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Study on the Spectrum Effect of Antibacterial Activity of Callicarpae Nudiflorae Folium

LI Yamei!, YANG Yang?, YANG Yifang??, LI Xiaofeng*, KANG Xingdong*, XIAO Junping*, WU Yongzhong®,

YANG Jianqiongs*(l.Gannan Medical University, Ganzhou 341000, China; 2.China State Institute of Pharmaceutical
Industry Shanghai Institute of Pharmaceutical Industry, Shanghai 201203, China,; 3.Shanghai Yaochen Biotechnology Co., Ltd.,
Shanghai 200060, China, 4.Jiangxi Puzheng Pharmaceutical Co., Ltd., Ji’an 343100, China; 5.The Clinical Medical Research
Center, The First Affiliated Hospital of Gannan Medical University, Ganzhou 341000, China)

ABSTRACT: OBJECTIVE To analyze the correlation between the chromatographic peaks of Callicarpae Nudiflorae Folium
and its antibacterial effect, establish a mathematical model of the spectrum-effect relationship between them, and reveal the
possible material basis of the antibacterial effect of Callicarpae Nudiflorae Folium. METHODS HPLC was used to detect 10
batches of medicinal herbs and different extracts of Callicarpae Nudiflorae Folium, and the fingerprints of medicinal herbs and 6
different extracts of Callicarpae Nudiflorae Folium were established. Similarity software was used to screen the fingerprints of
extracts and medicinal herbs. The common peaks of the selected peaks with a matching number > 2 were used for spectral effect
correlation analysis. Six different extracts were tested in vivo and in vitro. Used SPSS statistical software to study the correlation
between common peak and antibacterial activity, and establish a mathematical model by linear regression. RESULTS There
were a total of 35 common peaks, 21 of which were related peaks. Pearson correlation analysis showed a positive correlation
between the correlation peak and the antibacterial effect in vivo, and a negative correlation between the antibacterial effect in
vitro. The model fitting precision was high, the correlation coefficient R?> was >0.9 except for Escherichia coli, and the
chromatographic peaks 1(catalpol), 15(forsythiaside B), 23(isoacteoside) and 27(2’-acetylacteoside) were introduced into the
spectrum. Effective correlation equations were strongly correlated. Chromatographic peaks 1(catalpol), 9(protocatechuic acid),
10(protocatechuic aldehyde), 12, 14(caffeic acid), 16(ferulic acid), 18(verbasic glycosides), 19(luteolin), 23(isoacteoside),
25(2’-acetyl fund stauroside), 27(2’-acetylacteoside), 28(luteolin), 29(quercetin), 30, 32(apigenin), 34(isorhamnetin),
35(5,4’-dihydroxy-3,7,3’-trimethoxyflavone) were significantly related to antibacterial effects in vivo and in vitro.
CONCLUSION The established spectrum-effect relationship model can better evaluate the correlation between the

EEWE: HEKARRHEIE TR 4T H (81402824)
TEZEN: UM, &, BitAE Tel: (0797)8283981 E-mail: 2690984488@qq.com  “EIE{EH: WL, &, WL, FIEE  Tel
(0797)8283981 E-mail: yangjianqiong2010@163.com
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chromatographic peaks of the extract of Callicarpae Nudiflorae Folium and its pharmacological effects. It is basically determined
that the components of Callicarpac Nudiflorae Folium to play antibacterial effects are mainly phenylglycoside compounds,
followed by flavonoids. This experiment laid the foundation for the material basic research of Callicarpae Nudiflorae Folium.
KEYWORDS: Callicarpae Nudiflorae Folium; fingerprint; antibacterial effect; spectrum-effect relationship
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Tab. 1 Medicine information of Callicarpae Nudiflorae
Folium
EEg AR 1L R 1T
St KM i) S SR Wi 1]
AVAl 7HI15H B1 7HI15H
w2 7H30H B2 7H30H
w3 8H15H B3 8 H 15 H
W4 8 H30H B4 8 H30H
w5 9H 15 H B5 9H 15 H
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H2h) s L 60% B4k SRR 2V I I P8 I
B I VMBI R P 2= AR I 6(5E eI B R
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M, MR 4 S0, MRS 1 g, WBERE, BE
FEMTEHLH , KA 50%FFEE 50 mL, FRE i,

-1296 - Chin J Mod Appl Pharm, 2021 June, Vol.38 No.11

JFRENE 1 h, %, FRRE TR, FH 50%H EEAD
SRR, $EAT, R, WRERNEWR, BNAE.
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Fig. 1 Overlay of fingerprints of the medicinal herbs and
extract of Callicarpae Nudiflorae Folium
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Tab. 2 Effect of Callicarpae Nudiflorae Folium extract on
the death of S. aureus infected mice(n=20)

