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AIMS AND SCOPE

The Turkish Journal of Pharmaceutical Sciences is the only scientific periodical
publication of the Turkish Pharmacists’ Association and has been published
since April 2004.

Turkish Journal of Pharmaceutical Sciences journal is regularly published 6
times in a year (February, April, June, August, October, December). The issuing
body of the journal is Galenos Yayinevi/Publishing House level. The aim of
Turkish Journal of Pharmaceutical Sciences is to publish original research
papers of the highest scientific and clinical value at an international level.

The target audience includes specialists and professionals in all fields of
pharmaceutical sciences.

The editorial policies are based on the "Recommendations for the Conduct,
Reporting, Editing, and Publication of Scholarly Work in Medical Journals (ICMJE
Recommendations)” by the International Committee of Medical Journal Editors
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INSTRUCTIONS TO AUTHORS

Turkish Journal of Pharmaceutical Sciences journal is published 6
times (February, April, June, August, October, December) per year and
publishes the following articles:

= Research articles
- Reviews (only upon the request or consent of the Editorial Board)

« Preliminary results/Short communications/Technical notes/Letters
to the Editor in every field of pharmaceutical sciences.

The publication language of the journal is English.

The Turkish Journal of Pharmaceutical Sciences does not charge any
article submission or processing charges.

A manuscript will be considered only with the understanding that it is
an original contribution that has not been published elsewhere.

The Journal should be abbreviated as “Turk J Pharm Sci” when
referenced.

The scientific and ethical liability of the manuscripts belongs to the
authors and the copyright of the manuscripts belongs to the Journal.
Authors are responsible for the contents of the manuscript and
accuracy of the references. All manuscripts submitted for publication
must be accompanied by the Copyright Transfer Form [copyright
transfer]. Once this form, signed by all the authors, has been submitted,
it is understood that neither the manuscript nor the data it contains
have been submitted elsewhere or previously published and authors
declare the statement of scientific contributions and responsibilities of
all authors.

Experimental, clinical and drug studies requiring approval by an
ethics committee must be submitted to the JOURNAL with an ethics
committee approval report including approval number confirming
that the study was conducted in accordance with international
agreements and the Declaration of Helsinki (revised 2013) (http://
www.wma.net/en/30publications/10policies/b3/). The approval of the
ethics committee and the fact that informed consent was given by the
patients should be indicated in the Materials and Methods section.
In experimental animal studies, the authors should indicate that the
procedures followed were in accordance with animal rights as per
the Guide for the Care and Use of Laboratory Animals ( http://oacu.
od.nih.gov/regs/guide/guide.pdf ) and they should obtain animal ethics
committee approval.

Authors must provide disclosure/acknowledgment of financial or
material support, if any was received, for the current study.

If the article includes any direct or indirect commercial links or if any
institution provided material support to the study, authors must state
in the cover letter that they have no relationship with the commercial
product, drug, pharmaceutical company, etc. concerned; or specify the
type of relationship (consultant, other agreements), if any.

Authors must provide a statement on the absence of conflicts of interest
among the authors and provide authorship contributions.

All manuscripts submitted to the journal are screened for plagiarism
using the ‘iThenticate’ software. Results indicating plagiarism may
result in manuscripts being returned or rejected.

The Review Process

This is an independent international journal based on double-blind
peer-review principles. The manuscript is assigned to the Editor-

in-Chief, who reviews the manuscript and makes an initial decision
based on manuscript quality and editorial priorities. Manuscripts
that pass initial evaluation are sent for external peer review, and the
Editor-in-Chief assigns an Associate Editor. The Associate Editor sends
the manuscript to at least two reviewers (internal and/or external
reviewers). The Associate Editor recommends a decision based on the
reviewers' recommendations and returns the manuscript to the Editor-
in-Chief. The Editor-in-Chief makes a final decision based on editorial
priorities, manuscript quality, and reviewer recommendations. If there
are any conflicting recommendations from reviewers, the Editor-in-
Chief can assign a new reviewer.

The scientific board guiding the selection of the papers to be published
in the Journal consists of elected experts of the Journal and if necessary,
selected from national and international authorities. The Editor-in-
Chief, Associate Editors may make minor corrections to accepted
manuscripts that do not change the main text of the paper.

