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Therapeutic Effect of Hyperbaric Oxygen on Exper imental
Piglet Hypoxic- Ischemic Brain Damage

BO Teo, HAN Yu Kun, SHU Hang
Department of Pediatrics, Second Clinical Heospital, China Medical University, Shenyang 110003, China

Abdgract :  Objective  To invedtigate the thergpeutic dfect of hyperbaric oxygen (HBO) on experimenta piglet hypoxic
ischemic brain damage (HIBD) and its protective mechanism by usng piglets as the animal mode for HIBD in newborns. Methods
Usng Levineg s method, thirty 7-day-old HIBD piglets were randomly divided into the control group and the HBO-treated group in
which the piglets were treated with HBO for 3 hours daily. Hdf of the pigletsin each group were sacrificed on the 1st and 7th day
ater hypoxicischemic (HI) injury respectively. For these two groups, we observed (1) the mortdity and neurologica symptoms;
(2) the veodity of blood flow in the right carotid artery (rVCA) ; (3) the brain weight ; (4) the quantitative analyss of subdiploid
cdlsin the brain by flow cytometry. Results The mortality and the incidence of neurologica symptomsin the HBO-treated group
were less than those in the control group ( P <0.05). The brain weightsin the two groups were not different sgnificantly ( P >
0.05). The rVCA inthe HBO-treated group wasfaster dgnificantly than that in the control group when thefirst HBO thergpy ended
[(146.8+16.8) ml/ minvs (123.9+27.6) ml/min]( P <0.01). The ratio of subdploid cdlsto dl cdlsin the HBO group was less
than that in the control group in the hilaterd hippocanpuson the 1s and 7th day ater HI , and in the l€ft frontgparietd cortex on the 1t day
dter HI. Condusions HBO thergpy is dfective on HIBD , and shoud be recommended as a short term and early trestment.
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Hypoxic-ischemic brain damage (HIBD) in new- neer Coorperation) , Pl (Sgma Corporation) , Pro-
bornsis an important cause of permanent brain danr tease K (Merck Corporation) .
age or neonata death or the child may survive with 1.2 Replication of animal models
cerebral palsy or menta deficiency. Hyperbaric oxy- HIBD was produced with modified Levine’ s
gen (HBO) therapy has shown therapeutic effectivee method!®. Thirty 7-day-old heathy piglets were pro-
ness in cerebrovascular diseases in adutls and was  vided by the Laboratory Anima Center , China Medi-
proved to be effective in anima experiments’® ®1. we ca Universty. The average body weight was (2.5 %
lack data about HBO therapy in HIBD. Therefore us 0.1) kg. Anestheda was performed with 10 % chlo-
ing piglet modd's, we studied the thergpeutic effect of ral hydrate (2 ml/ kg, intraperitonea injection) . The
HBO on experimenta HIBD piglets and its protective right common carotid artery blood was interrupted

mechanism in the brain. with an artery clamp, and the piglet then inhaed
(8.0%0.5) % oxygen (temperature 36.5+0.5 ).
1 Materialsand Methods The duration lased 2 hours, and then the cerebral
blood flow was recommended and room air was

1.1 Instrumentsand agents breat hed.
Type YLC 0.5/ | infantile HBO vess (the 701 The 30 piglets were divided randomly into the
Ingitution, China Ship Industry Corporation) ; oontrol group (14 piglets) and the HBO group (16
Toshiba flow cytometer ; RNase (HuaMei Bioengi- piglets) . No treatment was attempted in the control
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group , but HBO therapy was given once daily in the
HBO group. Each courseof treatment lasted 3 hours.
The concentration of oxygen was 100 %, and the
pressure was 170 kpa. The firs HBO thergpy was
applied as the course of hypoxiaischemia (HI) was
ended. Half of the pigletsin each group were sacri-
ficed by decapitation on the 1t and 7th day ater the
replication of models. The brain was immediately re-
moved and stored in liquid nitrogen.
1.3 Observation index

(1) The mortaity and neurologica symptoms;
(2) the blood velocity in the right carotid artery (rv-
CA) : the comparion of rVCA before HI, in O-hour
ater reperfuson and 3-hour ater reperfuson between
the two groups; (3) the brain weight ; (4) the quan-
titative andydsof subdiploid cellsin the brain by flow
cytometry: dter the hbilatera frontoparietal cortex
and hippocampus were digested with protease K, the
neurocytes were fixed in 70 % alcohol , then digested
with RNase A , and stained with PI. By flow cytome-
try and cdllquest software, we caculated the ratio of
subdiploid cells to al cells.
1.4 Satigtical consideration

Qontinwous variables were conpared with t teds,
and d screte variabdes were conpared by chi- quared and-
yss. A Pvdue <0.05 was conddered sgnificant.

2 Results

2.1
piglets
The mortality in the control group (4/14) was
dgnificantly higher than that in the HBO group (0/
16) ( P <0.01). Death occurred within 24 hours &-
ter the reperfuson. Neurological symptoms included
sizure, Padic paralydss, right ptoss and hemiglos
oplegia; the incidence of those symptomsin the cornr

Mor bidity and neurological symptoms of the

trol group was dgnificantly higher than that in the
HBO group , too. ( P <0.05) (Table 1)
2.2 Brain weight of the piglets

In the same group , the average brain weights of
the piglets between the bilatera cerebra were smilar
on the 1st or 7th day dter the reperfuson ( P >
0.05). At the same time, the ipslatera average
brain weight between the control group and the HBO
group were sSmilar, too ( P >0.05) (Table 1).

