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Abstract Objective: To establish a chromatogram — effect correlated quality evaluation system for the antibacte-
rial activity of Flos Lonicerae extract by data analysis of components. Methods: The best liquid chromatographic
conditions were optimized by investigating the conditions of mobile phase, wavelength and flow rate, and the quan-
titative fingerprint of 50 batches of Flos Lonicerae extract was established. The best antibacterial concentration of
the extract was obtained by microdilution method, and the antibacterial rates of 50 batches of samples were
determined. Similarity analysis, cluster analysis, principal component analysis, grey correlation analysis and

mathematical model establishment by support vector machine were used to analyze the quantitative fingerprints and
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antibacterial rates of 50 batches of samples. Results: Eighteen common peaks were selected from the 50 quantita-
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tive fingerprints of Flos Lonicerae extract, and the similarities were between 0. 608 —1. Six chemical components
were identified (peak 4: neochlorogenic acid, peak 8: chlorogenic acid, peak 9: cryptochlorogenic acid, peak
16 ; isochlorogenic acid B, peak 17 ; isochlorogenic acid A and peak 18 isochlorogenic acid C). The average an-
tibacterial rates of 50 batches of extracts were between 3. 93%—70. 50% . The results of principal component anal-
ysis and cluster analysis were highly consistent, and the results of grey correlation analysis showed that all compo-
nents were positively correlated with antibacterial effect. The relative deviations between the predicted data of the
mathematical model and the experimental data were all below 2% . Conclusion: The HPLC conditions of Flos
Lonicerae extract are stable and reliable, and the quality evaluation system of antibacterial activity of Flos
Lonicerae extract established can evaluate its quality based on antibacterial rate.

Keywords: Flos Lonicerae extract; chromatogram — effect correlation ; quantitative fingerprint; mathematical mod-

el; antibacterial action; quality evaluation system
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Tab.1 Elution program

i ] i sl AH EL il (ratio of mobile phase) /%
(time ) /min 2.1 (acetonitrile) 0. 3% W& ( phosphoric acid)

0 17 83

103 17 83

142 24 76

165 33 67

170 33 67

175 70 30

L5 R A A G AR X e T B RSD < 2% , AR X
AN [H] RSD < 2% , 32 B e 4 5 R A7, AR AE 32

0.02
0.018
0.016
0.014
0.012 7

0.01

A/ AU

0.008

0.006
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Fig.1 Common peak fingerprint of 50 batches of Flos Lonicerae extract
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Tab.2 Antibacterial results of 50 batches of Flos Lonicerae extract

I LIRS NS RS IR
E/IRV¢ ) . E11RV ¢ . . Eilne . . Eilne ) ) E11RV ¢ . .
(antibacterial (‘antibacterial (‘antibacterial (antibacterial (antibacterial
(‘batch) (batch) (‘batch) (batch) (batch)
rate) /% rate) /% rate) /% rate) /% rate) /%
1 53.15 11 71.53 21 44.57 31 52.99 41 69. 58
2 60. 81 12 60. 09 22 56. 18 32 47.07 42 70. 50
3 62.07 13 56. 14 23 49. 45 33 59.55 43 41. 11
4 54. 05 14 37. 66 24 44. 86 34 62. 85 44 39.59
5 56.28 15 40. 36 25 52.12 35 50. 84 45 42.57
6 57. 46 16 62. 44 26 53.51 36 39.29 46 36. 50
7 41.76 17 45.95 27 43,35 37 3.93 47 51.72
8 44. 55 18 50. 40 28 45.39 38 36. 80 48 62.72
9 48. 60 19 56.24 29 53.45 39 60. 35 49 70. 15
10 68.78 20 36.22 30 41. 67 40 65.17 50 56.03
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Fig.2 Reference fingerprint of Flos Lonicerae extract
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Fig.3 Analysis results of 50 lots of Flos Lonicerae extract
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Tab. 3 Results of principal component analysis

