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Establishment of Fingerprints and Spectrum-Effect Relationship of Antibacterial Activities of Moghania
macrophylla (Willd. ) Kuntze from Different Regions

JIANG Panyun', XIONG Huili', LIN Limei'?, GUO Jiajun', SHAN Jiajia', DENG Tong', LI Rongdong', LIAO
Yingyanl 2 (1. Hunan University of Traditional Chinese Medicine, Changsha 410208, China; 2. Hunan Key Laboratory of Quality E-
valuation of Bulk Medicinal Materials, Changsha 410208, China)

ABSTRACT: OBJECTIVE To study the relationship between the spectral effect and the antibacterial effect of Rhizoma macrophylla
L. based on grey correlation degree method and partial least square method. METHODS HPLC was used to establish the fingerprint
of 13 batches of Moghania macrophylla (Willd. ) Kuntze. The antibacterial activity of Moghania macrophylla (Willd. ) Kuntze against
4 common pathogenic bacteria ( Staphylococcus epidermidis, Escherichia coli, Staphylococcus aureus and Bacillus subtilis) was
determined by microdilution method. Using the Similarity Evaluation System of Fingerprint of Traditional Chinese Medicine (TCM)
the characteristic maps of 13 batches of Moghania macrophylla (Willd. ) Kuntze were established, and the similarity evaluation and
characteristic peak identification were carried out. The relative inhibition rate was used as the index of antibacterial activity, and the
spectral effect relationship was established by using grey correlation analysis and partial least square method. RESULTS  There were
29 common peaks in the fingerprints of 13 batches of samples, and the similarity was no less than 0. 906. Peaks 12, 16, 17, 19 and
20 were identified as genistein, ononin, daidzein, genistein and chickpeas A. Siaphylococcus epidermidis, Escherichia coli and
Staphylococcus aureus had good bacteriostatic effect on 4 kinds of pathogenic bacteria. The results of spectral effect relationship analysis
showed that peak 16 (ononin) , peak 20 ( chickpea A), peak 21 and peak 25 were the main active components of the antibacterial ac-
tivity. CONCLUSION  Through the study of the spectrum effect relationship, it is confirmed that the antibacterial effect of Moghania
macrophylla (Willd. ) Kuntze is the result of the combined action of many components, which could provide reference for the basic re-
search and quality control of pharmacodynamic substances of Moghania macrophylla (Willd. ) Kuntze.

KEY WORDS:: ethnic medicine; Moghania macrophylla (Willd. ) Kuntze; antibacterial activity; fingerprint; spectral effect relation
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RIEL TSR EYEET K
[ Moghania philippinensis ( Merr. etRolfe) H. L Li],
KM F & [ Moghania macrophylla ( Willd. )
Kuntze | f14%5 & T F 4% [ Moghania ferruginea ( Wall.
ex Benth. ) Li] (T #5245 44 o T kRl 1
WG 25 4% g AR i 5 35 2 44 0 18 T Bk | Bk D B A
24 R R I 24 ST IR (AR ) 5 e Ah 48k
FUG S PRI | e JE 5 B R A5 D BOR R
2B FE b AT 0 BT T kR O A B R
25 TR BN L R, W R R IS
M, 88 TRy T8 T8, Bl %, &
AP, W TS, AR ES R R, T T
PRI BAT WG HR PR BTOME R O
MOZGEAE T o AR LR R SCRRIC 2, T T Rk
A Z R Y, AR I | AR
LN R Lo a K T N B S 0
BTz A RV 2y, 0 8 B
SR RS I JsURE S A, LAR T ik i
ARAE g IR AR 7= 1 B2 A IR T4 /iS4 4
X ) OHE B A RS T 0 T B A TR
DRI A 5 28 TR g 1) P L2 26 77, 24 TN (L4
B ER, T AR 2R B AR R R
CHrEZ) A2 P9 AR R e b R
5T b 5 B o TP 32 EERR R AR LA B iR
WY ek S HE Thee s Eiwn O HE S
i A A A A BT L E , R TR TS 2y
A bR e PP IC B 2 A BUR BT R AR, & 07 24
MFRUER R IE T M AR . K2 S0 R
W Fr 4R 2 44 A AIF 5 4R vb A8 it b 2501 A L 32
LA L KAl 27 J o3 5 I R, 3X 28 BF 5 FR Y
HPLC [ R Bl S e ) T 7 5000 B T . A
S I AT HPLC 325 1 37 A [6] 77 b K it 1 488 53
TR BUE T, I LR FF 187 Al 5 T L 3R B A 4 Bk
TR 4 B0 8 2 TR A A i X 42, 2 L T T
[Fi) B 25 5 0, S B 38 93 T Al e /0> - 3F 2 AL
TR RSCRAH SR 230 AT, 90 28 20 A R T e 5410 18
I3 FITEPE

