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The Pathogenesis of the Brain Injury by the Xanthine Oxidase and the
Effect of Allopurinol on the Acute Focal Ischemia
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Department of Neurosurgery, College of Medicine, Ewha Womans University
Kyng Kyu Choi
Department of Internal Medicine, College of Medicine, Ewha Womans University

The purpose of this study was to demonstrate the effect of allopurinol on ischemia and
reperfusion-induced cerebral injury and to investigate the importance of xanthine oxidase
(XO)-linked free radical in cerebral injury. Acute focal cerebral ischemia was induced by
occlusion of the left middle cerebral artery (MCA). The experimental animals were divided
into three groups. The group I was the sham control and group II the cats of 4-hour occlusion
and recirculation. The group III, the treatment group, was given allopurinol (50mg/kg) of
peritoneal injection 2 hours prior to the occlusion of the MCA. The brain tissue of left MCA
territory was removed, and homogenate was made. Supernatent and cytoplasm were obtained
by centrifuge 30min at 3,000rpm (4C), and recentrifuge 20min at 11,000rpm (4C), respectively
XO activities were measured in all samples by spectrophotometer. The XO activities was increa-
sed in group 11, allopurinol significantly suppressed the XO activities in group II. It suggested
that the XO may play important role in the pathogenesis of ischemic injury of cat brain and
allopurinol could be used as therapeutic agents in the clinical field of the focal cerebral ischemic
patients.
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Group I
(B 23) LT e 15
Group | | T p———r—r)
(FsUE) | ¢

¥ : Occlusion

=37 : Recirculation

4 ¢ Intraperitoneal injection of

50mg/kg mixture of 3%
mannitol, 0.5% allopurinal
and with 0.125 mole/l NaOH.

Fig. 1. Experimental group according to occlusion
and recirculation of middle cerebral artery,
and treatment.

2) ¥ F&E

20%d5AT o] & 4TAA 3000rpm o2 30E
7t AAEEEY FEAS YT E o £}
71918k 3,000rpm Y EEANM d2 FF 9L o
Al 4T A 11,000rpm e 2 2083 QA 25t

oAl AEdE AUt

3) EAaZA

Xanthine oxidase activityt pterine® 7]1ZZ
A48, 3 EAQ isoxanthopterined A &
& 235 FHELREA WEoE FYge

o, £ A3 A48 £33 934 =A== Shimadzu
RF-5108 A48} t}. Pterine2 excitment wavele-
ngth 360nm, emission wavelength 440nmof Al fluo-
rescence F LA E B on, isoxanthopterine
excitement wavelength 345nm, emission wavele-
ngth 405nmol 4] fluorescence XA E Ho&=d],

Table 1. Xanthine oxidase activity in cat brain

pterine®] fluorescence A1 X &9 FEE H13
a7 98, A8 isoxanthopterine®] ##& exci-
tation wavelength 345nm, emission wavelength 390
nmol A &390 FRAEFEL H,0 1,000ml,
1mM pterine 40ml, Tris-Hel buffer (0.05M, pH 7.8)
Lo00mlZ FAE 713 EFE 150u¢ enzyme
preparation(sample) 60ulE AM&89 1, EAET
E2 50C 2o A 3087 S AlH wgE
vh3-& HE7) 9E Acetate buffer (0.1M, pH 5.3)
3mlE #7138l th A48 isoxanthopterine 3 32

Sl L, 30&8F YA ) Isoxanthopterine
s =¥ standard isoxanthopterine %9} fluores-
cece intensityZte] e ZoA AAHHAH HF
# 2l Xanthine oxidase activity™ pM isoxantopte-
rine formation/hr/ml sample® ¥ & =%t}

i =

SRR

2 A7 Az € 4 HAIFNA 20%
= #E (homogenate), TE YL 3,000rpmlE
AR AxHTd & AR A A (su-
pernatant) & HAIgEA S} A EF 123 F59Y
11,000rpm 2.2 A4 £ 28 Az, &, Hag
AL AAANZ FAY F AETAYAA X0 &
442+ Table 1 28 2 Table 2, Table 3 2 Table
4ol A s} 2,

