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WE: BN AR ZE (MT) sSAMNZI R U8 e sh sk A Z 3 & & A2 (ANXA2)
FfEE G c-Myc RA 9 Hom, ik ARFKEMGMT (1nmol* L', 100 nmol « L',
10pmol * L', 1mmoleL ') £ 3 UII8 4w 2 J&, CCK-8 ik # i & 20 tm Jo 7&E M, A 1
mmol « L ™' MT 422 U118 48 #L )5, EDU % &, ik 46 & 40 20 ffL DNA & st 0L, %W s ik
o) &~ 28 2m 8L %, % 4, Western blot 4 3 58 4732 45 Ki67 #= PCNA 89 £ ik H sL & ANXA2 Fe
c-Myc #) %& & & it 0L, RT-qPCR # ] ANXA2 #) mRNA &9 & £ oL, &R MT 7T 2L 47 4
Ul18 afe3g s, F BT VA B HBAL U118 et ANXA2 A= c-Myc 9 R ik K-F, £Eif MT T
A8 it K ANXA2 & F i#i8 % c-Myc 89 &k A Fh] U118 fa e 3§ 78

KR REE; KRB Wi, BRES A2

RES S R739.41, R975  CEIFRIGAE: A MERES: 1672-2981(2021)12-2483-06
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Anti-proliferation effect of melatonin on human glioma U118 cells
and its mechanism

LI Xin, LYU Zi-yang, LIU Jia-jia’, WANG Shan" (Department of Pharmaceutical Engineering,
School of Chemistry and Chemical Engineering, Central South University, Changsha 410083)

Abstract: Objective To determine the effect of melatonin (MT) on the proliferation of human glioma
U118 cells and the expression of Annexin A2 (ANXA?2) and oncoprotein c-Myc. Methods After
the U118 cells were treated with different concentrations of MT (1 nmol * L ' 100 nmol * L ~ ',
10 umol « L ', and 1 mmol * L ~ "), the cell viability of each group was detected by CCK-8. The
DNA synthesis of the cells in each group was detected by EDU staining, and the colony number of
cells in each group was detected by colony formation, the expressions of proliferation markers Ki67
and PCNA, and the protein expressions of ANXA2 and c-Myc were detected by Western blot, and
the mRNA expression of ANXA2 was detected by RT-qPCR, after treated with 1 mmol « L ~ ' MT.
Results MT inhibited the proliferation of U118 cells and significantly decreased the expression level
of ANXA2 and c-Myc in U118 cells. Conclusion MT may inhibit the proliferation of U118 cells by
decreasing the expression of ANXA?2 and the downstream pathway c-Myc.

Key words: melatonin; glioma; proliferation; Annexin A2
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SRR, SRR RIS R FRIVE R Y,
U, SFHRIEZEZ) 1 i ST DA R i
FIR SRR AT IR T2, BAEEE L,

BRI Z (melatonin, MT ) 2—Fh AR
A RSR M ph 22 IR R, HOK IR M RIE
YRR, By iEad bR T BkAh, MT YK
R, TEIRNASER, FERAT, A
ARG ER P R RTINS K B MT X
AN T R 5L P 5 J5 98 200 AR 348 L R 1 P 52 ) R 5
A—F: MT BEH] AP K B2 R Co 4t
BN e 08 UST A iy 3 o © 115 MIT g
W S 0 ) A 2 0 S T9SG A U251 41 it (1) i
BRIRZERE S, AW eI ", B
B, MT X A2 BR U118 45 AE 11 Y5
i) S AT EPS B A HILTH i A WA DG HGE o i — B4R
R MT X R E N[ A YR A J2 S5 440 it 1) 52
M), 4 AT PPAL MIT X Jie S0 98 240 Jf 384 5 e ) 1) 52
M) HLA — 2 9T 2

R EE 35 I A2 ( Annexin A2, ANXA2) J&—
FREGARA e RG2S S8 A ", FER R
Tk, IS5 ORGSR AEAR S U BT
RI, B ANXA2 7] L 25 0] AR 28 5 5 R
U118, U251, US7 Fl GP1 A pyasg U2 3¢ H
HTHABTSE CIFSE ANXA2 0] DL 3 I PR A 9
1 c-Myc Jd# U118 g s g . Eakafse
$E7R, ANXA2 ] 3d o P45 T e 8 B c-Myce 25 H
I PRI AN AR FE . (0 MT 2 5 25 A pf
22 B2 JJR U118 41 Jild ANXA2 J% T iiff i % c-Myc
MR, IR IAHCHGE o

g Lk, ARSLEAIAEGT MT X A28 i i
o8 U118 4R A B3 g /E T, R R LT e 4
FABLEL, Swisr MT VRSB0 s A K i ik 24
YIS
1 #7#l
1.1 &

filEFRIY (N12639-01, 2£[E Thermo ) ; Q5 5L
¢ 96 5 7 PCRAX (€ [# Applied Biosystems ) ;
J&# PCR X (T100, 5[ Bio-Rad); Hiiki¥ ( Pow-
er Pac Basic, 3£ [H Bio-Rad); fk2# %G (LAS
500, Fit:); FINBRBURFRSE (High Content Anal-
ysis System Operetta CLSTM, PerkinElmer ).
1.2 K7

DMEM 15 3% 3 (C11995500BT ). i 4~ Ifi.
i (A3160801). Ji& £ 1 B (25200-072), AL
(15140122)( Gibco ) ; CCK-8 k7 & (EC4EWY),
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MA0218) ; kFluor647-EDU #:illit5 & (Bl3EA:4,
KGA335-100) ; 2.5% &2 Y il (R FEEY),
G1061) ; Trizol (Invitrogen, 15596026 ); i %% 5%
77 & ( Genecopoeia, QP056); SYBR-Green ¢
£ PCRIAFIA ( Genecopoeia, QP001); fHMEZ
( APEXBIO, #4liff = 98%, A2842); RIPA 2L
(PO013B ). BCA & H ¥ &I 2 157 & (P0009).
5XSDS-PAGE # [1 FF£Z2 i (POO1SL ), SDS-
PAGE #E it it & 30 & (PO012A ). i 5 1 i
(PO252A)(E = K AW 5 ¥ I (WB4600)
PURHG B (WBS00D ), 25 14 il 310 il 770 TR & Vi
(POO1)GHrESEEM)) 5 20X TBST (R3S,
T1082) ; PVDF i ( Millipore, IPVH00010) ; %%
¥ 0,7 1 Marker ( Thermo, 26616); HIfE ([FE 25
W, 40064260) ; LB (fH%IK5], ZB1F003) ;
PBS % #h i (HL 54 %), KGB5001); ECL &
W (Santa Cruz, sc-2048 ); Anti-Ki67 (abl6667 ).
Anti-PCNA (ab92552 ). Anti-c-Myc (ab32072)
( Abcam ) ; Anti-S-actin ( Proteintech Group, 20536-
1-AP ) ; Anti-Annexin A2 ( Cell Signaling Technology,
8235S ),

1.3 #M %

P25 e TR 4 AL U118 4 i [ v R B T
S L2
2 Fik

2.1 CCK-8 4l 4 i 7%

WCAE KR K Y U118 4 f, DA%l 5% 10°
MR T 96 FLAR, TRAiffIIEE 24 h 5 2k
FREL, X HRZ I b 5 G VA v J38 (A £ T 1M 37
RrFedk, SEEGZHLL 1 nmol « L', 100 nmol « L™,
10pumol * L™, ITmmol « L ™' MT IAZH#E I
175 DMEM K #2856, Bk 5 M &EfL. 37°C,
5% CO, 18 i 55 7% 24 h, B FL i A 10 uL CCK-8,
37 CHURZEEEFE 2 h, B 96 FLAR, T 450 nm Abi]
R . THEANEAEE %, MR = (L5
2 ODysy — 725 4L ODys,) | (KR4 OD,sy — 25 A
OD,50) X100%. HEFEAEMIWIEIT, Pk 24, 48,
72, 96 h4 MEFIBREE . HEAE FiRDER,

2.2 EDU 4 27 i DNA 4 &

W X E e K 0 ) Us 4i i, DL A AL
5X10° 440 3 R T 96 FLAR, Fi 40 MG BE 24 h
JaWe AR FREE, X REL S b5 A X R Ik B 1)
LTI T RS R 5L, SCER LA 1 mmol < L' 1Y)
MT Jn AR Gl DMEM ¥ 5558, 4%
3ANESL. 37°C, 5% CO, [HIREFF 24 h, WFH;
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Fihk, M8 kFluor647-EDU 6 32t 7 £ v B 45 ik
17 EDU K, JFAE R IR T 58 o Bidg, Rl
VEHL 3 MLEFSE AL EDU FHIERSE
23 HEHELEEAN MmN T ER R

WCAE R R KA UT18 i, LLAEAL 5X10°
ANAEERD T 6 FLHR, FRAMNGRE 24 h SRR SR
BE, X RZE A8 5 A X A R %) T I 855
Fedt, SCEGZH LA 1 mmol « L' [ MT in A 357 ff
JCIiyE DMEM #5553t Rl 3 ME L. 37°7C,
5% CO, fHlNEFE 24 ho B 3 d¥—IRW, H55F 14d
JEW TR AL, 4% 2R B EEREE 20 min J5 A
0.5% 45 T 22 Y (4 7 1 5 20 min, PBS Yk 40 i %1
W, B, BRSALAE, THEOST
2.4 34 FFnLEf E & PCR (Real Time qPCR )

W U8 4L 2 X 10° D EEFLEERP T 6 FLES 57
M, REFRid . B I DMEM AL 24 h J5
AR HRZHAN 1 mmol « L™ ' MT 4., 37°C, 5% CO,
E I 55 95 24 h, 54 U118 40 i i A 38 24 1A FHL Y
Trizol 24, 4B RNA I F s Sk ) e i I8
VLI 4339054 55 cDNA, R 5 L cDNA g i ik fisf
SETE PCRAGI, DL -actin MINZ:, SR HAYILH
MNZ5 W h Bl TAY AR, ANXA2, bt
51 ¥ 5-GATCAGAATCATGGTCT-CCCG-3', F i
514 5-GCCCTTAGTGTCTTGCTGGAT-3'; f-actin,
i 51 9. 5-TAGTTGCGTTACACCCTTTCTTG-3',
T3 19 5-TCACCTTCACC-GTTAGTTT-3', 4
FEM 3 AN E AL, W AR ZR 10 uL, PCR N 4%
fF: 95°C 15min, 95°C 155, 60°C 30s, 72°C 60s,
40 MER . SR HITEEE T, £ B BERFRRK
SEHIRQAE (27 44 sk,
25 Eafzaina

OB K % U118 4 i LB AL 2} 10° 4
UM T 6 FLE IR, BT, T
B 2 HE AL B 24 h 5 4y R % BEZH AN 1 mmol ¢ L
MT 4., F1i24hf5, FAHEE PBS 3 X,
K 10 min, W40 PBS 5, IMASAHEHHA
Tt 00 281 7510 £7%) 200 P 24 W K L 9F 30 miin, AR B
UM U118 ZH i, 12 000 g %% 34 2.0 30 min Ji5
W FE LI, TR 4 A —E /) 5X SDS-
PAGE # [ I #¢ 22 v JF IR % 2% 2E 1T 1R 2,
100 CHEHAEM: 10 min. RJH 4% SDS-PAGE k45
JKE T 10% SDS-PAGE 435 i, 3 L HL k- 22 FEL
AYEE M, 1H E U 400 mA 5 40 min, 45
J B PVDF B s B PO & 20 min, 2
JE o R Ki67 FZ5REpiik (1:1000); %

BT PCNA L bR (1:1000). febt ANXA2
() 2 sE BEHLAR (1:1000). #di c-Myc [ £ 52
BEPrik (1:1000), i -actin 1) £ 5 B P iR
(1:1000), 4 °Cit®WEE ; 1 1XTBST ¥l 3 1K,
R 10 min, ZJEMAWLEDTRA =T (1:10
000), 7EFRJEFER LEMEFE 2 h, 45R)F4k%H
I X TBST ¥ 3 ¥k, AKX 10 min, ff5H ECL &
HEMAEA 22 A AL A T GO0 Image J 3547
UG K BEAE 5 HT
2.6 Sit¥F

J3; H SPSS 17.0 G 1 A4 58 1 5% 4 i 4 1
Giitab PR, SR £ ARiERE (3£s) Fow.
PHZH s 22 7 U R H student's ¢ K536, 2220 2L
P 25 5 LBk FH LR 28 ANOVA 5 22 0T 7 ik,
P <005 REZEFAGIFEE L,
3 FR
3.1 MT #74] UL18 4 Jif e 78 P A A K ok

wmE AR ~, 5% B4 M, MT (1
mmol « L~ ") &b HHZH () 20 fg 35 4 B 52 2 410
(P <<0.05), TiHAY MT ¥ 5 hb 3 2H A 40 it 7% 12
BIARZ B W E 500, R MT A FRZHAE 24 h 5 6E
PO TS PR A S S T mmol L', R,
VER IR AT R et . Wi 1B TR, S
MRZHAALL, BEEMEIAYZER, MT (1 mmol L ")
AbEL A 4N i B B 2 B T B (P < 0.01,
P < 0.001), #H] 1 mmol« L~ " MT RE s} [H 4K #i
PEHAMH] U118 40 A A= i

1201 %0712 con

4001 ™ MT

1004

@
=3
1

S
o
I
N
o
o
1

Cell Viability(%)
(2]
o
Relative cell number

N
(=}
I

o
T

Con 1 100 10 1000 0 24 48 72 9
— — Time (h)
nmol-.L™ " pmol-L™ '
A B

&1 1 MT X UT18 20T A A= 158 1 2
Fig 1 Effect of MT on U118 cell viability and growth rate

T (Note) : HxJH4IMI L, "P <005, "P <001, "P <0001
( Compared with the control group, P < 0.05, "P < 0.01,
"'P < 0.001),

3.2 MT 44| U118 41 it 1 DNA 4 &

5XREIAH L, MT 4b#ig EDU BHMER (40
09 ' Y €8 41 AR €590 O G (0 20 Y L
) BETRHE (P<0.001, WK 2), 38 MTfiE
I U118 4 DNA A o
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EDU

Hochest

B2 MTXF U118 4f)ifs DNA & Y
Fig2 Effect of MT on DNA synthesis in U118 cells

Merge

0.5

o o ©
Now A

EDU* cells(%)

i (Note ) : SXFIEAIMILE, ™ P < 0.001 ( Compared with the control group, P < 0.001).

Con

3 MT X UT18 4l e R i S
Fig3 Effect of MT on the clone formation of U118 cells

Con MT
B
1.5+
]
o
IS
2 404
=1
=
=)
8 sk ok
2 0.51
kS|
[0]
o
MT

1 (Note ) : SXFHEZAAAL, “P < 0.01 ( Compared with the control group, P < 0.01),

3.3 MT #04| U118 41 i th 5. /& T ik
SXFREAIAH L, MT 4B 20 i ve B P B AL
HFF& (P<<001, WIK3), i MTfgm
U118 i) eI A
34 MT 1 #| U8 4@ i 3 78 4x i 47 Ki67 ¢
PCNA 8 & A %k ik
M 4m W, 5 X B8 2 40 e, MT Ak B 21
Ki67 Fll PCNA 5 [ 3Rk w4 0 Z T (P < 0.01,
P <0.05), FWAMTHEMH ULLS 41 i 1Y Ki67 Al
PCNA R FRIA

1.5

= @8 Con
-‘§ o MT
o
=
— o
Ki67 PCNA
A B

€l 4 MT %} U118 Al fH5EFRICH) PCNA FI Ki67 192 123510 500
Fig 4 Effect of MT on the protein expression of proliferation markers
PCNA and Ki67 in U118 cells

1 (Note ) : SxFBAHAMLL, P <005, “"P<0.01 (Compared
with the control group, P << 0.05, “P < 0.01),
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3.5 MT 0 #] Ul18 41 j ANXA2 X c-Myc & H
ty & 3k

mE s T, S5XF B AH e, MT 4k PR 4
ANXA2 [y mRNA FI#E [ £k 5 ¥ T B, c-Myc
P EEEIBETEE (P<0001, P<0.05), #x
MT AE 4 ] U118 41 Jift ANXA2 (1) mRNA Fl 5
DL e-Myc £ IR RIAZKF-, AIfgE L T U118
YA ANXA2 BT JEAH I8 % c-Myc 85 FH 13
IR A il A 3G 5

315 @ ANXA2
3 70‘1'5 @B c-Myc
> o O)
P4 ANXA2 5
1.0 ——
gl 210
% Hkk [ ,‘% T
<0.5 ———— ~05
2
kS 5
£0.0 Con MT a 5o
Con M  con  MT
A B C

€5 MTXF U118 4 i ANXA2 mRNA (A) Fl ANXA2, c-Myc &
(B, C) MYFRIEMZm
Fig 5 Effect of MT on the expression of ANXA2 (A ) mRNA,
ANXA2 and c-Myc (B, C) protein in U118 cells

¥ (Note ) : GXFHRZHAALL, P <0.05, ""P < 0.001 ( Compared
with the control group, P < 0.05, P < 0.001).
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4 1Tig

P28 0 TR o ON S TR 4 R G i R
70% P i IR AN M A b R A A R T B
JIRE AR B A R R RN BE T R ) R 2
— B B R ARG R, A SO 2 R
U 96 A1 %) 4 B T LA A e 20 R R R I T
Je B R, TR AT Ak o e TR A
W25, B —E MU . EEE, 1
mmol * L ™' MT £b3 TO8G H1 U251 4/l 24 h )i,
it T A 5L 4 8 2 B MMP2 Rl MMP9 ) 3% 3k
AT B A E AR AR ZRRE T, (HAGE
AT FEAEYE, 11 1 nmol « L™ ' MT AbFE T98G
MU251 48 24 h ), B, TBEARE
PR s M ARSCus % 90 1 mmol « L™ ' MT Al LA
WEEIE] U118 4HAE3GsE . AHAETGHE . DNA &%,
TaREIE B DL ST AR 10 PCNA Fl Ki67 1315
T o JH At Je 57y 200 e ot s 28 2 o S €6 K%
N 5 IR 2 L U7 BT A i VB FH S AR S
BT 45 S 1 22 B MT S ) SR Y8 9 i
JTIRE A B4 5 R A RV E AN AT, AT BRI T AS W]
J& AN TR A U5 S5 988 A4 AfL X MIT ) skt A [
JEH., MT X e Jo e 40 i i 30 VR -5 MT 18 9k
JE S AR PRET ]I —E KR, SRS T IRA
WFoE, VME T3 AE n MT Bk R

FLHTA DFIEIESE, ANXA2 7] DL % £F % il
J, R A A B BT, R ANXA2 AT DAAE it
TR AR e SR i A SR . Z R X
HREFIEIES:, ANXA2 764 R b 40 f v
JERIR, FF 0T DA A A R A ) s A, A dE
FLIRIAANAE 252 A /N A i B e Jo e 4
i U520 2 A BT REALH S T, B SCHkRGE
ANXA2 A3 b P T i B 1 c-Myc )3
PR R A a1 2P Ah, ANXA2
558 Jo R A MR R B AR DG O T AT R A
i R s BARiE ) P SRR, ANXA2
TE g v Y B VR SR B AE ANXA2 519724
W) (1% i 2P A OE A 56 B IR B ANXA2
Y FRIRBR T AT LA LA ) 2 o e A A 3 o 2 b
TR L S 2 v M TR 40 Pt ek HL A A7 25
B, Bz, ST M TE ANXA2 R IiEM
2%, WE AT L Ik I ) R I A 1 5 e 4
WITVER, T DU B A LA AT 25 iR T
BOR, MR AT R L T T REAET R
CAWFFEHGE, MT f LA US7 41 Co 4h i
BB S 0 9f ., MT % T98G 1 U251 4 ity

WER AR ZEA WEMHIER . IEPIIES:,

MT A] DU S A ST 259 AR I OT v ik e o e 40 i

(2 E i 254 ™ B, MT 2 T 98 ANXA2

LRI R c-Myce FIZRINEAFIE—LFST

AR R, ANXA2 78 UL18 4ift i m ik,

5%t B LAY, #E 1 mmol « L™ 'MTEM 24 h )5,

ANXA2 mRNA 35 T, ANXA2 il c-Myc 2 H Y

FRIKFRAR, 278 MT A el i 40 ANXA2 KTl

T c-Myc 5 H B MG U118 4R 3458 .

25 LRI, MT 7EM 25 B0 B0 YT 5 T A

RAFIEAERN B, H2 MT 328357 1 H]

SRS ANXA2 K T il i c-Myc 8 H 3R 1k

Ax, (AR LA .
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Pl Z2 418 1T 1 ] MAPK #1 NF-xB/IxkBa {5 518 2§

EE K BT A L YL HI A 37

FABIE, R, L ER, TR, BAF (LEsoEkEEER B U RERZFE, i 200011)

WE: BM T FTRBRIAIT AR B FiE AN 308 AT 4 iAo AT 20 46
FEARARABA B B W v, A K IEAR X B T AT 2 k&g, (HSC) l%i/%*T KT
Ko 25, R I AR “aﬁwm% HSC #9380 7& . AL An Ko R, oIk 4L R 5 A e
B8 TR I P I IR AR R T ARBR B K R A e, R ﬁ%&ﬁ%%ﬁ%ﬂﬁémﬁ
8% E (MAPK ) 125 %42, FaaeabdpdtR-F (NF) «B/IkBa 1212, £t FM#iE CCl,
G0 I 47 44 P 4895 49 4] MAPK #= NF-«B/IxBa 15 5 18 %, 2 —FP T fibshdy
KRR LYl FTERER; BAL R ; XER M ; MAPK; NF-«B/IkBa

FES%ES: R5752, R285  XHAtRINAEL: A XEHS: 1672-2981(2021)12-2489-08
doi:10.7539/j.issn.1672-2981.2021.12.002

Ferulic acid reduces liver fibrosis by inhibiting MAPK and NF-«kB/IkBa
signaling pathways in rats

WANG Yuan-yuan, ZHU Hao, SHI Yu-huan, WANG Rong’, YUAN Yong-fang (Department of
Pharmacy, Shanghai 9th People's Hospital, Shanghai Jiao Tong University School of Medicine,
Shanghai 200011)

Abstract: Objective To determine the potential mechanism of ferulic acid (FA) against liver fibrosis.
Methods The effects of FA on the liver fibrosis and liver function indexes as well as the activitives
of antioxidative stress kinase were detected. The inflammation-related factors and hepatic stellate cell
(HSC) activation marker levels indicated that FA effectively inhibited HSC activation, oxidative stress
and inflammation. At the same time, immunohistochemical analysis and Western blot were carried
out to further explore the mechanism of FA against liver fibrosis in rats. Results FA inhibited both
the mitogen-activated protein kinase (MAPK) signal pathway and the nuclear factor (NF)-«B/IxBa
pathway. Conclusion FA can inhibit the MAPK and NF-«B/IxBa signaling pathways in CCl,-induced
liver fibrosis, which may serve as a potential anti-liver fibrosis drug.

Key words: liver fibrosis; ferulic acid; oxidative stress; inflammatory response; MAPK; NF-«B/IxBa

JFEF 44l 1 T 2Rk T AR (HSC)
THLAANEANERT (ECM) YR, 2 FHLHI K

L REPNCSZE 2/ M Ok N UV Qi N
JHFEF Al 5 50 S AR W 9T K B A8 AL R ORI 52

FIRIER T AKFET . B E T RSN A
Koy A Ak (CCl) 7E5 S ATLF 41k
AR, BERE A A RO SE N, X
éiﬁ?“% 5 HSC #1% F1 ECM 774 31
22 1P (MAPK) ﬁm_%@%
p38MAPK ( p38MAPK ). c-Jun N ¥ 3 i (JNK)
FVEH B S M5 5 )8 15 85 30 12 (BRK12) T

HEEWB: EXARPEEETH (No.81803815),
e

TR, 2o, FENEPAHUTFLAELN 5 THLHITTSE, E-mail: wyyuanl@163.com

EFH 5 R T 0T MAPK {55 18 B A 32 B 3 R
T HHT, MAPK {5538 B g W 98 45 Je 22 1 2
p38SMAPK . JNK il ERK1/2 = 4% ¥ {5 5 i 4,
BT 5T «B (NF«B) {nvL% b2 5%
SEARMLN T FIG PR (ROS) BYRTY, X2k
IR IRAE S I Y JCEREER 1 1, NF-«B S 4t P
BRI SR R T %ﬁ%Igﬁiﬁi’@% RelA (p65).
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RelB. c-Rel, p50 Fll p52, FH:H NF-«B [Y p65 I &
B9 35 253 1 NF-«B/IkBa {5 5 6 5 5 RIE R
NI . NF«B 5 kB 7E40M0 5 rh 454 A s 1k
B R, 7E kB B (IKK) #7575, 155 kB
MW IR (L T A%, NF-«B B0E, &k AE
%, PRk AR Y, TET HSCs B35 fL Al
JHT P,

Frf 2% ( ferulic acid, FA ) ZB&E. 44 F0
JNE S rh 25 B ZG PERG Sy, A5/ E 1 s .
PAEA, FAREPUR . Pia o5 25 BE0E A M 4%
ZerE U, 40 Mir 25 U R FA AR M B Y
/NER, KB FA BEfS M oL # il TLR-4 45 NF-«B
Wi, HA RGPTREM. mH G RV R A
B, #hFT FA BEAS U0 = g MUAE B & 1Y IR . 4R
TR R A RERZS U Ik, % FA T REELA
YU £F 44 4B, AR H 7T 685 MAPK Hl NF-
kB/IkBa 8 FEAHOC . AR F FEFR I FA XHH-2F 4
Akt 0V i B2 Hoxt MAPK F1 NE-«B/IxBa (1915
S BEAIRR, LAERIT FA XTSRS

H
3COWOH
HO

1 PIERRR A

Fig 1 Chemical structure of ferulic acid

1 R

FA ( Nature Standard Biological Technology Co.,
Ltd., #lifE: 98%, CAS 1135-24-6). NE-PER 4 Jifd
¥ . GRS [Thermo Fisher Scientific]. p38
MAPK . NF-«Bp65. a FiFHLsIE A (a-SMA ).
W T A (Collal ). 2% 1 H3 (histone H3) #1I
B-THUAEHE A (P-tubulin) HL 57 FEHLIAK [Cell signaling
Technology]. AR A ALY BEHRIC H Il 3- WL
Jii & (GAPDH ) $ifk [Bioworld Technology], =
P e EER A G (1gG) — 4T (Signalway ). %
{4 K X7 BI[TGFB1, R&D Systems], SYBR Ex
Taq II (Tli RNaseH Plus) i 7|, PrimeScript RT
Master Mix ( Perfect Real Time ) it 7] [TaKaRa Co.,
Ltd]. feydi bl e (DU Ay TRA R
AT WREAR G N EIR 2 HE e #5E (ALT ),
REATRAILE M (AST), KHLIER (TBIL)
A& AR (SOD ). A MeH M %
Wi ( GSH-PX ) Flid AL S ( CAT) TEEDE
ARG (Y TR, IFF4iibks
M ZFNAT & ORM 2B A TR A FRA R ),
JITA Hofth 2GR 0 A 3 2 RAEYIHEOAR AR (F
U)o AR B G (7R BT ) R R w0 il )
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(EEPK). 4 AN LRSI (3 E Beckman
LX-2), Hi5gfk 2% kR 4 (48 [E Fusion FX7),
Nanodrop 2000 43¢ 1 ( Thermo Fisher Scientif-
ic ), LightCycler 480 1%%% ( Hoffman-La Roche ).
2 Ak
21 KE44

SPF ¢ lfitE SD KR, H48 H (6 JH, 180 ~
220 g, LilEPgE IR - SELE B S A RA A,
WIS I ESI Y S = | 25°C, B
(55+10) %, 12 h/12 h BHIEEER, AThrEe
YRR, W3R 2 BJE, R BB R IE 4L
BRI | SRl A AR AL, BRIER 4ish, H
AR EBEA T CCl-EAm (1:1, ww) 1
mL * kg ' # T K BT dE LAY, FE 2 1K,
6 JA, [RIB, AR 2R RN ) 2 K UM s v
SHFA, BEH 1R, #LGZj6 ], &S HHN
15mg kg 'M30mg-kg '; IEHAKRRIEL 6
JEI S S AR TR 55 o i A BRER K . FESR 6 JE 45 AR FR
R BT (SHE) IFH 3% PO He 2 Al RR I
SRIG, M 32 B ik bR AR BT 6 M FEAS . 3000
remin ', 4°C, B.[> 10 min, J7F— 80 °C F1fif
Fo WA TIEREAR UG PR E, —2FH 10%
IR ES R 2, A T U B A e e AL AR
FIABIIFEREATE — 80 'C N RIRAT -
22 FFEHEGTER . HaEnEFms

A AR (%) = [ &
(g) /R (g) 1X100% 35 AT IE 48 %,
JF DI 6E 22 51 3 P4 A D3k 7] & I e A T e br 5
ALT. AST Ml TBIL. % B JH £F 4 fb & I & %1
T2 77) B 1 W 0 2 1 v T2 A g Dt i R i iy I
(PIINP), VER)E (IV-C). #HHFIR (HA)
FZRESRE A (LN) K-
2.3 F R HOHE 45 AR AR

JHEREAE S A BRER K B 0, 4203 12
WAEA4°C . 3500 remin ' B0 10 min, E.OPIK,
WIS, A o4 R I o 45 BTG g, 4R
B VLR MDA /K-
2.4 T4 0 3B 5 0 E A0 9% 41 A

W [E B LB FERRAS , 22K . AR,
YIEG 5 pm R LD B, B il vhk, M8
VLB bnEAL R, ARG (H&E ) 4L
{6, 1 Masson = {6, 4% (0 77 tE b4 T 21 2240048, H
Pt P-p38MAPK , P-JNK . P-ERK 1/2 Fl NF-kBp65
PIPTIARE TS e AL e o, TE627 B Ae T A
JHFRIE S5 B 0 N R TR AR 4k, (] — {57 JHF B
SHLAE R, . AR el ™ AR R 0 2] 4 4yt
g ™ AR R 0. IEH; 1 fF1ELT
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Hedl (RS IRET 4 52 1T ik — 10 al Hp e i Jik A2t fift
ZRIFIXE) ; 2. BRIFGFYEAL (R IR IF L4 5
fRRETCRRIE L) 5 3. LR Lifl (e R 4F
) 4 JRELGHA (ZHIRIRL 4, F 0 b
WE, BUNHESE L) REAfas, 5
o A (O e {0 R PHYE(S 5 . AR IR BH TG ()
TR A B R TITAS . 0. FEPEYL s (0~ 5% ) ;
1. 55 BHE e (6% ~ 35% ) ; 2. W RE BHPE YL (3,
(36% ~ 55% ) ; 3.5RFHYESRA (56% ~ 100% ).
2.5 Western blot 4| AT i A % & @t % ik

B I 2H 200 1o 5 i B S Y (TL-2020, db
7T) 2 min, 1000 r* min " FSERAIIE I HREUE

F AL PR B R S, R E RIS k. i
i TR R A - SR DN M IR B FRL UK ( SDS-
PAGE) 7+ E&E A, %R RIMIM M (PVDF )
& |, $RXJ5 H P-p38 MAPK. P-JNK. P-ERK1/2.
NF-«Bp65. IkBa, a-SMA & Colla I 4 14 5% & #
B, HH 9 E. LAp-tubulin, Histone H3
F1I GAPDH HUiAE NS A 4545 o
2.6 Real-time PCR 4 | 48 % 3£ B 4 e A F
JHERIEAE & TRIzol 1550135 B 25 H L mRNA,
Nanodrop 2000 73 6 56 J& 31l %€ #& & . 7E Light-
Cycler 480 {1 #& b A7 4% e fy 4. 5149 I
AT A TEARAR LA, R, H

TR T 200 2% 0 240 L J B BB 51 6 WA 5 A A% A 4
MR o SRJm, TR F 0 ) 50 R 1 AT it

27 ST THE A AT

27 RATHAT

# 1 mRNA FEHNERS| Y55

Tab 1 Geneprimers sequences of mRNA amplification

SN H R IEIf] i) PRI fop
INF-« AAGGGAATTGTGGCTCTGGG ACTCAGGCATCGACATTCCG 179
IL-6 AGAGACTTCCAGCCAGTTGC ACAGTGCATCATCGCTGTTC 232
IL-1p GCCAACAAGTGGTATTCTCCA CCGTCTTTCATCACACAGGA 118
Cox-2 GTTGCTGGGGGAAGGAATGT AGAAGCGTTTGCGGTACTCA 112
TGFf AGGGCTACCATGCCAACTTC CCACGTAGTAGACGATGGGC 168
a-SMA ACCATCGGGAATGAACGCIT TTGCGTTCTGGAGGAGCAAT 263
Collal GCAATGCTGAATCGTICCCAC CAGCACAGGCCCTCAAAAAC 176
Colla2 TAAAGAAGGCCCTGTGGGTC ATGGCCTTTCTCACCAGGTTT 148
TIMP-1 ACGCTAGAGCAGATACCACG CCAGGTCCGAGTTGCAGAAA 141
MMP-1 AACAGCAGAAGATTTCCCTGG TTCGGAGGCTAAATCTGCGT 110
Desmin CCGATCCAGACCTTCTCTGC TCTCCATCCCGGGTCTCAAT 116
GAPDH CAGGGCTGCCTTCTCTTGTG GGTGGTGAAGACGCCAGTAG 256

fifi FH SPSS v21.0 X} £ ¥5 2E 47 0 M, Beit 4y
Mror iR R R R 7 225007 . SNKCRG 6 ANk G
9. PR DIFEEME + bR E R, P <0.05 3%
INEFEAGIEE L,

3 #£R
31 FAR#E CClLEFWAEATENL

e 2 g5 /PR, IEHHKRRERAET:,
BRI, RF AT 2 B, mEHEAET 1
Ho SIEWHMI, BRIHARFREHE R, AT
I J5 B RN T I 45 B0 B TEE (P < 0.05), S5
AUZAR L, R, SRR B E G, R
TR HEHE BO R (P < 0.05), 5K 4H
B =15l 9= 1 1= 4 N R A
(P <0.05), S IRI#E L,

J o gde b TBIL, ALT A1 AST U155 3 fii /s
SIER A, BRI AT IhEE R (P < 0.05),
5 R A A0 B, KR i 4L AST /K S I 3% B AIG
(P<005); mAEATFIEERE AR, $25R FA
BIT A B T RE Ik &2 . HF£F 4k 36 55 PIINP
IV-C. LN FIHA ) 7K °F UL 3% 4, 55 7 2 4 3 45

®2 FAXMKRERE. FFERERFEREEHZM

Tab 2 Effect of FA on the body mass, liver mass and liver index of rats

205 n R /g JEFRE i /g JHFIEFE 2L
EEMA 12 4345+112 13.140.7 0.0300.002
FRIZ 10 325.7420.5° 144+12° 0.044+0.003"
iRl 10 361.2£23.1° 13.9+1.9° 0.0390.005°
FRIELL 11 388.1£23.9 13.4+1.3% 0.0340.002%

T HIERAE, P <0.05; SHMARE, "P<005; 5
4L, P < 0.05,

Note: Compared with the normal group, ‘P << 0.05; compared
with the model group, °P < 0.05; compared with the low dose group,
‘P < 0.05.

PRIl B E TIEE4 (P <005), SR A,
i, SHEASEFEL TR (P <005, 51K
EA R, SRR 4 TR E R A SRR L
(P<0.05),
32 ALREXTA

K FH HE 42 6 002 T 20 200 #R AR £k, R
Masson J& 0 WAL R TR g 25 B, g5 SR UL K 2,
IEHHIFHA R IEEIRA, FFAIMEAE O k5
FEIHEF R 55, F/NE 25 R 5E kAR 2 JH 240 i )
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%3 FAXIME TBIL, ALT & AST f%00 FIZ=EL, 7 UL R IR MR, PSSRt
Tab 3 Effect of FA on the serum concentration of TBIL, ALT and AST E, HE /E‘ﬁ & Ezﬂg E}‘J‘EE‘I@EI JI—LI; . %éﬁ? éﬂ é}:{ i i—t , 2:]: g&

a1 aatos saorss vwirmi 46 BRI, Y AL A I A
I 10 30.6+2.8" 398.7+£33.1" 446.01+29.8" n+0 FA iﬁﬁﬁg%ﬁa&%éﬂ%‘:{jﬁ%’ lg%,ﬂiﬁ}ﬂ:g:l:gﬁ
fEARAL 10 237434 33524287 35924225 RRREE, UHAEE A EA, MRliAste . JFE S
AR 11 12.1+2.3% 206.3+29.2°  261.3+£19.4" R 40 B v v BH S e /D, o o U E2 21 HA I 1 e
- iz, »a | % b . N N

g DEAILEL, 7 <005y SRR <005 5 R (LA RATHLE, AL FA X1
‘ N(;te: C(;mpared \;vitI: the normal group, ‘P << 0.05; compared éq;iﬁjﬂga&%/f/ﬁ}zﬁz:%ﬁo %éﬂ}ﬂ:é$ZE,fk$ﬂz§ﬂZ
with the model group, °P << 0.05; compared with the low dose group, ﬁ:}’?n%%%@%ﬁ—ﬁ (%%é > )O %%%%Eﬁ » FA

B, SR AT — SRR R A

%4 FAXTME HA. LN, [V-C 1 PIINP 7k FHI NG
Tab 4 Effect of FA on the serum concentration of HA, LN, [V-C and P [l NP

215 n HA/(U-L™") LN/(ngemL ") IV-C/ (ng*mL ") PIINP/ (ng s mL ")
EH 12 3584123 17.4+£3.1 22.6+4.8 1.4140.22
R ZH 10 202.3£26.5° 125.6£20.2° 154.34:20.6" 3.680.83"
iSR! 10 131.6+£33.1° 75.6+27.5° 110.7+22.5° 2.9640.35
[EhlEe! 11 72.6+23.4% 30.1+12.4% 58.24+11.3" 1.73£0.38%

T SIEWALLE, P <005; SHALIILE, P <005; SIAELILE, P <005,
Note: Compared with the normal group, “P << 0.05; compared with the model group, °P < 0.05; compared with the low dose group,

‘P < 0.05.
x5 BEAKRFAHELEE

Tab 5 Degree of liver fibrosis in each group of rats

qm ks
0 1 2 3 4 SEAAE
IEHH 12 12 0 0 0 0 0
e 10 0 0 2 4 4 324089
RFIEH 10 0 1 3 3 3 2.840.63°
ERlEE 1 0 4 5 2 0 1.840.87"

T SRR, P <0.05; SEMALLE, P <0.05; 5
R ILE, P < 0.05.
Note: Compared with the normal group, ‘P < 0.05; compared

with the model group, "P << 0.05; compared with the low dose group,
‘P < 0.05.

1 MDA /KU 3 firn. SIER A e, #Rigl
SOD. GSH-PX. CAT iM%, MDA & & 7t &
(P <0.05), SR, FAR. (KFEHDT
FALBHEPETH R, MDA KFRHE (P < 0.05). 7
FHE FA HUAA LB M A 855 A1 MDA (199820 BH |
A (P <0.05), X2b4s 5 R FA TE
FFErdefbinyy h A A LRE

3.4 FA i it i ¥ MAPK #1 NF-«B/IxBa #& 2 &
YE A AV BL 8 R E B9 3 AR A

g _ e v Western blot Fl 5 2 ZH AL 45 R ULIK 4 ~ 6. 5
B2 HE(F) % Masson (F) B85 (100X ) IEH AL H B, B 41 P-INK/INK., P-p38MAPK/

Fig2 HE (up) and Masson ( down ) staining (100X ) p38MAPK M & W NF-K'Bp65 Zk E'Z A - i};x]; E,f
A. Z5HA (blank group ) 5 B. ##14] (model group ) ; C. fIKHI 4 *ﬁﬂgﬂ Hﬁﬁ, _‘l%—\ 'fE‘EﬁUE‘éﬂﬂ’j%fﬂtﬂ_Fﬁﬁ%
(low dose group ) ; D. #7141 (high dose group ) (P<0.05), 5IFE% 4 iy, A2 M 3¢ NE-

33 FAMSE CCL A ARRRE Mo e <BpoS M IBaloRINKY B T (P < 005),
(P <<0.05), i#id 4 f-tubulin FIZLEE H H3 B95R
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&3 FA XA B bRy 2
Fig3 Effect of FA on the index of oxidative stress damage

T HIEWAIE, P <0.05; SR, P <005 5
RAIEH LA, °P < 0.05,

Note: Compared with the normal group, ‘P < 0.05; compared
with the model group, °P << 0.05; compared with the low dose group,
‘P < 0.05.

A

IEN4L BR4L G 4L 4L
P-JNK T et
N R — e e
P-p38MAPK - E—p Gy S
P38MAPK ==
GAPDH T < < <

w

p-JNK/INK ratio

AL B AL dia S
[§] 4 FA X MAPKs {5 5 i & (152
Fig4 Effects of FA on MAPKs pathway signals
e SIERALLE, P <0.05; SHMLLLE, P <005 5
R4 e, °P < 0.05,

Note: Compared with the normal group, ‘P << 0.05; compared
with the model group, °P << 0.05; compared with the low dose group,
‘P < 0.05.

