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Research progress on material composition, pre-clinical pharmacokinetic, and
pharmacodynamic studies of Shengmai Injection
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Guo-giang, LI Ming-juan
Medical College of Jiaxing University, Jiaxing 314001, China

Abstract: Shengmai Injection (SMI), is a traditional Chinese medicine (TCM) formula injection composed of Panax ginseng,
Ophiopogon japonicas and Schisandra chinensis, which is widely used in clinic for the treatment of cardiovascular diseases as well as
protecting against pulmonary disease and add-on therapy to cancer chemotherapy. In recent years, the pre-clinical basic research of
SMI was widely performed. The studies, including chemical composition, in vivo process, and action mechanism and so on of SMI,
helped to provide scientific foundation for revealing the material basis of formula. In this paper, the studies on material composition,
pre-clinical pharmacokinetics and pharmacodynamics of this formula were summarized, so as to provide reference for the quality
control, second development and rational clinical application of SMI.
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fragment-ion-based extension strategy, DFIBES), X
FH VR € 1% - H 8% 55 B YR B G IR & 55 1 BF A &1 43
PR AT A (LC-ESI-IT-TOF/MS), M SMI
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1.2.3 HAhpsr BT EEMRAS B HENARIER
KWAHh, IR RN SMI H RS . R IE R
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Fig. 1 Structures of saponins identified from Shengmai Injection

R1 EKEFHRPEEINEEHS
Table 1 Saponins identified from Shengmai Injection

St KA R1 R2 EMAFR
JRANZ R glc(2-1)glc gle(6-1)glc ANZEH R
glc(2-1)glc6-Acetyl gle(6-1)glc L3NS 2 H Rby
glc(2-1)glc6-Malonyl glc(6-1)glc Wik NS EH Rb

MMMUOUOUOOO0OWTWmEEE®ITOETEITOIOOD>DIEID>I>PI>I>P>I>I>ID>I>P>ID>I>>P>I>>>>>D>

gle(2-1)glc glc(6-1)Arap ANZEBH Rb
glc(2-1)glc6-Malonyl glc(6-1)Arap W ZEEAZEH Rb
glc(2-1)glc glc(6-1)Xyl ANZ B 1 Rbs
glc(2-1)glc6-Malonyl glc(6-1)Xyl W Bk NS 2 Rbs
glc(2-1)glc glc(6-1)Araf ANZRH Re
glc(2-1)glc6-Malonyl glc(6-1)Araf W ZBEANZRH Re
glc(2-1)glc glc ANZB1 Rd
gle(2-1)glc H 20(S/R)- \Z . 1F Rgs
glc H 20(S/R)- A= 1F Rha
glc(2-1)gle(2-1)glc glc(6-1)glc ANZRB1H Rao
glc(2-1)glc glc(6-1)Arap(4-1)Xyl AZEH Ra
gle(2-1)glc glc(6-1)Araf(2-1)Xyl ANZEH Ra
gle(2-1)glc glc(6-1)glc(3-1)Xyl ANZEH Ras