1. 20% AFRAA X0 L =2 Wzt

TEUET F A 179 X0 9=+ 12133+
295.6pM isoxanthopterine formation/hr/ml/sample,
A 27 E 1580.5+ 160.6pM isoxanthopterine

Sample Group 1 Group II Group IIT
(shame control) (no treatment) (treatment)
20% Homogenate 1213,3+£ 295.6 1580+ 160.0* 719.8+ 353.8*
3,000rpm
supernatant 517.3+ 3345 596.2+ 158.8 925+ 69.8%*
11,000rpm o
supernatant 4654+ 342.2 585.1+ 1812.8 756+ 37.3**

All values expressed as pM isoxanthoptrine formation/hr/ml/sample, are mean + standard errors.
® : Different between group I and group II with 0.020>p>0.01

* ! Different between group I and group III with 0.020>p>0.01

** : Different between group I and group HI with 0.010>>p>0.001
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unti : pM
ple

isoxanthopterine formation/hr/ml/sam-

1.7
1.57
1.3
1.1
0.9
0.7+
0.5

05
0.1

Group | Group 1l Group
e : Different between group | and group |l with
0.020>>p>0.01
* . Different between group Il and group HI with
0.020>p>0.01

Fig. 2. Xanthine oxidase activity in the 20% homoge-
nate of experimental groups.

unti = pM isoxanthopterine formation/hr/ml/sample
7004

600+
500~
400+
300+
200+
100+

* %
0
Group 1| Group 1 Group 1l
** 1 Different between group | and group Il with
0.010>p>0.001

Fig. 3. Xanthine oxidase activity in 1,100rpm super-
natant of experimental group.

formation/hr/ml/sample 22 #) 1Z R 22% <
A9 A Zrtelgden, A 3TN = 719.8+ 3538
pM isoxanthopterine formation/hr/ml/sampleZ A

A 27BTH 46% YA AsHH U

2. HALEA 9 AEARAA Y XO 84 =9
Ha}
A 179 X0 B4 E+E 517.3+ 334.5pM isoxan-
thopterine formation/hr/ml/sample, & 27l A=
596.2+ 158.8pM isoxanthopterine formation/hr/ml

unti : pM isoxanthopterine formation/hr/ml/sam-
ple

700+
600~
500-
400+
300+
2004
100-

£33
0 [ ]
Group !  Group It Group 1l

** ¢ Different between group 1 and group Il with
0.010>p>0.001

Fig. 4. Xanthine oxidase activity in 3,000rpm super-
natant of experimental groups.
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Z7}8 Al o} proteaseE B4 3AA dehydroge-
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ATP7} 22 5W ATPE ol gt} o2 &
dest adenosine™ inosine®} &2 nucleocides %
adenine¥ hypoxanthines & purine €712 23
¥t} Hypoxanthine %% o}y 2} xanthine? xan-
thine dehydrogenase =+ oxidased] ] 4t3}s
oA purine 7| A Z o] &H Tt 18 HANH
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ALFE A8t FFHE ALEAE o] £49
XA VAR o] g Ho FiErie} HAtg)
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FHERE, AEE AAR & A 277 AR
allopurinol® T8 Al 3704 X0 849FXE
238, ool ¥ H&Ael g o] &
2o ¥eld a4 B3 Z% 3 allopurinold] X

EENE =2 E3os B AEL 93t
AREL d¥dzr & A 179 20% Homoge-
nate 3,000rpm¥ 11,000rpm YAFEF FH A9
xanthine oxidase B4%=+ Z 1231.3+ 295.6pM
isoxanthopterine formation/hr/ml/sample, 517.3%+
334.5pM isoxanthopterine formation/hr/ml/sample
¥ 465.4+ 345.2pM isoxanthopterine formation/hr
/ml/sample2 4] &= o] 1Fo] 9 =z ] xan-
thine oxidase’} A-&& 9589 th 28t AA X

