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INTRODUCTION

ABSTRACT

INTRODUCTION: Male aging may disrupt spermatogenesis and induce intratesticular
redox imbalance, leading to testicular damage. Muntingia calabura leaf extracts (MCE)
have potent antioxidant activity, but 7z vive reports in the male reproductive system aging
are limited. This research aimed to determine the effects of MCE on testicular histology
and testosterone levels in the D-galactose-induced aging mice model. MATERIALS AND
METHODS: Plasma and testicular tissue obtained from 20 male Mus musculus strain
Balb/C which wete divided into 5 groups: normal; aging; aging+ Muntingia calabura leaf
aqueous extracts (MCE) 35 mg/kg; aging+MCE 70 mg/kg; and aging+vitamin C 28
mg/kg. Treatments were scheduled orally for 4 weeks; aging condition was induced
using oral 500 mg/kg D-galactose for 6 weeks before treatments. Plasma testosterone
was determined using ELISA, seminiferous tubules’ diameter, spermatogenesis score,
and Leydig cell number were examined with routine staining, and the nuclear expression
of Ki-67 was performed via immunohistochemistry. RESULTS: The MCE-treated aging
group had higher seminiferous tubules’ diameter, spermatogenesis score, Leydig cells’
number, and percentage of cells expressing Ki-67 compared with the untreated group (p
< 0.005), and the optimum dose was 70 mg/kg. However, testosterone levels of the
MCE group did not significantly differ from those of others. CONCLUSION:
Administration of MCE in D-galactose-induced aged mice improved seminiferous
tubule diameter, spermatogenesis score, Leydig cells’ count, and spermatogenic cell

proliferation, but not testosterone level.

Aging is a normal mechanism, but occasionally Senescence signs are visible in many organ systems,

prematurely happens due to DNA damage, which leads including the reproductive

system.*  Aged male

to cell regeneration failure.! This process is commonly
induced by oxidative stress due to a distutbed balance
of reactive oxygen species (ROS) formation and
antioxidant system. Excessive ROS leads to lipid peroxide
accumulation in the cell membrane and disrupts its
functions and the declining cell viability.2 ROS also reacts
with polyunsaturated fats and forms malondialdehyde
(MDA), a reactive aldehyde that is toxic for cells and
tissues, decreasing tissues and organ functions and

accelerating senescence.’

126

reproductive system is characterized by a decrease
in testicular volume, weight, and testicular density,
which may disrupt the spermatogenesis.> While normal
testicular tissue is essential for spermatogenesis, aging can
induce testicular microstructural changes.® These changes
include an increase in weight and thickness of tunica
albuginea, thickening of the seminiferous tubule basement
membrane, and also accumulation of collagen tissue and
thickening of tunica propria of the testicles due to a

reduction in testicular perfusion due to occlusion and
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thickening of testicular blood vessels.>’8 As the age
progresses, intra-testicular antioxidant productions are
declining.® This condition leads to an increased risk of

testicular damage.%10

Rodent models were frequently used in laboratory aging
research. Naturally aged animals are the most ideal
condition for mimicking natural aging in humans, but,
due to problems concetning animals' lifespan, the
chemical-induced aging models were also beneficial,
for example, the D-galactose-induced aging models.!!
Inducing aging conditions using D-galactose was popular
because it has many advantages such as being easy to
apply, being low-cost, producing a high-survival animal,
and having fewer side effects throughout the aging
period.’213 In inducing male testicular aging models,
D-galactose-induced male aging models were reported
successfully to reproduce the aging mechanism.!%!5
Administering 50-500 mg/kg D-galactose daily for 6-8
weeks induced aging characteristics such as reduced
testosterone and structural changes on the testis and
spermatogenesis similar to those of aged control
individuals aged 16 to 24 months.!6!7 Since one human
year is nearly identical to nine mouse days when
comparing their respective lifespans, therefore the animals
in this study were equivalent to humans aged 52.60—78.90

years.!8

Muntingia calabura (Jamaican cherry) is widely distributed in
the tropics and subtropics, and is traditionally used as
a gastric pain remedy. Leaves extracts of M. calabura
have been reported to contain carbohydrates, protein,
polyphenols, flavonoids, ascorbate acid, a-tocopherol,
and chlorophylls.1920 M. calabura leaf extracts also have
a potent antioxidant activity through 1,1-Diphenyl-2-
picrylhydrazyl (DPPH) and lipid peroxidase formation
inhibitions.2! This antioxidant activity has been confirmed
in vitro and it is highly possible that this extract also has
anti-aging properties. M. calabura leaf extracts in vivo
exploration in Indonesia is quite narrow.?223 Based on
this condition, in this study, we try to determine the
potential usage of M. calabura leaves extracts as an
antiaging agent, mainly in the male reproductive systems
aging. In this research, we evaluated the antiaging

properties of M. calabura leaf aqueous extract (MCE) on
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the male reproductive system, mainly on seminiferous
tubules’ diameter, spermatogenesis score, Leydig cells’
number and expression of Ki-67 as a marker for the
proliferation of spermatogenic cells and testosterone levels

of D-galactose-induced aged mice.2*

MATERIALS AND METHODS
Research Design

This study used a combination of pre-and post-test and
the post-test only with a control design, conducted at the
Integrated Research Laboratory, Islamic University of

Indonesia in May-August 2021.

