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FE: WH LR (polyethylene glycol, PEG) &4Millg WA Jy JL T35 BACH RAR I S Jm e . 5o
MSCHRIIE, EE S PEG Bl AR A TR KN . JmFE—3siikm EE TS (R JLR) PEG kR
PRI, U PEG AN S B A ARERI T FEA%, T AT IR SR AR 3 I, Rk Ch < I i
k" (accelerated blood clearance, ABC) I . %5k N AYE PEG A4l 7111 R AN DA N, FH T I 702 1)k ik, ]
Aedt 2 PV BE RIATT ORI R, BERSERIBRMRRIEN . AXLERT ABC AR IE X, 31UF ABC %
AR FBL. ABC BLG  R R S0 i B Bl 3%, % FoAth PEG B i fh 2B thos k4 ABC B HAT T
wits

KR RO, BRI, Ik i bk, Pl-R O AR ERE A M

FE £ S RM3 XEKFRIRED: A N E RS 0513-4870 (2010) 06-0677-07

Recent advances in the study of accelerated blood clearance
phenomenon of PEGylated liposomes

XU Huan!, WANG Kai-gian?, HUANG Wei-wei2, DENG Yi-hui®, CHEN Da-wei®
q

(1. College of Chemistry and Chemical Engineering, Liaoning Normal University, Dalian 116029, China;
2. China School of Phar macy, Shenyang Pharmaceutical University, Shenyang 110016, China)

Abstract: It is generally believed that |iposomes madified with pol yethylene glycol (PEG) have no or lower
immunogenicity. However, based on many recent literatures, when the PEGylated liposomes were repeatedly
applied to the same animal, the immune responses occurred.  The first injection of PEGylated liposomes resulted
in a reduction in the circulation time and an increase in hepatic and splenic accumulation of the second dose of
PEGylated liposomes in a time-interval, which was called “accelerated blood clearance (ABC)” phenomenon.
Such immunogenicity of PEGylated liposomes presents a barrier in the research of liposomal formulations and
their use in the clinics. This review focused on the definition, the method of verification, the development of
the reason for ABC phenomenon, influencing factors of ABC phenomenon, and discussed if other PEGylated
nanocarriers aso induce ABC phenomenon.

Key words: polyethylene glycol; liposome; accel erated blood clearance; anti- polyethylene glycol 1gM
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Figurel Schematic representation of the time frame of the two
phases of the so-called enhanced clearance effect
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Figure 2 Induction of the ABC phenomenon by non-PEGylated liposomes'®. A: Blood clearance profile of subsequently injected
radio-labeled mPEG2000-liposomes; B: Hepatic and splenic accumulation of subsequently injected radiolabeled mPEG2000-liposomes at

24 h following the injection.

P < 0.001 vs control (liver); “P < 0.05, ““P < 0.01 vs control (spleen)
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Figure 3 Effect of lipid dose on the pharmacokinetics of “™Tc-labeled PEG-liposomes?.  A: Blood levels of “™Tc-PEG-liposomes
4 h after a first dose of 0.05, 0.5, and 5.0 umol-kg * and after a second dose of 5 pmol-kg™* given 1 week later. Blood levels were

measured 4 h p.i.; B: Blood level of *"

with lipid doses of 5, 15, and 50 umol-kg ™, respectively

Tc-PEG-liposomes 4 h after a first injection of 5 umol-kg >,  One week later rats were injected



L BB A g WA ) ABC B G F 58 1t g - 681 *

Ja# /. BRIk PEG 4 F &0 ABC I 1 52 M v
BHGE— R, A L T — 2 5T,
45 HIFEMR@MEFTHEW (EABCIZEWITH
I HITK PEG AWIRBUIA (7 A e kiie 2k
100 nm A7 & M08y N g TR AR 6 ABC B
s, Dams 25MWF5v M, ABC BL% 5 1 kbt
PEG LI AARRIAR . 2 1Pk R ARUBCUR P AR 3470
Ko ARFRILIIZN (85 nm) K (400 nm) PEG 1L iRk
RE/INME (100 nm) JE PEG Ll Bk 5l — ik
TS bR 0 PEG A0 B4 7= A AHALK) ABC B
Wang ZFUVREL, B REES CL R4 IR B
ABC LA Wi SAA W& . 5 PEG 10 IR iuff
AHEE, B R S PR sl e FELE) CL (REAE 110 nm Zc A7)
I, FALSGLEY S ABC %, #E— i
(IEHL A4 HL) CL [fki4e (60 nm) INf, ABC B4 W] i
Hiam, e CL WA IS . 45 KB, M CL kS
ABC ILZIN, REAR AN F2 B 5 i [N 25 o il yl /)
TR CL RiAR A ABC IS i
46 THY—MEBRMENE PSRN
AR O BT, (RS PEG LB 5 IR B A
ST T IRTES PEG LRk ABC %, il
F R ARBE WS I ABC BILG T B A& D5 A i 2 22 AT
R ARREBUG HENBRAE, 13 5 B 40 i i s /b T Pi-PEG
IgM [f7= 4, HEmd] B 4 i o 34 A/ sk 5 B 4l
W, BHIET —UVEST PEG Ak B4 A b i s o
IEAE %% ABC IS 1 i3 AN REIL 16 R 25 22 1 D 152
249,
47 SEStETEERRU R ELTES RIS Dams Y
RINBENE 15 ABC IG5 5 /)N 1] (1] B 4
5 d; I shida 25 B 5 R S IR 7 d i ABC 8%
Bk A WEARIE, KBS 35 d 58 2 4 PEG
Wl RS, FEIAIRES 4 2% 7 o JEAT 45 3 Yk S PEG 1L

100

75+t

Blood level (% injected dose)

0 6 12 18 24
Time/ h

JE A, B0 o B B A 14 n, ARG 8 35 1 2%
S, MAEATF R SR AL B A AR AL, U0 2 R S o
HAREGRE: Sk ABC W% (Kl 4). 1B R4 PEG
IR A E A5 4 IRAR =4 ABC IS . — KN
B VT S 1 T B [R]85 4 ABC ILZH 2%,
RN PEG TG AT S ASBE 7= A= ABCAEHIT)
TPz, BE AR T X PEG KB T 1 o 2 Tinf
ZhE. BA KAL) PEG {h gk n] fig 5380 —
ol 2 R4 458 PR 9 2L 40 i 8, e 4 i ) s 80

48 AEIFHYERE  Dams LMHISTE], KRAME
TR AT LAF=4E ABC L%, /N B fiE o I shida 2509
(4 R R B/ AR RS = AR B W ABC L%,
Tagami 2O R /N RO Sh A B, BAiF 42 3 4
H/NTHERNA (SRNA) 1) PEG fLJls it/ T ABC
L% . Goins PTG 5 G R LR 2 TRI B o 6 JA I, —
DO 5 0 UGS G I 2530 2 S BBl R ™
4 ABCHLE:, X5 Dams(14h 150 ABC IS AUK
AEAE P IR & 2 B) BR AR JE R ] Y- (4 J8]) . Oussoren
24122 23045 38 1K RS 4k gh 2, TRIBG R 180 2d, B
RECBIRFARM 28 % S8 X —4510 55 Dams (15
B IEAT & MRS RS — M A A Rk e ABC
W% . REMEN ABC BB HIFWEFEAER, H2
AT v oA L e 3 T Al

5 Hfth PEG f&imEk& %R ABC HI%

t ABC B S5 I PEG thahkiifk, HE
PEG 1LIF 2 (1 5isk DNA S5 # n] g & A X Fl o
A E RN Lu SPGB B T
A I3 R A B PEG 5 PLA AZ B R 40 Kkr
(CBSA-NP) 747 ABC L% o 1 K3 5 i) o s 7] ke
K (10d J210d ), ABCHLZB I, KI5 )4
KRB AE B o S0 SR, R
WYKL SE CBSA-NP 2L (K] IgM BE % T3 44 K i

W Control

[@ 35+4 days
B 35+7 days
[@ 35+14 days

Injected dose/ %

Spleen

Figure 4 Blood clearance profile (A) and hepatic and splenic accumulation (B) for the third dose of [*H]CHE-labeled PEGylated

liposomes in rats!”
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HIV-1 s & R EF Vif REBXINEF 8RR

AT &M, R HK
(LR 22 B 25 90T, LU45 %R 250012)

#ZE: HIV-1 (human immunodeficiency virus type 1) i 22/ 4L K+ Vif (viral infectivity factor) J& i ERF T
TRYERE IR AR 5, 2 HIV-1 M R Az —. VIf AW EEY GRS A S0 S AR ED B
mRNA 4 5 5 f 1h £ Ik FE 5 3 3G (apolipoprotein B mRNA editing enzyme catalytic polypeptide like 3G,
APOBEC3G) 1B, Mt sisms B0 gk o bk, B0 HAT P19 35 IR0 5 S AR IR I DL XS S AT G,
WA SRR, HT, V52 550 CEH Vif 8 TR Bk o ASCRIEAUR T Vif 8 A 45 5T 6E,
e X FLAM IR 0 S T R AT T 4k

FH: HIV-1; AIDS; Vif; =4k4i#); APOBEC3G; Hillii

FE 4% S: RI16 XRKFRIRAD: A X E RS 0513-4870 (2010) 06-0684-10

Progressin the study of HIV-1 Vif and related inhibitors

L1 Zhen-yu, ZHAN Peng, LIU Xin-yong’
(Institute of Medicinal Chemistry, School of Pharmacy, Shandong University, Jinan 250012, China)

Abstract: Human immunodeficiency virus type 1 (HIV-1) vira infectivity factor (Vif), one of the accessory
proteins, which is a small basic phosphoprotein, is essential for viral replication and pathogenesis. The best
well-characterized function of Vif is its ability to neutralize the host cell antiviral factor, apolipoprotein B
MRNA editing enzyme catal ytic polypeptide like 3G (APOBEC3G), which makes the viral particles more infective.
In addition, Vif can regulate the reverse transcription and the advanced stage of replication of the virus particle,

as well as induce the termination of cell cycle at G, stage and so on. The designed drug aimed directly at

Vif can efficiently block the maturation and infectivity of HIV-1.

especially the related inhibitors of Vif are reviewed.

In this review, the structure, function and

Key words: HIV-1; AIDS; Vif; 3D structure; APOBECS3G; inhibitor

S99 TR AR AR AT 1 e g2 e B 45 A AiE - (acquired
immunodeficiency syndrome, AIDS), & i ARG 5k
B 5 HIV ST BRI LL T 400 S Thag B b b 1
MEREAE. H 1981 AF7E I 1 Ik Bk, o4
BRI [ G G, AR 2007 4E 4 ER 2t HIV gL
HIE 7000 7, Hih 3320 sy &serst A, HIV 42k
PR, HIV-1 R HIV-2, TS R0 30
#E H HIV-1 &Y. HIV-1 & —FF RNA i, &
[PIBEE 41 f 2 9 200 bp 2, JLRERA (8 1) 4wt 3

Wik H 4 2009-10-19.
WIEH Tel: 86-531-88380270, Fax: 86-531-88382264,
E-mail: xinyongl @sdu.edu.cn

FhE SR Gag. Pol Al Env, BRRiET & A
Tat F1 Rev, LA 4% B A Nef. Vpr. Vif fiT vVpuldl,
JLrr, Nef F1 Vpu TG 08 25 R s 193 6 22,
1M Vpr FIVif B 68 7599 25 10300 57 S b e k0 2 1) i
Ko PRI, WET HIV-1 58 234 B 2 A I BF9E n] LA BE4F
HO AR HIV-1 52005 B i A2 o H AT BT 61X L84 )
WA R T 2 BT © &R RS B
_[4,5]

HIV-1 Vif 2 AR ST 16 vif 56 D6 45 i (1) e 14 26 11
EAEFT AR IR (R R UR B . Vi R
AR IE BT RE A2 B BRI, SR KRR L yd >
BEORL (77 A . R, 6 VA 2R T IR IE S8Rk b 52 5]



AR T HIV-1 95 R YL IR 7 VIF R A S 5) AT 5 ik - 685 -

INIITPSEARN
e eve
—_— —
LIR 0 il i — LR
pol LT _env Tnef

VT vpu

1 HIV-1 3R 41 gk

1 HIV-1Vif EAREH

HIV-1 995 25 B R T VI 2 1 5 A ST A M 1 R
WEH (PI=107), &H 192 MLk, o7
il 23 kDa, 77E T HIV-1 88 52 I . Vif 77
TET LT A g M e rp (S 4% B 1k 23 1M 25 B
H8)o

W, = RYENE R HIV-1 88k 22 18] Vif A
JE ARSI, Bl HIV-1 HXB2 Al HIV-1 MN 28k
2 18] Vif 85 A 75045 91% A AL i 11 L8 /] 5t
PRI P 25 P 22 SRR, 40 HIV-1 HXB2 Filjg

PO4599-HIV1 MAL(A) --NR
P69723-HIV1 HXB2(B) - -NENO

MW o % B 995 7 (Simian immunodeficiency virus,
SIV) Btk 8] Vif & AP 51 K A 30%I01) AL
PEo DL, B HIV-1. HIV-2 F1 SIV E R Vif & (105
&G (B 2), rTLAMFRUAN s BRI X3,
N-Jii 5 & (S PR IE I X . 454 X Bk HCCH. Tl
[X ¥ SOCS-box [X 1 il Ak X 15k PPLP %% (/& 3)1,

N-3fi B & (S BR 4E (i X 1R (B3t 1~21) 2w
FERSEI, EEAS Vif X 57 APOBEC3G
A APOBEC3F 15154541, L, “DRMRY J¥4
HA 24 APOBEC3G 1 APOBEC3F [#fi )T,
M YRHHY X (5%3& 40~44) X Vif E5
APOBEC3G 4k 42, Jf g H 7 . EWRKKR
X (73 88~93) J Vif & M EALITHI, REWS
T Vif 25 (AR 2 40 R AR KA, A5 1K
WAL VIf BIG0 A%, 0K kb s 7 B0 (¥ 52 K
Heyetk 7, HCCH X3 (B3 108~139) S {4 5FI1),
EIRLRAE %, .M, CTB R KR B A, I

HM ¥V S KKAKNWE
HMYVSGKARGHF

P17758-HIV2 D194(A) EGK! LKYRTKDLEEVREVP
P20878-HIV2 ST(A) EGKF LKYRTGDLEKVCEVP
P89005-SIV-agm tan REKI M==RNRLODWTHEL

L

~D>—c > 3 >
P04599-HIV1 MAL(A) HYESRHPEVS GRS
P69723-HIV1 HXB2(B) HYESPHFRIS
P17758-HIV2 D194(A) HKVGHWAWNWTC
P20878-HIV2 ST(A) HEVGWAWNWTC,

P89905-SIV-agm tan

P04599-HIV1 MAL(A)
P69723-HIV1 HXB2(B)
P17758-HIV2 D194(A)
P20878-HIV2 ST(A)
PB9905-SIV-agm lan

YQCGWAWYTC

TEWR--OKRYS
IEWR--KKRYS
LTW--YTEKEW
LTW--YTEKEW
ISFENWONT YK

P04599-HIV1I MAL(A) SPH QM- -~
P69723-HIV1 HXB2(B) SPE ——

P17758-HIV2 D194(A) LSC

P20878-HIV2 ST(A) LSCERigF QA
PB9905-SIV-agm tan LW KEGHEV
JE

1! 160

I
- = NEC TALI---APKKTRPPLPS
—-—=NER A ---TPKKIKPPLPS

)-=-=-QNGRPQREKGAA
/ QNGRPQRDNTT
VYTDFLRNGRRKREFQGK

170
P04599-HIV1 MAL(A)
P69723-HIV1 HXB2(B)
P17758-HIV2 D194(A)
P20878-HIV2 ST(A)
P89905-SIV-agm tan

RKQURRDH - ~WRGL--RVARQDYRSLKQGGSE PSAPRAKE
REQWRRNY--RRGL--RVARQDGRSHEKQRGS
KTRMVRNLGSQQGAVGRMIKRHGSRTQSGSTTPE

80 150

JAK

A

APRAYFPG
WERTPLPSMEL

VAK

2 HIV-1. HIV-2 f1 SIV Vif A5 51 & 41



* 686 * Zj27 2% 4R Acta Pharmaceutica Sinica 2010, 45 (6): 684- 693

RMNA binding
e packaging
W5 W1 W21 WaE . W79 WER ’
| I 14 17 | | 40 44 | a8 93 | =
— —
N<® ODRMR ® ® YRHHY © EORKKR
L 5 | L ] L |
S S o
& & £
3 -5 £ &
* © £ o
o & il
& I & O
@ & V&
£ O & S
v b v Q

HCCH zinc-binding motif
Cullins binding

—_———
122

A 12
120] 2

)

"G C123
\Zn/)

1neH " “~Hize

——SLQYLA—L A

144

e ——
viral BC-box
ElonginC binding

S144  TISS PB4 T188
(50Cs) c
L ] L IL ] L ]
o & F &
S & § &
5 5 & &
& & £ &
§ s § @
C s & T O
< @Q S
&
B
PR clivage site
PPLP
149 150 151 161 164
—_—
multimerization
domain

Vif-Vif interaction

3 HIV Vif [t 2 g

H.5 cullins B 454544, BC-box X 1 1 ““SLQYLAM®
FFp, X T APOBEC3G &R IE T4 EE, FHE
#15t 5 Elongin C )45+, Elongin C #f — 4%
APOBEC3G #iJ i3 M 1 ¥ 17 21 & (g4, 2 54k
X fsk *STPPLP™* i 2 ) sk e J RIBH - APOBEC3G
BONTR RS DL EL . T A1 o] R i X
BRI 53R REA R AR 1 A B Y 1k, DR G AZE X J06) Vi
YEFFILIE R hEE o il

BOPTESUR B, AR5 OYXXL XL fEws N5
Vif 5 APOBEC3G 145y, 143 APOBEC3G F4fif . 2
FLWHR I YOO F1 L4 A3 APOBEC3G 5 APOBEC3F
A fi A A S A A Y. G T HESY Vif B S
APOBEC3G/F 1 H /EH {45 #41K, Yamashita %55
BE T — R VIf 55 A0 SR U0 EEAK, I N-ig
BRIk 21~43 X1 APOBEC3G J& T [f); 4L E®
AW 317 APOBEC3F /& FL 21, 1fij %} APOBEC3G
WA S AR o

IR BRI Ry R, F 2 R CE S A
[ B 52 B0 B IR AL I I 71T . HIV-1 Vif 7E4R P
RS RENS e A0 OB IR 4k, JF B Vif (B8 1b 7E
HIV-1 [ s . Hir, S48#ie 7
AT RIR AL T, S, TR T8, tLrp
S TSI T8 47 T Vif (1 C-3it (1 3) BT 5T 261, T
FSM e BT 1 MR s AR ST . T IS4 m] LA
MR VIf i PERRE , SM* 9 ARy TA &R A R fit 34 ke
Vif SEPERIE 2R, X SRR AL A7 o6t HIV-1 &

S g ke s B AR . IkAh, SR Vif
20 JIRAFIRT I (1 Tl 1 A A7, mei AN R o 2 20 3R i i Ak Hi
4 (mitogen activated protein kinase, MAPK) fifiz
b, R MAPK P SeA7 R AT e 2 45 1) 1 R
F USRI A 5,

FIHAA L, 6T Vif B 45 0 0 5 th g b,
JEI IR AT HE 1 HIV-1 Vif & A = 4 i AR g5
Lv 219 VHL (Von Hippel-Lindau tumor suppressor
protein) FI NarL (PDB ID: 1A04) Mk (&l 4), i
W AR F] T OHIV-1 Vi 2R I = 2 5 F A
(¥ 5). WEFLFRN, Vif [ C-ui X A5 SOCS-box,
Rk, H VHL ) SOCS-box 15 AR T Vif (1)
C-iiio Vif 1) N-iii 5 NarL ¥ N-3iifE =g 45k A
A FEABIE, L) Narl S B AS 2 Vif ) N-3i .
TN AL BOR, % Vif (SOCS-box)-ElonginB-
ElonginC A8 & Fa ¥, 47 T Vif-ElonginC 5 1 <
IR TR 2 FHUR R AT E o X 5 AR H 8k
B B — B0 BRI T Vif BRI
B, A T ACERE L Vif I ZhRE RO 7T BE .

2 HIV-1Vif ZEERYELINEE

Vif B ) T ZE D A 0 A 31 2 40 Ak Y bt
W EER 7 APOBEC3G 1B, M4 a2 1 B e
Pho bAb, e B T 2 R S R 5T T e 38 LA
Lo A G Wi S5 D g
21 Vif EEERAEARRFEEEF APOBEC3G
211 XF APOBEC3G #i¥i Vif #tk (AVif)



2R e HIV-1 0 BRI G DX 1 Vi A LA S350 (R i 57k i - 687 -

VHL (X-Ray) WS W WA WL
VHL (155) Mgt@ker@lgvilicrslvkpe - - -nyrriidive s@iyedlsdhp (192)
SOCS1(171) Nrplgel@rgr@vatvgre---nlar@@inpvilirdylsstp (208)
ASB2(545) prpllahl@rlr@rkaigkyriklldt lpg ir¥lkyen{535)
WSB1(384) vpslighl@rms@rrvmptge---vgelllllips leflsyr (420)
RAR(182%) wlsfllgdlBcrt@vsctpvh---1lvdk lps rshlKSTS (226)
VIF(142) Mgslayl@laa@itpkkik----- p sVt tedrwnkp (177)
VIF (Predicted) WL WRTL
b WY WAR WA U WA
NarL(145) NQLTPRERDILKL I AQGLPNKM]ARRLDITESTVEVHVKHMLKKMKLKSRVEAAVWVHQFRIF
VHL( 3) TLKERCLOVVRSLV-KPENYRRL-~ - - - DIVRSLYEDLED- - HPNVOKDLERLTOER 1 AHQ
b Ty h = WAFRL W o

4 (a) VHL 4 54~ SOCS 5 ik & (11197 418 45 (b) Vif [t) SOCS-box Al NarL [fJ C-iif [X 1 [1 s 41 8 45110

M terminal domain

C terminal domain

5 HIV-1 Vif & [ 45 f i 510

HIV-1 & 78 e L S, nlkedn w7 “ v
41He”  (permissive cels) Fl “JEARVF4IHE”  (non-
permissive cells). K] IIHFFT AR I — A B IS
Bk Vif A (AVIF) B HIV-1 9 878 35 e ik gn i
(AR g e SRR T4 A i e S 40 i R HUT78)
HORRES ], B G, AT RV (4
% SupT1l. CEM-SS. 293T. HelLa2CD4. COS7) i
FEAE IR U R AT g bE . #2002 4F, Sheehy %5

APOBECIG

/ Producer Cell Virion

MAE SR VFEAT I R CEM J 5 H 3 DA DG 1 fe v 1 41
Jf2 52 CEM-SS ¥ cDNA SCPEHEAT 20k i, KR
FOVF A0 B A7 AT —FRE S I 40 i R, R S A
4k CEM15, I APOBEC3G!*™ ', {1 T- APOBEC3G
IAEAE R VEEAN M Rk, JF AV A i o Rk
APOBEC3G, 7K nJ 4% ji A fo VF o 41 M . A ok,
APOBEC3G i e s | Su VR PE 4N i 2 U ) 78 B 4 -

212 Vit ZEANS APOBEC3G HIF&fE Wi AL,
HIV-1 AVif 75 AE o V4 i oy A REIRRI3E T S, e
A VIf (A 8 HIV-1 9 B34 0 RE IR H &2 1, 3R
Vif & 1%} APOBEC3G {1 Ihfig R 5 5/EH (K 6).
Vif 55 APOBEC3G 44+ ), i 26S £ [ 7K fiFf ity it
XA R T APOBEC3G fu HE A6 5 ik, A
T DGR 7998 TR URL IR SR e o BE T IR SURE Y, $RH T
GBI Vif HOiPETY APOBEC3G FIF#Ai «

Vif 55 APOBEC3G (13 [F] £k 1A n 3 3 APOBEC3G [
i B JLT-A IR 2 g A B vif A S
APOBEC3G (1B fif T2l ki 0 3 (K 7): B 5L,
Vif AN f#) 5 Elongin B. Elongin C. Cul-5. Rbx-1

= / completion of

reverse transcription

\

DNA integration

DNA degradation

Deamination ——3 G4to-A hypermutation

Defective integration
Delective reverse ranscription

Target C"‘"\ Non-productive infection

6 Vif #531 APOBEC3G [&lfit!*d



688 * Zj27 2% 4R Acta Pharmaceutica Sinica 2010, 45 (6): 684- 693

~~ APOBEC3E™
= gl proteasome
y ; degradation
g
3
U - - ﬂ ‘

o]

Rbx-1
7 HIV-1Vif & 15 APOBEC3G (1) [ fig L0

HI APOBEC3G #5& B — N HA E3Z RIEH MG
WEARAGY. 5, ZEAWELZ £Z-F AN
hi& 2 A% APOBEC3G iz # 1k, 2 £ 1k
APOBEC3G R4l 8 19 fily 4 ft A1 91,

M2, WREA W Vif FE 5 APOBEC3G K
gh4y, okPHWT APOBEC3G 44 i Xz #-H Al fA
ARIBOE, BBOEME VIF RARRIL, R
APOBEC3G R AV M J7i%, NIt he A 2K
HHIV RS
22 Vif EBIET HIV-1 &

221 Vif EHIATHRSHEERIESGRE Vif
AT T AR B G P 1R 8 TR ORL B G R 2E, B RRAE
TR YL P 58 10~1 000 1% . AW B,
TR EEROR T Vif SRS AR >, BRUHEN Vif &
LS e AR R, Vif B A DD RE 2 B e .
Sheehy ZEURGE, 78 RVEMERIEE AR HIV-1 $E40
o, Vif S AR T BESE R 4] RNA . BEFR 4G
R 355 (1 SR B P i 2 55 R 21 RNA [0, A
sl Vif e, fARgEA HIV-1 #.01 Vif 5 H
BB in 5 356 U A 1 R0 2 SR 5 03 25 RNA 590 2 4%
DS . WETRN, Vif AR C-ii 56-07 A1 N-K
Uity A3~V PR S R S Y VT I SR IR DR BT 0T, TE 56-
R A3-7 2 BE TR A2 SR (R BERURL N, Vif 2 A
B T3 £ (0 300 s 1 1

Vif 2 IR YRR L IR 10 2 sk O
TS 20 A SR I 5 R R 4 G R, BRI TR K
WS A YT 2EGE 2, @ BN HIV-1 Wi 5%
(2R A R I 1A

AR R, HIV-1 AVIf 584 B Bk o
W EE RNA BsEAH Y, (F2 AT 70 B L S0 40 i 5 AN
REA B EE DNA, Cancio ZEHF 5T B HIV-1 AVif 4%
S REIRAE AR R b A e R EE A% O o DRI, Vi
|25 PR B ORI 41 5 e, T A R
A Y 95 2 R T 181

222 Vif ERIESHE G, #ifEi% fil, DeHart
SOV R B, Vif R RES 15 R 411 G, W5 . Vif
A 52 3R BB IR A ELAE FH O R 40 i ) 30 2
Zift . APOBEC3 ZKIKIMAFEAEX Vif 8 175540 4
WIS B AT AT 52 m o (R 0k, DeHart S54fE T, Vif 85
15 40 R ) S0 1 A s A — P R N At i 1 Ak
IR L5 R . 58 A RDR S A LG, HIV-1 AVIf 503
B Vpr(AVpr) 1R KFERE BG5S 40 A 5 0 e
WICIRE ST, M HIV-LAVIf T AV pr s 4i g & 3 31
s, A, Vif ERIA TR T Gy A M it i B
SRUWEHT . dLJH TR Gy 0140 I 0 45 i 0 T 300
(R 143 s 120, 21

M2, RN TR Vit B AR HIV-1 SR b )
Dhee, WEET Vif AP HIV-1 2981342t 1
WAANT] /D I B A
3 ¥/ Vif-APOBECS3G tBE{EARIIREZ

5 Vif B 454 )5, APOBEC3G T 2 M 41 ity Jis 4
Bagam, LEGWELZ #05 BRI E Al
AP R . 40k Vif-APOBEC3G AHH./EH] 7] g 5:3%
PIRREE R O H £ APOBEC3G 15 F 74 ik, 2
Sy SR BRI AN 5 £, @ APOBEC3G # 8 M i 1 1)
B g g L2

WL W], Vif T-9t APOBEC3G ) T fit & ik Ji 14k
W), 75 Vif HEAMAALET, @A APOBEC3G
PHER AT LLAE] HIV 6. Bk, B T A 3B
Vif-APOBEC3G #H H.AEHI Ak, i DLl 38 Vif:
APOBEC3G [ R AR -k 2 #0 ] HIV T H K. nf
DLk LR P9 5 T 5 . R4 A i) APOBEC3G
KT R Vif & A K
31 LiAZmAAKI APOBEC3G 7KF
3.1.1 i#fn APOBEC3G Y& APOBECS3G ()%
ScURPEBEIUR B, DU LElE (phorbol myristate
acetate, PMA) i ik — 22 41 41 fa iy i) 4 A mT DA
4N APOBEC3G MRNA /KT n. X Led iy
P, 45 5 (0 C (protein kinase C, PKC). {4
2 AL R B MAPK I A3 S T
(extracellular signal regulated kinase, ERK) %, #H )%,
WA PKCL MAPK 8 ERK 1 283l ) n] DA I
i APOBEC3G /K-1-, Mkl HIV il H
o
3.1.2 P& Vif 58 APOBEC3G BYF&fE  Vif-
APOBEC3G HHH /et e i APOBEC3G [ £ %
ZEMN, BRSSO E AR W 3
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APOBEC3G f1& & Jrik, it Vif-APOBEC3G A
AR WAL LUy 2> APOBEC3G B i i ] LLIE it
] APOBEC3G 1172 2 fh Bl 37 40 il £ 11 i A4 11 e e
ARSI,

APOBEC3G )% iz At n] LS 8L R A, AH
2, APOBEC3G it fiEif it Nedd4-1 #% #yz # 4k, #Ei
DI RO PN T TR Gt
3.1.3 #ns® APOBEC3G MiIhfE (R EHSE Gag
RNA S ERFESHKETRMNES) Vif &H
(15 2R I, APOBEC3G 5 Gag AL 41 it -, @ik
HIHIV Gag 8i# RNA [RIAH B A 1A 2Bk A0 2R
Ko 7E40 s, BH B 9855 Vif-APOBEC3G AH .
YEH, AIRES 45 F T Gag/RNA-APOBECS3G 7141 fifd fixt
LA EAE, A4 53 APOBEC3G 3%k N\ i 5
FORL G N, $E S PR TR kA, BN Gag/
RNA-APOBEC3G HAHHAEH, <:{if3 APOBEC3G
SE [T HRLIBE, 38 1 4 o S B R N8 2 R
APOBEC3G ek AW e kb [ 5 Gag NC [X 3,
(A H AR, AT APOBEC3G W§/ANMEETR b i X (1)
BRI 104~156 X% AH EL AR A A 6 2 AP0 i 4 g
P APOBEC3G /K V- [1i& 12 UL 8 (A).

32 Tif Vif ER/IKE

321 HH Vif EERIEK  /E4REE TR, TR R
NXAZFRAE ) vif PRI 5 s 3 A il LLAH]
T HIV S H P, seah, B A TR R E
SER AR 2R e e vk ke, H T XS T ViF mRNA.
TR (1 20 J h A7 AR IR Se k% TR 23 ik /b> p24 P 1=
A, IR VIE RNA [RZKCE ] LU HIV BTk
fy e 2R 28 S e S T L DA T (R, BTN
WAL T N L

322 fNSRUABE A Vif EHMKBE N Vil 5
APOBEC3G 4y, ik 3% APOBEC3G #t i
REfE, SR, Vif A A S sk SCF E3 iz

l, degradation

0.4

Enhance
virion

Stimulate
transcription

Inhibit
degradation

Destroy
binding

E 8 # i Vif-APOBEC3G HI T fi: ik 1% (A) 44 APOBEC3G /K F; (B) M Vif & (1K 7?2

incorporation

FIERN AWz F A, I FLE A [R] (1) g 410 4 B
2o, AT IS B R A, AR Vif B R
FEIE 2, [FIRES S I8 102 B2 AR
Vif 5 Az FE A 510 B BR80T 5 0 2 AH DG 1)
Vit AP (e, T30 198 2 (0 A A AR 0,

AR Vif SFEASRR RS S8 248 Hu A Vif 1% 8
PR . HRIE 63~70 Fil 88~89 LR FFAI MU Vif &
F KA 0, SR, Vif — HAL ks 98 05 25 ik,
'© B & W LA A DG I 7 ORI TR, %D R T
Jod BE IR P A2 T 1
323 Tt Vif EEEITIEE (LT HEA Vif EEH
B TR, Vif KER T s, b
AT AR AN Az R B it LU L Ak
(1, X 0] LA IEAE 40 M N e A . Vif (1 E 22T RE
(HV 5 APOBEC3G #HEAEH]) ik EfE Al iih . v]
RE )T H BT e A A A Vif B 4 i i, 56 F8
20 MR B A k% T, PR S e AR — AN I 52
ma: Ja/ b4 st Vi /51K APOBEC3G FEfif; 34 m
Vif (AR, AT PR AR5 2 R (S e rERA . R
Vif & H/KF e ILE 8 (B).
4 HIV-1Vif 8 XH0HIF 5= R

HAT, X1 HIV-1 Vif 2 F A I T 58d
Wb T-REY B o 4L JEHTSCHTR A ML, T LUK Vif
MDA J AP LI APOBEC3G
AR, N Vif 8 ACE )22 33,
4.1 LiAMBAA APOBEC3G kI
411 NHFHIEIF N, N, N, N -0 (2-R e 1 3E)
L (TPEN, 1) 2&—Fhd 2455, vl
L] Cullis (IZE4E I N Al APOBECS3G 1) Ffi st it
PN HIV-1 (¥ 52 1l TPEN {5 #3995 25 40k 4 APOBEC3G
UK, EEHEIREE (1ICs) A 1.79 pmol-L 1 B4, i
&k, TPEN X 41 id 7 Cul5-SOCS3-E3 it 4 i 1 1 %
AYEM, BRI vif A RaE 1R, X

B
Inhibit
synthesis _ Altered
4« cellular
targeting
Binding
decoys

Enhance / :
proteolysi: virions
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HIV-1 Vif & S0 B TR A T A 25 0 s £1 oy 2-12 g
Rana 2335 i 3T 9 eI ik v, K EANH e 1%
PG (R B3 G ) AT Ik, 152 2 100
TV VIf AR, S A SR A ) .
) IE 52 BRI HIV-1 () 55060 o 3 g 3= 41 i 2 5 100
435 APOBEC3G Il APOBEC3F DL Az HiAth v 7 1) 6 100
B . Ak, LA AVIFIAPOBEC3G MAnifed), 4T 7 100
Vif & s sE LS, A (2~7) Bont 5k 8 72
WEMIHS Vi 28 EIHI SR A IO, T (8~12) . e
SR SE AR T (F DI, \ 02
B, Rana PR 261X 26 Vif 8 1 0 2 = i 12 75.9
WA W) F FRAY) 4k 2707 5% B, RN-18 (13) it AVif /APOBEC3G 100

B n4n i) APOBEC3G /K- Pk 24| HIV-1 8455
P HM . EIR R HL 3 1 APOBEC3G 5 HIV-1
(1) 45 G T AS 52 W0 4 5 40 i 9 B0 Al 1 R A R AR
R A . ek VP4 i CEM R HO 1, RN-18
() | Cso 15 235311 4 4.5 F1 10 pmol-L %, 17 75 fo V40
ICso fi KT 100 pmol-L™, #5iH] RN-18 JE 40 [H T Vif
Pl R, W AT{E APOBEC3G MAF7E T,
RN-18 A Refig il B0t Vif (B AE I, TR0 B n s
RS R AP M IO S A L DTk 209800 HIV-1 52
i H L,

SNy

zi TR, b4 TPEN HI RN-18 [£) 1 Coo {1 3
TR IR KK, AR H X ANk A Pk — D I 25 115
AR DL SCHR R E; T 2R g, AT A RN-18,
Al AR A i 7 SR R, DL LA B 25 )
Wt T Bl it 25 3 M R 3D-QSAR A, iE—
e FEMRIAL, AT AIDS 29I FFRE— AN BT
Jill.

412 ¥k 2002 4, Goncalves 5PV T —
HIV-1 Vif &R 1 IR R s DA, %Eﬂlﬂﬂ’@m&’
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Tk, A PUARE A S Vif EEAZE,
VAT AT HIV-1& 3% ) 3o e Dy e 7 rs 40 i, @
TEZPUARIN ] Vif BT £33 1) 0 — S8 A 58 A 10 i Sk 1)
TREERURE . AL, MR, PR AR R VF
4 (H9. CEM F1 U38) HfEH, $#/rILxt vif &
PSRRI, ELF 2005 4F, 1% 2 il By 9% 0
BB HeaRts 2] 7 — AN B AG 40 i P ok i
) FHE 485, (heavy chain variable region, VH)
o EPUIRAEREIE InfE 40 ie ) APOBEC3G /KT,
[ s ) DAY D HIV-1 5 3595 25 14 845 R0 G 30 1) e S )
KA AN HIV-1 [ 1557
42 Tif Vif EEHIKE
421 BRK KRZHERRW: Vif & A3
S22 SRR 15 Vi (05 51 AN AL R B R A DG
I A A R G B e S — R A — A PXP 2
FRT k. fEIX e I R 2 Ik, wf PXP
P2k Vif EAAR&TESER . 5ok,
HIV-1 Vif [ STAALIK PK QI K PPLP' [X 3 %) Vif [ %
FAREEAEA . Rk, HENIXLE L k] GEXT Vif 1)
L RAGRIMBIER . Vif 1 O PPLP'™ X L2 ik
BITE Vif-Vif A AR R A . AT S
PXP 371 2 ka2 th Vif 274 1K 54 PPLP 555 (1)
LK R A Vif-Vif AHEAER] . thah, s
T I 22 IR B IR Vif-Hek G54, A8 g fs sl fih £
DA [F) 9058 &5 g il 5 UK P DA 28 dE N HIV-1 ke
BIANE, 50T LA HIV-1 (550, 8 S S
AL SCRRIRIED

Wk BT A1) 9 1B AR 56l oL 5 Bt Pr55Gag Al Vif (1)
FEAEH X, %50 H T Gag 1 Vif (15 43051 o
Gag 154 v LIy JE Gag & 11h H2H 1 T470 2 )
PRESEIX I . 75 Vif SE4eSE80 R, 50 AN 1) v 1A
B oy B IR JL A, K 22 0 7 AR ) AR
5 Vit mAPY—8 EAITE VIf R oAl 4
AN, AL T T ok, 7Rk
T68~L81 Fl W81~P100 Z [1]; F4MHAM T+ C-if,
TEhkHE P162~R167 fil P177~M189 2 Ji]. ‘&A1 Vif
AR HE e XA — B, XS X T B B AT R
IKPERIA] R P o X264 7y 545 21K Vif-Ik g PR R A7 LA
SR %8 702 R Rk 2 S R 11 v A3 HH B A
FEE, Jorh =22 — 14 R EoR B 5 Vif 1) C-uigAt
— SRR
422 Viff1APOBEC3G X% #k Vif 1M HARR
A F-12 Vif sk, 78 F-12 Vif o, 45 4
RHEEMRIX BAE 127, 128, 130. 131. 132 Fil 142 v 1%

7T 6 ANURE 1 S R A R R IR R A
HIV-1 ] CXCR4 % CCR5 #ARAE NS T k241 il
T A BIAALRES, T st 5 F12-Vif T
B, mTRAsR D> HIV-1 J0RE R, A s 2 ke
1o WHFCR IR, HIV-1 T4 R S8 A 1 Je F12-Vif S
L FIAEAE, WS FL2-Vif & A 5 A B R 14y
fEo S F12-Vif SEAAEMAVE -IBLEI AN A, H2&
RKIL F12-Vif 5 [ K T- APOBEC3G T REME 2 .
2005 4, Bovolenta 25BV KB Vif & A A H AR A7
(22. 29. 41. 48. 66. 80. 109. 185 }% 186) X}
TS MERE EEAEH, MNK VIf SRR EECY
Vif 8 I o 12U R A I I PR SEAR A AT
APOBEC3G /53R il LIS T Vif 8 11, I HAiZ AR R4
YU P AN TE, T IR LS T R,
A BFE] HIV-1 52 H B %,
423 ZWZERE TR (RNA) C&R
T IR AN [ g A ke 3] HIV-1 Vif 2R I ThRE. i
1, Lorentzen 2510 % B — A BN 5 S VLRI ) Vi (194%
W, Zon S vif RNA JFEERIMER . Wi, i
A T P 2% 2 DXl e 30 2 I o B8 o A, L9 )
KKHIEAG . $%45, Barnor 25127 “aE T — 4 HIV-1
Vif [ S0 RNA B, Refg R KRR By Vif
MRNA [F15E 5%, Aiidl HIV-1 56l 1% RNA
J Bt 5561~5 705 {7 [\ R 5 Vif & 111 96~ 144 £
) B R W L 2 0F Y (1) . HeLa-CDA™ 4 ity % e 75951
(R 15 00, JUHE HIV-1 Vif B 58k (3 AVif:
5561~5849) <yl BUFAEH], 437 MT-4 48 il
HHER Y RE ) PR, BRAh, 7E HO difurh, #EY193)
{10995 23 ORI 78 tH R ) BRI & LA B e
BB, Vif S| 30K i X o0 JLAE 4
J e AR AR S

T A S SO BRIE LI ) vif SR HIV-1 (1)
ST XA P B AP AU $2 1) 22 SR kAR 55
AR o & B —AN R L1085 R & R AR 13 7
Y1Rk, REfpIE STy 40 M SECRE )] o R LB AE
RS AN 12~40 NIRRT eGSR AR B
FSERAZAT A — /N0 T vif BT . 1%
S SC5 Vgt S sy v B I S R B i
PMO & 7% 1] LL AR Vif & (1 (0 K F IF (2 4
APOBEC3G 15 Rk N BT A= 9 5 R0RE, X FF AT LK
BEAR HIV-1 (52 e e,

4k, SRNAs (small interfering RNAs) 4 4
M TH0 AIDS &gy, WF5TRY], 21~23 47 1) 3UEE
RNA T4 81 s RNA #5 5 #% RNA J7 41 B AR, K43
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3 HFF mRNA 2024, il 8 = e . R0,
FIHATA LR T SRNA HT HIV-1 ZEREF3A
HENIGARRIGRY B, nTREZ tH T SRNA PRk e
AHAME. F L, HIV FZERAEAR K54S, N
M T SRNA S/ FRHEIRM. 5 —Fi A=y
L miRNAs (microRNAS) [N, BANT B84
HAMER . B, AZE miRNAS A T RESSIT HIV-1
FERMRIE, TEA DR EAE AP HIV-13077 1)
G AR
5 45iE

H AT, Bl A BTS00 25 49 Fh 28 R0 0= 1) 3
(2 R 3 B S A S R R B 1 A AR RD), DA R ik
PUli 5% 97 (highly active anti-retroviral therapy,
HAART) 138 30 52 i, A 459 3000008 10 i % 5 8T
R K AR 3, (0 B2 1T SR (TR 24 ) B, 24549
AN B RN i) RFH A 39 i FH 24 40 ) o R il i, A4S 5
FHVE R MUBIRUE R S A, DA Rk R HLA
Sy 2y PRI B3R 2 e 4% 2 e Vif R
FIVEA HIV-1 A2 B v AN m sl e () 93 2 I e IR 7,
X HIV-1 B Ge A YoEfE ] . R, Vif 7240 AIDS
RTT SR T ROk 25T R BAREE . BT Vi R
FER A P IO AE AL R FE, RN R I LR S 1k S P
APOBEC3G I#Liil, AT Vif & APt HIV-1 %555
2P BETHR AL T B IR . H AT 2 A S ST
T Vif BT AN AR R S AR, S
Vif B A 2T s AR TR
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Advances on enzymes and enzyme inhibitorsresearch
based on microfluidic devices

HOU Feng-hua, YE Jian-ging, CHEN Zuan-guang, CHENG Zhi-yi

(School of Pharmaceutical Science, Sun Yat-Sen University, Guangzhou 510006, China)

Abstract: With the continuous devel opment in microfluidic fabrication technology, microfluidic anaysis has
evolved from a concept to one of research frontiers in last twenty years. The research of enzymes and enzyme
inhibitors based on microfluidic devices has also made great progress. Microfluidic technology improved
greatly the analytical performance of the research of enzymes and enzyme inhibitors by reducing the consumption
of reagents, decreasing the analysis time, and developing automation.  This review focuses on the devel opment
and classification of enzymes and enzyme inhibitors research based on microfluidic devices.
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Advances of the mechanism study on berberinein the control of
blood glucose and lipid as well as metabolism disorders

SHENngLICdmaHUANYLSHEszHa@

(Institute of Materia Medica, Chinese Academy of Medical Sciences & Peking Union Medical College, Beijing 100050, China)