In case of any suspicion or claim regarding scientific shortcomings
or ethical infringement, the Journal reserves the right to submit the
manuscript to the supporting institutions or other authorities for
investigation. The Journal accepts the responsibility of initiating action
but does not undertake any responsibility for an actual investigation or
any power of decision.

The Editorial Policies and General Guidelines for manuscript preparation
specified below are based on "Recommendations for the Conduct,
Reporting, Editing, and Publication of Scholarly Work in Medical
Journals (ICMJE Recommendations)” by the International Committee
of Medical Journal Editors (20, archived at http://www.icmje.org/).

Preparation of research articles, systematic reviews and meta-analyses
must comply with study design guidelines:

CONSORT statement for randomized controlled trials (Moher D,
Schultz KF, Altman D, for the CONSORT Group. The CONSORT
statement revised recommendations for improving the quality of
reports of parallel group randomized trials. JAMA 2001; 285: 1987-91)
(http://www.consort-statement.org/);

PRISMA statement of preferred reporting items for systematic reviews
and meta-analyses (Moher D, Liberati A, Tetzlaff J, Altman DG, The
PRISMA Group. Preferred Reporting Items for Systematic Reviews
and Meta-Analyses: The PRISMA Statement. PLoS Med 2009; 6(7):
€1000097) (http://www.prisma-statement.org/);

STARD checklist for the reporting of studies of diagnostic accuracy
(Bossuyt PM, Reitsma JB, Bruns DE, Gatsonis CA, Glasziou PP, Irwig
LM, et al, for the STARD Group. Towards complete and accurate
reporting of studies of diagnostic accuracy: the STARD initiative. Ann
Intern Med 2003;138:40-4.) (http://www.stard-statement.org/);

STROBE statement, a checklist of items that should be included in
reports of observational studies (http://www.strobe-statement.org/);

MOOSE guidelines for meta-analysis and systemic reviews of
observational studies (Stroup DF, Berlin JA, Morton SC, et al. Meta-
analysis of observational studies in epidemiology: a proposal for
reporting Meta-analysis of observational Studies in Epidemiology
(MOOSE) group. JAMA 2000; 283: 2008-12).
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INSTRUCTIONS TO AUTHORS

GENERAL GUIDELINES

Manuscripts can only be submitted electronically through the Journal
Agent website (http://journalagent.com/tjps/) after creating an
account. This system allows online submission and review.

Format: Manuscripts should be prepared using Microsoft Word,
size A4 with 2.5 cm margins on all sides, 12 pt Arial font and 1.5 line
spacing.

Abbreviations: Abbreviations should be defined at first mention and
used consistently thereafter. Internationally accepted abbreviations
should be used; refer to scientific writing guides as necessary.

Cover letter: The cover letter should include statements about
manuscript type, single-Journal submission affirmation, conflict of
interest statement, sources of outside funding, equipment (if applicable),
for original research articles.

ETHICS COMMITTEE APPROVAL

The editorial board and our reviewers systematically ask for ethics
committee approval from every research manuscript submitted to the
Turkish Journal of Pharmaceutical Sciences. If a submitted manuscript
does not have ethical approval, which is necessary for every human or
animal experiment as stated in international ethical guidelines, it must
be rejected on the first evaluation.

Research involving animals should be conducted with the same rigor
as research in humans; the Turkish Journal of Pharmaceutical Sciences
asks original approval document to show implements the 3Rs principles.
If a study does not have ethics committee approval or authors claim
that their study does not need approval, the study is consulted to and
evaluated by the editorial board for approval.

SIMILARITY

The Turkish Journal of Pharmaceutical Sciences is routinely looking
for similarity index score from every manuscript submitted before
evaluation by the editorial board and reviewers. The journal uses
iThenticate plagiarism checker software to verify the originality of
written work. There is no acceptable similarity index; but, exceptions
are made for similarities less than 15 %.

REFERENCES
Authors are solely responsible for the accuracy of all references.

In-text citations: References should be indicated as a superscript
immediately after the period/full stop of the relevant sentence. If the
author(s) of areference is/are indicated at the beginning of the sentence,
this reference should be written as a superscript immediately after the
author’s name. If relevant research has been conducted in Tlrkiye or by
Turkish investigators, these studies should be given priority while citing
the literature.

