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Experimental Study of Fracticn of Citri Reticulatae Viride Pericarpium
extract on the Brain Damage in Cerebral Ischemia

Young Ho Rho, Hyun Woo Jeong*, Won Suk Lee'

Department of pathology, College of Oriental Medicine, Dongshin University,
1. Department of Phamachology, College of Medicine, Pusan University

Citri Reticulatae Viride Pericarpium extract(CRVP) have been used in oriental medicine for many centuries as a
therapeutic agent for smoothing the liver and regulating the circulation of qi(HifFi2#), and promoting digestion and
removing stagnated food(;& &4t #). The effects of CRVP on the inhibition of brain damage in cerebral ischemia is not
known. Therefore, this Study was designed to investigate the cerebral protechve effects of CRVP on the transient
cerebral ischemia using modern techniques, and further to provide the possibility of scientification of oriental medicine.
The size of cerebral infarct size was measured by morphometry, and brain edema was measured by morphometry and
brain water content determination. The results were ag follows ; 1. Water fraction of CRVP was reduced infact area
of rats brain slices which were subjected to a transient cerebral ischemia in a dose-dependent manner. 2. Methylene
chloride fraction and hexane fraction of CRVP was significantly reduced infarct area of rats brain slices which were
subjected to a transient cerebral ischemia in a dose-dependent manner. 3. Methylene chloride fraction and hexane
fraction of CRVP was significantly reduced infarct volume of rats brain which was subjected to a transient cerebral
ischemia in a dose-dependent manner. 4. Methylene chloride fraction and hexane fraction of CRVP was significantly
decreased brain edema induced by a transient cerebral ischemia in a dose-dependent manner. 5. Methylene chloride
fraction and hexane fraction of CRVP was significantly decreased brain water content of rats which were subjected to
a transient cerebral ischemia. It is suggested that CRVP has an anti-ischemic effect through the inhibition of brain
damage in a transient cerebral ischemia, and that in future further development of main effective constituent in CRVP
can provide a novel therapeutic strategy for cerebral ischemia.

Key words : Citri Reticulatae Viride Pericarpium extract(CRVP), cerebral ischemia, cerebrai infarct size, brain edema,
brain water content
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& 1)(Citri Reticulatae Viride Pericarpium, CRVP) 5ke& &4
EoiATol EF4-9 €4 Y1 12027 71dalA g FENE
5,000 rpmoilA] 3087 AHEEIAY F osle] ZetsFEAl71al
hexane, methylene chlorideMC) X S£F¢(H0) £02 28l5}
o Z} BEBE SZAUZXS 2 v 22 BUe dUrt

CRVP(5kg)
LHO
Extract
| Hexane : H,0
|
CRVP(hexane) 159 H0
I MC @ H,0
CRVPIMC) 959 CRVP(H20) 1609

2. 8

USRS ESEF)OIA  FUS HME  300guH2S 84
Sprague-Dawley% BFHE 2% 20£3(T), &% 55+5(%), light
/dark 12(hr)Q] ASZZ0NA 1FY old} ASATIHA 1F
pellet ALE (AFA13AL, 29 2 AMREO HHA siXTh

3. dolg 7

HEEY UESE ZURA dE] Al8dle StHHEY
(middle cerebral artery, MCA) 3|3 = Longa 59 ¥ By wh
2} 84 Sprague-Dawleyl &F(MZ 300~350g)2] £H5H
I QFEHe 6L, W - AEsUY BEXA™HOE BE W
ZAEYWUZ JABTUE Sl 3-0 X UUE SERIE
EFOZEM MCAY 7IAEE 2417t B¢t HAAIZIEE7E THAL A
BFAIZCL
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Hexane, MC 7121 HO 84282 xslgo| gue 52

o] 2t S (10ug/ ke, 30ug/ke, 10048/ ke) 2 HGIE 7 58 &
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5 XA 27 &3

