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INTRODUCTION

ABSTRACT

INTRODUCTION: Medicinal plants are known for their positive impacts on wound healing by
stimulating angiogenesis in the skin. Eurycoma longifolia Jack locally known as Tongkat Ali
(TA), is a medicinal plant characterised by anti-inflammatory and antioxidant effects.
MATERIALS AND METHODS: Excisional wound (15mm X 15mm) in diameter and (2mm)
depth was created at the back of 20 male Sprague Dawley rats by incising the marked skin
with sterilized surgical scalpel blade then excised the skin by surgical scissors and toothed
forceps. The wounded rats were divided into 4 groups, each group contained 5 rats (n=5).
Experimental groups were formed as follows: untreated (-ve) control, Hydrocyn® aqua gel
(+ve) control, vehicle hydrogel, and TA hydrogel. All the treatments were applied twice daily
for 5 days starting on the first day (wounding day). On Day 5 post-wounding, the granulation
tissue was harvested from all groups and evaluated by immunohistochemistry assay for
vascular endothelial growth factor (VEGF) expression. RESULTS: VEGE expression in
granulation tissue of rat’s skin treated with TA hydrogel and vehicle hydrogel increased
significantly compared to that in the untreated (-ve) control group with p-values of 0.040 and
0.029, respectively. Although there was no significant difference in VEGE expression in
granulation tissue of rat’s skin treated with the TA group, Hydrocyn® aqua gel (+ve) control,
and vehicle hydrogel groups, our study group showed higher expression of VEGF.
CONCLUSION: Our study showed that the topical application of TA hydrogel increased the
VEGT expression in granulation tissue of rat’s skin, which is an essential growth factor for
wound healing. Thus, there is great potential for TA hydrogel to be an effective wound-

healing agent for managing cutaneous wounds.

The skin acts as a protective barrier between the body and
the external environment against any physical injury,
microbial attack, ot loss of fluid and has an immune-
neuroendoctrine regulatory function that participates in the
homeostasis maintenance of the body.! Wound healing is
a vital process for all living creatures. It involves intricate
reactions and integrated biological events between several
types of cells, which are organised and regulated by
several growth factors, chemokines, and cytokines. The

hallmark of wound healing are cell proliferation and
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migration, and the essential contestants in these
biological events are fibroblasts, endothelial cells, and
keratinocytes.23 The effective irrigation of the wound

borders is an important factor for wound healing.>

Angiogenesis refers to the formation of new blood vessels
from injured and pre-existing vasculature.® Angiogenesis is
an essential biological process in the healing wound, it
represents a vital subphase of the proliferation in the

wound healing cascade. All wounds need angiogenesis for
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healing, as new vasculature is demanded to restore
microcirculation, re-establish tissue aspiration and supply
nutrients and oxygen to stimulate cell growth and
formation of granulation tissues, which is required for the
regeneration of the damaged tissue.:# The creation of
new blood vessels depends on well-organised interaction
between growth factors and different cell types and it is
commanded by ischaemia and hypoxia.l® Vascular
endothelial growth factor (VEGF) plays a key role in the

initiation and control of angiogenesis.6

VEGT is one of the most influential growth factors in the
wound healing cascade. It is produced by keratinocytes,
and fibroblasts

inflammatory cytokines at the early stage of wound healing

macrophages, in response to pro-
and acts on angiogenesis and tissue granulation by
stimulating the migration and propagation of endothelial
cells.11.12 Herbal medicines occupy a significant portion of
the medicinal market in the world. Traditionally, medicinal
plants have been used for curing ulcers, and infections and
stimulating  cutaneous wound healing.!314 Recently,
many medicinal plants have been screened in tropical and
subtropical regions of the world for their healing effects.
Many studies proved that herbal drugs have been
considered effective, affordable, and safe therapeutic
agents.? It is estimated that 450 plant species have been
Herbal

several

recognised with expected healing effects.!5

medicines  stimulate wound healing by
mechanisms, frequently by encouraging angiogenesis. Due
to the availability of secondary metabolites and volatile
compounds that have proangiogenic properties via

upregulation of VEGF expression.’