IR, B AN RIS R AR 1 A 43 S 4

SIER A e, AL INK A1 p38MAPK iy
W IR Tk 7K - L) S NF-xBp65 K38, S #im ]
L, FA 2520 RBHPE YL B B R Ha 3. X
Sugb LSRN, FA ] BE 1254 1895 MAPK £ NF-
kB/IkBa 145, I LA 4RI AR
3.5 FA B K JE B FF2 HSC 7& (AR & 4

i3 Real-time PCR 34 FA X 48 4E K+ ( Cox-
2). FIMAZE (IL) -18. IL-6. M RsEH 1
(TNF ) -a fil TGE8 f HSC i b Fric ¥ ( Collal .
Colla2. MMP-1. TIMP-1. a-SMA # Desmin ) HJ
M, ZERNE T R, SIEW A, Al
B MMP-1 [EARA1, 2 4E B F1 HSC % fbbr &

Cytoplasm Nucleus
p-tubulin -—
Histone H3 —
B.
E¥HHA HBRE4A KHANELd &E4
NF-«B (Nucleus) — - —

Histone H3 fe—" s R S

IxBao, o -~ — GED o

NF-«B (Cytoplasm) S st cEE— C—

B-tubulin

e 4
C.
8.
~67 ”
) @ExRE 8 e
3 G &R M
2 6 BRMMM &
»E 28 & R
3 gy BRI 224 = Soidvoind
Be ] EEAR oo o
as 44 B
kS £3
£z £,
E 2 g
= g
0- 0-

IkBa NF-xB

5 FA X} NE-xB/IcBa il 5 5 FU 5
Fig5 Effect of FA on NF-«B/IkBa pathway signals
ALY SRR A0 A% N B- DR P DL 4 B T HB R R A
(‘expression of B-tubulin and Histone H3 in the cytoplasmic or nuclear
compartments ) ; B. 4 i #% P NF-«B ., 43¢ N IkBa. NF-«B [ £
i& (expression of nuclear NF-«B and cytoplasmic IkBa, NF-«B); C.
Gt (statistical analysis )

E: SIERALE, P <0.05; SHAAHE,
RAIE L LA, °P < 0.05,

Note: Compared with the normal group, ‘P < 0.05; compared

P <0.05; 5

with the model group, "P << 0.05; compared with the low dose group,
‘P < 0.05.

PigbeE (P <0.05). SERIA g, (R m Al
L BR MMP-1 T oh, HAvK R %
(P <0.05), XULERRI, FA nJREAE—E
PR F Il S 0E A HSC 19354k
4 itig

RFEF Al i) 2 R SR v T B — R0 A=
AR, TR S R FLENE A BT &
RITHLE, RBIPTREAIRIT 5. AL IR
GEIE LI 55 TP EF Ak 14 & = R 5L s DA o6 1,
CCl, HBEHE S T = A B i IR E 98 5 J vy 17 FH
TAY K BRF A e pi Al . fos £, FA BA
PLRFPUAAIER, BRSNS CCL, 5 T 0 IF4F 4k
fbo FA JR—F iR b e, X HFIER
%, {5 FA XF 25 41k 5 ELARAE I BIL ] A 58 4
THHE, AW B TR R FA SR BUIF 2R 4E40 0 v
EVERMLS. FDIRESs#5 TBIL, AST. ALT, A
A Y:4b45F5 PIINP, IV-C. HA. LN KDL M i
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Fig 6 Immunohistochemical evaluation and scores for P-JNK (A ),
P-p38MAPK (B ), and NF-«B ( C) expression in hepatocytes (100X )

— S S B AR AL PR R S SUR A B ke, S
FLL FZER, EHM FA Renst R BUTLF4E1t .

HSCs G 5 a 4tk k. BES
YIAH G, 1% Ak 1 HSCs 3% 1 380 20 it ik 18 7 4=
ROS, Ml 51 bt & AL B AT i A AL R U
OB — 25 06 HSCs, Bk 18] 848 o 46 0 )
I, N £ 4E AR i & AR Ak R T, SOD . GSH-
PX. CAT ZEhia ALt L. 2 MDA 2 Pr 8 AL BifH &
SR E B RGERS, fehs I i AU BB E AL fE
71, Srinivasan %5 " % B FA fiE [k ROS F1 417
B AL RN, HAT R P AR I T . ASF
57 B ~, FAJRYT )G SOD. GSH-PX. CAT Ft i,
MDA KRG, Z554E7R FA BEMERHACIT 21 44k
H LU AN K

MAPK 1 NF-«B/IxBox 18 [ 2 1 7 48 1k 7 34
RAE FNEF e AL 1) O HE A 53 . MAPKSs 7E 8 15
HSC i L FZ A e 25 | EAE R . fildn, 1
1 p38MAPK 17K 14 7T A R 300 41 80 19 HSCs 7= 4
Jg J U, T ) INK AT BH 11 TGF81% 5 1Y HSCs
WAL I W R CCL, i S 4T 44k ", MAPKs
eV E AL O T & FE AR . AR
T AL A TR R, BERE MAPK #4i

pite
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iRl
Fig 7 Effect of FA on the mRNA levels of inflammation-related factors
(A) and HSC activation markers ( B ) by real-time PCR analysis

T SIEWAIES, P <0.05; SRR ILE, P <005; 5
B LR, P < 0.05,

Note: Compared with the normal group, ‘P << 0.05; compared
with the model group, °P < 0.05; compared with the low dose group,
‘P << 0.05.

FIRENS AR AL IS JFUR A, Xt 7E A ] By $2 B
iH 1§ )] MAPKSs 41 3 S ki [ P Hh 45 31 1k
S0 M, MAPKs & gefbiay v il —ANigAe
B0 05 . O TR FA BUITEF 444 F A9 T BEMLA,
EH TERI T MAPK 8 A E AR L, &
B p38MAPK 1 INK [ R IL K F-FEAIK, #2278 FA
PURFLF 4 AL LI T BE 2 8 18 MAPK {5518
AR E AR I . BFST R MAPK 3l %38
1% 1F LPS 175 5 i) NF-«B/IxBa {5 5 18 J& 10 ok
HEEEHP, ©ResE R kBa #7216 H
5 NF-«B 1154k, NF-xB/IkBa {5518 B 75 4 i 17
TR IE RN, ENZRH IE NF-«B {55 il i
B WU RAE SN . 7] NF-« B 15 5 HEMS
| HSCs 9151k, ##% NF-«B {555 BE WL 1 15
1k HSCs Wy T P, Ik, A#FIE 8T T FA XS
FFEr4EAb it R AE S NF-xB/IxBa {55 18 [ AH
Mo FEABFITH, MR A% N NF-«Bp65 7K -
WETIER A, M3 NF-«Bp65 Hl IkBa Y 7K ¥
BARTIE % 20, NF-xBp65 & 1K &k A%,
1M IcBa /K- 5 2 FAIK, NF-«B 15 538 1Ak T
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POEIRAE, FAZRZS)E, fe— e LR R
KACEI 225, ] NF-«B (5538 B& 11 5 B0 R
2, VLB FA ] g1 87 NF-xB/IxBa ik 12 K 15
PO AL BOE R . BTG, AR SR IT 45
L], FA BEH%3E 3 1 ] MAPK Fl NF-«B/IxBa
3 [ AR IS DT 2 $5E T S AR N SRR T 4T 4 AR 1)
PRAE L o

T P27 4k 4L ) 32 4 R AE 7 A1 HSCs 31
B2  , HSC I 2 MAPK F1 NF-«xB/IxBa i %
B DI, RAEM EHF 1T B NF-«B™ 875 5]
EARGE R, BT AR FA %48 5E T (Cox-2.
IL-18. IL-6. TNF-a. TGF#) HlHSC I & #5ic
¥ (Collal., Colla2, MMP-1. TIMP-1. a-SMA )
B2 EA B Sl A SCHE AR (A I 2 B
FA 0] $11 il 98 AE A1 HSCs AUTLTE , X 2845 58 FA
XHFEFAEAC g Im s VB FHER AL T HE—25 (R
5 2E

AWFFEUESE T FA BERS ] CCL, 75 T M IIF£F
Aedl, XS AL IO SAE S i BAT B B 52 1
Ai, AFFT S5 R R FA fE9£410 1 MAPK Fl NF-
kB/IkBa {558 [, XA At A AL FPT R 47EH
MU EE THRIE . SR, FA VERTUITEr4EibiayT
PPILENG RN s A RedE— 29T, e gk Xt
FA (WL ARV E AL 251 7 12— 254248
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B, iBid HE # &5 b K ST IR 9L, 32 A qRT-PCR 4= Western blot %42 MRP2., P-gp
ARFZFaEEHFENL, R gk, TR SFHAKXA0F P AST. ALT. TBA.
TBIL £ % k4 (P <0.01), f2it+ TBA. TBIL &2 2 A% (P <0.01), 5ENE %354
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L, FHRRTIIRCIE; BRASA P HEREA XKL EFNE S F T mieaRGER; 248
AR EEBRIAANFF TN, HEGuE, Ak %FAKFAFME Mdrla, Mdrlb, MDR2
mRNA & A F VAR P-gp & & F AW BB (P <005, P<001), F& MRP2mRNA & ik
TAEOELLEFZFTHE (P <005, P<001), #4240 Mdrla, Mdrlb, MDR2 mRNA VA %
P-gp B G KX BF Lif (P <0.05, P<0.01), MRP2 mRNA £k 3 Fol § F A LR B F2 BAK
LA (P <005, P<0.01), &t TN ZFBATHAL TRAIH T AT IE MRP2 F= P-gp
BRIEAR, FRCAMMIRINEER Y, W T L MRP2 Ao P-gp A B A& G 0y Rk, #5
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Protective effect and mechanism of glycyrrhizic acid on Tripterygium
wilfordii multiglycoside-induced hepatic injury based on transporter
MRP2 and P-gp

JU Ai-xia, HU Yong, SHAN Wan-ting, ZHAO Jiao, XIAO Hong-bin, LI Qiu-hong (Heilongjiang
University of Chinese Medicine, Harbin 150040)

Abstract: Objective To determine the protective effect of glycyrrhizic acid on the liver injury induced by
Tripterygium wilfordii multiglycoside based on drug transporter MRP2 and P-gp and related mechanism.
Methods Forty male SD rats were randomly divided into 4 groups: a blank group, a Tripterygium
wilfordii multiglycoside group, a glycyrrhizic acid group and a combination group (Tripterygium wilfordii
multiglycoside + glycyrrhizic acid). Aspartate aminotransferase (AST), alanine aminotransferase (ALT),
total bilirubin (TBIL) and total bile acid (TBA) in the serum and the bile were determined by ELISA. The
pathological condition of the rat liver was judged by HE staining. The gene and protein expressions of
MRP2 and P-gp were detected by qRT- PCR and Western blot. Results Compared with those of the blank
group, the levels of AST, ALT, TBA and TBIL in the serum were significantly increased, while the content
of TBA and TBIL in the bile was significantly decreased in the Tripterygium wilfordii multiglycoside
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EEE N BEE, &, Bit, TENEPZEMENSE, E-mail: juaixialuck@126.com “BIEMEE. R4, 4o, #H¥z, WL
AN, FENERIRG AR A2y 3 1240198, E-mail: liqiuhong64@163.com
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group (P < 0.01). Compared with the Tripterygium wilfordii multiglycoside group, the AST, ALT, TBA
and TBIL values in the serum of the combination group were significantly lower (P << 0.05, P < 0.01),
and the TBA and TBIL content in the bile of the combination group was significantly higher (P << 0.05,
P < 0.01). Pathological results of the liver showed that hepatocytes in the Tripterygium wilfordii
multiglycoside group were disordered and necrotic foci were seen in some areas, while glycyrrhizic
acid effectively changed the damaging effect of tripterygium wilfordii multiglycoside on hepatocytes in
the combination group. No abnormal changes were found in both the blank group and the glycyrrhizic
acid group. Compared with the blank group, the mRNA expressions of Mdrla, Mdrlb, MDR2 and
P-gp protein expressions in the liver of rats in the Tripterygium wilfordii multiglycoside group were
significantly decreased (P << 0.05, P << 0.01), and the gene and protein expressions of MRP2 were
significantly decreased (P < 0.05, P < 0.01). After combining with glycyrrhizic acid, the mRNA
expression of Mdrla, Mdrlb, MDR2 and P-gp protein were significantly increased (P << 0.05, P < 0.01),
and the expressions of MRP2 mRNA and protein were up-regulated to different degrees (P << 0.05, P
<€ 0.01). Conclusion The hepatic injury induced by Tripterygium wilfordii multiglycoside may be due
to the inhibition of MRP2 and P-gp transporters in the liver, resulting in the reduction of toxic substance
efflux. Glycyrrhizic acid can up-regulate the expression of MRP2 and P-gp genes and proteins, reverse
the inhibitory effect of Tripterygium wilfordii multiglycoside on transporters, accelerate toxin excretion

and reduce the liver damage caused by Tripterygium wilfordii multiglycoside.

Key words: Tripterygium wilfordii multiglycoside; hepatic injury; glycyrrhizic acid; MRP2; P-gp
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B S5 AR B, a8 PR S —Fi 7 T 240
FERAMZIRNER, TAEBRBZ TR
WEH, e is (AR A AW 25 W) AEAR N 1§ iz aod
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1.1 Z¥Hah4y

40 H SPF 2% SD M1 K Bl, A6 ~ 8 JH,
R 180 ~ 200 g [ T S IRFFAE 1 1 BRIRAE A ]
YAl . SCKK (£) 2014-004]. (A7 . &

FER 20 ~ 26 °C, BEHN 40% ~ 70%. ABFIEHY
ARSI AL T R e T R 2 R AR SR s Y e B
Z2 B

1.2 %

WAMZ TR (WM Ta&h 2, #te:
20180603, FiA%: 10mg/ F); HE® (K
MR A R A, fitS: X12A9C58435, 4l
JE>95%); MHAHZE (TBIL) il & (it
+5:20180514) ., SHITR (TBA ) Kl & (it
5 20180514) . HHRIFLEME (AST) & (it
5:20180511) , #F A FEENE ( ALT ) A5 & (5.
20180511 ) (F mt & AE MR AR A W] 5 sh#y
A RNA PRl & (B TAY TR AR
), it 5. EA12KA9784) ; Fastking cDNA %5
—BEA AR & (R R A BR AT, S
R6720 ) ; Fast Start Un.iversal SYBR Green Master
Master ( ROX) (% [RiZ2 W™ i A BR A W], it
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R G (LEZMEEMRHEARAR, #5:
EL0419004 ).,

1.3 L&

SynergyMX i #5 % (32 [ Bio-Tek A w] ) ;
TGLI6M 5 #0225 DAL (KD e R AUA A PR
Al 5 AP T R A EFEE R VY, Smart Spec
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plus #% & % FH 43 #7{%, Mini PROT.EN Te.tra Cell H
VKkHE (3€[# Bio-Rad A F] ) ; Alpha Ease FC4.0 484
B AR 248 (35 ) ; Direct De.tect 2L 4MiE H
SR (3D,
2 Fik
21 ZEBRHARLY

40 2 SD KRBT A 4 2H, RIS HAH, &
ISHEZATA . HERA VSIS (FAREZAT +
HEmR), B4 10 H, Hhm HEHAEZ 1T 200
mg* kg ', HHEMRSOmg kg ', SHHAL T
PRERK, HHEBAL 1R, L 144 KRE
ST 22T 25 25 T B A SR T 453 A B TR e LA
Aol Ry 20X (IR B 45 2705 X0.018/0.2) MY,
R 25 2459 1 K R SR A ) B S 50 AN [ i B
a5E 80 mg « kg ' PRAFRCREAE "),
22 AYEAXE

KEELLLG 2 14d, ZREAEK 120, 15
HHRMERUM, 29 1mL, #& 1h, T 35001« min '
B0 10 min, FHRARIIR L5 T 208 oA I
TREAR s KR 2% [ FE 240G s T SRR, R,
AR, E 0 ~ 2 h IHVF 26 T B A8 Th o T
FEAS; FRSOBUIRY T 25 o 5 O, AR BRER K e
VER I HIRAUR T2 R0K 5, FrRE4 RN
e, A T LA T OIFEREA s AR
FEAR— 20 ‘CHRAF, JTFHEREA — 80 CLAfF.
2.3 FFh g £ A AR E

1. ¥ " AST. ALT. TBA Fl1 TBIL 3§ #5 43
3] e A A 3K 7] B U B P R AT . AR
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VEHUAS A Hp A Ry SE SR A SUREAR B T 4%
ZRPERER R EALT 24 h, FIZERKH 2 E0E
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b2y yekl; HERIR 4/ 1k, 2818 K o
Ve, SR TSRS R, AR kb
Je BT R 1% e g e e A i, Z& 4K op
e, B R K 2 JE K 2 BRAR A 5 8 A
B, BT R T,
2.5 qRT-PCR % # | Af 41 4 # Mdrla, Mdrlb,
MDR2. MRP2 mRNA

Buffer Rlysis-A % 435Il $& B 45 41 J1F 41 28 4
RNA, FZIRE 13 B ARz S RNA A9 vk B J
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g fF, JF 0 S A L cDNA 55 —4%, W &1
9 42°C % F 15 min; 95°C 3 min, #* /] SYBR
Green Master TR T-9¢ 6 & PCR AL 4710
B, RN 95°C 10 ming 95°C 15s, 60°C
30s, 46 N PEH; 55°C 15, 81 M1EH; 55°C
15s. WM AETAEYTERARAR (L) &
M, WA 1.

®1 PCR3I¥FF
Tab1 Primer sequence of PCR

719 1751
Mdrla F. TTTCAAAGGTTGTAGGGG
R: CAATGTATCGGAGTCGC
Mdrlb F: GGTTCCGTGCCTACTTGGTG
R: GATGTGGGATGCTGAGACTTTG
MDR2 F: CACGGGCGCATCAAAATAGG
R: GTCCCCACCACAAAGTAGGG
MRP2 F: GAGCACCAGCAGCGATTTC
R: AAGACGACCAAGTTTCCAACCA
P-actin F: CTGGCCCGACCTGACAGA
R: GCGGCAGTAGCCATCTC
2.6 Western blot &Il AT 41 4% ¥ P-gp. MRP2 & &
*kik

PEPCR FRUHAE B H ; BCA LI EE AR
JiH 5X SDS-PAGE A2 ol (JR AR : B4
SRR =4 1 1) FEATERE; L 8% 43 BN 5%
WA ; WERSE THUE 60 V40 i h B 24 30
min [ 2 VR i E A MRAA S 5 o B e s Bk, ek
HHLE 80 VARZZHLTK, 24 1.5 h B ¥ ik 420 43
B, HUKEEH; fHE 15V, FE 30 ~ 35
min; 5% BiIEWIK B 2 h; —30 4 CHEF 1%,
i B Eb ) S MRP2 (1 :750), P-gp (1:750),
P-actin (1:1000); —HUEE 1 h, FkLLElH
MRP2 (1 :10000), P-gp (1:10000), B-actin
(1:25000); #B# ECL b2k G W0 B,
FIIH Image J FRAF0 0 45 52 50 20 2R 11 4500 D6 %
FEME I AT 45 2K AL
2.7 St

K H SPSS 22.0 e t2# R (4 X 5L s g i i 4 745
Br, 48RRI E T 200, WA BdE s
MrivEe M e 656, P < 0.05 h2E5HBA5H#
B, SR E RIS £+ bR (x+s)
Fono
3 &R
3.1 AHfniF AST. ALT. TBA #2 TBIL % b 4t

HEHAE, RFABEZ AR AST.
ALT. TBA F1 TBIL /K F-B & F+m (P < 0.01),
Ui 200 mg < kg A BE £ 1 AL T K U R



RG22 2021 4 12 A %5 19 % %5 12 ) Central South Pharmacy. December 2021, Vol. 19 No.12

ti; SEABLATARE, HRERASHE A
i AST. ALT. TBA. TBIL /K FRE% (P < 0.05,
P <0.01), WHRARABZ T WFEFZS T H
PR TT LA TR A T 2 T s (L3R 2).

Fz2 KRIMiF ASL. ALT. TBA & TBIL H7KFE (n = 10)
Tab 2 Serum levels of ALT, AST, TBA and TBIL in rats (n = 10)

AST/ ALT/ TBA/ TBIL/

?Ei'?'] —1 —1 —1 —1
(UL ") (U<L" ") (pmol*L™ ") (pmol*L ")

Sk 66.824+3.83 51.10+3.15 2494023 13.2142.03
EAEL] 1188442447 975946967 5294028 3136+2317
HHRERA 65.61£6.04" 47.03+£524" 23140.13" 11.72+1.46"
A 75.0248.66" 62.51+£6.54" 3.7940.10" 20.06+1.67"

F: S EHARE, TP<00l; SEHAEZHALE
P<0.05, “P<00l1.

Note: Compared with the blank group, "P < 0.01; compared
with the Tripterygium wilfordii multiglycoside group, P < 0.05,
#p < 0.01.

3.2 AR JEI TBA # TBIL & &% b1 4L
A4, FBAMZH AT TBA,
TBIL 7K R (P < 0.01), BEBAHEA R iy
TBA fI TBIL Ji /b, TEFMEHER,; S5HEAMEZL
e, HeEma 5447t TBA, TBIL
KFEFE (P <005, P<0.01), £BESLH
HH R FAE A TBA A1 TBIL hE, W42 T8
ISR AR 45475 (LR 3).
33 HAHmENE

peas™

1 RBUITHSUREE S IR AR - PRI @Al (400X )

%3 KRBT TBA. TBIL HJ7KFE (n = 10, x+s)
Tab 3 Bile levels of TBA and TBIL in rats (n = 10, x=+s)

215 TBA/ (pmol « L™ ') TBIL/ (pmol * L")
=k 22.864-1.90 93.97+8.81
THAMEZTTA 17.18+£1.35" 72.69+5.99"
R 24.12+2.09 102.93+8.24"
A 21.314+1.72° 89.98+4.44™

i SEALLE, TP <001; SEAMSHILE, P <005,
P <001,

Note: Compared with the blank group, “P << 0.01; compared
with the Tripterygium wilfordii multiglycoside group, P < 0.05,
#p <0.01.

25 A PR U i RS B 57, /it
EMAT L, MBS SERIIETR, R WFER4E
R AAE MR B G . H R R P T/ N 254
IEH, B LA e s SR, PR
HEPIE S, ARABURBECE, JHE/NH PR DL 445
MMIRIE . TR AP IR ZEEL, AT
JE b, ARRRAZIE A A K, T X dsn]
LR ARIRFC LA B RAE AR MU LG . B 4L T
MMUE R A A ARV EA SH RIRL S
ZSHA, FEP Al LA R e DL I SE,
REAC BV IR SEBR G B /D VR AU R
AL A APk (WA 1), KBSl
HHTRAEER T A2 G MU L S AR IS E S 58
REANEENE, XA R —En R e .

Fig 1 HE staining micrograms of the pathological changes of liver tissue in rats (400 X )
A. 254 (blank group ) ; B. HHZ4L ( glycyrrhizic acid group ) 5 C. THANBEZ 4L ( Tripterygium wilfordii multiglycoside group ) ; D. XG4

( combination group )
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ok

5o A i, A B2 A KRR
Mdrla, Mdrlb, MDR2, MRP2 mRNA ik T
e (P <005, P<001); 5HEABEZHHLL
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MDR2, MRP2 mRNA ¥% ik & [ Jt (P < 0.05,
P <0.01), Z53RILIE 2,
35 FHAREL A E L H E B 435 K MRP2 o
P-gp & B %k K Wy %

s PAE:, TABELZ T4 P-gp. MRP2
25T (P<005, P<001); 5/ EL
T, HERH SBE 4 P-gp. MRP2 FEH R
B EFF(P<<0.05, P<0.01). 4550074 A 3,
4 g
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Fig3 Expression of MRP2 and P-gp proteins in liver tissues of rats

Bas

R4 KBFALGHH P-gp X MRP2 EHRFRIEKE (n = 10)
Tab 4 Expression of P-gp and MRP2 protein in liver tissue of rats

(n =10)
20531 P-gp MRP2
=k 0.97+0.06 0.7340.06
HAMEZ T 0.74+0.02" 0.52+0.04"
TR 1.09+0.08™ 1.1140.12"
AN 0.9640.02" 0.7140.02"
T SEAHLE, P<005, P<00l; SEABELHA

[, P <0.05, P < 0.01,

Note: Compared with the blank group, ‘P < 0.05, P < 0.01;
compared with the Tripterygium wilfordii multiglycoside group,
P <0.05, “P<0.01.
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MDR2 and MRP2 mRNA in liver tissues of rats

2, Horh AR H R REIRIR S TR
S PEIF g, Rtk A5 NS IR RS T
OS2 BUNREVE S BRI AR AR HIBL
R R 2T B AL T S e Sk F o
ARSI XA A K B i AE fbFE bR AST . ALT.
TBA £l TBIL & IHTH TBA Al TBIL & & 47 T
i, SRR, A HEZ AT i B B T g
ETIIEW A - TBA F1 TBIL 254 5 1 5%
iz iRy i AP AR L, FEFEE AR,
MR FE L AR IR . ARZT R A5A T s 540
Jagepr R e Z R L UE RPEN L, SEUFAN
Mg s . RFE R T, FEIRIR L =0y,
AR SR £ b 0 AR 1S e (T /N S A H )
HE®R S, IPUFE S TBA . TBIL #MEAJHET,
A IE H TBA 1 TBIL B, I8 0] 40 i
i, AL R HE e B85 it — DS H AL
PR B A S22 ik T N e 221 i Y T A M Pt . A
T2 B R A 2T T BUW I A S H R
XA LGRS Sias kA &, ARILIX
R R . 2R G Y T i i 1 P-gp Al
MRP2 #4757 #ll . >R qRT-PCR X 4 ih % iz 4
P-gp 1Y % 5 3£ [ Mdrla/b Al MDR2 /i mRNA K
MRP2 () mRNA ik & #E A7 R0, SR F Western
blot £ R Xt P-gp F1 MRP2 £ [ 5% ik & dE 47 R0 .
SRR, AT g S M2 R P-gp K
MRP2 5t [H A& F W EHEA —2ct:, WA AR
FREEIIHIVER 10 RH B 2 X A AR T B %) 52
T R e %o S DR F 41 ) A2 226 20 B R R
i, %32k P-gp Al MRP2 SMHERE J1 19 FEARFE —
FE TR L BRI T A — e My T AN S TR H
R . LRGN s, [ ses iy e e
W, RBURIRERE; ME A2 HE LA
MR, ARG TR AT XM 2k P-gp 1
MRP2 KRR R T JEVER ®, (8F4noh ag
WA IE R, MR Z . IRy K H AL A A=Y
e M B AR, WA Y SR R AR
HERISEWIFI . 5L, RS IE T
MRP2, P-gp JEIH I8 (1 3ik, ffiftia{kTige R



RG22 2021 4 12 A %5 19 % %5 12 ) Central South Pharmacy. December 2021, Vol. 19 No.12

W, R TR A 212K A ) BT A N 7 R A
JFEEtE, BOhH F AR5 Wi MRP2, P-gp HEPH K
HEHFBVEME BN RATAEH

ABFTEWATAE—E MR FRTE: B, OB
WIS H R RN T 2T 22 T EUTHb 3 B4 7
SPRLE, AR AR KR AR R R Iy 2 %
sy HU, AN HER 2 (RIS i IR AR
P73 B H o RSP T 0 AL, A
g4, ARSI IR 2 I RTS8
LRH R A AT TR AT o (EA IR AE
—EFESE IR T A 2 R TR A S
BAA KR, T E R B d S
SR IB IR O, HBEW R R AL H R i s I
AR VI EE (AT

(1] %, skEOUMN, T, 55 . EARZHIGTHRN
Pl RS TR [0]. IR IR 259, 2019, 40 (7).
514-520.

[2] A%, SRA5a, @D AR X LLEORAS B Y
s RIS ROCR M b Re 1 rs2m (3], thE 259 S5l K,
2019, 19 (3): 432-434.

(31 K& . WA e IR w5 AR ] B 0 Iy ik i o8 ke 1],
FEZardeids, 2013, 48 (22): 1897-1901.

[4] kA, xR . A k2 0 RN B A B R Y
i 5 Bk R (1] I BR B 24 4 JR A5, 2018, 38 (20) -
2185-2190.

[5] ZELLfh, RUTT, w26, 55 TR R RBLLR A
KGR R R S i B AL (0], w2y
ik, 2017, 42 (18): 3591-3595.

[6] 7REES%, Z¥], KSR, % . BPRHE KRR ANIT it
SR N B A FRASE A /N BRI 493 5% ) B L AIL ) 400 204
B BEREZ L, 2017, 51 (S1): 172-176.

(71 FaFIgEE, miss, PERREE, 4 . SR R EUNEUT
i %32 PRk Mrp2 F1 Oatp2 (952 10 [J]. [ 22 5 24 2 44
i, 2016, 36 (21): 1844-1847.

[8] Kong LL, Zhuang XM, Yang HY, et al. Inhibition of
P-glycoprotein gene expression and function enhances trip-
tolide-induced hepatotoxicity in mice [J]. Sci Rep, 2015,

5. 11747.

91 S, MR, FEIFE, % FOMER M H AL
JFRE P A QI 0 B PR (). 2427274, 2017, 52 (7)) :
1077-1084.

[10] BX/NHfE, F8, #EHEng, 45 HREHI R A AT
FHAEHRIAEIE [0 P ED 252435, 2017, 42 (1)
119-124.

[11] BRGF, P =, Wl . N B A RE 2 e B s/
BRSPS O B AL A A 5 (0], TR 2 25 B S I R, 2007,
23(2): 75-77.

[12] 222, Xk, &7, & FABELH R E
a8 R G M 0] TP E 2523, 2019, 44
(16) : 3512-3519.

[13] ZE44, BT, WA EHAESTER WA &%
PEBER R I RN B2 4 7). BE242538, 2016, 22
(19) : 3850-3854.

[14] 1 HE, IV . B REZH AU 2AF F KB Bl T 22 1 0t
5 0 FEGHZ S5 IRZGBE, 2014, 25 (6) @ 713-716.
[15] P ¥, &0k, PRonte, 55 . 7520 i Be (0l 75 o 53
0] PESEE RS, 2018, 24 (4) @ 229-234,
[16] AHEMm, skl WOEA, &6 . HEKEYXFEABFE
SR BV B 43 1 iV FH BRI P IL-10 . TNF-a

AR (7). P E 2G5, 2019, 30 (2) @ 216-220.

[17] W0, B, 0, 5 ARSI S H R
BT EEHL I A FFE 0t (7). TR b2l Zeak, 2015, 40
(13): 2537-2541.

[18] JEI A, mhibeT, BHREgs, &5 . FAMEF RZBUNRFN
15 %5 5328 1R Mrp2 Fl Oatp2 B2 [7]. [ 15 B 24 24 4%
i, 2016, 36(21): 1844-1847

[19] &=3Che, Fhg, T4, 55 . 24P IRy H R AR B T4
FBFFEE R (7). R EDE 2524, 2020, 29 (2): 143-151

[20] EZeer, X, R . IR SRR EE AR
HIBFSEIE I [0, BE2e2iiR, 2013, 19 (1): 16-18.

[21] Tan QY, Hu Q, Zhu SN, et al. Licorice root extract and
magnesium isoglycyrrhizinate protect against triptolide-in-
duced hepatotoxicity via up-regulation of the Nrf2 path-
way [J]. Drug Deliv, 2018, 25 (1): 1213-1223.

[22] #R it . TR TE B 3 T AT AR ) TR W 4T 245 W BT [D].
Lt thERERE R ChERERE 25T,
2019.

(cfs B . 2021-05-25; & EIHH#: 2021-07-14)

2501



Central South Pharmacy. December 2021, Vol. 19 No. 12 HR§2424 2021 4 12 H 55 19 4 55 12 11

A R ITE MRS 8 SRR 5

BIER, ke, $3rfh, &%, T, HRFE, FWE (HREAEMKEPEZELSGREE, 5 102205)

W=, BM SR EHHFT (HupA) 1AM BHBT - KpEE (Hup A-SA ) Fo B A48T - R X,
MAEES (Hup A-TCA ) *HAv 2R A FARZ (GD) $sh. RATRE RO R 24AH, Fik kA
7 R Ellman 3% 4k 5} %€ Hup A & 247 24 # Hup A-SA #= Hup A-TCA I T Bk fe 5 85 B ( AChE )
#4 497 ) 2R B AT GD W AR ST L, R E B 4 T HupA (2mg » kg '), Hup A-SA (2.86
mg * kg ') #= Hup A-TCA (2.94mg * kg '), £ 3 T4 )5 12, 24 h LW IES | X LDys 7] F#)
GD, MEFiLF LB DR P HEERALTHENL, PREFL T HupA (4~ 10mg kg '),
Hup A-SA (15~ 55mg * kg ') #2= HupA-TCA (5 ~40mg * kg '), &R R P HmRA 14d
NEg e oL, 188 Bliss ikt ¥ 25w HF (LDy). &R HupA. Hup A-SA. Hup A-TCA
B R AR AT H] AChE B, ¥R R E (ICs) 9514 (0.36+0.05), (1.3610.03) F=
(0.624+0.03) umol * L™ ', 3 #+ 25455 AChE WU H, A TR 5323 GD #9 IC, i; AT 4
% 12h B A GD s &k, 3AEM I RATEARSG, 534 66.67%. 75% F= 100%; FAFr 4 24
24 h G VA GD s, 2 AMTEM A A A o34 B, T Hup A LAsh i a3Rse =, 2 FAT AWk
MR GD 69 8T 204 Hup A 2K, & EBRMR B, 342540/ 0 R 8 o9 LD 485 %) 4 7.20.
4575 %2 1642 mg « kg ', FTAYZAER G, EiL  Hup A-SA #= Hup A-TCA 34 i it 7T i 3o iy
#) AChE 74 4% GD ¥ &G4 R, TR A4 Hup A Kk, H %403,

KER: BHWY; FTAEY; WERRERN; KRE; AR

FE 5 ES: R285.5 XEkFRIRED: A XERS: 1672-2981(2021)12-2502-06
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Protective effect of Huperzine A derivatives against soman intoxication

CUI Ya-lan, ZHANG Rui-hua, JIN Qian, SHI Tong, WANG Chen, CHEN Xue-jun’, LI Li-qin" (State
Key Laboratory of NBC Protection for Civilian, Beijing 102205)

Abstract: Objective To determine the in vitro and in vivo intoxication and safety of Hup A
derivatives (Hup A-SA and Hup A-TCA) against soman (GD). Methods Modified Ellman method
was applied in vitro to determine the inhibiting effect of Hup A and its derivatives on AChE and their
preventive effect against soman intoxication. The mice were pretreated with Hup A (2 mg * kg ),
Hup A-SA (2.86 mg * kg '), and Hup A-TCA (2.94 mg * kg ) orally. The poisoning symptoms and
death rates of each group were observed and recorded 12 h or 24 h after challenged with 1 X LDy dose
of GD (im). In the acute toxicity study, the mice were given Hup A, Hup A-SA or Hup A-TCA orally.
Their poisoning symptoms and death rates within 14 d were recorded, and the median lethal doses
(LDy,) were calculated by Bliss method. Results Hup A, Hup A-SA and Hup A-TCA all inhibited the
activity of AChE in a concentration-dependent manner with /Cy, values at (0.36+0.05) umol « L™ ',
(1.3610.03) umol » L™ "and (0.62£0.03) umol * L™ ', respectively. The IC, values of GD inhibiting
AChE pretreated with Hup A, Hup A-SA or Hup A-TCA were increased significantly as compared
with those of the non-pretreated groups. The mice were pretreated with prophylactic drugs of Hup A,
Hup A-SA or Hup A-TCA 12 hours in advance improved the survival rates of mice challenged with
GD, and the survival rates of mice were 66.67%, 75%, and 100%, respectively. If given 24 hours in

TEE® . B, &, B, FENES FLHRA0F5Y, E-mail: 1044168379@qq.com BISMEE . ZEmisE, &, WIRH,
PR N, RS AEAESY, E-mail: 119969696@163.com; Pr*#%4:, 55, fit, FZEMNFHMAEREHUISY, E-mail:

chenxuejun86@sina.com
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advance, some mice in the two derivative groups survived, while all mice died in the Hup A group.

The effective time of preventing soman in the two derivatives groups was longer than that of Hup
A group. The LD, values of the mice given Hup A, Hup A-SA and Hup A-TCA orally were 7.20
mg * kg ', 45.75 mg « kg 'and 16.42 mg « kg ', respectively, and the safeties of the derivatives
were enhanced. Conclusion The Hup A-SA and Hup A-TCA can prevent GD poisoning by reversibly
inhibiting the activity of AChE, with longer prevention time and safer effect than those of Hup A.

Key words: huperzine A; derivative; nerve agent; soman; prophylaxis
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TE G R FH 22 55t S PR A O R 240t )
L, b T —25 2E K Hup A T Bl OPNA 1
YEFHRFTE], RRARHERE, AR EIE T 2 Ff
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A-TCA )(Z5=C UL 1), 8 o FF R AR N b X 12
2R 2B, IR R MR
YA TR 245 M AR s

CH, CH;

K1 HupA (A). Hup A-SA (B) £ Hup A-TCA (C) fIZ5H
Fig 1 Chemical structures of Hup A (A ), Hup A-SA (B), and Hup
A-TCA (C)
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)% (Hup A 0.4~ 1mgemL ';Hup A-SA 1.5~5.5
mg*mL '; HupA-TCA0.5 ~4mgemL '), %
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(0.622£0.03 ) umol * L™ ', Hup A-SA Fl Hup A-TCA
) ICs, (H¥KF Hup A (P < 0.05),

- 0.00 ymol L™ - 0.00 ymol- L

& 0.52 pmol L - 0.19 pmol L™
4 031 pmol-L!
— 144 pmol L ¥ 0.52 pmol-L!
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B2 HupA (A). HupA-SA (B) & Hup A-TCA ( C) TEMEAPT AChE IEPERISZI (n = 3)
Fig2 Effectof HupA (A ), Hup A-SA (B ), and Hup A-TCA (C) on the activity of AChE in vitro (n = 3)
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Fig 3 Concentration-effect curves of inhibition of AChE by Hup A and

its derivatives
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Fig4 Effect of the pretreatment of AChE with Hup A (A ), Hup A-SA (B ), and Hup A-TCA ( C) on the inhibiting effect of soman
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Fig 5 Effect of Hup A and its derivatives on the concentration-effect

curves of soman inhibiting AChE
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Fig 6 Survival of mice with soman poisoning after the preventive

administration of Hup A derivatives at 12 h (A ) and 24 h (B)
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ELREMRUFZR TR

FAL, B, AR, F2EFF TR (L SEREEKES CWBERZAR, W% 710038; 2. SEEE
KA — M m R 2R, PE% 710032)

WE: B MREXREXLEFFOTRELFRS . FiE RARBAEEHE, ARBRKEE
AR X4 & HPLC F 7 ik o 5 44k, 3 MS f= NMR #4345 T b thth ¥, ER NE
kFE P BIFE 8 AMLAY, aAEEALER (1), #kE (2), FREE 3-00-L- R5H
F (3), #EF -3-00-L- AFEHH (4), WA E -7-0o-L- AFHF (5), BEHF (6), Hi
(7), 22M3 (8), &It o1~ T AEINZHY P BIRE,

KR ERE; FRs; FRENLSS; MAE

FESES: R284.1 XERFRIAD: A MERS: 1672-2981(2021)12-2507-04
doi:10.7539/j.issn.1672-2981.2021.12.005

Flavoids from the whole plant of Vicia unijuga A. Br.