Abstract: Berberine, an isoquinoline alkaloid isolated from some Chinese medicinal herbs such as Coptidis
rhizoma, has been used for the treatment of diarrhea and other gastrointestinal infections as an antibacterial drug
in Chinese medicine. In recent years, it was reported to have beneficial effects on the metabolism disorders
states of diabetes. The mechanisms involve many aspects of the diabetes, including regulating the blood
cholesterol and triglyceride, lowering blood glucose, ameliorating the insulin resistant state and influencing the

function of the pancrestic f cell.
Key words: berberine; diabetes; pancrestic § cell
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BN, X G nE H bk ERK #1617 U0126 )
il MEAh, NEEDR R AE S L R0 AT 4 R (HepG2)
LDLR mRNA ik, Tt E4 RO ie (CHO). A
R IR 40 e (HEK293) AN 47 4k 41 i i LDLR
MRNA A WA K. W R HH R &
SDS-PAGE, KILAE/NEERAET, 40 7 iELA 52
kD H1 42 kD PRI ANF S 3UTR AHE 455, 1
NI BE R INBERRCR FEVE R R

AT M EHEFT & B LDLR mRNA [ FssE 1 i
I RNA g5 AR A M4, b BEa e fese &
M, WA e . FXT 46 Mk A, W 132
A~ SIRNA F () S EEAT IR %, T8 AR =46 RNA
R4z (biotinylated RNA pull-down). J5ii% & T g 73 #r
& %5 hnRNP D. hnRNP | f1 KSRP 5 LDLR
MRNA 3'UTR 5 A B A o 177N Sk 1 i sk > |
WA mRNA (45 A A% 15 R

TN F 22 P A5 - 200 i DS 300 ) 70 B /S B ek ke
HepG2 41 Jfl {5 5 18 2 1) 5 I A BN, /INBE B/ W0
ERK 3 14 (14 [/ 340 INK/c-jun 3 2%, 3 FH INK 93751
7] SPB00125 fie % 411 il /NEE B 75 3 1) LDLR mRNA |
Wo HbAh, ANEEGR LR B AR 1 7 XA INK 5 c-jun
wER A, X455 Kong 2N sz 45 R
A, HoErnlae s i iz H ) INK SR A R4
5 (Kong 5256 o N FH AT INK 035 0k 2235 %) o

Proprotein convertase subtilisin/kexin type 9 (PCSK9)
S5 DR 3 08 57 440 M i L ] PR YT R S R
(steral regulatory element binding protein, SREBP) i}
A1, HREWEARY A LDLR MWK (endosome)
TR RSB AA, A S PR, 1X )¢ LDLR B F 7R R
BEJA ) — R a0 TR AERS i LDLR %
K8 [F] IR g 38 ik SREBP 5% %175 S PCSK9 £k . M

I 52 SREBP ) /572 i] AR Ik PCSK9 ik, {H[H]
BRI RERFAK LDLR [k, AT 38 20 RIS X P g i
M0 s A o ZINBEDR BB 8 LLIAR 52 00 B [ 4982 11 7 =X,
1 HepG2 41l Jfil PCSK9 mRNA %% T [ [w i LDLR
MRNA FIAH . NEERRS SE A% AT & I ZRE LDLR
MRNA A 8 IR 8, #0156 Ry T 5 PCSK9 (1)
S MAk, NBERR RS/ HMG-CoA i& 7 /i mRNA
B A% 39%, {HXFyEWE 2 — @R & il (farnesyl-
diphosphate synthetase, FDPS) 5 flii &0 /IH [ i id: i il
(dehydrocholesterol reductase, DHCR7) # 1A 1 H &
i, /NEERS (15 pgmLY) {F HepG2 41 )il PPARa
mMRNA FiAHI N 39%. RT-PCR 52 W], /NSEIE
R PCSK9 mRNA [l e v, JLAEH T it 52
M) 35 B J ) s B T Rl 0 AMPK 4k Ao ik
AAL YA 5 S 321K o (peroxisome proliferator-
activated receptors alpha, PPAR0) 1fij & #°

41 A% P 7 1o (HNF-1a) 5 SREBP /& PCSK9
() FE LR 71T BT, PCSK O JH 8)) 7 X A7 A6 AR 5F 11 HNF-1
SEA XA, HNF-10 5% DX 8k gh A AT o 7 2 R Rk
NBEREREBS AN H] HNF-Lo 1380, [R] B 2858 5 PRI
SREBP2 [#j#ih . LA AT PCSKO ik i # %
il
1.2 NEERFTARRARARE S W R BER IR E N I
0 20 22 A B P A b R, A3 A 1 4 i BRI
T2 5P NG BT T AL B R A, 4
2L I TSR A L e ) R I 2% A U O AR
YER

NBERE R 8 A0 o A B IR B A A R 1 3T3-LL Al
UG I 200 M e A R J7 00 M, 3K o 0 ) 4 FH ks 3% IR A
BHLIE O 200 10 T 10 40 P g — 20 Ak . /BB B4
3T3-L1 Hif i 4 M fE /3 A i 7 545140 S 1) PPARa B/
d. y Al CCAAT Wi 145 &8 1 o (CCAAT-enhancer-
binding proteins o, C/EBPa) mRNA %3k F [, Jf H.x
PPARy sk A2 8 A H#:40Hl. PPAR T2 5/
1074 1555 IR I T i P9 35 R 1 A A0 o1 o 08 1ok 4 i 2 %
R FE IR RN, NEERAENR i 41212 PPARa.
y BIXCEANHIF], HAE PPAR #sh 77,

W25 (visfating & I 17 40 M = 2 16— B g i
DRI, SLREAE S 0 &1 J) 6 R SR, 490 ) A 7 2
BRI, BLAUL AR B 25 VE FAE AR A T R #E4E
A WS B P, /NBEB LI B R0 s ) A A £
J7 AR E AR T A M IE 3 mRNA K B A ERIA .
7F 0~10 pmol-L™" ¥R T /NEERR IR 8 40 gk b 434
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P IE % mRNA )31k, b 10 pmol- L7t i e 2 .
/NEER, (10 pmol-L7Y) 1 3 h S A I % mRNA 13
KTTUE ] s, VERIAE 12 h S W] 5. 48 h R T HL ik
SRR, WIEREAREHINE,

JIRERZR (adiponectin) 2 I 7 40 1 7 Y6 F) — il

JE W R -, JL5 1 B AP R U OG . N P
RT-PCR J5 i 52 /NBERG 6 3T3-LL i 1y 4il g B 32 3%
KRR, 10 pmol-L 7t /NEERR AL FE 48 h )5 3T3-L1
W4 AR E 25 mRNA KA BT, SAFWKE
fe ity Z AL E AR mRNA Rik TR, LR
AR e P B 2 AR TR R LR -3 S (PIBK) RIA T
B,
1.3 PEEWXMAEREIATS AMPK  AMPHUET
R (AMPK) ZEW L3040 i 8 & 11l & 4i i
oA R AEE AR R, LR A G A 1R 2 15 AR
WIAHOCHE, W HMG-CoA & 5 il L Bk4hilE A FR ALY
(ACC) 4, ik sZmafis B, ACC IR fb 4k TA A
J& AMPK G bR

L Kong 2 Mt sz v o T /INBEBR ik Btk B
B PR3 S8 1M H ol =88 (triglyceride, TG) ik 35%,
(LA 385 9 R I — 4 LAk T A RE .« Brusg 2509
I/ INEE T fe 8 LAAR B A6t 11 7 XA ) HepG2 4 it
H oyl =g 5 JHE BF (cholesterol, CHO) )& 1% 5 7
W, R R G T R 1) 4 . . FH MAPK/ERK 41
77 PD98059 HE FHLIT /N BER I IR AEH], X4l
WP 55T LDLR WL —30. BH)JSaFm, /b
BEBRT 4 R TG 5 CHO ik AE 5 AMPK (1)
BOE R AICAR AHAL, ZINBER LU FE 486t 1 7 5 At
ACC gtk BE 51 A A3 . H 2 W H
PD98059 ANREFH T AICAR X} ACC (Iwkmtk, i H
AICAR #ii& AMPK MK T- MAPK/ERK 38 #% . fff
LRI, INEETRAE AMPK 1R A4 38 I ) AS 5028
AMPK, PD98059 et il il /NEERI AT AMPK (#1155 1%
b,

BRUCTE 41 e AMPK, ZINSERSIE RE % { C57BLSK
INERITHZAA AMPK A& ACC & (7K F-384 I, i
197 40 M 9 2 5 18 oA B S DR G I D IR A R
(fatty acid synthase, FAS). SREBPl1c. PPARy. 118 %
FEA [l W I &0 1 (114-hydroxysteroid dehydrogenase,
115-HSD1) FKIASZ I, 7] i 44 4 52 55 TR IE B /N e
Bt i 3T3-L1 IR s 40 iy 2 15 I i Bk DR 308 K 4
M RER K, LR EHES AMPK 3516 &% P38 &
AR kA >,

2 NEERFTEIE RN AIATIER

PUBE PRI 29 W) AE BR AR AN AL R I BB, &
SRS 1] 471 4T 250 B ) MR VAT A 388 AL A et i b
(R FH 5 7 T
21 RN EREEEFREBOTN L )iE
VA 118 1 2 R R ST A 2k R B T B, LR R N
P TR RE B Il 15 22 2

INBET B % A M Caco-2 40 i RERH B AN 22 2
B PR S e, T 2 2 I 0 4 S T R
FHM, AHR R 2 PR PEAHE, I IR 22 25 i 11 1
AR SR ARARE SR 0 o /INBEDRAE ey TR P55 T 400 1 TR g 1 3%
PE. H& Caco-2 4ifitl 5/ NEERR T & 72 h =, JREHE
Mk 5 AT 1T 22 200 Wl e e e et (e
5 RGBT, AF# 9250 F0 K BRURUR ) o F %5 B
I 1R 25 ARl 2 BE SR BI, /D BERRONT KR il S A 2
Bt P S R GBI ] OR R i) -
22 NEERFTIMNEILALRER B ERIMIMAIENE /NG
BECCE R IR IR G Wistar K SRR S 3 1 L BRI
BYRTE, EREE S IR R B0 o i 4 B A
A o AU R /NEEBR BE (2 10 L6 L 4
GLUT4 (W Ar, X /ERH B AMPK U/ 5 I Ak
PI3K 45157 wortmannin Jir LY.

ANBERE (1 Fe 10 umol-L ™) BESI N i 1 1R 5
e 5 RPN 3T3-LL AR i 40 Pl 25 b (B B, 4
HEIRPUIRA T4 IRS-1 FIl PIBKPS5 ik, b4k,
INBERFANHIRZ NF-xB [13KI5, JHHH] NF-«B #471F
NAHA% . FRAE R SN BEmANE] IKKB B ik
9\%[13] .

INBER BERS LUK (1~ 15 pg-mL™Y) it A (2~
24 ) ) 7 2N AL EE HepG2 41 i Jik 1 252 4% (InsR)
EIE, RN RRRT InsR BEiL . NEEm
ek HepG2 2 1 F) 4 4 B FEATE A6 T 0 % 2= A5
AR, N RNA THECRDUER InsR 5 K I FH KT 1
AR o /NEERROE AR B N C (PKC) 7K
BOE InsR BEF A8 1. s scie R, AN Ry
BEAIG 2 288 Jaoms B2 ) KK ay /) RS 20 IS I A Bk
52, IS0 AFRE InsR (f161% J2 PKC 3,
3 NEEREINTFR S B LHAREY SN0

B 41N Tl B R A 15 5 b S AR B R KPR S &
JE 2B RIIRS I R R 2., BRI 2 0] 1R 55 B 4
(Y520 08k OB PR 98 24 DA LR PR AR o dn o] 4
Gz s B AT I T AR B AR N Th e AL OB PRI 24
YIS RB 7 )
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31 NEEWERT pMBRTEIRRORME VU S A i
AT T B K S S WA B AR Y /N BE
(100 }%2 200 mg-kg ™) 3 A, BRI HE Yo 5%}
FEALAH L ) 58 S 22 B3 405 000 i, AR FH 5 /N BE ARG 4
AR GOE IR RSP Sa

I8 FH 8 3 40 AR e D AT A ity A% T R Ak i v I 5%
EilE (T 05 mmol-LY) @ikl (HiZmE 25
mmol-L ™) IFFRIFELMET, ANEERT NIT-1 J5E 5 40 i
AP T o S5 RN, 7ERLIRES T NIT-1 40 e
B, T/ NEERR (0.1, 1 K 5 pmol-L™Y) AEfgil
il v P R A R RO A0 M T T N B A
FAR s MR =R 45T NIT-1 410 bax 1 caspase-3 (]
ik, $Em ba-2 MERIE, XMPLRETAEH ShUEk
A 5,
32 NEEMBRSENIIERBRESERMZN
OYUAIR ) F L B AN T RE, (H NG 15 Ak
LI 55 R e 5y R A WA AFAE A e Leng 25185
/NBERIRT BALB/C /)N BRI 55 1 B 22 43 WA T 52 1 512 6
RIS /NEER A F & 2 h s, NBERS A T 25 415)
WIS B 2K T, D% R B, I S I
KT o AEHE RS 4 iR B 43990 24 0.5 & 10 mmol-L ™
HI4AE R, /NEERE (1~10 pumol-L ™) LI B 4 i )
J7 T HIT-T15 4 JB 5 25 00 20 3« Hi %5 0 16.7
mmol-L ™ ¥R, T 5 N BEBR IR B I T AR
K UM IR 0 J 5 2240, I 2 IR A AR

FE/NEEGT NIT-1 20 e 5 25 43 1 5 i (1) 5256
o, AR R 5.5 mmol-L I, NBERS 5 4
T FEURH EEORE NIT-1 448 P i 5 358 23w G Wb & (e bV
YA A 16.5 mmol-L 1 I, ANEEREN NIT-1
0 M 5 2R A W AT R AR ] o /N BRI X T 2 A A
(GK) 3 P 11 52 1 A, 52 LA ] PR 2 T, 30K 7P 44K 3 A
B 5 R I S GRS A o,

TESARIE TR SD K B B 40 f s i, /NBEfR
e LR BEHO K 7 38 (1. 3 A 10 pmol-L ™Y fiik
T 6 B RSB R 2 2R e, R S i S S 2% 4y
Who BRAL, /INBEBRAE U LR B MM 1) )5 XA b Jik 25 41
i HNFdo ik, JF &4 m bl B4 il GK 13 Pk
AR I 55 22 VR P AR T HNF-GK i %129,

T I I 2% IR D T 450 0 PR S0 v R B, /INERE
B (5 % 50 pmol-L™Y) [EIHnEL 0.2 nmol-L ™t i &
DL B it 77 A HE BT3-L1 40 o F 3 25 5L L,
/NEER, (50 wmol-L7Y) JnLL 0.2 nmol-L 7 0 4E
FI45 %R 10 nmol-L 7 B 2 4E FHAR . F b HERT /S

BRI (20 B A P A4 60 1 5% 2% 1 I Joli B 3% R 4%
VERT o /INBERROGT I 55 245 5 W B T IE U R B, /B
BN 0.2 nmol-L 7 B FEAgfg il IRS-1. AKT. PI3K
BRI AL A1 s, 5 GLUT-4 ZKSF- 14 v e G R
FAMT, FIRE ARSI AEx
oW m s b kL, fEAREE AT (2
mmol-L ™ 4 HE), /NEEBS exendin-4 35N BERE N
Min6 4i i g &% 25 43 4, (B 7E 20 mmol-L ™" 4 4 b 4 1
T LA AR 1 X T4 R SR J B 3
I WST-1 R, /N LA B At 11 7 =X pe
HE MING 40 J 50 o N EER 1) (e S H 5 CREB 7%
AN T B 5 R R 5 B AR IR -1 T e o

FHCPUAY 3T3-L1 40 i 11 57 25 B ek E 35 AN At T e
By g, ANBEBOEAS e m g B 3 R N AR Tl i, A
INEE B 22 k8 H K IRS-1 B4k . PIBK R 57
wortmannin A~ fig 56 4% 00§l /1N BE Bk 1) 412 8 B HXAE A
HBE 58 AR 5 2 IV L, AT 4 s /N BE B 11 2
B FEASCHS PISK W% o 7] HIF 5 5 /N BE B TR A
Gl PKCEIA IR . /INBERRAE AN AR B ERK (1)
LTl ERK R A0 W 2 38, 3X 1 FH e 6
ERK i % 411 %1 PD98059 114k o Itk Ak /N B Bl 1
AMPK R AL B T4 o JLAREL 3T3-L1 401
GLUTL = B8 n, 1 GLUTA [ G W] B ARk
ZINBEBRR 1) 2 B S EUAE FH B8 ol I SR ) 0 71 791 56
A, AT B /N ROE ik ERK Il % Al GLUT13E
BTN, T AMPK 55 Ak 5 S CAAE T IR T 1)
GLUTY, L3 [RIVE A A it 3 2 e EDCHE o

IS FH e R £ 1 5 1 B B TR R B 2 43
AT /N ERE T Xt Jls e e 5% 2% 0 YA 5% W) 1 SI2 36 b R B, /S
BEDRZG 25 6 )55, OGTT SEa6 A Bl 7 I ifibl A I g &
FACPEEE TR, IR KRR M, 787
7 e, /INBER ) 24 21 K IR A it i 5 25 5 e IR
AR W BG4 M0sE 58 o, MING 4 e 25
mmol-L ™" 1 45B 45 15 T, /INBERR LI FE A 11 =X
/D 1 By 22 A b, I BRI 3 R ARG A R R SR T 1)
MING 4H it FHOA R 2 40 R 55 252 (90 3 Wb o 70 /INSE B
X MING 21 il Jifi &5 25 73 W K 04 FH s 3 o o, /NEE
BRAE ] 24 W (1156 5 40 P St e 2 3% 1 26 W 3 11
[ i 2 oy W I, /N BETR AR I > HO mobE (25
mmol-L™Y) MAFAE (0.4 mmol-L™Y) 51 24 h 5]k
(1) MING 4H i [ & 25 7 WA BRI o ZNEERRR 1) ok AN
REWE AMPK 17577 BELIT, CAM P 38 4 25 55 /N SE Bl o i
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B F s i i1

VR 9206 =0 /N BERRC TR B A I 9T © A
20 AR, FE/NBEROS 1E W B MR/ BUBR B 300 W e
B S e R B FORE TR S0 TR, R BN BEBRONS
WIS BUBR B 3% 0 AR IS AR R BN BRE B M
IEH/INL A KK/ BT 40 A &% 25 52 PR K 5 H K
5 F SRRy, AR R I /ANSE TR 25 )5 3 ) 1t L
PRGN, /N BTk ok 0 14 i PS8 () ot 7L 1R 1 o 11 A P
A7 RGP S, 2 B /) B ol 3 3 3 2 0 1 e
RARBE AR AR (R AR A ) .
4 HitS5RE

1 1986 AFRRIL W1 4540 S it 1 /N RE R B
BEAE DA, S 1R 9 A AN IR AT 24 20057 S T 45 R AR
i, HIREIT 20 ENSERAERE R iR R AR AL
Wtk fEge e, BRI 54, /INBEHRS A PURE IR 25
PUB IR S o JLAE B 2898 K 188 PRI I
(K122 ANIRTE, Bl S 6 FLORTRE B A5 2 5 ) 4 JH
AGVUNRTIE « DLPA < JiTs A4 (AT 2 A 2 )20k
"], AMPK [RIGE B0 5 2 B2y BAE ARG . 4R,
/NSRS 1B & 5 A0 L PR S H A AEAR RS, AEXT
R By % L T ORI B A U R ) ) L
RIS LM LR S 18 . BLAh, [F A B A Sk
TG /NEERIS IR BRI T B A0 R T A
YEH, HJR SCHRARE AMPK 75 B 40 i 055 5 B
PRI T Bz, DB BRIR B 40 I 5 K 4T
POEWFTUNI T o BEAh, ARAE/INEERR S U ML &
POV BRARVE T, DRI, /INBERR S A 18 1 A
AR P W o ARK IE ST [
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HERREN TRAKREMEE WA ZHR

&, kR, g, L, A4
(R KA L A2 90T, g P 475004)

FEE: B ZR R (PAE) BIGY, WFITZIHWRG 2 5 0/ UL R o o il B == 1) s o R FH B g 58 S e
ERARICK A S PAEBINA (KA A AE) FRUH A5 047,14 & 30 d MR T Sl i 44¥) synaptophysin
RAFIE, Dok RR R M, WRHHEEL I, JERH Western blotting 5 I 5T 5 512 56 21 78/ B %
synaptophysin [FIZ A AT 18 o e SEMbECR TEESEvh 2% 0 M ome Sk B L A1 ) e R v 791 o 401 ) Ll A 22
W% (P<0.05),0. 7. 14 X 30d ZFE# (P<0.05), ik 5HE2Z AFEELHEAM (P<0.05) HFERZ
WiAEFH K. Western blotting £l 45 5 5 e 5 SE T 5 R — 5. X R W PAE X 58 fil (1) 52 Wi KL AT K N R R 0
FUEAH I, ST 2R (A I RE FBOR 80N, PT R AR RS #i R BB M RICAZ ) B R R

KEEIR: ZUUIRG S R BRS¢k synaptophysing 57

FE 4% S: RI63 XRKFRIRAD: A N E RS 0513-4870 (2010) 06-0705-06

Sereological study on the synapselossin visual cortex of mouse
after prenatal alcohol exposure

XI Yan, ZHANG Jun-shi, ZANG Jian-feng, WEN Shu-guang, DENG Jin-bo’
(Institute of Neurobiology, Henan University, Kaifeng 475004, China)

Abstract: In order to understand the alcohol’s toxicity to the quantitative alternations of synapses in mouse
visual cortex, the expression of synaptophysin after prenatal alcohol exposure was investigated. In present
study, the experimental mice at PO, P7, P14 and P30 were grouped, as control, 2 g-kg * alcohol treatment and
4 g'kg * alcohol treatment.  The pre-synaptic el ements which were used to represent synapses were marked with
synaptophysin (a synaptic vesicle associated protein) by immunocytochemistry technique. The synaptophysin
positive boutons in layer VI of visual cortex were imaged under laser confocal microscope. With stereol ogical
methods, the number cal density of synapse in visua cortex was calculated in different groups at various ages.
Moreover, Western blotting was carried out to detect the expression of synaptophysin in visua cortex. The
results showed that prenatal alcohol exposure could cause synaptic loss with long-term effect and in a dose
dependent manner. For instance, there were significant difference among the different treatment groups of
PO, P14 and P30 as well (P < 0.05). Western blotting supported the results of immunofluorescent labeling. In
conclusion, prenatal alcohol exposure can induce the synaptic loss dose dependently and with long-term effect.
Our findings implicate that the synaptic loss with long term effect in CNS probably contributes to the lifelong
mental retardation and memorial |owliness associated with childhood FAS.

Key words: prenatal alcohol exposure; number cal density; synapse; synaptophysin; visual cortex
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o), AU RS Z& #%  (prenatal alcohol exposure,
PAE) & S8URILI™ A8/ i LB R e . fh
2R G0 K B W LA AR S B AS A o IR 1 iR
JLIWKE 25451 (fetal alcohol syndrome, FAS) J& PAE
SECFARIFEN PRI, SRR R L AR
P A7 S 20 ) T Wy T R 8 R G KB S, R
TP JE i s A 2] MALAT e ) N BEAEAT R RE ) A2
RN BB PO 1) 450, I b A e — ZR A 42 )
Sullivant f{IIF 5T 2 W, FAS (K955 DR R RE S5 0 R 2 34
() PP RS 7 0%, 5 A | — 3 AR ok &R
AK. EHIM PAE MEFFLZ b TR s
R BN, et =AW, ZHhoEe. EaRA
T, T PAE S T 5 M FA 4 AR A (3R v
ANZ I, DR 0 29 S0 ) 0 K 2 R A A % i 1A S AR
(1 NFEARFAE AT A B 5 31 8 00 46 Wl U AT 21145 2
B

AT RSR, Sl 2 STARAZ o B B, i)
TF U RS 5 % i 5 i 50 2 1) 7 A A7 A S TR ) i
YE# R synaptophysin %€ )6 G (o 4 A FIE 2 5 I
(¥ 5 L AT ¥, Synaptophysin J& 47 T 28 it iy 4
MRS A, DhRe S BRI DG, mT DU b 52 i
RS IEARICY), RS R R RERIE, BLEN
TEEAPPRR S O RGP 43 B S S A (T
FO8 AHIF SR FHAE 5 AT IR 5 b £ 5T ) PAE B,
W5 PAE TR/ SR oo o P 45085 P AR Ak, BT
PRV PAE WAL B A 48 5 ik A & 1A% i S AL,
RN BE AR 2 S K B R 1 A S, MARE A DT RS
) AR K B R 5 T A o s A G I T AR ISR AR
fa i e B At T A R A

M5 A*

MMIERI S 54E %k 2~3 Hikfi#EE C57BL/6 /)
B (9T 48 SEB s o4t S8 IES SYXK 4
2005-0012), MR 60 H (KRAEF), MW 10 X, fFHE
20~30 g, TR, =il 20~25 C, AR
[ 60%~70%, &I ek . ROGLIEEI 8 h
J6HE, 16 h I (5: 00 PM~9: 00AM). H kK,
W) 4 ] B A8 S50 Sl O B A 1 /N BB VAR,
TR 7K 36 FH 51256 =5 [ LR 28K

¥ 60 FUME FRBEHL 2 20 B4l (10 H). k7 &4l
(20 H) Rl (30 H), MMM 1:1 (5:00
PM) & 2EACHE, H 9 : 00 A A BB M e 550, # A
TR 2 H s W UEYRES 1 K (embryo day O, Ep). Ep

U H S M B, o R e SR . B AL IE
ANFFE PSR4, BT HRZL (contral, C). fIKF1 &4l
(low dosage, L) Fil@sfli4l (high dosage, H). X} HE 41
ThE R, EREAMRMANZELH (BE) 27/
A, FEH 9: 00256, UK, 4 h o 25%IKEHEE (L 41
WREFIR 2 gkg ™ d s H ARSI 4 gkg d Y, H#E
B IER IR, TR 14 24 h ATl
JEE )R % 0K (postnatal day 0, PO), W4 40 5l o
0 (P0). 7 (P7). 14(P14) }% 30d(P30) Tfl, A
D5 T e le 5O gt R4 A>T 5 LU ik
1T Western blotting ¥5:1 .

FIER AN Synaptophysin B4 TS il 44,
AR G P G g o, I LA GOk AR 2 58
fuhl® o R, WoR BT -V 2 A S R T HE 0
SEAL, T Foxp2 mf DURE S PR LR B2 RV I ZE 2 4
Jo ik g5 DAPL A, TSEEL R E B
o SO R RO RUTT 4% K LG Z 8 (30
mg-kg ) TS BRI, I OO o B AT O,
HLRIBIAE, 4% 2K (pH 7.4) 25 mL 22183
o WiskEURN, & 20 AR 4% 2R HEE (pH
7.4) [H5E 48h (4 °C). ZEIHKIRYE, 4%35 IEHE
HUR Bz il A SE36: R SR AL 2R, e b0 Bl (vibratome
1000 plus, NatureGene Corp, USA) V] )}, HFHe4i4l
P15 9k F, 50 um. Y4 0.1 mol-L™" PB i
Ubo SRJGHEAT synaptophysin Fl1 Foxp2 % )t G i XL
FARIC: IMA—#HT (BHTA synaptophysin, 1 : 500,
Millipore, MAB368) 1 Foxp2 (4Pt A\ Foxp2, 1 : 300,
abcam, ab16046), & 4 ‘CUKAH H i & LK, PB LT
WM P FHi Alexa Fluor 568 (2404, 1:
600, Molecular probes, A11004) #1444 Alexa Fluor
488 (H4#{f, 1: 300, Invitrogen, A11008) ‘% ik
JeIEE 3h, JEH PBEIVE 3K, fx)o H DAPI (i,
1: 10 000, Roche, 10236276) #AT#I4s, 286 A
Jidst iy, {E Olympus %66 B iMsE (BX61, HA) T
PP AITC RSNSOI CAT IS i h . Bk
e TR R V) AR OGO R R R B B
(Olympus, FV-1000) F#E4TA1 %2,

Western blotting #3171 Western blotting /5
AT AL R AL 2 ) B A R IEAT P e i T
HAREGAE R o SAEIBLAL ARS8/ B, TT i, T%
FIBGRLRET o F AR S vt B PR 1 (R A
PEHURF &, Pierce, 89826) £ B L, TN 9 54k
FAPA I (oA l, JF B IF S A B2 7]k
), #EEAG 12 000 rmint B0 10 min (4 C),
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7 B SRS TS A 10 mol-L7t Tris-
HCI (pH 7.0) i E B DUNE . K% Dk ikilt
ITEAFUEE (Coomassie Protein Assay Kit, [ifE5E
ZEMEORAT A W), M20303); & Z1AE RV 1 15
pL I 5xSDS FAEZEME 5 uL, 100 ‘CHE ¥ 5 min;
REEAT SDS RN AL B K, BHEBEAS
NC Ji; 5%/t iR Wbyt i, 4 CoEE o, W HInA—
Pt (CEHifi synaptophysin, 1 : 500, abcam, ab9272) '
EIEE 3 h; YRS HRPARICH 5T (FHifk 109G
1:2000) ZWFHE 1h, TBST Pl rhvk 31k, Ik
5 min; ECL &G E 2 min, ARG, 4%
FH Quality One 73 #it, JLL p-actin (Y175 35 =~ KA H:
ARHBEFEHT, AAL128) st e, DARAVE SR 5 oo
2 Ol B LU AR DA BHAPE 2%y IR AR N R IA(E . JEAT 5
R STIRK

RMITHSHITFRE Bk uhsidE, i
B JTAE AR AN 2 T ) DAL 2K R synaptophysin 41
IR, — BN, 2R A Ak — A5
fulpi AR, HED— A ahi™, [N, #HlE Foxp2 5 DAPI
TN B CRE AR AN I A T R RVILZ, TR
& E T EVIZERE BT N PO TFAREET I
(1) PRFLAE vk nT LR Ik — 2 g5 40 15 S HET 52 br
(0 = 4E L H, Refs I s 2 AR S i B s, 2
— PP LR A T B T T o AR F S fh B
AT AN um?) VBRI 5 it 250 R AN 25
QR S A AR 13.81 pm=<13.81 um K /)
K5 A Word Xk, 22l 4.14 pm=4.14 um,
6x6 R IE M MR R GE (LAREN IR/ e A T
SDIAR ), 1E R AR R S8 1 RS A s R R T8O fx
L POEHURLR /NG S sk 2 JE R % e M. il
HZ AN TOCERL T E . SRR fod
(1 5 S URE B, R A U5 T A — 1) v 1 22 A 2 i ai
PN B 5 A 2 Nv=[2NX] ¥/ 1.382[3Y2d%/2] 32
[YPc][>Px.n]} (Nv: S4B, P 2 f & 1k
AEL Nx: SRR IR T IO AR I 2L, Pxon: 2R
AR b synaptophysin JRL AR, o S AR
MR E) 19 s A . 12 41/ 41 5 A,
SUNRIEE 5 kD1, JEA35) 12x25 /N0 R 4,
BILA X+ sFomo K Spss 17.0 Gt 2r ik fh:, 4T
Levene o 56 FH = 4[] B AG 56, 22 4 LA A Fisher
LSD 41 Student-Newman-Keuls (SNK) f4:, LA
TR AERE PN DR 3T L S Al R B 15
M o

#R
1 ZEERERENFRAOFM

AR P OB TR AWAN WS S5 i R EE AN A = 2
18 AREMG. N/ PURRE I 22 JET 2 M K & Fh
W P, of HER AL e AT R IR FE R 75 57 o %7 B
HAEJG 0~7 d FETEHEAT AT B, il 4l 7
TET 23K 47.24%, A NIFAIGRI AL PET 304 12.01%,
XTIEAL T RIBE TN 1.73%. 45 R W, 230K
TR AN 26 SR B A S 1R 5
2 Synaptophysin ZE LR BRI RIE Tk

WOCHL R R B s W oR, synaptophysin &
PO LLJA & 440 2 45 )2 ¥4 Kk, synaptophysin %¢
JGRTORL AR 1) 5 fih K50 2t B 1 B2 300 VG 2 % R s T
re I P, D A AT R T T v . A ) B
(FUEAKBELLER), EXTHAL. KR, &gl
PR % P B R FEE A P bbi (KRR RN
FLA), B4 384 n 5% e ks % 5 2 L (K 2).
T ORI B RS A O (A um®) SR Iy AL
TR AR (B 1), SAEIEWE LR, F
F SNK A 56 5%6F £ EA T et A I, X B AL A
B, mAEdnER 2% (P<0.05), PO, P7. P14,
P30 4E#Y 4L 22 5+ B 3% (P < 0.05). HI 153 fildi s i
ZEERE . FAIEWAE R, 4N PO, PT.
P14 Fl P30 (a7 7E W % 5 (P < 0.05), {HAEFEF—
KRS AL BRZL N PO P7. P14 F1 P30 4741
TEEMEZES (P> 0.05). Al BRAERS K 265011
A NN VA e s N I VN S O S TRt N G B
HRIEMA IR A HAER], T HAlE (MS =
9.75, F = 140.44, P < 0.05) [f5ZmiLbaE#Y (MS = 6.55,
F=94.26, P<0.05) Ms#mifk A K. Fisher LSD £
WA B = e AL (R AT S B = (i e CPO
5 LPO (1I-J=0.15). CP7 5 LP7 (I-J=0.18). CP14 &5
LP14 (1I-J=0.35). CP30 5 LP30 (I-J=0.56). CP0 5
HPO (I-J=0.36). CP7 55 HP7 (I-J=0.52). CP14 5
HP14 (1-J=0.69). CP30 5 HP30 (I-J=0.93), &4
U4 1 g AT LA S YRR A B A 2 SO, IR LG
FEZH 55 v 70 B A ) 2 S KT 0] BRI ) R A 1)
Fto BTUA, YRR /KPR AL BEZ1 4y POL P7,
P14 1 P30 (19 /N 41, 52 4708 PR 25 g G e 35 M 22 e,
R Fisher LSD A0 78 AN [R) 2 ) AN [ 51 &[]
HEAT HOAE, ASFEMALT H IR IO O ) &5 1
3 Western blotting #&i% E = 447 synaptophysin
EERIEE

I Western blotting £ I % PAE #5128 41 R} i 41
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Tl P30.P14. PO #E1T synaptophysin 25 A, L
BRI 4717 55 B-actin 457 6% B LUE A 4 synaptophysin
FRIART IR AE (B 3 I 2). 45 3 ik @ synaptophysin

Figurel Lamination of visual cortex and the measurement area
with stereological consulting system. (&) The lamination of
visual cortex at PO with Foxp2 immunocytochemistry (green) and
DAPI counterstaining (blue). The layer 1-VI was marked in
the photo. (b) The high magnification of pyramidal cells with
synaptophysin-positive puncta (red) at P14. The nuclei are
visualized with DAPI staining. The synaptophysin puncta are
located at the neuronal surface and dendrites, however, the
cytoplasm of pyramidal cell lies between puncta and nucleus.
The test system was overlapped on the photo, in order to show
the stereological measurement.  Bar = 60 um for (a), 5 um for (b)

Figure 2 The expressions of synaptophysin (red) among
different treatment groups at various ages (PO, P7, P14 and P30,
a-l). The control group (C), low dose treatment (L, 2 gkg
alcohol treatment) and high dose treatment (H, 4 g-kg ™ alcohol
treatment) are marked in the photo. Bar = 10 um in (a-1)

Table 1 The number cal density in different groups and SNK
tests(n=25, X+9)

Nv/punctum-um 3
PO P7 P14 P30
Control 137+027 1.58+0.29  1.84+023  238+0.27
Alcohol 2 gkg™® 1.21+0.22° 1.40+0.26 " 1.48+028 1.82+0.28"
Alcohol 4 gkg™* 1.00+ 026 1.06+0.27% 1.15+0.26 1.46+0.27*"

Treatment

P: Postnatal day; Nv: Number cal density of synapsein unit volume.
"P < 0.05, if alcohol treatment group versus control at same age;
*P < 0.05, if high dose group versus low dose at same age; Yp<
0.05, if older age group versus young age group adjacent to it in
the same alcohol treatment group; n = 25 means 25 sections for
each group

1 2 3 4 5 6 7 8 9

S-‘"‘ﬂ""’phy's"“;- S e S S —— — -
KD |
B-Actin D T . A — — ——
42 kD

Figure 3 The expression of synaptophysin in visual cortex
detected with Western blotting. 1, 4 and 7 were 4 g-kg * alcohol
treatment group at P30, P14 and PO, respectively; 2, 5 and 8 were
2 gkg * alcohol treatment group at P30, P14 and PO, respectively;
3, 6 and 9 were control group at P30, P14 and PO, respectively

Table 2 Semi-quantitative analysis of synaptophysin expression
with Western blotting and SNK tests (n =5, X+ )
Synaptophysin/g-actin densitometric ratio

Treatment
PO P14 P30
Control 1.28+0.08 1.92 +0.09 2.87+0.10
Alcohol 2gkg™®  0.98+0.09° 1.38+0.09° 2.05+0.10°
Alcohol 4gkg®  0.73+0.08 0.94+0.10" 1.64+0.09°

P < 0.05, if high dose versus low dose or control, and if low
dose versus control; n =5 means 5 animals for each group

FEWE R R4y 7 iRy 38 KD ITEAL B, 1X 5
SCHRMRE fE— 50, @ RS AL BRI T-6 4L (P <
0.05), Al =AML TR =41 (P<0.05), R APk
TR AT BB synaptophysin 25 (A & N HL
HAFEMATE;, @ synaptophysin & & iA R T
ORI KM &, SFERAmdlmEREE P <
0.05).

WEFE A RS 2% 2 0t IR LN fE 57, Wik 3
AEARES O P () T AR 7 TR PAE BUALIE AR
e AR R 70 14 B RS 7 B S ik B8R (R s i, AT
A JRAIE T 27 YT RG 2 e 3 1 AR A A R N R S i
(f)H 1. Lancaster %507 ¥4 nf 22 1300 4 5 i (1) 718
BEATOIIL, RILLAS i (- S B R SE vt X 5, Xk
S TR IR BT VA AT BE S RIS i A AR AL (3
i, DRI A BE e e = ¢ 255 [ _E 5 i S o i (1224
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52, AHEFOR AR 16 7 AT A 9 &
FIHIIE 7R 2R ZE AT Weibel 32 H (108508 1 505 1%
75 H R SRS AL P 10 5 fk B AR AR, Sk R
RS T R R B, LA SRR e, AR T
R IE A G RIT eI S R o Jiang 2500188 204 i 2
1P RG 5 1 R R AR 8 T T I G, AR 5
fiil & P 28 0 R AE D REI TR ZE A, — AN oIl
HIRZ 5, X L5 Ml 5 2% ) FcAZ % DIARG, Rtk
FIH synaptophysin Aiff 515 fi (1) 503 SR T-if B PAE
TACHIARLAT Ty 528

ARSI ) G 5 SRR 22 50T T PAE
BRI 2 S S e 0% P AR A o % R A I =
4. mAEAN R T (P < 0.05) HIAECZ
WA, LB PAE mJ DL AR B 1) 2k,
I FLAT- A7 TR 751 2 vy 5 fi 25 2Rk ™ 1Y) 71 K
KRR XFFIRMIOCRILIR, Z AR5 0] B 4
X G UK . Western blotting 2 5E o0 #7465 R 5 i
PICEE R 8, SR T LIRSS, Ui PAEREL TP
USRI R A, KA AR I R S ik 5 2 I A2 B2 R . PO,
P7. P14, P30 w4 thiR = 57w W2 (P<0.05), H
SRl B MK T R, ] A R 0 K O Al B R
AR 55— B BT o SR AR 8% b 108 AR 5 o) 2 B
W 5 i ISP FR A8 (9 20 T, A TR 280N 4G 56w A HE
BRox —Fk, JLgs B oA R A DR 22 3L ) 6]
TG b~ g (SCHAER), flE (MS=9.75,
F =140.44, P < 0.05) MsgmifEH LLAEEs (MS=6.55,
F=94.26, P<0.05) k. Xfi## T Fishier LSD 5§
Hht IR ZH A PO P7. P14, P30 [H] 2 7 i1 % (P < 0.05),
i 2gkg "5 4 gkg RS ALEEALA POL P7. P14, P30
MCREEZER (R 1) MIL%, EREFBIKT—
SEFERE LRI T RS B B B 5 i 2% R 1 A A
H5 A0 AT P 25 AP W 4L 1F) G 2 35 M 22 5 . Fisher LSD £
B — /N EEE I, R4 o Al R4 5
R Ab BT 22 S 386 K, JF o AL S s ) = 41 i) 22
FER T R SRR AL 2 7, X3 PAE &%
Sl 5 9 (A Y 25 Bt A5 7 B4 9 10 348 K T B TBOK
RO 7] LR PAE TAVAER (124 T/
B P30) #LZSAT R RE IR By T8 ARG P 45 ) 85
ELNS AN 1SRN AR NN N B4 S I [
TAH AR ANGERIZ W FAS ZE81E, FAE G 9k
XFFREE R L8 A A AR T AR I HE >k o ANIX 3 S |
Pk, BEARZGE N TR B I R AN AT
Wifd. i H, S E R REE PAE W) LHELY: )iz
T o5 W PR B 2 S 2O

e T 2 SYTIP RS B R 3 B R i 2% R K I R T
REEWLRNR, SHREIE RT3k PAE T
R EAE R D2 3] B, FANE ST T
BRI RGN AR PAE TAREEAT T-1UAYT
MERZR AHJE, AT ST TAER W] T PAE 5~ AU

(¥ 46 b 55 o it A S AT S, WO VR 2 499
() B Al 5 AR R o R R — B I B v

2N Sl 2% R AL ARG — 2P B . R0 PAE 52
CUIEZ o= NI S B2 N s T o N S
AT 3 A A0 PAE XTI ZE R EE 1 520 5 NMDA-
NRL (1 Zh g 5%, th A Hi3E PAE fF b PKC (protein
kinase C) 0% JTF4AC GAP-43 & [ ImEIR1L2, (A
JE T G 2 R B RS AN A DA AR R A S 56 v UL R 2 1
PAE X 5 fiil 25 2% [P A I R IO BN, o A28 HEM, PR
MR MR E ZarA N RN, a2 (W
AMPA. NMDA-NR1 %5)24F140 PR 5 (40 it i)
BE 2> )25 2N PAE [R1IX S8 M A AE S M ok B (1
KBERTI (in utero), FH LG RS 1) 58 ik 25 2R 25 B 4 168
WK E L Bk, I A IR O RN .
ZREPTIR, AR B B RIS R AN
S LA ) A S S K B R IO RN » — 7 THT W 1%
7855 WOR BN ZINO N IR LR B M K BEEAE S5 ok 1
ARG, BR A H BE RGN, 5 — T AR N %
ZAR RS B BT AR RGL i AL FAS (177
HI2 W 200K 5% 25 AR5 IR LRI A R I 2 IF
AL I YNEEI
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Effect of Matteuccia struthiopteris polysaccharides on systemic
lupus erythematosus-like syndrome induced by
Campylobacter jgguni in BALB/c mice

WANG Zheng', XIE Jun-yun', XU Han?, CHENG Xiao-gin*, YUE Xi-ling', LI Hong",
ZHANG Yun-yi', LU Yan?, CHEN Dao-feng”

(1. Department of Pharmacology, 2. Department of Pharmacognosy, School of Pharmacy, Fudan University,
Shanghai 201203, China)

Abstract: Matteuccia struthiopteris is a nature plant, which contains a lot of potential active components.
In the present study, we investigated the effect of polysaccharides extracted from Matteuccia struthiopteris on
lupus-like syndrome induced by Campylobacter jejuni CJ-S;3; in BALB/c mice. Mice were randomly divided
into normal, model control, SLE model (vehicle treated), Matteuccia struthiopteris polysaccharides treated
(30 and 15 mg-kg %) groups and prednisone 5 mg-kg " treated groups. The effect of Matteuccia struthiopteris
polysaccharides (Ms) on weight and organ index of BALB/c mice was detected. Autoantibodies and total 19G
production were measured by enzyme linked immunosorbent assay. Proteinuria was measured and kidneys
were examined by light microscopy. Compared with SLE model group, treatment with Matteuccia struthiopteris
polysaccharides 30 and 15 mg-kg " reduced weight loss and Matteuccia struthiopteris polysaccharides 15 mg-kg ™*
reduced spleen swelling (P < 0.05). The increased production of autoantibodies and total immunoglobulin G
(IgG) were also significantly inhibited. Matteuccia struthiopteris polysaccharides protected kidney against
glomerular injury in BALB/c mice with reduced immunoglobulin deposition and lowered proteinuria (P < 0.01).
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Matteuccia struthiopteris polysaccharides had a protective effect on lupus-like syndrome induced by CJ-S3; in

BALB/c mice.

