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(HE] a8 9% 4% %% %[ (angiotensin [[ . Ang [[ )3 & B £ Ik 41 Jil (pancreatic stellate cells, PSCs) 3 78 F1 7 1t 19 %
W, Fik BB 4~T7 KRIFF AR PSCs, KA T ot vF DMEM 35 5% i3 3% A8 h 1 40 b/l F # b b )5 .44 1,10 # 100 nmol/
L Ang [ W T fn 7% 55 Fr 4% 4235 9% 24 h 2 48 h; B 4. & /v A 100 nmol/L Ang I 7 Mu % 3 3= W 77 A8 A\ 100 nmol/L AT1 % 1&
A ZD7155 & AT2 Z AR F A PD123319, 44 & A [P HI-B9 %5 5 % 5 N ([PHI]-JH £ % % N\ . Western B # 8 Northern
Wk AR M DNAAREE REARER « FHNFGEGH | AHMKE mRNA Kk, £R: SEFHANLE,
1 nmol/L Ang Tl %% 24 h & 48/ DNA & R £ % £ Z ¥ w(P>>0.05), 7 10 # 100 nmol/L 4 2 4 41 fs DNA & & £ § % 3
fn (P A3 <C0.05) ;88 48 h J&,1.10 # 100 nmol/L Ang [ A 4 4 M g JB A sk 2740 T A AT JK R mRNA £k AF 3w 8§
Ao (P A <0.05) (8 PN EAXRKILHE X AP HEH>0.05. 5§ Ang [[ (100 nmol/L) 4 32 41tk 2, Ang I (100
nmol/L) +ZD7155(100 nmol/L) A 4 41 s DNA & R F JKE & R E M [ AW IKE mRNA XX K FHEFTHREP EH<
0.01), 7 Ang Il (100 nmol/L)+PD123319(100 nmol/I) 4 B 43 T B & (P 49>0.05), & #&:Ang [ # ATI Z 1k
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Ang [ induces proliferation and collagen synthesis in rat pancreatic stellate cells

LU Lin, LI Zhao-shen” , XU Guo-ming, ZOU Duo-wu, TU Zhen-xing, GONG Yan-fang (Department of Gastroenterology,
Changhai Hospital, Second Military Medical University, Shanghai 200433, China )
[ABSTRACT] Objective: To investigate the effects of Ang I[ on cellular proliferation and activation of cultured rat pancreatic
stellate cells (PSCs). Methods: Growth arrest was induced in the 4"-7" passage rat PSCs by culturing with serum-free DMEM
for 48 h, then the PSCs were incubated for 24 h or 48 h with serum-free culture medium containing different concentrations of
Ang [l (0, 1. 10, and 100 nmol/L) in the presence or absence of ZD7155 and PD123319, the specific antagonists of Ang [I
type 1 and 2 receptors (AT1 and AT2). The DNA synthesis rate was investigated by using [ * H]thymidine incorporation, colla-
gen synthesis rate by [ * H]proline incorporation, a-smooth muscle actin (a-SMA) expression by Western blot analysis, and pro-
collagen a1( [ ) mRNA expression by Northern blot analysis. Results: Treatment of cells with Ang [l for 24 h resulted in a
dose-dependent increase in DNA synthesis, with statistically significant increase at 10 and 100 nmol/L (both P<C0. 05 ws normal
control). Treatment for 48 h with Ang [ at concentrations of 1, 10, and 100 nmol/L dose-dependently induced collagen syn-
thesis and procollagen «1( [ ) mRNA expression (both P<C0. 05 ws normal control). The above effects of Ang [I (100 nmol/L)
were inhibited by ZD7155 (P<C0. 01 vs Ang [l alone) but not by PD123319 (P>>0. 05 vs Ang [ alone). No significant increase
in the expression of e~-SMA protein was observed in response to stimulation with increasing concentrations of Ang [[. Conclu-
sion: The present study indicates that Ang [l . mediated by AT1 receptor, can dose-dependently induce the proliferation and
collagen production in rat PSCs, thus participating in the pancreatic fibrogenesis.
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E-1ML 4% & 3k £ R & (renin-angiotensin system,
RAS), RGP LR R MEEKE I (an-
giotensin [I , Ang I ) 7F i B £F 4k b 1Y & A& ke 3] 1.1 XA  DMEM, {4 i i K H Ath 20 g 55 7 158570
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A Gibco BRL Al =i s A Ang [I8 Calbiochem 2\ F]
FEh 5 ZD7155 A Tocris Cookson 23 &) 7= il ; PD123319
H Sigma 23 7 77 & PVDFE A Millipore 23 7 77 5 5
Je B (Hybond-N" ) | [* H] thymidine. [* H]proline,
(o P]dCTP.DNA FEHLT [ #45icial 5] & F1 ECL 2l 7
&N Amersham Pharmacia 28 @) 77 i ; /D BRPT K B o
S LB (o SMA) AT B-actin H1& & HRP #Ric Y
WP/ R 1gG Hifkh Santa Cruz A & 7=,

