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Experimental Study of Citri Reticulatae Viride Pericarpium
extract on the Cerebral Hemodynamics in Rats

Geum Soo Lee, Hyun Woo Jeong*, Won Suk Lee'

Departments of pathology, College of Oriental Medicine, Dongshin University,
1. Departments 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 Soothing the liver and regulating the circulation of qi(##FI2%), and promoting digestion and
removing stagnated food(;&#&1t ). The effects of CRVP on the vascular system is not known. The purpose of this
Study was to investigate the effects of CRVP on the pial arterial diameter and regional cerebral blood flow(rCBF) in
normal rats and ischemic cerebrovascular pathologic model rats. The changes in rCBF was determinated by
Laser-Doppler Flowmetry(LDF), and the changes in pial arterial diameter were determinated by video microscopy
methods and video analyzer. The results were as follows ; 1. Pial arterial diameter was significantly increased by
CRVP in a dose-dependent manner. 2. Pretreatment with L-NNA significantly inhibited CRVP induced increased rCBF
and pial arterial diameter. 3. Both the methylene chloride fraction and the hexane fraction of CRVP dose-dependently
improved the altered cerebral hemodynamics of cerebral ischemic animal by increasing rCBF. 4. Pretreatment with
L-NNA and indomethacin significantly inhibited CRVP(MC) induced increased rCBF. 5. Pretreatment with L-NNA and
indomethacin significantly inhibited CRVP(hexane) induced increased rCBF. 6. Pretreatment with CRVP maredly
stabilized the changes rCBF and pial arterial diameter during the period of cerebral reperusion. In conclusion, CRVP
causes a diverse response of rCBF and pial arterial diameter, and CRVP dose-dependently improved the altered
cerebral hemodynamics of cerebral ischemic animal by increasing rCBF and pial arterial diameter. These results
suggest that the improvement of cerebral hemodynamics is also mediated by nitric oxide synthase and
cyclooxygenase.

Key words : Citri Reticulatae Viride Pericarpium extract, pial arterial diameter, regional cerebral blood flow, L-NNA,
indomethacin, cerebral hemodynamics.
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1. B9 &8

SAstul R&grabd o] P8 #E(Citri Reticulatae
Viride Pericarpium extract, CRVP) 200gS &/ Zg}AH(round
bottom flask)oll EF4¢} 4 E1 12087} 71864 gde &
EHE 5000x gollA] 3027 AR & A5l g/mE
ZASHIIACL

2. #EZ9) BeIgA

#H/E S5keg @A EElAZ(round bottom flask)ol] EF4
B 9T 120270 Mo B RBAL 5000 golA] 027
YHEDR] F o8l ZAUEHAII]L hexane, methylene
chlorideMC) & &F+H:0) CE B85l 2t REEE &
AR A oS 22 BUE dirh

CRVP(bke)
L H0

Extract
| Hexane : H0

I I
CRVP(hexane) 159 H0
IMC : H0

CRVP(MC) 959 CRVP(H0) 16.09

3. 58
HSHIBIEE(F)olA FsH S 300g0 Hitt: Sprague
-Dawley% BFE 2% 20%3(T), L 551+5(%), light/dark
12(hr)9] ARZZZ0IA] 1FY oy HSAIFIHA 1Y pellet A
BERIGFABIAL eH)Q ES AMREO] HFAHBIRCT

4 BFRMRR RE

WA urethane(750mg/kg, ip)2Z PIFAIFL Mg 3
7~38CE X8t 4 YT Z heat padHoll YA E stereotactic
frameo] AUFHAIZ] T FEHE Wt FHE BNl FH2E
LEAIZ] ¥ bregma®] 4~6mn £, -2~1m Holl ZF 5~6m
9] craniotomy& A|@3IGCE ol Fo1ES FAHE Fis Qb
A Fute] #8 8 YA EE 3R} Laser Doppler Flowmetry
(LDF, Transonic Instrument, U.S.A.)& needle probe(X)Z 0.8mm)
€ di¥(F38) @ FHo] £#&o] HITE stereotactic
micromanipulatorg AHESHA HHUISHo] RAAGA ZFA]

ok GEAREL FPAIZ] = HF protocolo] Wl AN
FEe &g

5. HEEBR EE By 5870

HEEEY FEE0 ANTANEE RIS HATSH
HAS) 27 o B~45m0) A WSS ANTAYS =3
video-microscopy ¥ width analyzer(Model C3161,
Hamamatsu Photonics, Japan)E AM235Kd A 48 717 50t A
& ZF6WHA TV monitoro] UEhls E& A4S video
cassette recorder(S-VHS, Mitsubishi)ol] =3} BHEd| FAck &
QAL A RIS

