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Mechanism of Mokhyangjoki-san Extract on the Improvement in
Cerebral Blood Flow in Ischemic Rats
Ik Hyun Shim, Chan Hun Choi, Yeong Mok Kim*, Young Jeoi Yoonz, Hyun Woo Jeong+

College of Oriental Medicine, Dongshin University, 1: College of Oriental Medicine, Wonkwang University,
2: Chonnam National University Hospital

This study was designed to investigate the effects of Mokhyangjoki-san extract (MJS) on the improvement in

cerebral blood flow (rCBF)

in cerebral ischemic rats, and further to determine cytokines production (IL-13, TNF-q,

IL-10, TGF-B) of MJS. The results in cerebral ischemic rats were as follows ; The rCBF was significantly and stably
increased by MJS (10 mg/kg, i.p.) during the period of cerebral reperfusion, which contrasted with the findings of rapid
and marked increase in control group. In cytokine production in serum from femoral arterial blood 1 hr after middle
cerebral arterial occlusion, MJS significantly decreased IL-13 and TNF-a production, and increased IL-10 production
compared with control group. In cytokine production in serum from femoral arterial blood 1 hr after reperfusion, MJS
significantly decreased IL-13 and TNF-a production compared with control group. IL-10 and TGF-31 production in MJS
group were significantly increased compared with control group. These results suggested that MJS significantly and
stably increased rCBF by inhibiting the production IL-13 and TNF-a, and accelerating that of IL-10 and TGF-3. The
result in nerve cells was as follows ; MJS significantly inhibited lactate dehydrogenase activity in vitro in a
dose-dependent manner. This result suggested that MJS prevented the neuronal death.

Key words :

Mokhyangjoki-san(A &% %), cerebral ischemic, rCBF, cytokine, nerve cell, lactate dehydrogenase

A B
e ABE FANATE FF4A 98L e 712 A
F9 2%0l ARHE TAAD Bojgo] Yot AA 18%0]
S EE 700~800 7t BETH, 2o M2 FFUE GRS
o] 20%0] 32 mow gu AAAT] Bad A
et A1ASe] WAs H84 HNeael FuH I, 58 o) A
w] Aot M x5 )

FA A4 2 185, FAI sk sl skl o} g el

+ E-mail : hwdolsan@dsu.kr, - Tel : 061-330-3524

SR L 2011/08/19 - 44 1 2011/09/29 - A : 2011/10/05

- 807 -

B
?

Bl - ABAE - DIRE - RO R% - FEEAR
Agto 2 Ao grtE2 1 Aol il Fk
A7NSFRA 209} i 5V HENEBE &
fLatAl =9 Lzt s Lils QA
A0 s EE#HS FAsE T
AEHEEEE TR, "V AxE FEHo ik,
FIAEFS RGBS ABFT ahQa, THEEE, PAXE MR
of AFete] FME tadg sglon, MERNE, PaNE
EWNELZE pKo] FAEA Yehde &y FhEE 59
TZ4 frAkst S AHgET sFTh
T, A Walel YA H 2EY 2~ Fo7 1¥Y 59
ol A A 59,] \:ﬂ—/ngo] h:o]-x] o] 1

oy
g} Wy WEs } io} A0 ge 24 &
Ak Jﬁ;

=

T
Fl 5ol UrEM%
H#) 2 BEHYS =
BT s o #&

HoezH FFol LY



Y, LB, e, fiE R0 58 o) &ste ¥ Y
T gt A7t AP AAT 2l KAEHRHC] o
& A7e A% % FAA W a7, prpme] et &z,
G 2Ed 2 B BV 3 FANA FEN HBFE
F/HNAG 3 RuE e B Hs Ao Yehte il W
sl B A7E oA A R

olo A= ATzl HE &4 A a3E 4
gHoz FRAA N5 Uo] FLY AN WEHE &
qEFF AN v B3 WlM ARHE 9F F8 ApolE
79 % FGF Aol EAS FS SR, B AFAZ
Al 843 = = lactate dehydrogenase (LDH) %S &A% 4% &
o4& A7l HashE wholth,

