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in neonatal rats with hypoxic ischemic brain
damage through the PI3K/Akt pathway
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Abstract: A neonatal rat model with hypoxic ischemic brain damage (HIBD) was established. Forty 7-day-old neo-
natal Wistar rats were randomly divided into four groups: sham operation, model, progesterone and Akt inhibitor.
Electron microscopy revealed that the neonatal rats with HIBD showed neuronal changes. The protein expression
levels of pAkt, Nuclear factor kB (NF-kB) and Bcl-2 in the hippocampus were detected by immunohistochemistry and
Western blot. The neuronal structure was normal in the sham operation group after HIBD for 24 h. Cavitation change
due to hypoxic ischemic brain damage was observed in the neurons of the model group. Progesterone treatment
improved neuronal damage and cavitation. Neuronal cavitation was clearly changed in the Akt inhibitor group. The
protein expression levels of hippocampal pAkt and Bcl-2 did not significantly change after HIBD, whereas that of
NF-kB increased. Progesterone pre-treatment increased the expression levels of pAkt and Bcl-2 but decreased that
of NF-kB. The protein expression levels of pAkt and Bcl-2 decreased in the Akt inhibitor group, whereas that of NF-kB
increased. This result indicates that progesterone can decrease inflammation in HIBD, inhibit apoptosis and protect

the brain by activating the Phosphatidylinositol 3-kinase/protein kinase B (PI3K/Akt) signalling pathway.
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Introduction

Hypoxic ischemic brain damage (HIBD) induced
by perinatal asphyxia generally leads to neona-
tal death and developmental disorders in the
nervous system. This disease not only seriously
threatens neonatal life but also causes disabil-
ity among children beyond the neonatal period.
Effective treatment for HIBD remains lacking to
date [1]. PI3BK/Akt is a key link in cell growth,
metabolism, inflammation, cell survival and
other signal transmissions. When PI3K confor-
mation is changed, Ser473 and Thr308 phos-
phorylation yields phosphorylated Akt (pAkt).
pAkt can phosphorylate many downstream pro-
teins. Nuclear factor kB (NF-kB) coordinates the
expression and regulation of pro-inflammatory
genes, quickly reacts to different inflammatory
stimuli, activates the transcription of down-
stream inflammatory genes and promotes
infammation [2]. pAkt can also activate the
downstream factors Bcl-2, bad and Bax, which

regulate anti-cell apoptosis and promote cell
survival [3, 4]. Bcl-2 is the most important anti-
apoptosis gene among the members of the
anti-apoptotic family.

Progesterone protects the brain against HIBD
[5, 6]. A laboratory study revealed that proges-
terone can alleviate cerebral edema after brain
injury, inhibit nerve cell apoptosis and relieve
calcium overload and inflammatory reactions
[7, 8]. The present study aims to determine
whether or not progesterone can reduce inflam-
mation, inhibit apoptosis and protect the brain
through the PI3K/Akt pathway using neonatal
rats with HIBD.

Materials and methods
Animal sources and grouping

Forty 7-day-old Wistar rats weighing 13.5 + 1.8
g were provided by the Experimental Animal
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Centre of Xinxiang Medical University. These
rats were randomly divided into four groups (n =
10 each): sham operation (only a neck incision
was conducted without hypoxic ischemic treat-
ment), model (hypoxic ischemic treatment was
conducted in accordance with the animal
model method), progesterone (the animals
were treated with hypoxia ischemia; intraperito-
neal injection with 8 mg/kg progesterone solu-
tion was conducted 30 min before hypoxia
treatment [8]) and wortmannin, a Akt inhibitor
was injected (the left hippocampus was posi-
tioned using a stereotaxic apparatus 30 min
before the neonatal rat HIBD model was estab-
lished) at 16 pg/kg [9]. Progesterone and wort-
mannin were purchased from Sigma-Aldrich
(St. Louis, Mo, USA). The solution was carried
out in strict accordance with the recommenda-
tions in the Guide for the Care and Use of
Laboratory Animals of the National Institutes of
Health (Eighth edition, 2011). The animal use
protocol was reviewed and approved by the
Institutional Animal Care and Use Committee of
Xinxiang Medical University (Xinxiang, China).

Establishment of the animal model

Relevant literature [9] states that the left com-
mon carotid artery of neonatal Wistar rats was
separated and ligated with a silk thread after
these rats anaesthetised with isoflurane (5%).
The rats that did not exhibit rotary movement to
the left side were eliminated after recovery and
feeding for 2 h. The rats were then placed in a
sealed container at a constant temperature of
37°C. The mixed gas of 8% O, and 92% N, was
ventilated for 2.5 h at a speed of 1.5 L/min.
The hypoxic ischemic animal model was then
prepared.