Key words: Matteuccia struthiopteris polysaccharides; autoantibody; urine protein; renal injury; systemic

lupus erythematosus
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Figure 1 Effect of Matteuccia struthiopteris polysaccharides
(Ms) on weight of BALB/c mice. Mice were grouped randomly
and treated with Matteuccia struthiopteris polysaccharides 30
(n = 9) and 15 mg-kg *d*, prednisone 5 mg-kg d* or vehicle
(SLE model group, n = 10) from day O to day 34; mice were
sacrificed on day 35; data expressed as X+ s; n = 8 mice for
each group. 'P <0.05, P <0.01, ""P <0.001 vs SLE model
group, tested by ANOVA and Fisher’s PLSD
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Figure 2 Effect of Matteuccia struthiopteris polysaccharides
(Ms) on the indices of spleen and thymus of BALB/c mice. Mice
were grouped randomly and treated with Matteuccia struthiopteris
polysaccharides 30 (n = 9) and 15 mgkg “d*, prednisone 5
mg-kg -d* or vehicle (SLE model group, n = 10) from day O to
day 34; mice were sacrificed on day 35; data expressed as X £ S;
n =8 mice for each group. "P<0.05, ""P<0.001 vs SLE model
group, tested by ANOVA and Fisher’s PLSD
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Figure 3 Effect of Matteuccia struthiopteris polysaccharides (Ms) on antinuclear antibodies and total 1gG production of BALB/c mice.
Mice were grouped randomly and treated with Matteuccia struthiopteris polysaccharides 30 and 15 mg-kg *-d*, prednisone 5 mg-kg >-d*
or vehicle (SLE model group, n = 10) from day O to day 34; mice were sacrificed on day 35; data expressed as X = s; n = 8 mice for each

ok

group. P <0.05 P <0.01, P < 0.001 vs SLE model group, tested by ANOVA and Fisher’s PLSD

Table1l Effect of Matteuccia struthiopteris polysaccharides (Ms) on kidney pathology and urine protein of BALB/c mice

Group Dose?1 n Nephritic Iaesi on .Cell number Gl omerulzar Area of sFai ned , Urine pro’Etlai n
/mg-kg score in glomerular area/um (19G deposits)/um /ug-mL
Normal - 8 1(0-1)"" 32+1" 1810+95" 0+0"" 52+ 16"
Model control - 8 1(1-2)"" 364" 1685+185 " 5+6 51+ 14"
SLE model - 10 3(2-3) 49+4 2143+ 288 176 + 104 92+ 15
Ms 30 9 2(1-2)"" 2+3" 1730+190"" 7+8" 65+ 19"
15 8 2(2-3)" 23+2™" 1549+ 113" 243" 65+ 12"
Prednisone 5 8 1(0-1)"" 23+2"" 1805+ 157 117 73+ 14"

Mice were grouped randomly and treated with Matteuccia struthiopteris polysaccharides 30 and 15 mg-kg >-d*, prednisone 5 mg-kg >-d*
or vehicle from day O to day 34; mice were sacrificed on day 35; data expressed as X=s. P < 0.01, P < 0.001 vs SLE model
group, tested by ANOVA and Fisher’s PLSD. ®Data of nephritic lesion score expressed as median (minimum-maximum), tested by
Mann-Whitney U-test

Normal Maodel control SLE model Ms 15 mg-kg™! Ms 30 mg-kg! Prednisone 5 mg-kg™!
Figure4 Haematoxylin and eosin-stained (HE) and immunohistochemistry of kidney sections.  Light microscopy 400x.  Section of a
normal and model control group mouse: normal kidney sections (HE and 1gG). Section of a SLE model mouse: extensive glomerular
hypercellularity, note glomerular enlargement (HE) and a patchy dense immunoperoxidase indicative of 1gG deposition (IgG). Section
from 30 and 15 mg-kg -d * Ms- and prednisone-treated mouse: note lack of glomerular enlargement and glomerular hypercellularity (HE)
and 1gG deposition (1gG)
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— K RIS R B R I 53 M

xR, kS
GER% L 25, 2 SEWmAA%, Wl (5 071002)

FEE: AL B AT R K RS MR g ST T . SRR X SD K B Tk, AR 2
JE AN R 22 5504 OVA (BRTE 1R ) SUBOK L, 1% OVA Zbisk 1 A g 2t | 0.1% OVA ZAbik 12
JREENT AR PEAR Y, K A DLAR B R KA o A UK UM ZH 20 B B BALF (L iEVEMR) 2 1 40 M A A
M3 & 1gE 1 OVA FirFtE: IgE. MliZh 8 SSabn A0 Bl L4 30 B o Ao S AR A BEAT PP, IFXT &, 18 PEA
RIHEAT T it SR BoR, 18 M M A 70 4 A0 P LR SE IS S5 5 . AR 4 B 28 R i IR i R ol BBk 6
BEE RS I3 B 1gE F1 OVA FEs M IgE iS5 fain ) B3 s T 2B 41, R0l e vk an v
FRIE S BALF R FR YA 40 fu b R T SRR A 2, 18 MR A PP IRGE R PSR I B 2 5, &
PPk AR R 2 LB S HR PRI B T IR W S IR A . Rk, AR SZG ST A K RIS M AR, ARG T A
W i g B A BRR AL

RERR: MR, KW, RIEER

FE 4% S: R965.1 XEKFRIRED: A N E RS 0513-4870 (2010) 06-0718-06

Establishment of a rat chronic asthma model and its evaluation

LIU Zhong-cheng®', ZHANG Yan-fen’
(1. College of Pharmaceutical Science, 2. Lab Management Office, Hebel University, Baoding 071002, China)

Abstract: This study is to establish a rat chronic asthma model. Sensitive SD rats were selected through
histamine challenge. The asthmatic groups were sensitized by ih and ip with OVA, aluminium hydroxide gel
and inactivated bacillus pertussis on day 1 and 14. From day 21, acute asthmatic group was aerosolized 1%
OVA for 1 week, chronic asthmatic group was aerosolized 0.1% OVA for 12 weeks. The control groups received
saline as the subgtitution of OVA. Twenty four hours after the last provocation, physiological monitoring
equipment was used to detect the pulmonary function, then the rats were sacrificed. Bronchoalveolar lavage
fluid (BALF) was collected to calculate the ratio of different inflammatory cells. ELISA was used to detect
total IgE and OVA-specific IgE in serum. Microscopy was conducted to observe the histopathology of lung
stained with haematoxylin and eosin staining. Collagen fibers were detected using Picric acid-Sirius red staining
technique. The optical density at 610 nm of extractive from locus caeruleus was detected by passive cutaneous
anaphylaxis (PCA). Theresults showed that the asthmatic characteristics were significantly developed in model
groups, but not in control groups. Chronic asthmatic group had significantly higher indexes than acute asthmatic
group, including the thickness of airway smooth muscle and bronchial basement membrane, and goblet cell
hyperplasia, the area of collagen in airways, Agp Of extractive from locus caeruleus, the concentration of total
IgE and OVA-specific IgE in serum. However, inflammatory cell infiltrate in lungs and the percentage of
eosinophils of white blood cells in BALF were lower in chronic asthmatic group than those in acute asthmatic
group. Respiratory rate and respiratory flow showed no significant difference in both mode groups. In
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conclusion, the rat chronic asthma model is established by the way in this study, which is comparable to the

physiopathol ogic characteristics of human asthma.

Key wor ds: chronic asthma; rat; airway remodelling

W i 2 £ 22 B 38 2 5 1K) OE 18R 1R RORE RO,
AESOE S U I R e SN T AR (K 2
FHAE o WE N A0 3 R AU TR IBAE T i, (H A0 Hk
TANLEIIAS 0 2 o ST ARSI IR BRYE,  H i
XTI Wi PRI AR AT 5 30 o B A2 SRadk AT o AR
{10 B0 A R TR S T 0 Wi i B A= P22 L S P 2O Y
TR SR () A LA

W Mg S )R R R B 2, v RN Y 4 o ¥
M. EH AR R K R S RO R T
SEHEPERIRY, AEAETE B CE BESORE, kb bRz ef
Ytk BEEDOR MARANMLIE A L 3 LA )5 S AR
SEPE AHR S5 S5 R A I8 PE R AL, AN REAR 47 3t
AL Wiy £ 2 e 5243 fioh A 17 i A9 17 28 Ak 1) ik
il 3 GmArske, T Py At 1 e AL B S AR
B2, ERZ LU SEIR S, T LK ST
P 2 s SR (O ] P A AR R g
Kl A AR SCHRIRGE, P E P HE T SD KR, fEfLSt
BRI A Al EREATE MR, SRR
(3R B P g A 3 ST 5k

M5 A*

SSIGEhY T SOl Sprague-Dawley (SD) A
B, 6~8 Ak, 1A (150 + 15) g, MZEFEFRIE
Besh Py dgt, Sk 1545 SCXK-% 2002-001.

AT INE R (OVA, Grade V, Sigma
AA), KIEE HZA R (A RIEEEY A ), B
IgE KX & (R&D A Hl); 4i-FPik R IgE £ il
Pk (Serotec 2 7l); RPL4HF: 19G (ALATHAZ &M A
Al); XILCHGH Gk (i WA ). Hofhd ok [ =
Iy HTaiak ) .

SR EE W2 T hE AR A AR KA
(P EZRERH AR, 5 BL-420E); BB FAL
2 dbmtwHE AT, B YC-Y800); WiEr (HA
Olympus, %5 : BX51); #4436 it (EH
Beckman, 1%5: DU8S00); Fitr{X (32 Bio-Rad 7
F), M50 680); JWHEIYI A RS (EE Leca AF], M
5 RM2128); 0L (8 Sigma A F], 45 1-14),

W EhMITEIE K I O RUBCT B B
RN, A 0.5% B RRALNE £h AE B £k /K 7 iR
WO, SRR BN AL 5 (WP AR B, 3¢

WAL 20 s Y HHILPEIR e . AT ARda . misk
B9GP NN R (S vyt
SLIEMERERGET KRB A 1 X R
41 (15 Q). 2RI (15 K), Bl (20 1K),
SYIERFE, LU A i 2 OVA HIFFERIARLRIK . A5
AT LR 5 14 RAVH ST OVA 1 mg 5
B 1005 AL BRI (2B BE E KR BBE 1 mL, fE
KUY JE I R RS, B Rd 0.2 mL, BRIEVESS 0.2
m, [ s S A 6 K0 7T H A 1 5x 10° AN, IE
R DA 3 R KA o SRR A 41 55 21 K B 1% OVA
BTSN, WORK BN, BEIK 254k 30 min, &
RLK, ES TR, 1SR 21 K LL0.1% OVA
BT EALN, BRI ZEAL 30 min, 3K/, iES: 12 4,
IEW X IR LUEBEER K (NS) /08 OVA k. H)a
— R 24 h JGRI B2 DR AR BRSO B RS
F, R A RRR R R 2 0 5 PP R 5 S WPt i, AR
Jo G B B 2 R s BRI (50 mgrkg ), 75% 2 EEE
0 3 min W EE Rk, TGO R LB
XS EMEEER (BALF) R&ER BALF B4
TERARIT AL ORI BOE 5, R 7S o B 7R S0,
YRS, BRI REARE Y, TR A AL A e A
5, A7l 37 CHIHAAEEER K 6 mL #ELE 3k, 1]
W Z7E 80% 4 A4 B, 1 500 rr-min * &0 10 min,
W4k BALF, H-20 C¥iAr. WAyl 100 pL ¥
e RS S, G, BRAEE N aJc sk 500
AN, THE AR T A
FR¢ALRRIBYI F o EES LR EREDE M 2 i,
FEDIR, HE B2 58 M A R i, ik - R
BRLL Y O S S R 0 o BR A Y BEALEUAS [F) A%
ST, FIH CMIIAS R51-%2 hig B
0 B UG 20 BT Z 458 53 W il 8 S 0 R I P
UE ARG Do 23 AN SR BE N A (i) R
JETAL (WA SIE PR IUZ TR (WAm), JEAE WAL
WAM 5 Pi (1 LGRS bRpb Y, o0 RS
FERCHE LS (WAI/P) AP IUZ R (WAM/P) .
# 5h Bz Bk id 81 7 (passive cutaneous anaphylaxis,
PCA)  Z Uk 7 vEmS AR 02, K Rl G — IRk
J& 5 h, T NS OVA 20 pg 2R Eh /K i
0.1 mL, I KRIES 4405 4 h 5k 0.5%
AR S O AR B ER K 0.5 mL, 30 min JAbBE KR,
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B R, FFEBE R BY R, R TR - 2K (71 3)
A, BOJEE EVEE, M 610 nm Ab RIS
15,

MEHS IgE F24M S ELISA {7 &l
W B AT 56 iRl .

;5 OVA 5514 IgE 28N KL L w
BIEPLE OVA FlfE . I FR S X il IgE 2Pk
£, W ELISA 354630,

FitFESH A BEEI R x+s X, H
SPSS11.0 #AFHEAT 7341, K FH A ¥ vt o 2 00k t K

o

#R
1 KRREBTRIER

B R E W AR K 08, JERIN R E,
BOKRENPE. FACBORI VR S, T4, 5
SLEIE AP, AN, ATENIR SR, SEENG R
B, FEREA O BOE INAER B A0 N T
2 KRAHELFEYIR HE LBER

IR IR o /NS R g5 1E R, S
R L R e, NSk 12 A E T bR
SEANLEE (B 1AL 1C); W8 Wi A5 240 4 A B ] K
ARG MR, A0 R AT R AN I AR, AR B
Bk, bR A AN R SR AE HLAE TR OVA B
s A s RN M T e O A e B E 7
RGN ARG AE, SIS, 27 b 4N i 434 22 55 5 990k
fEM 2N (K 1B, 1D).

W i % 200 20 SRS L G I ) A A
XTHRA] R (P <0.01), “CIE B S U

Figure 1 Airway sections of SD rat lungs (haematoxylin and
eosin stained; original magnification, x66). n=10. A: Normal
saline (1 week); B: Ovalbumin (1 week); C: Normal saline (12
weeks); D: Ovalbumin (12 weeks)

g, S EA I — 55 1R PR 4 S PR LA
JRMBEJELRE 2 T A AR ], AW E xR (P <
0.01); 1 J&FH 12 Jl 1 0k FEAH TR) LU b 3 Pk 2 e
GERRY, 2K E OVA KRR, 1k RS
R T S5 SE. 1R 1.

Table1l Airways thickness of different groups

Group WA / Pi (um) WAmM/Pi (um)
1 week NS 12.77+2.21 8.87+1.20
OVA 3519+ 256 20.00 +3.23"
12weeks NS 16.23+4.08 10.67 + 1.83
OVA 4259 +3.92°" 39.21+5.04°"

NS: Norma saling; OVA: Ovalbumin. n=10. ~P<0.01 vs
NS (1 week) group; ““P < 0.01 vs OVA (1 week) group

3 KRAELRFEY FERE-RIRELRES

NI TR IR - RS0 )5, ARG
BB AL, | BRI AR HE S, B ek
o RS 2T 2 g R, . R3O IR
EEER, IRk, FH OB, BRI
WIS, BRIEUURIIE, REER, HOmRA; &
PRI 2 s DO R S R B S R, 1 S
12 JH I HO B B S ORI DL (18 2).

Figure 2 Airway sections of lungs of SD rats (Picric acid-Sirius
red stained; original magnification, x66). A: Normal saline
(1 week); B: Ovalbumin (1 week); C: Normal saline (12 weeks);
D: Ovalbumin (12 weeks)

4 KF PCA R4

R 20 2 R Pk W R TR BRI R R A B K
(P<0.01) (¥ 3), 1&PAR I 2 7 ik i B Th AR B S5tk T
SPERHAL, IL Asofi (0.39 £ 0.04) &3 KT 2k
R4 (0.27 £ 0.06) (P < 0.05, & 4); 1 &M 12 J41F
0 UL R LA G B I 2 S U BB I IO
P PERIR AL o) R AL T 50 ™ N BUBORES, R RN
PRSI -
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Figure 3 Locus caeruleus on the back among normal and
model groups of SD ratsby PCA. A: Model rat; B: Normal rat

ONKS 1 week
T30 BOVA | week
ONS 12 weeks &
D OVA 12 wecks
L33
Z 03
0.20
0.10 |
o= —/

Figure 4 Optical density at 610 nm of extractive from locus
caeruleus by PCA. NS: Normal saline; OVA: Ovalbumin. n=5.
P < 0.01 vs NS (1 week) group; “P < 0.05 vs OVA (1 week)

group

5 XRMEDRE IgE #1 OVA #5514 IgE 2 8

DL OVA 1E 72825 I N R SUB0E, BE8 4 if i vh
NP AR OVA H5 521 1gE, I ELISA J7 kil
75 570 nm PRI AF T TR) 422 s e IfiL i v OVA i
Ph1gE &, Bl g s IgE FI OVA etk
IgE & B3 T IE M AL, ok 1 IR Y 4
HEDEFE @ T IEW X A (P < 0.01); 1gE B AKX
I m e, S BRI 2 R R (P <
0.01, % 2).

Table 2 Concentration of total IgE and OVA-specific IgE in
serum of SD rats

Group Total IgE/ng-mL ™" Asro
1 week NS 21.95+ 227 0.224 8+ 0.087 32
OVA 72.46+8.11" 1.8164+0.1201"
12 weeks NS 24.32+501 0.209 4 + 0.056 3
OVA 102.31 + 14.24°° 2.390 4+ 0.206 5

NS: Normal saline; OVA: Ovalbumin. n=10. ~P<0.01 vs NS
(1 week) group; ““P < 0.01 vs OVA (1 week) group

6 ARAHTHEEZ IR

W i A8 2R AL PR Y S RS S B, PR R K
AERIEFE KT IEWA AL (P < 0.01); 12 rEAiR
N5 SRR A (] LU AR, PR 384 R WP R 2 R L
BEMEES . WHB PRI B T EE Y, H
55 SERR AU CUIG D RET R BL W] A2 1L (3R 3).

Table3 Respiratory rate and flow of different groups

Group Respiratory rate/time-min* Respiratory flow/mL-s *
1 week NS 169 + 14.36 0.049 + 0.004
OVA 206+ 10.57" 0.077 +0.008"
12 weeks NS 158 + 20.82 0.053 + 0.009
OVA 198 + 17.76 0.072 + 0.003

NS: Normal saline; OVA: Ovalbumin. n=10. ~“P<0.01 vs

NS (1 week) group

7 KA REG G K RaLE R

B2 BALF rhmg i foh 4 i fr o 71 40 i v 43
Ebl W, W e T IEE X A4 (P<0.01), B
YA FE AT IE W 6 R4l (P <0.05); 18Pkl
eHIRE TR PR A0 i A 1 A i P oy B AR A A T Sk
B4 (P<0.05 P<0.01), ki o b6 2w
TRPERIRY]L (P<0.01), #hEL4NHET & LB AE P
ZIEHBEZER . 1AM 12 J8 15 % R 4LR) Hhis
ARG L A B R (R 4),

W1ig

e 1A P 3 i A 8 ] 52 AR W Wi A o
e, X 0 M i P T S5 3 T 0 AT TR S FT,
NV L ) e S A R R 2R S 2, e RN
Pl i o KB 20 W8, e A | ARAS IO, I
R L5 T Al s, (AR ZESRBOR, Wl T
G, DK B LS PR i A R (RO B> . B
L, KA RV 1gG T AE IgE A7, X
NI AT HT AT, /N B AR 5 15 S i 4,
EE TARBUN, BRAEAME, S AR i I R
W, AR AT RN TS . KRR R AL, A
L, RPUR RN 2, JF EOS AR AITIE

Table4 Cellular distribution (%) of white blood cells in bronchoal veolar lavage fluid (BALF)

Group Eos nophil Macrophage Neutrophil Lymphocyte

1 week NS 7.57+2.04 49.42 +8.03 19.79 + 2.20 23.21+4.50
OVA 24.82+1.30" 3596+ 6.65 17.87+3.33 21.34+1.33

12 weeks NS 5.49 + 1.53 44.92 +7.08 2757+6.14" 21.98+3.72
OVA 19.05+2.81° 18.85+ 3.49°" 41.69+7.52°" 20.53+2.94

NS: Normal saling; OVA: Ovalbumin. n=10.

"P<0.05, "P<0.01 vs NS (1 week) group; “P < 0.05, ““P < 0.01 vs OVA (1 week) group
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NEPESE N, U B IgE A, nlPEAE S N REERG
FEABLIRD I RE, BRI ab A S W iy S 36 fF 9 v 45 381 387 add
N . EAMITTFH K2 LR BN KRN SER 301,
B BN K Ec e v, EENNE D B, A&
AFF 538 T ] PN 8 e ks (1) SD K R K S5 sh i
SER YRR 5, Hayashi Z5PIREST o, MEME
BALB/C /™ il T8 1R 17 41 it AR 2 41 iR 18 (1) 52
- RS R AT MEYE BALB/C /NRU™E, 1 H3E
A I VRLYR P JRRE A MR Bt A 2D o SRA TS A R
BB R, ZotkBEng e NS 2 m T . A
SR PEMETE SD KRV R LR B0 . OVA SUBRT 1
R AL oo SE 5 Zh b AT T IR, B T OREAL K
e, A7 e B AR .

ORI ot O S5 W e S T B M A R R v
BN B, RS B AT NS I iy AR 3 0 T A S
PEAFAHE o S 70 g 3 i AR 7R I S o e S S i
el 1 kel 2 > 3, fE R 2 i, 4 DU
BN R R s SRk, TR DL KIS T AT B AR
M, A7 SCHRIE SE RS T H 0 AT B RS A OO B
Th2 JNi2%, Iadees i A0 « ABFTIE R LR 0.1%
(1) OVA K I [ Z5Ab ik, JELKIA 12 F, LAJE Rl
RS EERRR . ZRAEE S 50T 4 4. 8
JART 14 JABEHLEE 2 FOK RUEEAT 41200 B 2% 0 bk
B, 54k 12 J K RUACTE FEREIREL 4 5 R 8 JH B 2,
A5 14 JRCh$L, RPTEshIFEARRIR D>, a5k
ith. 2% Lee SMAFAE R, EE N NZIL 12 4
A B AR LA I S 8 9,

A R A 1 A AT A R A v RN P A
FI R0 RS2 06 R F sh W £ Dhe AE A, TR
A B3 DA K B AR Gl A E R i R, nT
(i) 32 02 000 5 WP ) e AR Ak, e il A R 5 K T P
Az H BN 2 B N [ . (H TSR I B R K
BUEA — 8 ORI, 4 R 0 1 R UL R i
W AL S T 169 k/min, w1 BEIS IPIR G A (A
Wit A5 250 ] P IR S 3 | P/ St %) B I8 vy T L 0]
41, Ui TR R YIS AT . ARRETUES AR, 0
WS 6 % WA B A L MBI A A 2 (RG22
s, 5 Palmans SHiR 50 AH— 3, XFhgs Rrrae g T
15 PR AR R K B I A e R R A TE
a5, AT BE TR RO, AR B AR T T
e,

AT 2 AN MR, G LR TR R A a8 22
S T A 2R I 1) L RURRAE o SCHRARE, A BRI

BN KRB i BB 55 A B R I B 22, WE TR kR
2 M3 3 0 P 2 (AT AT Kumar S5 98 R 3L, 12
PERENG ALY BALF ARG FRIE RN i o 11 48 i L 451 Sl
FALT SRR, X5 ARSI 15 AR — 80 B, 4y
M ] g2 i T 80U I Ok, AEATE P ARG, i
EOEIE T, R MR R R R T T e A
M, SCERFEEH, H AT AT E S M i B R A0
IAFATAS [ RE B 1) 98 1 A PRt v, I L S P A5 Y it
JELIR) % B AT I 7 ) B2 mT AL 28 1 4 e, X S48k
E I R EE IR AR — B A Sz P 18 1
R R AT ) Wb 98tk i, BALF rhig Rtk
L 20 0 B A5 BARAEG, rP PE R 4 T o 1A 40 I L B
B Locke SN\ Sy AT 0 R/ T T 50 4 3 I i
W) IE O E R, AR R TR N
TOIXF R

ZREPTIR, ARSI I E T SD K Rk g
BT o S e 52 B SR v R BN UA 2 IR AR SS
SN, AT R ()R AR LR, BT R R R
AT 0E I E TR IRRAE o AR A ] O R R
W i 2 o L T A AT AR T I A L S 30 il
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MEARMRELD -y IRIEFIRAZAR MHE AU

AL K OEL K XL RAFTL EFRL FEH
WERE Y, ERA T, KRR

(1 PEEEARRARE . ACRTHRN 2 B s 25 D BCRWTFURT, JEat 100050;
2. PN RECEE G A B2 2 B J B B, R 300162)

FEE: i rp s WIS e 2 —. BT, 242EE (padlitaxel, PTX) FIKHEH K (vincristine, VCR)
P PR IR TR IT (0 259, SRR 250 SR (R 82 AR K o DRk, R IR B il 29 4)
5 F I 8 i P R B B o AR SER FH T 40 Bk HepG2 16 2 i %634 synuclein-y (SNCG) i, 5%
SNCG 2 75 5 M 7 240 i e i s 25 i gusédbt . SER 2 & PCR (real-time RT-PCR) Fll&z A 4% EIF (Western
blotting) ¥EAI HepG2/SNCG 41 Jiluf# 5E i %k SNCG, 5 HepG2/Neo 41l i Et, SNCG mRNA %35 [ 13.6 1,
i*&ﬁ{ﬁ VLR (66 + 5) %. £ PTX 8¢ VCR 4 HlIAb B, SNCG it ik n] FARTUME 25015 T 1040 i 22 4 2430 BE
T, HepG2/SNCG 41l i) Go/M Lk 451%; HepG2/Neo 41 4351 T B (19 + 2.9) %Rl (27 + 1.7) %; HepG2/SNCG.
HepeleeoﬂJ HepG2 41 i) PTX (K45 2253 24455093 59 9 0.47.0.64 1 0.67, *f VCR K1 22 20 2435 5053 1)k 0.14.
0.30 1 0.34,HepG2/SNCG 41l i % PTX .V CR (R B 25 FEAR, T 2548 50073 21 1 15 5045 K 8, SNCG
T 40 W Jod e 2k )5 mT B 35 PRI I B 2 W (W SOk, ZERF Ak SNCG ¥ FEIMPURUE 29 W (M 4R
YIbR &Y .

KRR MAR AL T -y, PUMCE A, i,

FE 4% S: RI63 XRKFRIRED: A N E RS 0513-4870 (2010) 06-0724-06

Overexpression of synuclein-y confersresistance to antimicrotubule
drugs against human hepatoma cells

CHENG Shi-xiang" 2, ZHANG Sai?, ZHANG Hao', SONG Dan-ging', WANG Yu-ping®, LI Yu-huan®,
YOU Xue-fu', WANG Yue-ming"’, JANG Jian-dong"

(1. Institute of Medicinal Biotechnology, Chinese Academy of Medical Sciences & Peking Union Medical College, Beijing 100050,
China; 2. Affiliated Hospital of Medical College of the Chinese People’s Armed Police Forces, Tianjin 300162, China)

Abstract: Liver cancer is one of the most common neoplastic diseases with high mortality in China
Currently, antimicrotubule drugs such as paclitaxel (PTX) and vincristine (VCR), are used as the common agents
in the clinical chemotherapy for liver cancer. However, the responses of patients to these drugs vary markedly.
Successful identification of intracellular factors influencing liver cancer’s sensitivity to antimicrotubule
drugs would be of great clinical importance. In this study, by engineering human hepatoma cell HepG2
to overexpress synuclein-y (SNCG), we investigated if SNCG is a molecular factor associated with the sensitivity
to antimicrotubule drug treatment. Real-time RT-PCR and Western blotting assays showed SNCG was
successfully overexpressed in HepG2/ SNCG cells compared with HepG2/Neo cells.  The overexpressed SNCG
altered the proliferation activity in HepG2 cells, which was 66% higher than that of HepG2/Neo cells through
MTT method. The overexpressed SNCG also reduced sensitivity of HepG2 cells to antimicrotubul e drugs: after
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“BIEH Tel / Fax: 86-10-63188423, E-mail: ymwangimb@163.com;  Jiang.jdong@163.com
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PTX or VCR treatment, the proportion of HepG2/SNCG cdls in G/M arrest was significantly lower than that in

HepG2/Neo célls.
HepG2/Neo cells.

Correspondingly, HepG2/SNCG cells showed significantly lower mitotic index than
Meanwhile, HepG2/SNCG cells showed higher resistance to PTX and VCR than HepG2/Neo

cells, with resistance index 21 and 15 respectively. Our studies suggested that the overexpression of SNCG
could confer resistance to antimicrotubule drugs in hepatoma cells; and it indicated that SNCG may be as a
potential response marker for antimicrotubule drugsin liver cancer chemotherapy.

Key words: synuclein-y; antimicrotubul e drug; drug resistance; hepatocel lular carcinoma

Ji o P T 40 B IT % (hepatocellular  carcinoma,
HCC) J& 4Bk W AB LR 2 — o T 24t A
JFF 98 2 995 6 S v RGBT R e i (0 [ K, R RSB T
NE) 4 ER ) 500%™ . HCC Bk R s, 1= . i
o1k, 2R ai i P 71 IR s A 22 T Wb A% 2% 3R 1A
A5 I 1R AR R R S B DA OG- edln i 9 3R B,
synuclein-y (SNCG, X Fx BCSG1, breast cancer specific
gene 1) 76 IEH AMHLUPARKIE, fEFEA R b e
FIk, M HARIE 7K R s BE 2> 9 2 EAHOC . 13—
B THLUEIRFIER B, JashX CpG &5 Hi 3tk
JE 35 1 SNCG 7 i v 5 2R 38 1 = B N2, H i,
SNCG & LI 7 2 Wibs &) . INCG
JE M FLIE CDNA SCIE P LU 7 R IR — MR
FEDA, A7 TN 105 Jeta gk (10g923) |, sk mRNA
K2 1kb, 9al A 127 R, J& T synudein &
H%X . Dhig I, SNCG n] LI BubR1 [¥jI)fE.
BubR1 J& 40 il f7 22 7y 24k A s B, PR UE IE
WA A 22034, BubR1 Z G, & S8ANE
40 g 248,

PUMAE 25%) (antimicrotubule drugs) & IR 16T
TR B B 2t — 1, k. KB
TREE o AR, LSS 2 W A [R] s R80T 2k 2 il AR
Ko BIAPURE 299 K FEVE OB T 155 1 225y
ZURY AT 5, FR 52 BubRL I ER, TLL SNCG it
IS T REIR IS BUME 91 . AR, SNCG
RIE LIRS MCF-7 41 i X542 I R0 vfs 25 1k
(nocodazole) 24U MEFAARS, (Kt SNCG nl LAY
Wi TR 2910 23, ST AR DU 20 A 1 AR
Yibs G . AHEST A2 2% ST i o s 1k SNCG X
PUME 2903697 R X, it @7 SNCG maRIA M
T A0 O, 7R MO ZK PRSI SNCG A 2 M $i
EAWIGTT TR IT 2 70 F b & ) o] ge ke =
X

MR 57

MR RRAF  HRILE AR pcDNA3 I H

Invitrogen A7), % Neo $iith%EH . BamH |, EcoR |
BESRITE V) EELL &2 T4 DNA EEH:GI A Promega
/v, Power SYBR Green PCR i H Applied Biosys-
tems /~#); FUGENE HD Transfection Reagent 4 H
Roche Applied Sciences A ). KFHHk (vincristine,
VCR) 4 FIFIIT AR 2l A IR A ], A28 (paclitaxel,
PTX).G418. IY I MR (MTT) Al HT a-tubulin-
FITCH [ Sigma A rl; 5t SNCG I H R&D A wl;
Pt -actin M=EHTUE —H1IW A Santa Cruz 2>

MpEIEF AN HepG 41 il (ATCC, Manassas,
VA) g [ B 2= R B e 25 AR BRI T AR AT
W a S IR S 10% (viv) JRZF i . 1x10° u-L ™ 7
FFA 1x10° wL ™ HEH R RPMI 1640 Hirbd,
BT 5 % CO, 1) 37 CHIFRAH . SLI6 4N 34 4k T4}
AR,

[ SNCG cDNA  J1] TRIzol 42 Hl HepG2 41
MLE RNA, WllsE RNA & 4, 1%35 IS H
ks se e, SNCG HEI L 514 5-CGC GGA
TCC ATG GAT GTC TTC AAG GGC T-3; N34
5-CCG GAA TTC TTA CTA GTC TCC CCC ACT
CTG G-3, KJ¥ 384 bp. Neo £ LiF514): 5-ATG
ACT GGG CAC AAC AGA CA-3; Fiif514) 5-AGA
ACT CGT CAA GAA GGC GA-3, KJ& 725 bp. W%
W p-actin _[iF514%): 5-GGG ACC TGA CTG ACT
ACC TCA-3; Fif5]4 5-GAC TCG TCA TAC TCC
TGCTTG-3, K& 298 bp. 59741 FifgA: T/EH)
TREH ARG A PRA A A . 4184 RNA (1 pg) i
SR GATY WA N, PR B IR b s vk S 2, )
IR H I A B

pcDNA3-SNCG #HAMES%EE K/ BamH |
H1EcoR | Y] H (9 F BOR 2538050k, 193 iR Bl ek fise
FK S IE s alifk H i B, H T4 DNA R
16 CHEHRI A, etk DH5o A2 2541, W2
R DU L I PRI PH P v B, $RIUTORL S, JEAT AL
DAL TR PCR % . HUH 1) % 52 IE A 1) s B AT
W53 4 o
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FRAIEESR 5 HepG2 411 Ja LA4H %k 1x 103/ 4%
FhT- 6 fLIK, #% FUGENE HD Transfection i 4544
F, pcDNA3-SNCG HE 41 itk Al pEGFP-C1 “¥ 4 Jit ki
PL10: 1 Hefl JLHL Yt HepG2 41 il 24 h, %) i T
M 5L, 2530k pcDNA3 FFE 41 ik pcDNA3-SNCG
I3 BV e HepG2 40 fitd 24 h, 111 500 mg-L ™ G418 #E4T
Pk IE L) 4 4, 43%] HepG2/SNCG i HepG2/
Neo 41

SNCG mRNA Fik K F4&M  RT-PCR A I 41 iy
M SNCG 5 Neo K] mRNA %Kik, g-actin b £ 5
DRI, 2% T Bl 58 s LUk, T I A R e 41 i o i &5
Ho N 7300 Sequence Detection System (Applied
Biosystems) i & PCR fiill, &MNAKZR 25 uL. SNCG
3$514): 5-ACA CTG TGG CCA CCA AGA C-3,
N5 5-GCA GAT GGC CTC AAG TCC T-3, K
[ 88 bp; 2 GAPDH #4514 5-AGC CACATC
GCT CAG ACA C-3, Tii5l# 5-GCC CAA TAC
GAC CAA ATC C-3, KJ& 66 bp. RHIAHX Cr ik
73 HT SNCG mRNA FiEAZAY, 2744CT AACT= (Cr i —
Cr x-J,w,uiJ.sz)'i:MH - (CT niwn — Cr x-J,w,uiJ.sz)x-J,w,ui?Ho

SNCG EHFRIEKTF#M  Western blotting 5
M SNCG H H#ik . AR &2 40 i )F$E 8T 1, BCA
WA S HEARE . FASIEN 60 ug, 4
SDS-PAGE HLIK 77 B J HL e 7 MR 4T 4k 2= e, )
PV S ] 2 h, N SNCG —#1, 4 CRb#, phis
JEIMA P, =il 2 he fiTH ECL W ta, f)aikdT

B ACIE K HepG2 41 i LL 41 o ¥ 5<10°%4L
FepT 96 FUAR, 4rH59% 0.5, 1. 2. 3. 4 fl5d (5
i 3 ANEAL), LK IERALINA 500 mgL™
MTT 44243555 4 h, 285 A DMSO 150 pL, #%3% 10
min, 490 nm M E WS E (A) 18, 0B dER =
(Anepc2rsnce — AnencaiNeo) | Anepcaines X 100%.

MR EA Y FHAS R EE PTX R VCR 43l 4b
PR A RIS TR J5, R4, 70%LRE 4 °C [l e i
A e B0 UES S, N 25 mg-L ™ RNA i 37 C
5 E 30 min, RJE A 50 mg-L Tt BiLfk A e, EE 30
min, i = 40 ORI 40 o E 3 AR 4k, FCS Express
V3.0 FAt 3 A Eedh

M B LD REHNE HARKE PTX A
VCR 73 Al AL B4, Tk HRE-20 CIa e 4a i, &
10% (viv) 1L=E IS5 ) PBS A, I BT a-tubulin-
FITC $i4k 4 ‘Cid#, 1 mg-L ™! Hoechest 33342 %414,
PECRWEE FAE 5 AN R BE AL EC 400~500 4~

SN, WLELGN MR A 22 5 2 R4 R T 1 M A
TEAZEAA, VHEA 22 3495 %0 (mitoticindex) =
22 4y Z4 AN MO0 1 AN 5

BT SIS HUNE ¥ HepG2 41 LA %k
Dx10YFLEF T 96 LA, AR L PTX
FIVCR #5357 48 h, 41 Ju 3858 3 A 7 vk ) < 4
AR 7 S A AR K = (AL A
4 A/ TR A— 741 A) x 100%, it 27 4L
(resistance index) = | Csp epczisnes / 1Cso Hepcineoo

SFitFIE AR EL 3, HEERCRA
X+ SN, N SPSS12.0 il 2fd - Ab B, 4 7] L
R ANOVA K 56

#R
1 HepG2/SNCG ZHAEHREY Y ST ANIETEF 1T L

ik PCR AU DAyt 65 &5 L 38 8 R 41 5
BirF a2k (K 1A), DNA 545 FAIF S SNCG
cDNA [FFIHERf (Kl 1B). 7 4% HepG2 41 g 48 h )&, H
DGR B L8R A — LT 40, &5 R R AR
R R A E S E LR YO (K 1B). RT-PCR
g5 R, HepG2/SNCG 41 Jiid [ SNCG mRNA K IA/K
FREEAE (B 1C); L& RT-PCRESE, SNCG
MRNA KA HepG2/Neo 41l iis Ft 751 13.6 1% (P < 0.01,
1C); Western blotting 5l 45 4 2. 7x, HepG2/SNCG
A SNCG A RIAKFRET A (8 1C). 4l
A K256 R, HepG2/SNCG 2 Jif 14 53 1 %5 HepG2/
Neo 4ii i ¥ =5 (66 + 5) % (P < 0.01, Kl 1D).
2 SNCG BRI EAMIESH HepG2 4 G,/M
HABE i

YR IIPTE 25 Ab B HepG2 41 i, SNCG
KPS 40 K 5. 0.02 pmol-L™t PTX {EH]
HepG2.HepG2/Neo #Il HepG2/SNCG 4l it 12 h Ji7, Kr
Tan i I A, g5 R B8 (K 2A): SNCG W &iA ]
T Go/Gy A4 L EL 3, i (8+0.4) % T4 (20+0.5)%;
[F I PRI Go/M B4R I L 43], H (62+0.4) %% 5 (44 +
0.4) %. Lk 0.2 pmol-L™* VCR 43 | 4b B X 3 Faii iy, 753
AL EE R (K 2B): SNCG it ik v 751 Go/Gy 114
Jutbfl, B (17 £0.3) %JtE (35+ 1.5) %, Pk G/M
Wi b l, M (66 + 0.4) %P L (37 +0.2) %. Kk
— 35 25 5 W VE R I )56 40 ) 300 90 A (r s i, 2
FokLL 0.04 pmol-L™! PTX 8¢ 0.7 pmol-L™* VCR 4b 7
A E] (12, 14, 16 A1 18 h), A0 40 it & 39
Ak GE R KM, 2 PTX 5 VCR AR A 8] 5 (&
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=

—C— HepG2 %
—O— HepG2/ Neo
091 A HepG2/ SNCG

Cell growth (A4400)
=]
(=]

HepG2  HepG2/Neo HepG2/ SNCG

Figure 1 HepG2/SNCG cells overexpressed SNCG and overexpressed SNCG promoted proliferation of HepG2 cells.

0 12 24 48 72 96 120
Time/ h

Recombinant

plasmid pcDNA3-SNCG was identified with plasmid PCR (A, lane 1: pcDNA3-Neo; lane 2: pcDNA3-SNCG) and restrictive endonuclease

analysis (A, lane 3: pcDNA3-SNCG; lane 4: pcDNA3-Neo, M: DNA molecular weight marker).

SNCG gene sequencing (B, left),

HepG2 cells co-transfected with pcDNA3-SNCG and pEGFP-C1 were observed with brightfield and fluorescence microscope (B, right,
100x). Overexpressed SNCG was found in HepG2/SNCG cells with RT-PCR, Western blotting (C, left), and Real-time PCR (C, right).

HepG2/SNCG cells showed higher proliferative potential (D).

2C. 2D), SNCG i 3KiA 1) HepG2 4iiffil G/M ALt 43l
SRR (19 + 2.9) %Al (27 + 1.7) % (P < 0.01).
3 SNCG BEMMEAYIFSH HepG2 B L
DHE (M H) MR

PUE 290V T A BE AL ) A i Al O 275 e
(I IE R, il A7 22 7y R0 A R, A iR 40 i 52 B
TH2HZ (M) kSR, B4 58U 4
T, AP SNCG Rl 3Rk & 15 nf URE 5 %
IRPUE )5 A 2253 2480 (M 39) BH S, A6
PUME 29 b B AN 18 h, SR F s 2 e Ye e Jr vk
TEPC WAES T M 4ii (& 3), HE A2y
Z44E% . 2R BN (8 1), 0.02 pmol-L™t PTX 43 5
HepG2. HepG2/Neo Fil HepG2/SNCG 4 g i1 £25)
L4560y 54 0.67. 0.64 Fi1 0.47; 0.2 umol-L™* VCR
AbPE S A 2253 245505 ) oh 0.34. 0.30 1 0.14.
4 SNCG P&{fK HepG2 A3t il & 294 RO S B i

PUCE 25 50 i 40 M o/ F 5 38 M 3 BE i
YEFIAEOE, SNCG ik ik ] LY 59 3L 5 i 1) HepG2 4
Jio M SPIBE A, (Rt SNCG it %35 1l fig ) 95 HepG2 4
RS B 24549 AR 4 B B P S 25 SRR
] (% 2), SNCG il KA 1) HepG2/SNCG 41 Jilu X PTX

"P < 0.05, P <0.01 vs HepG2/Neo cells

I VCR (1) 1Cso {H 43 74 (0.41+£0.03) FI (3.34+0.10)
umol-L™, 5 HepG2/Neo 41l At Lh, MUk 52 F41I%.
PTX Il VCR %} HepG2/SNCG 4 ifd (¥ 244 %003 51l hg
21 1 15, XK W] SNCG i FRiE I T HepG2 4 Jidx}
U 259 (1T 24

Table 1 Mitotic index of HepG2 cells after antimicrotubule
drug treatment

Drug Cell line Number 'Nu'mber Mitotic
(total cells) (mitotic cells)  index
PTX HepG2 442+ 12 295+ 7 0.67
(0.02 pmol-L™) HepG2/Neo 479 + 50 308 + 39 0.64
HepG2/SNCG ~ 457+18  215+15 047
VCR HepG2 475+ 28 159+ 16 0.34
(0.2umol-L™"  HepG2/Neo 433+ 22 130+ 12 0.30
HepG2/SNCG ~ 414+17  59=5" 0.14
n=5 x+s.  P<0.01vsHepG2/Neo cells
Table 2  Overexpression of SNCG induced resistance to
antimicrotubule drugs in HepG2 cells
ICso/umol-L* : )
Drug Red stant index
HepG2/Neo HepG2/SNCG
PTX 0.02+0.06 0.41+0.03" 21
VCR 0.22+0.13 3.34+0.10° 15

n=3, x+s. P<0.05vsHepG2/Neo cells
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Figure 2 Overexpressed SNCG conferred higher resistance to antimicrotubule drug-induced G,/M phase arrest in HepG2 cells.
HepG2/SNCG cells and control cells were treated with 0.02 pmol-L ™ PTX (A) or 0.2 umol-L™* VCR (B) for 12 h followed by fixation
Decreased G,/M arrest was found in HepG2/SNCG cells with the treatment of 0.04 umol-L™* PTX
(C) or 0.7 umol-L " VCR (D) for different duration. P < 0.01 vs HepG2/Neo cells

and cell cycle distribution analysis.

HepG2/ Neo

HepG2/ SNCG

Figure3 Overexpressed SNCG conferred higher resistance to antimicrotubule drug-induced mitotic arrest in HepG2 cells.

