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Study on Separation and Purification Technology of Sanguinarine from the Extract of Macleaya cordata by
Ion Exchange Resin

DENG Linfang', YUAN Shuai*’, LIU Jiangyun’(1. Dept. of Pharmacy, the Third Affiliated Hospital of Zhejiang
Chinese Medical University, Hangzhou 310005, China; 2. School of Pharmacy, Soochow University, Jiangsu
Suzhou 215123, China; 3. Dept. of Pharmacy, Wuxi Hospital of TCM, Jiangsu Wuxi 214071, China)

ABSTRACT OBIJECTIVE: To establish the separation and purification technology of sanguinarine from the extract of Macleaya
cordata with ion exchang resin. METHODS: The content of sanguinarine from the extract of M. cordata was determined by HPLC,
with Cosmosil Cis-R- I column (250 mmx4.6 mm,5 pm), mobile phase of acetonitrile-0.2% acetic acid solution (25:75,V/V),
the flow rate of 1 mL/min, detection wavelength of 270 nm, column temperature of 30 “C, and sample size of 20 pL. Static
adsorption and desorption tests were carried out to compare the adsorption and desorption properties of 8 ion exchange resins for
sanguinarine. The optimum concentration of sample solution, pH value and volume of sample were investigated by optimum ion
exchange resin. APPS 10D liquid phase preparation system was used to investigate the dynamic elution conditions and obtain M.
cordata refined extract solution. The refined purified product of M. cordata was obtained by desalination, eclution on a
reversed-phase (RP) Cis column and drying. The purity of the purified product was analyzed by HPLC. The structure of the purified
product was confirmed by HPLC, UV spectrophotometry, MS and NMR. RESULTS: CM-FF resin was screened for the separation
and purification of sanguinarine from M. cordata extract. It was eluted with 20 mmol/L ammonium acetate solution 100 mL
containing 20% methanol and 0.25 mol/L sodium chloride. The optimal dynamic absorption condition included that the
concentration of sample was 6.0 mg/mL at pH 5.0, and the loading amount was 25 mL; after desalination and refinement, for the
eluted refined extract, the purified product with 97% purity (purified yield of 71% ) was obtained, and its structure was

confirmed to be sanguinarine. CONCLUSIONS: The optimal separation and purification technology by ion exchange resin is green,
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separation and purification of sanguinarine from M. cordata
extract and is suitable for industrial production.
KEYWORDS Macleaya cordata; Sanguinarine; lon exchange

resin; Separation; Purification
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7% 0B Z AR AR, R TR E R A T gy
(i A 007 N/ AN 2N =L NG 1 1N [ A 1 I 9
TSR X, K s S A, A DR B I
() LA A Bk A, L B A HLAE WIS AR Y
RARTT S RS AR A, T2 AL AR AR | 1 S 2L
Jir B R BRI 3 e B A I AR BREA B S e
PR BT A R OR AP A5 2 3 PR, AERRSEFIH
ARG R IR FE R ARG A APt 2 n 2 A )iz
T &R S gz, A, FE X T w2
ARG TR HE | = S AL oy g alifb vk . RER
L BFFAR B 12 FH T H2 B i £k 9 T 25 K R T I 25 R 4K ™
WA LS RIS (H R T IR B A LB
(2RI I - LW A 3R G540 S B Ak 2 SR R il
FHR L AR B e FLE A 7 iAoy 7 R R L 2
RS A LI R, 2 Al A iy ME TR A A 7 . AR
PImd s o AE Tk SRR MRS N DAE B IR UfE A, TR
L] et /3 Bl B S R R e L o
CARR Y G =W, i NN R 78RR Y N i g
AR O R 2 (4 i T B A2 A WIS S R AR T Y 3
BRAAE TRIABIESE B AR AR TR Z= 2 R0 A e,
KB s BE AT EA T Al Ak oy 8 HA — e i
W, AT BT & — R s B 28 128, Tl
2 o 2B W AR , o0 J5 B2 AR s i i — 2B W5 T
BEE 2

