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SUMMARY: Gestational diabetes mellitus (GDM) defined as impaired glucose tolerance affects approximately 6 % of all
pregnant women who have never before had diabetes, but who do have high blood glucose levels during pregnancy. This study was done
to evaluate the apoptosis in the neuronal cells in the CA1, CA2 and CA3 subfields of hippocampus and dentate gyrus in offspring of
gestational diabetes at the 7, 21 and 28 d in postnatal rats. Thirty Wistar rat dams were randomly allocated in control and diabetic group.
Dams in diabetic group were received 40 mg/kg/BW of streptozotocin at the first day of gestation and control groups received an
equivalent volume normal saline injection intraperitoneally (IP). Six offspring of GDM and control dams, at the 7, 21, 28 postnatal day
were randomly were sacrificed quickly with anesthesia. The coronal sections of brain serially collected. The apoptosis neurons were
evaluated with TUNEL Assay. In the CA1, the number of apoptotic cells in 7, 21 and 28 d of postnatal life were significantly increased
in GDM compared to controls (P<0.001). In the CA2, CA3 the number of apoptotic cells in 7, 21 and 28 d age-old offspring were
significantly increased in GDM compared to controls (P<0.001). In the dentate gyrus, the number of apoptotic cells in 7, 21 and 28 d of
postnatal life were significantly increased in GDM compared to controls (P<0.01). This study showed that the uncontrolled gestational
diabetes significantly increases neuronal apoptosis in hippocampal and dentate gyrus in rat offspring.
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INTRODUCTION

Diabetes mellitus has increased in recent decades and
is affecting almost 6 % of the world’s population (Hwang et
al., 2008) and regardless of its type, is associated with cere-
bral alterations in both human and animal models of the
disease (Biessels et al., 2002; Gispen & Biessels, 2000;
McCall, 1992).

The hippocampus is a particularly vulnerable and
sensitive region of the brain that is very important for
declarative and spatial learning and memory (Artola, 2008).

Process of neurogenesis including cell proliferation,
survival, migration and differentiation continues in the
hippocampal formation well into adulthood in animals and
humans (Cameron & Gould, 1994; Gould et al., 2000; Gould
& Gross, 2002; Gould & Tanapat, 1997; Jackson-Guilford
et al., 2000).

Hippocampal neurons are also sensitive to the effects
of diabetes (Gispen & Biessels; Magariños & McEwen,
2000) and often show damage to presynaptic and
postsynaptic structures, dysregulation of calcium
homeostasis, neuronal loss, dendriticatrophy in CA3 neurons,
reduced expression of insulin growth factors and their
receptors, and decreased neurogenesis (Jackson-Guilford et
al.; Magariños & McEwen; Li et al., 2002a, 2002b; Klein &
Waxman, 2003; Saravia et al., 2002).

Neural progenitors in the dentate gyrus (DG)
proliferate, migrate and differentiate into granule cells, which
extend their axons and contact the CA3 pyramidal neurons,
becoming integrated into the hippocampal circuitry (Hwang
et al.). In the dentate gyrus of mammals, including humans,
new neurons have been shown to be generated during
postnatal and adult periods (Kamal et al., 2000).
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Diabetes mellitus may induce functional and
structural changes in the brain. In addition to the diabetic
condition itself, secondary complications involve brain (Lim
et al., 2002).

Several factors such as enriched environments,
learning, seizure, N-methyl-D-aspartate (NMDA) receptor
antagonists, serotonin, and physical exercise, and ischemia
enhance the proliferation of granular cell precursors and/or
neurogenesis in the dentate gyrus while adrenal steroids,
opioid peptides, and stress inhibit it (Kim et al., 2003).

Gestational diabetes mellitus (GDM) defined as
impaired glucose tolerance affects approximately 6 % of
all pregnant women who have never before had diabetes,
but who do have high blood glucose levels during pregnancy
(Hwang et al.).

Studies have shown that diabetes type 1 and 2
reduced neurons in hippocampal and dentate gyrus. By
induction of apoptosis (Jackson-Guilford et al.; Li et al.,
2002a, 2002b; Klein & Waxman; Ahmadpour & Haghir,
2011; Ahmadpour et al., 2008, 2010; Britton et al., 2003;
Gao & Gao, 2007; Grillo et al., 2005; Li et al., 2002a,
2002b; Revsin et al., 2005).

Our previous study has shown that gestational dia-
betes mellitus reduced neural cell in CA1 and CA3 subfields
of hippocampus in the offspring rats (Golalipour et al.,
2012).

