antiplasmodial activity, typically amongst 
them is cryptolepine, found in Cryptolepis 
sanguinolenta. Flavonoids and saponins possess a 
number of medicinal benefits, including anticancer, 
antioxidant, anti-inflammatory, antimalarial, 
antioxidant, neuroprotective, antitumor, and anti-
proliferative agents and antiviral properties (Korsah 
et al., 2021). 

From the studies, significant levels of saponins, 
tannins, condensed tannins, glycosides, anthracene 
glycosides, alkaloids, terpenoids, coumarins, and 
flavonoids were present in Cryptolepis sanguinolenta 
aqueous extract. Similar phytochemical 
composition was observed in Azadirachta indica. 
Anthracene glycosides were undetected in Paullinia 
pinnata and Tetrapleura tetraptera aqueous extract. 
Alstonia boonei aqueous extract showed the presence 

of saponins, hydrolyzable tannins, tannins, 
terpenoids, coumarins, flavonols, alkaloids, and 
anthracene glycosides (Table 2). These results are 
comparable to previous studies reported on Table 2. 

All the plants have previously evaluated for 
their antiplasmodial activity and their antimalarial 
bioactives identified, however few of the plants 
have been assayed against the 3D7 and DD2 strains 
(Table 1). Again, none of the previous reports 
compared the antiplasmodial potency of these 
plants to assist in their selection for formulations in 
polyherbal preparations. Although, herb-herb 
polytherapy may not always favor the most 
performing herbal monotherapy, this kind of 
comparative studies will serve as a guide for the 
plant’s selection in combination therapy in further 
studies. The following parameters were used to 
evaluate the in vitro antiplasmodial of the plants: 
high antiplasmodial activity (IC50 ≤ 10 μg/mL), 
moderate antiplasmodial activity (IC50 of 11-50 
μg/mL), low antiplasmodial activity (IC50 of 50-100 
μg/mL), and inactive (IC50 of ≥100 μg/mL) as 
reported in (Cudjoe et al., 2020).The increasing order 
of the antimalarial potency of plants as seen on Fig. 
1 were as follows; Azadirachta indica˃ Cryptolepis 
sanguinolenta ˃Alstonia boonei˃ Tetrapleura 
tetraptera˃ Paullinia pinnata˃ Citrus aurantiifolia 
against the two lab strains. Alstonia boonei, 
Cryptolepis sanguinolenta, and Azadirachta indica 
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exhibited good antimalarial activity in 3D7 and DD2 
parasites. Alkaloids isolated from Cryptolepis 
sanguinolenta exhibited significant antiplasmodial 
activity  against K1 chloroquine strain of Plasmodium 
falciparum by (Paulo et al., 2000). Similarly, 
antiplasmodial studies in Azadirachta indica and 
Alstonia boonei by (Deshpande et al., 2014) and (Bello 
et al., 2009) showed similar activity. Flavonoids and 
phenolic compounds in medicinal plants have been 
linked with antimalarial activity and could be the 
justification for the greater activity exhibited by 
these plant samples. Citrus aurantiifolia, Paullina 
pinnata and Tetrapleura tetraptera showed moderate 
antimalarial activity against the 3D7 parasite. 
Results from the studies against these 
aforementioned plants with moderate 
antiplasmodial activity were comparable to similar 
reports in (Lekana-Douki et al., 2011)(Maje et al., 
2007) (Bapna et al., 2014). The 3D7 lab strain were 
observed to be less susceptible in the plants 
compared to the DD2 labs train. This observation 
was significant in Paullinia pinnata with IC50 values 
of 24.72±0.50 μg/mL and 14.84±0.14 μg/mL against 
3D7 and DD2 respectively. Azadirachta indica 
showed similar potency (5.22±0.26 μg/mL) against 
both of the chloroquine sensitive and resistant 
strains. In a study by (Oseni & Akwetey, 2012) 
reported in their in vivo studies that the Azadirachta 
indica showed significant in vivo chemosuppresion 
(>70%). Tetrapleura tetraptera also showed almost the 
same activity against the two strains. 

RBCs are human cell line or cellular model 
used to study potential interactions of the blood 
with other substance. Morphological changes, 
subsequent disruption of RBC membrane integrity 
and hemolysis could be used to determine the 
cytotoxicity of various compounds (Podsiedlik et 
al., 2020).  Cytotoxicity at the preliminary stage is 
important in finding the possible toxicity of plant 
extracts or biologically active compounds 
segregated from plants. In preclinical studies of a 
compound, ability of a compound to discriminate 
between the pathogen and host is very important 
(Elhassanny et al., 2020) (Alven & Aderibigbe, 
2019).This discrimination is crucial for the safety 
and efficacy of the compound. In vitro determination 
of hemolytic properties is a usual and significant 
technique in assessing the cytotoxicity of chemicals 
and drugs and its advantages are being affordable, 
easily obtainable and simple to use (Sæbø et al., 
2023). All the plants showed high selectivity for the 
pathogen hence low or no toxicity against RBC as 
seen in Table 3. Extracts with high selectivity index 
offer the potential of been a safer therapy (Obbo et 
al., 2019). 

When the selective index (SI) > 10, it is usually 
accepted that the compound or extract is non- toxic. 
Azadirachta indica, Cryptolepis sanguinolenta, Alstonia 
boonei showed the highest selectivity index (SI > 10). 
Showing the basis for their frequent use in several 
herbal antimalarial products in Ghana as reported 
in (Nortey et al., 2023). However, Paullinia pinnata,   

Table 3: Cytotoxicity (CC50) result against red blood cells 

Extracts CC50 Values (μg/mL) Selective Index 

PPE 129.63 5.24 

ABE 109.50 12.93 

CAE 100.23 2.87 

AZE 118.90 22.78 

TTE 102.72 6.85 

CSE 92.68 15.14 

ATS 72.62 > 100 

Key: Cryptolepis sanguinolenta extract (CSE), Azadirachta indica extract (AZE), Paullinia pinnata extract (PPE), Tetrapleura tetreptera 
extract (TTE), Citrus aurantifolia extract (CAE), Alstonia boonei extract (ABE), Artesunate (ATS) 
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Citrus aurantiifolia and Tetrapleura tetraptera 
exhibited low selectivity index (SI < 10). There is a 
need for further study on the safety profiles of these 
plants with low selectivity indexes. 

Conclusion 

It can be inferred from the studies that all the six 
frequently used antimalarial plants possess a 
significant antimalarial activity against the lab 
strains; chloroquine sensitive (3D7) and chloroquine 
resistant (DD2) strains. These data provide rationale 
for their frequent use in several herbal antimalarial 
products on the Ghanaian market. A study on the 
combination effects of their polyherbal usage is 
underway. The data reported will guide how these 
combinations can be carried out or if it is more 
economical for practitioners to use the plants in 
isolation. The safety of the various plants being 
reported is crucial in guiding their use. 
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Abstract 

Introduction: Sweet potato (Ipomoea batatas L. Lam) represents an essential 
underutilised crop globally. The ubiquitous hydrocolloid, pectin, with versatile 
pharmaceutical and cosmetic applications has been reported to be abundant in the 
peels. This study thus examined the impact of acid (citric acid) and alkaline (sodium 
hydroxide) extraction procedures on the suitability of pectin extracted from sweet 
potato peels as a biocompatible and economical alternative pharmaceutical suspending 
agent. Methods: Conventional acid and alkaline extraction procedures were utilised in 
sweet potato pectin extraction followed by characterisation and phytochemical 
evaluation. The proximate composition, FTIR spectra, secondary metabolites and 
degree of esterification were determined. Additionally, different concentrations (1% 
and 2%) of the pectins were utilised in formulating paracetamol suspensions using 
acacia gum as the reference and assessed for pharmaceutical quality. Results: 
Secondary metabolites were present in all pectins while the yield was 9.04±0.07 and 
7.24±0.25 respectively for the acid and alkaline extraction methods. Quality and high 
methoxyl pectins with significant differences (p<0.05) in all characterisation parameters 
(Equivalent weight=1666.67 and 1250mg/mol; methoxyl content=16.43 and 9.57% 
respectively) except for ash content (3.12 and 2.95 % respectively) were obtained. FTIR 
highlighted characteristic functional groups in pectin. Both pectin suspensions 
demonstrated good however, variable significant differences (p<0.05) in flow rates, re-
dispersibility, sedimentation rates, and volumes compared to acacia gum.  The pH 
remained mildly acidic (<7) with no physical instabilities. Conclusion: The alkaline 
pectin exhibited a better-suspending property than the acid pectin extract. 
Nevertheless, they both can be utilised as an alternative to acacia gum as a suspending 
agent.  
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  Introduction 

An essential albeit underused versatile crop is 
sweet potato (Ipomoea batatas L. Lam) (Alam, 
2021). It currently ranks seventh on the global 
essential crops list and behind yam (Dioscorea 
spp.), Taro (Colocasia spp.), and cassava (Manihot 
esculenta Crantz) in Ghana. Its capacity to thrive in 
varied agro-ecologies and water-stress soils 
coupled with its short growth cycle and functional 
properties makes it increasingly attractive for 
commercial and industrial purposes (Ocloo et al., 
2011; Sugri et al., 2017). Significant phytochemical 
and physicochemical attributes of sweet potato 
tubers such as high mineral contents (iron and 
calcium) and antioxidant properties have been 
established in literature highlighting their 
ubiquitous nutritional benefits and potential for 
industrial application (Shaari et al., 2021; 
Shamsudin et al., 2022). Several cultivars of sweet 
potato (CRI-Apomuden, CRI-Bohye, Resisto, 
Ukerewe) are reported in Ghana which is generally 
orange to pale yellow with a maximum maturity 
period of 4 months (Darko et al., 2020; Ofori et al., 
2009; Teye & Abano, 2012). CRI-Apomuden in 
particular has a short maturity period (3 to 3.5 
months) coupled with high beta-carotene contents 
and serves as an excellent input for industries 
making it an ideal alternative to current pectin 
sources (Darko et al., 2020). Commercial and 
industrial applications of sweet potatoes such as 
starch and flour production and biofuel generation 
produce sizable amounts of residues either 
employed as animal feed or disposed of as waste 
(Alam, 2021). Specifically, the peels of sweet 
potatoes account for 15-40% of the initial product 
mass which ends up in landfills and degrades to 
generate greenhouse gases. This contributes 
immensely to environmental pollution and the 
wastage of substantial resources (Oluyori et al., 
2016; Torres & Domínguez, 2020).  

Pectin, an abundant plant polymer in the middle 
lamella of the cell wall of plants, is composed of α-
galacturonic acid (GalA) with varying amounts of 
methyl ester groups, α-L-rhamnopyranosyl 
backbone and neutral sugars (e.g.  Arabinose, 

galactose) (Garna et al., 2004). Pectin has high-value 
applications in the pharmaceutical as well as food 
industries nevertheless, commercial sources are 
currently limited to apple pomace and citrus peels 
which exhibit good gelling properties but are 
disadvantaged by long maturity periods (Boakye-
Gyasi et al., 2021). Therefore, there is a need to 
investigate a new pectin source with ideal 
molecular weight, degree of esterification, and 
methoxyl content (Zhang & Mu, 2011). According 
to Mei et al, sweet potato residues have a dry matter 
pectin content of 15% (Mei et al., 2010). 
Furthermore, rhamnogalacturonan I (the hairy 
section of pectin) is present in significant amounts 
in industrial sweet potato waste suggesting the 
potential of sweet potato as a viable source of pectin 
(Hamidon & Zaidel, 2017).  

The physicochemical and functional properties 
such as the degree of esterification, molecular 
weight, and GalA content depend on the pectin 
product structure and are significantly dependent 
on the method of extraction (Wandee et al., 2019). 
High methoxyl pectin has been extracted using 
water, mineral acids, and bases however, due to the 
salt-bridge linkages with polyvalent metal ions, the 
extraction of low methoxyl pectin is difficult using 
similar solvents (Zhang & Mu, 2011). Citric acid is 
reported to be the least pectin-degrading agent and 
yields pectin with the best gelling properties 
(Hamidon et al., 2020; Kliemann et al., 2009). 
Furthermore, alkaline extraction processes have 
yielded low methoxyl, and low-molecular-weight 
pectin via saponification reactions and β-
elimination (Hamidon et al., 2020; Wandee et al., 
2019).  

There are high healthcare expenditures coupled 
with increased out-of-pocket medicine payments in 
Ghana largely due to increased importation (70-
90%) of drugs (Adebisi et al., 2022; Conway et al., 
2019). This impedes the attainment of the World 
Health Organization's (WHO) Universal Health 
Coverage and highlights the need to increase local 
production while utilising indigenous raw 
materials such as sweet potato peels to address this 
problem.  
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  Despite the extensive characterisation of sweet 
potato pectin, there is limited evaluation of the 
effect of different extraction techniques on the 
quality of extracted sweet potato pectin and its 
subsequent utilisation as a pharmaceutical 
suspending agent (Hamidon et al., 2020; Hamidon 
& Zaidel, 2017; Zaidel et al., 2015; Zhang & Mu, 
2011). Furthermore, current sources of suspending 
agents such as acacia are plagued with significant 
disadvantages such as bio-incompatibility, variable 
viscosity and decreased stability in acidic medium 
(Nussinovitch, 2009). The objective of this study is 
therefore to investigate the effect of acid and 
alkaline extraction procedures on the suitability of 
pectin extracted from sweet potato peels as a 
pharmaceutical suspending agent. Suspending 
agents ensure that dispersed drugs are dispersed 
long enough for an accurate dose to be dispersed by 
ensuring slow sedimentation and easy 
redispersibility (Bamigbola et al., 2017). Previous 
studies have highlighted the viscosity-enhancing 
effects of pectin polymers in suspensions and other 
liquid dosage forms (Chandel et al., 2022; H. Chen 
et al., 2016; Owusu et al., 2022, 2024; Pacheco et al., 
2019). The study has the potential to transform 
significant waste of sweet potato (Ipomoea batatas L. 
Lam) peels generated into considerable wealth all 
the while ensuring the diversification of local sweet 
potato use and its commodification by the pharma 
industry. 

Materials and methods 

Materials  

Analytical grades of citric acid, 95% Isopropyl 
alcohol, 95% ethanol, benzoic acid, 0.25N HCl, 0.1N 
NaOH, phenol red, and NaCl were acquired from 
UK Chemicals in Kumasi. Paracetamol powder 
(99%) (Xi’an Henrikang Biotech Co., China), Acacia 
gum powder (Sigma-Aldrich, Darmstadt Germany). 
0.1% Ferric Chloride, Fehling’s Solution A and B, 
and 1% Lead Acetate obtained from the Department 
of Pharmacognosy laboratory, Kwame Nkrumah 
University of Science and Technology (KNUST). 
The Department of Pharmaceutics Laboratory, 
KNUST provided distilled water.  

Method 

Sample Collection and Preparation  

Simple random sampling was utilised in acquiring 
~ 40 kg of fully ripe sweet potato tubers (CRI-
Apomuden) from the Ayigya market in the 
university community which was authenticated at 
the Department of Horticulture. The average linear 
dimensions ± standard deviations were 11.6±2.2, 
5.7±1.3 and 4.9±1.1 cm respectively for the major, 
intermediate, and minor diameters. The tubers were 
thoroughly washed to remove dirt and peeled about 
1 mm from the tubers. The peels were sun-dried till 
crisp and of constant weight for 7 days. For easier 
extraction, the dried peels were then ground into 
fine powder using a compact blender (ARMG 
Aardee, India) and divided into two for the alkaline 
and acid extraction, and stored in an airtight 
container.  

Extraction of pectin 

Pulverised sweet potato peels (150 g) were 
dispersed in 1000 ml of distilled water (adjusted pH 
to 1.5 with citric acid) and heated at 90 °C for 60 
minutes. The mixture was cooled and subsequently 
filtered through a cheesecloth. The precipitation of 
pectin was carried out by adding 1000 mL of 95 % 
ethanol (about three times the volume of the filtrate 
that passed through the cheesecloth). Thorough and 
vigorous stirring of the filtrate was undertaken and 
then allowed to rest for 30 minutes followed by 
skimming off the pectin flocculate with a spatula. 
The excess flocculate was filtered again using a 
cheesecloth to ensure purity. The extracted acid 
pectin gel (ACP) was then left to dry at 40 °C in an 
oven and stored in an airtight zip-lock bag until 
further analysis.  A similar extraction protocol was 
followed for the alkaline procedure with the initial 
pH of distilled water being adjusted to 7.4 with 
NaOH (Owusu et al., 2023). 

The pectin yields of the acid (ACP) and alkaline 
(ALP) pectins were subsequently determined using 
Equation 1: 

 
 

% 𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 =
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 (𝑔𝑔)

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 (𝑔𝑔)
×  100     𝐸𝐸𝐸𝐸. 1 
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Determination of moisture content, crude protein and ash content 

The method described by Ismail and colleagues was 
used to determine the ash and moisture content. 
Briefly, an amount of 1 g pectin was ignited at 550 o 
C for 4 hours to assess the ash content. For the 
moisture content, 1 g pectin was oven-dried (105 o 
C) (Ismail et al., 2012).  The Kjeldahl method was 
used for the crude protein analysis (Sáez-Plaza et al., 
2013). Measurements were obtained on a constant 
dry weight basis and in triplicates. 

Test for Secondary Metabolites 

The presence of phenols, tannins, saponins, and 
glycosides was established using the standard 
protocols described by (Evans, 2009). 

Phenols 

An amount of 2 mL 2% pectin solution was treated 
with five drops of 0.1% ferric chloride solution and 
observed for a colour change. 
Tannins 

An amount of 0.2 g pectin was boiled in 20 mL of 
distilled water and allowed to cool for 2 minutes. 
Five drops of 1% lead acetate were added and the 
precipitate was observed. 

Saponins 

Distilled water (10 mL) was added to 0.2 g pectin 
and the mixture was filtered. The filtrate was 
vigorously shaken, and the persistence of the foam 
for more than 5 minutes indicated the presence of 
saponins. 

Glycoside 

Five (5) mL dilute HCl was added to pectin (0.2 g), 
boiled in a water bath for 5 min, and allowed to cool. 
20 % NaOH (20 drops) was added to alkalise the 
mixture. Additionally, 1 mL of Fehling A and B 
solutions were added and boiled for 5 minutes. The 
formation of brick-red precipitates was observed. 

Test for Pectin 

Before being heated and cooled, a quantity of pectin 
(1 g) was quickly combined with 9 ml of water to 
form a gel. NaOH was subsequently added to 5 ml 
of the pectin solution and allowed to rest for 15 
minutes before 1 ml HCl was added and boiled 
(Owusu et al., 2023). 

Characterization of Ipomoea batatas Peels Pectin 

Determination of Equivalent Weight 

The method described by Rangana was used with 
minor modifications. To 500 mg pectin in a 250 mL 
conical flask, 5 mL of ethanol (to moisten pectin) 
before it was dissolved in 100 mL distilled water. 1g 
NaCl and 6 drops of phenol red (indicator) were 
added to the mixture which was then thoroughly 
mixed to ensure homogeneity and then titrated 
against 0.1 N NaOH (Ranganna, 1986). Equivalent 
weight was determined using Equation 2: 

 
Determination of Methoxyl Content (MeO) 

In a stoppered flask, 25 mL of 0.25 N NaOH was 
added to the neutralized solution from the 
equivalent weight setup, thoroughly mixed and 
allowed to rest on the bench for 30 minutes. 
Subsequently, 25 mL of 0.25 N HCl was introduced 
into the solution which was titrated to the same 
endpoint as before after the addition of phenol red 
and NaCl (Ranganna, 1986). 

Equation 3 was used in calculating MeO. 

 
The molecular weight (MW) of the methoxyl group 
is 31. 

The Determination of Anhydrouronic Acid Analysis (AUA) 

The method proposed by (Twinomuhwezi et al., 
2023) was used: 

 
Where 176 indicated the 1 unit of AUA, z and y are 
the volumes of NaOH used in the determination of 
equivalent weight and MeO respectively and w is 
the sample weight.   

Determination of Degree of Esterification (DE) 

The values of AUA and MeO obtained were 
substituted into Equation 5 to determine the DE 
(Twinomuhwezi et al., 2020): 

 
Fourier Transformed Infrared (FTIR) Spectroscopy 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 =
𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 (𝑔𝑔)  × 1000𝑚𝑚𝑚𝑚

𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑜𝑜𝑜𝑜 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 (𝑚𝑚𝑚𝑚) × 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 
   𝐸𝐸𝐸𝐸. 2 

𝑚𝑚𝑚𝑚𝑚𝑚ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (%)

=
𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑜𝑜𝑜𝑜 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 (𝑚𝑚𝑚𝑚)  ×  𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 ×  31 ×  100

𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 (𝑚𝑚𝑚𝑚)
  𝐸𝐸𝐸𝐸. 3 

% 𝐴𝐴𝐴𝐴𝐴𝐴 =
176 × 0.1y × 100

w × 1000
+

176 × 0.1z × 100
w × 1000

 𝐸𝐸𝐸𝐸. 4 

% 𝐷𝐷𝐷𝐷 =  
%𝑀𝑀𝑀𝑀𝑀𝑀 × 176 × 100

% 𝐴𝐴𝐴𝐴𝐴𝐴 ×  31
  𝐸𝐸𝐸𝐸. 5 
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  The spectroscopic analysis of ALP and ACP was 
determined using an FTIR spectrometer (UATR 
Spectrum 2, 941333, PerkinElmer, UK). 
Transmission mode scanning was done on the 
spectrum between 400 and 4000 cm-1. 

Formulation of Paracetamol suspensions using Ipomoea batatas peels 
pectin as a suspending agent 

The method used by (Owusu et al., 2023) was 
replicated in the formulation of 100 mL paracetamol 
(5 g) suspensions. The test-suspending agents were 
ACP and ALP while the reference was acacia gum. 
Evaluations were done on two concentration levels 
1% w/v and 2% w/v with distilled water as the vehicle 
and benzoic acid (0.1% w/V) as the preservative 
(Table 1). 

Table 1: Master Formula for Preparation of Paracetamol 
Suspension 

 
Quality Control Tests on Suspensions 

Sedimentation volume (F) 

Separate portions (50 mL) of formulations were 
quantitatively transferred into 100 ml measuring 
cylinders. The sedimentation volume was measured 
on the first day and then every week for the 
following three weeks in triplicates (Owusu et al., 
2023). Equation 6 was used to determine the 
sedimentation volume: 

 
Flow rate (f) 

Equation 7 was used to determine the flow rate. The 
flow time was established by measuring the time 
required for 10 mL suspension to move through the 
entire length of a 10 ml pipette (Owusu et al., 2023). 

 
pH of Suspension 

An amount of 20 ml of the suspensions was 
quantitatively transferred into beakers (100 mL) and 

stirred thoroughly. The pH readings were obtained 
in triplicates by submerging the electrodes of the pH 
meter in the suspension (Mettler Toledo, USA) 
(Owusu et al., 2023). 
Ease of Re-dispersibility 

A qualitative assessment of the suspension's re-
dispersibility was made as described by (Owusu et 
al., 2023). 
Sedimentation rate and volume 

The method described by Owusu colleagues was 
followed to calculate the sedimentation rates of the 
formulations as described in Equation 8 (Owusu et 
al., 2023). 

 
Where V1 and V2 represent the initial volume of 
sediment and the final volume of sediment 
respectively. T1 and T2 also represent the time it 
took for V1 to settle to V2. 

Statistical Analysis 

All the analyses were carried out using GraphPad 
Prism version 8.0.1. Standard deviations and mean 
were used to present data while the unpaired 
student t-test and two-way analysis of variance 
(ANOVA) were used to determine the p-values 
where appropriate. Significance was denoted as p ≤ 
0.05. 

Results and discussion 

The pectin yield and phytochemical 
constituents of sweet potato peels 
pectin 

Percentage yield of pectin 

The pectin yields obtained were 9.04±0.07 and 
7.24±0.25 for the acid and alkaline extraction 
methods respectively as shown in Figure 1. The 
ACP yield has a significantly higher yield 
(p<0.05) than the ALP which could be accounted 
for by β-elimination reactions as well as 
saponification reactions resulting in the 
galacturonic acid backbone degradation 
(Wandee et al., 2019). Acid extraction conversely 
loosens the cell wall matrix resulting in increased 

Ingredient Quantities 

Paracetamol powder 5 g 

Benzoic acid (0.1% w/v) 0.1 g 

Purified water to 100 mL 

 

𝐹𝐹 =
𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣

 ×  100%         𝐸𝐸𝐸𝐸. 6 

 

𝑓𝑓 =
𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 (𝑚𝑚𝑚𝑚)

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 (s)
         𝐸𝐸𝐸𝐸. 7 

 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 =
𝐶𝐶ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖𝑖𝑖 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 (𝑉𝑉1 − 𝑉𝑉2) 

𝑇𝑇1 − 𝑇𝑇2
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  pectin extraction and high levels of galacturonic 
acid (Zaidel et al., 2015). The yield of sweet potato 
pectin from cell wall materials under varied 
conditions has been reported to range from 7.2 
and 29.3% indicating the results obtained were 
comparable (Zaidel et al., 2015). Compared to 
other pectin sources extracted using similar 
procedures such as watermelon (yield = 14.1%) 
and plantain (10.01%-46.55%), the yields were 
however lower which could be accounted for the 
variation in plant sources (Otu et al., 2024; 
Owusu et al., 2022). 

 
Fig. 1: Statistical analysis on % Yield of pectin extracted 
by Acid (ACP) and Alkaline (ALP) extraction methods 

***P < 0.001 significant difference between ACP and ALP 
using unpaired student’s two-tailed t-test. 

Phytochemical constituents of pectin 

The phytochemical analysis indicated that the 
secondary metabolites; tannins, glycosides, 
saponins, and phenols were present in both ACP 
and ALP (Table 2). These metabolites particularly 
phenols and tannins have been implicated in the 
antioxidant, antineoplastic, and antimicrobial 
activity of plants. Saponins also exhibit 
emulsifying properties (Edeoga et al., 2006; 
Schieber et al., 2003). The pectin identification test 
concluded the presence of pectin as per the 
requirements prescribed in the USP (The United 
States Pharmacopeial Convention, 2021). 

 

 

Table 2: Phytochemical components in extracted Ipomea 
batatas peel pectin 

 
Proximate content and characterisation of Ipomoea 
batatas peels pectin 

Moisture content 

In the pharmaceutical sector, moisture content is 
crucial since it affects powders' flow characteristics 
and susceptibility to microbial degradation (Ismail 
et al., 2012; Joel et al., 2018). For ACP and ALP, 
respectively, the moisture contents were 
significantly different (p<0.05); 16.05%±0.05 and 
14.23±0.25 (Table 3). Nevertheless, when stored for 
an extended duration, ACP shows a higher 
propensity for microbial growth and poor flow 
characteristics since it is above the recommended 
British Pharmacopoeia acceptable moisture content 
(<15%w/w) (British Pharmacopoeia, 2018). Storage in 
air-tight containers is consequently recommended 
to prevent early-onset degradation. 

Ash content 

The ash content is a measure of pectin purity. 
Decreased ash values translate into higher pectin 
purity (Ismail et al., 2012). The ash contents of ACP 
(3.12%±0.1) and ALP (2.95±0.05%) (Table 3), were 
below recommended standards in literature (<10%), 
pointing to high-quality pectin in the extracted 
materials. The values were also non-significant 
further highlighting that both the alkaline and acid 
extraction techniques yield high-quality pectin 

Phytochemical Parameters Observation Inference 

Glycosides The appearance of a brick-red 

precipitate was observed for 

both ACP and ALP 

 

Presence of glycosides 

Saponins The persistence of a froth for 

5 minutes for both ACP and 

ALP 

 

Presence of saponins 

Tannins A greenish-coloured 

precipitate and a light brown 

precipitate were formed for 

both ACP and ALP 

respectively which remained 

after the introduction of 5 

drops of a solution of 1% 

ferric chloride  

 

Presence of tannins 

Phenols The appearance of bluish-

black colouration for both 

ACP and ALP 

Presence of Phenols 

 



Page 63      

 

Owusu et al. (2025) Journal of Pharmacy, 5(1), 57-72 

 

 

  (British Pharmacopoeia, 2018). 

Crude protein content 

The crude protein content in Table 3 was 
significantly different (p < 0.05) for ACP and ALP; 
5.78%±0.03 and 8.26%±0.05 respectively. Pectin’s 
activating and stabilising qualities, notably in 
dispersed systems, are directly influenced by the 
proteinaceous components connected to the pectin 
polymer chains (Funami et al., 2007; Mada et al., 
2022). The high protein content in ALP may be 
secondary to the increased covalent bonds between 
the proteins and pectin that caused co-precipitation 
by the ethanol (Li et al., 2015; Yapo et al., 2007). This 
supports the AUA content results indicating ACP 
was significantly purer. The lower crude protein 
concentrations in ACP can be attributed to protein 
hydrolysis by the acidic medium (Yapo et al., 2007). 

Equivalent weight 

The equivalent weight determines the quantity of 
free galacturonic acid in the pectin. In addition to 
affecting the gelling properties, the equivalent 
weight is also a measure of the purity of the pectin.  
It is reported to be dependent on the plant source, 
the quality of raw material, and the extraction 
technique (Ismail et al., 2012; Twinomuhwezi et al., 
2020). The equivalent weights were 16667.67±0.00 
and 1250.00±0.00 mg/mol for ACP and ALP 
respectively and as shown in Table 3, were 
significantly different (p<0.05). This confirms the 
impact of alkaline conditions on the amount of 
galacturonic acid as discussed earlier. Moreover, 
because the gel-forming properties of pectin 
correlate positively with the equivalent weight, the 
greater values obtained by ACP may translate to 
enhanced gelling capabilities (Ismail et al., 2012; 
Twinomuhwezi et al., 2020). 

Methoxyl content 

The methoxyl content of pectin affects their ability 
to gel and their set times (Azad et al., 2014). 
According to Aina et al., values ≥7% are high 
methoxyl pectins, and this classification depends on 
the source of the pectin and the extraction method 
used (Aina et al., 2012). The methoxyl contents of 
ACP and ALP were 16.43%±0.31 and 9.57%±0.25, 
respectively, suggesting that both pectins can easily 

disperse in aqueous conditions and generate high-
sugar gels despite the significant difference between 
them (p < 0.05) as shown in Table 3. They may 
accordingly be utilised as binders, suspending 
agents, or gelling agents in pharmaceutical 
formulations (Ismail et al., 2012; Twinomuhwezi et 
al., 2020). 

Anhydrouronic acid content 

Anhydrouronic acid (AUA) content affects the 
pectin structure and the texture of the gel produced. 
The quality of pectin is also influenced by the AUA 
(Chan and Choo, 2013). Levels of < 65% are 
indicative of high concentrations of proteins, starch, 
and sugars (Ismail et al., 2012; Twinomuhwezi et al., 
2020). Despite the AUA values of ACP and ALP 
being significantly different (p<0.05); 103.80%±1.76 
and 68.41%±1.42 respectively (as shown in Table 3), 
they were all > 65%. This suggests that both 
extracted pectin may have low contents of proteins 
and other cell wall constituents, however, ACP may 
be purer than ALP in comparison corroborating the 
findings in the ash and moisture contents. 

Degree of esterification 

The extracted pectins had a high degree of 
esterification (DE) 89.83%±0.17 and 79.41%±0.43 for 
ACP and ALP respectively as shown in Table 3.  The 
results were comparable to the results of the work 
by Hamidon and colleagues (58.5%) (Hamidon et 
al., 2020). The high DE demonstrates that pectin 
from sweet potato peels can convert into gel at a pH 
range between 2.9 and 3.5 when sugar is present in 
concentrations of more than 55%. Additionally, as 
the ester content rises to 75%, the gel strength of 
high methoxyl pectin increases (Chen et al., 2014). 
The pectins' strong gelation and emulsification 
characteristics are further established by the high 
degree of esterification. This supports their 
prospective use as emulsifying agents, gelling 
agents, and suspending agents in pharmaceutical 
formulations (Willats et al., 2006).  

FTIR Spectra 

FTIR was used to characterise ACP and ALP. The 
peaks corresponding to various functional groups 
were assigned. Compared to those reported, similar 
pectin pecks were obtained (Arachchige et al., 2020; 



Page 64      

 

Owusu et al. (2025) Journal of Pharmacy, 5(1), 57-72 

 

 

  Ogutu & Mu, 2017; Sato et al., 2011). 

The FTIR profiles for ACP and ALP are presented in 
Figures 2a and 2b respectively. The principal bands 
observed for ACP were 3295.72, 2929.69, 1717.82, 
and 1626.36 cm-1. These corresponded to O–H 
stretching vibrations, C–H stretching of the CH2 
group, esters (COOR), and free carboxylic acid 
moieties (COO-) respectively. The bands at 1145.33 
and 1022.11 cm-1 represented rhamnogalacturonan, 
while the bands at 935.11 cm-1 corresponded to the 
monopyranose component. The CH deformation 
vibration associated with the primary amide groups 
(CO–NH2), the carboxylic acid (COO-), and the 
methyl ester (COOCH3) were highlighted by the 
higher peak between 1210.66 and 1398.12 cm-1. The 
C–C, C–O–C, and C–OH vibration modes of the 
carbohydrate ring coupled to the glycosidic linkage 
vibrations of the fingerprint region were identified 
below the 1500 cm-1 range. In similitude, ALP 
showed corresponding principal bands at 3287.60, 
2902.65, 1789.87, and 1618.76, 1307.37 with similar 
fingerprint regions.  The intense peaks in 1000-115 
cm-1 can be assigned to the rich homogalacturonan 
content in pectin. The C–O–C vibrations 
of glycosidic bonds were assigned to the less intense 
peak around 1146 cm−1. The bands below 1000 cm-1 

are associated with the neutral sugars, xylose, 
galactose, and arabinose. The number of ester 
groups in ALP was relatively higher compared to 
ACP which could be attributed to the hydrolysis of 
the ester groups by the acid employed in its 
extraction (Arachchige et al., 2020; Ogutu & Mu, 
2017). 

For both ALP and ACP, higher absorbance at 
1717.82 cm-1 (COOR) was observed compared to 
1626.36 cm-1 (COO-). This suggests that the pectins 
were high methoxyl pectins (DE > 50%) as indicated 
by the titration method. 

 

 

 

 

 

 

Table 3: Proximate content and characterization of 
Ipomoea batatas peels pectin 

 
Evaluation of quality control parameters of extracted 
pectin 

pH of suspensions 

To assess the stability of suspension dosage forms, 
pH analysis is crucial (Owusu et al., 2022). 
Throughout the evaluation period, a reasonably 
constant weakly acidic pH was observed for all 
formulations (Table 4). This suggests that pH 
stability issues may not be a problem during 
extended storage periods. The lack of any 
undesirable physical modifications, such as crystal 
growth development and caking, was further 
evidence. Moreover, the growth of microbes which 
can culminate in degradation and stability issues is 
circumvented by the acidic pH and, therefore, can 
increase stability throughout the shelf-life (Ayesu et 
al., 2022; Oppong et al., 2016). At all the 
concentrations and weeks, the pH of ACP was 
significantly lower than the standard which could 
be accounted for by the acid utilised in the 
extraction.  

Table 4: pH determination of ACP, ALP, and 
Acacia as suspending agents 

 
Ease of Re-dispersibility of Suspensions 

The number of cycles necessary to rotate the 
sediment through 180o and achieve homogenous 

Parameter ACP ALP 

Equivalent Weight (mg/mol) 1666.67±0.00a 1250.00±0.00b 

Methoxyl Content (%) 16.43±0.31c 9.57±0.25d 

Anhydrouronic Acid Content, 

AUA (%) 

103.80±1.76e 68.41±1.42f 

Degree of Esterification, DE 

(%) 

89.83±0.17g 79.41±0.43h 

Moisture Content (%) 16.05±0.05i 14.23±0.25j 

Ash Content (%) 3.12±0.1 2.95±0.05 

Crude Protein (%) 5.78±0.03k 8.26±0.05l 

The results are presented as a mean ± SD (n=3). Different superscript letters denote statistical 

significance (p < 0.05) using students' two-tailed t-test. 