1 #F
1.1 {88
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IR AT BN H) ) 5 SPS0 UG FH 85 1~ A2 et I (M %0
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FEdt: 20 pLo 7EIXEIESRAET | ARG 5 AE &R U5 4 53 25
FEYIRT 1.5, BHEARECK T 5 000 ([&[1% )
2.1.2 X RESESMATAE O B PR IR AR R
12.86 mg, ¥ T 50 mL &, A i &, R ()
250 W, 5% . 40 kHz, T [R)) 58 Wl 5 2 25, %
57, 45,
2.1.3 MRS A R R PRI 2.27 IR £ Y
7K [P HUAL S 25.48 mg, BT 50 mL &, A
i it B S S R RS 2 RIS
214 LRPERRFEE E2.1.27W F X AAT 1.0,
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A1) T VAR R ) M X R VA T B IR R TR S R
R LM BB B ST, H 2. 11T N (i 2243 1l itk
FEDUZE o DA AR 05T VR B (x, pg/mL) SR AR e | 068 THT
FU(y) Ry P AL bR JEAT Gtk IRl 0, 45 1A D7 Ao 2 y=
101.07x—398.04(r=0.999 2,n=3) . Z5 R L], MmH 5
R EAE 25.72~257.2 ug/mL Y I N 2R B AT
2.1.5 AEHEIRE  H2.147 W F FiEE M 154.3
pg/mL P2 RS ROE o, He 2.1 I gk A
HELEEREINE 6 X, 10 SRR . S5, AR BRI AR
RSD N 1.07% (n="6) , R WL AIE 2 LAY
2.1.6 FAEMEREE 2,137 R A oS L 4
BT TR 0.2.4.6.8 hilf, 42,1173 F (43 4%
PEPEREI 2 10 0 A . 2551, MR R v AL i RSD
1 1.53% (n=>5) , UL IR T =W FE S h N
2.7 JFEIICR B A A R [ SR Y
B 12 mg, 26 £, K5 % FR e, 43 0 A R By
1.528 mg/mL Xif B8 5 6 9 (52 “2.1.27 100 F 7 kil 45 ) 2
mL, 4% “2.1.3" WU T Jy il 8 i i A, PR 21,17 30
TR SRR A, 1O SR TR, Fe bR o I ek A
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Figl HPLC chromatograms of M. cordata extract
2.3 EEERBYHMRENSE FLEMEELTE
R
2.3.1 BRI ANI R FRIC2.27 50T il £ ) 1 (e
S RE L 500 me, BT 250 mL &P, A B 50
mL, & T =AM )S, L) 20 mmol/L BE IR I ERE
ZIpE, RfS .
2.3.2  fEW MR A EEBCPEES0 mL, # T 250 mL
T, I A G AN 7.32 g 20 mmol/L SR B i T i
S AT R S L L) 20 mmol/L B IREA R E R T
2%, Rf5 .
2.3.3 BB ARFIIEELE R A R B 5 A
BRI A TR E o (1) F A IR B . PR HR T Ak Y
AS[R) Fp 244 I (CM-FF , SP-HP , CGC100 x4 , PCG600F ,
PCGY00F , S40 , PIPO-02, SP50) % 2 g, 43 % & T 50 mL
HEFE I, BRSSO “2.3. 17 I i EARIA K 20 mL, =i
N A 120 r/min PR35 R 3 iy R R F )20 1 mL, 5%
% 25 mL B, LISA 20% HIEER) 20 mmol/L SR £
SWOER B2 . WO, #e 2. 117 T T % S5 it
R, 53R G WA R T FS A Y e ot A 1) R v
JE I TR B 1 7 2 TR R o < S A R
B2t (mg/g ) = (W2 B i 0L AR A P 9 s o 2 — WO T4
R I AR B0 %) BT Ve JBE ) < W PR A B R PR . (2)
i W X S R S R %) 45 AR g 43 1) % B8 %8 50 mL
HETE I, UK 3 UK, A 2.3, 27 T 1) i W B ¥k 20
mL, Z i T LA 120 r/min §% 35 W06 5 h R 95 W B EJZ
W1 mL, %% % 25 mL &, L&A 20% HEER) 20
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mmol/L i FR B 1 W€ AR B2 E . ORI, #5°2.1.17
T @S AR PRI E |, 53 W B P i R ) o
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Tab 1 Comparison of adsorption and desorption ca-

pacity of different types of resin

il Fifz, pm AR i mg/g R mg/y  RRMR, %
CM-FF 90 6.7 5.0 75
SP-HP 30 7.6 5.6 T4
CGC100x4 125 8.2 22 28
PCG600F 35 8.0 23 29
PCGIO0F 35 19 35 45
S40 40 78 40 51
PIPO-02 60 8.0 - -

