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Total Saponins Content Rapid Prediction of Shenmai Injection

DONG Li*,LI Mei, WU Jian-guo ;WANG Li
China Resources Sanjiu (Ya’ an) Pharmaceutical-Co. jLid. ,Ya’ an 625000 ,China

Abstract : There were fifty batches data got by SMI rapid fingerprint peak area.and_content of total saponins. Then it es-
tablished mathematical model with twenty five batches data by partial least squares regression (PLSR) and non-negative
correction (NNC) ,and it proved the accuracy with the‘other twenty five batches data. As the result, it explained the co-
efficient of mathematical model reasonably. And the/prediction deviation was less than 5% . The content results were ac-

curacy. It could rapidly determine the total saponins content of SMI by the prediction model established with rapid fin-

gerprint and NNC-PLSR. And It provided a new total saponins content rapidly determination method for SMI.
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Table 1  The results of total Saponins determination from 50 batches Shengmai injection (n =3, Xt )
P P P = Ze

gﬁf C:nfnt gﬁ? C:Jll'lfnt zﬁf C;;lfnt éﬁo% C(’)r’liﬁ ﬁ? C;;lfm

(mg/mL) (mg/mL) (mg/mL) (mg/mL) (mg/mL)
M1 1.20 £0.03 M11 1.13£0.03 M21 1.65 £0.01 V6 1.31 £0.00 Vi6 1.37£0.02
M2 1.45£0.04 M12 1.32£0.01 M22 1.52£0.02 V7 1.51 £0.02 V17 1:54 £0.02
M3 1.24 £0.02 M13 1.33+0.02 M23 1.55+0.00 V8 1.17 £0.01 V18 1.48 £0.03
M4 1.28 £0.3 M14 1.38 £0.03 M24 1.11 £0.00 Vo 123 £0.01 V19 1.32£0.02
M5 1.30 £0.01 M15 1.06 £0.00 M25 1.57 £0.02 V1o 1.39 £0.03 V20 1.20 £0.02
Mo6 1.30 £0.02 M16 1.41 £0.02 Vi1 1.43 +0.01 V11 1.49+0.02 V21 1.47 +£0.00
M7 1.17 £0.02 M17 1.16 £0.01 V2 1.43 £0.03 Vi2 1.31+0.01 V22 1.38 £0.01
M8 1.10 £0.01 M18 1.22 £0.04 V3 1.30 £0.01 Vi3 1.42 £0.02 V23 1.45 £0.02
M9 1.65 +0.00 M19 1.44 +0.01 V4 1.36 £0.04 Vi4 1.53 £0.00 V24 1.45 +0.01
M10 1.13 £0.01 M20 1.51 £0.01 V5 1.30 £0.00 V15 1.44 £0.01 V25 1.35 £0.00

TE: M1 ~25 SARCESE, VI ~25 T4,

Note; M1 ~25 were correction set, V1 ~25 were prediction set.
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Fig. 1 The Shengmai injection fingerprint
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Fig. 2 The section of 9 peaks and UV spectrums
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Table 2 The peak areas in fingerprints for 9 peaks

i’
No.

