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Abstract  

This study was conducted to evaluate the effects of diabetes on spinal cord structure in male and female rats and 
to compare the alterations of the spinal cord in both genders. Twenty adult female and the same number of male 
Sprague Dawley rats were divided in four groups, as each group contained 5 males and 5 females. Diabetes was 
induced in 3 groups by alloxan agent. All of the animals were kept at the same condition in animal house but each 
group was kept for different periods of time. After experiment, animals were anaesthetized and scarified. Then the 
spinal cord was collected from all rats. Various histological parameters were determined using histological 
techniques. Results revealed that the diameters and the cell numbers of the gray matter and the white matter have 
decreased in all test groups; however these alterations have been greater and more significant in the males than 
females. Diabetes exhibit deleterious effects on male and female spinal cords, although these effects are more serious 
in males.  
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1. Introduction  

Pancreas produces insulin and allows the body to 
use glucose efficiently. However, with diabetes, the 
pancreas insufficiently controls the hormone insulin, 
causing blood sugar levels to rise (1). One of the 
mammalian systems that is clearly impaired in 
diabetes is the nervous system (2). Neuropathy 
represents important complications of diabetes (3). 
Studies have demonstrated the diabetes effects on the 
CNS such as decrease in amounts of gray matter and 
white matter (4), disturbance in the proliferation and 
cell death of the neural progenitors (5), the 
morphological changes of the spinal cord in offspring 
of diabetic rats (6) and the Ultra-structural changes in 
CNS cells in offspring of diabetic rats (7). In a 
number of studies, it has been determined that some 
steroids interfere with the diabetes and its effects on 
the CNS; as in the menopause, transition is marked 
by changes in hormonal balance, contributing to an 
increase in visceral adiposity that is associated with 
insulin 
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insulin resistance in postmenopausal women (8). 
Vannucci et al (9) have reported that gender and 
diabetes had significant effects on mortality from 
hypoxic-ischemic and extensive brain damage. 
Kapoor et al (10) have determined that low levels of 
testosterone in men is associated with diabetes. These 
observations suggest that gender may be involved in 
the effects of diabetes on CNS. Therefore the purpose 
of this investigation was to evaluate the variant 
effects of the diabetes on spinal cord structure in male 
and female rats in different periods of diabetes 
existence.  
  
2. Materials and methods  
2.1. Animals 

Twenty adult male (250-270g weight and 3-4 
months old) and twenty adult female Sprague-Dawley 
rats (210-230g weight and 3-4 months old) were 
acclimatized in an environmentally controlled room 
(temperature, 22±2oC and 12h light/12h dark). 

 Food and water were given ad libitum. The 
animals were treated in accordance with the 
guidelines for laboratory animals established by the 
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National Institute of Health as well as by the local 
ethical committee (11).  

 
2.2 Experimental design 

Animals were divided into four equal groups; three 
groups were experimental (T1, T2 and T3) and one 
group was control (C). Each group contained 10 rats 
(5 male and 5 female). Diabetes was induced in the 
experimental groups by single intraperitoneal 
injection of alloxan tetrahydrate (Sigma, St.Louis, 
MO, USA) 145mg/kg. The animals were fasted 12h 
before and after alloxan injection (12). Rats with 
blood glucose above 200 mg/dl as well as with 
polydipsia, polyuria and polyphagia for at least one 
week were considered as diabetic and were chosen 
for experiment (11). All of the animals were kept at 
the same condition in animal house. Animals of group 
T1 were kept for 30 days, group T2 was kept for 60 
days and group T3 was kept for 90 days. After 
experiment, animals were anesthetized (by using 
diethyl ether) and scarified. Then the spinal cord 
(brachial enlargement part) was collected from all 
rats. Animals of control group (C) were sampled as 
others at initial experimental time.  
 
2.3 Histomorphometric study 

All tissue samples were fixed in 5% buffered 
formalin fixative for histopathological investigations 
and subsequently embedded in paraffin. Sections (5 
µm in thickness) were stained with Hematoxylin-
Eosin techniques. Sections were observed with 
Olympus BX51 microscope for evaluation of 
histomorphometrical parameters such as the 
following: 1) The transverse and vertical diameters of 
the spinal cord (µm). 2) The transverse and vertical 
diameters of gray matter (µm). 3) The transverse and 
vertical diameters of white matter (µm). 4) The 
number of cells in the gray matter (neurons and 
neuroglial cells) per unit (mm2). 5) The number of 
neuroglial cells in white matter per unit (mm2).  6) 
The ratio of gray matter to white matter (6).   

The diameters of the spinal cord, gray matter and 
white matter were measured by ocular micrometer 
and Olympus BX51 light microscope using the Olysia 
software. The number of cells per unit (mm2) in both 
white matter and gray matter, and the ratio of gray to 
white matter were counted by ocular graticule and an 
Olympus BX51 light microscope using the Olysia 
software. Analysis of, particularly, morphometric 
data was performed with Student's t test using SPSS 
program (6).  
 
