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Abstract 

 

 Background: Maternal diabetes is one of the fundamental intrauterine disturbances that have direct and 

long lasting consequences on the health of the offspring. The risk for an individual to develop various 

vascular diseases throughout life is hypothesized to be related to diabetic gestation. 

 Aim: The present study aimed to evaluate the postnatal levels of different independent risk factors for 

vascular diseases including homocysteine (Hcy), nitric oxide (NO), lipid profile, glucose homeostasis and 

insulin resistance in the rat offspring of diabetic mothers. The effect of postnatal feeding with high caloric 

diet (HCD) was also assessed.     

 Methods: Two groups of female Wistar rats were used (diabetic and control); diabetes was neonatally 

induced by STZ injection to 5-day old rats. Pregnancy was induced by mating control or diabetic females 

with normal healthy males overnight and the pregnancies were completed to term. After delivery the 

offspring were weaned to control diet (CD) or high-caloric diet (HCD) (Table 1) and followed up for 30 

weeks. So the offspring groups were as following: F1 offspring of control mothers under control diet (CF1-

CD), F1 offspring of control mothers under HCD (CF1-HCD), F1 offspring of diabetic mothers under 

control diet (DF1-CD) and F1 offspring of diabetic mothers under HCD (DF1-HCD). Every 5 weeks 0.5 ml 

blood samples were obtained from the 20 male and female rats for assessment of fasting blood glucose, 

insulin, triglycerides, cholesterol (total, HDL-C and LDL-C), homocysteine and nitric oxide end products 

(NOx).  

 Results: The results indicated that maternal diabetes caused an age-dependent alteration in glucose 

homeostasis and resulted in insulin resistance especially in male offspring. Also, lipid profile showed 
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elevation of triglycerides, cholesterol and LDL-C while HDL-C showed significant decline in the offspring 

of diabetic mothers. These disturbances in glucose and lipid metabolism were associated with elevated 

plasma level of Hcy from 25 week age and thereafter. Also, there was an elevation in the level of nitric oxide 

end products (NOx).  

 Conclusion: Maternal diabetes cause increased risk for vascular diseases in the offspring. The 

mechanisms of this predisposition involve disturbed lipid profile, insulin resistance, increased circulatory 

levels of Hcy (independent risk factor for vascular diseases) and nitric oxide end products. Male rat offspring 

appear to be more sensitive for the development of vascular diseases than female offspring and postnatal diet 

plays important role in this predisposition as the risk increases with high caloric diet. 

 

Keywords: Fetal origin of disease, Diabetes, homocysteine, cardiovascular, Nitric oxide. 
 

1. Introduction 

 

 The embryonic and fetal life represent the 

period of development where structural and 

functional features of an individual take place. 

Any alteration in the intrauterine environment at 

this critical stage of fetal development may have 

serious complications and life-long consequences 

[1,2]. Maternal diabetes is one of the paramount  

intrauterine disruptions that have damaging 

impact on the health of the offspring that can 

manifest directly and on the long term [3–6]. The 

risk for an individual to develop various vascular 

diseases throughout life is hypothesized to be 

related to diabetic gestation [6–8].  Also, many 

abnormal intrauterine conditions predispose the 

offspring to diabetes during later life and the 

same offspring were documented to develop 

vascular diseases which may suggest a causal 

relationship or a unifying mechanism of 

programming for the two conditions [5,7,9,10].  

 Cardiovascular disease is the major cause of 

mortality and morbidity worldwide. It’s well 

associated with various lifestyle habits like 

smoking and unhealthy diet as well as typical 

causes like male gender and older age. The 

classical risk factors for vascular diseases include 

insulin resistance, obesity, dyslipidemia and 

hypertension. These entire factors share a 

common crippling pathway for induction of 

atherosclerosis named "endothelial dysfunction" 

[11]. Nitric oxide is the main regulator of 

endothelial functions especially vasodilatation 

and also it has anti-inflammatory, anti-apoptotic, 

anti-thrombotic and anti-platelets aggregation 

effects. All of these play important role as a 

cardiovascular protective mechanism [12]. NO is 

synthesized by three isoforms nitric oxide 

synthases  (NOS) enzymes; endothelial (eNOS), 

neuronal (nNOS) and inducible NOS (iNOS). 