Experimental Intervention

This research is a continuation of previous research that
studied the antiaging activities of MCE on D-galactose-
induced Mus muscnlus Balb/c.25 Research specimens wete
obtained from 20 male Mus musculus Balb/C, aged 12
weeks, and weighed 25 + 5 g. The sample size was
determined using the Research equation.26 Mice were
grouped into normal control (I, received aquadest); aging
control (I, received aquadest); aging group received MCE
35 mg/kg (III); aging group treceived MCE 70 mg/kg
IV); and aging group received vitamin C 28 mg/kg
(V or positive control).25 Aging conditions in Group II-V
were induced with 500 mg/kg D-galactose orally (Sigma-
Aldrich, USA) daily for 6 weeks.%!7 After aging conditions
were confirmed from elevated plasma MDA level, animals
received scheduled treatment with 1 ml working solution
(reconstituted with distilled water with a ratio of 1:1)
orally for 4 weeks. The extract preparation used of M.
calabura leat collected from Sleman Region (GPS
cootdinate -7°.68751, 110°.41423), which was deposited
and identified by Faculty of Mathematics and Natural
Sciences,
Number 02/UII/Jur.Far/det/I). After washing, air-dried
and milled into powder; about 1,000 g of the powder was

Islamic University of Indonesia (Register

macerated with 5 | of distilled water for 24 hours and then
filtered using filter paper. All filtrates from 3 X 24 hours

were evaporated to obtain crude extract (Figure 1).

Retro-orbital blood samples were taken before and after
treatment, while testicular tissues were taken after the

animals' sacrifice via ketamine injection followed by
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decapitation. The experimental protocols were approved
by the Health and Medical Research Ethics Committee,
Faculty of Medicine, Islamic University of Indonesia (Reg.
Number 32/Ka.Kom.Et/70/KE/I).

Figure 1. Preparation of Muntingia calabura leaves extract and administration
to mice (A) Muntingia calabura tree; (B) Fresh leaves of Muntingia calabura; (C)
Temperature and humidity controlled drying of collected leaves; (D)
Pulverization of dried leaves; (E) Measurement of the ground material; (F)
Maceration of leaves; (G) Filtration; (H) Evaporation; (I) Concentrated extract;
(J) Administration of MCE via oral gavage

Sample Collection and Analyses

Blood samples were placed in containers, then centrifuged
at 4,000 rpm (15 min), and retrieved plasma was
stored at -20°C for further examination. Testosterone
concentration was determined using ELISA (DRG®
Testosterone, EIA-1559). Right testicles were placed in
10% buffer formalin and then processed into a paraffin
block. The blocks were sectioned with a microtome
of 5 um thickness, deparaffinized, and stained for
Hematoxylin-Eosin and analysed for spermatogenesis
scores, Leydig’s cells count (characterized by polygonal
cells with ecosinophilic cytoplasm and a large round
nucleus with a prominent nucleolus), and seminiferous

tubule’s diameters.27:28

Table I: Johnsen's score on spermatogenesis?’

Score Criteria

Score 10 Complete spermatogenesis

Score 9 Moderately disturbed spermatogenesis, numerous late spermatids,
disordered epithelium

Score 8  Less than 5 spermatozoa within a tubule, a small number of late
spermatids

Score 7 No spermatozoa, no late spermatids, numerous eatly spermatids

Score 6 No spermatozoa, no late spermatids, a small number of early
spermatids

Score 5 No spermatozoa or spermatids, plenty of spermatocytes

Score 4 No spermatozoa ot spermatids, a small quantity of spermatocytes

Score 3 Spermatogonia only

Score 2 No spermatogenic cells, Sertoli cell only

Score 1 No seminiferous epithelium

Immunohistochemistry

After deparaffinized and processed in graded ethanol, the
5 um tissue slices were incubated in H2O2 3% to eliminate
nonspecific staining. After antigen retrieval process, the
slides were incubated with Ki-67 primary antibody
(Abcam, ab279653) at 4°C overnight. The sections were
incubated with secondary antibodies and then
counterstained with Haematoxylin Meyer. The Ki-67
nuclei protein showed as brown-yellow particles and
presented in percentage of KI-67 positive cells. All
photomicrographs were taken with Olympus® CX23
(Olympus, Japan) assembled with Optilab® Viewer
(Miconos, Indonesia). The quantification of all histology
parameters was performed on 5 separate fields using
(Miconos, Indonesia) by 2

observers blinded to the treatments.

Image Raster software

Statistical Analysis

Data were reported in means and standard deviations and
analysed with SPSS v.26.00 Statistics. Saphiro Wilk tests
were conducted to assess data normality. For normally
distributed data, the mean was compared using one way
ANOVA and Tukey HSD for post hoc comparison. For
non-normally distributed data, the mean was compared
Kruskal-Wallis ~ followed by Mann-Whitney

test. Wilcoxon signed-rank test was used to compare

using

paired data (pre- and post- treatment). All tests were

conducted in a 95% confidence interval.

