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Antithrombetic Activity and Protective Effects of hexane
fraction of Kamihyulbuchukeotang (KHBCT) on
brain injury by KCN and MCA occlusion

Min-Seop Lee,' Seok-Sun Roh,' Rak-Cheol Lim,' Ho-Chul Song,’
Soon Shik Shin* and Sung-Hoon Kim*

Department of Oncology, Kyunghee University, 'Seochunri, Kiheungheup, Yongin 449-70]
Department of Oriental Medicine, Taejon University, 96-3, Yongwondong, Donggu, Taejon,301-776
Department of Oriental Medicine, Dong-Eui University, 45-1, Yangjungdong, Jingu, Pusan 614-030, Korea

Abstract — This study was performed to investigate the antithrombotic activity and protective effect of
hexane fraction of Kamihyulbuchukeotang (KHCTH) on brain injury by KCN and MCA occlusion ,a
prescription of HCT added with Lumbricus and Notoginseng Radix. Expetiemental parameters are brain
ischemia by MCA occlusion assay, KCN-induced brain injury, pulmonary thrombosis and platelet
aggreagtion assay. The results were summarized as follows; 1. KHCTH extracts significantly inhibited
the duration of KCN-induced coma (67%) and mortality (80%). 2. KHCTH extracts significantly
suppressed brain ischemic area and edema following MCA occlusion and protected neuron cells as
compared with control data. 3. KHCTH extracts inhibited pulmonary thrombosis induced by collagen
and epinephrine. 4. KHCTH extracts inhibited platelet aggregation induced by collagen, ADP as agonist
up to 76.9% and 32.3% respectivey at 1 mg/ml more effective than water extract of KHCT. These data
suggested that KHCTH could be applied as the protector of brain ischemia and injury and antithrombotic
agent.

Key words — MCA occlusion, KCN, immunohistology, platelet aggregation, pulmonary embolism
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FTEL BRI SR SR B6T ST
F HLFEEZ Y2 sl Ho] &Aoo AT oy
o, dolgel B FF9 &F mpE FFHo=
he HEFY] HFd &3k o=, e A}
Hdgle] e AAS, A2 Agstel AR
ol WE gl 3 A wsle £34 H¥
# A3 HEE B A HEH 2 H3N
o} vlgol A} Frkshs AY'E wolx Y.

2 AEH A8l &g Apge] FrHe wek o
o] He FEA L} AEE A gk
T7F vlwE gis) s Aok FEHAE pro-
staglandin AMA| Hodsh= EZ (aspirin, indome-
thacin’s"), cyclic nucleotide®l] ¥¥sl= 32 (PGEL,
carbacycline), calcium ZE7]| 7o) #sts B3
(verapamil, colchicine) B receptordl] 2Z+&3l= 232
(phentolamine) 5°] ALEHJE” B} Hade
FIH%o] F2}go] glo] FIAE 2 FLE )
A& el A2E 5L MEs] A8 o
AAEE B3 FaPd S S4low 7E 3y
A A, A HASe R A, 89k 243
€ Foll #9 A7 ¥y s JAHL e
o, 2 TERAZ} F2E0) HomA A A
A FL e eItk "ol ol& olgdt A+
7F vz s 2= Qi)

o] d&oZ Al FHFoF Exdl] FIAa
7} BLd 7S geribIbn e S50 e B
g 7R F PR R R AEE FEHE 4
HH0z PF3tarxt, H4H (Pulmonary embolism)
2 2SR AR EHE MBI, HAN sk
B3EAE AuR7] Y8l potassium cyanide(o] s}
KCNol2} ghs ]85+ wixo] AxEd dojr &
FAIZE APgAIZre] DR Es, SUEEYe) d5E
et WAo] 4 H3E wdoy e A&
AEd 340 HYEAF BEE 58 HESA ¥
X B3 EAE AESE vt feldt d9E A4
714 Barske Hlo|th.