SPS0 50 15 29 39

%% 1 7] WL, CM-FF . SP-HP -5 Fy W} 15 Sk 1fiL #R B 1)
i W O B e I B 3 ) e s T LA S R A RS i 5 At
TR (R4S S EE AR T 285 TR R BT 2 B v LA A 2 i A
22, JUHJE PIPO-02 RIS B RALA AR  FER B e B 45
TG A W o AR, 3 — 25 R 5 DA SRR Y — B
LR 7% RS W B RN A7 W S50 TA R, CM-FF AU

B4 SP-HP ZURS i Xof AR Bk rr) MR o5 0 ISt P i T

AR CM-FF BRI A1 — 20 T2 S50 5%.
2.3.4 CM-FF R ShA8 M B 45558 (1) s [al
PRI bR T R B A L ORG BEARHL S A S T R Y
CM-FF BB} i3 o , 1 3 2k 3, A5 AT IRIR B (BV) y
20 mL 9 F A il A o BRUS 402,27 3 i 45 A R
R EUY) A8 5, DL B 20 9% FRERY 20 mmol/L i R #4 1
TR R R 4590k 2.0,4.0,6.0,8.0,10.0 mg/mL
VW 2y B E AR 30 mL, L 5 mL/min B3 F
B WSO R VR, 42,17 350 7 0 I AT R
H A2 355 CM-FF AR B 114 21 2 W o [ 0 A I o
(mg) = (W B iy i AR Bk 7y o ek VA 5 < MR 86 T 247 9 AR
) — (O B I ot AR 174 Joi0 o Ve J3E < R o i 25 AR D) 1
S5, YT RO AR VR R 6.0 mg/mL
I, 2 A5 R i TR I8 36.46 mg s T BE A 1 7% [al 2 1)
JOT H VR T A — AL 30, Bl A R B Sk i T B (LA
2A) o DRI, AR ST T Il S B0 A o ok
4 6.0 mg/mL.

(2) BFE pHAE S, K25 PRI 8 1 55 5T 2 1) CM-
FF AUR IR AE &, 42 (1) 700 F Jy i B 38 3 7 28 4 il 4%
FEo e 209% BB 20 mmol/L i R 44 V75 W 8 4y , 43
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Fig 2 Effects of different conditions on the adsorption
effect of CM-FF resin to sanguinarine

S FH S AR % pH 2 3.0,.3.5.4.0,4.5.5.0,.5.5.6.0.6.5, 3f
DL IR W5y B R R A T3Py . S5 B8 iy “2.27 T |
il £ T & MR U IS &, DL 7 20% B B2 Y 20 mmol/L
T PR Atz Y R0 ) S I VA B 34 6.0 mg/mL (VIR . A
BIEC A 7 30 mL , LA BR 8 4% 2= A N pHAE S5 , LA 5
mL/min 3 8 _FFE SR TR, 452, 17350y 00 5 i
MR T R B, I4% (1) "3 5 %115 CM-FF AU g
IS SR i . 4855, 24 FRE pH Ry 5.5 B, 3l 25 0 B o
KU 37.04 mg; 24 - FE pH AR skad m it , W AR sh 2k
BRHEIAT BT PR (UL 2B) o R, ASBIF TR 22 19 [l 2
B A pHAE R 5.5,

(3) FREIARFIE SR . KE 2 FREL CM-FF M i ik, %
COU)7HUF A g il A R 2 BV &
20% H Y 20 mmol/L fiff R B4 75 T (pH 8 %2 5.5) X FE IR
AT PAT o 2.2 3001 ol £ A T Il R I o, DA &
209% H IEIY 20 mmol/L i iR 54 VA R il 1l ot et vk i Ry 6.0
mg/mL A . BUZEE W 50 mL, DA 5 mL/min i 3 [
BE,BED mL U 1 YRIE4Y , 32,1730 F 5 0 2 IAR B
U o DL G 5 R AL AR LI 43 HP AR T vk
FE YA FRZ RS R ik (UL 2C) . 255, A
6 5 9 4 T i B B S 3 5 R G (R ARG:  afi R A
43, A E 6.0 mg/mL A% ISR B A BRI
FH 25 mL,

