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Effects of inosine on neuronal apoptosis and the expression
of cytochrome C mRNA following hypoxic-ischemic
brain damage in neonatal rats

DENG Yong-Hong, KUANG Shou-Jin, HEI Ming-Yan, TIAN Lang

Department of Pediatrics, Third Xiangya Hospital of Ceniral South University, Changsha 410013, China

Abstract:  Objective It has been reported that neuronal apoptosis plays a critical role in pathology of hypoxic-
ischemic encephalopathy (HIE). Cytochrome C ( CytC) is an important apoplotic protease activating factor. Inosine might
have a neuroprotective effect against cerebral ischemia reperfusion injury by inhibiting the neuronal apoptosis and the
expression of CytC mRNA in adult rats. This study examined the effects of inosine on neuronal apoptosis and CytC mRNA
expression following hypoxic-ischemic brain damage (HIBD) in order to investigate the neuroprotectivity of inosine against
cerebral ischemia injury in neonatal rats and the possible mechanism. Methods A total of 140 healthy 7-day-old Sprague-
Dawley rat pups were randomly assigned into Control (n =40), HIBD (n =50) and Inosine treatment groups (n =50).
HIBD rat models were established by ligating the left common carotid artery, followed by 8% O, hypoxia exposure for 2 hrs
in the HIBD and Inosine treatment groups. The Control group was not subjected to hypoxia-ischemia ( HI). The Inosine
treatment and the HIBD groups were randomly divided into 5 sub-groups sacrificed at 6 and 12 hrs, and 1, 3 and 7 days
post- HI (n =10 each). The Control group rats were sacrificed at the corresponding time points (n =8 each). Inosine was
administered to the Inosine treatment group by intraperitoneal injection immediately after HIBD at the dosage of 100 mg/kg
twice daily for 7 days. TUNEL staining and in situ hybridization method was used to detect neuronal apoptosis and CytC
mRNA expression respectively. Results Few apoptotic cells and CytC mRNA positive cells were found in brain tissues of
the Control group. In the HIBD group, the number of apoptotic cells and the CytC mRNA expression in the cortical and
hippocampal gyrum CA1 areas increased 6 hrs after HI, peaking at 1 day after HI and then decreased gradually. Until the
7th day, the number of apoptotic cells and the CytC mRNA expression in the cortical and hippocampal gyrum CA1 areas in
the HIBD group remained significantly higher than in the Control group. Inosine treatment decreased the apoptotic cells and
the CytC mRNA expression in both areas from 6 hrs to 7 days after HI compared with the HIBD group. The linear
correlation analysis demonstrated that the number of apoptotic cells was positively correlated to the CytC mRNA expression
in neonatal rats with HIBD (r=0.88, P < 0.01) . Conclusions Inosine can reduce the number of apoptotic cells and
down-regulate the expression of CytC mRNA following HIBD in neonatal rats. The decreased number of apoptotic cells was
positively correlated to the decreased CytC mRNA expression after inosine treatment, suggesting that inosine offered
neuroprotectivity against HIBD possibly through inhibiting the CytC mRNA expression and resulting in a decrease of cell
apoptosis. [ Chin J Contemp Pediatr, 2006, 8 (4) :266 —271 |
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Neonatal hypoxic-ischemic encephalopathy ( HIE )
caused by perinatal asphyxia is a major cause of acute
mortality and chronic neurological disability in survi-
vors. More and more studies have indicated that apop-
tosis plays an important role in the hypoxic-ischemic
el Cyto-

chrome C (CytC) is one of the main apoptotic protease

pathological changes of immature brain

activating factors secreted by mitochodria and it plays a
key role in the cell apoptosis process. Previous studies
have suggested that inosine has protective effects a-

el During

gainst brain ischemic injury in adult rats
the adult rat brain ischemic reperfusion injury, inosine
can decrease the CytC mRNA expression and then in-

) This study prepared

hibit the neuronal apoptosis
the HIE model and examined the effects of inosine on
neuronal apoptosis and CytC mRNA expression in neo-
natal rats, in order to provide an experimental basis for

the clinical use of inosine in the treatment of HIE.
Materials and methods

Establishment of animal model and experimental
animal grouping

A total of 140 healthy 7-day-old Sprague-Dawley
(SD) rats were provided by Hunan Agriculture Univer-
sity Animal Center ( clear grade, body weight 10-15 ¢,
gender unlimited). These rats were randomly assigned
into 3 groups: Control group (n =40), Inosine treat-
ment group (n =50) and HIBD group (n =50).
HIBD was induced by the classic Rice-Vannucci meth-
od " i. e. ligating the left common carotid artery,
followed by 8% O, hypoxia exposure for 2 hours ( tem-
perature was controlled at 36 + 1°C) in the Inosine
treatment and HIBD groups. The Control group was not
subjected to hypoxia-ischemia ( HI ). The Inosine
treatment and HIBD groups were randomly divided into