The physiological constitutive production of NO 

involved in cardiovascular protection and 

homoeostasis is mediated by eNOS while excess 

NO production mediated by inducible isoform, 

iNOS has been suggested to mediate nitrative 

stress and cytotoxicity in a variety of pathological 

states [12,13]. 

 Insulin was documented to play a pivotal 

role in the regulation of NO synthesis in 

vasculature away from its metabolic effects 

through activation of protein kinase B that 

directly activates vascular and myocardial eNOS 

leading to increased production of NO and 

cardiovascular protection  [14]. So, the 

interruption of insulin signaling that associated 

with insulin resistance and type 2 diabetes may 

participate in the pathogenesis of cardiovascular 

complications.  

 The circulatory homocysteine (Hcy) is 

considered to be an inevitable risk factor and 

marker in assigning cardiovascular disease. As 

the link between high levels of circulatory 

homocysteine and cardiovascular disease 

remained mysterious for long time, an unlimited 
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number of studies had a crystal clear purpose 

which was to provide more insights on the 

provident hypothesis that homocysteine is to be 

considered one of the crucial risk factors of 

cardiovascular disease [15,16]. 

 Prenatally at gestational day 15, the embryos 

of maternal diabetes showed defective 

vasculogenesis and deranged production of 

angiogenic factors like vascular endothelial 

growth factor A (VEGFA), placental growth 

factor and prostaglandin E2 [17,18].  The present 

study aimed to evaluate the postnatal levels of 

different independent risk factors for vascular 

diseases in the rat offspring of diabetic mothers. 

 

2. Animals and Method:  

2.1 Chemicals 

 Streptozotocin, was obtained from Sigma-

Aldrich Chemie GmbH (Germany). DNase I, 

nuclease P1 and alkaline phosphatase were 

obtained from Bio-Basic (Canada). 

2.2 Animals 

 The animal protocol was approved by the 

Institutional Animal Care and Use Committee at 

the Medical Research Institute- Alexandria 

University. Two groups of female Wistar rats 

were used (diabetic and control); Diabetes was 

induced in neonatal female rats by intraperitoneal 

injection of streptozotocin (100mg/Kg) at post-

natal day 5 (PND5) [19]. The chronic 

hyperglycemia was confirmed in those females 

after 12-14 weeks, as fasting blood glucose levels 

measured in tail vein blood by Glucometer (One 

Touch, Johnson and Johnson Co.) were more than 

200 mg/dl. Pregnancy was induced by mating 

control or diabetic females with normal healthy 

males overnight. Pregnancy was confirmed by the 

presence of vaginal mucus plug next morning. 

The pregnancies were completed to term. After 

delivery the offspring were weaned to control diet 

(CD) or high-caloric (HCD) diet (Table 1) and 

followed up for 30 weeks. So the offspring 

groups were as following: F1 offspring of control 

mothers under control diet (CF1-CD), F1 

offspring of control mothers under HCD (CF1-

HCD), F1 offspring of diabetic mothers under 

control diet (DF1-CD) and F1 offspring of 

diabetic mothers under HCD (DF1-HCD). 

 Every 5 weeks 0.5 ml blood samples were 

obtained from the 20 male and female rats for 

assessment of fasting blood glucose, insulin, 

triglycerides, cholesterol (total, HDL-C and LDL-

C), homocysteine and nitric oxide end products 

(NOx).  

 

 

 

2.3 Methods 

2.3.1 Routine measurements 

 Blood glucose level, triglycerides, 

cholesterol, low density lipoprotein-cholesterol 

(LDL-C) and high density lipoprotein-cholesterol 

(HDL-C) levels were assayed using commercial 

available kits (Randox, UK). Insulin level was 

determined using EIA kit (Mercodia Sweden). 