Eurycoma longifolia Jack which is locally known in
Malaysia as Tongkat Ali (TA) is a widely used medicinal
plant in south-east Asian countries, which belongs to the
Simaroubaceae family. Each part of the plant is used as a
therapeutic agent due to its various medicinal values and
the most important part of the plant is the root.10
Traditionally, the use of TA root extracts as an anti-
inflammatory and analgesic therapeutic agent is well
confirmed. Previous studies had proved that TA root
extracts have antioxidant, anti-inflammatory, antipyretic,
antimalarial, cytotoxic, aphrodisiac, and antimicrobial

properties.!-23In our previous study, ethanol extract of

TA root was incorporated into the hydrogel to be used as
a delivery system for TA for in vivo wound healing.2
Therefore, the current study aims to investigate the impact
of the topical application of TA hydrogel on VEGF
expression in granulation tissue of the healing excisional

wound in rats model by immunohistochemistry assay.

MATERIALS AND METHODS

EXPERIMENTAL ANIMALS AND ETHICAL
APPROVAL

The animal study was approved by the Institutional
Animal Care and Use Committee of the International
Islamic University Malaysia (IACUC-IIUM), approval
number: ITUM/504/14/2/TACUC. The animal study was
conducted on 20 Male Sprague-Dawley rats (160-180 g).
All details regarding animal care and housing are illustrated

in our previous publication.?>

WOUND CREATION AND STUDY DESIGN

In this study, the excisional wound model as designated by
Morton and Malone was used.!326 After administering the
anaesthesia to rats, a full-thickness circular wound of 15
mmX 15mm in diameter and 2mm depth was made
surgically at the dorsal interscapular region of each rat as
shown in Figure 1. The wound was created by incising the
marked skin with a sterilised surgical scalpel blade then
excising the skin with surgical scissors and toothed
forceps. The rats were divided into four groups: Group 1
untreated (-ve) control, Group 2 Hydrocyn® aqua gel
(+ve) control, Group 3 vehicle hydrogel (2% w/w
xanthan), and Group 4 Eurycoma longifolia Jack (TA)
hydrogel (xanthan-based hydrogel containing 0.12% w/w
TA) as shown in Figure 2. All details regarding the surgical
excision, study design, and preparation of TA hydrogel are

explained and clarified in our previous publications.?425

Excisional Checking the wound size on a
wound wounding day by engineering
model stencils and caliper
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Figure 1: Excisional wound model, a full-thickness circular wound of 15 mmX
15mm in diameter and 2mm depth at the back of a male Sprague Dawley rat
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TREATMENT APPLICATION

TA hydrogel was authenticated, extracted, and prepared in
a hydrogel as a delivery system for the medicinal plant.2*
Wounds were left undressed and all treatments for all
groups (Hydrocyn® aqua gel, vehicle hydrogel, and TA
hydrogel) except the untreated (-ve) control group were
applied for 5 days twice daily morning and evening with

the amount of 1 g of each treatment for each rat.

TISSUE COLLECTION

On day 5 post wounding the granulation tissue was
harvested from all the rats to study the influence of TA
VEGF  expression by

assay. The were
weighed using the METTLER TOLEDO balance and

anaesthetised by intraperitoneal injection with 10 mL of

hydrogel application on

immunohistochemistry (IHC) rats

anaesthesia cocktail. The anaesthesia cocktail consisted of
8.75 mL of ketamine (100 g/mL) mixed with 1.25 mL of
xylazine (100 g/mL). The dose was identified based on the
body weight, 0.1 mL of the cocktail for every 100 g of
body weight was injected at the peritoneal site of each rat.
The entire granulation tissue of the wound with an area of
5 mm of unwounded skin was demarcated and excised

surgically by scissors, scalpel, and tissue forceps.