LUO Li', ZHANG Wei’, CHU Jian-jie’, LI Wei-wei’, WANG Ming-ming”" (1. Department of
Pharmacy, The Second Affiliated Hospital of Air Force Military Medical University, Xi’an 710038;
2. Department of Pharmacy, The First Affiliated Hospital of Air Force Military Medical University,
Xi’an 710032)

Abstract: Objective To determine the flavoids components in Vicia unijuga A. Br.. Methods The
chemical constituents were separated by silica gel column chromatography, Sephadex LH-20 gel
column chromatography and semi-preparative HPLC while the structures were identified by MS
and NMR spectra data analysis. Results Eight compounds were isolated from Vicia unijuga A. Br.:
kaempferol (1), quercetin (2), isorhamnetin-3-O-a-L-rhamnoside (3), quercetin-3-O-a-L-rhamnoside
(4), quercetin-7-O-a-L-rhamnoside (5), quercetin-3-O-a-L-arabinofuraside (6), myricoside (7) and
hypericin (8). Conclusion Compounds 1 ~ 7 have been isolated from this plant for the first time.
Key words: Vicia unijuga A. Br.; chemical constituent; flavoid; quercetin

E3K3R (Vicia unijuga A. Br.) N GEF (Legu- MR EH, NAHG ., vy, =8 T17%, £
minosae sp. ) B Wi E )& (Vicia Linn) f#¥YERZE  BEoHATRER ., b, £REmX Y, Hik

HEEWMB: EXARPEEETH (No.81803749),
EEEN: DAL, &, FTENEDY R ALEIGY, E-mail: luoli1312620291@126.com  BIS(EE. T, 4, F&Z0, *
ZENF 2 255500 T K GBI EFIFSY, E-mail: wangmm130@163.com
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L MH, BRI . 1R SR U
MK EEHFIRITE . T his . 28k
SR AR R L EE R
BIRACF LSy, AR . RBER -7-
OB-D WL H A BT . &2k EY, Hik= R
Gk Y SCHRARIE BT ARBIF I 7B 3k 3% B 2K
o AT T RN B M, MR
1) 80% &, FEHE B h 33 B 4 e T 8 AN B 2%
&Y (Z5ILE 1), 252 (1), Hiik
% (2), FRAEE 3-0-0-L- BEWTT (3), il
&K -3-0-a-L- RZERTT (4), Mt & -7-0-a-L- R
ZWETT (5), WET (6), tlgir (7), &2kiT
(8), BRazBki (ke 8) 4, HARBE IR
MIE LS s 2l

5 R1=Rha R2=R3=H
6 R1=R3=H Ry=Araf
7 R1=H R,=Rha R3=0OH
8 R1=R3=H R2=Ga|

1 R1=R2=H

2 Ry=OH R,=H

3 R;=OCH; R,=Rha
4 R,=OH R,=Rha

T/g" ;i e

o OH) 1"

HO 0

HO HO H 1}‘
OH OH H

0]
(o]
Rha Araf Gal
E 1 AE¥ 1 ~ 8 [fbigt

Fig1 Structures of compounds 1 ~ 8

1 ##l

Avance-400 HZREILIRIETEIL (F2E Burker 2
H) ; LC-6AD B3O (A ( HAR R HEL
F] ) ; Thermo DFS R ii%{% (32[E Thermo /A H] ) ;
YMC-Pack Pro C,g il % (L35 A ] 2R B R JiZ
Sephadex LH-20 ( GE Healthcare Bio-Sciences AB
ONFED) sHEETERER (100 ~ 200 H #1200 ~ 300 H,
W EEEEAC T ) s MR R (& VAR
TFERARAT) ; OB N (BFE Rk
WG RA ) 3 WlE. Wb, Ak,
CTROTG. TETEE (Srral, Kt Rl
FIARAT]) 5 K alivgK (BT g s HA
BRAHED,

EKF 20174 5 A TR KAE, &
25 AR R R A — W R e W] 3248 2 A e
F5#E ( Leguminosae sp. ) ¥ it )& ( Vicia Linn )
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B 3k 3% Vicia unijuga A. Br. i AR 4 F, bp AR
(No. 201705VL ) PRAFT 28 7 K25 — M m
B2 BE 2 IR
2 RESEH

THERYTE SLSEZHH 4.0 kg, BHTEJS 22 80% )
CBERIAE 3 Y (43520 2. 20 1 h). [l O BE,
S A TEE, PR TR AK M ANIE T BEZE L 3
W, 1BAMBERAE 19.3 g, LR TERBAL 98.5 g,
IE TR 37.7 go

LR e ¥R A 95 g, 45 ik e AE (0 38 4y
B, L W e - R (10001, 80:1, 501,
2001, 101, 551 MI3 1, V) Bk BEBEM,
EIFMER A, B8 A~HIE8 AL, BA
53 (3.6 g) SHRBEER AR, & k- H
B (11, v/v) Ve, 1REMEEY 1 (259 mg) ;
CHl45r (5.1 g) LMRMEBERCAE (O, HEEDEN,
BEkE 2 (282 mg); DAY (105 g) &4
RPFEECAE A3l , HEEBEE, SIFEF S, 15
F| D-1 ~ D-5443, D-3 (0.2 ¢g) 2% W
i, 2 -k (38162, V/V) BN, B3EMLE
Y3 (10.8mg, t, =214min), D-4 (0.1 g) &
P WA s, M-k (35065, V/V) Uk
W, 5 FE kA4 (151 mg, f, =282 min);
EZ 4y (21.0 g) % ODS C 1 0%, I EE - K
(20:80~80:20, V/V) Y, 155 E-1 ~ E-4
Mo, B2 (03 g) &Pl e, HEE-K
(30:70, v/v) Yeli, #H2E4EE% S (19.0 mg,
tx =33.0min) #16 (27.5mg, ty = 28.8 min),
F4 4% (18.0g) £ ODS C, k: 8, 1%, W Bz - /K
(20:80~80:20, V/V) hhi, 135 F-1 ~ F-6
H A, F-3(23g) 4 0DS Cg b {018, Hpz-
K (30170 ~80:20, V/V) W&, 15 F|F-3-
1 ~F-3-424), F-3-1 (0.1 g) Z2F R MAR A1,
N -7K (20 :80, v/v) WS EILEY 7 (8.8
mg), F-3-2 (0.1 g) &Pl g, OF -
K (22 278, V/V) BEAS R A 8 (22.5 mg ).
3 HHMERE

EW1: #akR (HEE), ESI-MS m/z 287
(M + H] 7). 'H-NMR (400 MHz, DMSO-d,)
d: 1247 (1H, brs, 5-OH), 6.19 (1H, d, J =
2.1 Hz, H-6), 6.44 (1H, d, J = 2.1 Hz, H-8),
8.04 (2H, d, J = 84 Hz, H-2', 6'), 693 (2H,
d, J = 8.4 Hz, H-3', 5'), "C-NMR (100 MHz,
DMSO-d, ) 8: 146.9 (C-2), 1357 (C-3), 175.9
(C-4), 160.8 (C-5), 98.3 (C-6), 163.9 (C-7),



RG22 2021 4 12 A %5 19 % %5 12 ) Central South Pharmacy. December 2021, Vol. 19 No.12

93.5 (C-8), 159.2 (C-9), 103.1 (C-10), 121.7
(C-1'), 129.6 (C-2', 6'), 1155 (C-3", 5'),
156.2 (C-4"), DA b#dis 550k ™ A —2, 1k
G S LA

&Y 2. BEOkAR (HE), ESI-MS m/z 303
(M + H]"). 'H-NMR (400 MHz, DMSO-d,) &:
12.48 (1H, brs, 5-OH), 6.18 (1H, d, J = 2.1
Hz, H-6), 6.38 (1H, d, J=2.1Hz, H-8), 7.67
(1H, d, J=20Hz, H-2'), 689 (1H, d, J=
8.5 Hz, H-5'), 7.53 (1H, dd, J = 8.5, 2.0 Hz,
H-6'). “C-NMR (100 MHz, DMSO-d,) 8: 147.7
(C-2), 1358 (C-3), 1759 (C-4), 160.7 (C-5),
98.2 (C-6), 163.9 (C-7), 93.4 (C-8), 1562 (C-
9), 103.0 (C-10), 122.0 (C-1'), 115.1 (C-2"),
146.8 (C-3'), 145.1 (C-4'), 1156 (C-5'), 120.0
(C-6')o DA% 5 scmk " A—5, ka2

AW 3. BkR (HEE), ESI-MS m/z 463
(M + H] 7). 'H-NMR (400 MHz, DMSO-d, )
5: 12.64 (1H, brs, 5-OH), 638 (1H, d, J =
23 Hz, H-6), 638 (1H, d, J =23 Hz, H-8),
734 (1H, d, J = 22 Hz, H-2'), 6.87 (1H, d,
J = 84Hz, H-5'), 728 (1H, dd, J = 8.3, 22
Hz, H-6'), 528 (1H, s, H-1"), 3.86 (3H, s,
OCH3), 3.13 ~3.99 (4H, m, H2"~ H5"), 0.78
(d, 3H, J=6.0Hz, H-6").

"C-NMR (100 MHz, DMSO-d,) &: 157.6
(C-2), 1344 (C-3), 1779 (C-4), 161.0 (C-
5), 979 (C-6), 165.1(C-7), 922 (C-8), 156.4
(C-9), 103.9 (C-10), 56.1 (OCH;), 120.6 (C-
1'), 115.4 (C-2'), 147.5 (C-3'), 148.5 (C-4'),
115.7 (C-5'), 121.1 (C-6'), 101.8 (C-1"), 70.3
(Cc-2"), 70.0 (C-3"), 70.6 (C-4"), 71.2 (C-
5"), 17.5 (C-6"). L L%dE53cmk ' A —3k,
a3 % 7 RAER -3-0-a-L- R

e 4. EakR (HEEL), ESI-MS m/z 447
([M — H] ). 'H-NMR (400 MHz, DMSO-d,) §:
12.64 (1H, brs, 5-OH), 621 (1H, d, J = 1.9
Hz, H-6), 6.40 (1H, d, J=1.9Hz, H-8), 7.31
(1H, d, J=20Hz, H-2'), 687 (1H, d, J =
8.3 Hz, H-5'), 7.25 (1H, dd, J = 8.3, 2.0 Hz,
H-6'), 5.26 (1H, s, H1"), 0.83 (3H, d, J=6.2
Hz, H6"), “"C-NMR ( 100 MHz, DMSO-d,) §:
156.4 (C-2), 1342 (C-3), 177.8 (C-4), 161.3
(C-5), 98.7 (C-6), 1642 (C-7), 93.6 (C-8),

1573 (C-9), 104.1 (C-10), 120.7 (C-1'), 1155
(C-2'), 1484 (C-3'), 1452 (C-4"), 115.7 (C-
5'), 121.1 (C-6'), 101.8 (C-1"), 71.2 (C-2"),
70.1 (C-3"), 704 (C-4"), 70.6 (C-5"), 17.5(C-
6" ). LA BRSO3k M HA—B, (AW 4 %5
I 2 -3-0-a-L- BRZEHETT

&Y 5. BEORAR (FEE), ESI-MS m/z 447
([M — H] ). 'H-NMR (400 MHz, DMSO-d, )
d: 621 (1H, d, J = 2.0Hz, H-6), 6.42 (1H,
d, J=20Hz, H-8), 7.76 (1H, d, J = 2.1 Hz,
H-2'), 6.52 (1H, d, J = 8.4 Hz, H-5"), 7.52
(dd, 1H, J = 8.4, 2.1 Hz, H-6'), 4.98 (IH,
s, H-1"), 3.18 ~3.95 (4H, m, H-2" ~ H-5"),
0.78 (3H, d, J= 6.4Hz, H-6"), "C-NMR (100
MHz, DMSO-d,) §: 156.5 (C-2), 133.9 (C-3),
176.8 (C-4), 160.9 (C-5), 98.3 (C-6), 164.5
(C-7), 932 (C-8), 156.3 (C-9), 103.8 (C-10),
121.1 (C-1'), 131.0 (C-2', 6'), 115.2 (C-3',
5'), 160.0 (C-4'), 101.3 (C-1"), 70.3 (C-2"),
70.5 (C-3"), 720 (C-4"), 683 (C-5"), 17.5(C-
6" ). LA BRSO3k M HA—B, (A S K
i 2 -7-0-0-L- B ZEHETT

EY 6. BEEHRGW (HEE), ESI-MS m/z
435 (M + H] 7). "H-NMR (400 MHz, DMSO-d,)
8: 12,65 (1H, brs, 5-OH), 6.20 (1H, d, J=19
Hz, H-6), 638 (1H, d, J= 1.9Hz, H-8), 7.47
(1H, d, J =20Hz, H-2'), 685 (1IH, d, J =
8.4 Hz, H-5'), 7.58 (1H, dd, J = 8.4, 2.0 Hz,
H-6'), 558 (1H, s, H-1"), 4.15 (1H, dd, J =
0.8, 3.3 Hz, H-2"), 3.73 (1H, m, H-3"), 3.52
(1H, m, H-4"), 331 (1H, dd, J = 3.5, 11.6
Hz, H-5a"), 3.26 (1H, dd, J = 5.2, 11.6 Hz,
H-5b"), “C-NMR (100 MHz, DMSO-d,) §: 157.3
(C-2), 133.6 (C-3), 177.8 (C-4), 1609 (C-5),
97.8 (C-6), 1652 (C-7), 922 (C-8), 1563 (C-
9), 1049 (C-10), 120.8 (C-1'), 1155 (2'), 145.1
(C-3'), 148.6 (C-4'), 1154 (C-5'), 121.8 (C-
6'), 1079 (C-1"), 8.1 (C-2"), 77.0 (C-3"), 85.8
(C-4"), 60.6 (C-5"), Lh_bHed 5 Scmk U 3 —
H, B 6 KN ET

WEW 7. WK (HEE), ESI-MS m/z 465
([M + H]"). 'H-NMR (400 MHz, DMSO-d,) &:
12.63 (1H, brs, 5-OH), 638 (1H, d, J = 2.0
Hz, H-6), 6.20 (1H, d, J=2.0Hz, H-8), 6.88
(2H, s, H-2', 6'), 543 (1H, s, H-1"), 3.62
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(1H, m, H-2"), 3.55 (1H, dd, J = 9.6, 2.7
Hz, H-3"), 3.17 (1H, t, J = 9.6 Hz, H-4"),
398 (1H, m, H-5"), 091 (3H, d, J = 6.2 Hz,
H-6")., “C-NMR (100 MHz, DMSO-d,) §: 156.4
(C-2), 1343 (C-3), 177.8 (C-4), 161.3 (C-5),
98.7 (C-6), 164.1 (C-7), 93.5(C-8), 157.5(C-
9), 104.1 (C-10), 123.4 (C-1'), 107.9 (C-2',
6'), 1458 (C-3', 5'), 136.5 (C-4'), 102.0 (C-
1"), 71.3 (C-2"), 70.0 (C-3"), 70.4 (C-4"),
70.6 (C-5"), 17.6 (C-6"). LA F%eds5 sk
HA—F, (LB T EE T

e 8: wak R (HEE), ESI-MS m/z 465
(M + H] 7)., 'H-NMR (400 MHz, DMSO-d, )
5: 12,62 (1H, brs, 5-OH), 620 (1H, d, J =
2.5Hz, H-6), 641 (1H, d, J = 2.5Hz, H-8),
753 (1H, d, J = 2.3 Hz, H-2'), 6.82 (1H, d,
J = 85Hz, H-5'), 7.66 (1H, dd, J = 8.5, 2.3
Hz, H-6'), 537 (1H, d, J = 7.8 Hz, H-1"),
3.35 (1H, m, H-2"), 3.26 (1H, m, H-3"),
3.38 (1H, m, H-4"), 3.45 (1H, m, H-5"),
3.57 (1H, m, H-6"a), 3.66 (1H, m, H-6"b).
PC-NMR (100 MHz, DMSO-d;) §: 156.3 (C-2),
133.5(C-3), 177.5(C4), 1613 (C-5), 98.7 (C-
6), 1642 (C-7), 93.6 (C-8), 156.4 (C-9), 104.0
(C-10), 121.1 (C-1'), 1152 (C-2'), 1449 (C-
3'), 148.5 (C-4'), 116.0 (C-5'), 122.0 (C-6'),
101.8 (C-1"), 71.2 (C-2"), 73.2 (C-3"), 68.0
(C-4"), 759 (C-5"), 602 (C-6"), VL EES
SCHR U IEAR 3, A 8 K N S BT
4 itig

ARG N TE LSRG 80% L IR E ) rh 34
YR T 8NN EY), BREepkirsh, Hatk
BYBIE RMIZIE Y B E . IEAERC TR
LR R GAF N G BRIG PRI b, ARFSR
T TSRS, L2 T
PERFSE (0T AN B i VAN AL T sl (AR
I E S St = R 3 UL = o3 0y [T Pty
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RANEEZ5918 T 7842 RORyt. Foxp3 mRNA RiLAE=EE
Th17/Treg 55 T8 Hu il #/1 H F14R

R, ME, %, P, A, 8 ORETE S ARER, P9HESEREMIRER, TRER S
R A I R . S 610031)

WE: BH @ SR a8 A K R A8 K e B . Th17/Treg A8 5% 20 L B F &
4 F 4 FHF (RORyt mRNA, Foxp3 mRNA ) &k 69 %vf, #F LA Thl7/Treg T #7649 3t
SeE R, Fik RAEEG (OVA) R RIS AR L E T KRS EER, RETK
RKAMER ., Aar R BT RS TRAME Y, RS 4h, BB 1k, £48% 7K, BAA
LHEAT PAS F &L AGE B R ARIK an B3 & e fbik ik TAL, SFHHATRILES . KA EE R E
TR A4 X (qQRT-PCR ) #] K Fi2A 2% TNF-or, IL-18 IL-17. IL-10. RORyt mRNA .
Foxp3 mRNA #jAaxt & ik &, R s X R AEFEM L L 7T LK F PAS 4 & a2 o5
F, RIS S TIEF4; R TNF-a. IL-18 % Thl17 #48% 6 IL-17. RORyt & :ik3&Hm, W
Treg #8 5% # IL-10. Foxp3 % ik i 2, IL-17/IL-10 #= RORyt/Foxp3 #+ &, ¥ Th17/Treg % # 3L
%o THE, RN AW Bk Y % K A A8 L PAS Fakk2a e, Ak Lmaitsy; 7
H TFi# TNF-a, IL-18, IL-17 % RORyt & A, F+& IL-10. Foxp3 #9 & ik K-F, A& IL-17/1L-10.
RORyt/Foxp3 7K-F., A8X M5 27, Thl7 8% B-F RORyt F= IL-17 49 & A vA K IL-17/IL-10 F=
RORyt/Foxp3 Af s TNF-zr, IL-18 F A K-F s EAE X, 7 Treg #85% B Foxp3. IL-10 #9 &k ik 5
TNF, IL-18 %5 F R fi#8%, 427 Th17 T AR K R &, @™ Treg sedrd) Xm A m Ak, &g
R FUNE S 25 4 T #k i@ it T8 RORyt, IL-17 & ik K-, R aF L Foxp3., IL-10 #9 % ik, 4 IL-
17/IL-10, RORyt/Foxp3 WAL AR, 423t Th17/Treg A2 T -F#5, Mk ¥ X 5 AR TNF-a, IL-18
AT, R AE KRR, KARRE AR,
KEER: RANEFEY; Fo%; Thl17/Treg F#r; Foxp3; RORyt
FE S ES: R284 XERFRIRAD: A MERE: 1672-2981(2021)12-2511-06
doi:10.7539/j.issn.1672-2981.2021.12.006

Anti-asthmatic mechanism of Fujiu patching medicine in restoring Th17/
Treg immune balance via regulating RORyt and Foxp3 mRNA expressions
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Clinical College of Chongqing Medical University, Chengdu 610031)

Abstract: Objective To determine the anti-asthmatic effect of Fujiu patching medicine involved in
regulating Th17/Treg balance on the airway inflammation responses and the expressions of Th17-
related, Treg-related cytokines, RORyt and Foxp3 mRNA (the specific transcription factor for Th17 and
Treg respectively), in asthmatic model rats. Methods The asthma rat model was established by using
the suspension mixing with Ovalbumin (OVA) and aluminium hydroxide to sensitize and challenge rats.
After that, the Fujiu patching medicine was applied to Dazhui, Feishu and Shenshu acupoints in rats for
4 hours, once every other day for 7 times. After the last application, the lung tissues were collected. The
goblet cell hyperplasia and mucus secretion in the airway epithelium were observed by PAS staining,
and their pathological alterations were scored. Quantitative real-time polymerase chain reaction was used
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to determine the relative gene expressions of inflammatory mediators (TNF-o and IL-15), Th17-related
cytokines IL-17, Treg-related cytokines IL-10 as well as the expressions of RORyt and Foxp3 mRNA.
Results Many PAS-positive cells were found in the airway epithelium of asthmatic model rats, and the
pathological scores were significantly higher than those in the normal group. Furthermore, TNF-a and
IL-1p8 expressions as well as Thl7-related IL.-17 and RORyt expressions were increased, while Treg-
related IL-10 and Foxp3 expressions were reduced. Consequently, the ratios of IL-17/IL-10 and RORyt/
Foxp3 rose, leading to Th17/Treg imbalance. After the treatment, Fujiu patching medicine relieved
the PAS-positive epithelial cells in the airway of asthmatic rats and lowered its pathological score.
Moreover, they decreased the mRNA expressions of TNF-a, IL-15, IL-17, and RORyt but elevated the
expression levels of IL-10 and Foxp3 mRNA, causing the drops in IL-17/IL-10 and RORyt/Foxp3. The
correlation analysis showed that expressions of Th17-related RORyt and 1L-17 as well as ratios of IL-
17/TL-10 and RORyt/Foxp3 were positively associated with TNF-o and IL-18 expressions, respectively.
Conversely, the expressions of Treg-related Foxp3 and IL-10 had a negative correlation with TNF-« and
IL-18 expressions, suggesting Th17 might be the proinflammatory factor, while Treg might inhibit the
expressions of inflammatory mediators. Conclusion Fujiu patching medicine may impel the decline in
ratios of 1L-17/IL-10 and RORyt/Foxp3 and a consequent tendency of Th17/Treg to balance via down-
regulating the expression levels of RORyt and 1L-17, and up-regulating Foxp3 and IL-10 expressions,
which in turn reduces the expression levels of inflammatory mediators such as TNF-« and IL-1f to

alleviate the airway inflammation in the lung of asthmatic rats.

Key words: Fujiu patching medicine; asthma; Th17/Treg balance; Foxp3; RORyt
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Fig 1 Effect of Fujiu patching medicine on the pathological alterations of PAS positive cells in the lung airway epithelium of asthmatic rat models
(Bar = 100 pum )
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Fig2 Effect of Fujiu patching medicine on the relative mRNA expressions of various genes in the lung of different rats (P < 0.05, "P < 0.01)

A TEH# 4 (normal group ) ; B. A4 (model group ) ; C. B8 4] ( sham patching group ) ; D. A JUINN 25 ¥ 41 ( Fujiu patching medicine

group ) ; E. HIZEKHA ( dexamethasone group )
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Potential toxicity of impurity B in furosemide preparation

JIANG Hong-yu"’, WANG Han-xun', WANG Jian'"" (1. School of Pharmaceutical Engineering,
Shenyang Pharmaceutical University, Shenyang 110016; 2. Northeast Pharm Inc., Shenyang 110027)

Abstract: Objective To determine the potential toxicity of the impurity B in furosemide preparation
with computation chemistry methods. Methods Target-proteins influenced by impurity were
predicted with molecular modeling. Results Three proteins were identified as possible targets for
impurity B: carbonic anhydrase Il , thyroxine-binding globulin and macrophage migration inhibitory
factor. These results might be related to the hyperthyroidism of furosemide usage. Conclusion

Molecular modeling helps predict the target of impurities, and evaluate the toxicity.

Key words: furosemide; computational chemistry; target recognition; toxicity prediction
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Determination of dabigatran concentration in human plasma by LC-MS/
MS method with self-internal standard

WANG Feng', HE Xin’, QIAN Yi-yi’ (1. Department of Pharmacy, the Second Xiangya Hospital of
Central South University, Changsha 410011; 2. Department of Pharmacy, Fuwai Yunnan Cardiovascular
Hospital, Kunming 650000; 3. Graduate School of Kunming Medical University, Kunming 650500)

Abstract: Objective To establish an LC-MS/MS method to determine the concentration of dabigatran
in human plasma. Methods The standard solution of dabigatran was used as the internal standard. The
separation was conducted on an Aston SN phenyl column (2.1 mm X 50 mm, 5 pm). The mobile phase
~ ' of formic acid and ammonia)
at 33 : 67 (v/v). The flow rate was 0.8 mL * min '. The column temperature was 45 ‘C . The injection

was composed of methanol-deionized water (containing 4 mmol * L

volume was 1 pL. With the fully automatic two-dimensional liquid chromatography tandem mass
spectrometer coupling instrument and the valve switching program developed, the sample and IS
were injected respectively at an interval of 0.4 min. Electrospray ionization source under positive ion
and multiple reaction monitoring mode were used. lon transition was monitored with mass-to-charge
ratio of m/z 472.15/289.10 for the quantification. Results This method showed good linearity at the
concentration of 5.204 — 520.4 ng * mL ' (» = 0.9997). The intra- and inter-day precisions were less
than 3% and the accuracy was at 91.75% — 113.16%. The mean extraction recovery was 88.03% —
92.42%. The mean matrix effect was 100.35% — 102.84%. Conclusion This novel method uses
dabigatran as the IS, simplifies the sample preparation, and analyzes rapidly and accurately, which is

suitable for determining the concentration of dabigatran in human plasma.
Key words: dabigatran; LC-MS/MS; plasma concentration; self-internal standard method

I8 E IR R & — 208 A 11 IR BT EE ] (novel
oral anticoagulants, NOACs ), J&3FKZE E ¢
EEpR R, N SES bR AR AR L, 44
AT E 2, JRYT R O A B TR
VAL M IO RE NI, 2R MR 1, BT LA
T 2013 4FEFE E N i JE 132 F TR R s i
AN B A e SR gE wipT B SR, 4t
BEIRIT ARG HAA KIWITE . AR 22 3P H 1 e XL
B PESFRE A, 38 U IR S 20 H i XU o il 2
T2 I R T A2 B TR, REE A
i W B AE B R TSORE I EU IR I 24 Wk 4 ol AE
40 ~ 200 ng » mL "™ FEIRIK HOIRE I 24 K
Sk AT SR P2 24 ORI KR A B b o
AR (A S R BTEYE (LC-MS/MS ) B BAFH R
O FER I B, AR o8 L ST — A 2 ok
FEINBEHR B B LC-MS/MS I E s, IF5] A—Fh g
YIREOAR, DLH S ANR, ARG A=A
5 T RCE, AR EEE R 2 45 B
25, PACHUBER B S AR 2Rk s
1 #

5 He i BE X BR 5y (52 K Toronto Research
Chemicals 22 A, 4> 98%, it : 1-JYS-153-

1) HEE, IR EIEH (3EE Anaqua Chemicals
oAl s HER. ZAKCh el (E 254 H b 2A ik
FIARAT); LBHKNEETK sHY
M LR B AR AR AR, 5.
180824 ).

LCMS-8050 %I = F PULRAT B ( H A i
NED i RS HE LC-30AD Al (a5 | SIL-
30AC &I A Bk FERS . CBM-20A Rl #%; MS-
Mate 9600 4= [ 3l — 2 i AH €0 335 £ 6 5 3 A A%
(i) i FEOR R AR A RS F)) 5 Milli-Q plus 2li7K
% (& [ Millipore 23] ).
2 HES5ER
2.1 BiEAH

O35k . Aston SN ZKFEAE (2.1 mm X 50 mm,
5um); A FEE - K (& 4 mmol L~ ' IR,
@K) =33:67(V/WV); Wik: 0.8mL » min ';
M. 45°C; dbkEE. 1ul; ZFREEUEM.

BOYRFIRES B ShiRE R R, 4B o
R I TR AN 1 Bl 2ok B R A TR AR
J AR AR TR A, Pl D, AE
HFENG 0.4 min, B FHUCHEAEAERS S AP I MRS
W (6.24ng » mL ") VEA@EAE T, dEimisE)

2521



Central South Pharmacy. December 2021, Vol. 19 No. 12

FRRIZE 2021 4F 12 A 45 194 45 121

FRNIANNFR A R —H 5T, AEAEAS ] AsF ] g R %
R, BN ERE, BT AR R,
22 R4

K FH 855 B AL (ESI) 1E & F Rk
M ZR VI (MRM) =il S0k
MBSt m/z472.15/172.05, fifdEHE: — 25 V;
ERRINES T m/z 472.15/289.10, Filf 4 H
JE: —20V; BEEEA]: 497 ms; MiiA IR
250°C; LR 300 C; hnFBiEE . 350 °C;
AR (AR WiE: 3L emin ' A A
SWHEI0L * min ', ZEWHE 10L » min~ "5 Fif
S (RS) FES1: 270kPa; #E00HE: 4KV,
2.3 IR H G R A3
230 B RS % AR O L0 A R A
531 mg, F W B E K ZE50mL, il % 104.08
pg e mL 'YK U INBERE AT RS TRE A
b 1ML 35 45 1% 5.204 pg » mL ~ ' B35 oA
W, FHZE A SIMEE LN 5.204, 26.02,
52.04. 104.08. 260.2. 520.4 ng * mL ' () b 7fE

L

A B

MRS AR, Ay 5 3 Ak (10, 100, 400
ng * mL ') PSRRI EUG AR, H
% 624 ng e mL ' BUNAR TAER . Ll
PRAFF — 20 CUkA

232 A/ S iEREA AL B O 55 W O I
W) DI EREM 200 L F T 1.5 mL EP &b, K%
INAZEF{UIER] (LM - HilEE= 80 : 20, V/V) 500
ul, ZEiE FIREYR Y | minf5, 14500« min~ '
B0 8 min, B 500 L b 2IE TR BRI AT
AT

24 FHE¥FEE

241 LJEYE 0l A HEH L A H S
25 PN . 55 1 Sh L 3k FE IR IR (30
ngemL ', 50ngemL '), FZIEELLE MK
FEA, $2 “2.3.27 WUy ikByE, dERE T, BLAY
ERERILE 1, 25 R 25 1 S s AL
WAERF DA N ARIEAL TE 4, R 04 A N AR P
EETE] 4251 1.26 min A1 1.81 min, WK RLAT

00 10 20 30 40 50 60 70 min 00 10 20 30 40 50 60 70 min

B (g

Fig1 Typical chromatograms

00 10 20 30 40 50 60 70 min

00 1.0 20 30 40 50 60 70 min 00 1.0 20 30 40 50 60 7.0 min

A 2SI (blank horse serum ) 5 B. %3 [ AMLSE ( blank human plasma ) 5 C. 5 IfiL 7 + 3% Fo AR R B (30 ng » mL ~ ") [horse serum +
dabigatran standard (30 ngemL ~ ") 1; D. ZhIfLi# ik HENFERT BE AL (50 nge mL ~ ') + %5 [horse serum + dabigatran standard (50 ngemL ~') +
IS]; E. R4 25)5 12 kE N ( plasma of patient after the administration ) 5 1. FFM43A LN ( dabigatran as analyte ) ; 2. %5 (1S)

242 FREMESER R #2317 IR AR
TR VE M RE S, R “2.3.27 TR 7 vk b 35 ik
Fo08T, LK HL BRI ik (ng e mL ™ ")
A ER (x ). TR BRI AR LU (B N A b
(y), RAIBR N Tkt T2 v H, 15515
HHEA y = 0.0092x + 0.0358 (= 0.9997), FHik
FEHNEEAE 5.204 ~ 520.4 ng » mL ~ ' UG E G
AR, ER R~ 5204ng e mL ',

243 WEESHESE H23.17 IR & (400
ng'mL '), # (100ng*mL "), fk (10 ngemL ")
o e I AL R 5.204 ng + mL T AR I
R (FE e & IR RS, ), #% “2.3.27 TR Jr
RACER, BRSNS h RS, HEELEIE 3 d,
FRAE S H bRt 2B B e S e v i, 11H5E
PRI RE A A B T RV BERESL H . H [RDRG 2% R
RSD 735120 1.4% ~ 2.5% Al 1.0% ~ 2.9%, #EHHE
3R 92.72% ~ 111.54% 1 91.75% ~ 113.16%.
244 REEIMCRFIFE RN, # 92327 iR

2522

Tk . R EE BT, BN
FTIE 5 6y, MASFFNPEm AN 4; S HE H
L AL PSR W, A S & e Rk E
TSR A AEDRE 7 f 6 RE S ISR, BRI A% S
e, MASFF TR By R AR 46
AAR ML, ¥ “2.3.17 TR ik mdl s, . K
AR MR BE IRE S, BRI, B EAT
WE 5 Gy, MAFFNYERFCY Co % FIIARK
& PEEURI R = 4/BX 100%, LN = B/
CX100%, L5 ILFE 1, FEIHA M G v 5L B[Rl i
R, g S AR TC A L O
245 RUEM &L . KB RERESN, B
WIS S ke, B TR TICE,
¥ “2.3.27 TR g Ab BRI A AT, BEASUREESEAT
ME 50y, ZEANRFM TR BE&M KL
ZERILFE 2,
25 FHEFMA

B A< g v 2000 (5B 11 4], &9
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F1 REOGRMERBEERER (n = 5)

Tab 1 Extraction recovery and matrix effect (n = 5)

TS / PRIBUADICR /% TR /%
(ngemL ") xts RSD/% Yty RSD/%
10 90.85+3.57 3.9 101.21£3.99 4.0
100 92.42+2.59 2.8 100.35+£1.99 2.0
400 88.03+2.16 2.5 102.84+2.38 2.4

®2 FAEEKGTELLMBNREEERER n=5)

Tab 2 Stability of dabigatran under various conditions (n = 5)

! PIBHRE / S / ER
FAF . o RSD/%
(ngemL™ ") (ngemL ") /%
FEIE 24 h 10 10324055 10320 54
100 97.44+150 9744 15
400 383.72+7.50 9593 2.0
H Bl RS CE 10 9.46+020 9455 22
(4°C, 24h) 100 92.63+223 9263 2.4
400 36536+493 9134 14
3 RVKRL (—20°C 10 10.46+0.57 10456 5.5
FEE) 100 98.53+4.03 9853 4.1
400 390.23+721 9756 1.9
— 20 Cfi#fe 15d 10 9.88+0.31  98.80 3.1
100 97.16+2.49  97.16 2.6
400 380.884+6.96 9522 18

) SR (66.05£9.32) % ARFHIA HG i
Tl Je % £8P L 25 TR B o . T A AR LA (110
mg q12 h” HEHZ, TERRG )5 10 ~ 14 h %8
JE SR M Sz BP0 B MK, F “2.3.27 TR 7 ik Ak
BRIFAAT . INAS 20 i) £ 35 3K e Tn A i 24 6 1
25.1 ~257.0ngemL "', “FIEN (92.60+49.90)
ng e mL ', HARZER LK 3,
3 iTFig
31 ki

AR LC-MS/MS X AE W REA g4 T 5 43
B H R A 3, a5 LA PIRRA 1R i Tl
ALPEYE R . SRR 22 57 L R TR0 X S
T TR Y 52 0 4 IR 2 A iR 25 . HR IR FRAR L N
P 07 55 1 I 4 5L A DU 3L Ak 2 P o ok — i )
PIAR AT 43 A (Rl 7 2R A . T A 8 285 FA AL LA
K S AT AT i U e, R
RN SRRNYTE AR | Bl 2% S5 T L
T—g, WM HECRH) iz, ©&FNLC-MS/
MS W5 %, LA L in e -ds A1 [°Cl- 35 BBy
Mg EZ O, HRE R AREEM A m L 3R
WOMERE R, 0 AR =, AN T S8 B AR

%3 SKHANE LR L BRI

Tab 3 Blood drug concentration monitoring and clinical practice of dabigatran

s MR AR/ RGBS MZYHE / (ng e mL ") HUSFEBR / (mL » min ')

o1 B 52 > 6 76.6
02 % 62 > 6 25.1
03 81 >6 96.3
04 63 6 91.6
05 & 60 6 48.9
06 64 8 83.3
07 A 78 9 109.1
08 & 76 6 99.2
09 % 67 7 94.4
10 %« 73 7 75.8
1 % 49 8 84.7
12 5 58 11 66.9
13« 76 >6 40.5
14 73 >6 154.6
15 % 64 >6 97

16 3 63 >6 257
17 70 18 122.4
18 5 57 8 122.9
19 5 57 6 35.6
20 5 79 13 70.0

5891
98.40
34.79
68.16
84.20
70.90
40.50
49.63
50.80
64.97
54.51
71.86
55.61
39.69
57.35
43.02
47.39
80.53
75.82
55.73

tR L / R TR SO Rl
¥
¥
BEAT AR FH I LG SR [ s 9P A S 1l 2 9
¥
¥
&
&
&
WEAT AR FH 325 LG s ) e 3 s b o, 1 K, PRV I 1 IR
&
B/ IMEER I 1k
o
o
BEIMINRESH (PT: 13s, APTT: 409s)
o
BEIMILfESE R (PT: 20.6s, APTT: 67.3s, INR: 1.91)
TG
G
¥
I

M, AR SH L4 S, BB R GE
FRECTRER AL, BIARYIRE AR, B T
— PP LAREIN Ik LI E F B R AR B LK Rk
FE IR B LC-MS/MS Tl /2 v, LA & e B i ik
FE BRIV WO AR, SEBRAEINAE S AT AR i)
SR PERERN C—4E” sy TRl AR R
EREVEIG, TR T AR SROE, AR N BR AR ER

IR 435904 1.26 min F1 1.81 min, FH0HES KL,
PERE . INARIERE RN 0 MTIRHEAN R 2.4 min, 5 3CHk
JrEA A T et ia), 38T T ReR, %
MBS T . P sl i B, AR
TR PR FUACTF Rk TN i 243 B W 4
3.2 kB 2GR E R B I R B UIR R
IAHIEFE 355 BB 20 191 i FH 35 EG e g B4 A8
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M 25 BEBUE 20 B, L 110 mg q12 h )7 R AR
KRR B, 2 6 ke, MLZ5uk E AR
SRR, LG PRULEE B () BE A8 AR 52 3 T A R
HUA RS IR ER >, MR R
I /A ZEAN R i s 25, AR A s s Heon
TR AR B, o5 F— B A E R AR
FHE R RS FUIBERRIRYTY . 398 v BB AR SR
GatEmES, WREEHEREHAgLRES,
WA EEIEAT IR HE IR I 24 v R W, BR Ak E
PIAN SCHRAR B T — S8 3K HO R I 24 3% 2 A Wil
2 U (R R R P A (E 4 TCAR R . RE-LY fF
5% WV BERAR R O F ISR TG A U v A A 3
KAME 2 5 5 CESI Fl ABCBI K. £ &5 A%,
FEN 8 LU IR ol 24 e W %o} 1 — 25 8 7 24 i
25, MHIEKEHEAGEAEENE Y, Hix
5 EA A SRR — A AR T WL B3 S5 R RS
A FE AT U4 EE I T FERT ] ( APTT ). WEEREEIm
IFE] (ECT ). ki mstial (dTT ). il B ]
tn)ﬁ%%mﬁwﬁﬁﬁ(ﬂwn)%%ﬁﬁ
K P25 AW gk U B IS HL
i A8 e S ﬁ%‘h?ﬂ] idarucizumab #Att F i U7, B
T ORIk FE NG FH 25 2 At A2y R AT AL AR B

Z Ak, IR I I 25 R A n] B R S RS b
B 253 AR 51, [R5 F [ 24 i —

FEIEA EOR MY BOHEDE, 3K HE IR i 2 v
WA BT RIZEE B 25 it & o
4 Z5ig

AW E R LR e A & Nds, LA LC-
MS/MS J7 5 I 2 38 B IR il 25 Wk B2 35900 28 1
TIGIR, FHEH, FEAALIRfR R, hr i
LR, eSS SRR, A Ik I 2
WP B 32 o 1T BRI I IR R &5 R B,
EEEZy S ()7 S VAR S i1 B =S K ;R b ey Ay I 5415
AL ZG .

2
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EST AL E I SR A AR MR R AN A

Wkaigh t, MedR?, &%, ¥ T3k, X EKT, X —H (L mTSobikiEEE, S8 ML 6741005 2.
R AEARADNABR AT 255Eke, B 650100 )

WE: Br EAXRITHEAKRASNFENREZ, 155 EHRR WAL ST 4RFN, Fik
£ RBL-2H3 20 g A5 Fo o)y SAR AER! (ICR &L FAAE), vA Compound48/80 A& 7F R i 4%
AFaPER LA, RIPR A MTT kel s f s 1, vALAREFo B- RIR T8 3 B 69 B0 5 A 4] 35
ARy RABERHFRERSFLLEG L XY, DR FRELEAFE, FLEESLHE,
i PR, R &G IgE (IgE) Z@me A A KA T4 2. R RBL-2H3 @ik
ME 7, 200 pg e mL RS ALK S PR AL e, A B- R TR R £
FRGHFENL; METEAMNZT S04 (1.75mg s mL ") #EH A EALEF K72 DRLAE
B, i P EIRIHEREARAIMENIR R, ER T PR KT 6
Peik i &, EHAMALEFEZARRZPRLEERR LA, MF A LER SRR,
KR WALKE,; EIHBRE,; AWM

RESES: R286 MERFRIRED: A XEHRS: 1672-2981(2021)12-2525-06
doi:10.7539/j.issn.1672-2981.2021.12.009

Allergic reaction evaluation system of piceatannol-3'-O-f-D-
glucopyranoside for injection

YANG Bing-zhi"?, YANG Xu-juan’, HUANG Xi’, CAO Ya-ru’, LIU Guo-guang’, LIU Yi-dan™ (1.
Lijiang Culture and Tourism College, Lijiang Yunnan 674100; 2. Institute of Medicine, Kunming
Pharmaceutical Group Co., Ltd., Kunming 650100)

Abstract: Objective To evaluate the safety of piceatannol-3'-O-B-D-glucopyranoside for injection
with an in vivo and in vitro allergy evaluation system. Methods RBL-2H3 cell models and in vivo
mouse models (ICR and Kunming species) were used. Compound48/80 and Qingkailing injection were
used as the positive control group. MTT method was used in vitro to detect the cell viability, and the
release rate of histamine and S-aminoglycosidase was used as the detection index. The test substance
containing Evans blue was injected through the tail vein to detect the incidence of blue staining of the
ears of mice, the amount of EB exudation, and the levels of histamine, IgE and VEGF in the blood.
Results In vitro detection of RBL-2H3 cells showed that compared with the negative control group,
the release rates of histamine and S-aminoglycosidase were not significantly different. Piceatannol-3'-
O-B-D-glucopyranoside for injection equivalent to 50 times (1.75 mg * mL ~ ') the clinical dose did
not cause any allergic reactions in mice. Conclusion The in vivo and in vitro detection system for
allergic reactions is suitable for the rapid screening of allergic reactions to Chinese medicine injections.
Piceatannol-3'-O-f-D-glucopyranoside for injection is safe without any allergic reactions.