WEEK 1% ACACIA  1% ACP  1% ALP  2% ACACIA  2% ACP  2% AL   

Week 1 3.58±0.03 3.05±0.02a 3.54±0.04 3.70±0.03 2.86±0.02a 3.56±0.  

week 2 2.67±0.04 2.27±0.03a 2.89±0.02b 2.91±0.03 2.33±0.03a 3.02±0.  

week 3 3.06±0.01 2.61±0.02a 3.46±0.03a 3.22±0.02 2.46±0.01a 3.21±0.  

week 4 3.14±0.01 2.83±0.01a 3.42±0.01a 3.39±0.02 2.75±0.03a 3.14±0.  

The results are presented as a mean ± SD (n=3). ****P <0.0001 (a), **P ≤ 0.01 (b), and *p < 0.05 

(c), statistical difference between pH of acacia and pectin suspensions using two-way Analysis of 

variance (ANOVA) followed by Turkey’s multiple comparisons. 



Page 65      

 

Owusu et al. (2025) Journal of Pharmacy, 5(1), 57-72 

 

 

  

. 

(a) 

 

 

 
(b) 

 

 

 

Fig. 2: FTIR spectra of ACP (a) and ALP (b). 
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suspension determines how easily it can be 
redispersed. The quality of suspension and ease of 
redispersion are improved with fewer cycles (Allen 
& Ansel, 2013; Owusu et al., 2021). During the 4 
week evaluation period, both ACP and ALP 
demonstrated significant differences (p<0.05) 
compared to acacia at all concentrations except for 
ALP 2% during the 3rd week (figure 3). This implies 
that the pectin requires less agitation to re-disperse 
and ensure that uniform doses are obtained. 

A comparison of the re-dispersibility of ALP and the 
ACP suspensions alone demonstrated non-
significant differences generally except for the 2% 
concentrations during the second week. It may be 
concluded that the extraction technique has no 
impact on the transformation of sediments into a 
homogeneous suspension (Figure 4).  

 
Fig. 3: Redispersibility of acacia and pectin 

suspensions; ****p <0.0001, **p ≤ 0.01, statistical difference 
between redispersibility of acacia (standard) and pectin 
suspensions using two-way ANOVA followed by 
Turkey’s multiple comparisons.  

 

 

Fig. 4: Redispersibility of ALP and ACP suspensions; 
****P <0.0001 statistical difference between 

redispersibility pectin suspensions using two-way 
ANOVA followed by Turkey’s multiple comparisons. 

 

Flow rate of suspensions 

Apparent viscosity is an essential property of 
suspensions as it impacts stability and ensures that 
the dispersed phase in suspensions settles slowly for 

a sufficient time to guarantee correct dosing. This 
occurs as a result of the breakdown of the 
flocculated structure, which must be restored to 
create a good suspension (thixotropic suspensions) 
and avoid the product's long-term caking 
(Asantewaa et al., 2011; Ayesu et al., 2022). The 
apparent viscosity relates directly to the 
concentration and inversely to the flow rate which 
was observed for all suspending agents when the 
concentration increased from 1% to 2% as shown in 
Figures 5 and 6 (Bamigbola et al., 2017).  

According to Ngwuluka et al., autocatalytic 
hydrolysis accounts for the natural tendency of 
natural polymers such as gums and pectin to decline 
in flow rates with time as was observed during the 
4-week evaluation period (Figure 5) (Ngwuluka et 
al., 2012). Nevertheless, the phenomenon had no 
detrimental effect on the formulation stability.  

Furthermore, the flow rates of both ALP and ACP 
were significantly higher (P ≤ 0.01) than the acacia 
during the 2nd week at 1% concentration; however, 
only 1% ACP demonstrated significantly higher 
flow rates compared to 1% acacia during the 1st and 
3rd weeks (Figure 5). This supposes that both ALP 
and ACP were comparable to acacia gum, 
particularly at higher concentrations and extended 
storage periods. Similar observations were made 
when ALP and ACP were compared suggesting a 
non-significant impact of extraction methodology 
on flow rates of pectin suspensions (Figure 6). 

 
Fig. 5: Flow rate of Acacia and pectin suspensions; ****P 
<0.0001, ***P < 0.001, and **P ≤ 0.01, statistical difference 

between the flow rate of acacia (standard) and pectin 
suspensions using two-way ANOVA followed by 

Turkey’s multiple comparisons. 
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Fig. 6: Flow rate of ALP and ACP suspensions; ****P 

<0.0001, and *P ≤ 0.05, statistical difference between the 
flow rate of pectin suspensions using two-way ANOVA 

followed by Turkey’s multiple comparisons. 

 

Sedimentation Volume (SV) and Sedimentation Rate of Suspensions 

The SV values typically range between 0 and 1 with 
values closer to 1 being associated with superior 
suspending qualities (Larsson et al., 2011; Owusu et 
al., 2021). Generally, except for the 2nd week, the ALP 
and ACP demonstrated a variable significance 
difference (p<0.05) between the pectin and Acacia 
(Figure 7). It can be inferred that pectin 
demonstrates better suspending properties when 
compared to acacia at 1% and 2% concentrations. 
This has been reported by Owusu et al. (2024) to be 
accounted for by the branching, monosaccharide 
compositions and molecular weights of the 
polymers which impacts the gelling properties. 

A further comparison of the SV of ALP and ACP 
highlights variations in significant differences 
across the weeks. For instance, during the 1st week, 
there was a non-significance difference at 2% and a 
significant difference was observed at 1%. The 
opposite was observed during the 2nd week (Figure 
8).  The sedimentation volume only provides a 
qualitative appreciation of how the suspension 
sediments, however, lacks any practical reference 
point, therefore, the sedimentation rate is a more 
significant parameter to analyse (Ayesu et al., 2022).  

The quality of suspension formulation is inversely 
related to the rate of sedimentation; as such, a 
decreased rate of sedimentation implies a better-
suspending quality (Ayesu et al., 2022). A general 
decrease in sedimentation rate was observed when 
the concentration increased from 1% to 2% for all the 
suspensions. This supports the hypothesis that 
sedimentation is concentration-dependent (Owusu 
et al., 2022). ALP and ACP at all concentrations 
significantly had slower sedimentation rates when 
compared to acacia (P < 0.05) except for the 4th week 

where only ALP 2% showed a significant difference 
(P < 0.0001). This confirms the earlier results that the 
pectin exhibited better-suspending activity than the 
acacia.  

When ACP and ALP were compared, at all 
concentration levels, significant differences were 
observed between ALP except for the 1% 
concentrations in the 4th week (Figure 10). This 
unambiguously suggests that though ALP and ACP 
are better than Acacia, the alkaline extraction 
technique yields pectin with superior suspending 
properties. This may be accounted for by the 
significant variations observed in the equivalent 
weight, degree of esterification and anhydrouronic 
acid contents. These parameters have been reported 
to impact the rheological behaviour and gelling 
properties of pectins (Chan et al., 2017; Nascimento 
et al., 2016). 

 
Fig. 7: Sedimentation volume of Acacia and pectin 

suspensions; ****P <0.0001, ***P < 0.001 and *P ≤ 0.05, 
statistical difference between sedimentation volume of 

acacia (standard) and pectin suspensions using two-way 
ANOVA followed by Turkey’s multiple comparisons. 

 

 
Fig. 8: Sedimentation volume of ALP and ACP 

suspensions; ****P <0.0001, and *P ≤ 0.05, statistical 
difference between sedimentation volume of pectin 
suspensions using two-way ANOVA followed by 

Turkey’s multiple comparisons. 
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Fig. 9: Sedimentation rate of Acacia and pectin 
suspensions; ****P <0.0001, and ***P ≤ 0.001, statistical 

difference between sedimentation rate of acacia 
(standard) and pectin suspensions using two-way 

ANOVA followed by Turkey’s multiple comparisons 
using two-way ANOVA followed by Turkey’s multiple 

comparisons.  

 

 
Fig. 10: Sedimentation rate of ALP and ACP suspensions; 

****P <0.0001, and **P < 0.01, statistical difference 
between sedimentation rate of pectin suspensions using 

two-way ANOVA followed by Turkey’s multiple 
comparisons. two-way ANOVA followed by Turkey’s 

multiple comparisons. 

 

Conclusion  

This study highlights that both alkaline and acid 
extraction techniques yield high-quality pectins. 
Furthermore, at concentrations of 1% and 2%, 
Ipomoea batatas pectin extracted via alkaline or 
acid extraction possesses suspending properties 
that were comparable to Acacia gum which was 
evidenced by the significant differences for all 
quality control parameters during the evaluation 
period. Moreover, alkaline-extracted pectins 
produce suspensions with better sedimentation 
rates when compared to acid-extracted pectins. 
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Abstract  

Introduction: Home Medication Review (HMR) is crucial for optimising medication 
use and improving patient’s outcomes. Despite its potential benefits, HMR 
implementation in rural areas faces challenges. This study evaluates the impact of 
HMR programs on patients with chronic diseases in a rural setting, addressing 
challenges and proposing strategies for improvement. Case Presentations: This case 
report presents two cases involving patients with chronic diseases residing in a rural 
area of Pahang, Malaysia, who participated in pharmacist-led HMR visits. The first 
case describes a 62-year-old single Malay female with multiple chronic conditions, 
including Type 2 diabetes mellitus (T2DM), hypertension, dyslipidemia, and bronchial 
asthma, managed with eight prescribed medications. The second case involves a 34-
year-old married Malay female diagnosed with hypertension and T2DM, receiving 
nine prescribed medications. Both patients underwent a follow-up HMR visit six 
months after the initial consultation. During each visit, assessments included blood 
pressure (BP), pulse rate (PR), and blood glucose tests. HMR activities encompassed 
medication reconciliation, review, patient interviews, evaluation of medication 
knowledge and adherence, inspection of medication storage, and patient counseling. 
Identified drug-related problems (DRPs) were addressed through appropriate 
interventions. Results: The study reveals improved patient understanding post-HMR 
and emphasising the role of pharmacists in addressing medication-related issues. 
Challenges like non-adherence, uncontrolled disease conditions, and incorrect insulin 
storage persist. The discussion explores these challenges, citing the need for patient 
education, regular follow-ups, multidisciplinary collaboration, and technology 
integration to enhance patient outcomes. Summary: These cases underscore the 
challenges of managing chronic diseases in resource-limited rural settings and highlight 
the critical role of pharmacist-led HMR in optimizing medication use and improving 
patient outcomes. The findings highlight the importance of regular follow-up, tailored 
interventions to address drug-related problems, and collaborative care approaches. 
They also advocate for integrating technology, enhancing patient education, and 
addressing social determinants to improve medication understanding and overall 
health outcomes in underserved populations. 
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Introduction 

Home Medication Review (HMR) is a patient-
centered approach involving collaboration among 
clinicians, pharmacists, and patients to optimize the 
quality use of medicines, improve patients’ 
understanding of their medications, and enhance 
health outcomes by ensuring continuity of care in 
community settings (Gudi et al., 2019). The primary 
aim of the HMR program is to reduce drug-related 
problems (DRPs) resulting from improper 
medication use, thereby improving patients' 
compliance with their prescribed regimens (Dhillon 
et al., 2015). One significant advantage of the HMR 
model is that assessments occur in the patient’s 
home environment, allowing for a comprehensive 
evaluation of how medications are managed. While 
HMR consultations typically occur at home, patients 
may choose alternate locations based on their 
preferences, cultural beliefs, and socioeconomic 
circumstances (Patounas et al., 2021). 

The delivery of HMR services in Malaysia is 
currently limited to public hospitals and health 
clinics (Sundus et al., 2022; 2024). Appointments for 
HMR are typically conducted at these facilities; 
however, the availability of trained staff and 
resources restricts the frequency of geriatric HMR 
services to a maximum of one visit per week or four 
visits per month. HMR services are often provided 
as a one-time intervention without follow-up visits, 
with urgent clinic appointments arranged only in 
cases of emergencies. The lack of dedicated 
personnel further limits the expansion of HMR 
services and the provision of consistent follow-up 
care (Sundus et al., 2024). Moreover, significant 
disparities exist in the delivery of HMR services, 
particularly in rural areas, due to insufficient 
resources and infrastructure (Rahman et al., 2020).  

In the current study, HMR was initiated during 
a community engagement program in rural villages 
in Pahang by a multidisciplinary team comprising 
pharmacists, nurses, doctors, and non-medical 
volunteers under a university flagship initiative. 
Follow-up HMR visits were integrated into a 
university core course. The objectives of this 
program were to reconcile and review patients’ 
medication regimens, assess medication adherence, 
identify pharmaceutical care issues, and provide 
education to patients and caregivers on disease 
management and proper medication storage. 

This case report highlights the experiences of 
patients with chronic diseases who participated in 

the HMR program and examines the impact of HMR 
on their understanding, medication management, 
and adherence. The manuscript aims to provide 
insights into the potential benefits of HMR services 
in rural areas, the challenges encountered in their 
implementation, and their role in improving 
medication management and health outcomes in 
community settings. The following cases illustrate 
key findings from the HMR services provided. 

 

Case Presentation 

Case 1  

History 

A 62-year-old Malay female with multiple chronic 
conditions, including type 2 diabetes mellitus 
(T2DM), hypertension, dyslipidemia, and bronchial 
asthma, participated in an HMR program. The 
patient was single and lived with her mother. The 
initial HMR visit was conducted at the patient’s 
home by a multidisciplinary team comprising 
pharmacists, nurses, doctors, and non-medical 
volunteers. Functional assessments revealed normal 
vision, hearing, speech, swallowing, cognition, 
insight, mobility, and no issues with language or 
literacy. She did not utilize dose administration aids 
(e.g., pillboxes or alarms) or monitoring devices 
such as blood pressure and blood glucose monitors. 

The patient’s prescribed medications included 
subcutaneous Insulatard 20U ON, metformin 500 
mg (2 tablets BD), gliclazide 80 mg (2 tablets BD), 
perindopril 4 mg (2 tablets OD), amlodipine 10 mg 
(1 tablet OD), atorvastatin 20 mg (½ tablet ON), 
Flixotide Evohaler 125 mcg (2 puffs BD), and 
salbutamol MDI (2 puffs PRN). Health screenings 
revealed elevated blood pressure (184/101 mmHg) 
and pulse rate (119 bpm), while random blood 
glucose (RBG) was 5.6 mmol/L. Her HbA1C from 
medical records indicated suboptimal glycemic 
control (7.2%). Although she reported no alarming 
symptoms related to her elevated blood pressure or 
heart rate, she exhibited mild shortness of breath, 
likely attributed to asthma, and denied experiencing 
medication-related side effects. 

Six months later, a follow-up HMR visit was 
conducted under a university program involving 
healthcare professionals and students from 
International Islamic University Malaysia (IIUM) 
Kuantan. The patient’s prescribed medications 
remained unchanged, but clinical parameters 
showed persistent poor control. Her blood pressure 
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(189/113 mmHg) and pulse rate (104 bpm) remained 
elevated, while RBG increased to 8.4 mmol/L. 
Additionally, the patient reported a persistent 
cough. 

 

Intervention and Outcome 

During the initial HMR visit, the healthcare team 
conducted medication reconciliation, reviewed 
prescribed medications (name, dosage, frequency, 
and administration route), and assessed for allergies 
and adverse reactions. The patient’s technique for 
administering medications, including the use of 
inhalers, was evaluated, and proper techniques 
were reinforced. The team also examined 
medication storage practices, including insulin 
storage, and assessed the patient’s understanding of 
medication use using the Drug’s Dose, Frequency, 
Indication, and Time (DFIT) assessment. The patient 
scored 100% on the DFIT assessment, indicating 
good knowledge and competence in self-
administering her medications. However, her blood 
pressure remained uncontrolled (184/101 mmHg), 
and she reported that her Flixotide Evohaler and 
salbutamol MDI were ineffective despite correct 
usage. During the HMR visit, the patients were 
requested to show how the MDI and Evohaler were 
used. Any incorrect technique was properly 
corrected and informed to the patient. We 
communicated and presented the issue to the doctor 
for further action.  

During the follow-up visit, the patient’s 
medications were reviewed. Flixotide Evohaler was 
replaced with MDI Fluticasone (2 puffs BD), and 
atorvastatin 20 mg (½ tablet ON) was switched to 
simvastatin 20 mg (1 tablet ON). Although the 
patient retained good knowledge of her medications 
(100% DFIT score), issues with insulin injection 
technique and improper insulin storage persisted. 
The pharmacist provided counseling on proper 
insulin injection techniques and emphasized correct 
storage practices. This includes guidance on storing 
the unopened insulin inside the refrigerator without 
freezing it, keeping an open insulin pen with a 
cartridge at room temperature for four to six weeks 
after the first use (Richter et al., 2023), and 
emphasising the importance of regularly checking 
expiration dates. The patient was advised to store 
other medications in a dry place away from direct 
sunlight, heat, and humidity.  

Additionally, the patient’s uncontrolled blood 
pressure (189/113 mmHg) and persistent cough 
were discussed with the doctor, who suspected the 

cough might be a side effect of perindopril. 
According to Brugts et al., (2014), ACE inhibitors 
may induce a dry, irritating cough in 4% to 35% of 
individuals. This cough can commence at any point 
during ACE inhibitor treatment, either after the 
initial dose or over several weeks or months. The 
cough is attributed to the accumulation of 
bradykinin and substance P in the lungs, causing 
constriction of smooth muscle and subsequent 
coughing (Yilmaz, 2019). Factors that potentially 
elevate the risk include older age, female gender, 
non-smoking status, and conditions like asthma or 
chronic obstructive pulmonary disease (COPD) 
leading to airway hyperreactivity (Nasser et al., 
2018). Hence, the concern was noted in the patient’s 
record for the doctor’s attention. Educational 
interventions on asthma and diabetes management 
were also provided. 

 

Case 1  

History 

A 34-year-old Malay female living in a rural village 
in Pahang was included in the HMR program. She 
lived with her family, was married, and had a 
history of hypertension and T2DM. Functional 
assessments indicated that she was independent in 
activities of daily living (ADL). The patient did not 
use dose administration aids or home monitoring 
devices. Her prescribed medications included 
subcutaneous insulin (Insugen), perindopril 4 mg (2 
tablets OD), amlodipine 10 mg (1 tablet OD), 
bisoprolol (1 tablet OD), hydrochlorothiazide 50 mg 
(1 tablet OD), metformin 500 mg (2 tablets OD), 
vildagliptin 50 mg (1 tablet BD), and gliclazide 80 
mg (2 tablets BD). During the initial visit, her blood 
pressure (161/116 mmHg), pulse rate (134 bpm), and 
RBG (10.5 mmol/L) were elevated. She did not 
complain any side effects of her prescribed 
medications. 

During the follow-up visit, gliclazide MR 30 
mg was newly prescribed. Despite counseling, her 
clinical parameters remained poorly controlled, 
with blood pressure at 153/120 mmHg and RBG at 
10.5 mmol/L. 

 

Intervention and Outcome 

Medication reconciliation, DFIT assessment, and 
evaluation of medication administration and 
storage were conducted. The patient scored 95% on 
the DFIT assessment during the initial visit. It was 
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found that the patient stored the unopened insulin 
at room temperature and did not keep it at a cool 
temperature due to the broken refrigerator. Hence, 
the improper insulin storage due to a broken 
refrigerator was addressed by coordinating with 
health clinic personnel to supply smaller insulin 
quantities.  

Duplication of therapy with gliclazide 80 mg 
and gliclazide MR 30 mg was identified, and the 
patient was educated on the risks of overdose, with 
the discontinued medication retrieved for disposal. 
Sulfonylurea (gliclazide) overdose might cause 
severe hypoglycaemia, which may necessitate 
urgent intravenous glucose administration and 
close monitoring (Megarbene et al., 2022). 
Symptoms of hypoglycaemia, such as sweating, 
shakiness, increased hunger, nervousness, fatigue, 
and loss of consciousness, were explained to the 
patient. Unfortunately, her RBG was 10.7 mmol/L 
indicating that a home blood glucose monitoring 
device was deemed necessary to enable regular 
monitoring of her RBG levels.   

Despite counselling and educational efforts, the 
patient’s adherence to medications remained poor, 
as indicated by unused medications, including 
insulin.  

During the follow-up visit, the patient’s 
knowledge of her medications improved to 100% on 
the DFIT assessment. However, issues with insulin 
storage and medication non-adherence persisted, 
contributing to uncontrolled clinical parameters. 
The pharmacist referred the patient to a doctor for 
further evaluation and management. 

 

Discussion 

This study demonstrated that patients exhibited 
improved understanding of medication use 
following HMR visits, as evidenced by the DFIT 
assessment score. This finding highlights the 
positive impact of pharmacist-led HMR programs 
on enhancing patients’ comprehension of their 
treatment regimens. Proper understanding and 
adherence to prescribed medications are critical for 
effective disease management (Saqib et al., 2018). 
Insufficient knowledge about medications can 
hinder adherence, potentially compromising 
therapeutic outcomes (Tan et al., 2019). During HMR 
visits, pharmacists provided essential information 
on medication indications, dosages, and safe storage 
practices (Sundus et al., 2022). Notably, these 

interventions significantly improved patients’ 
understanding of medication indications and 
appropriate dosages. Enhanced comprehension of 
drug dosages mitigates the risks of underdosing or 
overdosing, thereby optimizing therapeutic efficacy 
and minimizing toxicity (Tan et al., 2019). Similarly, 
understanding the indications of medications aligns 
treatment objectives with therapeutic goals, 
improving effectiveness and patient outcomes. 

The study also revealed that HMR programs 
enable healthcare professionals to identify and 
address medication-related issues. Issues resolved 
during HMR visits included ineffective medications 
and medication duplication, consistent with 
findings from prior studies (Newman et al., 2020; 
Sundus et al., 2022). Addressing such issues during 
HMR visits enhances adherence, reduces adverse 
drug reactions, and prevents hospitalizations (Goh 
et al., 2014; Ravindra & Kaushik, 2022). However, 
persistent challenges remain, including medication 
non-adherence, improper insulin storage, incorrect 
insulin injection techniques, uncontrolled BP, and 
high blood glucose levels. These findings 
underscore the need for healthcare teams to 
implement targeted strategies to address these 
issues and improve the quality of life for patients 
with chronic diseases (Gudi et al., 2019). 

The World Health Organization (WHO) 
recognized medication non-compliance as a 
significant challenge in managing chronic illnesses 
(Brown et al., 2011). Approximately 50% of patients 
with chronic illnesses do not adhere to their 
prescribed medication regimens (Sabaté, 2003; Lee et 
al., 2006). Patients with diabetes mellitus, in 
particular, face difficulties adhering to complex 
treatment regimens and managing medication side 
effects (Sari et al., 2022). Diabetes management 
involves tasks such as dietary adjustments, regular 
exercise, and blood glucose monitoring, which can 
disrupt patients’ daily lives. Lack of dose 
administration aids, such as pillboxes or alarms, 
further exacerbates adherence issues, impacting 
health outcomes. A study by Fitria et al. (2023) found 
that the use of pillboxes during HMR visits 
improved adherence in Indonesian hypertension 
patients. These aids facilitate timely and accurate 
medication intake, enhancing therapeutic efficacy 
and reducing missed doses. Medication non-
adherence in diabetes mellitus patients is associated 
with unfavourable clinical outcomes, increased 
complications, and reduced quality of life (Tampa’i 
et al., 2021). Complications include cardiovascular 
disease, neuropathy, retinopathy, cerebrovascular 
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disease, nephropathy, and peripheral vascular 
diseases (Sari et al., 2022). Education, motivation, 
continuous monitoring, and assessment are pivotal 
in improving adherence and health outcomes.  

Pharmacists play a critical role in patient 
education during HMR visits, complemented by 
consistent monitoring and assessment. However, 
rural areas present unique challenges due to 
geographical distances from healthcare facilities, 
leading to prolonged gaps between HMR visits. 
These delays disrupt continuity of care, limiting 
opportunities for medication adjustments, 
monitoring, and preventative measures. This can 
result in deteriorating health conditions, increased 
hospitalizations, and higher healthcare costs. 
Telehealth services or telemedicine including 
telemonitoring and teleconsultation, offer a viable 
solution to overcome geographical barriers and 
ensure continuity of care. Telemedicine effectively 
addresses logistical, financial, sociocultural, and 
infrastructural challenges, enhancing healthcare 
accessibility (Anawade et al., 2024). Transportation 
barriers in rural areas further limit access to 
healthcare facilities, compounding these challenges 
(Cochran et al., 2022). 

Effective management of blood glucose and 
blood pressure (<130/80 mm Hg) significantly 
reduces cardiovascular complications in individuals 
with type 2 DM (Hanley et al., 2015). However, this 
study found no significant changes in BP or random 
blood glucose levels between baseline and six-
month follow-up visits. This may be attributed to 
prolonged intervals between visits, the absence of 
interim interventions, and unmonitored lifestyle 
changes such as diet and stress levels. Additionally, 
the lack of home monitoring devices, such as blood 
glucose and BP monitors, limits patients’ ability to 
manage their conditions effectively. Regular 
monitoring is essential for informed decision-
making and proactive healthcare management. 

Improper insulin storage and injection 
techniques were also identified as barriers to 
effective diabetes management. Poor storage 
conditions, such as exposure to extreme 
temperatures, can compromise insulin efficacy 
(DDRC, n.d). Incorrect injection techniques can lead 
to complications, including hypo- and 
hyperglycemia, glycemic fluctuations, and diabetic 
ketoacidosis (Trief et al., 2016). Disease management 
programs tailored for cardiovascular conditions, 
including diabetes, have demonstrated improved 
clinical outcomes (Ofman et al., 2004). Frequent 

HMR visits, coupled with telehealth interventions, 
can enhance medication adherence, patient 
engagement, and clinical outcomes (Rothwell & 
Hogan, 2015; Rosli et al., 2021). 

 

This study underscores the importance of 
adherence to medication regimens, lifestyle 
modifications, and patient education on proper 
insulin storage and injection techniques. Shorter 
follow-up intervals, such as monthly home visits 
and weekly telephonic updates, could further 
enhance outcomes. Telehealth solutions offer a 
promising avenue for improving long-term 
disease management by fostering patient 
engagement and reducing hospital admissions 
(Hanley et al., 2015). 

 

Strategies to address issues and to 
improve patient’s outcomes 

Tailored assessments, multidisciplinary collaboration 
and effective communication with patients 

Implementing individualized home medication 
reviews that consider each patient's medical history, 
obtaining patient’s details, challenges, preferences, 
and lifestyle can effectively identify and address 
drug-related issues, optimize medication use, and 
enhance overall patient outcomes. Collaboration 
between pharmacists, physicians, and other 
healthcare providers during HMR sessions ensures 
comprehensive medication management. For 
instance, drug-related problems identified during 
HMR visits can be discussed with physicians, 
allowing for the development of a tailored 
management plan. This plan is subsequently shared 
with the patient and caregiver, ensuring its effective 
implementation with necessary modifications 
(Chandrasekhar et al., 2019). 

Gudi et al. (2019) demonstrated that 
collaborative efforts between general practitioners 
and pharmacists during HMR visits resolved 
approximately 85% of drug-related problems. 
Effective communication is equally essential in 
improving patient outcomes. The Agency for 
Healthcare Research and Quality (2018) 
recommends communication strategies such as 
teach-back, warm handoffs, and medication 
reviews, which involve discussing the patient’s 
complete medication regimen. Additionally, 
engaging with patients outside their homes, 
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including follow-up calls, can enhance patient 
satisfaction and adherence to treatment plans. 

 

Frequent and comprehensive HMR visits 

 

More frequent and comprehensive HMR visits are 
crucial for addressing medication-related challenges 
and improving outcomes for patients with chronic 
diseases. Regular reviews facilitate early 
identification of drug-related problems and support 
personalized care for optimized disease 
management. Scheduling HMR visits every 2–3 
months can ensure consistent follow-up, 
particularly for patients in remote locations. Rosli et 
al. (2021) suggested shorter follow-up intervals to 
enhance the interaction between pharmacists and 
patients. 

Monthly HMR visits supplemented with 
weekly telephonic updates on drug-related 
problems (DRPs) and clinical progress may 
significantly improve medication adherence and 
patient quality of life. Sundus et al. (2022) found that 
participants valued follow-up HMR visits to 
monitor progress and resolve medication-related 
issues, providing reassurance during the waiting 
period for the next clinic appointment. Personalized 
and in-depth discussions during HMR sessions 
improve patient understanding of medication 
indications and administration techniques, fostering 
adherence and better health outcomes. 

 

Enhancing patient education on medications and 
storage 

 

Healthcare professionals should prioritize 
educating patients about their medications, 
including proper administration, potential adverse 
effects, and the importance of adherence. Proper 
medication storage, particularly for insulin, is 
critical. According to the Diabetes Disaster 
Response Coalition (n.d), insulin should be stored in 
a refrigerator at 2–6°C (36–43°F) and never frozen. 
Patients should be informed about the expiration 
date of insulin and advised to store it in a cool, dry 
place away from direct heat and sunlight when 
refrigeration is unavailable. Ice packs and insulated 
containers may also be utilized for storage (Jacob et 
al., 2023). 

 

Richter et al. (2023) highlighted that opened 
insulin can be stored safely at room temperature for 
4–6 weeks. Patients should also be educated on 
proper injection techniques, including site selection, 
needle length, and injection angle, to ensure 
effective absorption and avoid complications. 
Visual materials, such as pamphlets or posters, and 
mobile applications can provide instructional 
content and reminders on proper insulin 
administration. Collaborating with local health 
clinics for hands-on demonstrations and utilizing 
telehealth services for real-time guidance can 
further support patients, particularly in rural 
settings. 

 

 Leveraging technology for telehealth and 
telemedicine 

 

The adoption of telehealth technologies has 
expanded significantly, particularly during the 
COVID-19 pandemic, providing a means to deliver 
HMR services to patients in rural and remote areas. 
Telehealth platforms enable patients to access 
healthcare services and records through 
smartphones, facilitating communication with 
healthcare teams and improving care navigation 
(Hanjani et al., 2020). 

Telemedicine allows remote consultations and 
periodic follow-ups via communication tools like 
SMS, WhatsApp, or phone calls (Ang et al., 2022). 
These technologies can monitor vital signs at home, 
reducing hospital readmissions and improving the 
quality of life for chronically ill patients (Guideway 
care, 2023). For example, hospitals in Australia have 
utilized video conferencing to conduct medication 
reviews, benefiting patients in rural and remote 
regions (Hanjani et al., 2020). 

Medication adherence can be supported 
through smartphone apps, smart pill dispensers, 
and electronic packaging, which remind patients to 
take their medications and alert healthcare 
providers of adherence issues. In areas with limited 
internet access, alternative strategies like phone-
based consultations, SMS reminders, or local 
telehealth hubs equipped with internet access can 
bridge connectivity gaps. These hubs, located in 
community centers or clinics, provide patients with 
a centralized location to access telehealth services. 
Evidence suggests that telehealth-delivered 
medication reviews improve clinical outcomes, 
reduce costs, and are well-accepted by patients, 
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offering a sustainable solution for chronic disease 
management (Hanjani et al., 2020). 

 

Conclusion 

This study highlights the significance of HMR 
programs in rural areas, emphasizing their impact 
on patients' understanding, medication 
management, and adherence. The findings 
demonstrate the positive influence of HMRs in 
improving patients' knowledge of their 
medications, particularly regarding indications and 
proper dosage. However, challenges such as 
medication non-adherence, uncontrolled blood 
pressure, and elevated blood glucose levels persist, 
underscoring the complexity of chronic disease 
management in these settings. 

The study identifies several critical issues, 
including the use of ineffective medications, 
inappropriate insulin storage, and incorrect 
injection techniques, which highlight the vital role 
of pharmacists in resolving medication-related 
problems during HMR visits. To address these 
challenges, the research emphasizes the need for 
personalized assessments, multidisciplinary 
collaboration, and enhanced communication among 
healthcare providers to optimize patient care. 

Furthermore, the study underscores the 
importance of regular follow-ups, community-
based educational initiatives, and the integration of 
technological interventions, such as telehealth, to 
improve patient outcomes. Patient education is 
particularly crucial, with a focus on proper 
medication storage especially for insulin and correct 
administration techniques. Recognizing the 
influence of social determinants, such as education 
levels, on medication understanding, the study 
advocates for a comprehensive approach that 
combines enhancing patients' knowledge with 
addressing broader systemic factors. 

In conclusion, this research demonstrates the 
positive impact of HMR programs in rural areas 
while emphasizing the need for ongoing efforts to 
address persistent challenges. Collaborative care 
models, regular follow-ups, and the integration of 
technology are essential to improving the overall 
health outcomes of patients with chronic diseases in 
rural settings. 
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Abstract  

Introduction: Chronic kidney disease (CKD) develops in approximately 40% of 
patients with diabetes. The prevalence of CKD in Malaysia is 9.07% among adults. It 
is important to obtain accurate local data on CKD among patient with Type 2 Diabetes 
Mellitus (T2DM) patients to facilitate health-care planning including the review of 
health-care priorities, program activities, and allocation of resources. The objective of 
this study is to determine the prevalence of CKD among DM. We further explored the 
association between glycaemic control, eGFR and adverse outcomes (cardiovascular 
events, hospitalizations, and kidney failure) among these patients. Materials and 
method: This is a retrospective cohort study involving 91 DM patients who received 
treatment in Hospital Jitra, Kedah, Malaysia. Patients’ demographic data, 
comorbidities, history of hospital admission, medications, complication, and 
laboratory test results were retrieved from their medical record. Descriptive and 
inferential statistics have been used to analyse the data. Results: 60.4% of the patients 
were female and 85.7% Malay with mean age of 62.15 years old. Hypertension, 
hypercholesterolemia and heart disease were the most common comorbidities among 
them; 92.3%, 78.0%, and 23.1%, respectively. The prevalence of CKD among DM in 
Hospital Jitra was 38.46%. 20.9% of the patients experienced diabetic complications 
and 49.5% showed a progression of kidney disease. The results indicate a high 
percentage of poor glycaemic control among DM in Hospital Jitra; 69%-100% of the 
patients had HbA1c >7% at each visit and this is associated with CKD (P=0.042). 
Conclusion: The prevalence of CKD among DM patients at Hospital Jitra was 38.46%. 
Higher HbA1c was associated with CKD in adults with type DM, suggesting that 
improving glycaemic control may reduce the risk of CKD. 
 

Article history:  

Received: 23 June 2024 
Accepted: 9 January 2025 
Published: 31 January 2025 
 
Keywords:  
 
Chronic Kidney Disease, 
Diabetes Mellitus, 
Prevalence,  
Diabetes Complication 
 
doi: 10.31436/jop.v5i1.331 
 



Page 84      

 

Introduction 

Chronic kidney disease (CKD) is defined by 
abnormalities in kidney structure or function that 
have been present for more than 3 months with 
implications for health.  

According to the Centers for disease control and 
prevention (CDC), about 10% of adults in the United 
States are estimated to have CKD.  National studies 
reveal that CKD prevalence in Malaysia raised from 
9.07% in 2011 to 15.48% in 2018 (Saminathan et al., 
2020).  Diabetes is the most common or leading 
single cause of CKD. Type 2 Diabetes mellitus (DM) 
and chronic kidney disease (CKD) are intricately 
intertwined. DM is the most common cause of CKD. 
Adequate control of DM is necessary for prevention 
of progression of CKD, while careful management 
of the metabolic abnormalities in CKD will assist in 
achieving better control of DM (Centers for Disease 
Control and Prevention, 2021).  

Diabetic kidney disease (DKD) affects a 
significant portion of patients with DM, with 
estimates suggesting that around 40% of DM 
patients develop CKD over time (American Diabetes 
Association, 2021; National Kidney Foundation, 
2022).  

The relationship between diabetic kidney 
disease (DKD) and cardiovascular (CV) morbidity 
and death underscores the urgent need for 
comprehensive therapeutic strategies. Patients with 
DKD face a significantly higher risk of 
cardiovascular problems, as noted by Mann et al. 
(2018). These patients often die from cardiovascular 
disease before progressing to end-stage renal 
disease, highlighting the importance of early, 
proactive treatment of both renal and cardiovascular 
health in individuals with DM and DKD (American 
Diabetes Association, 2023; Pisters et al., 2017). 

Modifications to the pharmacokinetics and 
pharmacodynamics of anti-hyperglycaemic 
medicines in people with impaired renal function 
complicate treatment optimization. Careful 
assessment of these elements is critical for assuring 
medication safety and efficacy in this patient 
population (Sinha et al., 2019). The 

multidimensional character of diabetic kidney 
disease (DKD) necessitates a comprehensive 
approach that includes renal protection, 
cardiovascular risk reduction, and individualized 
pharmaceutical therapies to optimize outcomes and 
improve quality of life for those affected by the 
condition (Zhang et al., 2021; KDIGO, 2020). 