Hoechest 33342

Anti-o-tubulin

Merged

Cells grown on

coverslips were treated with 0.02 umol-L * PTX for 18 h followed by fixation and staining with Hoechest 33342 (blue) and anti-a-tubulin-

FITC (green).
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BTG T e &0 PR PO 29 i UM . B B e

For each cell line, 400500 cells randomly chosen from five different views were scored for interphase and mitosis
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(multidrug resistant P-glycoprotein, MDR/P-gp) &%
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it 2545 1 (multidrug resistant-associated protein,
MRP) 14 2 A, K I 40 1 4% Hh 40 i ™
AR T 2 PET B fE R BRI R, 40 A A
T 22 53 4R 1 50 SO (AL AR P A ad B ik
E YT 24

SNCG & i B RS RPNy T, 3)
AT T A0 ML BT P, 2 ) 3 40 B O A T B AH G
BA, RT3 i TyiiRiaS), thag L, SNCG
A HE A 2R A A E AW BubRl 454, i
il BUbRL /i3I 22 7y 24K A AU ThRE, I8 g ik
ANKese, ek R i A AN . IR 41200 SNCG
KR CpG &y IX i FH AL i L s R IA, I AU
ST HF R 43 2 WA i, o LT BF 8 1
BT B E

U AT W) R 15 2 I8 T 22 79 3446
B IER SN, i SNCG S Rk fe L T
A 225y FR A AT LE R Dy fg, DT B b 8 40 oot
PR 25 (BB o Pan 251 R B SNCG 11 FLIR
T S B LR A B, 58 R K A T S AL T 24
PERS, BRI OIE S Y SNCG 11 A 41 i
it PC3 4l MG SAZ BEURPERRAG . AH R, i A0
SNCG 7 i 4 M b 4R, nT DU s P 2R 259
7 280 AT IR AR IR - OM (oncostatin M)
T SNCG %Kik, nJ LA myid #ik SNCG FL /I 41 1
XS B (U RS, SNCG /Ml 7 ANK 7]
DA 5 SNCG Jab 34 1) 7L I 4hl i MCF-7 X A2 R
gk e

YE# PIFFEIESE, SNCG e gl fu il ik o n]
DA B 2459 I U, SEARPLHI AT e 5 PR AR
PUCE 255005 | RS 1) e Jge 40 A 22 79 230 BH, ks> 5
SR A M T A G . MR TS AE R, SNCG
A LAE R Ui 258 IRvE 7E AR bR 540« R 1
S RIS AT DU S T A5 8 SNCG A B 84 /N oy
THE DR IA R TR, BBIK SNCG 7Efi
I 20 R PN TR KT, T R Gk 4 1 i R i 24 T A Bt
¥ I8 24 40 R SR s
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Abstract: A series of 2-substituted-((N, N-disubstituted)-1, 3-benzoxazol €)-5-carboxamides derivatives were
synthesized by the reaction of 2-substituted-5-carbomethoxy benzoxazole with different secondary amines. The
newly synthesized compounds were characterized on the basis of spectral (FT-IR, 'H NMR, MS) & elemental
analysis. All these compounds were screened for anti-inflammatory activity using carrageenan induced rat paw
edema method. All of these compounds exhibited significant activity. Among the tested compounds Ve, Vg,
Vf and Va were considered to have potent anti-inflammatory activity and was comparable with standard.
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Non-steroidal anti-inflammatory drugs are among
the most widely used of all therapeutic agents. They are
commonly prescribed for ‘rheumatic’ muscul oskel etal
complaints and are often taken without prescription for
minor aches and pains. There are now more than 50
different NSAIDS on the market and none of these is
ideal in controlling or modifying the signs and symptoms
of inflammation. Virtudly all currently available NSAIDS
can have significant unwanted effects, especialy in the
elderly!. Therefore, discovery of new safer NSAIDS
drugs represents a challenging goal in the research area.
In our ongoing medicinal chemistry research work, the
substituted benzoxazoles have attracted much attention
due to their prominent utilization as anti-inflammatory!?,
antiviral®, antifungal®, anti-bacterial’®, anticancer!®,
anti-tubercular”, anticonvulsant'® and hypoglycemic!®)
activity probably resulting from its planar and compact
structure.

It has been reported that 2-oxo-3H-benzoxazoles
bearing N-alkyl, N-acyl, N-diaminoakyl and 6-acyl
subgtitutes were reported to have higher analgesic and
anti-inflammatory activity™ ™, Studies showed that
these benzoxazol e moi eties exerted their in vivo activity
by inhibiting the synthesis of prostaglandin E;/*2.  We
have earlier reported that some lead molecules 2-
substituted benzoxazol-5-carboxylic acid hydrazides™,
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"Corresponding author E-mail: gangarapu.kiran@gmail.com

2-(2-substituted benzoxazol-5-yl)-5-aryl-1, 3, 4-oxadi-
azoled™, 5-(2-substituted benzoxazole-5-yl)-2-methyl
thio/benzyl thio/arylaminocarbonyl methyl thio-1, 3, 4-
thiadiazoles™, 5-(benzimidazol-2-yl) benzoxazoles®!
exhibited good anti-inflammatory activity. The present
work is an extenson of our ongoing efforts of
development and identification of new molecules for
anti-inflammatory activity with minimal side effects.
Therefore, in the present study we have synthesized a
saries of 2-substituted-(N, N-disubgtituted)-5-carboxamide
benzoxazole derivatives with a view to screen the
products for anti-inflammatory effect by carrageenan
induced rat paw edema method.

2-Subgtituted-((N, N-disubgtituted)-1, 3-benzoxazal €)-
5-carboxamides (Va—Vg) were prepared by treating
different amines with 2-substituted 5-carbomethoxy
benzoxazole (1V) and which is obtained by cyclisation
reaction 4-carbomethoxy-2-aminophenol (111) with an
appropriate aliphatic acid. The Il is obtained by
reduction of 4-carbomethoxy-2-nitrophenol (I1) with
sodium dithionate in presence of alcohol. Methyl-p-
hydroxybenzoate (1) on nitration with auminium
nitrate gives the corresponding compound II.  The
preparation of thetitle derivativesis outlined in Scheme
1. All the synthesized compounds were purified by
column chromatography using ethyl acetate, chloroform
and methanol as solvent and the reactions were
monitored by TLC. The chemical structures of the
synthesized compounds (Table 1) were confirmed by
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IR, '"H NMR and mass spectral analysis. All the
compounds gave satisfactory elemental analysis. The
logP values of al the compounds were computed
and are portrayed in Table 1. From these data the
compound Vh exhibited more lipophilic value of 4.26.

COOQOCH3 COOCH3 HaN COOCHS3
ACZO + AcOH
TTANOy, NS00
50%Alcohol ~ HO
o1

AczOA,RCOOH‘
0] R'-..
&_N< . COOCH;3
e b
O HN/

A% Ny v

=Dimethylamino,
" Diethylamino,
Diphenylamino

R=H, CHj3, C;Hs HN\/

Scheme 1 Synthetic route of title compounds

Results and discussion

The preliminary studies on pharmacological activity
of the new benzoxazole derivatives have generated
some interesting data. Here, an attempt has been
made to infer the results obtained from the study on
anti-inflammatory activity.  The anti-inflammatory
activity of test compounds has been evaluated against
carrageenan induced paw edema in rats and the results
are presented in Table 2 using diclofenac as standard.

Based on these results, all the synthesized
benzoxazole derivatives exhibited a significant anti-
inflammatory activity against carrageenan induced
paw edema. All the compounds with a 2-substituents
are relatively more potent than their unsubstituted
compounds. Compound Ve with a diethyl group is
found to be a more potent one with an inhibition of paw
volume of 77.47 per cent after 3 hr of administration.
Compounds Vg, Vf and Va are next in the order of
inhibition of paw volume.  All the test compounds were

Table 2 Effect of 2-substituted-((N, N-disubstituted)-1, 3-
benzoxazol e)-5-carboxamides on the paw edemartest in rats
Paw edema volume in mL at different time after

Compound carrageenan injection (Inhibitory rate/%)
1h 2h 3h 4h
Control 0.36+0.10 0.70+0.15 0.73+0.14 0.77+0.12
Diclofenac  0.23+0.04* 0.17+0.02° 0.22+0.006° 0.37 +0.05°
(36.11) (75.71) (69.86) (51.94)
Va 0.18+0.05° 0.30+0.04° 0.15+0.05° 0.35=0.04"
(50.00) (67.14) (61.69) (54.55)
Vb 0.27+0.07* 0.29+0.03" 0.35+0.09° 0.60=0.10*
(25.00) (58.57) (33.96) (22.07)
Ve 0.29+0.10> 0.45+0.14* 0.32+0.12° 0.52+0.09"
(19.44) (35.71) (39.62) (32.47)
vd 0.31+0.06* 0.49+0.08° 0.32+0.12° 0.61=+0.10*
(13.89) (30.00) (40.52) (20.78)
Ve 0.19+0.03° 0.24+0.04° 0.13+0.06° 0.35=0.03"
(47.22) (65.71) (77.47) (54.55)
\Yi 0.15+0.07° 0.23+0.02° 0.19+0.05° 0.34+0.02°
(58.33) (67.14) (73.97) (55.85)
Vg 0.13+0.05° 0.21+0.02° 0.18+0.05° 0.29+0.02°
(63.38) (70.00) (75.34) (62.33)
All the values are expressed as X+ s, n=6. °P < 0.05, °P <
0.01 vs control

significantly (P<0.01) reduced carrageenan induced
paw edema and were comparable with standard anti-
inflammatory drug, diclofenac sodium.

In our earlier studies™® ™ we observed that the
presence of alkyl group at C-2 position shown more
potent anti-inflammatory activity than the unsubstituted.
Hence in C-2 position we also made a substitution in
such a way to increase lipophilicity of the molecule.
The placement of such a group enhanced the anti-
inflammatory activity. The most active compound with
a C-2 methyl and 3-methoxy-4-hydroxyphenyl groups
at C-5 positions showed 73.70% of anti-inflammatory
activity!*®, whereas C-5 thiadiazole lead molecules
showed 68.89% of anti-inflammatory activity!*®.
Introduction of benzimidazole at C-5 position showed

Table1l Physical data of 2-substituted-((N, N-disubstituted)-1, 3-benzoxazole)-5-carboxamides (V)

et 1 o N e YR o
Va H Dimethylamino C10H10N20, 220-222 85 0.18
Vb CHs Dimethylamino C11H12N20; 200-202 80 0.45
Ve CoHs Dimethylamino C12H14N20; 160-162 65 0.98
vd H Diethylamino C12H14N20, 210-212 53 124
Ve CHs Diethylamino C13H16N20, 174-176 75 1.50
\i CoHs Diethylamino Ci13H16N202 110-113 68 2.03
Vg H Diphenylamino C20H14N20, 185-187 71 3.59
Vh CH3 Diphenylamino C21H16N202 155-156 69 4.26
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53.92% of anti-inflammatory activity at a dose of
50 mg-kg® (b.w)!*®.  The structural modification of
benzoxazole derivatives at C-5 position has shown
good promising anti-inflammatory activity. Therefore
these lead molecules are planned for further COX
enzymatic studies.

Carrageenan-induced rat paw oedema is a suitable
test for evaluating anti-inflammatory drugs which has
frequently been used to assess the anti-oedematous
effect of natural products™. Development of oedema
in the paw of the rat after injection of carrageenan is a
biphasic event. The initial phase observed during the
first hour is attributed to the release of histamine and
serotonin.  The second phase of oedema is due to the
release of prostaglandins, protease and liposomée™® 9.
Diclofenac sodium, a COX-inhibitor at the dose of
20 mg-kg ™, po significantly reduced the paw oedema.
This indicates action against release of histamine,
serotonin and kinins in early phase, while later phases
are suspected to be arachidonate metabolites producing
an oedema dependent on mobilization of neutrophils*.
The reduction in paw volume after administration of all
the 2-substituted-((N, N-disubstituted)-1, 3-benzoxazole)-
5-carboxamides indicated the anti-inflammatory activity
of the test compounds which might be due to the
inhibition of either release or synthesis of prostaglandins,
histamine and serotonin.

In conclusion, all the new 2-substituted benzoxazole
derivatives showed promising anti-inflammatory activity
when compared to the standard drug. It has been felt
necessary, from the results of the present preliminary
investigations that there is a need for further advanced
studies, at least on the few of the test compounds which
are found to be superior.

Experimental

Mélting points were determined in open capillaries,
using Toshniwal melting point apparatus, expressed
in 'C and are uncorrected. The IR spectra of the
compounds were recorded on Thermo Nicolet Nexus
670S series, FT-IR spectrometer using KBr disc.
'H NMR were recorded on a Avance-300 MHz
instrument using TMS as an internal standard, mass
spectra were recorded on a LC-MSD-Trap-SL.
Elemental analysis was performed on a Perkin-Elmer
2400 CHN analyzer (Perkin-Elmer).
1 Synthesis of 4-carbomethoxy-2-nitrophenal (1)

The synthesis of 4-carbomethoxy-2-nitrophenol
was carried out with the same procedure described

earlier'®.  To a solution of aluminium nitrate (40 g) in
acetic acid-acetic anhydride (1 : 1, V/V) mixture (160
mL), 40 g of methyl-p-hydroxybenzoate (1) was added in
small portions, while cooling and shaking occasionally.
The reaction mixture was left at room temperature
for 1.5 h while shaking the contents intermittently to
complete the nitration. The resulting brown solution
was diluted with ice cold water (500 mL) and acidified
with concentrated HNO; (40 mL) to get a bulky yellow
precipitate of 4-carbomethoxy-2-nitrophenol. It was
filtered and washed with small quantity of methanol
and purified by recrystallization from alcohol to get a
yellow crystalline solid (46 g, 87%), mp 73 °C (lit ¥
mp 73 C)
2 Synthesis of 4-car bomethoxy-2-aminophenal (111)

The synthesis of 4-carbomethoxy-2-aminophenaol
was carried out according to the procedure described
earlier!™.  4-Carbomethoxy-2-nitrophenal (11, 10 g)
was dissolved in boiling ethanol (100 mL) and sodium
dithionite was added to this boiling alcohol solution
until it becomes almost colorless. Then the solvent
was reduced to one third of its volume by distillation
and theresidual liquid was triturated with ice cold water.
The resulting colorless shiny product (111) was filtered
and washed with cold water and dried. It is purified
by recrystallization from benzene to get colourless,
shiny scales (5.3g, 65%), mp143 °C (lit?” mp143 C).
3 Synthesis of 2-substituted-5-carbomethoxy ben-
zoxazole (1V)!#

4-Carbomethoxy-2-aminophenol (111, 0.01 mal)
was refluxed with an appropriate aiphatic acid in
excess viz. formic acid, acetic acid and propionic acid
for 2 hours. The reaction mixture was cooled and
poured into crushed ice with gtirring. The obtained
product was purified by recrystallization from methanol.

The following compounds were prepared and their
spectral data are:

5-Carbomethoxy benzoxazole (I1Va): yield (80%),
mp 231 °C; The IR spectrum (KBr) of the compound
exhibited characteristic absorption bands (cm™): 1 705
(C=0), 1576 (C=N), 1 120 (C-O-C).

2-Methyl-5-car bomethoxy benzoxazole (1Vb):
yield (80%), mp 162 °C; IR (KBr cm*) 1 700 (C=0),
1588 (C=N), 1118 (C-O-C).
4 Synthesis of 2-substituted-((N, N-disubstituted)-
1, 3-benzoxazole)-5-car boxamides (V)

A mixture of an appropriate 2-substituted-5-car-
bomethoxy benzoxazole (1V, 0.01 mol) and appropriate
secondary amines was heated under reflux for 4 h
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in the presence of absolute alcohol (25 mL). The
separated product was filtered and washed with small
portions of crushed ice repeatedly and filtered. The
product was purified by recrystallization from suitable
solvent(s).

The synthesized compounds were purified by
column chromatography and were characterized by IR
and 'H NMR.

N, N-Dimethyl-1, 3-benzoxazole-5-car boxamide
(Va) IRv (cm™): 2924 (C-H sir), 1 691 (C=0), 1 604
(C=C), 1480 (C=C, Ar), 1462 (C=N) and 1 114 (ether,
C-O-C); 'H NMR (DMSO-ds) 6: 7.89 (s, 1H, CH), 7.82
(d, 1H, J = 2 Hz, 4-H), 7.81 (dd, 1H, J = 2, 9 Hz, 6-H),
7.42 (d, 1H, J= 9 Hz, 7-H), 3.40 (s, 6H, N(CHs),); EI-MS
m/z [M]* 190.07. Elemental analysis for CyoH;oN,Oy:
calculated (%) C: 63.15, H: 5.30, N: 14.73; found: C:
63.10, H: 5.24, N: 14.68.

N, N, 2-Trimethyl-1, 3-benzoxazol e-5-car boxamide
(Vb) IRwv (cm™): 3014 (C-H str), 1 688 (C=0), 1 545
(C=N, cydlic), 1 488 (C=C, Ar); 'H NMR (DMSO-dy) 6:
7.84(d,1H,J= 2 Hz,4-H),7.83(dd, 1H, J= 2,9 Hz, 6-H),
7.46 (d, 1H, J = 8.7 Hz, 7-H), 3.40 (s, 6H, N(CHy),),
2.63 (s, 3H, CHa3); EI-MS m/z [M]* 204.09. Elemental
analysis for Cy;H1N,O,: calculated (%) C: 64.69, H:
5.92, N: 13.72; found: C: 64.62, H: 5.89, N: 13.68.

N, N-Dimethyl-2-ethyl-1, 3-benzoxazole-5-carbo-
xamide (Vc) IRv(cm™): 2935 (C-H sir), 1 601 (C=0),
1563 (C=N, cyclic), 1 488 (C=C, Ar); *H NMR (DM SO-
ds) 0: 7.83 (d, 1H, J = 2 Hz, 4-H), 7.81 (dd, 1H, J =
2, 9 Hz, 6-H), 7.37 (d, 1H, J = 9 Hz, 7-H), 3.40 (s,
6H, N(CHa),), 2.50 (m, 2H, CH,), 2.2 (m, 3H, CHy).
Elemental analysis for C;oH14N,O,: calculated (%) C:
66.04, H: 6.47, N: 12.84; found: C: 66.00, H: 6.41, N:
12.81.

N, N-Diethyl-1, 3-benzoxazole-5-car boxamide
(Vd) IRw (cm™): 2 953 (C-H str), 1 691 (C=0), 1 604
(C=C), 1438 (C=N) and 1 114 (ether, C-O-C); 'H NMR
(DMSO-d) 6: 7.83 (s, 1H, CH), 7.80 (dd, 1H,J= 2,9
Hz, 6-H), 7.78 (d, 1H, J = 2 Hz, 4-H), 7.38 (d, 1H, J =
9 Hz, 7-H), 3.40 (m, 4H, N(CH,),) and 2.30 (m, 6H,
CH,); Elemental analysis for CioH14N,O,: calculated
(%) C: 66.07, H: 6.47, N: 12.84; found: C: 68.24, H:
6.41, N: 12.76.

N, N-Diethyl-2-methyl-1, 3-benzoxazole-5-carbo-
xamide (Ve) IRv (cm™): 2917 (C-H str), 1 668 (C=0),
1530 (C=N, cyclic), 1 485 (C=C, Ar), 1 021 (C-O-C);
'H NMR (DMSO-dg) 6: 7.4-8.0 (m, 3H, ArH), 3.40 (m,
4H, N(CHy,),), 3.10 (s, 3H, CH3) and 2.30 (m, 6H, CHy);
Elemental analysis for Ci3HisNO,: calculated (%) C:

67.22, H: 6.94, N: 12.08; found: C: 67.22, H: 6.93, N:
12.01.

N, N-Diethyl-2-ethyl-1, 3-benzoxazole-5-carbo-
xamide (Vf) IRo (cm™): 2 990 (C-C str), 2 857 (C-H
str), 1 730 (C-O str), 1 538 (C=N, cyclic), 1 490 (C=C,
Ar), 1 021(C-O-C); *H NMR (DMSO-ds) J: 8.01 (d,
2H, Ar-H), 7.65 (s, 1H, Ar-H), 3.5 (m, 2H, CH,), 3.2
(m, 4H, N(CHy),), 2.0 (t, 3H, CHs), 1.56 (m, 6H, CHy);
Elemental analysis for Ci4H1gN>O,: calculated (%) C:
68.27, H: 7.37, N: 11.37; found: C: 68.25, H: 7.34, N:
11.36.

N, N-Diphenyl-1, 3-benzoxazole-5-car boxamide
(Vg) IR o (cm™): 3 095 (Ar-H str), 2 985 (C-C str),
1 720 (C-O str), 1 600 (C=N, cyclic), 1 021 (C-O-C);
'H NMR (DM SO-dg) 6: 6.2-8.1 (m, 13H, ArH), 2.10 (s,
1H, CH); Elemental analysis for Ci4H1sN,O,: calculated
(%) C: 76.42, H: 4.49, N: 8.91; found: C: 76.40, H:
4.46, N: 8.87.

5 Screening for anti-inflammatory activity by rat
hind paw edema method

Animals Male Wigtar albino rats weighing 200—
230 g were used for the experiment. The animals
were housed in colony cages (six rats each), maintained
on a standard pellet diet and water ad libitum and left
for 2 days for acclimatization before the experimental
sessions.  The food was withdrawn on the day before
the experiment, but they were allowed free access to
water. The protocol of the present study was approved
by the Ingtitutional Animal Ethical Committee.

Test samples The suspension of all test samples
were prepared using a mixture of digtilled H,O and
0.5% sodium carboxymethyl celulose (CMC) and
were administered orally to the animals. All the test
compounds were tested at a dose of 100 mg-kg™* body
weight.

Carrageenan induced rat hind paw edema
method The normal paw volumes of all the rats were
measured initially and were divided into nine groups
of six animals each and were treated with the vehicle
as control (0.5% sodium CMC), standard diclofenac
sodium (20 mg-kg ) and seven test compound (Va—Vg,
100 mg-kg ™) respectively. Carrageenan (0.1 mL, 1%
suspension in saline) was injected into the sub plantar
region of the right hind paw of each rat. All the
test compounds were administered orally 30 min prior
to the injection of carrageenan. The swelling (paw
volumes) produced after injection of the phlogistic
agent was measured in all theratsat 1, 2, 3, and 4 h
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after carrageenan treatment by using plethysmometer!®3l.

A significant reduction in the paw volume compared
to vehicle treated control animals was considered an
inflammatory response.
% Inhibition = [(Vr — Vo)eontrat — (V1= Vo)irested groups] /
(VT_ VO)oontroI x100
Vo = paw volume of the rat before administration of
carrageenan
Vr = paw volume of the rat after administration of
carrageenan at different timeintervals
Satistical analysis All the results were expressed
as Mean + Standard deviation (SD). Data was anayzed
using one-way ANOVA followed by Dunnett’s t-test.
P-values< 0.05 were consdered as statigtically significant.
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Synthesis and activity of some new histone deacetylasesinhibitors

CHENG Yong-hao', GUO Yan-shen’, HAN Hai-zhu', WANG Nan', ZHANG Guo-hong?,
GUO Zong-ru', WU Song"
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2. Beijing Pharmaceutical Group Co., Ltd., Beijing 100021, China)

Abstract: To explore novel histone deacetylase (HDAC) inhibitors with anti-tumor activity, twelve target
compounds were synthesized, and their structures were confirmed by ‘H NMR, MS and elemental analyses.
Evaluation results in vitro showed that compound Ia exhibited potent inhibition against HDAC and is worth for
further investigation. And compounds|la, I1b, I11a-I11i possessed moderate HDAC inhibitory activity.

Key words: histone deacetyl ase; synthesis; anti-tumor activity
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Table1l Physical properties, experimental data and elemental analyses of target compounds

Elemental analyses (%, calcd.)

Compd. Formula Yield/% mp/'C
C H N

la Co7H25N305S 751 146-147 69.06 (68.77) 5.18 (5.34) 9.21(8.91)

la C21H10N30; 59.3 123-124 73.29 (73.03) 5.23 (5.54) 12.39 (12.17)
Ib Cz6H23N303 60.6 173-174 73.21 (73.39) 5.67 (5.45) 9.64 (9.88)

Ila CisH21N303 53.3 150-152 61.89 (61.84) 7.45 (7.27) 14.65 (14.42)
I11b CooH23N303 66.4 163-164 67.68 (67.97) 6.79 (6.56) 12.11 (11.89)
e C16H23N304 55.6 155-156 59.68 (59.80) 7.02(7.21) 12.86 (13.08)
I1d C17H25N304 61.0 176-177 60.63 (60.88) 7.76 (7.51) 12.79 (12.53)
e C21H25N304 42.0 133-134 66.02 (65.78) 6.29 (6.57) 11.17 (10.96)
Hif Co2H27N30, 585 170-172 66.75 (66.48) 7.07 (6.85) 10.26 (10.57)
g Ci6H22N405 54.0 183-184 55.06 (54.85) 6.17 (6.33) 16.24 (15.99)
I1Th Ci5H23N304S 57.8 189-190 52.95 (52.77) 6.57 (6.79) 12.06 (12.31)
i CooH25N304S 487 148-149 59.79 (59.53) 5.96 (6.25) 10.59 (10.41)
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Table2 Spectral data of target compounds
Compd. 'H NMR (400 MHz, DM SO-dg) 6 MS (m/z) [M]"
la 2.92-2.97 (M, 2H), 3.48-3.51 (m, 1H), 7.01-7.84 (m, 18H), 9.70 (br s, 1H) 471
lla  223(s 3H,), 7.06-7.95 (m, 13H), 851 (s, 1H), 8.56 (s, 1H); 10.14 (s, 1H) 345
llb  234(s 3H), 3.91 (s, 3H), 7.06-8.60 (M, 14H), 8.49 (s, 1H), 8.52 (s, 1H), 10.33 (s, 1H) 425
llla  1.27-1.35 (m, 2H), 1.46-1.58 (m, 4H), 1.84 (s, 3H), 2.08-2.12 (t, 2H, J = 6.0 Hz), 3.19-3.26 (m, 2H), 7.41-7.83 (M, 5H), 201
8.40-8.43 (t, J = 4.5 Hz, 1H), 9.63 (s, 1H), 9.68 (s, 1H)
b 1.33-1.41 (M, 2H), 1.50-1.64 (m, 4H), 2.48-2.49 (t, 2H, J = 1.5 Hz), 3.22-3.29 (m, 2H), 7.41-7.87 (m, 10H), 8.42-8.45 353
(t, =45 Hz, 1H), 9.83 (s, 1H), 10.27 (s, 1H)
lllc  1.26-1.33 (M2H), 1.44-1.55 (m, 4H), 1.82 (s, 3H), 2.07-2.12 (t, 2H, J = 7.5 Hz), 3.17-3.23 (m, 2H), 3.79 (s, 3H), 6.95— 321
7.81(m, 4H), 8.26-8.28 (t, J = 3.0 Hz, 1H), 9.63 (s, 1H), 9.67 (s, 1H)
Id  0.97-1.02 (t, J = 7.5 Hz, 3H), 1.26-1.31 (m, 2H), 1.47-1.55 (m, 4H), 2.06-2.13 (m, 4H), 3.17-3.24 (m, 2H), 3.78 (s, 3H), 335
6.95-7.81 (m, 4H), 8.26 (s, 1H), 9.62 (s, 2H)
llle  1.35-1.37 (m, 2H), 1.50-1.61 (m, 4H), 2.16-2.21 (t, J = 7.5 Hz, 2H), 3.20-3.26 (m, 2H), 3.79 (s, 3H), 6.95-7.87 (M, 9H), 383
8.26-8.30 (t, J = 6.0 Hz, 1H), 9.82 (s, 1H), 10.27 (s, 1H)
Mf  1.26-1.33 (M, 2H), 1.44-1.55 (m, 4H), 2.07-2.12 (t, J = 7.5 Hz, 2H), 3.17-3.23 (m, 2H), 3.4 (s, 3H), 3.78 (s, 3H), 6.95~ 397
7.81(m, 9H), 8.24-8.28 (t, J = 6.0 Hz, 1H), 9.73 (s, 1H), 9.99 (s, 1H)
Illg  0.97-1.02 (t, J = 7.5 Hz, 3H), 1.26-1.31 (m, 2H), 1.47-1.55 (m, 4H), 2.08-2.12 (t, J = 6.0 Hz, 2H), 3.17-3.24 (m, 2H), 350
7.41-7.83 (m, 4H), 8.40-8.43 (t, J = 4.5 Hz, 1H), 9.64 (s, 1H), 9.67 (s, 1H)
lh  1.14-1.24 (m, 2H), 1.29-1.45 (m, 4H), 1.81 (s, 3H), 2.00-2.05 (t, J = 7.5 Hz, 2H), 2.37 (s, 3H), 2.62-2.69 (m, 2H), 7.36— 341
7.39(d, J = 9.0 Hz, 2H), 7.41-7.47 (t, J = 9.0 Hz, 1H), 7.64-7.67 (d, J = 9.0 Hz, 2H), 9.61 (s, 1H), 9.66 (s, 1H)
i 1.22-1.30 (m, 2H), 1.32-1.49 (m, 4H), 2.09-2.14 (t, J = 7.5 Hz, 2H), 2.37 (s, 3H), 2.65-2.71 (m, 2H), 7.37-7.40 (d, J = 403
9.0 Hz, 2H), 7.45-7.50 (m, 3H), 7.54-7.56 (t, J = 3.0 Hz, 1H), 7.64-7.68 (d, J = 6.0 Hz, 2H), 7.84-7.86 (d, J = 6.0 Hz,
2H), 9.80 (5, 1H), 10.25 (s, 1H)
Table 3 Bioactivities of target compounds 23 HEYNEMERSW  NEEM 124 B EY)
Compd. Inhibition ratio towards HDAC in vitro / % Iﬁﬁiﬁgﬁl‘zﬁlj HDAC (ﬁ/ﬁfﬂtgﬁ, igﬁ%%ﬁﬂ?@ 3 Fﬁ
gt gt gt . . N N
01 pmol L tumol't 10 umolt 7K, 0.1, 11 10 pmol-L ™ 3 AN FiEE R AR SMIEET P
la 856 24.27 41.15
2% 4k . Ay A BT 2
- o o o FAERAIL: ARALE DT LR HDAC i
b 3.80 11.43 1854 v, R B S 1a I PR, RIS 1
Ia 6.50 15.16 2751 LA Nas 11bs 1Ha~ 11 i LA
o 413 1240 e MHFs &) 5 HDLP XS R (B 2) T LLF
I 321 1354 14.21 . . _ i et
o e e . t, BERACE Y 1a IR IEAUR o f00 B8 U
nf 3.35 9.86 1056 TEREBE, a A7 12 AR ERIE 305 Hisl31 Al
g 3.60 8.20 1354 His132 JE s, TRE 1A 54 (Trichostatin A)
o o o o 55 HDLP I AU, IRAL A 11 a R
I . N .
SYN=T) R A TEI A A5
carn s 1220 s BT RV T M 2, RS Tyr207 Tk

B TOCER[A0146 & S N 4687 2 W s WO
%o MEBEZSHLL ORI, SdkA 2k, Ll 6-
FH IR A ER, DL SR AR A, SO 4 i
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b, BRAETRIE,

22 BRUCERMHENEE AW 11, 14 3T TR
I, T SRBRAE AL ), (H %7V S Nk P v s il
Y% . 22 SCER[91M 7, fETFH Dowex 50W-X12
SRR U IR VE AL, BN A AR, B9 b,
At SN 28 R e BT HAEEEAT T P X

SUEE MR R T A BRI His131. Hisl32 JE Rk
Sk, Btk &) (Trichostatin A) JIT B i) A BT
RE AR . BEMHESD 1a i —AN iR R
FR—ANBEE R F 5 EER TI ks, Hh—14
IR Tyr297 B A, BRI h — N R T
AR R His132 JE i E R, B G A
1 A4S 2056 43 O/ 8 o BRI 00 H A 4k & ) B B A
HDAC B d v, 0 ot e S 4 & ) A= 0t P B
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Varavin Mercury-300 Bz G IR 2 (L TMS 2
P45, DMSO-de A¥F); it VG ZAB-2F AL
M5 R AABIAE AR A3, S TR TR
HAK, HARRAIY A 4l A5
1 UEEHES
11 N-@-8E2FH)-LBERHER 2 Mam «©
250 mL = U, A 2.16 g (20 mmol) X 2R i

2.02 g (20 mmol) =&} oK PYE M 50 mL, 4
FE, UKOKHE TN 5.05 g (20 mmol) 5 2K Ak ik &1 50
mL Jo/K PO, W YE, Sl RN 1 h, JRZE
ZF), BN 100 mL KH, 1R CFRAEEL, 1A
IR SN TR SRk UV, oK AR R 4k 1),
IR ZE 2505, 19 4.54 g AAER (2), 7% 70%.
mp 156~158 C.

12 NY4-[(BRFEBBE)SE|FE2-8&E-3FE-R
EiBZ (1) B9S R 76100 mL =1+, A 3.24g
(20 mmol) tL&% 2. 2.02 g (20 mmol) = Zfi% % 30
mL &7, BidE, VKK T DN 5.68 g (20 mmol) N-#t
TR 2K TN 2 B & ((1-chlorocarbonyl-2-phenyl-
ethyl)-carbamic acid tert-butyl ester) ] 30 mL 521/ ¥%
W, WRE, LN 4 h. TLC Kyl i 3 58 K, ek Hs 26
ZUEA, M 25 mL #hR M 30 mL LR LBEH I, UK
AR, [V 30 min, I 5%E A AL B pH A iR
PE, TR CFRARTN, MR Shok Pk, JLKMREET
e, WUER LW, 14 7.07g AEEE ().

13 N-4-FFE)-FHREE (4) &K 75 250 mL
=1, i 2.16 g (20 mmol) XK . 2.02 g
(20 mmol) = Z. % K% 50 mL ok S RE, BidE, UK
RN 2.81 g (20 mmol) 2K I & 50 mL TGk
SURBER, 5, =IO 1h, B\ 200 mL K,
BikE, o E R, R SR T
FIEr SRR VESS, Jo/KBRIREN T4, vk 28 L, 19
4.54 g FE R (4), 7% 84%. mp 129~131 C (X
k111129~ 130 C).

14 N-4[G-BFEEEHRE)RE|FEFHBE
(Ila) B9&R  7F 100 mL =3, A 1.06 g (5
mmol) th& W 4 K 30 mL oK & A, HEFE, VKK
T 0.67 g (5 mmol) 4-H FE-2K K 5 SR TR 1) 30 mL
ToKGEATEW, T, EHRN 4 he TLC KLl W
SEEE, BN 50 mL K, AT, WA KD
ok, JOKBRIREE T, WA 250, 49 1.02 g Bt
R (1a).

15 6-HEE-2-ZHER (6) &M 7£100mL — [
b, B 0.19 g (1 mmol) 6-F23E-2-25 F g A2 50 mL
(2 mol-L™) AL, BEPERAR, UKis RN
0.32 g (1 mmol) il — HEew R, 5, iV
1 he IR 2 he TLC KL B 5 K, W ERER I pH
22, M A, ke, T, 150129 At
1k (6), Y% 60%, mp 206~207 C.

16 6-HEE-2-ZHES (7) &M £ 250 mL
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=T, InA 2.02 g (10 mmol) tb&4 6 & 30 mL
A, INFAA 50 °C, 21 20 mL S, T R
I 3 h, TLC AL K 58 5, 980k 78 K, 142109
(I E (7), W2 95%, mp 84~85 ‘C (LR
83~84 C).

1.7 N-G-ESEFE)N-GBHEEE) K 9 BEK
£ 250 mL = i, i 1.08 g (10 mmol) %f 2k —
. 50 mL —SUH e, Hidt 10 min, VKERS T 22120
J111.33 g (10 mmol) 4- FF 5L -8R 5L i U IR IR V) — S0 e
W 50 mL, SN 1 ho TLC il 5z v 52 B, O ik
JEIRAR, A7 5515 1.95 g by (il 44 (9), Y 81%,
mp 127~129 ‘C

18 N 4-[4-BFEIEHBB)SR|FEcREE-2
ZRERE (11b) &K 7F 100 mL =i, A
2.419 (10 mmol) L5 9. 1.01g (10 mmol) — ZJi%
M 20 mL oK DYSM, BikE, kit RN 2.21 g
(10 mmol) L& 7 (5 40 mL o K DU S MG W, T
Yo, SN Lhe TLC AN S N5 HE, IR 4 S
TR [ A, OBEEZE A, 19 1.02g AEEE (11b).
19 6-FHBMEIE-CER (11) &M 7E 100 mL
=, BN 5.25 g (40 mmol) 6-54 2 SR & 50 mL
(2 mol-L™) AL, B AR, UKE RN
5.62 g (40 mmol) Z<HIES 10 mL PYZUMIR E,
R, W RN 10 he TLC Kyl fe i 55 52, 51N 100
mL K, WERIR Y pH & 2.5, Ml ik, i
KUk, T, #3894 g HIEAlEfk (11), WiE 95%, mp
80~81 ‘C (3CHik{®'80~82 C).

110 6-FHBMESE-CERFE (12 MEHR 1*
100 mL = A, A 4.71 g (20 mmol) k&4 11,
0.63 g Dowex50W-X 12 5a R B fig J2 30 mL H i,
In#eliA 12 h, TLC Kl ) v 5E 5, Hliig, s8R
AEWR, 13 453 g LEOFPWAE (12), H#E 91%,
HEM T TP RN,

111 6-FHBEIEDEHM (13) WEM & 100
mL =, A 2.49 g (10 mmol) b5 12,

1.88 g (80%) /K& MM 30 mL L, Inknlit 4 h, 4
FTELE AT, TLC Rl e M 58 ke, g, [k H &
RS, 19 210 g HAREEK (13), 183 84%, mp
50~52 C.

112 6 [(FHEME) &) SBE-2-ZEBHM (1113
BIER  7F 100 mL =1 U, i 1.25 g (5 mmol)
b5 13, 051 g (5 mmol) = Zfi% ke 20 mL F /K H
2, Bk, UK RN 0.39 g (5 mmol) ZEE&K) 10

mL oK A, e, =IO 4 he TLC R %
M 5EEE, BN 100 mL koK, A A, kg, JKUE,
CWEE LG, 13 0.77 g AMEL (111a).
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B S0 s AR 1.
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W RN 7.63 g (40 mmol) X I EE 2R EE S 10 mL
VUSRI, 5, =IO 10 ho TLC R s v 5¢
He fH\ 500 mL /K, HERER I pH 22 2.5, M A
Wk, LUE, KUE, T, 19 1032 g s a7k (14).
I % 90%, mp 107~108 ‘C (3CHk {8 106~108 C).
114 6[4-BEFER)ELHE) SECHRFE (15
BIER  7F 100 mL =i+, S 5.70 g (20 mmol)
&) 14, 0.63 g Dowex50W-X12 7 5 R U flig K2
30 mL A, IRl 12 h, TLC Al S B 565, il
U8, VMR 75 A, 19 5.82 g Ak (15), W
2% 97%, mp 43~44 °C (SCHEkER 45 C).,
115 6-[4-BREFE) BEE) SE DB (16) W&
R #F 100 mL = I, A 3.0 g (10 mmol) b4
) 15. 1.88 g (80%) /KA 20 mL £ Fg, fn#A[ali
6 h, TLC R s B 5e bE, W1 &=, Ak et [k
Mrif, HyE, M CREELs, 43 2.0 g FEEE (16),
W% 67%, mp 65~66 C.
116 6 [(FFEmE) &) CEBE-2-Z B (111h) &Y
A 7550 mL =1, i 1.50 g (5 mmoal) fb
&%) 15, 0.51g (5 mmol) = Z %% 10 mL Jo/K HK,
PidE, vk R 0.39 g (5 mmol) ZE&U 10 mL
TOK IR, e, =W 6 he TLC K S M
SEEE, HIN 100 mL pkoKH, B B4, kgE, KIE,
LPEFE L, 13 0.38 g kB A& (111h).

LA S N h 5RO, BRSO SE
50 s WAk 1.
2 THBLHEHH
21 HDAC wsl#&  HUNRUFE, By, kg
LR (PBS) 7E 100 H Jifi 9 14T Sk 8, 73380 it 4n
JHOAE AR i P PR A B RS U 2 IR, AR DT,
INEEARFR I BERR Eh g2 b, PR S, R Rl 2R 4
Jfl, B0 (4°C, 12 000 rrmint, 10 min), WEX W,
TN H = &ARF ) 30%, HEWE N 5 mgmL™,
—20 CH#4F .
22 EEERMME  AE PBS MMM 50 pl W



REARIE S5 B Y AL 11 2 £ WA B S0 350 18 45 B A L 0 8 3% P 5T £ 741 ¢

ERER, N RN 53 1 249 BE 43 0 90 MAL 20
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0.1~10 pmol-L™*. SAHA 0.1~10 pumol-L ™ JyBH {1k x}
B IMAFES G T 37 CoKHTH RN 24 ho I
AT, DL 100 pmol-L ™ SAHA FH X e (1K) 9% Y63
2R A 100%, PBS 2 B Mt B %0 O, v AE
A AN R BE A2 o H ARG AP HDAC Bl
TS R 3,
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Chemical constituents of Saxifraga stolonifera (L.) Meeb.

FENG Wei-sheng*, LI Zhen, ZHENG Xiao-ke, LI Yuan-jing, SU Fang-yi, ZHANG Yan-li

(Henan University of Traditional Chinese Medicine, Zhengzhou 450008, China)

Abstract: To study the chemical constituents of Saxifraga stolonifera (L.) Meeb., chromatographic techniques
were applied to separate and purify the compounds, and their structures were confirmed on the basis of physico-
chemical properties and spectral data.  Ten compounds were isolated and identified as 5-O-methylnorbergenin
(1), 3, 4-dihydroxyallylbenzene-4-O-p-D-glucopyranoside (2), (7R, 89)-4, 9, 9'-trihydroxyl-3-methoxyl-7, 8-
dihydrobenzofuran-1'-propyl neolignan-3'-O-4-D-glucopyranoside (3), quercetin-3-O-4-D-xylopyranosyl-(1—2)-
S-D-galactopyranoside (4), kaempferol-3-O-a-L-rhamnopyranoside (5), (3S 5R, 6R, 7E, 9R)-3, 5, 6, 9-tetrahydroxy-
7-megastigmane (6), benzyl-O-a-L-rhamnopyranosyl-(1—6)-4-D-glucopyranoside (7), p-hydroxyacetophenone
(8), pyrogallic acid (9) and p-hydroxyphenol (10). Compound 1 is a new compound. Compounds 2— 10 were
isolated from this plant for the first time.
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Saxifraga stolonifera (L.) Meeb. (Family Saxifra-
gaceae), a Chinese medicinal herb, iswidey distributed
in most parts of China. It is used to treat rubella,
eczema, otitis media, erysipelas, hemoptysis, pulmonary
abscess, uterine bleeding, and so on™™.  Recent studies
have shown that it has many pharmacologic effects,
such as anti-cancer?, anti-oxidant and anti-aging™.
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Previous phytochemical investigations showed the
presence of flavonoids, phenolic acids and aliphatics in
this plant®“. In this paper, the isolation and structure
elucidation of a new compound and nine known
compounds were presented.

Results and discussion

50% agueous acetone extract of the whole plants
of Saxifraga stolonifera (L.) Meeb. was subjected to
a series of chromatographic procedures, including
Diaion HP-20, Toyopearl HW-40C and Silica ge
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column chromatography, affording 10 compounds. Their
structures were identified on the basis of spectroscopic
analysis, including a new compound 5-O-methylnor-
bergenin (1) (Figure 1), and nine known compounds, 3,
4-dihydroxyall ylbenzene-4-O-4-D-glucopyrancside (2),
(7R, 89-4, 9, 9'-trihydroxyl-3-methoxyl-7, 8-dihydro-
benzofuran-1'-propylneolignan-3'-O-p-D-glucopyranoside
(3), quercetin-3-O-p-D-xylopyranosyl-(1—2)-4-D-ga a-
ctopyranoside (4), kaempferol-3-O-a-L-rhamnopyrano-
side (5), (3S 5R, 6R, 7E, 9R)-3, 5, 6, 9-tetrahydroxy-7-
megastigmane (6), benzyl-O-a-L-rhamnopyranosyl (1—
6)-p-D-glucopyranoside (7), p-hydroxyacetophenone
(8), pyrogalic acid (9) and p-hydroxyphenal (10).
'H and *C NMR data for 1 were complete assigned by
1D and 2D NMR, including NOESY, HSQC and
HMBC. Compounds 2—10 were isolated from this
plant for the first time.