Key words: piceatannol-3'-O--D-glucopyranoside; allergic reaction; safety evaluation

HERERFR IR ERA R 2R, CATLT SRR | ORI R R 45
SRR IEDT . BEERHEIEL, 2GS RE NI RIS, TEORBOGKERe T R AR Y AR
RPN Rz —, BRI TfamsE i, eGSR b h 2R AL AT

EBEN: BG, o, BiUid:, RSP0, E-mail: yangbinghzi@163.com BIE(EE. X|—FF, &, ST
Ui, AR AR SN, AR R T AE, E-mail: ly_dandy@163.com
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RS R, R Th A2 T AR AR
B, BLAR 2GR B A2 P . SRR T R
BOR, 7 HL . AR RIS AR
AN, FEURFZR A A B AN
] B 5 B A g, X098 45 PG Y Sk
W, BB T 20102015 R4 R K25 R R
o7 W S ) R 25 S R HE S AR O, AT LHEA IR
DEFTHIA T RS . ST WS
TSR S HO S G R SCER T, R RSOV R
B2 3 PR GRS, nl e R R . R
ik SR ANE T RS, S5 BoRImIR 1.5 f5F
3.3 F e B A A ke SRR T R R SR T LS
/NS A DAL 8 8 R e R R P AR s
SN, JFHER—EREROCR, R BE T
IRYIER T 465 % Compound48/80 ( C48/80) i
T R

ST AL R LB 258 2 BRI
s aifbfs s, HAPUREM. Bk, busiadn
MOJRT-AE A s B4/ N PR 5 R A A AR T A
WK, BERCE N A R SRt T R . A
PP IER RS o TS5 T AR AL B 2 R 24
P A —2008r 25, HETC RS Im KA (No.
2018102062 ), AT IFTEHET. RBL-2H3 4 ffa Jift fik
RIS BRI R, Xt 2y 5550 2 e TR
RN, P45 G/ NIRRT ok AR R 301 7
ZEAHT, A P 2GRS R AU v A R
TEFE BRI — e BoRFB, RIE Al i
SR T AR BE A
1 #7#l
1.1 R

HESTHIALE T (R2AERZ5poRpe, it
170101, #{#%: 20 mg/ i) ; C48/80 ( Sigma 2y W],
L5 Lot#056M4067V, — 20 CH#AF) s THITRE
PP G M E LB B RAR, #t5.
17011604, #HA%: 2mL/32)., HHCE ¥ (EB, L
TR A YR A R A A, b M26S613294) ;
HEe R CE TAY TRBRGARAR, fits.
CB18BA0025) ; MEM 3} 5% % (HyClone /A F], #it
1 AC11016265) ; 413 (Gibco A F], L5
1778586 ) ; ¥ -4Ef5 2 (BIAH, #t5: 1731651);
PBS Z il ( Biosharp A ], HIL%5: 67035331);
Fi i X-100 ( TritonX-100, L5 20161121, HA%.
500 mL/ i) ; AL ST (W VL EBE 25\ A R
oAl S A170525A1) ; ELISA R F & (1
TRt A= R A R A, fE5: 201801) 5 MEMEHE
(MTT, AladdinA®], #t5: A1720090); — H &
AR (DMSO, it%5: BCBH5215V, Sigma /A ).
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1.2 20 e pkFn S50 3 4y

H R FE B 1 5 4 i ik ( RBL-2H3, M
TUERRAYIRH A PR F] ). SPF 2 ICR /MR,
R 18 ~ 22 g [ RAERNE, A=l
SCXK () K2014-0001]. SPF g/t R BAFRI/IN,
R 18 ~ 22 g [ R EFRM KSR sh s,
A VR ANIE: SCXK (H) K2015-0002], 7] 5% T
IVC sz, R 20 ~ 25°C, 1R 40% ~ 70%,
12 h BHE AR, a3 2 d 3 A SEER .

1.3 L&

PowerWaveXS2 4 I K i #5 {X ( BioTek, Gene
Company Limited ) ; XK96-A i 3 & 2] %% (VL 75 Hr
BT 2R WA PR A 7)) 3 Milli-Q # 4 /K Hl ( Merch
Millipore 7 ¥ ); SYNERGY HT £ ] fig W #5 X
(BioTex 23] ) ; XD-202 {481'& Wi (FLVTREACH
A RAT) ;5 CO, B5574H (Themo AH]) 5 STS-3
eIk (BB G A R AT 5 96 FLICTH
AL SRR (Gibeo A H]) 5 #5 RIN AT AL WA
FBs.LE . AR Tip 3k ( Eppendorf A7 ).,

2 Ak

2.1 AR TR

201 4UAEIE Sy A e B ke RO B 4 i
TR, SRR A 4 4. 0.5X10%,
1X10%, 2X10*, 2.5%X10* 4~ /4L, 4% F 0. 6.
12, 24, 36, 48, 60 h HBUEEAS I 40 3 1, 435
FXF ;B E] S RT 4 h 45T MTT W, 50 uL/fL, If
FEREFRIRE 200 uL, FRARGFRAA hURLLEE IR 4
h, /NOFE EEWR, A DMSO (200 pL/fL)
BT 5 min, T 570 nm AMWEWSEE (0D ).
2.1.2 -2 Kk OB e RE ORI e B 5
19 RBL-2H3 41 fits, fin A 96 FL AR BEAIL 53 2 9 1 %ok
WA (G AL SN G . PEPE ST BE 2 (C48/80 40
ng e mL B R SR 1/32 R, 1/64 JRIR
1128 JE k) . VST AL & 41 (200, 100, 50
ngemlL™ "), BAUE 3 AEFL, ML 250uL, K
F1hjm, BUEIEW, 4°C. 40001 » min~ ' B0 20
min, YO IS W R4 FLAEEFL A 250 pL A9
0.1%TritonX-100, 1 30 min, B ¥, 4°C.
4000 r * min~ ' B0 20 min, W B 7E 96 fL
Mg bnti I, AEFLIMA B- ZHBEH (7 mmol < L™ 1)
50 uL, 0.1%TritonX-100 5 uL, 4% 40 b 1% W 45
ul, 37 CHFAE 90 min 7, HFLIMIAZ IR NaCO,-
NaHCO, 150 puL, 7F 405 nm A0 FHEEEFR SR G
W AME; B- ZIECHHTEERCR (%) = [ (5411
TH R S B E ER A A — AL A{E) /
(2540 115 RE A S T EIM 4 18 + 25 2 40 e A
FLCIR I A 1H —JEZEFLERIL 4 ) 1X100%.
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213 AREREHCRMIME  $ ELISA 2055 & i
B, R R AR A S o3 0 D0 o 000 £ 240 L 37 284 fe
JE A s B CII 4 18, TR ZE S A
HREREUR . HRERBECRE (%) =& HA% 1ig
FERCE: / (£ LA 3 Pl i + 45 L 20 it 2R fep 2
R E) X100%.
22 ESTA ALK AR RSN K TR R
221 NERPRE IR R S T B 60 HUE
PEICR/INER, BEMLA R AT BB (S AL EhiE S
W) . BH A X HE 4 [C48/80 1.25 mg » mL™ ' B A
YT R 20 5580 10 5005 T A 5 . K&
20 (0.7, 0.35mL) 1. S FIEARIE 50 £5F1 30
FEECE S AL 1R . IR &AL (1,75, 1.05
mg e mL™ ') Zik4l, F410 L. KEA 0.8%
SCEEE (EB) $nRl 5 4A 253k 1 1 1
PEATHCH], LA 20mL « kg 'K (iv) 4524,
30 min Ji, fEHR BRI, I 00 F R B e
FIRE 38 2 A IR MR 4529 | mL, & 2 hE,
3000 r * min~ ' &0 5 min, YR BRI, B
HHEALZE/NER, /N BB S R H2, Ffid s/
SRER 2 S R [ R (% ) = H BLHR B e 1)
YR H N SRR X 100%], B /N BLUE 2,
A5 mL BB T, fImA 2 mL/ 45 H e iR
48 W™ REIARN/ N B AL A 5 ICR /N IR .
222 HCEEB N EAEIERNITTE DR
HZ51E9 48 h J5, 4000t * min~ ' B0 20 min, H
EW, A 96 fLEEFR M, BEfL 200 pL, i
FRAY 610 nm ZBIE M A (H, 1115 EB &
it (pg), EBBIFAER (%) = (A4 EB &
w— XA EB &) / X IRZH EB & X 100%.
2.2.3 ELISA & £ W zh 9 1 W v 41 e, 1gE K&
VEGF & & B0 Ir U8R M Iy . I 2% R il 7 4%
ELISA {7 & it BH 2030 s 4L . 148 o Bz AR R
+ (VEGF) 5%k r (1gE), A& =,
224 SuitseJrik iz IBM SPSS 23.0 i itk
A gt b, THEBERRSR L £ bRl 2
(x+s) Fon, dmIELE, RASPE R 2050,
ZH N T 9 L #E R ) LSD 7 v e #, P << 0.05 B}
ERAGI AR L,
3 &R
31 EmAZERER
3.1.1 RBL-2H3 giffi: K ihizk i Fx8ahgni
RHIEBER, XTI SRS iU ek, SRR T2
SN SCIG BT 4. RIS E 1 AR A= K i
2k, AJIRERP R EE R 0.5 X 10* A4 / FLAE BT e s ]
Bt N—H AL T XECE R, PR 4B e A R AT 2
FER: 0.5X10° 4~ /fL. YERIRFE R 24 he

0 10 20 30 40 50 60 70
2.5X10*

=@ -0.5X10*

Pl 1 RBL-2H3 4k ik
Fig1 RBL-2H3 cell growth curve

—p | X 10?2 X 10*

3.1.2 p- RO M MARRCR SR 1A
LA, SBITEX 4RI, C48/80, WIFRIE
GIWR 1732 IR ZH . 1/64 R 2H B- B Hk Wk 1 i
BEOHCRMAREHCR B ET R (P <0.01); {EH
FHMAL B #2550 i 2 22 R JEgei 7 i X

®1 GLEE - SECHEFEEMRMARERER cts, n=3)
Tab 1 Release rate and histamine release rate of cell supernatant

P-aminoglycosidase (x*s, n = 3)

p- BHECWET il

0 ISk TR % FECR /%
BT R ZH - 6.30+2.83 58.80+2.78
C48/80 40 pg * mL ™! 19.16+1.50"  70.84+5.64"
RS 1/32 R 29.3241.60"  77.66+£7.48"

1/64 JFR 15.3542.15"  70.03£2.26"
1/128 J5 8.81+1.08  64.37+4.69
WSHHMALES 200 pug e mL ' 10324192 63.89+3.50
100 pg * mL ' 9.99+1.55 53.69+2.65
50 pg e mL ! 10.56+£2.33  49.36%7.34

e SPIEXERAHL, TP < 0.01.
Note: Compared with the negative control group, P < 0.01.

32 ERHNEHER

3.2.1 ICR/DRUMFEE BN MEK2TUE
W, 5B IR A, C48/80 5 A Y Tl IR
FIEATEL 20 F5F 10 58 TF R 5 . IR E 4l
EB B HETHE (P <0.01); HEFIEERR & 30
AT 50 5 RS AL 22 R LG &
X b C48/80, W R ESE . K & EB
THER = 150%, &5 ™ 1,

3.2.2 ELISA B{F &AM ICR /NRAHCHF M
FITLUEH, SHMEXRAME, C48/80, T
R SR AR 521 A VEGF F4d i B 8 7
(P<0.01); WHFRGE. GHEA0) IgE BB FEET
(P <<0.01); {FEFHMALE &, KR4 B,
VEGF., @R R¥Icsitm 0,

3.23 ICR/DRHZREYAEN  ICR/MNREZ:iE
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x2 ZRYFES ICR/MNREEMEEE S KA (n = 10) HH

Tab 2 Increased auricle vascular permeability induced by test

HEEGesh Ry 2,

SR 20%

substance in ICR mice (n = 10)

Hi EB#%
a3 wiE K/%EBPZ:E/ TS
g R /%
BT XTHEZH (0.4%EB ) — 0 00.11+0.05 —
C48/80 125mgemL~" 10 100 0.64%0.11" 481.81 eremes e g
T RIS 0.7 mL 8 80 0.320.19" 199.40 .
0.35 mL 8 80 0.27+0.11" 151.55
S AHMALET4 175mgemL”' 3 30 0.12£0.05 16.38
105mgemL~" 2 20 0.11%£0.05  8.12
TE: HBEXTEAR, TP <001,

Note: Compared with the negative control group, P < 0.01.

Yl ULIE] 2, C48/80 41 i % Hy 100%; i FF

T IF RIS

Ry, MGAEA RN 80%. ESHHIMALRET w2 1or/psorsim
EFIEE LSRN 3, AR 30%, fKF Fig2 ICR mice the conditions of auricle blue staining

TSR L U e ) B VEST T AL W

# 3 ELISAKFEN ICR/MRBEXETF (x+s, n=10)
Tab3 Detection of related factors in ICR mice by ELISA (x+s, n = 10)

21531 R IgE/ (ng e mL ™ ") VEGF/ (ng * mL ™~ ") ZAMz / (ng e mL ™ ")
IS R (0.4%EB ) — 71.02+5.41 5.59+2.14 0.1540.12
C48/80 125mg s mL ™" 61.67+12.57 13.07+2.717 0.53+0.16"
THIF RS 0.7 mL 50.96+6.07" 11.05+£2.07" 0.55+0.14"
0.35 mL 48.554+16.64" 9.984+1.34" 0.4440.16"
WS AL B 4L 1.75mg * mL ™' 59.78+12.04 6.25+1.07 0.25+0.09
1.05mg * mL ' 57.23+14.64 7.624+0.58 0.24+0.09
*: SRAMEXEALMILL, TP < 0.01,
Note: Compared with the negative control group, P < 0.01.
324 RUIMVNRINAE AR RAGRDN, AR & BT R (P <0.01); C48/80 41,

SR FRZH A L, C48/80 4H S5 AH Y Tl FRAE A
B20 f5 A0 10 R ITE T R i . IGH R 2 EB & i i
Fhs (P < 0.01) 5 AP TFIRARF AL 50 750 30
TR AL B 22 e i A X
£4 SHMESERMNREBNEEEHEEEE ¢ = 10)
Tab 4 Increased auricle vascular permeability induced by test

substance in Kunming mice (2 = 10)

HiE EB %

) der sy L EPBHEL

pa T M g,

BT XTHEZH (0.4%EB ) — 1 10020+0.07 —

C48/80 125mgemL~" 10 100 0.54+0.14" 173.98
T RSN 0.7 mL 10 100 0.43+0.09" 114.65
0.35 mL 9 900.34+0.13"  70.40

WS HIALERA  1.75mgemL™" 0 0 0.08+£0.09 45.84
105mgsmL™" 0 0 0.04+0.07 — 21.01

e SHEXRLAHEL, TP < 001,

Note: Compared with the negative control group, ~P < 0.01.

3.2.5 ELISA s s it B A A/ SR 5C I 7

MRS AT LA, SEPEX A AR L, R
[N A= 25 R REER DG N ol = o /I (11 e
IgE [&M% (P << 0.01); C48/80 41, TR, ik

2528

B R &L K F 4 VEGF I i (P < 0.01,
P <0.05); FSHMMALE FAm. KR g
VEGF ., #le2RIcgiit2rm L

3.2.6  FEEAF/INRE R iEGY rﬁ/ﬂ EA RN RER/S
WEYLAE LR 3, C48/80 LI HH 100%, TR
A ALV R R 100%, 37 T RAR ) 20 F i R
h90%; TESTH EIMLF%ﬂm - ARFI L RN 0,

C48/804 I RS

A ¢

VS AL BT
3 RIIR NS et il

Fig3 Auricle blue staining in Kunming mice
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%5 ELISARFEZNEAMNEREXEF s, n=10)
Tab 5 Detection of related factors in Kunming mice by ELISA (x*+s, n = 10)

2151 e IgE/ (ngemL ™ ") VEGF/ (ng * mL ™ ") M/ (ngemL ")

BT L (0.4%EB ) — 62.35+7.44 6.461+2.29 0.354+0.23
C48/80 1.25mg * mL ' 52.50+10.27 11.74+1.6" 0.6140.12"
BT RS 0.7 mL 41.884+18.92" 10224157 0.6340.13"

0.35 mL 39.29410.35" 9.48+1.65 0.6140.12"
TS AL R T 20 1.75mg * mL " 41.454+7.59" 7.9541.84 0.3540.16

1.05mg » mL 42.23+14.93" 5.59+2.07 0.2540.09

TE: HEAMEXIIRAMILL, P <0.05, P <001,

Note: Compared with the negative control group, P < 0.05, ~P < 0.01.

4 itig

P 56 il 2 5 W B A B ey R T B AL
T H R PR B 22 A B R A A o Bl s i Al
e, H T E R e 3 S O i g — ik,
IS JE SR E AN G 1gE . 23t f50 T S48 4 i i
ORI AL . PG AMARGEILE] . IS RS -
WIKZR G R . Atk Busie LU A i 28 sk
PR PRI () 8 7. 2 BRI A0 SR AR S A T TgE AL
il 55 T S S A o UL A TS TR BECR
JIEAN 0TS 2L A A P I T 5 | & S s
BIHE S E FE A 5 LRI B R e e A T 1gE HL
TR TG HE— L WHIE, J19 A TR AR S

A5 A ] AT TCR /)N BRI R BH A /)N
SRR E R 7, KB C48/80 41K IgE 5 FH 4%} it
A LA B B2 5 HAE ICR/MRAHP, EIFR
T A2 IgE 55 P R 20 22 S B S itoF
B fERMFNRA, EIT RS H AL &
e, AR IgE 5 HMEX 4 22 55 A S it
S A AN IgE S AYEXT BB A L, AR
HAWRBM TG, b Ti—P s e
N VE S, 5 BA T2 2 AR A TS IE

RBL-2H3 4 Jif1 5T P9 & A7 = 5 00 Rg ik ok
AN K S S S N, SRR . B-
OB B2 2R i i R 1 10 o g e e i
H LB BT, AR I 45 TR i AR AN AR R A 22
o LA S B 1] PN G S8 S 6 2 Y. VEGF 7R
PR M A N -, S — o R 2 IR )
PN R 41 B4 2457 . VEGF RENS 5 1455 P9 B 41 it %
W2 REE A, P — RSN E SR N, M
TSP NS N R e U1 C48/80 BEME
WG G, YR A e C A ca’ TaEiE,
{8 P B RS Ca® T HE AR, B KA A RS B
PR 24 Y PR ) R B YRS ) SR RS R AE )
i, Mmig] & sk s v U BB R — A e B
BEEAE AR, TRESIRER (F2Nh
HEM) 454, EREALSAEY ™ M EE

v o) i1 e T I 1 S g S RV N IR RN
HAE B, ERAAV R, DRVR | EB
BT R AR R, R E PR TR A/ BRA
P B SRR B

Zi EPrid, EB & S 259) 50 M IER DSBS
#e, HICR/NRABONHUE, OS5
AL B BRI R A HARIZ AR N AMA R A
AR O, ZatEim, Sk HAEA

BB F L
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ET X6 - N HEGERIE “BEFR” ERKRNIZ
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BWE. BB AT UPLC 23N Z 5vam i @ik § IArfo e AR A ARt “E A" £ Xk
RIILY., & KA UPLC 2447, &ik4E4 Acquity UPLC BEH Cg 4 (100 mmX2.1 mm,
1.7pum), AARAFT 02mL » min ', A& 35°C, RAZABA T (A) -0.05% FirKixik (B),
M (0 ~ 14min, 3% ~ 29%A ) ; &R KA 220 nm, VARJKRZE, RKRFT, sHELRT
B, BA&F A, B, C. ERLZAFS AN I54, X MR, RIRIE, RIEE, &
7. BREAFLERA LA L, 13 A m @itk 2h fom e Homi KegAhg k. R
BRRBIEFZ AR EAERNIATER, et E EXRRRERRIYE, R EXRaEi
RIYL.70% LB, kit 1:15, 80°CAF 40 min, £5ie  fthik 69 £ R R T LA E T4T,
TA SR ERIIRNFT R AN K5 I AR
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Abstract: Objective To determine and optimize the extraction technology of Gastrodia elata
processed with ginger juice by response surface methodology and UPLC method. Methods The
UPLC quantitative analysis was used. The column was Acquity UPLC BEH C,; column (100
mmX2.1 mm, 1.7 um) with a volume flow rate of 0.2 mL * min~ ' and a column temperature of
35 C . The evaluation index: the mobile phase was acetonitrile (A)-0.05% phosphoric acid aqueous
solution (B), with gradient elution (0 — 14 min, 3% — 29%A). The detection wavelength was 220
nm. Gastrodin, gastrodigenin, p-hydroxybenzoic acid, parishin A, B, C, E and comprehensive score
were used as the evaluation indexes. Response surface design was used to determine the effect of
interaction among solid-liquid ratio, extraction temperature and extraction solvent on the extraction
process of Gastrodia elata based on the single factor of solid-liquid ratio, extraction time, extraction
temperature, particle size and extraction solvent. Results The best extracted technology of Gastrodia
elata was 70% ethanol as extraction solvent, the ratio of material to liquid is 1 : 15, and the extraction
temperature was 80 ‘C for 40 min by ultrasonic extraction. Conclusion The optimized extraction
process of Gastrodia elata is stable and feasible, which provides scientific basis for the formulation of
quality standards and research and application of Gastrodia elata.

Key words: Gastrodia elata processed with ginger juice; UPLC; gastrodin; 4-hydroxybenzyl alcohol;

p-hydroxybenzoic acid; parishin

KR Ry =2 B Jo & i 1 25 2 A W) KRR
Gastrodia elata Bl ff) T 1 28 W MEH | RS,
A2, HARRUEEE, #2280, iAW
SIMZ L2, TR ARZ) IF5 2 h -
P RIRESIZE, 20, AR, EEk,
RIER M R T R R Pl

KRS k2, ik, W . EEHD
4 ER WA HIALE AT . RIRZERIIR 2T
CHHAERDY, TR “dE 7 51y Her
WhHZ—P BRI, A, W5 i
il FLAE B s T 22 RURR 1Y, (ELE oA D A i AL
TR . “HE BT AR 22 R PR AT 3 5 AR IR
R, ERZAER Z Y. WESE R, RIRRZ 2
i, HAb2enisy &k TRk, T H st ok
6 2% B2 R T KRR R BRI 2L b f 4 1,
H 22 TIPS R H I 75 19 K B i S I 41 i 4
5o T T 2 i ) Wi B R M o T AR
KRG Z 5 2980k, 5 H A A RO 22
A G (BRI S il o R i, AT = B
FEFRER T2 FET R0 G il & o A8 R 0 22 KRR
Ml T2, ARBF5R A UPLC & b, LAR
BRE, KRR IT, X RERPR, DART A,
B. C. EF&Z4air M st ik, JFEEA N
fi T U PRI L L SRR S AR BRI Z Y
LHAEHHF T H LS, ok 2 R s T2
SR, PRz A RN R R, R RS
PR BRI S %

1

1.1 L

Waters Acquity (€2695) i 5 &80 AH £ 15 1Y
CHINYE Waters 23 7)) 3 TGL-16B g 250 AL (
TR R AR T ) s AR240 T2 —HF K
S ( Mettler Toledo 22 F] ) ; KQ-500E i##H 7 i PEAY
(R A S A FRA A D,

1.2 %

K BE £ (#t 5. CHB190212). K i
J7 (CHB190214)., X} ¥ 3t 2% B B (4t 5
CHB180226). ELFIFH A (HIt5: CHB180222).
t A % 4 B (4t 5. CHB180223). [ F] # 4
C (4t 5. CHB180224). [ #] £ H# E (¥t =-.
CHB180225) (X} Iet iy, JiT & 70 40 = 98%, ML #P
T IR A IR A F]) 5 KBk, ZhF.
F B Ry (0o, Bl R Arat .

Kk, £ TF (RELHRESHELT, it
20200173), ZEVTPGH R 2GR 38 T4 o)
WA 2ZRKIR ( Gastrodia elata Blume. ) 125 |
Wi¥Z ( Zingiber officinale Rose. ) HFTHEARZE
2 FiEEHER
21 &AM

0, 3% 4% °A Acquity UPLC BEH C,4 ( 100 mm X
2.1 mm, 1.7 pm), PAFURE 02 mL * min ', FEiE
35°C, MBI (A) -0.05% BEFR /KA (B),
BAREVEBE: 0 ~ 14 min, 3% ~ 29%A; KK
220 nm. HEHEIENEFRFRE G AL T 5000,
2.2 XTEESH &

KB REE 0.002 58 g KFEH I 0.004 96
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g WEILIEHER 0.002 48 g, LAIFRTT A0.00254 ¢,
EURIARF B 0.004 97 g, EURIERT C 0.00237 g, [
FIFRF E0.00222 g, HIKHEW (L -7K=3:97)
ERT SmL B,
2.3 K& F &
230 FLRBRAATE T R EE T
W, FIE 3 S0, &
232 HHAAHIES ORI KRR AR 1.00 g,
B S0 mL#EJE R A, A 20 mL 70% £ BEE W,
PE5], ' 30 min, FREE R, 30 CEA 30 min,
WA, ERREER, H 70% OESAERANE AR,
Uk, BUEENEWR 10 mL, $EFEW, HKER (4
6 -7K=3:97) ¥iffr, E4E 25 mL &, BUF
WO, &0 (150001« min ', 10min), 0.22 um
UEMEITE, RIS
233 JRAXTHESAHIE WO 2.2 T A4 R
i RJBRZE 200 uL . KRIFRTIIT 10 pL, X FR I
i 20 uL. AR T A 200 pL. B F 75 B 200
uL . EFIFERTE C 150 uL. EUAIZRTFF E 250 uL A
2mL EPH, .05, o 022 pm IEE, B
FRIRA X R
24 FHEE¥EE

A3 A 2 W O Ak B L A TR A 2

ul, A G E ., RKE, KK,
YFRFORH R, BRI A B, C. ERARERT
6] 43 5k 2.91. 474, 6.81. 7.07. 11.46. 9.39.,
10.03 min, JRA XIS S5 0004 o B B
b, WE 1.

.

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
t/min

5

A
7
| L

8.0 9.0 10.0 1.0 12.0 13.0

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
t/min

BT R (A) ARSI (B)

Fig 1 Gastrodia elata reference substance ( A ) and test solution ( B )
1. KIRE (gastrodin ) 5 2. KKHIT (4-hydroxybenzyl alcohol ) 5 3. X
FHEIEH TR ( p-hydroxybenzoic acid ) ; 4. VFIZEH E (barrioside E ) ;
5. ELFIZRH B (barrioside B ) ; 6. Ak C (barrioside C); 7.1
FIFH A (barrioside A )

241 ZMERRFE WL 2337 Ui N iRE X
PSRV, BRFRIFIERENIE , 45R IR 1,

11.0 120 13.0

R1 BHRSBEXRERER

Tab 1 Linearity of each component

ey [mlA R LHERE/ (mgeg™ )
KIRE Y = 1.000X 10°X — 9.767 X 10’ 0.9996 0.0100 ~ 0.3000
PN/NEWIn Y = 1.968 X 10°X — 2.206 X 10 0.9996 0.0010 ~ 0.0300
X R HEAR R Y = 9.644X10°X + 7.161 X 10° 0.9997 0.0010 ~ 0.0300
CLFIRRT A Y = 8.690X10°X + 7.996 X 10° 0.9999 0.0493 ~ 0.2959
LRI B Y = 2.000X10°X — 1.792% 10* 1.000 0.0965 ~ 0.5790
EAIRR C Y =5276X10°X + 6.790 X 10° 0.9999 0.0296 ~ 0.1774
LRI E Y = 7.581 X10°X — 400.7 1.000 0.0539 ~ 0.3233

242 FEHEEZE BURA MRS EE IR 6 1K,
TR BRI . RIKE . KRR JT AN FE R
FH R B 1 1 AR RSD 43 51 M 0.68% . 1.1%., 1.3%;
EAIFRT AL B, C. E BIEmE A RSD 5351174 0.19%
0.22%. 0.46%. 0.37%:

243 FREMEE F1.4.8, 12, 16, 24h
M2 Rl — s (7 SRER) mkaeEr:, 145
KIRE . RIRF IO R H R A 141 L RSD
A9 0.27%. 2.82%. 3.0%; AT AL B,
C. E UL RSD 53510 1.3% . 0.57%. 2.1%.
0.37%.

244 EEMWHLE BRI —MH k%
KR 1.00 g, #K “2.327 BRIk (7 SHER)
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Hil8s, A RTATHIE 6 e A HERE 2 uL, W
WETRAR, A5 RIBRE . KR oA R Y
W 17 B RSD 43 ) Ky 2.8% . 2.0%. 2.8%; ELFI#R
H A, B. C. E & FL RSD 73510 2.4% . 2.8%.
1.4%. 1.5%.

2.4.5 INFEIISCE SR RS % I I E A R
SRR 30y, Y 1 mL, Rt Y 80% .
100%. 120% HNAIRA X B VAT (RIFKE 0.100
mg *mL ™', KFRFIC0.010 mg* mL™ ', X}FpIE
HH W2 0.010mgemL, EFA A A B, C. E
43 9 4 0.099. 0.193. 0.059. 0.108 mg * mL™ ")
BEATAT 3, HEREDE £ F8bn & 5, MAS K
JR 2. R PR A 0 6T 5 2 O R O B DR



RG22 2021 4 12 A %5 19 % %5 12 ) Central South Pharmacy. December 2021, Vol. 19 No.12

(RSD) 4351°4 103.12% (1.8% ) . 98.67% (2.8% ) .
100.34% (1.8% ). ELFIZRIT A, B. C. E V[
W& (RSD) 43918 101.56% (3.0% ). 104.65%
(1.8% ). 99.13% (2.4% ). 102.43% (2.5% ).
25 BRIV BEHREFH

F T R R P BRI T 2 o A O R E
PR I, ERE TR IBOA L . SRR A
PEPORE R SIS R FER R, A
PR PR UA G . PR R] . AR . AT

2500000 -

VT

uuuuuuu

500000 -

[\, BHA L . KA T %55

FREUZE TR K 1.0000 g 5 £, [ HoAh 5%
A 535375 ZEAS TRl B A 751 (R FIAS [) ok i
CBE), HAIRE (20, 30, 40, 50, 60°C), ##
HUEsHE] (20, 30, 40, 50, 60 min ). BHE L (1:15,
1:20, 1:25, 1:30, 1:35), K £ (i 10,
24, 50, 60, 80 HFii) XJHEHRCRIFF M, 455
e 2 Frios .

e — 2 2 — o

2500000 +

WIS
\

oooooooo

ooooooo

30min 10nin
AR )

1: 20 1: 30 1: 35 108 |

1-:;{51
B2 R X S R A

Fig2 Effect of different extraction conditions on extraction efficiency
2.6 Bl KT
2.6.1 REBIE AR “2.57 TR BLH FA H AR
R, BOTHEKE I 2.

®2 MREEEHRRAKFE

Tab 2 Factor and level of response surface

HOF BBOEH (A) /% BEGREE (B) /CHRkE (C) /(gemL™")

1 30 40 1:25
2 50 60 1:20
3 70 80 1:15
262 X LEFE @ o KR B An oY Ok R K

2 PVE AL Ay e, e Zi BT (Z2) =K
ik E X30% + K K H JC X20% + X ¥ 5 oK
B AR X10% + B A £ 7 AX10% + B F) £ 4
B X 10% +EVHIFRT CX10% +EFIFRE EX 10%.
Wit 3 N 3Kl s it %€, 1 Design-
Expert V8.0.6 x4, 4051511 Box-Behnken 43
MrabeE, 7530 3 P 3 KA 17 Ak, {567
LT M AE R 3,

2.6.3 WA ESHT Ayl 3D K (DL 3)
Bl 45, i As B2 B vy 10d BH PR PR 3R 28 B AR
i, JF HE R AR e e U 3D iRy [ AT

VARSI . PR LA BAE R RS, e N T AT
TEMGAR, P55 T AR O B X 2R A 15 0 152
M) R FHEH R SRR EL

o S 5 B 22 i KR B R T2 2 70% &
M PR B R, FEEBURE 78.49°C, B 115,
KIRE, KRIKFIC, XK R & R 2R 1
A. B. C. EFMZ G154 T 43 51~ 0.2641 .
0.0066 . 0.0107. 0.2759 . 0.11676, 0.1170, 0.3294
1.7599 mg » g ‘. LT, 45 AR FISLPrA
PR R, ORI T2 A5 nT kil 78 U0 R,
70% .. 80°C . 1 : 15 #8AH#H 40 min,
2.6.4 SRUFIREE  ORSE KL 1.0000 g Z2RIER 3 17,
FRIR L e T 2T 3L, 25 P2 G0
7 1.8083 A TIIMAE (1.7599) AHIT, AHXTiR
/N F 5%,
3 it

TR F SR 4T R T 2 R R S 3 AR
S RS U, RS T KRG %
il Je AT 2Rk, IS S B9 AR AR
YIMOG, (HARSE 2 R RA SO P2 B T 2T Rt
I8 IR ph R s O BE AL 22, W%
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x3 MEERTHTRERRBER

Tab 3 Response surface design

KIKZE /1 RIRATTT / MRIRHR / MR A/ ERIARTT B/ AR ¢/ MORIERTT B/ o

ZEATESY

A B COBRIELEL/

F /% BE/SC (gemL™') (mgeg ') (mgeg™') (mgeg™ ) (mgeg ™) (mgeg™ ') (mgeg™") (mgeg™ ")

1 50 60 0.54 0.234 0.003 0.006 0.231 0.182 0.105 0.257 1.493
2 30 80 0.54 0.202 0.005 0.007 0.165 0.117 0.079 0.249 1.237
3 70 40 0.54 0.141 0.003 0.003 0.117 0.075 0.051 0.132 0.809
4 30 40 0.54 0.1996 0.003 0.008 0.161 0.114 0.073 0.241 1.204
5 50 40 0.40 0.138 0.002 0.002 0.127 0.080 0.054 0.157 0.839
6 50 60 0.54 0.276 0.004 0.015 0.262 0.102 0.107 0.205 1.530
7 30 60 0.67 0.238 0.007 0.007 0.198 0.135 0.092 0.289 1.453
8 30 40 0.40 0.188 0.004 0.015 0.184 0.119 0.084 0.244 1.219
9 70 60 0.40 0.115 0.002 0.001 0.104 0.062 0.039 0.103 0.661
10 50 80 0.40 0.153 0.003 0.005 0.137 0.088 0.061 0.178 0.938
11 50 60 0.54 0.245 0.003 0.014 0.233 0.185 0.105 0.269 1.549
12 50 60 0.54 0.297 0.003 0.015 0.288 0.119 0.108 0.231 1.662
13 50 80 0.67 0.278 0.006 0.008 0.269 0.165 0.116 0.333 1.740
14 50 40 0.67 0.225 0.006 0.007 0.207 0.131 0.087 0.261 1.382
15 50 60 0.54 0.219 0.005 0.007 0.283 0.131 0.109 0.262 1.460
16 70 80 0.54 0.247 0.005 0.011 0.233 0.146 0.105 0.283 1.533
17 70 60 0.67 0.229 0.005 0.005 0.218 0.125 0.084 0.225 1.359

"

"
“ I

= g 12

a a1

i # o8

B o6

A RGBT

A S

B3 feHussn (A, $RHGEE (B). BRELL (C) ZCHARM

Fig 3 Interaction of extraction solvent ( A ), extraction temperature ( B ) and solid-liquid ratio ( C )

SRR TP A KT 0T, BEFHAR AL Y
IR UREL, X PR 2K A 52 A P AR 4
TET P 438 2020 PRI, A SR FH e i o 3
IR ZRRIEI T AT

X RRAE“E BT, 4% PR R MR RR
oo E, HTZMmZ)mRT A 2
BEHBEICHITRA , RIFR AP B 1073 B 22 M UE S
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x4 ENW
Tab 4 Variance analysis
B3 FHM HME BT hm FE PHE O BEH
A 1.51 9 0.17 1229 0001 7
ACBEEUASR 0.05 0.05 4.05 0.084
B.#2BGEE 015 0.15 1127 0.012
C. Bl Lt 0.61 0.61 44.83 < 0.001

1
1
1
AB 0.18 1 0.18 1296  0.008
AC 0.03 1 0.03 256 0.153
BC 0.03 1 0.03 285 0.135
A’ 0.17 1 0.17 12.2 0.010
B’ 0.04 1 0.04 3.07  0.123
c 0.12 1 0.12 9.00  0.020
FR2% 0.09 7 0.01
AL 0.07 3 0.02 403  0.105
alifR s 0.02 4 0.01
JEx i 1.6 16

I (Note): "P<<0.05, "P<0.01, R* = 0.9405,

HESL T RIRR 7 B 32 B UPLC & 50 E J5 1%,
Wi BT BRI T Z, a0
WA TR I AT, MRS B A, 35
P TZAEHA .
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BENZBZ BN ER TR

BB, HAEAEY, XM, 4RdRSL, ALY, BT (L PEOEIRER 2, K1 410008; 2. )
R ED SRR, IR MR 4120125 3. TRIRSEMIIEZ R, KD 410013)

WE. BE ARBELROILFERY. HiE BRonTRAER 715% CERIR, FifRZd
Hm 3% B G RRKIRR WG, WK G mE, LROE., ETEFAR, AR LR LEIRS
SKOAEERR . ODS. RRBLIE A FH & HPLC 5 7 k3t 4750 8, ARIEAL A 09 FLAC L R Am o 8 2
JATEME R, R BRI 10/MLEW, 2L Akh TE (1), §HBRETE (2).
ZEATHBERTE (3). —AFT#ER T8 (4), kB TEs (5). 5, 7- —H L 2- PR EREA (6).
BLgER (7)., BEBRTE (8), 4- PAAFE TR (9), ¥k (10), &g o1 ~1034%
B RMNFEGAN B ALY P o BAITE]

KEIR: LR LFERY; 2 BERE

FESES: R284.1 XEkARINAEG: A XEHRS: 1672-2981(2021)12-2536-05
doi:10.7539/j.issn.1672-2981.2021.12.011

Chemical constituents of ethyl acetate extract from
Lycopodiastrum casuarinoides

YAO Xiao-chang', JIANG Mei-xiang”’, LIU Yang', ZOU Zhen-xing’, TAN Gui-shan"’, LI Jing'" (1.
Department of Pharmacy, Xiangya Hospital, Central South University, Changsha 410008; 2. Hunan
Traditional Chinese Medical College, Zhuzhou Hunan 412012; 3. Xiangya School of Pharmaceutical
Sciences, Central South University, Changsha 410013)

Abstract: Objective To determine the chemical constituents from Lycopodiastrum casuarinoides.
Methods The whole dry grass of Lycopodiastrum casuarinoides was extracted with 75% ethanol, and
the liquid extract was suspended in 3% tartaric acid aqueous solution and extracted with petroleum
ether, ethyl acetate and n-butanol, respectively. The ethyl acetate extract was isolated and purified
by silica, ODS, polyamide and pre-HPLC. The structures of obtained compounds were identified by
physicochemical properties and spectral data. Results Ten compounds were isolated and identified as
furfural (1), monomethyl fumarate (2), dihydroferulic acid methyl ester (3), dihydroferulic acid ethyl
ester (4), caffeic acid ethyl ester (5), 5, 7-dihydroxy-2-methyl chromone (6), abscisic acid (7), ethyl
orsellinate (8), 4-methoxybenzoic acid (9), and vanillic acid (10). Conclusion Compounds 1 — 10
have been isolated from the genus Lycopodiastrum for the first time.