RESULTS

Spermatogenesis Score of

Seminiferous Tubules

and Morphological

Examination of testicular tissue in the low magnification
exhibited the normal control group had an intact
seminiferous tubule with optimum epithelial thickness.
The interstitial components of the normal control group
occupy a small part of the field (Figure 2, Panel I, A). The
aging control showed a dominant interstitial compartment
with scanty distribution of seminiferous tubules and
variable size of seminiferous tubules (Figure 2, Panel I, B).
Most seminiferous tubules in the aging group had small
diameters and thin epithelium layers. The aging group
received 35 mg/kg MCE showed a dominant interstitial
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compartment but thicker epithelium (Figure 2, Panel I, B).
The aging group received 70 mg/kgBB MCE and vitamin
C has a minimal interstitial compartment and thick
epithelium (Figure 2, Panel I, D and E). The untreated
aging group had the lowest diameter. While the aging
group received MCE 70 mg/kg and vitamin C, showed
a higher seminiferous tubule diameter, and did not
significantly differ from the normal control. However,
the MCE 35 mg/kg treated group still had lower
diameters compared with the MCE 70 mg/kg and vitamin

C group (Figure 3, A).

Higher magnification (400x) revealed thick epithelium
with complete spermatogenesis which is made up of
different spermatogenic cell phases, from spermatogonia,
spermatocytes, spermatids, and spermatozoa (score: 10).
The aging control group showed thin epithelium, cellular
depletion, and minimal spermatogenesis (Figure 2, panel
1T B). Since the most common cells are immature sperm
cells, the aging control group only reached a score of
6 in Johnsen’s spermatogenesis scores (Figure 3, B).
The treatment with MCE 35 mg/kg resulted in a similar
histological appearance to the aging control group
(Figure 2, Panel 1I C). However, the aging group
received MCE 70 mg/kg showed thicker epithelium
(Figure 2, Panel II D) and higher spermatogenesis score
(score: 8-10, Figure 3B); vitamin C-treated group showed
spermatogenesis score 9-10, but the score of both
groups still lower compared with normal control. The
treatment with MCE 70 mg/kg and vitamin C showed
higher diameter and Johnsen’s score compared with an

untreated aging group (p < 0.05, Figure 3B).

Ki-67 Expression

The expression of Ki-67 in the seminiferous epithelium is
related to actively proliferating and spermatogenic cells.
The normal control group showed abundant cells
expressing Ki-67 (Figure 2, Panel 111 A), mainly expressed
in spermatogonia and spermatocytes, whereas the aging
control showed a smaller number of cells (Figure 2, Panel
III B). The aging group treated with MCE 70 mg/kg and
vitamin C showed quite high levels of expression (Figure
2, Panel ITI D and E). The treatment with MCE 70 mg/kg
and vitamin C showed a significant improvement in the

percentage of Ki-67 positive cells, compared with an
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untreated aging group. Nevertheless, the aging group that
received MCE 70/kg still had lower levels of Ki-67
expression than the normal control group (p<0.05,
Figure 3C).

Leydig Cells’ Count

The normal control group showed abundant interstitial
cells of Leydig which produced testosterone. The aging
group had the lowest number of Leydig cells, while the
aging group received MCE 70 mg/kg and vitamin C
showed an increased number of Leydig cells. The aging
group received MCE 35 mg/kg showed an elevated
number of Leydig cells, but did not significantly differ
from the aging group. The number of Leydig cells in the
aging group received vitamin C was similar to normal
control, however, the MCE 70 mg/kg still had a lower
number of Leydig cells (p<<0.05, Figure 3D).

Figure 2. The seminiferous tubule histology of the experiment groups in various
examinations. A: healthy control; B: aging control; C: Aging + MCE 35 mg/kg;
D: Aging + MCE 70 mg/kg; E/ positive control: Aging + vitamin C 28 mg/kg.
Panel I: The architecture of seminiferous tubules. The normal group showed
thick epithelium and a small portion of interstitial space. While the aging group
showed a reduced number of seminiferous tubules with small diameter and thin
epithelium, but wide interstitial tissue. Bar indicated 100 pum in 100x
magnification; Panel II: The seminiferous epithelium cells observation,
spermatogonia (green arrow), spermatocytes (black arrow), spermatozoa (red
arrow), and spermatids (blue arrow), bar indicated 100 pum in 400X
magnification; Panel I1I: Nuclear expression of Ki-67 (brown-coloured) with Ki-
67 immunohistochemistry staining. The Ki-67 expression was higher in the
healthy control compared to the aging control group. Bar indicated 100 um in,
100X magnification; Panel IV: Interstitial cell of Leydig (arrowheads) in the
testicular interstitial tissue. Bar indicated 100 um in, 400X magnification.
MCE = Muntingia calabura leaves aqueous extract.
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Figure 3: Seminiferous tubule parameters; (A) Comparison of tubules’
diameter. The aging group and aging + MCE 35, exhibit the smallest
seminiferous diameter, compared to the rest of the experimental groups; (B)
Johnsen’s spermatogenesis scores. The control group has the highest Johnsen’s
score. (C) Comparison of Ki-67 positive cell percentages. The control group
shows the highest Ki-67 positive cell percentages among the experimental
groups, followed by the positive control group. (D) The number of Leydig cells
for each experimental group. Signifier symbol: *p < 0.05 compared with the
aging group, tp < 0.05 compared with a control group (Analysis of Variance
and post hoc Tukey Honestly Significant Difference analyses).

