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1. Introdoction

Uhjective: To explore protective effect of topimmate (TPM) on hypoxic—ischemie brain injory.
Methods: A total of 360 neonatal rats were selected then randomly divided into sham operation
group, ischemia and hypoxia group, conventional treatment group and degmdation thempy group
=00y, After surgical treatrment, sham and ischemic hyperda proup were treat with nomal saline;
conventional trestment gronp was received TPM solution 100 mp/kg, 2 timea/d; degradation
thetapy proup received TPM solution 150 mpfky, 2 timesld, per 3 d trestment each dosage was
reduced 30 mg/kg, the lowest reduced bo 50 mg’ky. Four groups received contimione treatment
fox 10 d. Aftex treaiment for 1 d, 4 d, 7 d, 10 d the cercbral edema, newron—apecific enolase (NSE)
and y—aminobutyric acid (GABA) levels and copnitive abilities of four groups wete obeetved.
Reemnlin: After 1 d, 4 d of trestment, the hrain water content smd NSE levals in ischemia and
hypoxia group, the conventional treatment proup and the degradation therapy proup were
significantly higher than that in sham group (P<0.08), the brain water contsnt and NSE levels of
the conventional treatment proup and the degradation therapry proup were significantly lower than
that in the ischemic hypexia grome (F<0.05). GﬂBAlﬂrdland]ummgthtyufﬂmuchmmd
hoypoxin group, the corventional treatment peoup and depradation therapy group were significantly
lower than the sham group (P<0.05), the GABA levels and learning ahility of the conventional
treptment proup and degradaticn thernpy group were significantly higher than the ischemia and
hypozia group (P<0.05). After 7 d, 10 d of treatment, the brain water content and NSE levels in
the sham operation group, the conventional treatment proup and degradation therspy group were
significantly lower than the ischemia and hypoxia group (Pe0.05), while the GABA levels and
lesmning ability of these three groups were aignificantly higher than that in the ischenia and
hypexia group (P<0.08), the GABA levels in the conventional treatment group were significanthy
higher than degradation themapy group (P<0.05); Afier 10 d of treatment, the GARA levels of the
eonventional treatment group were significantly higher than the sham group, the leaming ability
of the degradation thetapy group and shan operation group were significanily higher than the
conventional treatment groap (P<0.03). Concheona: The corract ammmt of short—tenm TPM has
protective effect on hypoxie—ischemic brain injury, but long—term o excessive use may cause
new damage to the brain and reduce tha cognitive ability.

be brain edema, fimctional damage of nerve cells and nerve
eell apoptosis4 and other sericus consequences. Improper
treatment will became a major obstacle to the development

Neonatal hypoxic—ischemic brain damage (HIBD) is a
relatively common malignant complications cauzed by
clinical perinatal asphyxiall,2l. After brain injury, there will
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of the nervous system of the neonatal, resulting in children
mental retardation, epilepay and cerebral palsy and other
serious neurological disease. Serious patients will lead
t¢ deathls). How to protect the cranial nerve of neonatal
hypoxic—ischemic brain injury snd promote the recovery of
nerve cell function has been a research topic for medical
workers, But HIED pathogeneais is stll inconclusive and its
treatment ig still not effectivels], the effect is not ideal. In
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this study, we observed the sffect of TPM different dose on
hypoxic—ischemic brain injury in neonatal rats, in erder to
geck more effective treatment for HIBD,

2, Materials and methods
2.1. Animal grouping

A total of 360 7 d neonatal rats provided by the
Experimental Animal Center of Medical College of Xi‘an
Jiantong University were sslected, weighting 12-16 g, They
were randomly divided into sham eperation group, ischemia
and hypoxia group, the conventional treatment group and
degradation therapy group (=90).

2.2, Methods

2.2.1. Established modals

Rate in the ischemia and hypoxia group, the conventional
treatment group and degradation therapy group received
10% concentration of chlaral hydrate 3 mg/kg intraperitoneal
anesthesia and fixed in the operation board at the supine
posturs; under a 2 mm middle anterior neck incision
and extended 1 mm to the right, after blunt separation of
hilateral common carotid arteries and right commonjugular
veing, proximal end of arteries and the distal end of the
veing was ligated, and 2 mL 2.5 2 /mL heparin saline was
infused. Then 20% blood in ratz were drawn out to make
ischemia, after 20 min they received hlood infugion and the
incigion was swhured, The rate were exposed to 8% oxygen—
92% nitrogen gag mixture for 2 Wikl In Sham group only the
vascular wae isolated after anesthesia without ischemia and
hypoxia treatment.