Presentations presented in congresses, unpublished manuscripts,
theses, Internet addresses, and personal interviews or experiences
should not be indicated as references. If such references are used, they
should be indicated in parentheses at the end of the relevant sentence
in the text, without reference number and written in full, in order to
clarify their nature.

References section: References should be numbered consecutively
in the order in which they are first mentioned in the text. All authors
should be listed regardless of number. The titles of Journals should be
abbreviated according to the style used in the Index Medicus.

Reference Format

Journal: Last name(s) of the author(s) and initials, article title, publication
title and its original abbreviation, publication date, volume, the inclusive
page numbers. Example: Collin JR, Rathbun JE. Involutional entropion: a
review with evaluation of a procedure. Arch Ophthalmol. 1978;96:1058-
1064.

Book: Last name(s) of the author(s) and initials, book title, edition, place
of publication, date of publication and inclusive page numbers of the
extract cited.

Example: Herbert L. The Infectious Diseases (Ist ed). Philadelphia;
Mosby Harcourt; 1999:11;1-8.

Book Chapter: Last name(s) of the author(s) and initials, chapter title,
book editors, book title, edition, place of publication, date of publication
and inclusive page numbers of the cited piece.

Example: O'Brien TP, Green WR. Periocular Infections. In: Feigin RD,
Cherry JD, eds. Textbook of Pediatric Infectious Diseases (4th ed).
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in Mus musculus Mice
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ABSTRACT

Objectives: This study proves the protective effect of Apis dorsata honey against chronic monosodium glutamate (MSG)-induced testicular toxicity
on the Leydig cell necrosis count and malondialdehyde (MDA) serum level in Mus musculus mice.

Materials and Methods: In this study, 25 male mice were used and grouped into two large groups: The control group consisting of negative control
(C-) and positive control (C+). C+ group was fed with 4 mg/g body weight (gBW) of MSG followed by distilled water. The treatment group consisted
treatment 1, treatment 2, and treatment 3 groups with A. dorsata honey dosage 53.82 mg/20 g, 107.64 mg/20 g, 161.46 mg/20 g per os (p.0),
respectively, followed by MSG 4 mg/g BW of MSG p.o. For the difference analysis between the group used the one-way ANOVA test and Duncan test.
Results: The result of this study showed that there was a significant difference between the treatment group and control group (p<0.05) in the
Leydig cell necrosis count and MDA levels. The highest Leydig cell necrosis count and MDA level were found in C+ with values 13.20 + 2.05 cell and
37.08 + 917 umol/L compared to C-, while in the treatment group, T3 showed the lowest Leydig cell necrosis value and MDA level 4.64 + 0.55 cell
and 14.22 + 2.01 ymol/L compared to the C+ group.

Conclusion: It can be concluded that A. dorsata honey could reduce the Leydig cell necrosis number and MDA level of mice (Mus musculus) exposed
to MSG.

Key words: Reproductive health, Apis dorsata honey, MSG, necrosis, Leydig cells, MDA

INTRODUCTION

The development of human lifestyles in the era of globalization
has led to significant changes in the needs and means of fulfilling
nutrition. The fast lifestyle causes people to choose fast food
as a fast and cheap alternative. Fast food is an option because
of savory taste due to additive added to enhance taste, the
most common additive is monosodium glutamate (MSG).! MSG
consumption has increased every year in Indonesia from 1.53 g/
capita/day in 1998 to 9.62 g/capita/day in 2011.2 This excessive
consumption behavior could damage the reproductive system
due to the production of excess free radicals subsequently
infertility.?

MSG can cause infertility due to the activation of several
glutamatergic receptors such as metabotropic glutamic

receptor (mGIuR), ionotropic GluR, and N-methyl D-aspartate
receptor (NMDAR). Activation of these receptors will initiate
phospholipase C (PLC) signaling due to activation of G protein
andincrease intracellular calcium from cells.* Increased calcium
levels will increase the production of reactive oxygen species
(ROS) in the synapses of hypothalamic neurons and cause
ablation. However, the ablation will disrupt the hypothalamic
signalling axis - anterior pituitary - testes and interfere with
the production of reproductive hormones such as follicle
stimulating hormone (FSH) and interstitial cell stimulating
hormone (ICSH).?