1 #R5NEE
L1 %

AR ZRTE W 3K 13 HET- 4 2504 , i pg vp B2
GREHERERBAREE KT T ik
[ Moghania macrophylla (Willd. ) Kuntze ] )14 .
' R B LR 1,
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®1 A THEEEER
Tab.1 Sample information of Moghania macrophylla ( Willd. )

Kuntze
Sample No. Regions (in Chinese )
S1 Guangxi Yulin( ] P4 E M)
S2 Guangxi Yulin( ] 74 FAK)
33 Guangxi Yulin(J7 P4 FAK)
S4 Guangxi Yulin( ] 75 EH#k)
S5 Guangxi Pingnan ( IR A
S6 Guangxi Tengxian( ) PUEEL)
S7 Guangxi Baise (] P4 %)
S8 Fujian Zhangzhou (4N )
S9 Sichuan Zhongjiang( P4 )I] H17T.)
S10 Guizhou Xingyi ( HJH2% 30)
S11 Yunnan Pu’er( z g ¥5H )
S12 Jiangxi Xinyu (VTP HI4Y)
S13 Jiangxi Xinyu (VLPGHIARY)
1.2 HE#H

AT T R B T L % B A 4 BRI L 48 B (0
2] BR AT X5 e 18 B v s 2 DR B 2 B I SR e S g
=t
1.3 7% & 5EA

YURIARZE (L5 Yz070323 , HPLC =98% ) . 44}
AR (HES: YZ2040820 , HPLC=98% ) JEME T 2525 A
(#L45: Y2102722, HPLC =98% ) . K 5. % (it 5
Yz010221, HPLC = 98% ). ™ %4 f£ & (Ht 5.
Y2100623 , HPLC =98% ) Iy SE 7 &5 I 4 26 W B 4%
AT ; i (4545 . MS1922-801 , Methyl Alcohol ) |
2 (452, AS1122-801 , Acetonitrile ) . K it /% ( 4t
5 :20220607 , Glacialaceticacid ) Wy 3E T 22 0 K Hi 5
A RA PR A
L4 &

BRSO A £, 1 Y ( Agilent-1260-Infinity-1V , 3&
GRS AT 1 T 53 2 — 53 B K F (Secura225D-
1CN, B2 R AALER AL TG R R ) A U vk
HL(IP-100plus , ZYI T i VB TEHARA R A F]) (220
RERIF LIRS (Synergy/ HTX, SEEZHEEAT]) o

2 [ iE

2.1 kvt r3k HPLC 48 &0 B 3 oy 2 o1

2.1.1 Ak AR KR4 Supersil ODS2
(4.6 mm x 250 mm,5 um) (4354 ; 7 ShAH A 2 G-
0. 1% VK T R V5 10, B BE P i : 0 min, 10% & i
0 ~60 min,10% ~20% Z fifi;60 ~ 100 min,20% ~
40% 7.5 ;100 ~ 120 min,40% ~ 70% £, Ji%;120 ~
125 min,70% ~95% Z.Jf5 ;125 ~130 min,95% ~5%
SN s RB L 1 mL » min ™' JERERE 20 L, KGN
1 260 nm, #1730 C,
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2.1.2 fEAEERA S P13 HE A EE A
W3 6 S0 TR IR . KSR ARE 1.00 g, BT
50 mL H ZEHEE I, A R B % 78% WY EE
25 mL, %2, Friic s R ZEHEIE HUBUR , #E 10 min
Jo A AL (T A 588 W B R 40 kHz, I [A]
88 min) , &, FRUCHR &, AR FR 23 % 78% WY st b
AR B, 45 27,0, 22 pm R EGE L, R SR
W, BV v
2.1.3  XHESNEWRAIE A R PRIOORAR T 1
WA KR JUBRER JEWE TR A (X Bt id i
PR R 70% Wl e -8 T e 28, e AL
—E BT R LR RS . P B bR B
L B FE R R AT 0,075 0 mg - mL 354
0.0225 mg - mL™' KT Z0.010 0 mg - mL™" Jukl A
20.0300 mg - mlL ™! JEBET ZE A 0.0100 mg * mL ™!
IR A R IR SR VAR o 2. 1 17 T (33 S E e
il
2.1.4 JrkeEEg SRENE GRS mRERT T
Frik S1 S R 2 BRUIEE 12 S (Ge bR ) 43
B RE RO PRI R, WOKE HoA 2 B TSR 2R
T ST 2 BRI P RH G D B IR () FURF XS 0 T A