4151 Mht/gkg? FETRUR FAER%  FAEREUd
IEHH At Rk 0 100 7.00+0.00
IR ARk 19 5 1.60+1.35Y
(TR ¥ 0.75 9 559 4.55+2.82%
PRAE SR kL 4 6.0 15 25 3.10+2.402
BRAESRIAY) 1 240 6.0 13 350 3.60+£2.629
HAESR I 2 41 6.0 15 25 3.00+2.422
HAES I 3 241 6.0 14 302 3.25+2.579
HAESR I 4 41 6.0 16 20 2.5542.35
BAESR I 5 1 6.0 15 25 2.70+2.58
BAESR I 6 41 6.0 16 20 2454237

E: SIEWFALE, YP<0.01; SEBALE, 2P<0.05, YP<0.01,
Note: Compared with the normal group, "P<0.01; compared with the
model group, 2P<0.05, ¥P<0.01.

2.3.4 PR BEREEH  ICR/NEBEHLS 10 41,
B 20 B, 4l hIER Al BRI | BB P AR |
PRACSRBR BRI AR 1 4. 24, 341, 4
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U2 PR 02 mL-(10 g) ' AR 1 IR, EEE T d,
%5 REBZyJE 1 h, S4U/NRERIE R MBI
AT 98 DUBR T W AE R 0.5 mL (25015 2 il %
UER T B AE 0.20~0.25 mL-mL™" % 1E .,

TR T /NRBET R A 80%~90%), IF & 445 755
ALK, SRRy 2d, SRS AT AR XL
BRIE WG 7d W/INRAET-IEM, el 25,
TREAFTE KRB AR 6 PSRRI Y RE L K
NS RE, R 1, 2, 3, 4, 53
XFHER /N ARG RECE B R AR, 1REW 1 2
HABEEM. 458 0LE 3,

2.4 RSN

2.4.1  ERSMTEERIBCHE]  BEEUY 1~5: S
FREC4 g, A 50%JC/K L% 8 mL; $-EU) 6:
FEEREL 3.5 g, A 50% /K LFEE 7 mL; #RAE
SRR 2 4% HAERE A 10 2 B FHAFER I R
KIG, AL LERBARANA 50% /K ZBEZE 12.8 mL,
HAEME 28 8 mL; FUKEZKARRS, SRAIAS oA e
B, BOA 500, 250, 125, 62.5, 31.25, 15.6, 7.8,
3.9, 1.95, 0.98 mg-mL ™' FAREHRE, i HRTINE
TRA), BT R K K N2 G RE,
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1€ Bl (n=20)

Tab. 3  Protective effect of the extract of Callicarpae
Nudiflorae Folium on the death of mice infected with
Pneumococcus(n=20)

25 Fi/gkg! FETBUR FFEF% ARV
EH A S EEhk 0 100 7.000.00
AL SRk 17 15 2.65+2.01"
B 5 PG AR 0.75 6 609 5.50+2.40
AL TR BURL A 6.0 10 502 4.50£2.63%
BRAESRIY) 1 41 6.0 9 559 4.80+2.539
BALIRIY) 2 H 6.0 9 559 4.85+2.509
BRAESRIY) 3 41 6.0 12 40 4.15+2.432
BALIRIY) 4 2H 6.0 11 45% 4.30+2.54%
BRAESRIY) 5 41 6.0 11 452 4.40+2.462
BALIRIY) 6 2H 6.0 11 45% 4.20+2.65

T SIEWALE, DP<0.01; SHRAIMLLE, PP<0.05, YP<0.01,
Note: Compared with the normal group, VP<0.01; compared with the
model group, ?P<0.05, ¥P<0.01.

242 WHRRTFRSEM RAEER L, W

“2.3.17 TR ARREIR 1 mL, 35 )8 B -1
W, BF 9 mL MUH BEARIEFRAEL, Jioh 2 DAE
R R AL, VA R IR AR X IR, T2
FEEMAGE R, R M 10° CFU, T 37 °C
fEIRIGEE R SR 22 h 5, WEIHCRER . 7
e ORI . RIGFE . BERARASIE A S
HEAT TARSMIUTR S, a0 25 2R LA 24 00 ) 4 T
Az B B AR VR O e AR A B YK (minimum
inhibitory concentration, MIC). %45 /R #EH() 2,
3, 5 WA EHEE IR . KGR R AR IE
T TR 0 1A S 400 TR ASCSRS L AR A 25 B TR A HY i et
U, AR 4,