Taking renal function into consideration is 
crucial when prescribing antidiabetic medications 
due to the potential side effects. Patients with 
reduced renal function may be more susceptible to 
hypoglycaemia from insulin and sulfonylureas, and 
metformin may cause lactic acidosis, particularly in 
patients with advanced chronic kidney disease 
(CKD) (Sinha et al., 2019). The American Diabetes 
Association (ADA) (2023) and KDIGO (2020) 
guidelines recommend careful dose adjustments or 
alternative therapies for patients with impaired 
renal function to minimize the risk of serious 
adverse effects, such as hypoglycemia and lactic 
acidosis. 

The reluctance to prescribe newer antidiabetic 
drugs, which have been shown to be safe and 
effective at differing degrees of chronic kidney 
disease (CKD), could be due to a variety of factors, 
including familiarity with traditional therapies, cost 
concerns, or a lack of understanding of newer 
alternatives (Lazarus et al., 2020). However, 
embracing new medications, such as SGLT-2 
inhibitors and GLP-1 receptor agonists, may 
improve results for CKD patients, providing 
improved glucose control with fewer side effects 
and reduced cardiovascular risks (McMurray et al., 
2019; Buse et al., 2020) 

The combined effects of the two major chronic 
diseases, CKD and DM, lead to significant 
morbidity, mortality, and a striking economic 
burden (Khan et al., 2020). Patients with both 
conditions often present some of the most 
challenging cases for achieving adequate glycemic 
control, as management must be tailored to the 
specific patient’s situation, with attention to the 
degree of CKD or, in the case of End-Stage Renal 
Disease (ESRD), the type of renal replacement 
therapy (Harrington et al., 2019). Improved 
guidelines are needed regarding the proper use of 
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the new emerging anti-diabetic agent classes, such 
as SGLT-2 inhibitors and GLP-1 receptor agonists, 
and safe targets for glycemic control in this complex 
patient population (American Diabetes Association, 
2023; KDIGO, 2020). 

It is important to obtain accurate local data on 
CKD among DM patients to facilitate healthcare 
planning, including review of healthcare priorities, 
program activities, and allocation of resources. 
Therefore, this study aims to determine the 
prevalence of CKD among DM patients and the 
relationship between their glycemic control and 
negative clinical outcomes. This holistic approach 
could lead to healthcare goals and strategies 
customized to the individual needs of DM patients 
with CKD. 

Furthermore, there is a need for improved 
guidelines to navigate the use of emerging anti-
diabetic agents and to establish safe targets for 
glycaemic control in this population. Accurate local 
data on the prevalence of CKD among DM patients 
is crucial for informing healthcare planning, 
including prioritizing health initiatives, program 
development, and resource allocation. By 
understanding the specific challenges and 
prevalence of CKD among DM patients in a given 
population, healthcare providers and policymakers 
can better address the needs of this vulnerable 
group and enhance overall patient outcomes. 

Materials and methods 

Study Design and Settings 

This is a retrospective cohort study; conducted 
from April 2023 to December 2023, involving Type 2 
Diabetes Mellitus patients; aged ≥ 18 years old 
receiving treatment in Hospital Jitra for more than 1 
year. Hospital Jitra is a district hospital providing 
treatment to the population of the Kubang Pasu 
District. It is located in the northern part of 
Peninsular Malaysia and serves the largest town and 
administrative centre of the district. As of 2024, the 
estimated sub-urban population in Jitra stands at 
nearly 63,489 (Real Time World Statistics,2024). 

 

Study Instrument & Data Collection 

The data was collected by using the data 
collection form; that was developed via extensive 
review of available literature published. Patients’ 
demographic data, comorbidities, history of hospital 
admission, medications, complications, and 
laboratory test results were retrieved from their 
medical records, the Pharmacy Information System 
(PHIS), and Lab Information System (LIS). The data 
for each sample was collected from the start of 
treatment in Hospital Jitra until the latest visit. Mean 
duration of follow-up was 10.00 years; SD= 4.97.The 
estimated glomerular filtration rate (eGFR) was 
estimated from calibrated serum creatinine using 
the CKD-EPI equation. This study followed CKD 
categorization based on the Clinical Practice 
Guideline of The Management of Chronic Kidney 
Disease in Adults 2018 classification 
recommendations (Malaysian Health Technology 
Assessment Section (MaHTAS), 2018). CKD stages 
1–3a were categorised as mild to moderate, while 
stages 3b–5 was categorised as moderate to renal 
failure. In this study, CKD was defined as eGFR 
< 60 ml/min/1.73m2 (CKD Stage 3-5). 

Study Participants 

The inclusion criteria were Malaysians 18 years 
of age and above who were diagnosed with Type 2 
Diabetes Mellitus for more than one year and had 
received treatment during the study period. The 
exclusion criteria were insufficient or illegible 
records. 

Sample Size Calculation 

Assuming that 40% of the subjects in the 
population have the factor of interest, and a 
population size of 2000, the study would require a 
sample size of 89 for estimating the expected 
proportion with 10% absolute precision and 95% 
confidence. (Dhand, N. K., & Khatkar, M. S. (2014). 

Data Analysis 

All analyses were performed using SPSS 
version 16. Descriptive statistics were used to 
determine the prevalence, frequency, mean and 
percentage of the data. Multiple logistic regression 
analysis was used to determine the associated 
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factors between glycaemic control (HbA1c), age, 
gender and duration of diabetes mellitus and 
adverse outcomes (mortality, CV events, 
hospitalizations, and kidney failure). Generalised 
Estimating Equations (Linear) were used to examine 
the trend of glycaemic control (HbA1c) and 
progression of kidney disease (eGFR). A P-value of 
less than 0.05 was considered to be statistically 
significant. 

Results  

A total of 91 adults with T2DM were included 
in the study. 60.4% of them were female and 85.7% 
Malay with mean age of 62.15 years old. 
Hypertension, hypercholesterolemia and heart 
disease were the most common comorbidities 
among them; 92.3%, 78.0%, and 23.1%, respectively.  

The prevalence of CKD among diabetes mellitus 
patients in Hospital Jitra  

Out of 91 patients, 26.37% had an eGFR >90 
ml/min/1.73 m², indicating normal kidney function, 
while 35.16% had mildly reduced function with an 
eGFR of 60–89 ml/min/1.73 m². A further 23.08% had 
moderate kidney impairment (eGFR 30–59 
ml/min/1.73 m²), 13.18% had severe impairment 
(eGFR 15–29 ml/min/1.73 m²), and 2.2% had end-
stage kidney disease with an eGFR <15 ml/min/1.73 
m² (Table 1). 

Among these patients, 18.7% experienced 
cardiovascular events, 2.2% were newly diagnosed 
with end-stage renal disease (ESRD), and 49.5% 
showed progression of kidney disease, despite an 
overall increasing trend in eGFR values (Table 1). 

The prevalence of chronic kidney disease (CKD) 
among patients with diabetes mellitus (DM) in 
Hospital Jitra was 38.46%. Additionally, 20.9% of the 
patients experienced diabetic complication; 
cardiovascular disease (CVD) (myocardial 
infarction/ stroke/ heart failure); newly diagnosed 
ESRD and 40.7% were hospitalized during the study 
period due to uncontrolled diabetes mellitus. 49.5% 

showed a progression of kidney disease (Table 1). 

 

The trend of g lycaemic control and progression of 
kidney disease  

The analysis utilised Generalised Estimating 
Equations (Linear) to examine the trend of 
glycaemic control and the kidney disease as 
indicated by eGFR. The findings revealed a 
significant pattern of elevated HbA1c levels and 
declining eGFR values (P<0.001) across successive 
visits (Table 2). 

The results indicate a high percentage of poor 
glycaemic control among type 2 diabetes in Hospital 
Jitra; 69%-100% of the patients had HbA1c >7% at 
each visit (Table 2). A correlation analysis was 
conducted between glycemic control (HbA1c) and 
eGFR, revealing a Pearson correlation coefficient (r) 
of 0.113, which indicates a very weak positive 
correlation between the two variables. Despite this 
modest correlation, a statistically significant 
relationship was found between HbA1c levels and 
eGFR levels (P=0.035). 

The association between glycaemic control and 
adverse outcomes  

Four major adverse outcomes diabetes patients; 
cardiovascular events, newly diagnosed end-stage 
renal disease (ESRD), the progression of kidney 
disease and hospitalisation due to uncontrolled 
diabetes were explored using logistic regression 
with potential predictors of each adverse outcomes, 
including glycaemic control, gender, age, and 
duration of diabetes. The results showed a 
substantial correlation between all predictors and 
the progression of kidney disease, but no significant 
correlations between this factor and cardiovascular 
events, newly diagnosed ESRD, or hospitalisation 
for uncontrolled diabetes. The comprehensive 
results of the logistic regression analysis are shown 
in Table 3. 
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Table 1: Demographic, Clinical Characteristics, The Prevalence of CKD and The Complication of DM 

Parameters Mean values (±SD) / Number of 
patients (%) (N=91) 

Age, years 62.15 (11.99) 
Gender 

• Male 
• Female 

 
36 (39.6%) 
55 (60.4%) 

Ethnicity 
● Malay 
● Chinese 
● Indian 

 
78 (85.7%) 
7 (7.7%) 
6 (6.6%) 

DOD (Duration of Diabetes, years) 10.00 (4.97) 
Haemoglobin A1c (HbA1c); % 9.01 (2.33)  
Serum Creatinine (mg/dL) 183.56 (55.26) 
eGFR(ml/min)* 76.81 (2.57) 

Comorbidity 

● Hypertension 
● Hypercholesterolemia 
● Heart disease 

 

84 (92.3%) 
71 (78.0%) 
21 (23.1%) 

Stages of CKD; Estimated GFR* (ml/min per 1.73m2) 

● Stage 1; eGFR >90 (Normal or high) 
● Stage 2; eGFR 60-89 (Mildly decreased) 
● Stage 3; eGFR 30-59 (Moderately decreased) 
● Stage 4; eGFR 15-29 (Severely decreased) 
● Stage 5; eGFR <15 (Renal failure) 

 

24 (26.37%) 
32 (35.16%) 
21 (23.08%) 
12 (13.18%)   
2 (2.20%) 

Complication of DM 

● Cardiovascular event (myocardial infarction/ stroke/ heart 
failure) 

● Newly diagnosed ESRD 
● Progression of kidney disease (increasing trend of eGFR) 

● Hospitalisation due to uncontrolled of diabetes mellitus 

 
 
17 (18.7%) 
 
2 (2.2%) 
45 (49.5%) 
 
37 (40.7%) 

Risk factors of CKD in patients with DM (OR, CI)# OR=2.96, 95% CI = 0.60-14.67# 

*eGFR, estimated glomerular filtration rate in ml/min per 1.73 m2 using the Chronic Kidney Disease Epidemiology 
Collaboration (CKD-EPI) equation. 

# OR=Odd ratio, CI= Confidence Interval 
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Table 2: The trend of glycaemic control (HbA1c) and progression of kidney disease (eGFR) 

Visit HbA1c level (%) eGFR level (mg/dl) HbA1c.bc> 
7.0% 

HbA1cbc eGFRd  

(ml/min per 
1.73m2) 

Mean (SE) p-
valuea 

Mean p-
valuea 

N (%) Mean (SD) Mean (SD) 

1 8.9 (0.23) <0.001 79.4(2.75) <0.001 73 (80.2) 8.86 (2.19) 71.77(28.30) 

2 8.5 (0.22) 77.7(2.72) 57 (68.7) 8.54 (2.02) 71.85 (28.24) 

3 9.0 (0.28) 72.7(2.97) 52 (77.6) 9.06 (2.36) 68.52 (28.42) 

4 9.4(0.34) 71.2 (3.04) 39 (75.0) 9.42 (2.68) 70.00 (26.17) 

5 8.9(0.36) 67.8 (3.14) 31 (89.0) 9.41 (2.50) 65.36 (25.37) 

6 9.2(0.59) 68.4 (3.18) 16 (88.9) 9.69 (2.85) 65.97 (27.78) 

7 8.4(0.39) 65.0 (3.35) 8 (72.7) 9.30 (1.99) 77.49 (32.60) 

8 11.8(0.85) 66.2 (3.65) 4 (100) 9.52 (2.23) 68.40 (18.20) 

9  75.1 (6.58)   77.49 (32.60) 

10  70.8(4.65)   68.63 (17.28) 

11  45.2(5.71)   68.40 (18.20) 

aGeneralized Estimating Equations (Linear). 

bTarget HbA1c is individualised; ≤6.5% for those young, uncomplicated, with short duration of disease; while <7.0% would be 
appropriate for most other adult DM individuals. (Ministry of Health; Malaysia (2020) "Clinical Practice Guidelines. 
Management of Type 2 Diabetes Mellitus (6th Edition) p.43." 

cLaboratory investigations for HbA1c were done 6-monthly/yearly. 

dLaboratory investigations for Creatinine/BUSE + eGFR at every visit (3-6 monthly) 
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Table 3: Association Between Predictors and Adverse Outcomes in Diabetes: Logistic Regression Results 

Predictor Cardiovascular 
event 

(OR, p-value) 

Newly diagnosed 
ESRD 

(OR, p-value) 

Progression of 
kidney disease  

(OR, p-value) 

Hospitalisation due 
to uncontrolled of 

diabetes 

(OR, p-value) 

HbA1c (Poor Control) 1.34 (p = 0.63) 0.76 (p = 0.71) 0.26 (p = 0.01) 0.54 (p = 0.22) 

Gender (Male) 3.09 (p = 0.53) 1.63 (p = 0.45) 2.63 (p = 0.04) 1.14 (p = 0.77) 

Age (per year) 1.04 (p = 0.16) 1.01 (p = 0.65) 1.05 (p = 0.02) 1.00 (p = 0.74) 

Duration of Diabetes 1.01 (p = 0.86) 0.99 (p = 0.92) 0.95 (p = 0.24) 0.99 (p = 0.77) 

*Logistic regression 

 

A lower chance of kidney disease progression was substantially correlated with poor glycaemic controlled (HbA1c > 7%), 
according to the logistic regression analysis (OR = 0.26, p = 0.01). In comparison to females, males had 2.63 times the odds of 
progress (OR = 2.63, p = 0.04). Age also had a significant impact with the risks increased by 5% for every year of age (OR = 
1.05, p = 0.02). 
 
 



Page 90      

 

Discussions 

To our knowledge, this is the first to investigate 
the incidence of CKD among DM patients in a 
Malaysian secondary healthcare context. This study 
is unique and important to obtain accurate local data 
on the prevalence of CKD among DM patients 
which can facilitate health-care planning including 
review of health-care priorities, program activities 
and allocation of resources. This study evaluated the 
relationship between glycemic management, eGFR, 
and unfavourable outcomes such cardiovascular 
events, hospitalizations, and renal failure in 
patients. 

Patients with DM at Hospital Jitra had a 38.46% 
prevalence of CKD. This finding was somewhat 
similar with previous study (Mohd Zuki & Rodi Isa, 
2022) that found that the prevalence of CKD, in all 
phases, was 38.6%, That prevalence shown 
significant increased of CKD patient based on 
increased of DM patient.  

The patients' mean age was 62.15 years. 
Kidneys alter morphologically and functionally as 
we age. As a result, there is an increased risk of 
chronic kidney disease (CKD) progression with age. 
Additionally, kidney disease has been found to be 
more prevalent in individuals over 60 compared to 
the general population (Nitta et al., 2014). 

HbA1c is the key figure used worldwide to 
evaluate diabetes control. The findings of this study 
revealed that HbA1c values continuously surpassed 
the limits provided in the Clinical Practice 
Guidelines (CPG) for diabetes care in Malaysia, 
suggesting poor glycemic control that varied from 
69% to 100% at each visit. Patients with higher 
HbA1c levels in this study showed progression of 
kidney disease (OR=2.96, 95% CI = 0.60-14.67). These 
results were in line with a study by Jitraknatee, et al. 
(2020), which found significant results of 
uncontrolled HbA1c levels with HbA1c ≥ 7% related 
to developing CKD (OR = 3.32, 95% CI = 2.20–5.01) 
Renal dysfunction is a notable a risk factor for 
uncontrolled diabetes, as the kidneys are vital for 
both gluconeogenesis and drug metabolism (Kong 
et al., 2014). This also contributed to the high 
hospitalization rate observed among the patients in 
this study (40.7%). Chronic kidney disease (CKD) 
can result from high blood sugar because it damages 
the kidneys' small blood capillaries (Kurzhagen et 
al., 2020). In order to avoid consequences including 
nerve damage, kidney disease, and cardiovascular 
disease, diabetics must keep their blood glucose 

levels within a specific range (Advani, 2020). 

The findings showed that the number of people 
suffering from diabetes-related complications, such 
as heart failure, myocardial infarction, and stroke, 
has significantly increased. Our observed 
prevalence of 18.7% is lower in comparison to global 
data, where approximately 32.2% of individuals 
with type 2 diabetes mellitus are affected by 
cardiovascular complication. Importantly, CVD 
constitutes a leading cause of mortality among 
people with type 2 diabetes mellitus, accounting for 
approximately half of all deaths during the study 
period (Einarson et al., 2018). Due to the higher risk 
of cardiovascular complication among diabetes 
patient, treatments that lower this risk by a similar 
percentage can have a bigger impact.  

The results showed cardiovascular events did 
not show significant associations with glycaemic 
control. The ACCORD Study Group (2011) found 
that intensive glycaemic control did not reduce the 
risk of cardiovascular events in people with type 2 
diabetes, and in fact, intensive therapy was 
associated with an increased risk of mortality in 
some subgroups. The study suggests that other 
factors like blood pressure, lipid levels, and 
smoking might be more important in preventing 
cardiovascular events than glycaemic control alone.  

Newly diagnosed ESRD also did not 
significantly associated with glycaemic control in 
this study. One study that supported up the findings 
revealed that while glycaemic control (HbA1c) 
improved microvascular outcomes in diabetes, it 
did not significantly alter the risk of ESRD in 
patients who had already developed chronic kidney 
disease (CKD). The results suggest that for 
individuals with advanced CKD, other factors like 
blood pressure control and proteinuria may play a 
more crucial role in determining the risk of 
progressing to ESRD (Chalmers et al., 2010). 

This study found glycaemic control 
significantly correlated with the progression of 
kidney disease. In line with our findings, few 
clinical trials have consistently shown that 
maintaining HbA1c levels below 7% is linked to a 
reduced risk of both clinical and structural 
manifestations of diabetic nephropathy in diabetes 
patients. For example, the Diabetes Control and 
Complications Trial (DCCT) demonstrated that 
intensive diabetes management led to a 39% 
reduction in the incidence of microalbuminuria 
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(Gross et al., 2005). 

This study suggests that poor glycaemic 
control, as indicated by elevated HbA1c levels, is a 
key factor significantly associated with CKD in 
diabetic patients. Improving glycaemic control may 
therefore help to reduce the risk of CKD and other 
diabetic complications, highlighting the importance 
of early intervention and continuous management 
of blood glucose levels in patients with diabetes to 
prevent further kidney damage. 

On the other hand, this study also has several 
limitations. First, the study involved only 91 pa-
tients from a single hospital in Kedah, Malaysia. 
This relatively small and localized sample may limit 
the generalizability of the findings to the broader 
population of Malaysia, especially since different 
regions may have varying healthcare access, ethnic 
distributions, and lifestyle factors. Secondly, this 
study was conducted retrospectively, hence the data 
is reliant on existing medical records, which could 
have inconsistencies, incomplete information, or 
variability in documentation practices. This may 
affect the accuracy and comprehensiveness of the 
findings. Thirdly, despite statistical adjustments, 
there may still be unmeasured confounding 
variables, such as genetic predispositions or 
undetected comorbidities, that could influence the 
association between HbA1c, CKD, and adverse 
outcomes. 

Conclusion 

Our study has shown that higher HbA1c was 
robustly associated with the risk of CKD in adults 
with type 2 diabetes, suggesting that improving 
glycaemic control may also reduce the risk of CKD. 
This study provides compelling evidence that 
current local practice may not adequately address 
the complexities inherent in the use of these novel 
therapies in diabetic populations. Therefore, 
revising and updating existing guidelines based on 
current practice is crucial to ensure the safe and 
efficacious management of diabetes, particularly in 
light of evolving therapeutic options and patient-
specific considerations. 

Future studies will be crucial to reassess the 
selection of antidiabetic therapies and the 
prevalence of chronic kidney disease (CKD), aiming 
to evaluate the effectiveness of current management 

of diabetes mellitus in the facility. 
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Abstract  

Introduction: Human milk undergoes dynamic modifications throughout lactation to 

optimally meet the dietary and immunological requirements of the growing infant, 

with variations of its composition also occurring throughout the day. Circadian 

variation in some bioactive components helps the development of the biological clock 

by passing on chronobiological information from mother to infant. This study aimed 

to identify the circadian variation of zinc, copper, selenium, and bromine in human 

milk during the postpartum period. Methods: Human milk samples were collected 

from a postpartum mother who was taking zinc and copper supplements. Milk 

samples were analysed using inductively coupled plasma mass spectrometry. Data on 

zinc, copper, selenium, and bromine concentrations were analysed using Microsoft 

Excel 2021 and reported descriptively to determine circadian variation. Results: The 

concentration of all four trace elements declined throughout the six months 

postpartum period with consistent fluctuations for bromine. Zinc, copper, and 

bromine possess the most similar circadian variation throughout the day with a ‘V’ 

shaped pattern, but selenium showed inconsistent circadian pattern over the first six 

months postpartum. The ‘V’ shaped pattern generally disappeared in the fourth, fifth, 

and sixth months. Conclusion: Circadian rhythms for zinc, copper, selenium, and 

bromine varied during the first six months postpartum. This may indicate a functional 

circadian clock regulating infants’ biological development. Future studies should 

explore the factors influencing the development of fully functional circadian 

rhythmicity in infants. 
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Introduction 

Human milk contains nutritional components, 

antibodies, and hormones as important bioactive 

components for infant development. These 

components exhibit circadian patterns which aid the 

transfer of information from the mother to her 

newborn during the day and night. This aspect of 

knowledge of human milk has been referred to as 

"chrononutrition." The importance of 

chrononutrition of human milk includes the 

physiological impact on the establishment of 

regulation of the biological clock in infants. The 

variation between the time of expression and 

feeding may affect how well an infant's circadian 

clock and sleep homeostasis develop when they are 

breastfed (Italianer et al., 2020). The circadian 

rhythm of infants concerning metabolic clocks 

influences feeding behaviour such as time-restricted 

feeding as well as energy distribution throughout 

the day, which could also be therapeutic for 

metabolism including insulin responsiveness 

(Flanagan et al., 2021). The circadian cue from the 

mother is transferred to infants and involves 

hormones such as glucocorticoids and melatonin 

which play vital roles in metabolism, immunity, and 

sleep regulation (Caba-Flores et al., 2022). The 

homeostasis of glucocorticoids in stress response for 

example, particularly by cortisol exposure is linked 

with the development of autoimmune disease 

(Ramamoorthy & Cidlowski, 2016). Other 

components including fat, amino acids, and 

endogenous cannabinoids also exhibit diurnal 

variation (Caba-Flores et al., 2022). The optimal 

exposure to specific quality and quantity of nutritive 

and non-nutritive components in human milk 

corresponding to the time of the day may have 

biological significance in human biological clock 

coordination. Nevertheless, its long-term impact 

from early developmental exposure is unclear. 

The transition from the womb to birth involves 

changes in the circadian rhythms of infants since the 

foetus in the womb is exposed to the physiological 

and metabolic rhythms of the mother. It was 

suggested that maternal milk after birth substitutes 

the exposure to nutrition and other bioactive 

components to regulate the circadian rhythms. For 

example, the optimal neurodevelopment in infants 

is partly attributable to the sensitivity to breast milk 

melatonin which highlights the role and impact of 

breastfeeding (Häusler et al., 2024). Breastfeeding 

practices are always superior to formula feeding 

despite the low breastfeeding rate worldwide. 

Globally, the costs of not breastfeeding are 

significant including 595,379 childhood deaths 

annually, and 98,243 maternal comorbidities and 

mortality from chronic diseases with the total 

estimated global economic losses between US$257 

billion and US$341 billion (Walters, Phan, & 

Mathisen, 2019). In adults, it was suggested that 

chrononutrition promotes cardiometabolic health, 

but many knowledge gaps remain to be addressed 

in developing approaches for chronic disease 

prevention (Raji et al., 2024). Therefore, there was 

limited knowledge about chrononutrition in adults 

and infants which requires further research. 

There are concerns about the adverse external 

circadian signals including mistimed exposure to 

hormones in breast milk which cause misalignment 

of temporal sequence which leads to susceptibility 

to poor infant development. The maturation of the 

biological clock in humans contributes to the 

development of synchronicity of cognitive and 

physical function in response to the demands of the 

environment (Wong et al., 2022). It is measured by 

patterns of hormone secretion and sleep pattern and 

the ability to adjust to external time cues, of which 

this aspect is poorly understood in the first year of 

life (Wong et al., 2022). The presence of trace 

elements in human milk as part of the optimal 

nutrition in infants particularly in the first six 

months after birth indicates the important 

requirement for healthy development. 

Nevertheless, the variation in its concentration is 

less understood. Zinc, copper, and selenium have 

been reported to vary in human milk over the 

postpartum period (Li et al., 2016). Bromine plays an 

important role in supporting the formation of the 

cell membrane, and its quantities in human milk are 

comparable to zinc but its variation over the 

postpartum period is unclear (McCall et al., 2014; 

Mohd-Taufek et al., 2016; Mohd-Taufek et al., 2024). 

Little is known regarding the circadian variation of 

these minerals and any changes over the 
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postpartum period. This study aimed to investigate 

the circadian pattern of zinc, copper, selenium, and 

bromine in human milk throughout six months 

postpartum. 

Materials and methods 

In the present study, a total of 196 milk samples 

were collected from one postpartum mother as a 

case study. She consented to the study and collected 

the samples at her convenience throughout the six 

months postpartum, from June until November 

2023. The samples were expressed using breast 

pumps and kept in breast milk plastic packaging, 

labelled with the date and time of the day, then 

stored in the freezer at -21°C. The volume of milk 

samples in each pack was between 90mL to 150mL. 

The number of samples for each date selected varied 

depending on the availability, and only the days 

with samples from three sessions of morning, 

evening, and night were included. All milk samples 

were labelled once collected at different times of the 

day and were divided into three time intervals 

which were 4:00 to 11:59, 12:00 to 19:59, and 20:00 to 

3:59. The time range was selected for a similar range 

of samples between each interval for morning, 

afternoon, and night sessions. The days with 

incomplete samples or labels, or with missing at 

least one session were excluded. The day 

postpartum included were randomly selected to 

represent each week of the month. A data collection 

form was completed by the participant for 

demographic information. 

The analyses of milk samples have been conducted 

following the protocol described in the previously 

published article (Mohd Taufek et al., 2024). The 

details regarding instruments, procedure, and 

analysis were described. The developed and 

validated method has been used to analyse and 

report zinc, copper, selenium, and bromine 

concentration in human milk, and was analysed 

using the acid digestion method by inductively 

coupled plasma mass spectrometry at the Institute 

of Oceanography and Environment (INOS), 

University Malaysia Terengganu. 

Results were analysed for descriptive analysis using 

Microsoft Excel version 2021, and reported as a case 

study. This study received ethics approval from the 

International Islamic University Malaysia (IIUM) 

Research Ethics Committee (IREC) (ID No.: IREC 

2021-053). 

Results and discussion 

The participant in the case study was a healthy 39-

year-old mother, who had neither medical illnesses 

nor chronic medications, practiced mild exercise 

three times a week, and took nutritional 

supplements of zinc and copper. Her height was 157 

cm, with a weight from pre-pregnancy of 72kg, pre-

delivery of 89kg, and post-delivery of 80kg. It was 

her first pregnancy and delivered a healthy male 

infant at 38 weeks of gestation via the caesarean 

method. She followed a normal diet per the 

Malaysian dietary guidelines for pregnant mothers. 

A total of 196 expressed breast milk samples were 

collected from one participant as a case study. They 

were analysed and reported for zinc, copper, 

selenium, and bromine. As shown in Table 1, all 

trace elements exhibited the highest concentration 

in the first month compared to the later months. The 

mean concentration of zinc over the first six months 

of lactation dropped from 10,353 to 2,157 mcg/l. 

Generally, zinc showed the highest concentration in 

human milk compared to copper, selenium, and 

bromine. For copper, the mean concentration 

ranged from 309 to 999 mcg/l, which showed 

relatively small differences over the six months 

duration. The mean selenium concentration 

decreased gradually from 85 mcg/l to 27 mcg/l. The 

bromine concentration fluctuated across the six 

months with 1803 mcg/l in the first month and 1004 

mcg/l in the sixth month. 
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Table 1: Concentration of Zn, Cu, Se, and Br over six months postpartum. 

Trace 

element 

 Month postpartum 

1 2 3 4 5 6 

 No. of 

milk 

samples 

18 55 45 26 31 21 

Zn (µg/l) mean ± 

SD 

10353 ± 4353 3311 ± 975 3898 ± 758 2477 ± 922 2182 ± 611 2157 ± 781 

 
median 

(range) 

 

8730 

(4540-18300) 

3080 

(1670-

6110) 

3870 

(1820-5280) 

2590 

(627-5450) 

2100 

(1190-

3550) 

2100 

(1020-3580) 

Cu (µg/l) 
mean ± 

SD 999 ± 367 413 ± 126 505 ± 125 392 ± 232 309 ± 67 351 ± 131 

 
Median 

(range) 

 

952 (482-

1690) 

384 

(201-814) 

503 (268-

780) 

351 

(90.7-1360) 

300 

(184-461) 

347 (152-

610) 

Se (µg/l) 
mean ± 

SD 85 ± 58 27 ± 20 39 ± 21 16 ± 8 23 ± 16 27 ± 15 

 
Median 

(range) 

 

72 (24-

196) 

20 (6-78) 45 (10-82) 16 (10-27) 17 (4-47) 22 (8-50) 

Br (µg/l) mean ± 

SD 

1803 ± 640 764 ± 196 1075 ± 231 864 ± 228 666 ± 164 1004 ± 360 

Median 

(range) 

 

1800 (926- 

2970) 

716 

(444- 

1350) 

1070 (507- 

1640 

847 

(362- 

1360) 

667 

(363- 

1000) 

999 (462- 

1880) 
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The time of the day influenced the concentration of 

zinc, copper, selenium, and bromine in human milk 

as shown in Figures 1, 2, 3, and 4. Diurnal variations 

were noticeable for all elements particularly in the 

first three months postpartum, indicated by the ‘V’ 

shaped pattern of the graphs. The concentration of 

these elements rose in the morning, dropped in the 

afternoon, and returned to a higher level at night. 

Nevertheless, the diurnal pattern was inconsistent 

and mostly disappeared from the fourth until the 

sixth month. 

 

     Fig. 1: Mean zinc concentration at three-time intervals during the 24 hours over six months postpartum.
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Fig. 2: Mean copper concentration at three-time intervals during the 24 hours over six months postpartum. 



Page 100  Taufek et al. (2025) Journal of Pharmacy, 5(1), 95-105 
   

  

       Fig. 3: Mean selenium concentration at three-time intervals during the 24 hours over six months postpartum. 

 

       Fig. 4: Mean bromine concentration at three-time intervals during the 24 hours over six months postpartum. 
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The present study reported that variation of zinc, 

copper, selenium, and bromine from a case study 

exhibited a decreasing trend in concentrations over 

a six-month postpartum period. It has been reported 

worldwide that these minerals gradually decreased 

and fluctuated over the postpartum period (Hunt & 

Nielsen, 2009; Kim et al., 2012; Mohd-Taufek et al., 

2017; Sabatier et al., 2019; Mandia et al., 2021). The 

decreased concentration could be due to the 

decrease in the levels of proteins including casein 

and whey in human milk that serve as ligands for 

zinc and copper (Fransson & Lönnerdal, 1983). 

Nevertheless, zinc has been reported to decline 

despite increased total protein in human milk in the 

second year postpartum (Perrin et al., 2017). It is 

unclear whether the specific protein changes are 

different in the first year as compared to the second 

year postpartum, which requires further 

investigation.  

All minerals in the current study showed similar 

changes and dropped by about half of the initial 

concentration from the first month to the second 

month, then gradually decreased in later months. 

Zinc showed the highest concentrations in the first 

month postpartum ranging from 4,540 to 18,300 

mcg/l. The results in the current study showed very 

high levels of zinc in the first month compared to 

other studies which reported the range of 400 to 

11,900 mcg/L in term milk of 34 mothers (Sabatier et 

al., 2019), 900-7,800 mcg/L in preterm milk of 67 

mothers (Kim et al., 2012), and 1,419-6,303 mcg/L in 

term milk of nine mothers (Mohd-Taufek, 2017). 

Copper concentration ranged from 201 to 1,690 

mcg/L in the first and second months, which was 

higher than reported in other studies 111-926 mcg/L 

(Mohd-Taufek, 2017), and 130-1,000 mcg/L (Sabatier 

et al., 2019). This could be due to the supplements 

containing zinc and copper taken by the participant 

in our study.  

Selenium despite showing the highest level in the 

first month (24-196 mcg/L) dropped to 6-28 mcg/L 

(second month) and then fluctuated consistently 

across the lactation month. Nevertheless, the 

concentration was relatively higher than those 

reported previously in the literature 10-22 mcg/L 

(first month) and 7-14 mcg/L (second month) 

(Mohd-Taufek et al., 2017), 6-24 (first and second 

month) (Sabatier et al., 2019). Selenium was found 

to be lower than recommended in the milk of 

mothers who delivered low birth-weight infants 

(Mandia et al., 2021). Nevertheless, our case study 

involved full-term milk. In Malaysia, the 

recommended intake of selenium in infants aged 0-

5 months is 6 µg/day (Ministry of Health Malaysia, 

2017). Our findings showed bromine concentrations 

of 926-2970 mcg/l (first month) and dropped to 

about half in the sixth month (462-1880 mcg/l). It 

demonstrated that relatively stable bromine 

concentrations are maintained throughout the six 

months of lactation. These concentrations are 

comparable to the previous studies which reported 

concentrations ranging from 834 to 1443 mcg/l of 16 

donor milk collected at random lactation stages 

(Mohd-Taufek et al., 2016), and of 661-1026 mcg/l 

(first month) and 868-1387 mcg/l (second and third 

month) of preterm milk (Mohd-Taufek, 2017). 

Limited data are available regarding the biological 

importance of bromine in humans, but our findings 

indicated that bromine concentration is relatively 

high in human milk and is comparable to other 

minerals. It exhibits circadian rhythm which could 

further be investigated for its role in early infant 

growth and development. Bromine has been 

reported to be abundant in humans and is required 

for cell metabolism (McCall et al., 2014). The 

updated nutrient composition data of human milk 

is still greatly needed as it is paramount for the 

management of infant feeding, assessment of infant 

and maternal nutritional and health needs, and as a 

reference for infant formula development (Mandiá 

et al., 2021). Future studies should explore the 

specific role of bromine and its reference range to 

prevent deficiency and toxicity. 

The circadian changes were present in daily 

concentrations of zinc, copper, selenium, and 

bromine in human milk. Zinc concentration 

demonstrated the ‘V’ shaped pattern with higher 

concentration in the morning and at night for the 

first, second, and third months postpartum (Figure 

1). Copper showed a similar trend in concentration 

in the first three months of postpartum compared to 

the later months (Figure 2). A previous study 

reported that diurnal variation demonstrated no 

significant differences between the concentrations 

of zinc and copper in the morning and at night 

(Silvestre et al., 2000). For selenium, the ‘V’ shaped 

pattern was noticeable in the first, fourth, and sixth 

months, despite there being only slight differences 

in its concentrations (Figure 3). Bromine showed a 

slightly ‘V’ shaped pattern in the first and third 

month postpartum with no obvious pattern for 

other months (Figure 4). For selenium and bromine, 

the inconsistent circadian pattern may suggest that 

the time of day may not be a major factor in 

influencing biological rhythm in infants. Overall, we 
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speculate that beyond three months postpartum, the 

time of day may not be considered as the major 

factor for zinc, copper, selenium, and bromine in 

human milk to regulate the circadian pattern 

physiologically due to a better maturation of the 

infant body system. These aspects may be related to 

the knowledge of the respective biological roles 

such as nutritional and immunological as part of 

chronological development in humans.  