6. fERIfM E3p"

oo HEFAd mixle AEI1HE gotdr] Al
NOS A&} N o -nitro-L-argirinine(L-NNA)&} prostaglandin
9] 4 FAQ! cyclooxygenase Ax|#| indomethacin(IND)S &
AXg & FRE sTHE U FAslHg wel HalsEE
HEFAS HES BEIUCL

7. —EtE RRm HeTy Su

Ak HE 8 UEEE THEA gel AIgdke Euild
S (middle cerebral artery, MCA) #Hl4= Longa £9] o)
Wt 84 Sprague-Dawley| &7 (HE 300~350g)0 54 &M
I AENE 5L W - AFENY) EXHOZEE] IFE
WUE JESME E3l 3-0 X LIE BE3RIE Aeigt
S22 MCAQ 7IXEE H#MBPFHA 2417 S¢t MCAE #4)
AT WA sl HelElo] e BHE L2 BIRIE
AAN 224 dHe MBFAIHT

8. BAN®

E7AAElE Student’s paired and/or unpaired t-testol] 9]
815 O, p-valueZt F 4% 0.050]810] 2 Lolnt oA S 0l
A3l

SLEE

1. BFEIERC TlX= FX /1A

A0 ZAMBELO) TR FRO) ENE B At
o} 2t SE(0.01~100mg/ke, iv)E HU) Eoisicd AeiRe 2
AxEERTS BES A1 55 A&l S T2k
#EO) AIRIINE BOIGHIAF NOS OIxI%IQ! L-NNA(Ing/ ke,
iv)E FAXG 08 BHE 2 B55(001~100m/ k22 Hm
W £0i3) 2 550l AEGI] SAMREE F0IA] P<005, 1
BT S04 POONUE ARSAE LIERIICHFg. 1)
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HEE HAuEng 1Eg FES 21 skhol JES 57t
HAct 225l HEusmel AFol nixle #EY 7Ide &
Q151 ZAF NOS AAAFQ! L-NNA(lmg/ ke, iv.)E HAXS thS
HEE 2 5T(001~100mg/ke)E 2 YR FoT EH
o Q&5 FAEP<0.01)A= A LS UBhHUCHFig. 2).
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Fig. 1. Effects of L-NNA(1mg/kg, iv.) on the CRVP-induced
increased in regional cerebral blood flow(rCBF). * ; P<0.05 vs. control
group, ** ; P(001 vs. control group. Numbers in parentheses represent the

numbers of animals.
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Fig. 2. Effects of L-NNA(1mg/kg, iv.) on the CRVP-induced increased
in pial arterial diameter. ** ; P(0.01 vs. control group. Numbers in parenthesss
represent the numters of animals.

3. BASITEC PIXE W Bl 57
| (H0), A5(MC) L & 1] (hexane) &4 52(0.01~100

p/u0)ye B ABERY SAHE Sol 3082 7Hog 2

4 HEANe o P (H0) BEBES FoHEFY

S HES UEMIA RUOLY, B(MC) % &5l (hexane) &4

23S ET-EH0E HUUSUY FAYURYS EIM

ACHFig. 3).

»y

4. BAIEEEC] VIR BEMO) EHEHHNS F3}
HE GHES IAKEFY B 718Eg FBSY] St

o cyclooxygenase H&IHQ! INDS NOS AAAQl L-NNAE
Z¥7} 1ng/kg B4 BA8L K7 & HEMC) 8800
1~100pg/ )€ F7HEE Sl R4 HEBoIS W HEMO)
g REo) 9F AL FHY &I HkS2 IND W LNNA
AR 25k FYEA AR ACHFig. 4).
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Fig. 3. Time course effects of topical application of three fractions
of CRVP on the rCBF. CRVP(H:0), water fraction ; CRVP(MC),
methylene chloride fraction ; CRVP(hexane), hexane fraction of
CRVP. a, topical application of CRVP fractions(0.01~100ug/ai} through crania!
window. Numbers in parentheses indicate the number of animals.
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Fig. 4. Effects of pretreatment with IND or L-NNA on the
CRVP(MC)-induced increases in rCBF. IND(1ng/kg) and -NNA(1ng/ke)
were administered ip. 1hr before topical application of CRVP(MC){0.01~100ug/
ml), respectively. 4, topical application of CRVP(MC) through cranial window. * :
P(0.05, ™ : P<001 vs. corresponding control value. Numbers in parentheses
indicate the number of animals.

