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Summary. Objective: The current study was outlined to examine the protective effects of camel milk (CM) 
against the deleterious effects induced by monosodium glutamate (MSG). Methods: MSG was administered 
either alone or in combination with camel milk or vitamin E for 4 weeks. Serum and testicular tissues were 
examined using semiquantitative RT-PCR analysis. Results: CM normalized the decrease in serum levels of 
testosterone, luteinizing hormone (LH), sperm profiles and testicular antioxidant activities that were decrea-
sed by MSG. At the molecular levels, MSG down-regulated the mRNA expression of steroidogenesis related 
genes and receptors of androgen, LH and follicle stimulating hormone. MSG induced testicular apoptosis. 
All altered genes were normalized and upregulated in presence of CM when compared to the effect of Vit. E. 
Conclusions: The usage of camel milk as a therapy against MSG used in food industry is very indicative and 
protective.
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O r i g i n a l  A r t i c l e

Introduction

Monosodium glutamate (MSG) is the sodium 
salt of glutamic acid (1). About 78% of MSG is glu-
tamic acid and 22% are sodium and water (2). Gluta-
mate is one of the most common amino acids found in 
nature and is the main component of many proteins 
and peptides of most tissues (2). Glutamate plays an 
essential role in human metabolism. It is a major com-
ponent of many protein-rich food products either in 
free or bound state of animal such as meat, fish, milk 
and cheese or vegetable origins such as mushroom and 
tomato (3).  Moreover, MSG is widely used as a flavor 
enhancer especially in Chinese and Japanese foods and 
restaurants (4,5). MSG provides a flavoring function 

similar to the naturally occurring free glutamate which 
differ from sweet, sour, salty and bitter (6). Recently 
MSG was used as food additive as a flavoring or hydro-
lysed vegetable protein (7). MSG influences the appe-
tite positively, and induces weight gain as it stimulates 
oro-sensory receptors and improves the palatability 
of meals. However, reports indicated that to a certain 
degree, MSG is toxic to human and experimental ani-
mals (7). MSG shows symptoms such as numbness, 
weakness, flushing, sweating, dizziness and headaches 
(8). In over doses, MSG exacerbate numerous condi-
tions, including asthma, urticaria, atopic dermatitis, 
ventricular arrhythmia, neuropathy and abdominal 
discomfort (8). MSG induced neurotoxic effects that 
caused brain cell damage, retinal degeneration, endo-
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crine disorder and some pathological conditions such 
as addiction, stroke, epilepsy, brain trauma, neuropath-
ic pain, schizophrenia, anxiety, depression, Parkinson’s 
disease, Al- zheimer’s disease, Huntington’s disease, 
and amyotrophic lateral sclerosis (2). MSG is toxic 
for testis as it induced oligozoospermia and increased 
abnormal sperm morphology (9). It caused male infer-
tility at histo-pathological level by causing testicular 
hemorrhage, alteration and degeneration of sperm cell 
count and morphology (10). 

As known, vitamins are essential for all biochemi-
cal reactions. They act as antioxidants to protect tissues 
from oxidative stress due to their easy, effective and safe 
dietary administration in a large range of concentrations 
(11,12). Vitamin E (α- Tocopherol [(α-Toc]) is a mem-
brane bound lipid-soluble, chain-breaking antioxidant 
that protects all cell membranes against lipid peroxida-
tion (13,14).  Vitamin E pretreatment has been reported 
to be beneficial in preventing formaldehyde-induced 
tissue damage in rats (15,16). The preventive effect of 
vitamin E on cypermethrin or endotoxin-induced oxi-
dative stress in rat tissues is suggestive of its antioxidant 
activity (17). Vitamin E is the most known antioxidants 
that have a protective effect by either reducing or pre-
venting oxidative damage (17). Vitamin E prevents lipid 
peroxidation by interfering with the propagation of lipid 
radicals (11). It is a non-enzymatic antioxidant (15,16). 
Vitamin E inhibits lipid peroxidation by both scaveng-
ing lipid peroxyl radicals (15,16), and inhibits oxidative 
damage induced by heavy metals and pesticides in ex-
perimental animals (15).

