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Background and objectives: Incidence of abnormalities in various organs of fetus and infants of 
diabetic mothers are now well documented. Results of studies indicate anti-diabetic and anti-oxidant 
effects of fenugreek. The present study aimed to investigate the effects of the hydro-alcoholic 
extract of fenugreek on the testicular tissue of neonatal rats of diabetic mothers.  
Materials and Methods: Sixty adult female Sprague Dawley rats were randomly divided into three 
healthy groups (including, control, Glibenclamide and fenugreek groups) and three diabetic groups 
(including, control, Glibenclamide and fenugreek groups) in this experimental study. Streptozotocin 
(STZ) was used to induce diabetes in the rats. Upon detection of pregnancy, 1000 mg/kg hydro-
alcoholic extract of fenugreek was fed to healthy and diabetic fenugreek groups, 5 mg/kg 
Glibenclamide was fed to healthy and diabetic Glibenclamide groups, and healthy and diabetic 
control groups were given distilled water by gavage. After pregnancy and vaginal delivery, one 
month old neonatal rats of the six groups were selected and their testicles were removed after 
anesthetization. The serial sections of testicular tissue were studied in all the experimental groups. 
The prepared slides were then stained with Hematoxylin-Eosin (HE) and green Masson’s trichrome 
(MT) staining methods. Blood glucose levels of the infants were also measured. Histomorphometric 
study was done using two micrometric standard methods (with slides and graded lenses) and also 
Olympus BX51 microscope and Olysia software.  
Results: Administration of fenugreek extract to the diabetic pregnant rats (diabetic fenugreek group) 
significantly increased the mean number of spermatogonia cells and Leydig cells in one month old 
infants compared to the diabetic control group (P<0.05). However, the number of Sertoli cells and 
the number of seminiferous tubules of one month old newborns of diabetic rats in the diabetic 
fenugreek group did not show significant change compared to the diabetic control group. The mean 
diameter of seminiferous tubule and the thickness of testicular capsule of one month old infants of 
diabetic rats in the diabetic fenugreek group showed a significant increase compared to the diabetic 
control group (P<0.05).  
Conclusion:  
Administration of fenugreek extract as a rich source of antioxidant components to diabetic pregnant 
rats had a protective effect on the testicular tissue of neonatal rats born to diabetic mothers and 
improved qualitative and quantitative parameters of the testis.  
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Introduction 
Diabetes is one of the most important metabolic and endocrine diseases common in human communities that its prevalence 
is also increasing due to changes in lifestyle and dietary habits. The disease has two types including, insulin dependent 
diabetes mellitus (IDDM) or type 1diabetes and non-insulin dependent diabetes mellitus (NIDDM) or type 2 diabetes. It 
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causes many side effects, including: Nephropathy [1], Retinopathy [1], Neuropathy [2], and Cardiomyopathy [3]as well as 
damages to the reproductive system of adults, such as reduced pregnancy rate [4, 5], reduced diameter of the ovary [6], 
vaginitis, abnormal menstrual cycle, delayed oocyte maturation, decrease in the corpus luteum and increase in atretic 
follicle[7], ejaculation disorder, erectile dysfunction, decreased sperm motility, increased abnormally sperm, decreased 
number of Leydig cells and deformation of their core, and decreased number of Sertoli cells and their deformation [8, 9].  
During embryonic development especially in the early stages, the fetus is influenced by hormonal and metabolic changes of 
mother’s body. These changes can have significant effects on fetal growth and on the development of the different organs of 
the body. Excess amounts of blood glucose in pregnant women with diabetes are transferred to the fetus, resulting in 
stimulation of pancreatic β cells and increased insulin secretion by the pancreas of the fetus. This creates some complications 
that among them can mention to increased deposition of fat and abnormal fetal growth (fetal macrosomia) [9].  
Uncontrolled diabetes, especially in the early stages of organ formation, in pregnant women causes birth defects. The 
prevalence of birth defects in infants of diabetic mothers is 2 to 4 times greater than that of the non-diabetic mothers.  On the 
one hand, teratogenic effect of insulin-dependent diabetes can cause growth retardation, congenital malformations and fetal 
death [9]. Congenital malformations of infants of mothers with diabetes consist mainly of central nervous system disorders 
such as morphometric changes in the cerebellum [10], congenital abnormalities of the cardiovascular system, skeletal system 
and genitourinary system, and especially the lack of formation of the kidney [1, 2]. Also, calcium and magnesium balance 
between maternal and fetal blood is disrupted in pregnant women who develop gestational diabetes [11].This also causes 
congenital skeletal deformities in newborns [12].  
Insulin itself causes many abnormalities. With regard to past studies on the effects of medicinal herbs and thus their low risk 
compared to synthetic medicines, use of plants that are effective in reducing blood sugar seems to be the best way to control 
diabetes during pregnancy. Many types of research on anti-diabetic effects of medicinal plants have been carried out around 
the world that among them can mention to a comprehensive study performed by Indian scholars on more than 30 kinds of 
plant extracts [13]. 
Fenugreek (Trigonella foenum-graecum) is a plant of Fabaceae family. This plant is native to Iran. It grows in most parts of 
Iran, including Azerbaijan, Isfahan, Fars, Khorasan, and Semnan provinces and Damghan County. It is planted and 
consumed in Iran as an edible vegetable. Many studies have been conducted till now on anti-diabetic effects of fenugreek 
[14, 15 and 16]. The results of the current study also indicated anti-diabetic effects of this valuable plant. Fenugreek is able 
to reduce fasting blood sugar levels in animals [16]. The therapeutic effects of the plant are created with alkaloid content 
through the regulation of insulin secretion [16]. In addition, the antioxidant properties of fenugreek have also proven in the 
improvement of complications caused by diabetes [17]. These properties are due to the presence of compounds such as 
vitamins, flavonoids, terpenoids, carotenoids, coumarins, saponins, and sterols [18]. 
Given the anti-diabetic and antioxidant properties of fenugreek, the current research was performed to investigate the effects 
of the hydro-alcoholic extract of the plant on the testicular tissue of neonatal rats of diabetic mothers.  
 