3. Results 
Different parameters of spinal cord from test groups  

(T1, T2 and T3) and control group (C) in male rats 
were demonstrated in Table 1. The transverse 
diameters of spinal cord, gray matter and white matter 
were decreased insignificantly in the test groups 
compared to the control group. The vertical diameters 
of spinal cord, its gray matter and white matter 
showed a decrease in the test groups compared to that 
of control. The vertical diameter of spinal cord 
decreased significantly (p<0.05) in group T3 
compared to the control group, also the vertical 
diameter of gray matter showed a significant (p<0.05) 
decrease in group T3 compared to the control group . 
The gray matter to white matter ratio did not show 
any significant differences in test groups compared to 
the control group. 
 
Table 1. Comparison of the parameters of the spinal 
cord and its gray and white matters in male control 
(C) and test groups (T1, T2 and T3) 

TDS (Transverse diameter of spinal cord), TDG 
(Transverse diameter of Gray matter), TDW (Vertical 
diameter of White matter), VDS (Vertical diameter of 
spinal cord), VDG (Transverse diameter of Gray matter), 
VDW (Vertical diameter of White matter), GWR (Ratio of 
gray matter to white matter), Values are demonstrated with 
mean± SD. Asterisk (*) represents a significant difference 
at p<0.05. Data showed as Mean±SD 
 

Table 2 demonstrates different parameters of 
spinal cord from diabetic or test groups (T1, T2 and 
T3) and control group (C) in female rats. The 
transverse diameters of spinal cord, its gray matter 
and white matter were decreased insignificantly in the 
test groups compared to the control group. Also, the 
vertical diameters of spinal cord, its gray matter and 
white matter have been shown a non-significant 
decrease in the test groups compared to the control 
group. The gray matter to white matter ratio did not 
altered in the test groups compared to the control 
group. According to the results, the transverse and 
vertical diameters of spinal cord, gray matter and 

Group C T1 T2 T3 

TDS 
(µm) 

4337.6±135.1 4270.1±142.4 4237.5±138.3 4187.1±141.3 

TDG 
(µm) 

3302.1±90.1 3241.7±89.8 3224.1±92.2 3194.4±91.7 

TDW 
(µm) 

1035.5±46.3 1028.4±44.2 1013.4±47.8 992.0±43.6 

VDS 
(µm) 

2486.3±80.1 2425.5±83.5 2389.4±82.3 2358.4±81.1 * 

VDG 
(µm) 

565.4±30.5 529.8±27.0 508.3±31.5 485.0±31.9 * 

VDW 
(µm) 

1920.9±67.1 1896.2±66.7 1881.4±65.0 1873.3±68.5 

GWR 1.26±0.1 1.25±0.1 1.25±0.11 1.24±0.12 
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white matter  reduced in the male rats more than the 
female rats; as the vertical diameter of spinal cord and 
gray matter decreased significantly (p<0.05) only in 
the group T3 of males, but not females, compared to 
the control group.  
 
Table 2. Comparison of the parameters of the spinal 
cord and its gray and white matters in female control 
(C) and test groups (T1, T2 and T3) 

 
TDS (Transverse diameter of spinal cord), TDG 
(Transverse diameter of Gray matter), TDW(Vertical 
diameter of White matter), VDS (Vertical diameter of 
spinal cord), VDG (Transverse diameter of Gray matter), 
VDW(Vertical diameter of White matter), GWR (Ratio of 
gray matter to white matter). Data showed as Mean±SD.  
 

Figure 1 demonstrates the numbers of neuroglial 
cells in the gray matter of male and female spinal 
cord. The numbers of neuroglial cells in the gray 
matter of male and female spinal cord have decreased 
in the test groups (T1, T2 and T3) compared to  the 
control group (C). In both genders, this item has 
decreased significantly (p<0.05) in group T3 
compared to the control group.  
 

Figure 1. Comparison of the numbers of neuroglial 
cells in the gray matter of male and female control 
(C) and test groups (T1, T2 and T3). Asterisk (*) 
represents a significant difference at p<0.05. 

Figure 2 shows the numbers of neuroglial cells in 
white matter of male and female spinal cord. The 
numbers of neuroglial cells in white matter have 
decreased in test groups (T1, T2 and T3) compared to 
the control group (C) in two genders. In the males, 
this item has decreased significantly (p<0.05) in the 
group T3 compared to the control group.  
 

Figure 2. Comparison of the numbers of neuroglial 
cells in the white matter of male and female control 
(C) and test groups (T1, T2 and T3). Asterisk (*) 
represents a significant difference at p<0.05. 
 

The numbers of neurons of the male and female 
spinal cord is demonstrated in the figure 3. The 
numbers of neurons in the males and females 
decreased in test groups (T1, T2 and T3) compared to 
the control group (C). The difference significant 
(p<0.05) in the T3 group (275.9±17.3) of males 
compared to the control group (314.4±17.5).  

