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ABSTRACT
Background

Monosodium glutamate (MSG) is commonly used food additive and flavor enhancer and it causes tissue
damage. Ginger (Zingiber officinale), a medicinal plant that gaining popularity for its variety of biological
protection activities.

Objectives

This study was carried out to find out the protective role of ginger in eliminating the toxic effect of MSG on
testicular tissue and testosterone hormone in rats.

Materials and Methods

Twenty four adult male rats were divided, randomly, into 3 equal groups. The 1 group was designed as
control, the 2" administered MSG orally at dose 4mg/kg body weight for 14 days and the 3 group treated with
MSG in oral doses of 4 mg/kg body weight plus Ginger extract at dose 100 mg /kg body weight for 14 days.

Results

The study showed that MSG has altered the microarchitecture of testicular tissues, reduced seminiferous
tubule diameter and germinal epithelial thickness, and increased the interstitial spaces with reduction in
Leydig cells and Testosterone hormone level. In addition Ginger extract has prevented the MSG effect. All the
results were significant statistically.

Conclusion
Ginger has protective and improving role against the effects induced by MSG on the rat testicular tissue.
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INTRODUCTION

Infertility is one of the major health problems in
human @ approximately 30 % of infertilities are due
to a male factor ®?. Nutritional status is one of the
major factors controlling fertility in human ®. Drug
treatment, chemotherapy, toxins and environmental
factors can have harmful effect on spermatogenesis
and normal sperm production®.

Monosodium glutamate (MSG) is a white crystal-like
substance that is used commonly as a food additive
and flavor enhancer ©. MSG contains 78% of glutamic
acid, 22% of sodium and water ©. Glutamate is one of
the most common amino acids found in nature and is
the main component of many proteins and peptides of
most tissues. Glutamate is also produced in the body
and plays an essential role in human metabolism. It is
a major component of many protein-rich food products
either in free or bound state of animals such as meat,
fish, milk and cheese or vegetable origins such as
mushroom and tomato .

Although many Food and Drug Control Agencies
have certified MSG to be safe for human consumption
without any specified dosage ®, experimental findings
have linked the intake of MSG with many structural
and, perhaps, functional defects. Various studies have
shown that Monosodium glutamateis neurotoxic,
nephrotoxic, hepatotoxic, and gonadotoxic @ ', The
mode of action of MSG through which it causes tissue
damage might be related, however, to induction of
oxidative stress (12

MSG has a toxic effect on the testis by causing a
significant oligozoospermia and increases abnormal
sperm morphology in a dose-dependent fashion in male
Wistar rats (¥, It has been implicated in male infertility
by causing testicular hemorrhage, degeneration and
alteration of sperm cell population and morphology (¥,

Medicinal plant for the treatment of diseases has a long
tradition. The Use of herbal medicines can be traced
back as far as 2100 B.C. in ancient China and India. The
first written reports was in 600 B.C. with the Caraka
Sambhita of India and the early notes of the Eastern
Zhou dynasty of China that became systematized
around 400 B.C. 19, Zingiber officinale commonly
called ginger belongs to the family Zingiberaceae. It
has been used in traditional medicine to aid digestion
and treat stomach upset, diarrhea, nausea, and arthritis
for centuries. Today, ginger root is widely used as a
digestive aid for mild stomach upset and is commonly

100 JSMC

recommended by health care professionals to help
prevent or treat nausea and vomiting associated with

motion sickness, pregnancy, and cancer chemotherapy
(16, 17)

The important active components of the ginger roots
are thought to be volatile oils and pungent phenol
Compounds such as gingerols, shagols, zingerone and
gingerols (319 Although the useful result of ginger
has been subjugated, its activity on male reproductive
functions except a study that reported that Z. officinale
possesses androgenic property ¢,

This study has been carried out to study the
protective effects of aqueous extract of ginger on
histomorphometric changes testicular and testosterone
level of rats treated with Monosodium Glutamate.

MATERIALS AND METHODS

1) Animals

Twenty four adults male rats weighing between 200-
230g were maintained in a well-ventilated animal
house under same laboratory condition of humidity,
temperature and a constant 12 hour light: 12 hour dark
lighting schedule, they were allowed to acclimatize
for one week prior to the start of the experiment.
All animals were maintained on a standard diet and
water available ad libitum. They were obtained from
the animal house of veterinary college, University of
Sulaimani, Kurdistan region, Iraq. The animals were
housed in clear polypropylene cages lined with wood
chip beddings. The health and reproductive status of
the animals were assessed and only healthy animals
were selected for the experiment.