Figure 2 shows the images of excisional wounds of four
groups on a wounding day, three days after treatment, and
5 days post-treatment before collecting the biopsy of the
granulation tissue. Fach specimen was kept in an
individual cassette and fixed in a 10% buffered formalin at
neutral pH (7.4) for six hours before putting them in
LEICA ASP 06025 (GmbH, Germany) auto tissue
processor overnight. Before impregnation in the wax, each
specimen was divided into two halves in order to be

positioned perpendicular to the metal mould.

IMMUNOHISTOCHEMICAL STAINING

An immunohistochemistry assay was used to identify
the expression of VEGF in the granulation tissue of

the healing excisional wound model in rats.”-!1.27 Anti-

Hydrocyn aqua

Days of untreated gel(+ve) Vehicle TA hydrogel
treament (-ve) control hydrogel
control
b B [ N €&

b ]

Day 5 ‘ "' g &

Figure 2: Gross images of excisional wounds of four groups over 5 days
post-treatment: Group 1: untreated (-ve ) control, Group 2: Hydrocyn® aqua
gel (+ve) control, Group 3: vehicle (xanthan) hydrogel and Group 4:Eurycoma
longifolia Jack (TA) hydrogel. Day 0 is the wounding day before treatment
application, day 3 after three days of treatment, and day 5 of treatment and
before collecting the biopsy of granulation tissue.

VEGTF receptor 1 antibody [Y103] was used in this study
to evaluate VEGF expression after TA hydrogel applicat
ion. According to the datasheets of ABCAM, the anti-
VEGTF antibody is rabbit monoclonal (ab182457), and it is
localised in the cell membrane and secreted. Human

gastric carcinoma was used as a positive control.

Based on the Abcam guidelines, all the sections of
granulation tissue were put in Leica auto Stainer (XL)
ST5010 (GmbH, Germany) for dewaxing (program 2:22
minutes and 10 seconds). The sections were agitated in
xylene and then dipped in absolute alcohol and 90%
alcohol after that all the sections were washed with

running tap water and distilled water.

After dewaxing, antigen retrieval was conducted by a
pressure cooker (BioCare Medical, USA). The sections
were placed inside a container filled with antigen retrieval
solution pH 6, then the container was placed inside the
pressure cooker, which was filled with distilled water. The
pressure cooker was set at a temperature of 121°C for 30
seconds and 95°C for 10 seconds, for antigen retrieval
purposes. The sections were left to cool down for 20
minutes and were washed with DAKO wash buffer three
times. After that, the sections were incubated with enough
drops of hydrogen peroxide block for 10 minutes, then
they were washed with DAKO wash buffer. Then, the
primary antibody was prepared according to the following

formula:

The concentration of primary antibody was 1/100, and 50
ul. was added to each section, So, 50/100=0.5 uL
of primary antibody +49.5 ul. of antibody diluent.
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Therefore, 50 uL. of diluted antibody was added to each
section and incubated overnight in the fridge at a
temperature of 2-4°C. After that, horseradish peroxidase
(HRP) was applied to the sections for indirect detection
for 15 minutes then wash 4 times with buffer solution.
HRP is an enzyme used in IHC as it conjugated secondary
antibodies against the primary antibody used. Eventually,
30 pL. of DAB chromogen was mixed with 1.5 mL of
DAB substrate and applied to the sections for 10 minutes
to produce brown discolouration, which indicates the
localisation or expression of VEGF. After that, the
sections were counterstained in LEICA X1 AUTO
STAINER (program 3: 30 minutes and 28 seconds).
Lastly, the slides were mounted with DPX and glass
coverslip and left them overnight for drying. All the steps
of the immunohistochemistry assay were conducted in the
Department of Pathology and Laboratory Medicine
(PALM) Sultan Ahmad Shah Medical
International Islamic

(SASMEC@IIUM).

at Centre,

University Malaysia

QUANTIFICATION OF THE EXPRESSION OF VEGF
BY IHC ASSAY

The objective of IHC was to investigate the impact of the
topical application of TA hydrogel on the expression of
VEGF in the granulation tissue of healing wounds in
Sprague Dawley rats. Semi-quantitative evaluation of the
positive staining was conducted by using the free software
the
immunostaining of VEGF in wound healing is usually
endothelial

fibroblasts of the granulation tissue!! Immunostaining

Image]. Based on previous studies, positive

expressed in cells, keratinocytes, and
for VEGF was assessed in five fields to each section at
40x magnification. All images were viewed using an
optical microscope OLYMPUS BX51 with INFINITY
lite Camera connected to the microscope and captured

using INFINITY CAPTURE LITE B -203084 software.