X2

X3 X4 X5

X6 X7

X8

X9

M1
M2
M3

125.0

142.0

116.4

222.6 123.2

318.1 177.6

281.3 151.3

74.6 20.6

101.0 28.2

86.8 17.9

31.9
33.1
17.8

51.0

23.9
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2:5% 2 ( Continued Tab. 2)
gﬁ;% X1 X2 X3 X4 X5 X6 X7 X8 X9
M4 225.5 121.3 79.6 253.9 135.5 80.0 24.3 35.8 26.0
M5 225.2 122.8 92.7 268.7 152.0 85.1 23.4 30.0 30.5
M6 229.8 125.2 95.2 272.4 147.1 88.0 28.1 32.4 29.5
M7 218.5 109.5 89.8 256.7 127.5 69.9 30.9 42.3 29.5
M8 208.4 105.8 81.1 230.5 115.5 65.5 25.4 33.0 27.9
M9 243.8 213.1 117.1 331.7 219.0 189.9 39.2 43.5 40.9
M10 198.2 110.6 75.8 227.5 122.1 71.0 19.7 31.3 23.6
Mi11 208.4 117.3 92.1 237.9 112.7 91.2 21.1 31.5 22.7
Mi12 223.4 128.5 102.6 294.7 157.3 105.7 22.7 35.4 25.0
M13 222.2 131.2 96. 1 287.8 151.2 9.1 26.5 35.6 35.3
Mi14 218.1 127.3 85.1 280.2 158.0 979 26.6 37.3 29.8
M15 200.3 101.7 78.7 220.3 110.5 64.3 24.4 31.9 26.9
M16 245.7 134.2 102.1 306.4 168.8 96. 1 25.8 35.2 25.8
M17 206.0 111.0 82.0 230.3 117.7 71.5 27.9 38.0 36.8
M18 225.2 126.9 92.9 241.2 134.4 79.0 21.0 28.0 24.1
M19 248.7 122.3 98.4 309.0 162.2 91.3 37.5 42.3 38.7
M20 242.1 127.8 92.0 333.1 186.2 101.6 29.8 39.8 28.4
M21 261.8 176.8 117.0 347.0 212.0 155.0 36.0 50.0 55.9
M22 261.6 167.4 108. 1 287.5 170.7 117.0 34.3 48.2 36.3
M23 235.8 194.9 113.2 320.7 227.2 180.9 39.8 45.1 40.3
M24 220.9 136.5 84.6 236.7 138.5 79.8 8.1 11.8 11.1
M25 271.5 177.9 114.2 331.7 195.7 142.9 32.3 51.0 45.9
V1 241.2 146..5 96.9 298.6 165.9 110.4 19.3 46.4 22.6
V2 264.2 163.9 103.2 320.7 155.5 120.5 20.7 45.9 21.4
V3 249.9 157.2 95.9 265.4 128.5 107.0 20.2 44.9 21.6
V4 248.1 160.5 95.6 287.5 143.4 113.2 20.8 32.7 20.0
V5 234.3 150.5 93.5 276.5 131.5 109.8 25.2 39.6 24.7
V6 237.0 147.7 90.9 265.4 127.1 104.9 17.7 38.7 31.1
\ 298.7 168.3 108.2 287.5 159.5 107.2 18.4 44.0 20.6
V8 254.5 146.2 94.9 210.1 115.5 84.9 19.1 40.1 19.9
V9 277.2 155.3 96.6 243.3 110.3 92.2 17.6 36.3 17.1
V10 294.2 164.9 106.2 276.5 127.6 105.2 16.4 34.0 18.2
Vi1 303.2 172.1 103.7 309.6 174.7 112.7 18.6 30.7 18.2
Vi2 285.0 159.0 100.9 265.4 121.4 99.8 15.6 32.3 18.7
V13 284.1 161.3 105.7 287.5 132.0 109.2 19.3 42.0 30.6
Vi4 295.3 166.3 111.8 331.7 157.1 117.1 20.1 34.0 19.0
V15 303.3 176.7 112.4 298.6 139.9 111.2 34.3 18.8 21.4
V16 294.0 164.2 105.6 276.5 124.9 103.9 13.5 31.8 19.5
V17 319.6 175.1 116.0 320.7 142.9 112.7 19.9 36. 1 21.5
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%3¢ 2 ( Continued Tab. 2)
é =1
”Eﬁ X1 X2 X3 X4 X5 X6 X7 X8 X9
0.
V18 301.4 172.7 113.1 331.7 152.4 116.6 20.9 37.4 29.6
V19 289.8 168.0 99.5 265.4 112.2 104.7 15.5 31.1 21.3
V20 269.0 148.9 100. 6 232.2 103.7 92.8 12.6 27.6 18.7
V21 302.4 180.0 120.6 309.6 140.2 121.7 16.6 40.0 24.8
V22 298.7 165.8 91.8 276.5 121.4 103.5 14.3 32.4 20.9
V23 288.8 169.2 93.4 309.6 139.5 113.2 15.6 23.1 20.5
V24 299.5 173.1 93.3 309.6 144.6 118.3 16.2 35.4 22.4
V25 271.1 151.2 103.7 265.4 123.6 101.9 14.9 26.0 22.5

TE M1 ~25 JgRCIESR, V1 ~25 S HtigE

Note; M1 ~25 were correction set, V1 ~25 were prediction set.
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Table 3 The results of partial least squares regression
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Constraint regression
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Parameter Result Parameter Result
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2:5% 3 ( Continue Tab. 3)