Leydig cell damage is also caused by excessive production
of ROS in the tubules and causes cells to be in a state of
oxidative stress, which is characterized by increasing

*Correspondence: epy-m-l@fkh.unairac.id, Phone: +62315992785, ORCID-ID: orcid.org/0000-0001-7110-0939
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levels of malondialdehyde (MDA) as a waste product of lipid
peroxidation reactions and decreasing glutathione (GSH). The
damage caused by ROS can be prevented with exogenous
antioxidants because they have the ability to donor the
hydrogen ions and neutralize ROS.5 Apis dorsata forest honey
is multiflora honey that is produced from multiple flowers and
nectar. It has a more diverse bioactive antioxidant content
than Apis mellifera honey, which is only harvested from one
flower.® Based on the explanations above, this study proves
the protective effect of A. dorsata honey against chronic MSG-
induced testicular toxicity with the parameter of the Leydig
cell necrosis count and MDA serum level in Mus musculus
mice.

MATERIALS AND METHODS

This research is an experimental laboratory study using a
completely randomized design of 25 male mice (Mus musculus)
divided into five treatment groups using preventive doses
and five replications. Mice were obtained from the Center
for Veterinary Farma (PUSVETMA). The mice were then
acclimatized for 7 days to minimize stress and were then given
a standard feed of Hi-Pro-Vite Medicated 593 feed.

Mice were grouped into two large groups: the control group
consisting of negative control (C-) and positive control
(C+) and the treatment group consisting of treatment 1 (T1),
treatment 2 (T2), and treatment 3 (T3). The C- was only given
a placebo (aqua dest), the C+ were induced with 4 mg/g
body weight (gBW) MSG and given aqua dest post 1 hour. The
treatment group including T1, T2, and T3 was given with A.
dorsata forest honey with dosages 53.82 mg/20 gBW, 107.64
mg/20 gBW, and 161.45 mg/20 gBW p.o., respectively, and
post 1 h, they were induced with MSG 4 mg/gBW p.o. The
dosage is based on research conducted by for A. dorsata
forest honey and for MSG doses.”® All the treatments were
carried out for 52 days.

At the end of the treatment, the mice were euthanized using
atlanto-occipital cervical dislocation, then the tests were
prepared and put in 10% formalin solution for histopathological
examination with hematoxylin and eosin staining and intra-
cardiac blood collection for MDA level measurement.

Histopathological was examined using a Nikon Eclipse
microscope with 400x magnification to observe the number of
necrotized Leydig cells. Leydig cell necrosis was counted in five
visual fields and then averaged. MDA examination was carried
out using serum samples and using the ELISA colorimetric
method, whose levels were given units of umol/L.

Statistical analysis

For the difference analysis between groups used the one-way
ANOVA test and Duncan tests, and the data obtained were
analyzed statistically by SPSS 20.00 version. To understand
which groups are significant to each other, the superscripts
(a, b, c, d) show the different values and different superscripts
show significant differences between the groups.

RESULTS AND DISCUSSION

The average number of necrotic Leydig cells was observed on
histopathological preparations using the Nikon Eclipse E-100 and
calculated using a raster image application with a magnification
of 400x in five fields of view. MDA levels were measured
using a colorimetric method using a spectrophotometer with
an absorbance of 450 nm, which was then compared with a
standard curve. Generally, the results showed that there was a
significant difference (p<0.05) between the control group and
treatment groups in the Leydig cell necrosis count and MDA
serum level.

In the Leydig cell necrosis count, there were significant
differences between the control group and the treatment group
as shown in Table 1 and in the Figure 1 showing necrotic Leydig
cells marked with pyknotic. In the control group, the highest
necrosis cell count was found in C+ with 13.20 + 2.05 cells, this
value is significantly different with T1, T2, T3, and C- (as shown
with different superscript), meanwhile, the lowest necrosis cell
count was found in C- with 2.56 + 0.51 cells and significantly
different with C+, T1, T2, and T3. In the treatment group
consisting of T1, T2, and T3, the T3 group with the highest dose
of A. dorsata forest honey had the lowest necrosis cell count
of 4.64 + 0.55 cells and is significantly different compared to
another treatment group (T1, and T2) and control group (C- and
C+). These results indicated that along with an increasing dose
of A. dorsata honey given in MSG-induced testicular toxicity,
there was a decrease in Leydig cell necrosis count even though
T3 is still significantly different with the lowest value in C-.

