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Protection of androgen against hypoxic-ischemic brain
damage in neonatal rats and possible mechanisms
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Abstract:  Objective Some research has shown that androgen has a neuroprotection against hypoxia-ischemia brain
damage (HIBD). However, the relevant mechanism has not been fully elucidated. This study aimed to explore the
neuroprotection of androgen against HIBD in neonatal rats and the possible mechanism. Methods Sixty-four seven-day-old
Sprague-Dawley (SD) rats were randomly assigned into three groups: Sham-operation, HIBD and Androgen. The HIBD
model was induced by ligation of the left carotid common artery along with hypoxia exposure in neonatal rats from the latter
two groups. The Sham-operation group was not subjected to hypoxia-ischemia ( HI). The Androgen intervention group
received an injection of testosterone propionate (25 mg/kg) immediately after HIBD. Bel-2 and Bax protein expressions in
the cortex and hippocampal CA region were detected by immunohistochemical method at 6, 24 and 72 hrs and at 7 days
after HI. The contents of SOD and MDA in the brain tissue homogenate were measured by the thiobarbituric acid (TBA)
method and the xanthine oxidase luminescence method respectively at 6, 24 and 48 hrs after HI. Results There were few
Bel-2 and Bax immune positive cells in the cortex or hippocampus in the left hemisphere in the Sham-operation group at 6
hrs after operation. This was significantly different from the HIBD control and Androgen intervention groups(P < 0.01).
The expression of Bcl-2 protein in the cortex and hippocampus of the Androgen intervention group was significantly higher
than that of the HIBD control group at 6, 24 and 72 hrs after HI (P <0.05 or0.01). The expression of Bax protein in the
cortex and hippocampus of the Androgen intervention group was significantly lower than that of the HIBD control group at 24
hrs after HI (P < 0.05). The SOD content in the brain tissue homogenate of the HIBD control group was significantly
reduced, in contrast, the MDA content in the brain tissue homogenate of the HIBD control group increased significantly at
6 hrs after HI compared with the Sham-operation group (P <0.05). The SOD content was reduced to a nadir and the MDA
content increased to a peak at 24 hrs after HI in the HIBD control group. Androgen intervention increased significantly the
SOD activity at 6,24 and 48 hrs after HI and decreased significantly the MDA content at 6 and 24 hrs after HI as compared
with the HIBD control group(P <0.05 or 0.01). Conclusions The neuroprotection of androgen against neonatal HIBD is
produced possibly through an increase of Bcl-2 protein expression and a reduction in Bax protein expression, thus
decreasing neuronal apoptosis after HI. There may also be a reduction in the consumption of antioxidant and an inhibition of
the formation of oxidant free radicals to alleviate neuronal damage following HI.
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The pathogenesis of neonatal hypoxic-ischemic brain
damage (HIBD) is rather complicated, involving many
factors like metabolic disturbance of cellular energy,
oxidative damage of free radicals, cell apoptosis and
toxicity of excitatory amino acid. If these factors are
blocked at an early stage, the severity of HIBD will be

alleviated apparently and the prognosis will also be im-

proved. Studies have shown that androgen has neuro-

protective effects against HIBD!"?/.

However, the rel-
evant mechanisms has not been fully identified. It is a
new research project to investigate the protection of an-
drogen on HIBD and relevant mechanisms. A HIBD
model of the neonatal rat was prepared in this study.
The protection of androgen on HIBD and its possible
mechanisms were studied by examining the changes of
B-cell lymphoma/leukemia-2 ( Bel-2) , Bel-associated
x protein ( Bax) , malondialdehyde ( MDA) and su-
peroxide dismutase (SOD) in the brain tissue of HIBD
rats after androgen administration and comparing these

changes with the controls.
Materials and methods

Materials

Sixty-four seven-day-old first-class Sprague-Dawley
(SD) rats of both sexes, weighing 12-18 g, were pro-
vided by the Center of Experimental Animals at the
Fourth Military Medical University. Testosterone propi-
onate injection (25 mg in 1 mL), batch number
0303232, was provided by Tianjin Jinyao Amino Acids
Co. Ltd.. The reagent kits for SOD and MDA were
provided by Nanjing Jiancheng Biological Products Co.
Ltd. . Bel-2 rabbit anti-rat antibody, SABC reagent kit
and DAB chromogenic reagent kit were provided by

Wuhan Boshide Bioengineering Co. Ltd. .
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Methods

Establishment of HIBD model of neonatal rats

The seven-day-old SD rats were anesthetized with
ether. They were then placed on their backs and their
limbs were fixed to the operation board. The rats were
cut right in the middle of the neck and the left common
carotid artery was freed. Then the cut was ligated and
sealed with 6-0 surgical silk. After 2-3 hours recovery,
the rats were placed in the self-made hypoxic room.
Mixed air with 8% oxygen and 92% nitrogen was in-
troduced into the room at a speed of 1-2 /min and the
concentration of oxygen was monitored by an oxygen
detector. The rats were taken out after about 2.5 hours.

