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Abstract. – OBJECTIVE: In this study, we ad-

opted maternal diabetes model on rats, which
induced by streptozotocin to explore the metabolism changes of rat adipose tissue during the
neonatal period.
MATERIALS AND METHODS: The female rats
were induced as diabetes models by streptozotocin (STZ), and mated with the normal male
rats when they entered into adulthood. The chosen male offspring rats were executed at week
12 and the epididymis and subcutaneous fat pad
were obtained. Then the adipose cells were extracted and the foundation level and absorbing
of insulin induced 2-deoxyglucose (2DG) were
assessed.
RESULTS: Compared with normal control
group, the body weight, fat pad weight of the
epididymis and diameter of lipid cells for maternal diabetes offspring rats all increased. Lipid cells of epididymis and the intake of glucose
induced by insulin increased. At the same time,
glucose was oxidized to CO2 and increased lipid. However, there was no change in the capacity of in vitro lipid decomposition. Also, GLUT4,
insulin receptor (IRβ), acetyl coenzyme A (ACC),
etc. increased in fat pad of maternal offspring of
diabetes.
CONCLUSIONS: Maternal diabetes had effect
on fat metabolism of offspring; lipid storage capacity increased but the ability of lipid decomposition had no change.
Key Words:
Pregnancy, Diabetes mellitus, Lipid metabolism,
Offspring.

Introduction
Obesity is one of the main risk factors for
diabetes mellitus, high blood pressure, hyperlipidemia, cerebral apoplexy, coronary disease
and many other chronic diseases. The correlation
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between diabetes mellitus and obesity is the
most closed. Some studies showed that obesity
in childhood was closely related to the obesity
and chronic diseases in adulthood. Therefore, the
perinatal period was the key stage of intervention
on obesity. The hyperglycemia and hyperinsulinemia in uterus could influence the internal environment of fetal growth and development, which
could change its related metabolism and had an
effect on the function of many organs and tissues1. Exposed to such a high blood glucose levels
in the fetal environment, even if the baby had
a normal weight when he was born, the risk of
overweight or obesity was significantly higher in
adults than in normal adults2,3. At present, some
studies have established the animal model of gestational diabetes mellitus. When a part of β cell of
islet was broken, the remaining cells were compensated for differentiation, and secreted insulin
to keep normal levels of blood glucose. When β
cell of islet completely lost its function, then hypoinsulinemia and hyperglycemia appeared4-8. At
present, the study has confirmed that the diabetes
model of rats could lead metabolic and functional
disorders of white adipose tissue in adulthood.
While the metabolic phenotype of offspring was
not the same, the offspring derived from type 1
maternal diabetes mellitus had the common features of type 2 diabetes mellitus, such as obesity
in adulthood, overweight, etc.9,10. Some studies
described other features of offspring. However,
there was still a lack of study on the effect of
maternal diabetes on adipose tissue metabolism
of offspring. Therefore, in this study, we explored
metabolism changes of adipose tissue of neonatal
rats by using maternal diabetes models induced
by streptozotocin (STZ). It is believed to provide
a certain reference and guiding significance to the
clinical diagnosis and treatment.
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Materials and Methods
The Establishment of Animal Models
and Grouping
There were 15 male SB rats, 12-15 weeks old,
the weigh was 200-220 g, which were bought
from Beijing Weitong Lihua Experimental Animal Technology Co. Ltd. (Beijing, China). All
the rats were raised under standard animal feeding condition. Diluted STZ in citrate buffer
solution (10 mM, ph 4.5) according to 140 mg/
kg weight. Diabetes models were built for 10 rats
by intraperitoneal injection. Only the equivalent
buffer was injected to another 5 rats, which was
regarded as a control group. The blood was obtained to detect the blood sugar by tail puncture
for the rats which were treated by STZ after 3
weeks. Then the rats with blood glucose levels
in excess of 150 mg/dl were chosen to mate with
normal male rats. After that, the male offspring
rats were chosen based on whether their maternal rats had diabetes mellitus. The rats were
divided into experimental group (20 rats) and
control group (10 rats). After suckling period,
the maternal rats were weighted and executed.
At the same time, the blood was collected for
detecting and determining plasma glucose level
and insulin (used specific rat radioimmunoassay kit in accordance with the specification of
the product, Millipore, Billerica, MA, USA).
The male offspring rats from two groups were
raised under standard conditions; the ratio of
carbohydrate, protein and lipid in their feedstuff
was 4:2:1. All rats were in abrosia for 12 h in the
week 14. Then sodium sulfide (25 mg/kg) was
used to anesthesia. All rats were put to death.
We collected and detected the trunk blood and
detected the level of glucose and insulin. Groin
and fat pad of epididymis region were obtained
by celiotomize. The adipose cell was extracted
from the obtained adipose tissues according to
the reported methods17. All the operations of this
study were informed and agreed by the Ethics
Committee of our hospital.
D-[U-14C]-glucose Transport and
the Release of 14CO2
The lipid cells that were isolated from fat
pads were suspended in Krebs/Ringer/phosphate buffer (pH 7.4); they contained 1% bovine serum albumin (BSA), and 2 mM glucose.
The final concentration was 1 × 106 cells/ml,
which was immersed in the mixture of 95% O2
and 5% CO2. 450 ml cell suspension was incu-