MDA serum-level results are shown in Table 2. There were
significant differences between the groups. In the control
group, C+ was significant with C- and all treatment groups (T1,
T2, and T3) but C- was only significant with C+, and T1 and not
significantly different with T2 and T3. The C+ had the highest
value (37.08 + 9.17) compared to all groups and the lowest MDA
value was found in C- (11.87 + 3.81). In the treatment group
consisting of T1, T2, and T3, the T3 group with the highest dose
of A. dorsata forest honey had the lowest MDA serum level
14.22 + 2.01, although it was not significantly different with

Table 1. The average number of necrotic Leydig cells in each
group

Group Leydig cell necrosis number (mean + SD)
C- 2.56° + 0.51

C+ 13.20% + 2.05

T1 9.84° + 0.74

T2 812¢+1.08

T3 4.64%+ 0.55

@ b < dMeans within the same column with differing superscripts are
significantly different (p<0.05). C-: Control (distilled water). C+: MSG p.o0. 4
mg/gBW + distilled water. T1: Apis dorsata p.o. (53.82 mg/20 g) + MSG p.o. 4
mg/gBW. T2: Apis dorsata honey p.o. (107.64 mg/20 g) + MSG p.o. 4 mg/gBW.
T3: Apis dorsata p.o. honey (161.46g/20 g) + MSG p.o. 4 mg/gBW. All treatments
were carried out for 52 days. C+: Positive control, C-: Negative control, SD:
Standard deviation, T: Treatment, MSG: Monosodium glutamate, gBW: Gram
body weight, p.o.: Per os
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T2 17.65 + 5.72 and compared to C- in the control group. The
results also showed that the treatment group values, including
T1, T2, and T3, are significantly different from C+ in the control
group. These results indicated that the MDA value of each
treatment group decreased with the dose of A. dorsata honey
in the treatment group (T1, T2, and T3) and was statistically
significant compared with C+ even though the lowest value of
MDA was in the C- group.

Figure 1. The testicular histopathology (HE) of mice (Mus musculus) given
Apis dorsata forest honey as a preventive dose with a magnification of
400x, yellow arrows showed necrotic Leydig cells marked with pyknotic.
C-: Control (distilled water). C+: MSG p.o. 4 mg/gBW + distilled water. T1:
Apis dorsata p.o. (53.82 mg/20 g) + MSG p.o. 4 mg/gBW. T2: Apis dorsata
honey p.o. (107.64 mg/20 g) + MSG p.o. 4 mg/gBW. T3: Apis dorsata p.o.
honey (161.46 g/20 g) + MSG p.o. 4 mg/gBW. All treatments were carried out
for 52 days. HE: Hematoxylin and eosin, C+: Positive control, C-: Negative
control, T: Treatment, gBW: Gram body weight, p.o.: Per os

Table 2. MDA levels in serum

Group MDA level (umol/L) (mean + SD)
C- 11.87¢ + 3.81

C+ 37.08° + 917

T 23.87° +11.88

T2 17.65% + 5.72

T3 14.22% + 2.01

b cMeans within the same column with differing superscripts are significantly
different (p<0.05). C-: Control (distilled water). C+: MSG p.o. 4 mg/gBW +
distilled water. T1: Apis dorsata p.o. (53.82 mg/20 g) + MSG p.o. 4 mg/gBW.
T2: Apis dorsata honey p.o. (107.64 mg/20g) + MSG p.o. 4 mg/gBW. T3: Apis
dorsata p.o. honey (161.46 g/20 g) + MSG p.o. 4 mg/gBW. All treatments
were carried out for 52 days. MDA: Malondialdehyde, C+: Positive control,
C-: Negative control, SD: Standard deviation, T: Treatment, gBW: Gram body
weight, p.o.: Per os

Chronic consumption of MSG will increase L-glutamate levels
in blood vessels, which will activate the mGluR then will
increase the binding activity of D-aspartate with NMDAR.®
Normally, in the steroidogenesis process, NMDAR is activated
via the mitogen-activated protein kinases (MAPK) and cyclic
adenosine monophosphate signaling pathways to activate
the steroidogenic acute regulatory (STAR) protein complex,
which actively converts cholesterol into testosterone through
biosynthesis of testosterone.’