2.3.5 Y& RIREI shAS Ve &1 %25 SR APPS
10D 70 30 A il £ 28 G S e 2 Wk A 7 sh 25 PR 2 14
R, M “2.3.37 N ik M A AR A B FREU CM-FF 4
fIEE B, B BV O 20 mL A B T ac e il g5 B . el 2
20% F BERY 20 mmol/L i R 24 7 W (pH 8 22 5.5) 1 Rk
Wi A, BE I 20% H B L 0.5 mol/L &4 1k &l 19 20
mmol/L BRI (pH I 2 5.5/ AUE i B A . R
2BV 14 A FHXTRE R IEA TP 5 8 B 3 ¢ 34 6.0 mg/mL
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BT (a1 B ROV T (LA AR AR R EC DD , L 5 mL/min
Wk EAES ming SELL A-BIRGHH (BAIARIEL 2% ) |
Ui A 5 mL/min AT PR, A5 ] A A €3 1 (U ]
3)o ZEREIR, 1T min FFUR , VIR €0 3% v H B R
i ER AN, F A B BRI R R 5 D 1T min AR A
10 mL 8 14, & 40 min B, 3 R @ s
TR, 52 1 E A . X BRI A IR R 2,117
T 0 25 A AR R, 388 35 AR B X A 5t Vs TR )
B B[] L AT T, A BRI 0 R T R 2 Sk 2
Ji o RIGHFIRA A B A ARFR L3 55 22 50 % [ LR
A UE WAL BN B 20% I L 0.25 mol/L SH AL AR (1) 20
mmol/L B 2 5% %5 W (pH 5.5) 148 2L #- 4T ¥ER , & 52 min
A, VLT € 1 P A B S R AN AL s eSS, PR B
VEME S5, B 10 mL AR 1AM 40, B VR B TG 58 A
W (WL 3) . Rt bR A4 2.1.1 7 30T (838 5 F R
FE S 54~ 74 min W RIVERR P o R AR B . A
I3 — I} B BE A BE R I 43 (BDRS Ri ) , FH Fadk—
A AR AR i 24k
21 9000]
600

180.01

—100.0 - . : - . . . 0
9 18 27 36 45 54 63 72 81 90

t,min
T LR BE 58 AN -1sf ] 2 51 (365 nm) 5 2. 96 48 g i -
FFIAT AR R 141 (270 nm) 5 3.3 AT HY BAHIRER EE-Hof ] fif 2
Note: 1. UV absorption-time curves of eluent (365 nm); 2. UV ab-

sorption-time curves of eluent (270 nm) ; 3. phase B volumn proportion

in mixed phase-time curve
E3 EEOERYEFZRGl&EREGaIEE
Fig 3 lon exchange preparation LC chromatogram of
M. cordata extract
2.3.6 TR IFDR IR RS 4tk HBR ZAE Y
VW P B IR B AN SETCHLER K 2.3.47 T 13 2
PGSR PV W B 3% EAE 2 RO Co il A G i At b,
2 BV [ 20 % F B L) 15 mL/min S s b7 1Bk s SR 5
L2 BV B P S ] 8 R 3L, WSO e 0 TR, DB ok 4, A
FRE L0 0K ) 2l AL TR R, 2kl R 1% . &
HPLC LA, 12065 il s AL Wy ) 4l B2 0 97 % , JF it 5
ARG Rt 7 VR 4 R P T T o R 490 A5 40 W Ay i AR
. PTG 2E A i) HPLC A I 25 2R DL 4.
2.4 1E7% ORERYD A5 4L ¥ 0 S5 KA RRIE
Be2.37 TR il o 0 1 7% [0 RS il 2816 9 , 42 HPLC
VRO OO | BURE IE (MS) FIRZ R 3 R AU
("H-NMR) B3 (PC-NMR) 205l . 45258, b &9
5 AR BBOCT HE i O IS 1] — 20, S8 AN AR W ST I8 < 331
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Fig4 HPLC chromatogram of refined purified product
}3 270,328,335 (JF 14 ) .400,475 nm; I 55 (ESI)-MS
TR, B G (m/z) 2y 332.5, 5 ARG 5[ C.oHuNO, ]
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6.53 (2H, s, 2, 3-OCH,) . 6.27 (2H, s, 7, 8-OCH,) . 4.93
(3H,s,N-CH,) ; “"C-NMR % (150 MHz, CD;OD) .75 , 6
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128.81,127.30,121.66,121.00,119.38.118.07x2.111.00.
106.79.106.35.104.79.104.14 .52.64, £ 5 SCHkEcz 0
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Fig 5 MS and NMR spectrum of refined purified
product
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TECAEADCHETE i, X% (0] 2R ) 7 s 4 i 22
EEXF AR ) RBRR A0 ikt SR R A ik i 4y
EAAb I fiE DL IE o AN e B AR R
FE A B B IAEE Vs YD Rl R AR R A A A
P TR A B Tl 2 Tl A RS
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CM-FF 5455 [ 2§ 22 4% g 0T 18 [ B2 U kA 7 03 15
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CRAE R, A L ARB A T Sz AN A5 BE R T S

