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Abstract 

Gestational diabetes mellitus adversely affects maternal health, fetal development, and long-term neurobehavioral outcomes. 

This study evaluated the impact of experimentally induced gestational diabetes on fetomaternal parameters, exploratory behavior, 

and emotional reactivity in rat offspring. Pregnant Wistar rats were treated on gestational day 6 with alloxan at 100 mg/kg, 120 

mg/kg, or vehicle (control). Blood glucose levels were measured 72 h post-injection. Behavioral assessments were performed in 

9 offspring from partially diabetic dams (from 4 litters) and 9 offspring from control dams (selected from 6 control litters) on 

postnatal days 10, 15, 20, 25, and 30 using a hole-board test. Alloxan injection successfully induced dose-dependent metabolic 

disturbances. Blood glucose levels were significantly higher in diabetic (> 2.0 g/L, 𝑝 < 0.001) and partially diabetic rats 

(1.43-1.58 g/L, 𝑝 < 0.05) compared to control animals (0.71 g/L). While no maternal deaths occurred in the 100 mg/kg group, 

all severely diabetic dams in the 120 mg/kg group died during gestation. Moderate hyperglycemia in PDR dams permitted full-

term pregnancy but resulted in increased postnatal offspring mortality ( 11  deaths out of 20  pups) and morphological 

abnormalities, specifically tail shortening. Neurobehaviorally, exploratory activity demonstrated a non-linear developmental 

trajectory, peaking at PND 20 and declining thereafter, without significant differences between control and PDR offspring. 

Emotional defecation differed significantly at PND 15 (𝑝 < 0.001); however, this isolated finding should be interpreted 

cautiously because the overall treatment effect was not significant. In conclusion, maternal hyperglycemia severely compromises 

fetal viability and morphological development, whereas no clear evidence of persistent alterations in exploratory activity or 

emotional reactivity was observed following moderate prenatal hyperglycemia. 
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1. Introduction 

Maternal hyperglycemia during pregnancy is a major met-

abolic disturbance that can affect both maternal health and fe-

tal development [1, 2]. It may result from pre-existing diabetes 

or from diabetes first recognized during pregnancy [3], and it 

is associated with obstetric complications, fetal growth abnor-

malities, congenital malformations, and long-term develop-

mental consequences in offspring [4, 5]. 
The prevalence of diabetes continues to rise worldwide, in-

creasing the number of women of reproductive age who may 

enter pregnancy with abnormal glucose metabolism [6, 7]. 

During gestation, excess maternal glucose crosses the placen-

tal barrier and exposes the fetus to a hyperglycemic intrauter-

ine environment [8]. This metabolic imbalance can alter fetal 

growth, organogenesis, neonatal viability, and postnatal de-

velopment [9, 10]. In addition, the intrauterine metabolic en-

vironment plays a crucial role in programming the developing 

central nervous system, and early exposure to maternal hyper-

glycemia may influence brain maturation and later behavioral 

outcomes in offspring [11, 12]. 
The study of exploratory behavior and emotional reactivity 

in young rats provides a relevant indicator of the functional 

development of the nervous system. Exploratory activity re-

flects the animal's ability to interact with its environment and 

depends on neural circuits involved in spatial exploration and 

behavioral adaptation, particularly those involving the hippo-

campus and cortex [13, 14]. Emotional defecation is often 

used as an indicator of emotional reactivity and anxiety-like 

responses in rodents [15]. Although alloxan-induced diabetes 

is primarily based on pancreatic β-cell toxicity and insulin de-

ficiency, it remains a useful experimental approach to investi-

gate how maternal hyperglycemia during gestation affects fe-

tal, maternal, and postnatal outcomes [16, 18]. Thus, the pre-

sent study aimed to evaluate the effects of experimentally in-

duced gestational diabetes in pregnant rats on fetal and mater-

nal parameters, as well as on exploratory behavior and emo-

tional reactivity in pups during the postnatal period. 