Camel’s milk (CM) exhibits a wide range of bio-
logical activities including antimicrobial, antioxida-
tive, antithrombotic, antihypertensive, and immuno-
modulatory effect (18). It was therapeutically used to 
treat jaundice, splenic problems, asthma, anemia, piles, 
and diabetes (19,20). Camel milk contains high levels 
of lactoferrin which is an iron-binding glycoprotein 
of the transferring family (21). Camel milk anticarci-
nogenic, anti-inflammatory and antioxidant activities 
were proposed to be mainly caused by lactoferrin (22). 
Camel’s milk is effective in food allergy treatments due 
to its inflammation-inhibiting proteins, and hypoal-
lergenic properties (23). Therapeutic potency of camel 
milk against several diseases is due to its newly identi-
fied nanobodies content (24).  

From all established data, we can conclude that 
the deleterious effects of MSG on liver, kidney and 
testes were mainly at the histology and pathology lev-
els (25, 26) but no studies about its harmful molecular 
effects and possible protection by camel milk were re-
ported till now. Therefore, the current study aimed to 
examine the protective effects of camel milk on delete-
rious effects of MSG on hepatic and renal biomarkers 
and antioxidants levels compared to vitamin E action. 
Moreover, genes of testicular function and steroido-
genesis were examined after MSG administration and 
protection with camel milk compared to vitamin E.

Materials and methods

Chemicals and kits
Monosodium glutamate, agarose and ethidium 

bromide were purchased from Sigma-Aldrich (St. 
Louis, MO, USA). The Wistar albino rats were pur-
chased from King Fahd center for Scientific Research, 
King Abdel-Aziz University, Jeddah, Saudi Arabia. 
Kits for glutamate pyruvate transaminase (ALT), glu-
tamate oxalacetate transaminase (AST), superoxide 
dismutase (SOD), malondialdehyde (MDA), cata-
lase, glutathione reductase (GSH), creatinine and urea 
were purchased from Bio-diagnostic Co., Dokki, Giza, 
Egypt. The deoxyribonucleic acid (DNA) ladder was 
purchased from MBI, Fermentas, Thermo Fisher Sci-
entific, USA. Qiazol for RNA extraction and oligo dT 
primer were purchased from QIAGEN (Valencia, CA, 
USA).

Animals handling and experimental design
Forty male Wistar rats, 8 weeks old, weighting 

170–200 grams were given free access to food and water. 
Rats were maintained at 12h/12h day and light and at  
25 ± 5°C. After 2 weeks of daily handling and acclima-
tization, rats were assigned for experimental procedures. 
Rats were allocated into 4 subgroups, with 10 rats per 
group. Control rats gained free access to food and wa-
ter. MSG group was given a normal diet together with 
MSG (2 g/kg/day) for 4 weeks (27,28). MSG + Vit. E 
group that administered MSG orally (2 g/kg /day) for 
4 weeks with Vit E at a dose of (20 mg/kg/day) (29).  
Camel milk (CM) + MSG group was given MSG for 4 
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weeks together with camel milk in a dose of   166.6 ml 
/24 hours / 10 rats according to Althnaian (30). After 4 
weeks, all rats were anesthetized using diethyl ether af-
ter overnight fasting and blood was collected for serum 
extraction and biochemical assessments. Testicular tis-
sues were taken on Qiazol for RNA extraction and gene 
expression (RT-PCR).

Serum separation and biochemistry analysis
Blood was collected from the eye using heparin-

ized capillary tubes inserted into retro-orbital venous 
plexuses. Blood was left to clot at room temperature 
then in the refrigerator for 15 minutes and centrifuged 
for 10 minutes at 4ºC and 5000 rpm, supernatant se-
rum was taken and stored at -20 °C till assays. Fasting 
blood glucose levels were determined using spectro-
photometric assay. Serum creatinine, urea, albumin, 
ALT, AST, triacylgycerol (TAG), total cholesterol and 
HDL were measured using commercial available kits 
that are based on spectrophotometric analysis. 

Determination of testicular tissue antioxidant activity
For measurements of MDA, catalase and SOD 

activity, one gram of testicular tissues was homog-
enized in 5ml of cold buffer (50mM potassium phos-
phate buffer; PBS, pH 7.4). Cold buffer of catalase ac-
tivity contains 1mM EDTA and 1mL/l Triton X-100. 
After centrifugation at 4000 x g for 15 minutes at 4ºC, 
the supernatant was removed and stored frozen at 
-80ºC until the time of analysis of catalase and SOD 
(U/g tissue) and MDA (nmol/g tissue). The activi-
ties of MDA, catalase and SOD were determined by 
ELISA reader (Absorbance Microplate Reader ELx 
800TM BioTek®, Seattle, WA, USA). Results were 
calculated according to the manufacturer’s instruc-
tions. The assays used for measurement of MDA, Cat-
alase and SOD were based on previous studies (31-33) 
for MDA, catalase and SOD respectively.