Trace elements may influence circadian nutrition 

adaptation, although the mechanisms are not clearly 

understood, unlike melatonin and other hormones 

which affect sleep patterns and metabolism during 

the day and night. Other bioactive components that 

exhibited significant circadian variation include 

tryptophan, fats, triacylglycerol, cholesterol, iron, 

cortisol, and cortisone which may also influence 

their respective role in the biological clock (Italianer 

et al., 2020). Trace elements which are also involved 

in the metabolisms of cells and tissues may affect the 

growth and development of infants, particularly 

during the first year of life. Zinc deficiency is 

associated with abnormalities in humoral and cell-

mediated immunity that increase the risk of 

infection and liver disease (Tuerk & Fazel, 2009). 

Copper is involved in all organs and systems, such 

as the hematologic and neurologic systems, 

cardiovascular, cutaneous, and immune systems, 

and its deficiencies are more common than 

previously reported (Altarelli et al., 2019). Selenium 

is associated with cardiovascular disease, of which 

selenoproteins are involved in oxidative stress, 

redox regulation, thyroid hormone metabolism, 

calcium flux, and microRNA regulation (Shimada, 

Alfulaij & Seale, 2021). Bromine plays a crucial role 

in brain metabolism and tissue development 

(Canavese et al., 2006; McCall et al., 2014). The 

mechanisms of these elements involved in the 

circadian rhythm of physiological and biological 

processes during the day and night are poorly 

understood. We propose that to a certain extent, 

these elements could influence the regulation of 

circadian-related activities including body 

temperature, hormonal secretion, sleep-wake cycle, 

food intake, mood, and cognitive and physical 

performance in infants (Montaruli et al., 2021; Wong 

et al., 2022). For example, this aspect could lead to 

dietary approaches for addressing persistent 

cardiometabolic health inequities by designing and 

implementing flexible and feasible interventions in 

real-world settings (Raji et al., 2024). The knowledge 

regarding the chrononutrition dimension on health 

will be the key to quantifying the true impact of the 

infant's temporal eating pattern on health. 

Our findings supported the suggestion that human 

milk is optimally formulated to communicate the 

time of the day with infants through 

chrononutrition. However, modern practices of 

pumped and stored milk (e.g. chilled or frozen) may 

cause infants to ingest mistimed milk, affecting 

circadian rhythm development (Hahn-Holbrook et 

al., 2019). It is important to explore whether the 

expressed breast milk practice may influence sleep 

problems and physiological adaptation of infants to 

the environment as well as any adverse health 

outcomes resulting from disruption of circadian-

matching milk. Similarly, infants receiving formula 

milk may be affected differently by the absence of 

chrononutrition in formula as compared to human 

milk mistimed milk. Nonetheless, the essential roles 

of bioactive components in human milk, although 

pumped and stored are superior to formula for 

healthy development of infants. Little is known 

about circadian-match stored milk, of different 

weeks and months postpartum which meets the 

needs of infants’ development.  

Alterations in circadian rhythm can lead to chronic 

pathologies and are influenced by a complex 

phenotype. The concept of chronotypes has been 

raised based on the bi-directional influences of the 

rest-activity circadian rhythm and sleep-wake cycle 

in chronic pathologies and disorders based on the 

interindividual differences in adults (e.g. morning, 

neither, and evening types) (Montaruli et al., 2021). 

However, the maturation in circadian rhythm in 

adults is different and adjustments could be easier 

to regulate the physiological processes compared to 

infants. Early life dysregulation of circadian rhythm 

has been linked to adult-onset cardiovascular 

disease, musculoskeletal issues, predisposition to 

diabetes, and mood disorders (Wong et al., 2022). 

Sleep disruption during infancy and childhood is 

common and causes psychosocial and behavioural 

issues. It has been proposed that the circadian clocks 

occur at the molecular level, with a set of clock genes 

organised in a system of interlocked transcriptional–

translational feedback loops that coordinate 

physiological functions throughout the day that 

impact the cardiovascular system, energy 

metabolism, immunity, hormone secretion, 

reproduction and other systems (Pilorz, Helfrich-

Förster & Oster, 2018). Therefore, further research is 

required to understand the association of early 

human development of circadian rhythm, the role of 

breastfeeding, and chrononutrition. 
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Our findings are not applicable to be generalised in 

the population since the limitation is only one 

participant was included in a case study. A bigger 

number of participants is recommended to reflect 

the population data on these elements and explore 

whether concentration is correlated with certain 

health parameters. The participant in our study was 

taking zinc and copper supplements during 

lactation, which may have altered the 

concentrations; thus, the data must be interpreted 

carefully. However, our findings can act as a 

reference for future studies to identify the 

importance of circadian changes in trace element 

concentration and how they reflect the health 

outcomes in the Malaysian population. It also serves 

as the basis to investigate the factors regulating trace 

elements circadian pattern, and the differences of 

pattern occurring after three months of lactation. 

Conclusion  

The trace elements zinc, copper, selenium, and 

bromine concentration in human milk exhibited a 

‘V’ shaped pattern indicating the presence of 

functional circadian rhythm, particularly in the first 

three months postpartum. The gradual decrease in 

zinc, copper, selenium, and bromine 

concentration in the first six months postpartum 

may influence the circadian variation of these 

minerals.  The role of chrononutrition of these 

minerals in the early lactation stages requires 

further investigation to confirm its developmental 

importance in infants.  

Authors contributions 

NHMT, ASMS & JB designed the study and 

collected samples and data. HNHM, AZA, and 

ARFN analysed the samples and data. All authors 

wrote and reviewed the manuscript.  

Acknowledgements 

The authors wish to thank the Institute of 

Oceanography and Environment (INOS), 

University Malaysia Terengganu for providing the 

facilities and expertise to complete the sample 

analysis. NHMT received research funding from the 

Research Management Centre International Islamic 

University Malaysia (ID: RMCG20-046-0046). 

Ethical approval statement (if 
applicable) 

This study received ethics approval from the 

International Islamic University Malaysia (IIUM) 

Research Ethics Committee (IREC) (ID No.: IREC 

2021-053). 

Informed consent statement (If 
applicable) 

Informed consent was obtained from the participant 

included in the study. 

Conflict of interest 

NHMT, HNHM, ARFN, AZA, ASMS & JB declare 

that there is no competing interest in this research. 

Declaration of generative AI and AI-
assisted technologies in the writing 
process 

Not applicable. 

References  

Altarelli, M., Ben-Hamouda, N., Schneider, A., & 

Berger, M. M. (2019). Copper deficiency: 

causes, manifestations, and treatment. 

Nutrition in Clinical Practice, 34(4), 504-513. 

Caba-Flores, M. D., Ramos-Ligonio, A., 

Camacho-Morales, A., Martínez-Valenzuela, 

C., Viveros-Contreras, R., & Caba, M. (2022). 

Breast Milk and the Importance of 

Chrononutrition. Frontiers in Nutrition, 9, 

867507. 

https://doi.org/10.3389/fnut.2022.867507 

Canavese, C., De Costanzi, E., Stratta, P., & 

Sabbioni, E. (2006). A role for bromine 

deficiency in sleep disturbances of long-term 

dialysis patients. American Journal of Kidney 

Diseases, 48(6), 1018-1019. 

Flanagan, A., Bechtold, D. A., Pot, G. K., & 

Johnston, J. D. (2021). Chrono-nutrition: From 

molecular and neuronal mechanisms to 

human epidemiology and timed feeding 

patterns. Journal of Neurochemistry, 157(1), 

53–72. https://doi.org/10.1111/jnc.15246 

Fransson, G. B., & Lönnerdal, B. O. (1983). 

Distribution of trace elements and minerals in 

human and cow's milk. Pediatric Research, 

17(11), 912-915. 



Page 104  
Taufek et al. (2025) Journal of Pharmacy, 5(1), 95-105 

   

 

Hahn-Holbrook, J., Saxbe, D., Bixby, C., Steele, 

C., & Glynn, L. (2019). Human milk as 

“chrononutrition”: implications for child 

health and development. Pediatric Research, 

85(7), 936-942. 

Häusler, S., Lanzinger, E., Sams, E., Fazelnia, C., 

Allmer, K., Binder, C., ... & Felder, T. K. (2024). 

Melatonin in Human Breast Milk and Its 

Potential Role in Circadian Entrainment: A 

Nod towards Chrononutrition?. Nutrients, 

16(10), 1422. 

Hunt, C. D., & Nielsen, F. H. (2009). Nutritional 

aspects of minerals in bovine and human 

milks. In Advanced Dairy Chemistry: Volume 

3: Lactose, Water, Salts and Minor 

Constituents (pp. 391-456). New York, NY: 

Springer New York. 

Italianer, M. F., Naninck, E. F., Roelants, J. A., van 

der Horst, G. T., Reiss, I. K., Goudoever, J. B. 

V., ... & Vermeulen, M. J. (2020). Circadian 

variation in human milk composition, a 

systematic review. Nutrients, 12(8), 2328. 

Kim, S. Y., Park, J. H., Kim, E. A. R., & Lee-Kim, 

Y. C. (2012). Longitudinal study on trace 

mineral compositions (selenium, zinc, copper, 

manganese) in Korean human preterm milk. 

Journal of Korean Medical Science, 27(5), 532. 

Li, C., Solomons, N. W., Scott, M. E., & Koski, K. 

G. (2016). Minerals and trace elements in 

human breast milk are associated with 

Guatemalan infant anthropometric outcomes 

within the first 6 months. The Journal of 

Nutrition, 146(10), 2067-2074. 

Mandiá, N., Bermejo-Barrera, P., Herbello, P., 

López-Suárez, O., Fraga, J. M., Fernández-

Pérez, C., & Couce, M. L. (2021). Human milk 

concentrations of minerals, essential and toxic 

trace elements and association with selective 

medical, social, demographic and 

environmental factors. Nutrients, 13(6), 1885. 

McCall, A. S., Cummings, C. F., Bhave, G., 

Vanacore, R., Page-McCaw, A., & Hudson, B. 

G. (2014). Bromine is an essential trace 

element for assembly of collagen IV scaffolds 

in tissue development and architecture. Cell, 

157(6), 1380-1392. 

Ministry of Health Malaysia (2017). 

Recommended Nutritional Intake for 

Malaysia. 

https://hq.moh.gov.my/nutrition/wp-

content/uploads/2023/12/FA-Buku-RNI.pdf 

Mohd Taufek, N.H. (2017). Essential trace 

element analysis of human breast milk. The 

University of Queensland. 

https://doi.org/10.14264/uql.2017.477 

Mohd-Taufek, N., Cartwright, D., Davies, M., 

Hewavitharana, A.K., Koorts, P., Mcconachy, 

H., Shaw, P.N., Sumner, R., & Whitfield, K. 

(2016). The effect of pasteurization on trace 

elements in donor breast milk. J Perinatol, 36, 

897–900. https://doi.org/10.1038/jp.2016.88 

Mohd Taufek, N. H., Mohmad Sabere, A. S., 

Mohamad Jamahari, U. S., Amran, N. B., Fata 

Nahas, A. R., & Bidai, J. (2024). Variation of 

bromine concentration as an essential trace 

element in human milk over lactation stages. 

Journal of Pharmacy, 4(1), 68–73. 

https://doi.org/10.31436/jop.v4i1.257 

Montaruli, A., Castelli, L., Mulè, A., Scurati, R., 

Esposito, F., Galasso, L., & Roveda, E. (2021). 

Biological rhythm and chronotype: new 

perspectives in health. Biomolecules, 11(4), 

487. 

Perrin, M. T., Fogleman, A. D., Newburg, D. S., & 

Allen, J. C. (2017). A longitudinal study of 

human milk composition in the second year 

postpartum: implications for human milk 

banking. Maternal & Child Nutrition, 13(1), 

e12239. 

Pilorz, V., Helfrich-Förster, C., & Oster, H. (2018). 

The role of the circadian clock system in 

physiology. Pflügers Archiv-European 

Journal of Physiology, 470, 227-239. 

Raji, O. E., Kyeremah, E. B., Sears, D. D., St-Onge, 

M. P., & Makarem, N. (2024). Chrononutrition 

and Cardiometabolic Health: An Overview of 

Epidemiological Evidence and Key Future 

Research Directions. Nutrients, 16(14), 2332. 

https://doi.org/10.3390/nu16142332 

Ramamoorthy, S., & Cidlowski, J. A. (2016). 

Corticosteroids: mechanisms of action in 

health and disease. Rheumatic Disease 



Page 105  
Taufek et al. (2025) Journal of Pharmacy, 5(1), 95-105 

   

 

Clinics, 42(1), 15-31. 

Sabatier, M., Garcia-Rodenas, C. L., De Castro, C. 

A., Kastenmayer, P., Vigo, M., Dubascoux, S., 

... & Affolter, M. (2019). Longitudinal changes 

of mineral concentrations in preterm and term 

human milk from lactating Swiss women. 

Nutrients, 11(8), 1855. 

Shimada, B. K., Alfulaij, N., & Seale, L. A. (2021). 

The impact of selenium deficiency on 

cardiovascular function. International Journal 

of Molecular Sciences, 22(19), 10713. 

Silvestre, M. D., Lagarda, M. J., Farré, R., 

Martínez-Costa, C., Brines, J., Molina, A., & 

Clemente, G. (2000). A study of factors that 

may influence the determination of copper, 

iron, and zinc in human milk during sampling 

and in sample individuals. Biological trace 

element research, 76, 217-227. 

Tuerk, M. J., & Fazel, N. (2009). Zinc deficiency. 

Current Opinion in Gastroenterology, 25(2), 

136-143. 

Walters, D. D., Phan, L. T., & Mathisen, R. (2019). 

The cost of not breastfeeding: global results 

from a new tool. Health Policy and Planning, 

34(6), 407-417. 

Wong, S. D., Wright Jr, K. P., Spencer, R. L., 

Vetter, C., Hicks, L. M., Jenni, O. G., & 

LeBourgeois, M. K. (2022). Development of 

the circadian system in early life: maternal 

and environmental factors. Journal of 

physiological anthropology, 41(1), 22. 

 

 



 Mohd Taufek et al. (2025) Journal of Pharmacy, 5(1), 106-114 
    

    

   *Corresponding author’s email: hidayahtaufek@iium.edu.my 
 

 

Pharmacy Students’ Views on Pilot Interprofessional Learning 
at a Teaching Hospital in Pahang, Malaysia 
Nor Hidayah Mohd Taufek1*, Norny Syafinaz Ab Rahman1, Tengku Karmila Tengku Mohd Kamil1  

Mohamad Haniki Nik Mohamed1, Nur Amni ‘Afifah Mohd Faisal1 and Christopher John Turner2 
1Department of Pharmacy Practice, Kulliyyah of Pharmacy, International Islamic University Malaysia, Jalan Sultan Ahmad Shah, 
25200 Kuantan, Pahang, Malaysia. 
2Retired but formerly with Skaggs School of Pharmacy and Pharmaceutical Sciences, University of Colorado Anschutz Medical 
Campus, Aurora, Colorado, USA.  
 
Abstract  

Introduction: Interprofessional learning (IPL) has been practiced in pharmacy 
curricula worldwide. The unique approach and design for IPL must be tailored within 
the context of practice to be effective. This study aimed to explore the reflection of 
experiences by pharmacy students regarding a pilot interprofessional learning activity 
at a teaching hospital in Malaysia. Methods: Data were collected from 21 pharmacy 
students using reflective diaries to explore actual experiences, perceived challenges, 
and learning. All students completed a four-week pilot IPL activity in a clinical setting 
at a teaching hospital. Data were extracted, analysed sorted, and coded using Atlas.ti® 
version 9 and subjected to thematic analysis. Results: Four themes emerged from the 
data: 1) Professional development and interdisciplinary skills 2) Favourable 
interprofessional engagement, 3) Roles identification and development, and 4) 
Operational flaws in IPL implementation. Conclusion: The pilot IPL has become a 
useful platform for pharmacy students to develop metacognitive skills during 
interprofessional experiences with students, healthcare professionals, and patients. 
Improvement in its implementation requires strategies tailored to contextual needs. 
Future studies are required to ensure continuous assessments of improvised IPL 
components to prepare competent pharmacists for patient-centred care. 
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Introduction 

The coordination and delivery of high-quality 
healthcare require reliable teamwork and 
collaboration within, and across organisational, 
disciplinary, technical, and cultural boundaries 
(Rosen et al., 2018). Interprofessional learning (IPL) 
is one of the measures known to improve these 
aspects (Murray, 2021). It occurs when two or more 
healthcare practitioners (including student 
practitioners) from different disciplines learn from, 
about, and alongside each other to improve 
teamwork and healthcare.  

Health educators are responsible for preparing 
students for collaborative clinical decision-making 
between professionals to ensure students' exposure 
to these collaborative models of learning. Students 
may develop their skills and competency through 
collaboration which leads to their preparedness for 
future interprofessional work environments 
(Semple & Currie, 2022). Many accreditation 
agencies require students to participate in IPL 
experiences in various programmes. Early training 
in IPL is a vital component to ensure that graduates 
of healthcare professional programmes are qualified 
to practice in such settings (Nagge et. al., 2017). 
Multi-faceted strategies could enrich the training of 
IPL to form an effective and high-quality healthcare 
workforce. 

Reflective-thinking skills are important for IPL 
and need to be emphasised for graduates to be able 
to assess clinical problems from many aspects and 
obtain fresh ideas and perspectives (Tsingos et al., 
2015). Reflective writing about students’ 
experiences and observations is an effective tool to 
develop reflective thinking and metacognitive skills 
(Mann, Gordon, & MacLeod, 2009). This study 
sought to explore the experiences and observations 
reflected by pharmacy students regarding a pilot 
interprofessional learning activity at a teaching 
hospital in Malaysia. 

Materials and methods 

The study received ethical approval from the 
IIUM Research Ethics Committee (ID no. IREC 2022-

237). This qualitative study used a phenomenologi-
cal approach, conducted retrospectively using pur-
posive sampling from 21 reflective diaries written 
by the third-year pharmacy students. The data of the 
reflective diaries were retrieved from students who 
completed the pilot IPL activity during their Hospi-
tal Attachment course (PPPP 3423) at the Sultan Ah-
mad Shah Medical Centre teaching hospital in Pa-
hang. A total of 28 out of 113 students in the class 
were involved in the pilot IPL. Pharmacy students 
received instructions and briefings from the course 
coordinator one week before pilot IPL activities. The 
learning objectives and outcomes were developing 
teamwork, communication, interprofessional inter-
action, and sharing of knowledge between students 
of different professions during the ward round. 

The activities were conducted for four weeks in 
August 2022. Pharmacy students were paired and 
assigned to IPL groups. In each group, there were 
two pharmacy students (third year), four to five 
medical students (fifth year), and one to two nursing 
students (second year). The students were grouped 
to conduct different activities throughout the one-
month period which included ward rounds, bedside 
teaching, case discussions, and clinical pathological 
conferences. A total of 90 students (medical, 
pharmacy and nursing) were involved in the pilot 
IPL to accommodate the slots available for ward 
rounds which were conducted for two or three times 
a week based on the availability of medical 
specialists in the respective wards. A total of 14 
student groups were formed throughout the four 
weeks of hospital attachment for the purpose of 
pilot IPL. There were specific timetables prepared 
by medical lecturers/instructors for surgical and 
medical ward round groups for medical students, of 
which the pharmacy and nursing students were 
included in the respective groups. The medical and 
pharmacy lecturers were available during the ward 
round and students were expected to consult the 
respective lecturers after clerking the cases. 

Following the completion of IPL activities, 
students wrote self-reflective diaries regarding their 
learning experiences, observations, and feelings. 
The diaries were submitted to the course 
coordinator and excluded as part of the course 
assessment of student performance. The diaries 
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were written in English and submitted for 
documentation in September 2022. The diary 
consisted of six sections:  1) activities 2) significant 
experience/observation, 3) learning from 
experience/observation, 4) additional learning 
needs and plan to achieve learning 5) summary of 
learning, and 6) meaningful interaction with the 
team (peers, participants, residents, preceptors). The 
reflective diaries were de-identified from 
participant information.  

The class was contacted via email for informed 
consent purposes. They were informed that their 
reflective diaries would be used for the purpose of 
this study and a total of 21 students consented to the 
study. Sample size of 21 was sufficient to be 
representative of the 28 students involved in IPL 
activities in qualitative research. After receiving 
informed consent, personal details were removed 
from reflective diaries and de-identified using 
number e.g., S1. Then the reflective diaries were 
used for data analysis conducted by two 
investigators. Students who consented to this study 
did not receive any honorarium. 

Data analysis 

Data about accounts of experiences and 
learning were analysed using thematic content 
analysis for components of learning. Two 
researchers conducted the analysis and theme 
coding. The data from reflective diaries were 
analysed qualitatively by identifying the themes 
related to learning. The data were sorted for the 
meanings of accounts identified, and a list of code 
was constructed for major themes following 
repeated and close reading of the individual 
reflective diaries.  Two researchers independently 
constructed, compared, and cross-checked data to 
produce a final list themes code. The coding 
decisions were agreed upon and the coded data 
were aggregated into code files. The summary of the 
data was done through manually scrutinising and 
generalising the data sets by one researcher. 
Another researcher coded the findings using 
Atlas.ti® version 9. A protocol was used to guide the 
analysis to four categories from the reflective diaries 
which were habitual action/non‐reflection, 
understanding, reflection, and critical reflection 

(Kember et al., 2008), together with the six steps of 
Braun and Clarke (2006) theme analysis technique. 
The thematic analysis process was conducted 
through reflexivity by comparing the documented 
coding and themes, interpretations, and reasoning 
between the two researchers and compared their 
analyses.  

Results and discussion 

The analysis of the 21 reflective diaries identified 
four themes and 12 codes (Table 1). All 21 students 
were female, with Malay ethnicity, with an average 
age of 23 years old. We achieved theme saturation 
after the analysis of the fifteenth reflective diary. The 
following themes emerged from the reflective 
diaries: 

1. Professional development and interdisciplinary 
skills 

Students recognised that there were opportunities 
to learn about different aspects of medications and 
disease management during their IPL activities. It 
allowed them to identify and take responsibility for 
addressing gaps in their existing knowledge and 
perceptions. They realised the need to take proactive 
steps to ensure an understanding of the patient care 
process. This finding demonstrated that patient-
centred care underlies all patient care activities and 
initiates independent learning skills among 
students. The importance of communication skills 
within healthcare teams and between team 
members and patients (and their family members) 
was recognised. Communication skill is developed 
from training and experience of which IPL is an 
invaluable platform to shape the quality of future 
health care professionals.  

"I learned about correct case presentation. I learned about 
the current management of certain diseases. For example, 
empagliflozin can be used to treat heart disease as well as 
diabetes. I learned the importance of knowing the 
medication regimens of patients prior to hospital 
admission to help avoid hospital-related medication 
errors"(S15) 

"From this experience, I recognised the need to 
understand the treatment of disease as practiced by the 
doctors and how they decide on such treatment. To 
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achieve that, I need to be more proactive and ask the 
doctors for explanations. Be more confident and always 
try to clarify my understanding" (S21) 

"I also realised that ward round activities require good 
communication skills, especially skills in talking to 
patients. On top of that, professional communication 
skills are crucial to have effective discussions with 
medical students and doctors" (S2) 

2. Favourable interprofessional engagement 

The students indicated that they benefited from 
team discussions, particularly in clarifying 
unfamiliar jargon. They reported pleasant 
encounters with patients and overall positive 
involvement with members of other professions. 
They appreciated the effort taken by physicians and 
medical students to discuss medications with them. 
The appreciation of positive interaction indicates 
that IPL activities could provide an opportunity for 
interdisciplinary interaction, however small in scale, 
and could encourage the team of students and 
practitioners to appreciate each other’s presence and 
initiate engagement. 

“The medical students were helpful and approachable. 
When I asked questions, they would answer them clearly. 
There were many medical terms I could not understand 
during team discussions, but I managed to understand 
the terms once I had the chance to ask questions. It was 
easy to contact my team members during the IPL and they 
did not leave out my partner and me. It seemed like they 
were glad to have us join the discussion” (S14) 

"Also, these experiences changed my perception towards 
patients, as I worried before to ask/disturb patients. In 
turn, all patients that we interacted with were too kind 
and even made some jokes to us" (S1) 

“Mostly, the doctor questioned the medical students 
about patients’ conditions and there was not much to say 
about drugs. However, since it was an interprofessional 
activity, the doctor asked us about drugs including 
insulin and how we should conduct an enquiry about the 
drugs taken by patients” (S18) 

3. Roles identification and development 

The pharmacy students were able to identify the 
role of different professions during IPL experience 
in terms of interactions with patients and health care 

professionals and their roles as part of IPL teams in 
contributing information about medications. They 
appreciated the importance of IPL in applying best 
practices by focusing on patients’ specific 
circumstances and medication needs. It encouraged 
them to evaluate the information required to solve 
issues raised in patient management and made them 
aware of the pharmacy profession’s responsibility in 
contributing to improved patient healthcare 
outcomes.  

“I was able to see how the medical student used layman's 
terms to interact with the patient” (S15) 

“From this experience, I observed that the medical team, 
or in this case medical students, were not well-versed in 
terms of medications. From what I could see, they were 
only taught the common management of the disease and 
some of the mechanisms of the drugs. They would 
sometimes ask us, why the patient was given one 
medication in preference to another medication. We then 
had to search for the answer” (S8) 

"I observed that the medical students and physician did 
not include any issues regarding the medications during 
the history taking process. This reflects the importance of 
pharmacists to ensure that the treatment given is fully 
optimized for the patient, by investigating any issues 
related to the medications. It is also important to assess 
the patients’ medication adherence and to investigate any 
drug related problems described by patients" (S11) 

4. Operational flaws in IPL implementation 

Some students reported that the IPL activities did 
not meet their expectations due to the passive role 
they had during the activities. These included 
limited interactions with patients and other IPL 
team members and priority associated with the 
needs of students from other disciplines. The 
students’ negative experiences could be due to 
students’ passive behaviour and/or lack of training 
of health practitioners. 

"They checked the heart rate and asked how the patient 
was feeling today. but I was not able to ask the patient any 
questions about her medication" (S15) 

"My expectation was that we as a pharmacist student can 
learn something about our job scopes but this session, we 
only learned about medical terminology. In addition, due 
to feeling that I got nothing from my IPL experience, I 
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joined my friend's surgical ward round” (S21). 

“I experienced a lack of interaction with the specialist. The 
specialist prioritised the medical students, but I 
understood that he needed to prepare them for their 
examination. The specialist asked the question generally 
to us and we were not able to give the answer because the 
specialist wanted the answer from the medical students” 
(S14) 

We report the reflections of pharmacy students’ 
from a pilot IPL activity involving pharmacy, 
medical, and nursing students in their third, fifth, 
and second year of the respective programme. In 
our study, the five themes that emerged from the 
reflective diaries of pharmacy students were: 1) 
Professional development and interdisciplinary 
skills, 2) Favourable interprofessional engagement, 
3) Roles identification and development, and 4) 
Operational flaws in IPL implementation. 

For the theme of Professional Development 
and Interdisciplinary skills, students highlighted 
the need for improving their overall interactions 
with both health care professionals, patients, as well 
as their fellow students from other disciplines. This 
component was identified as crucial to obtain new 
skills and knowledge from other disciplines during 
clinical ward rounds and integrating them into their 
own to provide the best services to patients. The 
ability to realise self-insufficiency through 
engagement with other disciplines towards 
achieving the treatment goal for patients indicated 
the involvement of metacognitive skills that 
developed from IPL. This outcome is vital to 
empowering lifelong learners. Students with  
metacognition skills possess the ability to monitor 
and regulate reasoning, comprehension, and 
problem-solving (Medina, Castleberry & Persky, 
2017). A previous study has reported that simulated 
IPL improved the efficiency of pharmacy students 
in working with other healthcare professionals 
through communicating and prioritising tasks 
(Hamilton et al., 2021). It has also been highlighted 
that cultural competency through conceptualised 
knowledge-based, skill-based, and behaviour-based 
components could be developed from IPL (Jarrar et 
al., 2024). However, these outcomes have not been 
assessed in our pilot study. It is important that 

future studies investigate these components to 
improve students’ competencies through IPL 
activities. Nevertheless, the pilot IPL was beneficial 
in exposing pharmacy students to these learning 
components directly and indirectly. 

Another theme that emerged from the 
reflective diaries was Favourable Interprofessional 
Engagement. Pharmacy students perceived the 
positive experiences with the patient, health 
professionals, instructors, and students. The 
discussion of medical jargon used in case 
discussion, pleasant responses from the patient, and 
the effort of instructors to engage with all students 
from different disciplines have been reported. 
Favourable experiential learning from IPL is a 
positive outcome that may indicate readiness for full 
implementation of IPL provided the feedback is 
addressed appropriately. Our study did not 
compare the responses between students from other 
disciplines and solely focused on pharmacy 
students’ views. It is also important to investigate 
the differences, associations, and correlation of 
factors influencing IPL activity among students of 
different disciplines to ensure the effectiveness of 
shared learning. For example, the readiness for 
shared learning was identified as high among 
female students, those with advanced degrees, and 
those with healthcare experience prior to enrolment 
in health professional school, whereas nursing 
students scored significantly higher than physician 
associates and medical students (Talwalkar et al., 
2016). In New Zealand, significant differences were 
reported between final-year pharmacy, medical, 
and nursing students’ responses regarding the 
prioritisation of care, systematic assessment of 
patients, and communication strategies although 
pharmacy students had less favourable responses 
regarding the IPL experience than medical and 
nursing students (Curley et al., 2019). The positive 
experiences of students of different health 
professions are crucial to providing conducive IPL 
engagement and achieving its objective. 

For the theme Roles Identification and 
Development, students discovered that other 
professions practice differently in patient care, and 
they understood the process and its importance. 
This indicates the ability to recognise the respective 
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role and responsibility which is important to 
function as a health care team. In our study, students 
noticed their role as pharmacists to complement the 
history taking to support the medical students and 
practitioners who need to focus on other 
components in patient management. They also had 
to initiate searching for new information to answer 
the questions or support the clinical team. It was 
common that pharmacy students reported feeling 
underprepared for and underutilised during patient 
care scenarios (Curley et al., 2019). The principle of 
adult learning is applicable in IPL activities 
involving learning from others in the groups as well 
as from others (Black, Balatti & Falk, 2013). This 
concept is holistic to IPL which involves patients, 
health care practitioners, education instructors, and 
students that promote the development of unique 
contextual strategies that benefit students learning. 

The theme of Operational Flaws in IPL 
Implementation revealed that there was ambiguity 
in terms of understanding IPL purposes and 
processes, which led to limited interaction between 
professionals, students, and patients on certain 
occasions. This aspect has commonly been reported 
in the early implementation of IPL. For example, 
the limited understanding of health professionals’ 
roles may constrain the effectiveness of IPL 
interventions delivered in allied health programmes 
(Olson & Bialocerkowski, 2014). In this respect, 
the development and delivery of IPL through 
educator mechanisms and curricular mechanisms 
should address the practice and clarify the role of 
students, health educators, and other staff involved 
in the setting. The former should include 
components such as academic staff training, 
institutional support, managerial commitment, and 
learning outcomes, whereas the latter involves 
logistics and scheduling, programme content, 
compulsory attendance, shared objectives, adult 
learning principles, and contextual learning 
(Gilbert, Yan & Hoffman, 2010). The development of 
detailed guidelines and simulations may assist the 
students and staff to achieve the IPL objectives by 
improving interaction and equity between 
professions.  An understanding of the complexities 
of these processes, however, would improve 
attitudes towards interprofessional interaction and 

teamwork in clinical settings (Olson & 
Bialocerkowski, 2014). Additionally, the role of 
instructors in IPL activities is important and could 
be enhanced by intentional questioning, modelling 
techniques, and reflection (Medina, Castleberry & 
Persky, 2017). Undeniably, the mix and power 
dynamics across health professions during IPL 
activity may also be significant. For example, 
physiotherapy and medical students were described 
as dominant within patient scenario activities, 
undermining IPL effectiveness (Olson & 
Bialocerkowski, 2014). Also, a single IPL activity 
carried out in a dentistry clinic mostly concentrated 
on role clarification and seemed to have little impact 
on other collaborative learning outcomes (Dresser et 
al., 2021). Alternatively, innovative IPL activity 
using a team-based learning format was effective in 
addressing students’ knowledge and attitudes 
focusing on the roles and responsibilities (Wheeler 
et. al., 2019). A variety of strategies should be 
adopted and evolved to improve IPL effectiveness 
across disciplines that are unique to each clinical 
setting. 

Internationally, the scope of practice of health 
professions differs considerably and thus local 
practice assessments must be considered in 
improving IPL implementation.  It has also 
suggested that the maturity (age) of the participants, 
or perceived power imbalances between professions 
and other factors be considered when planning, 
delivering, and evaluating a programme (Olson & 
Bialocerkowski, 2014). While undergraduate 
students of different health professions need to be 
trained to work in multidisciplinary teams, it is 
important to implement IPL unique to the setting to 
allow effective university-based IPL methods that 
are valid for local practice. In the US, the IPL was 
embedded in the Introductory Pharmacy Practice 
Experience (IPPE) in the earlier years (first and 
second year), whereas the Advanced Pharmacy 
Practice Experiences (APPEs) were included in the 
latter years of the programme in most colleges and 
schools using both subjective and objective 
measures to assess students’ competencies and 
curriculum improvement (Jones et al., 2012). 
Nevertheless, IPL models used in different contexts 
(courses/curricula, settings, demographics) should 
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not be assumed to be transferable into other 
contexts, due to the complexity of health professions 
differences, variation in service delivery models, 
and pedagogical approaches to education (Olson & 
Bialocerkowski, 2014). Therefore, it is important to 
explore the unique issues underlying each setting to 
identify tailored strategies for improvement. 

This study has a limitation in that a sample size 
of 21 students is small compared to the class size of 
113 students and, accordingly, the findings are not 
generalisable to the whole class. Nevertheless, only 
28 students were involved with pilot IPL activities 
considering the available resources and thus 
representative of the cohort involved. The findings 
provide the grounds for addressing IPL 
implementation among pharmacy students in our 
setting. These data will assist in adapting the 
intervention to suit the local context and demands 
to correlate with the need to improve curriculum 
structure. Nonetheless, since the diary was required 
to be written at the end of the IPL activities, there 
was a possibility of potential recall bias. Future 
studies may consider the diary to be written on the 
day of IPL activities to improve the findings. We 
also acknowledge that medical and nursing 
students involved in the IPL activities were not 
included in the present study, because their 
inclusion might alter the findings and discussion 
which aimed to explore pharmacy students’ 
perspective. We did not conduct data triangulation 
with students after finalising the themes, and this 
could be improved in the future. 

 

 

 

 

 

 

 

 

 

 

Table 1: Themes and codes identified by thematic 
analysis. 

Themes Codes 

Professional 
development and 
interdisciplinary 
skills 

• Reflection on areas for 
improvement 

• Acquisition of new 
knowledge 

• Recognition of 
communication skills 

Favourable 
interprofessional 
engagement 

• Positive interaction 
with professionals 

• Positive interaction 
with students of other 
profession 

• Positive patient 
interaction 

Roles 
identification and 
development 

• Observation of practice 
by other professions 

• Recognition of 
responsibility  

• Sharing of knowledge 
Operational 
flaws in IPL 
implementation 

• Lack of understanding 
on IPL purpose and 
process 

• Lack of 
interprofessional 
interaction 

• Lack of patient 
interaction 
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Conclusion  
Pharmacy students benefited from the pilot IPL by 
learning professional and interdisciplinary skills, 
interprofessional engagement, identifying their 
roles in IPL, and identifying operational flaws that 
could be improved for future implementation. They 
developed metacognitive skills during 
interprofessional experiences with other students, 
healthcare professionals, and patients. Future 
studies may explore continuous assessments of IPL 
components to ensure effectiveness in patient-
centred care. 
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Abstract  

Introduction: Hypertension and its complications are massive global health issues.  
Major limitations in hypertensive patients’ treatment include suboptimal blood 
pressure control and nonadherence to medication. The popularity of telemedicine 
has risen in recent years. Mobile phone applications intervention in particular, 
provides features including medication-taking, refilling reminders, and biometric 
results tracker resulting in better health outcomes and improved medication 
adherence. This review aims to assess the effectiveness of mobile application in 
improving adherence in hypertensive patients. Methods: PubMed, Scopus, and 
Cochrane Library were searched with filters applied for studies published between 
2013 and 2023 and content published in English with the keywords; telemedicine, 
mobile apps, medication adherence, and hypertension. These keywords were joined 
using Boolean operators for an effective search. The Preferred Reporting Items for 
Systematic Reviews and Meta-Analysis Statement was followed for this systematic 
review. The Mixed Method Appraisal Tool was used to assess the quality of the 
included studies. The data was extracted by the authors and validated by another 
for accuracy and completeness. Results: Twelve studies ranging from moderate to 
high quality were included in this review. A total of 10 studies showed a statistically 
significant improvement (p < 0.001) in medication adherence with mobile apps 
intervention. The combined apps features from the mobile apps empower patients 
to be more adherent, involved and informed about their treatment progress. 
Conclusion: Hypertensive patients’ medication adherence improved with mobile 
apps intervention. However, the heterogeneity of adherence measurement methods 
and apps functionality in the included studies calls for further studies to determine 
the effectiveness of specific mobile apps feature as well as the standardisation of the 
adherence measurement method used.