5 sub-groups sacrificed at 6 and 12 hrs, and 1, 3 and

7 days post-HI (n =10 each). The Control group rats
were sacrificed at the corresponding time points (n =8
each). Inosine venous infusion solution was adminis-
tered to the Inosine treatment group by intraperitoneal
injection immediately after HIBD at the dosage of 100
mg/kg twice daily for 7 days.
Sample collection and tissue section

Samples were collected from 8 randomly chosen rats
at planned time points from each group. After they
were anesthetized by inhalational ether, the thorax cav-
ity of the rats was opened and the heart was exposed.
Cool sterilized normal saline was infused into the left
ventricle. Simultaneously, their right atrial auricle was
cut and the blood flowed out until the color of lung and
liver changed into white and the fluid flowed out from
right atrial auricle changed into clear water. Thereaft-
er, 3040 mL fixation solution (4% paraform/0. 1M
PBS) was infused. The rats were sacrificed and the
brains removed. The brain specimens were preserved
in the 4% paraform/0. 1M PBS fixation solution for 30
minutes, and then were soaked in sterilized 30% su-
crose/0. 1M PBS until they sank to the bottom. Con-
stant freezing slicing (-20°C) was carried out. The
brain specimens were taken out from the sucrose solu-
tion and were then embedded with distilled water. The
left and right brain was distinguished by cutting an in-
cision at the left frontotemporal lobe. Continuous coro-
nal slicing was performed at parahippocampal gyrus
level (25 wm thick). The sections were placed onto
polyysine ( contains 0. 1% DEPC) treated glass slides
and kept under room temperature.
Detection of neuronal apoptosis

Neuronal apoptosis was detected by using terminal
deoxynucleotidyl Transferase Biotin-dUTP nick end la-
beling ( TUNEL) technique. The TUNEL kits were
provided by Beijing Zhongshan Jinggiao Bio-Technique
Co Lid. Apoptosis was observed under a light micro-
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scope. The cells with intra-nuclear brown stain parti-
cles were TUNEL positive cells, i. e. apoptotic cells.
Detection of CytC mRNA

CytC mRNA was detected by in situ hybridization.
The kit was provided by the Wuhan Boster Bio-Engi-
neering Company. CytC positive cells were observed
under a light microscope. The cells with intra-plasma
brown stain particles were CytC positive cells.
Data processing and statistical analysis

Positive cells in brain tissue sections (3 slides each)
at each time point of each group (n =8) were counted
under a high power lens (40 x ). Four view fields
were randomly selected from the cortical and hippocam-
pal gyrum CAl areas. Cells distinguishable were coun-
ted and the average value was calculated. Statistic
analysis was performed using SPSS13. 0 software. All
experimental data were expressed as mean * standard
deviation (x % 5). Multi-sample mean comparison be-
tween groups was carried out using ANOVA analysis.
The correlation between the variables was analyzed

using linear correlation analysis.
Results

Death of the animals

No animal died in the Control group. In the HIBD
group, 10 rats died (1 died 12 hrs, 7 died 1 day and 2
died 2 days after HI), with a death rate of 20%. In
the Inosine treatment group, 3 rats died 1 day after
HI, with a death rate of 6%.
TUNEL detection results

Few TUNEL positive cells ( apoptotic cells) were
observed in the cortical and hippocampal gyrum CAl
areas in the Control group. In the HIBD group, the ap-
optotic cells in the cortical and CAl areas increased 6
hrs after HI. Brown particles could be noticed in the
nuclei of TUNEL positive cells. With the HI time in-
creasing, the number of apoptotic cells increased pro-
gressively, peaking 1 day after HI and then decreased
gradually. Until the 7th day, the number of TUNEL
positive cells in the cortical and hippocampal gyrum
CA1 areas in the HIBD group remained higher than in
the Control group. The number of apoptotic cells was
significantly decreased in the Inosine treatment group
from 6 hrs to 7 days after HI compared with the HIBD
group. See Table 1 and Figure 1.
CytC mRNA expression

Few CytC mRNA positive cells were found in the
brain tissues of the Control group. In the HIBD group,
the CytC mRNA expression in the cortical and hipp-

ocampal gyrum CA1l areas increased 6 hrs after HI.