5. BFBs i g vIXlE H K (hexane) EM:5EIS] 3

HE g8889 oHER 571 71de 785 Hsl
o cyclooxygenase 1A AQl INDS} NOS A A AQl L-NNA
g 7 1mg/kg BEZW FA3lL 1A} Fol HE
(hexane)(0.01~100ug/ml) BHEEE FAAS EdlH Za
59 S w % (hexane) B4 28] 9F ZFAHEFO
Z7} W32 IND % L-NNA AHR]o gt FalahA Al
= ATHFig. 5).
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Fig. 5. Effect of pretreatment with IND or L-NNA on the
CRVP(hexane}-induced increases in rCBF. IND(tng/ke) and -NNA(Tng/
ke) were administered ip. 1hr before topical appfication of CRVP{hexane) 301~
100«e/ al), respectively. A, topical application of CRVP(hexane) through cranial
window. * i P(Q05 vs. corresponding control value. Numbers in parentheses
indicate the number of animals.

6 RSN WS MK SHol o= BEY a9

HE FEY 10mg/ke0] HGIE-UAF S0 LEERY
RIS HR@TsUY, AUES, pH, BWEY 44 B,
SUE oisiEs BY W AU 2% Bl nlxlE 9@
GG 27 Hold B 147 &, 2210 SANBE A B
Bol Uold ZF T Bl2skd 298 WES AN
UCHTable 1).

Table 1. Changes in physiological parameters

Rectat
MABP  HA Pa0; PaCO;
oS g o PP k) (i) fempgtaure
Vehicle (11)
Belore ichemia  110£3 413413 7414000 8023 M1 365401

1hr afier ischemia  10B4 42212 7424002 8142 4532 370402
6 hr after reperfusion 10644 411314 7414002 B1%3 d3+1 37402

CRVP (13

Before ischemia  109+£3 414412 7414002 8042 43+1 370404
1hr after ischemia  108%3 419411 7412003 81+3 4342  370+02
6 I after roperfusion 10845 41513 7404003 803 42%2 370402

Data ame expressed as mean£SE. Numbers in parentheses fepresent the numbers of an
imals. CRVP{10mg/ ke, 1p.). MABP ; mean arterial blood pressure. HR ; heart rate, bpm ;
beals per minute, PaQs ¢ partiat pressure of oxygen in arterial blood, PaCOy ; partiat pr
essLre of carbon dioxide in arterial biood,

7 BED 2YWS BRENREN ol By &3
HAE-MBR 29 24EEEe Hald AL B0 A
9 AGHEAL, g NBFY A LYAIHQ hyperemiaS
2ol T FEIAC7L A7 Aol wEl 24 g=e 714
A1} oF 50~90% oAl viEsh= BOVAE AEHE e
At I} Hol 10mg/keS BZUE HAXE A3 Po)A
= 84 NAF 29 F2HEFY HEO UEITNMGE=

el s Sristd IR RN 52 £E8 X8kt
MEF 6A7 Fole 7IMRI A A £22 S5

CHFig. 6).

2001

O Vehicle {(6)
® CRVP(7)

Time, hr

Fig. 6. Effects of CRVP(10mgfkg, ip) on the changes in
rCBF-induced by cerebral ischemia-reperfusion. § ischemia : 3
reperfusion. * : P(0.05 vs. control group. Numbers in parentheses indicate the
numbers of animals.

8. MEIEM Sy MBERSMERS ERol viXls FRY a1
HEE- Bzl oS HlutEwol A4 HES A 3
I FFAl HETY MNP 23+£56mANT LSS S5l
e W AR B7AMES Holthrt ZAGKIIL, BN D
FrAlolis BXI8) E7IBIRARE A7kl Aaler) wiet 348 2
4tk MTF 6AIZE ol ZIMRIECIE WA SXAHYCE 1
Bt F1 10mg/ kg MRIF} QVHAl AHE 475+55mT tix
ool vigl HEE S0t Heluksm Ry gart 295
HAALP<0.05), MEF 2719 AF &7 W8T Eigon
(P<005), 1 oj%9] AF LA £ET AUHEI0N(P<0.01) AjBE
6417t Bole 7IMAIG FAH 88 JASINCKFg. 7).