Serum hormone assays
Changes in levels of testosterone and luteinizing 

hormone (LH) were measured using commercial kits 
(Testosterone ELISA Kit from abcam, Tokyo, Japan 
Cat # ab108666) that purchased from Clini Lab., Al-
Manial, Cairo, Egypt. Serum LH levels were meas-
ured using LH SimpleStep ELISA™ Kit (ab108651)), 

Osaka, Japan. The instruction manual of each kite was 
followed as suggested by providers.

Sperm analysis (eosin-nigrosin stain)
The epididymal sperm was collected according 

to Blash et al (34) with some modification. The tes-
tes were removed from the scrotal sac within 5 to 10 
minutes, placed in an insulator box and transported 
to laboratory and processed individually. The parietal 
tunic was removed leaving the tail of the epididymis 
exposed. A small lateral incision was made along the 
tail of the epididymis to open the convoluted tubules 
and put in petri dish with 3.025 g Tris, 1.7 g citric acid, 
1.25 g fructose supplemented with 5.5 mg tylosin, 
27.5 mg gentamycin, 16.5 mg lincospectin, and 330 
mg spectinomycin per 100 ml. Spermatozoa were sedi-
mented by gentle centrifugation at 800 X g (1200 rpm) 
for 5 min at 30°C and the pellet was washed twice with 
TFC medium to remove contaminating epididymal 
plasma. The cells were dispersed in the same medium 
and this preparation of spermatozoa was used for the 
experiments. Individual sperm motility was assessed by 
bright field microscopy. Diluted sperm was examined 
microscopically using adjusted hot stage microscope 
at 38ºC. Individual sperm motility percent was deter-
mined on a subjective scale of 0–100% to the near-
est 5% after examining several microscopic fields. The 
percentage of live and abnormal sperms was assayed 
by staining smears with eosin-nigrosin (35). A total of 
200 sperm cells were examined randomly. Total sperm 
abnormalities and live percentage were recorded.

RNA Extraction, cDNA Synthesis and Semi-quantita-
tive RT-PCR Analysis

Total RNA was extracted from testicular tissues 
in Qiazol reagent (50-100 mg per sample). RNA was 
extracted using chloroform-isopropanol extraction 
assay. RNA pellets were washed with 70% ethanol, 
briefly dry up, and then dissolved in Diethylpyrocar-
bonate (DEPC) water. For cDNA synthesis, a mixture 
of 2 µg total RNA and 0.5 ng oligo dT primer in a 
total volume of 11 µl sterilized DEPC water was in-
cubated in the PeX 0.5 thermal Cycler (Thermo Elec-
tronic Corporation, Milford, Ma) at 65°C for 10 min 
for denaturation. Then, 4 µl of 5X RT-buffer, 2 µl of 10 
mM dNTPs and 100 U Moloney Murine Leukemia 
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Virus (M-MuLV) Reverse Transcriptase (SibEnzyme 
Ltd. Ak, Novosibirsk, Russia) were added and the total 
volume was completed up to 20 µl by DEPC water. 
The mixture was then re-incubated in the thermal Cy-
cler at 37°C for one hour, then at 90°C for 10 min to 
inactivate the enzyme.

For semi-quantitative RT-PCR analysis, specific 
primers for examined genes (Table 1) were designed 
using Oligo-4 computer program and synthesized 
by Macrogen (Macrogen Company, GAsa-dong, 
Geumcheon-gu. Korea). PCR was conducted in a fi-
nal volume of 25 µl consisting of 1 µl cDNA, 1 µl of 
10  pM of each primer (forward and reverse),  and 12.5 
µl PCR master mix (Promega Corporation, Madison, 
WI). The volume was brought up to 25 using sterilized, 
deionized water. PCR was carried out using Bio-Rad 
thermal Cycle with the cycle sequence at 94 °C for 5 
minutes one cycle, followed by 26 cycles for examined 
genes and 23 cycles for the reference gene (glyceral-
dehyde-3-phosphate dehydrogenase; GAPDH). Each 
PCR cycle consists of denaturation at 94 °C for one 
minute, annealing at the specific temperature corre-
sponding to each primer (Table 1) and extension at 
72 °C for one minute with additional final extension 