Az 2
1. A7
1) %
TEZ AF 300 g N9 &7 Sprague-Dawley Al 3|9}

AZ 29 A 9] A F(Institute of Cancer Research, ICR A& (F)
Aol 2ol A Fdste] AEHAT. FRE F2E X
7 BAE ASFIA TINES B RS FFHAA A
A 87 (AUex 24+2C, F= 55+5%, 12417F BAF7)) el 15
J ol HeA F AHgSAh
2) %A

Al ASE obE FAUSE 2E FFEEE AN
T3] ABIAT, AFEHEHS THFEL f.%;mm Y
of 28 AP AT RO, BF L AN e
ZT}(Table 1).
Table 1. Prescription of Mokhyangjoki-san

Herbal Name Quantity(g)

x & Auckiandiae Racdlix 20

B ¥ Linckrae Radix 20

EHF Cyperi Rhizoma 20

L/ Auranti Fructus 20

5 K Citn Reyicuiatae Vviride Pericarpium 20

B Amomi Fructus 2.0

B # Magnoliae Cortex 40

RO Citri Pericarpium 40

n Cinnamomi Cortex 0.8

B Cnidli Rhizoma 40

A Atractylodis Rhizoma 40

H = Glyeyrhizae Radix 1.2

5 B Zingiberis Rhizoma Recens 1.0

Totality 31.0
2. W
1) Ao =4

AERFEH 43 2% (124.0 g)S 3,000 me A ZpA 0
SHF 1,500 mest A 1208 7HEst ARA S AHA 2 o3
sto] 5000 xg=2 30% AAEHsI FHAS Ak 1 F
rotary vacuum evaporator (EYELA, Japan)ell 2o 7+ 553

o AEAA FFx71 F22 (Mokhyangjokisan
freeze dried powder, MJS) 159 g& # At
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(2) Interleukin (IL)-18 ¥ &4

SEE A9 dHWA APHE IL1B8 &F 582
rIL-1B ELISA kit (Biosource, CA, US.A)E ©]-&3 T} 96 well
plateol] rIL-1B standard diluent buffer (SDB) 100 & ¥ &,
U 2] welldl= 84 50 409 SDB 50 & 92 tha 4204
3A1ZF W3 5 washing buffer (WB)Z 438 A 33th o] %
Z} wellol| biotin-labeled anti-rIL-13 100 S ¥-& 3 A2 A
N7 BT vy WBE 43 AHS ST olF Z welldl
streptavidin-HRP 100 ﬂﬁ—g— Yo o Ao 308 Fo W

=] 2T
st 5] WBE 43] A #H3t % stabilized chromogen (5C) 100 plE

O

1o

o
=2
ot
X O

+ g

> oHr ob pet
ol-nﬁ‘

(o]
o

B o s ATAZ AR 302 Bt TA ST o %
stop solution (SS) 100 wlE ¥ Th& microplate readers ©]-&
el 450 m TN é@s}“ﬂrm
(3) Tumor necrosis factor (TNF)-a & =74

A8 f2 #F e HWAA YYH= TNF-a & SAHLS
rTNF-a ELISA kit (Biosource, CA, US.A)E ©]&3t9th 9
well plate®] rTNF-a SDB 50 pl& ¥ o \4-131 A wello] &
7 control (high, low)S Z+7} 50 A £33 5 SDB 50 ul&
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AFEREH F2E0] =88 AF 9 HEFAL viAe F&71d

YAt o]& ZF wellol biotin-labeled anti-rTNF-a 50 ;S ¥ il
A& A 908 F<F incubationdt T WBE 43] A3}t
o]F g3t FHI3| F2 streptavidin-HRPE Z+ welloll 100
wA B8 O gl Ao A 458 F< incubationdt & WB
2 43] A H3tAth 2 o SCE 2 welldll 100 ¥ 53 ¥
o] zdt® Ao A 308 < incubationdt & SSE 7t well
o 100 A EF3 thd microplate readerE ©]&35ke] 450 nm
B P I o A=