Testosterone Level

Table II presented the mean levels of testosterone.
Opverall, the increase in testosterone level is 0.87 £ 4.26
ng/mL. In the control group, pre-treatment testosterone

levels ranged from 0.17-0.27 ng/ml. with a mean of

testosterone levels (p-value= 0. 025), but no significant

difference in testosterone escalations (p-value= 0. 734)
and post-treatment testosterone levels (p-value= 0. 282).
In post-hoc analysis, only Group IV that has a

significantly different testosterone level, compared with

the control group (p-value= 0. 282).

Table II: Testosterone level of Mus nusculus Balb/c

Testosterone level Testosterone Mean £ SD
level range (ng/mL)

Pre-treatment 0.17-12.23 1.01 £ 2.64
(group I-V)
Post-treatment 0.36-12.29 1.88 £ 3.33
(group I-V)
Testosterone escalation -10.40-12.02 0.87 + 4.26
(post-pre)

Pre-treatment Post-treatment Testosterone

testosterone testosterone levels escalations

levels (ng/mL) * (ng/mL) (ng/mL)

Range Mean Range Mean Range Mean

+ SD + SD + SD

Group 0.17 - 0.24 + 0.42 - 3.46 = 0.16 - 321+
1 0.27 0.05 12.29 5.90 12.02 5.87
Group 0.28 - 337 + 0.38 - 0.79 + -10.40 - -2.58
I 12.23 5.91 1.83 0.69 0.24 + 522
Group 0.41 - 043 + 0.49 - 0.96 + 0.07- 0.54 +
111 0.45 0.02 2.16 0.80 1.71 0.78
Group 0.49 - 0.52 + 0.52 - 331+ 0.02 - 279
v 0.57 0.04%* 10.63 4.89 10.06 4.86
Group 0.42 - 0.51 + 0.36 - 0.90 + -0.06 - 0.39 =
A% 0.66 0.11 1.82 0.65 1.31 0.62

0.24 + 0.05 ng/mlL. At the end of the research period,
we noted an insignificant increase of about 3.21 * 5.87

ng/mL compared with the pre-test testosterone level.

Pre-treatment testosterone of aging control was 3.37 £
591 ng/mL. Post-treatment measurement teveals a
decrease in testosterone level, about 2.58 * 5.22 ng/ml,,
which was the lowest testosterone level among groups.
The mean pre-treatment testosterone levels of the aged
group received 35 mg/kg of MCE were 0.43 + 0.02 ng/
mL. During treatment periods, the testosterone levels rose
by about 0.54 + 0.78 ng/mlL,, and at the end of treatment
periods, post-treatment testosterone levels for this group
were 0.96 £ 0.80 ng/mL. Before being treated with MCE
70 mg/kg, the mean value of testosterone levels of group
IV was 0.52 + 0.04 ng/mL. Post-treatment testosterone
levels were 3.31 & 4.89 ng/ml., which means there was an
increase in testosterone level, for about 2.79 £ 4.86 ng/
mL. Pre-treatment testosterone levels of the aged group
treated with 28 mg/kg of vitamin C were 0.51 + 0.11 ng/
mL. After vitamin C treatment, the testosterone levels
decreased to 0.90 £ 0.65 ng/mlL, reducing 0.39 + 0.62
ng/mL of testosterone levels. Kruskall-Wallis’s analysis
revealed a difference

significant in pre-treatment
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*p< 0.05 on Kruskal Wallis test; **p< 0.05 on Mann-Whitney post hoc,
compared to the control group (Group I). I: healthy control, II: aging control,
III; Aging + MCE 35 mg/kg, IV: Aging + MCE 70 mg/kg, V: Aging +
vitamin C 28 mg/kg. MCE: Muntingia calabura extract. SD: standard deviation

DISCUSSION

Spermatogenesis is a complex process involving the
mitotic division of the spermatogonia, to the formation of
mature and motile sperm cells. Optimal spermatogenesis
also required many factors, including the role of the
interstitial compartment of the testis, mainly the testicular
vascularization and the interstitial cell of Leydig.?
However, the spermatogenesis process was disrupted in
aged males. Sperm cell death rises with age, and
spermatogenesis impairment is primarily shown in
spermatocyte meiosis and spermatogonia mitosis, which

leads to fewer sperm cells and sperm distortion.> 6. 30

In this study, we use D-galactose to induce testicular aging
in mice. Oral gavage of D-galactose was successful in
elevating plasma MDA concentration compared with the
normal group, and 4 weeks of MCE treatment and
vitamin C significantly reduced plasma MDA levels, also,
the testosterone level of the aging control group was

decreased after six weeks of D-galactose induction.!725

IMJM Volume 24 No.3, July 2025



Chronic administration of D-galactose can induce aging

conditions in the male reproductive system.%!7

D-galactose can cause a decrease in testicular weight and
volume, poor quality of sperm analysis (including sperm
count, motility, and morphology of sperm cells), lower
testosterone levels, also a decrease in spermatid and
spermatozoa gene expression markers, a downregulation
of testosterone synthesis, which progresses to impaired
6-8 weeks