250 1
© Control (5)
200 ® CRVP (6)
2
§ 150 1
Q *
£ 1004
&
50
v 4
0-1012345678
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Fig. 7. Effects of CRVP(10mg/ke, i.p.) on the changes in rat pial
arterial  diameter-induced by cerebral ischemia-reperfusion. §
ischemmia 4 reperfusion. *: PCO05 vs. control group. Numbers in parentheses
indicate the numbers of animals.
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g% §

83} 5184 YA WHET 715l ) ol H2E
of tigh Tao] ZUE L Uk M AFOEHE] uEEE
goo] ZFL wol A4 T 59 JYEAS S20ZH
A 7158 $85IAT Hol S3=HE gl oyt LA
@ AAZED g Z5go] BESHA Ho| X757} w
WA B HEEE  @IREVE(arterial perfusion
pressure) &, AlHlEYT DAY Mol s ZHHE, W
oF WEY: MiFolLl EWASEOT o] oA HY
859 wsyl &agch olE /HME YYOE NOS, 5ol
cNOs2} 24oll tish Bdo]l FOIK L /Ut (NOSE EElF]
A ZolA BH|EE HOE SWOIPAE, YUXAAE, gaW
ol I3t FHZE AFEIR, AFA T BRAYY S Soll BAs)
T Qo] HE T AR Foll ERBICH. KB FoT HE B
E5l= ol Aoy ZEIE ACE ool d@H ZE
0]}, ™ = Aol 3 W, UAEIE Q% HE
B, 2ogel ¥, 89859 571 5ol aEAnt o|§
KAGHH 5184 HESH 284 HES0E LErolfny®®.
S8 HA8e 523 go) o] HE URE s US W
E 235 YE gAY el ol wshs A
og MMBHAR, FE, KAMQ FEY ATAONA thi}
20 B4 g FaYEFY 24t et BmEE B
Bhio] 43 2L RES U158 AT EMAR - B
R U EHEBoE 280) ol FEBRE Q% RS U
AERE - NBIIR - AREE 59 S0l o151, A2
o] SIEEIUS W A5A1Z BHoZE AL, slom)
£ 0|83 ¢75E HERAYS WE U F87)H) vxlE dF
V201 A& B AR Eo] m|X)E @7 T2 1 HEd - N
Aol M= AP PE0) BUHUC) Y, HEE 0188 &
Oz meao) BT nXlE ITE HRL 27
B89 BRI histamineol Q3 $ETUW 71 BA] BE
2 o|gPA)d Erloh)zh HE SN BRIISWET o]eh]
AoP1  RIERXL,  EF HEUA  EAslL A=
methoxylated flavonoid® 7|@A] HELS o|ERIFIXTH
glycisided flavonoid= B# TS SMBARINO 1L 6lom,
HEE 0183 YA AToXE Bi) SAHERY W 8%
2 Z7MFE), ols IZF A48AS o) dnekn
BIGIACE 22 AB7A B1E TR0 B viokd
o] $lobir} HEFASlol TSl Bolshl USAE BEFaH
I HEY 78S AZIF 48499 BEyUe BEHA
7] WiEol AR HEFYol nx)e Nose 28"g ugig
m) FEo AT NOSS W o] S ALE ALFHC)
ololl FEE o]85Kd NOS inhibitor9] L-NNAZ HAX|§ &
HEEE U Y HES BESRL, oIS EAlo) HEE 2
IS & GHEZEL oI, FAHEFYo) v FFgH
L-NNA9} INDE HAXIF & HilEle AP RYA 2187
AE LHBEYC) E3 —fl9) S SHE HHAHCH B
£02H Y HIES SUAY] B0l BEE FAficE
A HsEE AR U HouEu] 1Fe BN
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9] HAukEmo) Ao vk FEO FAE BES
STt B71EEE SAHEFEN ClEo] Huusme) NFE
2T e AS € & Ut Jeldkd B A8 T
SIILAL L-NNA(Img/ ke, iv.)E TAX|S tie HEE sTEE
Ul Fojdlel F4LHYREES HES 2 BE 5holA &
MY E HIE LEMIAET, 1 BOME AETE S5
€ "l B8 fALP<0.0UE JHSELE BRI, HHusy
9 AFT 57t H7IESE RAHP<MUE dAEIE U
ERARACE olol FEE HAEWe AAE HAAUSEN =
2HEFHE F7RIFIL 1 AHE7)E 2 NOsS /3¢t ASs
ARt o, g 2el8Asld F3l(H:0), FaMC) 3
#1)(hexane) EHEEE A2 F 2219 5TE(0.01~100p8/
w)E B4 AESEY FEe 88ld W08 11Her =4 H
E3I9S W Hul(H0) 845282 F4HE R0 Fast HES
UERAA gitout, HEI(MC) ¥ Hij(hexane) EHEEE 5k
7} B71ERE FAHEFEHE S7KIFNE 1 28718 E 2
Asled IND3} LNNAE 242} 1ng/ ke B2 FoI5HL 14134
F FEMCO) E458(0.01~100p/m)E HERE S350 =4
HEGIHE W HFEMO) 42 A3 S4a-EFE 571
22 IND ¥ L-NNA ARzl 95l F25HH dRA=EUS
], #EE(hexane)(0.01~100ps/mt) EHEE S &S EdIM
24 JESINE ME FiE(hexane) A EE0] 95 Z4ME
FH9 £71 I8 IND W L-NNA HAx]o) g5l [l
AA =TT olekde Aile HERYSHIAHEFH W HA
oEwe]  FAF)l uiXle a9 Fpt NOs o
cyclooxygenase9] 7|F 3 Bedo] Ui, EF BHESZ0)] 3
HEES gFariMol 388 £ Ue REGE U AR
AEECL £ HEE e FekI HelTE & ol 83l HR
BUE B2 F7 HelH o ZAMEREYS Mg /It 8
et A9 AAEIR L, N RBFS #A LAIHQ) hyperemiag
Bl & 3=EACky} AZlo) Foslo) et Z4as 5= 7|
AA19 ek 50~90% HeoA] WIEsks EQVESH 4EHE VER
AL FE 10ng/ ke BHZUNE AARSH U FZY 48 F
He HxZde el A 7kl 7IRRIEN £2 &
2 |ABIE MEF 617 Fol= 7IARY AL AR 45
g FABIITE £ HHutEwo] AL HelEe RS
e YAIEQl E7I8AE Holthrt 246K, 8 AEFAl
o= @XI5] B715I¥XITE AlZl0] Huglol mizgl 2435 ZAad)
o ABF A7 Folle NIRRT 24 KA 22
5] 10mg/ kg MRS LB HANSWO AL vz
H)8] HelE717 ¢t Houksme] By ZAart Kaskl A
I AMBF 2719 MY BV USE oSBIen, 11 olF9 AY
24 455 ksl AR 6R17 Folle 7IAR S FAVEH &
FO8 fAZHE A 8 & Uch