Several possible mechanisms are explained about
cerebral alterations including neuronal loss due to
hyperglycemia (Klein & Waxman). The reduction of
neuronal density of dentate gyrus is reported can be due to
program cell death or block of neurogenesis (Jackson-
Guilford et al.).

Therefore, this study was done to evaluate the
apoptosis of neuronal cell in the CA1, CA2 and CA3 of
hippocampus and dentate gyrus in offspring of gestational
diabetes at the 7, 21 and 28 d in postnatal rats using TU-
NEL Assay.

MATERIAL AND METHOD

This experimental study was performed at the
GolestanUniversity of Medical Sciences, Gorgan, Iran.
Guidelines on the care and use of laboratory animals and
approval of the ethics committee of Golestan University of
Medical Sciences were obtained before the study.

Experimental animals. Wistar rats, weighing 180-220 g (12
weeks old) were used in this study. The animals were
maintained in a climate-controlled room under a 12-hour
alternating light/dark cycle, 20 °C to 22 °C temperature, and
50 % to 55 % relative humidity. Dry food pellets and water
were provided ad libitum.

Drug. Streptozotocin (STZ) (Sigma, St. Louis, MO, USA)
dissolved in sterile saline solution (0.85 %) at 40 mg/kg dose
intraperitoneally injected to female rats.

Animals and experimental design. After 2 weeks of
acclimation to the diet and the environment, female Wistar
rats were placed with a proven breeder male overnight for
breeding. Vaginal smears were done the next morning to
check for the presence of sperm. Once sperm was detected
that day was assigned as gestational day 1 (GD). On day 1
of gestation, pregnant females randomly allocated into the
two control and diabetic groups.

Five female rats in diabetic group receiving 40 mg/
kg body weight of streptozotocin (STZ) and control groups
(five rats) receiving an equivalent volume normal saline
injection intraperitoneally (IP). Blood was sampled from the
tail at 1 week after STZ injection. The mothers with blood
glucose level 120–250 mg/dL known as gestational diabetic
mothers. The pregnancy of dams was terminated
physiologically.

Blood glucose measurements. Blood glucose level of
mothers (before mating and after STZ injection) and
offspring was obtained via tail vein and was estimated with
a glucometer (ACCU-CHEK® Active Glucometer, Roche
Diagnostics, Mannheim, Germany).

Tissue collection and processing. Six offspring of GDM
and control dams, at postnatal days 7, 21 and 28 (P7, P21,
P28) were randomly selected and were scarified. For
preparations brain was fixed in 4 % paraformaldehyde in
PBS for histological procedure. The coronal sections (6
micrometer) serially collected from bregma -3.30 mm to -
6.04 mm of the hippocampus (Paxinos & Watson, 1998).

The apoptosis neurons were evaluated with TUNEL
Assay.

Morphometric techniques

Terminal transferased UTP nick-end labeling (TUNEL)
techniques. The whole-mounted brain stained with the ter-
minal transferased UTP nick-end labeling (TUNEL) reaction
to detect apoptosis (in situ cell death detection kit;
fluorescence; Roche, Mannheim, Germany) according to the
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manufacturer’s instructions. Tissue slices were pre-treated
with proteinase K (10 mg/mL) in 0.05 M Tris–HCl bu-
ffer, pH 7.4, washed in phosphate-buffered saline (PBS),
then labeled with TUNEL reaction mixture.

Nuclear DNA fragmentation were analyzed under
a fluorescence microscope (Olympus BX51, Japan) and
camera DP72 using an excitation wavelength in the range
of 450–500 nm, and detection was in the range 515–565
nm (green). The number of TUNEL- nuclei was counted
in 10000 mm2 area of the CA1, CA2 and CA3 subfield of
hippocampus and dentate gyrus in 400X magnification
using OLYSIA Autobioreport software (Olympus Optical,
Co. LTD, Tokyo, Japan).

Statistical analysis. The TUNEL expression indices were
expressed as the mean±SEM. Statistical analysis was
based on the Student’s test using SPSS v.16.0.
Significance was taken as P <0.05.

RESULTS

Apoptosis was assessed using the in situ DNA 3¢-
end labeling assay and was apparent in the nuclei of the
CA1, CA2, CA3 and DG in the diabetic and control
offspring (Fig. 1).