2) Preparation of monosodium glutamate

Synthetic monosodium glutamate (MSG) of 98%
purity was obtained from Aldrich chemistry, France.
A stock solution was prepared by dissolving (1.0 g)
MSG granule in (1.0) ml distilled water @V,

3) Preparation of the aqueous extracts of Ginger

The rhizomes of ginger were sun-dried and crushed
into powdered form using a blender. The dried powder
was weighed (1 g) and macerated in 50 ml of distilled
water. Final extract concentration obtained is 20
mg/ml. Extract was stored in air-tight container and
refrigerated throughout the experiment @2,
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4) Experimental design

The twenty four rats were divided randomly into three
groups of eight animals each and maintained under
same laboratory conditions. The ginger extract and
the MSG were given orally using gavage tube once a
day for 14 days ®. They were administered as follows:
Control Group [: distilled water Group II: MSG
(4.0g/kg B.W) Group III: MSG+Ginger (4.0g/kg BW
+100mg/Kg).

At the end of the experiment; all the rats were sacrificed
at dayl5. Immediately after dissection, the specimens
of the testes were placed in a tissue cassette and fixed
in 10% formal saline for 24 h after which they were
processed using standard histopathological methods
@3, The testis was sectioned and processed for routine
histological examination; five micrometer sections
were prepared, and then stained with hemotoxylin and
eosin. The appropriate sections were photographed
using photomicroscope (Olympus BX51) and digital
camera (Olympus DP70) (Mitani Corporation, Tokyo,
Japan). An ocular micrometer used to measure the
diameter of seminiferous tubules after calibration with
a stage micrometer. Blood was collected by cardiac
puncture; serum was prepared by centrifugation and
used for testosterone analysis.

The diameter of seminiferous tubules was measured
at X200 magnification with assistance of Leica image
analyzer (DMLB) and Leica Qwin software, the
diameter of seminiferous tubules was measured across
the shortest and longest axis, then the mean diameter
of the tubules obtained . The germinal epithelial
height of seminiferous tubules were measured from
the spermatogenic cells on the inner surface of the
basement membrane through the most advanced cell
types lining the lumen of the tubules. All data were
obtained from 10 random microscopic fields per animal
in all groups.

5)Testosterone assay

Prior to sacrificing each rat 2 ml blood was collected
by cardiac puncture samples were collected into a test
tube, and allowed to clot, the serum was harvested and
used for testosterone assay. The assay was carried out
using ELISA technique.

Statistical analysis of the data was performed by using
SPSS (Version 16), using independent paired t-test.

RESULTS

The cross sections of the seminiferous tubules of
the testes of rats in the control group showed normal
histological features of stratified epithelium of
spermatogenic series, sperm cells in the lumen, the
tubules were regular and densely populated with
spermatogonia and normal interstitial Leydig cells
(Plate 1). The photomicrograph of the testes in the
group II that administered MSG 4.0g/kg B.W orally,
showed disorganized irregular tubules with appearance
of cytoplasmic vacuolation in most of spermatogonia,
decreased height of spermatogenic epithelium and
increased in intercellular spaces in seminiferous
tubules with increased interstitial connective tissue
space and Leydig cells were sparsely distributed with
reduction in sperm bundles in the lumen of the most of
the tubules with vacuolation in Sertoli cells compared
to those of the control group (plate 2).

The photomicrograph of testes of animals in the
group III that received MSG at dose 4.0g/kg BW and
Ginger at dose 100mg/kg B.W showed no histological
alterations, regular and well organized tubules with
normal interstitial connective tissue and Leydig cells.
Most of seminiferous tubules have normal architecture
(Plate 3).

The diameter of the seminiferous tubules, the germinal
epithelial thickness, the morphometric changes in
all animal groups are shown in Table 1, in which the
germinal epithelium height has decreased in group
treated with MSG compared with control and group
MSG+Ginger. The results were significant as the
p-value was <0.005 in rats treated with MSG compared
with control and those in group treated with MSG plus
Ginger.

