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Abstract: Despite the significant achievements in the treatment modalities and preventive measures, the prevalence of 

gestational diabetes in Africa has continued to rise exponentially in the last few decades. There is growing concern on the use 

of oral hypoglycemic agents (OHAs) during pregnancy, due to the potential of the agents in causing adverse effect (s) on the 

developing fetus and its effectiveness in managing the gestational diabetes mellitus. The objective of this study was to 

investigate the action of glibenclamide compared with insulin on pups’ liver cytoarchitectonic property and oxidative stress 

markers, and on maternal glucose level and sexual hormonal profile. Twenty pregnant female Sprague-Dawley rats (120-160 g) 

divided into 4 groups A, B, C and D (n=5 per group) were used for the study. Rats in group A (control) were given 0.5ml 

distilled water daily while the rats in groups B, C, and D were rendered diabetic by administration of intraperitoneal low-dose 

streptozotocin (STZ) and subsequently treated with 0.5mls of distilled water, glibenclamide (0.29 mg/kg body weight) and 

insulin (1 UI daily) respectively. Blood glucose levels were monitored and recorded throughout the experiment. The rats were 

sacrificed on the 19
th

 day of gestational period. The pups’ liver and maternal blood sample were collected for analysis. The 

glibenclamide and insulin groups showed significant (p<0.05) decreased in blood glucose with an increased maternal body 

weight when compared to the diabetic group. The activities of GSH, SOD and CAT were significantly increased (p<0.05) in 

the glibenclamide and insulin treated groups compared to the diabetic group. Also, MDA significantly reduced in the 

glibenclamide and insulin treated groups (C & D) when compared to the diabetic untreated group (B) with the greater 

reduction observed for insulin. There was an improvement in the hormonal profiles of glibenclamide and insulin treated groups 

compared with the diabetic group. Histologically, glibenclamide and insulin showed an improvement in the arrangement of 

cytoarchitectonic property of pups’ liver with mild steatosis compared with diabetic group. Based on our observations in this 

study, it was concluded that glibenclamide is as effective as insulin with no or little negative effect and could be an optional 

drug to be used in the treatment of gestational diabetes mellitus in place of insulin. 
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1. Introduction 

Diabetes mellitus is a chronic metabolic disease 

characterized by hyperglycaemia and glycosuria due to 

absolute or relative lack of insulin [1]. The mainstay in the 

treatment of gestational diabetes mellitus is insulin [2], but 

the insulin can lead to maternal hypoglycaemia which can 

influence the fetal defects depending on the dosage and 

period of exposure [3]. Gestational Diabetes Mellitus (GDM) 

and impaired glucose tolerance (IGT) are the bases for the 

use of oral hypoglycemic agents (OHAs) in pregnancy [4]. 

There is growing concern about the use of OHAs due to the 

potentials of these agents to cause adverse effects on the 

developing fetus with the assumption that significant transfer 

occurs across the placenta [5].  

The prevalence of GDM is on the increase and is projected 

by the World Health Organization (WHO) to rise to 366 

Million worldwide by the year 2030 [6]. Nigeria, in recent 

decades, has been faced with many topical issues of which 

diabetes mellitus is one of them [7]. 

The onset of diabetes is accompanied by the development 

of major biochemical and functional abnormalities in the 

liver, including alterations in carbohydrate, lipid, protein 

metabolism and changes in antioxidant status [8]. The 

prevalence of the hepatobiliary disease increased in patients 

with type 1 or type 2 diabetes mellitus [9]. 

2. Material and Method 

2.1. Animals 

Twenty (20) Virgin female and 5 male Sprague-Dawley 

rats weighing between 120-160g were procured from Animal 

Laboratory Centre of College of Medicine, University of 

Lagos. The animals were housed in wire-mesh cages in the 

animal room of the Department of Anatomy of the University 

of Lagos. The animals were weighed and randomly divided 

after three weeks of acclimatization. It must be emphasized 

here that the Animal Research Laboratory was maintained at 

a temperature of 26-28°C and 12: 12 light: dark cycle. 

