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The Effects on Offspring of Diabetes Mellitus Induced by Chemical Agents  
in Rats with Advanced Pregnancy
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ABSTRACT

Background: Gestational diabetes mellitus is an increasingly frequent metabolic disorder that 
is important for both baby and mother. New studies on the development and treatment of the 
disease are required. 
Objective: To investigate the effects on offspring’s survival and the biochemical values of dia-
betes mellitus, induced by different doses of two chemical agents among 35 rats with advanced 
pregnancy.
Methods: The rats were randomly divided into five groups, with the rats in Group 1 as the con-
trol group. Alloxan was administered intraperitoneally at doses of 40 and 60 mg/kg in Groups 
2 and 3, respectively. Streptozotocin was injected intraperitoneally at doses of 40 and 60 mg/
kg in Groups 4 and 5, respectively. Deliveries were monitored, and offspring numbers, survival 
rates and congenital anomalies were recorded. At the end of the study, blood was drawn from 
one female offspring in each group; glucose, total protein, albumin, triglyceride, cholesterol, 
calcium and phosphorus levels were measured, and inter-group comparisons were made. Dia-
betic agents administered at various doses prolonged the duration of pregnancy.
Results: Offspring’s deaths were most frequent in the alloxan groups. The number of offspring 
mortalities in the streptozotocin group was higher than that of the control group, but lower 
than that of the alloxan group. No differences in glucose, total protein, albumin, triglyceride, 
cholesterol, calcium and phosphorus levels were observed between the groups. These results 
indicate that the female offspring, born from rats with gestational diabetes mellitus induced 
by different chemicals, were only clinically affected. No effect of the type of chemicals on the 
results was found. 
Conclusion: The use of streptozotocin in the studies on female offspring born from rats with 
gestational diabetes mellitus is recommended.
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INTRODUCTION 
Hyperglycaemia and hyperketonaemia have been 
observed to cause foetal malformations in experiments 
conducted with rats. In these tests, the malformation rate 
was 20% when the glucose level was twofold higher 
than the control level and 50% when the glucose level 
was fourfold higher than the control level (1–3).

Diabetes may be induced using surgical, phar-
macological or genetic methods in various types of 

animals. Rats are currently the most commonly used 
test animal model (4–6). A pharmacological induction 
model has been used to induce diabetes in most stud-
ies. Streptozotocin and alloxan are the most commonly 
used chemicals. These substances exert their diabetic 
effect after injection via the intraperitoneal, intravenous 
and subcutaneous routes. The dose of the agents varies 
depending on the type of animal and the administration 
route of the agents (7, 8). In studies of diabetes, rats with 
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fasting plasma glucose levels above 250 mg/dL are con-
sidered diabetic (9). 

Hypoinsulinaemia syndrome induced by streptozo-
tocin is defined as streptozotocin diabetes. Diabetes is 
expected to develop on the same day of administration 
of streptozotocin (10). Alloxan is a selective agent that 
damages pancreatic beta cells. Pancreatic beta cells spe-
cifically take up alloxan, leading to the accumulation of 
this agent inside the cell (7).

The present study aimed to determine the influence 
of gestational diabetes induced using different chemical 
agents on newborns.

MATERIALS AND METHODS

Animals
In this study, 35 female Wistar albino rats weighing 200–
250 g and aged 3–4 months, were used as the animal 
model.  The rats were purchased and kept in the animal 
facility of the Firat University Experimental Research 
Unit, Elazig, Turkey, in groups, in cages with 12 h:12 h 
light-dark regimen and food and water ad libitum. 
Ethics committee approval was obtained from the Fırat 
University Test Animals Ethics Committee (FÜHADEK 
2013/07-96).

Vaginal irrigation
Vaginal irrigation was applied as described by Risvanli 
et al (11). 

Application groups
On day 13 of pregnancy, the animals were grouped as 
follows: Group 1 was the control group which received 
the intraperitoneal saline solution (n = 7). Group 2 
received 40 mg/kg of alloxan (Sigma) intraperitoneal-
ly (n = 7) (12). Group 3 received 60 mg/kg of alloxan 
(Sigma) intraperitoneally (n = 7) (12). Group 4 received 
40 mg/kg of streptozotocin (Sigma) intraperitoneally 
(n = 7) (13). Group 5 received 60 mg/kg of streptozo-
tocin (Sigma) intraperitoneally (n = 7) (13).

Blood was drawn from the tails of the animals on day 
3 of injections, which corresponded to day 16 of gesta-
tion, and glucose concentrations were measured using a 
glucometer. While a normal plasma glucose value was 
accepted as 90–110 mg/dL, animals with plasma glucose 
levels above 250 mg/dL were accepted as diabetic (9).