1.2 KA PSCs3#EARALAE  KE PSCs 4> EAR
P FR AT AT IR T8 19 O AT A B PSCs R R
F4 20% FBS,100 U/ml 5 % % . 100 pg/ml 4
1 DMEM #5555, 55 4~7 &40 T4 58
B, 70% ~80 %6 Fil G 1 4t B 1 T 1L DMEM 1: 5%
48 hJ5 e S AR E Ang T B3 68 0 I 1 5% 9% Sk
AT Ang [ THISEE, Ang [ &WEH 1,10,100
nmol/L, %4, ZE A & ¥ Ang [ (100 nmol/
L) JBCRT . 45 A 100 nmol/L By AT1 2 & 45 Hi 5
ZD7155 3 AT2 ZAK$5 507 PD123319(ZD7155 0
PD123319 ¥ & B F/KE ) BUEE 2 h, LT
M T BHWT Ang 11 X PSCs MIVEH . 1E % % BE2H
A AKT B TG S Ky F k. Ak 4 MR AL,

1.3 @mie¥ssmn RHACH]TdR £ ALK
20 DNA & BGE 2, 5538 T 24 Lk 9 PSCs
1t Ang [ #0320 h J5 , AL H]-TdR(1 pl/4L) 4k
ZEMEE A h, WCOERANM, TN AGIE cpm {H .

1.4 KRRAmARN S 8AEECEE,RACH]-
2R 5 A S 50 4G 00 44T e e D R . A Y
cpm {H A4 DNA 7 5 24 1E . LLHEBR 20 i 3 55 X5
ZER MR

1.5 Western ¥ i #& 0 o-SMA % 100 nmol/L
Ang [ #3#% 24 h.48 h.72 h J5 B 40 L FH SDS & Wi
ZUEIE B0 I RN . S B R ] BCA B E
B 50 pg A ,.4 SDSPAGE(12 % BB 4 % U2
) 43 B3 JE L R T H % O ks B A 7 % %) PVDF
B . & 5%BSA ) TBST & HJE, A 1 : 500

LSIA
2

Fi BRI P oo SMA FIPL B-actin FLA FEIR THE 2
hBER A 1+ 3 000 MM — 9T T=RIREF 1 h,
JEMA ECL il &5 . K Fluor-S-Multi Ima-
ger Ml 4.1 WA Quantityl #{4F (Bio-Rad) 43 #7 45 4%
WK RBUE, Bactin HEARIENNS I,

1.6 Northern P E#4m [ B AR JGR AR &&
A RNA R TRIzol i #4355, i #E 260 nm
PR T L B T i, R T BYETR R R A
Fl B-actin ¢cDNA K | RT-PCR il & . Jf & Uk
S, BRENARIC SR FBE LT 4k, i R0 A i B 4
fE. KT AU A0 e b 56 51 9 P %1 8. bl 5'-
CCT GCT GGA CCC CGA GGA AAC-3', Fiif 5'-
TCA CAC CAG TAT CAC CAG GT-3';p-actin 5
YR K. i 5'-ATG GAT GAC GAT ATC
GCT-3'H15'-TGG ACT GTC TGA TGG AGT A-
3", B 10 pg i RNALZ 1. 2% B M 2 2078 v P i
BN HLUK G . EB Y 58 RNA 58 8 Pk & b FE &
KR BB RNA BB RE M ., &85
JEF—70°CHS AW 1~7 d, RHEGSH RS
TR 45 K BE T FUE . B-actin mRNA £ ik H N
E 3

1.7 %itFam R x+s R, RAFTED
Br b 85 4 41 18] 22 5, B A3 423t 43 B ¥ & SPSS11. 0
BRA A B 5E K

4

2 #H R

2.1 Ang [l ¥ K & PSCs 37 ¢4 % 1,10
100 nmol/L Ang [[ H# 24 h J5, % 4408 DNA &
BLHR 43 0 S OE O R 112% (P> 0. 05),
145 % (P<C0. 05) Fl 170% (P<C0. 05), Ang 1[I (100
nmol/L) 4+ ZD7155 (100 nmol/L) 4t BE4 41 i DNA
HHCERE Ang 11 (100 nmol/L) 4 3 T & (P<
0.01),M Ang II (100 nmol/L) + PD123319 (100
nmol/L) A 405 Ang [ (100 nmol/L)4 TG &
EMEZER(P>0.05)(F 1,

