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Mechanism of Palmul-Tang on the Change of Cerebral
Hemodynamics in Rats

Cheol Hun Park, Gye Yeop Kim, Hyun Woo Jeong*

College of Oriental Medicine, Dongshin University

This experimental study was designed to investigate the mechanism of Palmul-Tang(PMT) on the changes of
cerebral hemodynamics in rats. The changes of cerebral hemodynamics in normal rats were as follows ; The
PMT-induced increase in regional cerebral blood flow was significantly inhibited by pretreatment with indomethacin(1
mg/kg, i.p.), an inhibitor of cyclooxygenase, and was inhibited by methylene blue(10 xg/ke, i.p.), an inhibitor of guanylate
cyclase. The PMT-induced dilation in pial arterial diameter was significantly inhibited by pretreatment with indomethacin
and methylene blue. The PMT-induced increase in mean arterial biood pressure was significantly inhibited by
pretreatment with indomethacin but was increased by methylene blue. This results were suggested that the mechanism
of PMT was mediated by cyclooxygenase. The changes of cytokine production in cerebral ischemic rats were as
follows ; In cytokine production of serum by drawing from femoral arterial blood after middle cerebral arterial occlusion
1 hr, sample group was decreased IL-13 and TNF-a production compared with control group, IL-10 production of
sample group was similar to that of control group, but sample group was significantly increased TGF-(3 production
compared with control group. In cytokine production of serum by drawing from femoral arterial blood after reperfusion
1 hr, sample group was significantly decreased IL-1B production compared with control group and decreased TNF-a
production compared with control group. IL-10 production of sample group was similar to that of control group, but
sample group was significantly increased TGF-B production compared with control group. In cytokine production of
serum by drawing from femoral arterial blood after reperfusion 4 hrs, sample group was significantly decreased IL-13
production compared with control group, but IL-10 production of sample group was similar to that of control group.
sample group was increased TNF-a and TGF-§3 production compared with control group. These results suggested that
PMT had inhibitive effect on the brain damage by inhibiting IL-13 and TNF-a production, but by accelerating TGF-(3
production. The present author thought that PMT had an anti-ischemic effect through the improvement of cerebral
hemodynamics and inhibitive effect on the brain damage.
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Table 1. Prescription of Palmul-tang(PMT)

Herbal Name Quantity(g)
A F Ginseng Radix 438
g i Atractylodis Macrocephalae Rhizoma 48
BH%EE Pona 48
H = Glycyrrhizae Radix 48
peaub-4 Rehmanniae Radix Preparat 48
=ESE Paeoniae Radw Alba 48
n & Cridit Rhizoma 48
¥ B Angelicae Gigantis Radix 48
Totality 384
2 gk
) pate)] /] __L_K-“
N5 (Palmul-tang, ©]5F PMTE} €1 2 & 220l 768 g=
3,000 m¢ X SehAAo £54 1,500 miet 8HA 120 £ 7145}

I Agdles A= 04%0}04 5,000 rpm@.E 30 & A ET]
ol NS MLl I % rotary vacuum evaporator
(EYELA, Japan)ol] o] 2t =53t & freeze dryerZ &2 7
KA 196 gEE 255 %)S oo] AUOT AU
2) g4 g HERAS Mol nixle 71" #E

PMT7} rCBF, PAD & MABP H@oﬂ o)A Z271HS got
B7] ok prostaglandin®| 4G
indomethacin(l mg/kg, ip. Sigma I17378) ZI2li cyclic
guanosine monophosphate(cGMP)2] 44 §4Q1 guanylate
cyclase XA methylene blue(10 pg/kg, i.p., Sigma M9140)&