Compound 1 was obtained as light brown
amorphous powder (CH;OH), mp 178 — 181 C, [a] 2
+13.3 (c 0.14, CH3OH). It gave a positive result for the
ferric chloride reaction, revealing its phenolic nature.
Its UV spectrum showed absorption at 223 nm and 291
nm. Its HR-ESI-MS showed [M+Na]* at m/'z 351.069 3
(caled. for CpH1609Na 351.069 2). Meanwhile, the
IR spectrum showed the presence of hydroxyl (3 393
cmt), aromatic ring (1 582 cm™ and 1 475 cm™) and
ester carbonyl (1 698 cm™). The *H NMR spectrum
(Table 1) of 1 exhibited one aromatic proton at ¢ 7.13
(1H, s), a C-glycosyl moiety at 6 3.44-4.86 and one
methoxyl signal at 3.81(3H, s). The**C NMR spectrum
(Table 1) of 1 exhibited 14 carbon signals, including a
C-glycosyl moiety at 6 82.8 (C-5), 71.8 (C-4'), 814
(C-3), 75.8 (C-2'), 74.6 (C-1'), 62.7 (C-6"), which was
characteristic of bergenin and norbergenin®® ©; one
substituted benzene moiety at 6 118.6 (C-1), 107.5 (C-6),
150.8 (C-5), 151.4 (C-4), 144.9 (C-3), 107.6 (C-2); one
ester carbonyl carbon at ¢ 167.8 (C-7) and one methoxyl
signal at ¢ 56.3. The above information suggested
that the basic structure of compound 1 is C-glucoside
of gallic acid. The *H NMR and *C NMR spectrum
characters were very similar to those of norbergenin®
(Figure 1), except for a different substitution at C-5.
In fact, the only difference between them consistsin the
hydroxyl at C-5 in norbergenin being replaced by a
methoxyl group in compound 1, which was supported
by the HMBC spectra. In the HMBC spectrum, the
protons of methoxyl group (¢ 3.81) correlated with the

carbon signal at ¢ 150.8 (C-5). This was further
confirmed by NOE correlation between the methoxyl
group and H-6. Thus, the methoxyl group was located
at C-5in compound 1. The relative stereochemistry of
compound 1 was determined by comparison of the
'H and ®*C NMR spectral data with those of bergenin
and related compounds® ), the coupling constant
observed in the '"H NMR spectrum, and the NOESY
experiment. In the '"H NMR spectrum, the larger
coupling constant (J = 10.3 Hz) between vicina proton
suggested their trans diaxial orientations.  Additionally,
in the NOESY spectrum there were no NOE correlations
among H-1', H-2', H-3', H-4', and H-5’, which indicated
that they were in trans-configuration. Based on the
above evidence and according to the literaturé®, the
structure of 1 is determined to be 5-O-methylnor-
bergenin (Figure 1).

Compound 1
R
NOE - HMBC

Norbergenin

Figurel Key HMBC and NOE correlations of compound 1 and
structure of norbergenin

Table 1 'H NMR and C NMR spectral data of compound 1
(CDs0D)

Position 'H NMR (400 MHz) 3C NMR (100 MHz)
1 1186
2 107.6
3 144.9
4 151.4
5 150.8
6 7.13(1H, s) 107.5
7 167.8
1 4.86 (1H, d, J = 10.3 Hz) 74.6
2 3.78 (1H, m) 75.8
3 3.95 (1H, m) 814
4 3.44 (1H, m) 718
5 3.62 (1H, m) 82.8
6' 3.68 (1H, m) 62.7

4.00 (1H, m)
OCH3 3.81(3H,9 56.3
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Experimental
General experimental procedures

Mélting points were determined on a Kofler micro-
melting point apparatus and uncorrected.  Optical
rotations were obtained using a Perkin-Elmer 341
polarimeter. UV spectra were measured with a
Shimadzu UV-VIS 2201 spectrophotometer. IR spectra
were measured with a Shimadzu FTIR-8201 PC
spectrometer.  The 'H and *C NMR spectra were
obtained on a Bruker DPX-400 spectrometer (400 MHz
for '"H NMR and 100 MHz for *C NMR) with TMS
as internal reference. HR-TOF-MS were recorded on
an APEX Il spectrometer. Column chromatography
was performed on Diaion HP-20 (Mitsubishi Chemical
Corp., Japan), silica gel (160-200 mesh, Qingdao
Haiyang Chemical Co., Ltd., China), Toyopearl
HW-40C (TOSOH Corp., Japan). Sephadex LH-20
(Pharmacia, Sweden). TLC was conducted on self-made
silica gd G (Qingdao Haiyang Chemical Co., Ltd.,
China) plates. The chemical reagents were purchased
from Beijing Chemical Plant and Tianjin No. 3 Reagent
Plant.
Plant materials

Dried Saxifraga stolonifera (L.) Meeb. were
collected in Xixia county, Henan Province in China,
and identified by Prof. Dong Cheng-ming of Henan
University of Traditional Chinese Medicine.
Extraction and isolation

Air-dried whole plants of S stolonifera (3.5 kg)
were extracted two times with 50% aqueous acetone at
room temperature and filtered. The combined extract
was evaporated in vacuo to yield gross extract (256 g),
which was dissolved in suitable amount of water, and
then was subjected to Diaion HP-20 porous polymer
resin and euted with H,O and 10%, 20%, 30% CH;OH
successvely. The fraction duted with H,O was subjected
to Toyopearl HW-40C column chromatography and
eluted with H,O and 10%, 20%, 30%, 40%, 50% CH;OH
successively to afford 150 fractions. Then fractions
45-99 were rechromatographed on Toyopearl HW-40C,
Sephadex LH-20 and silica gel to yiedd compound 7
(87 mg), 8 (11 mg), 9 (12 mg) and 10 (25 mg). The
fraction euted with 10% CH;OH was subjected to
Toyopearl HW-40C column chromatography and el uted
with H,O and 10%, 20%, 30%, 40%, 50% CH;OH
successively to afford 280 fractions. Then fractions

25-40 and 86-110 were rechromatographed on Toyopear|
HW-40C, Sephadex LH-20 and slica g to yied
compound 1 (13 mg) and 6 (12 mg) separately. The
fraction euted with 20% CH;OH was subjected to
Toyopearl HW-40C column chromatography and el uted
with H,O and 10%, 20%, 30%, 40%, 50% CH3;OH
successively to afford 200 fractions. Then fractions
31-60 were rechromatographed on Toyopearl HW-40C,
Sephadex LH-20 and silica gel to yiedd compound 2
(18 mg), 3 (16 mg) and 4 (17 mg). The fraction
eluted with 30% CH3;OH was subjected to Toyopear!
HW-40C column chromatography and eluted with H,O
and 10%, 20%, 30%, 40%, 50% CH3OH successively
to afford 158 fractions. Then fractions 71-120 were
rechromatographed on Toyopearl HW-40C and Sephadex
LH-20 gel to yied compound 5 (12 mg).

I dentification

Compound 1 Light brown amorphous powder,
mp 178-181 C, [o] 2 +13.3 (c 0.14, CH;OH). UV
(CH30H) Amac 223,291 nm. IR (KBF): 0 €M 2 3 393,
2926, 1697, 1582, 1475, 1 334, 868, 766. HR-ESI-
MS nm/z 351.069 3 (calcd. for Ci4H1609Na 351.069 2).
The '"H NMR (400 MHz, CD;0D) and **C NMR (100
MHz, CD;0D) spectral data see Table 1.

Compound 2 Colorless oil, '"H NMR (400 MHz,
CD;0D) ¢: 7.02 (1H, d, J = 1.6 Hz, H-2), 6.74 (1H, d,
J = 8.1 Hz, H-5), 6.71 (1H, dd, J = 1.5, 8.1 Hz, H-6),
5.91 (1H, m, H-8), 5.01 (2H, m, H-9), 4.72 (1H, d, J =
7.3 Hz, H-1), 3.25 (2H, d, J = 6.8 Hz, H-7). *C NMR
(100 MHz, CD30D) ¢: 133.1 (C-1), 119.2 (C-2), 146.6
(C-3), 146.6 (C-4), 116.9 (C-5), 124.7 (C-6), 40.5 (C-7),
139.2 (C-8), 115.6 (C-9), 104.5 (C-1"), 74.9 (C-2"), 77.6
(C-3), 71.3 (C-4), 78.3 (C-5'), 62.4 (C-6'). Combining
literaturé® identified that the compound 2 was 3, 4-
dihydroxyallyl benzene-4-O-f-D-glucopyranoside.

Compound 3 Colorless oil, *H NMR (400 MHz,
CD;0D) 6: 6.96 (1H, d, J = 1.7 Hz, H-2), 6.91(1H, br s,
H-2), 6.84 (1H, dd, J = 8.2, 1.7 Hz, H-2), 6.80 (1H, d,
J=8.2Hz, H-5), 6.76 (1H, br s, H-6"), 550 (1H, d, J =
6.4 Hz, H-7), 4.97 (1H, d, J = 6.8 Hz, H-1"), 3.80 (3H,
s, -OCHg), 3.76 (2H, m), 3.52 (2H, t, J = 6.8 Hz, H-9"),
3.41(1H, dd, J=12.1, 6.3 Hz, H-8), 2.61 (2H,t,J=8.0
Hz, H-7'), 1.80 (2H, m, H-8). 3C NMR (100 MHz,
CD;0D) §: 134.3 (C-1), 110.7 (C-2), 149.1 (C-3), 147.7
(C-9), 116.2 (C-5), 119.9 (C-6), 89.4 (C-7), 55.2 (C-8),
64.8 (C-9), 137.1 (C-1), 118.1 (C-2), 142.5 (C-3),
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1475 (C-4’), 130.6 (C-5), 119.6 (C-6), 32.7 (C-7),
35.6 (C-8), 62.5 (C-9'), 102.9 (C-1"), 74.9 (C-2"), 77.7
(C-3M, 714 (C-4"), 782 (C-5"), 62.2 (C-6"), 56.4
(-OCHg). Its 'H NMR and *C NMR data were in
good agreement with those of literaturé® and identified
the compound 3 to be (7R, 89-4, 9, 9-trihydroxyl-3-
methoxyl-7, 8-dihydrobenzofuran-1'-propylneolignan-3'-
O--D-glucopyranoside.

Compound 4 Yelow amorphous powder, *H NMR
(400 MHz, CDs;0D) ¢: 7.71 (1H, d, J = 1.6 Hz, H-2),
7.62 (1H, dd, J=8.0, 1.6 Hz, H-6"), 6.85 (1H, d, J=8.0
Hz, H-5), 6.36 (1H, br s, H-8), 6.17 (1H, br s, H-6),
5.40 (1H, d, J = 7.2 Hz, H-1"), 4.77 (1H, d, J = 6.4 Hz,
H-1"). 3C NMR (100 MHz, CD;0D) §: 158.3 (C-2),
135.2 (C-3), 179.6 (C-4), 163.2 (C-5), 99.8 (C-6), 165.9
(C-7), 94.6 (C-8), 158.2 (C-9), 105.7 (C-10), 123.1
(C-1), 116.2 (C-2), 1459 (C-3)), 149.8 (C-4), 117.4
(C-5), 1234 (C-6'), 1014 (C-1"), 80.0 (C-2'), 74.7
(C-3", 70.3 (C-4"), 75.1 (C-5"), 61.9 (C-6"), 105.3
(C-1), 76.9 (C-2"), 77.0 (C-3""), 71.0 (C-4'"), 66.5
(C-5""). Combining literaturé’® identified that the
compound 4 was quercetin-3-O-f-D-xylopyranosyl-
(1—2)-p-D-galactopyranoside.

Compound 5 Yelow amorphous powder, *H NMR
(400 MHz, acetone-dg) 0: 7.86 (2H, d, J = 8.5 Hz, H-2,
6'), 7.03 (2H, d, J = 8.6 Hz, H-3', 5), 6.48 (1H, d, J =
1.8 Hz, H-8), 6.28 (1H, d, J = 1.8 Hz, H-6), 5.55 (1H,
d, J = 1.2 Hz, H-1"), 0.92 (3H, d, J = 5.7 Hz, H-6").
3C NMR (100 MHz, acetone-ds) J: 159.6 (C-2), 135.8
(C-3), 179.6 (C-4), 163.2 (C-5), 99.8 (C-6), 165.9 (C-7),
94.7 (C-8), 158.5 (C-9), 105.7 (C-10), 122.8 (C-1),
1324 (C-2', 6'), 116.2 (C-3, 5), 161.8 (C-4'), 102.5
(C-17, 725 (C-2"), 721 (C-3"), 73.3 (C-4"), 71.6
(C-5"), 17.9 (C-6”). Combining literaturé™ identified
that the compound 5 was kaempferol-3-O-a-L-rham-
nopyranoside.

Compound 6 Colorless oil, *H NMR (400 MHz,
CD;0D) ¢: 6.07 (1H, dd, J = 16.1, 1.2 Hz, H-7), 5.79
(1H, dd, J = 15.8, 6.1 Hz, H-8), 4.33 (1H, m, H-9), 4.03
(1H, m, H-3), 1.76 (2H, m, H-4), 1.66 (1H, t, H-2), 1.44
(AH, m, H-2), 1.27 (3H, d, J = 6.4 Hz, H-10), 1.19 (3H, s,
H-11), 1.13(3H, s, H-13), 0.83(3H, s, H-12). *C NMR
(100 MHz, CD;0D) §: 40.7 (C-1), 46.5 (C-2), 65.3
(C-3), 45.7 (C-4), 77.8 (C-5), 78.9 (C-6), 136.1 (C-7),
131.2 (C-8), 69.6 (C-9), 24.2 (C-10), 27.5 (C-11), 26.2
(C-12), 27.1 (C-13). Combining literaturé™? identified
that the compound 6 was (3S, 5R, 6R, 7E, 9R)-3, 5, 6,

9-tetrahydroxy-7-megastigmane.

Compound 7 Pale yellow oil, *"H NMR (400
MHz, CD;0OD) ¢: 7.40 (2H, br d, J = 7.2 Hz, H-2, 6),
7.33 (2H, m, H-3, 5), 7.27 (1H, m, H-4), 4.78 (1H, br s,
H-17), 4.33 (1H, d, J = 7.6 Hz, H-1'), 1.27 (3H, d, J =
6.5 Hz, H-6"). *C NMR (100 MHz, CD;0OD) 6: 138.8
(C-1), 129.3 (C-2, 3, 5, 6), 128.7 (C-4), 71.7 (C-7),
103.1 (C-1'), 75.0 (C-2)), 77.9 (C-3), 71.6 (C-4"), 76.9
(C-5), 681 (C-6), 1022 (C-1"), 72.1 (C-2"), 72.2
(C-3"), 73.9 (C-4"), 69.8 (C-5"), 18.0 (C-6"). These
'H NMR and *C NMR data were in basic agreement
with those of literaturé®® ¥ and identified the compound
7 to be benzyl-O-a-L-rhamnopyranosyl (1—6)-p-D-
glucopyranoside.

Compound 8 Colorless needles, *H NMR (400
MHz, acetone-dg) o: 7.84 (2H, d, J = 8.8 Hz, H-2, 6),
6.88 (2H, d, J= 8.8 Hz, H-3,5), 246 (3H, ). “CNMR
(100 MHz, acetone-dg) J: 196.4 (C=0), 129.1 (C-1),
131.4 (C-2, 6), 116.1 (C-3, 5), 164.2 (C-4), 26.1 (CH,).
Combining literaturé® identified that the compound 8
was p-hydroxyacetophenone.

Compound 9  White needles, 'H NMR (400 MHz,
acetone-dg) 0: 6.50 (1H, t, J= 8.1 Hz, H-5), 6.36 (2H, d,
J=8.1Hz H-4,6). C NMR (100 MHz, acetone-dg)
5:146.5 (C-1, 3), 133.5(C-2), 119.7 (C-5), 107.8 (C-4, 6).
Combining literature® identified that the compound 9
was pyrogallic acid.

Compound 10 Colorless needles, *H NMR (400
MHz, acetone-dg) J: 6.82 (2H, m, H-2, 6), 6.68 (2H, m,
H-3, 5). *C NMR (100 MHz, acetone-dg) J: 145.8
(C-1, 4), 120.6 (C-2, 6), 116.0 (C-3, 5). Combining
literaturé™ identified that the compound 10 was p-
hydroxyphenal.
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oA RAEMYS X

O kmeE b KA Y KGHES x4t

(L BRIRZEPZ KRR TCRT, | &R M 510632; 2. TR HAEBE 25050, 1] kAT 3. Brg K h A Z530
YR S AH 2 o AR AR T S SR =, TR T 510632; 4. e I A4 B A Hv 2 AT 9T R T Sk
302, W W 571101)

WE: N THFHA M 2284y, R . Sephadex LH-20. SO S AHE I A (3% 25 0 vk MU A IH- ()
95N LRFHEI Y 4y B 2] 8 MEWSA G, IRl NMR. MS SRR % TSI, 5350k
naucleactonin C (1). strictosamide (2). vincosamide (3). pumiloside (4). angustoline (5). angustine (6). 18, 19-
dihydroangustine (7) 1 naucleofficine D (8). #h&# 1 48 IS LEDRR, LG4 6 F1 7 9 B iR Nz

SRR,
KHER: AHA; WIS A0, naucleactonin C
hE2ES: R284.1 CHRFRINAG: A

X E S 0513-4870 (2010) 06-0747-05

Alkaloids from the leaves of Nauclea officinalis

FAN Long" 3, FAN Chun-lin" 3, WANG Ying" 3, ZHANG Xiao-qi* 3, ZHANG Qing-wen?,
ZHANG Jun-ging*, YE Wen-cai™ ¥

(1. Institute of Traditional Chinese Medicine and Natural Products, Jinan University, Guangzhou 510632, Ching;
2. Institute of Chinese Medical Science, University of Macau, Macau; 3. Guangdong Province Key Laboratory of Pharmacodynamic
Constituents of Traditional Chinese Medicine and New Drugs Research, Jinan University, Guangzhou 510632, Ching;
4. Hainan Province Key Laboratory of R & D of Tropical Herbs, Hainan Medical College, Haikou 571101, China)

Abstract: To study chemical constituents of the leaves of Nauclea officinalis, eight alkaloids were isolated
from 95% ethanol extract by various chromatographic methods. The structures were e ucidated on the basis of
spectroscopic data (IR, UV, ESI-MS, 1D and 2D NMR) and identified as naucleactonin C (1), strictosamide (2),
vincosamide (3), pumiloside (4), angustoline (5), angustine (6), 18, 19-dihydroangustine (7) and naucl eofficine D
(8). Compound 1isanew indolealkaloid. Compounds 6 and 7 were isolated from this plant for the first time.

Key words: Nauclea officinalis; indole alkal oid; naucleactonin C

JHA (Nauclea officinalis Pierre ex Pitard) b %
K} (Rubiaceae) SHEJEIFA, XA, 25514,
TEFRE FE A Tl V. JARSE X . JHAK
vy PEIE, B EE. WM LE 2 DRk, IR E M
Ji R TRIT B kb gk, ma. Hig.
. s A B B AR R R AR

Weke HY1: 2009-12-24.

ETH: T7RE ARFHAEE S BIIH (8351063201000003); 17
FEMATBUX B2 AR R e KL 4 % Bh I H  (013/2008/A1).

"WAREE Tel / Fax: 86-20-85221559, E-mail: chywc@yahoo.com.cn

WO CREAREE 7 AR b ST S ek
AR SNEMIRR . LSS R K b I IR AR
WEIAIT, TR EF . SR RO A T E S
P R R =R R AY, (R L P AN W]
o ik DRI REE 7y, ARGEALH
ARG B HEAT T 0FTT . A 95% £ e S X
VI 18 L BRAIUER AL 73 B E Y 8 AN
Yok, o, &Y 1 O teEw (801, ket 6
NG NERVNER L7/ LD G EEl

WEW 1 HEOF ARG (CHOH), #5 5 256~



.+ 748 - Zj2E 2% 4R Acta Pharmaceutica Sinica 2010, 45 (6): 747- 751

258 C. MALBRBIIR ) S N 5 BH A, HE %A & ]
RE N LM 7y . UV B 7E 209, 353 il 370 nm 4k
I3 A KR, 3R T A KL R S IR 1%
INZALE SR TP GRS (3241 em Y. WG B
(1662 cm™) F175¥F (1586.1516 cm *). HR-ESI-MS
i WS HE > 7B I myz 301.098 5 [M—H]™ (5
{E 4 301.098 3), HEWIL AW 11¥15r T XA CroH1aN2Oy,
AR Q=144 5% 111 *H NMR (DMSO-ds,
400 MHz) i, 7EIAIX oy 11.67 &b H L —/MiETR
BT A5, 1F o 7.59 (1H, d, J = 8.0 Hz, H-9), 7.42
(1H, d, J = 8.0 Hz, H-12), 7.22 (1H, td, J = 8.0, 1.0 Hz,
H-11) A1 7.07 (1H, td, J = 8.0, 1.0 Hz, H-10) At
ANBEAL AR IR 1Y 4 A0S HELE S 7E on 6.80
(1H, dd, J = 18.0, 11.0 Hz, H-19), 5.97 (1H, d, J = 18.0
Hz, Ha-18) Ml 5.47 (1H, d, J = 11.0 Hz, Hb-18)]
Ak Ry — K i AU EIIREAE S SiAh, 1E Oy 4.40
(2H, t, J = 6.7 Hz, H-5) F13.07 (2H, t, J = 6.7 Hz, H-6)
Wb I T —41 -CHCH,- B2 EINESE S . (&)
1] 3C NMR (DM SO-ds, 100 MHZ) i s Hi 19 4
Wfs ', 45t DEPT {5 &, nlAnf s 3 M. 7
AN FEFI 9 A2k, JLHPTE 6 152.4 (C-22) hbh—
AR BRI A, TeRIN 7 Hfs 5 - iR¥Ek
&Y 11 'THNMR, BCNMR. 'H-'H COSY. HSQC
Al HMBC 5 B, xS nmaE s 57 74
FHJE (& ). EREY 11 *H-"H CoSY i, BoR
3R T AEER: oy 7.59 (H-9) — 7.07 (H-10)
7.22 (H-11) & 7.42 (H-12), iEstb &4 1 b &4 4047
BIACHI AR IR 0n 4.40 (Hp-5) <> 3.07 (Hz-6), 1
UEZ5 ) F Bt-CH,CH,- 4745, oy 5.97, 5.47 (Ha-18,
Hb-18) « 6.80 (H-19) It — LAk T A g XU )
1248 (B D) AEE Y LI HMBC i, H-1 (0y 11.67)
5 C-2 (6c128.5). C-8 (6c125.4). C-12 (6c 111.5) A
C-13 (6¢ 137.8), H-6 (61 3.07) 5 C-2 (6 128.5) HI C-7
(0c111.9), H-9 (04 7.59) 5 C-7 (6c111.9) 1 C-13 (¢
137.8) A EFEAG, BHAEY 1 ST EH
tetrahydro-p-carboline 3 Jy Bt; H-14 (6 7.33) 5 C-2
(0c128.5). C-3 (6c133.6) 1 C-16 (0 142.5) ik
F, $ tetrahydro-g-carboline ¥R5—AN 7570 4
AR o HAh, 7E HMBC i H-21 (6, 8.23) 5
C-15 (6c 129.7) F1 C-16 (6c 142.5) 43 B L FE A5,
g4 o AR R FEAS B, 327575 70 4 I 1 A8 11
15 1 16 A7k gt & — MR . 3E—27F HMBC i
HH %3] Ha-18 (04 5.97) 1 Hb-18 (dy 5.47) 5 C-20

(6¢ 119.9), H-19 (64 6.80) 5 C-15 (6 129.7) 4371
AEREAHR, WO OB C-20 fir. 25
PLEER, St E&w 1 mamE 1 PR, JHars
A naucleactonin C.

—OY

a0 TIMBE

Figurel 'H-'H COSY and key HMBC correlations of 1

SKIRER S

945 i FH X -5 B AR ml U S0 e (UL R UE);
AMERER] JASCO V-550 58 4h- 1] WG FE A 32 ;
414863 JASCO FT/IR-480 Plus Fourier Transform
ML AN (KBr 1)), i dRiEH] Bruker
AV-400 FT BUAZREIEAR0GM 52 ; HR-ESI-MS ] Applied
Biosystems Marinen™ 5140 % 5 % 430 5 ; ESI-MS ]
Finnigan LCQ Advantage MAX 7 5t 1430 5

FELO 3 I RERE (100~200 H A1 200~300 H) K
TR T 7 REI GFoss W IR 4 0H 6
2 T ST 7 i Sephadex LH-20 FE (0 i 41 A
Pharmacia A & /™ fi; ODSHEZ A kLR YMC 2w ™=
TN 2 R7: W 1| B S s o1 T U

JHACH:T- 2008 4 7 HR Tl A =011, Hh
[ [ 24 k2% Bt 245 F AR A0 0F 7 i 24 3 BT AR A 1 #09%
Y5 MIHA (Nauclea officinalis Pierre ex Pitard) [
HE, FRAS (No. 090223) fRAF T Ry Kb 2 )RR
G o
1 RESSE

TR 4.8 kg, ##E R, H 95% L BE
BURHEEL, PR [BISCA R 2 O, 1R 2 250 g.
PR & KRR S, K A (60~90). &
1% SRR IE T EEAREEL, 43 B3 240 ah BE ALY (60.0
0). LMRCFEZEM (85.00) MIIE T BEACHY (45.0
0). MR ZBEREY) 60 g, LREKEC, S A5-H
BE (95:5 — 50:50) BREEGEML, 792 7 Mo (Fr.
1-7). Fr.3 &5 (& 07-"11EE, 100 : 0.5— 80 : 20).
Sephadex LH-20 (CHsOH) #i e 5 k03 7y B 4lifk,,
AR EMLEY 1(8mg). 6 (15mg) Al 7 (9 mg); HL
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Tablel *Hand ™ *C NMR data of compound 1 (DM SO-ds)

Position oc OH HMBC
1 - 11.67 (1H, s) C-2,8,12,13
2 128.5 - -
3 133.6 - -
5 40.1 4.40 (2H,t,J=6.7 Hz) C-7
6 19.1 3.07 (2H,t,J=6.7 Hz) C-2,57
7 111.9 - -
8 125.4 - -
9 119.1 7.59 (1H, d, J=8.0 Hz) C-7,11,13
10 119.4 7.07 (1H, td, J = 8.0, 1.0 Hz) C-8, 12
11 123.4 7.22 (1H, td, J= 8.0, 1.0 Hz) C-9, 12,13
12 1115 7.42 (1H,d, J=8.0 Hz) C-8, 10
13 137.8 - -
14 933  7.33(1H, 9 C-2, 3,16, 20
15 129.7 - -
16 142.5 - -
18 116.1 5.97 (1H, d, J = 18.0 Hz) Ha C-20
5.47 (1H, d, J = 11.0 Hz) Hb
19 125.9 6.80 (1H, dd, J=18.0,11.0 Hz) C-15
20 119.9 - -
21 1475  823(1H,s) C-15, 16, 20
22 152.4 - -

Fr. A2 RER A, S005-FlE (100:1—80: 20) #f
FEVEME, SR GY 2(5.59) F14(1.8q); BLFr.74
ODS FE i/ 25, HEE-/K RS (10% — 85%) i
Ve, 1924659 3 (11 mg); HX Fr. 54 ODS (-
/K, 30%— 85%). Sephadex LH-20 (CH;OH) J< & FE
ke aifh, R EHAEY) 5 (13 mg) Hi8 (30
ma).
2 Hm%kwE

wEH 1 wE R (CHOH), mp 256~
258 °C . UV (CH30H) Amax Nm: 209, 353, 370. IR (KBr)
Nimax CM *: 3241, 1 662, 1 586, 1 516, HR-ESI-MSm/z
301.098 5 [M-H]  (iI%1{E4 301.098 3), 731 A
C1oH14N>05. 'H NMR (DM SO-ds, 400MHzZ) Fi1 *CNMR
(DM SO-ds, 100 MHz) %45 1.3 1.

wEWm2 ABEEHR, mp179~180 C. UV
(CH30H) Armax NM: 203, 226. IR (KBr) Ny cm™: 3 412,
1655,1583, 1071, 746. ESI-MSm/z 521 [M+Na]".
'H NMR (CD;0D, 400 MHz) §: 7.37 (1H, d, J = 8.1 Hz,
H-9), 7.36 (1H, s, H-17), 7.32 (1H, d, J = 8.1 Hz, H-12),
7.07 (1H, td, J = 8.1, 1.0 Hz, H-11), 6.99 (1H, td, J =
8.1, 1.0 Hz, H-10), 5.64 (1H, ddd, J = 17.0, 10.0, 10.0
Hz, H-19), 5.38 (1H, dd, J = 16.0, 2.0 Hz, Ha-18), 5.33
(1H, dd, J = 10.0, 2.0 Hz, Hb-18), 5.29 (1H, d, J = 2.0

Hz, H-21), 5.03 (1H, m, H-3), 4.93 (1H, dd, J = 5.0,
12.0 Hz, Ha-5), 4.56 (1H, d, J = 7.9 Hz, H-1'), 3.85 (1H,
dd, J = 12.0, 1.9 Hz, Ha-6"), 3.62 (1H, dd, J = 12.0, 5.7
Hz, Hb-6), 3.34~3.16 (3H, m, H-3, H-4, H-5), 3.07
(1H, td, J = 4.0, 12.0 Hz, Hb-5), 2.96 (1H, m, H-2),
2.93 (1H, m, Ha-6), 2.79 (1H, m, H-15), 2.69~2.63
(2H, m, Hb-6, H-20), 2.44 (1H, m, Ha-14), 2.02 (1H,
ddd, J = 13.8, 13.8, 6.0 Hz, Hb-14). *C NMR (CD;0D,
100 MHz) §: 167.1 (C-22), 149.1 (C-17), 137.8 (C-13),
134.8 (C-2), 134.4 (C-19), 128.7 (C-8), 122.5 (C-11),
120.5 (C-18), 120.1 (C-10), 118.7 (C-9), 112.3 (C-12),
110.3 (C-7), 109.2 (C-16), 100.5 (C-1)), 98.1 (C-21),
78.2 (C-3), 77.9 (C-5), 74.3 (C-2), 714 (C-4), 62.6
(C-6), 55.1 (C-3), 44.7 (C-5), 44.7 (C-20), 27.3 (C-14),
24.9 (C-15), 22.1 (C-6). LA I % 55 3 mik PR 3 1
strictosamide — 3, W% AY) 2 K strictosamide.

e 3 LEEHRE W (CHOH), mp 200~
202 °C . UV (CH3OH) Amax NM: 205, 227, 1R (KBr) Niax
cm: 3393, 1 653, 1578, 1 438, 1 076, 1 018, 742,
ESI-MS Mz 521 [M+Na]*. *H NMR (CD;0D, 400 MHz)
5. 7.44 (1H, d, J = 2.4 Hz, H-17), 7.41 (1H, d, J = 8.0
Hz, H-9), 7.29 (1H, d, J = 8.1 Hz, H-12), 7.07 (1H, td,
J =81, 1.0 Hz, H-11), 6.98 (1H, td, J = 8.1, 1.0 Hz,
H-10), 5.52 (1H, m, H-19), 5.49 (1H, d, J = 2.0 Hz,
H-21), 5.28 (1H, dd, J = 16.0, 2.0 Hz, Hb-18), 5.18 (1H,
dd, J = 10.0, 2.0 Hz, Ha-18), 5.06 (1H, m, Hb-5), 4.93
(1H, m, H-3), 4.70 (1H, d, J = 7.9 Hz, H-1'), 3.90 (1H,
dd, J = 12.0, 2.0 Hz, Hb-6'), 3.68 (1H, dd, J = 12.0, 5.7
Hz, Ha-6), 3.39~3.30 (3H, m, H-3, H-4, H-5)), 3.20
(2H, m, H-2', H-15), 2.94 (1H, td, J = 4.0, 11.0 Hz,
Ha-5), 2.75 (2H, m, H-6), 2.71 (1H, m, H-20), 2.46
(1H, dt, J = 12.0, 4.0 Hz, Hb-14), 1.45 (1H, g, J = 13.0
Hz, Ha-14). *C NMR (CD;OD, 100 MHz) §: 166.0
(C-22), 149.0 (C-17), 138.3 (C-13), 134.5 (C-2), 134.0
(C-19), 127.9 (C-8), 122.6 (C-11), 120.4 (C-18), 120.0
(C-10), 118.8 (C-9), 112.0 (C-12), 109.3 (C-16), 109.0
(C-7), 99.6 (C-1), 97.4 (C-21), 78.3 (C-5), 78.0 (C-3),
74.8 (C-2), 71.6 (C-4), 62.7 (C-6), 54.8 (C-3), 44.5
(C-20), 41.2 (C-5), 32.7 (C-14), 27.4 (C-15), 22.0
(C-6). LA 5 Sk 38 1) vincosamide — %%, ##
K52t &) 3 4 vincosamide.

wEWm4 HELEEHAK, mp 236~238 C.
UV (CH5OH) Amex NM: 213, 244, 316, 328. IR (KBr)
Nmex CM % 3413, 1 629, 1 591, 1 514, 1 088. ESI-MS
mz 535 [M+Na]*. *H NMR (DMSO-ds, 400 MHz) &
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8.12 (1H, d, J = 8.1 Hz, H-9), 7.67 (1H, td, J= 8.1, 1.3
Hz, H-11), 7.60 (1H, d, J = 8.1 Hz, H-12), 7.35 (1H, td,
J = 8.1, 1.3 Hz, H-10), 7.05 (1H, d, J = 2.6 Hz, H-17),
5.81 (1H, dt, J = 17.0, 10.0 Hz, H-19), 5.48 (1H, dd, J =
17.0, 1.5 Hz, Ha-18), 5.40 (1H, d, J = 2.0 Hz, H-21),
5.35 (1H, dd, J = 10.0, 1.5 Hz, Hb-18), 4.77 (1H, d, J =
12.0 Hz, H-3), 4.55 (1H, d, J = 7.9 Hz, H-1'), 4.48 (1H,
dd, J = 14.0, 2.5 Hz, Ha5), 4.33 (1H, d, J = 14.0 Hz,
Hb-5), 3.70 (1H, dd, J = 11.0, 5.7 Hz Ha-6"), 3.44 (1H,
m, Hb-6'), 3.29 (1H, m, H-15), 3.21~3.16 (2H, m, H-3,
H-5'), 3.07~2.97 (2H, m, H-2', H-4"), 2.66 (1H, dd, J =
9.0, 5.0 Hz, H-20), 2.50 (1H, m, Ha-14), 2.02 (1H, q,
J = 12.0 Hz, Hb-14). *C NMR (DM SO-ds, 100 MHz)
173.0 (C-7), 163.9 (C-22), 149.7 (C-2), 145.1 (C-17),
140.4 (C-13), 132.5 (C-19), 131.6 (C-11), 125.3 (C-8),
124.7 (C-9), 123.2 (C-10), 120.5 (C-18), 118.3 (C-12),
113.0 (C-6), 108.9 (C-16), 97.8 (C-1'), 94.8 (C-21),
77.3 (C-3), 76.5 (C-5), 73.1 (C-2)), 70.1 (C-4), 61.1
(C-6"), 59.4 (C-3), 47.4 (C-5), 43.6 (C-20), 28.1 (C-14),
23.7 (C-15). LA I 3d 5 Scikl MR iE i) pumiloside —
B}, BEEEY 4% pumiloside.
wEWMS5 HBaEIEEmAR, mp275~277 C.
UV (CH3OH) Amax NM: 206, 290. IR (KBr) Ny cm ™
3393, 1 651, 1 384, 1 200, 1 059, 749. ESI-MS m/z
332 [M+H]*. *H NMR (DMSO-ds, 400 MHz) §: 11.84
(1H, s, H-1), 9.24 (1H, s, H-17), 8.76 (1H, s, H-21),
7.63 (1H, d, J = 7.9 Hz, H-9), 7.47 (1H, d, J = 8.2 Hz,
H-12), 7.26 (1H, t, J = 7.2 Hz, H-11), 7.23 (1H, s,
H-14), 7.10 (1H, t, J = 7.2 Hz, H-10), 5.55 (1H, d, J =
4.0 Hz, OH), 5.31 (1H, t, J = 6.4 Hz, H-19), 4.39 (2H,
m, H-5), 3.11 (2H, t, J = 6.7 Hz, H-6), 1.51 (3H, d, J =
6.4 Hz, H-18). *C NMR (DMSO-ds, 100 MHz) &:
161.1 (C-22), 149.0 (C-17), 147.4 (C-21), 138.3 (C-15),
138.3 (C-13), 136.3 (C-3), 134.7 (C-20), 127.6 (C-2),
125.3 (C-8), 124.3 (C-11), 119.7 (C-10), 119.5(C-9),
118.5 (C-16), 114.5 (C-7), 111.8 (C-12), 93.7 (C-14),
63.7 (C-19), 40.2 (C-5), 25.1 (C-18), 19.1 (C-6). LA I
Hedhs 5 SCkBRE 19 angustoline — £, #E E LG
5 24 angustoline.
wEM6 AL ER AR, mp283~285C.

UV (CH3OH) Ame nm: 206, 305, 380, 399. IR (KBr)
Nmax CM 11 3 229, 1 642, 1 601, 739, ESI-MS m/z 314
[M+H]*. *H NMR (DMSO-ds, 400 MHz) d: 11.78 (1H,
s, H-1), 9.22 (1H, s, H-17), 8.85 (1H, s, H-21), 7.61
(1H, d, J = 8.0 Hz, H-9), 7.46 (1H, d, J = 8.0 Hz, H-12),

7.29~7.19 (3H, m, H-14, H-19, H-11), 7.09 (1H, t,J =
8.0 Hz, H-10), 6.05 (1H, d, J = 16.0 Hz, Ha-18), 5.62
(1H, d, J = 8.0 Hz, Hb-18), 4.39 (2H, t, J = 6.8 Hz,
H-5), 3.12 (2H, t, J = 6.8 Hz, H-6). *C NMR (DMSO-
ds, 100 MHz) &: 160.6 (C-22), 149.3 (C-17), 147.3
(C-21), 1385 (C-15), 138.1 (C-13), 1365 (C-3), 129.8
(C-19), 127.4 (C-2), 126.4 (C-20), 125.0 (C-8), 124.1
(C-11), 1195 (C-10), 119.3 (C-9), 118.8 (C-16), 118.7
(C-18), 114.3 (C-7), 1115 (C-12), 93.3 (C-14), 40.0
(C-5), 18.8 (C-6). LA I #udi 55 SCiikPHii& i) angustine
—3, W EAY) 6 5 angudtine,

wEMT7 EETLEEHAR, mp271~273 C. UV
(CH30H) A NM: 204, 245, IR (KBF) Npax cM *: 3 418,
1660, 1595, 744, ESI-MS m/z 316 [M+H]". 'HNMR
(DM SO-ds, 400 MHZ) &: 11.83 (1H, s, H-1), 9.20 (1H,
s, H-17), 8.54 (1H, s, H-21), 7.63 (1H, d, J = 8.0 Hz,
H-9), 7.48 (1H, d, J = 8.0 Hz, H-12), 7.27 (1H, td, J =
8.0, 1.0 Hz, H-11), 7.21 (1H, s, H-14), 7.10 (1H, td, J =
8.0, 1.0 Hz, H-10), 4.40 (2H, t, J = 6.7 Hz, H-5), 3.13
(2H, t, J=6.7 Hz, H-6), 2.93 (2H, g, J = 7.5 Hz, H-19),
1.32 (3H, t, J = 7.5 Hz, H-18). *C NMR (DM SO-ds, 100
MHz) o: 161.2 (C-22), 149.7 (C-17), 148.5 (C-21), 139.9
(C-13), 138.4 (C-15), 1365 (C-3), 132.1 (C-20), 127.7
(C-2), 125.4 (C-8), 124.4 (C-11), 119.8 (C-10), 119.6
(C-9), 119.1 (C-16), 114.4 (C-7), 111.8 (C-12), 94.0
(C-14), 40.3 (C-5), 22.3 (C-19), 19.1 (C-6), 15.1 (C-18).
DAL # 5 Sk % 1) 18, 19-dihydroangustine—%%,
% e &) 7 4 18, 19-dihydroangustine.

a8 Wt R (CHOH), mp 247~
249 C » UV (CH3OH) A NM: 205, 224, 280. IR (KBr)
Nimax cm % 3277,1728, 1617, 1 470, 740.ESI-MS m/z
361 [M+Na]*. "H NMR (DMSO-dg, 400 MHz) &: 11.01
(1H, s, H-1), 7.37 (1H, d, I = 7.9 Hz, H-9), 7.32 (1H, d,
J=79Hz, H-12), 7.04 (1H, t, J = 7.9 Hz, H-11), 6.97
(1H,t, J = 7.9 Hz, H-10), 6.53 (1H, d, J = 4.3 Hz, OH),
5.40 (1H, g, J = 6.5 Hz, H-19), 5.29 (1H, t, J = 4.1 Hz,
H-17), 5.04 (1H, d, J = 5.6 Hz, H-3), 4.78 (1H, dd, J =
12.2, 5.2 Hz, Ha-5), 4.64 (1H, d, J = 12.6 Hz, Ha-21),
3.67 (1H, d, J = 12.6 Hz, Hb-21), 2.98~2.87 (2H, m,
Hb-5, Ha-14), 2.80 (1H, m, Ha-6), 2.72 (1H, m, H-15),
2.59 (1H, dd, J =9.0, 4.2 Hz, Hb-6), 2.41 (1H,t,J=4.8
Hz, H-16), 2.25 (1H, d, J = 10.2 Hz, Hb-14), 1.45 (3H,
d, J = 6.7 Hz, H-18). *C NMR (DMSO-ds, 100 MHz)
5: 168.1 (C-22), 135.9 (C-13), 135.0 (C-2), 134.9 (C-20),
127.1 (C-8), 121.0 (C-11), 119.7 (C-19), 118.7 (C-10),
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117.6 (C-9), 111.3 (C-12), 108.7 (C-7), 91.1 (C-17),
60.4 (C-21), 53.7 (C-3), 46.4 (C-16), 42.4 (C-5), 28.4
(C-15), 27.0 (C-14), 20.8 (C-6), 11.6 (C-18). LL |- %if
kO 1 naucleofficine D —3, W% e A
¥ 8 4 naucleofficine D.
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Structure verification of a recombinant chimeric anti-CD20
|gG1 monoclonal antibody

TAO Lei, RAO Chun-ming, GAO Kai, SHI Xin-chang, ZHAO Yang, WANG Jun-zhi”

(National Institute for the Control of Pharmaceutical and Biological Products, Beijing 100050, China)

Abstract: Structure of a recombinant chimeric anti-CD20 IgG1 monoclonal antibody was verified by
the application of high-performance liquid chromatography-mass spectrometry (HPLC-MS) and N-terminal
sequencer.  Molecular masses, N-terminal sequences and peptide maps of the antibody treated with different
reagents and enzymes were measured.  Results indicate that the amino acid sequences of light and heavy chains
and 10 disulfide bonds were consistent with theoretical structure. By comparison of molecular masses and
peptide maps for the fully glycosylated and deglycosylated samples, the N-linked glycosylation site was identified.
The method is simple, rapid, precise, and could be referred to the quality control and structure determination of

other 1gG1 products.

Key words: anti-CD20 IgG1 monoclonal antibody; structure verification; HPLC-MS
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FRHETT R R, JLBER AN 2 1 TR 2 146 000,
A 16 4 B, BAE 4 SRRk CRTBEA 12 S HEA
“dE, P Fo BUFERERB M . A SCE X R
BEAT AN KT A A B RSB 52 AR 23 7 i,
PPN EIEIR P Y BR3P K
BERALAL BT T 2 i

MR 5 A*

M TRIBEEE (dithiothreitol, DTT, 18 H
INALCO); filt Z, ¥t Jtz (iodoacetamide, 1AM, I [
Acros); fik N## LR F (peptide N-glycosidase F, PNGase
F 41 Sigma);, #E#R%UKN (W H TaKaRa); A
B R F & (Trypsin Singles, [ Sigma); £ B4
AR A

LK% (Bio-Rad, Miniproteind); % /I54% (Pharmacia);
T LRI (PVDF i, §L4% 0.2 um, Millipore);
N-A S U A (H A iy L), v RO i A (SE 1
Waters Alliance 2695); fiill# (Waters2996); {4 i +1:
(Symmetry 300, Cig, 3.9 mmx 150 mm, Waters); Jiiit
1% (Q-TOF-Micro, Micromass); Massynx 4.0 ¥4t
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BIRERRF 5
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R A 7K 78 43 3B AT IR T, O Al K F S I B
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30 V; AR 200 °C; JEil: 80 C; KATHE
HiJk: 5630 V; MCP HLJK: 2 300 V; 25 35144 ki
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i 20%3E N 5T TEAS 4 o
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(R B HTRE S 34T 34 . SDS-PAGE Jf-#5E1 PVDF Ji, %
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DUFPAX, e N-A s 14 ANEIER T
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Figure 1 Peptide maps of 1gG1 (reduced) digested by trypsin.
A: Detected at 214 nm; B: Total ion current detected by MS

Table 1 Comparison of theoretical to measured masses of
terminal peptides

Peptide Sequence Theoretical mass Measured mass  Differ.
L:T1? 1-18 1806.97 1807.07 0.10
L: T17-T18° 207-213 811.33 811.38 0.05
H: T1° 1-19 1959.08 1959.17 0.09
H: T40¢ 444-450 659.35 659.39 0.04

N-terminal peptide of light chain; °C-terminal peptide of light
chain; °N-terminal peptide of heavy chain; “C-terminal peptide of
heavy chain
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Figure 2 Peptide maps of 1gG1 (unreduced) digested by trypsin.