Key words: Lycopodiastrum casuarinoides; chemical constituent; isolation and identification

AEL (Lycopodiaceae ) HHYIMBRISAEYI 16 /INMARNE . /IMIRNE . AR . RGNS
WG BAEY), "ok 3 AWR, 168, & BEAE Y. B [Lycopodiastrum casuarinoides
TG N 73 KA 388 B, Al MU #E  (Spring ) Holub] Sy A1 72 Ja i AR Jg AR, TR %8
SEFEAHEY), KREAETE AR IWXAEE A TREVIA ., B, WL )7, sm5H,
W EREIE 68 145, Al amE. B FTFRERER . % BTG ER AT

E2WH: WEAHEETR=RIH (No.19C1441),

EE B Phvel, 5, EEAN, EENFEFRALESAYIGRIRE, E-mail: 172679339@qq.com " EfS1EE: #HilEd, &, WL,
BHEZ, FENFRRGYIERIISE, E-mail: 55870782@qq.com; Z5#, H, W45, LA A S0, FENFRRGYFE
WAFSE, E-mail: lijingliyun@163.com
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WEAESCRR TR, e b i S S B R B
TRTT 25 K2R AR R SR B A R A i B,
PRSI IR 2 LI IEL 0 P A0 o 0 4 T
UL TR 7 Bk T AR

FUR, e F v AR R 4 f o 70 I 3 4
W, AT N BRI BR AR A M E S il
K. OEFZSERIENIRRS LS, BB %
WA R EIREE . 2R RIS S Y HAT IR

BT AL E Y 1~ 10 BIZEHY

Fig1 Structures of compounds 1 ~ 10 from Lycopodiastrum casuarinoides

1 #

RERE (200 ~ 300 H, HFSEFMALT) ) R
Wiz (80 ~ 100 H, [ 244 A k27 A R A
Fl); ODS#: i (20 ~ 45 um, H A Tokyo ) ;
Pl &7 HPLC (3% (32 Agilent 1260) 5 il 7
A (db it | SRR R A R/ W] SilGreen
Cis 354 ) 5 o HEBT IR A (36 [ Agilent 6540
Q-TOF ) ; Avance-400 . 500 HIAZREHAR I IEAYL (7
Bruker A F] ) ;3 LW, AW, LR OWE. IE
T, e HEERSh el OREREHE AL
TRAT ) 5 HE ALl (36 Sigma 287 ).

amerRETHMAEEEMEEE,
Z R VR AR FL AT I AR W B AT
Y 18 41 K [Lycopodiastrum casuarinoides ( Spring )
Holub] T4 E . 4 (No. 20160712) 77T
TR K2 A B2 E R o
2 REESHE

A RS T4 8 20 kg, JH 75% 5 A1
B3k, Bk 2h, $EBORM G ROTIRE 1.8 ke.
TR E N 3% AT A KR RIREZEA 201, 4
SR, ZROER . IE T EEAER, 58047
B (37 ¢). LFROTBEHE) (248 ¢ ) FIIE
TR (1.2 kg )

IR BRI (248 g) AREALENT, W
AR - B EE (10010~ 0 100, V/V) BB
Ve, R g RIS O S 15 3] 8 44 (Fr.
A~H). Fr. B (208 g) Z&fkH6AIE, D&
F e - B (150 01~ 601, V/V) B Ve,

BRR ARG B 1 I A R s 4 FIE el T
P AT BES AR T B 2RIk 2 B AR OCER
R A A o B 2R S AR
TEPERSCER, XAk 2E BT T R G AR,
M 75% RSB TR £ TR 2R B 43 H A i A
10 MNMEEAYSEEY, BAAEY 1~ 10 (45
PRI 1) YA B B A o A5 3

HO_ 3 1
7 "9 07 N0
” 8
HO 4 6
5
=CH, 5
=CH,CH;
"2
7 COOH COOH
OH O 1
2 6 2 6 2
1
o ™~ 5
5 o
4 4] 3
4 6
5 o OH
8 9 10

R4 1455 Fr. Bl ~ B6, Fr.B1 (4.1g) 4
ERCHE A, DAt - ZFROHE (30:1~1:5,
V/v) BREEVERL, RGP (29 mg). Fr.
B2 (5.7 g) &RERHAE, LiAimEk - 2 LR
(15:1~1:5, VW) BREWERR, HZELENEI
53] 5 44> Fr. B2-1 ~ Fr. B2-5, Fr. B2-1 &%k
eAE s, LIAmEtE - 2ROl (2:1~1:5,
V/V) BREEVERE, T4 ODS AE@i, LLHIEE - /K
(70 :30~95:5, V/V) BEDEN, S214k&Y
2 (6.2 mg). Fr. B2-2 RO, LI -
K(3:7~9:1, VW) BELEE, FEkH&
HPLC, PIZJiE-7K (10:90 ~ 85: 15, V/V, 60
min ) BHEVEN, SEEEY 3 (8.5mg)., 4 (9.2
mg) A5 (122mg), Fr.B3 (1.9 g) £ ODS H:{7,
T, LIFFEE-JK (3:7~8:2, VW) BEEEBENL,
22l HPLC, LAZHE -7K (5:95 ~ 65 : 35,
V/v, 60 min) #fFEUER, HEIfLAS W6 (33
mg). 7 (25mg) f18 (4.8mg). Fr.B4 (2.6 ¢)
ZODSHE g, DIHEE-/K (2:8~8:2, V/
V) BREVENGE, M4 HPLC, LA - K
(5:95~55:45, V/V, 60 min) BfEEVENL, 15
FEA 9 (5.1 mg) 110 (7.3 mg ) (SF B 7AR L
K2).,
3 ZEHEE

&Y 1. iRk, 2% FHEE. HR-
ESI-MS m/z: 97.0286 [M + H] ", 'H-NMR (500
MHz, CD,OD) é: 7.07 (1H, d, J = 3.6 Hz,
H-3), 6.53 (1H, dd, J = 3.6, 2.0 Hz, H-4),
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FRRIZE 2021 4F 12 A 45 194 45 121

LR LTEREIU)(248 g)
a REfRAE i a CH,Cl,: CH;0H(100:0~0:100)
b ODSH: i
o RMtMER G [ !
d I+ & HPLC
Ao A B(20.8 ) C~H
a CH,Cly: CH;OH(150:1~60:1)
Bl(4.1 g) B2(5.7 g) B3(1.9g) B4(2.6g)  BS5-B6
a| PEEtOAc a | PE:EtOAc l b.d b,d
(30:1~1:5) (15:1~1:5)
. 6 (3.3 mg) 9 (5.1 mg)
1(2.9 mg) ) ) 725mg)  10(7.3 mg)
B2-1 B22  B23~B25 S8(48mg
ab | cd
2(6.2mg) 3 (8.5mg)
4 (9.2 mg)
5(12.2 mg)
B2 BEARS IR CIERZEBIN B s
Fig 2 Isolation of ethyl acetate extract from Lycopodiastrum

casuarinoides

7.63 (1H, d, J=2.0Hz, H-5); “C-NMR (125
MHz, CD,;OD) §: 1449 (C-2), 1152 (C-3),
111.1 (C-4), 148.1 (C-5), 165.1 (CHO). VI
B 53k U AR, EERA Y 1 g
% ( furfural ).

ka2 AR, 5% T HEE. HR-
ESI-MS m/z: 131.0344 [M + H] . 'H-NMR
(500 MHz, CD;OD) é: 6.76 (1H, d, J = 15.8
Hz, H-2), 6.83 (1H, d, J = 15.8 Hz, H-3),
3.80 (3H, s, OCH,); “C-NMR (125 MHz,
CD,0OD) §: 166.3 (C-1), 131.7 (C-2), 135.4
(C-3), 165.8 (C-4), 512 (C-1'), L\ FEIRY
SOk U IEAR—E, R AY 2 N E R A g
( monomethyl fumarate ).

EY 3. WAk KR, 2 THE. .
HR-ESI-MS m/z: 211.0978 [M + H] ", 'H-NMR
(500 MHz, CDCl,) 6: 2.63 (2H, t, J= 7.9 Hz,
H-7), 2.90 (2H, t, J=7.7Hz, H-8), 3.70 (3H,
s, 9-OCH,), 3.90 (3H, s, 3-OCH,), 6.66 ( 1H,
dd, J = 8.0, 20Hz, H-6), 669 (1H, d, J =
2.0 Hz, H-2), 6.85 (1H, d, J = 8.0 Hz, H-5);
"C-NMR (125 MHz, CDCl;) 8: 132.5 (C-1),
1109 (C-2), 1464 (C-3), 144.0 (C-4), 1143
(C-5), 120.8 (C-6), 30.7 (C-7), 36.1 (C-8),
173.4 (C-9), 51.6 (3-OCH,), 55.9 (9-OCH,)., VA
S SR Y AR, BERAY 3 A
BIZRIR H s ( dihydroferulic acid methyl ester ).

&Y 4. REEAKHR, ZiETHE. &
HR-ESI-MS m/z: 225.1135 [M + H] *., 'H-NMR
(500 MHz, CDCl,) 6: 1.26 (3H, t, J = 7.1
Hz, H-2'), 2.61 (2H, t, J = 7.9 Hz, H-7),
2.90 (2H, t, J = 7.7 Hz, H-8), 3.90 (3H, s,
3-OCH,), 4.15(2H, q, J=7.1Hz, H-1'), 6.72

2538

(1H, dd, J= 8.4, 1.6Hz, H-6), 6.73 (1H, d,
J = 1.6Hz, H-2), 685 (1H, d, J = 8.0 Hz,
H-5); "C-NMR (125 MHz, CDCl,)d: 132.5 (C-
1), 110.9 (C-2), 146.4 (C-3), 144.0 (C-4),
1143 (C-5), 1209 (C-6), 30.7 (C-7), 36.4 ( C-
8), 173.0 (C-9), 55.9 (3-OCH;), 60.4 (C-1'),
14.2 (C-2'). VU L% 50wk U AR —2, %5
&Y 4 A PTELIR L HE ( dihydroferulic acid
ethyl ester )

&S HtakER, i THE., &
HR-ESI-MS m/2:209.0814 [M + H] ", 'H-NMR (500
MHz, CD,OD) 6: 7.55 (1H, d, J = 15.7 Hz,
H-7), 7.06 (1H, d, J=2.0Hz, H-2), 693 (IH,
dd, J = 8.0, 20Hz, H-6), 6.78 (1H, d, J =
8.0Hz, H-5), 624 (1H, d, J = 15.7Hz, H-8),
423 (H, q, J=7.0Hz, H-1'), 133 (3H, t, J=
7.0 Hz, H-2'); “C-NMR (125 MHz, CD;OD) §:
1262 (C-1), 113.6 (C-2), 1454 (C-3), 144.0 (C-
4), 1151 (C-5), 121.5(C-6), 1454 (C-7), 115.1
(C-8), 168.0 (C-9), 60.0 (C-1'), 132 (C-2'),
PR S ok U AR — 3, e A 5 i
MR 18 ( caffeic acid ethyl ester ).

EY 6. B AERIRAMIAR, Zin T H IR,
HR-ESI-MS m/z: 193.0501 [M + H] ", 'H-NMR
(500 MHz, CD,OD)d: 698 (1H, s, H-3), 621
(1H, s, H-6), 634 (1H, s, H-8), 1.95 (3H, s,
2-CH,); “C-NMR (125 MHz, CD;OD) §8: 156.7
(C-2), 1102 (C-3), 1819 (C4), 162.0 (C-5),
99.0 (C-6), 165.0 (C-7), 93.7 (C-8), 158.6 (C-
9), 105.1 (C-10), 222 (CH;). DA F-%idi 5 ik 1
A, BERGY 6 N5, 7- FRH 2 A
)5 (5, 7-dihydroxy-2-methyl chromone ).,

k&1 Ak, % T HEE. HR-
ESI-MS m/z: 265.1446 [M + H] ", 'H-NMR (500
MHz, CD,OD) 6: 7.74 (1H, d, J = 16.2 Hz,
H-4), 6.16 (1H, d, J = 16.2 Hz, H-5), 5.93
(1H, s, H-8), 5.80 (1H, s, H-2), 2.54 ( 1H,
d, J = 16.8 Hz, H-10a), 2.19 (1H, d, J =
16.8 Hz, H-10b), 2.01 (3H, s, H-15), 1.95
(3H, s, H-14), 1.08 (3H, s, H-13), 1.05
(3H, s, H-12); "C-NMR (125 MHz, CDCl,) d:
170.9 (C-1), 1212 (C-2), 1655 (C-3), 1285
(C-4), 1348 (C-5), 79.2 (C-6), 145.6 (C-7),
126.0 (C-8), 199.7 (C-9), 49.3 (C-10), 41.4
(C-11), 183 (C-12), 222 (C-13), 232 (C-
14), 19.6 (C-15). DL F&ddE5 3wk ' AR —3,
B EALEY T MIRVKTR (abscisic acid ).
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ka8 Ak, 5 & 0. HR-
ESI-MS m/z: 197.0814 [M + H] 7. 'H-NMR (500
MHz, CDCl;)é: 11.81 (1H, s, OH), 6.29 (1H,
d, J=2.5Hz, H-3), 624 (IH, d, J=2.5Hz,
H-5), 4.42 (2H, q, J = 7.2 Hz, OCH,CH, ),
2.50 (3H, s, 6-CH,), 1.44 (3H, t, J= 7.1 Hz,
OCH,CH, ) ; "C-NMR (125 MHz, CDCl;) &:
1059 (C-1), 1654 (C-2), 101.3 (C-3), 160.1
(C-4), 111.2 (C-5), 144.0 (C-6), 171.6 (C =
0), 61.3 (OCH,CH;), 14.2 (OCH,CH;), 24.3
(6-CH;). DL % 5 ek ™ A —2, %Efk
EY) 8 NE IR LT (ethyl orsellinate ).

twEw9: AR, i TAaMG. P
HR-ESI-MS m/z:153.0552 [M + H] ", 'H-NMR (400
MHz, CD,OD)d: 7.89 (2H, d, J = 8.8 Hz, H-2,
6), 6.84 (2H, d, J=88Hz, H-3, 5), 3.86 (3H,
s, 4-OCH,); “C-NMR (100 MHz, CD;OD) §:
1206 (C-1), 1313 (C-2, 6), 1148 (C-3, 5),
162.4 (C-4), 170.5 (C-7), 50.8 (OCH;). VA %
P 5530k PO AR, KA 9 4- AR
AHR (4-methoxybenzoic acid ).

a0 HEgiih, S% T HE. HR-
ESI-MS m/z: 169.0473 [M + H] ', '"H-NMR
(500 MHz, CD,OD) 6: 7.57 (1H, brs, H-2),
7.59 (1H, m, H-6), 6.88 (1H, d, J = 8.7 Hz,
H-5), 3.91 (3H, s, OCH,); "C-NMR (125
MHz, CD;OD) §: 123.9 (C-1), 112.4 (C-2),
151.3 (C-3), 1473 (C-4), 1144 (C-5), 121.7
(C-6), 168.6 (COOH), 55.0 (OCH;)., LI %
P 530k B RAR—E, A 10 R
( vanillic acid ).
4 1Fig
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BAER' FABY, T, ZuR (LBMKEMIBIREER: CRRAIMREER: ) . M 450003 2. FHAHY

TR e TAREF AR H L, AR 450002 )

WE: B WERMATaiBEERENH, Fik ¥ 72 AR DRI H 6 4, 45
AMFA=ZH . P AKFFL (400, 200 A2 100 mg * kg '), HdGEFAEZHA (1mg-kg '),
B Fe T IR, A2 d, BAE 2 BB LH, H84%%14d, RAGERTFRT
FH. U R LR EI ARG R, A RIBATAT A FNGK, RE, RIABREK R
T RiBEGEEF y- BA TR (GABA) 528 (Glu) ¢K-F. R LHEAAEK, &
HEMFALHAFENRBDENEATAT (HRTFRTER. U ER, ILREERFT
WA i) RERAR (P<005), RILEARGREEBER, KA Ef P il EmT1222%4,
SHEANERBLNROFTAFHE —RORE, REFALATFEL; HAZTA DR ELARY
GABA KT8 238m, M GluK-FREBRIL (P <0.05), &it #MFLEARIHREEMSE
A, EAERAE TS 3 i G 2022 GABA 6K Ao 1K Glu 89 KT A %,

KR AT REE; y- RATER; 588 ; 1FRAIE

FESES: R285 NEkbRIBEG: A
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Anti-anxiety effect of Platycladi semen and related mechanism

JIANG Zheng-kui', NING Er-juan’, WANG Xue-fang®, LI Xiao® (1. Affiliated Cancer Hospital
of Zhengzhou University, Henan Cancer Hospital, Zhengzhou 450003; 2. Henan Development
Engineering Technology Center for Natural Plant Products , Zhengzhou 450002)

Abstract: Objective To determine the anti-anxiety effect of Platycladi semen and its mechanism.
Methods Totally 72 male mice were randomly divided into 6 groups: the high, medium and low dose
of Platycladi semen groups (400, 200, and 100 mg * kg '), the diazepam positive group (1 mg * kg ),

the model group, and the blank control group. At the second week of modeling, the mice were given
behavioral tests, namely an elevated plus maze (EPM) test, open field test, hole board test, and light/
dark box (LDB) test. After the experiments, the contents of gamma-aminobutyric acid (GABA) and

HE&WE: WEARHIEOOIE (No.152102110115).
fEERN: B, 9,
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glutamate in the hippocampus tissues were determined by enzyme-linked immunosorbent assay. Results

Compared with the model group, the high-dose Platycladi semen group improved the behaviors of mice

(EPM test, open field test, hole board test and LDB test) in each model group with significant statistical
differences (P << 0.05), and showed a significant anxiolytic effect. While the low-dose and medium-
dose Platycladi semen, had some improvement on the behavior of mice in each model, but without

statistical difference. The gamma-aminobutyric acid level in the hippocampus of the high dose group

was increased and glutamate was declined, significantly different as compared with the model group.

Conclusion Platycladi semen shows obvious anti-anxiety effects, whose mechanism may be related to

increasing the level of GABA and decreasing the level of glutamate in the hippocampus.

Key words: Platycladi semen; anti-anxiety effect; gamma-aminobutyric acid; glutamate; mechanism
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Franco [ T#2 AR, PEFIRTH, A, B,
. Kz, BAFENTO. L. ot
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F1 MERBRTFRELRER (cts, n=12)
Tab 1 Elevated plus maze test for mice (x*s, n = 12)

- R/ JPEHERERETE TP A RS

(mgekg ") 4% (OE) /% 43% (OT) /%
FAFA s M 400 37354237 39.62+3.77"
8 G A = 200 31.25+1.38 32.3443.20"
R AR S 2 100 27.35+2.42 27.5442.12
PR 2520 1 41.03£2.42" 44.20%2.89"
EETIL — 25.3241.98" 26.22+2.98"
25 PN R - 53.46+2.90 56.78+1.98

T 25 IR ER, ‘P < 0.05; SHERIZLE, P < 0.05,

Note: vs the blank control group, “P < 0.05; vs the model group,
P < 0.05.

NI EIEF I (P < 0.05). SHEIRIA L,
JNFRAED 30 X B 76 B 4525 25 4 358 BT
HorpR o m R 4R P 25 A S 2R X
(P <0.05), $Enmr{ e/ 7525 2=
WYTERIER (3£ 2),
33 MFEMERDRNIRELRER

525 (AN IR He e, BIRUZE /N BRI Al Sk TEL
KSR A B g d b (P < 0.05). SR
Fo, /N BB S R BRI Al Sk RS if 1] 45 45 25 241 1
Haom, He A s A K R 25 A A St
RN (P <0.05), HRMTFAAE/NRALCEER:
R BT REER (W3 3),

x2 MR BXEER s, n=12)
Tab 2 Open field test for mice (x*+s, n = 12)

A5 M/ (mg kg™ ") SR Jom TG XIS RART ] /s U IXBREE A REL /IR BB IR
JiE R = = 400 25 175.41+392.43 24.82+131 4.95+0.83" 2545+2.12
JiE A e S = | 200 21 742.55+338.75 20.78+1.15 327+1.14 21.08+1.93
FAFA IR 2 100 18 978.454+253.24 18.42+1.45 2.9841.29 20.8942.18
FF: 254 1 26 458.52+269.45 26.174+2.43 5.92+1.17 28.79+2.04"
PRI — 19 042.78 +:289.78 17.3741.89 2.15+0.72 17.5241.98
25 DG R — 32789.42+276.58 29.79+1.67 7.18+1.17 32.48+1.45

T SEUNAIE, P < 0.05.
Note: vs the model group, P < 0.05.

F3 NRIVREWRER x5, n=12)
Tab 3 Hole board test for mice (x*s, n = 12)

x4 NREMABEIRER xts, n=12)
Tab 4 Light/dark box test for mice (x*s, n = 12)

2051 FiE / (mgekg ™) Bk URE /R B SLAFLER] /s 215 FtE/ (mgekg ') WIFRISRE I IH] /s ZEARIRER /IR
8 =y 400 43254177 43.70+3.52° IRl R4l 400 90.53+6.52"  24.01+1.44
g8 b = 200 37224198  39.2042.20 SR s 571 == | 200 73.58+5.87  20.024+2.04
FAFA IR £ 4 100 33454217  36.35%3.05 FAFA AR £ 2 100 68.97+487 18.95+1.67
FHPEZ 4 1 48.57+224"  50.74+2.85 FHE 24540 1 93.78+5.78"  26.62+2.76°
TiHIZH — 31.58+2.04"  35.54+2.54" TR — 62.42+4.58  17.91+2.12"
25 G R - 60.78+1.78  64.28+2.95 25 X AR 2 — 117.58+£6.78  30.42£4.02

5 AL, P < 0.05; SEURMAIHE, TP < 0.05.
Note: vs the blank control group, ‘P < 0.05; vs the model group,
P <0.05.

34 MTFLEMERDRNARHLBRER

525 (AN e, BIRUZ /N BRAE BRAE Th
155 R A1) A 2R B kb (P < 0.05), W
NI SRR A, 4548 25 4L/ RRUE B S
A T AR 45 B B TR R 2R TR BRI B B, Herp
T R R A PP 25 4 22 5 A B i 2r i X
(P<0.05)(WL%E4),
35 EER/NEED AN GABA f1 Glu A-F &

HERA E, M smaEd /RIS
GABA /K1 . Glu /K B E R, #5R
FAFA AT BEAR S B8 A S GABA 7K V- IR I
Ly Glu 7K R ZHEPTEIBER (W3R 5),
4 g

M2 Bk, AR R A T 2 (6]
M PP RL AT, T4 S BAE S

VE: SRR LLES, P << 0.05; SREIZH LR, P << 0.05.
Note: vs the blank control group, “P < 0.05; vs the model group,
P < 0.05.

x5 /IRBDELAD GABA I Glu HIELE R (xts, n = 12)
Tab 5 Content of GABA and Glu in the hippocampal tissue in the
mice (x*+s, n = 12)

5 il / GABA/ Glu/
(mgekg ') (pmol-L ') (pgeg ")
R A 400 4.02840.782"  3.12540.245"
W hRed 200 335740655  3.320+0.135
FFA AR 2 100 3.0224+0.481  3.502£0.256
FHA: 2454 1 428340988 3.02940.348"
pieiEE — 2742+0.798  3.452+0.256
e Epoyitl — 4.662+0.587  2.99470.184
T SEsn IR LR, “P < 0.05; SEIZILE:, P < 0.05,

Note: s the blank control group, ‘P < 0.05; vs the model group,
P < 0.05.

NG5 KR . GABA 5 Glu fE N E R Al Z88 5,
TEFRIERE R AR R APE . AN GABA it
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Preparation of oral disintegrating tablets of rhodiola extract based on
central composite design and response surface methodology

LI Hong-xin', WU Fei', WU Jing-nan', SUN Chang-sheng', XUE Wan-ying', LI Si-tong', MA Hong-rui’,
CAI Cheng-ke"", WANG Hong-fei” (1. School of Chinese Meteria Medica, Beijing University of Chinese
Medicine, Beijing 102488; 2. Beijing Quantum Hi-tech Pharmaceutical Co., Ltd, Beijing 102200)

Abstract: Objective To obtain qualified oral disintegrating tablets of rhodiola extract by optimizing
the preparation technology. Methods The appearance characteristics and disintegration time of
the tablets were used as the main evaluation indexes, to set up a comprehensive rating scale. The
formulation of the tablets was optimized by single factor investigation and central composite design
and response surface methodology. Results The optimal conditions of the oral disintegrating tablets
were as follows: rhodiola extract 50.00 mg/tablet, pullulan polysaccharide 14.88 mg/tablet, mannitol
17.69 mg/tablet and xanthan gum 0.48 mg/tablet. The oral disintegrating tablets were prepared with
good appearance and fast disintegration. Conclusion The optimized preparationprocess of rhodiola
extract oral disintegrating tablets is stable and reliable, which can be used in mass production.

Key words: rhodiola extract; freeze-drying; oral disintegrating tablet; central composite design and
response surface methodology
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Tab1 Comprehensive evaluation of oral disintegrating tablets of rhodiola extract
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Tab 2 Factor and level

» K-
— 1.682 —1 0 1 1.682
X 8 14.49 24 33.51 40
X, 8 14.49 24 33.51 40
X; 0.08 0.21 0.4 0.59 0.72
x3 ERRITTERER
Tab 3 Experimental results of CCD
gy WEL HERRE WER . SN mifEn G
B Mimg  mg  mg P4 /4Y TSR /4Y TN/
1 14.49 14.49 0.21 23 5 28
2 33.51 14.49 0.21 17 0 17
3 14.49 33.51 0.21 15 5 20
4 33.51 33.51 0.21 17 0 17
5 14.49 14.49 0.59 25 4 29
6 33.51 14.49 0.59 17 0 17
7 14.49 33.51 0.59 17 5 22
8 33.51 33.51 0.59 17 1 18
9 8 24 0.4 17 5 22
10 40 24 0.4 17 1 18
11 24 8 0.4 19 2 21
12 24 40 0.4 15 2 17
13 24 24 0.08 19 5 24
14 24 24 0.72 21 4 25
15 24 24 0.4 23 4 25
16 24 24 0.4 23 4 26
17 24 24 0.4 23 4 25
18 24 24 0.4 23 4 27
19 24 24 0.4 23 4 26
20 24 24 0.4 23 4.69 28
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Fig 1 Effect of interaction of pullulan polysaccharide dosage ( X;) and

mannitol ( X,) on the comprehensive score
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Fig2 Effect of interaction of pullulan polysaccharide dosage ( X;) and

xanthan gum ( X;) on the comprehensive score
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Fig 3 Effect of interaction of mannitol dosage (X, ) and xanthan gum

(X;) on the comprehensive score
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Fig4 Oral disintegrating tablets of rodiola extract after the optimization
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Ejiao Qianggu oral liquid improves iron deficiency anemia in rats and
mechanism of iron metabolism regulation

Qiamusiya * Tuerxunhali', Meilayi * Jiensi', WU Jia-lin"*" (1. College of Traditional Chinese
Medicine, Xinjiang Medical University, Urumgi 830011; 2. Xinjiang Huashidan Pharmaceutical Co.,
Ltd., Urumgi 830011)

Abstract: Objective To establish the rat model of iron deficiency anemia, determine the effect of
Ejiao Qianggu oral liquid on the rats model of iron deficiency anemia, and discuss its mechanism.
Methods Rat models of iron deficiency anemia were established by low iron diet combined with
auricular vein bloodlet. Rats with hemoglobin (HGB) << 90 g * L™ ' were selected after 28 days.
After continuous intervention for 28 days, the rat status was observed. Blood routine HGB, red blood
cell (RBC), hematocrit (HCT), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin
concentration (MCHC), mean corpuscular volume (MCV), and serum iron (SI) were measured.
ELISA was used to detect the duodenal divalent metal transporter (DMT-1) and membrane iron
transfer protein transport (FPN-1). Results After 4 weeks of modeling, the RBC, HGB, HCT, MCH,
MCHC and MCV in model group were significantly decreased (P << 0.05). Compared with the model
control group, the HGB, HCT, MCH, MCHC and MCYV in the Ejiao Qianggu low-dose, medium-dose
and high-dose groups were significantly increased (P << 0.05); the SI and hemoglobin content and
the DMT-1 protein in the medium- and high-dose Ejiao Qianggu oral liquid groups were significantly

BEE&WMB: EALHEHS™ 5 H (No.2018BD002),
VEERN AR R B, L, W@k, FEMNE P SIERPFSE . E-mail: 1763171646@qq.com SRS  ilaak,
B, B, SR, FENFEBZH L SN HIE, E-mail: 13909911268@qq.com
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increased (P << 0.01); and the protein content of FPN-1 in the high dose group was significantly

increased (P << 0.01). Conclusion Ejiao Qianggu oral liquid has a significant therapeutic effect

on with rats iron deficiency anemia, by increasing both the hemoglobin content and the serum iron

content. Its mechanism is closely related to intestinal DMT-1 and FPN-1.

Key words: Ejiao Qianggu oral liquid; iron deficiency anemia; hemoglobin
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1 ##

1.1 ik

BT B 1 R CRrs A P2l e A B 2
A, FA&. 10 mL/ 32, it 2019111802) ; #ifR
WA (PG AL A BR A A, fib: 180319);
BB (AR ZR BT B i e A AT FRN 71, it 5
1806027) ; fILAEkIRARL (F i A= MR R IIA PR 2
"), b5 18073112, HEkE 6.7 mg kg '); i
PR A (FPN-1) B il & (i
FEE AR A BR A F], b5 20200517) 5 —
&E%EEN (DMT-1) BEBRah & (LG
BAYRH AR AR, 5. 20210518),

1.2 #4

SPF &% fdt B M 1 SD K B 60 H, 1K i &
180 ~ 200 g [ 7 i B B} K 2= 5L 56 sh W i 58 vl
L EWI A PR RTIES . SCXK () 2018-0002],
T 3% F W B R R 2F s o0 SPF B IR,
A (24£2) °C, BJEF 50% ~ 60%, KH

2550

12h BREE7: 00~ 19: 00 /5%,
1.3 (L8

MR (FA104, FiEHEERR2A R A BR
2cF) 5 ABM BUNSIYIRRBENL (o, i+
RS A BRAFD 5 4 AT (750
B HAG2= RS 4 s WAL (Model 680,
LEMRAF); 6ROl (5417R,
% EPPENDORF A7) ).

2 Ak
2.1 IDA K RAEA B # T

60 HUEYE SD K Rl h R SR 5 d fE,  REAL
A MIEFRTRRAL (8 ) Fgfkal (52 H). MRy
SCk U s A, AR A A MR AR K
LB K, B3 dEZE KM 1 mL, #
s 2 (5] 1180 AH S AIF 9T Bl R 48 8 b o, I £1 85 H
(HGB) <90g - L', fFA R BIErEST MK
PR, FUERI AT 15 X IR ZH £ 1E H Tk
AT ARK, BEAMEIF SRR R, S5 28
dJE R4, R SEE K B HGB.

22 M ERY

221 IWod EEEREPIET 4 H, SR
DI A R B BEAL N 6 4. FRAUGHARZH, BRfR
WARA (B4, ZIrbeskdl, k. .
iR A, AR 8 H

222 4%

O BB WL AL T AR AR IR B S
mL kg ' KFEEFAK10mL « kg ' (R
WNEEH 3 R, Mg &8k 60 mg/ fr, 5
NG LT, DA 60 kg 3T, KRBk
FlE R SmL » kg™ '),

@ I 4H . 6.3 mLokg ' #EE 42y (I
PR & H20mL/ 52, #@sh¥5 AR5
e, DA 60 kg i1, KEAISERLH & 6.3
mL - kg '),

@ BTl DR : K. o, mE sl
J93.15, 6.3, 12.6mL « kg™ ' #EH 4425 (kK
. R 10mL, &H 35 wsh5 AR
B, DA 60 kg 31, R BIKZERG0 & K
3.15mL « kg " BEMMEFIE, TR 2 50D 6.3
mL - kg ', EFEN 45 126 mL - kg '),
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WERSERUG, SR ELEE 28 d, &
b 3 d BRI &, JEHI ISR ES . W H 425
() 4% 251020 . R0 A 20 A IR A AmD k), B 1k 4h
TR ER A, 15X BRZE U 257 1E 3 bk
23 fgteAe
231 REMAEFE LIS RO E  SA3PR
WG, 258 12h, REICERRETE. 5
B, o M A FE A B, I At ) ) O
JHERE . BELE, JFFRIE AR e, WEds RAH A
SIS Wl RNy
232 [UCEELREIN  REAR 28 d i T R HIR BIE H
IS PrEeH] EDTA-2K 1 EP & R, T Il s M
ST FUMYRIRG )G, F5E 12 he KUK
PR 25 8l K ERUIML 1 mL &% HisEsR] EDTA-2K ) EP
B, T E AT
233 M AARAEIN SRR A9 I ACE A 37 CRE
FH 1 h, VKES 4°Cad, 3000 r« min ' B0 20
min, WCHCEyEW, Mgk (SI),
234 BRACHIM S B A K SR A ELISA LK
K FL DMT-1, FPN-1. HU£$2H KB+ 48 1A

—HAL, VIHIEAS, PREURE . A —E =
PBS J5 TSI a8 510K, e s OIa e g
W o A BN S iR P IR TR I, T
BB E AT &,
24 SitFEFE

B SPSS 21.0 St sk -k 1584 Hr o
TR ORISR + i (x+s) F£on; 2410
Fb R FH L R &R J7 2243 B (One-way ANOVA ),
ZHIE P LLECH SNK 75 AT A IEATE A
FHBAIRE . P < 0.05 FnERA5 11553 X,
3 $#R
3.0 FTAREEE O R ARk A LK R E K
JIE 2846 2 B B e

KRR T i S AR AR FE B & 1 s,
TR X6 BEZH IR MR o i 4 0 R X R A B R AIG
(P <0.01), #25Pdrheka REER T, H
ZRIGIE L IR EENHRSNEZ
—, TRk AR R ki R IR A T
I, SRR IR A, AR IS AR BUITF S
O Y R SN (e CS S s g e 2 =0

F1 FESES ORGSR R MK RERERAERBHBHME (cLs, n=8)

Tab 1 Effect of Ejiao Qianggu oral liquid on body mass and organ index in rats with iron deficiency anemia (x*s, n = 8)

2151 PREE /g FEMERR L /% JEHEFEEL /% DEFEEL %
1EH X R4 416.00+25.07 2.67+0.08 0.19+0.04 0.33+£0.04
TR N R ZH 394.70+61.58" 2.4010.23 0.2040.04 0.3540.06
T R k41 395.20443.20 2.2610.42 0.2340.07 0.3240.03
ST PSR 385.60+43.20 2214021 0.23+0.04 0.32+£0.04
o fg 5 11 IR AP e 2H 408.90+30.57 2.3340.31 0.2440.05 0.36+0.05
Wiy et B 11 IR ) e 2 407.30+46.28 2.4240.27 0.2540.06 0.32£0.04
B Jsg e 11 ARV e ) ek 2 409.90+43.86 2.374+0.34 0.24+0.04 0.36+£0.05

7 (Note ) : SIEWXHIRZLH A, P < 0.01 ( Compared with the normal control group, P << 0.01),

3.2 MR#EE B ARR XA R E AR

AL 28 d Je UEAT ILE ARSI, A5 IR 1 Fr
TNo AFIEH N Rt A, BRI A K B HGB
TRE] (179.004+8.60) vs (78.29+8.60) g+ L~ ',
P < 0.05]c HCHE It R % % A5 #E, HGB K T 90
g L, A B2 A B b e P
LAY X6 R A 4 1 B X BB 14T 40 i 8k (RBC) .
LLANM L (HCT ), 2040 jg 7 2 1fn 21 565 (A &
(MCH )., ZL40f~F34 121 % % (MCHC ),
TN AR T (MCV ) 2R WA Gt E L
(P <0.05), VaPARERMNI.

251 11 28 d J 3k 4% 4 K R R L AR
Fro B 2 A1, 4% 4H HGB {H 2 A4S [a] #4 BE fY) 1
hn, BT R s R T REAR . . r A RAR
X} R 2 HGB (91.0+6.98) g« L™ ' 43 I 4% fin %1
(127.8+7.33), (131.0+9.67 ). (131.4+8.33)

g+ L™'; HCT %% K &1 xf B 4H (26.054+1.64) %
Ay SN E] (32.784+1.60) %. (35.243.73) %,
(33.542.02) %. HGB J/> B 7 s 32
I A Z— T IR L1408 MCH Al MCV
NREZ LT Bt sm ", Ik 2 nrsn, fE4h2y
BN BT A 256 20 K B A9 MCH i Il MCV {24 11
E TR REZE (P < 0.05); ELFaess g o iR
AR EHIIHETIER .

33 M #F 2 ARR A K RO 4 & DMT-1,
FPN-1 & & B %

ST &AM 45 SN & 3 fr /R, 5 1E H X IR 4
P, BEARIL ST & i FRAL; SRR AL
A, BTSSR IR . R A ST T
(P <<0.05), FE/RBesii O ARRERS I ST & .

KE -+ 48 % DMT-1, FPN-1 & A& & &
ZEEANIE 3 s, DMT-1 25 P10 5 H el i i v

2551



Central South Pharmacy. December 2021, Vol. 19 No. 12 HR§2424 2021 4 12 H 55 19 4 55 12 11

50
200 10
——
—_—
150 8 — 40
% S : < 0 #
2 ¢ % 5
Q g 4 I 20
=0 = 2 10
0 T 0 0 T
0 S N R D
AT » a5 N & »
o & ¥ g}* % R
¥ X R X )
80 30 500
0 # # _ o
20 a
g 2 5 300
> 40 I o
g 2 T 200
= s &
10 g
20 100
ps o o
N N
& & & &
¢ o & N *

1 B SE e I AR AL
Fig 1 Blood routine indicators at the completion of modeling in rats
1 (Note ) : SIEWXHIRZLH A, P < 0.05 ( Compared with the normal control group, “P << 0.05).
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S P M, e gt et Sl O Y e it Ml
F & & & T BT AL & @x\& & TEmEE A
e @ (mL * ke) (mL* ke™!) S R (L + ke™')

w
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1=

MCHC/g-L-1
n
8

5
—
]
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s & & & Tmmmeomes & @ ol S T IR AL 4 o & Vol 5P T IR AL
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P 2 B IR R 22 I A B R e
Fig2 Effect of Ejiao Qianggu oral solution on blood routine examinationin rats with iron deficiency anemia

i (Note) : HIEH M IR LA, "P<0.05; H#E8IXF R4 H4s, "P < 0.05 (Compared with the normal control group, “P < 0.05;
compared with the model control group, P < 0.05).