The rats which were only cut right in the middle of
the neck and only had their left common carotid artery
freed but not ligated, had a sham operation.
Grouping of the animals

The 64 neonatal rats were randomly assigned into a
Sham-operation group, a HIBD group and an Androgen
group. The rats in the Androgen group were given an
intraperitoneal injection of 25 mg/kg testosterone pro-
pionate immediately after HI.
Preparation of brain tissue slice and immunohisto-
chemical staining

At each time interval of 6, 24 and 72 hrs and at 7
days after HI, four rats of the HIBD and Androgen
groups were randomly chosen and were sacrificed for
the preparation of brain tissue samples. In the Sham-
operation group samples of four rats were only taken at
6 hours. Each rat was anaesthetized and the chest was
cut to expose the heart. A tube was intubated from the
left ventricle to the aorta and the heart was perfused
and fixed with 4% paraformal-dehyde in 0. 55 mol/L
phosphate buffer. In reference to the " Rat Brain Ster-

eotaxic Atlas" , the skull was cut with a coronal cut

b

from the mammillary body at the level of optic chiasma
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in order to take out the brain. The brain was fixed in
the 4% paraformal-dehyde for a night and was embed-
ded in paraffin. The slice was 5 pm thick.

The SABC method was used for immunohistochemi-
cal stainings of Bcl-2 and Bax. A control experiment
was conducted, i. e, rabbit anti-rat Bel-2 solution was
replaced with 0. 01 MPBS solution and the other proce-
dures were the same; the slice was sealed with neutral
gum; the brain tissue sample without rabbit anti-rat [
antibody addition was defined as negative blank control
(with PBS as a substitution) and the cells that had
yellow particle sediment in the cytoplasm and nucleus
were positive cells.

The semi-quantitative method was used for the
counting of immunohistochemical positive cells. Under
the 40 x field lens, 6 fields of nonoverlapping cerebral
cortex or hippocampuses in each slice of the left brain
were chosen and the Bel-2 and Bax immunohistochemi-
cal positive cells were counted. The cells which the
color of the stained cytoplasm was claybank or tan were
defined as immunohistochemical positive. The average
of the number of positive cells of all the rats in each
group + standard deviation (x + SD) was taken as the
number of the immunohistochemical positive cells of
Bel-2 and Bax in the cerebral cortex or hippocampus.
Preparation of brain tissue homogenate and the de-
termination of SOD and MDA

At each time interval of 6, 24 and 48 hours after
HI, four rats of the HIBD and Androgen groups were
randomly chosen and were sacrificed for the preparation
of brain tissue homogenate. In the Sham-operation
group samples of four rats were only taken at 6 hours.
After the rats were sacrificed, the brains were re-
moved. The two hemispheres were separated in the ice
floe. The left hemisphere was rinsed in the 4 °C normal
saline to remove the blood. After it was dried, 200 mg
of brain tissue was taken. 4 °C normal saline was used
as the homogenate medium. The proportion of the brain
to the saline was 1 g :9 mL. The brain homogenate
was made with a tissue grinder in a vessel filled with
ice . The homogenate was centrifugated for 20 minutes

at a speed of 3 000 r/min. The supernatant clear solu-

Table 1 The Bel-2 and Bax expressions after HI

tion was then stored in a —4 °C refrigerator for the
measurement of MDA and SOD. The MDA content was
determined with the thiobarbituric acid (TBA) method
. The SOD content was determined by the xanthine oxi-
dase luminescence method.
Statistical analysis