K 5 T S5 - ] — X BRI, 452, 1. 17 30
N OISR IESEIERE 6 UK, A WEAH XS PR B N A A XS
PR 22 (RSD) {H < 1.0% , A XJ g 1i £ RSD
E<3% , RPN KG L R AT

HE PSS R — AR (S1) 4242, 1L 17 UK
P A 25 7 I E AT 4 6 4y, 15 2. 1. 17 I
T IR A A AN, %5 04 AR XS R B2 B[R] RSD
fli<1.0% ,MIXI W RSD i <3% , £ W% )ik
AR

Fe s PESLHG - CIR] — P i v W (S1) , 235 F
0.3.6.9.15.24 h 2“2, 1. 17 0| 3% 54 ALK
N, 2% WEEAF XS O B N IF] RSD {BL < 1. 0% , AH X0 0 i R
RSD {5 <3% ,RHIFEMTE 24 h NERAE o
2.1.5  IREUENE A AR PR 13 4t
DR T g ol a8 Bl v R, 45 2. 17 0T (3 5%
PSRRI A2 B A IS I DL ATA A XS, R 2y
TREETEPFOY 2248 (2012, 1 J) FTIF AT B8l 73 #r
K SPSS 27. 0 #47 R 25901, R SPSS 27.0 #
SIMCA 14. 0 47 E B 5347 o
2.2 KT THRMESTE LR
2.2.1  Zigdhilas W13 HER M T SRORE R
KO 6 S0) & 10 g, ik 5% 70% & B
200 mL, ARG 1 b 52 08 s #Em AR 3 5 70%

T E 2527 2025 45 3 H 55 60 B4 6

200 mL, 3R ER 0. 5 h, b %, A IF U8, Wi
%20 mL[ #H24F 500 mg(2E2y) - mL7' ],

2.2.2 WAL BRIGARE AR R
HITBRTH 4 B R 23K 4 R A - 20 CukgRh
BB R AR TR E SRR AR L, T 37 CHEAa
724 h Bk L RETE TR (LB) AR+
B, R 2RO BUB B E 1 x 10° cfu + mL™' ()
PR L .

2.2.3  IEAIRAMTEVREE (MIC)  h R e v 67 B
2L E TR 96 LA EBEATES 2 £L3 5 A 200 pl
W5 3 ~ 11 FLA3 A 100 pL LB B55377% , N5
1755 2 L EL 100 wL 259 2565 3 L, IR 5 5 3
FLIRIC 100 pL AW 4 L, LS HE, KIK
SRR A 11 L, NS 11 FLrP IR 100 WL iR G
Frdo BRI (1.0 x10° cfu - mL™") 435 —K
PEE R LR S 96 FLARFHIIAYEE 1 ~ 12 4,
BER AT 3 AR A, 2 W W T R
0.5~0.00097 g+ mL™" %5 1,12 %]yt KX} BE,
HEA 100 pL LB 5555 A H B . 75 B 200 pl
HBMALE 12 FIE R 25 X B A A ARG 3724
37 CHiFE 24 h J5 WIRW GRS JE 5 77 AE T
R VLS TR 1) e (IR 2 vk B2 BV Sy MIC

2.2.4  ROMWEERNE  DIREEEERE KA
TR 4 B 0 R A R T A R B R i R, P R 2 R
0.5 g - mL™",¥E 96 FLARH KU ARG B AR i i
W 100 WL, FEAIA 100 WL HB JiA$E IR 5L, EA R
WHENO0.25 g - mL™" LA 10 pL AR FIBHR T RE
WEDF AL . Ph 100 WL JCREZK N 100 L HB {4
FEFREE, 10 WL B BB AR S BT IR, DL
AR 100 L HB AR FR 3 10 Wl AE FRER /K
YERBIEXT IR 37 C T 555 24 h J5 , 441600 nm
fROGSE 3 (OD) AR, H 830 1 5 mp R,

(o) = 2on = (90 =00

0D, x 100%

(1)
K, ODy, A BHAE XS B, ODy, FiX A, ODy,
R XS BEAE
2.3 EBRKXATR
2.3.1  JREREKEEHT 3Bl 13 #ET T 4kx) 4
SO B AR T A Dy 228 41, BBORE Rt T
P HPLC $5 40P 1% rh 29 A~ A7 e e g BR K405 £
BTN, 38 R A ST B2 73 Hr v S ST 1 38R G
PR G il A XGRS H R 5 DT
G IR A SCTR B o el IS K ik A5 B (R A Ak 3L
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FERAFHENS 22 7 51 SRHR R TR SCHRBE | Fe 80 5 %
BREES