2.2. Determination of the Estrous Cycle 

The phases of estrous cycle were determined by daily 

examination of vaginal smear as described [10, 11]. Vaginal 

smear was taken once each day between 7 am and 10 am. 

The sample of smear containing cells was placed on an 

untreated glass microscopic slide and viewed while still wet 

under a light microscope at 100x magnification. The phases 

of the estrous cycle were determined and recorded for 

3weeks. Animals with regular estrous cycle were used for the 

experiment. All rats were handled in accordance with the 

standard guide for the care and use of animals in the 

laboratory. 

2.3. Induction of Diabetes 

Diabetes mellitus was induced in overnight fasted rats by a 

double intra-peritoneal injection of streptozotocin (45 and 35 

mg/kg b. w) in 0.1M sodium citrate buffer (pH 4.5). The age-

matched control rats respectively received an equivalent 

amount of citrate buffer [12, 13]. Food and water intake were 

closely monitored daily after streptozotocin (STZ) 

administration. The development of hyperglycaemia in rats 

was confirmed by fasting blood glucose (FBG) level 

measurement, via the tail vein, 48 hrs after STZ 

administration with a portable glucometer (Accu-chek, 

Roche, Germany). The animals with FBG level ≥ 300mg/dl 

were considered diabetic [12]. 

2.4. Dosage of Test Agents and Treatment 

The animals were randomly divided into 4 groups (A-D). 

Each group comprised five rats. Distilled water, insulin, 

glibenclamide were administered once daily. 

Group A: Non-diabetic+ distilled water (0.5ml) 

Group B: Diabetic + distilled water (0.5ml) 

Group C: Diabetic + glibenclamide (0.26 mg/kg b.w) 

Group D: Diabetic + insulin (1 IU daily) 

2.5. Measurement of Maternal Body Weight 

The body weights of all the animals from each group were 

measured and recorded daily throughout the experiment 

using sensitive weighing balance. 

2.6. Maternal Blood Sample Collection and Pups’ Liver 

Tissue Preparation 

Animals were sacrificed on the 19
th

 day of the 21 day 

gestational period through cervical dislocation. Blood 

samples were obtained through the apex of the heart. 

Morphological appearance of the pups was observed and 

their liver tissues were harvested. Some liver tissue blocks 

were processed for haematoxylin and eosins (H&E) 

histological observation while other blocks were 

homogenized and used for analysis of oxidative stress 

markers.  

2.7. Statistical Analysis 

The results of the blood glucose level before and after 

treatment were expressed as Mean ± SEM. The data analysis 

was done using one-way ANOVA followed by Tukey’s 

multiple post hoc tests using Graph Pad Prism 5 (Graph Pad 

Software Inc, CA. USA). Significance of comparisons was 

taken at p<0.05. 

3. Results 

3.1. Maternal Blood Glucose Level 

Table 1: There was a statistically significant decrease in 

blood glucose level across the treated groups (C-D) 

compared to group A (control) and group B (diabetes without 

drug). The experimentally induced diabetic rats administered 

with glibenclamide 0.29 mg/Kg/day showed a reduction in 
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blood glucose level throughout the experimental period. 

However, there were significant reductions in glibenclamide 

(382.71±66.895 to 121.50±3.782) and insulin 

(470.00±45.354 to 123.40±8.961) treated groups on the 18
th
 

day when compared with the diabetic group. 

Table 1. Summary of the mean blood glucose level (mg/dl) of animals across all groups. 

Group/Days  DAY 2 DAY 6 DAY 10 DAY 14 DAY 18 

Group A: Control 79.86±6.543 78.86±8.533 82.14±9.477 80.43±6.188 80.14±7.221 

Group B: Diabetic 469.57±56.471 478.83±51.219 468.00±71.165 470.40±68.966 467.20±65.308 

Group C: Glibenclamide 382.71±66.895bd 310.17±59.550bd 237.50±45.768bd 176.00±20.659bd 121.50±3.782b 

Group D: Insulin 470.00±45.354 394.00±41.943b 299.40±47.321b 222.80±35.074b 123.40±8.961b 

Values are expressed as mean ± Standard Error of Mean (SEM). 