A: Detected at 214 nm; B: Total ion current detected by MS;
L: Light chain; H: Heavy chain

(T2-T9; T20-T26; T34-T39), 1T & 2 &5k
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Figure 3 MS spectrum (after transformation) of glycosylated
heavy chain and estimated structure of the glycon
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Figure 4 Peptide maps of glycosylated (A) and deglycosylated
(B) 1gG1 digested by trypsin
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Change of the content of chemical constituents and anti-oxidative
action of the decoction of Radix Ginseng combined
with Flos L onicerae, Radix Polygoni Multiflori and Radix Astragali

DU Qin-gin*? ZHANG Xu', SONG Feng-rui*, LIU Zhi-giang", LIU Shu-ying"

(1.Changchun Center of Mass Spectrometry , Changchun Institute of Applied Chemistry, Chinese Academy of Science,
Changchun 130022,China; 2. Graduate University of Chinese Academy of Science, Beijing 100049, China)

Abstract: Ginsenosides in the decoction of Radix Ginseng, Radix Ginseng with Flos Lonicerae, Radix
Polygoni Multiflori or Radix Astragali have been investigated by high performance liquid chromatography (HPLC)
and electrospray ionization mass spectrometric method (ESI-MS). Change of the content of ginsenosides
was nonlinear in diverse combinative proportion of Radix Ginseng with Flos Lonicerae, while the stripping of
ginsenosides was promoted by a small amount of Radix Polygoni Multiflori. In the combinative decoction of
Radix Ginseng with Radix Astragali, ginsenosides contents were increased compared to single decoction of
Radix Ginseng. Besides, ferric reducing antioxidant power (FRAP) method was devel oped for determination of
the total antioxidative activity of n-butanol and water-soluble extracts from the decoction. The experimental
results showed that antioxidative activity was better in the combinative decoction than that in single decoction,
and the FRAP values of n-butanol extract were also greater compared with that of water extract.

Key words: Radix Ginseng; Flos Lonicerae; Radix Polygoni Multiflori; Radix Astragali; combination;
antioxidative activity
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antioxidant power, FRAP) J&3& T4 43 Ji e 3 () Eb
ik, ARBGPUA A IE I8 I, A AR A IR,
NS 2P A I VE FH o B0 R 0 R IR B4 Ak
WEE, B, R T AR AR M Ascee
WEIEN S B AT B RN, B0 7 BL A T AT
YA 0 1E T RS U UK S B H i A g

MR5A*

e FikF  Waters 600 WA (Al AL (3£ H
Waters /A l); S5 Alltech 2000 775 & k6 2%,
1100 Series Hahitf4s (35 H Agilent 4 71]); Dikma
diamonsil Cyg f4i%4: (250 mm x 4.6 mm ID, 5 pum);
LCQ™ 7 Himi 25 2 2 A K IE A (36H Finnigan 24
fl)o

ANZ (Radix Ginseng) 4 H & MAEka 27, &
1t (FlosLonicerag). 3% (Radix Astragali). i 5%
(Radix Polygoni Multiflori) 14 QK& 25 (G 2itt
Bkt 40 H i), Y& Kd b e 25 K iU
Yoo, =R =HE (2, 4, 6-tripyridyl-s-triazing, TPTZ).
PUAIMAR (L-ascorbic acid, Vc) 635 H Sigma s 7

EY IR

NSO ORI RIS 5 g, N
7K 100 mL ¥ 45 min, Ji#AERSREH R (BFK 2 h),
HIFPIREEEGR, B0, B RIEoR4E 4 100 mL, i
95% L BEAF T LI A B 80%, FRE A, 1o
&, UEWORYE, HWELDE RS 25 mL =T, A

ANZ 5 SEAA RN R & KSR 5 A
2% 59, AlMAAREALTE (2. 5. 8. 11 #1 14
9) MI4ARAE, sk 150 mL, ¥ 30 min, bRl

PRI IK, BEHK 2he BIFPRIREEEOR, BL, &9F F
T, W44 100 mL, i 95% 2 B4R L
ik F) 80%, FRE ISR, I IELBRUTIE, IEIRAR,
S e AR 25 mL B, &,

ANZ 5y SR & KSR 5 A
2% 5 ¢, AR AR (3. 5. 10, 18 Al
27.9) M E S, bk 200 mL &2l 45 min, In#nlii
PP IK, BEHK 2he BIFPRIREEEOR, BL, &JF F
T, W44 150 mL, i 95% £ B4R L
ik R 80%, FRE ISR, I IELERUTIE, IEIIRAR,
S e AR 25 mL B, &,

AZ 5 IENH % RERR 4 B AS
%59, AIMAANFEEARE (2. 5. 8l 11g) 1
T, H7K 200 mL B 45 min, N3 el SR B R,
FR 2he SIFMOERIOR, B0, ST LiEW, W4d
%2 150 mL, J1 95% LB A ik 4 i 75 ik £ 80%,
FE IR, o uE R BRI, EBORYE, 430 O
HE 25 mL =i, &H

PUAALIGTERE S % FREIRA SRR 5 g, I
7K 150 mL 2 30 min, JFA RIS 2 K, BEIK 2 h,
I, AIEMREREGE, B0, A BT, EORK
454 100 mL o FH/KAEANIE TE 300 mL A0 2 %, &
HEEIET W, 4T, HPEE RS 25 mL &
W, HENE TR . KIZWBORF €% 50
mL S, .

FREREMRAE 11 g, W29, I E % 59, 450N
ANZ 5 g, LU IS TERE S ) Hl e TR 2. AT
AP, MBI 50 IE T B B R K B,
#%H.

SRREEIEESBEERIGRMG OIS HRE
35 C; {EREHE 92 C, AR 2.3 L'mint. K
P CER PERR BEVEIE: SBhAA  0.2% UK IR 7K 7
(A)— LN (B), BREBE: 0~2 min, 25% B; 2~47
min, 25%~52% B. Ji#h 0.6 L-min™, ¥iFfE 10
ploo JTTRE A DU SR ] AR B AR S, T ELCY miz
200~1 500, <& B4R 250 C, Mk 10 V;
T 60 arb (1 arb = 0.33 LeminY); flf /< it i%
12 arb.

EEtRILEY M WEARAL (Tecan GENios ELIASA,
Austria), f K 593 nm, KGR 37 C, Kk
[8] 5 min.

FRAP LM E L EMIME W E

X RO RS PR E Ve i IR 8.80 mg,
F 2 28 T 10 mL B, 755 mmol-L ™ 16 L i
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o B TS IR0 HE S TBUR RE B 0.5 mmol-L ™ (1)
W, &H .

FRAP JESZI R MH 7 KIS IR N 22 v
YW (300 mmol-L ™, pH 3.6), 10 mmol-L™* TPTZ (%
fift{E 40 mmol-L ™ £y ) A1 20 mmol-L ™ FeCls
DIAFAEE 100 10 THLBR A, FC R FRAPF] (Il
HOB L) o H Ve 6f JE S BRE S 5 ul I 96
b, 2 E i N FRAP %) 150 pL, & 593
nm AT O AT 4 min X FES R Sl R TR R B 1)
AAE (AA), BRI EE 5 FAT I T 6 1. FRAP
DA LL 500 pmol-L ™ Ve brdE, 54X (1) 5.

FRAP = AAgpid/ AAgandaa500 (1)

#ZR511E
1 FIERPASEEHNIBELTE

NS HMFIE KNSR 5 &me. fTE S, 5%
BEALR B W HPLC IR 1 s .
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Figure 1 HPLC profile of Radix Ginseng (RG), the decoction
of RG with Flos Lonicerae (FL); the decoction of RG with Radix
Polygoni Multiflori (RPM), and the decoction of RG with Radix
Astragali (RA). A: RG5g; B: RG-FL (59 : 11 g); C: RG-RPM
(59:50); D: RG-RA (5g:5¢g). Peaks 1-10: Ginsenoside
Rai1, Re, Rf, Rby, Rc, Rby, Rd, Ro, 20S-Rgs, and 20R-Rgs

I FH Ll S0 F A T % NS B AT A o)
B, ARG AT M 55— gLtk h R A SUAE X A T R R A
B, 2 RIS AT, RIS BT R,
WhsE TS K. N1 LLIE 7 (1 ESI-MS Bl (K12) b
B AT

Bl 2A o ) £ B TR K R U 7 1 ESI-MS
mz 945 Z& 7 REMAS BTN S T 55 7%
[M=H]", #EMILAIRT 5> FiE ok 946. Kl 2B 4& m/z
945 B MSP i, B o 823 miz 783, 621 il
459 = ANRE R TIE, SN N miz 945 B ER
1~3 AN /NHRBEIE, P mVz450 7 A SR
TRy B8 o 15 SCHRRIRR HE T 16 B il JE, T
DA 0 7 0T R RAGS P h Rde F RIREIR 5 32im] DA
Hf s JAhig, 1°-10° 043 51 o A2 1215 Rgi. Re. Rf.
Rb;. Rc. Rb,. Rd. Ro. 20S-Rg; fll 20R-Rgs.
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Figure2 ESI-MS spectra of peak 7 (A) and ESI-MS? spectrum
of m/z945 ion (B)

2 ASE5ERUEMAIEFASEETNHR
SAAE T S A R BT sy, TEAREN
BT ANS BRI 58 BA — 2 i m . WE

1B¢ﬂu%$,m%$ﬁm¢&%T%,E%mé

Tl g L NS B Rgy (17 1%) . Re (2°1&) ik

AR A, FrUSE RS IAXS H, X8T Rgy M

Re )& .
WXk E, N2 He84E0L 5:8 5: 11
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A5 14 AR, WA BT S EEILA
Mg e, b 5011 MR E R,
MEL 5 : 5 LUBIEC A I NS 2 i & i i ik M
FHAAR R G EKRE, SR RL N
(& 1). 5SASMEEMLL, SFHERRA ST Ro (1)
SRR, Rf. Rb,. Ro. 20S-Rgs Il 20R-Rg; 1+
EAEFALLEE 5 0 11 R R & s e AR
Leflie 5: 2 i 5: 5 1, R AF Rb. Re (& &
BEAG B 2 o SR I AL h B A T
] D-Glan. CCl, 5 & [ 45145 1) Ro FLE A Hussid
PEF Rgs #900 .
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Table 1 Peak area of ginsenosides during combination of RG
and FL

} Peak area (x10°)

Ginsenoside ['\gln:/':)] RG RG : FL
5g 5:2 5:5 5:8 5:11 5:14
Rf 799 166 239 235 232 296 268
Rby 1107 2101 1648 1549 1897 21.60 1827
Rc 1077 1340 904 883 1491 1475 1502
Rb, 1077 1028 1088 1075 1210 13.16 13.39
Rd 945 822 770 721 855 662 846
Ro 955 454 593 562 927 1171 1023
Rgs 783 203 188 189 580 979 803
20R-Rg; 783 — 145 166 418 596 4.36
Sum 6114 5570 53.80 76.09 8655 80.44

3 AB5MESRASEFASEFNAR

NS M SR 2 AR, A i
T e Sy, AR ASEITME L. wE 1C 5% 2
JioR, EEANS S50 BB LG R 505 I, B+
NS BT 1B s B b5 e B o 386 KA B 3 1 I N =,
B BB AR S5 AN S I A . I 7 5
JEEH R R A Y E 20R-Rg,, LA
TFAEAN [ b A3 AL 1 s T s - 75 NS
S SRR LB 5 50k 50 3 A 5 5 I, R W
AR o R R K R 24 Rby Re. Rb 1 Rd
(& gmhn, HA/DE 20R-Ros 24k, 32 i K fa g
B mANEJG, KT AR, Ry &IL
FPE R 0B R IG 0, T Re 20 TR TR AR R
4 ASEEERASEPASEFHAR

2 3 AW, ARG, WHTHIASETR
BN, SR ENIAG AT AS BT,
{2 S B R T R HE AN A2 B I N = TR 1Y
MR BBl 5 2 IEWH Rf. Re
HI Rb, (15 B4 Ry 1 20R-Rgs (125 &8 B A1 Eb 41

Table 2 Peak area of ginsenosides during combination of RG
and RPM

Peak area (x10°)
Ginsenoside M HI' TRg RG : RPM
(m2) .

5g 5:3 5:5 5:10 5:18 5:27
Rby 1107 2101 2456 2191 1809 20.10 17.38
Rc 1077 1340 1453 17.92 1047 10.63 12.60
Rb, 1077 1028 1516 1423 976 879 10.94
Rd 945 822 1090 1200 7.55 834 481
Ro 955 454 573 7.37 387 458 483
Rgs 783 203 242 288 437 569 547
20R-Rg; 783 — 159 147 250 317 233
Sum 5048  74.89 77.78 56.61 61.30 58.36

Table 3 Peak area of ginsenosides during combination of RG
and RA

} Peak area (x10°)
Ginsenoside ['\gln:/':)] RG RG : RA

59 5:2 5:5 5:8 5:11
Rf 799 166 190 155 140 159
Rby 1107 2101 2451 2246 2703  26.70
Rc 1077  13.40 1596 1418 1472 15.30
Rb, 1077 1028 1552 1236 1169 12.12
Rd 945 822 1123 1144 1058  9.63
Ro 955 454 701 608 656 694
Rgs 783 203 179 199 239 252
20R-Rg; 783 - - 095 142 137
Sum 61.14 7792 7101 7579 76.17

J& 5 8N IAF e, 1 Ro WIAE 50 2 I i Ko

SCHRORIE, A2, B RS R A R A
NS BT, WERT. RINAAR. -2 5 TR
SERLAY, IR B A TR T A A S AR
SO 4 35 R 28N A FEEATIE R D), R T A B S
TS I BC AT U RE S iR T e e R B g TR AT
R, RIS T i HLAAR AR S R e 1 S e T e
5 MELFEENE

FIFH FRAP J53, LL 500 pmol-L ™ i i i %o}
W, WE T ASHR (5 9) AS 5 SHEI K
(59:11g) A5y LA (59:59) A
Z 5 EILFEE (5 9:2 g) MIE T FEEREUAIK
FEEUP) FRAPH, 45w 3 is.

M 3T LA H, N S 52 R K S B 1
FRAP {5 T 1E T RESEEY), 3E NS LRI K 32
B b a s v T 0E T B3 ) o 1 7E NS 54
H . SR EERILEE T, IET BRI
PEOD B KRB, RNt TAS, MES. &
B B R E T B 1) FRAP{EZ AL, fi]
T, S, WS ANSEMG, Rl NS 81T



- 760 - Zj2E 2% 4R Acta Pharmaceutica Sinica 2010, 45 (6): 756- 760

4000
3500 — A
3000
2500
2000
1500
1000

500

0 . EI i :' i

RG RG-RPM RPM RG-FL FL  RG-RA  RA

1800
1600 ] — B
1400
1200
1000
800
600
400

" lmw

RG RG-RPM  RPM  RG-FI FI RG-RA RA

FRAP/ pmol-L"!

Figure 3 Chart of FRAP values of n-butanol (A) and water-
soluble (B) extracts from RG and the decoction of RG with FL,
RPM, RA, separately
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AR B BT AR SR P R o R, D
A5 1T BE S U 1) P4 v P ANz 3 v 1 A
ZHFR, e T ASHM S, S8k, HEMp
HIZ R

ANZ 5G5S 008, I RAE /KRR
PP AL TE M 5 P B P TS P2 FARE, L
NS R ) K B BT A A 5 2 15 o T BB 11 Jit DR A2 o]
TR RS K B AT B US TS B OF . OH™ [ i3,
R H B I PR AR AR T B S AR AR KR M
Ho0, 77 ELEE I WA, bk B /M,
it

W NS IS 3 FheHwk b 24 AT S K
HO P LR A S BN ER M, KNS
AN R 2G AT N S B IR A — B, (H A4
1, ESRAE R TR T A S84 20R-Rgs;
HH, FRAP &R BoR, ASHME Y, S84E. KK
BeAh s, $EEA) BT A AT P B S s

IMNAS TR IR o 2068 N 22 524 77 A4 1) 5 i 45 AN A
), EL R 24 14 i N S [ A n) A 45 Bk N 2 4
FEAARAE . N FRAP VA HGEAT e 7 A S 54
I] v 24 O AT A PO AA A 5 1k AR A o T T 3k AR A [ i
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ERABRRYPHMEE. MEZREKXRRKRFIEE DR SHOH

WEH L RAFY, Bk, FEA FAEX?

(1 FIRUPEEZY K, T Mal 210046, 2. | ZRAEM TSRO EmG RAT, |74 T 510016)

FEE: A HT BAG AR o R . At B 30 K SRR VBORN S5 v (R A 5 v, AN S 45 4 B SD K RI%E 48
WHEBRARRY 3 K, T8 3 R&AZLE, WHE 0~24 h (HEMEM 0~4, 4~8 1 8~24 h (KR, i
UPLC-Q-TOF/MS i %5 Metabolynx ™ #1443 M. 45 SRR, 6K A 20 R A7 A Al B 1 S 3L 6 MR =4
W R IE A A=), 70 23S P AR e R T 2L 3 AR AR 3 I 2 NI E

EHRIR: BAGLL, M MR AR ); UPLC-MS

FE 2235 R969.1 XHkFRIRED: A

X E 43 0513-4870 (2010) 06-0761-06

UPL C-Q-TOF/M S analysis of naringin and naringenin and its metabolites
in rat urine and feces after intragastric administration of alcohol extract
of Exocarpium Citri Grandis

SUN Guo-ling', QIAN Da-wei’, DUAN Jin-ad', L1 Xiang-ming?, WAN Jian-yi®

(1. Nanjing University of Chinese Medicine, Nanjing 210046, China; 2. Huazhou Green Life Co.,Ltd., Guangzhou 510016, China)

Abstract: To analyze naringin, naringenin and its metabolites in rat urine and feces after intragastric
administration of alcohol extract of Exocarpium Citri Grandis, healthy SD rats were fed with alcohol extract
of Exocarpium Citri Grandis for 3 days. On the last day, 0—24 h feces and 0—4 h, 4-8 h, 8-24 h urine were
collected and analyzed by UPLC-Q-TOF/MS. The post-acquisition data were processed using Metabolynx™.
Theresult is that naringin and its 6 metabalites, naringenin and its 4 metabolites were detected in the urine of rat.
Meanwhile, naringin and its 3 metabolites, naringenin and its 2 metabolites were detected in the feces of rat.

Key words: Exocarpium Citri Grandis; naringin; naringenin; metabolite; UPLC-MS
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;M SD KW, HENE, 7~8 RS, K, AR
i (240 + 10) g, B B s SR A A R TTAT A
AR, AHAIES SCXK (¥Y) 2007-0005.
UPLC #&M &4 Aik: Acquity UPLC BEH
Cig 1.7 um (100 mm x 2.1 mm, 1. 7 um) £E; HahAH:
5 (A) — 0.5%IME R /K (B) BREEVEME (0 min, 3% A,
3~8 min, 13% A, 12 min, 20% A, 17 min, 35% A, 22
min, 60% A, 30~32 min, 95% A, 34~36 min, 3% A);
FEIR 35 °C; Y 0.4 mL-min ™, #EFEE 5L,
MSHM&FH  ESIUE, 57 ES + B, B
AN R 3KV, HEFLHLE: 40V, B 7RI JE: 120 C,
RS 350 C, HEALAUA: 50 L-h, i

iR 600 L-hY, ffEAE B (6~40V), B FREE:

1V AT e R S s R - ik ME K (Leucine-
enkephalin, ESI": m/z 556.277 1, ESI": m/z 555.261 5)
IR BUE IR . A4S I mz 100~1 000, %
PR T AR centroid 5 MSE, R 0T R
ERyEL (MDF).

ERLAERYGIE BB 300 g,
70%Z ¥ 8 fi5 i, F‘i@ 1h, [AIFEFEEC 3K, H 1K 15
h, JEWIXSH 1 h, F9F 3 WIEW, JEKYE4 100
mL, bR THE MR 269.3 mg. Al % 0.688
mg. M EF=ZT A T 42 3 9.

T ERMRIARAHI & HOR Rl R Z 0 R
P 3 590 ) B R BRI B O 21,4 F1 28.1 ugrmL ™ (1%}
R VIR o

TEHREEAHEHEE I SD KR 6 A,
BENLA R AL RIZR 2920, 45 25R145 € 12 h (B Bk
K), 1% 16 mL-kg ™t AR, 4 HIHET 2R KA EE

PESVEVEN N

IR B H 1K, LA 2 3R, RiIRG 2,
4 0~4. 4~8 Fil 8~24 h [F KA 0~24 h [FAE.
K ) — NF ] B 1 45 245 K BURH 2% 1 K U 43 ) 4 9,
HHURW 1L mL, MZAE 420 ul, 0> 10 min (10 000
rmin~), BCRGE BRI o A4 2 RURIAS K U 3%
fHE MG IE, DERS), L glin 70%Z M5 3 mL,
7 10 min, #RJ5E0 10 min (10 000 r-min ), H{ L
W05 mL, INZE/K 670 ul, E5L» 10 min (10 000
rmin ), BT, AR S CIRE S S 29 JE R

ABALIE KRR TS Al E T A AT RE AR
Phg R BRI R A R R
s MM TREMIRIHR R FIEh. Otk AR
1o FRAG PRI TR AL « BRI TR AL « F2 AL P TR PR AL
T 1 A R T TR Ak« UL B T R A L D B A5 i N
Metabolynx #f}: Metabolite List % EH, it sdiits
W% 7236 H <10 mDa, # A1 B AR 4 R AR 1 Bl S ik
A B IR EAT 73BT

#R
1 A75# 5 UPLC-Q-TOF/IMS 4 #f

AR SSRGS 245 PRI S RE 9708 T 4%
PERHRE TREWE 1, FIEE AT, B2
W ARG BN 1 A
2 KRR®&. EEPHEE. MERREREI
¥E
21 HEAE

K Metabolynx % {1-F UPLC-Q-TOF/MS K4k
(1 MSE s HEAT Kb 3, XA DU % K98 (MDF)
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Figurel Total ion chromatogramsin the positive mode of the samples.  A: Blank urine sample; B: 0—-4 h drug-containing urine sample; C:
4-8 h drug-containing urine sample; D: 8-24 h drug-containing urine sample; E: Blank fecal sample; F: 0-24 h drug-containing fecal sample
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b BE R B A, FH TS AR A B O R R 25 AR
., 2 Metabolynx %cAbBER, #0021 (1K UK
TSI R R T Ml 3 LR R 1.
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al PAFAE Mz 579 A5 ML (tg = 11.0 min), BEAL
IAE— R A Mz 579, 459, 271, 150 %, I
Mz 579 [M—H] 7> 737U, 5Bz 10 5 A ],
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5 I 1] BE PRV B SEAEAE b A7 AE mVz 271 k&
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U, R Fons RS R, R A L A Al R 2R

WS N RE LR AN S, AT DA AE T
AR i p-#IBEIF Y (broad-specific f-glucoside
enzyme, BSBG) /KN oG, A5 LA ol oot
— BTG B 25 P ) G S NE R R G5 BT BAK R
PRI A B 35— 90 1 B A £ BE S Hh A % 22 D
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b P ERAEAE AN miz 755 [M—H] 4L &4 M3 Fil M4
(tr 20510 3.6 F1 8.1 min), #4402t i 3= B
J B A Mz 755 [M—H] . 579 [M—GIc] . 459, 271
[M—GIc-Rutinosg] , m/iz 755 [M—H] &4 & Uik,
HED X PR AN A0 ok Al Bz 7 (0 0 T R A 0 o
FEAF 57 4 PR TT LS AR R, T
WSS HEAAH R, #AEAE miz 579 [M—Glc] #EF, &
RKIL miz 635, 326. 295 fi i, KHIAE KR RDA %4

fift 2 T O 2 R AR R, D iR
naringin-5-O-glucuronide ! naringin-4'-O-glucuronide,
QVIEREPRR SN

TEFATRES T, tr 2l 3.6 min Ab7EAE Mz 755 [M—
HI R4S M3, I g3 b el Bz T 1) a1 1R A Qi
Yo M3 —ANRh B TR IR AC ) M4 EIR R
o

T KBRS B[R] B R i T A7 AE iz 623 [M—H] ™
L& M5 (tg = 4.4 min), MALSWIAE— K5
H Mz 447 [M-GIc] + 271 [M—Glc—Glc] ) = ZrE
B, DRl R 2 BB IR AU, Bh TR R ER
7-OH. 4-OH.5-OH #B 1] LL & & ikl IR, 450 7-OH
FI 4'-OH 254571 Bl 1 B2 5% 5-OH Fl 4'-OH & &5 1l i
FiR, IR H L miz 326, 295 [#E 7, 454 7-OH
I 5-OH 45 G HibERERR, W B miz 502 [RRE 25
T, AHEE— RS AR I Mz 326, 295, 502
FBT, RWITERE RDA ZLR 2 1T O 42 R b
378

5 IS 1) B PRV S S A S P AR AE iz 447 [M-H]™
RIALA ) M6 (tr = 10.3 min), AL S WI7E— 2% it i o
H m/iz271 [M—GIc] . mVz 150 ) 3R B T, R
Filt Bz 5 AT RIS BR QU o Wb Yz 25 T LA 7-OH.
4'-OH. 5-OH Wit IR45 51, 1741 Mz 326 (Y T
BT g, JE i RDA AR, freHEN Y & A R 2%
5-OH 5l 7-OH 45 i BE I B2 1K1 7~ 40
223 BURMBRUEYHEE AW 4~8 h HZK
WRE S TP AEAE miz 675 [M—H] L&) M7 (tg = 2.0
min), Ak G ) — T B B U mz 579

Tablel Reviewed metabolite summary for naringin and naringenin by Metabolynx software

No. Mass Metabolite Formula Mass difference AM; tr/min Source

M1 580.179 2 A: parent C27H32014 —0.001 4 -14 11.0 Urine-1, 2, 3, Feces
M2 272.068 5 B: parent Ci5H120s —0.005 2 51 15.3 Urine-1, 2, 3, Feces
M3 756.211 3 A+CgHgOp Ca3H10020 176.023 4 -45 3.6 Urine-1, 2, 3, Feces
M4 756.211 3 A+CgHgOp Ca3H10020 176.036 2 41 8.1 Urine-1, 2,3

M5 624.132 6 B+2CsHsOs Co7H28017 352.055 5 -8.6 4.4 Urine-1, 2,3

M6 448.100 6 B+CsHgOs C21H20011 176.031 6 -05 10.3 Urine-1, 2, 3, Feces
M7 676.130 9 A+0O+S03 C27H32018S 95.946 5 -5.2 2.0 Urine-2

M8 660.136 0 A+SOs C27H32017S 79.957 3 0.5 6.4 Urine-3, Feces

M9 352.025 3 B+S0s C15H1208S 79.953 4 -35 135 Urine-2, 3

M10 596.174 1 A+O C27H32015 16.004 5 9.6 7.9 Urine-3

M11 772.206 2 A+0O+CgHgOs Cs3H40021 192.036 9 9.9 4.4 Urine-3

M12 528.057 4 B+S03+CsHsOs C21H20014S 255.980 2 -8.8 55 Urine-1, 2,3

M13 622.189 8 A+CH3CO C29H34015 42.001 8 -8.8 13.7 Feces

M14 274.084 1 B+2H Ci5H140s 2.0120 -3.6 15.8 Feces

A: Naringin; B: Naringenin; Urine-1: 0—4 h drug-containing urine sample; Urine-2: 4-8 h drug-containing urine sample; Urine-3: 8-24 h
drug-containing urine sample; Feces: 0-24 h drug-containing fecal sample
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Figure 2 Chemical structures of naringin, naringenin metabolites identified in the drug-containing urine and fecal samples and

their proposed major metabolic pathways. GIcUA =glucuronyl unit; Ac=acetyl group. a Glucuronidation; b: Sulfation; c: Acetylation;
d: Hydroxylation; e: Hydroxylation + glucuronidation; f: Hydroxylation + sulfation; g: Loss of rutinose; h: Reducion; i: Sulfation +

glucuronidation; k: 2xglucuronidation
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Development and validation of a liquid chromatography-isotope dilution
tandem mass spectrometry for deter mination of olanzapine
In human plasma and its application to bioavailability study

ZHANG Meng-qi', JIA Jing-ying', LU Chuan, LIU Gang-yi*, YU Cheng-yin?, GUI Yu-zhou?,
LIU Yun, LIU Yan-mei, WANG Wei*, LI Shui-jun’, YU Chen"

(1. Central Laboratory, Shanghai Xuhui Central Hospital, Shanghai 200031, China; 2. College of Traditional Chinese Medicine,
Shanghai University of Chinese Traditional Medicine, Shanghai 201203, China; 3. Shanghai Clinical Research Center, Shanghai
200233, China; 4. Department of Emergency |CU, Shanghai Xuhui Central Hospital, Shanghai 200031, China)

Abstract: A simple, reliable and sensitive liquid chromatography-isotope dilution mass spectrometry (LC-
ID/MS) was developed and validated for quantification of olanzapine in human plasma. Plasma samples (50 i)
were extracted with tert-butyl methyl ether and isotope-labeed internal standard (olanzapine-D3) was used.
The chromatographic separation was performed on XBridge Shield RP 18 (100 mm x 2.1 mm, 3.5 pm, Waters).
An isocratic program was used at a flow rate of 0.4 mL-min™* with mobile phase consisting of acetonitrile and
ammonium buffer (pH 8). The protonated ions of analytes were detected in positive ionization by multiple
reactions monitoring (MRM) mode. The plasma method, with a lower limit of quantification (LLOQ) of
0.1 ng'mL*, demonstrated good linearity over arange of 0.1 — 30 ng'mL " of olanzapine. Specificity, linearity,
accuracy, precision, recovery, matrix effect and stability were evaluated during method validation. The validated
method was successfully applied to analyzing human plasma samplesin bioavailability study.

Key words: olanzapine; liquid chromatography-isotope dilution mass spectrometry; plasma
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FEE: @rfE. nlaE. RGN RIAL ZRERE TG I A i 2 o BT IR BE o 50 pb I3 A i R I FS i R
g (BECT-D3) AWER, S5 T Ik FERIUS HEFE 8. (il%4 4 XBridge Shield RP 18 (100 mm x 2.1 mm,
3.5 um, Waters). ZJE-2Eohil (ZUK-BEIR%:, pH 8) AUz, S5 Ye, Wik 0.4 mL-min . F14i757 N IE &
TE2E RN (MRM). &8 RN 0.1ngmL ™, LEVEE R 0.1~30 ngmL ™t SFRERE . debh . HERGE
FEBTE . BISCR . A RN IAT T 7525 % 5%, BT I RF& 2k, ] DU F B0 I A S5 o
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Olanzapine (Figure 1) is an atypical antipsychotic, approved by the FDA for the treatment of schizophrenia
Olanzapine is a serotonin-dopamine-receptor antagonist

Received 2009-12-15. . . .
“Corresponding author Tel: 86-21-54030254, Fax: 86-21-54043676, indicated for the treatment of schizophrenia and other

E-mail: chen-yu@online.sh.cn psychotic disorders. The drug is well absorbed from
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Figure1l Chemical structures of olanzapine (1) and D3-olanzapine
@

the gastro-intestinal tract. Food has no effect on its
absorption™.

There are several determination methods, HPLC-
UV, HPLC-ECD®!, GC-NPD™! liquid chromatography/
tandem mass spectroscopy (LC-MSMS)P® @ published
for the measurement of olanzapinein previous researches.
However, a main drawback of LC-MSMS is matrix
effect from urine and blood samplé”.  The use of stable
isotope internal standards may effectively overcome the
problem of matrix effect as they have almost identical
chemical properties but are easily to be distinguished
in the MS analysis. Therefore, isotope dilution mass
spectrometry (IDMS) is capable of providing very
accurate and precise results and suitable as reference
method!®.

Most of the previous researches have been reported
solid phase extraction (SPE) as the method of sample
preparation, it is effective for remove interferences but
may be too cost for large amount bicanalysis® ™.
Liquid-liquid extraction was adopted in this study,
which not only simplified the process but also saved the
analytical time.

Based on previousdy published LC-MS/MS
method™ ®, a liquid chromatographic-isotope dilution
tandem mass spectrometry (LC-ID/MS) was devel oped
in this study and validated for the quantification of
olanzapine in human plasma by spiking stable isotope
olanzapine-D3 as an internal standard. A single step
liquid-liquid extraction was adopted for sample prepa-
ration. IDMS has been proved to be a definitive
technique providing results with unchallenged precision
and accuracy, and is well suited for building areference
method*®.  Here we proposed an IDMS method
for smple, reliable and accurate determination for
olanzapine in human plasma. The method has been
successfully applied to a biocavailability study in 24
Chinese healthy volunteers following oral administration
of two brands of olanzapine tabl ets.

Materials and methods

Reagents Olanzapine (99.9% purity) was provided
at Dr. Reddy’s Laboratories Ltd. (India), and compound
2, olanzapine-D3 (internal standard, 1S, 98% purity)
was purchased from Toronto Research Chemicals Inc
(North York, Canada).

Instrumentation The liquid chromatograph
system (Shimadzu, Kyoto, Japan) was equipped with
two LC-20ADvp pumps, a DGU-20AD3 vacuum
degasser, a SIL-HTC autosampler and a controller
module. Mass spectrometric detection was performed
on an API 3000 triple quadruple ingrument (ABI-SCIEX,
Toronto, Canada). The data was acquired and processed
with Analyst 1.4.2 software package.

Sandard solutions Stock solutions of olanzapine
(1.022 mgmL™) and IS (25 pg'mL™) were prepared
with methanol. Working standard solution of olanzapine
was diluted with 80% methanol solution.  All standard
solutions were stored at 4 C. Calibration standards
(0.1, 0.2, 1, 5, 10, 20, and 30 ng'mL ") were prepared
by spiking the working standard solutions of olanzapine
into human plasma. Dilutions were used to prepare
four levels of QCs, 0.1, 0.25, 15, and 25 ngmL " in
human plasma. QCs were stored at —30 C.

Sample preparation All frozen human plasma
samples were thawed at ambient temperature.  To
a 1.5 mL polypropylene test tube, 50 uL of plasma
sample, 5 nL of 1S (25 ngmL ™) and 5 puL of sodium
hydroxide solution (0.1 mol-L ™) were added. It was
subsequently spiked with 0.5 mL tert-butyl methyl
ether and thoroughly mixed for 45 s. Following
centrifugation at 16 000 r-min* for 45 s, the upper-
layer of organic solvent was transferred to a clean tube
and evaporated to dryness at 40 ‘C under a stream of
nitrogen. Afterwards, the residue was reconstituted
with 100 uL of 80% methanol and thoroughly mixed
for 30 s. Finally, 5 uL of the sample was injected into
the LC-MSMS system.

LC-MSMS conditions The chromatographic
separation was performed on a XBridge Shield RP 18
(100 mm x 2.1 mm, 3.5 um, Waters, Ireland) at room
temperature.  An isocratic programming was used at a
flow rate of 0.4 mL-min* with mobile phase consisting
of 80% acetonitrile and 20% ammonium buffer (0.02%
ammonia water-5 mmoL-L ! ammonium acetate, pH 8).
The samples were kept at 4 “C in autosampler and 5 pL
was injected.

The mass spectrometer was operated in the positive
ion detection mode with the spray voltage set at 1.1 kV.
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The heated capillary temperature was 450 ‘C. The
nitrogen sheath gas and the auxiliary gas were set at
12 and 8 ps (1 ps =~ 6.9 kPa), respectively. Tandem
mass spectrometry analysis was carried out on an API
3000 triple quadruple instrument (Applied Biosystems,
America) using multiple reaction monitoring (MRM)
detection.

Method validation The method was validated
for specificity, linearity, lower limit of quantification
(LLOQ), intra- and inter-assay precision and accuracy,
matrix effect, recovery, and stability according to the
recommendation for the bicanaytical method validation
by FDA (2001).

The method specificity was evaluated by screening
six different batches of blank human plasma prior to the
main validation batches. These batches were spiked
with known concentrations of olanzapine at 0.25, 15,
and 25 ng'mL*, extracted and analyzed aong with a
calibration curve prepared in one of the six batches to
demonstrate the lack of chromatographic interference
from endogenous plasma components and batch-to-
batch variation.

The linearity for olanzapine was evaluated over
the range of 0.1-30 ng'mL™. A linear regression
model with 1/x weighted factor was constructed based
on the measured peak area ratio of olanzapine to the
IS versus the nomina concentration, where x is the
concentration of olanzapine, was fitted to each standard
curve.

QCsat four concentration levels (0.1, 0.25, 15, and
25 ng'mL ™) were analyzed to evaluate intra- and inter-
assay precision and accuracy of the method, with six
replicates for each of the three randomized batches.
Precision was expressed as RSD% for replicate mea-
surements and accuracy (%) by the percentage of devia-
tion between nominal and calculated concentrations.

The matrix effect was assessed by comparing
the peak areas of analytes from the standards spiked
after extraction and the pure QC standards at the
same concentration levels.  The recovery was assessed
by comparing the standards spiked before and after
extraction at three concentration levels (0.25, 15, and
25 ng-mL™Y).

The autosampler stability was assessed by keeping
the processed QCs at 4 C for 18 h. The freeze-thaw
stability was evaluated by analyzing the QCs after three
cycles from —30 ‘C to room temperature. The plasma
samples were analyzed for bench top stability after
placed at room temperature for 20 h.

Clinical application  The developed method
was applied to determining the plasma concentrations
of olanzapine from 24 Chinese young healthy subjects
for a bioavailability study of two olanzapine tablets.
The study was approved by the Ethics Committee of
Shanghai Xuhui Central Hospital. Each subject was
informed of the purpose of the study, and informed
consent forms were obtained.

Results and discussion
1 Optimization of chromatographic conditions

Many reports described a liquid chromatographic
mobile phase with acidic methanol and water® .
However, distorted peak tailing was observed in our
LC-MS/MS system under such a mobile phase condition.
In this study, anmonium acetate-ammonia was used to
take the place of formic acid!” ** * which is widely
used in previous research to adjust the pH to 8. The
alkalescency mobile phase was proved to have a better
peak without tailing peak. The precursor-to-product
ion transitions 313—256 amu for olanzapine and
316—256 amu for IS were monitored with the collision
energy set at 32 eV (Figure 2). The LC-MSMS
chromatograms of plasma samplesare shown in Figure 3.
2 Optimization of sample preparation

In order to increase the extraction recovery, NaOH
solution (0.1 mol-L %) was added to adjust the pH value
to 10 as olanzapine is an akaline compound. The
recovery was enhanced 20% by using the akaline
modifier. In addition, different extracting agents were
tried. Finadly tert-butyl methyl ether was selected
considering the volatility and recovery rate.

In the process of extraction, the toughest problem
was the absorption of olanzapine. Different concen-
trations of solvent, different tubes and different sample
preparation times were tested to find the causes of
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Figure 2 Product ion mass spectrum of protonated ions obtained
from olanzapine
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Figure 3 Representative LC-MS/MS chromatograms of

olanzapine (OZP) and D3-olanzapine (IS) in human plasma.
A: Blank human plasma; B: LLOQ plasma sample with 0.1
ng'mL ' olanzapine; C: Human plasma sample collected 4.0 h
after an oral dose of 10 mg olanzapine

absorption. The result indicated that 80% MeOH was
the best solvent (recovery 90.6%). 1.5 mL pdypropylene
centrifuga tube was the most suitable tube (30% signals
loss). The reconstitution process which absorbed huge
amount of olanzapine directly lead the recovery rate
dropped from 87.5% to 67.2%, so the mix and cen-
trifugation process was designed as quickly as possible.

3 Method validation

3.1 Specificity Blank plasma from six batches was
tested for endogenous interferences. The olanzapine
retention time region was free from interferences.  The
back-calculated values from all six batches, spiked
at concentrations of 0.25, 15, and 25 ng-mL ™ for
olanzapine, the RSD was less than 7% and the accuracy
was 94.9%—108%, respectively, indicating no significant
batch-to-batch variation.

3.2 Linearityand LLOQ Linear regression anaysis
for olanzapine was performed by using internal standard
method. Olanzapine fixed good linearity over ardatively
wide concentration range, and the mean correlation
coefficient (r) was 0.999 3. Based on the standard data
presented here, it was concluded that the calibration
curves used in this method were accurate for the
determination of olanzapine. The LLOQ was 0.1
ng'mL ™ for olanzapine with a signal to noise (S/N)
over 6. Though LLOQ is adequately low for olanzapine

guantification, the sengitivity is achieved using a limited
sample volume of 0.05 mL plasma. The extracts were
diluted two folds in the reconstitution step and only
5 pL was injected onto LC-MS/MS for analysis. This
indicates that a more sensitive linear range could be
achieved if it is necessary for future studies.

3.3 Accuracy and precison A summary of the
individual QC data is obtained in the three runs for the
validation. Theinter-batch precision RSD of the assay
was no more than 11% at four concentration levels of
the QC samples, the RSD for intra-batch precision was
less than 4%. The inter- and intra-batch accuracy of
the assay ranged from 93.7% to 105%. The assay for
olanzapine was accurate and precise between runs and
within individual run for each level.

3.4 Recovery and matrix effect The mean recoveries
of olanzapine at 0.25, 15, and 25 ng'mL’l were 82.6%,
88.4% and 86.9%, respectively. The mean recoveries
of IS were 76.3%. Both these replicates presented
with a RSD of lessthan 12%.

The method demonstrated that ionization efficiency
of analytes from plasma was suppressed with a mean
peak area ratio ranging from 64.9% — 76.3%, 71.8% for
olanzapine and IS obtained from the post-extracted
samples.  No interferences from other compounds
present in plasma were observed to the analytes assay.
But the accurate quantification could still be achieved
even with the presence of the matrix effect under our
experimental condition, mainly owing to the using
of isotope dilution mass spectrometry. To date, no
significant interferences from endogenous substances
were observed during the process of method validation
and sample assay.

3.5 Sability The olanzapine stabilities were inves-
tigated in autosampler, after three freeze-thaw cycles,
and on bench top, separately. The results expressed as
RSD were 6.5%, 2.8% and 4.2%, respectively. The
good stability of olanzapine simplified the precautions
needed for laboratory manipulations during the assay
procedures. In addition, stock solutions were shown to
be stable at 4 °C for 4 weeks.

3.6 Application study The described LC-ID/IMS
method was successfully applied to determining the
human plasma samples of olanzapine up to 144 h after a
single oral dose administration of a 10 mg olanzapine
tablet to 24 healthy volunteers. Figure 4 showed the
concentration-time curve of olanzapine after an oral
administration of 10 mg reference and test olanzapine
tablet.
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Figure 4 Concentration-time curve of olanzapine after an oral
administration of 10 mg reference and test olanzapine tablets

Conclusions

A liguid chromatography-isotope dilution tandem
mass spectrometry was devel oped for the quantification
of plasma olanzapine. No interference with the LC-
ID/MS method from endogenous substances has been
observed. Thevalidated method has been successfully
applied to the determination of olanzapine in the
plasma samples collected from bioequival ence study.
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Abstract: This study involves mathematical simulation model such as in vitro-in vivo correlation (IVIVC)
development for various extended release formulations of nimesulide loaded hydroxypropylmethylcellulose
(HPMC) microparticles (M1, M2 and M3 containing 1, 2, and 3 g HPMC, respectively and 1 g drug in each)
having variable release characteristics. In vitro dissolution data of these formulations were correlated to their
relevant in vivo absorption profiles followed by predictability worth analysis of these Level A IVIVC. Nimaran
was used as control formulation to validate devel oped formulations and their respective models. The regression
coefficients of IVIVC plots for M1, M2, M3 and Nimaran were 0.834 9, 0.831 2, 0.927 2 and 0.898 1, respectively.
The internal prediction error for all formulations was within limits, i.e,, <10%. A good IVIVC was found for
controlled release nimesulide loaded HPMC floating M3 microparticles. In other words, this mathematical
simulation model is best fit for biowaiver studies which involves study parameters as those adopted for M3

because the value of its IVIVC regression coefficient is the closest to 1 as compared to M1 and M 2.
K ey wor ds: nimesulide; modeling; HPM C; Wagner-Nelson method
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Due to the understanding of disease nature,
particularly of chronic diseases, thereis a growing need
for the development of controlled and continuous rel ease
drug delivery systems for several biopharmaceutical,
safety and patient compliance issues™.  To know more
about the relationship between chemical properties and
movement of drugs throughout the body, drug discovery
scientists are largely conducting pharmacokinetic stud-
ied?.  This situation necessitates the devel opments of
simulation models for the prediction of pharmacoki-
netic performance of drugs instead of repeatedly using
living subjects.

In recent years, the concept and application of
mathematical simulation such as in vitro-in vivo corre-
lation (IVIVC) for pharmaceutica dosage forms have
been a main focus of attention. Development and op-
timization of formulation is an integra part of manu-
facturing and marketing of any therapeutic agent which
is indeed a time consuming and costly process. It
would be, desirable, therefore, to develop in vitro tests
that reflect bioavailability datal®. A regulatory guid-
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ance for both immediate- and modified-rel ease dosage
forms has been, therefore, developed by the Food and
Drug Administration (FDA) to minimize the need for
bicavailability studies as part of the formulation design
and optimization. IVIVCs could also be employed to
establish dissolution specifications and to support
and/or validate the use of dissolution methods. Thisis
because the IVIVC includesin vivo relevancetoin vitro
dissol ution specifications.