(4) IL-10 ¥ =73

H3d i F 9 PR A e IL-10 & S

rIL-10 ELISA kit (Biosource, CA, US.A)E ] &3t} 96 well
plate®] SDB 100 w# &5 £ U= wellol 37 control
(high, low)& 27 50 pl# +F & tha SDB 50 & ¥ ATt ©f
% 7} welldl] biotin-labeled anti-rIL-10 50 y(ZE ¥ Ao 2
A7t incubation$t ThE WBE 43] A H3}4itt. o] F 343}
FH3E & streptavidin-HRPE Z+ welldll 100 w® 53 o}
< A Ao A 30% < incubationdt & WBE 43] A% 3}
Aok T o SCE 72 wellell 100 w4 58 F Yo 2w
Ao A 308 59 incubationdt & SSE 7} wellol] 100 w0 &
38 42 microplate readerE ©]-&3}4 450 nm A A
9 g®Y).

(5) Transforming growth factor (TGF)-B1 & &%

A8 fd 3859 YA BPE= TCF-L1 & 373

2 TGF-B1 ELISA kit (Biosource, CA, US.A)E ©]- &3}tk 9%
well platee] SDB 200 wA 33 & U™ A welld] 43}
controlS Z}7} 200 wA YL tS 7+ wellol biotin-labeled
anti-TGF-B1 50 & &5 F A4 343t incubationd o
= WBE 43 AMHSIAY. olF M3l FHE F
streptavidin-HRPE 7} wellol]l 100 p¥ 253 thg TA] A2
o A 304 <t incubationdt & WBZ 43] AlH3sdth. 1 o
SCE 7 wellell 100 w# 53 F o] xetd A4 30
&<t incubationdt ¥ SSE ZF welld] 100 w0 £33 o5
microplate readerg ©]8-3F] 450 nm G A A s A= e
4) In vitro oA AAAMEU lactate dehydrogenase 4=
3

AMF O] HFZS AZ3) t}-S Hank’s balanced salt solution
(GibcoBRL 14185-052)° 5 mg/ml glucose, 7 mg/ml sucrose %
0.35 mg/mé NaHCOs7} 74l kool Qe 1A dv|3 st
A Hebs AASL tiy JAE Do A =4S @ oS

N\

0.25% trypsin®] &% 7] wjFde] dol 37T oA 155 A3
g F 1,000 xgol A 5% A4 23 T trypsine] o &

fAS AASE, EH HMEE eagle’'s minimal essential
medium (GibcoBRL 11430-030)¢l 2 mM glutamine®} 10% fetal
bovine serum (Hyclone A1111-L) ¥ 10% horse serum (Hyclone
A3311-L)o] E3H v 1~2 miol ¥ & FHo] F3
gtelgle g oF 103] E4 skt

Epidermal growth factor (Sigma E4127)E 10 ng/ml T ==
A7ket & 24 well plate (Primaria, Falcon)ol 0.5

hemisphere/plate Y= 7} well T 400 ¥ =33t 37C,
5% COx%k 100% =7 A5 COp wjF7IolAM wl Fahsict.
2~4F 5 WAXE (glial cell)7} TE3] 43 5 o4& A A
kA oz 33 AFg & 24 well plated] N-methyl-D-aspartic
acid (Sigma M3262, NMDA) 30 jM< A28t 28z /]2 &

=
ZES AYstA &S E2F, NMDA 30 M X8| & 2827
2 F2ES FEE (0.001 mg/me, 0.01 mg/ml, 0.1 mg/ml)E 2]
3 APror BFINY RE BZ2I)A 22ES ZF4
g Asle] PAE ThE us 7 welld 4~8 wA = A w0
st wjgy wat A FoAg 2443 F 96 well plated]