2.3.2  fE/N 3R (PLS) 43041 FIH SIMCA 14.0
BPFHEAT PLS [B1IE 53 A, 38 57 24 B4 % a6 1R 1) 335 A
KA AR T4k HPLC 45 8 &E 3L
A g TR 5 AZ A (X)) X B R 14 0 B 3 O (R AE
i (Y) , I SIMCA 14. 0 B, A7 i fe /N — 3 el

P53 H , RS AT R

3 ZBRESW

3.1 kv T3k HPLC 45 0 B 1% A

3011 JiiksE g R T T IRRE R E M
K

PR EE A TG AT O B s ] B A

Xt A RSD B1/NF 3. 0% , Ui % 5 i LA R
Oy I D3 S & SVaP NGy s T Qi F i 8
312 RWT T ks SC I B9 L R A i 4R
N R R 2y 4 S0 TR A LR O AR 4
(2012 J) B, 4% 13 é‘ttj(ﬂﬂiﬁ?/fz HPLC F§AE
P i v e 2 A e 1) €0 3 W R AT 22 )RR, LI
[B] %7 1179 0. 1 min, 1 S1 ﬁﬁ,ﬂﬁl@m,ﬁéﬁﬁqzﬂﬂﬁ
B ORI T 74k HPLC @3ga ik (K 1), 1535

Sy X B P 3 (181 2) , 3Lhn e Hh 29 A4 0 5 s

SEA U X 1 ] 530 5 X e A (8T 2A0) BT, $8 A i
5 AR, B E 12 508 U RLRH, 16 5 1E
TR 17 S0 RE R, 19 SRR R,
20 S I SR A

27

1/ min

70 75 80 8 90 95 100 105 110 115 120 125 130

1~11.,13 ~15 18 21 ~29 — KA ;12 - YorbARH ;16 - PoAFAEH 17 - KE2 ;19 - YRR E 20 - JEHE G R A,
1-11, 13 -15, 18, 21 —29 — unknown peak; 12 — genistin; 16 —ononin; 17 — daidzein; 19 — genistein; 20 — biochanin A.

Bl1 Aok F A % 30 & 3 (HPLC) 6 4 3% 2 4w

Fig.1 Superimposed HPLC fingerprint of Moghania macrophylla

12

I

Mi 1

20
16 17 l
H 26 29
i 25 B
14 H 2.
J\MKL,_—J 7 B l 20, 2 P 24[

27

19

1~11.13 ~15 18 21 ~29 — /i ;12

85 90 95 100 105 110 115 120 125 130

= JEBRTE 516 — $ARAETY ;17 - KREF 519 - JURPRE 20 - BB ER A,

1-11, 13 -15, 18, 21 —29 — unknown peak; 12 — genistin; 16 —ononin; 17 — daidzein; 19 — genistein; 20 — biochanin A.
B2 RE&xHE&EHPLC F(A) 5 AvF 74k HPLC xf B 45 20K 1% (B)
Fig.2 HPLC fingerprint of mixed standard (A) and HPLC fingerprint of M. macrophylla(B)
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313 MUEEM 78 2y (0 5k 4 S0 B S A L
PN R G0(2012 i) HRARE] 13 AN [ XK B
PRARMLEE 25 3 W3R 2 £ bk Rk 1 4K AH 0L B2
¥ >0. 900, IR T TR 250 i3 I Ak 2
B2 Stk 8/ . Herpr S1~ 85,87 .89 510,813 1)
25 FA AR KT 0. 965, 1t B 3 26 7= [X (1) 25 #1 1k 27
REAE 25 BE 42230 5 17 S6 S8\ S11,S12 FR43 2544 iy AH 2
JEFE 0. 946 ~0. 906, i W% 7™ [X 2541 B fh 24 R AE 77
HE—E 22 51k

R2 A TREHEMUEFNER

Tab.2 Results of similarity evaluation of M. macrophylla

Sample No. Similarity Sample No. Similarity
st 1.000 S8 0.907
2 0.988 9 0.969
S3 0.972 S10 0. 990
s4 0. 965 st 0.927
S5 0.973 s12 0.946
S6 0. 906 s13 0.976
S7 0.983
.14 REHH W13 HORSF R T T K

2t A DG T AR A S B, § A SPSS 27. 0 K
o B, SR AL 1R &, DAF-J7 BROEG B 25 46 4T
RGERE I, BRI T T K58 B R 2t
BICE3) . HE3 Fron, DA B 10 2604
13 fit kT 4kl 4 25,81 ~S5.87 .59 .S10.S13
gl 128,88 ST s 126,812 43 o 2K,
S6 4 R IV KRB b (1 K T Fr 4k 2544
AL L AFAE — 8 25 5, A ) P oK i T T 4k
Pk 22 B3 2oL, an > R ) BE R 3 B, 7 P8 B AR
PRI TR R O — 2. X AR EE PR A A
R -3