at 72 °C for 7 minutes. Products of PCR were run on 
1.5% agarose (Bio Basic INC. Konrad Cres, Markham 
Ontario) gel stained with ethidium bromide in TBE 
(Tris-Borate-EDTA) buffer and visualized under 
UV light and photographed using gel documentation 
system. The band intensities were densitometrically 
quantified and calculated using ImageJ software ver-
sion 1.47 (http://imagej.en.softonic.com/).

Statistical analysis
The data are presented as the mean ± standard 

error of the mean. Analysis of variance and Fisher 
post‑hoc descriptive test were used to analyze the data 
using SPSS software version 11.5 for Windows (SPSS, 
Inc., Chicago, IL, USA). Using the same software, re-
gression analysis was performed. P<0.05 were consid-
ered to indicate a statistically significant difference.

Results

Serum biochemical, oxidative and antioxidative biomarkers
Administration of MSG constitutively for 4 week 

induced a decrease in urea, creatinine and increased ALT 

Table 1. PCR conditions for examined genes in the testis.

Gene	 Product size (bp)	 Annealing (°C)	 Direction	 Sequence (5-3)

ABP	 260	 58	 Sense	 TCCGATACCACCAAGCACAAG 
			   Antisense	 TCAGGAAAGCTGGGAACACTG

LHR	 272	 52	 Sense	 AGAGTGATTCCCTGGAAAGGA 
			   Antisense	 TCATCCCTTGGAAAGCATTC

P450c17	 302	 55	 Sense	 GACCAAGGGAAAGGCGT 
			   Antisense	 GCATCCACGATACCCTC

P53	 547	 55	 Sense	 ATCTGGACGACAGGCAGACT 
			   Antisense	 AGGCAGTGAAGGGACTAGCA

17b-HSD	 653	 55	 Sense	 TTCTGCAAGGCTTTACCAGG 
			   Antisense	 ACAAACTCATCGGCGGTCTT

AR	 570	 55	 Sense	 TTACGAAGTGGGCATGATGA 
			   Antisense	 ATCTTGTCCAGGACTCGGTG

FSHR	 490	 55	 Sense	 GAGTCATCCCGAAAGGATCA 
			   Antisense	 TAAAATGACTGGCCCAGAGG

Aromatse	 389	 58	 Sense	 GCCTGTCGTGGACTTGGT 
			   Antisense	 GGTAAATTCATTGGGCTTGG

b actin	 457	 60	 Sense	 ATGTACGTAGCCATCCAGGC 
			   Antisense	 TCCACACAGAGTACTTGCGC
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and AST levels and co-administration of camel milk to 
MSG administered group protect from this significant 
decrease (Table 2). MSG decreased antioxidants levels. 
As seen in Table 3, MSG induced oxidative stress as in-
dicated by the increase in MDA and decrease in SOD, 
GSH-R and catalase. Co-administration of CM with 
MSG counteracted this decrease and significantly nor-
malized antioxidant levels. The effect of Vitamin E was 
parallel to the effects of camel milk

Testicular tissue oxidative and antioxidative biomarkers
To confirm the deleterious effects of MSG on testis, 
we measured testicular MDA levels as an oxidative 
stress marker and catalase and SOD as antioxidant 
markers. As shown in Table 4, MSG increased signifi-

cantly MDA levels and decreased testicular catalase 
and SOD activities. Co-administration of either Vit. 
E or CM together with MSG inhibited this decrease 
and normalized it.

Sperm analysis 
MSG induced significant decreases in sperm 

motility, percentage of live sperms, and an increase 
in sperm abnormalities. Camel milk supplementation 
into MSG group improved sperm and percentage of 
live sperms and decreased sperm abnormalities report-
ed on MSG administered rats (Table 5). Parallel with 
changes in spermogram, a decrease in serum levels of 
testosterone and LH were reported in MSG adminis-
tered rats that were normalized after camel milk sup-

Table 2. Protective effect of camel milk against MSG induced changes on renal and hepatic biomarkers.

