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Hyper bar ic oxygen therapy protectsrats
from hypoxicZischemic brain damage

Xiad®?He YU, Yuldia YANG, Xia WANG, Le ZHONG

Department of Pediatrics, Xiangya Hospital , Central South University, Changsha 410008, China

Abdgract : Objective To investigate the protective efects of hyperbaric oxygen (HBO) against hypoxic ischemic
brain damage (HIBD) of neonata rats. Methods SeverPdayld Srague?Dawley (SD) rat pups were randomly divided
into 4 groups ( n = 10 each) : Control group, HIBD group, Hyperbaric air (HBA) group, and Hyperbaric oxygen
(HBO) group. The HIBD modd was produced by permanent occluson of left common carotid artery and followed by
exposure to a mixture of 8 % oxygen and 92 % nitrogen for 2 hrs (at 37 ). HBO and HBA treatments [2 atmogphere
abolute (ATA) for 1 hr] were administered once daily to ratsin the HBO and HBA group respectivey ater hypoxia for
7 days. Radiad arm maze and sensorimotor functiond tests were administered from 30 to 35postnatal days. At the end of
the behavior trids, the rats were sacrificed and cerebra histology was andyzed. The CA; subfidd neurons numbers were
oounted to evaluate the brain damege. Results In the behavior test, the HIBD group showed different degrees of
neurologicd damage. HBO treatment resulted in dgnificant protection againg hypoxiadschemia induced behavior
impairments (al P < 0.01). However, the HBA group did not show any sgnificant improvement. There was a
dgnificant reduction of CA; neuron dendty in the left hemigphere of HIBD and HBA groups, compared with that of the
Control group and the HBO grouwp (al P <0.01). Conclusion HBO thergpy can attenuate brain damage and improve
learning, memory and sensorimotor functionsin neonata rats after HIBD.
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Degite advances in obgtetrics, the morbidity of not been reduced. In every 1 000 term newborns,

neonatal hypoxicZschemic brain damage (HIBD) has 5.5 developed HIBD!*!. HIBD is one of the maor
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courses inducing cerebra pasy and menta retarda?
tion; but there is presently no ecific therapy. Hy2
perbaric oxygen (HBO) has been broadly usedin din2
icd medicine, and shows afirmative thergoeutic &2
fects, but its efectivenessin the treatment of neona?
tal HIBD has been questioned. Many studies have
shown that HBO has a protective efect!®>®!; while
others have shown that it has none*®!. The reaons
for this controversy are versatile, and probably relate
to different animal ecies, incondstent standard in
judging HIBD , different times, duration , pressure of
HBO thergpy , and various indices of the thergpeutic
efect. ShortZerm histopathologic
rather than long term behavior functional observations

examinations

were used in previous investigations. However , im2
mature brain has strong plagticity, 9 the neu2
ropat hologic and biochemica changes severd days &2
ter HIBD are not the idea indices for brain damage
judgment. Furthermore, morphologic changes are not
aways postively related to the functiona improve2
ment, 0 the evauation of neuroprotective efect
should combine the histologica and functiona in2
dices. This study explored whether HBO, with the
optima pressure and duration!® | has a protective &2
fect againg HIBD in neonata ratsfrom both views of
histology and functiona behavior test.

Materials and methods

Animal modeling and grouping

SeverRdaybld SpragueDawley (SD) neonata
rats (Laboratory Anima Center of Xiangya School of
Medicine, Centra South Universty) were randomly
asdgned into 4 groups ( n = 10 each) : Control
group , HIBD group , hyperbaric air thergpy (HBA)
group , and HBO thergpy (HBO) group. The ratsin
the Control group did not receive any treatment. The
HIBD mode wasinduced in ratsof the HIBD group ,
HBA group and HBO group by le&ft common carotid
artery ligation and hypoxia exposure (8 % oxygen,
37 for 2 hours) according to the Rice method!”).
They were weaned at 21 daysold, separated by gen2
der and sacrificed at 35 daysold.
HBO and HBA therapy