Article history:  
 
Received: 18 February 2024 
Accepted: 30 December 2024 
Published: 31 January 2025 
 
 
Keywords:  
 
Telemedicine  
Hypertension 
Mobile Apps  
 
 
doi: 10.31436/jop.v5i1.286 
 
 
 
 



Page 116      

 

Introduction 

Hypertension, also known as high blood 
pressure (BP), and its related complications stand as 
prominent contributors to both morbidity and 
mortality. (Mills et al., 2017). Among the major 
problems in managing hypertensive patients 
include suboptimal blood pressure control and poor 
treatment adherence. Despite the availability and 
access to effective and safe medication, at least half 
of hypertensive patients fail to achieve their target 
blood pressure goals (Michalakeas et al., 2020).  

Telemedicine is a form of supplement effort to 
achieve health objectives using wireless 
technologies such as mobile phones (Beleigoli et al., 
2019). Given lower costs and greater patient 
engagement, telemedicine interventions such as 
mobile phone applications and wireless devices 
have been introduced for chronic disease 
management, including hypertension. (Morrissey et 
al., 2018). As effective management of hypertension 
is crucial for preventing cardiovascular disease, all 
possible tools should be used to help achieve target 
blood pressure levels, both for individuals and the 
population as a whole. This includes leveraging 
mobile phones, smartphones, and their various 
applications as approximately 85% of the world’s 
population has mobile phone coverage (Cowie et al., 
2016). 

To address nonadherence, a few of the mobile 
applications’ functions include medication-taking 
reminder, refilling reminders and biometric results 
trackers (Kumar et al., 2015). Recent studies 
regarding mobile applications intervention in 
managing hypertension and medication adherence 
improvement were found to have positive impacts 
(Ma et al., 2019). However, outcomes are 
inconsistent, with some studies showing no 
significant impact on blood pressure control despite 
better adherence (Moore, Neher et al. 2011, Rupert 
and Mounsey 2022). Factors influencing 
effectiveness include patient motivation, ease of use, 
and health literacy. These apps are particularly 
relevant for hypertension management due to the 
chronic nature of the condition, the need for remote 
monitoring, and the ability to provide personalized 

care plans. 

Despite these advancements, there is a lack of 
systematic review evaluating the effectiveness of 
mobile applications intervention and the adherence 
measurement methods used. This paper aims to 
bridge the gaps in the existing literature, 
highlighting the potential of mobile apps in 
managing hypertension and improving patient 
outcomes. 

Methodology 

The Preferred Reporting Items for Systematic 
Reviews and Meta Analyses Protocols (PRISMA-P) 
was followed for this systematic review.  

Elig ibility criteria  

Study Design: Both randomised and non-
randomised control trial studies related to mobile 
applications intervention impact on the medication 
adherence in hypertensive patients were included in 
this paper. 

Inclusion and exclusion criteria  

The research focused on articles reporting studies 
about hypertensive patients of above 18 years and 
older, with mobile application intervention for 
medication adherence. Only full-text studies in 
English from 2013 to 2023 are included, excluding 
other types of telemedicine interventions.  

Information Sources 

The principal source of literature is from electronic 
bibliographic databases using a comprehensive 
search strategy via PubMed, Scopus, and Cochrane 
Library. 

Search Strategy 

The search strategy is developed to target three key 
domains: Medication Adherence, Hypertension, 
and Telemedicine. To ensure the search strategy 
used is effective, these three domains were joined 
together using the Boolean operator “AND” while 
the groups of keywords were joined with the 
Boolean operator “OR”. The group of keywords for 
the domains are, (1) Medication Adherence; “Patient 
Compliance”, “Drug Adherence”, “Drug 
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Compliance”, "Medication Noncompliance”, 
“Medication Nonadherence”, “Medication 
Compliance”, “Patient Adherence”, “Treatment 
Compliance”, “Therapeutic Compliance”, (2) 
Hypertension; “High Blood Pressure”, 
“Hypertensive Patients”, “Elevated Blood 
Pressure”, and (3) Telemedicine; “Mobile Health”, 
“mHealth”, “Telehealth”, “eHealth”, “mobile 
applications”, “mobile application”, “mobile apps” 
and “mobile app”. 

Data management 

All citations of the selected literature and the 
duplicate records were managed using Mendeley. 

Selection process 

Two authors conducted the screening process based 
on the inclusion and exclusion criteria. The selected 
articles were then downloaded in full text for 
inclusion in the systematic review. HN, HA initially 
evaluated the titles and abstracts by enlisting the 
search results using Microsoft Excel to exclude 
irrelevant studies. Following this, HN, HA and AR 
examined the full-text articles of the remaining 
studies based on the eligibility criteria. Discourse 
between the authors was done to reach a consensus 
on which articles be included in the paper.   

Quality assessment 

Two authors independently conducted a quality 
assessment of the chosen journals, engaging in 
discussions to achieve consensus. The evaluation of 
bias risk adhered to the guidelines outlined in the 
Mixed Methods Appraisal Tool (MMAT) version 
2018. This tool can appraise quantitative non-
randomised and randomised controlled trials by 
assessing five criteria for methodological quality. 

Three response options "Yes," "No," and "Can't 
tell" (see Appendix) were used to indicate whether 
the criteria are fulfilled, not met, or if there is 
insufficient information in the paper. "Yes" 
responses to ≤2, 3, and ≥4 of the questions were 
classified as low, moderate and high quality 
respectively. An overall summary was created 
utilising Risk-of-Bias Visualisation (robvis) 
(McGuinness & Higgins, 2021).  

 

Data extraction 

HN and AR independently carried out data 
extraction, covering study characteristics and 
outcomes of interest. HA validated the extracted 
data for accuracy and completeness, ensuring the 
absence of errors or crucial omissions during the 
extraction. The data were then tabulated covering 
author, year of publication, location and duration of 
the study, study design; sample size and mobile 
application used, adherence measurement method 
and the outcomes. 

Results 

Search result and study selection 

A total of 523 articles were found from the database 
search, as depicted in Fig. 1. Following the removal 
of 229 duplicates, 294 records underwent screening 
based on titles and abstracts. Fifty-three studies 
were not retrieved for reasons outlined in Fig. 1, and 
77 were actively sought through manual searching. 
Subsequently, 24 articles underwent further 
assessment for eligibility, with 12 articles ultimately 
selected following the eligibility criteria. Twelve 
articles not included were due to unavailability of 
full text (n=6) and lack of primary results on any 
relevant outcome (n=6). 

Risk of bias and quality assessment 

All the studies incorporated in the analysis 
exhibited moderate to high quality, and the majority 
demonstrated a low risk of bias, as depicted in 
Tables 1 and 2. 

Characteristics and design of included studies  

Table 3 provides an overview of the characteristics 
of the studies incorporated in this analysis. All 
studies were published within the past decade from 
2013 to 2023. The research was conducted in seven 
different countries, with almost half of the studies 
reporting data from the USA (Chandler et al., 2019; 
Morawski et al., 2018; Patel et al., 2013; Persell et al., 
2020; Zha et al., 2020). Five studies originated from 
Palestine (Abu-El-Noor et al., 2021), Brazil (Volpi et 
al., 2021), Georgia (Manigault et al., 2020), 
Kazakhstan (Nurakysh et al., 2022) and Spain 
(Márquez Contreras et al., 2019), respectively and 
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Fig. 1: Article Review Process  

 
  

*DM: diabetes mellitus; HF: heart failure; AF: atrial fibrillation 
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Table 1: Risk of bias for RCT 

 

Table 2: Risk of bias for non-RCT 
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two studies were conducted in China (Gong et al., 
2020; Xing et al., 2023). All but three studies are 
randomised controlled trials. 
 Participant Characteristics 

The collective sample size of the studies involved 
8,154 individuals diagnosed with hypertension, 
ranging from 30 to 5,937 participants in a study. 
Participants’ mean age ranged from 44 (Manigault 
et al., 2020) to 62 years (Nurakysh et al., 2022). Six 
studies included the participants’ educational 
backgrounds ranging from high school graduates or 
lesser to college graduates or more. 

Medication Adherence Assessments 

Table 3 illustrates the variability in adherence 
measures across the studies. The majority used 
questionnaires, such as Morisky Medication 
Adherence Scale (Chandler et al., 2019b; Gong et al., 
2020; Morawski et al., 2018; Patel et al., 2013), 
Lebanese Medication Adherence Scale (Nurakysh et 
al., 2022), Patient Medication Adherence 
Questionnaire (Persell et al., 2020), Martín-Bayarre-
Grau Questionnaire (Volpi et al., 2021), Hill-Bone 
Compliance to High Blood Pressure Therapy Scale 
(Abu-El-Noor et al., 2021) and Medication 
Adherence Self-efficacy Scale (Zha et al., 2020). 
Other methods include Medication Event 
Monitoring System (Márquez Contreras et al., 2019), 
refill history (Manigault et al., 2020) and random 
forest algorithm (Xing et al., 2023). 

Effects on Medication Adherence and Clinical 
Outcomes 

Ten studies demonstrated a statistically significant 
enhancement in medication adherence within the 
intervention group (Abu-El-Noor et al., 2021; 
Chandler et al., 2019; Gong et al., 2020; Márquez 
Contreras et al., 2019; Morawski et al., 2018; 
Nurakysh et al., 2022; Patel et al., 2013; Volpi et al., 
2021; Xing et al., 2023; Zha et al., 2020). However, 
there was a notable high level of methodological 
heterogeneity, as different adherence assessment 
methods and study durations varied among the 
studies. Of the nine trials that evaluated health-
related outcomes, specifically blood pressure 

readings (both systolic and diastolic), seven 
reported significant results, indicating an overall 
improvement with the intervention in blood 
pressure control (Chandler et al., 2019; Gong et al., 
2020; Márquez Contreras et al., 2019; Morawski et 
al., 2018; Patel et al., 2013; Xing et al., 2023; Zha et al., 
2020). 

Characteristics of Mobile App 

Table 4 outlines the features of the mobile 
applications employed. All apps features promote 
medication adherence as their primary function, 
through medication reminders, blood pressure 
tracker, patient education and reminders for 
appointments and refills. Patients’ adherence data 
and BP readings were stored on the cloud storage as 
health records for ease of access to associated 
healthcare providers (Gong et al., 2020; Volpi et al., 
2021; Xing et al., 2023; Zha et al., 2020). Six studies 
had healthcare providers interactive features on the 
mobile apps interface (Abu-El-Noor et al., 2021; 
Gong et al., 2020; Manigault et al., 2020; Márquez 
Contreras et al., 2019; Volpi et al., 2021; Xing et al., 
2023). 

Discussion  

Hypertension continues to pose a global public 
health challenge, impacting an estimated 80 million 
adults in the USA and exhibiting a high prevalence 
in Asia over the past decade (Kim et al., 2016; 
Mahmood et al., 2021). Following the use of mobile 
applications to curb this challenge, this review 
compiles the current literature, highlighting 12 
studies from the past decade (2013–2023), to 
examine the impact of mobile application 
interventions on medication adherence. 

A preferable approach to monitor adherence 
should be dependable, feasible, straightforward, 
and reasonably cost-effective. As such, no single 
method fulfils all these criteria, as each type of drug 
adherence measurement has advantages and 
disadvantages (Hamdidouche et al., 2017). 
Although questionnaires are easy to administer, 
they often suffer from inaccuracy attributable to 
patients' behavioural biases. Regardless, its use is 
effective in large populations and allows clinicians 
to further counsel patients based on the  
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Table 3: Characteristics of included studies 
 

Study (Country, 
study setting, 
duration, mobile 
app) 

Participants’ 
characteristics 

Intervention group  
(mobile apps features) 

Control 
group 

Method of 
adherence 
measurement 

Main outcomes (significance) 
Medication 
Adherence  

BP measurement 
(mmHg) 

Patel et al. (2013) 
USA 
Pilot study 
3-month 
Pill Phone App 

Mean age: 53 
 
Gender 
Male: 31% 
Female: 69% 
 
Race  
African-American: 96% 
 
Education  
General education: 79% 
College graduate: 17% 
 
N = 48 

- Dose reminder 
- Pill-taking history record 
- Dose intake verification 
- Potential side effects and 

drug interactions 
information 

Usual 
care 
 
 
 
 
 
 
 

MMAS-8 
 
 

Baseline= 2.0 
Post= 3.2 
p <0.001 
 

Baseline: 144/89 
Post: 135/85 
p = 0.006 
 
 
 
 
 
 

Morawski et al. 
(2018) 
USA 
RCT 
3-month 
MedISAFE-BP 

Mean age: 52  
 
Gender 
Female: 60% 
 
Race  
White: 71.3% 
Black: 20.6% 
Other: 8.1% 
 
 
 

- Dose reminder 
- Drug interaction checker 
- BP tracker 

Usual 
care 

MMAS-8 IG: 6.3 
CG: 5.7 
p=0.001 

SBP  
IG: 140.8 
CG: 141.2 
p= 0.97 
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Study (Country, 
study setting, 
duration, mobile 
app) 

Participants’ 
characteristics 

Intervention group  
(mobile apps features) 

Control 
group 

Method of 
adherence 
measurement 

Main outcomes (significance) 
Medication 
Adherence  

BP measurement 
(mmHg) 

Education 
High school or less: 14% 
College grad: 86% 
 
N = 411 

Chandler et al. (2019) 
USA 
RCT 
9-month 
SMASH App 
 

Mean age: 
IG: 44.4 ± 7.2 
CG: 46.8 ± 8.1 
 
Education  
High school or less: 71% 
Partial college grad: 29% 
 
Gender 
Male: 61% 
 
Race: Hispanic 
 
N = 54 

- BP progress log 
- Daily dose reminder 

Usual 
care  
 

MMAS-8 IG: 9.81 ± 1.31 
CG: 6.84 ± 1.52 
p<0.001 

SBP 
IG: 121.8 
CG: 145.7 
p < 0.01 

Gong et al. (2020) 
China 
RCT 
6-month 
Yan Fu app 

Mean age: 
IG: 58.20±7.479 
CG: 59.27±7.439 
 
 
 

- BP tracker 
- Medicine and exercise 

reminder 
- BP limit alarms 
- Remote consultations 

with GP 

Usual 
care 

MMAS-8 IG: 3.5% 
CG: 1.83% 
p= 0.004 

SBP 
IG: 131.52  
CG: 135.27  
p< 0.05 
 
DBP 
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Study (Country, 
study setting, 
duration, mobile 
app) 

Participants’ 
characteristics 

Intervention group  
(mobile apps features) 

Control 
group 

Method of 
adherence 
measurement 

Main outcomes (significance) 
Medication 
Adherence  

BP measurement 
(mmHg) 

Gender 
Male: 53% 
 
N = 480 

- One-click emergency call IG: 76.86  
CG: 78.44  
p< 0.05 
 

Márquez Contreras 
et al. (2019) 
Spain 
RCT 
12-month 
ALERHTA 

Mean age: 57.5 ± 9.9. 
 
Gender 
Male: 47.9% 
Female: 52% 
  
N = 154 

- BP goals  
- Doctor's advice recorder 
- Appointments reminder 
- BP tracker 

Usual 
care 
 

MEMS IG: 89.4 % 
CG: 81.31% 
p <0.01 

SBP 
IG: 132.2 ± 12 
CG: 134.4 ± 11 
p < 0.001 
 
DBP 
IG: 78.5 ± 7 
CG: 81.4 ± 9 
p < 0.01 

Zha et al. (2020) 
USA 
RCT 
6-month 
iHealth MyVitals 

Mean age:  
IG: 48.9 ± 8.0 
CG: 55.5 ± 5.20 
 
Gender 
Female: 83% 
 
Race 
Black: 99% 
White: 1% 
 
N = 30 

- BP tracker 
- Instant feedback feature 
- BP data cloud storage 

Usual 
care 
 
 
 

MASES IG: 69.17 ± 7.77 
CG: 61.00 ± 13.08 
p = 0.06 

SBP 
IG: 137.38 ± 4.86 
p < 0.05. 
CG: 140.88 ± 5.01 
p = 0.17 
 
DBP 
IG: 88.08 ± 7.45 
CG: 88.10 ± 9.41 
p = 0.6  
 



Page 124  

    

124 
 

Study (Country, 
study setting, 
duration, mobile 
app) 

Participants’ 
characteristics 

Intervention group  
(mobile apps features) 

Control 
group 

Method of 
adherence 
measurement 

Main outcomes (significance) 
Medication 
Adherence  

BP measurement 
(mmHg) 

Abu-El-Noor et al. 
(2021) 
Palestine 
RCT 
3-month 
Self-developed 

Mean age:  
IG: 55.4 ±10.9 
CG: 57.5 ±11.9 
 
Gender: 
Male: 36.1% 
Female 63.9% 
 
Education  
High school or less: 86% 
Partial college grad: 14% 
 
N = 191 

- Dose and follow-up 
appointment reminders 

- Daily education short 
messages 

- BP tracker 
- Short instruction video  

Usual 
care 

Hill–Bone 
CHBPTS 

IG: 11.73 
CG: 13.98 
p< 0.01 

Not mentioned 

Manigault et al. 
(2020) 
Georgia 
RCT 
3-month 
BP-n-Me App 

Mean age: 
IG: 44.4 ± 7.2 
CG: 46.8 ± 8.1 
 
Gender 
Male: 59% 
 
Race 
African-American: 38% 
Caucasian: 47% 
Other: 15% 
 
N = 78 

- Daily dose reminder 
- “Call your Pharmacy” 

button  
- BP tracker 
- Health tips tailored to 

patient’s lifestyle  

Usual 
care  

Refill history 
 

IG: 0.20   
CG: 0.20  
p = 0.83 

SBP 
IG: 128  
CG: 141 
p = .001 
 
 
DBP 
IG: 78 
p = 0.009 
CG: 79 
p= .0004 
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Study (Country, 
study setting, 
duration, mobile 
app) 

Participants’ 
characteristics 

Intervention group  
(mobile apps features) 

Control 
group 

Method of 
adherence 
measurement 

Main outcomes (significance) 
Medication 
Adherence  

BP measurement 
(mmHg) 

Persell et al. (2020) 
USA 
RCT 
6-month 
HBPM 

Mean age: 59.6 ± 12.4 
 
Gender 
Female: 61.3% 
 
Race 
Asian: 5.9% 
Black: 30.7% 
White: 52.3% 
Other: 11.1% 
 
Education  
High school or less: 9% 
Partial college grad: 91% 
 
N = 297 
 

- Daily dose reminder 
- Adherence checker 

Usual 
care 

PMAQ Baseline (78.7)  
Result (80.6) 
p=0.99 
 
 

SBP 
Result:132.3 ± 15.0 
Baseline:  
140.6 ± 12.2 
p = 0.16 
 
DBP 
Result: 85.1 ± 9.6 
Baseline: 89.4 ± 8.7  
p=0.61 

Volpi et al. (2021) 
Brazil 
Non RCT 
3-month 
Self-developed 

Mean age:  
IG: 57.2 ± 7.1 
CG: 60.4 ± 10.4 
 
Gender 
Female: 40% 
Male: 60% 
 
 
 
 

- BP and BMI record 
- Risk assessment  
- Recommendations, alerts, 

and medication 
reminders  

- Cloud storage for remote 
healthcare monitoring. 

Usual 
care 

MBGQ IG:92% adherent, 
8% partially 
adherent 
(p < 0.001). 
 
CG: remained 
virtually the same 
(p ≥ 0.999). 

Not mentioned 
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Study (Country, 
study setting, 
duration, mobile 
app) 

Participants’ 
characteristics 

Intervention group  
(mobile apps features) 

Control 
group 

Method of 
adherence 
measurement 

Main outcomes (significance) 
Medication 
Adherence  

BP measurement 
(mmHg) 

Education   
High school or less: 84% 
College grad: 16% 
 
N = 49 

Nurakysh et al. 
(2022) 
Kazakhstan 
RCT 
12-month 
MyTherapy 

Mean age: 62.4 ± 3.9 
 
Gender 
Female: 29.9% 
Male: 70.1% 
 
N = 425 
 

- Customisable medication 
intake schedule 

- Tutorial video and text 
 

Usual 
care  

 LMAS-14 IG: 40.3 ± 1.3  
CG: 33.6 ± 1.9 
p ≤ 0.001 

 Not mentioned 
 

Xing et al. (2023) 
China 
Cohort study 
Jan 2014 to December 
2021. 
Self-developed 

Mean age: 66.2±10.8 
 
Gender 
Male: 47.6% 
Female: 52.4%% 
 
N = 5937 
 

- Medical record BP level 
and body weight 

- Interactive family doctor 
feature 

Usual 
care 

Random forest 
algorithm 

IG: 85.8 
p<0.001) 

p<0.001 

RCT: Randomised controlled trial; IG: Intervention Group; CG: Control Group; Hill–Bone CHBPTS: Hill-Bone Compliance to High Blood Pressure Therapy 
Scale; MMAS-8: 8-item Morisky Medication Adherence Scale; LMAS-14: 14-item Lebanese Medication Adherence Scale; PMAQ: Patient Medication Adherence 
Questionnaire; MBGQ: Martín-Bayarre-Grau Questionnaire; MASES: Medication Adherence Self-Efficacy Scale; MEMS: Medication event monitoring systems; 
SBP: Systolic blood pressure; DBP: Diastolic blood pressure   
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questionnaires (Pandey et al., 2015). Employing an 
electronic monitoring approach, enhances 
participants' awareness of their involvement in a 
study, potentially influencing adherence behaviour 
(Márquez Contreras et al., 2019). 

The assessment of refill history involved a 
prospective examination of patients' 
antihypertensive medication refill records and 
electronic health records. While this method 
assumes possession of the medication by the patient, 
it does not necessarily guarantee actual drug intake 
(Hamdidouche et al., 2017). The usage of models 
such as the random forest algorithm performed the 
best in terms of classification accuracy in medication 
adherence measurements. Nevertheless, the 
specificity of the algorithm in question would need 
careful investigation to avoid overprediction of 
medication nonadherence, consequently wasting 
resources for preventative measures (Bohlmann et 
al., 2021). 

The utilised mobile apps exhibited varied 
functionality, incorporating reminders, educational 
features, or a combination of both, to enhance 
medication adherence. While the combined features 
facilitate the patients toward adherence, it is 
impractical to attribute the effectiveness of specific 
apps components or characteristics from these 
interventions. The use of reminders primarily 
targets individuals who unintentionally forget to 
take their medication, aiming to address 
"unintentional nonadherence."  

Five studies found that education level did not 
affect the outcomes as the majority of the 
participants were high school graduates or of lesser 
education background (Abu-El-Noor et al., 2021; 
Chandler et al., 2019; Morawski et al., 2018; Patel et 
al., 2013; Volpi et al., 2021). One study consisted of 
participants from higher education background but 
had no significant difference in the outcomes (p> 
0.05) (Persell et al., 2020). This finding shows that 
participants’ adoption and e-skills literacy in using 
mobile apps are effective irrespective of their 
literacy levels.   

This review indicated that the engagement of 
healthcare providers (HCPs) in-apps interventions 
for hypertension care primarily included physicians 
(Abu-El-Noor et al., 2021; Gong et al., 2020; Márquez 
Contreras et al., 2019; Volpi et al., 2021; Xing et al., 
2023), with one trial reporting pharmacist 
involvement (Manigault et al., 2020). The lesser 
involvement of pharmacists in the studies is 
unexpected as pharmacists’ roles in clinical patient-

facing within primary care are evolving and 
widening due to their effectiveness in hypertension 
management and improvement in hypertensive 
patients’ medication adherence (Khaira et al., 2020). 
Incorporating HCPs alongside the concurrent use of 
apps in interventions demands careful 
consideration, as it could potentially lead to an 
escalation in HCP workload. However, there is 
inadequate information to determine whether the 
associated involvement costs outweigh the 
observed benefits. Although all applications with 
HCP involvement demonstrated improvement in 
medication adherence, no cost-benefit analysis was 
done. 

Strengths and Limitations  

This systematic review provides insight into 
mobile apps interventions’ effects on medication 
adherence in hypertensive patients. It was con-
ducted following an extensive literature search, em-
ploying MeSH terms and a consistent eligibility cri-
terion to enhance the likelihood of identifying all 
pertinent studies. The inclusion of both randomised 
controlled trials (RCTs) and non-RCTs is 
noteworthy, and despite study quality not being a 
basis for exclusion, all included studies were 
moderate to high quality. This suggests that the re-
view encompassed the most reliable evidence 
available on the subject. 

The inclusion of English language publications 
only, may lead to the exclusion of other language 
studies with relevant information. Additionally, the 
conclusions in this review are drawn from a limited 
dataset of only 12 studies. The heterogeneity in trial 
methodologies, apps, and adherence assessment 
methods made it impractical to calculate precise 
adherence rates and assess the efficacy of individual 
components' functionality in mobile apps. Despite 
the limitations, adhering to established guidelines 
for synthesis afforded us the optimal chance to 
derive meaningful insights from the available 
literature. Consequently, this review offers valuable 
perspectives that can contribute to the enhancement 
of hypertension care and management. 

Conclusion 

Mobile apps intervention enhanced medication 
adherence in hypertensive patients. However, the 
impact of specific apps intervention features and 
their effectiveness remains uncertain, which calls for 
in-depth analysis of the features involved. Further 
research is required to investigate the involvement 
of HCPs in mobile apps interventions regarding 
cost-effectiveness. Lastly, it is recommended that 
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future studies adopt a standardised and validated 
approach for measuring medication adherence, 
facilitating the comparison of results. 
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Appendix A 

 

Table A1: Mixed Methods Appraisal Tool (MMAT), version 2018 

Category 
 of study designs 

Methodological quality criteria Responses 

Yes No Can't 
tell 

Quantitative 
randomised 
controlled  
trials  

Is randomisation appropriately performed?       

Are the groups comparable at baseline?       

Are there complete outcome data?       

Are outcome assessors blinded to the intervention provided?       

Did the participants adhere to the assigned intervention?       

Quantitative non-
randomised 

Are the participants representative of the target population?       

Are measurements appropriate regarding both the outcome and 
intervention? 

      

Are there complete outcome data?       

Are the confounders accounted for in the design and analysis?    

During the study period, is the intervention administered as intended?    

 

 



     

   _______    
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Abstract  

Introduction: Allergic rhinitis is a persistent inflammatory nasal condition triggered by 
an exaggerated immune response to allergens. Its primary complication is sinusitis 
which progresses to rhinosinusitis. Nigella Sativa known for its anti-inflammatory 
effects, has shown promising efficacy in treating rhinosinusitis. While various studies 
have reported Nigella Sativa's effects on rhinosinusitis, there is paucity in specifically 
addressing the optimal therapeutic dose and efficacy compared to conventional anti-
histamine or anti-allergic drugs. Thus, this study aims to systematically review the 
effects of Nigella Sativa on rhinosinusitis in both human and animal 
subjects. Method: This systematic review followed the guidelines of PRISMA. A 
systematic literature search was performed through searches in PubMed, Scopus, 
Cochrane Library, and Google Scholar, along with the application of the snowball 
technique. Two authors independently evaluated the identified articles at various 
stages, including title, abstract, and full text, against predefined eligibility criteria. The 
assessment of potential bias in the studies incorporated the Joanna Briggs Institute (JBI) 
checklist for critical appraisal of human studies and the Systematic Review Centre for 
Laboratory Animal Experimentation (SYRCLE) tool for assessing bias in animal studies. 
Results: Twelve studies were included in this study. Six studies were found to exhibit 
a low risk of bias, whereas three studies were categorized with a moderate risk of bias, 
and an additional three studies were identified as having a high risk of bias. Seven 
studies recorded significant symptom reduction while other studies showed better 
histological changes and chemical parameters compared with conventional medication. 
Conclusion: Nigella Sativa demonstrates anti-inflammatory, anti-histaminic, and 
antimicrobial properties, aiding in alleviating symptoms of allergic rhinitis and 
rhinosinusitis. 10 to 100 mg/kg/day Nigella Sativa is proposed to be considered as the 
optimum dose range as an alternative to conventional drugs such as montelukast, 
mometasone furoate, and dexamethasone due to its minimal side effects. 
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  Introduction 

Allergic rhinitis (AR) is a prevalent, persistent 
inflammatory condition affecting the nasal 
passages, triggered by an exaggerated immune 
system response to allergens. According to the 
International Consensus Statement on Allergy 
and Rhinology (ICAR) 2023, it is primarily 
associated with a type 1 hypersensitivity reaction 
mediated by immunoglobulin E (IgE) (Sarah et 
al., 2023). It happens when allergens, like dust 
mites or pollen, bind to the nasal mucosa, 
triggering an IgE response that swiftly releases 
histamine. This process leads to allergic rhinitis 
symptoms such as sneezing, nasal congestion, 
and rhinorrhoea (Mims, 2014). There are two 
classifications of AR: (1) seasonal AR, linked to 
outdoor allergens and (2) perennial AR, 
associated with year-round indoor allergens. 
Additionally, allergic rhinitis has two sub-
categories: (i) Intermittent AR, marked by 
symptoms less than four days per week or lasting 
less than four consecutive weeks and (ii) 
Persistent AR, characterized by symptoms 
occurring more than four days per week for at 
least one month (ICAR, 2023). The most common 
complication in AR is sinusitis, which is defined 
as inflammation of the paranasal sinuses caused 
by infection (Li et al., 2021). There are four 
classifications of sinusitis: (1) acute sinusitis, 
associated with the duration of symptoms 
between 10 days until less than 4 weeks, (2) sub-
acute sinusitis, linked with duration of symptoms 
between 4 and 12 weeks (3) chronic sinusitis, 
similar to asthma with duration more than 12 
weeks (Mahboubi, 2018) and (4) recurrent 
sinusitis, related to four or more episodes of 
sinusitis (Sharma et al., 2023). These two 
conditions often overlap which leads to 
rhinosinusitis (Helman et al., 2020). The existence 
of two or more primary symptoms such as 
blockage, drainage (anterior or posterior) and 
facial pain or pressure lasting for a minimum of 
12 weeks, are validated through sinus endoscopy 
or computed tomography (CT) scan (Vlaminck et 
al., 2021). 

  

AR affects 5 to 52% of the global population in 
2020 (Oliveira et al., 2020). These figures may be 
greater in places with high allergen levels such as 
thick vegetation and increased exposure to 
environmental triggers. The prevalence of AR in 
the United States in 2020 was approximately 10% 
to 30% of adults and up to 40% of children 
(Dykewicz et al., 2020).  It has become more 
common in several industrialised nations during 
the last few decades. The main causes of this rise 
are unknown, however, they might be ascribed to 
variables such as changes in environmental 
exposure, lifestyle, and urbanisation. In 
Singapore, the general prevalence of allergic 
rhinitis is estimated to range from 5.5% to 13%. 
Given the equatorial climate characterized by 
year-round warmth and humidity, persistent 
allergic rhinitis is the prevailing disease pattern 
(Liu et al., 2020). On the other hand, AR 
prevalence varied from 8.14 to 9.23% in the pre-
pandemic period and from 1.83 to 6.40% in the 
post-pandemic phase in Malaysia (Chew et al., 
2023). Malaysia's tropical setting and diverse 
plantations create a variety of allergens like 
pollen and mould spores, triggering allergic 
rhinitis symptoms in susceptible individuals. The 
increasing prevalence of this condition may also 
be influenced by lifestyle shifts and urbanisation 
(Chew et al., 2023). In Europe, passive smokers 
face a higher risk of allergic rhinitis compared to 
primary smokers, potentially worsening 
symptoms by heightening sensitivity to airborne 
allergens (Wu et al., 2021). On the other hand, 
rhinosinusitis affects 5% to 12% of the global 
population (Mullol et al., 2022) and 5% to 22% in 
the United States (Helman et al., 2020). In CPG 
Management of Rhinosinusitis in Adolescents 
and Adults (2016), it affects 8% in China and 2.7% 
in Singapore. 

Nigella Sativa (NS) known as black seed or black 
cumin, belongs to the Ranunculaceae family and 
is native to regions in the eastern Mediterranean, 
northern Africa, the Indian subcontinent, and 
Southwest Asia (Hannan et al., 2021). It is a 
herbaceous annual plant that produces seeds that 
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  are called black cumin or black seed, although, in 
old Latin, it was known as “Panacea” which 
means "cure-all", meanwhile in Arabic generally 
known as “Habbat-uL-Sauda”, or “Habbat el 
Baraka” which means ‘Seeds of blessings’ (Nyemb 
et al., 2022). The botanical characteristics of NS 
consist of flowers that exhibit grace, primarily in 
shades of white, yellow, pink, light blue, or 
lavender colour boasting 5-10 petals each. 
Moreover, the fruits manifest as sizable, inflated 
capsules housing abundant black coats and 
white-content seeds possessing both aromatic 
and bitter flavours (Nyemb et al., 2022). The long-
standing historical use of Nigella Sativa oil (NSO) 
and seeds in Indian and Arabic cultures spans 
various culinary and therapeutic applications. 
Traditionally, it has been employed to address 
conditions like asthma and hypertension, 
leveraging its potential health benefits including 
anti-inflammatory and immune-modulating 
properties, which could be beneficial in 
managing symptoms of allergic rhinitis 
(Mahboubi, 2018). The main bioactive compound 
in this plant is Thymoquinone (TQ) which 
exhibits anti-inflammatory effects and was found 
to be effective in suppressing histamine release 
from mast cells (Ikhsan et al., 2018). Meanwhile, 
it also demonstrated robust antimicrobial effects 
against both Gram-negative and Gram-positive 
bacteria, displaying minimum inhibitory 
concentration (MIC) values ranging from 8 to 512 
µg/ml (Mahboubi, 2018). This evidence suggests 
that the anti-inflammatory and antimicrobial 
properties may help alleviate nasal inflammation 
and symptoms associated with allergic rhinitis 
and rhinosinusitis.  

Currently, many strategies are being practised for 
managing allergic rhinitis patients, 
pharmacologically and non-pharmacologically. 
According to the Korean Academy of Asthma, 
Allergy and Clinical Immunology (KAAACI), the 
recommendation of AR pharmacotherapy: (1) 
intranasal corticosteroid (INCS)/intranasal 
antihistamine (INAH) combination therapy, (2) 
oral antihistamine/INCS combination therapy, 
(3) leukotriene receptor antagonist (Yang et al., 
2023). Besides, non-pharmacological 

interventions such as avoidance of triggers or 
allergens and environmental control.  

To date, many studies have been conducted 
using herbs in treating allergic rhinitis and 
rhinosinusitis. The most recent systematic review 
was done regarding herbal medicine in allergic 
rhinitis in the year 2021 however, the review 
includes all available herbs that have the 
potential to treat allergic rhinitis such as Zingiber 
Officinale, Psidium Guajava and Curcuma Longa 
(Koshak, 2021). Despite many studies being done 
on the effects of NS on rhinosinusitis, there is 
paucity in the systematic analysis between these 
studies to draw a firm conclusion on the effects of 
NS towards rhinosinusitis in terms of optimum 
therapeutic dose and efficacy compared to anti-
histamine or anti-allergic drugs. Moreover, many 
NS studies showed non-toxic properties and low 
side effects profile, especially on mast cells 
(Ikhsan et al., 2018). Hence, the current study was 
conducted to collect, systematically analyse and 
conclude the relevant studies on NS effects on 
rhinosinusitis in humans and animals. 