administration of oral low-dose-D-galactose accelerates

spermatogenesis.”3!  They reported that
aging conditions in the male reproductive system, and
the condition resulting from this method of induction
resembles natural aging with similar changes in reduced
sperm count, reduced ratio of testicular weight/body
weight with parenteral administration. Animals that
received oral administration of D-galactose also had a
reduced activity of superoxide dismutase and increased
level of testicular lipid peroxidation.!? The reduced
testicular mass might be caused by testicular tubular
size reduction, spermatogenesis failure, and reduction
of Leydig cell activity.” Animals that received D-galactose
had disturbed

decreased number of spermatogenic cells; enlarged

seminiferous epithelial structure and
congested blood vessels and cellular exudates in the
interstitial compartments.3? Our study also established
D-galactose as a method for inducing male reproductive
system aging based on the decreased level of testosterone,
decreased diameter of seminiferous tubule, dectreased
spermatogenesis score and percentage of spermatogenic
cell expressed KI-67, which is widely known as a marker

for cellular proliferation.

We reported that administration of MCE 70 mg/kg
improved the testicular morphology of the D-galactose
aging mice model and improved the rate of KI-67 positive
cells. However, although groups receiving MCE 70 mg
also exhibit a higher number of interstitial cells of Leydig,
the testosterone level of this group did not significantly
differ from the aging control group. These results might
reveal the potency of the antiaging properties of MCE

on testicular aging conditions induced by D-galactose.

Many research reports that all parts of M. calabura

comprise active compounds including proteins,
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carbohydrates, polyphenols, flavonoids, ascorbic acid,
a-tocopherol, and chlorophyll. These chemicals are
recognized for their antioxidant properties and possess
the ability to inhibit oxidative stress.'® M. calabura
contains polyphenol compounds such as gallocatechin,
epigallocatechin, catechin, flavonols, naringenin, quercetin,
and gallic acid which are reported to have antioxidant
capacity.’® M. calabura leaf extracts are reported to have
antioxidant activity which was examined on reducing the
level of DPPH, 2,2"-azinobis-(3-ethylbenzothiazoline-6-
sulfonic acid (ABTS) radicals, and also iron reduction.3*
M. calabura leaf extracts are known to have the capability
to inhibit DPPH and also have intracellular antioxidant
activity.353 The antioxidant capacities of the MCE have
corresponded to total phenols.3* The antioxidant capacity
of M. calabura is relevant to the high number of flavonoids
and phenolic constituents.?” Total phenols and flavonoids
analysis using colorimetric methods reported that total
phenols and flavonoids detected in the MCE were 2.19 +
0.12 mgGAE/g and 2.43 + 0.24 mgQE/g respectively.?
Also, the presence of myrcene, thymol, o-terpinol,
linalool, geraniol, nerol, citronellol, eugenol, a-lonone, B-
sitosterol, a-amyrin, lupelol, a-tocopherol, and B-carotene
were reported in aqueous leaf extract.20 Studies on the
antiaging potency of MCE in the male reproductive
system are scarce. M. calabura leaf extract might be slowing
down the aging process by inhibiting free radicals
including Advance Glycation End products (AGEs) and
ROS.% Also, the polyphenolic compounds of MCE have
antiglycation activity through inhibition of receptors for

AGHE:s signaling, and inhibiting glycosylation. 4’

In vitro research reported that M. calabura fruit is a
promising candidate for an antiaging agent for skin
rejuvenation. Besides having antiradical activity, the M.
¢alabura fruit lyophilisate was also reported to have
anti-aging activity on the inhibition of elastase with 1C50
of 21.67 and collagenase and with IC50 of 180.61 pg/
mL.3¢ Both enzymes were known to be responsible for
collagen and elastic fiber degeneration in aging. Therefore,
the inhibitions of those enzyme activities were subjects for
anti-aging research.*! The lyophilisate of the M. calabura
fruit also preserves and augments fibroblast’s viability in
vitto and also increases the amount of procollagen-1-
N-terminal (PINP), a marker for

propeptide
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fibrogenesis.36:42

Nonetheless, the MCE administration did not result in an
improvement and elevation of serum testosterone levels.
The fluctuation of testosterone levels creates conditions in
this research. The mean testosterone levels before (1.01 *
2.64 ng/ml) and after treatment (1.89 + 3.33 ng/ml) are
within the normal limit. However, if we examine the
average value of testosterone levels per group, either
before or after treatment, most of the groups had lower
testosterone levels than normal mice testosterone levels,
which range from 1.5-2.0 ng/mL.#3 There are variations in
testosterone levels of normal male mice, for instance,
normal male mice’s testosterone levels range between 2.8-
9.5 ng/ml, and the mean testosterone level is 6.6 + 1.9
ng/mL or serum testosterone levels range in the lower
level (44.80 ng/dl or 0.45 ng/mL).* Previous study

reported a significant difference in  Mus domesticus
testosterone levels at the beginning of the study (0.24-37.7
ng/mL with a mean of 5.62 ng/mL) and when the study
was completed (0.19-60.1 ng/mL with a mean of 11.2 ng/
ml).4 of

testosterone levels, indicating a significant fluctuation,

Repeated measurements individual mice
range from 1.1-32 ng/ml. with an increase of 2-5-fold and
the coefficient of variation reaches 82% in everyone.4647
In addition, there were differences in the range and mean
of testosterone levels as measured by different methods
and tools, therefore the normal testosterone levels of test
animals to be

were likely strongly influenced by

measurement methods and tools or materials used.*?