Distance of clustering
s s 2 s

©» v v v
E SRV S

%)
= wn
o =

Sample No.
w
~

7]
w 0

Il

%]

S8
S11
S12

S6

3 R TRERELI>HARE

Fig. 3 Clustering analysis tree diagram of M. macrophylla

T E 2527 2025 45 3 H 55 60 B4 6

315 FERUMNT FREE S TTERER R 13 4R
T4k 29 A~ A g g T AR O PEAN 8 B 2 A
SPSS 27. 0 4, iR e it Sbr AL b 34, 15 51 4%
FIT SRR E S oT k3, 45 R L3R 3. DL EM
IPFFIEAE > 1 R ARAE 3380 6 A~ F sy, 55 1 Emsr
T 25 5THREE R 23. 023 5% , 55 2 4T 2 DR
0 19.440 3%, 55 3 E W 4> O 22 T Ek R N
16.976 9% 455 4 R4 22 5TRE N 12.992 1%
955 FRUT T 25 TTHEREEN 9. 608 6% 55 6 F ML
ZETT Bk FE R 9.550 4%, R E sT R F N
91.592 0% ,i% 6 > £ i o Al BEA R bt R T
M B3 10 BRIP4 bR o

R3 AT RRERS DT ER TR E
Tab.3 Characteristic values and contribution rates of principal

component analysis of M. macrophylla

Principal Value of Variance contribution Cumulative variance
component  characteristic rate/ % contribution rate /%
1 8.542 23.023 5 23.023 5
2 8.308 19. 440 3 42.463 8
3 3.767 16.976 9 59.440 7
4 2.943 12.992 1 72.4329
5 1. 835 9.608 6 82.041 6
6 1. 166 9.550 4 91.592 0

JL 5 3k SPSS 27. 0 )443 s BRI
1B 55 5T Bk 26 09 8] B, o 45 3 K T T 4k A g
BOTHERE LR 40 AR T3 KT 0.5 20, A
s L ERFEZREFIE2.3.5.10,14 .16 17 23,
25; FRLAY 2 FEORIE T4 8 .20 ~22 24 27 ~29;
FHSr 3 FEORIE TS 6,115 F s 4 F2ok
U T 06 265 E N 5 FZRIE T IE 1, iy ik vl 5|
BRI T4k o 22 5 9 JRL R T e 2 TR R S 3K
2R

FII T LR AR5 43 Al i SPSS 27.0
T3 28 DUBR R Ko FE B 43, B 13 St R Tk
A W 0 TG FR 2R AR U AL AL B, DL A A 1 2
TURRFR A o HC R E, T 13 R T 41048
RS AR IR AT HE R, R S 0
FWIZHRE b BB BRI R S, E U4
E15HEFE Sl S6 >S4 > S1 > S2 >S10 > S7 > S8 >
S3 >S12 >S5 >89 >S13 > SI1, 254 HE 44 5 BT A #B
SRR TV EAR R T TR, SR
Bl FARAL, Ud B DR T 95 245 4 vh 2L 1 1
TR b2 R b A A BRI Y R, A A 2 ]
220,
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Tab.4 Load matrix table of principal components of M. macrophylla

Peak No. Principal component 1 Principal component 2 Principal component 3 Principal component 4 Principal component 5 Principal component 6
1 -0.401 0.391 0. 346 0. 360 0.622 -0.102
2 0. 644 -0. 406 -0.222 0.408 0.216 0. 100
3 0.773 -0.37 -0.201 0.251 0.134 -0.017
4 0.497 0. 020 0. 347 -0.175 -0.705 0. 206
5 0. 604 -0.248 0. 625 -0.002 -0.267 -0.014
6 0.432 -0.079 0. 802 0. 050 0.322 0.021
7 0.369 -0.135 0. 364 -0.715 0.219 -0.188
8 0. 036 0.748 0.413 0.425 0.220 0. 124
9 -0.031 0.417 0.392 0.486 -0.206 0. 540