2. Materials and Methods 

2.1. Biological Material 

The experiments were conducted at the Neuroscience La-

boratory on Wistar strain rats (Rattus norvegicus). The rats 

were raised in the vivarium of the Ecole Normale Superieure 

in Abidjan (Côte d'Ivoire) at room temperature. The animals 

were fed and watered ad libitum throughout the experiment. 

These rats were bred at body weights ranging from 160 to 

220g for females and from 200 to 250g for males. For breed-

ing, cages were used, each containing one male for every two 

females. 

All experimental procedures were conducted in accordance 

with institutional guidelines for the care and use of laboratory 

animals (NIH Guide for the Care and Use of Laboratory Ani-

mals). 

2.2. Diabetes Induction Method 

The induction of diabetes mellitus by alloxan is carried out 

according to the method described by Livingston et al. with a 

slight modification [16]. The female rats were first bred with 

healthy, fertile males of the same strain. The day sperm was 

detected in the vaginal smear was considered day 1 of gesta-

tion. Before inducing diabetes, the blood glucose level of each 

female rat was measured. The control rats, previously fasted 

for 16 hours, each received a 0.9% NaCl solution on day 6 of 

gestation. On day 6 of gestation, the rats in experimental 

groups were also fasted for 16 hours and then divided into two 

subgroups. Group 1 received alloxan at a dose of 100 mg/kg, 

while Group 2 was treated with the same product at a dose of 

120 mg/kg. The blood glucose level of each female rat was 

measured 72 hours after alloxan injection to assess their con-

dition using an On Call Extra glucometer (ACON Laboratory, 

San Diego, USA). 

2.3. Measurement of Fetal-maternal 

Parameters 

The weight and blood glucose levels of pregnant rats were 

measured every three days, starting on day 1 of gestation. In 

addition, the offspring's weight at parturition, the number of 

postnatal deaths, and the number of malformations were 

measured after parturition. 

2.4. Hole-board Test 

The material used was a plexiglass sheet with a 36 × 36 cm 

base and a thickness of 5.2 cm. The sheet had 16 equally 

spaced holes (4 × 4) with a diameter of 2.6 cm each (Figure 

1). Electrical photocells located directly inside each hole pro-

vided automated measurements of the number of head dips. 

This device allowed measurement of exploratory activity and 

emotional defecation. Because of high maternal and fetal mor-

tality in the 120 mg/kg group, behavioral tests were performed 

only in control pups and pups born to partially diabetic dams. 

In the PDR group, approximately 20 pups were born from four 

partially diabetic dams, and 11 postnatal deaths were recorded; 

therefore, all nine surviving PDR pups were included in the 

behavioral assessment. For comparison, nine control pups 

were randomly selected from the six control litters, with rep-

resentation from different litters whenever possible, to obtain 

a sample size comparable to that of the PDR group. Measure-

ments were taken on postnatal days 10, 15, 20, 25, and 30. 
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Figure 1. Test of the hole board. 

2.4.1. Exploratory Activity Measurement 

Each pup was placed in the center of the board and observed 

for five minutes. The number of head dips into the holes was 

counted during each trial. Only one five-minute trial was con-

ducted at each age, allowing exploratory activity to be meas-

ured at each developmental stage. 

2.4.2. Measuring Emotional Reaction 

The contextual environment of the hole-board created a 

novel situation that caused anxiety in the animal. This anxiety 

could induce defecation in the animal [17]. Thus, as soon as 

the animal was placed on the board, the timer started and the 

number of droppings produced during the 5 minutes was 

measured. After each animal's passage, the board was care-

fully cleaned with 70% diluted alcohol. 

2.5. Statistical Analysis 

Data were processed using GraphPad Prism 8.0.1 software 

(San Diego, California, USA). Results are expressed as mean 

± standard error of the mean (SEM). Blood glucose levels and 

fetal-maternal parameters were compared between groups us-

ing analysis of variance followed, when appropriate, by post 

hoc comparisons. Behavioral data collected across postnatal 

ages were analyzed using two-way analysis of variance with 

age and treatment as factors. Student’s t-tests were used for 

targeted comparisons at specific postnatal days when indi-

cated. Differences were considered statistically significant at 

p < 0.05. The number of dams and pups included in each anal-

ysis is reported in the corresponding tables and figure legends. 