Parameter	 Urea (mg/dL)	 Creatinine (mg/dL)	 GOT (U/l)	 GPT (U/l)

Control	 36 ± 0.3	 0.7 ± 0.01	 82 ± 3.7	 98.6 ± 7.5

MSG	 33 ± 1.2*	 0.3 ± 0.1*	 182 ± 2.9*	 186 ± 3.2*

MSG + Vit E	 38 ± 1.8#	 0.7 ± 0.1#	 90.7± 12.8#	 86.4 ± 4.1#

MSG + CM	 39.9 ± 1.5#	 0.67 ± 0.1#	 93 ± 4.1#	 103 ± 8.2#

Values are means ± standard error (SEM) for 10 different rats per each treatment.  
Values are statistically significant at *p<0.05 Vs. control and #p<0.05 Vs. MSG rats.

Table 4. Protective effect of camel milk on MSG induced changes in testicular antioxidant activity in Wistar rats.

	 Control	 MSG	 MSG + Vit E	 MSG + Camel milk

MDA (nmol/mg protein)	 6.78±1.9	 19.7±0.9	 8.2 ± 0.6#	 9.6 ± 0.3#

Catalase (U/ mg protein)	 5.92±.1	 3.7±0.2*	 4.7 ± 0.04#	 4.6 ± 0.06#

SOD (U/ mg protein)	 4.3±0.09	 2.7± 0.1*	 3.9 ± 0.4#	 3.6 ± 0.2#

Values are means ± standard error (SEM) for 10 different rats per each treatment.  
Values are statistically significant at *p<0.05 Vs. control and #p<0.05 Vs. MSG rats.

Table 3. Protective effect of camel milk against MSG induced changes on antioxidants levels.

Parameter	 MDA (nmol/ml)	 SOD (U/ ml)	 GSH-R (mg/ dL)	 Catalase (U/ L)

Control	 11.8 ± 2.6	 227.9 ± 33	 7.7± 1.1	 166.7 ± 18.6

MSG	 31.4 ± 3*	 117.2 ± 2.2*	 4.5± 0.4*	 56.7 ± 11.4*

MSG + Vit E	 18.3 ± 1#	 256.6 ± 35#	 6.2 ± 0.07#	 169.7 ± 18.3#

MSG + CM	 10.9 ± 1.4#	 194.7 ± 9.6#	 6.3 ± 0.2#	 97.5 ± 2.8#

Values are means ± standard error (SEM) for 10 different rats per each treatment.  
Values are statistically significant at *p<0.05 Vs. control and #p<0.05 Vs. MSG rats.
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plementation (Table 6). Of note the effect induced by 
CM is relatively the same reported for vitamin E ad-
ministered group. 

Testicular steroidogenesis and fertility related genes mRNA 
expression

Next, the effect of MSG on the testis activity at 
the mRNA expression level was checke. As seen in 
Figure 1, administration of MSG induced down regu-
lation of genes of steroidogenesis as it decreased sig-
nificantly the expression of  androgen binding protein 
(ABP), 17 alpha hydroxylase (P450c17), 17b-hydroxy 
steroid dehydrogenase (17β-HSD) and aromatase. 
Co-administration of CM or vitamin E to MSG 
groups normalized and even up-regulated the exam-
ined genes and retained their expression (Figure 1). 
In parallel, the genes of fertility markers as androgen 
receptor (AR), luteinizing hormone receptor (LHR), 
follicle stimulating hormone receptor (FSHR) and 
testicular apoptotic gene (P53) were greatly down-
regulated in MSG administered rats. Administration 
of CM or vitamin E together with MSG normalized 

and up-regulated their expression compared to MSG 
administered group (Figure 2).

Discussion

Monosodium glutamate (MSG) is a commonly-
used food processing additive. Several studies showed 
that MSG is toxic to the various organs such as the 

Table 6. Protective effect of camel milk against MSG induced 
changes in testosterone and LH levels

	 Testosterone (ng/ml)	 LH (ng/ml)

Control	 3.5 ± 0.4	 1.7 ± 0.2

MSG	 2.1 ± 0.1*	 1.0 ± 0.04*

MSG + Vit E	 3.8 ± 0.2#	 1.56 ± 0.1#

MSG + CM	 4.7 ± 0.2#	 1.48 ± 0.1#

Values are means ± standard error (SEM) for 10 different rats per 
each treatment.  
Values are statistically significant at *p<0.05 Vs. control and 
#p<0.05 Vs. MSG rats.