We suspect that the testosterone levels in the stored
sample used in this study were changed due to the storage
process. There is a change in testosterone levels by 23.9%
in blood samples which ate stored at 22°C for a day.* In
contrast, other research reported duration of storage time
did not affect the testosterone levels of the measured
samples, valid measurements are still feasible.’® This
phenomenon should be carefully examined in the next

research to achieve conclusive results.

CONCLUSIONS

Administration of M. calabura leaf extract improved

the testicular histology (diameter of the seminiferous
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tubule, spermatogenesis score, Leydig cells’ count, and
spermatogenic cell proliferation) in D-galactose-induced
aging mice model but showed no significant effect on

testosterone levels.

CONFLICT OF INTEREST

None to declare.

ACKNOWLEDGEMENTS

Authors thank Medical Faculty, Islamic University of

Indonesia for funding the research.

REFERENCES

1. Alfano M, Tascini AS, Pederzoli F, et al. Aging,
inflammation and DNA damage in the somatic
testicular niche with idiopathic germ cell aplasia. Nat
Commun. 2021;12(1):5205. DOT: 10.1038/s41467-
021-25544-0

Yang J, Luo J, Tian X, et al. Progress in
understanding oxidative stress, aging, and aging-
related diseases. Antioxidants. 2024; 13(4):394. DOL:
10.3390/antiox13040394

Maldonado E, Morales-Pison S, Urbina F, et al.
Aging hallmarks and the role of oxidative stress.
Antioxidants (Basel). 2023;12(3):651. DOI: 10.3390/
antiox12030651.

Nie C, LiY, Li R, et al. Distinct biological ages of
organs and systems identified from a multi-omics
study. Cell Rep. 2022;38(10):110459. DOI: 10.1016/
j.celrep.2022.110459.

Matzkin ME, Calandra RS, Rossi SP, et al. Hallmarks
of testicular aging: The challenge of anti-
inflammatory and antioxidant therapies using natural
and/or pharmacological compounds to improve the
physiopathological status of the aged male gonad.
Cells. 2021;10(11):3114. DOI: 10.3390/
cells10113114.

Santiago J, Silva JV, Alves MG, et al. Testicular aging:
An overview of ultrastructural, cellular, and
molecular alterations. ] Gerontol A Biol Sci Med Sci.
2019;74(6):860-71. DOI: 10.1093/gerona/gly082
Endo T, Kobayashi K, Matsumura T, et al. Multiple
ageing effects on testicular/epididymal germ cells

lead to decreased male fertility in mice. Commun

IMJM Volume 24 No.3, July 2025



10.

11.

12.

13.

14.

15.

16.

Biol. 2024: 7(16). DOI: 10.1038/s42003-023-05685-2

Hussein SM, El-Fadaly AB, Metawea AG, et al. Aging

changes of the testis in albino rat: Light, electron
microscopic, morphometric, immunohistochemical
and biochemical study. Folia Morphologica. 2020:79
(3): 503-515. DOI: 10.5603/FM.a2019.0102.

Ganesh MK, Lakshmanan G, Khan MZI, et al. Aging
induced testicular damage: Analyzing the ameliorative
potential of Mucuna pruriens seed extract. 3 Biotech.
2023;13(6): 206. DOI: 10.1007/s13205-023-03618-8.
Iakovou E, Kourti M. A comprehensive overview of
the complex role of oxidative stress in aging, the
contributing environmental stressors and emerging
antioxidant therapeutic interventions. Front Aging
Neurosci. 2022;14: 827900. DOI: 10.3389/
fnagi.2022.827900

Cai N, Wu Y, Huang Y. Induction of accelerated
aging in a mouse model. Cells. 2022; 11(9):1418.
DOLI: 10.3390/ cells11091418.

de Almeida Rezende MS, de Almeida AJPO,
Gongalves TAF, et al. D-(+)-Galactose-induced
aging: A novel experimental model of erectile
dysfunction. PLoS ONE. 2021: 16(4): €0249487.
DOI 10.1371/journal.pone.0249487

Sulistyoningrum E. D-galactose-induced animal
model of male reproductive aging. Jurnal Kedokteran
dan Kesehatan Indonesia. 2016;8(1):19-28. DOL:
10.20885/JKKI.Vol8.Iss1.art4

Jeremy M, Gurusubramanian G, Roy VK. Vitamin
D3 regulates apoptosis and proliferation in the testis
of D-galactose-induced aged rat model. Scientific
Reports. 2019: 9(1): 14103. DOI: 10.1038/s41598-
019-50679-y

Krisridwany A, Lestari PA, Winanta A, et al. The
Effect of kersen (Muntingia calabura) fruit extract
addition to the yogurt antibacterial activity on
Escherichia coli. Galenika Journal of Pharmacy. 2022;9
(1):10-22. DOLI: 10.22487/
j24428744.2022.v8.12.15799.

Song X, Bao M, Li D, et al. Advanced glycation in D-
galactose induced mouse aging model. Mech Ageing
Dev. 1999; 108(3):239-51. DOI: 10.1016/s0047-6374
(99)00022-6.