BH 15— S A i 12 R0 FH A 0 B 25— P R A g e
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TG, X LG T 8 R[] S B B - A4 g K LA i Xof
T [ BB o ILAR A P W I R ik 2 P g , 45 2R R
CM-FF | SP-HP #33 PA ) B g W 258 J5 110 SR P 2 28 #
Y S 49 W o R e O o B s A o R AT e S 1 [
SR BT A B I AR R R LA (] s i)
A L 1 SRR EE ) 38R 2R I S M A AR ) HLAR
A AR B KM, 785 55 A 6 Fh I TR R 20 A s
KA AR, BEA 550 i m-n A AR, A L far A
EAEFR AT XA Ao L4 e W B 55 5 1T CM-FF |
SP-HP BB g AN 23 55 i ML S JL 2RI & Ae i /K AH B
VR, AN 2 2 B AH AR L R U L 5 0 1 I
FRFPERE™ . [R]IN , X S i 2 o 5 s [l 412 B ) () AH
HAER 155, AR RS0 A R FR R R, AT AT RE
KA A 0l 1 i, AR T 20m04% 17 5 SP-HP Y
558 PH 5 S I L4, CM-FF BUAR I o 55 PH 2 38 e v
NG, 25 TV RS ARLAR B, SRAI, B T, SR T
Tl Ak

TEGT1E H CM-FF BUSSBHE T g fe , T 2k — 2%
KHTHESH., ZEDIHETFEWIE—RE
pH4.5~6.5 Jii [l N PR BB BT, il ik A BIF 98 2 %€, e 24 0
e AR AR pHAE N 5.5, IEAh , AN TR ZH Ry )58 1o %o
SO A R AT F A e R, i e DR T
AP N F TR AR ™ s Tt &, 7E S R4
I BL T, Z2HE A IS 2336 R I R 2 i 3R B, A
TP BOE AR, Tork se sy i aifl . &2 Wil
Ak TRV M 5 mL/min, fEIL IS T K 2R 0
J£ 2k 1.5 bar(1 bar=100 kPa) , 7 F B B 114 5 K 1 3
bar [ Z N o FER R BEEE T8, BT 1R R HUY) G
IKPERESR , KPR UERE S G 2 Ab F I R3S AR 7E
Pt e e 1V R H HYRE R F A, 25 2R i 209 i R
Pt LU A5 A PR AERE O 8 I R AR B . 540 1

TEHEE 2019FEF0FF 168



ZE MR AR R R T, 25 BB 20 mmol/L TSR B 1A

HA R4 R 2 WU e &Lk 5 209% B BEY 20

mmol/L it R B 1A A fre HE B T A e AR & o I Al

J APPS 10D ¥ AH il 5 28 5 552 I 7 2 M 0 R4 7 3t 23 i

&, PR AT HPLC B MR VR 25 2R | e 20 g 1 3ha vk

JIE 12 B o WO AR . X T 8 1 A4 i B AT 2 1A%

PEPERVE T, P8 SR Cos B AT 204 7 RO 8 F0OAE 1 2

A, R 3R] DL K T A4 b 4 32 AR BORH X O 7 o [i])

179, R IR B SRR R B 5 2585

25 BRTIR AR B T3S T A58 i T 1 (ol

S i MAR R Y 23 B Al , BEIRAAR & A AL R Y H

AR D ARIE T 2SO LR o TR

B A o AT IR MARBR A 2L R 97 % , 5 I

AT P T 252 ks il b RO SRR 5 e b, h Tk

JEEARS BT e A e 22, AR D R R AT 3 il T B

B RS R WIFFE ARt 221a80R T [R1 S B v 52 1 EL it

R BT8R 09 B SR IR R 7 2 B 2liAk

S

[1] E#C, Bk, 518 W% [ AR Y o K T 1 1k
AIBFTE[D). o Bk R 4R (B &S 0R) ,2015,34(1)
39-42.