HPMC is a swellable and gel forming polymer
in agqueous medium and the documented mechanism
of hydrophobic drug release from its formulations is
erosion of its hydrated outer layers®. HPMC (40 — 60
cps) is a medium viscosity grade of HPMC series of
polymers. It is extensively employed for the devel-
opment of gastroretentive formulations.  Previous
studies confirm extended release of nimesulide follow-
ing anomal ous modée'®.

Nimesulide (N-(4-nitro-2-phenoxy-phenyl)-metha-
nesulfonamide) is a selective cyclooxygenase-2 (COX-2)
inhibitor and non-steroidal anti-inflammatory drug
with potent anti-inflammatory, antipyretic and analgesic
properties. It is well tolerated gastro-intestinally!®.
Nimesulide is a hydrophobic drug that belongs to
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biopharmaceutics classification system class Il and
therefore is a good candidate for developing 1VIVC
based on FDA provisions. This study presents a
mathematical simulation model such as IVIVC devd-
opment and its validation for nimesulide loaded HPMC
microparticles.  Nimaran was used as control formula-
tion to validate developed formulations and their
respective models.

Materials and methods

Materials Nimesulide was donated by Pharm-
Evo Pharma, Karachi, Pakistan.  Hydroxypropyl-
methylcellulose (HPMC, 4x102 — 6x102 Pas) was
purchased from Sigma, USA.  Other chemicals such as
n-hexane, liquid paraffin and dichloromethane were of
analytical grade supplied by Merck, Germany.

Preparation of microparticles Nimesulide and
HPMCinaratioof 1:1,1:2and1: 3 were dissolved
in 20 mL dichloromethane followed by the addition of
liquid paraffin with continuous magnetic stirring. The
microparticles were obtained, washed with n-hexane
and dried. These nimesulide loaded HPMC floating
microparticles were evaluated physico-chemicaly as
presented previousy® regarding drug-polymer com-
patibility analysis, micromeritics and drug content
analysis, and filled into capsules. Thus, three capsule
filled microparticulate formulations with different
release rates were used for VIV C establishment based
on FDA rules.

In vitro drug release study In vitro drug release
study of nimesulide from microparticles was carried out

in USP XXII basket method-1 dissolution test apparatus.

The volume of dissolution medium (phosphate buffer
pH 6.8, distilled water pH 6.5 and 0.1 mol-L™* HCI
pH 1.2) was 900 mL and temperature was maintained
at (37 £ 1) 'C through out study. Basket speed was
adjusted to 100 rr-min*. Samples were withdrawn at
0, 0.5, 1.0, 15, 2.0, 3.0, 4.0, 6.0, 8.0, 10, 12, and 24
hours with an automated sample collector after filtering
through 10 um sinter filters and the volume was replaced
immediately by fresh dissolution media.  All samples
were analyzed as such at 404 nm for nimesulide using
an UV-spectrophotometer (Shimadzu UV-1601, Japan)
as presented previousy!®. Results were expressed as
mean (+ SD) of three experiments.

In vivo experimental design The human volun-
teers were divided into 4 groups (A, B, C and D) con-
taining 6 volunteers in each. In first sampling, group
A, B and C received M1, M2 and M3 formulations,

respectively, and 4th group received conventional one
(Nimaran-Novartis, Pakistan) with water after a full
night fast while complete sampling schedule is given in
Table 1.

Table 1 In vivo sampling schedule for various formulations
Formulation Sampling-1 Sampling-2 Sampling-3  Sampling-4

M1 Group-A Group-D Group-C Group-B
M2 Group-B Group-A Group-D Group-C
M3 Group-C Group-B Group-A Group-D
Nimaran Group-D Group-C Group-B Group-A

Experimental and sampling procedure This
single dose drug regimen was administered on an empty
stomach. Each subject was instructed to keep fast
overnight prior to the treatment visit. The subjects
were allowed to drink water ad libitum. One week of
wash out period was given for the next sampling treat-
ment. The ethics of this study was approved by the
Board of Advance Studies and Research, the Idamia
University of Bahawalpur and was conducted according
to Haleneski rules for human usein research.

A 20-gauge venous catheter was inserted into a
fore-arm of each subject for the collection of blood
samples and samples, each of 5 mL blood, were
collected through the syringe before dosing (zero time)
andat 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 18, and 24 hours
after dosing of the nimesulide. Blood samples were
centrifuged at 4 000 r-min’* for 10 min. The plasma
was harvested and frozen at —20 “C until assay was
performed using methanol precipitation and reverse
phase-high performance liquid chromatography (RP-
HPLC) method attached with spectrophotometric
detection at 404 nm and Nucleosil Cig, 50 mm x 4 mm
column as described previously!”!. The mobile phase
composition was 30 : 5: 65, v/v for acetonitrile :
methanol : potassium dihydrogen phosphate buffer 15
mmol-L™*, pH 7.3, respectivdly. The linearity of
calibration curve was found between 80 to 10 000
ngmL . Theintra- and inter-day precision was about
4%, Plasma drug concentrations versus time profiles
were analyzed by using Kinetica, 4.0 to determine
various pharmacokinetic parameters.

In vitro-in vivo correlation development There
arefour levels of IVIVC that have been described in the
FDA guidance, which include levels A, B, C, multiple C
and D'®. Level A isthe highest level of point-to-point
correlation between in vitro dissolution and in vivo data
that is investigated by plotting the percent dissolved
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versus percent absorbed drug.  Percent dissolved values
were taken from in vitro release data and percent
absorbed was determined by the Wagner-Nel son method
using the following equation*):
Fa= [(Ci+ ke AUCo() ke AUC, ] X100

Where F, isthe fraction of drug absorbed, C; isthe drug
plasma concentration at timet, k. is the overall imina-
tion rate constant, AUC, ; and AUC,_,, are areas under
the curve between time zero and time t and between
time zero and infinity, respectively.

Satistical evaluation ANOVA based procedures
were applied for statistical evaluation of obtained data
at asignificance level of 0.05.

Results

The percentage of drug release in initial 4 h from
M1, M2, M3 and Nimaran was 35%, 40%, 44% and 96%,
respectively, which confirms HPMC coating resists
nimesulide release from microparticles. Based on these
significantly (P < 0.05) different dissolution results, the
developed formulations can be declared as extended
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release (ER) having different release characteristics
which fulfils FDA criteria for the development of
IVIVC, i.e. three formulations with different release
rates. The dissolution profiles (Figure 1) were also
analyzed by pair-wise mode independent approaches
such as similarity factor (f,) test to elaborate any
difference or similarity between the compared data
of various formulations such as M1, M2, M3 and
conventional tablet. It was found that M1 versus M2,
M1 versus M3 and M2 versus M3 were similar in each
intra-pair comparison but there was no similarity
between Nimaran versus M1, Nimaran versus M2
and Nimaran versus M3 (Table 2). ER nature of
microparticulate formulations is responsible for the
observed difference between dissolution profiles of
Nimaran versus floating microparticles based on percent
drug releasein initial 4 h.

The developed microparticles formulations (M1,
M2 and M3) maintained a constant therapeutic concen
tration of nimesulide in plasma, as compared to Nimaran,
which showed a rapid decline in drug concentration
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Figure 1 Drug dissolved (%) versus drug absorbed (%) for A= M1, B = M2 and C = M3 microparticles according to Wagner-Nelson
method and drug concentration (%, dissolved and absorbed) versustime (h) for D = M1, E = M2 and F = M3 microparticles
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Table 2 f» Values determined from drug release
data of different formulations

Comparison fo-Value
M1lvsM2 68.036 4
M1lvsM3 54.731 6
M2vs M3 66.985 0

Nimaran versus M1 214855
Nimaran versus M2 19.229 8
Nimaran versus M3 17.612 2

with time.  Pharmacokinetic parameters for various
formulations are presented in Table 3.  The devel oped
formulations showed lower Cpo (but within therapeutic
range) and higher Tma values than that of Nimaran
(Figure 2). Lower Cpa for formulations M1, M2
and M3 indicate avoidance of the risk of exceeding
the maximum safe concentration. Higher Ty for
formulations M1, M2 and M3 is indicative of drug
release occurring at a sower rate than from commercial
tablets. The lowest value of C for formulation M3
compared to M1 and M2 further indicate the superiority
of the M3 formulation over conventional tablet, M1 and
M2, in terms of providing controlled drug release for a
longer time and improved biocavailability.

Table3 Data of thein vivo bioavailability parameters

Parameter M1 M2 M3 Nimaran
C max /ugmL ! 3.18 3.05 2.94 3.98
Tonax /N 4.00 4.00 4.00 3.00
AUC, /ughmL™ 2777 25.59 2355 27.15

—0— MI
—— M2
—h— M3
—a— Com. Tab

Age releasy/ %
-3

limes h

Figure 2 In vivo drug release data of different formulations
(n=24)

Drug dissolved (%) versus drug absorbed (%) plots
(Figure 1) were plotted followed by their regression
analysis (Table 4) for the establishment of mathematical
simulation model such as IVIVC level A for nimesulide
loaded HPMC microparticles. The values of regression
coefficient (R?) for M1 and M2 (0.8349 and 0.8312,

respectively) were significantly (P > 0.05) smilar to each
other. It also indicates M1 and M2 behave differently
ininvitro and in vivo environments. Internal prediction
error for M1 and M2 was aso less than 10 which
confirms the predictability worth of these mathematical
IVIVC models for M1 and M2. However, significantly
(P <0.05) different value of R? (0.927 2) for IVIVC plot
of M3 from M1 and M2 reveals its comparatively similar
behaviour in both conditions, i.e., in vitro phosphate
buffer pH 6.8 and normal body physiological conditions.
The R*-value for Nimaran IVIVC plot was 0.898 1
which varied non-significantly (P> 0.05) from that of
M3 but significantly from that of M1 and M2. It means
the performance of M3 resembles Nimaran in in vitro
and in vivo study conditions. Internal prediction errors
for M3 and Nimaran were also less than 10.

Table4 Y-equations and R? values after application of Wagner-
Nelson method to IVIVC plots for all formulations

Formulation Regression equation R
M1 3.014 2x + 14.11 0.8349
M2 2.780 5x + 13.067 0.8312
M3 3.2556x +8.1774 0.927 2
Nimaran 4.970 8x + 14.973 0.898 1
Discussion

Different approaches have been narrated in literature
for the devel opment of gastroretentive dosage forms such
as mucoadhesive, floating, high-density/sedimenting,
swelling and expanding, and modified shape systems™.
Floating dosage form (FDF) is one of the most appropriate
approaches for achieving a prolonged and predictable
drug delivery in the gastrointestinal tract (GIT). Itis
widely considered that the extent of drug absorption in
GIT isrelated to its contact time with the small intestinal
mucosa.  On contact with the gastric fluid, the FDF
swells to create a water impermeable colloidal gel
barrier around its surface and maintains a bulk density
of less than that of gastric fluids (i.e. 1)™. Therefore,
it remains buoyant in the gastric fluid and prolongs GIT
residence time so that it may release whole loading
dose in an area of GIT where maximum drug mol ecules
gather in the form of solution. FDF thus, assists in
improving the biocavailability of drugs at the site of
absorption. It is also useful for local drug delivery to
the stomach and proxima small intestines. Floating
microparticles have been developed by using various
natural and synthetic polymers such as HPMC, acrylics,
cellulose acetate, methylcellulose, chitosan and cellulose
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acetate butyrate/Eudragit RL100 mixture®?.

Single-unit dosage forms such as tablets of nime-
sulide have extensively been reported in the literature,
however few studies are available for multi-unit systems
such as microparticles of nimesulide to avoid the
“al or none” or “toxic or under-therapeutic” effect!*.
In the present study, floating or hydro-dynamically
balanced dosage form has been devel oped to control the
release of nimesulide for prolonged period in stomach
because its better absorption is acknowledged in the
initial part of the small intestind”. FDF exhibits
maximum release of drug before it reaches the absorp-
tion ste, thus resulting in optimum biocavailability.
Therefore, present study was designed to develop a
floating dosage form to deliver nimesulide in the
stomach and the proximal part of small intestine for
sustaining drug release and enhancing the efficiency of
drug followed by the devel opment of itsin vitro-in vivo
correlation.

Extended release floating microparticles were
prepared by the coacervation non solvent addition method
using HPMC as a polymer!®.  These microparticles
were then filled into hard gdatin capsules (00 size) and
analyzed for various quality control tests to make sure
the presence of 100 mg nimesulide in each capsule.
The formulations fulfilled all compendial requirements
such as weight variation and drug content uniformity
(data not given).

The dissolution results confirm that HPM C coating
retards nimesulide release from microparticles. The
significantly (P < 0.05) different dissolution profiles as
elaborated from the percentage of drug releasein initial
4 h and f, test ensure that FDA guidelines for the
establishment of IVIVC i.e. three formulations with
different release rates were followed in this study.

Diffuson and erosion, anomalous diffusion,
mechanism of drug release from prepared HPMC
microparticles was observed. The results obtained
from dissolution tests in different mediums elaborated
that release of drug from phosphate buffer (pH 6.8) and
distilled water (pH 6.5) occurred similarly but different
in 0.1 mol-L™ HCl (pH 1.2) which supports the view
that an acidic drug dissolves sowly in acidic medium
than an alkaling®.

All prepared microparticulate formulations and
Nimaran maintained a constant therapeutic concentra-
tion of nimesulide in plasma However, therapeutic
concentration for developed formulations was prolonged
as compared to conventional, Nimaran.

The values of R? for M1 and M2 were significantly
(P > 0.05) similar to each other which elaborates that
they behave differently in in vitro and in vivo environ-
ment. However, high value of R? for IVIVC plot of
M3 reveds its comparatively similar behaviour in
in vitro phosphate buffer pH 6.8 and normal body
physiological conditions. This variation suggests the
possibility of low buoyancy for M3 having @ larger
microparticle particle size @ more swell-ability and
stick-ability with mucosal membrang® due to higher
HPMC concentration. The R-value for Nimaran
IVIVC plot was 0.898 1 which vary non-significantly
(P > 0.05) from that of M3 but significantly from that
of M1 and M2. It means the performance of M3
resembles Nimaran in in vitro and in vivo study condi-
tions. Interna prediction errors for M3 and Nimaran
were also less than 10. This type of correlation is
considered because it shows point to point relationship
between in vitro dissolution data and its complementary
in vivo absorption data of a formulation. Thus an in
vitro dissolution plot can perform as a surrogate for in
vivo behaviour of drug. It isevident from IVIVC plots
that absorption rate of nimesulide were slower than its
in vitro dissolution rate.

Conclusion

This study confirms that there is a good in vitro-
in vivo corrdation for controlled release nimesulide
loaded HPMC floating microparticles, particularly for
M3. This study provides discriminating dissolution test
specifications that can be used to get useful information
regarding in vivo absorption performance of such
formulations. However, it is also concluded from
results that this mathematical simulation model is best fit
for biowaiver studies which involves study parameters
as those adopted for M3 because the value of its IVIVC
regression coefficient is the closest to 1 as compared to
M1 and M2. Thus it is appropriate to say that the
IVIVC level A isdosage form specific, not drug specific.
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WA IHAIRBERNKN B HSH L
AR P 5 R 0 B AR H

W, ¥ O, R, FHR
CURAIREHIFIORR, 11754 IR T 4 52 - AU 5 T S0 3 T, LR 778 266071)

FEE: VRN O PSR ST E M 2B Bk (voriconazole microspheres, VCZ-MS) S M ith 2% i P IR Y
RIITVER, i)y R IR N R ITRE 4. #14 VCZ-MS FExt BB M AT % 8¢, RHTE 2 KA R
AR SRS A M AN 1x10°% CRU-mL ™ 45 i 8 107 B e S M0 2 T P BIR Py R, B S sh Bt 4 b A
4 (FEANEA). B 4 (B TIREES 100 pg 0.1 mL MR FEMAR N vESD . C 4 (BRE YIRS 0.5 mg
VCZ-MS 4. D4 (BFAY) RIS 1.0 mg VCZ-MSVES) M E 4 (B AYIR IS 1.5 mg VCZ-MS 141
ARG AR 18] s SR 55 DM« B 7K AN B B B R VR R BE, VPR VAT SR, IR T AL SV B2 A 2 o 4% 1A
BRERE IR 4, Ok 2 BB R ) 29.94%H1 73.5%, HAT B RINERR . 25304 R W], A 41IR N
RORAHR A 100%, TifkEheREksk, SEIREKZEYE. B C. D. E 480 NI A 415 (P<0.05). B 4l
PR SR C. Dy E4IE (P<0.05). C41f 2 RIRAEHEAE & B 5 3~5 d ISR, KL,
DA EN MMM ERE 8 &, BT SR BRI IR EREMT, LE K A4 BR W, WA mIER, %
FERPEHINR 2 2540, PREESS MR . %R IIE SRR P VCZ-MS B AL T 4% Gl SR B B AR s S 45 24
BRI VCZ-MS B84 A O I AR th B T PRI Y 28 R R, DL RS EEME 1.0 mg VCZ-MS B

SRR ROLEEME; SRk, MR IR A MRSy, B

FE £ S RYM3 XEKFRIRED: A X E RS 0513-4870 (2010) 06-0778-07

Anti-infectious activity of intravitreal injectable voriconazole
microspheres on experimental rabbit fungal endophthalmitis
of Aspergillus fumigatus

YANG Li-na, XIN Meng, WU Xiang-gen’, JANG Hao-ran

(Sate Key Laboratory Training Base, Shandong Provincial Key Laboratory of Ophthal mology,
Shandong Eye Institute, Qingdao 266071, China)

Abstract: The therapeutic effect of sustained intravitreal injectable voriconazole microspheres (VCZ-MS)
on an experimental endophthalmitis of Aspergillus fumigatus was investigated. VCZ-MS was prepared
successfully and its physico-chemical property was also evaluated. Right eyes of albino rabbits were infected with
an intravitreal injection of 1 000 CFU-mL ™" of susceptible Aspergillus fumigatus. All fungal endophthalmitis
models were randomly divided into five groups 48 hours later: Group A is control group with no treatment; in
group B, vitrectomy was performed combined with intravitreal 3 times injections of 100 pg-0.1 mL ™ voriconazole
every other day. In group C, D and E, vitrectomy was performed combined with intravitrea injection of
0.5 mg, 1.0 mg and 1.5 mg VCZ-MS respectively. The treatment effect was assessed by slit lamp and indirect
ophthalmoscope funduscopy examination, using clinical grading system of inflammation in the anterior chamber
and the vitreous opacity. The optical microscopy revealed that microspheres obtained from the experiment
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design were opaque, discrete and spherical particles with smooth surfaces. The drug content and encapsulation
efficiency of microspheres were 29.94% and 73.5%, respectively. Endophthalmitis occurred in all eyes of group
A, and rapidly developed to panophthalmitis.  The inflammation grade of group B, C, D or E was lower than
that of group A (P < 0.05). The grade of vitreous opacity in group C, D, E is lower than group B (P < 0.05).

Two eyes in group C developed to panophthalmitis.

But in group D and E, all eyes whose inflammation

was controlled had no recurrence with vitreous clear. Histopathological examination showed normal structures
in the cured eyes, while most uncured eyes were atrophic and with eyeball destroyed. So, it can be safely
concluded that the curative effect of intravitreal VCZ-MS is significantly better than that of routine intraocular
injection of voriconazole. The optimal dose is the one containing 1.0 mg voriconazole.

Key words: voriconazole; microsphere; Aspergillus fumigatus; endophthalmitis; eye infection; fungal

FLIAPERR Y % (fungal endophthalmitis) & i
0 A D B A AR 1 SO TR 5 | PR A P UK,
B PR IR P 28 00 R0 A IR T A B, 2 BUE
Mz —, BARWRE, WK &S E RS,
A G REIR LU AR, DL Ok IR ks 4.
L A gt TR R SO ) B AR AR ST B
(voriconazole) /&5 AR = MR IS 259, X
22 o HIS 3 DL 38005 B o AT OB PR, U Bl )
BRI R SR A B U, A
SRS M B A IR A 2.5 h, TSI
PR R 2, 1% S BOEE A il 3 AR LRI
X 5 8 5 I REE o T A A L R 5, YRR
Jo AT PR A N TR, AN T B RN T A R
WFARRN, R HAEREER . BEE BB
Befd, ANZERIRFARBUR S A, A 2 H
52 B EANS . AT R S RE M BRI (vori-
conazole microspheres, VCZ-MS), JFA548L &M 51k 8 it
BE PR Y RIS, W5 6 B A s v B AN [ )
VCZ-MS JH il 27 i PR A R 13697 308

M5 A*

1L8& NIKON/CL PLUS et & Biss (e
FE/AT]); Agilent 1100 HPLC (£H Agilent 2 #));
GenesisD M TFHFHR K BAHNL (HA Kowa 2 7l);
900BQ Z4[ AT ik, MD6002 ! sk v E4 (R}
MAT]); SA T AREMEE (ZEISS 24 7]); DSC204F1
R ZE R B AR A (B T B A =]); VERTEX70
RIS A LD A G (BB E AT e A 7)o

AmERF AR (RN R A
Fl AL, 4l >90.8%, flb'5: 20080701); FLMR-¥24
IRILERY) (PLGA, LRGSR LMELIL 75125, FiY
5y£ 15 000, o R e A ML =TT, 2R
LIGEE (PVA, Sigma/s w], P34 B8 K 4315 30 000~
70 000); S MR horbrat, W, LA fnkal,

KA ZENRK

BRSO ¥ (Aspergillus.
fumigatus 3.772) i1t [ B 25 R B G AR P 5L
I . 27 0 P DR B o B o 77 JC B A5 A TORE AR
B PR bR U BRI PR R TV IR B Bl g %5 9 2, 28 Cifih
FEE 7 d, WA AR RIS SRR T 4 C
UKFAVA S RAT- 25 Y o LB 7 BB o5 FE AT — A
I 4 °C URA R O 0 R ) DR G IR, 28 CRE R
2 d Ja iR Ty IR A B IR PR |, 28 CHYE 4 d,
MEE K RIF RGBS T 1 mL AEBEER K
MR, RIS, WIRCE B R KRR, 204 Mt
BT A A B, BRI A IR 1x20°
CFU (colony forming unit)-mL™.

iR HT IS 22 KA A, AR 2.0~2.5 kg, MEHE
AR, W B R ARV RR B (VFRTHIE S SCXK ()
20040013), Tt AR 4 BT T sh ) s W5 9 H T
i'ﬁlo

HEkEElE R oW RS IR R, RS
BEHREUAR 37 FEME 80 mg Al PLGA 20 mg, ¥ T-1mL —
FREEAE A, TEBiEE SR A 218 A 2% PVA
JKEEWE 20 mL (#h7KAH), 1500 r-min* #i£4E 10 min, Jin
AJK 80 mL, K44 1 000 r-mint, 25 “C kL4
F10 h LARAGTEOK, SO BCERMER, KR EPES,
AU 72 h B4 VCZ-MS,

HYWMESENE LM HPLC Ml ek 2y
L AEPRRARBGE 2E . BEAE Agilent SB- Cig
(250 mmx 4.60 mm, 5 um), EshAA FEE/0.02 mol-L !
IR (0.1% — 0%, pH 6.0): 75: 25, Jitid 1
mL-min?, #3335 °C, Bk 256 nm, HEHEE 20
pl, AhbRiZE .

FREUHERZ) 5 mg, H M 1.0 mL #1#, IAH
¥ 4.0 mL, WiEdR % 2 min, 20000 r-min &0 10 min,
IR . VHEER TP A R, RN E S
BV 25 B LU AR ST AR () (. 2RO,
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RILRMRERRI IR SN BR ESDEIRT R
DG BB SRR M AN B RS, JEERAERO R
W (confocal laser scanning microscope, CLSM)
SR 25 1) 53 A1, WO A 488 nm.

ETABERST A PLGA. fRIZ M,
PLGA 54k 7 FEME 4 BV A1) % (R R VCZ-MS
FfEdh, 76 20~160 C Y, LA 10 C-min ™ (¥ 7 2

LIS HIE X PLGA. ARIZEEME. PLGA H{RAT
FEME ) ER A ) 25 FABERR VCZ-MS AT
LLAMGIE BT (RALBT R T) o

IRIMNR A4S FRELVCZ-MS#Z)5mg TiEHT4E
o, A pH 7.4 1] 0.05 mol-L B Sh e (&
0.02%& A A 44) 5 mL. i LR )5, B 45mL
B W = ke, T (37 + 0.5) CIYHEE IR
ARG, R R 72 IR, ERTEURE 400
pb, [RIEER 78 SRR A A T o WU TR TSR 11 24
FE, THERER SRR L .

MM EEERA LSRR MESET Y
FRBAE B 2K A, fELW AT, A 30G
BE SRS 2R ATHT s Rl 5K 0.1 mL, 25 T4
IS 2 mm AT B AR IR, HAL TR
LTI 1x10° CRU-mL ™ 08 i 25 14 B9 60 L
GEAGHE NI B R b e o 2 i B Sk R I ) T, G
B dtR A

ol B T PR ih 27 2 48 h )5, BEHLECT
Ty 541, B4 6 HIR. A 40 AX A, B
Y1 R AR ST HEME 100 ug0.1 mL Y HE 9y, M H 1,
3L 3k; C4h 0.5 mg VCZ-MS (WML FEMETT) 4;
D 41’4 1.0 mg VCZ-MS 4l; E4l % 1.5 mg VCZ-MS
4l. A~E IHA BRI BRAR . KRG, £

RN 2 RUBRALEREE IR OIS S 2 mm S 17
FRIN, 50 Je e g WEE A, IR A REVE -7 #hv
W (BSS, % Alcon A7), FTANMZE 2 mm
MBS R, JRCE 150 A R B i A R
ISR o, # 20G BIEAADIH LA N B4 i A,
P13 750 r-min”, W% J; 120 mmHg (1 mmHg = 0.133
kPa), M i r) /i U0 F 52 & th Al R 3L 10 min. B4
VIR AR SE BT, 7-0 JE Jededd o il 1, 755 e IR
IR, hr S PUE L O I HEE 1, BTG G R
Gl S TUOERALRI A FON BRALH] 27G LT A B
)5 2 mm VES ORI B 0.1 mL. fRIZHEMEI A
TS 30G 413k, #4100 pg-0.1 mL R A7 e M i

HEN RS R oo RS S5 YR 0.3% 5 i R
HEKR 2K, H3d.

FTRME ARG 2 AR, 3. 4. 6 8 JHH]
2T R ) A M 5 0 458 2 TR S IE A 0L, FE O 8%
U5 R 7 7K 40 i S e s A TR R B, 3L 23 bt
IR

A5 ME A3 2 (S v it N s K, TE 248
ST A RN, o] LN G KB th R AE Y B)), X R
BLGRR A 5 KN RE): O 2k, Jobs KINKE Otz Bk
52); Lk, B DKINIE (89K FOGR); 2 2%, R
Dy K IR (P BEFL G AR, R 3 ol 5 A R A4 4
), 3 9%, RELIKINE (VI EGHR, AL
WIS dioR ARG ), 4 2, T FEIIRT DS N, b5 Kk
BERE, A KBS EEBEY.

oK A0 Loy (FEME = A, R OGUE IR BT 2
TRBE I A B R4l 45°~60°, 6w 1 mm x 0.5 mm,
H 6 AT AL TSI OGN 4 i 2): 0 4%,
oA, 14%, 5~10140f1; 2 4%, 11~204 40 i; 34%,
21~50 /NIl ;4 %, >50 /N 41 .

WA 3 O %, BLISARWE W JCIRIE; 1 4%,
LA ST U L P2 WG W IR I E 2o R e B 22
G, BRPEVRIR, PLARZE . PRI AT LUERA, (H
LATYERIRIMERE; 3 9, THRETRR, PR AU AL
FERTLAHEA, (BRI, 4 9, FREIRMh, J5 S L
Nz g

RAFRIBZIE A~E 4Bk b ih &
Ja oS 8 J, SUIRENIE T FRIEEE 2 H R, I R
HHE, FERSCIGHR, RN 10% FH I I [ 52 24 h 5 EL
¥, BREEZEEMGK, 60 C - FZKE B AL 30 min, 7
WA, AR, V)R R ARAR R (HE) e,
NS KA 25 0T HIL N 4 2 45 K 1 500

FitFEAE N SPSSI1L5 giit itk T HE
gk, b 2 IESS M MNEH XM Oneway
ANOVA £i %6, 5 FIE & 704 i # 4 K - Mann-
Whitney 55, LL P <0.05 1 0 2 55 gt 24 Xo

#R
1 HEkRYIBL IR

% BT A ARk B8 B ARR, B RAF,
JaiF WA TR R, 2 RIFMEORES, b
2975 10~40 pm, EEPERLE (B 1). ki sLbrik
2y k) 29.94%, WEF A 73.5%, CLSM FHi4i Kk
AR ST R M T A R vh 3 50 43 A
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Figure 1 Optical micrograph of voriconazole microspheres
(VCZ-MS). (x400)

2 THEKEIRIMRERL

THERRAN B 245 AE LI 2, 1 d WIRRE IR 2
20.5%, HAA— @ SRR, XA R T EkiE N3
A, BRSO T 254 LA B ih 3 B 10 MIC, A E]
PRI 0 2 R KO SRR I VE I, AR T IR
PRPERR P9 28 (A R AR T o F IR T Az ek A
A EE MR, 28d 1) BB UL 93.61%. ik
(PR SNRE TSI £ T FH — 20 Rk, B8 04k (Q)
LjisiE] (t) MI2< &4 In (100-Q) =—0.093t + 4.283 1
(r=0.987) . fEARINBEISRAT T, AN AN [A] 2 FH e 1l s
WS ER I TR A2 AL U R AR IT 46 50K Al £ 5
FERRE, 7d G0 g R DIR, BER AR, fERA
Wris ik, EASOREABIN, 2 F 5 H BRI 8w
T, R RGO, fk S S I ) 10 R R BRSO,
28d Jii i — HRRY -

o -
H
6t -

4} -

Cumulatve release! %

0 5 1o 15 20 35 3
Time/ d

Figure 2 In vitro drug release profile of voriconazole from

microspheres(n=5, X£9)

3 fRILFEME PLGA MM E1ER R AR IR 7ERER
FE D BURAS

WIS AT PLGAL ARSZFEME, PLGA 5 4RA7 Hem:
YER AW 25 ATERFT VCZ-MS (1) DSC El i n]
A1, PLGA  FHAR 37 ¢ M 1 W FA U 43 S 7E 52.9 C Fil
133 Chb, 35 MR A W AE T I (R r At A L
g, SRR Y PR S, VCZ-MS
HRARST REME (R4 S T R R 122.8 °C, SRR T AE

Koo X — AR AT B 55 AR A7 HE M i AR AT RS BT LA
Ko BRAN, AR FEMERE S h 106.3 39 7Y, PLGA 51k
STREME BRI Ak 51.15 39, VCZ-MZ HRT
FEMESy 33.21 Jg e AR eb 2 I s b ] AT,
UGB AR ST M (17 RS TE sk vh ik — P BiR
A 17 A e AR ST FE MR R S Bk v (1 23 IR AS

1M IR B, PLGA £ Hi{E 3 650 cm™* J% 3 508
cm ' 4-OH igidEshIg. 2 996~2 948 cm ™ il
C-H 4 zhig . 1747 ety C=O i i 5l 541
HNEFAE U6 o AR 7 MR BILAE 3191~3046 cm 4y C-N
gEdR NI . 1 587~1 451 cm >k J5 &% C=C 1%
U . 1497~1451 cm ™ C-F {44 5h 1425 41 SMS1E
W, B PLGA SR M BR S I 2 A
BIn &, SRR ], B R AR, R
THADUEYIEIR A o 1 IR LD AME E S PLGA
LA % B A —38, RIIHK PLGA il % sk, 3L
2B IE T B Ak, (B VCZ-MS 20 A% E 4
TIEVEE 5 2% (AR e A — B, TG B A 1R AR ST W AR AR
WA H o LA B0 W AR S FE M L AR S AR S A7 AE T
(DELER
4 KETTHUE

A2 (R R M I A A S 3~4 d T
Dy R R AR TF 4R H L 980 | N I I I, 28 5~6
R, WL SR R A A K i, HR R D K AT A
B, BOEARTEME 3~4 9., 2 HHEREE 7~10
RIS HY I A IV O TG AR Sl (1 (8 (2 JCTE L8R B
BEK), 25 14 K5 AR MR, KRBT AR B4
ZKN, 41 1~4mm, IRAAREEBIN, KWLM,
4 JJE R MEIE R, = 2K IME IR, 814
W B /D B AR I AR AR b o, R AR RV, T A
IRUUHE M, mEALIAB. e 4 IR R R,
HAE SR 7~10 KRR TRM GRS InE, % 14 K,
BT DG RAETFUEIE IR, dctRAR 5 BT A HLAG, 55 4 4
JEHT LS RAEIWE R, FONENGIE B, 755 Bk, WL IBEH
A, SR FRERE R . ML R, A 41
JITAA IR B R A2 46

B4l (FEg4l): 2 JIRERAFN 5 d WALH B
WU DG RAER N, 1~2 %, Z BRI K. B 14
RIS R A VLRSI 25, 2 WL ER A LE ok, A L] X 3
il . 04 4 HUHREA ITR G 3 d 24 HILAS [FIFR 4
W7 53 B BERBAR JE I N, 5~6 d Tl b 280 S M A B B,
RUDG N O~3 2%, b5 /K40 0~2 2, WIS 71 7K Jip,
TN GNITINGEE A USSR C S RERSR NI L7/ M2
PRSP 9 7R AT L o gl AR sl ORIk R,
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AR T B IIRE, BOEAEMEE 0~3 JA
S, o 2 JUIRAESS 10 R AR 4 F 4331 ff B
JEKI M, RWEINEEH, 5 A sz B RAE
RIEMLL, 55 3 IR A 4 [T b3 SO IR, Biasfk
TR AT 4 R R A A 4 T 5 AOAE IR,
BAIRAATR M, IR

C4l (0.5 mg VCZ-MS): 6 HHRALE 2 J& N i b
Wk 1~2 2, ZJaddiigiR. A 2 SIRAEEFN AR i
HWG 3~5 d MILEERANE, b 1 HIR T35 7
RIS RBR A A EBOR, 7 1 HIRB GRS £, 3T
55 3 NI B AR A KA. R4 R
A 8 J&] A 3B 3 4 TG I Yl JRE SN o BT AT IR S 45 24 )
R A s N B4 DL 24 ) ORI B T AR S 9, 4~8 )
Ji B R o

D4l (1.0 mg VCZ-MS): fihs 2 AN HI 0~2
BRI RAERNY, 2 JH G584 25 )5 db ik ) 3
T BB A s ] UL 2 R, 4~8 JE B TN . Mg
S0 1) S B A s R L Yk JRE Y

E4l (L.5mgVCZ-MS): i )55 5 B 58 hE R I
5 D A, R4 25 A S T SR A s ]
YU EAREZEY/E b

AN [ 5t 85 2E 17 1 DA RE S A8 A 1 7K A i 5
A DA K I B AT b P S R A LI 3, BB AT
S R EE AR GE o iR W, ARSI A A, C
D. E 414 5 0 i W AF 5 A 15 (P < 0.05), 1M
JAJGREAE A GLRT b5 1 R N IR, A 4198 2 N L
8 C. Dy E4UINE, HEASIF2ER. 1B 47EM
SHII L T b5 J0E IR N B L A 1% (P < 0.05),
PR gt fm py th B A AL, (HIA Gt %
St T BIEARIRBEE Ty 1, SAEARE 3 d WAL
R I B TR BRI S, I I ) B B A s N R
IR PSR DI BR A 5 1) IE R Y. FA 3 d
Ji, Cv D+ E 213588 PRVR 1 BE W) 2 BB 5 1) 47 2, i
A AR 35 3 AT il TR I T R e A P T R e o
(P<0.05), B 41 SIS ¥ (P<0.05).

S STy
PR R TR

1M C. D\ E 412 [AE S AR TR B2y 1 WA Se vt
275 (P> 0.05).
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Figure 3 The grade of anterior chamber flare (a), anterior
chamber cells (b), and vitreous opacity (c) of different groups in
selected intervals

5 (ARREBFNE

PP 8 1R 5 8 ), JOE AR IR I AN [ R P
4, KA 1 QU [ A 7 3 i D R BB B AR,
AR ik, L A AN IR 2 R AR o AL R J2
SRIANBER A, U A8 0 S A AT, (BIRAT 58
REAH IR (P 4a) . T AT JERES IR SR A fls A it 15,
FBLEE R IEH (B 4b), PLMIIE A2 SR T, DU
gk, WICsOEa R (18 40).

Figure4 Histopathological examination of eyesin control group (&) and 1.0 mg VCZ-MS (b and c) (x100)
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it

B PERR P9 28 6 A A R K o S 282 {51 sk e
PER P 2 EAT I A, 25 BoR R I& G n] ik 30.63%,
J AR P YL 10 2 B AT 7 v S BUIR Y
28 TLBH R PR, 0 i R ) B HR P 2 2 R
IR, A R SRR A TR A0 D 28 JE A £, I 5
B, WU 2. R ERK, thaEmEvER AR
2 R HNETE R F T T o AR S TPl AR P I P 4 0k
i, @B R R R SRR, YR AN
VCZ-MS 723, Xt 808 IR a7 R H
FEMHE T 5 S IR VIBR IR SR AR s v 5 2459
NN RIRTT Tk ik, AT 67 345
B PEEAEVIBRA, DL KRR BRI R TA T

FLRPEIR 9 RGFRLLE, Z B R IT
R, R S BRER ET 2 DL YR 253 kb
AR ST MR B A B2 Sl 2.5 Y, TR, %
T AR ST BRI S R T 96T R M HIR N 98 I 20
PO 4 2, X v S B RS A L, 1R
MUK A0 B I 25 45 7 5 JF ARE o T AS BT 5 i)
VCZ-MS HuR B St Ja, I R4k i Wik
JYURIEIR 3 J, WD S 25 8L, Il T S AR s v A
(1) 71 I RN -

KWFFER, RAWE A 1x10° CFU-mL™ (f4H ih

AT TR AR SO Ay J R A AL R B8 B,

AN K 2E 2 g 100%, FLJG &), 1 i 34 38 1A )
BRARANBE TP 4k e o B Pl BL IR T 48 h PN, W]
S HT b5 SRR RS AIE I, H ] U5 2 5 A S
Je. WIH, S AHE Py 48w TR R IUARAL . B
M P9 205 1 0 T YR S & R R e T 380093 R vk 1) 2
JI+ AT RN TS T DL KR R N A B VA T
Jili o X T iZAR L, 48 h PR AT A R0A YT I S L
48 h Ja, RAEREIRHE, JoIL 72 h J5, JRPR I Z5 )5
ST R A, AT . BURER, B A
KRB, BERD SR AR, M2 8, KRB If
BHOH A M A, RIAIRERA . DL RIUESE, JH ihd
PAORTAR F 2 SR AT B s ) i A

Gao ZEMIF 5T R W]/ T 100 pg IR BEME A
MR YRS e 4, RS2 30 ™, B 4R 3
YIRS 100 pg-0.1 mL ™ £ 7 5 w3 3 4k Js v
B H 1wk, 3t 3. B 4LF IR RN K B A Tl
FEA A 5%, ZERAg R (P < 0.05), A %AE
FIIUT, Ut T 3508 A s 1A 0 R ST R e 24 A 9 P A —
FERE et i ih &/ 1 AE K S %00, 58 7 RS,

B ATy RAE L BEEEPRIB IS 5 A 2R IES
B (P> 0.05), M A5 1B A NS 259
ARAL FREWRTE S B A s (R 2540 - 32 01 2.5 h, B
TIPS ARRR Y, 2993 T e sl 4, RIS 7 R
Ji ORI A PN 24 AR PR A A LA S A ot 5 R 1 AR
Ko HETZIGIT AR LY R EE £, IFHR
VRT3 R T S R B R A
JEREPR RG], T RO D), WiE 20, B 4lk
FEPE AL 1) 2 FUIR, 7E28 14 RG34 5 A A0 M S it
B9, P RR AL AR IS T USRI
B, AT RE A 2 IRAT B A s o R 3 B0 ALY
PR RS0 5, 3 T i LA R R 2% R A P ) 4
Ro BRI, 22 RSB A s o RV S 2 00 RO R B A AT A
E— BRI .

C. D FI E 415 1A 57 S HE R B A W66 300 33 ¢ VR
s A AR, ZRAA50H R (P<0.05).
A Z IRV Dy JORE R B R B AR b B AE VR 4y K
BEM R A C A 2 HIRLEER I ih & 5 5 3~
5 d HIUEBEUK, b 1 HIRT 5 7 KRB A
PR, WS4 55 BRI EAR, JL4
BB RU i 28 S AL I JE 22 W] o3 %, T ke S5 7wl DAL AR R
WA . o5 1 IR ARM & M 36 2 (Hdk e it AL B 4
DA%, I 1A 3 I H K B AR A NI B A B,
6 S I R ST . D R E 41697 ORI, &
IR JERE S N2, PHULFTA IRTESS 14 RIS MBGEM, by
G T, R AR B, SRR AR G TR, JC A i
M 7 ZEFUENE B R A, o B AL 2 2 A A A
FIZNURGTEIT, CIRFEAL, SR 8 A 4 1A WLHR
W 2 8RB, BRI VCZ-MS FLAT R (4] 2R 2k
HIAITIRA R IR . C. D FIE 2413 n] WU ER Bk
B TS %, FIElE, FERE. A MER
(0 Bae A, ot A I S0 280 O P RS A1 1 15 o i e i v 2K o
MBI EE G, AR WA S B R AR, B VCZ-
MS X i i Jo B S e G R i — D IR . G55 %
& VCZ-MS 897 HR P9 27 ORIk Rokr & BT it Ak
Jo BT REHT RALGE P 2, SRS FEME 1.0 mg
1) VCZ-MS &30 G 1 M BB AR s SR o #
TH e B2, R SRR S S, N A 1.5 mg.

g BT, AR SR BRI E T VCZ-MS
B AL T4 S AR s i S FH 2, VCZ-M S 3R 4 i
TS I RN A7 280 A o 2 A kI P R Dt i o S
MEM LRI, VCZ-MS TEBC A s P 56 4 i, R
DB SRR EIAE T, Ak 2 A A R T A P E
[P
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15 C Bt CoA B B2 HEEEE £ K e EF SNP 247

Eat, E¥FT OB L R#BT #E#m
(L IR BRI Bk 250F G, b5 100700, 2. JEseshBE 2k 2% B, I 100102)

FE: Lk CoA BLKL 74 Mi (acetyl-CoA C-acetyltransferase, AACT) il 22404 112 E 44 32 IR R (MVA)
BARIE LA, HEAGE 2 DT I LM CoA 4t i LTk LTk CoA. FIHIERLN I 44 RACE 777k, WSHZEIR
P38 —A AACT JE[H (SMAACT, accession No. EF635969), i%JE[A 4K 1623 bp, 47 14~ 1 200 bp [
[ 2HE (open reading frame, ORF), %4ifid 399 MM, XN IEFATHEH 9NN E T JPFIRIEME BT 5y
F AT SmAACT 2 —M SRR IR T MVA BAMENEN, HELEZINEWMEEDHEST
FERERT AQTIES T, HAEBESF S R . RSB, 25, g Rk, MR ik 1 I g s 1 2 R o
MFIAHE  PRLTTIR Z A&ME IR, 7658 6 228 9 W& T 4Y 600 bp Ju[H 1, SMAACT JLAE7E 33 M2, H
PRI = iRy S L DRI AR o R DR 1) o B 23 T DRI 2 B 28 oy R O EAR TR B AL 355 T At o

KR FH&, LWk CoA BHLEBEE, HikFrRe &t

FE 4% S: RI31.5 XRKFRIRED: A X E RS 0513-4870 (2010) 06-0785-06

M olecular cloning and SNP analysis of a acetyl-CoA C-acetyltransfer ase
gene (SMAACT) from Salvia miltiorrhiza

CUI Guang-hong', WANG Xue-yong"?, FENG Hua', ZHAO Jing-xue', HUANG Lu-qi*

(1. Ingtitute of Chinese Materia Medica, China Academy of Chinese Medical Sciences, Beijing 100700, Ching;
2. College of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 100102, China)

Abstract: Acetyl-CoA C-acetyltransferase (AACT) is the first enzyme in the terpene synthesis pathway,
catalyzed two units of acetyl-CoA to acetoacetyl-CoA. In order to study the tanshinone biosynthesis in Salvia
miltiorrhiza, a novel AACT gene, SMAACT, was cloned using cDNA microarray and RACE strategy. The full
length cDNA of SMAACT is 1 623 bp (accession No. EF635969), which contained a 1 200 bp open reading frame
(ORF) encoding a 399 amino acid protein.  Nine introns were found in the genomic sequence. SMAACT was
upregulated by YE and Ag® dicitors both with cDNA microarray and quantitative RT-PCR analyses along with
the accumulation of tanshinones.  Sequence homology comparison and phylogenetic analysis all suggested that
SMAACT belonged to the class of acetyl-CoA C-acetyltransferase. The transcription level of SMAACT was
relatively higher in root than that in stem and leaf tissues. SNP analysis revealed that SMAACT was highly variable
in theregion of 6 to 9 introns with 33 SNIPs in the 600 bp region, there are 5 SNPs in the cDNA region while they are
all synonymous cSNPs.  Some special genotypes were found in Salvia miltiorrhiza from different areas. SmAACT
will be an useful gene for further analyze the mechanism of gene regulation among the tanshinones biosynthesis.