491 cyclooxygenase XA A

MM & okhel 2 YHog SFsiurt.
(1) 24 87 Hsl =54
SlF| & stereotaxic frame(DKI, US.A)oll TFHAZ|Z HEM
g wct FIE BNl FE2E LEAIT # bregmad] 4~6

m S}, 2~1 mm Aol AF 5~6 me FNE £ A6}
FCt. ol =B FAE ANS oA A Hutel £€ 8 ¥
ASHEE 51k Laser  doppler flowmeter (Transonic
Instrument, US.A.)2 needle probe(ZZ 0.8 m)Z thx)(FHYH)
)& #FHol 42jo] L E stereotaxic micromanipulatorg A}
8351 Hedut sWol RUAEA ZEAIGTE GFAT S o
HAlZ]l & 48 protocolol] Wizt PMTE &5 H(0.01 mg/kg, 0.1
mg/ kg, 1.0 mg/kg, 10.0 mg/ke, ip)E 5T thg HalLlE =4
x|& HEk(regional cerebral blood flow, rCBF)& Z+2} 30 & &Qt

=
=
2
.
)
o
e
ﬁ«‘

BAFIL FEE stereotaxic
F'J- g AN & T
=0 saline-cooled drill(Dremel, USA)&
AFESIS craniotomy(5x5 m)E AIWSIACE HHe} A Fos
sl AAHEOEN HoT $HE R-Z£4]17]1, craniotomy

FOE dental acrylicQZ E8|% £ dental acrylic mountﬁ“—Oﬂ
A 719} polyethylene tube(% 7H= WHE, LIHA] §F 7= F74
et Z2H )5 4o] =UrE 1 F dental acrylic®o 7:'75‘ 12

= AL HEA|
=
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o)

of £

2 HU

mlo rE

4
0

mn@] cover glassE E1L cyanoacrylateE AFEGIH &
U Z 95 % 025 % COE LT Qlad KAl G
7iCt olu} FHAS 242 0F 0.8 mt, 12| L FANYS 5~8
mHgZ SAEE 3l

Q1% HH o) R T3 Urh Na' 1565 mEq/ ¢,
K' 2.95 mEq/ ¢, Ca’ 25 mEq/ ¢, Mg™* 1.33 mEq/ ¢, Cl 1387
mEq/ ¢, HCO; 24.6 mEq/ ¢, dextrose 66.5 mg/dl & urea 40.2
mg/ de(pH 7.35 ~7.40).

(3) ¥ W AA W3}

BF 0 FH&ol dAFHAEES LRSI A8 protocolol] )
2k PMTE mT9(0.01 mg/ke, 0.1 mg/ke, 1.0 mg/kg, 10.0 mg/ks,
ip)E Bl the HIE s X SU(eEEAIg AE oF
17.31£1.35 5m)9] A7 (pial arterial diameter, PAD)S 72} 30 &
B0 ZEsIITE. 4717 S0 viglsls PADE 4 T4
& E¢F video-microscopy BHH I} width analyzer(Model C3161,
Hamamatsu Photonics, Japan)& AMZ8I TV monitoroll LIE}
L 83 Y4E video cassette recorder(S-VHS, Mitsubishi)ol]
=3} HEN FATPE A Akt Y Zelskaict

(4) daget Hel 57

ZIF1E urethane(750 mg/ky, ip)2E FIFIAIT] & H20] 3
7~38 TR FAE 9= ULF heat pad 2lof] BAE FAZ
T} PMT 246 55T(0.01 mg/ke, 0.1 mg/kg, 1.0 mg/ kg, 10.0 mg/kg,
ipJ)oll whE HFEHmean arterial blood pressure, MABP)
3= B5E9 tiESMo 41l¥ polyethylene tubeol] HZAH
Edlol  MacLabi}

JDl'
1o 0%

pressure transducer(Grass, US.A)E
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cerebral artery, MCA) H2] & 01836l Hell Z&E Longa

¢ =7

59 el we) B4 8710 RSN JPEUS B2
I - AESWe ENEOTHE W SUUR JBEUL
Eslo] 3.0 BHZE YR BB UUEOEH MCA 7198
2 SABIATE 2 A7 3 WZ SHulo] ARlslo} i BHE
UUE BEAIE MCA ZIHRERE AN ZO24 82
ABE AT
@ A 2 2y
Slsiel We BYE FUAIL T8 A 1 A1 3, AR

1 A7 & 2811 xﬁﬂﬁ 4 AlﬂOl éﬁr@ ol Hey 2gol i
ElE2oA 1.0 mE Mg
B0] SR B &

]