TUNEL positive CA1, CA2 and CA3 pyramidal nuclei.
In the CA1, in 7, 21 and 28 days offspring, the number of
TUNEL-positive nuclei tended to be significantly higher
in the gestational diabetic group (36.81±1.4, 24.72±2.5
and 34.12±1.9, respectively) compared to the
normoglycemic group (12.83±1.3, 8.16±1.1 and 3.5±2.1,
respectively) (P <0.001).

P21Hippocampal formations
Control GD

CA1 8.16±1.1 24.72±2.5
CA2 7.66±0.8 26.16±1.9
CA3 5.33±1.9 23.91±2.9
Dentate gyrus 15.16±2.2 32.20±4.1

P7
Hippocampal formations Control GD
CA1 12.83±1.3 36.81±1.4
CA2 10.50±0.4 25.85±1.6
CA3 14.16±2.1 40.36±1.5
Dentate gyrus 19.33±3.1 42.18±3.6

P28
Hippocampal formations

Control GD
CA1 3.5±2.1 34.12±1.9
CA2 5.5±0.7 12.25±1.2
CA3 7.83±2.0 31.80±4.7
Dentate gyrus 18.52±3.1 26.90±3.7

Results are expressed as Mean±SEM of the mean (*compared with control
group, P <0.01, n= 6).

Table II. The density of apoptotic cells in hippocampal formation
of gestational diabetic and control at 21 postnatal days in rat
offspring.

Results are expressed as Mean±SEM of the mean (*compared with
control group, P <0.01, n= 6).

Table III. The density of apoptotic cells in hippocampal formation
of gestational diabetic and control at 28 postnatal days in the rat
offspring.

Table I. The density of apoptotic cells in hippocampal formation
of gestational diabetic and control at 7 postnatal days in rat
offspring.

Results are expressed as Mean±SEM of the mean (*compared with control
group, P <0.01, n =6).

Fig. 1. Representative photomicrographs of TUNEL-positive cells in
the CA3 subfield of hippocampus and dentate gyrus at postnatal day
28 (P28) of diabetic offspring. TUNEL-positive cells in A; pyramidal
layer of hippocampal CA3 (x400 magnification) and B; granular layer
of dentate gyrus (x200 magnification). Scale bars= 100.
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In the CA2, in postnatal day (P7, P21, P28), the
number of TUNEL-positive nuclei tended to be significantly
higher in the gestational diabetic group (25.85±1.6,
26.16±1.9 and 12.25±1.2, respectively) compared to the
normoglycemic group (10.50±0.4, 7.66±0.8 and 5.5±0.7,
respectively) (P <0.001).

In the CA3, the number of apoptotic cells in P7, P21
and P28were 40.36±1.5, 23.91±2.9 and 31.80±4.7 in
gestational diabetic group which were significantly increased
in compared to controls including 14.16±2.1, 5.33±1.9 and
7.83±2.0, respectively (P <0.001).

TUNEL positive DG granular nuclei. Also, in the dentate
gyrus, the incidence of TUNEL-positive nuclei tended to be
significantly higher in the offspring of gestational diabetic
group compared to the normoglycemic group. The number
of apoptotic cells in 7, 21 and 28-day-old offspring were
42.18±3.6, 32.20±4.1 and 26.90±3.7 in compared to controls
including 19.33±3.1, 15.16±2.2 and 18.52±3.1, respectively
(P <0.01).

DISCUSSION

This study by TUNEL Assay demonstrated that
gestational diabetes produces a significant increase of
apoptotic cell density in CA1, CA2 and CA3 hippocampal
subfields and dentate gyrus in the postnatal 7, 14 and 21
days of Wistar rats.

The finding of this study is similar to previous
studies which were done in various parts of brains in the
induced diabetes animals except induced gestational dia-
betes (Magariños & McEwen; Li et al., 2002a, 2002b;
Klein & Waxman; Ahmadpour & Haghir; Britton et al.;
Grillo et al.; Russell & Feldman, 1999).

Li et al., study showed that 34 % of CA1 neurons
reduced after 8 months of induction of type I diabetes and
increased apoptotic cells in the sub-granular zone of the
dentate gyrus (Li et al., 2002a, 2002b). Russell & Feldman
study in a culture model showed that increase of glucose