— W [El

First regression

2yl

Constraint regression

ZH mYEES ZH mYEESE
Parameter Result Parameter Result
Bi 1.987 x 103 Pi 0.762
B> 0.698 x 103 P, 0.749
Bs 2.701 x 103 - A
B 1.692 x 103 P, 0.878
Bs 1.648 x 107 Ps 0.962
Bs 0.425 x 103 - -
By 1.137 x 103 P, 0709
Bs 1.977 x 107 Py 0.819
By 0.706 x 103 Py 1.800

P32 3 43R A 2-5 A 2-6 =0 fHB I J Al
2-8 2, BBUAHIC R B 0. 985,

Y =1.51 x 107X, +0.523 x 10° X, +0. 198 x
10°X, +1.49 x 10°X, +1.59 x 10°X, +0.934 x 10*
X, +0.806 x 107X, +1.62 x 107 X, +1.27 x 10°X,
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Table 4  The verification results of prediction model

FM{E C(Cal) (mg/mL) AHXT 1500 s 22 ( RSEP)
FE b %U”'HE C(Acu) w 3l Ve T E
— K [m] A " — K [E] A "
Sample (mg/mL) First reJ /ﬁ 1B IERIA Fi J 4{% B IEAE Y
st regression irst regression
Corrected model Corrected model
model model
Vi 1.43 1.418 1.402 -0.9% 2.0%
V2 1.43 1.483 1.464 3.7% 2.3%
V3 1.3 1.323 1.309 1.8% 0.7%
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2:5% 4 ( Continued Tab. 4)

A C(Cal) (mg/mL) AR T30 22 ( RSEP )
P S C(Acu) — YK T " — Y B
Sample (mg/mL) First regression fBIEARLAY First regression B IEAR
model Corrected model model Corrected model
\Z 1.36 1.363 1.344 0.2% -1.2%
V5 1.3 1.316 1.302 1.2% 0.2%
A\ 1.31 1.293 1.281 -1.3% 2.2%
V7 1.51 1.479 1.469 2.0% -2.7%
V8 1.17 1.191 1.194 1.8% 2.1%
Vo 1.23 1.277 1.265 3.9% 2.8%
V10 1.39 1.377 1.372 0.9% -1.3%
V11 1.49 1.540 1.510 3.3% 1.3%
Vi2 1.31 1.334 1.324 1. 8% 1.1%
Vi3 1.42 1.412 1.409 0.6% -0.7%
Vi4 1.53 1.517 1.509 0.9% -1.3%
V15 1.44 1.439 1.440 0.0% 0.0%
V16 1.37 1.366 1.362 0.3% -0.6%
V17 1.54 1.522 1.519 -1.2% -1.4%
V18 1.48 1.538 1.534 3.9% 3. 7%
V19 1.32 1.339 1.323 1.5% 0.2%
V20 1.20 1.195 1.206 0.4% 0.5%
V21 1.47 1.466 1.484 0.3% 0.9%
V22 1.38 1.411 1.365 2.3% -1.1%
V23 1.45 1.462 1.417 0.8% 2.3%
V24 1.45 1.523 1. 466 5.1% 1.1%
V25 135 1.287 1.297 4.7% -3.9%
TE: VI ~25 T4,
Note; V1 ~25 were prediction set.
RS BNERIESHILER
Table 5 The comparison of prediction set verification parameters
T H 525V T Y47 AR 2% B34
Project SSE RMSECP Rp
Firs?rgrl?sziﬂ()%%)del 0.0256 0.0320 0.9533
B IEBUR 0.0161 0.0253 0.9665

Corrected model

R

PR A RS A
AR SOM 2 2 0 S e o o P B R I 1

BTSSR P I L AN X 50 b S 2 SRR A S A TG, A A
R EEA:, 28 HPLC 23815 % 5 ik a0 BB 8] g 19 3 UK, T A8 SRR X A v 22 d5e K 3%, i BH 7 v
min, 7347 380 LG AT SCHRGE /9 HPLC $8 80181 Ao PR, (R 25 SR A7 16— 1 DR 22 X T F
RO UPLC 4580 IR S R AR SO ORI SR A AR R ST I, £ B O AR 2 s
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Table 6 Correlation judgment of area among 9 peaks