Key words: Salvia miltiorrhiza; acetyl-CoA C-acetyltransferase; single nucleotide polymorphism

WeFis H 3H: 2009-11-06.

REWH: R ENIEMTTR AR (973 1) HhIH (2006CB504700); [H 5 miH AW A K] (863 i1%l) %BIIH (2007AA02Z104);
FHRFHFF LR BINE (30801517).

"WIRAEE Tel: 86-10-84738625, Fax: 86-10-84027175, E-mail: huanglugi @263.net
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1% (Salvia miltiorrhiza Bge) A 35 2235 Pk
STY SRR, BAT B R 41
M AL 2B o JE S A S B R
h HEA G R BT R I RS RIS - IR L1
ARSI LSS A JLSE AL TR (GGPP) nf Hi i 4%
WA L, — 4 AT AE T ML I L) R R
(MVA) 3&4%, 5 — 4 AAETE T AR L IR A T I 1
B H iR e (DXP &%), LMt CoA WikkE:#2
(acetyl-CoA C-acetyltransferase, AACT) L MVA i&
B A EHE RN, 1 2 N T LB CoA Fiéy
& LT CoA, J& TR fiflly (thiolase) %

AL cDNA B ARG F 2 L1 CoA
FEHERL I CDNA F B, I w13 314K cDNA FIKE A
474, cDNA g R 55 m9OE & PCR 454
—5, ¥R SMAACT 2 515 3 Tl RHEE) (yeast
extraction, YE) Al Ag'¥i5-T, IFAEREFEZ M2 R o)
R, #2718 SMAACT A PS5 6 B MVA
BRI . TR 2 A1 (sngle nuclectide
polymorphism, SNP) 7 #1 41 278, SMAACT A
AR, IR I R S R, G S M2 1
) Dy fie J2 TR 8 S 7K P 1) 0 B 4 P 2 0 288 1l 43 AR
S AL AN AR A R R TR I L B T 5
filf o

MR 5 A*

LIMBL SIS B K ARARAFT 3 15834 H
PG 1 77 AT Ri- ok 40155 5 (1) BARAR . HY 6~
7V AR SRR (ANEIER) WA 1P 2B IRAR,
FETH A T 2 g AR EF T-2545 200 mL LR
) 6~7 V AR FEIER 500 mL = ff I P 34T 4R4

BigR, BiR A 18 dJa ko ilie p kL B 9R 41108 25 C,

110~120 r-min ', PRI &AF T E R

SMAACT UL TIR 2 S WP SR T 34
AFF=H 18 ANPFSFES, o POy R P E2
(SCDY) 5/~ WYL /hmtfEZ (SCXY) 34, Bk
PERI T2 (SL) SMFILARERSTS (LW) 74

FEEFHEMEENE FHFESTL4E YE+AG
X R EARARAEAT AL B, 35 TS 00 1L 2, 4. 6
9 d WAL, 23 AT A B E A RNA $2E,
YE il FE N EL 25 g I RFHEIU% T 125 mL 2503
AKH, N 100 mL JEK 4B, BT 4 CUKFiHE 4 d,
02 B, BORUTIER T 125 mL Z&mKH, A
ToK OB (LW Rk 80%) 2 IRUTTE, B0y, UIEWR

F- 100 mL Z&18 /K, 120 “C K 20 min, A A& T
4 CykKFE# M. AgTRHleE A HL AgNO; 50.96 mg #F
T+ 100 mL ZEwKk T, #1473 3 mmol-L M) Agt. i
S AL E A 200 mL 7RIk N 2 mL YE I
66.7 uL Ag'.

SHHIEMRERZ RNSTS oDNA A Tk
SMAACT A . KEURFE N CTAB VAR
RNA, Xl Pharmacia % 7] Quichprep™ Micro mRNA
PurifiCation Kit 73 2 mRNA J&, i# il 74 cDNA 7 1
gL EcoR I /Not [ #3k, 18 T4 A% RN 11
FH Rk, 5Kik%14 L ZAP Express Predigested
Vector &z, SR F A3 B A fr iR s i 5 7 ),
&Y E.coli XL1-Blue MRF' #42i cDNA CFE. HEEX
O3B R AT R BEREAT PCR 48, 4o idk vt bk il
alifh, . PR VIR S £33 4 354 AN v B T A
il LLPFZ actin ZEEE G BHME X I, AN DNA 1A%
FEBAT PolyA Ay 93 5 1

¥ YE+AG AL HE 2 d RS R A B M R EA T
B AAL, BREMFRICR MRy . & A AT
PR ST IFIEAT IE R AR o 057 F LuxScan /A XL
WEHOCHROGIEATEHE, H GenePix P4.0 B4 4 Hr
BAERES R BB IEAT 8, Bl Lowess J5ik AT
VAt o SR A 25 S bRtk 45 O T-test Jvdokctfi e 2
FERIEFEH

cDNA 2K KH SMART™ RACE cDNA
Amplification Kit (Clontech 2 ) ik 7 & it 47
SMAACT 5 R iy 1) 47 38, 42 BUE B PR AT 454 . i
RNA F Trizol (Invitrogene 2~ #]) 7 & E, 03
TEILR A SR AE T . L TH GSPL (5-CCTCAAA
ACCCCCAAGAGAGTGACCAAG-3) j 5 RACE #¥
55149, AT cDNA B K5 1 . PCR 4144 94 °C
5min, 94 °C 30s. 68 ‘C 30's. 72 °C 2 min (35 M),
72 °C 7min, ¥ 1473 E1HZ) 1 100 bp ¥4 5514 cDNA
R B BEIEREER IO & (Takara A w]) [l H
(¥ 7B, 4% pMDI9T 4k (Takara 22 w) 74 At
FHPR LR B 2 pMDA9-T #ifkrh, %z Bk
seREIFIT (b = B AR A F).

BERLEHMWHH KA CTAB E# I 2 A
DNA. 7& SWAACT s ke it 514, LAFHZ: DNA 4
Bk, PCR A& %: 100 ng DNA, 514k 0.2
pmol-L™%, 10 pL 2xTagq Plus Master Mix, Z44FH 20
ulo SN 4P 94 CHUARYE 3 min, #RJE1EEAT 35 M
F£:94°C 30s. 55°C 30s. 72°C 2.5min, )5 72 °C
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LEA 5 min. D[R, JEREERE, W7, 4555 cDNA
gl 8

SMAACT i S FRIAKFRI LR KK EE PCR &
BV RNA K Trizol i34 (Invitrogen) $2EX, HX
1 ug BAIRMRFEAFEE B RNA A5 HE 55 cDNA.
L ARk RNA A 1 pg, Oligo dT (18) (50 pmol-L ™)
1% 1 uL, A% RNase ()25 F/K% 6 uL, 70 C
R 10 min J&, vk 2% 2 min L, B0, RIE4E
B C I R SN 2 pl 5xM-MLV buffer (77
250 mmol-L ™! Tris-HCI (pH 8.3). 375 mmol-L * KCl.
15 mmol-L * MgCl, /2 50 mmol-L * DTT (dithiothreitol),
0.5 uL dNTP mixture (10 mmol-L ™)), 0.25 uL RNase
0I5 (40 U-ul™) 1 0.5 pL %% M-MLV (200
U-pl™), 42 CAi 1 h, 70 "CJe & 15 min & & Tokrh
A, HEEH T Rea-time PCR #9520 CHR- A%
o

Wt PCR #4: LLfFZ actin (GenBank
accession number DQ243702) A NS, K%
Je  PCR A& SMAACT [f3IATE L. actin 5144
Fa: 5-GGTGCCCTGAGGTCCTGTT-3#l Ra: 5-AGG
AACCACCGATCCAGACA-3. SMAACT 5I¥4 Fs
5-ATGCTGAAGGACGGACTCTGGGATG-3 11 Rs.
5-TTGTCAACAATGGTGGATGG-3'. HL T Ak 1)
P cDNA %3 1 ul, % 1/50.1/100.1/500.1/1 000,
1/2 000 1 H6f 5 T oK 11 2 18 7K B B B AS R 94 B2 (1) A AR
W FRRE GBI/ AT, REUR SRR, F T IEA
XTFRUE N . 7E#ERE 96 fL PCR AR (ABI A#]) 145
FUIMA PR NI (25 pl A %R): SYBGREEN PCR
master mix 10 uL 514 F (20 pmol-L ™) 0.5 uL 514 R
(20 pmol-L ™) 0.5 uL. Hikit cDNA 0.5 ul, K81
JKZE 25 ul o SEI 3 f PCR [ 14 454 4. 94 'C 5 min
Jo, HEN 35 AN HEAERR: 94 CARPE 30 s, 55 “Cilk
30s.72 CHEM L min, f)i 72 ‘CHEM 7 min, 4 CLRAT

K FRAE I 23201 S SmAACT 2R 5 I 2
actin AHELRRIMSRAF AN Kb & . 15541 (YE+AQ')
EXE4] (control) 2 LR IR JEA 75 Rk (. £
it KM SPSS Ao, girtai UL “ i+
SD” FIRe

EYMERESHT ERENKLRMNTE, &
i gapd BATHHAT BEE R 2K IE L Unigene 5 HEAT
BLASTX. BLASTN Ltx 4041 KHI NCBI [T 755
THE AT (ORF finder) ff i 123 PR 11 FF 80 b 15
HE. it Prosite ##5 /4 (http://us.expasy.org/prosite/)
ST SMAACT & IS FIAT A, T A Rl 4 ks
(] AACT ] MEGA #5737 e,

#R
1 TREZHBER

ML cDNA AT, ZEFIERMAE. FPoIHE
$: K BLAST Lbxf 204, —4~ cDNA (Chip30h04) #%
TR CWRAHEE A RN, 55 T8 2 d
(123 = B v T0F R, PR Aot BRI 3.199 7 £
(£ 1), RUZEKNZHEFTHIRREE. FH,
YE+AQ' REIVIH T S Wil S R 2R, fEAREE 9
d )i, BSHS & B v ik 35.8 150, $oRiZ
BRI AR5 PFS W WA A K.

2 SMAACT &K REMFFIDH

4 cDNA 13 2]\ #%.0 7 41, 1@t 5-RACE
#3134 cDNA 741, 1ZHEEB4K 1 623 bp. it
ORF finder =4k 1% %5 5 1) T 7% (o) 1L HE, 45 R B AE
26~1325bp > 1 200 bp 1] ORF HE, #E W7 I 4w
399 M (K 1), H DNAMAN % A4HE SR 1% g i
T AR AIR > 7 Uy 41 193.3, 25 LN 6.26.

Wi Prosite ki e 4 Bz 85 I &5 M4 A1,
RIN 349~365 aa K fift i Rr v /741 NvhGGaV SIGH
PIGcSG.

W I FEIN ORF 413 it BlastN 7E£k b, 45 3 i
INZT A CARE ) E VKK Hevea brasiliensis
(AB294686 1 AB294687). % | Raphanus sativus
(X78116.1) [1)—3SE 730k 78%F1 76%, HiltrI4]E
W5 T se B SR 131K cCDNA J3 81 il (1) 3.4 — A~ AACT
H I, 4 SMAACT, GenBank 5l EF635969.

i/ MEGA %A, SR F14B457% (neighbor-joining,
NJ) T AACT RSGHHH (K 2). 1EHE 8 Fif
FiY) 2 FhEE2m 4 Fh TR ) AACT HEATHEAL 4T .
MBS ] WL, SRR A — N KI5y 3,

Tablel Gene expression ratio of SMAACT by cDNA microarray

Gene expression level (ratio
cDNA P ( ) Mean (M) Standard
1 2 3 4 5 6 7 8 error (SE)
Chip30h04 2.8000 3.7600 4.3838 4,158 4 2.348 6 2.0271 2.8722 3.2480 31997 0.2990

"Ratiol-ratio8 is gene expression level of Y E+Ag'/control hybridization result; ~ Significantly different by T test of 99%
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SarAACT cDNA

I trelaalary arleaclinag gearaawcns leatalvoar gragaglaes caugalicie
Gl settodbmda telllafe gelaetocat (atcane Ollaanin goleanaagt
LZL tenalc arg poa oca gaa oot ot foa AlC Aaac CCA ann pak M0 tec atc

M a P L a a s | X P KDV oI

171 gre gt efr gor reg aca oot Aarg gal 2t N otc get £eA cfc fea

YoM oA KT M Gk FOLou 85 LS

219 gen wetaocep pra oace ase ofl gon teo alu pol ol cig oagl ogel g

FOVOF AT R OL o« OV OA T rox AL

267 aag aga gca AAt ale g ccd oA el gta caa gina gl te L0 o

L L T b T P e L e

ADS aal @13 Cle oBmc Q0B AL [ @Rd Ch@ 20 OO0 200 Cf1 LHE 20 202
oV L o8 A N L OO oA PoA ot A AT

303 I pul geo e afe copoaal les ufa oufc fgl ace ace ol dac i

L U a 4 1P~ 5 v v o T T 1 %~ K

411 gte tgt gee tet gga atg aaa gea act atg cta gea geg caa agt atc

C A G K T ML A A Q S I

459 cag ttg ggt ctc aat gat gtt gta gtg gcc ggt ggc atg gag agc atg

Q L N D M

507 tct aat glc cca aaa tac atc gca gag gcg agg aaa gga tcl cga ctt

S N vV P K Y I A E 15
gga cac gac tct ctt gtt gat gga atg ctg aag gac gga ctc tgg gat
G HDSLVDGMIULI KDGL WD
gtt tac aac gat gtt ggc atg ggt gtc tgt get gaa tta tgc get gag
VYNDVGMGVCAELCAE
cac cat agc att acg aga Oag cag cag gac gat tit get gtc caa agt
H H S I T Q Q AV Q S
cgt gga att gct gct caa gat gtc ggt gcc ttt. gcg tgg gag
Q

555
603

tte gag
I R G I A A A W E
att act cca gtc gaa gta tee ggt. ggg aga gga cga cca tcc acc att
I T P V E S G_R G R P § T I
gtt gac aag gat gaa ggt ctt gga aagl ttt gat gct gea aag ttg agg
vV D KD E G L G K F D AAK L R
aag cta aga ccg agt ttc aag gaa acc ggt gga act gtc aca gcc gge
KLRPSFYKETGGTVTAG
aac gct tct age ata age gat ggt gcc get get ctt gtt tta gta age
N AS 8 I 8 D G AAAL V L V S
gea cag aaa get ctg gag ctc ggg cft acg gte att gga aag atc tcc
GQKALELGLTVIGKIS
gga tat get gat gee get cat s gee ccg gaa ctg ttt acg act gee cecg
G Y ADAAHAPETVLTFTT AP
1035 get ctt gea att ccc aag gea ctc aag aat get ggt ttg gaa gea tct
A L A I P K AL N A G L E A S
1083 aaa gtg gac tat tac gaa atc aat gaa gct ttt gcg'glc gtg get ctt
K v DY Y EINZEATF A V V AL
1131 gct aat cag aag cta ttg gat ctt agt ccgvgaa aga gtt aac gta cac
Q K L L DL 8 E R
1179 ggt gga get gtg tet cta ggg cat cct ctc ggt tge agt gge get cgt
G G A V 8 L G H P L G C 8 G A R
1227 atc ttg gtc act ctc ttg gge'gtt ttg agg caa aag aac gea agt atg
I L v TLLGYV LR K N A S M
1275 geg ttg gtg geg tit gea acg gag gag gag geg cet cgg ccc ttg tet
A L V A AT E P R P L S
1323 tga actcgtgtaa tcctaccttg tttgteattt cgttgggacg acgcgactgg
#

843

891

939

987

115{212 !It&h{:llcfl Ifllﬁtlm!{l!{ 1r|[1||-l[{t LLrlIflfllglfl
15546 .:.:mmcﬁ'n tectgaatee Magleactn caageaesnl canentaat cefthaatag
Talo aatate

VvV N _V H

SoeAACT penomic DNA introns

Intreml:

@itggt gcacacacleggrilalilee cticaagauul gaalall 2alaz2t
citacrerargragegat ettagitranpaaacaagagatgatanc giitgn
Teaccut gotialaagiecachiaiicact cegtoilggoatallcag
Trtron2:

aitigtcticactalie gacl conl gratt gtatiafccZiagl callloc
Tacaagi it gealtorcaciaiicizalte

sallitceattlce @qaal gla
Tzt elett gl T aval vaaa e aatheal gt aal gt atratacl g
cliatictglgeag

Intron3:
gtaagataactggacattgacttgtaggtgcagticgtgtitcctattgetge
tttataactctcttcttgtggatgcag

Intrond:
gteaagcttcaaaatatccttgaaatttgtcatgectegtetetttaggecat
gatacattgaat cacgtaaaatatattitgttactaactactcctttctticetg
gtcag

Intron3:
gttttegegcettecctticticticttcagttaatcttagtttctattgtattatage
acacaactcaatagaattgcacaaatttattitgaaagttttattgatgagtga
atttgtcctcgtttttcag

Introneé:
gtacgtotecttatatacgtetttctttgtgaatgecgaattatetegtcacct
ccatgcttettcggtttetgototteagttigeaatattgatgcataataaact
gagcgtgttttcag

Intron7:
gtatetcattactcttcattcatcgaccaaagetagageccaccaactaaa
agctagecgtcttattctacaaacgtaatctetegtgeag

Intron8:
gteagttctttacctacgaagtactaaataaaatcgataatgatctecatatt
acatgtttgtgtcatgtggtctttaaaattatttgtttctaaactttctttetttkat
atattttgcag

Intron9:

gtacgttaacctetctoaacc aatctttczattccaanc aaaticctgatipg
Heciunl L le ol g call s gt caaateatel stolos s

Figure 1 Nucleotide, deduced amino acid sequences of SmMAACT from Salvia miltiorrhiza. The SmAACT ORF encodes a putative
protein of 399 amino acids including a thiolase domain which was underlined. Nine introns interrupt the coding region at the points

signaled by arrowheads
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A% P15 LBt CoA BEIE R B PR 4 K 5 B A SNP 43 Bt - 789 -

NPT RE A A, EH6NETRHEINE T
25 600 bp Yo Bl A, JLAEAE 33 N2 &AL . 1% 33 AME
R, C-To A-G 455300 6 AN 214N, A-T+ A-C.
G-T Hife 5k 34 2 M LA (R 2), nll, #%

Table 2 Distribution of SNPs in the 610 bp sequence of
SMAACT from 4 populations. The exact position of the SNP is
indicated. Heterozygotes are indicated by K (G/T), R (G/A), S
(G/C), W (AIT), Y (T/C),M (AIC) and were detected by double
peak in the electropherograms

> % e —n % Single nuclectide Population
el f A di (81.81%) W IR IF A . AR S .
. ~ K ( ) = N ? ~ K ) polymorthysm site (bp) sCDY SCXY S LW
PESAERZHL (28 4N) AL TR ETIX, 5 A T4mid = A A A R
X, HEA R RAE, KGR T MSE. N 62 T T T TIW
77 A A AlG AM
i:m-mm 7 98 G G G AIGIR
| NIAACT 107 A A A AR
SmAACT 116 A A A AR
MsSAACT 170 T T T AIT
HbAACT Plant 175 A A A AR
_|——KSMCI- 188 G G G GIR
P 196 T T T TIY
o 198 R R A A
. 207 A A A AIGIR
PIAACT
4| o |Aigae 242 A A A AR
TpAACT |
i 244 C C C cry
ScAACT
— 277 c c c cM
CAAACT
Fungi 328 G G G AIRIG
CnAACT
4{ _ 338 R R GIR G
o UmAACT 347 A A A GIR
Figure 2 Phylogenetic tree of SMAACT and their related 36 c c c o
sequences. The tree was constructed by the MEGA program 361 T T T TIW
(Kumar et al., 2004) using the neighbor-joining method. Num- 369 G G G AJGIR
bers on nodes indicate the bootstrap values after 1000 replicates. 373 G G G AIRIG
The AACT sequences were obtained from the GenBank database. 400 A A A A/G/IR
Plant origin: PKAACT (Picrorhiza kurrooa; GenBank accession 405 T T T KIT
No. ABC74567), NtAACT (Nicotiana tabacum; AAU95618), 425 A A A AIGIR
MSAACT (Medicago sativa; ACX47470), HbAACT (Hevea 497 c c c cy
brasiliensis;, BAF98277), RSAACT (Raphanus  sativus; 595 T T T CITIY
CAAS5006), OSAACT (Oryza sativa; BAB39872), ZMAACT 596 G 5 6R  A/GR
(Zea mays; ACG34735), PtAACT (Phaeodactylum tricornutum; 508 v v c c
XP_002185228), TpAACT (Thalassiosira  pseudonana; 604 A A AR oR
XP_002291097), CnAACT  (Cryptococcus  neoformans;
XP _569717), CdAACT (Candida dubliniensis; CAX43676), 605 A A AR GR
ScAACT (Saccharomyces cerevisiae; EDN61111), UmAACT 609 R R GIR G
(Ustilago maydis; XP_759718) 610 G G G/R AIGIR
£ 6 A 45 B
- T st
(=%
= 4 3.0
= 2.5
e 3
< 2.0
8 2 15
£ 1.0
bl [
0 0 -
Stem Leaf tissue type Root 1 2 1 6 9

Days post treatment/ d

Figure 3 Real-time quantitative RT-PCR analyses of the SMAACT in leaf, stem, and root tissues of Salvia miltiorrhiza (A), and expression
patterns of SMAACT in hairy root of Salvia miltiorrhiza after treated with yeast extraction and Ag” (B). Data were normalized to Salvia
miltiorrhiza actin expression level. The mean expression value was calculated with three independent replicates. Vertical bars represent

the standard deviation
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FER gm0 1 2R RR 5 LA R i AACT (1 [RIJE 2 4>
MR Gy T REAG BT 26 WIHE 316 SMAACT & —Fh 54
W IR )G MVA BAEHCHE A, HRIARZE
EFIAEA D) T BRI R AGT T IR T,
LB PF S 2R o LR, K] SMAACT 4l —A
IhRETE R A .

7551 n] SR8 m dl W ok 2R AR PR M I
LA ML T MR A 5 5 1A A — P A A 5 Wi
YA s RS2 AR BT IRG, RSz g, G R4
JRUREE b R A iy — R AN, A S AR
S A B EE P R AR AR AR, T 51 A 5 R 2R
I RAAA, 2T B AR PR ) A R AR
20 Fe TR R EREISIR RS S RO KR
Wi, EILAE PRI TR D KO M SmAACT
5 2 A L AR L DN, LA BN Sk o P S
FR R BB AL AL K “RORE” o R SRR BB
AR I35 T 7 A HE A 5 B DR A i (AR A, 19 E T
KESIFES T RIS AY S SRR, N
AP T LR B e T A .

SMAACT HUAZ TR 2 A PES I 1, SmAACT Ji&
LA 8 R R AR S, Bl X A& 5k 5]
IR I AE Mo, (H A 5 7 DX o5 A5 ]
SRS RE R IA K 22 57, T 51 R IR A AR = 40 11 2
A%, SMAACT & I AL IR AL S+ K W PH 5 o —Avist
AR SRR, 7= bRy 5 ik DR 2 11 2 I 4 7 ik
DA 700 ] i A 5 ) L (1 IR R, I I LR R
75 SO R 3Rk 72 S S AR FI WL )2 A 43 R A
FUI R
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COLD or HOT natural attribute of Zuojinwan and Fanzuojinwan
based on temperature tropism of mice

YANG Hong-bo"? ZHAO Yan-ling, LI Bao-cai?>, WANG Jia-bo", LI Rui-sheng®, JIA Lei™*,
CHENG Dan-hong™*, XIAO Xiao-he"

(1. China Military Institute of Chinese Materia Medica, 302 Military Hospital, Beijing 100039, China; 2. Academy of Life Science
and Technology, Kunming University of Science and Technology, Kunming 650224, China; 3. Animal Laboratory Center,
302 Military Hospital, Beijing 100039, China; 4. Chengdu University of Traditional Chinese Medicine, Chengdu 610075, China)

Abstract: This study is to investigate the authenticity between COLD and HOT natural attribute in the
famous Chinese medicine formulas —— Zuojinwan (Coptis-Evodia 6 . 1) and Fanzugjinwan (Coptis-Evodia
1: 6) based on mice temperature tropism, and establish an objective method to estimate the difference of two
natural attribute by using a cold/hot plate differentiating technology. The results indicated that the COLD
nature Zuojinwan could decrease significantly the remaining rate of HOT-symptom rat on warm pad (P < 0.05).
That was not notable to COLD-symptom rat. The interference result of COLD-HOT temperature tropism to
COLD/HOT symptom rat in Fanzuojinwan was the reverse with the COLD nature Zuojinwan. Meanwhile,
biochemical indicators which are relative to energy metabolism such as ATPase enzyme activity and total
anti-oxidant capability (T-AOC), had corresponding change in the organism. In the study, the COLD and
HOT natural tendency in Zuojinwan and Fanzuojinwan which were composed by the same herbs with different
proportion could be expressed qualitatively, quantitatively, objectively and directly with applying animal
temperature tropism, and be verified to philosophical idea of treating disease theory with “expelling heat with
cold herbs and cryopathy requiring warm prescription”, not “expelling heat with heat herbs and cryopathy
requiring cold prescription” in ancient traditional Chinese medicine, which brings a new approach in investigation
of the nature theory of traditional Chinese medicine.

Key words: COLD and HOT natural attribute; ethology; temperature tropism; herb couple; Zuojinwan and
Fanzuojinwan
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Figure1l Dynamic effects of temperature tropism on mice treated with Zuojinwan and Fanzuojinwan (n = 6). A: Administered orally
cold sodium hydroxide solution; B: Administered orally 10% ethanol cayenne pepper solution. CM: COLD model; CM+ZJW: CM mice
treated with Zuojinwan 5.0 g-kg ; CM+FZJ: CM mice treated with Fanzuojinwan 5.0 gkg *; HM: HOT model; HM+ZJW: HM mice
treated with Zuojinwan 5.0 gkg *; HM+FZJ: HM mice treated with Fanzuojinwan 5.0 g-kg *.  Using SPSS statistics software, "P < 0.05,
P < 0.01 vs control group; “P < 0.05, ““P < 0.01 vs model group

30 —+—Control —e—CM —e=CM+ZIW —«=CM+FZJ] o0 —s—Control —e—HM =—e=HM+ZJW =—<=HM+FZ]
A B
28
284
264
an 1 26
2 24
I
Z »nl 24
’_/"f .
2 A
20 e 22
R
184
k__,.————‘\ 20
lé{
18
1 2 3 4 5 6 7 1 2 3 4 5 6 7
Time/ d

Figure 2 Effects of Zuojinwan and Fanzuojinwan on the body weight of mice.  A: Administered orally cold sodium hydroxide solution;
B: Administered orally 10% ethanol cayenne pepper solution. CM: COLD model; CM+ZJW: CM mice treated with Zuojinwan 5.0
gkg™; CM+FZJ: CM mice treated with Fanzuojinwan 5.0 g-kg % HM: HOT model; HM+ZJW: HM mice treated with Zuojinwan 5.0
gkg; HM+FZJ HM mice treated with Fanzuojinwan 5.0 g-kg

o (P<0.05). {E¥ SR B A 22, Table 1 Effects of Zuojinwan and Fanzuojinwan on ATPase
RIEGAME 3 ATP BRI R4, popiEy YOI

Na'-K*-ATPase ~ Mg*-ATPase Ca’*-ATPase

KV, SEY e B B2 R (P<0.05), 1M/ Group activity activity activity
e Lh 1 SR ) SR )
S A S AN SRR AR 3 B ATP WG TE jumolmg ' jumolmg ' umolmg
Control 438+0.72 3.96+0.48 3.72+0.63

PR EAEH o £E 100 L W) BIOHUA B E 15 B 2 2 CM 258+0.44" 1.97+0.23" 257+0.25"
g, 2o A RAE 3 ATPREITE PR 25 F %, o ii CM+ZW  243+038" 187+036°  245+049°
HOKOF, SR A B ENEE R (P <0.05); CM+FZ)  473+051°"  435+085°"  356+0.38"
W&Eﬁj\l‘xﬂ, 10% ZJ@? E‘J%ﬂiﬁﬂiﬁ%?@ %*ﬁﬂ Na+_K+ Control 4.96 + 0.64 3.84+0.51 3.94+0.67

” i X HM 563077 5.36+0.66 4.97+0.46"
Al Mg™-ATP B TER AR FJIER (P<0.05), HM+ZIW  4.72+0.70° 338050  390+054°
{BX) Ca*-ATP BRE L BEMM (% 1). HM+FZJ 518056 464£082° " 509072
4 IRAFRLSIELEES (T-AOC) BYELEL n=6 X+s. CM: COLD model; CM+ZJW: CM mice treated

N . a St js SN e ith Zuojinwan 5.0 gkg™; CM+FZJ CM mice treated with
=23t e s U A e 7 i EE A T wit ) g ;
5 PO AL, WSRO R B g jiwan 5.0 grkg 5 HM: HOT model; HM+Z2W: HM mice

NI R PR RE ) B3 T % (P<0.05), 1fif 10% treated with Zuojinwan 5.0 g-kg%; HM+FZJ HM mice treated
. E‘J;ﬂiﬁﬂiﬁ%?@ %*ﬁﬁ!ﬁ%i‘é@% (P < 001) ., E*ﬁ with Fanzuojinwan 5.0 g~kgﬁl_ Using SPSS statistics software,

‘ R N "P < 0.05, P < 0.01 vs control group; “P < 0.05, ““P < 0.01 vs
MU ELEE, 254 FL A 10% 2 5 1) BRI TREE 1B A 70 /) model group
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Figure 3 Effects of Zuojinwan and Fanzuojinwan on T-AOC
activity of mice (n = 6). CM: COLD model; CM+ZJW: CM
mice treated with Zuojinwan 5.0 gkg™; CM+FZJ. CM mice

treated with Fanzuojinwan 5.0 g-kg ; HM: HOT model; HM+ZJW:

HM mice treated with Zuojinwan 5.0 g-kg %; HM+FZJ HM mice
treated with Fanzuojinwan 5.0 gkg™. Using SPSS statistics
software, "P < 0.05, P < 0.01 vs control group; ““P < 0.01 vs
model group
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Effect of ZL-004 on raising leukocyte count

SUN Hai-yan', LI Chun-gang, XIAO Lin, WANG Guo-ping, LI1U Quan-hai

(Shanghai Institute of Pharmaceutical Industry, Shanghai 200437, China)

Abstract: This study is to investigate the effect of ZL-004 on norma mouse and mice with leukopenia

induced by chemotherapeutic agents.

5-Fluorouracil were administered intraperitoneally to mice to develop

leucopenia, and the mice were treated with ZL-004. The number of peripheral leukocytes and the percentage of
granulocytein total WBC were examined. Theresults are that ZL-004 markedly raise peripheral blood leukocytes
in the normal mice and the mice model of leukopenia. So, ZL-004 could protect mice against 5-fluorouracil
damage and raise peripheral blood leukocyte. Features of bone marrow smears is myel oproliferative hyperactivity
in the mice, particularly the matured granulocytic series were observed.  The mechanism of ZL-004 is to act on
the mouse bone marrow causing proliferation and differentiation.

Key words: small molecular chemical compound ZL-004; leucopenia; raising leukocyte count
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JR IR R B B2 IA T WK N 7 T AL E I, K
Bl ZL-004 R A THebh il F A /AL, S RIE K
WL R . WA SCHRARIE —BR 2 PR I it i 24k A4
HAT A i YR S S O T 4 i e T
e AP A AR AR . AN ZL-004 T A
JAI AR, oS A R 2R AT 2 BT 3 B 1 R
PR, DL R A ke 2 1 R AR 2 R A 3 At
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2007-0005) . S 4G %, ZhW) )5 DR ZifE R, =
i 20~25 °C, ¥ 50%~60%, Y H (12 h12 h).
SEIG F A FHYF AT UE S SYXK (U7): 2007-0015. 45T
PRt/ BURE, BT FDRL R v [ B2 B i S 5 )
Py dR AL, AROK R s KB AR K

Ji2h ZL-004 H ARG T 1 BUR RS A R, A
PRI AR, 2R >96% (k51 20060323). i il i
Tween 80 (F & /N T R4 == 11 4%) A5 )i, 1 0.5%
CMC-Na B¢ 22 T its W 52 o 1 5 5-980 R s g (5-FU),
PV o e 5 1 254 B s ml it (Hk 50 061125) . F84%
73 (AR B A V& RS 1 5, bl =4k
LR BR A A 7 (#i'5: 051001).

S e

IEH /N B BALB/c /L 50 L, BEHLAY K 5
41 (n=10), 737k O BT BRIV B4 L ZL-004
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5-FU 7553 A 4 s /DA /NE, B BALBIC /) B
60}, ML K 6 41 (n=10), 435 k= XL BH
XTI 4], ZL-004 (20 10 fil 5mgkg ") 41. 5-FU 4
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RITUHRE S AR FL 0.5% CMC-Na ¥ »
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AT HO M 22 AT, ERRLC AN, A, MRt
Bl AN M) 4y 2855, 43 M ZL-004 X 1E /N Ak
JELAN BRI 52 o T30 7 RRIE 5, SIUAREIBE F R 41 Ak
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BCT50 2 2d Jm, RIEE 10 R HRHE F kB imn, JEAT
M
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ZL-004 5} 5-FU 55 1 4t sk /D A5 8 /)N (A1 Jo 1t 11 48
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AP 2R BRI EORTE S W) (95 [HIGPT1-1)
AT RS . AR —EHER 44 05 mL. 4
250 B POk o Mk B W ) R B 3 AR 252~ 460
mgkg te 4 2)E MEYIK N, T4 14 d
TR DT H . R LA EH 240 b F2)57
(1 bliss 2, Tt/ BUHE B 45 241 LDso fH -

FIHFE M Al SPSS 12.0 #E R EE AT S8
WM, HHEREER X+s £oR, 4l LB t

&
1 ZL-004 *fIE%/NGRSINE M A9 40 AR it 50 % & 88
Z a0l

55257 DL S S A 4L E, ZL-004 (20 A
10 mg-kg ™) ZLIKAM R I A 40 B0 W B (P <
0.01), 5 mg-kg ™ &4 A WL 2 f &0 A ifin .5 40 it T
=% (£ 1). ZL-004 (20 Fi1 10 mgkg™) 4iffmgh
PR AH L 7 4 R O T A b A o AT AR
BN (P<0.01). 4 R4 BRI, 40 i
HTt v R T R 40 R R R I, ke
21 DI P O A NV I X DS A 1 DS TR 118
R OB g (G R A H AR 45 2 2.d G R,
ZL-004 521 LA BH o B 2L 1D 1 40 i 250 B g v
FLgH M 5y Lh 38 i BN B, AR E R IE a4~
12 x10%puL Y.

R a8 (1) Ton: BIPEXT FA1RT ZL-004
(20 F1 10 mgkg™) ALEAERR, EEER R
A 4 58 3 3 ;. ZL-004 (5 mgrkg ) 4L
X FE AL R R ARG R . R LB R PR R AL
2.666 : 1, ZL-004 20 mg-kg * 4 3.524 : 1, 10 mg-kg*
41 2.721:1, 5 mgkg® 4l 1.862:1, %5 (14} 4l
1.384: 1.
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Table 1 Effect of ZL-004 on WBC count of normal mice peripheral blood and percentage of neutrophil (NE) of total WBC (WBC

unit: x10%uL ™

do d3 ds5 d7 d 10

croup WBC NE/% WBC NE/% WBC NE/% WBC NE/% WBC NE/%
G-CSF 74+07 297+72 196+18" 529+43 175+11" 60.7+54  215+17 659+62  7.9+08 36326
(22.5 pgkg™) scx7d
ZL-004 78+0.7 342+56 19516 768+89 283+17 885:10.2" 262+1.8" 86.1+96 11411 520+4.7
(20 mgkg ) igx7 d
ZL-004 82+0.7 303+6.4 14316 620+7.8  156+14" 664+10.6 188+12" 658+7.7 93+1.0 447+3.9
(10 mgkg ) igx7 d
ZL-004 85+0.6 289+51 95+09 351+56 98+1.1 380+6.7 92+1.0 414+84 7.1+06 289+37
(5 mgkg™)igx7 d
Control 74+06 304+£79 84+06 321+6.7 79+0.7 299+8.1 72+0.7 31.3+58 7506 34.1+6.0

n=10, X=*s.

"P<0.05, P < 0.01 vs control group

Figure 1 Effect of ZL-004 on bone marrow smear of mice (HE, x200). A: ZL-004 (20 mg-kg ™, ig); B: ZL-004 (10 mgkg >, ig);
C: ZL-004 (5 mg-kg %, ig); D: G-CSF (22.5 ug-kg *, sc); E: Control

Table 2 Effect of ZL-004 on WBC count of 5-FU model mice peripheral blood and percentage of neutrophil (NE) of total WBC (WBC

unit: x10%uL ™Y

do d4 d6 ds d11

croup WBC NE/% WBC NE/% WBC NE/% WBC NE/% WBC NE/%
5-FU model 76+03 26.6+23 3.0+0.2 68+10 04+0.1 26+1.0 42+0.6 06+0.2 6.0+£04 126+1.38
(150 mg-kg™, ip)
G-CSF 75+05 274+29 30+03 62+09 43+04 96+13 108+19 302+40 221+42" 825+92"
(22.5 pgkg™) scx7d
ZL-004 72+06 304+34 28+02 75+09 44+03 108+24 105+27 289+4.8 184+21" 867+10.7
(20 mgkg ) igx7 d
ZL-004 69+05 298+30 31+01 59+05 37+04 74+19 96+19 303+37 146+20 472+6.7
(10 mgkg ) igx7 d
ZL-004 70+04 248+22 27+01 72+08 16+02 22+19 53+12 11+03 86+11 164+3.0
(5 mgkg™)igx7 d
Control 6.8+0.3 305+4.3 69+1.1 299+29 7.8+07 304:42" 77+10 267+33" 69+09 301:65

n=10, X=*s.

g rp PR AN M T 4 LEAR R B I (P < 0.01); 5 mg-kg ™t
FIEAAR N E WA =S, mHAAN 11 RN 24
WHEIEH (K 2). Kk ZL-004 HE XS 40 i 5 14 5

"P<0.05, P < 0.01 vs 5-FU model group

3

PEALTT 2590 5 ES 11 40 0 B (0 dpe (G o, IR A A1

SMEEHRINER

JRLIL AR B A DR R, OS2 40 00 R RE AT 18 AR 3 A
Hl.

LN BRE 5 45 24 5 1) LDso {5 356 mg-kg s
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A0 T TR A AT BT SR LA
RN, 2 2 B 7 R B N R4 P
AEAEIN ), 2900 6~8 h, IRl B SR o B ok
IR RE G T B, AT 325 B P 40 B B o b, TR
AN i ] S B0 Y R A, AT i
PR E, AR it 40 A V& MR F (colony stimulating
factors, CSFs) nJ LU Rk 1 FH T3 ifn 140 g, e kIt
A TR, R ILThRe, AR T A
N, bl gy, CRUEI R 3T . 40 i
ST HPRIN 1 (G-CSF) A2 V77 B i pobl &g it (1) &
LI PR 72—, SEREEAE TR R A4 e,
UEICHTE . o34k, IF AT RS IORL 2R R 4 A0 40 i 1Y) 1)
Ao AWFITUESE T, Ny TAaY) ZL-004 fefi 40Tt
e 1 /N B DA R 4t B 2R AT 255 5 1 A sk D
R /)N B0 A0 JE I 1 40 K, T rh PR 48 i
B LA R 0, A ek i il Dy Re k&, IFH —
el OF BRI R PO RA R 6 RN T8 & UG A
SO H SR A a8 R OR, 4 2idL /) RUE R A T K,
F BRI ARG, R RERE R AN I,
RAETE A0 I E 40 L Dy Rk . ZL-004 (20 F1 10
mg-kg ) ALAETH I /N B4 R A 1E R AT 2
Je AN gD, i BB I LR 6 R (R 2
JE M M KR I, 5K 264 ), BR
i I EE N AL, 2R R 2 E e, JL
15 AR 40 AR T R 1248k AR T A
T MR A0 A AR AT 25 CTX i3/
B gD, RIS T ZL-004 #E4TRYT, 43T

FIFEMIZE R e RPN B . 25455 it i & 48
PR P Z 3R . 23842010, ZL-004 (1R AL H
Tk bR ZL-004 figdeE 4l i s by a5 |
A TR, BIL/NRBEBT LDs {H4 356
mg-kg ™, BIRHRGHESE 10 mgkg ™, IR R
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{0 T 52 RS FE i 55
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Effect of metformin on the formation of hepatic fibrosisin
type 2 diabetic rats

QIANG Gui-fen', ZHANG Li*, XUAN Qi?% YANG Xiu-ying", SHI Li-li*, ZHANG Heng-ai*,
CHEN Bai-nian', DU Guan-hua"

(1. Ingtitute of Materia Medica, Chinese Academy of Medical Sciences & Peking Union Medical College, Beijing 100050, Ching;

2. Xuanwu Hospital, Capital Medical University, Beijing 100053, China)

Abstract: The aim of this study is to investigate the effects of the metformin on the formation of hepatic
fibrosis in type 2 diabetic rats and discuss its mechanism of liver-protecting activity. After SD rats were fed with
high-fat and high-sucrose diet for four weeks, low-dose streptozotocin (STZ) was injected intraperitoneally to
make the animal mode of type 2 diabetes. Then, al diabetic rats was fed with the high-fat diet and metformin
(ig, 100 mg-kg ) was given orally to metformin group for four months. After the last administration, fasting
blood glucose was determined. The livers were removed to calculate the hepatic coefficient and to make HE
and Picro acid-Sirius red staining, immunohistochemistry (a-SMA and TGFA1) and TUNEL staining in order to
evaluate the effect of metformin on the hepatic fibrosis. The animal model of type 2 diabetes with hepatic
fibrosis was successfully made. Metformin can significantly alleviate the lesions of hepatic steatosis and
fibrosis, markedly reduce the expressions of a-SMA and TGFAL in liver tissue of type 2 diabetic rats. However,
TUNEL staining result suggested that metformin could not reduce apoptosis of hepatocytes. The results suggest

that meformin can inhibit the formation of hepatic fibrosis in type 2 diabetes.
Key words: metformin; type 2 diabetes; hepatic fibrosis, non-alcoholic fatty liver disease
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Table 1 Effect of metformin (100 mgkg™) on blood glucose,

body weight and hepatic coefficient in diabetic rats
Fasting blood

Group glucose/mmol-L* Body weight/g  Hepatic coefficient
Normal 5.04+0.51 565.9+ 1533 0.0237+0.002 1
Model 24.13+6.65"" 3685+78.8"" 0.1042+0.0300%*
Metformin ~ 21.23+5.92*%  394.0+90.6"" 0.1054+0.023 8**

n=10-15 X+s. P <0.01vsnormal group
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Figure 1 Effect of metformin (100 mg~kgfl) on liver tissue of diabetic rats detected with HE staining. A: Normal group; B: Model

group; C: Metformin group. Scalebar: 10 pm
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Figure2 Effect of metformin (100 mgkg ) on collagen fibersin liver tissue of diabetic rats detected with Picro acid-Sirius red staining
(polarized light microscope). A: Normal group; B: Model group; C: Metformin group; n =5, X+s. P < 0.01 vs model group.
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Figure 3 Effect of metformin (100 mg-kg ™) on the expression of a-SMA in liver tissue of diabetic rats detected with immunohisto-
chemistry staining.  A: Normal group; B: Model group; C: Metformin group; n=5, X+s. ~ P<0.01vsmodd group. Scalebar: 10 ym
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Figure 4 Effect of metformin (100 mgkg ™) on the expression of TGFA1 in liver tissue of diabetic rats detected with immunohisto-
chemistry staining. A: Normal group; B: Model group; C: Metformin group; n=5, X+s.  P<0.01vsmodd group. Scalebar: 10 ym
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Figure 5 Effect of metformin (100 mgkg ) on hepatocytes apoptosis in liver tissue of diabetic rats detected with TUNEL staining.
A: Normal group; B: Model group; C: Metformin group; n=5, X+s. ~ P<0.01vsmodel group. Scalebar: 10 um
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