Methods 

Protocol  

The current systematic review adhered to the 
statement and overall principles outlined in the 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) (Page et al., 2021). 

Eligibility criteria  

This systematic review examined the effects of NS 
on treating the rhinosinusitis of human and animal 
subjects in terms of optimum therapeutic dose, 
efficacy and safety profile compared to anti-
histamine or anti-allergic drugs. 

Human model 

The study subjects were aged between 18 to 80 years 
and diagnosed with allergic rhinitis or sinusitis. 
According to the World Allergy Organization 
(WAO) 2023, the diagnosis of allergic rhinitis or 
sinusitis can be determined by the history which is 
the symptoms and the physical examination such as 
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  skin prick as a confirmatory test. The patients with 
the symptoms of allergic rhinitis such as sneezing, 
nasal congestion, rhinorrhoea and positive skin-
prick test will specify allergen triggers will be 
included in this review (Small et al., 2018). The study 
design included randomized controlled trials (RCT), 
cohort studies, case-control, case series and quasi-
experimental studies are also included in the 
systematic review. The comparator of the studies 
was pharmacological interventions such as 
leukotriene receptor antagonist (LTRA), and 
montelukast. Full-text original articles published 
from 2010 until 2023 in the English language were 
included. However, this systematic review excluded 
studies that involved pregnant or suspected 
pregnant women, smokers and alcohol drinkers. 

Animal model 

On the other hand, the animal inclusion involved in 
this review includes mammal models that consist of 
mice, rats and rabbits regardless of gender, age, 
species or strain. The comparator of the studies was 
pharmacological interventions such as 
corticosteroids: mometasone fuorate. Meanwhile, 
the exclusion criteria included of non-mammal 
models such as zebrafish, and mammal models that 
were diagnosed with multiple diseases such as 
allergic rhinitis with diabetes mellitus rats or 
diseases besides allergic rhinitis or sinusitis. 

Outcome 

The outcome in this review was allergic rhinitis 
symptoms reduction or resolvents such as sneezing, 
nasal congestion and rhinorrhoea including the 
safety profile of NS. Moreover, the histological 
changes or the changes in chemical parameters such 
as IgE levels, histamine levels and interleukin levels 
will be included in this systematic review. 

Search strategy  

Studies or articles were searched from four 
databases which include Scopus, Cochrane Library, 
PubMed, and Google Scholar. The search strategy 
included a combination of domain and sub-domain 
that were combined with Boolean operators “OR” 
and “AND”. Keywords within the same domain 
were connected using the Boolean operator “OR” 

while “AND” operator was used to connect 
keywords between other domains. The search terms 
included four main domains from the title of this 
study in alignment with the inclusion and exclusion 
criteria which were: (1) effects: list of all keywords 
that are synonyms to effect such as benefits and 
advantages; (2) NS and its associated terms; (3) 
allergic rhinitis: a term describing patients who have 
been diagnosed with AR or sinusitis or 
rhinosinusitis; and (4) subjects: human or animal 
models. The list of keywords that were used for each 
domain are listed in Table 1. Besides, the snowball 
technique which is a technique to search for articles 
from the reference list of articles retrieved from the 
databases, was also used to add more articles for 
selection. 

Table 1: The keywords used in search of articles from 
databases 

 
Study records 

Data management 

All identified studies from the search strategy 
were retrieved from the databases and kept in 
separate folders according to each database in the 
library of the Mendeley reference manager. There 
was a folder that placed all the identified articles 
for duplicate checking. Duplicate studies were 
removed from the folder. Subsequently, the 
remaining studies were exported as a BibTeX file 
and converted to an Excel file using a BibTeX 
format converter for the selection process. 

Study selection 

Two authors (MNM & MZA) independently 
examined the studies against predetermined 
eligibility criteria in the stages of title, abstract, 
and full-text study selection. None of the 

 
Keywords Effects Nigella Sativa Rhinosinusitis Subjects 
Synonym 1 Effect N. Sativa AR Animals Adults 
Synonym 2 Benefit NS Allergic patients Rats Human 

Synonym 3 Benefits Black seed Hay fever Experiment
al trial People 

Synonym 4 Positive 
effect Thymoquinone Sinusitis Preclinical 

trial Individuals 

Synonym 5 Positive 
effects Black cumin Allergic rhinitis Rabbits Clinical 

trial 

Synonym 6 Positive 
impact 

Habbatus 
Sauda - Mice - 

Synonym 7 Positive 
impacts 

Habbat-uL-
Sauda - Rodent - 

Synonym 8 Advantage - - - - 
Synonym 9 Advantages - - - - 
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  screening authors were blinded to any details of 
the studies. Two independent authors 
independently reviewed study titles and 
abstracts until convergence was reached. In 
instances of discrepancies, the two authors 
engaged in discussion, and if consensus was not 
reached, the disagreements were further 
deliberated with the involvement of the third 
author (NAY). Criteria were adjusted as needed 
during this collaborative process. Articles 
meeting the inclusion criteria underwent a 
thorough full-text assessment. If necessary, the 
authors were contacted to address missing or 
insufficient information for determining study 
eligibility. Reasons for article exclusion were 
documented throughout the study selection 
process. Microsoft Excel was employed for study 
selection, and a consolidated list of articles for 
data extraction was created and stored in 
Mendeley and Microsoft Excel. 

Data collection/extraction 

Qualified studies underwent independent 
review, and pertinent data were extracted. The 
gathered information encompassed authors, 
language, publication year, study region, 
objectives, study design, duration, total 
participants recruited, intervention, and 
outcomes: symptom reduction and safety 
profiles. Data from each study were entered into 
a table in Microsoft Excel to ease the comparison 
process between the included studies. Numerical 
data were also extracted and expressed as mean 
± standard deviation, or mean (SEM), and p-
values, and the differences were considered 
statistically significant when p < 0.05. 

Quality appraisal and the risk of bias 
assessment 

Two authors (MNM & MZA) independently 
assessed the risk of bias for all included human 
studies by assessing their methodological quality 
using the Joanna Briggs Institute (JBI) critical 
appraisal checklists (Joanna Briggs Institute, 
2017). A score of ‘1’ was given if the studies 
fulfilled the stated criteria of the checklist and ‘0’ 
if not. After that, the total score was calculated 
and converted into a percentage. Studies with a 

percentage of <50% were considered as having a 
high risk of bias, while moderate risk, and high 
risk of bias if the percentage were between 50% - 
69% and ≥70%, respectively (Franco et al., 2020). 
The risk of bias results for each study type was 
visually represented using traffic-light plots 
through the utilization of Risk-of-bias 
VISualization (robvis) (McGuinness & Higgins, 
2021).  

Meanwhile, the quality assessment of all selected 
animal intervention studies was conducted using 
the Systematic Review Centre for Laboratory 
Animal Experimentation (SYRCLE’s) risk of bias 
tool. It comprised of 10 domains encompassing 
six types of biases: sequence generation, baseline 
characteristics, allocation concealment, random 
housing, researcher blinding, random outcome 
assessment, outcome assessor blinding, 
incomplete outcome data, selective outcome 
reporting, and “other sources of bias”.  

The risk of bias assessments for both human and 
animal studies was performed by two 
independent reviewers (MNM & MZA). When 
there is a disagreement, the reviewers debate it 
and reach a resolution based on mutual 
agreement or appoint a third reviewer (NAY) to 
resolve that particular disagreement. 

Data synthesis 

A narrative synthesis was used in this systematic 
review to describe the qualitative data from each 
included study. The narrative synthesis provided 
a written summary of the study's characteristics, 
study design, population, models of prediabetes 
that were used, interventions, and comparison 
studies. The framework method was employed 
for all parts to examine patterns and organize 
data according to the subthemes (Bauer, 2013). 
This method generated a new structure for the 
data, which made it easier to summarise the data 
in a manner that can support the research 
question in this study (Bauer, 2013). Results by 
subtheme were presented in narrative form to 
describe the findings of the synthesis. 
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  Results 

Study selection 

Initially, a total of 360 studies were identified within 
the databases (PubMed, Scopus, Cochrane Library 
and Google Scholar). PubMed located 31 studies, 
Scopus located 124 studies, and Cochrane Library 
located 173 studies which provided a total of 328 
studies. An additional 32 studies were discovered 
through Google Scholar. 

From 360 articles, 41 studies were excluded due to 
being duplicates, leaving 319 studies to be screened. 
After manually screening the title and abstract, 298 
studies were excluded as (i) they did not have the 
target outcome which is resolving or reducing 
allergic rhinitis symptoms (n = 221), (ii) recruited the 
wrong study population such as children or 
participants under the of 18 years old (n = 60), and 
(iii) review articles (n = 17). The remaining study 
was 21.  

Furthermore, 10 out of the remaining 21 studies 
were excluded as no full-text was available. 
Eventually, 11 studies were assessed for eligibility 
and one study was excluded due to recruiting all 
types of allergic subjects such as skin allergies. 
Finally, only 10 studies were selected. 

In addition, the snowball technique was also 
employed, resulting in an additional 13 studies. This 
involved searching for related studies within the 
references of the previously identified articles in the 
databases. Three studies were removed as there was 
no access to the full-text articles, leaving 10 studies. 
From this, five studies were excluded due to wrong 
outcomes such as in determining the efficacy and 
safety of olopatadine/mometasone nasal spray for 
the treatment of seasonal allergic rhinitis and three 
studies had the wrong study population which was 
rhino-conjunctivitis patients, leaving only two 
studies to be included via the snowball technique.  

Consequently, this search approach yielded a total 
of 12 studies meeting the inclusion criteria and 
deemed eligible for inclusion in this systematic 
review, with ten sourced from databases and two 
from the snowball technique. Figure 1 displays a 
PRISMA flow diagram illustrating the results from 

all databases and the process of article selection. 

Risk of bias within studies 

Risk of bias of the 12 studies are divided into seven 
human studies (Alsamarai et al., 2014; Ansari et al., 
2010; Isik et al., 2010; Nemati et al., 2021; Nikakhlagh 
et al., 2011; Oysu et al., 2014; Rezaeian and 
Amoushahi Khouzani, 2018) and five animal studies 
(Gul et al., 2022; Gunel, 2017; Liao et al., 2021; Yoruk 
et al., 2017; Yurttas et al., 2016). The seven human 
studies' risk of bias was assessed using the JBI 
checklist for Randomized Controlled Trials (RCT). 
On the other hand, SYRCLE risk of bias tools were 
adopted for the animal studies. 

Based on Figures 2 and 3, six out of 12 human and 
animal studies (Alsamarai et al., 2014; Ansari et al., 
2010; Isik et al., 2010; Nemati et al., 2021; Oysu et al., 
2014; Rezaein and Amoushahi Khouzani, 2018) 
demonstrated low risk of bias (showing high 
percentage of positive answers to the questions of 
JBI tool). This is because randomized controlled 
clinical trials (RCTs) serve as the gold standard for 
establishing the effectiveness and safety of a 
treatment. They can illustrate a new treatment's 
superiority over an established standard treatment 
or a placebo (Kabisch et al., 2011). Three articles 
comprised of one human study (Nikakhlagh et al., 
2011) and two animal studies (Gunel, 2017; Liao et 
al., 2021) had a moderate risk of bias. Finally, the 
three remaining articles (Gul et al., 2022; Yoruk et 
al., 2017; Yurttas et al., 2016) show a high risk of bias 
comprising animal studies.  

Based on Figure 2 of human studies, there was a 
high risk of bias for domains four, five and seven 
(Ansari et al., 2010; Isik et al., 2010; Nikakhlagh et 
al., 2011; Oysu et al., 2014), due to those delivering 
treatment and the outcomes assessors were not 
blinded to the treatment assignment. Initial text 
deleted – as commented by the reviewer.  
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Fig. 1: PRISMA flowchart of the study selection process. 
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Fig. 2: Risk of bias for RCT studies. 

Fig. 3: PRISMA flowchart of the study selection process. 
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  Table 2: Summary of the main characteristics of the seven human studies. 
 

Author, year Study 
design Study region Participants &  

Study Duration 
Method/ 

Parameter 
Results 

(Ansari et al., 2010) RCT 
Nawabshah, 

Pakistan 

Participants: 47 
seasonal allergic 
rhinitis patients 
Duration: 2 weeks 

Route of administration: Oral 
Comparison of Montelukast with NS 
(250mg/day) for the treatment of 
seasonal allergic rhinitis symptoms 

• Montelukast and NS reduced the day-time and 
ophthalmic symptoms (P < 0.001) 

• NS group reduced in nocturnal symptoms at day-7 
(P = 0.001) 
 

(Işik et al., 2010) RCT Istanbul, Turkey 
Participants: 31 allergic 
rhinitis patients 
Duration: 2 months 

Route of administration: Oral 
Impact of NS seed (2g/day) on 
symptom levels, peripheral blood 
polymorphonuclear leukocyte (PMN) 
functions, and lymphocyte subsets in 
individuals with allergic rhinitis 

• Phagocytic and intracellular killing activities of 
specific immunotherapy (SIT) with NS showed 
significant increases after one month compared to 
pre-SIT levels (P < 0.01). 

• CD8 counts of patients receiving SIT plus NS 
significantly increased compared to patients 
receiving only SIT 
 

(Nikakhlagh et al., 
2011) RCT Ahwaz, Iran 

Participants: 66 allergic 
rhinitis patients 
Duration: 1 month 

Route of administration: Oral 
Anti-inflammatory effects of NS oil 
(0.5mls) in individuals experiencing 
allergic rhinitis symptoms 

Itching:  
• Statistically significant (P = 0.0014) between Day 0 & 

15 
• Statistically significant (P = 0.001) between Day 0 & 

30 
 

Nasal congestion:  
• Statistically significant (P = 0.0012) between Day 0 & 

15 
• Statistically significant (P = 0.001) between Day 0 & 

30 
 

Sneezing:  
• Statistically significant (P = 0.001) between Day 0 & 

15 
• Statistically significant (P = 0.001) between Day 0 & 

30 
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  Runny nose:  
• Statistically significant (P = 0.0019) between Day 0 & 

15 
• Statistically significant (P = 0.001) between Day 0 & 

30 
 

Turbinate hypertrophy and mucosal pallor:  
• Statistically significant (P = 0.0012) between Day 0 & 

15 
• Statistically significant (P = 0.001) between Day 0 & 

30 
 

Mean IgE: 
• NS group: 3.31  
• Placebo: 15.38 

Mean peripheral blood eosinophil percentage:  
• NS group: 0.086 
• Placebo: 0.350 

 

(Oysu et al., 2014) RCT Istanbul, Turkey 

Participants: 42 
geriatric patients with 
nasal dryness and 
associated symptoms 
Duration: 1 month 

Route of administration: Nasal 
Impact of topical NS oil on symptoms 
associated with aging, including nasal 
dryness, stuffiness, itching, crusting, 
and burning. 

Mucociliary clearance: 
• No significant difference (P > 0.05) 

Sinonasal symptoms:  
• No significant difference (P>0.01) 

Adverse effects: 
• 2 patients complained regarding taste and odour of 

NS oil 
 

(Alsamarai et al., 
2014) 

RCT Tikrit, Iraq 

Participants: 188 
patients presenting 
with mild, moderate 
and severe allergic 
rhinitis 
Duration: 6 weeks 

Route of administration: Nasal 
Efficacy of NS oil topical application 
as a treatment patients with allergic 
rhinitis 

Mild active group:  
• Improve at 3rd weeks as 80% (P=0.01) 
• Improve 100% at 6 weeks (P=0.01) 

Moderate active group:  
• Improve at the 3rd week (P=0.008), 68.7% 
• 93.7% at 6 weeks (P=0.002) 

Severe active group:  
• Improve at 3rd weeks as 58.3% 
• 83.4% at 6 weeks (P=0.009) 

 



Page 142      

 

Muhamad Najemudin et al. (2025) Journal of Pharmacy, 5(1), 132-155 

 

 

  

(Rezaeian & 
Amoushahi 

Khouzani, 2018) 
RCT Isfahan, Iran 

Participants: 65 
patients diagnosed 
with rhinosinusitis, 
clinical symptoms, 
endoscopic evaluation 
and CT scan 
Duration: 3 months 

Route of administration: Nasal 
Comparison of NS nasal spray and 
sodium chloride nasal spray in the 
management of patients with Chronic 
Rhinosinusitis Without a Nasal Polyp 
(CRSsNP) 
 

• 8 weeks of interventions, the Lund–McKay, 
Modified Lund Kennedy, and SNOT-22 scores in 
the intervention group were significantly lower 
compared to the placebo group (P < 0.0001) 

(Nemati et al., 2021) RCT Tehran, Iran 
Participants: 50 chronic 
rhinosinusitis patients 
Duration: 28 days 

Route of administration: Nasal 
Impact of Nigella seed oil on chronic 
rhinosinusitis (CRS) symptoms 

Mean SNOT-22 score: 
• NS group: 19.08 ± 13.21 
• Placebo group: 37.15 ± 21.47 (P = 0.001) 

 
Major symptoms: 

• Pain or pressure in the face (P = 0.011) 
• Congestion or fullness in the face (P = 0.028) 
• Congestion or nasal obstruction (P = 0.025) 
• Pus or nasal discharge (P = 0.032), between days 0 

and 28 in the drug and placebo groups 
 

Endoscopic nasal examination: 
NS group: 

• Mild inflammation/muco-purulent discharge in 9 
cases (37.5%) 

• Grade 1 polyposis in 6 patients (25%) 
 

Placebo group: 
• Inflammation/muco-purulent discharge in 14 

subjects (53.8%) 
• Grade 1 nasal polyposis in 12 cases (46.1%) 

 
No adverse effects 
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  Table 3: Summary of the main characteristics of the five animal studies.  
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On the other hand, three out of five animal studies 
had a high risk of bias meanwhile, the other two 
showed moderate risk of bias. All animal studies 
included in this review show a high risk of 
performance bias and detection bias (blinding 
outcome assessment), the individuals administering 
treatment and evaluating study outcomes were 
aware of the assigned treatments. For random 
housing, rats (Gul et al., 2022; Gunel, 2017), rabbits 
(Yurttas et al., 2016) and mice (Liao et al., 2021) were 
kept in room temperature conditions for 12 hours in 
light/dark cycle conditions. 

Study characteristics 

All studies were published between the years 2010 
and 2022 and comprised seven studies involving the 
human population that consisted of RCT (n = 7) and 
five studies involving the animal population that 
consisting of rats (n = 2), mice (n = 1) and rabbits (n 
= 2).  

For human studies, Table 2 shows three studies 
conducted in Iran (Nemati et al., 2021; Nikakhlagh 
et al., 2011; Razaeian and Amoushahi Khouzani, 
2018), two in Turkey (Isik et al., 2010; Oysu et al., 
2014), one in Pakistan (Ansari et al., 2010) and one in 
Iraq (Alsamarai et al., 2014). Five studies recruited 
patients diagnosed with allergic rhinitis (Alsamarai 
et al., 2014; Ansari et al., 2010; Isik et al., 2010; 
Nikakhlagh et al., 2011; Oysu et al., 2014) meanwhile 
two studies recruited patients with chronic 
rhinosinusitis regardless of genders (Nemati et al., 
2021; Razaeian and Amoushahi Khouzani, 2018). 
The study conducted by Ansari et al. (2010) mainly 
focuses on the comparison of the Leukotriene 
receptor antagonist, Montelukast with NS in 
resolving or reduction of allergic rhinitis symptoms. 
On the other hand, four studies mainly focus on the 
efficacy of NS in reducing symptoms without 
comparing it to other medications or interventions 
(Alsamarai et al., 2014; Işik et al., 2010; Nikakhlagh 
et al., 2011; Oysu et al., 2014). Furthermore, the 
study conducted by Alsamarai et al. (2014) divided 
the participants into stages of allergic rhinitis 
symptoms such as mild, moderate and severe 
groups. Hence, the optimum efficacy of NS can be 
identified in which stage of allergic rhinitis.   

Moreover, two studies focus on chronic 
rhinosinusitis (CR) that represent their data with 
Sinonasal Outcome Test 22 (SNOT-22) (Nemati et 
al., 2021; Rezaeian & Amoushahi Khouzani, 2018). 
The SNOT-22 serves as a validated self-
administered survey designed for evaluating 

individuals with chronic rhinosinusitis (CRS). 
Comprising 22 items, respondents rate each item on 
a scale from 0 ('no problem at all') to 5 ('worst 
possible symptom'). Total scores on the SNOT-22 
can vary from 0 to 110, with elevated scores 
reflecting more severe symptoms. 

Subsequently, the results of animal studies are 
presented in Table 3. There were four studies 
conducted in Turkey (Gul et al., 2022; Gunel, 2017; 
Yoruk et al., 2017; Yurttas et al., 2016) and one in 
China (Liao et al., 2021). Out of these five animal 
studies, three mainly focus on the comparison of 
corticosteroids with NS. Two of the studies used 
topical corticosteroid, which was mometasone 
furoate (Gut et al., 2022; Yurttas et al., 2016) and one 
study used IV dexamethasone as an intervention 
(Günel, 2017). Finally, the remaining two studies 
utilized different doses of NS preparation without 
comparing them with any medication (Gunel, 2017; 
Yoruk et al., 2017). Hence, these two studies 
proposed the suggested dose which would 
eventually lead to the optimum doses in treating 
rhinosinusitis symptoms. 

Individual outcomes of the studies 

The targeted outcomes for this review are allergic 
rhinitis symptoms reduction or resolvent which 
include sneezing, nasal congestion and rhinorrhoea. 
In addition, the safety profile of NS was included if 
stated in the study. Further, the histological changes 
or the changes in chemical parameters such as IgE 
levels, histamine levels and interleukin levels were 
also included especially in animal studies.   

Symptom reduction  

Based on Tables 2 and 3, seven out of 12 studies 
emphasized the symptom reduction of allergic 
rhinitis (Alsamarai et al., 2014; Ansari et al., 2010; 
Gul et al., 2022; Liao et al., 2021; Nikakhlagh et al., 
2011; Oysu et al., 2014) and chronic rhinosinusitis 
(CRS) (Nemati et al., 2021). 

Six studies show positive effects in terms of 
symptom reduction such as sneezing (Gul et al., 
2022; Liao et al., 2021; Nikakhlagh et al., 2011), day-
time symptoms (Ansari et al., 2010) and major 
symptoms of CRS such as pressure in the face or 
nasal obstruction (Nemati et al., 2021). Moreover, 
NS could completely resolve mild allergic rhinitis 
symptoms (P = 0.01) and reduce as much as 83.4% 
after 6 weeks of treatment (P = 0.009) (Alsamarai et 
al., 2014). However, a study by Oysu et al. (2014) 
revealed that although the symptoms were reduced 
at the individual level, but when compared between 
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the NS group and the ISCS (isotonic sodium 
chloride solution) group, there was no significant 
difference in the nasal mucociliary clearance (P > 
0.05) and sinonasal symptoms (P > 0.01).  

Histological changes 

Based on Table 3, mild inflammation was detected 
in 14.3% of rats within the control group, the allergic 
rhinitis (AR) group, and the NS oil group. In 
contrast, the mometasone furoate group exhibited a 
higher incidence of mild inflammation, with 28.6% 
of rats showing such levels (Gul et al., 2022). In 
addition, the hypertrophic goblet cells exhibited a 
notable reduction in intensity and quantity in the 
TQ group (Yurttaş et al., 2016). Plus, the numerical 
density of neutrophils in NS groups also exhibits 
better results than the control group as the dose of 
100 mg/kg/d NS shows 0.000058/µm3 and 200 
mg/kg/d NS shows 0.000068/µm3 (Yoruk et al., 
2017). 

Chemical parameter  

The CS+AR, TQ3+AR, and TQ10+AR groups 
showed a significant decrease in TNF-α expression 
(p=0.05, p=0.015, p=0.004, respectively). Conversely, 
OVA (ovalbumin-induced AR) sensitization led to a 
notable increase in both TNF-α and IL-1β expression 
levels (both, p<0.001) (Günel, 2017). Furthermore, 
administering the aqueous extract of BLAB (black 
cumin seeds, liquorice, anise seeds, black tea) orally 
resulted in a significant dose-dependent decrease in 
IL-4, IL-5, and IL-13 levels in both nasal mucosa and 
serum compared to the OVA group. Conversely, 
there was a noteworthy and dose-independent rise 
in IFN-γ, IL-12, and IL-10 levels in both nasal 
mucosa and serum of mice in the BLAB group, as 
opposed to the OVA group (Liao et al., 2021).  

Comparison with anti-allergic medication 

The statistical analysis indicated that the impact of 
both montelukast and NS in reducing daytime 
symptoms was highly significant (P < 0.001) when 
compared with the baseline pre-treatment phase of 
the study (Ansari et al., 2010). However, upon 
comparing the inflammation status between the 
mometasone furoate, and the TQ group which is the 
main active ingredient of NS, it was observed that 
the intraepithelial and submucosal inflammatory 
cell numbers were similar (P = 0.608) (Yurttaş et al., 
2016). 

 

 

 

Discussion 

This study was conducted to systematically review 
the effects of NS (black seed) on rhinosinusitis in 
both humans and animals. To comprehend the 
effects of NS in rhinosinusitis, understanding the 
pathophysiology of allergic rhinitis and 
rhinosinusitis is crucial. Many researchers have 
performed experimental studies on NS, recognizing 
it as a potent herb for treating various ailments. In 
recent decades, there has been significant 
exploration of NS’s pharmacological actions, 
particularly for rhinosinusitis treatment.  

NS demonstrates positive effects on reducing 
symptoms of allergic rhinitis and rhinosinusitis, 
with itching and sneezing serving as a benchmark 
for efficacy in allergic rhinitis. In one clinical study, 
the frequency of sneezing significantly decreased 
between Day 0 and Day 30 (P = 0.001) for the 
treatment group consuming oral 0.5ml NS oil in 66 
allergic rhinitis patients within a one-month 
duration (Nikakhlagh et al., 2011). An earlier study 
by Ansari et al. (2010) in line with these findings, 
noted a significant reduction in daytime symptoms, 
including sneezing, between Day 0 and Day 14 (P < 
0.001) in 47 seasonal allergic rhinitis patients. 
However, the categorisation of symptoms between 
these two studies is different, where Nikakhlagh et 
al. (2011), categorised symptom severity into stages 
(mild, moderate, severe), while Ansari et al. (2010), 
provided a general assessment of symptom severity.  

However, in geriatric patients, there was no 
significant difference in the reduction of sinonasal 
symptoms such as itching (P = 0.083). This could be 
due to the process of ageing, which leads to the 
gradual replacement of lymphatic tissue in the nasal 
mucosa with connective tissue, causing fibrosis and 
interfering with mucosal secretory function (Oysu et 
al., 2014). Furthermore, this phenomenon may be 
attributed to the impact of osmolarity and tonicity 
which influence ciliary beat frequency. Research has 
demonstrated that isotonic and hypotonic solutions 
do not induce ciliary slowing (Oysu et al., 2014). 
Hence, a hypertonic solution of NS might be 
employed for administration in the elderly. 
Moreover, mucociliary transport rates tend to 
decline with ageing (Bailey, 2022). As a result, the 
optimised effectiveness of NS may be compromised. 
Furthermore, this study did not specifically 
elucidate the effects of NS on allergic rhinitis in 
geriatric patients. While NS demonstrates 
promising potential in reducing symptoms through 
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its anti-inflammatory effects, it is a noteworthy 
candidate for the treatment of allergic rhinitis and 
rhinosinusitis and, thus needs further exploration in 
geriatric populations. 

Recent studies on rhinosinusitis conducted in Iran 
(Nemati et al., 2021; Rezaeian & Amoushahi 
Khouzani, 2018) revealed promising results on the 
NS within one-month to 3 months durations. In 50 
adult chronic rhinosinusitis patients, there is a 
notable clinical improvement in nasal obstruction (P 
= 0.025), nasal discharge (P = 0.032) and pain or 
pressure on the face (P = 0.011) between days 0 and 
28 in the NS nasal drop compared to placebo groups 
(Nemati et al., 2021). This suggests the anti-
inflammatory and analgesic properties of NS 
exhibiting its effects. In addition, the mean SNOT-22 
score of the NS group was 19.08 ± 13.21 significantly 
lower (P = 0.001) compared to the placebo group 
(37.15 ± 21.47). In another study, 65 adult chronic 
rhinosinusitis patients showed a very significant 
reduction in Lund-McKay, Modified Lund Kennedy 
and SNOT-22 scores in the NS nasal spray group 
compared to the placebo group (P < 0.0001) 
(Rezaeian & Amoushahi Khouzani, 2018). Although 
both were using SNOT-22 scores, the latter study 
revealed a more significant outcome, probably due 
to the study population that excluded rhinosinusitis 
patients with nasal polyps compared to Nemati et 
al. (2021) subjects with nasal polyposis stage 1. This 
could be due to alterations in the anatomical 
structure of the nasal passages that may impede the 
optimal efficacy of intra-nasal NS in treating chronic 
rhinosinusitis. 

In animal studies, the symptoms of allergic rhinitis 
in NS-treated rats exhibit a significant reduction of 
sneezing (P = 0.001) up to Day 28 compared to the 
allergic rhinitis (AR) group (Gul et al., 2022). 
Moreover, Liao et al. (2021) emphasized a significant 
reduction of nasal symptoms such as sneezing and 
rubbing compared to the ovalbumin (OVA)-
induced AR model of the mice group. However, Gul 
et al. (2022) demonstrated more significant 
outcomes with nasal administration compared to 
Liao et al. (2021) which utilised oral administration 
of NS (P < 0.01). Nasal absorption is faster than oral 
administration since the turbinates of the nasal have 
extensive surface area and thin membranes, 
expediting swift absorption into the bloodstream 
upon contact with a drug (Ehrick et al., 2013). 

Histologically, a substantial decrease in eosinophil 
infiltration, cilia loss, chondrocyte hypertrophy, 
vascular proliferation, and an elevation in goblet 

cells was observed in both the mometasone furoate 
and NS groups compared to the AR group (Gul et 
al., 2022). There was a statistically significant 
decrease in neutrophil numbers in both treatment 
groups when compared to the saline-treated group 
in 30 adult male rabbits (Yoruk et al., 2017). This 
study conducted a comparison between NS and 
cephalexin, with the latter aiming to eliminate 
infection and mitigate inflammation. It is also worth 
noting that the positive outcomes of both NS-treated 
and medication-treated (mometasone furoate and 
cephalexin) groups are comparable. These studies 
exhibit the efficacy of NS in terms of its anti-
inflammatory, antioxidant and anti-microbial 
properties.  

Subsequently, when analysing the effects of NS on 
chemical parameters, 10 mg/kg of TQ administered 
to allergic rhinitis rats had a greater impact on 
eosinophil count (P = 0.013), oedema (P < 0.001), and 
IL-4 (P = 0.013) level compared to corticosteroids 
and 3 mg/kg TQ (Günel, 2017). Moreover, in allergic 
rhinitis rabbits, 100 mg/kg/day of NS shows a 
slightly better reduction of nitric oxide (NO) level 
compared to 50 mg/kg/d and 200 mg/kg/d NS, 
although all posed significant results compared 
with the control (Yoruk et al., 2017). Therefore, it is 
suggested the optimal dosage range for allergic 
rhinitis and rhinosinusitis treatment, is proposed to 
be between 10 - 100 mg/kg/day in animal studies. 
Subsequently, further clinical trials are essential for 
translational study, as the existing studies have a 
limited number of RCTs to date, with different 
study designs and parameters evaluated, with the 
oral administration of NS ranging from 0.5mls to 
250mg to 2g per day. In comparison, there has been 
a notable p-value significance in many recent animal 
studies, weighing more on animal research than 
human studies. 

Finally, the extracts from NS seeds and their 
bioactive components are generally recognised as 
substances with low toxicity, demonstrating a 
broad margin of safety (Mashayekhi-Sardoo et 
al., 2020). Numerous clinical trials exploring NS 
and TQ have reported the safety of these agents 
(Mekhemar et al., 2020). There was no significant 
difference observed in the activities of liver 
markers (ALT, AST, ALP) and kidney function 
markers (serum creatinine, serum urea) in 
healthy adults consuming NS oil formulation 
containing 5.2% TQ in 200mg per day for 90 days 
(Thomas et al., 2022). However, it is noteworthy 
that some adverse effects, including bloating, 
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nausea, and a burning sensation, were observed 
in functionally dyspeptic patients treated with 
NS oil (Tavakkoli et al., 2017). Therefore, it is 
proposed that NS exhibits a favourable safety 
profile compared to other herbal plants such as 
kratom, which can lead to withdrawal and 
dependence by affecting the central nervous 
system (CNS) (Prevete et al., 2022). 

Conclusion  

NS has demonstrated benefits in subjects with 
rhinosinusitis, including both humans and 
animals. With the comprehensive data searching 
and collection, the study has successfully 
achieved its objective by demonstrating that NS 
exhibits anti-inflammatory, anti-histaminic, and 
antimicrobial effects, contributing to the 
resolution or reduction of symptoms in allergic 
rhinitis and rhinosinusitis. Furthermore, NS 
could serve as an alternative treatment to 
conventional medications like montelukast, 
mometasone furoate, and dexamethasone since it 
exhibits a low side effects profile. The 
recommended optimal dose for the treatment of 
allergic rhinitis is suggested to be within the 
range of 10 to 100 mg/kg/day of NS. However, it 
is important to note that this suggestion is 
currently limited to animal studies. For human 
studies, the authors have not concluded the 
optimum dosage of NS due to different study 
settings in design and parameters in the clinical 
trials available. Further investigations are 
necessary for larger human studies in a 
standardised method to determine the precise 
optimum therapeutic dose for the treatment of 
rhinosinusitis. Finally, the efficacy of NS is 
proposed to be tested in the rhinosinusitis 
Malaysian population as part of the SEA area, as 
there is paucity in the studies conducted in this 
specific demographic location. 
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Abstract  

This review provides a comprehensive exploration of the Psychotria species, a 

genus of plants known for their medicinal properties and traditional uses. The 

focus is on the species’ ethnomedicinal applications, their potential as an 

antidiabetic agent, the pharmacologically active antidiabetic compounds 

possessed, and their toxicological profiles. The escalating global prevalence of 

diabetes underscores the need for alternative therapeutic agents. The Psychotria 

species, with their antidiabetic properties, present a promising area of 

research. The traditional medicinal uses of the Psychotria species across various 

cultures are examined, providing valuable insights for the development of 

novel treatments. This review delves into the mechanisms through which these 

species exert their antidiabetic effects especially Psychotria malayana. The 

review discusses the pharmacologically active compounds unique to these 

species, which are of considerable interest for drug development in diabetes 

treatment. A summary of these studies and their implications is presented. 

Finally, the review addresses the toxicological studies on the Psychotria species, 

assessing their safety as therapeutic agents. 
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Introduction 

The species of Psychotria, belonging to the Rubiaceae 

family, encompasses over 2000 species. These 

species are typically found in the understory of 

forests, preferring areas with limited sunlight and 

moist soil. Psychotria is mostly distributed in 

subtropical and tropical regions and comprises a 

variety of forms, including shrubs, herbs, and 

treelets (Moraes et al., 2011b). The species belonging 

to the subfamily Rubioideae and the tribe Psychotriae, 

has been documented as the largest species 

observed in three distinct tropical regions: 

Neotropical, Africa, Asia, and Oceania as shown in 

Fig. 1. (Bremer, 2009; Hamilton, 1989). 

 

 

 

 

 

 

 

Fig. 1: Subfamily, tribes, and species/genus of Psychotria in 

the Rubiaceae family (Bremer, 2009) 

The Rubiaceae family is characterized by some 

anatomical features, including hypostomatic leaves, 

paracytic stomata, dorsiventral mesophyll, and 

collateral bundles (Britannica, 2020). Furthermore, 

an additional characteristic commonly observed in 

the Rubiaceae family is the presence of domatia, 

which are primarily found along the secondary 

veins on the lower surface of the leaf and 

occasionally exist along the tertiary veins of the leaf 

blade. The diagnostic criteria for Psychotria include 

the identification of alkaloids and styloid crystals 

inside the mesophyll (Moraes et al., 2011a; 

Robbrecht, 1988). The taxonomic complexity of 

defining the delimited morphology of this species 

persists despite the absence of sufficient 

morphological data to accurately characterize its 

stated features (Nepokroeff et al., 1999). 