£ S Mol gk Ay

R
=

S
S
ok pT N

>~
=
2

gl
oft
2

P

w H
S g

AL}
Rl
eoF
oft rio 2k

>

o

¥ oz
>

0p

_O'E

3@

- ¥ g

(3 Interleukm(IL) -18 4
&g el 2g9 %JJ‘JLHOJW dHElE 1B & £52
rIL-1B ELISA kitZ 0]&3I3rt 96 well plateo] rIL-1B standard
diluent buffer(SDB) 100 ©®E sFHEZ ¥ &, LIHA wello]
E3 50 1%} SDB 50 WS the 420X 3 A 3¢t
STt o] Zt well

REER
ol

]_a—]O
S

3}%X18} 5§ washing buffer(WB)E 4 3|
ol biotin-labeled anti-rIL-18 100 @& =s
SO XIS v WBE 4 3] AAGKAC
streptavidin-Peroxidase(HRP) 100 @& E2 tig 4
B¢t WAgt § WBE 4 3 xﬂ&é
chromogen(SC) 100 & ¥
2 50 X]5ICE 01F stop solution(SB)

Bld 450 nm THEOTA] SE 6] ir/}wzo.
(4) Tumor necrosis factor(TNF)-a 4& &5

w518 ey Zeo EF ol 4

ST
= Al
L =21
H}x A&
we
ST

=
funy

stabilized

=
a

o glg
=2 R=
microplate readerE 0| &

glE]L— TNF-q o‘c 7<7\40
rTNE-¢ ELISA kitE 0]83dl5 T} 96 well plated]] rTNF-a SDB
50 WS BEEE @S T}, 1A wello) B 7} control(high,
low)S 742} 50 ue#l BF3E 5 SDB 50 B WL o]% 7
wellol]l biotin-labeled anti-rTNF-a 50 (& €11 42041 90
£ EQ! incubationg} thg WBER 4 3] AHGIHTE olF 34
3lod FH|E2 HRPE Z} welloll 100 p¥ 2F3E t}E THA]

{1

A 204 45 B =9} incubationdl & WBE 4 3] AAE3I¥C)
1 C}S SCE- 7} wello] 100 pf4 258 & wo] AghE 42
ollA] 30 B E=¢t incubationdt £ SSE Zt welloy] 100 piA 2

7}
Z=3 e mlcroplate readerE O] £3Id 450 nm THEIA] E£F
Bl

=

(5 IL-10 MY =
518 el 2go g UNA A4Ee IL-10 &
IL-10 ELISA kitZ 0]E38l3ch 96 well platec] SDB 100 0%
St = LY X] wellol]l @33} control(high, low)& 742} 50 14
HES o2 SDB 50 wE FArh ol 7} wello]
biotin-labeled anti-rIL-10 50 & Ei 42004 2 A]7F &¢F
WBE 4 3] AIAIECL o]& 3j4dsto] &)
=2 HRPE 2z} wello] 100 pR BFE3FF TS TIA] 4204
30 2 =9 incubationdt & WBZE 4 3) MAGIATE 1 o2 SC
E 7t wello]] 100 ptA BF3 & dlo] Ajptd 42004 30 B 5
@} incubationdl £ SSE 7} wellol] 100 pA
01856k 450 nm TEkollA]
(6) Transforming growth factor(TGF)-8 4443
ol Wel ZE9 8ol A4EE TGF-B & 53
TGF-B1 ELISA kitZ O] &3}3T} 96 well plateol] SDB 200 p¢
5t & LA wello] @A) controlE ZHz} 200 ped &
e 7 wello] biotin-labeled anti-TGF-B1 50 fE B2Fo &
oAl 3 A7} =S} incubationd} TS WBE 4 3] AASIECT
4@,6}01 ZH|o1E2 HRPE 7} welloll 100 A EF3) T}
L0J]4] 30 B E9} incubationd} & WBE 4 3] AlAs}
SCE 7} wello] 100 p0#) BFE % 8lo] Apky
EQt incubationd} & SSE 7t wellof] 100 p¢
Z 01881 450 nm ThEMOlA] &

=3

Eak=]
=_oT™

i

A

incubationd} T}

0}9‘}1\ I2_23 24) .