Table 1 Neurologica symptoms and brain weight in the control group and HBO group

Seizure Sagtic Pardyss Ptoss Brefn Weight -
Let (g Right (g) Ratio ( %)

1% day

Control Group 810 - - - - - - 19.20+1.92 18.40+1.52 4.21+2.36

HBO Growp 5/16% 18.88+1.13 17.75+1.04 6.38+£3.15°
7" day

Control Group 3/5 45 17.00 + 3.56 18.00 +2.58 7.57 +16.00

HBO Group 1/8° 1/ 8° 18.00+0.93 17.25+1.17 4.52+4.362

avs Control, P <0.01; bvsControl, P <0.05
2.3 Comparison of the blood velocity in the right
common carotid artery (r VCA)

When the replication of models ended, the aver-
age rV CA was Smilar between the two groups ( P >

0.05) . But rVCA inthe HBO group was sgnificantly
faster than that in the control group when the first
HBO therapy ended ( P <0.01) (Table 2).

Table 2 Comparion of the blood veocity in the right common carotid artery

n Before HI O-h after Reperfuson 3-h ater Reperfuson
Control Group 14 138.6+2.7 137.9+15.8 123.9+27.6
HBO Group 16 140.6%11.0 135.6+14.9 146.8 + 16.8°

avs Control , P <0.01

. 447 -



2.4 Ratio of subdiploid cells

Two cdl populations, including the diploid cell
population and subdiploid cell population, could be
differentiated in the bilatera frontoparieta cortex and
hippocampus with flow cytometry. The ratio of sub-

diploid cdlls to al cdlsin the HBO group was lower
than that in the control group in the hilatera hip-
pocampus on the 1% and 7'" day ater the reperfusion,
and in the left frontoparieta cortex on the 1t day &-
ter the reperfuson ( P <0.05) (Table 3).

Table 3 Ratio of subdiploid celsin the HBO group and control group ( %)

n RFP RH LFP LH
1% day
Control group 5 20.79+6.86 21.84+7.58 22.65+6.55 21.65+8.38
HBO group 8 13.97+8.11 13.92 +6.042 14.66 £ 6. 16% 12.16+7.07%
7" day
Control group 5 16.95+3.87 25.04+£6.37 20.28+6.72 17.06+7.38
HBO group 8 11.32+8.26 14.32 + 6. 46% 16.68+11.81 9.41+6.00%
avs Control , P <0.01
brain edema.

3 Discussion

It has been reported that HBO thergpy could err
hance recovery of neurologica systems and shorten
the course in HIBD!”!. HBO therapy is not accepted
in HIBD because it is unethica to use humans as con-
trols. The other treatment efects were not accepted
in the investigantion of therapeutic efectsof HBO on
HIBD. In our experiment , we produced HIBD ani-
mal model s and built the blank control group to which
no treatment was given. The mortality and incidence
of neurologica symptomsin the HBO group were Sg-
nificantly lower than those in the control group , sug
gesting that HBO thergpy showed some clinical thera
peutic efectson HIBD.

Mink et a had found that HBO could deminish
the vascular permeability in the cerebra oortex,
maintain the blood brain barrier, and decrease the
brain edema by mantaining cerebral energy
metabolism and the functionsof theionic pump in the
cdlular membrane'®. 1nour experiment , the average
brain weights were dmilar between the bilatera cere-
brumin the HBO group or the control group on the
1< day ater the reperfudon. It was shown that HBO
thergpy did not decrease brain edema. But the sdlect-
ed time points were lessin the experiment ,  the de-
hydration of HBO may not occur on the 1t day after
the reperfuson. And HBO thergpy may not decrease

In HIBD, the regulatory function of cerebra
vesHls is impaired. While the blood pressure de-
clines, the cerebrd blood flow decreases, perivascular
astrocytes and vascular endothelia cells swell , and the
vacular pace becomes narrow or closed. When the
cerebral blood flow recovers, the blood supply does
not recover , © the brain tissuesin those regions were
injured irrevergbly. In the experiment , rVCA in the
control group was dgnificantly lower than that in the
HBO group in 3 hours &ter the reperfuson, suggest-
ing that the HBO thergpy can decrease the red stance
of the cerebra vascular bed , and maintain the normal
blood supply ater the reperfuson. S the cerebra en
ergy metabolism was recovered quickly , which was
similar to what Neubauer et a'”! had found.

Neuronal death includes gootoss and necross.
Fracture of DNA occursfollowing apotoss and necro-
ssand the subdiploid cells are consdered dead cells.
In the experiment , it was shown that the ratio of
subdiploid cells diminished ater HBO thergpy, im-
plying that HBO could decrease neuronal death. But
the protective efectsof HBO theragpy have region s
lectivity , and are obviousin a short time. Kondaet d
had found that HBO thergoy could inhibit gpotodsin-
duced by hypoxiaischemia in CA1 of the hippocanr
pus, and thergpeutic effects of HBO within 6 hours
ater ichemia were better than the thergpy 24 hours

ater ichemial®. Thereforeit is suggested that HBO
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therapy should be used for short duration time and in-
stituted early.
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