Analyses
When the offspring were one month of age, one healthy 
female offspring of each animal was decapitated. Blood 
was drawn from the decapitated animals, and sera were 

separated following routine procedures and stored at 
−20°C until the day of measurements.

Glucose, total protein, albumin, triglyceride, choles-
terol, Ca and P levels were measured, and inter-group 
comparisons were made. The measurements were made 
using the spectrophotometric method.

Statistical analysis
The Kruskal–Wallis test was utilized to compare the 
duration of pregnancy and serum glucose, total pro-
tein, albumin, triglyceride, cholesterol, Ca and P levels 
between the groups. The Mann–Whitney U test was 
used to determine the significance level. The Chi-square 
test was applied to determine the survival rates. The sta-
tistical analyses were performed using the SPSS 11.5 
software program.

RESULTS
The mean plasma glucose concentrations of the mother 
rats on day 16 of pregnancy are presented in Table 1. 
One animal in each of Groups 2, 3 and 5 died after the 
injections. One animal in each of Groups 2 and 3 had 
abortions (Table 2).

Table 1:  Blood glucose concentrations of rats on the 16th day of pregnancy

Group Glucose (mg/dL)
Group 1 (n = 7) 118.00 ± 12.01
Group 2 (n = 7) 263.71 ± 9.30
Group 3 (n = 7) 283.29 ± 28.14
Group 4 (n = 7) 344.86 ± 85.12
Group 5 (n = 7) 356.86 ± 70.14

Blindness was observed in one offspring born to the rats 
in Group 4. No anomalies were observed in the other 
groups (Table 2).

Table 2:  Distribution of the results with pregnancy and offspring survival 
among the groups.

Groups Gestation 
time  

(days)

Offspring  
survival rate

NOA Abort

NO NSO NOD
Group 1 (n = 7) 21.00 ± 0.31a 68 67a 1a 0 0
Group 2 (n = 6) 22.20 ± 0.37b 43 13b 30b 0 1
Group 3 (n = 6) 22.00 ± 0.0b 41 14c 27c 0 1
Group 4 (n = 7) 22.43 ± 0.20b 62 55d 7d 1 0
Group 5 (n = 6) 22.83 ± 0.07b 45 41ad 4ad 0 0
P * ** **

NO = Number of offspring, NSO = Number of surviving offspring, NOD = 
Number of deceased offspring, NOA = Number of offspring anomalies *p < 
0.05; **p < 0.01
Different letters in the same column indicate significant differences between 
the values.
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The inter-group comparisons revealed that the dura-
tion of pregnancy was shorter in the control group (ie, 
Group 1) than in the experimental groups (21.00 ± 0.31 
days) and that diabetic agents administered at different 
doses prolonged the duration of pregnancy (p < 0.05) 
(Table 2).

When the groups were compared with respect to sur-
vival rates, death was most commonly observed in the 
alloxan groups (30 in Group 2 and 27 Group 3) (p < 0.01); 
see Table 2. In the streptozotocin-treated groups, the 
number of offspring mortalities was higher (7 in Group 4 
and 4 in Group 5) than that of the control group, but lower 
than that of the alloxan groups (p < 0.01); see Table 2.

The biochemical parameters of the offspring are 
summarized in Table 3. However, no differences in 
serum glucose, total protein, albumin, triglyceride, cho-
lesterol, Ca and P values were observed between the 
groups (p > 0.05).

DISCUSSION 
Some foetal and maternal complications were observed 
more frequently in pregnancies complicated with diabe-
tes, and many pregnancies were terminated in the early 
weeks due to these complications. In addition, unex-
plained foetal losses are observed at advanced weeks of 
gestation (14–16). In the present study, different types of 
chemical agents were determined to cause changes in the 
survival of offspring. A total of 57 rats in the alloxan-
treated groups and 11 rats in the streptozotocin-treated 
groups died. One offspring died in the control group. 
However, streptozotocin caused a smaller number of off-
spring mortality than alloxan. Furthermore, in this study, 
a prolonged duration of pregnancy was observed, and 
stillbirth, abortion, blindness, and maternal death were 
observed more frequently in diabetic rats than in non-
diabetic rats. The duration of pregnancy was shorter in 
the control group, that is, in Group 1 (21.00 ± 0.31 days) 
than in the other groups, and diabetes inducing agents 

Table 3:  Biochemical values of offspring

Groups Glucose, (mg/
dL)

Total protein
(g/dL)

Albumin
(g/dL)

Triglyceride
(mg/dL)

Cholesterol
(mg/dL)

Ca
(mg/dL)