Sig. p<0.05, bSignificant when compared with the diabetic group, dSignificant when compared with insulin group. 

3.2. Maternal Body Weight Difference 

Table 2: There were no statistically significant differences in the mean weight of the treated groups (C & D) but diabetic 

group without treatment (B) was significantly decreased (p<0.05) in weight. Glibenclamide and insulin treated groups (C & D) 

showed a significant increase in weight gain when compared with the diabetic group (B). The weight gain was more in the 

insulin-treated group.  

Table 2. Summary of the weight difference (g) of animals across all groups. 

Group/days  DAY 2 DAY 6 DAY 10 DAY 14 DAY 18 

Group A: Control 146.57±9.998 149.50±10.310 156.00±10.050 158.40±9.659 159.20±10.085b 

Group B: Diabetic 151.14±2.854 145.50±2.881 138.60±3.435 136.00±3.536 136.00±353 

Group C: Glibenclamide 155.29±3.904 153.50±4.637 153.33±4.761 153.33±4.179 153.33±6.947b 

Group D: Insulin 144.14±3.934 149.71±3.352 168.43±3.924 169.57±3.101 175.00±3.559b 

Sig. p<0.05, bSignificant when compared with the diabetic group. 

3.3. Oxidative Stress Markers 

Table 3: The activities of GSH, SOD and CAT were significantly decreased (p<0.05) in diabetic group compared to the 

glibenclamide and insulin groups. Also in this study, there was a statistically significant increase of CAT (678.45±52.71) 

recorded in insulin group when compared with glibenclamide group (482.80±160.80). MDA significantly increased in the 

diabetes group (B) when compared to the control group (A). However, the increased MDA was significantly reduced in the 

glibenclamide and insulin treated groups (C & D) when compared to the diabetic untreated group (B) with the greater 

reduction observed for insulin.  

Table 3. Summary of the mean pups’ liver oxidative stress markers of animals across all groups. 

Group GSH U/mg SOD U/mg CAT U/mg MDA U/mg 

Group A: Control 8.71±1.51bd 94.23±3.74  816.46±42.12bcd 0.65±0.32 

Group B: Diabetic 0.72±0.58  45.13±7.03 acd 428.42±91.89 acd 4.95±0.52acd  

Group C: Glibenclamde 6.14±5.13bd 87.40±7.72 bd 482.80±160.80b 2.52±1.74bd 

Group D: Insulin 2.25±0.62b 77.20±9.58b 678.45±52.71bc 1.67±0.25b 

Sig. p<0.05, aSignificant when compared with control, bSignificant when compared with the diabetic group, dSignificant when compared with insulin and 
cSignificant when compared other with glibenclamide. GSH- Reduced glutathione; SOD- Superoxide dismutase; CAT- Catalase; MDA- Malondialdehyde  

3.4. Hormonal Profile 

Table 4: The FSH, PRL, PROG, and E2 were significantly increased (p<0.05) in glibenclamide and insulin groups when 

compared with the diabetic group. In insulin group, the PRL was significantly reduced (0.42±0.15) when compared with 

glibenclamide (1.00±0.14) and diabetic groups (0.46±0.11). 

Table 4. Summary of the descriptive statistics of the mean hormonal profiles of animals across all groups. 