Methods 
In this experimental study, 60 adult female Sprague Dawley rats weighing approximately 200-250 grams were prepared from 
Shiraz University of Medical Sciences. To adopt with environmental conditions (12 hours of light and 12 hours of darkness, 
at 23˚C), the rats were kept for a week in Animal House located in Department of Anatomy and Histology, School of 
Veterinary Medicine, University of Shiraz. Then the animals were divided randomly into six equal groups as follows:  
The first (healthy control) group included infants of healthy mothers. The mothers did not receive the extract; the second 
(healthy fenugreek) group included infants of healthy mothers. The mothers were daily fed with fenugreek extract (1 g/kg) 
until delivery [19]; the third (health Glibenclamide) group included infants of healthy mothers. The mothers were daily fed 
with Glibenclamide (5 mg/kg) until delivery [20]; the forth (diabetic control) group included infants of diabetic mothers. The 
mothers did not receive the extract; the fifth (diabetic fenugreek) group included infants of diabetic mothers. The mothers 
were daily fed with fenugreek extract (1 g/kg) until delivery [19]; the sixth (diabetic Glibenclamide) group included infants 
of diabetic mothers. The mothers were daily fed with Glibenclamide (5 mg/kg) until delivery [20].  
Streptozotocin (manufactured by Sigma Corporation, USA) was used for induction of diabetes. The medicine at a dose of 50 
mg/kg was injected intraperitoneally. Blood sugar test was carried out before injection, 24 hours after injection (to confirm 
diabetes) and 10 days after injection (for stabilization of diabetes). Blood samples were obtained from the tail by making a 
small incision over the superficial veins of the tail end and glucose levels were measured using glucometer device. Blood 
sugar higher than 250 mg/dl was considered as the criterion of catching diabetes [21]. 
To prepare the extract, 1000 g of fenugreek plant (dried leaves and thin stems) was soaked in a mixture of 2 L of water and 
96% ethanol for 48 hours. It was filtered through a filter paper and then the resultant was centrifuged at 3500 rounds per 
minute. To evaporate ethanol solution, the extract was then placed in an oven at a temperature of 45 ˚C for 2 days. 
Approximately20 g of the extracts were obtained at the end of the processes [22].  
Each female rat of every six groups remained with the male for 24 hours for mating. The vaginal plug was examined next 
morning at 8 a.m. to 10 a.m. Observation of the plug was considered as day zero of gestation of the animal. After pregnancy 
and vaginal delivery, 5 male mice born in the first month was selected from each group. The testes were removed after 
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anesthetization and serial sections of testicular tissue were prepared in all the studied groups. The prepared slides were then 
stained with hematoxylin-eosin and green Masson’s trichrome staining methods. Blood glucose levels of infants were also 
measured. Histomorphometric study was done using two micrometric standard methods (using slides and graded lenses) and 
also Olympus BX51 microscope and Olysia software. 
The collected data were analyzed using SPSS software and one-way ANOVA and Duncan post hoc test.   
 