2.2.2, Topiramate (TPM) treatmens

After the treatment, the sham group and ischemic hypoxia
group received saline by gastric perfusion, The conventional
treatment group were given with 2% TPM (Xian—Janssen
Pharmaceutical Lid., batch number; 080121230, size: 25
mgftablet) by gastric perfusion, 100 mg/kg, 2 times/d;
degradation therapy group received TPM solution 150 mg/
kg, 2 times/d, per 3 d treatment each dosage was reduced
to 50 mg/kg, the lowest reduced to 50 mg'kg. Four groups
received continned treatment for 10 d, with the same volume
of gavage solution,

2.2.3. Specimen collection

After treatment of 1 d, 4 d, 74, 10 d, 20 rats in cach group
were randomly selected and Y—type water maze was used to
test their learn ability, then the brain tissue was obtained to
detect cerchral edema and neuren—specific enclass (NSE)
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and ¥ —aminobutyric acid (GABA) levels,

Y water maze was applied to determine the ability of
learning and memory. The water maze was consisted of 8
diameter 130 em, height 50 em circular poal and a *Y—type”
device. “Y—type” device had a 40 cm long arm track and
two ghort 15 em arm, the top of one ghort arm was a resting
platform for young rads, the other short arm had undergronnd
passage and the top was unohstructed, During the test, the
depth was 30 cm and temperature was 25+£1.2) 'C, the outer
wall was pasted with reference. Rats were put inte the water
with the back towards of the “Y—type” device, Yonung rats
climbed to the crossroad of “Y-type” device was recorded
as one exercige, continue to exercise after break for 30 s,
Ratz had exercise 10 times in a group. When nine times of &
group reached the standards of exercige, the total mamber of
exereige minmg 19 times was used a3 training times, All the
training times were recorded to reach the required standard;
the average number was used as training times. The less
training times, the stronger leaming ability of young ratsl9],

2.2.5, Determination of brain water contens{i0]

10 rats of sach group received 10% chloral hydrate 3 mL/kg
anesthesia by intraperitoneal injectionll1], the braing were
removed after cardiac perfusion of saline. Rhinencephalon
and hindbrain was removed, wet weight of brain tiseue was
measured by electronic scales (accurate to 1 mg, tamperatirs
25 'C, humidity 659). They were placed at 80 'C thermostatic
drying chamber drying, constant weight {2 times measured
value difference <0.2 mg) was measured dry weight, brain
water content (%) = (wet weight — dry weight) / wet weight x
10656,

2.2.6. NSE and GABA levels detection

Another 10 rats of sach group were selected and the cardiac
bleod were collected after the anesthesia, the NSE serum
levels(12] were detected with double—antibody sandwich
azsay. NSE determination ateps were as follows: Samples
were fully integrated with NSE antibody on the coated
ball, then combined with 1251 anti-NSE te form immune
complexes, determined the pulses of costed ball by immune
counter as the NSE content. The animals were fixed by
cardiac perfusion and the brain was ohtained, Concentration
40 g/L paraformalde was placed for 2 h and in distilled water
for 4 h. Fixation, dehydration, transparence, waxing and
embedding were carried out. GABA was detected by SABC
markers13], All I antibody, anti- 1l poly peptides were
purchased from Shanghai Biological Technology Co. BX-
51 optical microscope (Olympus, Japan produced) was used
to oheerve hippocampus CAl region slices. In each slice
the average of positive cells was taken from 3 visions and
expressed as positive neuronsthigh—power vision,
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2.3, Seoristica] analysis
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The database was built in Excel 2007. All data was analyzed
with SPSS 18.0 software. Data were expressed as mean+SD
values, Dunnett— method was used for multiple comparison
(P<0.05 wan considered as statistical significant difference.

3. Resulis
3.1, Broin water conzent of four groups

By Dunneti—¢ test, afier 1 d, 4 d of reaiment, the brain
water content and NSE levels in ischemia and hypoxia
group, the conventional treatment group and the degradation
therapy group were significantly higher than that in sham
goup (P<0.05) (Dunnett—t critical velues were 2,647, 2,386,
2,388 and 4.256, 2.504, 2.501, reapactively). The brain water
centent of the reatment group and the degadation therapy
group were significantly lower than that in the ischemic
hypoxia group (P<0.05); (Dunmett—t eritical values were 2.164,
2.165 and 2.158, 2.153). There was no significant difference
between the treatment group and the degradation therapy
group (Dunneti—t boundary values were 0.938 and 0.940,
P»0.05); After 7 d, 10 d of treatment, the brain water content
in the sham operation group, the conventionsal ireatment
group and degradation therapy group were significantly
lower than the ischemia and hypoxia group (P<0.05),
(Dunnett—t critical values were 3,142, 3,139, 3,144 and 2,651,
2.674, 2.669). There was no significant difference betwesen
the ireaiment group, the degmdation therapy mroup and the
sham operation group (Dunneit— critical values were 0.973,
0.985 and 0.986, 0.578, P>0.05).

