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Effects of Moderate Hypother mia on Cerebral
Energy Metabolism in Neonatal Rats with
Hypoxic- Ischemic Brain Damage

Li-Jun YU, Lai-Shuan WANG, XiaoMei SHAO, Yi YANG

Department of Pediatrics, Children’ s Hospital of Fudan University, Shanghai 200032, China

Abstract :  Objective To study the efects of moderate hypothermia on cerebra glucose and ATP contents and
mitochondria succinate dehydrogenase (SDH) activity in neonata rats with hypoxicischimic brain damage (HIBD).
Methods Sevenrday-old Sorague-Dawley rat pups were subjected to ligation of the left carotid artery followed by exposure
to hypoxia environment of 8% O, for 2 h, then they were randomly asigned into normothermic recovered group (IN
group) and moderate hypot hermic recovered group (IH group) . The shamroperated rats which were used as the control
were asigned into the normothermic control group (NC group) and moderate hypothermic control group (HC group) .
The contents of glucose and A TP and activity of mitochondrid SDH were assayed at 0, 2, 6, 24, 48, 72 h ater HIBD.
Results The cereba glucose contentsin the IN and IH groups were dgnificantly lower than those of the NC and HC
groups O h &ter HIBD. Two hoursé&ter HIBD , the g ucose content recovered to normd level. The concentration of ATP
and activity of SDH in the IN group decreased first , then they recovered gradualy and reached a peak 72 hours ater
HIBD. After 6 hours or 2 hours of HIBD, the ATP content or SDH activity of the brain in the IH group were
dgnificantly higher than thosein the IN group. The A TP concentration was dosdly related to the SDH activity ( r =
0.515, P <0.01). Conclusions Moderate hypothermia might protect brain tissue by inhibiting the decrease of SDH
activity and increasng the synthessof ATP. [ Chin J Contemp Pediatr , 2003, 5(3) : 192 - 196]
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The brain tissue’ s need for oxygen is very gecia metabolism accounts for more than 1/ 2 of the total

in that the oxygen consuming for cerebral energy body oxygen consuming. Moreover , glucose isamost
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the only substance to supply energy for brain when it
isoxygenated. But brain tissue has hardly storage of
oxygen, glucose and ATP, 0 it has poor ability to
endure hypoxiaischemia and it is the most sendtive
tissue to hypoxiarischemia. In the newborns with hy-
poxic-ischemic brain damage (HIBD) , because of the
complexity of the mechanism, there is no sufficient
effective treatment at present. Moderate hypothermia
isone of the most promising therapy for HIBD!* #
but the study for its mechanism is not sufficient. In
the agpect of energy metabolism , we desgned thisex-
periment to study the effect of moderate hypothermia
on cerebra glucose and A TP contents and mitochodri-
a succinate dehydrogenase (SDH) activity in theinr
mature rats with HIBD.

Materials and methods

Animals and grouping

One hundred and twdve SragueDawley rat pups
were obtaned from the Animd Center of Shangha Ex-
perimentd Center , Chinese Academy of Sience.

The anima model was established according to
Rice d°! approach with ome modifications. The rat
pups were lightly anesthetized with ether inhaled,
then the left common carotid artery (CCA) wasligat-
ed with 4. 0 surgical slk and cut down between the
ligations. After closure of the neck wound, the ani-
mals were alowed to recover from anesthesa. Then
they were placed into airtight 500 ml glass container
for 2 hours, in which the concentration of oxygen
was 8 % and the concentration of nitrogen was 92 %.
The temperature indde was about 33 by partialy
submerging them in water baths of 37 S the
rats rectal temperature (RT) was 37

The ratsof the control group were not placed in-
to the hypoxic enviroment and their common cartioid
arteries were only separated and not ligated.