IMJM Volume 24 No.3, July 2025

17.

18.

19.

21.

22.

23.

24,

25.

133

Kartika RW, Timotius KH. Sidharta VM, et al. Aging
parameters of the accelerated aging procedure
through D-galactose induction. Acta Medica
Philippina. 2024;58(23):104-09. DOI: 10.47895/
amp.vi0.7801.

Dutta S, Sengupta P. Men and mice: Relating their
ages. Life Sci. 2016;152: 244-8. DOI: 10.1016/
j.1fs.2015.10.025

Solikhah T1, Solikhah GP. Effect of Muntingia calabura
L. leaf extract on blood glucose levels and body
weight of alloxan-induced diabetic mice. Pharmacogn
J. 2021; 13(6): 1450-1455. DOI: 10.5530/
pj-2021.13.184

. Upadhye M, Kuchekar M, Pujari R, et al. Muntingia

calabura: A comprehensive review. | Pharm Biol Sci.
2021;9(2):81-7. DOI: 10.18231/j.jpbs.2021.011
Triswaningsih D, Kumalaningsih S, Wignyanto, et al.
Estimation of chemical compounds and antioxidant
activity of Muntingia calabura extract. International
Journal of ChemTech Research. 2017;10(3):17-23.
https://sphinxsai.com/2017/ch_vol10_no3/1/(17-
23)V10N3CT.pdf

Gunny AAN, Prammakumar NK, Ahmad AA, et al.
Exploring antioxidant and antidiabetic potential

of Mutingia calabura (Kerukupsiam) leaf extract: In
vitro analysis and molecular docking study. Result in
Chemistry. 2024;7:101305. DOI: 10.1016/
j.rechem.2024.101305

Deng L, Du C, Song P, et al. The role of oxidative
stress and antioxidants in diabetic wound healing.
Oxid Med Cell Longev. 2021; 2021:8852759. DOI:
10.1155/2021/8852759.

Mengmeng H, Wang L, Chen Y, et al. Effect of
Wuziyanzong pill on levels of sex hormones, and
expressions of nuclear-associated antigen Ki-67 and
androgen receptor in testes of young rats. | Tradit
Chin Med. 2016;36(6):743-8. DOI: 10.1016/50254-
6272(17)30009-2.

Sulistyoningrum E, Rosmelia R, Hamid MK, et al.
Anti-aging effects of Muntingia calabura leaves extract
in D-galactose-induced skin aging mouse model.
Journal of Applied Pharmaceutical Science. 2019;9
(09):23-9. DOI: 10.7324/JAPS.2019.90904


https://doi.org/10.5603/FM.a2019.0102
https://doi.org/10.1371/journal.pone.0249487
https://doi.org/10.20885/JKKI.Vol8.Iss1.art4
https://doi.org/10.47895/amp.vi0.7801
https://doi.org/10.18231/j.jpbs.2021.011
https://dx.doi.org/10.7324/JAPS.2019.90904

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Arifin WN, Zahiruddin WM. Sample size calculation
in animal studies using resource equation approach.
Malays ] Med Sci. 2017; 24(5), 101-5. DOLI:
10.21315/mjms2017.24.5.11

Thanh TN, Van PD, Cong TD, et al. Assessment of
testis histopathological changes and spermatogenesis
in male mice exposed to chronic scrotal heat stress. J
Anim Behav Biometeorol (2020) 8:174-180.
DOI:10.31893/jabb.20023

Aladamat N, Tadi P. Histology, Leydig cells.
[Updated 2022 Nov 14]. In: StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing; 2025
Jan. Available from: https://www.ncbi.nlm.nih.gov/
books/NBK556007/

Suede AH, Malik A, Sapra A. Histology,
Spermatogenesis. [Updated 2023 March 6]. In:
StatPeatls [Internet|. Treasure Island (FL): StatPearls
Publishing; 2025 March. Available from: https://
www.ncbi.nlm.nih.gov/books/NBK553142/

Dong S, Chen C, Zhang J, et al. Testicular aging, male
fertility and beyond. Front Endocrinol (Lausanne).
2022;13: 1012119. DOI: 10.3389/
fendo.2022.1012119.

Lee WY, Sim HW, Park JH. Effects of melatonin on
a D-galactose-induced male reproductive aging
mouse model. Theriogenology. 2023;206: 181-8.
DOILI: 10.1016/j.theriogenology.2023.05.001.

Shaik RA, Alotaibi MF, Nasrullah MZ,, et al.
Cordycepin-melittin nanoconjugate intensifies wound
healing efficacy in diabetic rats. Saudi Pharm J.
2023;31(5):736-45. DOI: 10.1016/].jsps.2023.03.014.
Kousar SR, Yasmeen S, Mallikarjuna P, et al.
Muntingia calabura: A comprehensive review on
traditional uses, pharmacological activities of
Muntingia calabura. International Journal of Novel
Research and Developmet (IJNRD). 2024;9(3):g272-
¢276. ISSN: 2456-4184

Nur S, Angelina AA, Aswad M, et al. In vitro anti-
aging activity of Muntingia calabura L. fruit extract
and its fractions. JPPRes. 2021;9(4):409-21. https://
ippres.com/jppres/pdf/vol9/
ippres20.979_9.4.409.pdf.