Results  
According to the results of this study, mean body weight of one month old neonatal rats of diabetic mothers in the diabetic 
fenugreek group showed a significant decrease compared to the diabetic control group (P<0.05). Administration of 
fenugreek extract in the diabetic fenugreek group significantly increased the mean number of Spermatogonia and Leydig 
cells of one month old infants compared to the diabetic control group (P<0.05). But the number of Sertoli cells and 
seminiferous tubules in the diabetic fenugreek group did not show significant change compared to the diabetic control group. 
The mean diameter of seminiferous tubule and thickness of testicular capsule in the diabetic fenugreek group showed 
significant increase compared to the diabetic control group (P<0.05).The mean volume and the weight of the testis in the 
diabetic fenugreek group did not show a significant change compared to the diabetic control group. However, the mean 
volume and the mean weight of the testis in the diabetic fenugreek group showed a significant decrease compared to the 
healthy control group (P<0.05). The mean blood glucose in the diabetic fenugreek group showed reduction compared to the 
diabetic control group, but the reduction was not significant.  
 

 One month old infants of diabetic mothers One month old infants of healthy mothers 
Groups 

Parameters 
Diabetic 

Fenugreek 
Diabetic 

Glibenclamide Diabetic Control 
Healthy 

Fenugreek 
Healthy 

Glibenclamide Healthy Control 

The number of 
spermtogonial cells 

(n/mm2) 
1607.86±118.32a 1673.19±104.22a 1345.01±89.17b 1807.04±111.39a 1758.21±98.16a 1799.43±85.74a 

The number of 
Sertoli cells 

 (n/mm2) 
429.86±24.71ab 441.16±30.57ab 

 394.81±22.37a 479.46±31.15b 493.28±38.27b 487.93±32.25b 

The number of 
Leydig cells 

(n/mm2) 
385.43±26.41a 376.54±23.17a 316.25±19.95b 423.17±28.46a 417.39±22.18a 428.31±26.18a 

The number of 
seminiferous tubule 

(n/mm2) 
17.01±4.12 16.93±3.24 17.89±2.43 15.86±3.75 16.32±4.01 15.37±3.19 

Seminiferous tubule 
diameter (μ) 

158.23±8.13a 156.91±9.06a 137.04±8.29b 172.35±12.49a 169.17±11.23a 165.47±10.39a 

Testicular capsule 
thickness (μ) 25.08±2.39 24.29±3.09 23.86±2.73 27.45±2.83 26.94±3.11 27.86±2.43 

Body weight 
(g) 74.16±5.13a 76.22±5.51a 88.66±6.72b 72.31±4.91a 66.11±6.72a 70.02±6.01a 

Testicular weight 
(g) 0.24±0.02a 0.25±0.03a 0.23±0.04a 0.33±0.05b 0.35±0.04b 0.36±0.05b 

Testicular volume 
(mm3) 186.39±18.43a 190.29±26.32a 183.18±25.02a 324.18±31.44b 309.16±20.12b 332.14±30.15b 

Blood sugar 115.27±6.43ab 106.32±7.75a 125.21±8.73b 91.37±6.91a 92.32±7.21a 94.62±8.21a 

- According to Duncan test, the means available in each row, which at least have one letter in common, do not have 
significant difference with each other at %5 level.  

