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Fetal Growth Restriction Induces Insulin Resistance in 

Young Rat Offspring Fed a High Fat Diet

Background: Fetal growth restriction (FGR) and consumption of a high fat diet (HFD) predispose to insulin resistance. Despite the prevalence of a HFD, little 

is known about the mechanism through which FGR increases insulin resistance in the context of a maternal HFD.  Tissues important in the pathogenesis of 

insulin resistance include visceral adipose (VAT) and subcutaneous adipose (SAT).  In healthy individuals, insulin initiates the insulin signaling cascade 

resulting in increased glucose transporter (Glut4) protein to increase glucose uptake from the blood.  An endogenous inhibitor of the insulin signaling cascade 

(Socs3) inhibits insulin signaling.  We hypothesized that FGR rats from dams fed a HFD (FGR+HFD) would demonstrate insulin resistance in young rats by 

increasing VAT and SAT protein levels of Socs3.  

Methods: Adult female rats were fed a HFD prior to mating through gestation and lactation. FGR was induced by uterine artery ligation at E19 of a 21 day 

gestation. At postnatal day 60 we measured serum glucoses during an intraperitoneal glucose tolerance test (GTT) and measured protein levels of the insulin 

signaling cascade of VAT and SAT with western blot. 

Results: FGR+HFD male and female rats had increased fasting serum glucoses on GTT at all timepoints (p<0.05) and increased area under the curve on 

GTT (male: control+HFD 356+/-13, FGR+HFD 432+/-13* mg/dL/hr; female: control+HFD 323+/-7, FGR+HFD 456+/-15* mg/dL/hr).  FGR+HFD male and 

female rats had decreased VAT and SAT Glut4 protein (male VAT: control+HFD 8.7+/-1.1, FGR+HFD 4.2+/-1.7*; male SAT: control+HFD 3+/-0.3, FGR+HFD 

2.2+/-0.3*; female VAT: control+HFD 0.06+/-0.03, FGR+HFD 0.03+/-0.01 p=0.3; female SAT: control+HFD 0.2+/-0.06, FGR+HFD 0.08+/-0.02*) and increased 

Socs3 protein (male VAT: control+HFD 1.5+/-0.04, FGR+HFD 1.9+/-0.12*; male SAT: control+HFD 1.8+/-0.21, FGR+HFD 6.6+/-1.1*; female VAT: 

control+HFD 1.4+/-0.06, FGR+HFD 1.6+/-0.1, p=0.1; female SAT: control+HFD 0.9+/-0.11, FGR+HFD 1.9+/-0.4*). *p<0.05.  

Conclusion/Speculation: FGR+HFD increases serum glucoses during GTT and decreases VAT and SAT Glut4 protein in young male and female rats.  

Increased adipose tissue Socs3 protein may inhibit insulin signaling and induce insulin resistance in young FGR+HFD rats.  We speculate that inhibition of 

Socs3 protein will improve insulin resistance in FGR+HFD rats.

ABSTRACT

BACKGROUND
Normal insulin signaling occurs via serum insulin binding 

to the insulin receptor, thus increasing glucose transport 

into the cell through the Glut4 receptor

An endogenous inhibitor of the insulin signaling cascade 

(Socs3) inhibits insulin signaling

Insulin resistance increases morbidity and mortality

The risk of developing insulin resistance is modulated by 

the in utero nutritional environment

• Fetal growth restriction (FGR)

• Maternal high fat diet (HFD)

Tissues important in the pathogenesis of insulin 

resistance include

• Visceral adipose tissue (VAT)

• Subcutaneous adipose tissue (SAT)

• Liver

Using a rat model of FGR combined with a maternal 

HFD, we previously demonstrated no difference in serum 

insulin levels or insulin receptor protein levels in VAT or 

SAT between FGR and normally grown offspring, both 

from dams fed a HFD

METHODS

HYPOTHESIS
Compared to normally grown peers, we hypothesized that 

FGR rats from dams fed a HFD (FGR+HFD) would have

• Evidence of insulin resistance on intraperitoneal 

glucose tolerance tests (IP-GTT)

• Increased Socs3 protein in VAT and SAT

• Decreased Glut4 protein in VAT, SAT, and liver

Non-pregnant females were fed a HFD for 5 weeks prior 

to conception through weaning

IUGR induced by bilateral uterine artery ligation on E19 of 

21 day gestation

Litters culled to 6 for rearing consistency

Offspring weaned to HFD on postnatal day (PND) 21 and 

continued on HFD

IP-GTT performed at PND 60 after an overnight fast and 

intraperitoneal injection of 2g glucose / kg rat body weight

Necropsy performed on a separate set of rats on PND 60 

after an overnight fast and VAT, SAT, and liver collected

Glut4 and Socs3 protein measured with western blot in 

VAT, SAT, and liver

CONCLUSION
FGR increased markers of insulin resistance and 

decreased Glut4 protein levels in multiple tissues 

compared to non-growth restricted controls on the same 

HFD

SPECULATION
Inhibition of Socs3 protein may improve insulin sensitivity 

in FGR+HFD rats

Decreased Glut4 protein levels may result from 

decreased protein expression
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