The mean serum testosterone levels of rats that received
MSG in group II, in this study were significantly lower
(P<0.05) than that of the control rats. Furthermore
the serum testosterone levels in rats in group III that
received MSG and Ginger were higher than that in
group II and close to those in the control group (p<0.05)
(table 2).
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Plate 1. Photomlcrograph of rat testis in Control group (A. X1oo and B. X4oo) showmg normal
seminiferous tubules, germinal epithelium with sperm in their lumen and interstitial space containing
Leydig cells (arrow). H&E stain.
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Plate 2. Photomicrograph rat testis in MSG group (A. X40, B.X100, C.X400) A. showing destructed
seminiferous tubules (arrow), B. shows decreased germinal epithelium hight, vacuolation of

spermatogonia (arrow) with decreased in sperm in their lumens and widening of interstitial spaces (1S),
C. shows vacuolated Sertoli cell (arrow). H&E stain.
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Plate 3. Photomicrograph rat testis in MSG+ Ginger group (A. X100 and B.X400) showing normal
seminiferous tubules and normal thickness of germinal epithelium (SE), with many sperm (S) (arrow) in
their lumens. H&E stain.
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Table 1: Effect of MSG and Ginger on Seminiferous tubule diameter and germinal epithelial thickness

(Mean + SD)
Groups Tubular Diameter (pm) Epithelial thickness (pm)
Control 208.60 77.75+ 2.85
MSG treated 125.05 60.44+ 9.75
MSG+Ginger 206.3 75.09+ 1.8

Table 2: Testosterone level in the control, MSG, and MSG plus Ginger groups (Mean +SD)

Groups

Testosterone (ng/ml)

Control
MSG
MSG+Ginger

0.5020+0.00735
0.1300 +£0.01844
1.2660+0.11682

DISCUSSION

This studyindicatedthat MSGinduced manyhistological
and histomorphometric changes in testicular tissue of
rats. The changes include degeneration in seminiferous
tubules epithelium with reduction in sperm bundles
29, The changes recorded in the current study are in
accordance to the histological studies that were carried
out on the testes of different animals treated with
MSG.?%27, They found that MSG induced histological
alteration in both the germinal epithelium and Leydig
cells of the testes of neonatal mice, in another research
28 the researcher suggested that these changes may be
due to either local effect of the chemical or indirectly
caused by imbalance in gonadotrophic hormones.
Vacuolation has been appeared in the spermatogenic
cells and Sertoli cells in the current work with
signs of tubular distortion, these changes have been
noticed by other researchers and they referred it to
testicular toxicity and cell damage % 3%, In addition to
mentioned effects, MSG significantly led to reduction
in the diameter of seminiferous tubule and germinal
epithelial thickness, it also decreased spermatozoa
production in testes of rats administered 4.0 g/kg B.Wt.
this is because MSG caused degeneration of germ cells
and vacuolation of sertoli cells which normally protect
and support the spermatogenic cells. On the other hand
the conditions that cause cell death by apoptosis in rat
testis are low levels of testosterone hormone, and toxic

substances. Apoptosis was probably triggered by the
association of testosterone deprivation with oxidative
stress for long periods in germ cells. The oxidative
stress is determined by hyperglycemia which causes a
reduction of endogenous antioxidants and an increasing
of superoxide, hydroxyl, and peroxyl production with
injury of the cellular DNA and proteins ©V.

Group of researchers ©? reported in their work that
animals treated with MSG showed changes in the
levels of FSH,LH, and Testosterone, these hormones
are essential for normal testis function and healthy
spermatogenesis, reduction in testosterone level has
been noticed in the present study too and this could be
either by direct toxic effect on the Leydig cells which
are the endocrine cells that synthesize testosterone
hormone or because of hypothalamus-pituitary-
gonadal axis and the same results has been found by ©¢?.
Concerning the protective effect of Ginger, The present
results indicated that ginger improved, recovered or
prevented the histological and morphometric alterations
induced by MSG in testes of rats that administered
combination of MSG and Ginger. Similarly,
researchers ¢ 3% reported that ginger extract improved
testicular damage induced by metalaxyl and metriam
fungicide in mice. It was reported that the mechanism
of protection of ginger is related to its antioxidant
properties ©¥, reported that ginger extracts exhibited
free radical scavenging, inhibited lipid peroxidation,
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DNA protection and reduced power abilities indicating
strong antioxidant properties. In the other study ©
ginger significantly increased sperm viability, motility
and serum testosterone level also others ©® found that
ginger overcame reproductive toxicity of gentamicine
and induced spermatogenesis through the elevation
of testosterone level their results confirm our result
which showed elevation in testosterone level and this
is confirmed by results of researchers found out that
ginger has a potent androgenic activity ©7.Another
finding of this research was thickening of interstitial
connective tissue of the seminiferous tubules.
The literature has described interactions between
extracelluar matrix, tubular wall and germinative cells
as important to their normal development ©?. Some
studies have demonstrated an important increase in the
amount of collagen resulting in interstitial fibrosis and
a thickened lamina propria of the seminiferous tubules

which prevents the development of spermatogenic cells
(39)

In conclusions, administration of Ginger extract has
prevented the toxic effects induced by MSG on the
rat testicular tissue and exerted protective effect. The
ginger improves fertility status.