=3

microplate readerg =3
I
O

mﬁ o 1= rlo

3. EAIRE
PMTQ] & ol thgh EAXE]E student’s t-testol] 215193 1L,
p-valuex= 0.05 O]8lQ1 ATt FOHEG Q1% 519,

Al

A S A A

=2 o 71
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1. PMT BE&Z Ha1E At 8170 ZoxalEgro] 2ka2714
PMT Fo 2 H3lE rCBFY ZE7IAE Yoty {6k
PMT RoE FAESUA S7te CBFE WET2E,
cyclooxygenase®] A|A|Q] HAAS the
PMT Eo2 HHale rCBFE ToE,
guanylate cyclase®] AHAA Q! methylene blueE HAX| T
o] 2 W3 rCBFE methylene blue X2 C.E 31Tt
(Fig. 1). Indomethacing A5l PMTE FAslA LU
w]Q] rCBFZ 100.00+0.10 %t} 31912 uli, indomethacin F A X}
gt = PMTE SZE(0.01 mg/ke, 0.1 mg/ke, 1.0 mg/ke, 10.0 mg/
kg, ip)E FASNE w9 rCBF= Z4Zb 91.19:0.09 %,
105.17+0.08 %, 110.12+0.09 %, 140.03:0.13 %% £&2F Q&K O F
Z715)199 01} indomethacin X2)#9] rCBF ®dl= X379
rCBF H3lET) 2o 7o A& FEP<0.05)UA HALE]
Art. Methylene blueZE X X511 PMTE TFHSIA 24 ul
9] rCBFZE 100.00+0.09 %t} 6182 wl, methylene blueE ZiA
5 PMTE S-EE Rdie w9 rCBF= 2

7 S = zAvAs

indomethacin&

indomethacin  &£]

g
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J\BEO] BSIIEAI7E WHhloll nIXlE AHE7I

90.24+0.07 %, 97.53+0.07 %, 114.83+0.07 %, 118.38+0.07 % & &
2 O &R O F £715]9) 9L} methylene blue AT19] rCBF 3}
E A9 rCBF HalHr} T gl &8 AAmirh

[ —e—Conirel —O—iIDX = O =MT3

%, changes of :CHF

BREIT Cmgile)

Fig. 1. Effects of pretreatment with IDN and MTB on the
PMT-induced changed rCBF in normal rats. PMT : Palmul-fang extract,
rCBF & regional cerebral blood flow. IDN : indomethacin(i mg/ke, 1p), MTB :
methylene blue(10 we/ke, 1.0, Control : PMT treated group O @ After IDN or MTB
treated but PMT non-treated, group-measured dunng 30 min, 0.01, 0.1, 1, 10 : After
DN or MTB treated and PMT001, 01, 10, 100 me/ke, WD) treated,
group-measured dunng 30 mm Qther legends are the same as Fig. 1. * :
Statstically significance compared with 0 groupt* . P€005, ™ © PO, +
Statistically significance compared with control group(+ P<0.05)‘

S0iZ Wsle B4 59 Hdns 549 287

1~

2.P
lﬂé

PMT B Z #1318 PADS] ZE71HE gotilr] Aol
PMT BdZ JIdUA &Y PADE UAFSE,
AXRAE thg PMT RojE HEE PADE
indomethacin AZ]FO&, methylene blue® HAHZA|S Thz
PMT £ & #3518 PADE methylene blue Xgj2 & ST
(Fig. 2). Indomethacing HA X311 PMTE FOIoIA B/
¢ PADE 100.00£0.14 %t 5}912 uwll, indomethacin F%
St & PMTE Sz Rodile wWal PADE 4
103.04£0.15 %, 105.25+0.16 %, 109.20£0.15 %, 113.54+0.14 %=
82 EHOE BT 2L} indomethacin HZIw8] PAD ®
sbe thETe PAD HEHrD} 2o @l & fold
(P<0.05)YA $EEUTE Methylene blueE HXX|5Hi PMTE
Bl 99k w9l PADE 100.00:0.08 %z} 3I6E w,
methylene blueZ WA X8 & PMTE S2EZ FHIHE W
9] PADyE Z+Z) 98.82+0.05 %, 98.13+0.06 %, 98.40:0.07 %,
97.9620.07 % Z4% o] LIERG L, thE LS PAD H3lo) Hl3)
HE SO(P<O0UH SEFIC