Fig. 2. The density of apoptotic cells in hippocampal formation of gestational diabetic and control in CA1 (a), CA2 (b) and CA3 (c) and
dentate gyrus (d) at 7, 21and 28 postnatal days in the rat offspring.
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level increase Caspase 3 and induces apoptosis in
sympathetic neurons. Ahmadpour & Haghir in animal
model study showed that type I diabetes reduces dark
neurons in the dentate gyrus by increasing apoptosis. Gri-
llo et al. reported that hyperglycemia increase extracellular
glutamate in CA3 and apoptosis in rat hippocampus.
Britton et al. by TUNEL Assay in animal model study
reported the increasing of apoptotic cell in the peroptic
and parietal cortex of induced diabetic rats. Klein &
Waxman in animal model study have shown that diabetes
induced enzymes alterations, apoptosis and finally cell
death in hippocampal neurons and in chronic
hyperglycemia reduced insulin like growth hormone and
causes apoptosis in hippocampal neurons. In addition,
Magariños & McEwen study showed that type 1 diabetes
induced neuronal apoptosis in pyramidal layer of CA3
subfield of hippocampus.

Apoptosis in neuronal cell can induce by several
mechanisms: i) One mechanism can be due to increase
Caspase 3 in hippocampal neurons. Caspase 3 is a protein
that grouped in apoptosis promotional factor in the cells (Li
et al., 2002a, 2002b). ii) Another mechanism of Apoptosis
in neuronal cell can be due to increase of extracellular
glutamate due to defect in NA/K pump (Magariños &
McEwen; Grillo et al.).

Moreover, insulin-like growth factor has a
neuroprotective and anti-apoptotic effect and down
regulation of expression of insulin-like growth factor and
its receptor in diabetes can be expected to lead to neuronal
loss due to apoptosis and cell death (Klein & Waxman; Li et
al., 2002a, 2002b).

Diabetes mellitus is a chronic endogenous stressor
that is associated with increased oxidative stress in central
nervous system (Ahmadpour et al., 2010; Grillo et al.). CNS
complications of diabetes mellitus could be mediated
through excessive free radicals generation (Ahmadpour &
Haghir; Ahmadpour et al., 2008; Okouchi et al., 2005;
Ziegler et al., 2004). Free radicals cause mitochondrial
alterations and activated apoptosis by caspase pathways
(Russell & Feldman).

Indeed, other possible mechanism in cause of
program cell deaths in diabetes mellitus (Allen et al., 2005;
Arroba et al., 2003, 2005, 2007; Klein et al., 2004; Lechu-
ga-Sancho et al., 2006a, 2006b) can be due to insulin
decrease or insulin-like growth factor signaling (Ishii, 1995)
or an increase in cytokines such as TNFa (Chen & Goeddel,
2002).

CONCLUSION

This study using TUNEL Assay showed the
uncontrolled gestational diabetes induces neuronal apoptosis
in the CA1, CA2, CA3 subfield of hippocampus and dentate
gyrus in rat offspring.
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RESUMEN: La diabetes mellitus gestacional (DMG) se define como la intolerancia a la glucosa que afecta aproximadamente al
6 % de todas las mujeres embarazadas que nunca han tenido diabetes, pero que sí tienen niveles de glucosa en la sangre elevados durante
el embarazo. El objetivo de este estudio fue evaluar la apoptosis de células neuronales en CA1, CA2 y CA3, subcampos del hipocampo
y el giro dentado, en las crías de ratas con diabetes gestacional en los días 7, 21 y 28 luego del nacimiento. Se utilizaron 30 ratas Wistar
asignadas aleatoriamente en grupos control y diabético (GDM). Se administró al grupo diabético 40 mg/kg de peso corporal de
estreptozotocina en el primer día de gestación y el grupo control recibió un volumen equivalente de solución salina normal por inyección
vía intraperitoneal. Seis crías de los grupos GDM y control fueron seleccionadas aleatoriamente y sacrificadas bajo anestesia los días 7,
21, 28. Se tomaron secciones seriales coronales del cerebro. La apoptosis neuronal se evaluó mediante ensayo TUNEL. En el CA1, el
número de células apoptóticas a los 7, 21 y 28 d se incrementó significativamente en el grupo GDM en comparación con los controles (P
<0.001). En el CA2 y CA3 el número de células apoptóticas en los días 7, 21 y 28 también se incrementó significativamente en GDM en
comparación con los controles (P <0,001). En el giro dentado, el número de células apoptóticas en los días 7, 21 y 28 se incrementó
significativamente en GDM en comparación con los controles (P <0,01). Este estudio mostró que la diabetes gestacional no controlada
aumenta significativamente la apoptosis neuronal en el hipocampo y el giro dentado en las crías de las ratas.

PALABRAS CLAVE: Diabetes gestacional; Hipocampo; Neurona; Apoptosis; Ensayo TUNEL; Giro dentado; Rata.
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