oj4k9] 23 FEQ 711 wEAE BEH) ol E NOS
2 cyclooxygenase®} BRSO HEFASIS 7AAI71 T, 5
89| HelREoAE HHAutsmo] 248 FH XF & oY
A7l 2371 Qe Ao Ueh} FEE Halgollt Hulgy



FEU EEAEe txle 484 o+

elol S85IH fFadlelet AlRETH T2 2 4go] 8d&d
of ezl UL, EJ HUCEEO A3l HGEEEY AH0IE
Z YOR REHE F& Y RIEGE WE Hold Yuzd
ol MAlE HEFHS HE MHEHNS HEY nXE 35
EUWE BEGor F A2E AEET

2

T

Z|

L HE RS HS nixle 2 I A8V, &

9 g88EE0] nAle HERAG HE an 1 AHE71R,
A x5 HelZEo] njAle HERAS HES 3T 4

i,

BT HAuEH AFS FALGUA STRIAIL BRE

8l B/1EINE FAHYELY HelniSu AgS LNNA
2 28l RALUA AHHUOH, FEMC) BYRAY HH
(hexane) FHEEE SE-AEHOT IAMARYS F7HIA

Ct.

E BEMC) Y208 S71EY AHERYS IND

3} LNNAZ Q5] FIAEUA A=A, #B(hexane) &
Fog TUIEAE FaHEFYS IND2L LNNAZ Qs 79
HAIA GAHA. FERE HoE-ABFSY FAHEFER
HAutEwe AF Halg RAGUA FAAIZT

o]} Zo] FEEE NOS ¥ cyclooxygenase} FEAE|0] k]

S8 YHEEe Hysdal] 888 TXE AOE Hop W3]
@ agl SAE A0 AR

BALel 2
B dA7E RABXR YR8 e/M g TAIgY Ao
3l o]=0lA Y (HMP-99-0-11-0002-E).
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