indomethacing

3. PMT 202 ¥Halg 3¢ 79 Fogedsy 28711 38
PMT 20]Z ¥igHe MABPS) &&71:E Hoter] sl
PMT E4Z JYAMHUA Z7F MABPE UWATLCE,
MRS thg PMT B2 H#H3lE MABPE
indomethacin & 2|2 HARRSE s
PMT B0 & ¥3E MABPE methylene blue A2IT*CE 6191
C}(Fig. 3). Indomethacing FHMX[5HL PMTE FoGHA] @4S
WO MABPE 100.00:0.02 %2} 519
gt PMTE SHHE RAIRlE

L

indomethacing

&2, methylene blueE

1, indomethacin A X]
njQ) MABPx=  Z}Z}

94.33£0.04 %, 95.2520.03 %, 99.86+0.04 %, 103.32+0.03 %Z BF
QEXM O T £71%9 21}t indomethacin 2] 7S] MABP BHgl=
TS MABP HslHL} o S8l &8 Fald((P<0.05)%U

Al 2Z4F 0} Methylene blueE FX X8k PMTE FH 35X

S W] MABPE 100.00:0.06 %2} 51532 ), methylene
blueE FA Xt £ PMTE SEFEE RoolRls We MABP=
717} 98.34+0.05 %, 101.83+0.03 %, 107.77+0.03 %, 115.39+0.04 %
2 8 OEXMOF ZJIFAUI, methylene blue HEZ|F9
MABP H3k= iR 9 MABP H3lHT) Rof Bo 9&EG &
7T AT

—a&—Cantral —2—IDN - A -MTB

o
< .
o
-]
[7:]
@ |
(=
=
<
¥ -
Q
3
PMT(mg/kg)

Fig. 2. Effects of pretreatment with IDN and MTB on the
PMT-induced changed PAD in normal rats. PAD : pial arterial diameter.
Other legends are the same as Fig. 1. * : Statistically significance compared with
0 groupt™ : P¢0.05). + : Statistically significance compared with contro! group(+
;P05

——Caontral —<C—ION = O =-MTH

%, changes of MABP

PMT(mg/kg)
Fig. 3. Effects of pretreatment with IDN and MTB on the
PMT-induced changed MABP in normal rats. MABP : mean arterial blood
pressure. Other legends are the same as Fig. 1. + : Statistically significance
compared with control group(+ + P(005).

4. PMT7} H&iE el 2elo] a4 dixs A ETIRl ¢

of PiAlE g3

1) MCA 348 1 AlIZF & AREElE Al E71R1 ol Blxl=
ol Hel LRO MM A= A EFR] Y

olH7] 918k MCA SO HEs /il

Bosh, Gt 1 A7) Aake oe HEE del 289 €

2 Fsl AlETR! 4858 Yo D}(Fxg 4) EHE_

IL-18 445 E 100.00+0.03 %E+ 5152

=2 9455+0.03 % &, RIS TNF-a ggo

£} SIS ul AEFO] TNF-a B85S 95744017 %2 732} o)

2ol Bigl AAFHJATH AT IL-10 g\gg—% 100.00+0.11

%EF SIS w AB 9] IL-10 AE &S 101181009 %2 IR
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T} SABA LIERG T, TR0 TGF-B 445 100.00+0.05
%} 519 S W AEFY TGF-B A= 121.02£0.03 %ZE thE
Fol BldH S (P<0.0)UA E7HETE

OO O

m Control O Sample -
120
100]
§ 80,
b 60,
2 .
¥
- 3 Vg
|L-1beta TNF-alpha iL-10 TGF-beta
Cytokines

Fig. 4. Effects of PMT on the cytokines production in serum of
cerebral ischemic rats after MCAO 1 hr. This figure 1s cytokines
productlor of serum by drawing from femoral arterial blood after MCAO 1 hr. PMT