%:Ji% X1 X2 X3 X4 X5 X6 X7 X8 X9
X1 1 0.849 " * 0.643 " 0.459 " 0. 187 0.283 -0. 084 -0. 376 -0. 196
X2 0.849 " * 1 0.620" " 0.696 " * 0.408 " 0.650 " * 0.179 -0.252 -0.036
X3 0.643 " 0.620" " 1 0.500 " 0.326 0.403 " 0.227 -0. 049 0. 063
X4 0.459* 0.696 " * 0. 500 * 1 0.798 7 0.934" " 0.282 0. 041 0.224
X5 0. 187 0. 408 * 0.326 0.798 " 1 0.736" " 0.343 0.262 0. 099
X6 0.283 0.650 " * 0.403 " 0.934** 0.736" " 1 0.296 0. 126 0.313
X7 -0. 084 0.179 0.227 0.282 0. 343 0.296 1 -. 032 0. 181
X8 -0.376 -0.252 -0. 049 0.041 0.262 0. 126 -0. 032 1 0.324
X9 -0.196 -0.036 0.063 0.224 0.099 0.313 0.181 0.324 1

TE X1 ~ X9 gy 9 D@, " . 78 0.01 /KRR B8O, 7 0.05 /K (UM) b REARR

%

Note: X1 ~ X9 were 9 peaks selected.
0.05 (two-tailed).
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Fig. 5 The identification of third peak ( X3)

S 3k

1 Chinese Pharmacopoeia Commission ( [E] 5% 24 #. % 51 £ ).
Drug Standard of Ministry of Health of the Peoples Republic

of China, Traditional Chinese medicine preparation: Vol 18

* . Means-significant correlation on the level of 0.01 (two-tailed). . Means significant correlation on the level of

(i N RN T AR B 24 b v, b 24 5 i 5910 - 56+
J\) [ M]. Beijing: Chemical Industry Press,1998170.

2 China Food and Drug Administration ( [E 536 fh 24 5 Va8 45
PS5 ). ShenmaiZhusheye [ M ]. Beijing: China Food and
Drug Administration,2011.

3 Zhang T(3Ki#%) ,Ling JC(EMHH) ,QinYL(ZEHN) . New
clinical application of Shenmai injection [ J]. Lishizhen Med
Mater Med Res( I3 E EEZY) ,2005,16:245.

4 Xu CH(#EHLIE ). Progress of clinical application for Shen-
mai injection[ J]. Anhui Med J( ‘% #{BE2#) ,2011,32.:839-
840.

5 Wang HW ( £ HE ), Meng J( 7 % ). Predictive modeling
on multivariate linear regression[ J]. J B Univ Aeronaut As-
tronaut ( AL AL R K 2F243R) ,2007 ,33 :500-504.

6 Xie ZQ( i #k) . Model construction of non-negative coeffi-
cient linear regression[ J ]. Stats Edu( G212 & ) ,2006,1 ;
22-26.

7 Fang KT ( 7 %%), He SG (% BE % ). Regression models
with linear constraints and non negative regression coeffi-
cients[ J]. Math Num Sin(i13%(2%) ,1985,3.237-246.

8 Fang KT ( 5 JF &), Wang DQ ( E & k), Wu GF (= H



146

KIRF=YIBE R 5T K

Vol. 30

10

11

12

13

14

15

® ). A class of constrainted regression-programming regres-
sion[ J]. Math Num Sin(31+8.%5) ,1982,1.:57-69.
Chinese Pharmacopoeia Commission ( [ 4¢ 24 #iL 2% 51 2% ).
Pharmacopoeia of the People’s Republic of China, Vol 4 ( /1
e N AL R 25 #i) [ M. Beijing: China Medical Science
Press,2015:59.

Dong L(#E4L) ,Gan JW( T £ ) ,Li M(ZEHF) , et al. Rap-
id determination of Shenmai Injection fingerprint by HPLC
[J]. Chin Tradit Pat Med( Hi%2%) ,2016,38 :599-602.

Liu Y(X3#) ,Nie LX(5£2847),Chen FI(JE %) et al.
Analysis on chemical constitutes of Shenmai injection by
RRLC-ion trap mass spectrometry [ J |. Chin J Pharm Anal
(2553 M2k ) ,2011,31:1672-1677.

LI Y(Z2MH) ,Zhang TI(5KER%S) , Liu SX(XIZKAF) et al.
Study progress of ginseng on chemical constituents and phar-
macological[ J]. China Tradit Herb Drugs( " 25%4) ,2009,
40.164-166.