Brown particles could be noticed in the plasma of posi-
tive cells. With the HI time increasing, the CytC mR-
NA expression increased progressively, peaking 1 day
after HI and then decreased gradually. Until the 7th
day, the CytC mRNA expression in the cortical and
hippocampal gyrum CA1l areas in the HIBD group re-
mained higher than in the Control group. The CytC
mRNA expression level was significantly lower in the
Inosine treatment group from 6 hrs to 7 days after HI
than in the HIBD group. See Table 2 and Figure 2.
Table 1 Number of apoptotic cells

(x+s,n=8)

Apoptotic cells Apoptotic cells in

Group . .
in the cortex the hippocampus CAI

Control

6h 3.00 +1.31 1.13+1.13

12 h 2.50 +0.53 1.13 £0.64

1d 2.50 +0.76 1.25+0.71

3d 2.75 +1.04 1.13 £0.83

7d 2.63 +0.92 1.00 +0.76
HIBD

6h 29.25 +2.82° 23.00 £2.07°

12 h 44.00 £3.55° 35.88 +1.96"

1d 62.50 +5.58° 56.63 £1.51°

3d 36.50 +6.50° 33.13 £2.17°

7d 17.00 £2.51° 16.00 =1.51°
Inosine treatment

6h 19.38 +1.85" 14.88 +1.81%"

12 h 34.38 +1.85% " 21.75 +1.49%°

1d 46.88 +2.53%" 37.88 +1.81%"

3d 9.63 +1.92%°" 8.25+1.98%"

74d 3.25+1.67" 2.63 £1.30"

a vs the Control group, P <0.05; b vs the HIBD group, P <0.05

Table 2 CytC mRNA expression

(x+s,n=8)

CytC mRNA expression CytC mRNA expression

Group . . X
in the cortex in the hippocampus CAI

Control

6 h 9.75 +1.58 8.63 +1.69

12 h 9.50 +1.69 8.63 +1.41

1d 9.63 +1.41 8.50 +1.41

3d 9.50 +1.31 8.50 +1.41

7d 9.63 +1.19 8.38 +1.30
HIBD

6h 60.63 =1.60° 35.50 £0.93°

12 h 80.25 +2.87° 56.25 +1.49°

1d 115.50 +3.82° 82.13 +1.81°

3d 92.63 £2.56° 62.50 £1.93°

74d 31.25 £1.75° 28.50 = 1. 60°
Inosine treatment

6 h 43.13 =1.64% " 19.50 £1.60%*

12 h 62.38 £2.20%" 38.00 £2.00% "

1d 78.75 £2.71% " 58.75 £2.25% "

3d 58.13 +2.36%® 38.13 +1.81% "

7d 13.63 £1.19%" 12.75 =1.675"

a vs the Control group, P <0.05; b vs the HIBD group, P <0.05
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Figure 1 TUNEL detection results 1 day after HI ( TUNEL x 200 )

A: Many TUNEL positive cells in the left cortex were found in

the HIBD group. B: TUNEL positive cells in the left cortex in the Inosine treatment group decreased compared that the HIBD group. C: Many

TUNEL positive cells in the left hippocampus CAl were found in the HIBD group. D: TUNEL positive cells in the left hippocampus CA1 decreased

in the Inosine treatment group.

Figure 2 CytC mRNA expression 1 day after HI (in situ hybridization x 200 )
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A; Many CytC positive cells in the left cortex

were found in the HIBD group. B: CytC positive cells in the left cortex in the Inosine treatment group decreased compared that the HIBD group. C:

Many CytC positive cells in the left hippocampus CA1 were found in the HIBD group. D: CytC positive cells in the left hippocampus CAl decreased

in the Inosine treatment group.

Correlation between the apoptotic cell number and
CytC mRNA expression

The linear correlation analysis demonstrated that the
apoptotic cell number was positively correlated to the
CytC mRNA expression in neonatal rats with HIBD
(r=0.88, P <0.01) . See Figure 3.
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Figure 3 The correlation between the apoptotic cell num-
ber and the CytC mRNA expression