3.2, NSE, GABA levels of raxs in four groups

After 1 d, 4 d of treatment, the NSE levels in ischemin and

Table 1

Brain water content of four groups (meantsd).

ik i
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hypozia group, the conventional treatment group and the
degradation therapy group were significantly higher than
that in sham group (P<0.05) Cunnett— critical values were
4.685, 3.572, 2.575 and 4.108, 2.856, 2.357 respectively),
GABA levels were significantly lower than the sham group
{Dunneti—; critical values were respectively 2.793, 2.438,
2,441 and 2,750, 2,194, 2,189, P<0.05): the NSE lovels of
the conventional treatment group and the degradation
therapy group were significantly lower than that in the
ischemic hypoxia group (P<0.05) (Dunneit— critical values
were 2.835, 2.837 and 3.485,3.491); The GABA levels were
significantly higher than that in the ischemia and hypoxia
group (Dunnett—¢ critical values were respectively 2,157,
2.168 and 2.54, 2.55, P<0,05). After 7 d, 10 d of ireatment, the
NSE levels in the sham operation group, the conventional
treatment gronp and degradation therapy group were
gignificantly lower than the ischemia and hypoxia group
{P<0.05) {(Dunneti—f critical values were 4.089, 3.516, 3.514
and 3,927, 3,748, 3.742, while the GABA levels of these three
groupa were significantly higher than that in the ischemia
and hypexin, group (P<0.05) Dunnett— critical values were
2.696, 2.625, 2.598 and 2.547, 2.634, 2.573). The GABA levela
of the conventional treatment group were significantly
higher than the degradation therapy group {Dunnett—¢
critical values were respectively 2,376 and 2,354, P<0.05).
After 10 d of ireatment, the GABA levels of the conventional
treatment group were significantly higher than the sham
group (Dunnett—¢ critical values was 2.093, P<0.05, Table 2).

3.3. Y-type maze experiment resulls of rals in four groups

After 1d, 4d of treatment, the learning ability of the
ischemia and hypoxia group, the conventional treatment
group and degradation therapy group were significantly
lower than the sham group (P<0.05) (Dunnett—t critical
values were 3.458, 2.934, 2.940 and 3.315, 2.574, 2.579), the

Brain water content (%)

Gronps

1d 44 T4 10

Sham operation group TL2+0.5 71.520.6 71.0+0.5 71.2+0.4
lzehemia and hypoxia group 794408 85.6+0.9 BL7+0.7 75.2+0.5
Conventionul treatment group T6.5+0.7 77.9+0.6 11105 T0.49+0.6
Degradation therapy group T76.6+0.6 77.6+0.6 70.8+0.6 71.00.5
Table 2
NSE. GABA levels of rats in lour grolps (meansd),
i NSE ing/mL) GADBA positive nearons(n)

L d 44 7d 10d 1 44 7d 1041
Sham operation group 23+0.5 2.2+().5 2.3=0.6 2.3+0.5 H.o£1.0) 85+1.2 H.6=0.9 8.5+1.1
lzchemia and hypoxia group 8712 T.821.0 1309 B.Ax0.7 5.1x0.6 5.320.7 5408 5.8+0.9
Conventional treatment group 5.8x0.8 39x0.7 1.3+0.6 2.5+0.5 6.3+0.9 7.6+0.9 B4l 3.9+1.2
Degradation therapy group 5908 4.120.7 3.3+20.7 2405 64408 7.5+0.9 7.9+0.9 2.4+1.0
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Learning ability (times)

Giroups

I 4 7d 10
Sham OPETALIO ZToup 24715 25.0+2.3 24.8+2.4 232025
lschemia and hypoxia group 354232 34 813.0 32629 314428
Conventional treatment group 30.2+2.6 28.5+2.5 28.0+2.5 29.3+2.7
Degradation therapy group 10.4+2.7 28.7+2.6 26.8+2.6 25,0+2.6

learning ability of the conventional treatment group and
degradation therapy group were significantly higher than
the ischemia and hypoxia group (P<0.05) (Dunnett— critical
values were 2.287, 2.293 and 2.352, 2.357). After 7d, 10d of
treatment, leaming ability of the sham operation group, the
conventonal tremtment group and depradation therapy group
were gignificantly lower than the ischemia and hypoxia
group (P<0.05) (Dunneti—¢ eritical values were 3.269, 2476,
2.87% and 2.792, 2.271, 3.277, the leaming ability of the
degradation therapy group and sham opermtion group were
significantly higher than the conventional treatment group
(P<0.05) (Dunneti— critical values were 2.376 and 2.354),

4, Dlscosadon

Hypoxic—ischemic brain damage refers to neonatal
perinatal asphyxia caused partial or complete anoxia,
cerebral blood transpart reduced or suspended, eventually
lead to neonatal brain damage, which is the main reason of
newbam deaths and nervous system development disorders,
Brain damage can cause cerebral ischemia, hypoxzia,
vasoapasm and other discases, while ischemia and hypoxia
will increase cerebral edems, which will further aggravate
brain damagel14].