Image analysis of IHC was used to quantify the H-DAB
and it was implemented by Image] software version
number 1.53c using the plugin colour deconvolution. The
IHC images were decomposed using the software into
basic colours: brown

three (immunohistochemical

stained), hematoxylin), and green

purple (Mayet’s
(glass slide background). The morphometric analysis,
corresponding to the brown colour, was done using the
Threshold Colour plugin, and antibodies/markers wete
measured as the percentage of total pixels in each
image.28.2 Data were reported as the percentage area of

positive brown discolouration.”.11.27.28

STATISTICAL ANALYSIS

Data were analysed by T-test using Minitab version 19 and
plotting was done with GraphPad Prism 8 considering p-
value<0.05 as an indication of significant difference. Data

are expressed as the mean * standard error (SE).

RESULTS

VEGF

by image | software as shown in Figures 3 and 4 and

expression was calculated semi-quantitively
Table 1. TA hydrogel and vehicle hydrogel group showed
the

untreated (-ve) control group with p-values 0.040 and

significantly higher expression compared with
0.029, respectively. Although the TA hydrogel group
showed higher expression than Hydrocyn® aqua gel (+ve)
and vehicle (xanthan) hydrogel groups, the difference was
not significant with p-values of 0.161 and 0.256,

respectively.

(a) Untreated (-ve) control

(b) Hydrocyn® aqua gel (+ve) control

(c) Vehicle (xanthan) hydrogel (d) TA hydrogel

(e) Untreated (-ve) group (f) Hydrocyn® aqua gel (+ve) group

(g) Vehicle (xanthan) hydrogel (h) TA hydrogel group

Figure 3 VEGF expression in granulation tissue of (a) untreated (-ve) control,
(b) Hydrocyn® aqua gel (+ve) control, (c) Vehicle (xanthan) hydrogel, and (d)
TA hydrogel rat’s skin on day 5 post wounding at 20x and 200 pm scale. Slides
were scanned by an Aperio CS2 image capture device. Deconvolution of
immunohistochemistry image of (e) untreated (-ve) control, (f) Hydrocyn®
aqua gel (+ve) control, (g) Vehicle (xanthan) hydrogel, and (h) TA hydrogel.
Extraction of brown discolouration (DAB staining) to quantify the VEGF
expression in granulation tissue of healing wound in Sprague Dawley rat on day
5 post wounding by image J software at magnification 40x.
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Table 1 The percentage of the positive area of VEGF immunostaining within
the granulation tissue of healing wound of four experimental groups determined
by Image J analysis software. Data are expressed as the mean * standard error

(n=5).

Treatment Untreated Hydro- Vehicle
ou (-ve) cyn® aqua gel (xanthan) TA hydrogel
group control (+ve) control hydrogel
VEGF
positive
stainin, 747+
& 11.59 + 4.05 16.71% 5.67 20.73 £ 8.45
area 2.36
percentage
(7o)
40
*
T - 1
5 —
£ 30
=
=
o (-ve) control,
£ =3 Untreated group
E 20 = (+ve) control, Hydrocyn
2 aqua group
g Tongkat Ali (TA)
& = ydrogel group
5 104 — Vehicle (xanthan)
- hydrogel group
T T T T
3 S S S
&
< S5 & &
<& o 5 &
& & SV 8
o s N S
S o8 RS S
& & = &
& & & &t
& < &
Treatment group

Figure 4 Immunohistochemical analysis of the presence of VEGF in excisional
wounds of the rats in the four experimental groups on Day 5 post-wounding.
Values ate expressed as means * standard error of the mean (n = 5). A p-value
of <0.05 was obtained between groups compared to negative control by T-test
using Minitab version 19.