ME Wy
SE - £ A48 98 ARE 83 A 180

~250 g2 Sprague-DawleyA| (A H5EAH, 3
B2 $4) $7 BAE A8 PYYA 79
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AEEENE 22.1%01%, AW 8.0%013}, M-+
50%°)3, Z3E 8.0%°|3l, ZHF 06%°1%4, <
04% oV AFARGE)S B 23] FFshL A
2 22+2°CE Ald FABIL 2597 AP 879
HgAZ F AFel ARg-stch EF 18~20g9
ICR(International Cancer Research)Al A FE 3=t
shetA A, SEelir Tl AHsd /i
Aol AR5t T8 e 2% 23+2°C, A
&k 50+ 10%, ZAIZE 12417H07:00~ 19:00), &
% 150~300 Lux® ARt} 237U A84d 3739
2 gA1A AU dAsaL A7 sEHS A
slo] Aol A3 A BUA AlEE 1¥
ANEEFA F27) FREE) B 19 F
ECip =g

Mzl MME 8% - AFe= RS0 74
I AL 7k 7 RS RKHCTH)SE A%
W-8-2 o} Zti(Table D).

Hollo| =X - 7MERZFA" 1200 ¢S 3000 m!
round flaskol] ¥¥ /4 2000 mES WAt 3A17H
718323 FRES 338 PE(BM filter papen)3t
F, o] o#NE rotary vaccum evaporatorol A %t
F=319c). ©] round flaskE -84°C deep freezerol
A 1A7F Bk HEXBLE freeze dryer2 FA A3
7@ EZolel SIANE(KHCTH)S 34 g o] 4EA
B3lstd ARSI

Alef 2 7|7 -2 AFEE A%FS KCN
(potassium cyanide; Sigma Co., U.S.A.), dulbecco’s

Table L 7} 8FZo](KHCTH)S] Aw+4

2R % Ay ofrg £
=7 Angelicae gigantis radix 12g
+& Achyranthis bidentatae radix 12¢
=3 Carthami Flos 12g
A4A18  Rehmanniae radix 12g
=< Persicae semen 16g
)z} Aurantii fructus 8g
& 2ok Paeonia radix rubra 8g
A& Bupleuri radix 4g
aE Glycyrrhizae radix 4g
a7 Platycodi radix 6¢g
Az Cnidii rhizoma 6g
7<) Lumbricus 8¢
A4 Notoginseng radix 8g
A 116 g
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KHCTH(1200g)

reflux with methanot X 3

MeOH extract ( 209.7g) Residue

evaporate in vacuum
suspended with water

Water suspension

Extract hexane, diethyl ether, ethyl acetate, butanol

Hexane Fr. Ether Fr. Ethyl acetate Fr. Butanol Fr.
(34g) (3.4g) (4.3g) (27.4g)

| L] | |

evaporate in vacuum, weight

Water Fr.

Biological activity test

Fig. 1. Schematic diagram for hexane fraction from
KHCTH.

phosphate buffered saline (DPBS-A; Sigma Co.,
U.S.A), normal saline(5 £} A 2F, Korea), Collagen
(Sigma Co., US.A)) Ephineprine(Sigma Co., US.A),
3.8% Sodium citrate(Sigma Co., US.A), 2,3,5-Tri-
phenyl-2H-Tetrazolium Chloride(Sigma Co., U.S.A),
Gerorane(Enflurane®|#l], =JA|2F, Korea), ADP rea-
gent(Chrono-Log Corp., U.S.A), Collagen reagent
(Chrono-Log  Corp., US.A), Thrombin reagent
(Chrono-Log Corp., US.A), Xantopren VL(Bayer
Dental, Japan), Optosil-Xantopren Activator(Bayer
Dental, Japan), IL Test TM PT-Fibrinogen HS
(Instrumentation Laboratory, US.A.), IL Test TM
APTT Lyophilized silica(Instrumentation Laboratory,
USA) 55 AH8-sisith