7} wellol] i 23, buffer 125 1, 0.3 mg/mé NADH
100 ¢, 22.7 mM pyruvate 30 S ¥ T ZHLZ microplate
readerg ©]83te 340 nm Gl A lactate dehydrogenase
(LDH) %< =333t

o2

o,
e}
a1
B
il

3. TAAE

Bz FE2E0] T4 HEFF L HF o viAE
295 727 308 @92 4k 5A HEstda, 4+ 2 &
°]4 A4S Student's t-teste]] 8tH M, p-valuex 0.05 7Tt
¢l Aot foA4s A

HH8s FIANT & B2V FEES FASA @1
2% T4 HARF] WS 2T, H5Es FLA
T EFI FEES FATT T SA g4 HERTY W
S Ao 4t
4 879 T4 HEFF 7IAXE 100.0014.44% 2 3HHS o,
=38 Aol dzsy F4 HEFFS HE 1208 Fot

3
308 Ao g Z47h 51.10+5.62%, 51.63£5.93%, 51.42+5.75%,
68+581% 2 A=A 22y 2] T4 HIEFZFS A
AF 5 1208 ¢ AART Z4Z 111.44£516%,
118.85+5.38%, 132.36+6.98%, 142.567.00% = £t 3+ Z7134 )
2 Yeigla, olF A#dF Aol AFRHSFE A7
134.07+4.04%, 128.01+4.08%, 121.37+4.48%, 110.79+5.36% = 72
He %S RYoy AR E F7HE AT
34 8F 9 4 HIEFH 7|AXE 100.00+4.83% 2} 3+
< W, H3E AN EFxI FEE FAT T4 HE
FHe H3E 1208 5 308 7HoZ Z+7 43.9045.00%,
43.32£5.90%, 44.6514.98%, 46.032442% 2 ATH Y, ABHF £
1508 Setole 7IAX R Zh2h 107.21+3.86%, 114.57+4.99%,
121.81£5.12%, 122.79+5.52%, 124.98+5.12% & E-<HA38lA Z715
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Roy AFJF Aol AHEFE 47 118.32+3.85%,
106.77+2.65%, 101.95+2.39% & 714X ¢} FAFsHA Jelbwct A

]_
g7el Fh YRR e BHA T HAFD W
1970z A

skl Blsf oA (p<0.001)AA © A t}Fig. 1).
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Fig. 1. Effect of MJS on the rCBF response in cerebral ischemic

rats. MJS : Mokhyangjokisan freeze dried powder (10mg/kg, i.p.), MCAO : right

middle cerebral artery occlusion, rCBF ; regional cerebral blood flow. The data are

expressed as Mean+SE of 6 experiments. * : Statistically significant compared with

Control group (+++ ; p<0.001).

2. 588 fd 2F Y] AN BAEEE AIETRI el 1A
< &%
1) SHFH HAA 1A F S A|EFRD & vA=
s
A58 $Fe GHAM BAHE A)EFY FE Gotr
7] flsted Tx Y AR HHEE FLN F HFET
A FEE (10 mg/ke, ip)S Fosta, FE 143te] BE o
4EE Aol BT %S

CEEEEERRE REE L
_]

Sk ALl EFRQIS A, tlE2T Y] A A AEHE
F& 100.00:1.42% St W HFIN FEE F
oo gHAA AFEE IL-1BY de 77541.15% 2 2+
Hot F94 (p<0.001) QA FAHJL, HETF oA A
A= TNF-a9] %2 100.00:828%2} 3+Q9< W) =3kx7)4F 5
5 Tl Ao HAEE TNF-a2 %& 61.38+336% %
2T FoA4 (p<0.01)UA ZaH A

FAZF AC|EFRIY] A, tzTe FHAA APEHE
IL-109] & 100.00+2.60%F 3tAS o HF=7|4 F2& F
9 dHo A WA E IL-109] %& 129.18+649% % ETH
o oA (p<0.01) UA F7HEALL, 2T A A=
+ TGF-$19 & 100.00£539%2} 3tH-& Wl HEFx7]) F&
& FoTY oM YAEE TGF-B19 4L 111.91£349% 2
izl vle 745 9 thFig. 2).
2) ARF WL T AAEHE AIETRID &l miAE &3