A F= A4 (principal component)
(common peak ) 1 2 3 4
1 0.162 0.728 0.184 0.171
2 -0.475 0.032 0.733 0.098
3 -0.631 -0.307 0.649 0.072
4 0.741 -0.035 -0.475 -0.148
5 0.107 -0.081 0.821 0.081
6 0.058 0.938 0.002 -0.009
7 0.817 0.259 -0.173 -0.295
8 -0.615 -0.052 0.137 0.727
9 0.801 0.012 -0.453 -0.147
10 0.727 0.304 0.132 -0.017
11 0.743 -0.352 0.251 -0.106
12 0.008 -0.825 0.389 0.126
13 0.746  0.500 -0.087 -0.165
14 0.758 -0.441 -0.097 -0.171
15 0.014 -0.385 -0.616 0.457
16 0.904 0.173 -0.129 0.229
17 -0.379 -0.047 -0.037 0.875
18 0.315 0.325 0.268 0.811
FHFEAE ( eigenvalue) 7.295  3.085 2.397 2.154

ZFUHHERR (accumulating 40.527 57.664 70.981 82.946

contribution rate) /%

T4 (note ) : & Hh 25 LA 5 19 43 B SO 14 408 o) (R 55 30 5 32 40 A4
e T, TR EE K (A higher absolute value of the analytical value of

each common peak in the table indicates a higher correlation with the prin-

cipal component and a greater contribution)
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515,55 4 T ok IEA 140 7 8 (BRI ) |
17 (2R A) 18 (SRR C) o A TR F
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HIZE 3 IR FRE(E R T 1 A 4 4, B
TR A 82. 946% o 5 1 T 1 oMk A 4L
34O T 8 (SRIEIR) 9 (BarEIE ) (10
11,13 14 16 (Sr4x SRR C) 5 2 F i iy Tk A

x4 GHEIFSENER
Tab.4 Results of comprehensive principal component evaluation
Lk (batch) F HEJF (rank) LUK (batch) F HEJF (rank) LK (batch) F HEJF (rank)
40 2.034 1 49 0. 603 18 23 0.001 35
15 1. 655 2 9 0. 581 19 42 -0. 066 36
33 1.472 3 19 0.537 20 24 -0.101 37
8 1.186 4 41 0.519 21 13 -0.142 38
28 1.122 5 29 0. 493 22 36 -0. 155 39
7 1.114 6 11 0. 481 23 47 -0.170 40
32 1.107 7 44 0. 468 24 22 -0.407 41
39 0.903 8 50 0.334 25 6 -0.452 42
5 0. 894 9 38 0.268 26 4 -0.492 43
14 0. 891 10 25 0. 265 27 48 -0.721 44
43 0. 854 11 27 0. 181 28 46 -1.945 45
20 0. 845 12 10 0. 167 29 34 -2.968 46
30 0. 798 13 17 0. 141 30 2 -3.243 47
35 0.768 14 3 0. 05 31 12 -3.75 48
1 0.762 15 16 0.048 32 31 -4.087 49
18 0.743 16 45 0. 035 33 37 -4.331 50
21 0. 686 17 26 0. 026 34
TEZICGI i, TR REREZH TU— 5 Yo WO RS I SO .
FRCAR T SR 2 R 2 AL B2 Iege oA O iR (1) KRR LK
AT oA, IS NS5 ie T 5 B . 80 A minminA,, (k) +p m_axmAaXAoi (k)
B WA R TR X R R e o () = ‘ i=1,2,

Ay (k) +p maxm?xAOi (k)

Bk 53, DRIt — 22 3l 2ed 2R 200 M 9 B3R 28800 Kl e )
BEREE. RIS Mralh R al 1, noRs 5 B AE S LY

18,k =1,2,+,50

‘ \ (2) e
Sy 2 AR, KRR 3T BB T2, AR R R T e
A, TSN 3N A 12 31 34 2 —%, ¥ =5520a(h),i=1,2,,18,