Changes in hippocampal ultrastructure via
electron microscopy

Three rats from each group were rapidly decap-
itated after hypoxia ischemia for 24 h. The
brain was removed, pre-fixed in 2.5% glutaral-
dehyde solution at 4°C, post-fixed with 1%
osmic acid, dehydrated with ethanol and ace-
tone gradient series and then embedded with
epoxy resin. Ultrathin sections were obtained.
The double staining of acetic acid lead nitrate
was performed. These sections were observed
under a transmission electron microscope and
then photographed.
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Immunohistochemistry staining

The brain tissue was rapidly removed and fixed
overnight in 4% paraformaldehyde after hypox-
ia for 24 h. Conventional dehydration and par-
affin embedding were performed. Continuous
coronal sections approximately 4 um thick were
obtained on the thalamic level, dewaxed, dried
and then stored at normal temperature for hip-
pocampal pAkt, NF-kB and Bcl-2 immunohisto-
chemical staining.

Immunohistochemical technique was adopted
in accordance with the instructions in its kit
(BoAoSen Company, Beijing, China). A phos-
phate buffer solution was used to replace the
primary antibody as the negative control.
Brownish yellow cells in the cytoplasm and cell
membrane were considered positive. The dye-
ing results were analysed using an HMIAS-200
colour image analysis system (Champion imag-
es technology Co., Ltd., Wuhan, China).

Western blot analysis

Protein was extracted from the left hippocam-
pal tissue. The isometric 6xSDS sample buffer
was added to an Eppendorf tube and boiled for
5 min to fully degenerate the protein. The sam-
ple was added for electrophoresis at 30 ug/
hole. The sample protein was transferred onto
a nitrocellulose membrane. Rabbit anti-rat
p-Akt (Ser 473), rabbit anti-rat NF-kB, rabbit
anti-rat Bcl-2 or anti-B-actin antibodies were
added as the primary antibodies after sealing,
and the kit used was provided by Zhongshan
Golden Bridge Biotechnology Co., Ltd. (Beijing,
China). The secondary antibody (Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, USA) was
added and shaken for 1 h at 37°C. A 5 ml ali-
quot of a chromogenic agent (prepared on the
spot) was used for colouration away from light
for 3 min to 5 min until the desired band
appeared. The colouration was terminated with
double distilled water. The water was soaked
up, dried away from light, preserved and then
photographed. The integrated optical density of
Western blot-positive bands was measured by
a gel image analysis system (Tocan, Shanghai,
China). The ratio of pAkt, NF-kB and Bcl-2 10D
and the corresponding 10D of b-actin repre-
sented the relative expressions of two
proteins.
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Figure 1. Ultrastructural changes in the hippocampus of the (A) sham, (B) model, (C) PROG and Akt inhibitor treated
group. PROG, progesterone. Magnification, x20, 000; uranyl acetate and lead nitrate double staining.

Figure 2. Rat hippocampal tissue expression levels of pAkt in the (A) sham, (B) model, (C) PROG and (D) Akt inhibitor
groups, NF-kB in the (E) sham, (F) model, (G) PROG and (H) Akt inhibitor groups and Bcl-2 in the (I) sham, (J) model,
(K) PROG and (L) Akt inhibitor groups. PROG, progesterone. Magnification, x400; streptavidin-biotin complex (SABC)

staining.

Statistical analysis

Statistical analysis was performed using SPSS
17.0 (SPSS Inc, Chicago, IL, USA). Data were
expressed as X = s. Single-factor ANOVA was
used to compare the groups. Statistical signifi-
cance was considered at P < 0.05.

Results

Changes in the hippocampal ultrastructure of
rats in each group

The neuronal structure in the sham operation
group was basically normal; neuronal nuclei
were slightly oval, and the nuclear chromatin
was evenly distributed. The mitochondria,
rough endoplasmic reticulum and Golgi bodies
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were observed in the cytoplasm. The neuropil
structure was normal, the neurons showed cav-
itation change in the model group, the nuclei
were irregular and the nuclear matrix was cavi-
tated. The mitochondria in the cytoplasm were
cavitated and swollen, the cristae broke, the
cytoplasmic matrix was cavitated and the neu-
ropil showed cavitated changes. The fracture
and dissolution of the axonal neurofilament
were clear. The neuronal nuclei in the proges-
terone group were oval, the intranuclear chro-
matin was evenly distributed and the mitochon-
dria occasionally showed cavitation and cristae
fracture. The rough endoplasmic reticulum was
abundant and arranged in appropriate order.
The mild cavitation of neuropil improved, the
neuronal cavitation was clear in the Akt inhibi-
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Table 1. MOD values of pAkt, NF-kB and Bcl-2 in the hippocampus