3. Results 

3.1. Observations and Blood Glucose Levels in 

Rats During Gestation 

It appears that among the six (6) rats treated with the 100 

mg/kg dose of alloxan, two (2) rats had a blood glucose level 

of 2.1 ± 0.3 g/L (diabetic rats), three (3) rats had a blood glu-

cose level of 1.43 ± 0.20 g/L (partially diabetic rats), and one 

(1) non-diabetic rat had a normal blood glucose level of 0.71 

g/L. Furthermore, among the six (6) rats in the 120 mg/kg sub-

group, four (4) rats had a blood glucose level of 2.39 ± 0.21 

g/L (diabetic rats), one (1) rat had a blood glucose level of 1.58 

g/L (partially diabetic rat), and one (1) non-diabetic rat had a 

normal blood glucose level of 0.69 g/L. No rats died in the 100 

mg/kg body weight subgroup. However, in the subgroup 

treated with 120 mg/kg alloxan, all diabetic rats died during 

gestation (Table 1). 

Comparative analysis of the results in Figure 2 showed a 

highly significant difference (p<0.001) between the blood glu-

cose levels of the control rats and those of the diabetic rats. 

Another, slightly significant difference (p<0.05) was observed 

between the blood glucose levels of the control group and 

those of the partially diabetic rats. 

Table 1. Observations in rats treated during gestation. 

 Number of female rats (n) 

Treatment (mg/kg) Total Diabetic rats Partially diabetic rats Non-diabetic rats Rats died during gestation 

Control group 6 0 0 6 0 

Alloxan 100 6 2 3 1 0 

Alloxan 120 6 4 1 1 4 
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Values are means ± SEM. *p < 0.05, ***p < 0.001; ns: not significant. 

Figure 2. Blood glucose levels of female rats 72 h after alloxan injection. 

3.2. Effect of Gestational Diabetes on Fetal 

Parameters 

All six diabetic rats experienced pregnancy loss. Among 

these animals, four subsequently died during gestation. In par-

tially diabetic rats, no pregnancy interruption was observed; 

however, increased postnatal mortality was recorded among 

the offspring (11 pups). Three cases of marked tail shortening 

were also observed in offspring from partially diabetic dams 

(Table 2). 

3.3. Effects of Gestational Diabetes on 

Neurobehavioral Development in Rat Pups 

Because of the high maternal and fetal mortality observed 

in the 120 mg/kg group and among severely diabetic dams, 

neurobehavioral parameters were measured only in control 

pups and pups born to partially diabetic dams (PDR) from 

postnatal day 10 to postnatal day 30. In the PDR group, all 

surviving pups were included in the behavioral assessment (n 

= 9). In the control group, nine pups were randomly selected 

from the six control litters, with representation from different 

litters whenever possible, to obtain a comparable sample size 

(n = 9). 

3.3.1. Exploratory Activity 

Analysis of exploratory activity showed a significant age-

related variation [F(4, 64) = 28.87, p < 0.0001], but no signif-

icant treatment effect between control pups and pups from 

partially diabetic dams [F(1, 16) = 0.6162, p = 0.4417], and 

no significant age × treatment interaction [F(4, 64) = 0.6002, 

p = 0.6668]. The pattern observed in Figure 3 was non-linear: 

exploratory activity increased from PND 10 to PND 20, 

reached a peak around PND 20, and then decreased markedly 

at PND 25 and PND 30. Thus, exploratory activity varied with 

postnatal age but was not significantly altered by partial ma-

ternal diabetes. 