10 0. 895 0. 158 0.153 -0.021 -0.043 0.262
11 0. 463 0. 156 0.711 -0.379 -0.139 -0.190
12 0.349 -0.787 0. 036 0. 155 0. 189 0. 106
13 0.780 0.282 0.125 -0.471 0.137 0.173
14 0. 744 0.288 0.287 -0.406 0. 146 -0.09%4
15 0. 387 -0.677 0.223 0.413 0. 089 0.270
16 0.514 -0.659 -0.337 -0.197 0.258 0.011
17 0. 744 -0.137 0. 085 0.079 0.370 -0. 006
18 0.364 0.755 -0.263 -0.270 0. 086 0. 158
19 -0.322 0. 866 0. 120 -0.227 -0.032 -0.009
20 0.502 0. 544 -0.534 -0.216 0.171 0. 266
21 0. 344 0. 546 -0.629 -0.293 0.129 0.217
22 0.509 0. 626 -0.249 0.259 -0.102 -0.418
23 0.871 -0.141 -0.121 0.202 0.029 -0.273
24 0. 381 0. 856 -0.116 0.217 0.023 0.028
25 0. 853 0. 101 -0.332 0.210 -0.239 -0.069
26 0.582 0. 068 0. 040 0. 562 -0.270 -0.343
27 0.338 0.873 -0.044 0.224 -0.029 -0.102
28 0. 166 0.957 -0.070 0. 129 -0.075 -0.075
29 -0.432 0.735 0.418 0.113 0.248 -0.025

£S5 AUHFRRERDBHTGESBH

Tab.5 Principal component scores and comprehensive scores of M. macrophylla

Sample Principal Principal Principal Principal Principal Principal Integrated
sort No. component 1 component 2 component 3 component 4 component 5 component 6 value
1 S6 -0.2385 2.725 8 0.1322 1.264 3 1.1450 -0.1913 0.82
2 S4 1.484 1 -0.829 8 0.767 2 -0.55717 2.062 8 -0.516 2 0.42
3 S1 0.854 5 0.6129 0.3250 -0.3283 -1.4454 1.434 5 0.36
4 S2 0.8523 -0.523 8 0.980 3 0.440 6 -0.090 0 0.043 4 0.34
5 S10 0.494 6 0.2821 0.096 6 0.3920 -0.3162 -0.405 4 0.18
6 S7 0.438 9 -1.1386 -0.259 8 2.419 3 -0.705 2 0.174 0 0.11
7 S8 -1.2642 -0.471 4 -0.038 2 -0.4439 1.212 4 2.602 0 -0.09
8 S3 0.59 0 0.1918 -0.7272 -1.1450 -0.274 9 -0.410 1 -0.18
9 S12 -1.187 4 -0.2922 2.306 7 -0.682 6 -0.564 2 -0.909 7 -0.18
10 S5 0.504 0 -0.179 0 -0.8750 -0.484 0 -0.8216 0.289 0 -0.20
11 S9 -0.786 8 0.738 5 -0.1877 -0.8272 -0.936 3 -0.439 6 -0.34
12 S13 0.146 7 -0.164 6 -1.719 8 -0.689 7 0.5309 -0.793 9 -0.44
13 S11 -1.8942 -0.9517 -0.800 1 0.642 3 0.202 8 -0.876 6 -0.81
3.2 K FRBEAMIE LR R %y 31.25 ~ 15.625 125 ~ 31.25 31.25 ~ 15.625

3.2.1  MIC il o7 P o 0 S 0 R v 0 g Rt 31.25~15.625 g - mL™', 1 MIC Z5 3 a] A1, A [H]
T REESR Y0 KA FF B R AT R A BR BRI T T SRR Y KA AT B R A F B R R A
PR A R EA R 2 SR TR Y MIC {E, XTI Y MIC (B350 3K el s & sk A — 2 mmsEH. X
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T Fr R BEAR W0 R A IR 3R R 2 BR TR 4 BT
HIA BRI T ROCR B B2, 6 Rl R P R B A
X5 A T o

3.2.2 {RSMWTERRI 4% FiRC2. 27 WUR PP
X R T Fr ik B Y AT I 92 3, #0135
IR, 4RI 6, AR ™ # KT Tk B e ¥
X 2 B ) e B T R A RS S6 > S3 > 810 >
S7>8S12>84 >S11 >S1 >S13 >S2 >89 >S2 > S8;
NG VN S WA d X7 L7 DOWN 77k s O L (S
HEF o S7 > S13 >S10 >S9 >S5 >S11 >S8 >S4 >
S6 >S12 >S1 > S2 > S35 A [A] 72 #h K - - Pk s 42
P oxk <5 v €8 2 K o )0 oA R O S10 > ST >
S13 >89 >512>82 >85 >83 >S11 >S1 >56 >54 >
S8 5 AN [F] ™ bR T e 4 e 2 ) %o Al e T T ) 41 TR
YERIHERF & S6 > S7 > S10 >S5 > S1 > S13 > S12 >
S9 >S4 >S11 > S2 > S8 > S3; FH A [a] y= b Kt T
JTIRBESRYIAE — 18 A 245 MR JE T 0 3 B 4 BR AT L R
JFE IR 4 B €0 T 4 R T AT B O M T, e
VG 5L 77 b K P T T HA0O6) 4 B 68 7 7 BR TR RO REAT
PR R RCR S 5 5N 2% SO b g Rt T Fr 4506 K
kT AN B ASCR e, )P ) A R T 4K
X 4 B 00 2 R T O 0 RSO R e 1 o