Ratsin the HBO group received HBO thergoy

once daily for 7 days efter hypoxia. The pressure was
2 atmogpheres abolute (ATA) , and time course of
pressure rigng and faling was 20 - 30 minutes, and
the gtahilizing duration was 60 minutes. In the HBA
growp , the presaure and the time duration were the ssme
as the HBO grouwp , while oxygen was replaced by air.
Behavior test

The behavior test was done by the blind method
in aquiet environment at afixed time and location.
Radial arm maze test!®

This test was performed with 302dayld ani2
mas. The 8arm radiad maze condsted of a centra
platform (30 cm diameter) from which 8 arms radiat2
ed symmetricaly (50 cm long and 12 cm wide) . A
wel was present at the outer end of each arm. Ani2
mal s were deprived of water for 48 hours before test2
ing. At the end of each daily sesdon, the animds
were alowed to drink for 30 minutes. Initidly , ani2
mal s were alowed free exploration sessonson 2 days
inarow with al arms baited with water (50 L per
well) . For spatia discrimination testing , only 3 arms
were dways baited, and the sequence of angles be2
tween them was 135°, 90°, and 135°.
tested for acquistion over 3 daily sessons composed of
5 trids separated by 12minute intervals. Each trial
began with the placement of the animal on the central
platforniXacing arm No. 3 and ended when the rat
had visted the 3 baited arms. The following data
were recorded: 1) time taken to visit the 3 baited
arms; 2) number of working memory errors, for ex2

Rats were

ample, reentriesinto aready visted baited arms; and
3) number of reference memory errors, for example,
each entry into a nonZbaited arm.
Sensorimotor test! !

The rats were tested at aposnatd age of 34 days.

FootX ault test  Each rat was placed on a hori2
zontal grid floor (50 x 40 cm, square size 3 x3 cm,
wire diameter 0.4 cm) . ThefootXault was defined as
when arat miglaced afore2or hinddimb and the paw
fell through between the grid bars. The number of
footXauits was recorded for 2 minutes. Only the dde dif2
ference of footXaults was used for the Satigicd evaduation
to diminate the influence of the extent of activity.

LimkZplacing test  Each rat was held by the
examiner , and the fore2zand hind2imb placement & ter
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different senory stimuli was recorded as follows: 0
sore: immediate and correct paw placing; 1 score:
delayed and/ or incomplete correction; 2 scores: no
placing. Sde differences were recorded for each rat.
1) Visual limb placing was tested by lowering the rat
toward a table. 2) Fordimb sensory input was tested
with the rat’ s fordimbs touching a table edge. 3)
Forelimb placement was tested when the rat was fac2
ing the edge of the table. 4) Both fore2 and hindlimb
placement was tested when the rat was held by the
examiner and dowly moved lateraly toward the edge
of the table. 5) The rat was placed on the table and
gently pushed laterally toward the edge of the table.
6) As5 above, but the rat was pushed from behind.
Histol ogy

At the end of the experiments (at 35 daysold) ,
the rats were anesthetized with ether and perf used in2
tracardialy with 0.9% saine followed by 4%
paradormadehyde in PBS. Brain sections were then
cut at 1M mon a cryostat. Hippocampa region dices
were chosen for Nisd’ s staining, and CA; region pos2
itive cell numbers were counted in 3 different planes
of dorsd hippocampus under oil
(Nikon, x 60) (the area of every dice was 5 000
M m?) , and average postive cell densty in hippocam2
pa CA; region wasobtained (cells mm?) .
Satistical analysis

Data werepreented as x = s. Satistical anay2
ds was performed usng SPSS 11.0. Differences a2

immerson lens

+
mong various groups were evauated by one€2way
ANOVA , and between two groups were eval uated by
t test. The comparion in footZault and limkZplacing
tests were done usng Mann2Whitney U test.

Results

Behavior test results

In the radial maze test, dgnificant differences
were shown between the groups in the mean time
taken to perform the task. The HIBD group (145 *
23 g)and the HBA group (142 +20 s) took more time
in finding the 3 arms baited with water than the Con2
trol group (107 £11 ) and the HBO group (119 + 28
s (al P <0.05). Sgnificant group differences were
ao found in both working memory (14.2 + 2.9,

13.3+2.2vs10.3+£1.0, 11.2+3.2) and reference
memory (1.9+£0.7,1.9+0.8vs0.6+£0.4,0.9%
0.4) (dl P <0.05). The HBO group performed
much better than the HIBD and HBA groups.