The measured data were inputted into Excel 7. 0
software and analyzed with SPSS10. O software. Data
were shown as x +s for ANOVA analysis . The average
of two samples was tested with ¢ testing. P < 0.05 was

believed to be statistically significant.
Results

The expression of Bcl-2 protein in the brain tissue
In the Sham-operation group, there were few Bcl-2
immune positive cells which were yellow under the mi-
croscope in the cortex or hippocampus of the left hemi-
sphere. The expression of Bcl-2 immune positive cells
in the cortex or hippocampus in the left hemisphere of
the rats began to increase at 6 hrs after HI, reached a
peak at 72 hrs after HI and then began to fall. A rela-
tively low level was maintained at 7 days after HI. Bel-
2 protein was present as particle or streak in the cyto-
plasm and had the same distribution place as the cellu-
lar organs. The nucleus membrane was sometimes
stained. The changed course of Bel-2 expression in the
cortex or hippocampus of the left hemisphere in the An-
drogen group was similar to the HIBD group. Howev-
er, the number of Bcl-2 immune positive cells in the
Androgen group was significantly greater than that in
the HIBD group at 6, 24 and 72 hrs after HI (P <0.05
or 0.01). See Table 1 and Figure 1.
The expression of Bax protein in the brain tissue
In the Sham-operation group, there were very few
Bax protein immune positive cells in the cortex or hip-
pocampus in the left hemisphere of the rats. The ex-
pression of Bax protein immune positive cells in the
cortex or hippocampus in the left hemisphere of the rats
began to increase 6 hours after HI, and reached a peak
at 24 hours after HI. Then the Bax protein expression

began to decrease and was maintained at a relatively

(x%5)

6 hrs 24 hrs 72 hrs 7 days
Group
Bel-2 Bax Bel-2 Bel-2 Bax Bel-2 Bax
Sham-operation ~ 11.67 +1.76 4.83 £1.47 — — — — — —
HIBD 22.17 £3.43* 15.50 +4.51* 53.67 +4.63 60.52+4.64 66.00+2.97 22.17+£2.32 16.33£2.81 17.50+5.17
Androgen 26.67 +4.41™" 15.67 £3.98"  59.17 +4.45" 54.68 +4.76" 71.33 +4.08° 21.33+2.80 17.34£2.42 17.33+4.32

a P < 0.01 (compared to the Sham-operation group) ; b P < 0.05, ¢ P < 0.0l (compared to the HIBD group)
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Table 2 The contents of SOD (U/mg prot) and MDA (nmoL/mg prot) after HI (x%s)
6 hrs 24 hrs 48 hrs
Group
SOD MDA MDA SOD MDA
Sham-operation 60.67 +£7.26 2.45+0.87 — — —
HIBD 51.39 £7.17* 3.27 +£0.58* 46.41 +3.74 3.66 £0.83 56.53 £10.90 3.05 +£0.92
Androgen 61.76 +10.54" 2.63 £0.52" 56.68 +£3.53¢ 2.73 +£0.90°¢ 64.81 +3.63" 2.36 £0.76

a P <0.05 (compared to the Sham-operation group) ; b P <0.05, ¢ P <0.01 (compared to the HIBD group)

low level at 7 days after HI. The changed course of
Bax protein expression in the cortex or hippocampus of
the left hemisphere in the Androgen intervention group
was similar to the HIBD group. However the expression
number of Bax protein immune positive cells at 24
hours after HI in the Androgen group was significantly
less than that in the HIBD control group (P < 0.05).
See Table 1 and Figure 2.
SOD activity in the homogenate of brain tissue

The SOD activity in the homogenate of brain tissue
in the Sham-operation group was 60. 67 +£7.26 U/mg
prot, which was noticeably higher than that in the
HIBD group at 6 hours after HI. The SOD activity was
reduced to a nadir at 24 hours after HI in the HIBD

group. Androgen intervention increased significantly
the SOD activity at 6, 24 and 48 hours after HI when
compared with the HIBD group. See Table 2.
MDA content in the brain tissue

The MDA content in the brain tissue in the Sham-op-
eration group was 2.45 +0. 87 nmol/mg prot. It began
to increase significantly at 6 hours after HI and reached
a peak at 24 hours after HI in the HIBD group. Andro-
gen decreased noticeably the MDA content at 6 and 24
hours after HI as compared with the HIBD group. The
MDA content of the Androgen group at 48 hrs after HI
was also lower than that of the HIBD group, but the

differences were not significant. See Table 2.

Bcl-2 expression in the hippocampus ( x40). Figure 2 Bax expression in the hippocampus ( x40).