RO AT TRAEHBERNER %

Tab. 6 Bacteriostatic rate of the M. macrophylla. %

Sample Staphylococcus Escherichia Staphylococcus Bacillus
No. epidermidis coli aureus subtilis
S1 59.29 75.27 61.29 39. 14
S2 44.80 83.28 43.08 -15.44
S3 93.39 78.36 30. 83 -80. 42
S4 63.99 73.96 73.40 5.46
S5 34.23 80. 38 76. 85 41.81
S6 105.75 74.73 69. 12 91.38
S7 83.32 104. 32 112.71 68.94
S8 20.18 68. 43 75.36 -17.33
S9 43.46 93.18 81.32 17.10
S10 87. 87 105. 55 81.96 53.95
Si1 63. 06 75. 68 75.40 -11.75
S12 76.98 87.86 63.27 27.96
S13 55.70 99.39 95.95 38.34
3.3 EUXARIR
3.3.1 RESRHREE AT LA 13 A2 B4R Okt

4 FECH B IR (R T) 1A Z 5 81, O
FEdh ) HPLC 5 2038 v 29 A~ Sy g i i R (3%
2) BlE Ao LU Y 81 32 1K A8 S K BE 73 M ik
SETEROM S B B G TS Y, 315 4% e 1 AR 4

T E 2527 2025 45 3 H 55 60 B4 6

PRI CHR RS, W3R 7, MOCHEEE KT 0.8, 3%
INEETF A5 T 5 R BR BE AR Y ORI E A T
0.6 ~0. 8, WFm —F CHREE — i M OCHCEE /T
0.6, M /R & LB RN S 457 %k B, FRAE
g 5 R A BR T OM OB R 0 O EK E R
0.731 ~0. 868, LELEH I Em M ( =0.80) KX K
25.22.27 .24 .8 5 U, XF 5 K ) ) PR B A K 0T
R 5 FEAE 0 5 K B A T A0 R 3R 0 G K EE 0. 71 ~
0. 888, JCIK BE (H 8 i IR I Ry 22.5.7 .17 .3 =5
W, o KM AT B A 380 R BTk 5 e A1 0 5 <6 8 00 7 4
BRTA D TR 22 19 SCHL BE Ol 0. 658 ~ 0. 849, SCHK I H
BRI Ol 22 .28 26 .24 8 S X 4 B A
IR A B K TR 5 R AE W 5 Rk FEAT TR B R R Y
RIRFE R 0. 637 ~0. 695, ;K L H 5 i (IR Ny
16 .20 .21 .25 .3 S0, XA FAT B A SR TRk . HH
1A I Nl o R R 7 s e i Y < R Sy 2
il e S 7 (Y

3.3.2 PLS/r#tr PLS MIHF MR, Dhgdt
AU TR B A8, R R AR AR R
HEAT PLS AHOCPE 347, SIMCA 14, 0 #1443 #8515
F| [ )7 F: YBP = al X1 + a2X2 + ---a29X29; YDC =
b1X1 + b2X2 + -+ b29X29; YJP = c1X1 + 2X2 + ---
29X29; YKC = d1X1 + d2X2 + ---d29X29"""" | [a]I5 Jy
FEH YBP YDC \YJP YKC 43 51| %5 b K Fr 4k 4 B
OO 2 K IR TR R A T | 48 €0 2 BR AT LA
FFFIAN B2, X1 ~ X29 3 RiIX R 1 ~29 5 Ay g
HIIETE AL, al ~ a29 b1 ~ 29 .cl ~ 29 .d1 ~ d29 K
1 ~295 AU 5 3% e M B BR AT R IGAT AT L 4 8 8
GiEzpe s LR P GOV E B v M EITE Y 4
SIEE B 5 253002 TE AR O, TR B0 3R 5 255K
EHAARREN SRR 4, GEREW A 15 M
WA 9 Pz 15 K T [l UH 3R B8O TR, BRIV S 0 3R B i
BRTA I PR 52 A OC, A G K/NAT R IRy 0 16
(PEARAETT) 20(JEME 2 A) 17T(KEF) 21,23,
25.1.13.7 144 14 DA W R R BCON 7UHE, B
550 3% B A R U T 2 R DG, A e RK/INET
WU R 429 28 (19 (YLBtARZ) 9.18.,27 .24 (12
(QURIARTY) 2656 15 A IR I A 14 81 H FR %K
HIEER, B SHORWAT RIS P AR OC , AH G R/
HI- TR I 16 (PSARAETT ) 20 (JEME G R A) (17
(KEE).21.23.7.1.25.6.3;6F 14 MIA0EREIH
FHC U, RIS HOR AT S P2 TR O, A G
K/NAT TR A 4 11 19 (kAR %) (29,27 .9,
28 18 12 (YRt ARH ) (55 15 NI A g & B A
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RT KA TRRRKEXKELSNER
Tab.7 Results of grey relational analysis of M. macrophylla

