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Abstract This study aims to investigate the effects of semen quality and gonadal 

hormonal balance in monosodium glutamate-induced testicular dysfunction in 

rats. Two groups of twenty-three animals each were treated (control and 

monosodium glutamate (MSG) group) orally for 28 days to establish testicular 

dysfunction. After testicular dysfunction was successfully confirmed, the animals 

from the two treatment groups were further subdivided (post -treatment) into six 

groups and treated for 42 days as follows; Control (Untreated); Ketogenic diet; 

Curcumin; MSG group only; MSG + Ketogenic diet; MSG + Curcumin. In MSG 

treatment, the administration of MSG significantly (P <0.05) decreased the level 

of serum testosterone in the rats. The treatment with MSG significantly (P <0.05) 

reduced the sperm count, sperm motility, sperm viability, and sperm morphology 

compared to the control rats. In the post-MSG treatment, ketogenic diet 

treatment significantly (P <0.05) increased the levels of testosterone and 

luteinizing hormone, while curcumin treatment increased only luteinizing 

hormone. The group fed with curcumin showed a significant increase in sperm 

morphology and sperm count compared to the control. This study revealed that 

MSG administration might have led to a disruption of the gonadal hormonal 

balance and sperm quality. 
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INTRODUCTION 

The testis is an oval-shaped organ that synthesizes male gametes via 

hormonal secretion and spermatogenesis. The hypothalamo-pituitary-testicular axis 

regulates reproductive functions through the action of hormones. In males, 

luteinizing hormone (LH) activates the synthesis of testosterone in Leydig cells, 

which subsequently stimulates sperm synthesis in the Sertoli cells. Follicle 

stimulating hormone (FSH) activates Sertoli cells by facilitating testosterone 

passage leading to androgen production (Olaolu et al., 2018). Testosterone is a 

crucial male sex hormone required for spermatogenesis and it enhances the growth 

and secretory activity of the testes (Rotimi et al., 2022). There has been a decline 

in male reproductive health worldwide as a result of several factors, which includes 

hormonal disorders, drugs, genital infections, smoking, environmental pollution, 

alcohol, genetic defects, reactive oxygen species, illnesses and access to toxicants.  

Exposure to certain toxicants such as monosodium glutamate (MSG) could alter the 

semen quality and gonadal function leading to reproductive dysfunction. MSG has 

been reported to cause deterioration of sperm cell structure and production and it 

also triggers hemorrhage in the testis (Alalwani, 2014).  

MSG is a food additive found basically in many food substances, especially in 

Asia and Western Africa (Kayode et al., 2020a). MSG widely improves food 

palatability and as preservatives, but it may come with harmful effects on different  

systems of the body. There are reported abuses of MSG because it is cheap and 

readily available. The LD50 (Medium lethal dose) of MSG is between 15 – 18 g/kg 

in rats and at high consumption symptoms like dizziness, headache, numbness, 

weakness, and muscle pain have been observed (Kayode et al., 2020b). Frequent  

MSG consumption has been associated with the triggering of asthma, cancer, 

obesity, diabetes, and oxidative stress (Rim, 2017). MSG intake initiates other 

deleterious effects including genotoxicity, renal toxicity, hepatotoxicity, and  

reproductive toxicity (Abd-Ella and Mohammed, 2016). 

Available treatment for reproductive alterations includes hormonal 

supplementation, surgical operations, phytomedicine, drugs, and diet. Castro et al. 

(2018) revealed that ketogenic diet, which is a low carbohydrate/high fat diet, 

ameliorates sexual dysfunction, especially in obese patients. The diet helps to 

metabolize fats as an alternative fuel for the body due to lesser carbohydrate 

metabolism (Vidali et al., 2015). Therefore, this study intends to investigate the 

effect of ketogenic diet ingestion on semen quality and gonadal hormonal levels in 

MSG-induced testicular dysfunction rats. 