In the footZault test, limb migplacements in
control animals were symmetrica. The difference
(right2€ft Sde) was 0.7 1.4 in the Control group ,
3.0+ 1.1inthe HIBD group and 2.7 + 1.5 in the
HBA group (both P <0.01). Inthe HBO grow , the
difference (0.7 = 1.4) was dgnificantly less than the
HIBD and HBA grouwps (both P <0.01) .

In the limb2placing test , the sde difference of al
control rats and HBO rats was O - 1, while that of
most rats in the HIBD and HBA groups was 2 - 3.
The sde difference of HBO group was sgnificantly
less than that of HIBD group and HBA group ( Z =
- 3.400, P <0.01; Z = - 3.436, P <0.01).
Histol ogy

The pyramida cell dendty in the CA; region in
the left sde was dgnificantly lower than that of the
right sde of the HIBD and HBA groups ( P <0.01)
and a9 the left sde of the HBO group and the Con2
trol group (both P <0.01, See Table 1) .

Table 1 Comparison of numbersof CA; neuron

in different groups ( n =10, x * s)

Group Left Right
Control 25131 251+34
HIBD 85+ 32° 231 £ 22¢
HBA 90+ 242 230 + 26¢
HBO 175 +31°°¢ 235+ 29

Note: a Compared with the Control group P <0.01; b Compared
with the HIBD group P <0.01; c Compared with the HBA
group P <0.01; d Compared with left sde of the same
group P <0.01

Discussion

The behavior tests showed that the ratsin the
HIBD group manifested long lasting sgnificantly de2
creaed atia discrimination, learning and remem?2
bering capahilities and senorimotor functions, which

with that reported litera2
. Hippocampus has a close relationship

is congsent in

turel?10.11.12]

with the functions of gatia discrimination, learning

. 468 -



6
2004

6
12

ChinJ Conterrp Pediatr

Vol.6 No.6
Dec. 2004

and remembering, while the sensorimotor function
reflects the status of the sensorimotor cortex. Pering2
td hypoxigdchemia induced dffused bran damege, in2
duding both hippocampus and ensorimotor cortex.
Nisd’ s ganing d showed dgnificantly decreased neuron
dendty in the hippocampus of the ischemic hemi phere.
Our previous studies have shown that the opti2
mal pressure of HBO used in the treatment of HIBD
in rats was 2 ATA!®). The result of this research
showed that the histological and behavior impairment
caused by HIBD had apparent restoration after HBO
thergpy. However , the HBA treatment has no thera2
peutic effect. These results indicate that HBO thera2
py has a protective €fect against HIBD , and this &2
fect relies mainly on oxygen rather than pressure.
The pathophydological changes occurring in the
brain after HIBD include brain edema,, excess calcium
load, excitatory amino acids toxicity and free radica
toxicity. Hyperbaric oxygen not only can induce
vaoongriction, reduce blood flow, decrease in2
tracranial pressure, but can a s increase oxygen pre2
sureof tissue. Blood oxygen in high tenson can dif2
fuse further than normal. This can improve the brain
ischemia and microcirculation, and let the function
and sructure of brain cdls to restore gradudly,
thereby accelerating the reparing processof bran tis?
sues ater damage. In recent yearsit has been shown
that HBO can a0 promote the formation of nascent
capillaries,
growth of nerve buds in the damaged area of the

regeneration of nerve axons and the

brain, thus enhancing the plagticity and reorganiza?
tion of brain functions. HBO can d® accderate the
functiond redoration of the neurologicd sysem in dogs
dter brain ischemid™®!. However in this sudy , the be2
havior redoration in the HBO thergpy group was worse
than in the controls, which indicated that HBO thergpy
can not cormpletey reduce the nerve damage ater HIBD.
Therefore during HBO thergpy other treatments shoud be
used in pardld to gan a better thergpeutic efect.
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