The insulin resistance index (IRI) was derived 

using the homeostasis model assessment 

(HOMA) as follows: IRI = fasting insulin 

(μU/ml) x fasting glucose (mmol/l)/ 22.5 HOMA 

has been validated as useful method of assessing 

insulin resistance [20]. 

 

2.3.2  Assay of homocysteine 

Macronutrients 

(g/kg diet) 

Control 

diet  

(CD) 

High-

caloric 

diet 

(HCD) 

Protein 220 244 

Carbohydrates 631 593 

Fat  

 Lard 

 corn oil 

 

- 

43 

 

48 

20 

Cellulose 54 50 

Vitamin mix 10 10 

Mineral mix 40 35 

Total energy  

(kcal/g diet) 
3.8 4.7 
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 Total homocysteine level was determined 

using Axis Homocysteine EIA assay (Germany). 

Protein bound homocysteine is reduced to free 

homocysteine and enzymatically converted to S-

adenosyl-L-homocysteine (SAH) in a separate 

procedure prior to the immunoassay. The assay is 

based on competition between SAH in the sample 

and immobilised SAH bound to the walls of the 

microtitre plate for binding sites on a monoclonal 

anti-SAH antibody. After removal of unbound 

anti-SAH antibody, a secondary rabbit anti-

mouse antibody labelled with the enzyme horse 

radish peroxidase (HRP) is added. The 

peroxidase activity is measured 

spectrophotometrically after addition of substrate, 

and the absorbance is inversely related to the 

concentration of total homocysteine in the 

sample. 

    

2.3.3 Assay of nitric oxide end products 

(nitrite and nitrate; NOx) 

 The nitrite and nitrate (NOx) concentration 

was determined by simple Griess reaction [21]. 

Because the nitric oxide (NO) has a short half life 

(2-30 sec), it is preferable to determine nitrite, the 

stable product of NO which may be further 

oxidized to nitrate. So, the Griess reaction was 

supplemented with the reduction of nitrate to 

nitrite by NADPH-dependent nitrate reductase. 

The assay consists of two steps: diazotization of 

sulphanilic acid with nitrite ion and coupling of 

this product with diamine which results in a 

measurable pink metabolite that measured at 540 

nm. 

 

2.3.4 Statistical analysis  

 All data are presented as mean±SEM. A one-

way analysis of variance (ANOVA) was 

performed on each variable and the Bonferroni 

statistics employed to compare the mean values 

from the offspring of diabetic mothers and the 

offspring of control mothers (under control diet 

and HCD). t-test was used to compare the mean 

values of females and those of males of the same 

group at the same age. The Kolmogorov-Smirnov 

test was used to study the normal distribution of 

the studied parameters. Differences were 

considered significant at P<0.05. All statistical 

analyses were performed using SPSS statistical 

software version 18 (SPSS, Chicago,IL).  

3. Results 

 

3.1 Pregnancy outcome 

 The results indicated that at term, diabetic 

pregnancies had significantly lower number of 

pups per litter. The birth weight of pups showed 

no significant change from control pups (Figure 

1). 

 

 

 
 As the offspring rats grew older, the 

offspring of diabetic mothers showed higher 

weight than offspring of control mothers. The 

increase of body weight became significant on 

the offspring of diabetic mothers maintained 

under HCD at 20
th

 week age while the offspring 

maintained under CD became significantly 

heavier than control offspring at 30
th

 week old 

(Figure 2). 

 

3.2 Glucose homeostasis  

 During the follow up period there was an 

age-dependent increase in the fasting blood 

glucose, insulin and HOMA-IR in all offspring. 