F1 Ang | KR PSCs t8E KRESK . BIRKE al( [ )mRNA Fik K0
Tab 1 Effects of Ang ][ on cell proliferation, collagen synthesis,and procollagen a1 ( ] ) mRNA expression in rat PSCs
(n=4.,xr=%s)
Gr DNA synthesis Collagen synthesis Procollagen «1( 1)
oup rate(cpm) rate(cpm) mRNA
Control 368.6462.8 2048.4+259. 3 0.4540.10
1 nmol/L Ang [l 413.54+59.0 2520.9+233.6 0.6140.19
10 nmol/L Ang I 534, 4460.3" 2868.7+268.8" 0.7840.22"
100 nmol/L Ang [l 626.1463.5* 3381.5+263.3" " 0.2740.36"*
100 nmol/L Ang [ +100 nmol/L ZD7155 324, 4455, 748 1833. 74284, 044 0.4140. 2044
100 nmol/L Ang Il +100 nmol/L PD123319 355.3+69.6 1942.6+309. 2 1.20+0. 25

* P<Z0.05, ** P<C0.01 wvs control; 24 P<C0. 01 ws 100 nmol/L Ang Il
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2.2 Ang [ K& «SMA x5 %m WK 1,
100 nmol/L Ang Il ## 24 h.48 h M 72 h J5 40 )i
«SMA EH K594 0. 4140, 17,0. 3740, 15,
0.3240. 20, 5IEH X IE4L A9 0. 36 0. 10 #H L3 TG
xS,

0 24h 48h 72h

__ u _SMA

Bl 1 Western B} 4 X R PSCs a-SMA 3%
Fig 1 Western blot analysis of
o-SMA expression in rat PSCs

2.3 Ang [ #F X & PSCs Ix R4 Mm%  Ang
I1 503 48 b Ji5 2% 20 40 i 1) Jie B 45 1l 8 43 3l O 1E
XTHEAHAMAY 1239 (1 nmol/L Ang I . P<<0.05) .
140% (10 nmol/L Ang Il - P<C0. 05)#1 165% (100
nmol/L Ang ]| ,P<<0.01);Ang ][ (100 nmol/L)+
ZD7155(100 nmol/L) 4b 3 21 40 Jig 152 )5 A& A % ¢
Ang I (100 nmol/L) 41 & & T K& (P<C0. 01), 1fi
Ang [ (100 nmol/L) +PD123319(100 nmol/L) 4k
HAAMMYS Ang [I (100 nmol/L)4H LB FEEF
(P>0.05)(F 1),

2.4 Ang [ K& PSCs T I & o1 ( [ )mRNA &
Keg#em 1,10 A1 100 nmol/L Ang II AbFE 48 h
Jo s 2 A ML o1 C 1) mRNA FRIK K- HIE 3
X IR 2 4 4 25 B (P {34 <20, 05). Ang [T (100
nmol/L) +ZD7155(100 nmol/L) &b ¥ 2H 20 it fif i J&
al (1) mRNA F£iKKFE Ang 11 (100 nmol/L) 4k
W R T (P<<0.01),1M Ang Il (100 nmol/L)
+PD123319 (100 nmol/L) AL FRLH 40 5 Ang 11
(100 nmol/L) 4 JC i 2 1% 22 5 (P=>0. 05) (& 2 F1
xD,

3 i i

I i 2T 24 A o 0 P T R 4% ) R B A AR ALE
FEJE BT 4 A T (extracellular matrix,
ECM) Rl 2 T AY e b 19 i BE DO AR 3 1y, 3 4F
TF 5 UE S 19 MR A7 A2 SR 3 1 RAS. 32 7 I 1T i £ Ji B
Az BRI HAE B R AR T, AR ST AR i A K
% AT1 ZHREEHH candesartan (P HL 0 3H ) 7] B
U R BB R 2T AL AR B2 L IE W] Ang [T 78 JBE IR £F 4
e R e B T E AR AR, Ang [[ 2 5

Procollagen — — 38

al(])mRNA —
-9 -
— 48

B-nctinmRNA— 88 . . . . . —20

B 2 Northern E[ I 4 il K R
PSCs BIASJR al( I )mRNA Fix
Fig 2 Northern blot analysis of procollagen
ol( I ) mRNA expression in rat PSCs
1:Control;2:1 nmol/L Ang [ 3:10 nmol/L Ang [[ 4:100 nmol/L
Ang I ;5:100 nmol/L Ang II +100 nmol/L ZD7155;6:100 nmol/L
Ang [ +100 nmol/L PD123319