: Palmu-tang extract, MCAO : middle cerebral artery occlusion, Control @ After
caused MCAQ(5 mln) PMT non-treated group. Sample : After caused MCAQ,
PMT(10 mg/kg, 1.p.) treated group. * : Statistically significance compared with

cortrol group(™ ; P<0.01).
2) MBF 1 AL & YAl Al EFL ol vlXle &3
H5d Hel ZYo) oA MitEl= AETIR % o
otg7) f15kd MCA HiBHoR Fui Hsid Hel ZeolA
AMBFA TS 1 A1700] BHE & H3E Hell ZEo] gdS
F5kd A E7R! BH5S EFalicHFg. 5). tHEEY IL-18
AEEE 100.00:0.02 %2t SIS W AET9 IL-18 HHdEsS
91.38:0.03 % & UIZTRECI FY&P<0.05)UAH ZHALHRAIL, T
Z39] TNF-a A45S 100.00£0.02 %2} 619 S wl 4B
TNF-a A4 =T 97.27:0.05 %2 iR Hlal ZAEck of
279 IL-10 445g 100.00:0.06 %} 3RS A&7l

IL-10 YAESLS 101534007 %5 thRZT SABIA VEREL,
WZE29 TGF-B 445E 100.00:0.06 %2t 510 o AT
TGF-B M4EL 118.60+0.04 %Z Rl Bl 724 (P<0.05)

QXA S7HEATE

%, release

1L-1beta

TNF-alpha

Cytokines
Fig. 5. Effects of PMT on the cytokines production in serum of
cerebral ischemic rats after reperfusion 1 hr. This figure is cytokines
preduction of serum by drawing from femoral arterial blood after reperfusion 1 hr.
Other legends are tne same as Fig. 4. * : Statisticaly significance compared with
control group(* ; P<0.05).

o

st
03

e

40

3) ABF 4 A T AUEE AIETR] Yol pliile G
Y58 Hel BE EFolA ditEe ARIETR] 38 &
olr7] gl MCA HMH oz [k Hgid He HdojA

AMBFAZ) TFS 4 A7) AbE & Hod el Zeo] Edg
F sl Aol BT HesS HEGIrHFg. 6). thET IL-18
A ES 100.00£0.01 %2} 3RS W AEF9 18 YHs2
78.8940.02 %= WETHEF FAHP<0.00)UA BAHUL,
79 TNF-a 4452 100.00£0.05 %2} 3RS wf A9
TNF-a AA 52 108.01:0.10 %2 AR THC} S71EAcE 2
9] IL-10 AE5E 100.00£0.12 %2} 519 E wl 48T IL-10
AYES 101.60:013 %E R FABHA UERLL, tIET
o] TGE-B 445S 100.00£0.06 %2} 513 S ul A7) TGF-B
WP ES 10477:0.01 %2 fE2FHCE S7HEUTH

m Control {1Sample

%, release

AT =
TeFbeta

TNF-alpha 1L-10

IL-1heta

Fig. 6. Effects of PMT on the cytokines production ir!?;rum of
cerebral ischemic rats after referfusion 4 hrs. This figure is cytokines
production of serum by drawing from femoral arterial blood after reperfusion 4 hrs.
Other legends are the same as Fig. 4. * : Statistically significance compared with
control group(** : P<0.J01).
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prostaglandin %! nitric oxide(NO) &0} AT,
constitutive NO= F2|9] &4 Tte] Z&35Hd &AThl ’\ﬂ
Yy BEXEZO «GMP g E7HITIE SAldl 119 4438
A EBHE 0|YAF)E guanylate cyclase® B BIAIZITE 35) T
3} prostaglandine renin-angiotensinZol] ZHZdl= AZE E@
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S\pgo] B 1R Wl nlAE AHE71d

45401 orZolal,
2 prostaglandin®] 44 §4Q1 cyclooxygenase
F 9ok O‘éoh’/}

2, HEdF 2 HAg s dF ST AHEH @R
KBS LS B9 MKz HY, METEN RBETEY
wEReEOE0) HEUE FAILOEA HERE S7KIR
I Baso] QUL ALY BEEERES FEZH", &
BEREMESS Bia HY, KREEES (LEKZH S0l &
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