The offspring of diabetic mothers showed 

significantly higher levels of fasting glucose and 

insulin and showed more insulin resistance as 

indicated by higher HOMA-IR. The offspring 

under HCD showed the elevation earlier than 

those under CD, especially male offspring (Table 

2). At age 30 weeks most of the male offspring of 
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maternal diabetes developed insulin resistance 

and significant elevation of fasting blood glucose 

level compared to control offspring under CD or 

HCD. The female offspring showed similar 

pattern of change but the elevation of HOMA-

IR and blood glucose were milder than that 

observed in males (Table 2). 

 

 
Table (2): Glucose homoeostasis parameters in the different rat offspring of control and diabetic mothers at 

different ages 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data presented as Mean±SEM. 

* Significantly different compared to control group using ANOVA (p<0.05) 
≠
 Significant difference of females compared to males of the same group at the same age by t-test 

(p<0.05)  

 

3.3 Lipid profile 

 The results of lipid parameters were 

presented in figures 3-6. All parameters showed 

disturbances from early life in the offspring of 

maternal diabetes especially males under HCD. 

Male offspring showed a significantly higher 

levels of cholesterol, triglycerides and LDL-C 

and lower level of HDL-C than control values 

from the 5
th

 week of age and with ageing the 

extension of these changes were exaggerated (Fig 

3A-6A). The female offspring showed similar but 

milder pattern of changes as males and the 

significant changes observed mainly in the 

offspring under HCD. Also, feeding HCD to 

control offspring resulted in increased level of 

triglycerides at 25
th

 week of age irrespective of 

sex (Fig 3).  

 

 CF1-CD CF1-HCD DF1-CD DF1-HCD 

Fasting blood 

glucose (mg/dl) 

10
th

 week Male 78±4.0 74±4.5 84±3.4 97±3.5
* 

Female 86±3.3 84±3.1 85±2.5 88±3.0 

20
th

 week Male 83±2.6 85±3.2 90±2.5 102±3.1
*
 

Female 89±3.1 94±3.4 92±4.2 96±3.5 

30
th

 week Male 91±3.4 94±3.1 100±4.4 128±4.2
*
 

Female 93±3.3 96±2.3 97±3.4 115±3.6
*,≠

 

Insulin 

(μIU/ml) 

10
th

 week Male 6.0±0.12 6.0±0.11 6.5±0.15
*
 7.2±0.21

*
 

Female 6.5±0.11
≠
 6.5±0.18

≠
 6.7±0.15 7.2±0.18

*
 

20
th

 week Male 7.4±0.13 7.7±0.14 8.2±0.17
*
 8.9±0.15

*
 

Female 7.9±0.14
≠
 8.4±0.17

*,≠
 8.4±0.16

*
 8.6±0.13

*
 

30
th

 week Male 7.9±0.18 8.3±0.16 10.1±0.15
*
 10.79±0.18

*
 

Female 7.7±16 8.6±0.12
*
 8.64±0.18

*
 9.11±0.16

*
 

HOMA-IR 10
th

 week Male 1.2±0.04 1.2±0.03 1.3±0.04 1.7±0.04
*
 

Female 1.4±0.05
≠
 1.3±0.04 1.4±0.05 1.6±0.03

*
 

20
th

 week Male 1.5±0.03 1.6±0.04 1.8±0.04
*
 2.2±0.04

*
 

Female 1.7±0.04
≠
 1.9±0.05

*,≠
 1.9±0.04

*
 2.0±0.04

*,≠
 

30
th

 week Male 1.8±0.05 1.9±0.04 2.5±0.04
*
 3.4±0.05

*
 

Female 1.8±0.05 2.0±0.04 2.1±0.03
*
,
≠
 2.6±0.03

*,≠
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Figure (2): Age dependent change in weight in male (A) and female (B) F1 offspring under control and HCD-

diet. Each point represent mean of 100 measurements (# and + represent a significant difference between DF1-CD and 