X5E 24417} & 329 pentobarbital sodium(100meg/ kg)S
EZUE 2ddle AR TS @53l BA X E FAEE
HE] HEdle] UUE S8 gsHE Bl Willis #9)
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ol disle] e ULE BEE AASH BA HEg 8
F& HFE(RBM4000C, ASI) fjoll £1 AT UtlolA2H
FYog 2m HHOE sl 79 g4 B HEFE v
Z0] Bederson=9] 2ol ulz} 2% 2,3,5-triphenyltetrazolium
chloride(TTC, Sigma) £ ulof] &1L 4 20j4] 30837t M X]$
% 10% &4 formalin @EFHOE NHAZACE UEHE HxF &
He viEHE UNBPIFZ(SV6, Zeiss)oll HZE HITI2 HB=Z
YENCVP-G7, Sony)E AR A1 2t ZHo| 4371 HF4 5Q
9 HE G HEA(KP-21, Koizumi)ZX HH3IACT
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Homolateral volume - Opposite volume
Brain edema (%) = x 100
Homolateral volume
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Wet weight(mg) - Ory weight(mg)
Water content (%) = x 100
Wet weight(rg)
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Fig. 1. Effect of water fraction of Citri Reticulatae Viride Pericarpium
(CRVP(H:0)) on the infarct area of rat brain slices which were
subjected to a transient cerebral ischemia(2-hr ischemia and 22-hr
reperfusion). Numbers in parentheses indicate the numbers of animals.

2. Methylene chloride(MC) 84 £2)0] XA WA n|X]= g1t

MC g4 E8320] 518y HAM Q4o vjils aHE Yo}t
H7] 915k HAE g€ fIY & Ho HEIMOE sk
EHE Y5E 58 Fol BEZUE BA5INCE X618 f 244178
Fo 719 HEH AN HEZ ¢ A3 Hu GHES
(MO)& tiZzTol Blal 2t Fooli A HEg sTIEH
o2 FAHUA TAIRLH, BF] Lask FoTtA FEH
HrhFig. 2).
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Fig. 2. Effect of methylene chloride fraction of Citri Reticulatae Viride
Pericarpium (CRVP(MC)) on the infarct area of rat brain slices
which were subjected to a transient cerebral ischemia(2-hr ischemia
and 22-hr reperfusion). Numbers in parentheses indicate the
numbers of animals. * ; P(0.05, ™ : P<0.01 vs. corresponding control value.

3. Hexane E4E3lo] =44 wHo) ni= g1

Hexane 8580} sldd Ha4 d4d rixle aoe
gotEy) Qi HsgE el ¥ &l #8482 (hexane)
£ s5EE Holg 58 Fo BEHUE FASIICE H5E 7Y
24A17F 2ol Z4zi0l HBH HAN HAHE £F8 20 B0l &

g8 & (hexane)2 R Toll BI3h ZF ZBojA] HF4 HAE &
TOEHOE AAAFON, 100us/keS TS HEFOA &
9)40o] A1 FFUCHFig. 3).
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Fig. 3. Effect of hexane fraction of Citri Reticulatae Viride
Pericarpium(CRVP(hexane)) on the infarct area of rat brain slices
which were subjected to a transient cerebral ischemia(2-hr ischemia
and 22-hr reperfusion). Numbers in parentheses indicate the
numbers of animals. * : P(0.05 vs. corresponding control value.

4. 3] GH¥ESS0] HFH A7)0l vl ZH

Hu 84EBSE(MH0, MC, hexane)o| XZ4 F7io} nX]
= AAE YotH7] 8l 4 HEH YFA HEo HEH
9 A0l 2mE Fokd T3 HF Aol HHE HFHMY F7|E
Biugh 23 H0 85882 X7 B8] e HEE el
Wix gikeut MC 8483 d 5% FoTolk], Jel1
hexane 88 EE 2 N5k FowolA FAHLUA HEH I
g ETIEXNCE AAAZTHFig. 4).
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Fig. 4. Comparative effect of three fractions of Citri Reticulatae
Viride Pericarpium(CRVP) on the infarct volume of rat brain which
was subjected to a transient cerebral ischemia(2-hr ischemia and
22-hr reperfusion). Numbers in columns indicate the numbers of
animals. * : P<0.05, ** : P<001, ™ : P(0.001 vs. control group(C).

5. ¥u| EH28E0] HBES niXle &

HEHEE QI HES A4 Axo) nlXe AHE FEEWI
5l Hal BHESSEMH0, MC, hexane)2 sTEZ 237t A
Y HEEE FrIT ok 58 Fol 870U Fo5Ith HE

- 895 -



s - FES - o)y
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282 2% fxzl vl SEIEHC wyg fo
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Fig. 5. Comparative effect of three fractions of Citri Reticulatae
Viride Pericarpium(CRVP) on the brain edema induced by a
transient cerebral ischemia(2-hr ischemia and 22-hr reperfusion).
Numbers in columns indicate the numbers of animals. * ; P<0.05, * :
P¢0.01 vs. contro! group(C).