40
5 : 2
¢ % :
L1 ’
N4
*\@\\?\ &‘@?\‘@&\ 3.15 6.30 12.60 K $@>\$@‘5\\ A% 315 630 12.60 . *\&““\ & @ﬁ“\@ﬁ‘ 3.15 630 12.60
& & EmmEame F & v omes F & o
& K (mL + kg™ 2 (mL -+ kg™) v b (L - kg™")

3 Bfeam IRV KRR ST DMT-1, FPN-1 5 52
Fig3 Effect of Ejiao Qianggu oral liquid on the serum iron, DMT-1 and FPN-1 proteins in rats

H (Note) : 5 IEW XML thAL, "P < 0.05; SHRX R4 LH, P <0.05, “P <001 (Compared with the normal control group,
P < 0.05; compared with the model control group, P < 0.05, “P < 0.01).
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1o 70 2 AR R G PR ZH 2 T (P << 0.01), $2
715 OO S 5 B T R AR 0 2 s A M A il K R
5 1 DMT-1 & 111 ) ¢ i5. FPN-1 &% [l & v i
2 5 1 1l YA e R 2 2 5 T X IR 2 B 2 T
(P <0.01), FERFRsRE AR A A e
PSRBT R BT 48 FPN-1 & 3k,
4 1Fig
4.1 PR GRE O ROR 2534 R AT

HGB X FRIML (B, 41 40 M 1 3 2 21 3
v, RRSRYA, sA M ALk, HGB A
AV T I PR 72 S AR LT 20 B 355 A I R 2 XA
1, HGB fEH I S WA i g RR R 120, ARSLEG:
25 5 R B s i 1 IRV BB N HGB & i, H
RS HME 25 YA 2, CRERS I HCT. MCH.,
MCHC., MCV i, HER6 IR 20 21 41 i 4504 i
BT RS WA HEn, AT BB A AR AR R BR U ke
A (HGB FaAk, 2T, HLARAREPER e 40
MR A S A i HGB (1) — b 51 B 4 350
g7, IR FEHETRZ —, S50RNA
s s, e T EEL 2R AUE SIS
P45 A B B i ik 10 IR TAE 1 i ST & HL
5250w 2L MBI R, PP mgE T E
BN b A 35 1) DMT-1 Fl FPN-1 #f A IfiL
WY, DMT-1 1645 AU A 0 A, AR 7E i
s/ M AR B FPN-1/E A g E A,
FEAE T A W ST L R 20 0 1% 35 i P
a3, R R AR PN AR s A, iE A
WP FET AR R T AR DL
FhEE 1, 25 SR bl e o B 10 IR I B hn R B+ — 38
7 DMT-1 F1 FPN-1 & [ &% &, #E DU AT e 5 B 1
MR 38 3 % DMT-1 1 FPN-1 B4 #+ —38 %
XTERAGI I, S8 ST &, {2t HGB A Al
4.2 [T RCEEE 1R 4 O AR AT

BT Fe it B 10 AR P 2 BATfRE . MO L S
W2 FRWRSFA R, S A E A . TR
FRAE G5 P B2 2 B IR 717 1

BB ANILEE ], SERIHAE. BFIT R
B NSRS RS ESLIR . MBS F
EITER, A ARG Ty, R . A
PRSI AIETY s H EE K BE A mT R N S B
T 35 120 0 DL AL A0 B B A A A 7R, RS
I HGB, Nk ek = 2,

Fo 25 BT+ L5 B, VA, k. PR S
ZRRERAEITTE, ANy, ek
oife. R EmEEEN. AR R

BT Ji RE S VAT AR UL, HLOR Rk A B P
rb I H R L4 AT R T ST DL R 3B AN i W ik
HGB # &, il Bt 2 1 B A 61 PR 392 5
AF 5 UE BH v 247 BT e 76 SR SSH LA 2140 il 5 HGB
A= Dy RE T T B YT RO I v T AR, e i
T /N D A 2 E D R ik P 2T
iE B AR YR S A AT A I R Al ek v B 11 IRV
AE @ EHIN KR SI & &, HGB & &, SiEK L
N BRI FE 4 AR TR B

e B AN, AEETRIL, S EAA
faifi, FRMAEEZ DAL, TR . AUAS 2 |
RN, OEREAE, BARREImyne.
IR, IR Ll TR e mAgE . ki
JE . i Im I EERERT B, ARuGE A A . B AN |
ORI, HuGETE . SR, MR . AV
e, WAL, —#h—32, BAPHSET, HEANE
1281, BHFEAUAS 2 22 HILBIRR . I AR T4
2t Ko/ N LA il = S5 0 BT

g rp RIS IA B, BT, B, S
DUBR 25 LA A A AN . AMREHORE DI,
L0 o e 5 10 AR e I i g 24
B, BT, HUOEWE SRS, B ER
Pefdisrml, KRS EBE 2 M . ZHE6E
JPEIL, J7 A 2R R R A T A AR B

ZE TR, AR R R R B R R R
BERPERT I . PRI, AR ML S i gk
A A EH DMT-1. FPN-1 & 13 UIAE G, AEXT
BEAHE X R OB AR ) FFA B RO
i g 5k 11 AR EL AT i 3 9 3 Il A
E—BRAWITE, AREERA BRI E R IA
J7 BB L 25 B L S IR A
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5 77 R PRI 5 A 2 2 S M 5

2B, B%, RRE, $XRRK, HK, RO, EF (KphE—ERE, Kb 410013)

WE: BN ARENZ ORI &k Tk b £ F B RAKRNG B FRIE, FFR0 B
BN g F RO R AN, FiE ORAR RS AL JTA. BEAM. B HF AR &
it, TR TAL 32 4 2KE, MAER DR XA A AR A 1 4 (BRI TFrEd 04 g,
¥ A Fre 80 mg ), KA LC-MS/MS 3l & 4 e 23X A ol 3 P 8% e F ofvd fo W G0 09 25 40Kk
J&, # A WinNonlin #4725 5 F A8t 5, AT A F s, ER8 <XFZMRA%
KA F A AR R G, Al okt T 25 FAHK C 23 A (29.244.6) #= (30.845.3)
pgemL ‘5 AUC, . % %1 H (430.5+66.8) F= (430.2+59.4) hepgemL ‘5 AUC, .5 A
(450.9+73.7) #= (449.6+65.7) h s ug* mL™ 5 ¢, 2% % 3.0 (1.5~ 50) h#2.5(0.7 ~ 5.0)
h, PAF MU ERZHGFAIKC  HMA (1.1202) 2 (1.1+£02) ugemL™'; AUC, _ &
#A (10.7+2.7) A= (10.5£2.5) hepugmL ' AUC, .o %A (11.1£2.7) #= (10.9+2.4)
hepgemL 5 £, 2% % 10(05~35)h#0.7 (0.5~3.5)h, &t HAFEF AR FrEv
KT BRI TR AR,

KGR ARl TeEek; AMER; B TeE,; FTAF R, ELRF

hES%ES: R96, R972  XEkFRIAEG: A MEHS: 1672-2981(2021)12-2555-05
doi:10.7539/j.issn.1672-2981.2021.12.015

Bioequivalence of compound sulfamethoxazole tablets

WU Wei, XIAO Zhen, ZHANG Shun-zhi, CAO Tian-ran, HUANG Qing, ZHANG Xiao-min, LU
Ping’ (The First Hospital of Changsha, Changsha 410013)

Abstract: Objective To determine the pharmacokinetic characteristics of single dose oral
administration compound sulfamethoxazole (SMZ) tablets in healthy Chinese people, and to evaluate
the bioequivalence and safety of two preparations. Methods A single-center, randomized, open,
two-cycle, self-crossover design was adopted. Totally 32 subjects were enrolled under fasting
condition. One test preparation or one reference preparation [SMZ 0.4 g, trimethoprim (TMP) 80
mg] was taken orally at random. The drug concentration of SMZ and TMP in the plasma of healthy
subjects was determined by LC-MS/MS, and the pharmacokinetic parameters were calculated by
WinNonlin software. Results After taking the test preparation and the reference preparation, the main
pharmacokinetic parameters C,,,, of SMZ was (29.2+4.6) and (30.8+5.3) ug * mL ~ ', respectively.
AUC, _, was (430.5+66.8) and (430.2+59.4) hepugemL ', respectively. AUC, _.. was (450.9+73.7)
and (449.6+65.7) h* pg* mL . ¢, was 3.0 (1.5 ~ 5.0) h and 2.5 (0.7 ~ 5.0) h. The main
pharmacokinetic parameters C,,, of TMP was (1.1+0.2) and (1.1£0.2) ug * mL ~'. AUC, _ , was
(10.7+2.7) and (10.5+2.5) h e ug* mL . AUC, _.. was (11.1£2.7) and (10.94+2.4)h s pg*mL .
toax Was 1.0 (0.5 ~ 3.5) h and 0.7 (0.5 ~ 3.5) h, respectively. Conclusion The two tablets are
bioequivalent in Chinese healthy volunteers.

Key words: sulfamethoxazole; bioequivalence; sulfamethoxazole; trimethoprim; healthy volunteer

ST R E R R TR MR PUA 25, 2 R HTEME (SMZ) SHATRIE (TMP) ST

HEETE: WS DA EREERHTI5 R E (No. 202113010356 ) 5 HIEEE H R R4 H ( No. 2021180017,
TEEEY: 2R, Lo, Wid, A4, FENFAMATE S A . AR BIERDIFY, E-mail: 80825976@qq.com
RS B, &, EEAN, EENELIGKDIS, E-mail: 1165575947@qq.com
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R, XS PR TR . B R A B A T
WAEH . SMZAEH T & MR & Wi, TMP 1R
TR A A, SRR = & iR id I
fit, W& A T8 40 B G e A A2 210U FH
W, PrRIBCRAE R 2 b, XF LN 24 Y TR AR
Wk Mo AR SO R FERIFST B it e R R
fat Rl A7 i TR I B 25 B SRR e e, IFX
PR R A AP SR TR, MR 254 4
PR SR 2% B,
1 w7
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123.1 (AR TMP-d3) ; & FBiZ . 4500 V;
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97.7% ~ 108.3%, XN RSD /N 5%,

2.3.7 RN A6 MANFEHEIR 9 A
M, FAHCRECH —0y, $& “2.3.37 BRIk
b PR IS BERE AT, S5 SMZ E . L, R K
SR A B P9 AR A — A B 2 B A PR 72 S5 43l R
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AUCy . AUC, o\ iy too SEIAE R HAE S 8
Wilcoxon 5 #4740 i Ab ¥R, C,, Fil AUC 4 %} %L
S AT Z R T 22081 (ANOVA ). SR
t KL IR N 90% AR XA /8T, JFEA 4R Ho g,
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>
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Fig2 Mean plasma concentration-time curve of SMZ ( A ) and TMP (B )

after single oral administration of test and reference drugs under fasting
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Tab 1 Main pharmacokinetic parameters of SMZ and TMP after single oral administration of test or reference drugs of sulfamethoxazole (x+s)
¥ SMZ TMP
27 Z: L) AR Z: Ll
Cpo (pg s mL™") 29.2+4.6 30.8+5.3 1.1+0.2 1.1+0.2
AUC, ./ (hepug+mL™") 430.5+66.7 430.2+59.4 10.74+2.7 10.5+2.5
AUC, ../ (hepgemL™") 450.9+73.7 449.6+65.7 11.1£2.7 109+2.4
oo/l 3.0(1.5~50) 2.5(0.7~5.0) 1.0 (0.5~ 3.5) 0.7 (0.5 ~3.5)
t,n/h 103+1.2 102+1.1 74+13 74+1.1
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Abstract: Objective To determine the basic principles of the interaction between naproxen and

chitosan, and guide the application of chitosan in drug carriers and pharmaceutical excipients.

Methods Fluorescence spectroscopy was used to determine the effect of system pH, buffer dosage,

water bath time, and water bath temperature on the fluorescence quenching. The binding constant and

number of binding sites between different types of chitosan and naproxen were determined. Results
The binding ratio of naproxen and chitosan in the BR buffer with pH 5.0 at 298 K was 1 : 1, and the
binding constant was 8.29 X 10° L * mol~ '. The quenching type belonged to static quenching, with

the electrostatic effect being its main force. Conclusion The interaction of chitosan and naproxen is

mainly based on the electrostatic effect of amino group in chitosan to naproxen, and this interaction

could be manipulated with the control of MW and degree of deacetylation of chitosan. This could

provide fundamental information for the preparation of chitosan- naproxen complex and further study

on its releasing behavior.

Key words: naproxen; chitosan; fluorescence spectrometry; fluorescence quenching; interaction
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2.1.3 Britton-Robinson ( BR) £ #' %  HX 0.04
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Fig 1 Fluorescence excitation and emission spectrogram of NPS
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Fig4 Stem-Volmer curve of interaction between NPS and CTS
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MBI RIFZMECR (r>0.99), B EE
BT, Stem-Volmer Hh £k I RFR TR, K, H AL
ANWTAZ /DN, 33X 2 PR SR X6 T R SR K AR L T e B
AIRES R E AYtaE N, M/ T s
PERWRREE, DL nT DL WA SO 8 K s T
BPEK , TELPREAER R, S 1R K
{4553 Pz SR I T BUAR R AR SRS K )
[ & ARSI, R R 7Rk i 5 T kT,
T35 298 K AE Wik 544 .
3.6 HAwIIE

B 1.74X10 *mol « L™ 'NPSIFW, MIAR
[ ERY CTS, 1.5 mL BR b, HKEZR
# 5mL, #AWK 262 nm, F 200 ~ 500 nm N
HIS RN 258 A 9O RS (WA S).

3000

0.0 L
0.0000000 0.0000005

20003

1000

300 350 4DIU 450
K5 298 K IR EE CTS M8 A1 DR KOG 1A
Fig5 Fluorescence quenching of NPS with series concentration of CTS
at 298 K
TE: 1~ 8 XH CTS Wk 4.89X 10 * & 1.46X10 ‘mol = L™ ',
Note: CTS concentration ranging from 4.89X 10~ to 1.46X10™°

mol « L™ ' for spectrum 1 ~ 8

WA S K h T, AN A E CTS-NPS
VSV ) e K R ST 34 0 355 nm, KB CTS figfl
5 NPS &AM T AEFHBEMTRK NPS %5, LA 355
nm Zb DR, 44 Lineweaver-Burk fH £k #1772k
PERNE, 20 6 flIHMLE, DI S R
FeE T3 K, 5% CTS 5 NPS (45 & % B K, M

2562

829X 10° L » mol '; #/3X (3) XFRUG 4 i 2k 2f
Tt mE, B30 7 B fhZ R, HRbRoh 2
E0F S n, 15 CTS 5 NPS 45 &0 5500 1.12,
AL CTS 5 NPS A & 10 1 8561,

CD) gkoeniglo] 4t (3)
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Fig6 Lineweaver-Burk curve of NPS and CTS
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Fig7 Double logarithmic curve of MET and CTS

3.7 AEA A A

oA [ R T 45 A W K, ok
Arrhenius J5 BRI 7E M 5 255 A A0 B R AT 4
TI#BH, SR 2,

*2 ZRBSZFLTEEEERNANFESH
Tab 2 Thermodynamic parameter of reaction between NPS and CTS

K,/ 1/T/ AH/ AS/ AG/
K . Ik, B o .
(X10°)(X107%) (kJemol ') (Jemol '*K ') (kJemol ')
288 8.58 347 13.66 — 3.19 102.56 — 327
298 8.29 336 13.63 — 33.8
303 8.01 325 13.59 — 343

M 2 A LIEF], NPS 5 CTS M EAEHKY
AH <0, AS>0., HT AS> 0 AJRESRHIAKM
e ER 7, AH < 0 BN h# /e T,
PRI CTS 1 NPS 2 8] i 1 FH 7 3222 5 L 1
Jio XHK ASK AGRymIRkL AH K, FrLlis
FAHAKIER . RUVER S FEEE CTS ) -NH;
5 NPS ¥ -COO™ LUEH 1454, 10 LAEFIE AL
GRS AL NPS (264855 . [R] i
Wi RN E e AG <0, FHIRMWIEIET I
A RHT
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38 REELTFEMHEEANEH

ST TR N4, 6, 8, 10, 30, 50,
100, 240, 296, 410 kD f#j CTS 5 NPS i9 # H. {F
H, 53k 3 s, BEECRES T2 (MW)
B WK, CTS 5 NPS 45 & B s,
M K, = 2.165 MW — 155.5, FXZREr N
0.9900; [EIEFEEET M 11 456,

R3 FRESFERRBESHFLTENBEEER
Tab 3 Interaction of CTS with different weight and NPS

CTS 7+ F4t /kD K,/ ( X10%) n r

4 1.75 1.08 0.9962

6 4.18 1.59 0.9965

8 12.71 0.75 0.9996
10 34.21 0.75 0.9993
30 43.06 0.75 0.9988
50 60.72 0.80 0.9975
100 285.22 1.09 0.9997
240 503.80 1.28 0.9994
296 723.57 1.06 0.9995
410 829.36 1.12 0.9629

3.9 RN OB XA B AR e
A3 ) B R L 2L TR 74.4% ~ 88.8% 1) CTS
5 NPSWAHEANEH, 4R IEK 4,

x4 BRZBEMTRESFEEEIERNBZM
Tab 4 Effect of degree of deacetylation on the interaction of CTS and

NPS

2 EEE /% K,/ ( X10°) n r
74.4 — — —
71.3 3.83 1.24 0.9991
82.9 8.83 0.50 0.9999
88.8 12.29 1.10 0.9982

HE (Note): “—" Fm s JeH K it /N, bk i 57 (=
means cann’ t be calculated because limited fluorescence quenching )
nZ 4 PR, CTSHIBLMEE (DD) X454
WHCEWAER W2, B CBEEE 5455 F 2y a5
77 FE WK, = 7.370X10° DD — 5.263X10°, #H %
FHN 09926, Zit (LR EER TR CBEEE N 82.9%
AR B A T R, 381 18550 il
WELE Ny 74.4% B BARAY L L BERE B9 1H D0 T, CTS
XF NPS = A B ZE eSS, BRI CTS WY
BEIMBEA R IO KRR LA, B CTS
AL LT P AR, U B B0 -NH, BB iy, S
NPS (i VE IR 55, 520 NPS (1998 56 B A W b (1Y
PR BIGE, IATCHE HER T A5 5 B 4G
BAOLEEG 2 CTS B LT Z Wrag s, e
F NH, HUEHHHZ . H 5 NPS HAR A
TSR MG L. T UL, NPS 5 CTS #yAH

HAEMEZERFBEAEM, CTS LB HS
NPS WA EAEH K, H CTS-NPS 454 1 K,
HS B AR, OGRS r 4 0.9926,
4 it

AR D CHCIEAESE NPS 5 CTS nf & 4=
AEAERH, 76 pH 5.0, JREF 298 K, PiZmsss
el 11, 456 % %800 829X 10°L » mol ™ ' H:
MHEAEH D EBEAER T FErE—2 & 8 CTS
(1) 53— A £ 86 B2 55 RN NPS 145 & H £ E
b, HECBEEE 2 S 2, RFHE EHE
YER A CTS MR LA, S A FIEAANZ
CTS #9453+ & FUBL L BERE 52 . AR BF5E A CTS-
NPS 252 AW £ K CTS Vi N2 G Bebt Bl
ST B HESEA
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LC-MS-MS i%ZiUE A M 3% BT R i T . SBACFTHFEk T
FOXT L P FE 4R At T B IR B
B, BER BAE, A, I, RES, R, HPE, AEE O

RIS, KU 4100835 2. WIRGHIERIZ AT BRA F, KD 4103315 3. g ReFNPEEE B T W0 RGBT b, Kb
410008; 4. FIZRBAEBRIGRLEFIFT L CHTE) , K¥D 410008)

WE: B I AKRDRE P TIRARMIT, ARAL T Fe AR A T Fo AL T e AR AL T IR M T Y
LC-MS-MS %, A% ®wRFPEAFRSRARTAVARB: T8®RTE (1:1, VW) (I, 2
M 3R T -dg. ARAL T 3R AL T -dy, STAL 3 XA 7T -d; 4 M AR, KA Agilent Zorbax SB-
CiAx (150 mmX2.1 mm, 5pum) %%, A3H4 A% Smmol » L™ ' 49 LEe4s (4 0.1% TErwy
KRisik), AFHAMBAH Smmol e L' #) TEids (4 0.1% WL W B &), BEERM, KA
ESI " MRM 7 X347 & F MM, FIIRALIT Ao MAT & F 838 38 5 5 A m/z 559.5 — 440.3
Fr 564.5 4454, R ZH WK MEEN A 0.05~200ngemL ', £ & TFFRIH A 0.05
ng e mL™ ', AFIE] RSD ¥ 0T 15%., &8 AuikHBnig, €M, sz
At 3 o T AR T R AR R L, A THAARMIT AR GRS ) FAR IR T FIARIE
LR RAREE - IETEN ; FTRARARIT ;) AT T AR TR IT ;. MATE
FE S ES: R927 XEFRINEG: A XEHS: 1672-2981(2021)12-2564-05
doi:10.7539/j.issn.1672-2981.2021.12.017

LC-MS-MS determination of atorvastatin, ortho-hydroxy atorvastatin
and para-hydroxy atorvastatin in human plasma

YI Zhi-heng"?, LI Xiao-min®*, SHEN Qiu-ying”*, PANG Lin’>, WANG Shan’, XIANG Yuan-yuan’,
LI Dai**, DAI Yi-xin’, XU Su-mei>* (1. Central South University, Changsha 410083; 2. Hunan
Dinuo Pharmaceutical Co. Ltd., Changsha 410331; 3. Phase I Clinical Trial Center, Xiangya
Hospital, Central South University, Changsha 410008; 4. National Clinical Research Center for
Geriatric Disorders, Xiangya Hospital, Central South University, Changsha 410008)

Abstract: Objective To determine the concentration of atorvastatin, ortho-hydroxy atorvastatin
and para-hydroxy atorvastatin in human plasma by LC-MS-MS. Methods Atorvastatin-ds, ortho-
hydroxy atorvastatin-ds, and para-hydroxy atorvastatin-d; were used as the internal standard. Human
plasma samples were extracted by tert-butyl methyl ether : ethyl acetate (1 : 1, V/V), and then
separated on an Agilent Zorbax SB-C 5 column (150 mm X 2.1 mm, 5 um) with mobile phase A(5
mmol « L~ ' ammonium acetate, aqueous solution containing 0.1% formic acid) and mobile phase B
(5 mmol * L~ ' of ammonium acetate, methanol solution containing 0.1% formic acid) with gradient
elution. An electrospray ionization source was applied, and multiple reaction monitoring mode was
operated in the positive mode with selective channel at m/z 559.5 — 440.3 and 564.5 — 445.4 for
atorvastatin and its internal standard. Results The measured concentration range was 0.05 ~ 20.0
ng * mL ', the lower limit of quantification was 0.05 ng * mL ~ ', and the intra-and inter-RSD
were both less than 15%. Conclusion The method is highly sensitive and repetitive, reliable for the

ESWH: FERHEEREH (FEAHZEH ) No. 20172X09304014) 5 #IRTE HARFHEIEAHH (No. 2020119022) ; WiFg 4 Bl 24
ARAHS LI (No. 2014XK4007).,

EEEN: SR, B, SgCrRm, ER s A, FEAELHFIGE, E-mail: dnyzh2008@126.com iEIE(EE: MHREM,
o, i, AN, FEENFLAIIEDSE, xsml216@csu.edu.cn
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determination of atorvastatin and its metabolites in human plasma.

Key words: LC-MS-MS; atorvastatin; ortho-hydroxy atorvastatin; para-hydroxy atorvastatin; internal

standard method

BTFCARAMTT (atorvastatin, AT ) f&—Fpik
PR3- 585 -3- HIIE G —BEAEE A (HMG-CoA ) if
Jir AR, H: 32 A AL 28 1 i HMG-
CoA i J5ifif, /b IH 1 B AN g 2 1 04 w4447 o H
FRIIR T B, DA 2 R AT I e AP35 3 i
A =B H RS Y R, BTE AT iA 2
A REAR ML MRS AR ENER, I16RE T &
I IMAE B3 7 R G I 455 (R B 3 B

Bl EAR AT T A B B R, R T
JIE Y CYP3A4 BEAR i R 4B 107 ¥ AR 4 (ortho-
hydroxy atorvastatin, o-AT ) FIX {3 35 3 AR 15
( para-hydroxy atorvastatin, p-AT ), ¥ 1925
TS BTHC AT TAI S B iRTHER AT . o-AT .
p-AT X 0] 8l 25 55 £k i AH N7 04 3F 16 1 P g A7 4
WO Ik, BTFEARARTT R G PR o-AT
Fl p-AT Y I e BEARG, X L2540 80 1 22 0P 5T 4R
T HRER Y B ARE 2R a8 kT T
I 5 BT R A AT, i [R] As E BT AR A T R
WEYEAC Y, W GC-MS, LC-MS/MS®', (HA
FIALBRERE . R RARE BT R S B

ARG B AR, — PR . R, ERf .
A f i i) HPLC-MS/MS %5, [R] B il 22 BT 6 £ A
IT. 0-AT. p-AT, LAl 2208l )1 2= i 2 o
1 w7
1.1 &

KRB HL (TDLSM, R34S ) ; HPLC
Z# 4t (ExionLC); HHK IO AT BT ( AB Sciex
Triple Quad5500) ; ¥ RAEFIALPEAE 4 ( Analyst
1.6.3, AB Sciex )s
1.2 K7

B[ C AR b 7T (4t 5. 8-SCC-42-1, % 1.
96.0% ). AR BTFEARAL T (HIL+5: 13-AUG-16-
37, Ei: 94.8% ). XHVBHLAMIT (5. 13-
AUG-16-36, &H: 96.1% ) ; BFEARAbiT -ds (it
T 2-OMK-4-1, & 96.0% ). ARzl
7T -d; (5. 39-GHZ-67-1, & & 94.0%). %f
O BT FEARABTT -ds (52 39-GHZ-67-1, % .
95.0% )( XJHE /5, Quality Control Chemicals Inc ).

Hg (HPLCZ%, ROE); HEE., LRI,
2 5 (HPLC 2%, Burdick & Jackson); H 3 £

T KB (HPLC %%, J.T. Baker); 7K (HPLC %,
DUKSAN ) ; £ PR% (e, E24EH bk
FIABRAH )

2 Fik

2.1 BiEA&E

{4, 3% # . Zorbax SB-Cj; (2.1 mmX 150 mm,
5um, Agilent); i 3§ fHA: Smmol - L™ 'y
LMREE (75 0.1% PR /KER), Wit B: 5
mmol* L™ ' i858 (£ 0.1% R BEIAT ) ;
FER: 40°C; HSNEREEREIE : 5°C; dFREARR:
30.0 uL.

22 it &

ESI " 7 20 i 47 8 7 W s U mt 4 R R
5500.00 V; JEIRJE. 550°C; B FUHSAKL: 35
psi; B TFURASIAR 2. 35 psi; REfES: 4.0 psi; <
A5 A 20 psi; BTHCARAMLTT . AB A7 BTFE AT .
XEALBTHE AT . BFE AT -ds. &BA7 R HE R
b YT -ds. X 57 BT FE AR Al T -ds £E EST T AL B
T FE AR M + H] T4 5K m/z 559.5.
57520, 575.40, 564.50. 580.3 F1580.2, PAME
TAERBEE T, WEEE P TR, s
TETI9 0 miz 4403, 4404, 440.30, 445.40,
445.40 F1445.60, BUFEAAMLTT . ABALFTFEHAMTT
XA BTHE AT . BTFE AT -ds. B4 BT HE R
YT -ds. XHOZBTFCARABTT -ds AORERERE LY R 34
eV, EFEHLES N 103 eV, 100 eV, 100 eV,
121eV. 100eV. 112eV.

2.3 xR B A 6y T

R 2 1.00 mg BTFEARALTTES . ARA7BTHEAE
MY R BT AR AT O A8z Bl 6 A Ath 7T F22 458
IERBORTF A SR &, A R R R X B A AL
IERBTREAR]), %8 2 20 mL R P9 M [N LRI
W, DATE B 50% H BRI, A9 BB IR N 100
ng e mL ' BTFCARALTT 4G, AR BT L RAMTT,
X7 BT FEAR AT T (£ 10.0mL ), BT — 80°C
UKFETRAF -

P 50% FF s B T i) AT Jo e v 2 1) BT G AR,
T AT FTFCARANTT . XA BT FE AR AL T T b v B
W (1.00, 2.00, 5.00. 20.00. 40.00. 100.00.
200.00. 300.00 F1400.00 ng * mL ~ '),
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2.4 ARIE R Y L

SRR 1.00 mg BTHFEAAMTT -ds. 2Rz BH
FEARMTT -ds. XOZBTFEARATT -ds, LALIEfSTT
TSR R (AN [RDR AR I S A9 AL IE R 0T BEAS
). %52 20 mL RNMINLRR, LG 50%
FH B i, A9 2 MO 100 pg » mL ' A BT
FEARAMTT -ds. SR BTHFERRAMTT -ds . X7 FTFEAR
7T -ds B4 (29 10.0 mL )., HCE T — 80 Ck
FETRAT S

B 100 pL fiE 53, FH 50% H LS 1.00 pg/
an$MIW&@OmE?—mcmﬁ%ﬁo

FHINFE 2§44 1.00 mL 1.00 pg » mL ~ ' iy
) TRV 224 9.00 mL 50% HI R B Y 20
mL BHEEINEIR, B2)515%8) 100ng « mL ' 1)
TAEEW . CE T — 80 CUKFITR-AT -
25 FRE & FE

B A 5 200 uL EHFES/NVE N, A 10

uL 100 ng » mL~ " NAR TAEIEW, HIIA 200 uL 6

mol « L™ ' 1) £ & E /K % WL, 10.0 uL 50% H iz,
FFAIA 1.00 mL H 50T 2Lk AT 1.00 mL 4R &
fi&, MLMZE % S min, B0 (40001 min ') 3
min 7, T — 80 CUKFEVR/KZ, ¥ LZAHL
JZWARBE AR IC B T, HAWALAE 40 C
(HA S 10 ~ 15 psi) K+, FA 200 pL 6
mol « L~ ' Y Z R Bl K VA T EE T S AR A, TR
RA, WA ZE 20 mL BNE/NE T, S
%bmmlﬁﬁiﬁﬁ%ﬁ&%miﬁﬁ$m,
30 uL #HRE, LC-MS-MS B3 72047 .
3 &R
31 FELtEM

A3l S A . 25 MR FE AT T
ST PTFCARAMTT X7 BT FE AR AL 7T AN AR ) 1L
FEfh, JEFT LC-MS-MS 4341, kA3 (WK
1o TEARLIZMT, B2 FARE AR LT
g, &R R E

o= ar B : C 2w
AT
\//\/\/v w’/\ W\/\/ /\ Jv o
02 04 6508 2124 26 z8 3“ 2 34556 02 0 18 20 2}";:2‘ 26 28 30 32 34 36 38 0 02 04 06 08 10 12 14 24 26 28 30 32 34 36 38
Aﬁ/\p/\J\\ ATd3 22 | AT.05
AT-d5
-
o R Lo R SR 0
oznanensw 16 18 20 22 24 26 28 30 21435 02 04 05 05 70 ‘4582022 T4 26 26 30 32 34 36 02 04 06 08 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
50 650
5501
7 Nj\/v N”/ /W\« J\ \/‘ 3 L g
B LR, et g - & .
~ ~ 02 04 06 08 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
i By 1o .
o o7 it o o-AT-d5 % et 0-AT-d5
/\ /¥/ ’\/\
o AJ\ K
3305 T 1o 12 YT [ EECEEErEn TR o
335405 g8 1o 12 74 15 EpeEY
5
/\M/\/\/\,\ I ) /\ N
/ W/\w/\«/\/\/v/\iv . A PAT
02 D 06 08 10 12 14 16 18 20 22 24 26 28 30 32 3 36 38 02 04 06 08 10 14 G 18 20 22 24 26 28 30 32 34 36 o
0270405 da 10 12 14 15 15 2 22 74 46 25 30 32 14 36 35
& | PAT05 . 1208 ®
s
2 RN 2 p-AT-d5 p-AT-d5
JRaoe ok ol e sV & L .
02 04 06 08 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 04 06 08 10 12 14 16 18 20 22 24 26 28 30 32 34 35 38 02 04 06 08 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
#E (min) FfiE] (min) Fi31E] (min)
. sl A g ST . TN ~ .
B M BEA T . ABALRTHCHRATT . XL BHT AT T A AR 1A
Fig1 Chromatogram of atorvastatin, ortho-hydroxy atorvastatin and para-hydroxy atorvastatin and its internal standard in human plasma

A. 251 1f3% (blank human plasma ) ;

B. %5 ML 47504 + 45 (blank human plasma + analyte -+ internal standard ) ;

C.ZikE My 1.5h

13 AEN, (plasma of one volunteer after 1.5 hour of administration of atorvastatin )

32 4 MEEKEETR (LLOQ)

BURRAE 22 A VAW 10 uL, Sl A28 (I3 190
uL, c i 2 50 R AR S, #4277 T
Y, T 5 &k R 0,050, 0.100. 0.250. 1.00.,
2.00, 5.00, 10.0, 15.0 F1120.0 ng » mL~ ' fi% i £
BT SBOLBTFEARALTT . X7 BTFE AT 51
PRUEVE I, FE—WREEIEAT 3 BEARLL B0, DIfF
M%E%Wﬁﬁ%%ﬁ,%W%EWﬁ%%@

R AR AR SR A /s — 3R s (AL A
%ﬂ%)ﬁ TERERIE, 25 RBTFCRMTT . SR A7
BT AR AL TT . XA BT AR A T 1 [l U5 5 R 4 53l

2566

KY = 1230X + 7.35X107° (r =0.996), ¥ =
0.604X + 4.12X 10 * (r =0.997), Y = 1.400X +
492X10 * (r=10.997), LML 0.05 ~20.0
ng*mlL . =FAYLLOQ¥IH 0.05ng s mL™ ',
33 BHEEEE

BoilEm MR, MR, . & 4 B B R
i (BTHEAAMyT, ABOLBTFEARAbyT, XHzBTFEek
AT T i 2 v B 43 51 0,050, 0.150., 1.50 i1 16.0
ngemL™ ") #5613, W H PR %
T3 B BTFEARALTT, SRALBTFE AT, XA BT
FEARADTT 1l 3% ¥ B 435124 0.050, 0.150., 1.50 Al
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16.0 ng » mL™ ' [ FFERESY, BE—WRIEIELT 6 B
AT, ESNE 3 AT, A BT E AR
HTT, AR PTFC M TT, XA BT FE AT i H
[) A RORS  RE, WEA FE 34 7E 80% ~ 120%,
RSD BI/NT 15%.,
34 REEE

Bezs [, il e i s s B 438 0.150
1.50 F116.0 ng » mL~ ' AYBTHGARATT, SBOZBTFEHR
VT, XA RTFEARALT T B s, 4% 2.57 TR R
1B, B—WREHTT 6 FEA M, FRATAH N A I T
B 2 (AR UG BT B R 0.150., 1.50 F11
16.0 ng * mL ™' AYBATFCARALTT, SBOZPTFCARARTT,
X7 BT BT T RSB R  iAAE , DUE eTT AR
SPATTAE A TR AR i A TTRR S LA AR I R BE 1) 25 1
FE b B BRI A S i e T AR SR T3 45 s
P ENSCR . BTFEARABTT, ABOLBTHFE A AT T FXT
D BTHEAALT T A EEBURTISCR A5 64.3% ~ 67.0%
(RSD >4 3.94% ~ 13.20% ), 78.3% ~ 100.0% ( RSD
5 8.9% ~ 19.80% ), 64.3% ~ 71.4% (RSD H
4.30% ~ 6.0% )
3.5 HEFwm

UM AR 5y 200 L ZBEES/NE P, AbHE S
FEOHT, B—WRIEIEAT 6 FEAR 0T o B Rk
JERIARIER L 20 L FINFRIEIE 50 pL, IRBER 2],
RAMRT, A 200 uL JRshAHE R, A= 3

min, 13000r+min ' B0 5min, 30 uL RS,
X PRI, G T B AE T AU T

RS AN B L o R 7 g T AR LG AR, TSR B R AR

7T AR BTG AL TT . XL BTG A A 7T N

PREGEE T (MF ) FIARIA—ALRE B 5~ (1S-

normalised MF ), Z55RULE 1,

&1 LC-MS/MS EME AN MR HPIELAMIT, SBALMIEEAMITR

XL PR A T BB BREL (n = 6)
Tab1 Matrix effects of LC-MS-MS method for determination

of atorvastatin, ortho-hydroxy atorvastatin, para-hydroxy

atorvastatin in human plasma (» = 6)

FEdh W/ (ng e mL ") JEFRBON /% AAXHRIEDE /%

L ARABTT 0.150 101 35
16.0 101 0.73

AR BT FEARABTT 0.150 104 1.0
16.0 100 0.44

XA BFEARABTT 0.150 103 5.1
16.0 102 0.82

3.6 FEE A E MR

Fic ] o+ e B M 0.150, 16.0 ng * mL~ ' Y
BIFEERMTT, SROLBTFEARAMLTT, X7 BT FE AT
JREERES, S SR AE TR A N iR E
P O VRAFRE M © AP0 Sl b Bt A v
It ErE (EIREEME 25 h) ; @ AWk b
PR K R EME (— 80 CR ML 288d); @
bR E . R 2,

2 LC-MS/MS EMNZE M3 R e AIT, SBALATHEMR AT R FTIER i TR MIREY = CV, %)
Tab 2 Stability of LC-MS-MS method for determination of atorvastatin, ortho-hydroxy atorvastatin, para-hydroxy atorvastatin in human
plasma (x+CV, %)

FE i W/ (ngemL ") RS E M KITEA R e M A AR
B FEARAdT T 0.150 96.00+3.83 103.0040.65 99.30+1.34
16.0 93.80+2.52 108.00+1.33 95.601.00
AN BTFEARALTT 0.150 92.00+7.10 96.00+5.22 97.30410.10
16.0 108.00+2.35 96.90+1.34 111.00£2.65
X B FEAART T 0.150 93.30+3.11 94.70+1.22 98.70+5.45
16.0 103.00+3.37 93.8041.02 103.00+0.93
3.7 &R AL FEARMAT . ABA7BATFEAAMT T AR5 BT HE A A7 T e

AL ST BB T AR AT T B A I i 245 3%
R i B RGN BTG AR A 7T 85 R e o ] i
ZARE P YR . RIS R R
75 W R 25100 AR 5 IR 2GS, 4 32 323
o BB ISRFHREHL ., R, PRI, DU R
eEE IR, TR LR 10 ~ 40 min Al
% 25 )5 025, 05, 075, 1, 1.5, 2, 3. 4, 6. 8,
12, 24, 48, 72 h RAEZRH LRGHIKI0L, AFUCR
254 mL 2 5A FRMAEILSRIME T, 4°C
PL3500r e min~ ' B0 10 min, ARESIE, I B

. 2 ERE S IR 25 W e BTy T S AR
I FEE BN 12280 IR 3 FIk 4.
4 Fig

AR RN R T E R R, SRRINLS
PIVERAHIE , AT I A PR 2 0 o 45 5 )
FEM, BRI ARG BRI, X AR
TG EN 125 52— BN R s 2459
s A= s R A 2 0053k U0 TR, A
FFSE A R S0 T Mk T A R, i BB EE R
WA, s T R MERR . BRI
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®3 ZEOBRZHFFNS L BT EATIEEMIT, BLITELMIT RIS CITIEE M TR NZESH (L)

Tab3 Mean pharmacokinetics parameters of atorvaststin, ortho-hydroxy atorvaststin and para-hydroxy atorvaststin after the

administration reference and test products under fasting condition (x=s)

i FTGHATT SO FTTAALTT X BTG AALTT
i Z HeiiliH i) Z HeiilH 32 Z HeiilH
t/h 0.50 (0.25, 3.00) 0.50 (0.25, 4.00)  0.75(0.50, 8.00) 1.00 (0.50, 6.00) 1.50 (0.25, 24.00)2.00 (0.25, 24.00)
Cpo/ (ng=mL ™ ") 16.09£7.59 13.81£6.99 14.26£6.10 12.8245.84 0.41£0.19 0.40£0.22
AUC, ./ (ng*h-mL™")  63.03£32.12 65.08£31.58 120.81£39.94  125.04£41.39 10.04£6.21 10.70£6.54
AUC, -/ (ng=hemL~")  64.60£32.09 66.41£31.68 123.44£38.61  126.70£41.37 13.73£6.41 14.98£7.73
tio/h 9.44+2.98 9.62+2.84 10.91£2.61 10.65+2.43 30.67£16.69 33.24+34.72

F4 BROBRZIXFFIHS BT EAIEEMTT, SBATEEMBTRMITIEEMTHERINESH xLs)

Tab 4 Mean pharmacokinetics parameters of atorvaststin, ortho-hydroxy atorvaststin and para-hydroxy atorvaststin after the

administration reference and test products under fed condition (x*s)

i FIFEARABTT ABOL BT RABTT XL BTG RABTT

) A Z il AR Z:Lil A Z Ll
f/h 2.00 (0.50, 6.00) 1.50 (0.50, 6.00) 6.00 (0.50, 12.00)6.00 (0.75, 12.00) 8.00 (4.00, 24.00)8.00 (3.00, 12.00)
Cpod (ng *mL ™ ") 7.81+3.30 8.28+5.00 94.56+27.32 98.12+41.39 8.95+3.42 9.05+£4.45
AUC, _/ (ng+h-mL™")  61.90=17.23 61.90+17.23 96.55+£27.45  100.03+41.74 13.03£4.22 13.11+5.41
AUC, .../ (ng=h-mL ")  63.34+17.27 65.57+27.36 6.38+2.23 6.49+2.67 0.34+0.12 0.34+0.15
ta/h 10.2243.83 10.284+4.14 13.217+3.51 12.928+3.41 30.55+12.40 28.37£10.92

H (Note ) : Lo AR (F/IME, FKME) IR £ is expressed with median ( minimum, maximum ) ],

HPLC-MS/MS 7%, Ay FlFEARAL 7T K H: = AR
NIRZGRB) 12 TR T 1R
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2y T & EiE AR B Bk R R L1 A

LD mhizAaD T3, At 23 RRiEAED B Y (L WIS NS TR R S 00 WA
FRE, KV 410013: 2. WIRHEAE “HLa Wi B2 SR s, Kb 410081 3. BRI Acaepe
FREAER, KU 410013)

WME:. B ®iTT42%%0 (QHW) sk kK e LamFhudl, Fik %
R @2k AR €3 R QHW R /N BEmn B o) 4%, RASREEABRLFLTEIES
A E D, FFRIADIRBAHRACFER | BF 7 QHW 32 I 34 3h Bk 35 AL A8 AL K R, ofn 5 49 %% v VA B
ST IRBAARAL K R E IR0 S0 %a . R Evi e s ki, 2% QHW 42
By B A 2h o A bR dn BT s g AR AR R, AR5T QHW R Bh AR B AR AR AL e an T Lkl . R
QHW R 4p 4t B AN g K-F, SEMML, HAF4HTC. TG, LDL-C K- FE2EFTFH%
(P<0.01), HDL-C K-F 2 FF& (P <0.01). QHW # I 7T A B & K &SR BAEAR AL K
R E G PR B BE GG AR, A 2h dn i Ao QHW F2IA 35 Ak AR K 4m e P e 1) B B 09 42,
Brab e ki ., 2P A2 ik KR R i b A2 B BB A 0 RCR B4F, B5iE QHW
A2 B B R 0 S IR B AR AR AL K R B A A B8 F B BRI AR AR LA R . QHW T A AL 474
LR 4m L 0 T s A T e g R AR BB Bk AR R AL B AR R
KR TAREN, SRR, afs; Akmib. hiE; AE
FESES: R285 XERFRIRAD: A MERE: 1672-2981(2021)12-2569-07
doi:10.7539/.issn.1672-2981.2021.12.018

Anti-atherogenic effect of Chinese polyherbal Qianjin Huanglian Wan

LI Jing" >, CHEN Xuan-jin" >, SHE Cheng-ye"*°, DENG Yuan-xiong ">" (1. Key Laboratory of
Study and Discovery of Small Targeted Molecules of Hunan Province, Hunan Normal University,
Changsha 410013; 2. Key Laboratory of Chemical Biology and Traditional Chinese Medicine
Research (Hunan Normal University), Ministry of Education, Changsha 410081; 3. Department of
Pharmaceutical Science, College of Medicine, Hunan Normal University, Changsha 410013)

Abstract: Objective To study the effect of Qianjin Huanglian Wan (QHW) on atherosclerotic
rats and its possible mechanism. Methods The content of berberine and catalpol in QHW extract
was determined by HPLC. Atherosclerotic model rats induced by high cholesterol diet followed by
administration of excessive vitamin D, were determined. The effect of QHW extract on the blood
lipids of atherosclerotic rats was investigated, and the morphological changes of the aortic wall in
the atherosclerotic rats were observed. The foam cell models were induced by macrophage. The
inhibitory effect of QHW extract on the formation of foam cells was investigated and the anti-
atherogenic mechanism of QHW explored. Results QHW extract significantly regulated the blood
lipid level. Compared with the model group, the levels of TC, TG and LDL-C in the high-dose group
of QHW decreased (P << 0.01), and the level of HDL-C increased (P < 0.01). The morphological
characteristics of the aortic wall in atherosclerotic rats improved in QHW groups. Cell experiments
showed that both the serum (from the rats treated with high dose of QHW extract) and QHW extract

E£TH: ¥HEE AR EE4E (No.2020JJ4437) 3 WIMAHE T EATH (No.18A033) ; Wim IiIER2: “feamE W2 Kb 2550417
HEWHE AL EI IS (No. KLCBTCMRI8-05) 5 MR IHTE I “ K2/ N30 1) 25 Wi o8 5 Q0 ) W1 48 o o5 S0 30 28 P il ik 4
(No0.2019CG05) ; WiFA P EEZE ST H (No.2014104 ),

EB/NY: 2%, o, Wi, FENEE MG, E-mail: 1344544915@qq.com BIS1ESE . XimifE, 5, W, #d%, FEM
F2G a2 2 12 B RIR G Y, E-mail: dyxdjy@126.com
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reduced the content of cholesteryl ester in the foam cells and prevented the formation of foam cells.