DISCUSSION

The skin is the body's first line of defence against

harmful substances, such as radiation, heat, and
microorganisms.3-31 It is therefore important that the
various treatments that are performed on cutaneous
wounds are designed to restore skin integrity. This is done
through the development of effective therapeutic agents
that can minimise the risk of developing complications.
Despite the availability of numerous non-invasive and
effective treatments, it is still important to develop new
products that can help accelerate wound healing.832 Herbal
medicines have been used to treat wounds throughout the
ages. They can help regenerate the skin's natural healing
environment through secondary metabolites and
phytochemicals by providing an appropriate healing

atmosphere.1433

TA is one of the most popular herbal medicines in the
countries of Southeast Asia. Traditionally, TA roots are

used for many disorders and diseases.2!2234 Furthermore,

recently in the West, Eurycoma longifolia has shown
significant effect as a complementary and alternative
medical therapy.2! In our previous studies, the ethanol
extract of TA roots was prepared in the form of
hydrogel** and investigated its effect on wound
contraction and reepithelialisation in an excisional wound
model in Sprague Dawley rats.?> In this study, TA
hydrogel enhanced VEGF expression in granulation tissue
on Day 5 post-wounding in a rat model, which is an
essential growth factor for wound healing. IHC is an
effective method for the evaluation of protein indication

within the tissues.2?

IHC assay of the granulation tissue of excisional wound in
the rat model showed a significant increase in VEGF
expression in TA and vehicle (xanthan) hydrogels treated
groups compared to (-ve) untreated group with a p-value
of 0.040 and 0.029, respectively. Although there was no
significance in VEGF expression between TA hydrogel,
vehicle (xanthan) hydrogel, and Hydrocyn® aqua gel
(+ve) control-treated groups, the former showed higher
expression than the two latter groups (Table 1). The
positive impact of TA hydrogel on VEGF expression
could be attributed to the availability of phytochemicals
with anti-inflammatory and antioxidant properties such as
terpenoids, alkaloids, flavonoids, phenolic compounds,

cardiac glycosides, and proteins 213435

According to Kasote et al, (2015), any medicinal plant

that contains tannins, terpenoids, flavonoids, and

polyphenols will positively affect the wound-healing

process by promoting angiogenesis through the
upregulation of VEGF expression.® Furthermore,
our ethanol extract of TA roots contains 26% 5-

hydroxymethylfurfural (5-HMF) which have been proven
in previous studies to possess proangiogenic effects in the
healing process.? Kong et al., (2019) proved that 5-HMF
significantly increased the expression of VEGF in
wounded rat skin.3¢ Additionally, the high expression of
VEGF in the vehicle (xanthan) hydrogel group could be
attributed to the fact that this polymer is a natural
polysaccharide.3” Natural polysaccharides are commonly
known for their ability to enhance wound healing via
inflammatory reduction and angiogenesis stimulation due

to the availability of Glycosaminoglycans (GAGs).37.38
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Recently, xanthan gum has been widely used in many
pharmaceutical industries.?® Many studies have shown the
effectiveness of xanthan gum’s incorporation in medicinal
topical applications, tissue engineering, and cosmetic
products due to its biological propetties of sustainability,

permeation, biocompatibility, and good spreadability.38-40

Thus, it is speculated that the reason for the highest
expression of VEGF in the TA hydrogel group could be
attributed to the synergistic effects of anti-inflaimmatory/
antioxidant phytochemicals available in its chemical
structure2!.223435 and the good physical and rheological
properties of the vehicle (xanthan gum) of which TA
extract was incorporated into it. There is also a great
possibility that the availability of glycosaminoglycans in
the chemical structure of xanthan gum, as it is a natural
polysaccharide, might be one of the reasons for the
positive effects of both TA and vehicle hydrogels.3841-43
Therefore, these results are in agreement with published
reports of many in vitro and in vivo studies that have
claimed the positive effect of medicinal plants in
significant upregulation of VEGF and enhancing the

wound healing process via promoting angiogenesis.811.36

CONCLUSION

This study proved that the topical application of
Jack (TA) hydrogel

proangiogenic effects in the wound healing process via

Eurycoma longifolia showed
significantly upregulated VEGF expression in the rat
wound model compared with the untreated (-ve) control
group. This positive impact might be attributed to the
availability of phytochemicals with anti-inflammatory/
antioxidant properties, which are the main mechanisms
for enhancing the wound healing process. Thus, TA
hydrogel might be regarded as a promising wound healing
agent for cutaneous wounds as it showed a proangiogenic
effect by elevating VEGF expression, which is a key factor

for angiogenesis initiation.