7171 serum separator(Z4] A}, Korea), Minos-ST
(Cobas Co., France), centrifuge(Beckman Co., US.A),
rotary vaccum evaporator(Biichi 461, Swiss), deep
freezer(Sanyo Co., Japan), freeze dryer(Eyela Co.,
Japan), autoclave (Hirayama, Japan), Ultrasonic cle-

aner (Branson Ultrasonics Corp., U.S.A.), Roller

Mixer(Gowon scientific technology Co.,
Vortex(Vision Co., Korea), Brain matrix(ASI Instru-

ment, Warren, MI., U.S.A.), Royal Multi-Plus(Ro-

Korea),
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yal Medical Co., Korea), Lumi-Aggregometer(Chro-
no-Log Corp., US.A), Camera(Nikon, Japan), ACL
-100(Instrumentation Laboratory, US.A.) 5& A&
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o
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KCN | EAZt - 158 292 Schubert
579 whye)] Fsje] THESITH

PRS0y A T &8¢l 20g ICR
AAE 71FoZ AN 10 mg20 gidayS A AASF
02 mpPll €31A1#A oral zonde(TiE717], T=E °§
slod 13 APRAey, RS S 5Y o
A3 o) AR AFE AR sl AT
o] 308 Fol B]AAER) 1.87 mghkg KCNE vy
ZALE AL QRIS AT TRE IS 35
g wi7pR|e] A7k S48

KCN f% MZEAZF - d¥3d 2d2 Schubert
579 wle) F3le REEICH

7RSO R NS FAZE Y 10my20 g/
day2 Q221G 0.2 mol E3)A1AH oral zonde(HZ:
717, F=E olgsted 13] ArFABIL, daT
o ZAAE =Y o AR s AHHFFE AT
2o sigin) AR 308 Fo XA 3.0 mg/
kg KCNS mAuZAs JERE SFAHA o2
VR ] AZHS ABEAZH(sec)R BT

AT MY ¥ YT - BF 4 E o=
Blod thE(control) 7HIERZo) G Folt
(KHCTH)O.2 TS, Sl s d4 247 A
o 4y A AFTL FHsL /TS T
AZ 132 mg250 g/day(3Q) 23RS A9
2 mil] £31XA oral zonde(E7]71, =S ol8-3}
o MCA &4 227k A7 Fosidlar, 4
518 S 24N7F £ sacrificedtZ HAH SIE T
Bo] ¥583 s|EHAL Artsiat.

Silicone rubber cylinder X[Z} - Silicone rubber
cylinder®] A=} Nagasawa 59 Wl weh 4-0
A9 JAE B3AKDeknatel Inc)E AEe Lol=
g} 98 7l 3 2 B mEe e F 4
o]Z 18mmE VE F HIAE AL d2EE oF
03mm FAZ wF shi#He 8mm A% B2
silicone rubber cylinderZ THEST}.

=4 HFHE U - 9ME FEe LPATIA
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ACA

MCA

ICA

PCA
SCA
ECA

CCA

Fig 2. Schematic representation of position of silicone
rubber cylinder during occlusion of right middle cerebral
artery (MCA). ACA, anterior cerebral artery; PCA,
posterior cerebral artery; ICA, internal carotid artery;
ECA; external carotid artery; CCA; common carotid
artery, SCA, superior cerebral artery.

Royal Multi-Plus(Royal Medical Co., Korea)Z A&
slod NOCRIEHE Ayl O,(4)e] vies 7308
2781, enflurane® 2 EFYnl3 31Tt Nagasawa
%) e wet B £4g AL mF A7
s FA UEE FoAM LE2F% FATH
~ (CCA; common carotid artery), W3S ACA; inter-
nal carotid artery) 2 21735 (BECA; external carotid
artery)S ®2/¢ H FATYH 35S A3k
SHE AT fATH] ERAH wEE A
F Z2H AAE AU FH AT HE 9%
Z2&go e QEF FUHFH(MCA; middle cere-
bral aretryyS s cHFg. 2). & F= AL 30
T ONE FPom, AFLEAE ARSEl AR 3t
e BN AYAE vIFEA B230H, B
=5 9e Hfsl 608 < N,08 0,5 9:19)
HEE Sl AdAEE frdien Ha 1208
£ ZRHE 1em A= B4 AZFE d3En
(Fig. 3).