Han X(#i% ), Yan CF([EFH X)) ,Zhu L ZR7#:) et al. Sim-
ultaneous determination of ginsenoside Rgl, Re and Rbl in
Yixinshu tablets by HPLC-ELSD[ J]. Chin J Exp Tradit Med
Form ( v [ 5256 7 7724 2% d5) ,2015,21(16) :68-71.

Du WI(HESCHR ) , Liu XS(XIZHA ) , Tao LY (P34 ) Jer
al. Multi-indicators rapid determination in alcohol precipitati-
on of Lonicerae Japonicae Flos and Artemisiae Annuae Herba
in reduning injection by near-infrared spectroscopy[ J]. Chi-
na Tradit Herb Drugs( Fr2§%1) ,2015,46(1):61-66.
Chinese Pharmacopoeia Commission ( [F Z¢ 24 i 2= 51 25 ).
Pharmacopoeia of the People’ s Republic of China: Vol 4(
A8 N\ R SLFN [ 24 . 58 pU ) M ] . Beijing : China' Medical

16

17

18

20

21

22

Science Press,2015:377.

Xia J(E &), Wang GL( E4 J1),Ji S(ZFEH) et al. Fin-
gerprint chromatography of Shengmai injection by HPLC[ J].
China Tradit Herb Drugs( "PZj£1) ,2006,28 :1093-1095.
Zheng XW(R% ) , Wang Q(IERL) , Liv Y (XI) et al.
Optimization of Shengmai injection fingerprint [ J]. Chin
Pharm Aff( P E 255 ) ,2013,27(1) :33-37.

Wang Q(VEAR) ,Zheng XW (ERZE M), Yu JD (P& %) et
al. Establishment of the fingerprint of Shengmai injection and
analysis of its main chemical constituents by UPLC-MS /MS
[J]. Chin J Pharm Anal ( 2584387247 ) ,2012,32.1813-
1817.

Dong XQ(# L) , Tang S(JHAE) , Yang R(#Fii) , et al.
Fingerprint chromatography of Shengmai injection by UPLC
[J]. Chin J Tradit’Chin'Med Pharm ( o4& BE 252 1)) |
2015,33:1067-1069.

Li JL(Z24:%) , Zhao Z (%) , Liu HC (X4 &) et al.
Content of mineral’elements of Gastrodia elata by principal
components analysis[ J]. China J Chin Mater Med ( 1 [E
24747 ) 2015 ,40:1123-1128.

Li XG(Z=5%) , Guan ZH( X&3%4E) | Tian HR( HIE) et
al. Prediction of adenosine content based on near infrared
spectroscopy detected and partial least squares method anal-
ysis model in Cordyceps militaris[ J ]. Lishizhen Med Mater
Med Res (2 [EEE[E2Y) ,2009,20.:2612-2614.

Yang CH(#7 &%), Yang L (4% ¥ ). Partial least squares
modeling and its multiple collinear inhibition capability anal-
ysis[ J]. J Huagiao Univ: Nat Sci (% i K. A B
fiR) ,2016,37 .523-526.

(B34 107 70)

6

Gu YY (iR ) , Wang IM( EHH) , Tian ZK( HPRH) ,
et al. Inviiro antifungal activity of different extracts from Im-
patiens balsam[J]. Lishizhen Med Mat Med Res ( B} ¥ [ &=
[£2y) ,2013,24.481-482.

Chen ND (£ J35%), Chen NF(BEJ3 %), Chen CW ( [F 47
) ,et al. Antioxidant activities and HPLC analysis of differ-
ent parts partitioned from the ethanol extract of Pteridium aq-
uilinum[ J]. Sei Tech of Food Ind (£ 5 TV #M4k) ,2013,
34(17) :49-52.

Lyu J( B 1) . The antimicrobial activity of flourescent brigh-

ter combined with antifungal agents against Trichophyton

10

rubrum[ D ]. Chongqing ; Chongqing University of Technology
(FERHLT R ,2015.

Liu W(XIf) , Li ZW (254i) , Chen WQ(FRITHR ) et al.
Study on antioxidant activity of different parts partitioned
from Prunus divaricata Ldb branches and leaves in Xinjiang
[J]. Sci Tech of Food Ind( £ i Tk BH%) ,2016,37 :119-
122.

Huang MJ(#2516) , Lu TL(/5 %K) , Wang Y (E35) et
al. In vitro antimicrobial activity of extracts of Ligustrum ro-
bustum and its phytochemicals[ J]. Mod Pre Med ( BB
EE2%) ,2016,43 :864-866.