T4 8 IMHEMHEEME MIC £ K

Tab. 4 MIC results of antibacterial activity of 8 samples
PRI BRI PRE PR 4RI 4RI HAEEE WA
W1 o®2 3 w4 s We EEER A

s

i%@? 039 0.19 0.78 625 0.09 625 625 1250

HIERTH
KBFFE 12.50 1.56 3.13 2500 0.78 >25.00 6.25 0.78

£ /17 paiy
gd\,mﬁ 0.78 0.78 156 625 0.19 625 625 12.50
JEAT

Tl

2.5 FERCHIEHES T

2.5.1 o UG A AR X R AR SRR AR N BT R AR Y
MM BEIES A SPSS 19.0 B/
A6 R TRAS [ B2 B (033 48 S0 5 L2530 F 22 )
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B, MHRDPTEE R U 5. Pearson A /HT
GER R EIENE 9, 12, 14, 16, 18(EEEMT),
19CRBEA), 23(5F BT, 25, 27, 28,
29, 32, 34 HRYL S ORAERE /D R IR E
MR REMG, Hi@igig 12, 190RBET),
23(F AT 29 BB EMG; @ikl 1
F1 10 553G il 6 ROR B /S B O3 4 FH 222 8 25
X, Hp kg 1 2R EHE, HEHIEMSE
KR, GARTIARIE SR A 0P, F5IA
R 1, 9, 10, 14, 16, 25, 27, 28, 29, 32,
34 Sl R . JEILASTR . JRLASHEE . oinnfERR |
BIERR . 2’ - e ARTT . 2 - BB R IENE
. RBEE, #EE. 7XE. FRER. W
N BRAE SR R PR BT TR S 2 b &
SR OEHFIAEYRETEER, BiRIS/NrF
G5 GRS S R P RIEH

252 BRAESEBRMSMUEEFH YA OG- B
A A SPSS 19.0 A Hrif AL S 2R AN [A] 2 B
Yyt i 5 S 5 AR S Bt B 245 30PE F 22 1R Y O
2, MR FE 6, Pearson AHKAE/Hr4h
SRR ETEIE 15GEMAETT B), 18(BELHTT),
19CKJRE ), 27, 28, 29, 30, 32, 34, 35 5i%
SO FEBRE MIC S8 B EHE, Hr @ik
15, 18 1 35 I W EAHE; Ak 15, 18,
27, 30, 35 5HRAITFHE MIC 2 83 M G ; Ak
15, 18, 19, 27, 28, 29, 30, 32, 35 S5#ikEE
IRIETEFF A MIC 2B EMG, Hp @ik 15
S EG, HIBHAAHCCR . 455
B X RRAE SRR AL 22 A AT RN g 27,
28, 29, 32, 34, 35 4351h 2’ - R AL B EAENE |
RBHEZR LR, KR FRER. S4-258%
F£-3,7,3- = HU S LB AT IACHRRAL SR Bk R AR S
PUREH FEREEIRAS Y SR BT RS
PAERIVE

2.6 HENT AR R

2.6.1  ERSHT 85T SPSS 19.0 E RS R
PRACSZRIY 6 FOR RIS 21 NHHOCIEEFT
BT AT, NIMTFHR AR OCIEXT 6 Fh4RHUIZ4 7
2 [8) 22 S A B i K Bt sn sk R 8 r
BRI T AER . R F BRI 5T
HRE>80% , FIE(E>1, Zoad KMOGRIZIT 1 #uE
A TSI A Bartlett #6556 (P<0.01) A4 843
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Tab. 5 Pearson correlation analysis results of correlation peak areas and antibacterial effect in vivo

Pearson AHGHE U TR AR

s — — T
e g%}%iigi? gﬁgf}jﬁ? I 1 $RIY 2 $RHY 3 I 4 I 5 PRI 6
P1 0.629 0.971% 342.127 314.187 26.074 30.737 169.322 3.066
P2 -0.008 0.503 0.000 50.996 8.646 0.000 31.063 0.000
P5 -0.071 0.545 0.000 28.093 3.143 6.102 11.159 0.000
P9 0.8529 0.258 6.899 0.000 3.923 0.000 2.676 0.000
P10 0.741 0.890" 74.968 41.304 3.886 0.000 26.246 0.000
P12 0.941% 0.609 43.353 12.099 15.888 0.000 7.564 0.000
P14 0.862Y 0.731 132.282 51.115 28.810 19.992 0.000 0.000
P15 0.667 0.639 196.656 167.860 118.067 0.000 202.571 0.000
P16 0.860" 0.385 18.271 0.000 6.751 0.000 4.004 0.000
P18 0.874Y 0.518 1 085.883 1029.069 1136.899 6.616 662.935 1.340
P19 0.947% 0.629 74.698 54.589 55.704 0.000 32.285 0.000
P23 0.962% 0.682 318.200 162.745 158.693 0.000 104.078 0.000
P25 0.896" 0.185 20.079 0.000 14.579 0.000 3.989 0.000
P27 0.820" 0.456 45.767 52.260 58.142 2.686 30.596 1.869
P28 0.875Y 0.801 20.476 16.766 10.538 0.000 9.576 0.000
P29 0.926% 0.558 12.654 9.907 11.056 0.000 6.469 0.859
P30 0.797 0.646 19.095 24.241 18.867 0.000 10.900 1.186
P32 0.8591 0.522 19.175 19.777 20.672 0.000 10.995 2.057
P33 0.583 0.495 3.990 0.000 0.000 0.000 2.005 0.248
P34 0.862" 0.523 9.663 10.209 10.477 0.000 4.537 1.570
P35 0.806 0.639 32473 38.848 31.316 0.000 20.288 2.404