S8 MY W BF &8 -5 140z T #F
Al =& 7o brain matrix(ASI Instruments, Warren,
ML, US.AE ©]83ld 2mm 57 coronal brain
slice® A2 &, o] FollA 8slice¥rS A€dl 2%
triphenyltetrazolium chloride(TTC) €94-& 7}3k3L 37°C
oA 5027+ mYFEtAct. TTC o8 FA A&

1o wpdo R JHEL, S¥o| dojd A
AR Feozn Pt 2FFHe] o] 7FsE
o ¥ TR F 9498 23 10% formalin neu-
tral buffer SN o8 TRAFI T, 239 Vo] 2} A}
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CCA

Fig. 3. Schematic representation of position of silicone
rubber cylinder after recirculation of right middle cerebral
artery (MCA). ACA, anterior cerebral artery; PCA,
posterior cerebral artery; ICA, internal carotid artery;
ECA; external carotid artery; CCA; common carotid
artery, SCA, superior cerebral artery.

28 YEOE ARG Ho] @A H coronal slice
gX9 3 WAL 23} FY WY 2 A3
£& olef9] ) &3 AEsA-

SEAH %) = —C
A+B

X100
AB

Hxg = —— X100

HEE(%) 2XB

A : 7} coronal sliceolA ] s1go] f2E o= wl
7 2 (mm’) '

B : Z} coronal slicedllAe] ti&@i&) o] wHE
M (mm’)

C : 2} coronal slice?lA1¢] 38 W2 (mm’)

Platelet aggregation assay - @4% -3 <
AL platelet aggregometerE ©]-&3 Boms'Y9]
g ZPHoR X3t EAWEEARH) O
typeye A H4A ol FFol AMEEIA
o} 4% 55A4E 97 445271 Beckmann co.,
USAPIA 1000 mpm, 1087t 9488l JETE
AN AEAE Al s FFAA7], Minos-
ST (COBAS co. France)E ©]€8} 3X 10° cells/ml
H4WS,E 90| PRP(platelet rich plasma)E AHE-
AL, AFde] YFE Tl 2500 cp.m, 2087 €
AEa)5le] 4&el-S PPP(platelet poor plasma)E A}
St

d49 23 &3+ Whole Blood Lumi-Aggrego-
meter(Chrono-Log Co. Ltd., US.AYE ARE-3le] pla-
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telet aggregations =431 Th Cuvetted] PRP 400
W, agonist(ADPY collagen) 50w/, sample 50w
FASHA E3 1 mymle] TEEM AlFsle o
& FEES YRAFEL Bl

Hi24H (Pulmonary thrombosis) A8 -~ 283
A9 f=E Kimura 57 Ao Fsied A
Aleiach A3 FES BEA o 18~20g AR
77 ICR mouseZ AM-IZ B 2o day
SHAIK(11.3 pugcollagen®t 1.32 ug] epinephrine)
©] Hank's Balanced Salt Solution(HBSS) 200 pio]
FHEEE ZA) S mouse BFA 20 g% 200 pio)
SHFOE WEgule] FARILE AN a3E Yoln
7] fele] APFES 2407 AR T Han g
HAFe] AHFAL 247 Aol 7S AL
% 10mg/20 g& ICR mousedl] ZTFstgom, of
FEO R aspirin 100 mgkeS ATF slgn). &
A Bake 4% NG B2 Qi uy
= mouse HTIEY] rhL} ZLo2RE REWE A
B At WMEER ALY, 37N wluje
5% ol Hdee) 7)%%e AU 2Y At
A& g g 7|FEoR I
A X2 - d% A= unpaired student's T-test
€ ARgste] SAAEEI LM P<0.05 T P<0.01
FEAN Fo4-8 A8