6. 31 §H88s0] XUl 2 gl nxe g3

HEEE QI8 HEE QYo nixis Fu) 42 EHO0,
MC, hexane)® FIE a1 Al A HSES g
ARl The 5% 2o BZUR 2t sEEE AT Hid
k24X &, X8 E B E BEoP) st ol wHoeg 4

529 HU 8 gEe &3 vlue 2% HO 8488
AT Hld) obFd I XAl ok oLt MC 488
% hexane ¢ 282 ZF Tl HISIH HUl +8 S
FAEUA BRAIZATHFig. 6).
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Fig. 6. Effect of three fractions of Citri Reticulatae Viride
Pericarpium(CRVP, 30ug/ke, each, i.p.) on the brain water content
of rats which were subjected to a transient cerebral ischemia(2-hr
ischemia and 22-hr reperfusion). Numbers in columns indicate the
numbers of animals. 1 : P<0.001 vs. sham group. * : P<0.001 vs. control group.
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o gdo| HE HFE 4 HE W e FFEH L U= FHRY
ArEE7 WolRE o wiEE AOE XV|EFEA, A4,
STEQ ZA AgAA UERJTE ThA] Tl S8 HESS
YA HEF71 25~30m/100g/ minE 5 0]/t 8 B0l
HlojAoliut Z2kaol, 1|2 Alokakll B9 E4fo] dalEoz
UERARIEE SHAIR]Q) 10~25m0/100g/min B &2 Golx|A HH
HZFo] APHOE &48 Aol 28uiie X1z &
g Zge 1871544 F4o] Ueidty. 318, §9slixe
olzitt SIEYE HEFSCE WiE = 28y XZiok) 58
FE0lzt QABIRED, 29 AIoE TAR?, X8R, R
HRY 5ol MIIEAXT Zehol= FEBFE - FERE SO
AES R - KK - B S ERE OXEL Q. ol E R
K2 o] AR AlSoAX] £ =0, o] FFERAKS f§
FO BT KAV 2AEl, S A HER XZ2 K
571 WEd WAEo] olg X5E uwlole FME thadls 7
fzHd BKS trdle HBEARZEIE 885Y, R
RO Zo] HES BREE K7 2T o2 sl el
= RENEYSS SIUE FREMATIE BES o)8sitt?.
oIl £4 A0l Wy} il BRI - SR BED
HREREMRAIZIE BEES ARSI, FRZE HEH
QHEQl HulE EES &3 29| v|dss RIg whka, 4
=3 29 REE BRI it ti2 8 EES 53 282
U7t 2EA) - HE - FA BY &) U= ABER 281480
LS BHol UL, Bt Lke F8 HEBSEE limonened)
citronelle S EX elEdo] A¢ EAZ LeAUct E3],
AHmo] EhgRsIole  hesperidin - myoinositol - d-limonene
lavonid HREA|7} B2o] E0{Q11, Vitamin Blo] 5ol YO
o, ] 282E] synephrines PoiZlct EQ3lolAE ol2igh &
7t BRI tkkSke HEo) o] FHET K0 ASHL &
AR - FRAFER 2 BBLHsls 2180 Qlo] KME 18 Wi
B U AEIERS NBIIR - AREE S olgsht .
& 5ETY 571 YEarlo] sl 502 F1EY KR gl
thdt Bo] ZUEBEAY SlobiE o184 HEFAdslol Hlx]
E e O 810 Yse whlas o) gus) Rl
%3 Yot 1 FolA T Hulol ot IFES duEH o)
7} 13E AEAS R 24HE YN gete &
AlZIche R, Q3 W g Rl 2AYEE
T3 HAuEY FHE FYHUA SRRk 21971,
a9 4835 MC 283 hexane BB FHAEFA
nitric oxide synthase(NOS) @ cyclooxygenase®} s =24
HEFET HIusuUo AFE FAHUA F7RIIIckE 51



BRSSO EIk: MO niXlE 48H AT

971, Y3 W5 8O e RWolAE MC 223} hexane 22
o] FANEFH HANSUY 2FHE FALGJA FAARIcE
E 2I) Aok £5 oo Y2 0|83 dF e
synephrineo| WZHIZE EEAIZIchs B9} nobiletino] &
Uil ZHBo] Urke B1*P7t 94, auraptene - marmin -
tangeretino] QAR  HAE ARtk = Riaiert
methoxylated flavonoid7} 71#A] HEZEE olATIA T
glycisided flavonoidi= Bt TS sZAIZICHE B} Q)
T} Eo gk HBEZE QI M) 8Bl nikis dTEE
43 HH platelet-activating factor(PAF) Z &A1V} 58S HEgd
W} inducible NOS(INOS) 4T E AMAIHSEAN NO BdE
LAAF1 1, =58 &9 HEFASE NHAA E22H 5iE
A HEu AYE XS 5ol HB3 AEE UBhdtiE
2199 518% Hul BET A8 INOS §EEE ARAIZLS
ZH g H&(=FM) S ZEE PAF g7 HHES A8
£ Jehdcke 81 9 €48 SR} HEE-ATF £4
Al R E HuisRee SAEUA JRIAIzcHEE 2177}
AATE. ol HAK= HuQ) HREE0] MalE HelZHolA
HBFYEE 294 YA SARIREERE 2a7Sd Al
Hu|o 8B HA4 3719 HRBE Y4 g AL £