JiR 1 dE AL VB AL i R 48, PSCs JE A R 2 fiE
KT B 41 HE Chepatic stellate cells, HSCs) , Tl 1k
[ PSCs 1] 45 B4 Fl ECM 2 (R0 3% 1 [ 29
JERT PN 25 2 A 5 5 I 2 4k 1k 2 A 00 35 52 3000 40
J, MORBFFEULEE T Ang T %A SR 35 B9 K B
PSCs H#58 FE AL B 52 L DL B Ang 11 25 5% W
£F 2k B 4N B 2 AL

ERAE BT, PSCs Ab T kIR 25, 41 il 3 5 2%
1 AL E /D i ECM R4y, 76 B R 458 43 Bif L PSCs
KRR ANH P L 2R R A o B TR
BERE 7 0 WUSCER A B 20 L, T P iR R 38 oo SMA, 1
BB PSCs AT BUR 8 T I 80 i | 2 K o 28 1 R
SRR ECM & 1, U R 4 4 fk i) ECM
M BRIV , RUFR LR EM Ang [ AT RAKR
U 3 K Rl PSCs 89 DNA & Rl 5 R &
LR Ang [ BEARE iF KB PSCs 114 3 78 A1 5
B BT T BET R R R ECM T & R £ 10K
Oy HCERATLL T ARG RSB R 8 FR L K Ang [ Ab 3
A8 h i T T U i B Bk PR A SR I 0 L 2 R T LG
JE S5 mRNA 2 35 7K 7347 BH 8 18 o 9 522 5700 £ 408 1
WA W Ang 1 38 b B35 5 i D 366 PR 3 3K 1 34
P JEA . Ang 12 PSCs 38 58 A1 e J5 4 78
B ATL Z AR R 5 M5 H0 %) ZD7155 i BH W, i
AT2 ZA5EH ] PD980589 Tl A, — ik N
Ang [ WAV AER FERHE L ATL M AT2 Z{k
A0, R PSCs, FATTHIAF 52 22 B 36 1k 19 K B
PSCs X 3Rk AT1 Z 4, i AFKIL AT2 Z & mRNA
ME AN, AR ATL 52 A8 5 1 45 51 7
ZD7155 AT BHWT Ang 11 155 1) PSCs #4785 A K
T AL R SE R ik F — 2 IE S Ang I AR
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PSCs MIYER o AT ZARFTA S0,

A5 «-SMA & PSCs H # 15 2 A6 fb (5%
A6 Ay LB 1 245 1 4 it 3 80 1) o B4R R W L (R AR 58
i, Ang [1 4b P 24 .48 .72h J5 ¥ oo SMA ik 5 X} 18
HARL, IR W B A SEN X8 Ang [ A2
HRE PSCs TR AL fb it B, fiL A 2§ 3L
BRCRIE T Ang [ 4K B PSCs ITER . S AR
FER B AMATW IR R Ang [T A5 0K R
PSCs Witk s ik, (A5 FE B £ B Ang [ {XH
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Stereoselective pharmacokinetics of tetrahydropalmatine after oral administration of (—)-enantiomer and the

racemate

Hong Z,Fan G,Chai Y, Yin X, Wu Y(School of Pharmacy, Second Military Medical University, Shanghai Key Laboratory for
Pharmaceutical Metabolites Research, Shanghai 200438, China)

[ABSTRACT] Tetrahydropalmatine (THP) is a biologically active ingredient isolated from a traditional Chinese herb Rhizoma
corydalis (yanhusuo). THP is a racemic mixture which contains 50 % of the (4+) and 50% of (—) enantiomer. The (—) enan-
tiomer accounts for most of the analgesic effects. Plasma concentrations of THP enantiomers were analyzed by chiral high-per-
formance liquid chromatography (HPLC) on a Chiralcel OJ column with quantification by UV at 230 nm. The method was used
to determine the pharmacokinetics of THP enantiomers in rats and dogs after oral administration of rac-THP or (—)-THP. The
pharmacokinetic profiles of the two enantiomers after dosing with rac-THP were significantly different both in rats and dogs.
The mean C,,., and AUC iy values in rats were 1. 9340, 36 microg/ml and 6. 65+ 2. 34 microg X h/ml for the (—) enanti-
omer, and 1. 1140. 25 microg/ml and 2. 034 0. 45 microg X h/ml for the (+) enantiomer. The mean C,., and AUCy iy in
dogs were 1. 6040. 81 microg/ml and 9. 884 2. 58 microg X h/ml for the (—) enantiomer, while 0. 36 0. 21 microg/ml and
1.2240. 40 microg X h/ml for the (+) enantiomer. rac-THP at 40 mg/kg and (—)-THP at 20 mg/kg had very similar plasma
concentration-time profiles. and C,.. » AUCyinfiniy » and ti» of the (—) enantiomer in both rats and dogs. indicating that the two
treatments were equivalent with respect to the pharmacokinetic properties of the (—) enantiomer.
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