A of

—

J

Ofm

2 I

RERES

KCN R E+ARZWY Ol &5 -
A2 A

KCN(1.87 mg/kg/20 g iv)ol <)3)
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Table II. The duration of KCN-induced(1.87 mg/kg
i.v.) coma 30 min. after oral administration of KHCTH
extracts in ICR mice

Group  No. of Animals Duration of coma(sec)
Control 10 58.12+6.72"
KHCTH 10 31.42:£2.38%**

¥: Mean + Standard Error

Control : 1.87 mg/kg KCN 1i.v. injected group after oral
administration of normal saline

KHCTH : 1.87 mg/kg KCN i.v. injected group after oral
administration of 10 mg/20 g of KHCTH extracts

* ¢ Statistically significant value compared with control
data (* : P<0.05, ** : P<0.01, *** : P<0.001)

Table III. The effect of KHCTHHsurvival duration of
KCN-induced (3.0 mg/kg i.v.) coma 30 min. after oral
administration of KHCTH extracts in ICR mice

Group No. of Animals Alive mice
Control 10 0
KHCTH 10 8

EFATRE tIFF0] 58124672 secE VFERSETE ol
Zo) g AFFE 31424238 secE F-oA =
EFAI GEEAE YRRt Table ).

KCN |2 X|AIqX 2 - XA}Fe] KCNG.O
mg/kg/20 g iv)ell 28] FEAT AF ] e tix
T BFE SUA T Agqoas miElvt o] o
ol vl 80% AAFEAF BT

B Se HMo| g HE oYy U 2EE0)
0l &3 - FUx59 g e Y wze
I P22 MCA &S X3 PR A% Xl

Table IV. Effect of KHCTHon the edema and ischemic ratio in MCA treated rats

No. of sample HEHH (%) BEZ5%) No. of sample AR (%) TE&(%)
Cc-1° 9.56 1576 KHCTH-1” 0.8 2.56
c-2 26.70 13.87 KHCTH-2 124 9.42
C-3 28.52 18.58 KHCTH-3 21.42 11.58
C-4 22.25 10.26 KHCTH-4 19.30 10.42
C-5 17.22 9.71 KHCTH-5 123 9.52
c-6 4.41 4.26 KHCTH-6 42 3.48
Cc-7 1.56 3.27 KHCTH-7 ND 1.42
Cc-8 ND 2.89 KHCTH-8 ND 1.21

“C1-8 : Brain slice number of control group

YKHCTH 1-8 : Brain slice number of KHCTH- treated group

c) ND : not detectable
KHCTH : Hexane fraction of Kamihyulbuchukeotang
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Fig. 4. Photographs of Control and KHCTH groups Left:Control group, Right:KHCTH group showing normal brain
tissue area as red color, and ischemic brain tissue area as white color.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

A. Light micrograph of normal portion in hippocampus, the control group, cresyl violet stain, X100

B. Light micrograph of ischemia portion in hippocampus, the control group, cresyl violet stain, X100

C. Light micrograph of normal portion in hippocampus, the KHCT. Hexane group, cresyl violet stain, X100
D. Light micrograph of ischemia portion in hippocampus, the KHCT. Hexane group, cresyl violet stain, X100
E. Light micrograph of normal portion in hippocampus, the KHCT. Ether group, cresyl violet stain, X100