Group  LH FSH PRL PROG E2 

GroupA: Control 0.14±0.05  0.20±0.07b 1.18±0.08b 16.90±0.44b 14.52±0.81  

Group B: Diabetic 0.22±0.13 a 0.14±0.05b 0.46±0.11c 8.60±1.15acd 19.47±0.11 a 

GroupC: Glibenclamide 0.42±0.16c 1.00±0.16c 1.00±0.14bd 21.75±3.2 abd 46.10±11.02abd 

Group D: Insulin 0.56±0.09 abc 0.72±0.42b 0.42±0.15 13.88±1.77b 21.16±0.78 b 

Note that: LH (Luteinizing Hormone), FSH (Follicle Stimulating Hormone), PRL (Prolactin), PROG (Progesterone), E2 (Estradiol). 

Sig. p<0.05, aSignificant when compared with control, bSignificant when compared with diabetic, dSignificant when compared with insulin. 
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3.5. Histology Parameter 

Figure 1-4: The results of the light microscopic study of 

the liver showed various degrees of dilation of intrahepatic 

vessels, mild and severe steatosis of the treated animals 

compared to the control group. Group A (control) showed the 

normal arrangement of hepatocytes and no steatosis was 

visible. In group B (diabetes without treatment), liver 

histology showed vascular congestion and zonal necrosis 

with severe steatosis. Group C and D showed well-arranged 

hepatocytes with micro-steatosis. In addition, there was the 

presence of vascular congestion in group D. 

 
Figure 1. (Control): Photomicrograph of the pup’s liver using H&E (x100), 

showing normal Hepatocytes and no fibrosis was visible (vertical arrow). 

Also, there was normal vacuolization (horizontal arrow).  

 
Figure 2. (Diabetes): Photomicrograph of the pup’s liver using H&E (x100), 

showing vacuolization of the Hepatocytes cytoplasm (vertical arrows), 

vascular congestion and zonal necrosis (horizontal arrow). 

 
Figure 3. (Glibenclamide): Photomicrograph of the pup’s liver using H&E 

(100), showing normal Hepatocytes (vertical arrow) and microsteatosis 

(horizontal arrow). 

 
Figure 4. (Insulin): Photomicrograph of the pup’s liver using H&E (x100), 

showing micro vacuolization of the Hepatocytes cytoplasm, micro-steatosis 

and vascular congestion (vertical and horizontal arrows). 

4. Discussion 

The investigation on the effectiveness and safety of 

glibenclamide has been scanty while the prevalence of overt 

diabetes in pregnancy and glucose intolerance in pregnancy 

(Gestational diabetes mellitus) has been risen [14]. Bharti 

reported that administration of oral anti-diabetic agent (OHA) 

instead of insulin appears to be tempting, as they prove to be 

effective but there is a paucity of data on the exposure of the 

foetus to their mother’s OHAs during pregnancy as well as in 

infancy during breastfeeding [15]. Therefore, this research was 

designed to investigate the effectiveness and safety of 

glibenclamide compared to insulin in the treatment of 

gestational diabetes mellitus using STZ-induced diabetic 

pregnant rats.  

The results obtained in this research work showed that 

glibenclamide indeed slowed progression of hyperglycaemia in 

STZ-induced diabetic pregnant rats. There was a statistically 

significant decrease in blood glucose level across the treated 

groups (C-D) compared to group A (control) and group B 

(diabetes without drug). The experimentally induced diabetic 

rats administered with glibenclamide 0.29 mg/Kg/day showed 

a reduction in blood glucose level throughout the experimental 

period with a significant reduction in both glibenclamide and 

insulin groups on the 18
th
 day when compared with the 

diabetic group.  

There were no statistically significant differences in the 

means weight of the treated groups (C & D) but diabetic group 

without treatment was significantly decreased (p<0.05) in 

weight. Glibenclamide and insulin groups showed a significant 

increase in weight gain when compared with the diabetic 

group as supported by previous reports [16, 17].  

The results of the light microscopic study of the liver 

showed various degrees of dilation of intrahepatic vessels, 

mild and severe steatosis of the treated animals compared to 

the control group. In group B (diabetes without treatment) 

liver histology showed severe steatotic hepatocytes and 

portal space. As reported by Ogunmodede, the role of 

oxidative stress in the pathogenesis and complications of 

diabetes mellitus is well recognized and long-term 

complications of diabetes include damage to blood vessels, 

which can affect various organs [18]. In the treated groups (C 

& D), there were micro (reduced) steatosis of hepatocytes 
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and portal space compared to the diabetic untreated group. 