P
(mg/dL)

Group 1 (n = 7) 141.86 ± 5.14 4.89 ± 0.10 3.26 ± 0.04 93.71 ± 19.42 70.14 ± 4.67 10.17 ± 1.69 6.99 ± 0.1
Group 2 (n = 5) 106.40 ± 14.98 4.87 ± 0.16 3.24 ± 0.07 56.40 ± 5.33 62.60 ± 3.61 10.83 ± 0.28 8.63 ± 0.83
Group 3 (n = 5) 129.80 ± 9.19 4.17 ±0.29 3.20 ± 0.30 56.60 ± 13.10 51.00 ± 6.23 10.71 ± 0.32 7.56 ± 0.55
Group 4 (n = 7) 129.00 ± 5.85 4.74 ±0.07 3.24 ± 0.04 78.00 ± 13.99 56.57 ± 2.99 11.39 ± 0.15 7.36 ± 0.53
Group 5 (n = 6) 138.00 ± 1.03 4.88 ± 0.07 3.26 ± 0.04 78.50 ± 8.72 58.50 ± 1.63 11.75 ± 0.20 6.96 ± 0.44
p – – – – – – –

– Difference between groups is not significant (p > 0.05).

applied at various doses prolonged the duration of preg-
nancy (p < 0.05). High abortion rates were encountered 
in the treatment groups.
Congenital anomalies, which are observed at a rate 
of 1–2% in humans, are four- to eightfold more fre-
quent among patients who have known pregestational 
diabetes; this condition is an important cause of mortal-
ity in diabetic pregnancies (17–19). In animal studies, 
Lopez-Soldado and Herrera (20) reported that there are 
concerns that streptozotocin-induced Type 1 diabetic 
pregnancy also leads to macrosomia in offspring. The 
streptozotocin, when administered at a high single dose 
at the advanced pregnancy stage induced a lot of genet-
ic problems. However, low doses are less common for 
such problems (21). In the present study, blindness was 
observed in only one offspring, which had received 40 
mg of streptozotocin.

The rates of hypoglycaemia, hypocalcaemia, hyper-
bilirubinemia and polycythaemia have been reported to 
increase during the newborn period in babies born to 
diabetic mothers (22, 23). Van Assche et al (24) reported 
that animals with perinatal hyperinsulinemia display an 
impaired glucose tolerance at adulthood only, under high 
glucose. In animal models, Type 1 diabetic pregnancy in 
rats is associated with a significantly increased triglyc-
eride. In the present study, no differences in the serum 
glucose, total protein, albumin, triglyceride, cholesterol, 
Ca and P levels of female offspring born to diabetic rats 
with advanced pregnancy were detected.

In some previous studies, streptozotocin could 
induce chronic diabetes in experimental animals. 
However, the same studies also noted that streptozo-
tocin soon induced diabetes (20, 21, 24). In the present 
study, streptozotocin had established diabetes in a short 
time and only developing gestational diabetes in ani-
mals was included in the study.

In conclusion, these results indicate that the offspring 
of diabetic rats with advanced pregnancy were clinically 
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affected. Various degrees of glucose intolerance were 
demonstrated to cause problems in pregnancy, as well as 
increased foetal, maternal and neonatal complications. 
In this study, conducted using rats, no striking differenc-
es were encountered in the laboratory findings, except 
for a prolonged duration of pregnancy, anomalous deliv-
eries, stillbirths and abortions in the treatment groups.

Based on these data, it is again suggested that strep-
tozotocin could be used more effectively than alloxan 
in the studies on female offspring born from rats with 
gestational diabetes mellitus. Also, it was found to not 
affect the results of the streptozotocin dose.

ACKNOWLEDGEMENTS
This paper was summarized from the first author's 
master thesis.

REFERENCES
1. 	 Aker CA, Ozel M, Doganay M. Comparison of fetomaternal and neona-

tal characteristics and their follow up between gestational-pregestational 
diabetes mellitus and non-diabetic controls. Turkiye Klinikleri J Gynecol 
Obst 2002; 12: 121–5.

2. 	 Eriksson UJ. Congenital anomalies in diabetic pregnancy. Semin Fetal 
Neonatal Med 2009; 14: 85–93.

3. 	 Reece EA. Ultrastructural analysis of malformations of the embryonic 
neural axis induced by in vitro hyperglycemia conditions. Teratology 
1985; 32: 363–73.

4. 	 Rees DA, Alcolado JC. Animal models of diabetes mellitus. Diabet Med 
2005; 22: 359–70.

5. 	 Masiello P. Animal models of type-2 diabetes with reduced pancreatic 
O-cell mass. Int J Biochem Cell B 2006; 38: 873–93.