- The means are presented as Mean±SD.  
- P<0.05 is statistically considered significant. 

 
Discussion  
A significant decrease in the number of Leydig cells and Sertoli cells, reduction in the number of Spermatogonial cells, and a 
decrease in testicular volume and weight was observed in the one month old neonatal rats born to the mothers with diabetes 
compared to infants of healthy mothers. This is consistent with results of previous studies [2, 23 and 24]. The decrease in the 
number of Leydig cells and Sertoli cells and histological changes in seminiferous tubules of testicular tissue of neonatal rats 
born to diabetic mothers indicate that gestational diabetes can reduce spermatogenesis process in infants and can impair this 
phenomenon [2, 23 and 24]. By influence on the proliferation process of Sertoli cells in the seminiferous tubules during the 
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embryonic period, diabetes probably reduces spermatogenic activity in the tubules and finally reduces the height and the 
diameter of germinal epithelium, resulting in reduced weight and volume of the testis in infants [23, 25]. It is said that the 
efficiency of spermatogenesis in maturity period depends on the number of Sertoli cells in testicular tissue [26]. Since the 
proliferation of these cells merely occurs in pre-puberty periods [27], so diabetes can have significant effects on testicular 
tissue of infants.  
Ballester et al. (2005) reported that diabetes can lead to impairment in spermatogenesis process by an FSH-dependent 
mechanism and can reduce sperm count [25]. Furthermore, it was demonstrated that an increase in glucose levels shows its 
effect on the Leydig cells and Sertoli cells of diabetic rats directly by damaging mitochondria and smooth endoplasmic 
reticulum [28].  
The results of this study also showed significant weight gain in one month old infants of diabetic mothers compared to the 
infants of healthy ones. The weight gain of these infants is due to the increased transportation of glucose and other nutrients 
from mother to fetus through the placenta [29]. In this case, a large amount of excess fat is stored in the shoulders and the 
trunk of the infants [30]. Treatment with the hydro-alcoholic extract of fenugreek is able to modify weight gain in infants of 
diabetic mothers.  
Enhancement of spermatogonial cell counts in infants of diabetic mothers treated with fenugreek extract and Glibenclamide 
was statistically significant compared to the diabetic control group. Atrophy of the seminiferous tubules and decrease of the 
spermatogenic cells are the signs of morphological abnormalities in spermatogenesis. Thickening of seminiferous tubule 
basement membrane plays an important role in the reduction of spermatogenesis [31]. Basement membrane thickness is 
increased by diabetes and sperm production decreases by the disease. Reduced number of Sertoli cells also leads to 
decreased production of spermatogonial cells [24]. So fenugreek extract could prevent the reducing process of the number of 
spermatogonia and Sertoli cells in neonatal rats of diabetic mothers.  
Studies have shown that oxygen free radicals play an active role in damages of sex cells. Hyperglycemia, on the one hand, 
increases production of oxygen free radicals and on the other hand, reduces the production of antioxidants in cells. By 
weakening the protective mechanisms related to cells, hyperglycemia increases those damages caused by oxidative stress 
[32]. It has been also stated that antioxidant concentration in hyperglycemia conditions decreases significantly in fetal cells 
[33]. The results of the current research showed that the administration of the hydro-alcoholic extract of fenugreek as an 
herbal antioxidant can somewhat reduce the effects of hyperglycemia in infants of diabetic rats. However, it cannot 
completely neutralize the effects. Fenugreek antioxidant effects have proved in the study of Jannat et al. (2002). Fenugreek 
has also recommended by this study as an important alternative for treatment of complications of antioxidant system 
damages caused by diabetes (by Streptozotocin injection) [17].  
 
Conclusion  
According to the findings obtained in this study, it can be concluded that administration of the hydro-alcoholic extract of 
fenugreek to pregnant rats with diabetes has a protective effect on the testicular tissue of neonatal rats born to mothers with 
diabetes due to the presence of compounds with antioxidant properties that can reduce free radicals. The extract can also 
improve qualitative and quantitative parameters of the testis.  
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