bated in D-[U-14C]-glucose, with or without 10
nM insulin for 1 h at 37°C. 200 ml 8N H 2SO4
was added, and 200 ml alcohol was used to wet
the released 14CO2, which remained on filter
paper for 30 min. β counter for reading radioactive value was applied on filter paper. Then, 2.5
ml dole’s reagent (isopropanol: heptane: H 2SO4,
4:1:0.25), 1.5 ml normal heptane, and 1.5 ml
distilled water were added to the residual reactant and decanted for 5 min. 500 ml upper layer
liquid were collected and the radioactivity in
lipid was tested. The result was expressed as
the nano-molar number released by 14CO2 and
glucose content of every 106 cells × h entered
into lipid.
Detection of Lipid Decomposition
According to the description in the literature,
the lipid decomposition for the adipose cells separated from fat pad was detected. Then the glycerol content in incubation buffer was analyzed.
The data was expressed as the nano-molar release
amount of glycerol for 106 cells per h.
The Expression of IRβ, ACC, GLUT4
in Fat Pad
Firstly, low temperature cracking buffer was
used to homogenization treatment for the obtained fat pad (the content of lysate included
20 mM Tris-HCl, pH 7.4; 150 mM NaCl, 10%
glycerol; Nonidet P-40; 1 mM EDTA; 20 mM
rluorol; 30 mM sodium pyrophosphate; 0.2%
SDS; 0.5% sodium deoxycholate; 1 mM phenyl methyl sulfide; 1 mM sodium vanadate;
50 μM leupeptin and 50 μM trasylol). The
samples were incubated on the ice for 15 min,
then centrifuged for 15 min at 4°C. The protein concentration in liquid supernatant was
detected by protein determination method of
Bio-Rad Company (Hercules, CA, USA). 50
ug protein was dissolved in sodium dodecyl
sulphate-polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred to nitrocellulose
filter, then sealed off in sealing fluid for 1 h at
22°C. After that, the samples were incubated
overnight with primary antibody (IRβ insulin
receptor β subunit), ACC (Acetyl-CoA catboxylase), GLUT4 (glucose transporter 4) and β
actin (cell signal was 4970) at 4°C. After incubation, the membrane was washed and re-incubated with secondary antibody combined with
peroxidase for 1 h. The density value of band
was read by using image density meter of BioRad Company (Hercules, CA, USA).
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Statistical Analysis
SPSS 20.0 (SPSS Inc., Chicago, IL, USA) was
used to process the data statistics and analysis.
The result was expressed as the form of average value ± standard deviation. The comparison
among groups was made by factor analysis of
variance; multiple comparison between groups
was performed using t-test. If p < 0.05, the difference had statistical significance.

Results
Weight, Food-Intake, Glucose and
Insulin Levels of Offspring Rats
The result showed no difference between experimental group and control group in weights
when the rats were born. However, the weight of
experimental group in the week 12 was higher
than that of control group, the difference had statistical significance (p < 0.05). 2 weeks before the
end of this study, the food-intake of experimental
group was also much higher than that of control
group (p < 0.05). There was no difference in
glucose tolerance and insulin levels for these two
groups of rats (p > 0.05) (Figure 1). Also, the average fat pad weight in the epididymis fat pad of
experimental group was significantly higher than
that of control group (p < 0.05) (Table I).
The Comparisons of Adipose Tissue and
Metabolism Between Two Groups
The average fat diameter in the epididymis fat
pad of experimental group was higher than that
of control group (83 um vs. 75 um, p < 0.05).
However, there was no significant difference in
fat cell diameter of subcutaneous fat pad and fat
pad weight (p > 0.05). In absorption detection of
2-deoxyglucose (2DG), we found that the levels
of glucose turning into the lipid and oxidation
in fat pad of epididymis were higher than that

of control group, no matter whether it was stimulated by insulin (p < 0.05) (Figure 1-2). There
was no difference in subcutaneous fat pad for
two groups (p > 0.05) (Figure 3). There was no
difference in the lipid decomposition activity of
lipid cells in the subcutaneous and epididymis fat
pads between these two groups (p > 0.05) (Figure
4). To assess the increased of 2DG absorption
and the molecular mechanism of the increased
amount of glucose entering the lipid under the
stimulation of insulin in experimental group, we
tested the protein content of IRβ, GLUT4 and
ACC in fat pad of epididymis. The result showed
that compared with control group, the protein levels of these three indexes were higher than that of
the control group (p < 0.05) (Figure 5).