ACKNOWLEDGEMENT

The authors would like to thank International Islamic

University Malaysia, Research Management Centre for

funding part of this study under grant no. PRIGS 18-030-
0030. The authors would like to thank the Department of
Pathology and Laboratory Medicine (PALM), Sultan
Ahmad Shah Medical Centre (SASMEC) @ IIUM for
their technical support the

during laboratory

investigations.

FUNDING
This
University Malaysia, Research Management Centre under
grant no. PRIGS 18-030-0030.

resecarch was funded by International Islamic

CONFLICT OF INTEREST

All authors declare that they have no contflict of interest.

REFERENCES

1. Cafiedo-Dorantes L, Cafiedo-Ayala M. Skin acute
wound healing: A comprehensive review. Int | Inflam.
2019;2019.

2. Boakye YD, Agyare C, Ayande GP, Titiloye N,
Asiamah EA, Danquah KO. Assessment of wound-
healing properties of medicinal plants: The case of
Phyllanthus muellerianus. Front Pharmacol. 2018;9
(AUG):1-12.

3. Kong F, Lee BH, Wei K. 5-Hydroxymethylfurfural
Mitigates Lipopolysaccharide-Stimulated Inflammation
via Suppression of MAPK, NF-xB and mTOR
Activation in RAW 264.7 Cells. Mol 2019, Vol 24, Page
275. 2019 Jan;24(2):275.

4. Gonzalez ACDO, Andrade ZDA, Costa TF, Medrado
ARAP. Wound healing - A literature review. An Bras
Dermatol. 2016;91(5):614-20.

5. Peach CJ, Mignone VW, Arruda MA, Alcobia DC, Hill
SJ, Kilpatrick LE, et al. Molecular pharmacology of
VEGF-A isoforms: Binding and signalling at
VEGFR2. Int ] Mol Sci. 2018;19(4).

6. Bao P, Kodra A, Tomic-Canic M, Golinko MS,
Ehrlich HP, Brem H. The Role of Vascular
Endothelial Growth Factor in Wound Healing. J Surg
Res. 2009;153(2):347-58.

7. Elbialy Z1, Assar DH, Abdelnaby A, Asa SA,
Abdelhiee EY, Ibrahim S§, et al. Healing potential of

Spirulina platensis for skin wounds by modulating

84

IMJM Volume 22 No.1, January 2023



10.

11.

12.

13.

14.

15.

16.

17.

18.

bFGF, VEGF, TGF-81 and «-SMA genes expression
targeting angiogenesis and scar tissue formation in the
rat model. Biomed Pharmacother. 2021;137
(February):111349.

Kasote D, Ahmad A, Viljoen A. Proangiogenic
Potential of Medicinal Plants in Wound Healing,
Evidence-Based Valid Herb Med. 2015;149—-64.
Rodrigues M, Kosaric N, Bonham CA, Gurtner GC.
Wound healing: A cellular perspective. Physiol Rev.
2019;99(1):665-706.

Uccelli A, Wolff T, Valente P, Di Maggio N, Pellegrino
M, Giirke L, et al. Vascular endothelial growth factor
biology for regenerative angiogenesis. Swiss Med Wkly.
2019;149(January):w20011.

Kamar SS, Abdel-Kader DH, Rashed LA. Beneficial
effect of Curcumin Nanoparticles-Hydrogel on
excisional skin wound healing in type-I diabetic rat:
Histological and immunohistochemical studies. Ann
Anat. 2019;222:94-102.