MATERIALS AND METHODS 

Materials 

Chemicals 

Analytical grade, monosodium glutamate (MSG) and Curcumin are a product 

of Sigma chemical (St. Loius, USA) reagent was acquired. All chemicals and 

reagents used were of analytical grade (Sigma chemical) and they were prepared  

in glasswares and stored at 25°C. 

Experimental animals 

Healthy male rats (8 – 10 weeks old) were obtained from the animal unit, 

Department of Biochemistry, University of Ilorin, Kwara State. The rats were 

allowed to acclimatize for fourteen days in a well-aerated room and fed ad libitum 

with chow and drinking water. They were maintained at humidity (45-55%), 

constant temperature (25-27°C), photoperiod (12 h cycle). The care, use, and 

treatment of the rats were carried out as described and approved by the Landmark 

University Ethical Committee with ethical number LUAC/2020/0047B.  



Chiang Mai University Journal of Natural Sciences: https://cmuj.cmu.ac.th 3 

 

CMUJ. Nat. Sci. 2022. 21(4): e2022055 

A total of 46 rats were used in this study with a weight range of 180 ± 40 g, 

and rats were randomized into 2 groups containing twenty-three rats each; the 

control group (untreated) and induced group (4 mg/kg bw MSG) were treated orally 

for 28 days to establish testicular dysfunction (23 rats per group). To confirm that 

testicular dysfunction was successfully induced by MSG in rats, 5 rats were 

randomly selected and necropsied from each of the control and MSG treatment  

groups.   

After a confirmation of successful induction of testicular dysfunction in rats, 

the remaining animals from the two groups (control and MSG) were subdivided into 

three groups each and treated for another 42 days. The control group was 

subdivided into control group (fed distilled water), ketogenic diet group, and 

curcumin group (15 mg/kg bw in distilled water), while the MSG group was divided 

into MSG only (untreated) group, ketogenic diet group and curcumin group (6 rats 

per group). All rats were sacrificed after the last day of treatment  

The ketogenic diet feed formulation used in the study was as previously 

reported by Kayode et al. (2020b). Briefly, this diet consisted of: fiber (50%) 

obtained from coconut meal, protein (15%) from crayfish, oil (20%) from coconut 

oil, vitamix (10%) and food binder (5%) from pysllum husk. The ketogenic diet 

components were commercially sourced. 

Preparation of serum  

The rats were sacrificed and rat serum was prepared as described by Yakubu 

et al. (2005). This was carried out twenty-four hours after the last day of each 

treatment. Briefly, under diethyl ether anesthesia, a sterile scalpel blade was used 

to cut veins of the rats. The collected blood was left to clot and then centrifuged 

using a Uniscope Laboratory centrifuge (Model SM800B) at 5,000 x g for 10 min. 

The supernatants were obtained and stored for hormonal analyses. 

Assays 

Hormonal assays 

The rat serum testosterone, luteinizing hormone (LH), and follicle stimulat ing 

hormone (FSH) levels were determined quantitatively using the enzyme 

immunoassay (EIA) kit (Monobind Inc. Lake Forest USA). 

Semen analysis 

The epididymis was carefully removed from the testis and were exposed and 

incised using a surgical blade. The semen was squeezed out of the caudal epididymis 

into a sterile clean petri dish with phosphate buffer (0.1 M). This was swirled gently 

for 10 min at 37°C to ensure homogeneity and the semen was used for sperm 

analysis. 

Sperm counts were carried out by briefly diluting the semen. The dilute d 

semen was dropped on an improved Neubauer counting chamber with an overlaid 

slip and further observed under a microscope to count the sperm cells in the central 

square.  

The sperm morphology was determined by using a prewarmed slide containing 

semen. A drop of nigrosin/Eosin stain and semen were thoroughly mixed on the 

slides to form an even smear and then allowed to be dried. The stained slide was 

then observed at × 400 magnification under a light microscope. Random slide fields 

were selected to ascertain their morphological features. The sperm morphology was 

expressed as percentage incidence. 