The cholesteryl ester content in the foam cells reduced after treating with high dose of QHW extract.

Conclusion QHW has anti-atherogenic effect on atherosclerotic rats induced by high-cholesterol diet

induced. QHW exerts anti-atherogenic effect by inhibiting the formation of foam cells and regulating

the blood lipids.

Key words: Qianjin Huanglian Wan (QHW); atherosclerosis; blood lipid; foam cell; Rhizoma

coptidis; Radix Rehmanniae

Kok AR AL R Coa . KA AL 5500 ik 1 A5
PRI E RNz —, HERRILRE 4, F%fE
W= I . BERE . S R AIE RS, 3h
WKk FEREAL I 25 YR T AR AR 25 . Bt e
2%, P/ MR35, XEEPE G anfih T 2254
HA WA RRN, W zn . DR =
FLTE 45 U2 Rk, A7 e E SRR ik
Kbt HORN R, FERARIT T, EnayT 2
—MIREF . G RERR R DT T A A 2
gy, ZR ZROVARRS, HEEIR, ARK
/b Bl

T8I (QHW, NAEE) &bt
EAECTEE T ) hEacgry ey iil, mig
i% ( Coptis chinensis Franch ) FIAEHLE] ( Rehmannia
glutinosa ( Gaertn ) Libosch ) ZHi%, &AFERE. Hi
WO AL HBECH D SEPRG RS S o3 LA S NEERR |
WO, ZGAREE . TSR RS IR
W5 R W], QHW REH i P& A AR IR YT M IR
S AT B QHW i 3 REAIL 2 AUBE IR /)N B
MARACE, BGE B Z P B, s 2 AUk
PRI B A B A R ™ 4 bR A s A 2 s ik
SRR EEfE R Z—, QHW A] e 4
5 U AT FR A G i A R T R ST sh BkikAE
BEACAE . 2835 R FH 245 R B 2 vy IR o] s R B
St n e R D2 (VD2) 5% S8k
FERE AL R BB BIF5E QHW BT 3l ik ot A Al Ak
YEH, SRS DN QHW X TR 48 IR 11 52 i >R 4R
BEHATSh KRR AR T 2B AL
1 w7
1.1 ELkznd

50 H e PE SD K B (180+20) gof W e 17 3K
b s IR LW S A R A A, YR RTIES: SCXK
(1) 2019-0004], C57BL/6J /IR, HEME, 1A
(20+4) g [ LiEPEE/R - UL sy b, 3
PIVEATIES . SCXK (J7) 2020-0002], K K 5w
FETEME (25£1) CHMEIR (55+5) %, 12 h ]
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W38 8. AL A HOKI) SPF &shW . BT f
YT LRI IRTT 12 h A B, BRIAT L E ROk
1.2 (L&

Agilent 1260 1= R AH L35, A4 U oTH
BESE . UERERR . ARIRAE RIS DA & Agilent Lab
Advisor 43 T A/Fuk. 2.0 #L ( Thermo Scientific
Sorvall Sratos, fE[E ). #B4liKHL ( Milli-Q Gradi-
ent A 10, Milli-pore Inc., ),

1.3 K%

wOE AN (RIWEFWHKRZ ), &M
IV R 225 R T W FU S 8 M IE e 1R
T (10 mg, FIEEIETLZ0ARAF ). /N
BERH (2 B > 98.0%, HPLC) FlF:ME (4fi i >
98.0%, HPLC)CXF S, , w6 b 24 a9t
B )o JH[EMEE (4l > 98.0%, i M2EMH A
AR BER 00, BRI A 1- BELehs 2 )
(drat, KV FRAEAARFERARA ). 4

E (A5, 2E Tedia Co ). AIMEARE RIS &
FH (LDL, 3%[H Sigma-Aldrich A ). = H il
(TG). BJHFEEE (TC). =% NG & H R EE
(HDL-C ) FUIK% B B 85 (IR & B (LDL-C) X
F B (M AR TAREFGERT ) e HE [ e
(HCD ) HFriEfEr (92.6% ), MHEEL (2% ), 3
M (5% ), MAER (0.2% ) FIPSHEmL A MENE (0.2% )
H A

1.4 QHW # B i | &

PrEEE 50 g Azl 50 g ZH L2 MR &
FHERZK (10 108K05 115, wh) [0 1 h, FFdcde
Ve . B IFURMIT Has TR RS 29.6 g QHW 42
¥y, HPLC ¥ "45 QHW H2 By vh /N B il A
FERE &0 54 3.6% Fl 1.29%, 24 QHW $£HL
) R R /B e e U g 1 = A N T i
fres, [HHTPERIRIIETTE T 0.25% MR H 3t
AR
2 FHik
21 FHMER



RG22 2021 4 12 A %5 19 % %5 12 ) Central South Pharmacy. December 2021, Vol. 19 No.12

SD Mt R 50 H, 25 STk I vk Al H K
AR D e I [ R R R T Sl koA A Ak
KRR P 8 50 R R BENL 0 S 4L [ IE®
XTHRZH (NCG ). BhlkskiFERifb I (AMG ).
IG5 & QHW 42 Hu )36 97 40 (AML ). = 7 &
QHW #EEUWIAYF4H (AMH ) FISEHRAb T T4
(AMS) ], B4 10 2. ik, &iflE QHW $2HY)
BRI 9M 0.92 F11.94 g/ (kg +d) [HH T/
BERH 33 A1 70 mg/ (kg = d) ]o BRIEH X BEZH KR
bh, HAira K EEESE 3 d D IR4EA: % D, 30 000
U/ (kg +d), WIRZFrRfEdkl, FEk, 2574
i 4 B R S QHW H2 B sl 2 AR A VT [Sim,
4mg/ (kged)]. M 4 HilL, BRIEHXRZLN,
At 2 R B ] R 5 R T et 6 S, R I ZH R R
HELEZS T QHW B Sim.  1F # X BB 2 K Fl— E 1
WL R AL
22 AAARAT
221 [MIETIRAME  FESCIRAE AT, E
HIE J= i 28 DA DA B i 25 B 1 R B b e 4 i A, 3
% TC. LDL-C., HDL-C., TG /K ¥, #7t 3 ik 5
FERE AR B (AAL) T LR AR AAL =
HDL-C/ ( TC — HDL-C ).,

222 HFREH IR E  EFAH 2L, vkAE B
K YE . JEARE R R BORE 0.3 g &£ 4, I
AT B A BEER K AL 10% FFAIK, 4°C . 4000
remin ' B0 10 min, $RECEEWR, SRR
E TC. TG &t
23 WAFELR

SIYISLEG AR, ARSERTA KRR, IR IS
# s W ESIkS, [EET Bouin [y H, i
K, A, YIS mm R, I ARH -
frer (HE) Yefa, dEfrshkoiesfbirsa . oF
YR, FE G2 R A [ R A R B R L
st 2 e B R4 FEE . NGRS
L Ay 348 B ) B T LA A . BeAh, AR NS
TN SR FEAS ARG S 03 ™ AR e SRR L
R =AY
2.4 LDL &1t

LDL (0.5g-L ') FBSIRERZE vhil (PBS, pH
74, 0.01mol « L™ ") #HTLLZFR EDTA. # CuSO,
L 20 pmol = L™ ' A9 £k i 8 Jin %] I 38 LDL v,
37 ‘CHUE 20 ho LDL A9 % fh 8 i FRAE 2 €0 DA 42 €1
A h A EPEE IR R, WA AE 4 CTX)
A 0.5 umol + L™ ' EDTA 1) PBS i&HT 24 h k(5 11
Abe B, RABIELBRERH e, Ead

MR ARAR I e 2l S PE9 5t ( TBARS ) Rl %
HARRRE
2.5 K AMEES U0

M C57BL/6J /N B H IS AR /N BB I A L, 4
ML 15X 10° 3 (50 mL ) A% R 3%, 7 10%
Ji& 2F 137 79 RPMI 1640 11, 5%CO, 5514 F 15 5%
12 he SR 5K E g4 i 5 A MRS IR &R 1
(ox-LDL ) — 45 5% LA S IR 40

SR FH 1R RCTRORE €8 3 100 A if TC 7 5 A
FNEMEEE (FC) /K-, IR Lowry i 2 H
U I HABFEEEEE (CE) KRS LI A
#..CE = TC — FC, 44fiffl CE/TC KT 50% i,
20 BTN R AR B AR 4R A T ox-LDL 4 e B Al
Vo7 0 I A 2 A Sy 90 A 200 I 174 5% 33 sk ) AR B SC ik
HEHE ", ox-LDL MMJERIE N 20 mg- L~ ',
BE S AR A 72 he
2.6 RO vk N E 4 LR R

HI PBS % ¥t 4 B2 3 ¥k, Sl A 0.9% NaOH
VWO R, SR AR, 0.1 mL S
mol*L ™' NaOH iFW I AF 0.1 mL 4 2@k,
JFTESOCTRWERE 1 h, i JIH [ EERR e 16 A Ui 25 I
[, 5320 E TC R RES A, #5401 mL 5
mol * L™ ' NaOH & % /it A %1 0.1 mL 4 Jiftd 24 f#%
IR IR P ARFE 2 min, SEHTIE TC AYRE
i Bo ¥ 6% =E LR (TCA) ETRINAKER A 5
B HAEBREAR, IMAECKHEMFHNE (4:1,
vv) IREYr, L1500 e min ' E0 5 min 5 IR
JE 5 min, WUEE LIEWR, B2 AN, SRV
PR o B 20 pL 7 VAR 4l i 2 i 300 42 57 1Y
HPLC ¥ " E 4N TC S HA1 FC &4,
2.7 QHW R 4y Xt 8 ik 8 JL T B B9 % v

I 41 M 3 Sk 1E 5 X RR A (NMIG ), AR 4]
(FMG). i (FGL, 1.0X10 "mol-L™"). /' ( FGM,
1.0X10 *mol-L™"). % (FGH, 1.0X10 ’mol-L™")
R QHW 2B FEAH , BHYEZG AL (S ARAbTT
1.0X10" *mol « L™ ', FGS), —3L6 4. FRiEH X}
WEZH AN, A 4RM ] ox-LDL (20 mg « L™ ") kb3
72 h, FRA YU PBS Mk 3 K, AT X N2 Ak
Bigs 24 h )i, WCEEASALANME, M2, I RE
&g (TC HIFC ),
2.8 474 X R A A R B e

B BN /A IE 6 BRZ . ARRIZH . QHW
T R S 2y M AL F A, S AR T i v Ab B
2H, BRIEFXTREZHSL, Frfa 4iffadH ox-LDL (20
mg L") 4bHE 72 h, FrAT40HE A PBS #hik 3 1K,
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Hopr it R, Horh S 2 v A B D “2.37 T
T QHW % 24 IfiL i A8 B it 4R 13 in A RPMI 1640
BRgRdt (FIMyE 10% )0 R AN FRARY T iy Ak
FRAH (FMS) DL “2.3” TR EARALT T i iE IR 4
LIS A RPMI 1640 S5 5558, 1E 7 X REZ AR
HMMA IR PBS, IR NS, IS4 4
i, RS, I AR E R S (TC 1 FC ),
29 St

S A e 4 R R Y E bR I 25 . 4K
P 42 1t 43 B R H B IR R 7 22 43 i (one-way
ANOVA ), P <0.05 hESFHASGI=E X,
3 £R

3.1 QHW & B4 Xt 5 i i A 7 fb K & o flg AT
JE A T Hy % e

QHW RSB K R g i sgmi W3 1. 5
EH R IR AR H, BRI 1 3% TC. LDL-C 7K F-TF
i, HDL-C /KEFFE (P <<0.01), FUIshkikskemg
FEA TS S N . QHW SR BU AL RS , i i A5 150
WS T ek, SHEA4 K, K. . mRlE
QHW £ B ¥iA 97 40 (AMH) AJ TC. TG. LDL-C
K-8 FRE (P <<0.01), ##lE QHW HEEWIE
JT4H (% HDL-C /K1 2 FH s (P << 0.01). $islifik
SRR AL FE 2 (AATL) 455 i (I o A s 351 3
QHW FEHUIXT AAL#A B ERM (P < 0.01),

R1 QHW REUIN SRk EHERE L KR MAE K AAL HIZ2AE
Tab 1 Effect of QHW extract on the serum lipids and AAI of atherosclerotic rats

A% FE/(mgekg ') TC/(mmol+L™') LDL-C/(mmolsL ™ ")HDL-C/ (mmol*L ') TG/(mmol+L ") AAI
TEH O IR - 1.74£0.16 0.45+0.06 1.2640.17 0.67%0.11 2.6240.56
FEAIZH - 13.14+2.62" 9.83+2.72" 0.62+0.08" 1.8240.28" 0.0540.02"
fRR =20 33 6.82+1.31" 421+£125" 1.054+0.117 1.38+0.25" 0.18+0.0.07"
=5k 66 493+122" 3.65+1.07" 1.58+0.13" 1.22+0.197 0.47+0.13"
FHE 2540 4 525+1.13" 4.16+126" 0.97+0.09" 1.4240.23" 0.23+0.08"

e SIERXTIBA L, P <0.01; S LE, TP <001

Note: Compared with the normal control group, “P << 0.01; compared with the model group, ~P < 0.01.

QHW HHy Xt 8 kit A A Ak A BRUFFAIE A 55 1)
LR 2. SIEFAMEL, BRARE TC, TG
KO- T . QHW SRS, FFIEAR B i
WAAR Tk, SERA A, EE QHW HEEL
YIGIT AL . BHPEXT BEZL A BFAIEAR S TC AN TG 7K
¥ (P < 0.01),

R 2 QHW REUWIXT B AR AFRE L K R BT AERR BTy &2
Tab 2 Effect of QHW extract on the liver lipids of atherosclerotic rats

20 51 FlH / (mgekg )TC/(mgeg TG/ (mgeg™ ")
A T A — 12.98+2.13 4.824+0.52
HRTRIZ] — 35.73+6.52"  11.3641.45"
IR 2l 33 24.86+235"  7.98+0.65"
gl et 66 18.88+229"  6.42+0.89"
FHPEZ 4L 4 14254+243"  547+0.62"

e HIEWATIRA L, “P < 0.01; SELE, TP <001

Note: Compared with the normal control group, “P < 0.01; com-

pared with the model group, ~P < 0.01,

3.2 QHW I xt oh Bk 36 B A AL K R &5 ¢
%

3.2.1 ESORASRAE B, IEWXTRA
KA WS Eahfionas (LI 1A ), mifEsh ik
SRR ALAR R R, R BT B 1 S Kok AR A
ACHEAE, (5] 0 P R JEE | 2 (] ) i 6 K 4 it b
Z . NS RR RIRA4EEE . RS
% B BB A S i LG A= DA RS W L2 Bt 5 1) 2 L
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(JWLE1B). QHW £ b5, KINRREE,
TeHRBRUCAR . IR ANME, T A, ik
ST, HETCEStE (W 1C), FTLIEH,
22 R i QHW 42 UG YT I 145 B rh A5 A% ANt
TRANMEIE G o I ELiA 2% B BH M X BE 7 (A VT3 30
ok s A A AL B AR AR E ] (WL 1D ). 3
K RERE AL T4 W IRl 2, SEIRIZHARI, T &
FHE QHW H U IR T 4H B 80 K ok RR A AL T 2334
I AT, R 0 i QHW 48 B Al (At T
BIe Ay s K R s sh ko FEag 1L

3.2.2  JFFEWAS SJHIEFE%L  HE YLt Biy) 7 ik
NIEFE XTI (NCG) FFEAR LS H (ULE 3A),
A 2 R R I 7 % g T R A A 0 T AR Ak
(UL 3B), & QHW BRI i, Xt
ARG IR (LR 3C ). BREXT HR 2452 Rfth T
X} sl kAR A B A AR E AT (UL 3D ).
AL TR RS B, 20 &I QHW $ U X}
Sl bk o R AR AL R B 5200 . 5 15 % B2 A
tb, AR B PSS AR T, e R
QHW $EHUYH T AL RS B B A, 1A &
R A QHW $2 iRy T 2 k38 1 sl ik ok
FEREAL R BRI 3 . SERAIAH L, BHSEZ5)
ZH B IS A B R AR, SRRt T T X 3 ik
SRR AL R R B AL VERT (DL 4),
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FIL SBGERERE LK BLE S BIE 45K (HE @, 400X )

Fig 1 Morphological structure of aorta in atherosclerotic rats ( HE staining, 400X )
A, IEH X2 (normal control group ) ; B. #5712 ( model group ) ; C. =7 & QHP #2HU42H (high dose of QHP extract group ) ; D. F=f&AhiT
24 ('simvastatin group ) ; i3k Fi7s A EGAZFNHL IR AL ( The arrow shows calcium nuclei and foam cells ).

16

##
14
12
10
8
6 g ok
ok
4
2 '
(o]
AMG AML AMH AMS

Groups

2 QHW FEIIns sl I skiHE R A R U BT 23 B2 R
Fig 2 Effect of QHW extract on the pathological scores of atheroscle-

score

NCG

rotic rats.

TE (Note) : 5 AMG IARRI(EAN L, “P < 0.01; 5 NCG 1y
AH B MEAH 1, ¥P < 0.01 ( Compared with the corresponding value of
AMG, P < 0.01; compared with the corresponding value of NCG,
P <0.01).

K3 SlkokEBE O BRI A458 (HE e, 200X )

3.3 QHW R B4l Xt i 3% 40 JiL T i 6 % o
mE3IPIR, HE LS ox-LDL (20
mge L") —&WEH 72 hif, 40HFE AL ik g0
Mo, BEHYZH Y CE/TC H 67.3%. 441/ 5 QHW
PERC SRR FRET, WA v 4 JIE s
BREEAL (P <0.01), BRFEIIAE /D, QHW $HHL
IR R A1 A H R [ S e ) 2 M) 2 59 S A
P, L HIEE R A CE/TC FIEZE 51.4%, JL
P4 W A S AR R R A R A A . R
QHW & H 4 Al AR M 7T ¥4 5 08 e R 41 Al Hh Y
JIFL 1 i i, SRR R A T
3.4 424w X R A Y R B
W4T s, 4 E K45 ox-LDL (20
mg L") —EFEF 72 hif, 4HHHE AL R i A 4
i, CE/TC K 67.3% (FMG4H). 437K 40 il 5

Fig3 Morphological structure of liver in atherosclerotic rats ( HE staining, 200X )
A IEFXBZL (normal control group ) ; B. #HIZH ( model group ) ; C. =7l QHP $2HU41 (high dose of QHP extract group ) ; D. 3EfRABTT
2l ( simvastatin group ) ; ik 7R MIEiH ( The arrow shows grease droplets ).

Liver index
N w & w (]

[

#i
I ook - ok
o j I I l
NCG AMG AML AMH AMS
Groups
K4 QHP S HUHIXT Sl bkoks RERE L FUTFINESE B2 o
Fig4 Effect of QHP extract on the liver index of atherosclerotic rats.
TE: HIERIRALE, “P < 0.01; SEUU4IRE, TP <001,
Note: Compared with the normal control group, “P < 0.01; com-

pared with the model group, P << 0.01.

QHW 5 2y 1Ly SL 55 1k, 40 Bt v A AL ] e i 5
O R AIE (P < 0.01), CE/TC 4 48.7%, C.

ZAEMIIRANAE (IR0 B I Wi o & CE/TC
1 50% ). [AIE,  BH M 25 9 41 19 CE/TC [ A% 2]
52.2%. FHW] QHW & 2L 15 FIoE by T 25 1 i
FT it o S AR T TR A0 L m g T R o, R

TR AN AR TR B
4 g

TRHEA (QHW ) MEE S AN, &
BENHYy, MRy, PIEMAUA, KA
PR A DAL, TR ORR ). HATH E
ZHTRIT 2 BURE R S I A0E . 2 RURE DR
5 B Ko RERE AL S HIF A AE (CHnC JJLRE ZE 70 50 A
AEBERT ) 1 A XU 1 I 25 JIAR G 1 B
QHW BT 3 Jik 545 HE AE AL A AT L 7 K QHW
(gl PR AT Y Pl P (A S B A Al
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QHP R BRIt 5 Ik 2 A 5 4 3 3k 2 e 9 84 i)

Tab 3 Effect of QHP extract on the foam cell derived from macrophage

2159 FlH/ (mol « L™1) FC/(mge+g™") TC/(mgeg™ ") CE/(mge+g™ ") CE/TC/%
popiikiel — 28.55+2.51 41.5243.81 12.964+4.13 31.10%5.21
IR — 38.12+2.63 110.23+5.62 72.13+6.21 65.40+5.22"
i et 1.0X1077 38.63+3.62 103.64+8.11 65.05+8.57 62.77+8.02
rhHEEZH 1.0X10~° 38.324+2.98 92.65+7.87 54.35+7.63 58.65+4.34"
[l 1.0X107° 38.13+3.35 77.96+4.62 39.84+5.01 51.10+5.31"
FHPEZ )4 1.0X10~° 37.57+3.26 85.78+5.35 41.92+5.63 56.20+5.52"

e SIERSTIALER, P < 0.01; SERA L, TP < 0.01

Note: Compared with the normal control group, P << 0.01; compared with the model group, ~P << 0.01.

%4 QHP &ZhMiEXT E M40 bR 6 K 40 B B B2 )
Tab 4 Effect of rats serum treated with QHP extract on the foam cell derived from macrophage
20 51 FC/(mge+g™") TC/(mge-g~ ") CE/(mge+g™ " CE/TC/%

POt 28.07+2.46 40.89+3.76 12.79+4.13 31.324+433
THETRIZH 37.624+2.97 111.53+6.72 72.68+7.02 65.23+6.13"
g 35.13+3.35 68.76+4.62 33.54+6.23 48.76+5.65"
FH 25440 36.27+3.42 75.78+5.28 39.574+6.32 5221+6.117

e FIEHATBA R, *P < 0.01; SEEIA L, TP <0.01

Note: Compared with the normal control group, “P < 0.01; compared with the model group, P < 0.01.

AR SCR R SR B ke RE AR AL AR BURF 5T T QHW
RN BB sh bk ok RERE AL VR . S5 21 K FRAH
Fb, 7EFARGR B 50 i QHW FE B ab B4R () K
B B Ik TP AR /D e B LR ) Sh ok R AL TR A 2
A, QPN JTRANETE . PO ERR R
PS4k, JHIEAE R sl ks RERE AL A B 32 3h ik
BERYRHIEZ —, HIRANAAE QHW 1A 2EBiH K.
DR SH A QHEW R B4 T R 1t 1 S 00 v 40 i %) 7
BT A AEG TS B RERE AL AE T, S R 40 B
AT RESE: QHW HLah ke RERE L AL AIHE 52—

TESh kR AR A v, SRR I Y
TELVR 20 2 5 ST 403 1 AR T 40 A e B A B4
Jl, HIE RS ox-LDL K H-A A5 i 4 1K 25 32 g 25
A", FEAN s S R Z R (SR) U SR-A
M1 CD36 %% ox-LDL B NALAEF, JFf2 ik g
2 g v B A AR R DL i AR 4 T
211 SR IR P 9 TR A0 LR P 2 T R R AE B ks A
TR AR A A A R b 2 R B AR

R, AHFGE R ox-LDL 755 (4 16 TR 41 s 75
W5 QHW it sl ks REAE AL A4 AL ML . I8 7K 41 i
ZAR Il = 0 QHW SR B A s, H I ] e
B o T S AR, TR AN AR G . & 25 1ML v
SXoF YL T A0 6 FF R QEW 45 EBC 6 0 7 40 i g 4
ARARL, i EL S 24 M X R A RO R, A
R IEIR AN MG . QHW H B FIAE HhZH A, ¥5 1%
PEAEIER (VNEER) . BFFEEI, /NEERRT LAiE
1H80% AMPK-SIRT1-PPAR-y i B FI /> ox-LDL [#]
BRI A AN IR ™ Lee %5 PO HiZ3H /N B
BRE 1458 LXRa-ABCA 1 A5 IR [f Bty 3 I 2541
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il ox-LDL 417 9 JIg Jo X 28 G R 4 i ¥ 08 1. 8%
1M, Guan %5 " 3238 /)N SE R AT LA TE o 0] LOX-1 )
IR RNAE 328 5 00 40 A 05 ) o A 4 SR-BI Y 26
AN IR AT K, %) SR-A 5 ABCAI &
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AP-1 JEMEFNEE Nrf2/HO-1 38 3% R RA0% B s 20 B g
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e H 38 B0 fok s A A 5 3 g O AR g LT
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f) TC, LDL-C il TG /K 3 & % F+ &, 1fii HDL-C /K
-G SRR, B B KRR RELL AT 5 K 1Y
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I ] B S B KRR Ak . ShIbkoR RERE Ak H
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R P E A S R ABR B, U0 ox-LDL (R
H LDL-C ), VIEREAERANN, Kk, AT E
MASA FIFB5 1 Shkokeeiifk . 7RIS, GHE
a7 ) QHW IR YT sh bk e Ak K U,
HTC, LDL-C fl TG K F-H BRI, 1 HDL-C /K-
B TE o A M v T S AR S — o A M o
F Sy, WLLE AL TC, TG Fil LDL-C 7K F3:
5 HDL-C /KSR sh ik e fmas &0 it
A, BT A /NEER B EAT RAR VR B, HIt,
QHW L AEHTsh kb AERE AL AR F Y 55— A HLHI o] e &
QHW H &5 )/ NEER A B TR E F
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25 5o ™ RRNLTE 5 a0 & =%

£ F FAERS BN 3 B BH%
R B R RS SRR 5

Mgt D0 B EME RAD T (LIRS TEBZEE, R 6100415 2. EBE S
FGID LSRR A 005, AP 6100415 3. f sl L BEBE, JIHLEE B IR, DIl #E7E 6370005
4 ARSI R A SRE, I B 637000; S ST RAERK AL B2 ARE, W 610021)

HE: B #HB3AsEEHLESY (£F3%d. ThEdH, Biitd) ORRRAEES, 4
6 R R — W A H . ik JRBUFAERS 3B % 2015 % —FF £ 2020 % =% 3
ARk H B LG R R R S IREHIE, KARE A (ROR) EAe bl 4R 418 (PRR) %
SHAD K RS FATRIBIZR ST, ER 3R ETEHR LGN LTI A NMARLRREREAZS, L
T EFIEHAKET 1A, RIREHAXET 96N, TALEHAEHAZT 964, 155 R A& 22
MREZASETE (SOC), AP £FRdh L b TRAERIZELER (HRIL1583%). 4
G Vg I B B FAE BAFY R (M RIE 15.74% ). BB R TR EER (R 9.94% ) ; Tk
¥ 2B 5P T A SRR ALBIMLEF R (HMIL 2092% ), &E&E (Hmit 12.81% ).
B BAZEE IR (BRI 11.11% ) ; Jetbisd £ 57 TEEMNZ R %K (BRIt 37.25% ).
FibgmE (BRI 32.10% ). Z5i8 ROR EAZ PRR 24 AIMEF e, iz d. Jutbizdk
ARRBR M BERMEIZZGEAR LM, TAHGERBGRELE, REGEREARY,

KEBIR: HAFEMH LY ; FAERS #IEE; RRR AT HI54E; RELIAL; e dRE A

FESES: R969.3 MERFRIRAD: A MEHS: 1672-2981(2021)12-2576-06
doi:10.7539/j.issn.1672-2981.2021.12.019

Adverse drug reaction signals of 3 carbapenems based on the FAERS database

TANG Chun-mei">**, YANG Si-yun”*, ZHAN Yang-yang’, CHEN Li"*" (1. West China Second
University Hospital, Sichuan University, Chengdu 610041; 2. Key Laboratory of Birth Defects and
Related Diseases of Women and Children, Sichuan University, Ministry of Education, Chengdu
610041; 3. Department of Pharmacy, Second Clinical College of North Sichuan Medical College,
Nanchong City Central Hospital, Nanchong Sichuan 637000; 4. Key Laboratory of Individualized
Drug Treatment in Nanchong, Nanchong Sichuan 637000; 5. Department of Pharmacy, Chengdu
Chenghua District Health Care Hospitat, Chengdu 610021)

Abstract: Objective To explore the adverse drug reaction (ADR) signals of 3 carbapenems (meropenem,
imipenem and ertapenem) to supply reference for their clinical safe use. Methods The ADR data of 3
carbapenem drugs were collected from the FAERS database from the first quarter of 2015 to the third
quarter of 2020, and the reporting odds ratio (ROR) and proportional reporting ratio (PRR) were used
for data mining. Results Totally 423 ADR signals were obtained from the 3 carbapenems, including
231 from meropenem, 96 from imipenem, and 96 from ertapenem. The signals involved 22 system
organ classes. Signals from meropenem mainly covered on infections and infective diseases (15.83%),
systemic diseases and various reactions at the administration sites (15.74%), and skin and subcutaneous

ELWH: sl s AT H (No. 18SXHZ0230) 5 i FE i BlAR R RN B AR 5 &7 45 H ( No.KY-20YFZJ0116).
YEEEAN: M, o, T2, TENZEIRIRZY ) mEsT, E-mail: 2314581163@qq.com EIE1EE: Kh, B, ®IT(L2H00,
FENHIG IR 54 U Z ) HHFIT, B-mail: 13674852@qq.com
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tissue diseases (9.94%). Signals from imipenem mainly involved systemic diseases and various reactions

at the administration sites (20.92%), various examinations (12.81%), and infection and infective diseases

(11.11%). Signals from ertapenem mainly included various neurological diseases (37.25%), and mental

illness (32.10%). Conclusion The major systems involved in the ADRs of meropenem, imipenem and

ertapenem vary, which deserves attention in clinical safe drug use.

Key words: carbapenem drug; FAERS database; adverse reaction signal mining; ROR; PRR
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Tab 1 Basic information of reports on meropenem, imipenem, and ertapenem

- EL K NIt JEABRE
e WA IR RIRLEE /% WA R R % W IR e R /%
PR % 647 49.89 5 322 55.90 % 452 52.74
© 511 39.30 @ 234 40.63 %« 350 40.84
A 133 10.81 ES 20 3.47 PNyl 55 6.42
AN <18% 120 9.30 <18 % 43 7.47 <18% 16 1.87
18 ~ 64 % 564 43.69 18 ~ 64 % 324 56.25 18 ~ 64 % 250 29.17
=65 % 413 31.99 =65 % 159 27.60 =65 % 460 53.68
ENl 194 15.03 A 50 8.68 A 131 15.29
R AL 58 EREIVR 4 59 HRA AL 75
S EE (Fis)  EE 206 15.96 eS| 167 28.99 eS| 396 46.21
] 189 14.64 T 105 18.23 iR 141 16.45
H A 128 991 bR | 93 16.15 VLT 62 7.23
B 120 9.30 HA 59 10.24 =N 37 432
PUPE 102 7.90 B 20 3.47 | 33 3.85
YR 74 5.73 1 ] 9 1.56 GREE| 29 3.38
K SOC X EE T PT #7028, 455 /b, (HEH B Ay A2 i) B FR 1 sk . o X i

7 3 Pk BRI R PUE 2591 ADR {55 2 % 22
A~ SOC., HhZEF i ADR # ) 21 4~ SOC, F
B TR KAz e i . 4 B MR 24
BROL AP IN . J7 JBk K Bz AN 5 s A%
RiEG ADR ¥ K 17 4> SOC, FHAEf T4 By
g M PR AP RN . A A R MR
FepE; JeMbRiRs ADR W K 16 4~ SOC, FE
LR TFRE RGN . R E . FLRES R L
2, K1,
23 =ZHw., THFEE. Lk ADR
%4

WD . WK . e PT 2T
B BHEA T 20 17 A BN EAT U A0, 3
b 245 4 3L 5] 1) ADR 15 540, 5 5505 A1 50 BR & 1
LR 5B R AL A9 ADR {5 546 &
W o vy | 24 ) S I P g TR s 20 L3 22 4 B Pk
SER ;RS 5 e A R e L [A 9 ADR {55k
BEUBRPIRGS ; Y i 5 ufbsiRg 3R] ADR
SEANRANE. W, HhEP R S4Y IR
o7 £ B TR Ji 184 22 4 By e AR . K BRI 24
Y OCIRE it 5 SV 3% g -5 P e iy ) O IR A
5 JEALRT RS SN . UK AAE . EIRBIRRIRES
SRR sk . 3 Fh 244 BT RGE BHE# | 20 7
) ADR {55 L3 3.
3 itig
3.0 BEEWHEG Y ADR K 4 A O FEAE

A3\ FAERS %4 15 h #2922 B5 B9 ADR
At 1291 1y, WHER; S ADR R 576 1775 JEAl
Kimd ADR #45 857 1y, b4 A ECHE 2 T 6 Y [
FAFEE, hE, EE, BHA, I HE A,
AR EREFFRRERES, WM AT
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Tab 2 Signals for system involved and adverse events for meropenem, imipenem, and ertapenem

FEWER (n = 2103)

Wk (n = 765) JEAbEER (n = 1106)

WHE RGO e ; - T ERTR— - Ny - -
HE58 B RBEMBIE /m (%) F58 BIPARRBHE /m (%) G580 BIAREAGIE /(%)
AR BB 3R 10 44(2.09) 5 42 (5.49) — -
JHF B2 B 15 120 (5.71) 6 26 (3.40) 3 9 (0.81)
TG K ARG AP 40 333 (15.83) 12 85 (11.11) 9 40 (3.62)
P S 26 176 (8.37) 16 98 (12.81) 3 12 (1.08)
KIME RGP 20 165 (7.85) 10 69 (9.02) 28 412 (37.25)
KA PR AR 5 49 (2.33) 3 62 (8.10) 5 74 (6.69)
B PP B 2545 28R 3 14 (0.67) 1 5(0.65) 2 13 (1.18)
BFTFAR MBI FEAE 1 3(0.14) — — — —
WP RS, M SN 16 95 (4.52) 6 41 (5.36) 1 3(0.27)
Kb s 3 18 (0.86) 5 25(3.27) 15 355 (32.10)
Gk RGP 8 79 (3.76) — — 1 4(0.36)
Je I K e SR 22 209 (9.94) 9 56 (7.32) 10 43 (3.89)
LB PP B AR G RN 16 331 (15.74) 10 160 (20.92) 3 32(2.89)
UEARI . PR A R = R L 4 24 (1.14) - — — —
B IE K2 WA IR R G 8 122 (5.80) 2 7(0.92) 1 4(0.36)
LR WEN SIS 1 3(0.14) — - - —
= eSS 8 37 (1.76) 1 23 (3.01) 6 8(2.53)
R B 4 1(1.95) 1 5(0.65) 2 8(0.72)
M55 1k BV 2 5 4(2.57) — — 1 7(0.63)
LT Sk R GE 50 15 182 (8.65) 5 44 (5.75) 6 62 (5.61)
R4 B e 1 4(0.19) 1 4(0.52) — —
BBk BB — —(—) 3 13 (1.70) - —
HRABARR = Ehim o Thsm wxzmm GLh . KH), AU A IISER KR KO RS R X
REERR | P> ADR () A HE AR R IV E s BE Y ey, I ZY

MBERACRGES
MESHOERES
DREBERR L
BHRGHER -
ERAGRIRIR
BRRBRAGIS e
HiRM. FENRESERR
2HNRRBRAHBUEHREY
BB TARRTR
RBERAGIR
WA
W25 BREARES
HEHFARARETRE |
HHMABRREGREER |
HEARG . DERIMEFRE g
HEMEZRGHR
BREE oe—
BRBERATR s
FRAGHES
R REREER g
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ADREJIRLL (%)

B PR, W . R R RGN RV L
Fig 1

meropenem, imipenem, and ertapenem
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Tab 3 Report frequency of ADR signals for meropenem, imipenem, and ertapenem (in descending order)

®3 ETHER. TEE. EMIEEEN ADR ESHEIR (REFHET)

EX A W RE R JEAbYE R
% 05T A 8 0594 A gL 059
PT (n=2103) PT (n=1765) PT (n=1106)
(ROR) (ROR) (ROR)
n(%)] n(%)] [n(%)]
25 * 67 (3.19) 39.44 BT 80 (10.46) 227 BRI 113 (10.22) 19.26
(30.95, 50.25) (1.81, 2.84) (15.94, 23.27)
R 67 (3.19) 3.25 P ARZA 56 (7.32) 8.69 1R KA 76 (6.87) 13.36
(255, 4.13)  MERIERGE ™ (6.66, 11.35) (10.63, 16.79)
AR E AR 49 (2.33) 5.33 N e 32 (4.18) 138.16 AL 64 (5.79) 24.97
(4.02, 7.07) (97.22, 196.35) (19.47, 32.01)
A Il 4 AR 46 (2.19) 15.71 KA 26 (3.40) 3.00 PRSI 52 (4.70) 5.18
(11.75, 21.02) (2.04, 4.42) EAYSE R E (3.93, 6.81)
FeReR et 42 (2.00) 2.83 Mt 23 (3.01) 2.02 B 43 (3.89) 36.73
(2.09, 3.84) (1.34, 3.05) (27.15, 49.68)
AL 40 (1.90) 224 1l 18 (2.35) 3.60 i 37 (3.35) 44.85
(1.64, 3.06) (226, 5.73) (32.39, 62.09)
W) OV AEREIRRL - 40 (1.90) 24.00 gl 18 (2.35) 10.41 i 36 (3.25) 34.54
AN 2 4 B (17.57, 32.8) (6.54, 16.57) (24.84, 48.03)
U INTE 39 (1.85) 70.02 [TET 16 (2.09) 22.19 WUk 32(2.89) 79.82
(50.99, 96.14) (13.56, 36.33) (56.25, 113.28)
JRYLERTE 36 (1.71) 14.49 D QT | 15 (1.96) 16.3 E 1] ) i 28 (2.53) 20.27
(1043, 20.12) FEK " (9.82, 7.1) (13.96, 29.43)
BR R AR 34 (1.62) 3.76 | 15 (1.96) 21.95 210, 26 (2.35) 9.69
(2.68, 5.27) (13.2, 36.51) (28.06, 14.27)
JeREAE 33 (1.57) 4.79 R EAE 15 (1.96) 3.96 s 26 (2.35) 41.30
(3.40, 6.75) (238, 6.58) (36.58, 60.88)
B Dfig i 30 (1.43) 5.92 I £T 2 P AR 14 (1.83) 523 PR AR > 22 (1.99) 4.67
(4.13, 8.48) (3.09, 8.85) JiE (3.07, 7.11)
i/ NP i 30 (1.43) 4.79 BB 10 (1.31) 251 R 22 (1.99) 3.49
(3.35, 6.87) (1.35, 4.67) (2.29, 5.31)
LT REA L 35 (1.66) 13.98 IR N AERERR 10 (1.31) 14.21 T ERE 21 (1.90) 33.06
HE" (9.70, 20.16)  RiZfads 2 Al (7.63, 26.48) (21.5, 50.83)
S B PEREIR
R 26 (1.24) 2.17 AIRAS I 10 (1.31) 21.40 I [ 21 (1.90) 270
(1.47, 3.19) (11.49, 39.87) (175, 4.14)
) 25(1.19) 1531 M/MRIFEFEE 10 (1.31) 3.66 LB MEEEE 17 (1.54) 20.88
(10.32, 22.69) (197, 6.82) P & AR (12,95, 33.67)
U I 25(1.19) 2.13 BRI 10 (1.31) 3.64 AR B 17 (1.54) 8.70
(1.44, 3.16) (1.96, 6.78) (5.40, 14.03)
IR0 b 24 (1.14) 5.79 JFERE R 9 (1.18) 17.09 FA 2 i 17 (1.54) 3.72
(3.88, 8.65) (8.87, 32.92) (231, 5.99)
SR T 22 (1.05) 17.30 AIAP AT 9(1.18) 6.59 J=RLSIS 17 (1.54) 20.08
(1137, 26.32) (342, 12.7) (12.45, 32.37)
WA ANAEIE 26 22 (1.05) 23.64 RgHEmRbE " 9(1.18) 12.77 TR RFER A 16 (1.45) 38.71
(15.53, 35.97) (6.63, 24.6) (23.66, 63.35)

T RN R LAY PT; * 2R 3 FZGHHT 20 PT FhAH IR ADR {55 JCIKSR BE1E A A (L

Note: ‘means PT not included in the spectification; ” represents the maximum ADR signal correlation strength in 20 PT among the three drugs.