Discussion

Cell death could be divided into 2 models, i. e. nec-
rosis and apoptosis. Studies have indicated that during
the pathological process of HIBD there is not only acute

edema and necrosis of neurons but also cell

') Cell apoptosis is predominant in imma-

apoptosis
ture brain injury \”' | which may be related to the much
higher content of caspase enzyme in immature brain
compared with adult brain tissue ®' | as well as the
higher expression of apoptotic protease activating fac-
tor-1 ( Apaf-1 ), apoptosis-related gene Bcl-2 and
Bax '“""). In this study, it was observed that the apop-
tosis reached its peak 1 day after HI and decreased
gradually thereafter, but still remained higher than nor-
mal controls on the 7th day. These results suggested
that apoptosis lasted for a long time. It was also noticed
that the apoptotic cell number of CA1 and cortical are-
as reached a peak at the same time, which was in ac-
cordance with previous study results ">/, This suggests
that the CA1 and cortical areas are susceptible to is-
chemic injuries. This study also found that death of ex-
perimental animals mainly occurred on the 1st day after
HI, which may be related to the massive neuronal ap-
optosis 1 day after HI. These findings indicated that

the clinical severity is related to the number of apoptot-
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ic cells. Tt is suggested that the best timing of inhibi-
ting apoptosis is within 1 day after HI. This means that
early interference treatment for HIE is important.

CytC is a fundamental element of mitochondrial re-
spiratory chain. It was reported that CytC not only par-
ticipates in cellular aerobic respiration but also plays
important roles in activating caspase and inducing cell

393) - Apoptosis signals stimulate the relea-

apoptosis
sing of CytC from mitochondria to plasma, which com-
bines with Apaf-1. CytC/Apaf-1 compound activates
caspase-9, which activates caspase-3 and initiates cell
apoptosis. Liu ' reported that CytC could activate
caspase-3 and induce apoptosis in in wvitro apoptosis
system ( containing cell organelles fragments plasma )
experiments. During the cell apoptosis, plasma CytC
concentration increased while the mitochondria CytC

. 17
concentration decreased [,

Further studies indicated
that when cells were stimulated by apoptosis signals,
apoptosis promoting factors could up-regulate the CytC
mRNA expression. Nuclear gene encoded pre-CytC in-
creased, which entered into mitochondrial membrane
space and increased the synthesis of mature CytC.
Finally the mitochondria increased the mature CytC re-
lieving. This is a positive feedback circle until all of
the mature CytC in mitochondria is released into plas-
ma ®'. This study found that the CytC mRNA expres-
sion in the injured brain tissue increased 6 hrs after HI
along with an increase of the TUNEL positive cell num-
ber, and both of them reached a peak 1 day after HI.
It was also found that the apoptosis cell number was
positively related to the CytC mRNA expression. These
findings indicated that HIBD could induce CytC mRNA
expression and CytC releasing. With the HI time in-
creasing, plasma CytC accumulated progressively and
caused cell apoptosis.

Inosine is a kind of purine substance with very low
molecular weight (268.2). Recently, more and more
research has focused on the neuroprotective effect of
inosine. Adenosine is a well known endogenous pro-
tective factor synthesized following HIE. Adenosine
exerts ils neuroprotective effect by changing into ino-

. [1920]
sine .

Adenosine induces ischemic neuroglia
cells to secrete CytC, promotes the expression of apop-
tosis factor Bax, inhibits the expression of anti-apopto-
sis factor Bel-2 and then activates caspase enzyme,
which finally induces cell apoptosis. Inosine can pro-
mote the transportation and transforming of adenosine
into cells, eliminates its function and therefore exerts
211 This study found that

the CytC mRNA expression and the number of neuronal

its anti-apoptosis function

apoptosis in the Inosine treatment group were signifi-

cantly reduced compared with that in the HIBD group.
Moreover, the decreased number of neuronal apoptosis
was statistically positively related with the decreased
CytC mRNA expression. These results indicated that
inosine has protective effects on the brain in neonatal
rats following HIBD and this effect may be related to
anti-apoptosis function. In one way, it can directly de-
crease the CytC mRNA expression and then inhibit ap-
optosis. On the other hand, exogenous inosine provides
raw materials for the synthesis of ATP, which enables
the metabolism of cells under hypoxic-ischemic status
and increases the intracellular ATP level. It then re-
covers the mitochondria membrane potential and per-
meability. This prevents mitochondria from releasing
CytC and inhibits the cell apoptosis.

It is concluded that inosine treatment can decrease
the neuronal apoptosis caused by HI, and that it can
also decrease the CytC mRNA expression in cortical
and CAl areas. After inosine treatment, the decreased
number of cell apoptosis was positively related with the
decreased CytC mRNA expression. These results
indicate that inosine can decrease cell apoptosis and of-
fer neuroprotectivity against HI insults through inhibi-

ting the CytC mRNA expression in neonatal rats.
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