Acknowledgement

We would like to acknowledge school of Veterinary
in University of Sulaimani for their kind cooperation
in performing the practical part of the study in their
animal house.

REFERENCES

1. Bojanic V, Bojanic Z, Najman S, Savic T, Jakovl-jevic
V, Najman S, Jancic S. Diltiazem prevention of toxic
effects of monosodium glutamate on ovaries in rats.
Gen Physiol Biophys 2009; 28:149-154.

2. Isidori AM, Pozza C, Gianfrilli D, Isidori A. Medical
treatment to improve sperm quality. | Reprod Biomed.
2006; 12:704 -714.

3. Carlsen E, Giwercman A, Keiding N, Skakkebaek
NE.. Evidence for decreasing quality of semen during
past 50 years. BM]J. 1992; 305:609-613.

4. Federation of American Societies for Experimental
Biology (FASEB). Analysis of adverse reactions to
monosodium glutamate (MSG). Bethesda, MD: Life
Sciences Research Office; 1995.

5. Hodgson Aurora Saulo. Some facts about
monosodium glutamate (MSG), Foods and Nutrition
2001; 5-8.

104 JSMC

6. Samuels S. The toxicity/safety of MSG: a study
in suppression of information. Account Res 1999;6
(4):259-310.

7. Joint FAO/WHO Expert Committee on Food
Additives (JECFA) Evaluation of certain food additives:
Thirty -first report of the Joint FAO/WHO Expert
Committee on Food Additives. WHO technical report
series. 1987; 28:108.

8. Eweka AO, Om’Iniabohs FAE. Histological Studies
Of The Effects Of Monosodium Glutamate On The
Testis Of Adult Wistar Rats . The Internet Journal of
Urology.2008; 5(2): 35-39.

9. Kuldip S, Ahluwalia P. Studies on the effectof
Monosodium glutamate administration on the activity
of xanthine oxidase, superoxide dismutase and
catalase in hepatic tissueof adult male mice. Ind ] Clin
Biochem.2002; 17(1):29-33.

10. Eweka AO. Histological studies of the effects of
monosodium glutamate on the kidney of adult Wistar
rats. The Internet Journal of Health.2007; 6(2): 45-48.

11. Vinodini NA, Nayanatara AK, Ramaswamy C,
Ranade AV,Rheka DK, Damadara GKM et al. Study
on evaluation of Monosodium glutamate-induced
oxidative damage on renal tissue on adult wistar rats.
Journal of Chinese Clinical Medicine,2010;3:3- 5.

12. Farombi EO . Monosodium glutamate-induced
oxidative damage and genotoxicity in the rat:
modulatory role of Vitamin C, Vitamin E and
Quercetin. Human and Experimental Toxicology.2006;
25:251-259.

13.  Onakewhor ], Oforofuo I, Singh S. Chronic
administration of monosodium glutamate induces
oligozoospermia and glycogen accumulation in Wistar
rat testes. Afr ] Reprod Health 1998;2(2):190-7.

14. Oforofuo O, Onakewhor J, Idaewor P. The effect of
chronic administration of MSG on the histology of the
adult Wistar rat testes. Biosci Res Commun 1997,9:2-9.

15. SchuppanD], Jia D, Brinkhaus B, Hahn EG. Herbal
ProductsforLiverDiseases: A Therapeutic Challengefor
the New Millennium. Hepatology.1999;30(4):1099-104.

16. Bone ME, Wilkinson DJ, Young JR, McNeil ],
Charlton S.. Ginger root, a new antiemetic. The effect
of ginger root on postoperative nausea and vomiting
after major gynaecological surgery. Anaesthesia.1990;
45(8): 669-71.

17. Sripramote,M. and N. Lekhyananda. A randomized
comparison of ginger and vitamin B6 in the treatment
of nausea and vomiting of pregnancy. J. Med. Assoc.
Thai.2003;86: 846-853.



Protective Role of Ginger on Testicular Tissue and Testosterone...

18. Sekiwa Y, Kubota K, Kobayashi A.Isolation of novel
glucosides related to gingerdiol from ginger and their
antioxidative activities. ].Agric.Food Chem.2000;48:373-
377.

19. Zancan KC, Marques MO, Petenate AJ, Meireles
MA. Extraction of ginger (Zingiber officinale Roscoe)
oleoresin with CO2 and co-solvents: a study of the
antioxidant action of the extracts. J.Supercrit.Flu.2002;
24:57-76.