F. Light micrograph of ischemia portion in hippocampus, the the KHCT. Ether group, cresyl violet stain, X100

= &) % HEHAE 3 tiERee] 75%, IV, Fig. 4.
C2olN t2Z9) 46%2, FERHL C)A Yz HAMAME 250 o|Xls g1 -7 AEE o
9l 62%, C2o0H B2 68%% AAPUTHTable ZIEL cresyl violete. =2 AT A3} P& Hol
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= ABAIEE Aolle AARAER 75313 di
TEFEANE Fer =g AAME Rl 4 o
e BTk

e &gRsleh NS viag Az A
3] el Aolgle AR EE T a2

HAL, AP &M= /‘a e AddEE
& 718 2EE 4 Ik 7 A9 viwA
B EFFANE rEol -4 Hexane Z°]

Ztol] Wil Ao} gl AlEEC] Bo| FHEr).
Hippocampus® o= FaFaln] 744k x1000] 5}l A
AR #HEl cresyl violeto] Y4S Hol= MEE
FoRlE ARAER 73l RS Mojx X3}
st M E 37.1% 2H vls) FRZolg
HAZFL 80.0%2 thETeol Hls) 2= A
BAE BES IR F AU e SRS
o JHEEL 367%E WEREH ol7t Yl

(Fig A-F).

HAERSE Mol - 733 FAwed agonistd!
collagenol] sl 7tu|@RFo|B-L 7592 2T
78%0) WE] £ WHEst UAA N 7R R EoiE &

AF2 1801%2 76.9%2] A& ERITHTable
V). 23 ADPOll tisle 7| EREo"e 73%i
QR 779%9 vlE) 2 Wast QYA rmEna
ofgt AAZL. 52 (3%E 32.43% A& Vel
THTable VI).

H|44F(Pulmonary embolism)o| L8t 2 — )
& collagens} epinephrineol] &4} #HAA o) &

Table V. Effect of KHCTH on neuron cells in
hippocampus after MCA occlusion

Groups Normal portion (%) Ischemia portion (%)
Control 100 37.1
KHCTH 100 80

KHCTE 100 36.7

Table VI. Effect of KHCTH on platelet aggregation in
human platelet rich plasma induced by ADP

SAMPLE Concentration Aggregation Inhibition

(mg/m}) (%) (%)
Control
(DMSO) 0.2 77.00 0
KHCT 0.2 73.38 4.83
KHCTH 0.2 52.03 32.43

*The Data were calculated from three separate experi-
ments.
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Table VII. Inhibitory effect of KHCTH on pulmonary
embolism in mice

Dose No. of killed %
(mg/20 g) O/rI\IEaricltheZd Protection
Control HBSS* 3/5 -
Aspirin 1 o5 160
KHCTH 1.16 /5 80

TE sele] F 3mlE] BEVF SV 1587 o
w7} Rgro] HQE), HlE B2 AMS-3F aspirin
& snkEl BE) AQIANE RSy g
o] AsE sukEl £ vkve] A0 158 ol
whH] 7} AgEo] thate] MIFEE BEaAE
ERATHTable VII).

o &

HEFS 98 v AP R RAE
= AgoR H ANedste}l FA Y e
2] g g Hgle 234 HAE 2
B} SN HEH 3 A Blgo]
7hle A9 Helx glof, mitel Ao
80%7}+ HAA, 20%7) EEAHLZ 14
2 Uele] Aoz Y Higide] oF 50%
P00, &9 HHAdo) 85%, 2IA0] 15%= B
T olol] Axle W&o EE U1
% 2 A ZE gl Hre AskE g
T e iR A o] o= wjE )t AlFsitt
3 L= Rl WEAE 7EE JEREA R &)
AHE o83ty HAA AAEH, AW AE
¥}, potassium cyanide(®]dt KCNelz} $hE o]&st
3F9) A BdoX HIXALE FoA|Y] S5
7re] dEEHe} AN Fore] AE '3 2 S
e YHE A HF ) 4 HSHE R
HPAA A P& @ NAXATH aRE duE
Sk,