3.3.2. Emotional Defecation 

Analysis of emotional defecation showed a significant age-

related change [F(4, 64) = 14.20, p < 0.0001], with no signif-

icant overall treatment effect [F(1, 16) = 0.6957, p = 0.4165] 

and no significant age × treatment interaction [F(4, 64) = 

1.275, p = 0.3165]. A targeted comparison showed a signifi-

cant difference between control pups and pups from partially 

diabetic dams on postnatal day 15 (p < 0.001). Because this 

difference was observed at a single time point in the absence 

of a significant overall treatment effect or age × treatment in-

teraction, it should be interpreted cautiously (Figure 4). 

Table 2. Effects of gestational diabetes on fetal parameters. 

Status of the rats 
Interruption of 

pregnancy 

Weight of pups at birth 

(g) 

Number of 

pups 

Malformation 

cases 

Postnatal mor-

talities 

Control group (n=6) 0 7.90 ± 0.085 9 ± 2.60 0 0 

Diabetic rats (n=6) 6 N/A N/A N/A N/A 

Partially diabetic rats (n=4) 0 7.74 ± 0.118 5 ± 1.82 3 11 
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Values are means ± SEM. Control group: pups from untreated dams (n = 9); PDR group: pups from partially diabetic dams (n = 9). 

Figure 3. Development of exploratory activity. 

 
Figure 4. Development of emotional defecation and emotional reactivity. 

Values are means ± SEM. Control group: pups from untreated dams (n = 9); PDR group: pups from partially diabetic dams (n = 9). *p < 0.05, 

**p < 0.01, ***p < 0.001. 

4. Discussion 

The results obtained show that doses of 100 mg/kg and 120 

mg/kg of alloxans induced hyperglycemia in some pregnant 

rats. This is characteristic of a diabetic or partially diabetic 

state. Indeed, several rats exhibited blood glucose levels ex-

ceeding 2 g/L, the threshold generally used to characterize ex-

perimental diabetes in rats. These results are consistent with 

the work of Szkudelski and Akbarzadeh et al., who showed 

that the experimental induction of diabetes in rats causes a sig-

nificant increase in blood glucose levels exceeding 2 g/L [18, 

19]. This reflects an alteration in glucose metabolism linked 

to insulin deficiency or resistance to this hormone. 

The highly significant difference observed between the 

blood glucose levels of control rats and those of diabetic rats 

confirms the effective establishment of a hyperglycemic state. 

Similar results were reported by Rees and Alcolado and Chen 

et al., who indicate that maternal hyperglycemia during gesta-

tion is one of the main factors responsible for physiological 

disturbances in both mother and offspring [20, 21]. Regarding 

the course of pregnancy, the results show that all diabetic rats 

experienced pregnancy loss, with a high mortality rate. These 

observations are consistent with studies by Erikson, Phoswa 

and Khaliq, which demonstrated that uncontrolled gestational 

diabetes in rodents leads to increased oxidative stress and met-

abolic disturbances that can cause gestational complications, 

http://www.sciencepg.com/journal/jdmp


Journal of Diseases and Medicinal Plants http://www.sciencepg.com/journal/jdmp 

 

133 

such as embryonic resorption, spontaneous abortion, or mater-

nal mortality [22, 23]. 
In partially diabetic rats, the absence of abortion but the 