Insulin promotes the uptake of sugar by almost all of the 

body’s cells including liver and fat cells. In this research, 

insulin improved glycaemic control with no deleterious effect 

on the cell but associated with weight gain as supported by 

other reports [19, 20]. Administration of glibenclamide 

showed no statistically significant difference in weight and 

no deleterious effects on the liver hepatocytes. This effective 

glycaemic control of glibenclamide could have a positive 

impact in protecting the foetal’s liver cells, as Coetzee 

reported that retrospective studies done in rats and rabbits at 

higher doses of glibenclamide revealed no evidence of 

impaired fertility and harm to the major organs [21].  

Oxidative stress has lately been reported to be responsible, 

to a certain extent, for the β-cell dysfunction caused by 

glucose toxicity [22]. In this study, there was statistically 

significant association recorded in the level of oxidative 

stress markers in group B, C and D compared with the 

control (group A) as shown in Table 3. There was a 

statistically significant decrease in the level of SOD (p<0.05) 

in group B (diabetic) when compared with the group A 

(control), group C (glibenclamide) and group D (Insulin). 

The role of oxidative stress in diabetes mellitus is well 

documented and the ability of glibenclamide to improve the 

level of SOD was also previously reported by Omotayo [23]. 

In contrary to this, Glibenclamide has been reported to have 

no significant effects on oxidative stress marker [24]. 

Glutathione is the most abundant intracellular antioxidant 

and its plays central role in the body defense mechanism 

[25]. GSH was significantly (p<0.05) increased in 

glibenclamide and insulin when compared with the diabetic 

group. The increased level of the GSH may be as a result of 

glycaemic control activities of both the glibenclamide and 

insulin in the present study which is in accordance with the 

previous study [26]. 

Catalase (CAT) activities in the tissue were significantly 

(p<0.05) reduced in the diabetic group B compared with the 

group A (control), Group C (glibenclamide) and group D 

(insulin) rats. Insulin administration significantly (p<0.05) 

up-regulated CAT activity compared to the diabetic group 

and even glibenclamide group. MDA level was 

significantly higher in the diabetic group than the control, 

glibenclamide and insulin groups. The glibenclamide and 

insulin treated groups showed a significant reduction in 

MDA level towards the control level compared to the 

diabetic group but the reduction was more in the insulin 

group than the glibenclamide group. The increased CAT 

and reduced MDA in insulin treated group more than 

glibenclamide treated group might show that antioxidant 

property of insulin is higher than that of glibenclamide and 

this can be supported by the report of Omotayo et al. which 

stated that single administration of glibenclamide had no 

significant effect on CAT activity but glibenclamide in 

combination with honey up-regulated CAT activity in 

diabetic treated animal [23].  

The previous study has shown the relationship between 

sexual hormonal and oxidative stress but the information on 

the effects of gestational diabetes on maternal sexual 

hormonal profiles is still scanty [27, 28]. In this study, the 

FSH, PRL, PROG, and E2 were significantly increased in 

glibenclamide and insulin groups when compared with the 

diabetic group but the LH was significantly decreased in 

glibenclamide group when compared with diabetic and 

insulin group. An increased level of FSH and PROG was in 

line with the findings of Jihan, Noon and Omer [28].  

5. Conclusion 

Based on our observations in this study, glibenclamide is 

as effective as insulin in reducing maternal blood glucose 

level in gestational diabetes mellitus, in improving fetal liver 

cytoarchitecture, in reducing oxidative stress (as measured by 

levels of antioxidant enzymes and MDA), and in 

ameliorating altered maternal sexual hormones with no or 

little negative effects. Therefore, the glibenclamide could be 

an optional drug to be used in the treatment of gestational 

diabetes mellitus. 
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