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6. Summary and Conclusion

Type 2 diabetes mellitus (T2DM) is a metabolic disorder of fuel homeostasis
characterized by hyperglycemia and altered lipid metabolism caused by islet B cells being
unable to secrete adequate insulin and insulin resistance. The elevated prevalence of this
disease results in part from an increased rate of obesity in individuals with genetic
predisposition for T2DM. Genetic studies have demonstrated that known variants account
for less than 10% of the estimated overall genetic contribution to T2DM predisposition,
suggesting that additional unidentified factors contribute to susceptibility of this disease. An
important hypothesis for burdening of diabetes is called "developmental programming” or
"fetal programming of diabetes". This concept assumes that, the maternal health challenges
like malnutrition during gestation evoke a persistent physiological response in the offspring
that may programs those offspring for the development of diseases like diabetes.

The present work was aimed to study the effect of pre-gestational maternal protein
malnutrition on the expression of Uncoupling Protein 2 (UCP2) and mitochondrial
transcription factor-A (mtTFA) as modulators in the glucose sensing of the different organs
(pancreas, liver, muscles and adipose tissues) of the first generation rat offspring.

In this study 50 local female Wistar rats (one month age) were divided into two
experimental groups:

e Group I: Control group (C) consisting of 25 rats feed normal control diet (20% protein) for
3 months

e Group II: Low—protein group (LP) consisting of 25 rats feed an isocaloric low-protein diet
(LP; 8% protein) for 3 months

Following mating with normal male rats, all pregnant female rats (control and Low—
protein) were allowed to give birth naturally. The offspring were weaned to either control
diet or high-caloric diet and followed up for 30 weeks. The following parameters were
assayed; glucose, insulin, non-esterified fatty acids (NEFA) and lipid profile. The rats was
dissected out to obtain pancreas, liver, muscle and adipose tissues for assessment of insulin
receptor, phospho-insulin receptor (P-IR) and mtTFA and UCP2 gene expression

In the present study, maternal protein malnutrition appears to affect pregnancy
outcome as it caused significant decrease in the number of pups per litter and pups weight.

Follow up of F1 offspring indicated that, the male and female offspring of LP
mothers became over weight and post-natal feeding with HCD further increases weight
gain. This indicated obesogenic behavior of the offspring. The offspring of malnourished
mothers maintained under control diet showed normal glucose tolerance and insulin
sensitivity while those maintained under high caloric diet showed age- dependant decline in
glucose tolerance and insulin sensitivity which became significant from the 15th week of
age especially in male. With age 30 week, mild hyperglycemia was detected in the male
offspring of LP mothers (under HCD only) while in females no hyperglycemia was detected
and IGT was aggravated.

The histopathological data indicated that, the pancreas offspring of LP mothers
under HCD showed sign of inflammation crowded and increased activity of B-cells
compared to control. Immunohistological results revealed that the offspring of LP mother
showed decreased total B-cell mass while the individual B-cell area and mass are
significantly increased especially in the male rats under HCD.

The observed shifts in glucose homeostasis were associated with changes in the
peripheral sensing of glucose in muscle, liver and adipose tissues assayed at the insulin
receptor level as insulin receptor and it active fraction; phospho-IR.

The observed abnormalities in glucose homeostasis in the offspring of LP mothers
are associated with lipid profile disturbances and elevated NEFA. Also, the gene expression
of mitochondrial transcription factor A and uncoupling protein 2 the main player in
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mitochondrial biogenesis and functions showed abnormal pattern in the offspring of LP
mothers under HCD especially in the adipose tissues and liver .The expression of UCP2
appears to depend on the type of diets used especially in adipose tissues and liver.

From the results of the present study we con concluded that:
Pre-gestational and gestational low protein nutrition significantly decrease number of pups
and pups weight
The offspring of protein malnourished mothers are at high risk for the development of
T2DM as indicated by impaired glucose sensing, insulin resistance and hyperglycemia
Pre-gestational and gestational maternal protein malnutrition affects the offspring insulin
sensitivity and glucose sensing parameters in the different peripheral tissues.
The post-natal diets differentially affect the studied parameters; as the control healthy
balanced post-natal diets has no effect or even ameliorate the glucose sensing and insulin
sensitivity in the offspring while high caloric post-natal feeding reverses the situation
completely; as the offspring showed derangements in the glucose sensing (down regulation
of insulin receptor and phospho-insulin receptor)
The offspring of LP mothers especially those feed HCD showed features of dyslipidemia
and elevated non-esterfied fatty acids
The same offspring showed disturbed pattern of gene expression of mitochondrial
transcription factor A and uncoupling protein 2 which control mitochondrial biogenesis and
functions
The male offspring of LP mothers appears to be more susceptible for development of T2DM
than female offspring.
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