glc(2-1)glc6-Acetyl
glc(2-1)glc6-Acetyl

glc(6-1)Arap
glc(6-1)Araf

ANZ 21 Rs,
NZ 21 Rsz

glc(2-1)glc6-Acetyl H ANZEH Rss

glc glc ANZEH F

glc(2-1)glc glc(6-1)glc(6-1)Xyl —LEH R

gle(2-1)glc(2-1)Xyl H =HRH Fu

gle(2-1)glc H ANZ B Rgs

gle(2-1)glc H ANZ B Rk
JRNZ =R glc(2-1)Rha glc ANZRBH Re

glc glc AZEH Ry

gle(2-1)glc H ANZ B Rf

gle(2-1)glc glc 20-glc- A\ Z 21 Rf

glc(2-1)Rha H 20(S/R)- A\ % K 1F Rge

glc H 20(S/R)- A 245 Rhy

H glc ANSBH R

glc(2-1)Xyl glc —tEHR

glc(2-1)Xyl H =HEHEH R

H O-glc NS B H Rhy

H 0-glc(2-1)Rha ANZ B Fa

H O-glc ANZRB A Rks

H O-glc(2-1)Rha NS B H Ros

FORIR Y gle glc ANZZH Ro
H glc T E R Via
glc H ZH R

Araf=o-L-arabinofuranosyl Arap=o-L-arabinopyranosyl glc=B-D-glucopyranosyl Rha=a-L-rhamnopyranosyl Xyl=B-D-xylopyranosyl GlcUA=f-D-glucuronide
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B2 SEhKESHRTLEERNARIERR DG
Fig. 2 Structures of lignans identified from Shengmai injection

R2 HKESRPEERARBERRS
Table 2 Lignans identified from Shengmai Injection

H,CO

et} R:1 R> R3 R4 Rs Re WA TR
A —CHs —CHs —CHs —CHs —CHs —CHs hkFH R
A —CHs —CHs —CHs —CHs —CHx— —CHz- BTl Seabay 3
A —CHz>— —CH2— —CH3 —CHs —CH3 —CHs y-HIRFER
A —CHs —CHs —CHs -H —CHjs —CHs TR F
A —CHjs —CHs -H —CHs —CHp— —CHp— LKFE Ly
A -H —CHs —CHs —CHs —CHx— —CHz- LKF L2
A -H —CH3 —CHs —CHs —CHs —CHs XK K
A -H —CHs —CHs —CHs —CHs —CHs LKFE K
A -H —CH3 —CHs —CHs —CH2— —CHz— XK My
A —CHs —CHs —CHs —-OH —CHz— —CHz- LAKE M2
A —CHs —CHs —CHs —CHs —CHx— —CHz- LKEN
A —CHs —CHs —CHs —CHs —CHs —-OH TKFET
A -H ~CHs —CHs ~CHs —CHs —H Tk
B —CHs —CHs —H -H —CHs —OH TR FEEH
B —CHo— —CHp— -H -H —CHjs —-OH TkF RS
B —CHs —CHs -H -H —OH —CHs BRA%RTE
B —CHs —CHs —-OH -H —CHs -H *KFES
B —CHo— —CHz- -H —-OH —CHs -H LKFEO
B —CHo— —CHz- —-OH -H —CHs -H RKLKFEO
C -H —-OH —CHs LKFEH
C —0Ang —CHs —-OH 2 AME K H
o -OTig —CHs —-OH BRI Sk H
D —CHs —CHs —CHz— —CHo— —-OBz TR H
D —CHs —CHs —CHz— —CHz— —-OAng AkFEE S
D —CHs —CHs —CHz— —CHz>— -OTig Ak EEA
D —CHz— —CHz— —CHs —CHs —0AnNg LK F
D —CHz>— —CHz— —CHs —CHs -0Bz LKF¥EG
D —CHs —CHs —CHs —CHs —0OAng ABEROKE Q
D —CHs —CHs —CHs —CHs —-OTig BRI SKF Q
D —CHs —CHs —CHo— —CHz- -OTig BRI K P
E —-OH —CHs LKFED
E —-H —CHs LKFEE
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B RERERIZZ SERERAT T B BT HRAT GRS
a3 R AR RUATAE - SR BCH  20  FE RO A -
BT, B A e A S AT AR LSS,
AT SMI HlE, B RR R FERE AT
TR, S sE R SMI TS R, EIERE.
JERE. ZOERE. SR H RS . 19 PP AF. 14 FiR
REZRAN 17 PP BlR, WM AR T SMI 11k
W HE A
13 FERPESENE