Ethnomedicinal Uses of Psychotria  

The Psychotria species has been extensively used as 

medicinal plants by our predecessors across diverse 

cultures worldwide (Table A2) in supplementary 

data. For example, the communities residing in the 

Uttara Kanada district of India have been used the 

root of P. dalzellii to address scorpion bites. This was 

achieved by grinding the root with lime juice and 

administering it as both a topical and oral 

medication (Bhat et al., 2012). Similarly, the infusion 

of the root of P. flavida has been employed for the 

treatment of snakebites (Bhat et al., 2012; Kshirsagar 

& Singh, 2001). The Kani tribes residing in 

Agasthiayamalai, located in South India, have 

traditionally incorporated the consumption of 

leaves and tender fruits from the P. ophioxyloides, 

along with milk, as a remedy for stomach 

discomfort (Britto & Mahesh, 2007). In the 

Chittagong Hill Tract region of Bangladesh, 

individuals have traditionally used the root of P. 

adenophylla for the treatment of mouth sores and 

rheumatism. Interestingly, the same therapeutic 

applications of the specific plant parts are also 

observed among the population of Assam in the 

Eastern Himalaya (Biswas et al., 2010; Choudhury et 

al., 2012). Furthermore, the inhabitants of Assam 

have traditionally employed the root of P. denticulata 

for the purpose of alleviating toothache, while the 

leaves of P. montana have been employed to mitigate 

discomfort and colitis (Choudhury et al., 2012). 

In eastern Nicaragua, the indigenous 

population known as Rama traditionally employed 

many Psychotria species, including P. elata and P. 

ipecacuanha, for the treatment of diarrhea. 

Additionally, P. poeppigiana was used specifically for 

the management of amoebic dysentery (Coe, 2008). 

Furthermore, P. ipecacuanha has been used by 

indigenous populations in South America for the 

treatment of diarrhea and dysentery (Fisher, 1973). 

This plant also exhibits similar medicinal 

applications among the inhabitants of Costa Rica 

and Nicaragua (Fisher, 1973; Ocampo & Balick, 

2009). In addition, it is worth noting that this plant, 

which possesses rhizomes and roots, is used in the 

form of syrup and powder as stimulants and 

diaphoretics, respectively (Ocampo & Balick, 2009). 

Certain species of Psychotria, such as P. nudiflora 

and P. nilgiriensis, have been identified as having 

similar therapeutic properties for the treatment of 

rheumatism, as traditionally given by the Kanikkar 

tribes residing in the Agasthiarmalai region of India. 

In order to alleviate rheumatism, individuals 

ingested either the leaves and flowers of P. nudiflora 

or the tender fruits of P. nilgiriensis along with 

honey. Another method involved creating a paste 

using the leaves and flowers of P. nudiflora or the 

tender fruits of P. nilgiriensis, which was also 

consumed with honey (Rani et al., 2011; Sutha et al., 
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2010; Devadoss et al., 2013; Iniyavan et al., 2012). 

P. viridis, a member of the Psychotria species, 

has been historically employed in the preparation of 

ayahuasca, a psychoactive beverage originating 

from the Amazon rainforest. This plant species is 

recognised for its hallucinogenic property and its 

significance in religious rituals (Choffnes, 2017; 

Gambelunghe et al., 2008; Schultes & Hofmann, 

1980). The beverage has been made through the 

process of extracting the substance of P. viridis 

leaves and incorporating them into the beverage 

(Gambelunghe et al., 2008).  

The inhabitants of Andaman and Nicobar 

Islands, India, use P. montana as a remedy for 

constipation and P. sarmentosa for the treatment of 

itching and soreness. Similarly, herbalists from 

Rivercess County, Liberia, employ the leaves of P. 

peduncularis to alleviate stomach soreness (Kamble 

et al., 2008; Lebbie et al., 2017). Certain species of 

Psychotria have been used by the Temiar people in 

Lojing Highland, Kelantan, Malaysia as well as in 

Madagascar, for the synthesis of an oral antipyretic 

(fever-reducing) through decoction. These species 

include P. malayana, P. obtusifalia, and P. bulata (Rao 

et al., 2016; Rasoanaivo et al., 1992). 

Furthermore, the Psychotria species has been 

historically recognized for its potential in treating 

injuries and promoting wound healing since ancient 

times. As an illustration, the Valaya tribes employ 

the paste derived from P. octosulcata leaves for the 

purpose of treating muscular fractures, while P. 

henryiis finds application in traditional Chinese 

medicine to stimulate the spleen and alleviate pain 

(Rajendran et al., 2002; Liu et al., 2013). P. colorata was 

reportedly used by Amazonian caboclos as a means 

of alleviating pain. Similarly, tribes residing in 

southern India employed a dried powder derived 

from the root of P. flavida, which was combined with 

coconut oil to treat wounds (Elisabetsky et al., 1995). 

Psychotria as Antidiabetic Agent 

Traditional remedies have been extensively used for 

several centuries and continue to hold significant 

relevance in the realm of healthcare, particularly in 

the regions of Asia and Africa (Lezotre, 2014). As per 

the findings of Pan et al. (2014), the World Health 

Organization reports that a significant proportion, 

over 75%, of the global population relies on plants 

as a primary means of obtaining therapeutic 

substances to fulfil their fundamental healthcare 

requirements. The use of the Psychotria genera in 

traditional medicinal practices is employed for the 

alleviation of symptoms and the treatment of 

specific ailments. To date, researchers from various 

regions have conducted studies on roughly 41 

species of Psychotria, resulting in the successful 

isolation of over 160 phytochemicals (Yang et al., 

2016). The chemical constituents encompass 

phenols, alkaloids, terpenoids, steroids, and 

phenolic compounds that demonstrate antibacterial, 

antiparasitic, and antiviral properties. Certain 

components of the Psychotria species, namely leaves, 

rhizomes, and roots, have been employed in 

traditional medicine for the purpose of alleviating 

symptoms associated with cough, bronchitis, and 

ulcers (Calixto et al., 2016). The utilization of this 

plant for the management of stomach pain, 

gastrointestinal issues, and female reproductive 

system infections has been reported among 

populations in Brazil, India, and Indonesia 

(Benchoula et al., 2019). Several studies have 

demonstrated the potential therapeutic benefits of 

this plant in the treatment of diabetes mellitus, as it 

displays antidiabetic properties. Additional 

investigation is warranted to enhance 

comprehension of the underlying bioactivity. The 

objective of this overview is to collate a 

comprehensive inventory of the phytochemical 

constituents present in the Psychotria species, 

specifically focusing on those with demonstrated 

antidiabetic activities. 

Recent studies have provided evidence 

suggesting that different species of Psychotria 

possess characteristics that may be effective in 

managing diabetes. The antidiabetic effect of these 

plants can be attributed to the presence of numerous 

important compounds. Recent studies have 

generated considerable interest in the possible 

therapeutic applications of Psychotria and its 

phytochemical constituents for diabetes mellitus 

(DM), due to their notable antidiabetic properties. 

This review offers a complete examination of the 

Psychotria species, spanning multiple species and 

their corresponding phytochemicals that have 

exhibited antidiabetic activities. A thorough search 

was carried out across four web-based databases, 

leading to the discovery of a total of fifteen papers 

related to different species of Psychotria. Based on 

the data provided in Table A1 (Supplementary 

data), it can be observed that a cumulative number 

of 13 unique species of Psychotria have been 

effectively gathered through several research 

endeavors. The species included in this list are P. 

malayana, P. leiocarpa, P. dalzellii, P. viridiflora, P. 
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calocarpa, P. carthagenensis, P. capillacea, P. camptopus, 

P. deflexa, P. ipecacuanha, P. microphylla, P. nilgiriensis, 

and P. insularum. The phytochemical compounds 

that demonstrate antidiabetic properties exhibit 

variability across different species, while there are 

specific molecules that are commonly found among 

them. 

The identification and evaluation of 

antidiabetic activities were conducted on the plants 

listed in Tables A1. Six out of the fifteen studies 

included in the analysis provide a comprehensive 

description of the mechanism of action for the 

antidiabetic effect. These processes were recognized 

as alpha-glucosidase and alpha-amylase inhibitions. 

Enzymes like alpha-glucosidase and alpha-amylase 

play a crucial role in the process of carbohydrate 

hydrolysis, which subsequently results in elevated 

levels of glucose after a meal. According to Poovitha 

and Parani (2016), research has demonstrated that 

the suppression of these two enzymes is an effective 

approach in the management of postprandial 

hyperglycaemia and the mitigation of the risk of 

diabetes. The predominant mode of action for the 

Psychotria species in the reduction of blood glucose 

levels, as suggested by most studies, is the inhibition 

of alpha-glucosidase. The process of absorption in 

the small intestine was hindered due to the 

occurrence of competitive inhibition of the alpha-

glucosidase enzymes. Isomaltase, sucrase, 

glucoamylase, and maltase are enzymatic catalysts 

that are essential for the hydrolysis of complex non-

absorbable carbohydrates, facilitating their 

transformation into readily absorbable simple carbs 

(Tannous et al., 2023). As a result, the inhibition of 

alpha-glucosidase activities will hinder the 

absorption of carbohydrates, hence limiting the 

postprandial rise in blood glucose levels (Bhatnagar 

& Mishra, 2022). Previous research conducted by 

Abhishek et al. (2019) and Chen et al. (2021) has 

revealed that P. dalzellii and P. viridiflora have the 

capacity to block alpha-amylase, hence potentially 

aiding in the modulation of blood glucose levels. 

The compounds inhibit the activity of alpha-

amylase enzymes, which play a crucial role in the 

initial stage of starch hydrolysis, namely the 

conversion of starch into maltose. Following this, 

maltose undergoes additional enzymatic hydrolysis 

by alpha-glucosidase, resulting in the conversion of 

maltose into glucose. Therefore, the crucial role of 

inhibiting alpha-amylase activity to slow down the 

process of starch hydrolysis is evident in its ability 

to mitigate the increase in glucose levels that occurs 

during postprandial hyperglycaemia (Dandekar et 

al., 2021). 

Based on the reported findings, it is reasonable 

to consider Psychotria as a potentially efficacious 

therapeutic approach for the development of a novel 

antidiabetic medicine soon, characterized by a 

diminished occurrence of undesirable effects. 

However, it is crucial to recognize and address the 

several limitations present. This review study 

examines the underlying mechanisms that 

contribute to the antidiabetic characteristics 

displayed by various species of Psychotria. 

Nevertheless, a considerable proportion of the 

research (9 out of 15) has not been subjected to a 

thorough examination of the fundamental 

mechanisms that contribute to their antidiabetic 

properties. Additional research is necessary to 

clarify the complex characteristics of phytochemical 

compounds and their fundamental mechanisms of 

action to acquire a more complete comprehension of 

their potential medicinal properties. Moreover, it 

has been noted that there exist certain knowledge 

gaps regarding the contradictory data on 

phytochemical compounds present in Psychotria, 

which have been recognized for their antidiabetic 

activities. This suggests that additional research is 

necessary to provide evidence for the presence of 

phytochemical constituents in Psychotria. In 

summary, there exists a scarcity of research on in 

vivo evaluations of medicinal plants, despite the 

abundance of in vitro studies focusing on the 

antidiabetic attributes of these plan. 

Phytochemistry of Psychotria  

In recent times, there has been a significant surge in 

interest in the domain of natural products. There is 

a need for more research on Psychotria species due 

to their significant presence of natural ingredients, 

including alkaloids (the primary type of 

compound), flavonoids, coumarins, and 

terpenoids.All of these compounds were 

responsible towards antidiabetic activity possessed 

by Psychotria. 

Alkaloids 

Numerous classes of alkaloids derived from 

Psychotria species have been documented in the 

scientific literature, with a limited number currently 

undergoing further investigation. However only 

one alkaloids (5′-hydroxymethyl-1′-(1, 2, 3, 9-

tetrahydro-pyrrolo (2, 1-b) quinazolin-1-yl)-heptan-

1′-one) was reported by Nipun et al. (2020b) 

corresponding towards antidiabetic activity which 

presented in a tabulated table (Table A3) in 
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supplementary data.,  

Flavonoids 

Flavonoids exhibit distribution patterns among 

various species within the Psychotria species. The 

flavonoids obtained from several species of 

Psychotria have been compiled and presented in a 

tabular format (Table A4) in supplementary data. 

All flavonoids present in Psychotria species are 

classified into few types including flavonoid 

glycoside (, luteolin-7-O-rutinoside)and flavonol 

(isorhamnetin, , quercetin). All  these flavonoids 

demonstrate antidiabetic activities. 

Terpenoids 

This literature presents a comprehensive 

compilation of terpenoids that have been derived 

from several species of Psychotria. The terpenoids 

that were discovered and documentedwere 

assembled and presented in Table A5 

(Supplementary data). All terpenoids (β-sitosterol, 

stigmasterol, ursolic acid) present in Psychotria 

species are classified under triterpenoids group.  

Coumarins 

Coumarin possesses a structural arrangement with 

a 2H-chromen-2-one (also referred to as 1,2-

benzopyrone or 2H-1-benzopyran-2-one) oxa-

heterocycle. This compound has garnered 

significant attention in scientific research due to its 

prevalence in numerous biologically active 

substances (Stefanachi et al., 2018). The coumarin 

discovered and documentedwere presented in 

Table A6 (Supplementary data). All coumarins 

present in Psychotria species are classified into few 

types including simple coumarins (1,2-

benzopyrones, scopoletin), and angular 

furanocoumarin (umbelliferone).  

Toxicology of Psychotria  

The lack of comprehensive data on plant toxicity has 

limitations on the feasibility of prolonged utilization 

in the context of chronic illnesses. Therefore, the 

primary objective of this review was to examine the 

toxicity studies conducted on several species of 

Psychotria.  

The biochemical parameters affected by 

diabetes, such as serum glucose, urea, uric acid, 

SGOT, total cholesterol, alkaline phosphatase, 

creatinine, and others, show that the methanol 

extract of P. dalzelli (MEPD) controls diabetes as well 

as glibenclamide. Biochemical parameters increased 

by ~3–10 folds, and protein levels were normalised 

by standard antidiabetic drugs, and MEPD, though 

less effective than glibenclamide, showed marked 

improvement in parameters, suggesting potential 

antidiabetic properties. MEPD reduced blood 

glucose levels at 200 mg/kg b.w. compared to DM 

control, showing anti-hyperglycaemic action. The 

changes in these biochemical markers suggest the 

toxic effect of these on diabetic animals' organs, 

including kidney and liver toxicity (Pecoits-Filho et 

al., 2016). Thus, MEPD are safer than synthetic 

medications and can prevent such problems, 

making them suitable for long-term usage as 

diabetes treatments (Abhishek et al., 2019).  

The researchers performed the fish embryo 

acute toxicity (FET) test in accordance with the rules 

set by the Organization for Economic Cooperation 

and Development (OECD) on Psychotria species. The 

LC50 values of the methanol and water extracts of P. 

malayana leaf extract were exceeded their 

therapeutic concentrations, specifically 37.50 and 

252.45 µg/mL, respectively. The results indicated 

that both the water and methanol extracts exhibited 

potential antidiabetic effects and are considered safe 

for use. Nevertheless, the water extract exhibits a 

higher degree of favourability owing to its 

significantly larger therapeutic index 

(LC50/therapeutic concentration) in comparison to 

the methanol extract (Nipun et al., 2021a).  

Besides that, further investigation of FET test 

was done on optimized extract of P. malayana. The 

optimised extract (OE) exhibited an LC50 value of 

224.29 µg/mL, exceeding its therapeutic index of 

111.03. Additionally, it displayed the most potent 

alpha-glucosidase inhibitory activity, with an IC50 

value of 2.02 µg/mL (Syed Mohamad et al., 2023). 

According to this finding, the therapeutic index of 

OE was higher than that of the methanol extract 

(13.84) in previous art. These findings indicate that 

OE has a reduced level of toxicity, giving it a safer 

option for use, and is expected to be highly effective 

in its ability to treat diabetes. 

Furthermore, Benchoula et al., (2019) were 

observed that the P. malayana extract did not induce 

any alterations in the hepatic morphology of the 

zebrafish specimens that were in a healthy state. 

 P. malayana Jack Leaves as 
Antidiabetic Agent 

Psychotria malayana Jack (as shown in Fig. 2) is a 

member of the Rubiaceae family, which is recognised 

as the largest family within the Plantae kingdom. It 

exhibits a significant level of species richness, with 

around 1600 distinct species. In Malaysia, P. 
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malayana is referred to as "salung" and among the 

Lombok people, it is known as "lolon jarum." The 

botanical specimen in question exhibits vertical 

growth, reaching a range of 1 to 4 metres in height. 

P. malayana is naturally found in Andaman Island, 

Borneo, Jawa, Lesser Sunda Island, Malaysia, 

Sulawesi, Sumatera, and Thailand. However, its 

distribution is primarily concentrated within the 

western region of the Indonesian archipelago. It is a 

woody plant that often thrives in the moist tropical 

ecosystem. P. malayana was taxonomically classified 

within the kingdom Plantae, phylum Streptophyta, 

class Equisetopsida, subclass Magnoliidae, order 

Gentianales, family Rubiaceae, and Psychotria species. 

P. malayana has synonyms categorized as homotypic 

and heterotypic synonyms. The homotypic 

synonyms for this species include Grumilea 

aurantiaca Miq.,  P. aurantiaca Wall., and Uragoga 

malayana (Jack) Kuntze. While the heterotypic 

synonyms are  P. aurantiaca var. lanceolata Miq., P. 

odorata Blume ex Miq., P. stipulacea Wall., P. 

stipulacea var. grandifolia Craib, and Uragoga 

stipulacea (Wall.) Kuntze (Plant of The World Online, 

2024). 

Psychotria species plants have been utilised in 

traditional medicinal practices to address many 

medical conditions, including diabetes (Situmorang 

et al., 2015), pain management (Anvar & Haneef, 

2015), fever, and splenomegaly (Koch et al., 2015).  

Traditionally, P. malayana has been employed in the 

region of Sumatra (specifically Jambi) for the 

treatment of diabetes.  

According to our research findings (Table 1), P. 

malayana has recently become the subject of a study 

looking into its potential therapeutic effects 

especially in the management of DM. A lot of 

research has been done on the antidiabetic effects of 

P. malayana leaf extract by Benchoula et al. (2019), 

Nipun et al. (2020a, 2020b, 2021a, 2021b), Fairuz et al. 

(2020) and Syed Mohamad et al., (2023). The results 

of this study indicated that the extract has potential 

as a therapeutic intervention for diabetes mellitus 

(DM). The bioactive compounds exhibiting 

antidiabetic activity in this study exhibit 

dissimilarities from those elucidated in other 

investigations, with several compounds being 

reported for the first time. An exemplification of 

compounds such as 4-hydroxyphenylpyruvic acid, 

glutamine, and 5’-hydroxymethyl-1'-(1, 2, 3, 9-

tetrahydro-pyrrolo (2, 1-b) quinazolin-1-yl) can be 

furnished.  

According to the initial research results 

(Benchoula et al., 2019), it was observed that the 

administration of water extract derived from P. 

malayana leaves at doses of 1, 2, and 3 g/kg resulted 

in a significant decrease in blood glucose levels in a 

zebrafish model with diabetes.  

In recent investigations conducted by Nipun et 

al. (2020b, 2021b), unique phytochemical substances, 

including heptan-1'-one, α-terpinyl-β-glucoside, 

and machaeridiol-A, were identified in this plant. 

However, it has been discovered that 4-

hydroxyphenylpyruvic acid, a phenolic molecule, 

lacks antidiabetic effects. Nevertheless, it exhibits 

considerable promise for numerous additional 

biological activities, namely in terms of its 

antibacterial and antioxidant properties. The 

antidiabetic properties of the following three 

bioactive compounds (5’-hydroxymethyl-1'-(1, 2, 3, 

9-tetrahydro-pyrrolo (2, 1-b) quinazolin-1-yl), α-

terpinyl-β-glucoside, machaeridiol-A) were 

confirmed through molecular analyses conducted in 

silico by Nipun et al. (2020b). The present 

experiments employed computational 

methodologies to predict the interaction, binding, 

and mechanism of action of these drugs, together 

with their precise binding sites on the enzyme.  

Fairuz et al. (2020) examined blood glucose and 

pancreatic cells in induced type 1 diabetic rats. This 

study used alloxan to induce six rat cohorts. All 

treatment groups showed a considerable drop in 

blood glucose levels, with the highest reduction at 

1000 mg/kg BW (49.76%). 

Additional study has been conducted to 

optimise the extraction of P. malayana leaf extract in 

order to increase its inhibitory effect against α-

glucosidase linked to diabetes. The optimised 

extract (OE) had a notable inhibitory effect on alpha-

glucosidase, with an IC50 value of 2.02 µg/mL, as 

reported by Syed Mohamad et al. (2023). In 

comparison, the methanol extract, as stated by 

Fig. 2: P. malayana Jack leaves photographed at Cermin Nan 

Gedang, Sarolangun, Jambi, Indonesia 
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Table 1: Literature Review Matrix of P. malayana Jack as Antidiabetic Agent 

References Part Medicinal Value / Activity Profiled Metabolites / 

Active Compounds 

(Benchoula et al, 2019) Leaves Antidiabetic activity (Type 1 

diabetes) 

* using diabetes zebrafish 

model 

Phytosterols, Sugar alcohols, 

Sugar acid, Free fatty acids, 

Cyclitols, Phenolics, 

Alkaloid 

(Fairuz et al., 2020) Leaves Antidiabetic activity (Type 1 

diabetes) 

* using diabetes rat model 

Chimonanthus, (+) 

Chimonanthus, Meso-

Chimonanthus, 

Calychanthine, Hodgkinsine, 

2-ethyl-6-methylpyrazine, 3-

methyl-1,2,3,4-tetrahydro-

gamma- carboline 

(Nipun et al., 2020b; 

Nipun et al., 2021b) 

Leaves  Antidiabetic activity (alpha-

glucosidase inhibition)  

5’-hydroxymethyl-1'-(1, 2, 3, 

9-tetrahydro-pyrrolo (2, 1-b) 

quinazolin-1-yl), α-terpinyl-

β-glucoside, Machaeridiol-A, 

1,3,5-benzenetriol, Palmitic 

acid, Cholesta-7,9(11)-diene-

3-ol, 1-monopalmitin, β-

tocopherol, α-tocopherol, 24-

epicampesterol, stigmast-5-

ene, 4-

hydroxyphenylpyruvic acid, 

Glutamine 

Syed Mohamad et al., 

2023 

Leaves Antidiabetic activity (alpha-

glucosidase inhibition) 

Propanoic acid, Succinic 

acid, D-tagatose, Myo-

inositol, Isorhamnetin, 

Moracin M-3′-O-β-D-

glucopyranoside, 

Procyanidin B3, and 

Leucopelargonidin 

 

Nipun et al. (2021a), had an IC50 value of 2.71 

µg/mL. Various substances, including propanoic 

acid, succinic acid, D-tagatose, myo-inositol, 

isorhamnetin, moracin M-3′-O-β-D-

glucopyranoside, procyanidin B3, and 

leucopelargonidin, have been identified as 

possessing antidiabetic properties (Syed Mohamad 

et al., 2023). This discovery has significant 

possibilities for future investigations in the field of 

diabetes therapy. 

Conclusion 

 Our studies have shown that there has been a 

growing interest in the Psycothria genus in recent 

years, as seen by a rising number of publications. 

This interest is primarily driven by the genus' 

traditional applications and pharmacological 

properties. This review provides an overview of 

the primary conventional applications, as well as 

the pharmacological characteristics, 

phytochemistry, and chemotaxonomy, 

associated with the subject. The genus Psychotria 

has an intricate taxonomy, and its phytochemical 

analysis has proven to be a valuable tool for 

comprehending and establishing 

chemotaxonomy. This genus is known to contain 

several types of natural products such as 

alkaloids, flavonoids, and terpenoids.  
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Table A1. Data from published research papers on Psychotria species related to their antidiabetic 

property 

References Plant - parts & 

extraction method 

Antidiabetic 

mechanism of 

action 

Bioactive  

compounds 

Identification  

method 

(Nipun et al., 

2020b) 

○ P. malayana 

○ Leaves 

○ Sonication 

technique by 

using methanol 

at different 

ratio (0%, 25%, 

50%, 75% & 

100%) 

Alpha-

Glucosidase 

Inhibition 

○ 5’-Hydroxymethyl-

1' -(1, 2, 3, 9-

tetrahydro-pyrrolo 

(2, 1-b) quinazolin-

1-yl) -heptan-1' -

one 

○ α-Terpinyl-β-

glucoside 

○ Machaeridiol-A 

○ LC-MS analysis 

○ In Silico Molecular 

Docking  

(Nipun et al., 

2021b) 

○ P. malayana 

○ Leaves 

○ Sonication 

technique by 

using methanol 

at different 

ratio (0%, 25%, 

50%, 75% & 

100%) 

Alpha-

Glucosidase 

Inhibition 

○ 1,3,5-Benzenetriol  

○ Palmitic acid 

○ Cholesta-7,9(11)- 

diene-3-ol 

○ 1-Monopalmitin 

○ β-Tocopherol 

○ α-Tocopherol 

○ 24-Epicampesterol 

○ Stigmast-5-ene 

○ 4-

Hydroxyphenylpyr

uvic acid  

○ Glutamine 

○ GC-MS analysis 

○ H-NMR analysis 

(Abhishek et 

al., 2019) 

○ P. dalzellii 

○ Leaves 

○ Soxhlet 

extraction (1:3 

W/ V) using 

methanol for 10 

hours 

○ Alpha-

Glucosidase 

Inhibition 

○ Alpha-

Amylase 

Inhibition 

NA NA 
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 References Plant - parts & 

extraction 

method 

Antidiabetic 

mechanism 

of action 

Bioactive  

compounds 

Identification 

 method 

(Benchoula 

et al., 2019) 

○ P. malayana 

○ Leaves 

○ A mixture of 3 

g of leaf 

powder and 30 

mL of distilled 

water was 

boiled for 15 

minutes until 

reduced to 20 

mL. The extract 

was filtered, 

and the 

supernatant 

was stored at -

80°C prior to 

force-feeding 

into the 

zebrafish 

Alpha-

Glucosidase 

Inhibition 

○ Stearic acid 

○ Palmitic acid 

○ Myo-inositol 

○ Erythritol 

○ Beta-sitosterol 

○ Quinic acid 

○ Shikimic acid 

○ 1-Monopalmitin 

○ Glycerol 

monostearate 

○ α-Tocopherol 

○ LC-MS analysis 

fingerprinting 

○ GC-MS analysis 

 

 

 

 

 

 

 

(Chen et al., 

2021) 

○ P. viridiflora 

○ Stem 

○ A total of 6.2 kg 

of powder was 

extracted with 

hexane, 

dichloromethan

e, ethyl acetate, 

methanol, and 

water. 

○ Alpha-

Glucosidase 

Inhibition 

○ Alpha-

Amylase 

Inhibition 

○ Fortunellin 

○ Proanthocyanidins 

○ LC-MS analysis  

○ HPLC-MS analysis 

 

(Bristy et al., 

2020) 

○ P. calocarpa 

○ Leaves 

○ 500 g of powder 

was soaked in 2 

L of methanol 

for 15 days with 

occasional 

shaking and 

stirring at 27 ± 2 
°C, followed by 

filtration 

NA 
○ Alkaloid 

○ Flavonoid 

○ In silico molecular 

docking 
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 References Plant - parts & 

extraction 

method 

Antidiabetic 

mechanism of 

action 

Bioactive 

compounds 

Identification  

method 

(Formagio et 

al., 2014) 

○ P.carthagen-

ensis, P. deflexa, 

P. leiocarpa, and 

P. capillacea 

○ Leaves 

○ Maceration 

with methanol 

at room 

temperature 

NA 
○ p-Coumaric acid ○ High-Performance Liquid 

Chromatography 

(HPLC/PAD)  

(Nipun et al., 

2020a) 

○ P. malayana 

○ Leaves 

○ Sonication 

technique by 

using methanol 

at different 

ratio (0%, 25%, 

50%, 75% & 

100%) 

Alpha-

Glucosidase 

Inhibition 

○ Alkane 

○ Alkene 

○ Aldehyde 

○ Aromatic 

○ Fourier-Transform 

Infrared Spectroscopy 

(FTIR) 

(Fokoua et 

al., 2021) 

○ P. camptopus  

○ Stem bark 

○ Maceration in 

water and 

methanol 

NA 
○ Rutin 

○ Butin 

○ Psycotrianoside B 

○ Bauerenone 

○ 10-Hydroxy-

antirhine 

○ 10-Hydroxy-iso-

deppeaninol 

○ Emetine 

○ Hodkinsine 

○ Liquid Chromatography- 

Mass Spectroscopy  

(LC-MS) 

(Rosales-

López et al., 

2020) 

○ P. ipecacuanha 

○ Leaves, Stems 

& Roots 

○ Vortex 

agitation, 

maceration 

with agitation, 

maceration 

without 

agitation, and 

ultrasonic bath 

using 70 % 

ethanol, 

methanol, 

acetone, ethyl 

acetate, and 

hexane 

NA 
○ Emetine 

○ Cephaeline 

○ High-Performance Liquid 

Chromatography (HPLC)  
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 References Plant - parts & 

extraction 

method 

Antidiabetic 

mechanism of 

action 

Bioactive 

compounds 

Identification  

method 

(Orji et al., 

2020) 

○ P. microphylla 

○ Leaves 

○ Maceration in 

ethanol with 

intermittent 

shaking using 

water bath 

shaker 

NA 
○ Quercetin ○ High-Performance Liquid 

Chromatography (HPLC)  

(Iniyavan et 

al., 2012) 

○ P. nilgiriensis 

○ Fruit, stem, and 

leaves 

○ Soxhlet 

extraction using 

petroleum 

ether, 

chloroform, 

acetone, and 

methanol. 

NA 
○ Nakijiquinone B 

○ 2-Hydroxy-2, N-

dimethyloctanoic 

acid amide 

octanamide, 2-

hydroxy-N,2- 

dimethyl 

○ (Z)-2-Methylhex-4-

en-3-yl 

Nphenylcarbamate 

○ 9-Octadecenoic 

acid (Z) 

○ 3,4-Epoxy-7-octen-

2-one 

○ Gas Chromatography-

Mass Spectroscopy (GC-

MS)  

(Frankova et 

al., 2021) 

○ P. insularum 

○ Leaves 

○ Maceration 

with 80% 

ethanol in an 

orbital shaker 

for 24 hr at 

room 

temperature 

NA NA 
○ High-Performance Liquid 

Chromatography (HPLC)  
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 References Plant - parts & 

extraction 

method 

Antidiabetic 

mechanism of 

action 

Bioactive 

compounds 

Identification 

method 

(Situmorang 

et al., 2015) 

○ Psychotria sp. 

○ Leaves 

○ A handful of 

dried leaves is 

combined with 

2 liters of water, 

then heated 

until the water 

has been 

reduced to 

around one-

third of its 

original 

volume. The 

rest of the 

liquid/water is 

taken twice a 

day. 

NA 
○ Alkaloid 

○ Steroid 

○ Flavonoid 

○ Phytochemical screening 

 

(Formagio et 

al., 2019) 

○ P. leiocarpa 

○ Leaves 

○ Maceration 

with methanol 

NA 
○ Vincosamide ○ Isolation 

○ LC-DAD 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NA: Not available 
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Table A2. Conventional and contemporary applications of the Psychotria species 

Psychotria 

species 

Plant part 

used 

Indications Herbal 

preparation 

Method of 

administration 

References 

P. dalzellii Root Scorpion bite Ground with 

lime juice to 

make a paste 

Topical and 

oral 

(Kshirsagar & 

Singh, 2001) 

P. ophioxyloides Leaves and 

tender fruits 

Stomach 

indigestion 

Consumed 

with milk 

NAD (Britto & 

Mahesh, 2007) 

P. adenophylla  Root Mouth sore, 

rheumatism 

Powder NAD (Biswas et al., 

2010) 
 

P. adenophylla  Root Mouth sore, 

rheumatoid, 

lung ailments 

NAD NAD 

 

(Choudhury et 

al., 2012) 

 

 
 

P. denticulata  Root 

 

Toothache NAD NAD 

P. montana  Leaves Pain, colitis NAD NAD 

 

P. poeppigiana  Leaves, root, 

and wood 

Amebic 

dysentery 

Decoctions NAD (Coe et al., 

2008) 

 
 P. elata  Roots, leaves, 

and flowers 

Ear 

infections, 

Diarrhea, 

Emetic 

(induce 

vomiting for 

poisoning), 

Fever, 

Respiratory 

& Pulmonary 

Disorders 

(cold, coughs, 

etc.) 