[2] AR, ZEE MR, F FE R AL B BT D).
#%#%,2016,39(8) : 1767-1770.

[3] ABESE, BLLE, JEDGARITE [nl i) A: W o3 b A i
TEPEWFFT[I]. P B P 25 4 &, 2015,40(3) : 458462,

(4] HHME, AR, 1) B T BT 1 /R BR F S 1 % [ AR 1 12
JAT[I). 9P 2 4F,2017,40(1) : 84—86.

[5] OCHA,SZEWCZYK K, LUKASZ PECIO, et al. UPLC-
MS/MS profile of alkaloids with cytotoxic properties of
selected medicinal plants of the Berberidaceae and Papa-
veraceae Families[J]. Oxid Med Cell Longev, 2017. DOI:
10.1155/2017/9369872.

(6] M2, e A0S 15 10T 4 A= My s o3 (0] o 12 o 25
7% %,2009,34(13):1683-1686.

[7] TESZE, R, 52 22 YA LA GRS U Kb
BRI A B P RS [0]. R R = AR 5 FF 4, 2016,
28:247-250,288.

[81 (LM, /NG, EhbR. T [n] A= Wy mions 12 Flvte i Jt 1
4 A= 0 3 B 9T (0], % R e A, 2014, 42 (18) ¢

[12]

[13]

[14]

[19]

5810-5812.
Wt X A T, 55 18 [T e £ S5 S A\ A
ki DNA JE IR G-PUBE (R 7 T-HL BT 52 [J]. +F ¥ 25,2011,
42(4):738-T42.
FEL it AR, 5 7AW R [ e A A X 7 B L 1R
0 R0 26 B 52 (0], F % 25, 2010, 32(7) : 1108—
1110.
SR, F IR, TR EE A ARG S8 A2 B 2 D9 L
A2780/Taxol 41 iti A 1< Sz TGF-B1/Smad 3l 410 il (152 1]
U] P E P& ELEKE,2018,38(6):717-720.
SRAHE , FARN, AL Ye e, R0 2 STATS jill %
LPS £ RAW264.7 A il RAE LRI HERI[I]. P 4725 5
15 /R 2532 ,2017,28(6) : 714-718.
HUANG P, XIA L,LIU W, et al. Hairy root induction and
benzylisoquinoline alkaloid production in Macleaya corda-
ta[J]. Sci Rep,2018,8(1):11986.
ESTRADA-ANGULO A, AGUILAR-HERNANDEZ A,
OSUNA-PEREZ M, et al. Influence of quaternary benzo-
phenantridine and protopine alkaloids on growth perfor-
mance, dietary energy, carcass traits, visceral mass, and ru-
men health in finishing ewes under conditions of severe
temperature-humidity index[J]. Asian-Australas J Anim
Sci,2016,29(5) : 652—658.
W, G IR , Sk, 3 RALK Rl b3 B S B A 1
L. % B 25 5, 2015,26(31) : 4405—-4408.
FIORR RIS R, RALIE IR IR Sl A o 2 e 4
A RO 0 LW B 2 4, 2016, 27 (16) -
2261-2264.
T FE PR T AR IR 75 R AR B Al R B I
R#FAMNI,2012,26(5):38-40.
B, XL 2, A % =) e AR A8 04 4] & T L AT L [D].
SR TR, 2018,
SR/, LA, TE M, S5 1 18] 4 R R D [0). 0AX,
R A, 2014(23) : 157-162.
ARIGEFE , 2008, 431, 5 S5 5 48 B A Wy afi A 1205
[J].% B 2 5 ,2015,26(31) : 4396-4398.
[, S, ThgRh K K 2 A ML R IR
H ik, 2013:375-381.

(ki H 191:2019-03-15 {181 H 18:2019-07-04)

(G BER)

(PERRE) RE—PERRIE NG THRT, WhLR 115

HEZD; 2019455 30 5 16 1

China Pharmacy 2019 Vol. 30 No. 16 - 2231 -