TEH 25 20 e M ) e, T R R AR Ay
e & dr, R ARG EARER, £T
HPLC J7i%, 4] LARIN E &5 4T SMI A LR
BREMASBENARRERSS, FEAFEAS
B4 Ryl Re. Rf. Rbl. Rc. Rbz. Rbs. Rd Fl L
WRF i F 0281, i ZERULEXS SMI W5 oy s P4y
Mrivg st b, @S0 7 R WTEER) HPLC-MS J5ik
T FBFE SMI 21 Fh =B &R, 18
ARG T 14 FPEFIE. 6 MRME 2RI 1L ok B4
(PIRLL R ] 28 P SR Ay, AT 10 MR SMIL )

BT, ERGRER SMI P EHRKERS N
R A, MH. 21 Msor &AL 10 MLTRIE
FFERRZE . Ma SR AL E st
W (MEEKC) 54 BA Mk U1 e AR 2 KA AR
FERHEBREOR (LVSS) HITEED T SMI HRfE
RAMAZRHEMI, FIH LVSS X F: b 1 K e
ThRe, FTLALLH R MEEKC 7572 35 4 s kar U =
FE 6~11 %, T Hi%07 %5 0 RO 7 ik B AT B
KRR EAHEFIE AR, Q7R 2 RERY,
PITESLHIE R B S AT, AT T RN E R
IrHT SMIH 2 R AR ZR IS A1 3 Tl A2 B H S8k
9y, BTN 2 R R R R 1 IR T
WL Z%. R 3FIH T CHRIER) SMI 2Ry
SEMNELSR, KA ER SMI R ASEH
Rgi. Rby Al Re S8/ & EHE, ARIRRRIERT
W R S B BRI SR D5k e 45 R K
PIATE ™ AR SMI &S o & B AR —
SE 2 MRS BEAS [ SCHRARE AN 7] 7545 A s 4
FAFPTRARI & BN S5 R AR

R3 HKEHREERNSENELSR
Table 3 Determination results of main components in Shengmai Injection

Z25 SR P B E 45 R (ug-mLY)

NN
R SCih 26 Sciik 27 Sciik 28 SCiik 21 ik 29

=HBHEH R 6.93~ 16.78

ANZ B Roy 100.2~192.6 137~174 185.21~364.04 3~5

ANZ B Re 61.1~1335 80~115 125.45~288.30 158~183

NSRBI Rf 26.1~ 72.1 34~48 48.02~ 77.29

NS B Rg2 114~ 17.1

S-AZHBH Rg2 15.34~ 30.29

S-AZHRH Rh 6.56~ 42.28

ANZ B R 46.6~301.6 182.6~339.9 170~276 127.66~300.06 322~374

ANZHBH Rb 85.8~ 95.2 109~181 60.13~135.86

ANZBH Rbs 10.8~ 16.6 10~17 17.69~ 29.95

ANZRBH Re 119.6~178.0 99~159 60.01~149.71

AR Rd 37.1~ 59.0 40~66 58.36~124.61

ANZ B Rgs 27.32~179.29

ANZEH Ro 67.39~137.98

HEEH Via 3.04~ 4.96

TR T 0~46.7 8~16 10.80~ 42.31 2

LK D 0.98~ 563

LK 0.09~ 0.43

Fk TR 0.25~ 2.15 153~179

FkTERS 0.07~ 0.59

FkTHE 0.05~ 0.15
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22553 77 e PR 24 8)) 2 Wi 7 Re % 5 B i) BH A48
N EE T R VR R S A i R
R B R PR 45 2577 Z T SRR aE, 2T
JE 2 E A R EENE. Hil, XTkRE
SMI B — 77 ZiM S 1N S B AFROSURI TR 11
PN N BN LN S PN 2 T WL | o A
2, HARNARBFER OBV . (H2, BT
Y ITRFER SMI I PRI 2 30 5 7838 AH % LA
WY W AE IR T SMI H SRR A
2 2AF R, B4, \ B 1F Rg1.Re. Tk 1 H 136-37]
4 24T DESWIG IR AT 258 #h 7L, iR 1 /b4
JUAS BRI R AR ARRAE ,  (HE Iz i AN 2 LB 7R
SMI 577 2 1o iR it 2