Chronic high L-glutamate levels in the blood will increase the
influx of Ca® in the hypothalamic nerve synapses and will
cause nerve cell death due to excessive excitation known
as excitotoxicity.* This condition will cause ablation of the
hypothalamic neuron cells and affect the hypothalamus-
pituitary-testis axis and affect the production of ICSH directly.?
This is evidenced by a study conducted by™ that there was a
significant decrease in ICSH levels along with the increase in
the dose of MSG induction.

The disruption of the endocrine axis will cause a hypostimulation
state in Leydig cells.® However, excessive NMDAR stimulation
facilitates excessive intracellular Ca?* secretion and stimulates
the activation of ROS-forming enzymes such as xanthine
oxidase, lipoxygenase, and NADPH oxidase. Excessive
production of ROS will result in a state, where endogenous
antioxidants such as GSH and superoxide dismutase are unable
to keep up the production of ROS, known as oxidative stress."
The excessive activation will disrupt MAPK signaling pathway;
so that, it will interfere with the STAR-mediated steroidogenesis
process.”?

ROS will bind to polyunsaturated fatty acid (PUFA) and initiate
a lipid peroxidation event, where a chain reaction occurs which
results in a radical lipid. Oxidized lipid cell membranes will
produce MDA and 4-hydroxinonenal (4-NHE), which are toxic
to tissues, especially reproductive tissue." Increased levels of
MDA were positively correlated with cell necrosis and tissue
damage® This statement was proved by administering MSG
4 mg/gBW in the C+, which increased the number of necrotic
Leydig cells (13.20 + 2.05) and an increase in MDA levels (37.08
+ 917 umol/L) compared to the C- and the treatment groups (T1,
T2, and T3).

In the treatment group, there was a decrease in the number
of necrotic Leydig cells sequentially along with an increase in
the preventive dose of A. dorsata forest honey. In the T3 group,
the minimum number of necrotic Leydig cells was 4.64 + 0.55
cells and significantly different compared to C+ 13.20 + 2.05
cells (p<0.05). In the MDA level analysis using the colorimetric
method, the T3 group showed the lowest MDA level of 14.22
pumol/L and was significantly different compared with the
C+ group 37.08 = 917 umol/L (p<0.05) and not significantly
different (p>0.05) with C- 11.87 + 3.81 umol/L. These results are
closely related to the potential of A. dorsata forest honey as an
antioxidant and testicular protector potential.

The content of A. dorsata forest honey consists of flavonoids,

phenolic components, enzymatic antioxidants such as (glucose
oxidase, catalase), carotenoids, amino acids, and vitamin C
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(ascorbic acid).® Phenolic analysis of A. dorsata forest honey
by showed the highest yield of 352.73 gallic acid equivalent
compared to A. mellifera honey at 186.70 gallic acid equivalent
and Apis cerana at 206.33 gallic acid equivalent. A. dorsata forest
honey also has antioxidant potential measured using DPPH
radical scavenging method leading to IC, of 5453.57 ppm.” This
high antioxidant potential can overcome the formation of ROS
caused by MSG.

The phenolic compounds present in A. dorsata forest honey play
an important role in inactivation of ROS produced by excessive
NMDAR activation. Anthraquinone compounds reduce ROS
such as singlet oxygen, hydroxyl radical, and superoxide,
make these radicals inactive and unable to bind to PUFAs thus
preventing auto-oxidation'® The content of vitamin C in A.
dorsata forest honey also acts as a chain-breaking antioxidant
that protects PUFAs. The content of flavonoids also plays a role
in chelating transition metals such as Fe (), Fe (Il), and Cu (1)
that play a role in the formation of ROS.” In this study, giving
forest honey as a preventive dose was proved to reduce the
number of necrotic Leydig cells and reduce MDA levels.

However, forest honey also plays a role in preventing
hypothalamic ablation caused by excitotoxicity and reducing
oxidative stress that occurs in the brain due to excessive
excitatory postsynaptic stimulation of neurons. Repair in the
hypothalamus-pituitary-testicular axis directly normalizes
ICSH production from the anterior pituitary and normalizes the
function of steroidogenesis.® Through this mechanism, giving
A. dorsata forest honey a preventive dose can prevent oxidative
stress caused by chronic MSG consumption by reducing the
number of necrotic Leydig cells and decreasing MDA levels.

CONCLUSION

This study concludes that giving A. dorsata forest honey as a
preventive dose can reduce the Leydig cells necrotic counts
and MDA levels of in mice that are chronically exposed to MSG.
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