Decoctions 

and/or 

poultices 

NAD 

P. ipecacuanha NAD Diarrhea NAD NAD 

P. ipecacuanha  NAD Diarrhea and 

dysentery 

NAD NAD (Fisher, 1973 

Root Amoebicide, 

emetic, 

expectorant 

NAD NAD (Ocampo & 

Balick, 2009) 

 

Rhizomes and 

roots 

Expectorant Syrup form NAD 
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 Rhizomes and 

roots 

Diaphoretic Powdered 

form 

NAD 

Rhizomes and 

roots 

Emetic Syrup form NAD 
 

P. nudiflora  Leaves and 

flowers 

Rheumatism Consumed 

along with 

honey 

NAD (Rani et al., 

2011) 

P. nudiflora  Leaves and 

flowers 

Rheumatism Paste NAD (Tabart et al., 

2009) 
 

P. nilgiriensis  Tender fruit Rheumatism Paste NAD 

P. nilgiriensis  Tender fruits Rheumatism Consumed 

along with 

honey 

NAD (Rani et al., 

2011) 

P. nilgiriensis Tender fruit Rheumatism Consumed 

with honey 

NAD (Devadoss et 

al., 2013) 

P. nilgiriensis Tender fruit Rheumatism Consumed 

along with 

honey 

NAD (Iniyavan et 

al., 2012) 

P. viridis NAD Perception NAD Oral 

(beverages) 

(Choffnes, 

2017) 

P. viridis Leaves Hallucinogen Concoction Oral (Gambelunghe 

et al., 2008) 

P. viridis NAD Hallucination

s 

NAD 

 

NAD (Schultes & 

Hofmann, 

1980) 

 

P. andamanica  Leaves General 

health 

complaints 

NAD NAD  

 

 

(Kamble et al., 

2008) 

P. platyneura  Leaves General 

health 

complaints 

NAD NAD 

P. montana  Leaves Constipation NAD NAD 

P. sarmentosa  Leaves Itches and 

sores 

NAD NAD 

P. flavida  Root Snakebite Infusion Oral (Kshirsagar & 

Singh, 2001) 

P. peduncularis Leaf Sore in 

stomach 

NAD NAD (Lebbie et al., 

2017) 
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       NAD: Not appropriately described 

 

 

 

Psychotria sp. Bark Hernia NAD NAD 

P. malayana Whole plants Fever Decoction Oral (Rao et al., 

2016) 

P. obtusifalia  Aerial part Febrifuge Decoction Oral (Rasoanaivo et 

al., 1992) 

 
P. bulata Aerial part Febrifuge Decoction Oral 

P. ipercacuanha NAD Entameoba 

hystolitica 

infection 

NAD NAD (Selvaraj & 

Jeyasankar, 

2018) 
 

P. camptopus Bark Paralysis and 

activate 

nerves 

Concoction Orally and part 

used as an anal 

wash 

(Focho et al., 

2009) 

P. henryiis NAD Revitalizing 

spleen and to 

reduce pain 

NAD NAD (Liu et al., 

2013) 

P. octosulcata  Leaf Muscle 

fracture 

Paste NAD (Rajendran et 

al., 2002) 

 
 

P. colorata  NAD Pain killer NAD NAD (Elisabetsky et 

al., 1995) 

P. flavida  Root Wound Dried 

powdered and 

mixed with 

coconut oil 

Topical (Ayyanar & 

Ignacimuthu, 

2009) 
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Table A3. Alkaloids of Psychotria speciesa 

Compounds Species Chemical Structure References 

 

 

5′-hydroxymethyl-1′-(1, 2, 3, 

9-tetrahydro-pyrrolo (2, 1-b) 

quinazolin-1-yl)-heptan-1′-

one 

 

 

 

P. malayana  

 

 

 

 

 

 

 

 

 

 

Nipun et al., 2020b 
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Table A4. Flavonoids of Psychotria speciesa related to antidiabetic activity 

Compounds Species Chemical  

Structure 

References 

 

 

Isorhamnetin 

 

 

 

 

 

P. serpens  

 

 

 

 

(Zhou et al., 2018; 

Kalai et al., 2022) 

 

 

 

 

 

 

 

Luteolin-7-O-rutinoside  

 

 

 

 

 

 

P. rubra  

 

 (Subash-Babu et al., 

2023) 

 

 

 

 

Quercetin  P. haianensis  

P. serpens  

P. spectabilis  

 (Benevides et al., 

2005; Yang et al., 

2020) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

aCompounds are arranged according to their alphabetical order 

O

O

OH

OH

HO

O

OH

OO

H
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OH O

OH

OH

OH

HRutinosyl

OHO

H

H

OH O
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OH
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H
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Table A5. Terpenoids of Psychotria speciesa 

Compounds Species Chemical Structure References 

 

β-sitosterol  P. adenophylla  

P. haianensis  

P. mariniana  

 (Cao et al., 2020; Babu 

& Jayaraman, 2020) 

 

 

 

 

Stigmasterol  P. vellosiana   

 

 

 

(Bakrim et al., 2022; 

Nualkaew et al., 2015) 

 

Ursolic acid  

 

 

 

 

 

 

 

P. adenophylla  

P. mariniana  

P. serpens  

 (Mlala et al., 2019) 

 

 

 

 

 

 

                                  aCompounds are arranged according to their alphabetical order 
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Table A6. Coumarins of Psychotria speciesa 

Compounds Species Chemical Structure  References 

 

1,2-benzopyrones  P. spectabilis   

 

 

(Benevides et al., 2005; 

Xu et al., 2015; Sharifi-

Rad et al., 2021; Santos 

Junior et al., 2023) 

 

 

 

Scopoletin  

 

 

 

 

 

 

 

 

 

 

P. stachyoides  

P. vellosiana  

 

 

 

 

 

 

 

(Jang et al., 2018) 

Umbelliferone  P. spectabilis   

 

 

(Benevides et al., 2005; 

Mazimba, 2017; Hoult & 

Payá, 1996; Ramu et al., 

2014) 

 

                                        aCompounds are arranged according to their alphabetical order 
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Abstract  

Introduction: Enhancing the therapeutic efficacy of active pharmaceutical 
ingredients requires addressing the persistent challenge of improving their 
solubility. Alpha-mangostin (AM), a promising natural compound with 
various pharmacological properties, faces significant limitations due to its 
low aqueous solubility. This review focuses on evaluating solid-state 
modification (SSM) techniques developed to enhance AM solubility. It aims 
to identify the most effective SSM approaches, analyse their advantages, and 
provide insights for future research directions in addressing solubility 
challenges for poorly water-soluble compounds. Methods: This review 
article is based on a comprehensive analysis of the literature from databases 
like Scopus, Google Scholar, ScienceDirect, Springer, and PubChem, 
covering studies published in the past 15 years. Keywords such as 
"solubility," "alpha-mangostin," and "solubility improvement" were utilised, 
with a focus on scientific articles and reviews. Results: Several strategies, 
such as nanoparticle technology, particle size reduction, amorphous 
formation, and solid dispersion, have been used to enhance AM solubility. 
Solid dispersion with polyvinylpyrrolidone achieved the highest solubility 
(2743 μg/mL), while the AM-chitosan-oleic acid complex using 
nanotechnology improved AM solubility to 160 μg/mL, an 800-fold increase 
from 0.2 μg/mL. Conclusion: The reviewed methods have significantly 
enhanced the aqueous solubility of AM, with solid dispersion and 
nanotechnology showing the most promising results. These findings 
highlight the potential of solubility enhancement strategies to optimise AM’s 
pharmaceutical applications and provide a framework for improving the 
bioavailability of other poorly water-soluble compounds. Future research 
should explore alternative methods, such as co-crystallisation and advanced 
nanotechnologies, to further enhance solubility and formulation efficiency. 
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Introduction 

Solubility denotes the maximum quantity of a 
compound that can dissolve in a solvent at 
equilibrium, with solubility generally increasing 
with temperature (Savjani et al., 2012). In 
pharmaceuticals, solubility is essential for achieving 
effective active pharmaceutical ingredient (API) 
concentrations in plasma, as the API must be 
dissolved in a non-toxic solvent at the necessary 
concentration to ensure proper bioavailability. This 
ensures that the API reaches its target site and elicits 
the desired therapeutic effect (Savjani et al., 2012).  

The solubility of APIs can be improved through 
solid-state modification (SSM), which involves 
altering the structure or form of the APIs, sometimes 
with the incorporation of excipients (Jain et al., 2005; 
Lavilla et al., 2013). SSM is commonly used to 
enhance the solubility, stability, and bioavailability 
of poorly water-soluble compounds. Methods such 
as solid dispersion, nanoparticle formulation, and 
amorphous formation are considered SSMs because 
they involve changes in the physical form of APIs 
while preserving their molecular structure. Unlike 
chemical modifications or liquid formulations, 
which alter the molecular structure and produce 
compounds with different properties, SSMs retain 
the original molecular structure. The focus on SSM 
is driven by its proven effectiveness in addressing 
the solubility challenges of APIs while offering 
additional advantages, such as cost-effectiveness, 
energy efficiency, and environmental sustainability. 

Alpha-mangostin (AM) is a naturally occurring 
xanthone isolated from various parts of the 
mangosteen (Garcinia mangostana Linn) tree, 
including its pericarps (Ahmad Izuren Shah et al., 
2025). The compound is attractive due to its potent 

pharmacological actions such as anticancer (Zhang 

et al., 2017), renal and hepatic protective, anti-
diabetes (Tatiya-Aphiradee et al., 2019), antioxidant 
(Suthammarak et al., 2016; Akhmad et al., 2018), 
antibacterial and antifungal properties (Narasimhan 
et al., 2017), and a promising candidate for the 
treatment of obesity (Ardakanian et al., 2022; Taher 
et al., 2015), Alzheimer’s disease, Parkinson’s 
disease, and depression (Do & Cho 2020). However, 
the compound’s poor aqueous solubility and low 
oral bioavailability are the major obstacles to its 
development. It is classified as a Class II substance 
in the Biopharmaceutical Classification System 
(BCS), characterised by low solubility and high 
permeability. The low aqueous solubility of 0.2 ± 0.2 
μg/mL at room temperature, as reported by Aisha et 
al. (2012), impairs its dissolution in the upper gastric 
fluid (Savjani et al., 2012), which alters 
bioavailability and deters its therapeutic 
application. The low aqueous solubility of AM 
correlates with its molecular structure, as shown in 
Fig. 1. AM consists of an unsubstituted tricyclic 
xanthone core, three hydroxy groups at positions 1, 
3, and 6, a methoxy group at position 7, a carbonyl 
group at position 9, and two isopentene groups at 
positions 2 and 8. The unsubstituted tricyclic rings 
lack polar functional groups capable of interacting 
with water molecules through hydrogen bonding or 
dipole-dipole interactions. In addition, the structure 
of AM lacks hydrogen bond donors and acceptors, 
restricting its ability to form favourable interactions 
with solvent molecules, resulting in poor solvation 
in water. 

This review focuses on evaluating SSM 
techniques developed to enhance AM solubility. It 
aims to identify the most effective SSM approaches, 
analyse their advantages, and provide insights for 
future research directions in addressing solubility 
challenges for poorly water-soluble compounds. It 

is based on a comprehensive literature review of 

Fig. 1: The structural formula of alpha-mangostin (AM). (Reproduced from Ahmad Izuren Shah et al., 2025) 
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studies from databases like Scopus, Google Scholar, 
ScienceDirect, Springer, and PubChem, published 
in the past 15 years. Keywords such as "solubility," 
"alpha-mangostin," and "solubility improvement" 
were utilised, with a focus on scientific articles and 
reviews. 

Factors affecting solubility. 

The solubility of a compound is determined by 
both its intrinsic characteristics and the conditions 
of the solution. Key attributes such as particle size, 
crystalline order, and polarity influence how the 
compound interacts with various solvents 
(Kasimedua et al., 2015). Moreover, solution 
conditions, including pH, the presence of co-
solvents, temperature, and pressure, play a 
significant role in affecting solubility (Kasimedua et 
al., 2015). 

 

Particle size  

Solubility enhancement is achieved through the 
reduction of particle size, which increases the 
surface area-to-volume ratio by providing more 
surface for interaction with the solvent. This 
principle is supported by the following equation 
(Chaudhary et al., 2012): 

𝑙𝑙𝑙𝑙𝑙𝑙 𝑆𝑆
𝑆𝑆𝑆𝑆

=  2𝛾𝛾𝛾𝛾
2.303 𝑅𝑅.𝑇𝑇.𝑟𝑟

          (1) 

Where So = the solubility of large particles 
(mol/L), S = the solubility of fine particles (mol/L), 
V = the molar volume (L/mol), 𝛾𝛾 = the surface 
tension of the solid (N/m), r = the radius of the fine 
particles (m), R = gas constant (J/mol∙K), and T = 
temperature (K). 

This increase in surface area exposes more of the 
AM particles to the solvent, thereby facilitating 
improved solubilisation through enhanced solvent 
interaction. For AM, this is particularly significant 
due to its bulky xanthone core and limited aqueous 
solubility, as smaller particles can increase the 
likelihood of hydrogen bonding with solvents. 
Additionally, smaller particles present a higher 
number of high-energy sites, further augmenting 
their interaction with liquid solvents. The process of 
reducing particle size often introduces crystal 
defects or imperfections, which weaken AM’s 
crystalline structure, characterised by strong 
intramolecular interactions, thereby promoting 

easier dissolution (Łuczak et al., 2023). 
Furthermore, smaller AM particles generally 
exhibit a lower melting point, leading to reduced 
intramolecular forces within the xanthone tricyclic 
ring system and promoting solubility (Alshora et 
al., 2016). 

 

Crystalline order  

Crystalline forms of APIs are generally the most 
stable, characterised by high density, high melting 
points, and minimal Gibbs free energy, which 
contribute to their low solubility (Peltonen & 
Strachan 2020). The well-ordered molecular 
arrangement in crystalline states limits interaction 
with solvent molecules, reducing solubility. 

Although crystalline forms of APIs are typically 
the most stable, some compounds can be processed 
into an amorphous form to enhance their solubility. 
The amorphous state is generally the least stable, 
but it exhibits significantly higher solubility due to 
its disordered molecular arrangement (Babu et al., 
2011). These high-entropy phases are produced by 
rapidly freezing molecular motion before it can 
organize into a crystalline lattice. Amorphous 
compounds, which can exist as solids or 
supercooled glassy states, lack the long-range order 
and periodicity of crystalline structures (Peltonen & 
Strachan, 2020). This structural disorder increases 
surface area and functional group exposure, 
allowing better solvent interaction and enhancing 
solubility. However, the metastable nature of 
amorphous compounds, combined with their 
susceptibility to recrystallisation during storage, 
poses challenges for drug development and 
necessitates stabilisation strategies to preserve the 
solubility advantage (Babu et al., 2011). 

 

Polarity  

The capacity of a compound and solvent to form 
hydrogen bonds is intrinsically linked to their 
polarity. Compounds and solvents with higher 
polarity typically exhibit a stronger tendency to 
function as hydrogen bond donors and acceptors 
(Mudalip et al., 2013; Hassan et al., 2018). AM, with 
its three hydroxyl groups and xanthone core, can 
form hydrogen bonds with polar solvents, 
enhancing its solubility. However, AM's limited 
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solubility in highly polar solvents, such as water, 
arises from its bulky, hydrophobic structure, which 
reduces compatibility with such solvents. Van der 
Waals interactions, though secondary to hydrogen 
bonding, play a more prominent role in AM’s 
solubility in non-polar or semi-polar solvents, 
where intermolecular interactions better 
accommodate its unsaturated tricyclic xanthone 
ring (Guo et al., 2016). 

 

Solution conditions 

Solubility is also influenced by solution 
conditions such as pH, the presence of co-
solvents, and temperature. For weakly ionisable 
APIs like AM, solubility can exhibit substantial 
variability with pH fluctuations (Taniguchi et al., 
2014). AM, being a polyphenolic compound with 
weakly acidic properties, exhibits solubility 
dependence on pH, particularly in its crystalline 
form. Small changes in pH can lead to noticeable 
shifts in AM’s solubility, similar to the behaviour 
of other BCS Class II substances, which are 
characterised by high permeability but low 
solubility. As pH decreases, AM’s solubility 
increases due to its enhanced ionisation 
(Asasutjarit et al., 2019). In addition, an increase 
in pH can reduce AM particle size from 548 nm 
to 200 nm, with crystallisation occurring at lower 
pH levels and physical changes observed around 
pH 6 (Ahmad et al., 2013). 

Co-solvents can enhance the solubility of low 
polarity compound, such as AM. The use of co-
solvents reduces solvent-solvent interactions, 
thereby lowering surface tension and the 
dielectric constant, improving AM’s solubility in 
polar solvents by reducing the incompatibility 
between its hydrophobic core and the solvent 
(Mantri et al., 2017). Temperature also plays a 
role in enhancing AM’s solubility, especially 
when using endothermic processes. As 
temperature increases, the kinetic energy of 
molecules intensifies, leading to more frequent 
and energetic collisions between AM and solvent 
molecules (Hassan et al., 2018). Elevated 
temperatures may help overcome some of AM's 
inherent molecular structure, increasing AM 
solubility. Furthermore, temperature increases 
may lead to the formation of larger micelles, 

facilitating AM’s dispersion in solution. Pressure 
typically has less of an impact on AM’s solubility 
compared to gases, but variations in pressure can 
influence the solubility of AM in certain solvents, 
particularly under supercritical conditions (Lee 
et al., 2019).  

To enhance solubility, various techniques can 
be used for AM, including physical modifications 
such as reducing particle size through 
micronisation or nanosuspension, and altering 
crystal forms. The use of co-solvents, surfactants, 
and other excipients can help to solvate AM more 
effectively (Lee et al., 2019). Moreover, chemical 
modifications, such as adjusting pH or 
derivatives formation, may improve AM’s 
dissolution rate (Savjani et al., 2012). 

Biopharmaceutics Classification System 

The Biopharmaceutics Classification System 
(BCS) categorises substances into four classes based 
on their solubility and permeability characteristics, 
in accordance with the International Conference on 
Harmonisation (ICH) guidelines (2019), as depicted 
in Fig. 2. This system has become crucial in recent 
years for guiding the development of oral 
formulations and establishing bioavailability 
standards (Dahan et al., 2009). 

 

 

BCS Class II substances are characterised by 
high permeability but low solubility, which limits 
their bioavailability (Yasir et al., 2010). As of recent 
reports, 60–70 % of API candidates in development 
and 30 % of APIs that have reached the market 
belong to BCS Class II (Ting et al., 2018). AM is 
classified as a BCS Class II compound (Li et al., 
2011). Its solubility in water at room temperature is 
0.2 ± 0.2 μg/mL (Aisha et al., 2012). It is significantly 

Fig. 2: API classification based on the Biopharmaceutics 
Classification System (BCS) 
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lower compared to ibuprofen (21 µg/mL) (National 
Center for Biotechnology Information, 2024) and 
atorvastatin (100 µg/mL) (Rodde et al., 2014), but 
comparable to curcumin (0.6 µg/mL) (Górnicka et 
al., 2023). In terms of permeability, AM shows high 
membrane permeability, similar to curcumin 
(apparent permeability (Papp) ≈ 0.07×10−6 cm/s) 
(Dempe et al., 2012) and atorvastatin (Papp ≈ 
28.1×10−6 cm/s) (Li et al., 2011), though slightly 
lower than ibuprofen (Papp ≈ 1.8×10−4 cm/s) (National 
Center for Biotechnology Information, 2024).  

 To enhance the solubility of BCS Class II 
substances, techniques are generally categorised 
into two main groups: physical modification and 
chemical modification. Physical modification 
involves particle and crystal engineering, along 
with amorphous systems, incorporating methods 
such as nanoparticle synthesis, particle size 
reduction, amorphous solid formation, and solid 
dispersion techniques (Jain & Chella, 2020). In 
contrast, chemical modification includes prodrug 
strategies and API derivatisation to modify 
physicochemical properties and biodistribution 
while preserving pharmacological activity, along 
with the formation of complex compounds using 
surfactants or co-solvents (Jain & Chella, 2020). To 
date, numerous attempts using various techniques 
have been employed to improve the solubility of 
AM. 

Nanotechnology 

While physical and chemical modification 
techniques offer various approaches for enhancing 
the solubility of BCS Class II substances, 
nanotechnology has emerged as a powerful 
strategy to further address these challenges. 
Nanotechnology is a key component of 
nanomedicine, enabling advancements in targeted 
treatments and enhancing therapeutic efficacy in 
clinical applications. Nanoparticles, which are 
around 10-9 meters in size, have a significantly 
larger surface area, leading to greater contact with 
solvents. In addressing the challenges of poor API 
solubility, nanoparticles increase the API surface 
area, thus improving dissolution rates and 
stabilising the API in a nanoscale form. 
Nanoparticle technology facilitates improved 
solubility through mechanisms such as solid 
dispersion formation and enhanced dissolution 
rates (Chen et al., 2011). By encapsulating the API 

in a nanoscale carrier, nanoparticles address 
solubility issues, making them an effective method 
for improving the solubility of poorly soluble APIs. 
Cellulose derivative polymers have the ability to 
form nanoreservoirs using particle technology 
(Pan-in et al., 2014; Kim et al., 2014). These 
enhancements are further amplified when coupled 
with polyethylene glycol-2000 (Sakpakdeejaroen et 
al., 2022). In addition, the combined application of 
letichin and propolis extract has demonstrated 
enhanced efficacy and solubility of AM (Suhandi et 
al., 2023). 

The AM encapsulation procedure involved the 
use of a self-assembly technique (Pan-in et al., 2014) 
and a solvent displacement method, employing a 
mixture of ethylcellulose and methylcellulose 
polymers to form nanoparticles (Kim et al., 2014). 
The resulting nanoparticles were characterised to 
ascertain their loading capacity and encapsulation 
efficiency, in vitro release, cellular uptake, and 
susceptibility testing (Pan-in et al., 2014; Kim et al., 
2014).  The morphology of the nanoparticles 
encapsulated with AM showed their spherical form 
(Kim et al., 2014). The nanoparticles displayed 
favourable stability in suspension and excellent 
drug-loading and encapsulation efficiencies. The 
results demonstrate the effectiveness of cellulose-
derivative nanoparticles in enclosing the 
hydrophobic AM, enhancing its solubility and 
bioavailability of AM, as well as successfully 
improving the delivery of AM into cancer cells (Kim 
et al., 2014).  

Furthermore, nanotechnology enhances AM 
solubility through SSM to form proniosomes. The 
amphiphilic nature of proniosomes allows them to 
interact with both hydrophilic target molecules and 
the hydrophobic regions of APIs, thereby 
improving therapeutic agent delivery (Shah et al., 
2021). Proniosomes are dehydrated powders made 
of nonionic surfactants and lipids (see Figure 3(b)). 
When these powders contact water, they transform 
into niosomes, encapsulating AM, a poorly soluble 
API, which improves its solubility and stability. 
Chin et al., (2016) used the coacervation phase 
separation method to prepare AM proniosomes, 
creating a stable system that enhances the 
transportation of lipophilic AM. The study reported 
that AM proniosomes had numerous significant 
advantages, including improved skin permeability, 
high entrapment efficiency, successful deposition in 
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the viable epidermis, better vesicle stability, and no 
agglomeration. 

Pham et al. (2019) formulated AM-loaded 
fibroin nanoparticles using fibroin extracted from 
Bombyx mori silk, combined with carbodiimide 
and polyethylenimine. The resulting nanoparticles, 
averaging 300 nanometres in size with surface 
charges between −15 and +30 millivolts, exhibited a 
significantly enhanced solubility of 1.091 µg/mL, 
which is nearly a threefold increase compared to the 
0.386 µg/mL solubility of free AM.  In contrast, 
Yang et al. (2019) employed biodegradable 
monomethoxy poly(ethyleneglycol)-
polycaprolactone copolymer nanomicelles. By re-
suspending AM and the copolymer in methanol, 
followed by a self-assembly process in water, they 
fabricated nanomicelles with high encapsulation 
efficiency.  

 Micelles are colloidal structures formed by the 
self-assembly of amphiphilic molecules, as 
schematically shown in Fig. 3 (c). In an aqueous 
environment, the hydrophilic regions of these 
molecules’ orient outward, interacting with the 
solvent, while the hydrophobic regions aggregate 
inward to form the particle’s core (Ducheyne et al., 
2017). The concentration at which micelles begin to 
form is referred to as the critical micelle 

concentration (CMC). A lower CMC is typically 
preferred in functional applications, as it indicates 
greater micelle stability, even under dilution 

(Meylina et al., 2021). These nanomicelles not only 
improved solubility but also demonstrated 
controlled drug release. 

Both Samprasit et al., (2014) and Kalidason & 
Kuroiwa (2023) improved AM solubility using 
chitosan, albeit through different methods: 
thiolated chitosan polymer solutions and chitosan-
oleic acid complexes, respectively. Samprasit et al., 
(2014) enhanced AM solubility by incorporating it 
into nanofiber mats using a polymer matrix. A 
composite solution of thiolated chitosan and 
polyvinyl alcohol was prepared to achieve a 
homogeneous dispersion of AM, followed by 
electrospinning to fabricate nanofibre mats. The 
resulting mats exhibited potent antibacterial 
activity and facilitated the rapid release of bioactive 
compounds. In contrast, Kalidason & Kuroiwa 
(2023) utilised nanoencapsulation technology to 
enhance the aqueous solubility of AM by preparing 
a chitosan solution from chitosan flakes dissolved 
in acetic acid and oleic acid, into which the AM 
extract was incorporated. Following stirring and 
centrifugation, a stable chitosan-oleic acid complex 
with a particle size of 830 nm was formed. The 
thiolated chitosan improved the prolonged release 
and efficacy of the mats when taken orally, while 
the chitosan-oleic acid complex exhibited excellent 
stability and efficient controlled delivery to the 
intestine, significantly increasing AM's solubility by 
over 800 times, from an initial 0.2 μg/mL. 
Nanoparticle drug delivery systems offer 
significant benefits, including enhanced solubility, 
controlled release, and targeted delivery, all of 
which improve the bioavailability and therapeutic 
effectiveness of AM. These systems also provide 
versatile formulations, reduce toxicity, and enhance 
pharmacokinetic properties (Wathoni et al., 2020). 
Nevertheless, scaling up nanoparticle formulations 
for industrial production is complex and costly. 
Stability, biocompatibility, and toxicity must be 
carefully managed, as environmental conditions 
and potential adverse effects can impact AM 
efficacy (Wathoni et al., 2020).  

Size reduction 

Nanotechnology uses the properties of 
nanoparticles, whereas size reduction techniques, 
such as high-pressure homogenisation, offer a more 
direct approach to improving AM's solubility. AM 
was dispersed in deionised water with stabilisers 

Fig. 3: Schematic overview of different nanotechnology 
techniques. (Modified from Chen et al., 2011) 
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such as sodium lauryl sulphate and poloxamer 188. 
The dispersion was sonicated to improve 
uniformity. High-pressure homogenisation was 
conducted at different pressures while maintaining 
temperature control to prevent excessive heating 
and reduce particle size (Limwikrant et al., 2019). 
The stability and efficacy of the particles were 
evaluated by monitoring their size and zeta 
potential. The study found that sodium lauryl 
sulfate resulted in the highest solubility for AM, 
with a value of 57.81 ± 0.21 μg/mL.  This was 
attributed to its lower CMC compared to poloxamer 
188 (Limwikrant et al., 2019).  

Ball milling techniques were also used for the 
size reduction of poorly soluble APIs, with the 
potential to increase AM solubility. The API 
powders were weighed inside a glove box under a 
high-purity argon atmosphere (oxygen <25 ppm) to 
maintain inert conditions and prevent oxidation 
during milling. The powders were then loaded into 
hardened stainless-steel jars with stainless-steel 
balls, and stearic acid was added as a process-
controlling agent. High-energy ball milling was 
performed at 280 and 350 rotations per minute, with 
a 30-minute pause after each hour of milling 
(Witharamage et al., 2021). The milled powders 
were subsequently cooled and compacted.  

This technique effectively reduced particle size, 
increasing the surface area and active sites, which 
led to enhanced solubility. Reducing particle size 
offered significant advantages, such as improved 
emulsion stability and energy efficiency (Dumay et 
al., 2013). It also enhanced the functional properties 
and bioavailability of the API. While size reduction 
provided various benefits, it also required high 
operational costs, significant energy consumption, 
and potential temperature effects that could 
degrade the API. Additional challenges included 
scale-up difficulties, limited long-term data, 
microbial resistance, and the need for precise 
viscosity control, which complicated product 
formulation and consistency (Dumay et al., 2013). 

  
Amorphous formation 

 
The formation of amorphous solids is one of the 

SSM strategies used to enhance AM solubility. The 
amorphous form of a substance is characterised by 
its irregular structure and higher energy state 
compared to its crystalline counterpart, as shown in 

Fig. 4. This form generally enhances API 
dissolution, solubility, and bioavailability due to its 
less ordered lattice, which improves solvent contact 
and wetting (Iqbal et al., 2018). Amorphous solids 
exhibit elevated free energy, enthalpy, and entropy 
due to their disordered structure (Gurunath et al., 
2013). A study indicated that rice husk ash 
mesoporous silica effectively facilitated the 
transformation of AM into its amorphous form, 
thereby enhancing its solubility (Iqbal et al., 2018). 
Rice husk was processed by washing, filtration, and 
rinsing, followed by calcination to produce rice 
husk ash. Mesoporous silica was synthesised from 
this ash using Pluronic 123, followed by additional 
calcination. The sol-gel method was then employed 
to load AM onto the rice husk ash mesoporous 
silica. Both AM and the mesoporous silica were 
dissolved in ethanol, concentrated, and dried (Iqbal 
et al., 2018). Amorphous AM enhances solubility, 
improves physical stability, and inhibits 
recrystallization. However, amorphous AM has 
limitations, such as high recrystallisation 
tendencies, agglomeration issues, and dependence 
on polymer choice and ratio. These challenges, 
along with storage difficulties and regulatory 
concerns, complicate its practical use in 
pharmaceutical formulations (Budiman et al., 2023). 

 

Solid dispersion 

Solid dispersions, which are a method of 
enhancing the solubility of poorly soluble drugs by 
dispersing them in a solid matrix, are illustrated by 
the process flow shown in Fig. 5. They typically 
consist of a hydrophilic matrix and a hydrophobic 
API, with the matrix existing in either crystalline or 
amorphous states (Singh et al., 2013). This method 

Fig. 4: The structural transition from crystalline to 
amorphous states. (Modified from Peltonen & Strachan 

2020) 



Page 177 
 

 

enhances API concentrations in gastrointestinal 
fluids by employing particle size reduction, 
improving wetting, and reducing agglomeration 
(Kumar et al., 2017). The inclusion of surfactants 
further minimises recrystallisation, improving both 
dissolution and stability (Chaudhari et al., 2017). 
Solid dispersions offer advantages over other 
systems by enhancing oral bioavailability without 
altering the API’s active targets, often through salt 
formation or by incorporating polar or ionised 
groups (Kaur et al., 2012).  

 

 

 

The study by Aisha et al. (2012) employed solid 
dispersion techniques to enhance solubility and 
elucidate the underlying mechanisms. Solid 
dispersions were prepared through the solvent 
evaporation method using polyvinylpyrrolidone 
(PVP), resulting in a substantial increase in AM 
solubility from 0.2 ± 0.2 µg/mL to 2743 ± 11 µg/mL. 
Characterisation was performed using Fourier 
Transform Infrared (FTIR) spectroscopy to analyse 
API-polymer interactions and X-ray Diffraction 
(XRD) to verify the transition of AM to an 
amorphous state. Solubility studies involved 
dissolving the solid dispersions in phosphate-
buffered saline. This study also confirmed the 
formation of spherical anionic nanomicelles with 
particle sizes ranging from 99 to 127 nm, which 
enhance tissue and cellular penetration. Solid 
dispersions provide versatility in AM formulation, 
stability for sensitive compounds, ease of 
manufacturing, and potential for combination 
therapies, while also reducing side effects by 
lowering required dosages. However, solid 
dispersions face challenges such as stability issues, 
limited drug loading, and complex formulation 
development, which can affect their efficacy and 
application (Tran et al., 2019). 

Complex formation 

Besides solid dispersions, complex formation 
with cyclodextrins provides another effective 
strategy for enhancing AM solubility. 
Cyclodextrins, cyclic oligosaccharides derived from 
starch, form non-covalent bonds with APIs, 
preserving their physicochemical properties. They 
possess primary and secondary hydroxyl groups 
that act as potential modification sites (Phunpee et 
al., 2018). Structurally, cyclodextrins resemble a 
truncated cone with a hydrophilic exterior and a 
hydrophobic interior, which facilitates the 
formation of inclusion complexes with non-polar 
molecules (Phunpee et al., 2018). This 
configuration, combined with the increased free 
energy and complex energy from such interactions, 
makes cyclodextrins effective carriers (Hotarat et 
al., 2020). Specifically, the glycerol ester group of 
dimethylcyclodextrin interacts with AM through 
hydrogen bonding, suggesting the permeation of 
the inclusion complex into the inner phospholipid 
membrane (Hotarat et al., 2020). 

The phase solubility studies consisted of 
introducing AM into cyclodextrin solutions in a 1:1 
stoichiometry ratio until the point of saturation was 
reached (Hotarat et al., 2019). Solutions were 
sonicated and incubated until equilibrium, then the 
supernatants were filtered and analysed. The 
experimental results showed that the formation of 
complexes with 2, 6-dimethyl-beta-cyclodextrin 
was the most favourable, as validated by molecular 
dynamics simulations. The simulations further 
demonstrated that AM could adopt two 
orientations inside cyclodextrin cavities, primarily 
stabilised by van der Waals forces (Hotarat et al., 
2019). The results confirmed that 2, 6-dimethyl-
beta-cyclodextrin significantly enhanced the 
solubility of AM, increasing its concentration from 
1 µM in pure water to 104 µM, compared to 22 µM 
with beta-cyclodextrin and 28 µM with 2-
hydroxypropyl-beta-cyclodextrin (Hotarat et al., 
2019). 

The enhanced AM solubility reached 2743 
μg/mL using PVP through the solid dispersion 
method, which includes the solvent evaporation 
technique. FTIR and XRD analyses confirmed the 
formation of an amorphous AM-PVP solid 
dispersion. Moreover, the study observed no 
significant variation in pyrene fluorescence 

Fig. 5:  Schematic representation of a technique for 
incorporating surfactant and polymer into solid 

dispersions. 
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intensity, indicating the physical stability of the 
AM-PVP complex and reinforcing the micellar 
stability. Complex formation techniques improved 
pharmacokinetics and reduced toxicity, making it 
safer for therapeutic use. However, limitations 
include the need for extensive in vivo and clinical 
trials, synthesis challenges, potential API 
interactions, and variability in individual 
responses. Regulatory hurdles, stability issues, and 
high production costs may delay approval and 
clinical use (Mardianingrum et al., 2024). 

Summary 

Nanotechnology using cellulose derivatives 
enhance AM’s solubility and bioavailability but face 
challenges in preparation and stability. 
Proniosomes improve solubility, stability, and skin 
permeability, though phase separation can be 
problematic. Fibroin nanoparticles and 
nanomicelles offer biocompatibility and controlled 

release but are costly and hard to scale. Chitosan-
based formulations are effective but affected by 
variability in quality. Size reduction techniques like 
high-pressure homogenisation and ball milling are 
simple and scalable but prone to aggregation and 
stability issues. Amorphous formation using 
mesoporous silica enhances solubility but is 
complex and costly. Solid dispersions improve 
wetting but face scaling and recrystallisation 
challenges, while cyclodextrin complexation 
significantly enhances solubility, with effectiveness 
depending on the cyclodextrin type. Each method 
improves AM’s therapeutic potential but involves 
trade-offs in complexity, scalability, and stability. 

Among the methods reviewed, as summarised 
in Table 1, Aisha et al., (2012) achieved the highest 
enhancement in AM solubility, reaching 2743 
μg/mL using PVP via the solid dispersion method, 
which includes the solvent evaporation technique. 
FTIR and XRD analyses confirmed the formation of 
an amorphous AM-PVP solid dispersion. In 

Method Free AM 
(µg/mL) 

Enhanced 
AM 
(µg/mL) 

Excipient References 

Solid dispersion, 
Amorphous 
formation 

0.2 2743 Polyvinylpyrrolidone Aisha et al., 2012 

Nanoparticles 0.2 160 Chitosan-oleic acid complexes Kalidason & Kuroiwa 
2023 

Particle size 
reduction 

- 57.81 Sodium lauryl sulphate and 
poloxamer 188 

Limwikrant et al., 
2019 

Complex 
formation 

0.412 42.88 Beta cyclodextrin Hotarat et al., 2019 

Nanoparticles 0.386 1.091 Fibroin, carbodiimide, and 
polyethylenimine. 

Pham et al., 2019 

Nanoparticles 
 (nanocarrier) 

- - Ethylcellulose, methylcellulose 
(1:1) 

Pin et al., 2014 
Kim et al., 2014 

Nanoparticles 
(nanocarrier) 

- - Proniosomes Chin et al., 2016 

Nanoparticles 
(nanomicelles)  

- - Monomethoxy 
poly(ethyleneglycol)-
polycaprolactone 

Yang et al., 2019 

Nanoparticles 
(nanofiber) 

- - Thiolated chitosan Samprasit et al., (2014) 

Amorphous 
formation 

  Rice husk, pluronic 123 Iqbal et al., 2018 

Complex 
formation 

- - Beta cyclodextrin Phunpee et al., 2018 

Table 1: Methods to enhance the aqueous solubility of AM. 
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comparison, Kalidason & Kuroiwa (2023) obtained 
the second highest AM aqueous solubility 
enhancement, with 160 μg/mL, by developing an 
AM-chitosan-oleic acid complex. This complex 
exhibited excellent stability and controlled 
intestinal release, boosting AM’s solubility over 
800-fold from an initial 0.2 μg/mL. 

Future strategies  

In order to explore effective strategies for 
enhancing AM solubility, it is useful to examine 
similar approaches applied to other polyphenols, 
such as curcumin. Co-crystallisation of curcumin 
with resorcinol and pyrogallol has shown 
significant improvements in solubility and 
bioavailability (Sanphui et al., 2011). It was found 
that curcumin-resorcinol cocrystals have a 
solubility increase of 2.7 to 4.7 times, while 
curcumin-pyrogallol cocrystals show an increase of 
6.7 to 11.8 times compared to the stable form of 
curcumin. These findings highlight the potential of 
using co-crystallisation to improve AM’s solubility 
and therapeutic effectiveness.   

 

Conclusion  

This review examines both established and 
emerging SSM strategies for enhancing the 
solubility of AM, including nanoparticle 
technology, solid dispersions, particle size 
reduction, amorphous formation, and 
complexation. These strategies are discussed in the 
context of recent advancements and relevant 
research that highlight their effectiveness in 
improving AM solubility. As a BCS Class II 
substance, AM faces formulation challenges due to 
its low solubility and poor bioavailability, which 
limit its therapeutic effectiveness. 

Solid dispersion (Aisha et al., 2012) and AM-
chitosan-oleic acid complexation via 
nanotechnology (Kalidason & Kuroiwa, 2023) have 
demonstrated promising results, with AM solubility 
increasing by over 2700 μg/mL in the former and 160 
μg/mL in the latter. These enhancements increase 
the potential for AM-based treatments for diseases 
like cancer, inflammation, and microbial infections, 
where AM shows significant bioactivity. 
Furthermore, scalable and reproducible solubility 
enhancement methods could facilitate the 

development of commercially viable AM 
formulations, making these therapies more 
accessible to patients. 

Future research should focus on co-
crystallisation, advanced nanotechnologies, lipid-
based delivery systems, and long-term stability 
studies to ensure consistent solubility improvement. 
In vivo pharmacokinetic studies are also essential to 
assess absorption and therapeutic efficacy. 
Furthermore, exploring synergistic strategies for 
solubility enhancement and developing scalable, 
cost-effective formulations will be key to translating 
these findings into practical clinical applications 
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