DF1-HCD rats compared to CF1-CD rats respectively, Using ANOVA p<05) 
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Figure (3): Age dependent change in triglycerides levels in male (A) and female (B) F1 offspring under control 

and HCD-diet. Each point represent mean of 20 measurements (*, # and + represent a significant difference 

betweenCF1-HCD, DF1-CD and DF1-HCD rats compared to CF1-CD rats respectively, Using ANOVA p<05) 

 

 

 
 

 
Figure (4): Age dependent change in cholesterol levels in male (A) and female (B) F1 offspring under control 

and HCD-diet. Each point represent mean of 20 measurements (*, # and + represent a significant difference between 

CF1-HCD, DF1-CD and DF1-HCD rats compared to CF1-CD rats respectively, Using ANOVA p<05) 
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Figure (5): Age dependent change in LDL-cholesterol levels in male (A) and female (B) F1 offspring under 

control and HCD-diet. Each point represent mean of 20 measurements (# and + represent a significant difference 

between DF1-CD and DF1-HCD rats compared to CF1-CD rats respectively, Using ANOVA p<05) 
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Figure (6): Age dependent change in HDL-cholesterol levels in male (A) and female (B) F1 offspring under 

control and HCD-diet. Each point represent mean of 20 measurements (# and + represent a significant difference 

between DF1-CD and DF1-HCD rats compared to CF1-CD rats respectively, Using ANOVA p<05) 

 

 

 
 

 
Figure (7): Age dependent change in homocysteine levels in male (A) and female (B) F1 offspring under control 

and HCD-diet. Each point represent mean of 20 measurements (+ represents a significant difference between DF1-

HCD rats compared to CF1-CD rats Using ANOVA p<05) 
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3.4 Homocysteine level 

 Figure 7 summarizes the results of plasma 

homocysteine level. All offspring showed age-

dependent increase of the homocysteine level. 

The male offspring of diabetic mothers under 

HCD showed significantly higher level from 25
th

 

week of age and thereafter while those males 

under CD showed no significant changes 

compared to control offspring (Fig 7A). Also, 

female offspring of diabetic mothers even under 

HCD showed no changes compared to control 

(Fig 7B). 

3.5 Nitric oxide products (NOx) 
 The level of nitric oxide products showed an 

age-dependent increase in all offspring (Fig 8). 

During early life no significant changes were 

detected between the offspring of diabetic and 

control mothers. At 25
th

 week age the male 

offspring of diabetic mothers showed a 

significant elevation in NOx compared to control 

males irrespective of the type of diet (Fig 8A). 

Female offspring showed this elevation at later 

age (30
th

 wee) (Fig 8B)  

 

 

 
 
Figure (8): Age dependent change in NOx levels in male (A) and female (B) F1 offspring under control and 

HCD-diet. Each point represent mean of 20 measurements (# and + represent a significant difference between DF1-

CD and DF1-HCD rats compared to CF1-CD rats respectively, Using ANOVA p<05) 

 

 

4. Discussion 

 Maternal diabetes is a recognized medical 

problem for both of the mother and her offspring. 

The objective of this study was to determine the 

effect of maternal diabetes on the offspring’s 

tendency to develop lifelong vascular diseases. 

As mentioned previously, the intrauterine 

environment shapes and programs the health of 

an individual throughout life. These long-term 

effects are cited as the Developmental Origins of 

Health and Disease (DOHaD) concept [1,8,22]. 
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 However, in this study the rat pups of 

diabetic mothers showed non-significant lower 

birth weight compared to control pups, many 

previous studies [17,18,23] documented a 

prenatal intrauterine growth retardation in the rat 

fetuses of diabetic mothers which had to be 

compensated by a fast catch-up growth (CUG)  

which is defined as an accelerated rate of infant 

growth during the postnatal period [24]. 

Numerous studies have illustrated a concrete link 

between the catch-up growth in infancy and the 

development of coronary disease in adulthood 

and this link lead to the necessity to restrict the 

postnatal catch-up growth in order to prevent or 

even reasonably decrease cardiovascular risk 

factors by the adherence to low-fat diet [25–27]. 