Ansotri ANM, Kharisma VD, Solikhah TT. Medicinal
propetties of Muntingia calabural. A review. Research
Journal of Pharmacy and Technology. 2021;14(8):

36.

37.

38.

39.

40.

41.

42.

43.

134

4509-4512. DOI 10.52711/0974-360X.2021.00784
Rahmawati A, Astirin O, Pangastuti A. Intracellular
antioxidant activity of Muntingia calabura leaves
methanolic extract. Nusantara Biosience. 2018;10
(4):210-4. DOI:10.13057 /nusbiosci/n100402
Cardoso JDS, Oliveira PS, Bona NP, et al.
Communications in free radical research
antidyslipidemic effects of Brazilian-native fruit
extracts in an animal model of insulin resistance.
Redox Rep. 2018;23(1):42—6. DOL:
10.1080/13510002.2017.1375709.

Shiddiq MNAA, Matliyati SA, Riyadi H, et al. Effects
of Kersen Leaves Extract (Muntingia calabura 1..) on
SGOT and SGPT levels of soft drink induced mice. J
Gizi Pangan. 2019;14(12):69-76. DOI: 10.25182/
jgp.2019.14.2.69-76

Zakaria ZA, Mahmood ND, Omatr MH, et al.
Methanol extract of Muntingia calabnra leaves
attenuates CCl4 -induced liver injury: Possible
synergistic action of flavonoids and volatile bioactive
compounds on endogenous defence system.
Pharmaceutical Biology. 2019, 57(1):335-344. DOI:
10.1080/13880209.2019.1606836

Song Q, Liu J, Dong L, et al. Novel advances in
inhibiting advanced glycation end product formation
using natural compounds. Biomedicine and
Pharmacotherapy. 2021; 140:111750. DOI: 10.1016/
j.biopha.2021.111750

Ambarwati N, Elya B, Desmiaty Y. Anti-elastase
activity of methanolic and ethyl acetate extract from
Garcinia latissima Miq. anti-elastase activity of
methanolic and ethyl acetate extract from Garvinia
latissima Miq. Journal of Physics: Conference series.
2019;1402(055079):1-5. DOI: 10.1088/1742-
6596/1402/5/055079

Rahmawati A, Astirin O, Pangastuti A. The effect of
Muntingia calabura L. leaves methanolic extract in
increasing of collagen production. The 2nd
International Conference on Science, Mathematics,
Environment, and Education. 2019; AIP Conference
Proceedings 2194(1):020098.
DOI:10.1063/1.5139830

Quimby FW, Luong RH. The mouse in biomedical
research 2nd Edition, Volume III Normative Biology,
Husbandary and Models. In: Fox JG, Barthold SW,

IMJM Volume 24 No.3, July 2025


http://dx.doi.org/10.13057/nusbiosci/n100402
https://doi.org/10.25182/jgp.2019.14.2.69-76
https://doi.org/10.1016/j.biopha.2021.111750
https://doi.org/10.1016/j.biopha.2021.111750
http://dx.doi.org/10.1063/1.5139830

Davisson MT, Newcomer CE, Quimby FW, Smith
AL, editors. The mouse in biomedical research 2nd
Edition, Volume I1I Normative Biology, Husbandary
and Models. 2nd ed. San Diego: Academic Press;
2007. p. 171-216. eBook ISBN: 978008046907

44. Husak JF, Fuxjager MJ, Johnson MA, et al. Life
history and environment predict vatiation in
testosterone across vertebrates. Evolution. 2021;75
(5):1003-10. DOI: 10.1111/evo.14216

45. Klomberg KF, Garland JT, Swallow ]G, et al.
Dominance, plasma testosterone levels, and testis size
in house mice artificially selected for high activity
levels. Physiol Behav. 2002;77(1):27-38. DOI:
10.1016/s0031-9384(02)00767-9.

46. Bartke A, Steele RE, Musto N, et al. Fluctuations in
plasma testosterone levels in adult male rats and mice.
Endocrinology. 1973;92(4):1223-8. DOI: 10.1210/
endo-92-4-1223.

47. Castro A, Berndtson W, Cardoso F. Plasma and
testicular testosterone levels, volume density and
number of Leydig cells and spermatogenic efficiency
of rabbits. Braz ] Med Biol Res. 2002;35(4):493-8.
DOI: 10.1590/50100-879x2002000400014.

48. Handelsman DJ, Jimenez M, Singh GKS, et al.
Measurement of testosterone by immunoassays and
mass spectrometry in mouse serum, testicular, and
ovarian extracts. Endocrinology. 2015;156(1):400-5.
DOI: 10.1210/en.2014-1664.

49. Jones ME, Folkerd EJ, Doody DA, et al. Effect of
delays in processing blood samples on measured
endogenous plasma sex hormone levels in women.
Cancer Epidemiol Biomarkers Prev. 2007;16(6):1136-
9. DOTI: 10.1158/1055-9965.EPI-07-0028.

50. Holl K, Lundin E, Kaasila M, et al. Effect of long-
term storage on hormone measurements in samples
from pregnant women: The experience of the Finnish
Maternity Cohort. Acta Oncol. 2008;47(3): 406—12.
DOI: 10.1080/02841860701592400.

IMJM Volume 24 No.3, July 2025

135