AP SMI (IR AT 2580 220 e 18R
TR WA, AR T REL WK LC-MS/IMS
LRI EE TR IS . AL R FEER
JHY 11 B R R A2 21 Ryl Rey Rf. Rg.
Rb;. Rd. Rc. FARET D. HETEF. HKT
B R T QR AR, AT KR A&
Fkes 2 SMI G 253220 5T, R T 4% 2 BER A
TEAR N BT RE . 2HEV0 A AR L0400, A
T R EIR, SMI LR BAT AR R 25 8l 2R AE
HA=§ER NS BT Rgr. Re. Rf Al Rg 7E44 4
PR, THEREEFEM (ting) 4 0.599~0.815 h, i
BA N H] (MRT0.,=0.216~0.462 h) %5, % FEf2 1K,
I 22534 5 - 1] 28 R T AR (AUCo-0) 2y 0.251~3.19

g himL, FEEE. A BRI TR
KB TR R ZGE fRy . R SE(E R RE 2
A E RS AT D DL E T T B,
S ARFEEH . R FEE O R T LR AL
AR BB, 1 EAE RPN R B ] (MRTowe=
0.514~2.50 h) %, JHFRILIE (t1,3=0.507~1.98 h),
KRIERWRAERR AL P A ER, IR FERHE
TEZRAR, IR L Bl 53 5 TEAE JHF R0 B i 2B AR
Ja LA i U, gAY A S 21 Rby. Rd
H Re AMAESIFR & &85, i HAE A P
I} 1A (MRTo.=23.0~28.6 h) K, MILiKIEH %
ANHRP) AN, R 2] 3 B i R AR v
Mg HE . DL 3 BMEM S NS B Ror. T
TEEFHAIANZ 2 Rby fl, F4FIH T SMIH 3
Pl 0 BB B SR A T R b R
T AR 1) SRFHEHE 239401,

Ak, BT SMI @ S I Y B Fa iR —
LA (NO) BRI, Mo 5K et ik e, 38 i et ik
MR LB AR ALE], AR — P
T SMI i SOILER IR BRI NO UL 2450 -
245252 (pharmacokinetics-pharmacodynamics, PK-PD)
SEA A, N 25 BN I 29 B 2 IR AE
(IS4, KM Sheiner 2SN = ib, @7
Sigmoid-Emax [ PK-PD 45465, H3RE SMI 55
NO BB AR F 24, BR T SMI HitCJULER
IR - RN R R o [, FET A 25 5 5 44 e i
ik, HET SMI ZE s NS B Rgr. A2

R4 EROESHERPASEH R ARFERMASEHR RuMEEAHFSH ALRMARBLLRBRAHER

Table 4 Main pharmacokinetic parameters, exposure ratio of tissue to blood, and cumulative excretion rate of ginsenoside

Rgs, schisandrin A, and ginsenoside Rbi in Shengmai injection

ZHRIH AL ANZ B Rgy KT A& B1f Rby
FEAFSH tinp h 0.641 0.507 19.17
AUCo- h g mL? 3.19 0.046 531.00
cl Lhlkgt 1.63 12.00 0.016
MRTo- h 0.462 0.514 23.00
4H 2R 1 3 R B L AUCo.t#/AUCo.t1 0.54 0.65 0.05
AUCo-,5/AUCo.1,i1 5.13 1.29 0.03
AUCo-t,:/AUCo.1,i1 0.12 0.53 0.08
AUCo-,#/AUCo.1,1 0.36 0.42 0.11
AUCo-t i/ AUCo-, 0.06 9.09 0.02
fyake e RIB % 51.20 0.16 66.30
il % 35.10 0.13
JHYT % 70.70 0.12 11.60
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H Rby AR T EEHI 55 NO BB I AH TLAE H
BT, SORRIL 3 Moy ¥ [FIE F s AR 245 3) 27
Frtk, TR X753 NO REBCR A VRIS BT, W

FMAENE . Z9RCF A AR A R 878 7 SMI
57 RIS BEPERSL, H BT SMI IR PR T 255 A0 5
MR AT 2 WL 3.