Figure 1
The number of Bel-2 immune positive cells in the Androgen group ~ The number of Bax immune positive cells in the Androgen group

was significantly less than that in the HIBD group at 24 hrs af-

was significantly greater than that in the HIBD group at 24 hrs af-

ter HI. ter HI.
exogenetic androgen can also protect the damaged neu-
1Scussion rons similarly. Li “ prepared a whole cerebral ischemia
Di i larly. Li'* prepared a whol bral isch

By using the kainic acid-induced convulsion rat
model, Ramsden'"! discovered that the number of apop-
totic neurons in the hippocampus CA area in the brain
of the normal male rat was the least while that in the
emasculated male rats apparently increased. A supple-
ment of exogenetic androgen DHT significantly reduced
the number of apoptotic neurons. This suggested that
endogenous androgen played an important role in main-

taining the survival of neuron and that a supplement of

model with the Wistar male rat. The neuropathological
detection discovered that the death rate of neuron in the
CA area decreased from (88 +13)% in the placebo
group to (60 £7)% in the DHEA group. The differ-
ence was significant. This showed that DHEA can re-
duce neuronal apoptosis after transient cerebral ische-
mia. Garcia-Segura'®’ found that androgen can reduce
hyperplasia of spongiocyte in the damaged area, inhibit
the formation of glial scar and promote the growth of

neuraxon in the damaged area. Bimonte-Nelson'*! also

- 444 -



5 8 45 6 )
2006 4£ 12

T E 5 ARILARE

Chin J Contemp Pediatr

Vol.8 No.6
Dec. 2006

found that exogenetic testosterone can apparently im-
prove the memory of old rats and can lead to an obvious
expression of nerve growth factor in the hippocampus
area.

This study observed the changes of two important
controlling genes, that is, Bcl-2 which inhibits neuro-
nal apotosis and Bax which promotes neuronal apopto-
sis, in neonatal rats with HIBD after androgen adminis-
tration. The results showed that the changed course of
Bel-2 and Bax expressions in the Androgen intervention
group was similar to that of the HIBD group. However,
the expression of Bcl-2 protein in the cortex or hippo-
campus in the Androgen group was significantly higher
than that of the HIBD group at 6, 24 and 72 hrs after
HI. The expression of Bax protein in the Androgen
group was a little lower than that of the HIBD group
and a significant difference was noted at 24 hours after
HI. This suggested that androgen intervention can ap-
parently promote Bel-2 expression and thus inhibit neu-
ronal apoptosis and that the changes of Bax expression
resulting from androgen treatment were not obvious as
Bel-2 expression. This study showed that androgen in-
tervention increased Bel-2 expression and decreased
Bax expression in the cortex or hippocampus, thus pro-
viding a neuroprotection against neonatal HIBD.

Some research has proved that oxygen free radicals
and lipid peroxidation products play a part in the neu-
ronal damage after HI'®'. In the condition of HI, the
production of free radicals is too much and surpasses
the elimination ability of the body which then leads to
the tissue damage. SOD plays an important role in bal-
ancing the oxidation of the body. This enzyme can
eliminate superoxide anion free radicals and protect the
cells from being damaged. It is the main scavenger en-
zyme of free radicals in the body. The determination of
this enzyme can show the endogenous antioxidant abili-
ty. MDA is the final product of lipid peroxidation reac-
tion. The determination of MDA can show the lipid
peroxidation of free radicals in the brain tissue. In re-
cent years, the relationship between androgen as well
as androgen recepator ( AR) and HIBD has attracted
more and more attention.

The research has shown'”' that androgen is not only
related to the maintenance of masculinity, but that it

also influences the ability of learning and memory and

protects the brain from damage and promotes restoration
of brain damage, possibly through AR mediating. AR
exists extensively in the nervous system, including hy-
pothalamus, hippocampus, pituitary, cerebellum and
cerebral cortex. Ahlbom'®' reported that testosterone
had anti-oxidative effects on granular cells of the rat
cerebellum possibly through AR mediating.

The results of this research showed that the SOD ac-
tivity decreased and the MDA content increased in the
homogenate of brain tissue after HIBD and that the
changes were most obvious 24 hrs after HI. It indicated
that the changes of radicals were nearly consistent with
the pathophysiologic changes of brain tissue after HI
and with the conclusions in the reported literature'®’.
Androgen treatment significantly increased the SOD ac-
tivity and significantly decreased the MDA content in
HIBD rat brain homogenateas compared with the HIBD
group. This suggests androgen has anti-free radical
effects and neuroprotections against the ischemic brain
damage. As AR exists widely in the brain, androgen
can play the antioxidant role by direct mediating with
AR. Besides this, many aromatization enzymes exist in
the brain which can transform the androgen into estro-
gen. Therefore, androgen can also reduce the produc-
tion of antioxidant through this means''’.

In conclusion, the neuroprotection of androgen
against neonatal HIBD is produced possibly through an
increase of Bcl-2 protein expression and a reduction in
Bax protein expression, thus decreasing neuronal apop-
tosis after HI. Tt could also be possibly through a re-
duction in the consumption of antioxidant and an inhi-
bition of the formation of oxidant free radicals to allevi-

ate neuronal damage following HI.
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