PR K JEAb SR ADR 45 Hi 20 457 iR

HEMRE R UL A R IC# A ADR. DL EGREY

BRI KUy e PR B L2 2.

LRl 2y S EATR ey
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E T %E FAERS #E ER B E R LEHE
wE R I MHFGYARESHEFEIZES

PRI, AUBAK (RS REMIBRSER, 14 200065)

WE. BAY AA£E FDA RREFEMHIRE 2% (FAERS) #03E BIZIRAT & O - LEEAE AT
%9 (PCSK9) ##1# LGt %R R E4 (ADE) 135, AR ASGZARBAE FiE
F) B4R 4 E e (ROR) k%t % B FAERS #0348 % 2015 % =& F £ 2020 % — & F &
20 /NZ 6 PCSKO 474 7 69 R B B4R E AT ELE, R X123 2 2 alirocumab F=
evolocumab 4 & %R £8 25 52 49 ADE R4 251 4 12 341 41 F= 69 462 4], ¥ PTAZ 5 E 5 &
IR K AT 20 1545 5 #4797, alirocumab KA FRITAMMES, B R R SWMEALRBREN £
(SOC) A& FrmkymRithiia &R (n =17, 18.92%); evolocumab £ 3k#F 36 Mz
5, E5HZE S8 SOC AL G WERmALBIMLEAFRE (n =9, 25%) & E£Hi4. T&
BFRFLE (n =09, 25% ). Z5i e /iRM1E A PCSKO 4p#) 7 BF, R ZE Ik i EH AR
B, HBILR AL R, "R ALRERBFEAPIAI, B8RSR E &R AR E S E IS
AR F B0 Z R ADRAZ 5, 42 3F= 3R 2L T FAERS #03% & 3 13 49 PCSKO #7441 71 49 R B F
HIREA RIS, TA LGRS N A IRARE
KEIF: AFROHMEAREER T ORI A RRR M s kHTk; #IEAEIE; alirocumab;

evolocumab
RESZES: R969.3 SCHERFRINED: A XEHS: 1672-2981(2021)12-2582-06

doi:10.7539/j.issn.1672-2981.2021.12.020

Adverse drug events signals of PCSK?9 inhibitors based on
the FAERS database

ZHANG Sha, ZHU De-qiu" (Tongji Hospital, School of Medicine, Tongji University, Shanghai
200065)

Abstract: Objective To mine the signals of adverse drug events (ADE) of proprotein convertase
subtilisin/kexin type 9 (PCSK9) inhibitors with data from Adverse Event Reporting system
(FAERS) database, and to provide reference for safe and rational drug use. Methods Reporting
odds ratio (ROR) was used in the data mining and signal detection of alirocumab and evolocumab
to the second quarter of related ADEs reports in FAERS, from the third quarter of 2015 to the
second quarter of 2020, 20 quarters in total. Results Totally 12 341 and 69 462 ADE reports with
alirocumab and evolocumab as the primarily suspected drugs were collected. The signal strength
and the top 20 signals were analyzed. Totally 37 signals of alirocumab were obtained, and the SOC
with most signals was general disorders and administration site conditions (n = 7, 18.92%). Totally
36 signals of evolocumab were obtained, and the SOC with most signals was systemic diseases and
various reactions at the administration site (n = 9, 25%), besides injury, poisoning and procedural
complications (n = 9, 25%). Conclusion In the clinical use of PCSK9 inhibitors, we should
pay close attention to injection site reactions, respiratory, thoracic and mediastinal disorders,
musculoskeletal and connective tissue disorders. It is also necessary to be alert for the occurrence

EETR: 2018 4F MG TG K2 H 2l LRI H (No. I 5B [2018]8 5 )
EE®E A kb, &, Wi, ETENFIRKL Y T/E, E-mail: 1287214222@qq.com ~BIS(EE . BUEEFK, L, FATLLE, WL
SR, FEMNFERZA M FAT BT AL, E-mail: zdq 0726@163.com
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of such potential ADEs as cardiac disorders. The mining and evaluation of PCSK9 inhibitors ADE
signals based on FAERS provide the basis for their rational clinical use.

Key words: proprotein convertase subtilisin/kexin type 9 inhibitor; ADR signal; measure of

disproportionality; data mining; alirocumab; evolocumab
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A ST R K IR T 5 [E FAERS B9 %, 1%
BACHE AR HG A AR T 1% 50 S L S A
ML 5 5E%, JF HAE ADE R KB, 4. W
Sl R AR E Tz AR . FAERS ¥l
JET 2004 45 1 I UE 0 A ARTFHL, A=)
2B B AR IE A kA P Wi gk alirocumab Al

evolocumab I 17 J§ & 2020 45 2 Z= i /£ FAERS
BE PE ek R B 8 T A ADE 45 AT 0 A
AWF5E L alirocumab 5 evolocumab i F 44 MG
), X N RS AT R S AT, R A
WEEHEHS . RS, W5k, BE
HAMGER | 4h2hikit . ADE M4 RS 5 8.
1.2 #E

A% FAERS WMl ik, RBREE R,
Mo H FH 24 44 kM alirocumab 5 evolocumab A
HAR W) S i B Be 2 it o
1.3 HEAREL

H1 T FAERS %48 2 /2 SRS #udls 5, H E ik
PIEAEATAE L IRAFRAIE . A TR RS S5 )
RO SR DR A R 1 A I R, R
XA B A E R A T hR A . SR (ICH [ R R 2=
B8 ) (MedDRA ) K¢ HARfL 5 i1 ( pre-
ferred terms, PT ), Jf-WRS 25N A9 R G458 B 4
2% ('system organ class, SOC ), 5E ADE [EFrAR
wg—1ik.
1.4 HAESHT

FE 191 2% £ 25 vh 9 ROR 2 H i £ ADE 43 At
gt ik REUER STk kAT I
feR (W3 1), @ i HAR28 5 a9 ADE #iiih
5 A A 2 R, AR I R AE Y
ADE 5%, ##5%= 3 H ROR K 95%CI FBR >
1, WHERAER— MG, Blgyi 532 EAF
TEVELESCHR P Geit 43 BTk I SPSS 22.0 AR F0
Microsoft Excel /4.
1.5 TREMHHE

i 3 MedDRA i i H % PT, R R4
FE S (SOC) #AT4r2,
2 HFR
2.1 alirocumab 7 evolocumab By 1~ B Z {4 & 3£

Fl alirocumab £l evolocumab [ i & 2020 4F
552 R LIOK, FAERS %4 2 SL1i 3 alirocumab
254 A % ADE R 75 3£ 34 491 f4i], evolocumab 24
YA ADE #7535 101 939 1], HH L) alirocum-
ab il evolocumab A B B4 5E 254 1) ADE 2 &5 43
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R HEBIKETERER

Tab 1 Fourfold table of measures of disproportionality

2P EEi N ENFINE ey e HABA R 4 4L At
Hir254) a b a+b
HAb 254 ¢ d c+d

A1t a+tc b+d N=a+b+c+d

1 (Note) : ROR = (a/c)/(b/d), 95%CI =

WK 12 341 170 69 462 ], BB E R,
43 5k 55.76% 1 53.99%, ADE #% 45 FH % L) Kk
XAHFE, HbhEEMEEERZ, 5 ADEHM
97% LA I, LR 2,

%2 FAERS 1 alirocumab #1 evolocumab 18X R R E4HREE AR

Tab 2 Primary information of alirocumab and evolocumab related

adverse events reports in FAERS

st alirocumab evolocumab
7<71J " =
BIEC (n) A% BB (n) /%

51

5 4804 38.93 28 644 41.24

5’y 6881 55.76 37504 53.99

AT 656 531 3314 4.77
AL ) %

<18 5 0.04 36 0.05

18 ~ 64 3043 24.66 19553 28.15

<65 5222 4231 26577 38.26

FNee 4071 32.99 23296 33.54
e ER (B

B 12 000 97.24 67 788 97.59

| 102 0.83 313 0.45

g 61 0.49 296 0.43

[N 28 0.23 215 0.31

HZA 20 0.16 191 0.27
ADE %5 )

AT 10 554 85.51 62135 89.45

HAt 1024 8.3 4643 6.68

FEBERIT - LR 688 5.58 2194 3.16

W5 ol A2 KA e s ]

A 75 0.61 382 0.55

By / / 108 0.16
it 12341 100 69 462 100

2.2 alirocumab #¢ evolocumab {5 5 & /& Fn 4f 4 %
H4 ﬁﬁ 20 ity ADE 5 &

F53 5] alirocumab Fil evolocumab A B 2 P4
%%”75% (%) ADE #1755 041, LI PTIRSRES
HH AT HiF 20 NMF S #EATHER . RIS 3 A
* 4,

2.3 alirocumab #7 evolocumab #T & 7] £¢ ADR 1z 5
7 8 W5 5 9 H 4> % 5 alirocumab Fl
evolocumab A ¢ H AR ZE UL BH 5 AR 058 1 7T ¢
ADR {55, alirocumab i $15 37 M55, Hrp
AR TP S ]I ADE 17 4> (45.95% ),
ﬂi I 5% 19 20 4~ (54.05% ) ; evolocumab i 2% i
536 M, HrP A HE O g2 i i B R Y
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" [ /a + 1b + e + 1o

ADE 18 1~ (50% ), AWM 18 4~ (50% ). I
b R R I A R 5 10 PT # B SOC #E17432%,
alirocumab {5 550 £ 1) SOC N4 B PEFNR M 244
RO R (n =7, 18.92%), HIRKEHW
K&, R RTFARIFLEE ., KA. &
P LA B % S 45 40 2L 2150 5% 5 evolocumab 5+
B2 1) SOC Ry 4= B VB S 45 25300 45 F e
N (n=09, 25%) MR, PELTFAIE
SiE (n =9, 25%), TEWLF%5, HEERIE ADR A,
alirocumab F/1 evolocumab A 3¢ 1) & 75 24 i . 1 3
R K 8T ) BE DL ADR {55 32 B85 M 45246
A, WIRARS . M RRRE S, ONERRE B
SOC, A MEEIREAT & . MVRRBE R
fii MM FHim . Bl SO IEFAE . SR T

fiE . BRIRAR A, IR 6.
3 iFig

AW 3 X FEARs 5038 % £ 17 ADE {5 5
¥ 48 & P, alirocumab 1 evolocumab #H ¢ ADE
WG EEMEFR> 18 S WEE, XS
LRG58 B AHEZ A AR A K ADE RE
AN E R ELEPENSE, hEED, XS
ZAEPE EHAA, HAERREA @u& FARES
3 EEGR EAEE N AR ZE R =R X
3.1 3 ADR Hf{z 537l ADE

FAERS ¥4 e ds 17— U1 5 25 il A G
AT FT B A A B AR T 1 45 5 (Cangs & sh
REYFH ) RIEBPR BN FHe, ELHG AR L
R 25 AR R, YRR, 25
WA RE ADE, LUK HFHE A B30 55
RN T8 ADE 45 ", H) ADE 445 T 259
HBEFBAY AR (ADR) DL HAb A
R, LA OB 2 498 2019 ADE 55450
dF ADR [ ADE. Uil Wik ADR FHT Y SE
I ADR =B —iAT53HT

AAF5E 1 e Xt EE ADR BLAF5 5% 511 ADE i
TEARIZ I8 & R, alirocumab [AHE(E 5 &
AR RV 598 HE 44 SRR 20 1‘2[3’] PT #1049
ADR () ADE, fFGARB s FH IR, 25 i Tl LA K
257 &5l ; evolocumab 1 AH &5 5 H & A il
UCRIE 79 HE24 P 7ETT 20 67 19 PT AL 46 A1 2
T S RO b LR
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% 3 alirocumab 5 S5R2 EFRELHHEZET 20 LA ADE S
Tab 3 Top 20 ADE signals of alirocumab of strength and number of reports

PT ($f5 59T % RORTH 95%CI PT (#ediivkil) 4540 ROR{E 95%CI
B ] 396 155.135 138.999 ~ 173.143 | | 2545t it 1914 21.076 19.901 ~ 22.32
FHEGT A543 13 146.844 80.806 ~ 266.85 WU 953 9.295 8.698 ~ 9.933
28 F7 i B E DA 3 237.027 64.161 ~ 875.638 | | |l 851 29.364 27.357 ~ 31.517
i B B 2R IR AR 79 77.938 61.747 ~ 98.375 WA EEZE 609 5.759 5307 ~ 6.249
G HAE T a 7 118.541 49.939 ~ 281.38 e IRt IvA ] 552 3.52 3.232 ~ 3.835
TR B BRI MM T 129.297 44.549 ~ 375262 | | K1 504 2.545 2.327 ~2.782
AN 24 04 2] 1) 2 HE 30 61.961 42.65 ~ 90.016 JiquSEST 485 2.799 2.556 ~ 3.065
I B AR A S 20 63.009 39.873 ~ 99.57 i 482 1.166 1.064 ~ 1.277
A BB TME NEC 109 46.29 38.109 ~ 56.228 LR 479 8.296 7.569 ~ 9.093
I B RR A A T 216 43.536 37.908 ~ 50 el 476 1.374 1.253 ~ 1.505
AR 4 98.087 34.478 ~ 279.054 | | Fibuif I n) 396 155.135  138.999 ~ 173.143
2 ] 15 851 29.364 27.357 ~ 31.517 TR 393 10.147 9.171 ~ 11.226
JHERR A 7 57.231 26.492 ~ 123.633 | | }ET5 391 1.185 1.071 ~ 1.31
10 T AT 38 32.291 23.319 ~ 44.716 Ja 369 2.239 2.019 ~ 2.484
BB AR 202 24.455 21.233 ~ 28.167 Fe s 369 1.672 1.507 ~ 1.854
Bk Y/F b e 1914 21.076 19.901 ~ 22.32 F i ) 348 4241 3.811 ~ 4719
I =B b R A 8 37.195 18.267 ~ 75.734 A 2T 5 339 4329 3.885 ~ 4.824
BRI 52 23.065 17.49 ~ 30.417 LA 321 2.349 2.102 ~ 2.624
TSRO 9 28.711 14.742 ~ 55.918 B 292 9.134 8.127 ~ 10.265
ASIERG 7= S A7 60 14.271 11.046 ~ 18.437 TS I 292 7.014 6.242 ~ 7.881

& 4 evolocumab {5 5 &E R ELHE AR 20 iIAY ADE 55
Tab 4 Top 20 ADE signals of evolocumab of signal strength and reports

PT ($f55 9T % RORH 95%CI PT (Fhiivkit) W% RORAH 95%CI
1% B B AR IR AIC 473 185.982  161.58 ~ 214.07 | | 25K &R 6697 7.55 7.346 ~ 1.76
DN Bt BE LR B 23 135197 75353 ~ 242568 | | P ah M FHFRF R AR 6590 15.664 15.252 ~ 16.086
I JIE P AL 331 78737  68.675 ~ 90.275 | | VESSIRANE 6433 8.288 8.073 ~ 8.509
s BERR AR 78 60.087 45931 ~ 78.606 | | EAMREET A 3918 25.23 24.364 ~ 26.127
SRR 41 53.034  36.869 ~ 76.285 | | ¥ 3538 5.122 4,948 ~ 5.301
SERIA b ik 8 86.194 35232 ~ 210.871 | | ILJE 3457 6.17 5.958 ~ 6.389
PEE gt 366 30251  26.992 ~ 33.904 | | {SFHBALT A 3159 16.689 16.071 ~ 17.331
AL R 16 44976  25.462 ~ 79.443 | | BLiR 2789 18.097 17.383 ~ 18.84
FANEFE T 3918 2523 24364 ~26.127 | | ARV HZY 2304 1.359 1.303 ~ 1.417
2y W P BR A TR IE T 62 29.065 22.065 ~ 38.287 | | XA 2193 2.021 1.936 ~ 2.109
i BERR AR T 531 21.138  19.28 ~ 23.176 | | Wik 2178 7.101 6.797 ~ 7.418
B 2789 18.097 17.383 ~ 18.84 JHeRYA N 2040 2.148 2.055 ~ 2.246
[e2iTEae 33 24.671 17 ~35.802 | | WLAIRZE 2018 3.466 3314 ~ 3.625
2 E A A R 598 17.978  16.499 ~ 19.589 | | {54 i3 ifiL 1841 8.509 8.112 ~ 8.924
A8 384 R G ) 31 23.584  16.082 ~ 34.585 | | BLAH % 1676 3272 3.115 ~ 3.437
TS 75 B 3159 16.689  16.071 ~ 17.331 | | g )i 1503 9.274 8.797 ~ 9.777
LA 206 18.354  15.859 ~ 21.241 | | HZGHIHA 1418 6.608 6.262 ~ 6.974
JIR & =5 37N 5 43.095 15.662 ~ 118.579 | | ik 1302 1.738 1.645 ~ 1.837
= VRSO R A 35 223 15.577 ~ 31.925 | | RSO0 A ik 1135 4.896 4.612 ~ 5.198
7 PR RO A R 6590 15.664 15252 ~ 16.086 | | &3t % 1008 1.176 1.105 ~ 1.252
FFHEARMEE R, 4 NPTHAE 24 NIEADREY 3.2 L9 F E KK HE ADR

ADE, Alirocumab F/1 evolocumab [/ #H 515 5 /&
A AR o i B HE 44 Y TE T 20 13219 PT F2 2248
J&9E ADR H{5 552100 ADE, X 1] fHE5i%3524
i PRI R A Ko FH O v A 56, R PCSKO il 55
WA, HAEE TSR, SATTIER
RS, KPR RIZZS T, BESS B NN R
FU IE R PRSI, IR IR R s
HAHE RS, USEmEE AL,

ABFFENHE 558 B A S I HEAS I 20 13719
ADE 53617308 & B, alirocumab £l evolocumab
139 ADR 15 55 24 i 156 B 3 RN SCRRAIT 5% S AR —
7, HEBRAE ADR 5, PRZGZG AR R H

F 5 9R AU ADR 7 S HREURZ 1 SOC ¥k “42
BB M AR 2GRS R R N, BRI T A
HRAL RN, AL HE RSO . Bt
iR i DL B AR 4F . X 5 PCSK9 1)
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% 5 alirocumab 0 evolocumab AR EHES SRR AREIZEE

Tab 5 alirocumab and evolocumab related ADE signals and systems and organs involved

alirocumab

BRI ARG (SOC)

evolocumab

AlEZH PT

554 A5 PT

BABW . DR TAIERAE 2GR, G 0 2 a2 HE 6
RCEANARY; T, 2R AR

ST T Rt U (L]

EAMEB T, ML P TRER S, 9
B2 T, HEAZRI A, B R
PrEet ", 7RO MR D T, 29450
g, ARSI T, 2R R

S B VEROR AL AR AL TR L AN, L WU 7 MRS, SRRSO, ZEALEOAOE, 9
I BRI, PO, IESRRALTT, AR TESSEROLTE T, TEHOON, RN, T

NIy

I Td

MR FGE . Mo B AR NI, S
7 b Al
[T &t

HITFAR K BT RAE 28 R I BB E DDA

o HE R B AVEONES

BRI B T AP JEIE, B, TERHLLGE
GLZE IS 75 N A

B TR AP G ILEE 1T 2 70

R AR R, UVUERBERR MRS MM T 6
L ARSI S, IR E T
", MUIFFEEERRAR T, i =R
AL B L SRSV U, WLPRERZE, OGRS

TR IR, S EE TR NECT, %6

SYERALH L, TERTRALIMAK, R
MR AR FIRREAT, I LEEERRAL ", a4

BASH, REEREATS
4 HE, UM, ST, R, LA 5
2 B, RS, nZuk 3

B SCAT R GEIE =, el =, e E ] 3

I3 o A 1
TSR 1
NS S BELEAAE 1

PW = =

TE: " FRAKTE alirocumab BLHT A HERRY PT,

Note: "Indicates the PT that is not appearing in the alirocumab instructions.

F6 FHRUIFIRRMESSRENAZENRE

Tab 6 New signs of suspected ADRs of alirocumab and evolocumab and systems and organs involved

HE MR GHEE (SOC) alirocumab 4 {551 PT evolocumab A {5511 PT
KL I WUERE R MM T, AU BENRER AT e, IR EEREG, AR RS, (R B IR B A T
I =k RS
WP ARG . M AR Bl i
I 5 7K LA 2 SO
R B E TR IR MAE 1T a Y -
SV B W] JEHR A -
A B B 2 2586 A5 5L HHHRA T, = —
DR E PR — OB E ) LR GAE

HFZ Yt B ie 2k —2, X T RE 5% 20
A, TFEE M TSNS AA S, TR SR
DOV R o PRI eyl A 2 T SR A ek, el
H A BRZERRE,, Hk, W EER L
1) SOC ¥ “H A", WM. Jm. K
R AR S B EE WLN AR OC ADR, X5 H AT
PCSK9 4l 51l R 356 1 25 R — 2. A IR IR
7R alirocumab ZH U & A= m T LR (5.4%
vs 2.9%, P <<0.01) " HHiRICSCHkAE PCSK9
IR 251 & Em LA LR SR RAE . 7
ZIEBREEE R, ATER ST PCSKO #5714 L
FHX ADR, FFE A JoRE SO FRIE I R A2 It
b, AW & IAHEE T evolocumab ., alirocumab 71
Rk K fe TR, 25, hEE ATFARTE
KAEFE W RGN G KA T 219 ADR, fEZ
Je RN PR ol FH R S IR R

2586

33 MWLM ADR F5

AW GE X AF 5 58 BE AT 5 40k HE 44 11 20
{37 () ADE # 5 #F 47 43 Hr & B, alirocumab Fl
evolocumab fH (5 5 25l BT 20 4~ F1 18 4~
B ADE {55, HEBRIE ADR J5, 2yfiiiii-frh
K K HIES#EIH ADR (544 154, F%E
W) SOC MR . DSV E R . BAR
G . WEML RS SRR

RS SCUES fiE AT T 22595 | a9 7™ 2 LA
HA R ADR, T & 0] E(3E., FDA Bk
100 Ji £ A R 247 0.3 ~ 13.5 il & A RS
WL e ™, BRI JCSCHERRGE alirocumab
25| RSNV A, (HJR AT & P25 fh 15l
B 45 R R 3 M HLAS 5 3R 201 ADR I LER B iR 3L
fifi MM THiEr, BSRIZAE SR E RS 5 0
(ROR = 44.549), K, 2% I&F|EE ST iR i
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ROfGEENE, FEIGIRN H PCSK9 il 225 W m,
— H& AT EE I WIRRBEFR I MM THiEr, dEisar
RS2 052

Alirocumab F1 evolocumab % #i .0 i 2% B %<
VLRSI = NS R O L N 1= X G ]
DAEIZ B BELE AN R RO, HAR R AR
fIRAE15 558 3 &1, ROR 434l K 34.478 1 75.353,
P& [, ROR{EMEE, ADR 5 M2y [0 1) K&
Wk % V), AR M 7E alirocumab Fl1 evolocumab i
B R E OO ML O R R TR A 52
M, X AlRES2h 0 i aiar e iy R RYEA G, 5
JE R 2 ADR W XU E 515 T R R, 2
JE I RN A R N 3 B W, PR . eAh,
alirocumab Fi1 evolocumab ¥ & Bl “ & Jlg" X — 8
I 5E UL ADR {5 %5, H. & A= 4 vk ¥ HE 44 78 11 20
fii, LA evolocumab % A= {5 5 5k J& T & (ROR =
17.383 ). X —15 5 5 245 i Ui B 45 rh g 20 & A
K. WEUREEIETE 245 ADR MA B R, Al gk—4
LR K15 5 1T fig 2 PCSKO 101 il 770 37 A0 2 1
5%, @BURKKEE.

A A 5% i 12 H8 31 evolocumab ok 4 B, {H
alirocumab H I A R AR 28 . IR MLAE 1T a Y, 3
SR T . W= EH S ADRIF S, [H2
KAV, Jaskfi B 2 Y BRI
SLEEL ADR 155 51X 25 1 CIRYE
34 HRERE

H T FAERS 204l 0 A & 2 & A, X
Wt B SO BRI, P B vl B oA
—: @ EMAFHRAHNE; @ FEIIRIRE SHE
SRR, O BIEEAE; @ 295 ADR s
{5 EA KN 55

14t ROR EIZHE HAr 2595 HAs ADR
MG 127 SR PE R, 24 ADR 45 20 1R D A,
ROR ¥ 5 51238 B9 vERE T BERRAR U 415
SR B B R AR, AVRERG SR, |
XFFE5 SR I R STy R E— 2 Bk
4 g

I RAE T PCSKO SHIFIAT,  [50 25 ) 0
BFEROE N . BB LA LU0 . R R P
SEz A REAN, 10 AU R 2 B DL SRR O
KA A bR ST AE ) 5 AUS: ADR {5750 AN T

X} FAERS 4} & (1) ADE iz 15 1 750 1298 5 45
Mr, &2 alirocumab £ evolocumab | 17 J5 7F B 5E
HFHE RN P el 5E ADR G5, 315 T A8
INESE BN A E 2GR, MiERHZ RS
%, DMRRREE L4,
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Effect of changes in pharmacokinetic parameters on clinical medication
under hypoxic environment at high altitude

ZHOU Yang', ZHU Jun-bo', LI Xiang-yang" " (1. Medical College of Qinghai University, Xining
810001; 2. State Key Laboratory of Plateau Ecology and Agriculture, Qinghai University, Xining
810016)

Abstract: Hypoxia has a significant impact on human life activities in plateau areas. It is important to
explore the changes in absorption, distribution, metabolism and excretion of drugs in the body under
hypoxia environment to guide the rational clinical use of drugs. This article reviewed the effect of
hypoxia on pharmacokinetic changes in prototype drugs and metabolites, and provide reference for

the reassessment of patient’s dosing regimens at high altitude.

Key words: high altitude; hypoxia environment; metabolite; pharmacokinetics; rational drug use

B X BA R AU AR R R
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1.1 KEXX ARG FHR R

K BANE A Bk R SE sh ), 76 R B A 5k
PR ) 2. 2 E R R RUE TR E AR
PEATREAE, DI HR ZE A0 v B AT 4200 K R N 24
Y2 sh2E 1284k Gola 28 “VHFgE R PR, B R BLUE
TR A S T 7620 m B RSB E 1 d )5,
AR BRIAR N B (1) FPE-90EE B )
(MRT) W3R T 42% F1 51%, H4Asmt e iE K
& 7d MK 14d, EIAIESERBIEN IR
RS RIE -, IHEI R MRT. ¢, MR
AR (V) 8K, WEBRE (CL) FE Y. R
B TERE (9%0,) FRELIUEER 72 h 5 &3, Af
i I MP A FmE Y BRI (Ch) SHRE - B
(B R A (AUC) YR EFEA%, 1 MRT Fl ¢,
AT RS, RN P aFmREE KRN CL i
e, HFE R BE R Y HE R BB R IR E SR
PR RS o AR AR 2 R Bl AR
S 1O B K BRUE TR AT 24T 5000 m AR
JEESEER 4 d M1 30 d )5, XFOBEEIEE . $hik —
AR 253280k 4 T B &7k, Hd, X2
Pk Ll 2 e M B R 2 s AR e e e —
B SFEXT AL, 2 BrEEEAR MRT,
tiny AUCEHIRZERGIM, V. CL. {HERHE% (K,) ¥
WEEME. AN, MHTEEXTEA, 2rksEfl
R —WOSUAKE MRT . 1, TS T 24.6% 1 27.8%,
ERAGHEE X, M C ARG # 5
S SR E AR ER R I XUICR) MRT . ¢, JEK T
53.6% A1 56.6%, Cp FEAK T 25.6%.

AT 41 f 1 DS s AR 9T 32 T 4 %2, Gong
AR R P, ME T IE W AR, Hvu R &
iy ZE KA 7 B S AR BRI P IR W S ] ( T, ) 38
K. MRTIEK:, HAHVGPEBAE L C,. 2 0T HE
FERANRAR, 25 SRS 0T 245 1) 1 7 2 b ZE KA
FIR N 25 S 2 R IR A IR AR SE e — 3k, TR BN 45
A BRI AT e . A, ASEWEE
o FE P EWUAAS R AR B A B i 2 257 KR
RINH 2582 S B REE AR —

KEREAIE 4010 m & F G, 258K, g
KAT WRIRE B 25 S SR L B, L AUC,
MRT. t,,. C,. ¥R FEW N, CL., v,¥) 8 & %
I s 53X 3 A4 BRI 2, T Y s
TER RN, ZAm . AR, HEMER & A4
b, RO T W 5 HRSIRE) AUC I
C.o T HIEAR T 31.6% 1 44.5%, CL F1 V439134
T 45.7% 1 44.3%"; SEFCIEIREY AUC Fil C,
KA T 15.4% F1 35.7%, T CLEGIN T 212.5%",
PR AR IR G 230 IR AR A N B 2 AR B 711

B 25 7E 5 DR AR AR IR BE LR P A9 AR5 LI
AN—EL, B LETIHT .

KEREHE 4300 m &5, SEUPHFR], A
L BTELVE AR, HBZEKAN . AV R AUC,
Coox IR EIIK, MRTIHBIER, CL, V33
RRARG U2, (R X BB 25 ) 1, , AR AR A BT AN,
}iqqﬂﬁg§5K$ﬁE@luzgﬁiﬁ, Wﬂﬁiﬁﬁ$$\ Eikbttﬁﬂ\
TSRS . A2 S8R TD B0 1, SEG . SR AN 2
BT 2594 2tk 4300 m & J5US 25 sh 2808 b
RABHER AN, Luo 55 VIS LB, HFIRLIH
o, TR R S R AUC B VERER 16.04%,
Cre F1 1, 5 35 P B K 25.93% . 34.02%, MRT 4E
£ 30.88%, CL. VT 23.53% #1 42.50%.

Zi b, To R AN 1 A 2 R S
B, 4 R ZH e s S R AR P A AR AR TR BH
W, FEEM N AUC. MRT. C, MK, CL. V,
FEAG . FE 2SR 1,

1.2 RE T H b 5h 4 2 50 2 B9 %

BRIER AL, HAth 525 sh s H T AR A
ARG, (A TH0E 2 i R S A e o
MEREFNEER, LR Z BT X A7 AR
B FARAERIIL 4572 m = B A0 R 4800 [R) B 1k
W35 hE, KEWZ . OBKSIR . LmEmeRe
%HﬁEﬁE?EE%V\] 0] Ly, Hl MRTiQﬁ%ﬁﬁ,
K, R s m R IR, R R
TARESM T, RKZIH AUCHE N, CL 3%
K B4, Letarte 25 ™! F Perreault 25 P X 1% 420 1L 5E
DA % e B i AL X S AT VD T B 1t 2 32 ) 5 T
WATERSY, RBMINTIEH 4, RAEMAEH K R
ZEWH) CL W EBEAL; VT RRBEM) ¢, 346,
v, 80T 2 4%, du Souich % PVHFSY &L, iE L
BEADL g S B A, B R A4 PN LR B 2 9 24 5
SRR TG B E AR, (HREAE 120 h 5, HBIRER
BV, FCL YRR 20%., T I % 45 P55 5o A
PR, & BRI U P BT R GA IR ) CL FEAIR,
AUCHER | Co Friie AMER IR, £ 25W7ENLIK
W CL KZ 2GS, Ry PESIUAN
PRGNS . FEA B FSEE L 2.

1.3 REX ARG FHEH

HAAEENE, AR E RS ik
PG 36 PR LR IR JE AN A R, AR = o A7 A 22
5, NI T BUIRE IR EE 25 7E 45 BRI 50
KA. Powell 55 PV F 57 % B, A% ol 76 0> T fiE 52
by L M R O R ) R A
) CL BEFEAR T 30% ~ 60%, IMiixX LL g I
A5 SRR A O, T DA I A 2 S L
RGP & AR . X — BT JR S A 5
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®1 REEFGTARAMERNNZSHHTL

Tab 1 Pharmacokinetic changes of drugs in rats at hypoxic condition

L7 pUs Ly MRT  Cn.. K, AUC CL SCHik
FiTRi- 22 TERSTHL 7620 m IEFHR ) BE IR AR T 1545 6 h Fl 24 h 1 — 1 — — — — (6]
FiRGes FERSTHL 7620 m HERHR & B2 IR U008 T 1545 6 h #1124 h me — 1" — — Mmeut (7]
ISESRED AR (9%0,) FFEEMR% 72 h — i - - 1 - - [8]
BLUHR fIREAF (9%0,) FFEEfItA 72 h 1 ! - - 1 1 1 [9]
XA 7R 5000 mVEE S EIDE AR IR 4 d A 30d 1S M e Lt e e e [10]
LR T HSUI AR 5000 m R ) BE IR AR T A 4 d #1030 d R A & A N — — — [10]
PGP B AR E AR 1 1 - - 1 - - [11]
TR IR H VR 55 m A0 B 2B ER 4010 m A R 1 ) 1 - 1 1 1 [12]
i FET s e H VR 55 m AR 2 PRI 4010 m A R — - - - - - - [12]
SR AR 55 m AV A IR 4010 m ) 5 — - - - - - - [12]
ESintYIN ¥R 50 m AR SR PRI 4010 m Ay 5 1 I 1 - ! l 1 [12]
WEZEAK HER 55 m Ab-FJ5 S ERFR 4010 m (955 J5 1 ) 1 - 1 - 1 [13]
TZRIEIR MV 50 m A0SR DR IER 4010 m A R 1 ) 1 - 1 1 1 [14]
F i 1 1500 m IR L X 234K 4300 m ) i - ) - - ! i) 1 [15]
BT B P AR AR 50 m Ab- B A EIEER 4300 m 1 1 1 1 - 1 I 1 [17]
Hb KA LR 12 h (A 4300 m PRI HBIX ) 1 i ! - 1 ! 1 [18]
FLUHR] AR 12 h (2 4100 m BRI 1 ) 1 - 1 1 1 [19]
Tl A Ak 1500 m M X SR 4300 m A9 5 5 1 - - - 1 - 1 [20]
KAFEE iR 55 m AT IR AR 4010 m 15 1 i) 1 - 1 I 1 [21]
b A F PS5 2R 4300 m (17 J5 1 1 ! - ! 1 1 [22]
H (Note ) : — . JAMbLE S/ P HIE (without significant change or lack of data ) ; A . 1214 ( chronic hypoxia ),
x2 REEHTHRE. RINRAYHHESHNTR
Tab 2 Pharmacokinetic changes of drugs in rabbits, dogs, and mice at hypoxic condition
2 P JlSLiyia MRT C,,. t,, K, AUC V, CL  3CHk
2508 F AEBAE 570 min (B FARER / SRk E Co, FRkEH) - - - = = =1 [25]
AR Fh Ak (BT 48 mmHg SURMBLE IR ) - = =1 — 1 [24]
CBKAIR Kb 76 29 mmHg 1T, HEST 4572 m M ILEMERAE/ Shed !, #58:7d ¢ — 1t L — | | [23]
KREHE  FR EQImmHg HF, HHST 4572 m mEMIRRERAER Shed ™', #j2k7d © — 1 | — 1 | [23]
RUWE FR FE429mmHg AT, YT 4572 m S URICEIRSHEA Sh-d ™!, #5274 1+ — 1t | — | | [23]
CTEMERE KA TE 429 mmHg EITF, HRST 4572 m M IUEMGERASER Shed !, #8:7d — — 1 L — 1 —  [23]
WTHBE R R 4 d (B TIVRSUEIRE CO, BRb) - — 1 = — 1 — [26]
HW/RBRE K 5:8%T 8% FiO, 'f 1 h 5% 120 h - - — = = *1®
B kme  /NERL AR 5500 m ik 1 BRI 42U o 2 I s R [28]
¥ (Note ) : — . oAb a /D HdE (without change or lack of data ) ; A . 18EHk4 ( chronic hypoxia ).

WARE] TIESE P =, AR T AR
POPNE P iU A TS

ST BEAS B NG A I R R, BORE
B2 3 0 ST St B b S 2 T R b X T e 24
eEid g, I A, BRI E S
B R 259 Rl AR S, AE 4000 m R LA L
AHLX, Kamimori 25 PUBFSY LB, BiAa S 200wk
AR R E RN CL A Vv, B BRI, AUC
SRR E R Y CL 380, ¢, W B IR K,
AUC BERC, AT EE, e 2t 4500 m
e R AR R S R N I 25 sl 2 S HOR Kk A
Ak, PR S B AR I A el A R AR N
FRBHEDL P B 2. B rESE 4] CL 3
EHO, AUC ¥ ERRAL, SUEBEE v, B R
%, e vk v, R Y EE s 8
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PRERA IR G MRT B F 5B K, CL B 5 RAL Y,
—WOCTIRREE s R, 5P RAMHL, &
BRI £, Vo BIBEIN T 64.1% F1 18.9%,
CLIRAK T 24.3%; R B a1, Vsl
T 111.4% F135.8%, CLFEIRT 37.3%°,

o R, FRGEEHETE 1 d N2 3600 m
R DA AT AR R, PRIEK IR JE M SRR Y
PRI R AR A, WRIERAE R A B EAE
HBEBEFRN Co FEAE, CL¥GIN, ¢, K, &
PEER AT SE K AUC, MRTF V, Y08 /0, i
PEGAE T R ZE KB AUC . MRT F V38K B
. 1SrEEESMT, RIEM e BE A K 25 s
FRIEAS b a3 —2, HFRIN AUC, Cp WK,
CL. V&AL P, M4 A I j 0T 5T, i
FH e 7E E A 3800 m =g Jit () 4 e 7 B 3 AR 9 1Y
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RE O A A AR, 2R BN, 2. 1BHsEd
1 AUC 53330 17.8% F1 8.0%, t,, ZEK: 11.51%
F119.9%, CL [&{% 17.82% F1 8.91%"",

IR, 1 AR AR P 24 3 2 (R AR A
TN R R R AT AR G HR Y . AR
R BEXT AR A — ik, (HERYTERL
PR PRI 5 S T b XA R AR ] o T 4% e [a] =
T 2T 1500 25 S5 R A% DR 3R s i) e, R 3R] — 2459
TENRIFP R B v Ze 2 . DU 25 245 )5 %64 B
AR B ARE I IT A B, 5 DR DU A L,
T frlg HHY W AR 1) 22 DR v A 026 AR e
JEA R AR RN BR A BB AR,

AN R RN 1, AUCTH . CLF%
6™ P SubEey, R L 2 a) A e
WA AE 22 5, RO 4 A AUC HE U 2t 35 1%
1% 10.8%, TF|Z R E 28-S 501 T W 3% %
5o BHETCTHE S R BRI 25 327 0 4
AT ZE R

Zi b, A AR AT TR R o 25 e AR
AR, 29 R sh SR R BRI AUC
Jhw, MRT A ¢, iE K, K F CLEEAR, H 51
LS R AR IEAR—F, ANFEZYYITE S
JRIREIASE T 28l S50 AR L3k 3,

®3 REEGTAEHNAHFSHENETN

Tab 3 Pharmacokinetic changes of drugs in human beings at hypoxia

244 JLEL iy MRT C,.. t, K. AUC Vv, CL ik
258 SRS (U TR SRR 4500 m ARAHY) - - - — —  — — [32]
Aefiik SRR (RN SRR 4500 m AEY) - - - — — — — [32]
VS S S kB (Zt 3600 m EEHE B IX L 15 h) 5 EEEBE (IR SR e ) —  [LY —  —  11% 11t 11° [36]
W E  AVERE (k3600 m FEMRMBXERL 150 ) 5 MBI (HRDgEEiRi e M) — 12— — 1t Lt 1LY BT)
AR AR (2 4360 m SR MIXGERL 15 h) 5 BEEEGE (P EEs 10~ A) 12 — 1% —  — 118 117 [35]
R IE SRR (ZE 4360 m iR LA 7 d ) 5 B EEEVE OISR 10~ ) 1 — T = - = L [34]
WIEE PEA 4360 m B ER MUK B 16 d S R B A Rl 1Y
WEIESE UEA 4360 m i EHRHLIX E B 16 d N A K R K3 )
SR AR (S 4360 m ORI ILIX GERT 1 d) 5 BB (IR SR 10D L —  —  — 11t 11t 112 [33]
Tt fe F v 2 PEBiAR (St 3800 m i ik M XA 16 h ) 5 M PEBEE (R LIS R 1 4F) - = Mmt = mt = utm
FIZRE AR N 2200 ~ 4500 m 70U ARG & B L e R i |

7 (Note ) : — . oA kB4 (without significant change or lack of data ) ; A . #&EH4A ( chronic hypoxia )

2 REXNAYMRET=H

AR T 2 R o LR I 2 A G o
i 10% AR, T TF R RS PR 12X 56 1
A WER AT Y 2P (metabolites
in safety testing, MIST ) " fij 7 25 78 471 i
PR VEVEALET, ORI R SR e A\
(AT AR 2o TR RO IR 9 52 M