A HEHERE ;s FFAE

PR R TR, AR BN TG,

1 R LT V1e L IS E Y T
R ﬁﬁfﬁﬁ IRNFEERRE  RACHRE BRI
N 1
SWEABRE. X g ) pogy =mAAS “WEAZ  #ARHD. K
DL T AN e B BT A%
S Lt LRSS, S
RS
i e 2025
Fot UL PK-PD 44 ) i§§2§ﬁ$~%ﬁﬁ
\

ANZBH Rgi~ Rg2w Re.
Rf. Rby. Rd. Rc AZ§  IMiE NO AZRFEHs
Rbrics

Sheiner &0 & H4 ;
SigmOid-Epax 578

SMI L LR L

P EZ oy NS 24 Ry, Rby Al 1L
R IE DL LAA IR 5 2R 215 R0

WL A B%lr,\lo TR
PK HIEAEH: B2y PD M HAEH: WA
B A H
SMI &5 fh
Fegiilin

B3 HpESHRIGKRBIZENZEMR
Fig. 3 Pre-clinical pharmacokinetic studies of Shengmai Injection

Bk 7 UL EIGPR AT 258 =0 LAk, B 7 Xt
SMI IR IR 2530547 AT T W0 VR . 25 S
FUHIPA4-451D) N 23 B2 4F Rgr. Re Al Rby AR EH,
WHIE T SMI FEAG AR N I 2530 22 AIE, 45 3 Bom
FE S NS 2H R Al Rby 1 tu 20 HIZ14 2.01.
47.98 h, VLHSSEIGHEYAELL, SMI TR AR
(IVH BRI 230G, 2580 F R B AR — e PR 2 5
AR, TR IZR IR TN T SMI 3 ZLRR 43 7E O
KR R AR 25 ) AT R8T A 2T I
IR ZHRAE T 2 EE R
3 IERBTAANEMR

AER, SMIEN—FPE B S 7 KA, 3L
ZCF AR ML B 70 B RS2 B EE A, IR PR AT 2
RO E Y R PUOILE REE. PUik S R4 %
HAh NPT AR 44t BRSSO R TRIR
N BIAE WL B 7T
31 b MERGEFR&ERLE

BT SMI FIIGIR N, O I RS 0m e L

B DI REE BIE, PIHET SMI IRl PR i 24 2% 2 A
T AR TR GO UUEEREL U LR 0l
YRR T AL L2 S50 E B A FIALA, W3R 5.
WAL SMI B P4 . Préa b s O LA i i
T ek . R OIFA R, Ses ol
Re AR A SN LA BB A R D55 2 M2 EH .
Chen ZEB2 5T SMI it 22 2 LA 3530 U 14
MU, TERA SMI AT ysa U ULZH 20 P8 J5 R0 23, ]
R & M-12 (caspase-12) M 4R T,
T 5 O UL K SRR IE T B o X1 B 1531 5T
SMI iR B Co LR I PSR A R 25 B, 45 2R
7R SMI RE B T S0 A 0 K BRI It 23 25, #0s) o UL
Sl 1L P FE VR 461075 5 1L CK-MB. TNNT2. TNNI3
K ETE, AR B (MDA) /KF, st
VI ALEE (SOD) %77, I HAMHI Mg A IEA F-a
(TNF-o) ZFEZ M RIER TR, UEH SMI KO
WUERSE 1) 22 07 IR 29 E AL 534k, B
HE—BUEB T SMI PCo UL I P8 V3 45347 1T e



¢ %% Chinese Traditional and Herbal Drugs 25 51 % 25 20 # 2020 £ 10 A * 5367 *
x5 HGESRIUCIME R G RRRAERIEIFR
Table 5 Effect of Shengmai Injection on cardiovascular diseases and related mechanism
SEEGEh ) A PR HAZRHLHI SCHR
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