= BZo| A RNCE 7uEo Ho9 SEEIAEMHO,
MC, hexane)& 018, H5iglo] Fug Helzdol 221 &4
RIEE Bosld HAN wHEn RS Wy dAEg Il
HusEgEe &¥sigrt. 831 @d288H0, MG
hexane)o| 518 WENZWo X4 WMo njie FAE &
Ot27] $I5KA A4 BT (10u8/ ke, 30ug/ ks, 100p8/ke)E =G
Ul Foit ok HE#e] HEN HEE Fg¢ 23, H0 88
Balg RAg 4ET2 R T vl XE4 HE g 2
At Foide AFEA] edrt IEut MC @428 30ug/ke
7 1004g/ kg2 EH5IH S W) NEZECE FALUA B8 H
Hg ZBAAIR L hexane B4 EE 10048/ kg€ FHOINE W
ETIEXOZ Rl vldl FALUA BRI £ 4
XA HF HEo| HEHA FHQI 2mE Fdld T X
Aol YEE HZM0 27| v|Hd dIoiME: HO 842
g 2oy iR vldl ErE HEe UEX U
MC 24 EEE S dlTolMEs A sToll4 HE4 327]
E 5TITHOT RANUA ZAAIZIL hexane BEEE =
T 30ug/ keIt 100pg/ keS FOI5INE Wl HAM V&€ 7
SJHEUA ZAAFTE 01 971 B g uig 2ol A 84
2alo] HAEEY HEgids HEE RS E/RIITE
A3 & %) 213 ¥ FHESF MC 41283} hexane
gy2go] dikg HFEEEIA LUERE HERAEY HME
£ SAHUA AL THE A7 22 AAEN o] K6
e AFEE F AE FAS 2ol US ALE YU wiE
SREHFI Yk oH, HEE HelZEe HES 4gd o
e gore BEASY A5l JE 55 % SE thxv
7)€ ulagt 23 HO0 Y282 tE ol vldl H2E Wy
o EriE G vlX|A] QRO MC 28 30ug/ ket 100

pe/keS FOIH ¥ I hexane EEE 30ug/ ke 100u8/ ke
g 2o¢ A FolA BF tEF U8 SLIEHOE M7
£9] g g FALUA SHAIZCE E£§ H 8 gFE &
F vluet ZIIME HO BHEE S tixZol] vld] olFd &
e PIXA R oL MC 845283} hexane #5832 IF
Huy 8 g8 FoSA daAZch ol HEM A1E &
A7 2T Zo] An]9] g4 EE MC 842837 hexane
S ES0AM HU 2 e [FASIH ZARIPEA K6
e X3 & Ae FAEF0l Fouldl JASE AABIFL
Uct. ojdel A Fulols HYEE sl Uehbz HEYE
FYLUA JRAAFE EFZol U ASE 4zFo] oz
ol thgt HFE HS TSI oo REFLHEAN HE
o] #EEjojor & HOE Qe ojg) T2 AT AU ZE F
o HuEHE] HalEe XNFE £ UE AFA o]
7vssielel gett
4 e
i SYESS(H0, MC, hexane)o| X580l FU¥ *
UERRE H&at 8180 ujXlis ZUE ol 95l HZ 4
D Y HEE YY ZEE @S Fi O g4882 sk
QEEOF HAMN HHE AALAZ L, MC BHERT] hexane
FHRE L STAEHOR MFM HEE RAGUA AR
on, HAMd] 44% HANW 278 5T JEHSE R8N
A BLAZS E HEE e FOMUA AMATL, Hh
FE g5EE fAEUA B olye) ke BT Ho
4] Uehbe HEME XFE 4 A HEo] gfslol Art
= RE MAAIBETT

ALe] 2
2 @TE BUSAR SR/ hE TARIY Aol
Qlalad o]=0]7 ¢ (HMP-99-0-11-0002-E).
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