In line with the results of the present study 

concerning postnatal weight, Singhal et al 

demonstrated that the rapid postnatal weight gain 

and the administration of high caloric nutrients 

are associated with cardiovascular risk factors as 

developing insulin resistance in adulthood [28]. 

That clarifies the reason why the animals on high 

caloric diet gained more weight rapidly rather 

than the ones under controlled diet and that had a 

preeminent effect on developing higher risk 

factors of cardiovascular disease. The postnatal 

weight gain is considered as a radical cause of 

developing insulin resistance in early childhood 

that persists to adulthood causing various 

metabolic disorders and mainly a major risk 

factor for cardiovascular diseases [29]. 

 The sex and postnatal diet appear to affect 

the susceptibility of the offspring for vascular 

diseases. The male offspring under high-caloric 

diet (HCD) are more risky for the development of 

vascular diseases. A backing up evidence that 

male offspring of diabetic mothers are more 

vulnerable toward developing cardiovascular 

disease is that male offspring showed more 

significant higher levels of cholesterol and 

triglycerides and disruption in LDL-C and HDL-

C values which all are considered to be vital 

parameters associated with risk for cardiovascular 

disease [30,31]. Meanwhile female offspring only 

showed mild change in the stated parameters 

compared with the change in male ones. 

 These variations in lipid profile are the logic 

consequences of the development of insulin 

resistance in the offspring. Changes in glucose 

homeostasis and insulin resistance were observed 

in the offspring particularly the ones on high 

caloric diet. Insulin is evidently the dynamic 

regulator of glucose, lipid and protein 

metabolism. It suppresses hepatic glucose and 

triglycerides production and inhibits adipose 

tissue lipolysis and the release of fatty acid into 

the blood [32]. Insulin plays a potent role in 

hepatic lipoprotein regulation including 

triglyceride secretion and blood lipid clearance 

[33]. So insulin resistance is a non negotiable 

causative of numerous metabolic disruptions. 

 Apart from its metabolic roles, insulin plays 

important protective effect on cardiovascular 

system through regulation of NO production 

through AKT/PKB-eNOS signaling pathway 

[14]. NO plays a pivotal role as a second 

messenger for insulin mediated survival effect in 

the cardiovascular system [34]. The impairment 

of insulin signaling in the vascular system due to 

insulin resistance may participate in the 

development of endothelial dysfunction the 

leading cause of cardiovascular diseases. 

 Insulin was reported to increase NO 

production in vasculature through 

phosphorylation of eNOS and inhibit the 

production of superoxide anion (O2)
.-
 production 

by NADPH oxidase that prevent the formation of 

peroxynitrite radical (ONOO
-
 ) from NO and 

(O2)
.-
 [35]. Also, insulin inhibits iNOS expression 

and protect vascular system from excess NO 

production and nitrative stress [14]. The 

endothelial dysfunction could be due to decreased 

eNOS expression and activity, however it is well 

documented that the risk factors of cardiovascular 

diseases are associated with increased expression 

of eNOS [36,37]. The results of the present study 

indicated increased level of NO end products 

(NOx) in the offspring of diabetic mothers from 

the 25
th

 week of age in males and 30
th

 week of 

age in females. There are different approaches 

that could explain the enhanced level of NOx 

associated with increased other risk factors of 

vascular diseases; dyslipidemia and insulin 

resistance. Previously  we reported an age 

dependent exaggeration of ROS production and 

oxidative stress in the offspring of diabetic 

mothers [38] this oxidative state may be the cause 
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of the induction effect of hydrogen peroxide on 

the expression of eNOS at transcriptional and 

post-transcriptional level generating high level of 

NOx [39]. The resulting NO from highly 

expressed eNOS is degraded by reaction with 

(O2)
 -

  to form peroxynitrite; a potent oxidizing 

agent that oxidize tetrahydrobiopterin (BH4); a 

critical cofactor for NO synthesis by NOS. In the 

absence of BH4 the NOS produce (O2)
.-
 instead of 

NO in a process referred as NOS uncoupling 

[40]. All of these reduce the bio-availability of 

NO and resulting in endothelial dysfunction.  