For sperm motility, the semen was added to drops of 2.9% sodium citrate and 

placed on a prewarmed microscope slide at 27°C. A warm cover slip was used to 

cover the slide before examining it under the microscope at × 400 magnification. 

The microscope fields were selected randomly, and the sperm motility was 

evaluated from the field and were categorised as motile, immotile, or sluggish 

(Saalu et al., 2010). 
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Statistical analysis 
Values were expressed as mean ± standard error of mean (SEM) and analyzed 

with one-way ANOVA and student t-test on a GraphPad Prism 6 (GraphPad Software 

Inc., San Diego, California, USA). Tukey’s post-hoc test was used to compare group 

mean values and P < 0.05 was considered statistically significant.  

RESULTS  

Serum hormones  
In MSG treatment, the administration of MSG significantly (P <0.05) 

decreased the level of serum testosterone in the rats. A nonsignificant decrease was 

observed in the level of rat serum luteinizing hormone and follicle stimulat ing 

hormone (Figures 1-3).  

In the post-MSG treatment, Ketogenic diet treatment signific antly (P <0.05) 

increased the levels of testosterone and luteinizing hormone (Figures 1-2). 

Moreover, curcumin treatment increased significantly (P <0.05) the level of serum 

luteinizing hormone (Figure 2). However, there was a nonsignificant increase 

observed in the hormonal levels for the group fed with MSG + ketogenic diet in the 

rats. 

 

Figure 1. Ketogenic diet mitigates the level of serum testosterone in 

monosodium glutamate (MSG) treated rats. Data are presented as mean ± 

SEM of 6 replicates. β: values differ significantly from control at P < 0.01 in the 

pretreatment. α: values differ significantly from control at P < 0.05 in the post-

treatment 

 

Figure 2. Ketogenic diet mitigates the level of serum luteinizing hormone 

in monosodium glutamate (MSG) treated rats. Data are presented as mean ± 

SEM of 6 replicates. α: values differ significantly from control at P < 0.05 in the 

post-treatment. 
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Figure 3. Ketogenic diet mitigates the level of serum follicle stimulating 

hormone in monosodium glutamate (MSG) treated rats. Data are presented 

as mean ± SEM of 6 replicates.  

Sperm analysis 
The treatment with MSG significantly (P <0.05) reduced the sperm 

parameters compared to the control rats (Figures 4-7).  

Post-MSG treatment with ketogenic diet led to a significant (P <0.05) 

improvement in all measured sperm parameters (Figures 4-7). The group fed with 

curcumin showed a significant increase in the sperm morphology and sperm count 

compared to the control. For MSG + ketogenic diet as well as MSG + curcumin, 

there was a significant decrease in rat sperm parameters when compared with the 

control. 

A scheme summarizing the probable mode of action of MSG in initiating  

reproductive dysfunction and the ameliorative path of ketogenic diet is presented 

in Figure 8. 

 
Figure 4. Ketogenic diet mitigates sperm motility in monosodium 

glutamate (MSG) treated rats. Data are presented as mean ± SEM of 6 

replicates. α: values differ significantly from control at P < 0.05; β at P < 0.01 in 

the pretreatment. α: values differ significantly from control at P < 0.05; β at  

P < 0.01; γ at P < 0.001 in the post-treatment. 
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Figure 5. Ketogenic diet mitigates sperm viability in monosodium 

glutamate (MSG) treated rats. Data are presented as mean ± SEM of 6 

replicates. α: values differ significantly from control at P < 0.05; β at P < 0.01 in 

the pretreatment. α: values differ significant ly from control at P < 0.05; β at  

P < 0.01; γ at P < 0.001 in the post-treatment. 