6. 	 Jawerbaum A, White V. Animal models in diabetes and pregnancy. 
Endocr Rev 2010; 31: 680–701.

7. 	 Lenzen S, Tiedge M, Jorns A, Munday R. Alloxan derivatives as a 
tool for the elucidation of the mechanism of the diabetogenic action of 
alloxan. In: Shafrir E, ed. Lessons from animal diabetes. Boston, MA: 
Birkhauser; 1996: 13–22.

8. 	 Mythili MD, Vyas R, Akila G, Gunasekaran S. Effect of streptozotocin 
on the ultrastructure of rat pancreatic islets. Microsc Res Techniq 2004; 
63: 274–81.

9. 	 Buyukleblebici O, Karagul H. The biochemical effects of dietary chro-
mium in experimental diabetic rats with streptozotocin. Kafkas Univ Vet 
Fak Derg 2012; 18: 21–6. 

10. 	 Sitasawad SL, Shewade Y, Bhonde R. Role of bitter gourd fruit juice in 
STZ-induced diabetic state in vivo and in vitro. J Ethnopharmacol 2000; 
73: 71–9.

11. 	 Risvanli A, Aydin M, Kaygusuzoglu E, Timurkan H. The effect of thy-
roidectomy on sexual cycle and pregnancy rates in rats. Turk J Vet Anim 
Sci 2003; 27: 873–7.

12. 	 Diamond MP, Moley KH, Logan J, Pellicer A, DeCherney VWK. Effects 
of streptozotocin- and alloxan-induced diabetes mellitus on mouse fol-
licular and early embryo development. J Reprod Fertil 1989; 86: 1–10.

13. 	 Thamotharan M, McKnight RA, Thamotharan S, Kao DJ, Devaskar SU. 
Aberrant insulin-induced GLUT4 translocation predicts glucose intol-
erance in the offspring of a diabetic mother. Am J Physiol Endocrinol 
Metab 2003; 284: 901–14.

14. 	 Nordin NM, Wei JW, Naing NN, Symonds EM. Comparison of mater-
nal-fetal outcomes in gestational diabetes and lesser degrees of glucose 
intolerance. J Obstet Gynecol Res 2006; 32: 107–14.

15. 	 Gunton JE, McElduff A, Sulway M, Stiel J, Kelso I, Boyce S, et al. 
Outcome of pregnancies complicated by pre-gestational diabetes mel-
litus. Aust N Z J Obstet Gynaecol 2000; 40: 38–43.

16. 	 Weindling MA. Offspring of diabetic pregnancy: short-term outcomes. 
Semin Fetal Neonatal Med 2009; 14: 111–8.

17. 	 Taspinar B. Pregestational and gestational diabetes mellitus follow-up 
treatment protocols miz vs maternal and perinatal outcomes. Zeynep 
Kamil Women and Children Diseases Education and Research Hospital. 
Expertise thesis, 2006.

18. 	 Jensen DM, Damm P, Moelsted-Pedersen L, Ovesen P, Westergaard JG, 
Moeller M et al. Outcomes in type 1 diabetic pregnancies. Diabetes Care 
2004; 27: 2819–23.

19. 	 Kim C. Gestational diabetes: risks, management, and treatment options. 
Int J Women’s Health 2010; 7: 339–51.

20. 	 Lopez-Soldado I, Herrera E. Different diabetogenic response to moderate 
doses of streptozotocin in pregnant rats, and its long-term consequences 
in the offspring. Exp Diabesity Res 2003; 4: 107–18.

21. 	 Yessoufou A, Moutairou K. Maternal diabetes in pregnancy: early 
and long-term outcomes on the offspring and the concept of “meta-
bolic memory”. Exp Diabet Res 2011, Article ID 218598, 12 pages 
doi:10.1155/2011/218598

22 	 Ogata ES. Perinatal morbidity in offspring of diabetic mothers. Diabetes 
Rev 1995; 3: 652–7.

23. 	 Falls J, Milio L. Endocrine disease in pregnancy. In: Brandon JB, Amy 
EH, eds. The Johns Hopkins Manual of Gynecology and Obstetrics, 2nd 
ed. Philadelphia: Lippincott Williams and Wilkins; 2002: 162–82.

24. 	 Van Assche FA, Holemans K, Aerts L. Long-term consequences for off-
spring of diabetes during pregnancy. Brit Med Bull 2001; 60: 173–82. 

© West Indian Medical Journal 2021.
This is an article published in open access under a Creative Commons 
Attribution International licence (CC BY). For more information, please 
visit https://creativecommons.org/licenses/by/4.0/deed.en_US.