 

 
Figure 3. Comparison of the numbers of neurons in 
the gray matter of male and female control (C) and 
test groups (T1, T2 and T3). Asterisk (*) represents a 
significant difference at p<0.05. 
 

Group C T1 T2 T3 
TDS     
(µm) 

4326.6±138.2 4294.3±137.6 4267.1±137.7 4230.8±145.9 

TDG    
(µm) 

3291.2±89.8 3275.3±89.5 3257.3±91.3 3231.1±92.5 

TDW   
 (µm) 

1035.4±45.7 1019.1±46.1 1009.8±45.6 999.7±44.1 

VDS    
(µm) 

2462.4±81.3 2457.3±81.5 2438.1±83.9 2401.4±82.7 

VDG    
(µm) 

553.8±29.8 545.7±28.2 534.3±31.20 512.3±30.8 

VDW   
 (µm) 

1911.6±66.7 1908.6±68.4 1903.8±66.4 1889.1±66.1 

GWR 1.24±0.09 1.25±0.1 1.24±0.11 1.24±0.11 
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According to the results, the numbers of neurons 
and neuroglial cells in gray and white matters reduced 
in the male rats more than the females. The numbers 
of neurons and neuroglial cells in the gray and white 
matters decreased significantly (p<0.05) in the group 
T3 of males compared to the control group, whereas 
in the females, the neuroglial cell numbers of gray 
matter in group T3 had a significant (p<0.05) 
decrease compared to the control group.  
 
Discussion  

In both genders, the diameters of spinal cord, gray 
matter and white matter were decreased in diabetic 
rats. The number of neurons and neuroglial cells of 
gray and white matters were also decreased. 
Therefore, diabetes results in alterations of the spinal 
cord contents and cells numbers. Studies have shown 
that obstruction of feeding vessels of nerves due to 
diabetes causes nerve bundles death and myelin 
destruction (13). It has been demonstrated that 
hyperglycemia is effective in producing oxygen-free 
radical formation by reduction in levels of protective 
endogenous antioxidants (14). These radicals 
contribute to increased neuronal death by oxidizing 
proteins, damaging DNA, and inducing the 
lipoperoxidation of cellular membranes (15). 
Northam et al. (2009) have shown several 
neuropathological processes such as gliosis and 
demyelination (4). In addition, Scarpini et al. (1993) 
have determined that reduction in Na+,K(+)-ATPase 
activities in diabetic nerves may be an important 
factor in the pathogenesis and self-maintenance of 
diabetic neuropathy (16). Khaksar et al. (2010) have 
demonstrated that maternal diabetes has significant 
deleterious effects on spinal cord and leads to 
decrease of the number of neurons and also changes 
the shape of spinal cord (6). This disorder also leads 
to a decrease in the density of neurons and alters the 
nucleus and mitochondrial morphology resulting in 
vacuoles in neurons (7). Therefore diabetes may alter 
the cell number and the amounts of the gray and 
white matters of spinal cord in adult rats. 

As the results of this investigation have shown, 
diabetes exhibits more significant effects on the 
spinal cord of males than females. In agreement with 
these findings, previous studies have determined that 
diabetic neuropathy is more frequent in males than in 
females (17-19), as the male/female ratio of diabetic 
neuropathy incidence is 2.9 (20). In addition, nerve 
conduction abnormalities are more frequent and 
severe in males (21). Roglio et al. (2008) have 
demonstrated that neuroactive steroids, such as 
progesterone, testosterone and their reduced 
metabolites promote the expression of myelin 

proteins involved in the maintenance of myelin 
multilamellar structure (22). In addition, these agents 
affect some biochemical and functional parameters, 
involving nerve conduction velocity, thermal 
threshold and Na+,K+-ATPase activity (23, 24). The 
observations obtained in the experimental models 
have suggested that the levels of neuroactive steroids 
in peripheral (PNS) and central (CNS) nervous 
system are strongly affected by the disease including 
diabetes (3, 23, 25). Pesaresi et al. (2010) have 
determined diabetes induced a significant decrease of 
Pregnenolone, Progesterone and 
Dehydroepiandrosterone in the spinal cord of both 
genders, whereas Testosterone and some its 
derivatives were decreased by diabetes just in the 
male, but not female, spinal cord; also they 
demonstrated that at least in the male rats, 
neuroactive steroids as treatment agents are protective 
(3). In addition, studies have suggested that diabetes 
does not only decrease the plasma level of sex 
steroids but also reduce the local levels of neuroactive 
steroids in the nervous system (23, 26).  
 
Conclusions 

In conclusion, diabetes reduces the neuroactive 
steroids in spinal cord of the males more than female. 
So in the males’ spinal cord, rather than females’, 
diabetes may alter the diameters and cell number of 
gray and white matters, thus, diabetes affects more 
seriously in the males.  
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