 

Figure 6. Ketogenic diet mitigates sperm morphology in monosodium 

glutamate (MSG) treated rats. Data are presented as mean ± SEM of 6 

replicates. β: values differ significantly from control at P < 0.01 in the pretreatment . 

γ: values differ significantly from control at P < 0.001 in the post-treatment. 

 

Figure 7. Ketogenic diet mitigates sperm count in monosodium glutamate 

(MSG) treated rats. Data are presented as mean ± SEM of 6 replicates. α: values 

differ significantly from control at P < 0.01 in the pretreatment. α: values differ 

significantly from control at P < 0.05; γ at P < 0.001 in the post-treatment. 
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Figure 8. Proposed mechanism of action of ketogenic diet on MSG induced 

reproductive dysfunction in rats.  

Keys: GnRH= gonadotropin releasing hormone; HPA= hypothalamus pituitary axis; 

PUFA= polyunsaturated fatty acids; MSG= monosodium glutamate; LH= luteinizing 

hormone; GABA= gamma amino butyric acid; FSH= follicle stimulating hormone 

DISCUSSION 

In this study, we show evidence that MSG administration led to diminished 

levels of testosterone and gonadotropins, hence affirming a state of reduced fertility 

in the animal subjects. Previously, MSG excitotoxicity to neuronal cells has been 

established through its ability to disrupt the hypothalamic -pituitary adrenal axis 

(HPA) pathway (Hanipah et al., 2018). It achieves this by allowing a large influx of 

calcium into the cells, initiating hyper-excitatory action and perhaps death of the 

neurons. Thus, HPA disruption leads to the reduction in the level of sex hormones 

and gonadotropins, hence altering reproductive agility in animals (Iyiola et al., 

2019; Kayode et al., 2020b). However, in the present study, ketogenic diet 

treatment led to a significant improvement (P <0.05) in gonadotropins and 

testosterone levels in rats. This finding may indicate improved rat testicular function 

and thus suggest an enhancement of fertility potential. Possibly, the ketogenic diet 

increases the levels of polyunsaturated fatty acids (PUFA), which are known 

inhibitors of neuronal sodium and calcium ion channels (Dashti et al., 2007; 

Tigerholm et al., 2012). Therefore, ketogenic diet may facilitate blocking neuronal 

membrane excitability, leading to a balancing of the HPA system and upregulation 

of gonadotropins. To further support the fact that ketogenic diet administrat ion 

might have restored the disruption of the HPA system was evidenced by the 

increased production of testosterone, the major sex hormone for male sexual 

activation (Kayode and Yakubu, 2017; Olaolu and Rotimi, 2017). The ketogenic diet 

similarly improved the production of FSH, which is required for the progression of 

spermatogenesis and subsequent spermatozoa production for fertilization of the 

matured ovaries. Furthermore, the sperm characteristics and morphology support  

the potential of the ketogenic diet to significantly (P <0.05) boost the semen quality.  

The activation of gamma amino butyric acid (GABA) synthesis by ketogenic 

diet has been well established (Dashti et al., 2007).  In this case, activation of GABA 

is expected to enhance GnRH function and thereby facilitate fertility. Although GABA 

is mostly an inhibitory neurotransmitter for adult neurons, it is interestingly 

excitatory for GnRH neurons (Sullivan et al., 2003). GABA similarly enhances 

tyrosine phosphorylation of sperm protein, which enhances the motility of sperm 

through the fallopian tube, a condition required for natural fertilization to proceed 

in animals (Ritta et al., 2004). Taken together, findings from our study support that 

ketogenic diet may not only possess fertility enhancement potential, but that it 

holds prospects for the treatment of testicular dysfunction. 
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CONCLUSION 

This study revealed that MSG administration might have led to a disruption of 

the gonadal hormonal balance and to a larger extent, spermatogenesis in rats. 

However, ketogenic diet therapy not only improved semen quality, but restored 

gonadal hormonal balance, thereby mitigating MSG-induced testicular dysfunction 

in rats. 
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