&8 L AFY NN BAEE AIEA] & &
olR 7] st F¥EH HAHO R fd HAY AHE A
FAZ o 1A3te] ZoE & HHE AF A TS Hs)
o AAHE ALEZIS] F& 43 ATH

S S AolEFIQIY S, tixTe] A A
IL-189 %S 100.00+2.60%2 A< of HF=7|5t FE25

4

o] Aol AAEE IL-189 %L 89.92+053% % #2A4
(p<0.01) A ZAHAL, hETY A AHHE TNF-a
o] & 100.00£22.97%2} stHE W HFE2I|F FEE FAT
o] oA AAEHE TNF-ao %% 44.62:692% =2 270 H]
& o4 (p<0.05) YA FH2HAT
FAZ AIEFRRIY] A, dx2Ty FHAA AAH
IL-109] & 100.00£2.60% 2 3tH& W H3F274 FE5 59
T8 Aol M HAHE IL-109 %S 150.22+3.80% 2, ET
FHol A HAHE TGF-B19 %S 100.00+354%2 89S o
EgzI)4 2EE Fote A MAEE TGF-B1Y 4=
DA T A

120.101.38% 2 o Z7tel B3| o4 (p<0.001)
Q—(Fig. 3).
160 Ocontrol Group B MJS Group

%, release after MCAO

Fig. 2. Effect of MJS on the production of cytokines in the serum
from femoral arterial blood 1 hr after MCAQ. The data are expressed as
Mean=SE of 6 experiments. * : Statistically significant compared with Control group
(# ; p<0.01, =+ ; p<0.001). Legends are the same as Fig. 1.

180 Econtrol Group EMJS Group

»
o
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%, release after reperfusion
& 28 8 8
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o

IL-10 TGF-b1 IL-1b TNF-a
Cytokines

Fig. 3. Effect of MJS on the production of cytokines in the serum
from femoral arterial blood 1 hr after reperfusion. The data are
expressed as Mean+SE of 6 experiments. * : Statistically significant compared with
Control group (+ ; p<0.05, ** ; p<0.01, *** ; p<0.001).

3. 479 AAAHEY LDH A= vx& &3
NZAAZ &4
o] golr 7| $stel NMDA 30 iME %2 8
% (0.001 mg/ml, 0.01 mg

3 LDHe AT vty 7‘5‘9}‘3}.
A 225S X854 ¥ NMDATHS &3 b

52714 550 4

\
&

I T E 100.00:0.11% 2 3FHS wl, NMDAS}H =
FxI71 FEES AHYS 43¢ LDH 4= 47
610

27%, 97.53+029% 2 ) Zo] wa oA

N
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(p<0.001) IA 745 ATh(Fig. 4).

85

20

Control 0.001 0.1

MJS(mg/ml)

Fig. 4. Effect of MJS on the lactate dehydrogenase activity induced
by NMDA (30 uM) in nerve cells in vitro. MJS : Mokhyangjokisan freeze
dried powder. The data are expressed as Mean+SE of 6 experiments. * :
Statistically significant compared with Control group (+++ ; p<0.001).
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HEP Aee wHAT S7bsk AL Wt 5o 7
o) 409 2w ABET P 2 BANESL WA S}
w0} 1998\l = A T 143%0] SHFHAAT HZol= &
Oeo 2 AEe] %1, 9ddEeRE 1915 AT HE=
F7HAAN. 53] HP Y A¢L U2 287 D) Fo] Hy
e 2% Aol A4 Jlsel Ff N7 et As=
of EA7} of# & Wk ope} o) whE AbSA EAR ) o)
oY g w4 23 itk
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sEo] WojAla, dde] Asista] whg5o] dojut AFA L
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