Table 5. Camel milk protected MSG induced changes in sperm motility and abnormalities.

	 Motility%	 Live %	 Abnormality %

Control	 87.89 ± 2.2	 83.44 ± 4.6	 10.44 ± 2.8

MSG	 54.22 ± 3.1*	 46.44 ± 3.3*	 27.33 ± 3.8*

MSG + Vit E	 73.3± 4.1#	 77.21± 4.6#	 14.33 ± 2.8#

MSG + CM	 66.1± 5.3#	 66.8 ± 3.7#	 14.9 ± 1.7#

Values are means ± standard error (SEM) for 10 different rats per each treatment.  
Values are statistically significant at *p<0.05 Vs. control and #p<0.05 Vs. MSG rats.

Figure 1. Effect of camel milk on steroidogenesis related gene 
expressions: Rats groups were treated with contol, MSG, camel 
milk plus MSG or Vit E plus MSG. Total RNA was extracted 
from testis tissues and the expressions of genes were analyzed 
by semi-quantitative RT-PCR analysis. Values are means ± SE 
of 10 rats. *P < 0.05 Vs control group, # P < 0.05 MSG group.



H. B. I. El-Sawy, M. M. Soliman, S. A. El-Shazly, H. Abdel-Maksoud Ali82

liver, brain, thymus, and kidneys (36,37). This effect is 
attributed mainly to oxidative stress caused by MSG 
(38). Oxidative stress is caused by the excessive pro-
duction or a decreased elimination of free radicals in 
cells, the majority of which are oxygen radicals and 
other reactive oxygen species (ROS) (39).

Camel milk is enriched with various protective 
proteins such as lysozyme, lactoferrin, lactoperoxidase,  
immunological properties, growth promotion activ-
ity and anti-tumor activity(40,41). Camel milk could 
play an important role in decreasing oxidative stress by 
alteration of antioxidant enzymes and nonenzymatic 
antioxidant molecules levels (23). Current findings 
confirmed that long term administration of MSG in-
duced biochemical, renal, hepatic and testicular altera-
tions. Moreover, MSG showed testicular dysfunction 
as presented by the decrease in its antioxidant activity 
and down regulation in all examined testicular genes.

Both ALT and AST are sensitive markers of liver 
damage (42,43). Therefore, the increase in the serum 
liver activity might perhaps be an indication of liver 
damage. MSG could dissociate easily to release free 
glutamate. The diminution of glutamate produces am-
monium ion that could be toxic unless detoxified in the 
liver via the reactions of the urea cycle. Thus, the pos-
sible ammonium ion overload that may occur as a re-
sult of an increased level of glutamate following MSG 
intake could damage the liver (25). 

Our findings are coincided with others at bio-
chemical levels (25,26), as pre-treatment with vita-
min E has been reported to confer protection against 
monosodium glutamate induced-hepatotoxicity and 
oxidative stress in rats (24, 42). In parallel, dietary 
antioxidants such as Vitamin C and Vitamin E has a 
modulator effects on MSG-induced serum urea oxida-
tive damage in the liver and kidney of rats (29). The 
variation in the level of urea and creatinine are markers 
of renal dysfunction.

As known, the major indicator of oxidative dam-
age in the body is the increase in lipid peroxidation that 
initiated by ROS and causes impairment of membrane 
function (44). The increase in MDA in this study may 
be attributed to the increase in generation of ROS re-
sults from MSG treatment. Similar observations have 
earlier been reported in studies involving other organs 
(27,29,36,45). A decrease in antioxidant status is a 
counter act mechanism by the tissues to restore their 
activity. A decrease in GSH, SOD and catalase levels 
in the serum and testis of our experimental animals, 
are similar to earlier observations that MSG induced 
oxidative stress in other tissues (36,45,46). The deple-
tion in antioxidants levels reported here correlates with 
the increase in lipid peroxidation observed in the other 
tissues (27,29,36). 