40 H—2%, 19.29 .18 43 .16 .28 .23 .17 21 8,14 15,
24.25.26,27,30,20.,39 Jy—3&. BRAAHLIKAL, K
FRIIAE dh -5 I A R AT A R — B
3.4 JRESKBI T

I HTIR A SEI5 73 BT 125 08 4 B AL S O 364 1 1Y
FRGCETE R R R AT S0 A, R 5
(M) 57178 (A W R SR R ) 1) DRIk
T 2 DR A B <5 A AR AR UM Fb A FRL 20 ) < 0 T F 410
PR P 55 o G 3 0 A AR SR AIE L i 44 1k Ak B 2
AR AT AR Y (k)L (i=1,2,-,18)

HWEHR L

Ay (k) =1Y (k) =Y. (k)1,i=1,2,---,18,k=1,2,---,50,
p NIHFREL0<p<1,lH W p=0.5;4, (k) = |
Y, (k) -Y.(k)1,i=1.2,--,18,k=1,2,---,50,
(3) SRHAR M
. SY.(k) S
o, =kg,lkYi(k) B —
2R sign( o) =sign(oy) 0 YV, 5 Y, BIEAC,
LB Y4 Y &35 AR F ; W 2R sign (o)) =sign(oy) ,
YL Y5 Y UG, B YR Y R EIEE i =1,2,

,i=1’2,...718(4>0
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o 180 X B sign (x) NAF S R AL, B sign (2) =
1,x>0,
0,x =0,
-1,x<0.

PRI BT 2 5

AR AL PRI 2541 27 Mo 4 3 T 910 7R

RS HRMBANE(E R RERE R KBRS
Tab.5 Correlation degree and polarity of antibacterial

effect of pharmacodynamic substances

i Yo0,i i Yo,i i Yo,i

1 +0.928 8 7 +0.944 0 13 +0.926 0
2 +0.913 5 8 +0.950 3 14 +0.917 0
3 +0.830 6 9 +0.938 3 15 +0.916 6
4 +0.930 8 10 +0.9320 16 +0.940 7
5 +0.957 1 11 +0.936 2 17 +0.944 7
6 +0.896 5 12 +0.887 1 18 +0.949 1

T+ ORI SR R 2 E R (e b ) 5 - 73
7 AL ST S R R 2 ORI (USSR AT) (% + 7 The substance was
positively correlated with the inhibition rate ( promoting effect) ; “ -7 This
substance has a negative correlation with the inhibition rate ( weakening

effect)

A R T 0.9, W F3 510 B 471 1 254
FH A RHREEAE 0.8 ~ 0.9, /s A A X B E AT 4
KIKEEALE 0.7 ~0. 8, KA B AR 4 CHK e
0.6 ~0.7, LARAH/IMEM & KRIKE/NT 0.6, KR
AHAEE/NE

A 6 AT LUK 4 4R AE 52 U 25 1k 27 i 3 0 7
YEHIH RN 55 HES -5 > 8 (SRR ) > 18 ( 4k iR
C) >17( &R A) >7 > 16 (&7 B) >9 (kK
IRIR) >11 > 10 >4 (CGHSRR) >1>13 >14 >
15>2>6>12>3, Hi, s 5.8 (s img) .18

FRERJFIR C) 17 (& iR A) T (45 ) (16 (&

SRJEIR B) 9.11.10 4 (GHrsg)Fimig) (1.13.14 .15 2
PR 04y 6 .12 .3 A B I EH
P ORI T, BT A A2 o A AR o
4 L -HHEXRETMEZHIEL
4.1 BUeEBmgls

it LS - SVM Lab T H R Fdse/ > — 3 385 ] &
BLIZFEHLXT S ERAEEE U 1 47 A8HE (1% - 228

BARME) JEATBCE AR, Y y = 1 309.26, 0" =1.68

I, A G S ISR e . SRR 6,185,

®6 HHMOE - HEXMEERYFREUMUSER

Tab.6 The predicted results of the mathematical model of pharmacodynamic component chromatogram and antibacterial effect