TPM is a new antiepileptic drug which have a good
effect on a variety of epilepsies, the possible mechanizm
mayhe:enhance GABA-mediated nerve inhibition through
the action the GABA-A receplor site{1sh hlock Na' channel
voliage to restrict the sustaining discharge; inhibit excitatory
ghitamate by blocking the glutamate receptor and regulate
the Ca™ channelll§], In protecting brain injury, TPM as a
neuroprotective agent has an effectively protective effect
on neurconal injury after ischemia, its mechanism may be:
TPM block Na' channel voltage and ghtamate Glu) receptor
isoxazole propionic acid (AMPAykainate (IAA) recepiors’
action,thereby inhibiting the release of excitatory amino
acids to prevent intracellular imbalance which induced by
the inflow of Na'Tl7

At present, there are lots of research of TPM treaiment on
brain injury and epilepey, but it has not been determined,
The study of Dong et al(18] showed that during the PM
treatment of epilepay ,it can also restrict the damage of brain
cells caused by epilepsy and protect brain. In the study of
Songxing et ¢ll1¥], TPM can stimulate the activity of CARA

and enhance GABA receptor frequency. The study of Liu
et al(20] ahowed TPM can increase brain GABA levels and
further balance Glu excitability, and may have a role as
neurcprotective agenta. The study of Wang e alf21] showed
that TPM haz a good effect in the treatment of epilepay and
can prolect nerve funetion, which is the drug of choice 1o
treat pediatric patients with epilepsy. The study of Zhang et
alizz] showed that TMF has aignificant neuroprotective effect
in the treatment of brain injury caused by cerehral artery
embolization, TMP can reduce neuronal death and apoplosis,
case glial cell proliferation. However, study of Sun ez ol
showed that after TPM treatment, patienis’ comprehensive
1Q, verhal IQ and performance IQ decreased significantly
than before treatment, among them the verbal IQ decreased
most significantly. There are similar studies abmoad; Salazar
et aliz4] believea that the side effects of taking anti-epileptic
drugs is proportional to the time of taking TMP, The longer of
treaiment, the more serious effects on cognitive funetion in
patients; It iz also mentioned in Battaglial2] study, the verbal
IQ wan significantly reduced in patients with long—term TMP
tresdment.

Most studies domestic and foreign showed that TPM can
reduce sodium levels of hypoxic—ischemic brain tissue,
relieve cerebral edems, reduce death or apoptosia of brain
neurans, effectively inhibited the generation of oxygen
free radicals and toxic, have a good protective effect after
ischemic brain damage. However, the study about the routs
of administration time iargets, dose, its future impact and
the hrain protective effect is still lessl28), the conclugion ia
still not clear.

In this study, we abserved the treatment effect of different
doses at different time. After 4d of treabment, the brain water
content, NSE, GABA of the conventional treatment group
were {76.5+0.7)%, (3.9+0.7) ngfml., (7.640.9n, respectively,
those in the degradation therapy group were (77.620.6%,
{4.110.7ng/mL, (7.510.9m, respectively, there was no
gignificant difference between the two groups (P>0.05).
That showed TPM can relieve cerebral edema, ncreased
NSE, enhance GABA and increase the leaming ability of
rats. This is consistent with the results of most current
rescarches and indicats that short—term TPM treatment have
a protective effect on the brain, However, as the treatment
time increases, especially after 10 d, the GABA and leaming
ability of conventional treatment group were (8.9+1.2) n,
(29.342.7) times, while in the degradation therapy group were
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@.4:1.0m, 25.042.6) timeg, the differences hetween the two
groups have statisticelly significant (P<0.05). That showed
with the prolong of TPM treatment, DABA levels continue
to incrense, but the learning ability decreased. GABA is the
neurstransmitter which closely linked with the cognitive
function. The high GABA levels may have a negative effect
on cognitive function, which is gimilar with the result of Li e
allf]. Its internal canse is still unknown.

In summary, the correct amount of ghort—term TPM have a
profective effect on hypoxic—ischemic brain injury, but the
long—term or excessive use may cause new damage to the
brain, decreased the cognitive ability.
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