Zarei F, Soleimaninejad M. Role of growth factors and
biomaterials in wound healing. Artif Cells,
Nanomedicine Biotechnol. 2018;46(sup1):906-11.
Bektas N, Senel B, Yenilmez E, Ozatik O, Arslan R.
Evaluation of the wound healing effect of chitosan-

based gel formulation containing vitexin. Saudi Pharm

J. 2020;28(1):87-94.

Sharma A, Khanna S, Kaur G, Singh I. Medicinal
plants and their components for wound healing
applications. Futur | Pharm Sci. 2021;7(1).

Ghosh PK, Gaba A. Phyto-Extracts in Wound
Healing. ] Pharm Pharm Sci. 2013 Dec;16(5):760-820.
Alttaher AGA, Yusof ZNB, Mahmood M,
Shaharuddin NA. High-frequency induction of
multiple shoots and plant regeneration from
cotyledonary node explants of Tongkat Ali (Eurycoma
longifolia jack). Appl Ecol Environ Res. 2020;18
(5):6321-33.

Ahmad N, Teh BP, Halim SZ, Zolkifli NA, Ramli N,
Muhammad H. Eurycoma longifolia—Infused
Coffee—An Oral Toxicity Study. Nutr 2020, Vol 12,
Page 3125. 2020 Oct;12(10):3125.

Alloha 1B, Aziz NALB, Faisal GG, Abllah Z, Arzmi
MH. Effects of Eurycoma Longifolia jack (Tongkat

Ali) alcoholic root extract against oral pathogens.

19.

20.

21.

23.

24,

25.

20.

28.

85

IMJM Volume 22 No.1, January 2023

Pharmacogn J. 2019;11(6):1299-302.

Faisal GG, Zakaria SM, Najmuldeen GF. In vitro
antibacterial activity of Eurycoma longifolia Jack
(Tongkat Ali) root extract. Int Med | Malaysia.
2015;14(1):77-81.

Faisal GG, Zakaria SM, Najmuldeen GF, Al-Ani IM.
Antifungal activity of Eurycoma longifolia jack
(Tongkat Ali) root extract. | Int Dent Med Res.
2016;9(1):70—4.

Rehman SU, Choe K, Yoo HH. Review on a
traditional herbal medicine, Eurycoma longifolia Jack
(Tongkat Ali): Its traditional uses, chemistry, evidence
-based pharmacology, and toxicology. Molecules.
2016;21(3).

. Ruan J,1i Z, Zhang Y, Chen Y, Liu M, Han L, et al.

Bioactive Constituents from the Roots of Eurycoma
longifolia. Molecules. 2019;24(17):1-16.

Tran TVA, Malainer C, Schwaiger S, Atanasov AG,
Heiss EH, Dirsch VM, et al. NF-»B inhibitors from
Eurycoma longifolia. ] Nat Prod. 2014;77(3):483-8.
Yaseen MR, Faisal GG, Fuaat AA, Affandi KA,
Alallam B, Mohd Nasir MH. Preparation of
Eurycoma longifolia Jack (E.L) Tongkat Ali (Ta) root
extract hydrogel for wound application. Pharmacogn
J. 2021 Dec 1;13(6):1456-63.

Al-Bayati MRY, Hussein YF, Faisal GG, Fuaat AA,
Affandi KA, Abidin MAZ. The Effect of Eurycoma
longifolia Jack Tongkat Ali Hydrogel on Wound
Contraction and Re-Epithelialization in In Vivo
Excisional Wound Model. Open Access Maced | Med
Sci. 2022;10(A):634-43.

Morton JJ, Malone MH. Evaluation of vulnerary
activity by an open wound procedure in rats. Arch Int
Pharmacodyn Ther. 1972 Mar;196(1):117-26.

. Azevedo FF, Moreira GV, Teixeira CJ, Pessoa AFM,

Alves MJ, Liberti EA, et al. Topical Insulin Modulates
Inflammatory and Proliferative Phases of Burn-
Wound Healing in Diabetes-Induced Rats. Biol Res
Nurs. 2019;21(5):473-84.