 Second explanation of enhanced NOx 

production; related to insulin resistance that was 

detected in those offspring of diabetic mothers at 

20
th

 week of age which preceded the increase in 

the NOx level. The insulin resistance resulted in 

impaired insulin signaling in the vasculature 

which may break the inhibitory action of insulin 

on the expression of iNOS. Also, insulin 

resistance state is accompanied by mild chronic 

inflammation that favors induction of iNOS 

which produces large amount of NO and may 

cause nitrative stress. Therefore, the blunted 

insulin signaling together with reduced bio-

availability of NO may predispose vasculature for 

endothelial dysfunction which may further impair 

insulin effect due to compromised delivery of 

glucose and insulin to the tissues [14].        

 Likewise, only male offspring of diabetic 

mothers under high caloric diet showed a 

remarkable gradual elevation in the homocysteine 

(Hcy) levels in plasma from 25
th

 week of age 

while females showed no significant change. Hcy 

is an intermediate sulfur-containing amino acid 

formed by demethylation of the essential amino 

acid methionine during its conversion to cysteine. 

Numerous studies have fairly demonstrated that 

elevated homocysteine concentrations in plasma 

are associated with a heightened risk of 

cardiovascular disease. Accumulating body of 

evidences prove the inevitable correlation 

between homocysteine levels in plasma and the 

risk for cardiovascular disease [15,16,41]. 

 Guilland et al stated the consideration of Hcy 

as an independent risk factor for cardiovascular 

disease and also strongly suggested that Diabetes 

and disruptions in glucose homeostasis may be 

associated with moderately elevated 

homocysteine concentrations [42]. Also, it was 

proposed that abnormal Hcy level is linked to 

abnormal lipid metabolism and derangement in 

lipid concentrations in blood. As the levels of 

blood cholesterol, triglycerides, LDL and HDL 

were noted to markedly change in 

correspondence with alteration in homocysteine 

levels [43]  . Derangements in the insulin level and 

glucose homoeostasis appear to be involved in 

the abnormal level of Hcy observed in the present 

study. Meigs et al illustrated 

hyperhomocysteinemia is associated with high 

levels of insulin accompanying to insulin 

resistance [44]. Other studies detected the similar 

pattern just to add more clear evidence that there 

is a decisive consistency between Hcy high levels 

and high concentrations of FBS and insulin 

manifested in insulin resistance condition [45]. 

 Homocysteine levels have been clearly 

linked to lifestyle and nutritional habits. Though 

Homocysteine is not obtained from diet [46], 

Willette et al projected a reasonably enlightening 

theory that calorie restriction with adequate 

nutrition is positively effective in keeping Hcy 

levels within normal range and protects against 

cardiovascular disease [47]. Hcy levels are 

commonly higher in men rather than women [48].  

 High levels of Hcy are documented to have 

detrimental effects on endothelial dysfunction 

[15,16,49]. Hcy is characterized by its 

prooxidative properties that may induce oxidative 

stress which resulted in degradation of NO.  

Although Hcy was documented to impair 

endothelial NO production [50], many other 

studies demonstrate the mechanism of endothelial 

dysfunction induced by homocysteine involves its 

role in promoting nitric oxide levels [51,52].  

 From the results of the present study we 

concluded that maternal diabetes cause increased 

risk for vascular diseases in the offspring. The 

mechanisms of this predisposition involve 

disturbed lipid profile, insulin resistance, 

increased circulatory levels of Hcy (independent 

risk factor for vascular diseases) and nitric oxide 

end products. Male rat offspring appear to be 

more sensitive to the development of vascular 

diseases than female offspring and postnatal diet 

plays important role in this predisposition as the 

risk increases with high caloric diet. 
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