AgAg Nxd d AxFue o] &4 ?"%%%’EJ
A ol it B AFEUes A9 £
Atk AA obH A HzAU el X0 EA4H9
B ol R 44 gon, Y4t ¥ H
FEY HzHE X0 EA3A g o=
d# A Aop®. 181} Al-Khalidis} Chaglassia?”
L& o 2Fe o] SAV vty BRI Vil
lela?? % 2P THEFAA o] Ehe EAA
2E FEIFOT, 198993 NiheiZ?E & Hz
9] A hypoxanthine, xanthine® £4+& allopuri-
nol AEZ, ¥IAET % HERFAN FHHsd
X071 98¢ EF o2 $9 A ChanF L
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FUS A7 A £F L FFo] FAF
AeL BHUFHGT E BeckmanSWe 3184 ¥
ZFdqA FAF AoE oA E tFY X023
A71e xanthine2 W YE HIAHNEZEIF&
GHET JESNE Yo7 s FEF F 1
EL X0 95t FHE FErle AEA ﬂx
Ao AFF 3~5 A EHAEE FHE
2 EHAQQA FF FAL oA sHH )
Aot A2 KanemitsuS0E® F4A584Y o
4AX 7t Z o] xanthine FE7F X @3tgcin
Rusigide AAEL & MCA 7R AH %
AN ABFE AREFE FF MCA 999 o
ZAYAA X0 =5 &He 23 X0 4
=7t AEFAAFAN A 289 20% FEIA
A 1ZRTS 2% SUAA Z7FHE R 3,000rpm
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A7 11,000rpmoi A1 2087 A E T A2
A} xanthine oxidase X E& pterined 712
Arg-3te] BB E A9 isoxanthopterineS AA &

Bote BRI R4 PHo R 2438y

#E 4t

A9 xanthine oxidase A X9
W3}

A 179} xanthine oxidase 84 X & 1213.3+ 295,
6pM isoxanthopterine formation/hr/ml/sample, A
2F A& 1580.5+ 160.6pM isoxanthopterine for-
mation/hr/ml/sample2 2 A 17 ®]&s 22%
F7Ft AR, Al 3ol A& 719.8+ 353.8pM isoxan-
thopterine formation/hr/ml/sample 2 A 270
Higte] 46% 2 & UA FAaSH T

2) AR AEAWNNA Y xanthine oxi-

dase 8 xe W3]

A 179 M 517.3+ 334.5pM isoxanthopterine
formation/hr/ml/sample, Al 27l A& 596.2+ 158.
8pM isoxanthopterine formation/hr/ml/sample L
g1 A 37 A& 92.5+ 69.8pM isoxanthopterine
formation/hr/ml/sample24 A 23&-& A 179
vl&te] 15% Z7M8H9 3, Al 372 A 27 R} 16%
o AA FAaEH

3) M 22 xanthine oxidase BA£9 W3}

Al 13291 465.4+ 345.2pM isoxanthopterine fo-
rmation/hr/ml/sample, A 2Z G = A 1FETH
26% 719 585.1+ 182.6pM isoxanthopterine for-
mation/hr/ml/sample®] 3L, A 3ol M= 75.6+
37.3pM isoxanthopterine formation/hr/mi/sample
o2 A 278 13% YA #asd

ol e A2HREL YA HrA 4L xan-
thine oxidase’} AZFof AA4F A9 energy o
A4FE¢] hypoxanthine ¥ xanthineg £4TS =
EshEtHA] HAE7 o G ar159 f87)
2 #4EY 7] g oz FF a4
#Eo] FHFHo A FFo] RAH Hz
ol H7lgH &4 S 2 Ste AL FolHH,
allopurinol®] xanthine oxidase B4 A& A &A7]
ARG FF o] Al dAdA A HERE
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WA B2e ABAZA Y 7HEAEE AAE FATh
231} xanthine dehydrogenase’} xanthine oxi-
dase® AL AEXAUY Ca?t Fx2 F7}d
7113k 714& 18 E8W, FF calcium Z A
2 allopurinol®] 247 & ¥ {59 E xanthine
oxidase®] B = W3} W ZHA HALH
g A7 F77F 235 E volth
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