presence of postnatal mortality and malformations in pups 

suggest that moderate maternal hyperglycemia can affect em-

bryonic and neonatal development. These results corroborate 

those of Ornoy, who demonstrated that fetal exposure to a hy-

perglycemic environment increases the risk of congenital mal-

formations and neonatal mortality [24]. The author also em-

phasizes that maternal hyperglycemia can disrupt morphogen-

esis by affecting cell differentiation during embryonic devel-

opment. 
The observed malformations, including tail shortening in 

some pups, have also been described in several experimental 

models of gestational diabetes. According to Sadler [25], ma-

ternal hyperglycemia can cause developmental abnormalities 

of the nervous system and axial skeleton due to metabolic im-

balance and increased free radical production. Evaluation of 

postnatal behavioral parameters showed that exploratory ac-

tivity followed a non-linear developmental pattern, increasing 

from PND 10 to PND 20 and then decreasing at later postnatal 

stages. This profile may reflect maturational changes in loco-

motor activity, exploratory motivation, or habituation to the 

testing environment during postnatal development. This inter-

pretation is consistent with developmental studies showing 

that exploratory behavior changes across postnatal maturation 

rather than increasing uniformly over time [26]. However, the 

lack of significant difference between control offspring and 

those from partially diabetic rats suggests that moderate ges-

tational diabetes did not significantly alter this behavioral 

function. 
Emotional defecation differed between groups on postnatal 

day 15, but the overall treatment effect and the age × treatment 

interaction were not significant. Emotional defecation is com-

monly used as an indicator of emotional reactivity or anxiety-

like responses in rodents. [27] Therefore, the isolated differ-

ence observed at PND 15 may indicate a time-specific change 

in this parameter, but it does not provide sufficient evidence 

to conclude that partial maternal diabetes consistently altered 

emotional reactivity across postnatal development. 
Prenatal exposure to moderate maternal hyperglycemia 

may influence some neurobehavioral parameters; however, 

the behavioral evidence in the present study remains limited 

[28, 29]. The significant difference observed for emotional 

defecation at PND 15 should be considered exploratory and 

interpreted considering the non-significant overall treatment 

effect. Further studies with larger litter-based samples and ap-

propriately controlled repeated-measures analysis are needed 

to determine whether maternal hyperglycemia produces relia-

ble changes in emotional reactivity. 

5. Limitations and Future Directions 

The present study has some limitations that should be con-

sidered when interpreting the findings. First, behavioral anal-

yses were conducted on a relatively small number of offspring 

because substantial maternal and postnatal mortality reduced 

the number of animals available for study. In the PDR group, 

all surviving offspring were included, whereas control off-

spring were selected from a larger pool of available litter. Alt-

hough control pups were randomly selected with representa-

tion from different litters whenever possible, this sampling 

strategy may have introduced variability that could influence 

behavioral outcomes. Second, behavioral assessment focuses 

on exploratory activity and emotional defecation measured us-

ing the hole-board test. Additional paradigms evaluating loco-

motor activity, anxiety-like behavior, learning, memory, and 

social interactions would provide a more comprehensive char-

acterization of neurobehavioral development following prena-

tal exposure to maternal hyperglycemia. Third, behavioral dif-

ferences in emotional defecation were observed only at post-

natal day 15, whereas the overall treatment effect and the age 

× treatment interaction were not significant. Consequently, 

this isolated finding should be interpreted cautiously until rep-

licated in larger cohorts. 
Future studies should include larger litter-based samples, 

account explicitly for litter effects in statistical analyses, eval-

uate male and female offspring separately, and investigate the 

neurobiological mechanisms underlying the potential effects 

of maternal hyperglycemia on offspring brain development 

and behavior. 

6. Conclusion 

Experimentally induced gestational diabetes severely im-

paired fetomaternal outcomes in a dose-dependent manner. 

Severe maternal hyperglycemia caused pregnancy loss and 

maternal mortality, whereas moderate hyperglycemia (par-

tially diabetic group) allowed pregnancies to reach term but 

increased postnatal offspring mortality and morphological ab-

normalities, notably tail shortening. Neurobehavioral evalua-

tion revealed typical age-dependent trajectories in exploratory 

activity across all groups. Although emotional defecation tran-

siently differed at PND 15, the lack of an overall treatment 

effect indicates that moderate prenatal hyperglycemia did not 

persistently alter neurodevelopment. Overall, while maternal 

hyperglycemia profoundly compromises fetal and neonatal vi-

ability, its subtle long-term effects on offspring neurobehavior 

require further investigation in larger cohorts. 

Abbreviations 

PDR Offspring Born to Partially Diabetic Rats (or 

Pups from Partially Diabetic Dams) 

PND Postnatal Day 

SEM Standard Error of the Mean 

NIH National Institutes of Health 

ANOVA Analysis of Variance 
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