(mean + SD) (X £s)

higher in the progesterone
group than in the model group

Bcl-2 (P < 0.05). The expression of

Group pAkt NF-«kB Ak isnif v
Sham 0415+0019  0.225+0.030  0.287 +0.022 p-Akt was significantly lower
Model 0.335+0.038  0.634+0041°  0.346 + 0.028 in the Akt inhibitor group than

ode ) - X ) - . ’ - . in the progesterone group (P
PROG 0.616 +0.029°  0.358+0.033°  0.624 + 0.035 < 0.05) (Figure 2A-D: Table
Aktinhibitor ~ 0.298 + 0.032°  0.628 + 0.031°  0.315 + 0.026° 1),

Note: 2P<0.05, vs. sham; °P<0.05, vs. model; °P<0.05, vs. PROG. The calculation

method of immunohistochemical positive cells was as follows: Three random hippo-
campal visual fields were observed under a light microscope (magnification, x400)
and digital images were captured and analyzed for staining. From these the MOD
values were calculated. MOD, mean optical density; PROG, progesterone; NF-kB,

nuclear factor-«B.
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Figure 3. Expression of p-Akt, NF-kB and bcl-2 were
observed by western blot analysis. Lane 1, sham
group; lane 2, model group; lane 3, PROG group; lane
4, Akt inhibitor group.

tor group, the intranuclear chromatin was une-
venly distributed and the cristae clearly
changed (Figure 1).

Immunohistochemical staining of hippocampal
pAkt, NF-kB and Bcl-2

p-Akt was expressed in the hippocampal neural
cytoplasm of rats in the sham operation group.
p-Akt protein was weakly positive in the sham
operation group. The expression of positive
neurons was lower in the model group than in
the sham operation group. However, the differ-
ence was not statistically significant. The
expression of positive neurons was significantly
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NF-kB was expressed in the
hippocampal neural cyto-
plasm of rats in the sham
operation group. The number
of positive cells decreased.
The number of positive cells
was significantly higher in the model group than
in the sham operation group (P < 0.05); these
cells were also found in the cytoplasm and
nuclei. The number of positive cells was signifi-
cantly lower in the progesterone group than in
the model group. The expression of NF-kB in
the Akt inhibitor group was significantly higher
than that in the progesterone group (P < 0.05)
(Figure 2E-H; Table 1).

Bcl-2-positive cells showed brownish yellow
granules that were mainly located in the cyto-
plasm. Bcl-2-positive cells were sparsely dis-
tributed in the sham operation group. The aver-
age optical density value was low, and the num-
ber of Bcl-2-positive cells in the model group
decreased. The staining was shallow, and the
distribution was sparse. The average optical
density value was higher in the model group
than in the sham operation group, but the two
groups showed no statistical significance (P >
0.05). The highest expression of Bcl-2 was
observed in the progesterone group. Im-
munoreactive particles were intensively distrib-
uted, and deep dyeing was observed. The aver-
age optical density was significantly higher in
the progesterone group than in the hypoxic
ischemic group (P < 0.05). Bcl-2 expression
was significantly lower in the Akt inhibitor group
than in the progesterone group (P < 0.05)
(Figure 2I-L; Table 1).

pAkt, NF-kB and Bcl-2 protein expressions

The protein expression levels of pAkt and Bcl-2
were higher in the model group than in the
sham operation group after hypoxia ischemia
for 24 h, although the difference was not signifi-
cant. The expression levels of pAkt and Bcl-2
were significantly higher in the progesterone
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Table 2. Effect of PROG on the expression of
p-Akt, NF-kB and bcl-2 in the brain tissue of
neonatal rats

Group pAkt/b-actin NF-kB/b-actin Bcl-2/b-actin
Sham 0.52+0.04 0.45+0.03 0.48 +0.06
Model 0.61+0.05 0.89 +0.05% 0.59 + 0.05
PROG 1.22 +0.06° 0.53 +0.03° 1.19 +0.08°

Akt inhibitor 0.63 + 0.05° 0.71 + 0.04° 0.65 + 0.06°

Note: Values are presented as the mean * standard devia-
tion. PROG, progesterone; p-Akt, phosphorylated Akt. 2P<0.05
vs. the sham group; °P<0.05 vs. model group; °P<0.05 vs. the
PROG group.

group than in the model and Akt inhibitor
groups (P < 0.05). The protein expression of
NF-kB was significantly higher in the model
group than in the sham operation and proges-
terone groups (P < 0.05). Meanwhile, the pro-
tein expression of NF-kB was significantly high-
er in the Akt inhibitor group than in the proges-
terone group (P < 0.05) (Figure 3; Table 2).

Discussion

Progesterone exerts a neuroprotective effect
on HIBD by inhibiting macrophage infiltration
and the secretions of tumour necrosis factor «,
interleukin-1 and other cytokines. Several fac-
tors related to the inflammatory pathological
process are also affected by progesterone reg-
ulation; these factors include complement fac-
tor, nuclear factor and NO synthetic enzyme.
Progesterone can also decrease brain oedema,
decrease lipid peroxidation, decrease neuronal
apoptosis and abnormality, promote the stabil-
ity of blood brain barrier and improve cognition
after brain damage [10, 11]. However, Tsuji et
al. reported PROG and allopregnanolone aggra-
vated hypoxic-ischemic brain damage in imma-
ture rats [12].