Once the course of hypoxicischemia ended , they
were asigned into two groups: the IN group, in
which the rats recovered in water-bath box of 33
with 37  RT; IH group, in which the rats were
placed in the environment of 29 , with 32 RT.
The rats of the control group were asigned into the
NC group (RT =37 ) and the HC group (RT =
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32 ). All the four groups were fed with premature
milk plusvitamins. 0, 2,6, 24, 48, 72 hs&ter hy-
poxiaischemia (HI) or separation of CCA , the rats
were sacrificed by decapitation, with 5- 6 rat pupsin
each time point.
Brain tissue preparation

The animals were decgpitated on the ice. The
left brain was dissected rapidly (lessthan 30 seconds)
and put into the glass homogenizer with pre-ice-cold
ed water 1.2 ml. Then it was homogenized manualy
for 15 timesat 4
vided into three parts: 100M | was used for protein
guantification; 0.5 ml for the extraction of mitochondri-
d ; the remaining was put into liquid nitrogen and subse-
quently deproteinised and thefiltrate was dored at - 80
for measurement of brain guose, ATP® .
Preparation of mitochondria

Mitochondria was extracted from the ho-
mogenate of brain tissue at 4 by densty-centrif uga
tion and speed-centrif ugation'® 1.

. After homogenization, it was di-

Protein in the
fractions containing mitochondria was measured with
the Lowry’ s method. The mitochondria was stored at
- 20
Measurement of biochemical indexes

The protein of the brain tissue homogenate was
measured by Lowry’ s method. The brain glucose was
measured by oxidase method'®”). The assay kit was
obtained from Sgma company (ST. LOIS USA,
G3660) . The brain ATP was measured by ecific
enzymatic fluorometric techniques’!. The activity of
SDH of mitochondria was measured by spectropho-
tometer[*? 41,
Satigtical analysis

All the data were expressed as means+ S. D. ( X
+

s). ANOVA was used to anadyze the comparion
of muti-mean. Linear correlation was used to anayze
the degree of relationship.

Results

General date

No scleredema or gpnea occured in the course of
hypothermia. No sgnificant differences werefoundin
sucking ahility , sucking volume and body weight in
animasof al groups. Because there was close correla
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tion between brain temperature (BT) and recta tem
perature, the later is0.5 lower than the former ,
we probed the RT ingead of BT. The RT was main-
tained at about 32.5
was at about 36.5
difference in temperature between normothermmic
group and hypothermic group was 3 - 4
A ucose concentration in the brain

Compared with the NC and HC groups, the
brain glucose concentration in the IN and IH groups
at 0 h ater HI decreased dgnificantly ( P <0.05) .
From the 2nd hour &ter HI, the brain glucose con-
centration of IN and IH groups recovered to normal
level. See Figure 1.
Brain ATP content

Compared with the NC group, the brain ATP
concentration in the IN group at 0, 2, 6, 24, 48,
72 h dter HI acoounted for 67 %, 64 %, 38 %,
45 %, 53 %, 145 % of those of the NC group. The
bran ATPinthe IHgroupat 0,2,6,24,48,72h
ater HI acoounted for 67 %, 46 %, 66 %, 100 %,
127 %, 213 % of those of the HC group and the dif-
ferences were obvious ( P <0.01 or 0.05). There
was no difference between the IN and IH groups 2
hours &ter HI. From the 6th hour ater HI, ATP
concentration in the IH group was higher than that of
the IN group ( P <0.05). See Figure 2.
D Hactivity of mitochondrial in the brain

Compared with the NC group, the activity of
brain mitochondrial SDH in the IN group O h after HI
decreased dgnificantly (accounted for 45 % of that of
the NC group) , then it decreased further. At the 6th
hour ater HI, the activity of SDH decreased to the
lowest level (accounted for 24.7 %of that of the cor-
responding NC group) , aterwardsit increased gradu-
aly. 72 hours dter HI, it reached a peak but was
il lower than normal level (accounted for 49. 9 % of
that of the correponding NC group) . The activity of
brain mitochondrial SDHinthe IHgroup at 0,2, 6,
24, 48, 72 h dter HI accounted for 45 %, 37.2 %,
43.5%, 51.3%, 74.4%, 97.4% of thos of the
HC group , and the differences were obvious ( P <
0.01). The activity of SDH in the IH group de
creaxed to the lowest level at 2 h, then it increased
dowly to the level of the HC group at 72 h ater HI

in hypothermic group while it
in normothermic group. The
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(accounted for 97.4 % of those of the corregponding
HC group) . From the 2nd hour ater HI , the activity
of brain mitochondrid SDH in the IH group was s¢-
nificantly higher than that of the IN group ( P <
0.05) . See Figure 3.
Comparison between two control groups

There were no dgnificant difference in glucose,
A TP concentrations and SDH activity between the
two control groups (NC group and HC group) at al
pointsof time ( P >0.05). See Figures1, 2, 3.
The relationship between ATP concentration and mi-
tochondrial SD H activity