Andrade TAM, Masson-Meyers DS, Caetano GF,
Terra VA, Ovidio PP, Jordao-Junior AA, et al. Skin
changes in streptozotocin-induced diabetic rats.
Biochem Biophys Res Commun. 2017;490(4):1154—
61.



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Crowe A, Yue W. Semi-quantitative Determination of ~ 40.

Protein Expression Using Immunohistochemistry
Staining and Analysis: An Integrated Protocol. Bio-
Protocol. 2019;9(24):1-11.

Hyun Y], Piao MJ, Kang KA, Zhen AX, Fernando
PDSM, Kang HK, et al. Effect of Fermented Fish Oil

on Fine Particulate Matter-Induced Skin Aging. Mar ~ 41.

Drugs 2019, Vol 17, Page 61. 2019 Jan;17(1):61.
Kageyama H, Waditee-Sirisattha R. Antioxidative, Anti
-Inflammatory, and Anti-Aging Properties of

Mycosporine-Like Amino Acids: Molecular and 42.

Cellular Mechanisms in the Protection of Skin-Aging.
Mar Drugs 2019, Vol 17, Page 222. 2019 Apr;17
(4):222.

Akbari H, Fatemi M]J, Iranpour M, Khodarahmi A, 43,

Baghaee M, Pedram MS, et al. The Healing Effect of
Nettle Extract on Second Degree Burn Wounds.
Wortld J Plast Surg. 2015 Jan;4(1):23.

Umar NM, Parumasivam T, Toh S. An Overview of
Cutaneous Wounds and the Beneficial Roles of
Medicinal Plants in Promoting Wound Healing. 2021;
Abubakar BM, Salleh FM, Wagiran A. Chemical
Composition of Eurycoma longifolia (Tongkat Ali)
and the Quality Control of its Herbal Medicinal
Products. | Appl Sci. 2017;17(7):324-38.

Khanam Z, Wen CS, Bhat IUH. Phytochemical
screening and antimicrobial activity of root and stem
extracts of wild Eurycoma longifolia Jack (Tongkat
Ali). ] King Saud Univ - Sci. 2015;27(1):23-30.

Kong F, Fan C, Yang Y, Lee BH, Wei K. 5-
hydroxymethylfurfural-embedded poly (vinyl alcohol)/
sodium alginate hybrid hydrogels accelerate wound
healing. Int | Biol Macromol. 2019 Oct;138:933—49.
Ajith G, Goyal AS, Rodrigues FC, Thakur G. Natural
polysaccharides for wound healing. Food, Medical, and
Environmental Applications of Polysaccharides. 2021.
341-379 p.

Singhvi G, Hans N, Shiva N, Kumar Dubey S.
Xanthan gum in drug delivery applications. Natural
Polysaccharides in Drug Delivery and Biomedical
Applications. Elsevier Inc.; 2019. 121-144 p.
Saravanakumar K, Swapna P, Nagaveni P, Vani P,

Pujitha K. Transdermal drug delivery system: A review.
J Glob Trends Pharm Sci. 2015;6(1):2485-90.

86

Gutierrez-Reyes JE, Caldera-Villalobos M, Becerra-
Rodriguez JJ, Cabrera-Munguia DA, A. Claudio-Rizo
J. Hydrogels Made up of Natural Gums Based on
Polysaccharides for Applications in Biomedicine: Brief
Review. Asian | Appl Sci Technol. 2022;06(01):152—
03.

Bandyopadhyay S, Saha T, Sanétrnik D, Saha N, Sdha
P. Thermo compression of thermoplastic Agar-
Xanthan gum-carboxymethyl cellulose blend. Polymers
(Basel). 2021;13(20).

Gupta M, Agrawal U, Vyas SP. Nanocarrier-based
topical drug delivery for the treatment of skin diseases.
http://dx.doi.org/101517 /174252472012686490.
2012 Jul;9(7):783-804.

Shinde UA, Kanojiya SS. Serratiopeptidase Niosomal
Gel with Potential in Topical Delivery. | Pharm.
2014;2014:1-9.

IMJM Volume 22 No.1, January 2023