s SR LE IR AR AR 22 e SRR A LR AR R 22
(‘experimental (‘predicted (relative (‘experimental (‘predicted (relative
(batch) (batch)
results ) results ) deviation ) /% results ) results ) deviation) /%
1 53.15 53.15 0.001 8 25 53.51 53.50 0.017 8
2 60. 81 60. 80 0.011 8 26 43.35 43.36 0.007 8
3 62.07 62. 06 0.012 2 27 45.39 45.39 0.005 8
4 56. 28 56.27 0. 006 9 28 53.45 53.44 0.023 7
5 57. 46 57.45 0.007 1 29 41. 67 41. 68 0.012
6 41.76 41.76 0.016 7 30 47.07 47.08 0.021 1
7 44.55 44.56 0.004 8 31 59.55 59.54 0.012 6
8 48. 60 48. 60 0.003 3 32 62. 86 62. 85 0.014 0
9 68.78 68.77 0.010 9 33 50. 84 50. 84 0. 000 3
10 71.53 71.51 0.031 1 34 39.29 39. 30 0.0335
11 60. 09 60. 08 0.011 0 35 3.93 3.96 0.920 3
12 56. 14 56. 14 0.003 8 36 36. 80 36. 82 0.067 2
13 37. 66 37.67 0.012 4 37 60. 35 60. 34 0.009 4
14 40. 36 40. 37 0.017 5 38 65.17 65.16 0.016 2
15 62. 44 62.42 0.029 9 39 69. 58 69. 57 0.020 4
16 45.95 45.97 0.033 2 40 70. 50 70. 48 0.0159
17 50. 40 50. 40 0.005 6 41 41.11 41.11 0.015 6
18 56. 24 56. 24 0.010 8 42 39.59 39. 60 0.022 6
19 36.22 36.23 0.029 5 43 42.57 42.58 0.030 8
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453K 6( continued )
e SR LR P52 AHX 2 s SR AR A LR AT i 2
7 (‘experimental ( predicted (relative ’ (‘experimental (‘predicted (relative
(batch) (batch)
results) results ) deviation ) /% results ) results ) deviation) /%
20 44.57 44.57 0.002 2 44 36. 50 36.51 0.030 8
21 56.18 56.18 0. 005 7 45 62.72 62.71 0.012 3
22 49. 45 49. 45 0.011 9 46 70. 15 70. 12 0.035 6
23 44. 86 44. 88 0.027 6 47 56.03 56. 03 0.007 5
24 52.12 52.11 0. 008 2 SEIAH X 2% ( mean relative deviation) /% 0. 036

VE (note) : Ff AR AR “ time” 78 FE R BE TV, AR FR“ Y /R 11 2 (the abscissa “time” represents the sample batch, and the ordinate “Y” repre-

sents the inhibition rate)

80 -
70
604 7. | N

504" "".‘ foV A

30+
20+
10

0 5 10 15 20 25 30 35
¢/ min

5 MEERE - BRXBFEBLEE

Fig. 5 The fitting diagram of the mathematical model model of

pharmacodynamic component chromatogram and antibacterial effect

1 ER BT LUA 80 R 5 S S 5
BOHE BOARS I 22 B 7E 1% LLTR, S8 22700 X fh 22 11 2=
0. 036% , Pt IR A5 70 4 10045 (L 5 S 0 50008 19 W) 5
JEARYF
4.2 B Kk

N T Sk < R AR AR U B MR R A K
oAty 3 G ARAE SR 4 ORISR AU L Y 5L
AR R SR ST R B R, PR R S S
(HAN R AT LU AR AR T

R7T HPESWEERE - WEXHFRETERIELSR

Tab.7 Results of blind validation of the mathematical model model of pharmacodynamic component chromatogram
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