The brain ATP concentration and the brain mi-
tochondrial SDH activity were closly related: r
0.515, P <0.01 (n=112).
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Figure 1 Brain glucose at different time points
in the four groups
Note: avs NC group P <0.05; b vs HC group P <0.05
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Figure 2 Brain ATP concentrations at different
time pointsin the four groups
Note: a vs NC group P <0.01;b vs HC group P <0.01;c vs HC
group P <0.05; dvs IN group P <0.05
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Figure 3 Activity of SDH at different time

pointsin the four groups

Note: avs NC group P <0.01; b vs HC group P <0.01;c vs HC

group P <0.05; dvs IN group P <0.05

Discussion

The gecificities of brain energy metabolism are
in three agects:
great ;
supply of energy;

the need for oxygen is very
brain depends on blood glucose as the only
there is no energy storage of
glycogen and ATP in the brain. And as we know ,
mitochondria is the most important place for energy
supply by oxygenation. SDH is the geed - limited
enzyme of tricarboxylic acid cycle ( TAC) and do
the mitochondria characteristic enzyme, 9 the activ-
ity of SDH isin pardle with the mitochondria func
tion. In this experiment , glucose, ATP and the ac
tivity of mitochondria SDH were used as the indexes
of energy metabolism in the brain.

In this experiment , the two control groups (NC
and HC groups) had no dgnificant differencesin gen-
era state, glucose level , A TP concentration and SDH
activity, 9 the posdble disadvantageous impacts of
moderate hypothermia on rats were excluded. And
we fed the four groupsof newborn rat pups manually
to avoid the difference caused by feeding.

The experimental data showed that , bran glu
cose, ATP and the activity of SDH decreased s multa
neoudy ater HIBD, but their recovery gpeeds were
different. Inthe IN group , the recovery of brain glu-
cose was the fastest , it has aready recovered to nor-
mal level 2 hoursafter HIBD. But brain A TP concernr
tration and the activity of brain mitochondrial SDH

recovered ocomparatively dower. They decreased
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first , and then increased gradually. A TP rose gradu-
aly 24 hoursater HIBD , it recovered to normal level
72 hoursater HIBD. The activity of brain mitochon-
drid DH rose dowly 24 hours ater HIBD , but it
was gill lower than norma level 72 hours dter
HIBD. It suggested that in the course of ischemia/
reperfuson , the function of mitochondria could recowv
er dter it was damaged. This was coincident with
Sunshine’ sreport!?!. The secondary neuronal damage
of reperfusonoccured 6 - 72 hoursater theinitia in
sult. Secondary cellular energy failure was related to
the creation of oxygen free radicasin reperfuson. In
the processof ischemia reperf uson , the unoxygenated
electron in the mitochondria connected with molecule
O; to become O, hydroxide free radica and other
free radicals. These free radicas can inactivate en-
zymes and other proteins. S the activity of brain mi-
tochondrial SDH kept on decreasng. However, in
the IH group , brain glucose recovered to norma level
2 hoursafter HIBD , but the recovery of A TP concenr
tration and the activity of SDH at the same point of
time were faster than those of the IN group. Sx
hours after HIBD , ATP concentration and the activi-
ty of SDH began to rise. ATP concentration recov-
ered norma 24 h dter HIBD, and the activity of
SDH recovered to norma 72 h &ter HIBD. Thesein
dicated that moderate hypothermia protected the
brain tissuel?! by aleviating the further damage of
mitochondria ater ischemiareperfuson, improving
energy metebolism and preventing apoptos §21

This study showed that brain ATP recovered
gradudly after HIBD. It was correlated to the mito-
chondrid SDH activity , but not at the same Peed.
The recovery of A TP wasfaster than that of SDH ac
tivity. 72 hours ater HIBD in the IN group , the ac-
tivity of SDH didn’ t recover to normal , while the
ATP levd increased to normal. This was coincident
with Wiegand’ ! report. The reaon might be in
that there are many factorsimpacted on the synthess
of ATP such as the activity of the enzyme of mito-
chondrid respiratory chain and A TP synthase and the
A TP consumption rates et a.

In concluson, this experiment showed that
moderate hypothermia can protect brain by inhibiting
the decrease of the activity of mitochondrial SDH and
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increasng the ATP synthess.
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