HAE7L S miAlE Ae A8 =
2SR v F Jdor HAEY &He A

ojlFE AL § E} AHSEL HE[7E FUEY
ZAo] AgE AibAF AEj7E HAL o] 2 I8l A
W ATP7} E_Qﬂﬂ 3l 3AH&-(glycolysis)o] LoiLbA
] Zakgel] mAAl H5L, o] FARA ARgo] ]
MEZE ALY ol yhal FAH3EL 43 35
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d AHY SR ol Eope B9 18y
B FRRE 1ppofzin), o] B E 58
o] #EHoR HIFE FFAL o] ME2] ion
7R #AEY 2718 84EE Qe Adr |k
31 FAFIME AP w2 o] Lot
FRFAN A5 FAEA grh. a¥X 9 o] T
Fold HEFIF AR o5l oA AT Ca*
o] F7¥sl HA xS Bt E &4E TS A
o =4 HE{ oA HEte] dejuls B9 7B
29 FHE (penumbraiH e HEFTT $AAY o
E2A =2 A718FL JARAT o}FE 71a3 3
Bolth, B ATolA o] YElE e WA HEF
A FaAdol xR Jrk. ey HHF el
£ olF3 Hske dades Az

A HEA ¥l ZEHEW 102024
ol He] &Fo] AREHALE B F Yo, 302
el sodium-potassium pump2] Fol7} £ sodium
o] A FYell FEEC] 5422 met Sort
3EWo AW FFo] fFEEA 5108 Fole
lactate®] F7} 2 glucoses] 2Fo] oA Hr}. o)
7THE 714 o, olFdx #Ee] ALHH
mitochondria®] $/4o] 944 Hl7lgA WAooz 213
Boka g=A Qo

£ A¥dXe AH3EE dodl= LR v]X|
AVEFe] KCN(1.87 mg/kg, iv.)ell <& f2A7 A3
9 EFAEE A

KCN2 AlEW mitochondria®] cytochrome oxidase
o) B ARABlL AAL HAM L] FhelgS A
Fhated aofuiA] NSRIE(ATPYE Ao =2H
AE B4 FAFH? T3 KONOR a9 A4
A H71E AHE 78k 821092 E lactate
T AAAUAIES] =3 (F3 acidosis), £33 shockol)
g 549 HE 52 E & don, ¥ Agd)
A glx[Ateke] KCN(1.87 mgke20 g, iv)oll <18 &
AL AR EAlZle] tigt 2H8-2 AAFo s 7
Ed A3 foA e EFRAZEY dELL(67%)S
Yeplon], AAEE 80% B2 Vel

£ Ad¥dre F4 H3EE dovle Wges
silicone rubber cylinderg ©]-&3 Si>E= =)
#F BUdS Hgsigion, o] Whge 2o Aud
Wyo 2 HEE QAR gk g A7 ¢
e AHE 7HE Ak

A ZoxEd H 2dL o|gald HFEst
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Fo} ARYTEYH] HHE A&l 27 65%%
88%= H3le] 27] AAFE AW Lris
da2Res 2 w77l uek HHE fde] A
s80] gk & Uk

g7 4nElE 1Eom:eld dzed 78RS
g A RoTg FEset, 60 ARRE <
3l Tz 4rtE]olA] 2% triphenyltetrazolium chlo-
ide(TTC) G444 H7AA ] 270] AFHUT.

TIC $9& AMSS 27 &9 ASL HoHy
o o]8-% ©]F, 19803t RE PN dE] AFEH
2t} B H2F M= AFRA (mitochondriay ol
ZA 5= Y448 (dehydrogenase)$t TTC £ 9]
¥t2-310) formazan®) F/g=0] HMom veptal, ¥
734 IARAE AR AR B A SR
G4aidrt Asel WAoT B so} Wi ¥
A8 FE & QP agez A7 A o2
HAMel Wzl I3t TTC §4L o83 #FL &
W FAE deiiad] A AR o= Wi
o] g ulet A4 S=7t uigETgE ded 3
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HEHAL 394 i) 75%, C291H iz
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