Discussion
Epidemiology and experimental research evidence showed that the early life events of the
fetus and neonatal period could influence the
susceptibility to chronic diseases after adulthood.
However, the related presupposition assumed that
high blood glucose environment in the womb of
the fetus could make the physiological and metabolic changes of the fetus. In this work, we used
STZ to induce type 1 diabetes mellitus. We found
that the blood sugar level, insulin level and weight
were all normal when the offspring male rats
were born. Nevertheless, overweight and obesity
appeared from 14-week old, which had significant
difference compared with control group. Some
studies confirmed that high blood glucose internal
environment of maternal generation could lead
the metabolism changes of fetal glucose homeostasis11,12. In some researches, diabetes mellitus of
maternal generation was induced on the 5th day
after pregnancy. Moreover, the study found that
obesity of offspring appeared in the 14th week,

Table I. Basic data statistics.
Item
Birth weight (g)
Body weight at 12 weeks (g)
Fat pad weight of epididymis (g)
Subcutaneous fat pad weight (g)
Food intake (g/day)
Blood sugar level (mg/dl)
Insulin (ng/ml)

Control group

Experimental group

8.33 ± 0.14
261.8 ± 3.4
3.32± 0.3
3.4 ± 0.26
17.82 ± 0.65
81.77 ± 4.34
1.19 ± 0.8

8.38 ± 0.12
332.6 ± 12.6*
4.44 ± 0.25*
3.94 ± 0.26
28.66 ± 0.32*
107.8 ± 10.54
0.98 ± 0.17

*Meant the difference between two groups had statistical significance.
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Figure 1. Macroscopic comparison of cell diameter for two adipose tissues between experimental group and control group
under electron microscope. Magnification ×10000.

while some of them had normal weight13. The
increasing of subcutaneous and epididymis fat
pad and hypertrophy of lipid cells were the main
manifestations of the increasing body weight for
offspring rats. In this study, we indirectly detected
the ability of lipid cells to combine glucose into
lipid to assess the ability of lipid cells to synthe-

size and accumulate lipid. The results showed that
fat pad of epididymis for offspring rats contained
2-deoxyglucose, and its related transfer was not
influenced by insulin. There was no difference of
subcutaneous adipocytes between experimental
group and control group. The similar performance
was the glucose oxidized into CO2. Subcutane-

Figure 2. The comparison of glucose turned into lipid and the release of 14CO2 with/without insulin stimulation on fat pad of
epididymis for two groups.

3661

H.-P. Dong, M.-Z. Tan, Q.-J. Liu, J. Wang, S.-B. Zhong

Figure 3. The comparison of glucose turned into lipid and the release of
subcutaneous fat pad for two groups.

ous and visceral fat accumulation also showed
difference; fat accumulation in epididymis was
regarded as a part of visceral fat. Rat visceral lipid
cells showed increased levels of gene expression
related lipogenesis, lipoclasis and fatty acid oxidation. The study confirmed that visceral adipose
tissue was the main driving force of metabolic
disorders14-18. In this study, the glucose content

14

CO2 with/without insulin stimulation on

of the extracellular matrix was kept constant, so
that it controlled the glucose transport volume in
cases with or without insulin stimulation. Glucose
transporter (GLUT4) was the main glucose transporter for insulin regulation, which could always
be found in adipose tissues and striated muscle,
when the expression content of local cell membrane had positive correlation to the quantity of

Figure 4. The comparison on glycerol content of subcutaneous tissue and fat pad of epididymis between two groups in the
condition of with or without adrenaline stimulation.
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Figure 5. The protein content comparison of IRβ, GLUT4 and ACC between two groups of rats.

glucose transport into cells. In this paper we found
glucose metabolism in lipid cells more tended to
the generation of fat. Its related mechanism might
be activated by the effect of ACC and FAS in the
internal environment of gestational diabetes mellitus. However, it was not influenced by glucose
transporter. The results of the study indicated that
ACC protein content in the epididymis fat pad of
the diabetic offspring rats was indeed higher than
that of the control group, which coincide with
the above hypothesis. Some investigations used
the subcutaneous and visceral adipose tissue of
obese sheep fetus. It was found that the gene expression of ACC enzyme increased, which caused
the compound of aliphatic acid in adipose tissue
increased. After adulthood, the weight, food intake and obesity of the lambs produced by the
fat mother were all higher than that of the lambs
produced by non obese sheep19,20. The increased
insulin sensitivity of lipid cells derived from the
offspring of diabetic mothers, also reflected in the
glucose uptake the absorption of 2DG depended
on GLUT4 density in cell membrane21. We applied
the unit of nmol/cm2 for describing hexose flow
through the membrane surface flow. The results
showed the absorbed dose of 2DG in fat pad of
experimental group increased under the stimulation of insulin. We further detected the expression
level of GLUT4, IR-β and ACC protein, which
showed their expressions all increased. Thereafter, it was consistent with previous results. Gave
high-fat diet to fat offspring rats for 20 weeks
after ablactation showed decreased GLUT4 gene

expression in adipose tissue. At the same time, the
study found GLUT4 gene expression and protein
content in fat sheep fetus all increased22.

Conclusions
We observed that compared with control
group, the food-intake for offspring of diabetic
rat increased, which was related to the changes in
the metabolic mechanisms. The adult male rats
showed increased weight and fat accumulation. In
conclusion, maternal diabetes can have an effect
on fat metabolism of offspring. The lipid storage
capacity increased but there was no change in the
ability of lipid decomposition.
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