Antioxidants act as a direct radical scavenger and 
stabilize membrane structure through the removal of 
acyl peroxides formed during lipid peroxidation reac-
tion (47). Glutathione depletion is a positive indicator 
of tissue degeneration and the magnitude of depletion 
parallels the severity of the damage (48). The increase 
in the activity of glutathione S-transferase (GST) fol-
lowing MSG administration might have contributed 
to the depletion of tissue glutathione. GST catalyzes 
both glutathione-dependent conjugation and reduc-

Figure 2. Effect of camel milk on fertility related genes and 
P53 mRNA expressions: Rats groups were treated with contol, 
MSG, camel milk plus MSG or Vit E plus MSG. Total RNA 
was extracted from testis tissues and the expressions of genes 
were analyzed by semi-quantitative RT-PCR analysis. Values 
are means ± SE of 10 rats. *P < 0.05 Vs control group, # P < 0.05 
MSG group.
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tion (49). It detoxifies endobiotic and xenobiotic com-
pounds by covalently linking glutathione to a hydro-
phobic substrate, forming less reactive and more polar 
glutathione S-conjugate (50). The activities of super-
oxide dismutase (SOD) and catalase decreased signifi-
cantly in MSG treated rats and that are coincided with 
other study (45). Camel milk administration returned 
this antioxidant activity by decreasing lipid peroxida-
tion and increasing antioxidants levels. The antioxidant 
activity of CM is due to the presence of lactoferrin in 
its contents as described in another study (22) and the 
presence of camel a-lactalbumin (51).

Our results showed that MSG induced testicular 
oxidative stress.  Possibly, the toxic effects of MSG on 
the sperms and testicular examined parameters might 
be related to the increased production of free radicals 
in the rat reproductive organs as decribed histologi-
cally in previous study (26). Our current investiga-
tion revealed that MSG caused significant decrease in 
SOD, CAT and GSH-R activities and these findings 
are greatly in accordance with Fabio et al (42). Here, 
CM ameliorated these testicular changes as reported 
for Vit. E and quercetin (29, 42), as CM has been 
shown to be with antioxidant properties (22,51). 

Vit E showed protective effect against MSG. This 
effect may be due to impaired absorption of MSG in 
the gastrointestinal tract and/or its antioxidant effect 
(52). Vitamin E prevents oxidative damage to sensitive 
membrane lipids by destroying hydroperoxide forma-
tion, acting in conjunction with selenium, and protects 
cellular membranes and lipid containing organelles 
from peroxidative damage by oxidative stress (53). The 
recovery of sperm count and motility to the control 
levels in camel milk- treated rats can be attributed to 
antioxidant properties of camel milk as supported by 
serum findings listed in this study. It has been shown 
that camel milk inhibited oxidative stress by increasing 
the activities of SOD, catalase and glutathione reduc-
tase levels (45,55).

MSG down regulated the expression of steroido-
genesis related genes, male fertility hormone receptors 
and apoptosis related gene (P53). In the testis, LH 
binds to Leydig cell receptors and initiates the acti-
vation of adenylate cyclase, resulting in an increase in 
cAMP production. Luo and his collaborators (56) re-
ported that, StAR transfers cholesterol from the outer 

membrane to the inner mitochondrial membrane. 
Where, the enzyme cytochrome P450 side chain cleav-
age (P450scc) converts cholesterol into pregnenolone. 
Ultimately pregnenolone transferred to smooth endo-
plasmic reticulum. Where, the synthesis of testoster-
one takes place via the actions of 17β-hydroxysteroid 
dehydrogenase (17β-HSD). Moreover, StAR is con-
sidered to be the rate limiting step in testosterone bio-
synthesis and reduced StAR is always found in testicu-
lar dysfunction (57). The increase in testosterone can 
be changed to estrogen by aromatase. MSG decreased 
serum LH and testosterone levels that were confirmed 
by down regulation on AR and LHR as well as other 
examined testicular genes. MSG induced testicular 
oxidative stress and increased ROS production. Of in-
terest, CM had the potential to prevent these changes 
and provided evidence for such beneficial protective ef-
fects at testicular levels. Probably CM interacted with 
MSG at the intestine and prevented MSG absorption. 
Moreover, it decreased free radical production, lipid 
peroxidation (53) as CM has a potential antioxidant 
activity (22). 

In conclusion, CM supplementation had a pro-
tective effect against MSG induced oxidative stress 
and testicular dysfunction.  Moreover, CM normal-
ized genes of testis that were down regulated due to 
MSG administration. Therefore, usage of camel milk 
as a supplement therapy against toxic materials is very 
indicative at the testicular levels.
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