A study on different HIBD animal models
showed that the hippocampus is highly sensi-
tive to ischemic injury [13]. Changes in the hip-
pocampal pathological structure of neonatal
rats from all groups were observed under an
electron microscope. Results showed that the
neuronal structure in the sham operation group
was basically normal. Cavitation appeared on
neurons in the model group because of hypoxic
ischemic damage. Progesterone treatment
improved the damaged condition of the hypoxic
ischemic neurons and decreased the cavita-
tion. The protective effect of progesterone on
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hypoxic ischemic neuronal damage was blocked
in the Akt inhibitor group.

HIBD is related to many factors, among which
inflammation injury is a primary cause of neu-
ronal death or apoptosis after HIBD [14]. The
present study indicated that the PI3K/Akt path-
way is a key pathway that serves a neuroprotec-
tive function. It can decrease the expression of
pro-inflammatory cytokine and increase the
expression of anti-apoptotic factors.

PI3K is an important member of the phosphoi-
nositide-dependent kinase family and can
transduce the signal from tyrosine kinase and
G protein-coupled receptors. The tyrosine
kinase of the receptor itself is activated after
the growth factor or cytokine is combined with
the receptor. PI3K conformation was changed,
and Akt was activated into pAkt. The expres-
sion of pAkt in neurons increased after HIBD for
1 hto 3 h, reached a peak at 4 h to 6 h and
then gradually normalised at approximately 12
h. This result suggests that the PI3K/Akt signal-
ling pathway is involved in stress to the ischem-
ic tissue at the early stage [15]. In the present
study, HIBD was observed after 24 h. The
results of immunohistochemistry and Western
blot revealed that the protein expression of
p-Akt was weak in the sham operation group.
The number of p-Akt-positive cells decreased in
the sham operation group, although the differ-
ence was not significant. The protein expres-
sion in the progesterone group was significantly
higher than that in the model group. The pro-
tein in the Akt inhibitor group was clearly lower
than that in the progesterone group.

Strong inflammation occurred in the brain tis-
sues at the early stage after IBD [16]. NF-kB is
a transcription factor with a multi-directional
transcription regulatory effect. NF-kB is acti-
vated under ischemia and hypoxia, virus infec-
tion, mechanical damage, radiation and other
stress conditions, which trigger the correlated
target gene transcription involved in inflamma-
tion, immune response, cell apoptosis, free
radical damage and other pathological and
physiological processes [17, 18]. The results of
immunohistochemical staining and Western
blot showed that the protein expression of
NF-kB increased in brain tissues after HIBD for
24 h. However, progesterone pre-treatment
decreased this expression. The protective
effect of progesterone was blocked in the Akt

Int J Clin Exp Med 2015;8(5):8197-8203



Progesterone reduces apoptosis in HIBD rats

inhibitor group. These data suggest that the
inhibitory effect of progesterone on the expres-
sion of the inflammatory mediator NF-kB was
related to the activation of the PI3K/Akt signal-
ling pathway.

Apoptosis is a programmed and initiative cellu-
lar death regulated by genes. This condition is
determined by the related signal transduction
pathway activation and apoptosis gene. The
PI3K/Akt pathway is an important anti-apoptot-
ic signal pathway that has been studied in
recent years. Bcl-2 is an important molecule
that regulates apoptosis. Ischemia, hypoxia
and other factors change the mitochondrial
permeability to induce the release of cyto-
chrome C. The down-regulation of Bcl-2 and
Bel-xL results in cell apoptosis [19-21]. In the
present study, the expression level of the anti-
apoptotic protein Bcl-2 was higher in the model
group than in the sham operation group; how-
ever, the two groups showed no significant dif-
ference. The protein expression of Bcl-2 was
significantly higher in the progesterone group
than in the model and Akt inhibitor groups.
These results suggest that progesterone exert-
ed its anti-apoptotic effect by up-regulating
Bcl-2 expression, which is also related to the
activation of the PI3K/Akt signalling pathway.

The effects of HIBD on neonatal rats were obvi-
ous after 24 h. The expression of inflammatory
mediators and apoptosis in the brain tissue
increased. The prophylactic progesterone can
increase pAkt level, inhibit NF-kB expression,
promote Bcl-2 expression, relieve inflammation
reaction and apoptosis after HIBD and protect
the brain through the activation of the PI3K/Akt
signalling pathway. The results of this study
may serve as a guide for the clinical prevention
and treatment of neonatal hypoxic ischemic
encephalopathy.
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