20. Kamtchouing P, Fandio GYM, Dimo T, Jatsa
HB.Evaluation of androgenic activity of Zingiber
officinale and pentadiplandra brazzeana in male rats.
Asian ] Androl.2002; 4:299-301.

21. Nayantara AK, Vinodini NA, Damodar G, Ahmed
B, Ramaswamy CR, Shabarianth, Ramesh Bhat M. Role
of ascorbic acid in monosodium glutamate mediated
effect on testicular weight, sperm morphology and
sperm count, in rat testis. ] Chinese clin. Med.2008;
3(1): 145-149.

22. Memudu AE , Akinrinade ID, Ogundele OM, and
Duru E. Effects of long and short term treatment of
aqueous extract of ginger (Zingibier Officinale) on
male reproductive function of adult Sprague dawley

rats. Journal of Medicine and Medical Science. 2012;
3(11): 692-696.

23.Wilson I and Gamble M., 2002. The hematoxylins
and eosins, In: Theory and practice of histological
techniques, Bancroft JD and Gamble M (eds.), 5th
ed., Churchill Livingston, Elservier Science Limited,
London, UK, pp. 125-138.

24. Fereshteh M., Feraidoon N. Morphometric
Evaluation of Seminiferous tubules in Aged Mice Testes
after Melatonin Aministration. Cell J. 2011;1(31):1-4.

25. Sakr ,S.AA. and OkdaY.A. Histological and
histochemical alteration in the testicular tissue of mice
intoxicated with benomyl. Biol.Sci. ].2004;4(4):498-500.

26. Das R,GHosh S. Long term effects of Monosodium
Glutamate on spermatogenesis following neonatal

exposure in albino mice- a histological study.Nepal
Med ] 2010;12:149-53.

27. Mohamed IK. The effect of oral dosage of
Monosodium Glutamate applied for short and long -
term on the histology and ultrastructure of testes of
the adult rats.] Anim Vet Adv 2012;11(1):124-33)),

28. Atallah O. Experimental nitrate, neitrite, and
hydroxylamietoxicosisin the Gunieapig. Ph.D thesis;
Dept. of Pathology, Michigan State Univ., USA ;1966.

29. EL-Deeb R.Zakaria I,Abd EL-Khalik I, Abd
EL-Aziz S. The influence of short and long -term
treatments with monosodium glutanmate on the testis
and liver of albino rats.Egypt ] Zool 2000; 35:163-87.

30. Aisha D.Alwani Monosodium Glutamte induced
testicular lesions in rats (histological study). Mid E.
Fert. Soci ] .2014;19:274-280.)

31. Sinha Hikim AP, Swerdloff RS. Hormonal and
genetic control of germ cells apoptosis in the testis. ]
Reprod. 1999;4(1):38-47.

32. Favorite LA, Hidalgo A Jr, Pazos HM, Costa WS,
Sampaio FJ. Streological and morphometric analysis of
collagen and seminiferous tubules in testes of patients
with cryptorchidism submitted or not to treatment
with human chorionic gonadotrophin. Int Braz ] Urol.
2005;31(6):562-568.

33. Sakr S.A.Badawy G.M. Effect of ginger on metrian-
inhibited spermatogenensis and induced apoptosis in
albino mice. ] Applied Pharm Sci.2011;1(4):131-136.

34. Siddaraju MN, Dharmesh SM. Inhibition of gastric
H pylori growth by phenolic antioxidants of Zingiber
Officinale.Mol. Nutr.Food Res.2007;51(3): 324-332.

35. Khaki,A. Fathiazad,F., Nouri M. Khaki A.A.,Chelar
C.,Ozanic, Ghafari- NovinM.,and Hamadeh N. Effect
of Ginger on spermatogenesis and sperm parameters
of Rats.Iran ].Reprod.Med.2009;7(1):7-12.

36. Zahedi,A., Khaki A. ,Ahmad Ashtiani H.R,,
Rastegar H , and Rezazadeh S.H. Zingiber Officinale
protective effects on gentamicine’s toxicity on sperm in
rats.] Medicin Plant.2010; 9(35): 93-98.

37. Amr A.A., and Hamza A .E.A. Effects of Roselle and
Ginger on cisplatin-induced reproductive toxicity in
rats. Asian J.Androl.2006; 8:607-612.

38. Santamaria L, Martinez-Onsorbe P, Paniagua R,
Nistal M. Laminin, type IV collagen and fibronectin
in normal and cryptorchid human testes.an
immunohistochemical study. Int J Androl. 1990;13
(2):135-146.

JSMC 105