. YP<0.05, YP<0.01,
Note: VP<0.05, 2P<0.01.

R 6 BAEFMARIHE Pearson 48 % AT 4 R
Tab. 6 Results of in vitro antibacterial Pearson correlation
analysis of Callicarpae Nudiflorae Folium

W5 PURmOMARE UK DUBERAVEIB A
MIC MIC MIC
P1 —0.699 —0.486 -0.714
P2 —0.589 —0.739 —0.596
P5 —0.404 -0.550 —0.402
P9 —0.591 —0.326 —0.590
P10 —0.655 —0.367 —0.672
P12 —0.616 —0.302 —0.607
P14 —0.437 —0.108 —0.425
P15 -0.965% -0.849Y -0.981%
P16 —0.503 —0.187 —0.504
P18 -0.929% -0.8279 -0.8979
P19 -0.885" —0.701 -0.860"
P23 —0.790 —0.531 —0.777
P25 —0.528 -0.277 —0.506
P27 -0.904Y -0.848Y -0.865Y
P28 -0.881Y —0.682 -0.870Y
P29 -0.903" —0.750 -0.875Y
P30 -0.895Y -0.814Y -0.861Y
P32 -0.9039 —0.809 -0.866"
P33 —0.448 —0.140 —0.490
P34 -0.853Y —0.755 —0.810
P35 -0.921% -0.834Y -0.891Y

. YP<0.05, YP<0.01,
Note: VP<0.05, 2P<0.01.
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xRT RUEEKRTE R ERTE
Tab. 7 Spectrum effect equation of antibacterial action of
Callicarpae Nudiflorae Folium

i TR R? Ffi Pfd
KNG EERAIIRE  Y=2.483+0.004 2X,;  0.925 49.100 0.002
1A PR T 4 UK Y=4.164+0.002 2X,  0.943 66.561 0.001
NN AR d e g i Y=6.323-0.0222X;5— 0.990 152.988 0.001

AR A 0.048 2.X»,
TRINRIGAT B ¥=23.155-0.104 2X;5 0.720  10.297 0.033

RN RIS IEAT T ¥=6.036-0.030 2X;s  0.963 104.715 0.001

R RGBS 2R B R fE—E . HSL
BRI RGP R, MR, 6k
B b A 7R (0 5 0 S 2 BT R Z M O R . E A
ST AR TR I 1, 2, 3, 5 HnlhER
TR RERCBETRAGYREIEAEY . &
TR OE R AR SENME 0T DL R 0 R Ry e Sy,
A BEAZHff o B AL 55 2R R AR PTIA VR F 09 225
KO R G YR ETRICEY), BRI/ N T
G5 I EERE 240 SRR R A RIVE R

FHOCHE S Br 4t SR R WA i a3k 0 1, 9, 10,
12, 14, 16, 18, 19, 23, 25, 27, 28, 29, 32,
34 SRS 0 G R 1 FU 4 ROR A S
EAE, Hp@migik 1, 12, 19, 23, 29 20
RO, igig 15, 18, 19, 27, 28, 29, 30,
32, 34, 35 SRS 25 PE G B A AR . R
JoAT DA RN S SR AR AR TE AT TR S B A OC, b s
T 15, 18, 35 BB EMISE. BT ki
LOREES), 9 ILZERR), 10(FJLZERE), 12, 14(W0
MERR), 16(FIERIR), 18(BAEALWET), 19(KRHE
1), 23CFBEMMT), 2502 -4 A1),
27(2’-LBEIEBEIEEF), 28K REEK), 29(Hi 7
%), 30, 32(0F%R), 4FRER), 3554 -1
He-3,7,3- = FAUHE B AT 2 BRAE SR ER AR Y
ANGUEAE FH 4 S 2 A

(] i 3 37 PR 3 A8 G FRAB A RE AL Hb PP BRAE
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