Peak No. S. epidermidis Ranking E. coli Ranking S. epidermidis Ranking B. subtilis Ranking
1 0.731 29 0. 821 24 0.784 19 0. 647 26
2 0. 801 10 0. 826 22 0.775 21 0. 663 15
3 0. 800 12 0.872 5 0.811 8 0. 671 5
4 0. 807 9 0. 836 19 0.771 22 0. 654 21
5 0.815 8 0. 884 2 0. 807 10 0. 656 18
6 0.787 17 0. 854 9 0. 800 13 0. 656 20
7 0. 766 24 0. 880 3 0.796 14 0. 668 8
8 0.823 5 0. 842 16 0. 820 5 0. 648 24
9 0.791 15 0. 835 20 0.818 6 0. 643 27

10 0. 820 7 0. 864 7 0.791 16 0. 666 10
11 0.794 14 0.851 10 0. 809 9 0. 652 22
12 0.783 18 0. 849 14 0.788 18 0. 664 13
13 0.787 16 0. 836 18 0.769 23 0. 667 9
14 0.772 21 0. 849 13 0.795 15 0. 665 12
15 0.764 25 0. 824 23 0.765 25 0. 648 25
16 0.775 20 0.813 25 0.756 26 0. 695 1
17 0.795 13 0.878 4 0. 806 11 0. 663 16
18 0. 767 23 0.838 17 0.779 20 0. 656 19
19 0.742 27 0.738 28 0.724 27 0. 637 29
20 0.733 28 0.710 29 0. 658 29 0. 693 2
21 0.769 22 0. 740 27 0.704 28 0. 683 3
22 0. 844 2 0. 888 1 0. 849 1 0. 671 6
23 0. 821 0.851 11 0. 803 12 0. 665 11
24 0. 826 0. 867 6 0.822 4 0. 668 7
25 0. 868 0. 845 15 0.789 17 0.673 4
26 0.782 19 0. 826 21 0. 827 3 0. 649 23
27 0.829 3 0. 856 8 0.818 7 0. 664 14
28 0. 800 11 0. 850 12 0. 831 2 0. 658 17
29 0.751 26 0.784 26 0.767 24 0. 642 28

AT ER TR 315 R R TR, B S04 2 60 3 A 3K R
PRSI AR 5G , A M /AT TR UK Ry U 16 (124 4K
) 20(EHEG R A) (17(KREE) 21.23.25.1.13,
7144 14 DA WERNIH R B AE, I SHiaEa
R 2 TR R T P S A DG, A DG /N B Iy
4.29 28 19(JLkpARZE ) \9.27 24 12 (Ybb AT ) 26,
854 15 A IA WAL U B [l 9 R EO ERL, B 54T
il BT TR M 2 TE AR DG, A S M /N AR YR Oy i
16 (PSR ) 20(JEBE R A) (17T(KREE) 21.23,
25 1137 1447 14 A SAy i [ml )4 2808 77 (8, B S
PURS A BTG M2 SURH G, ARG /IR R U
4.29 28 19(YLkBPRE) 9.18 27 24 12( YukbATT) 26,
AR T ¥ 5 B A (variable importance in projec-
tion, VIP) 731 R A 728 & X (453 g m ) 5
s & V(IR ) A SIMCA 14, 1 3k A7 728
BL BB, A VIP, ILIE 5. VIP &Rk B
At % PR A AR PR RE ) A B AR AR, AR R U
2% 72 B0 RS B Y i R RE ) BR . — A Y
VIP > 1 i, [ 728 5 75 ff B R 2 B i B g 35 3
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Mo SR TR KM T T R EESE Y X 4 FhEohs w0 e
BE S5 W A R AR Yk R 20 > 29 > 19 > 16 > 21 >
27 >28 >24 >2 >18 >3 >12>25,

4 it i
4.1 HPLC &% & k1t

AR Agilent-126C = S50 AH 035 A%, 12
210 ~400 nmXJ KT Fr 4k B2 i A P A A, O ik
HTE 260 nm P T, 3504 IR 2 FEIEPE SR,
BEEFRI A 260 nm, [H] B 3 42 Box-Behnken M i
TSR ZORR HE 12 15,1:20,1: 25 J2 LA«
RT3 2 60% .80% 100% H it i B[] : 30,60
90 min J5 /5 153 FIVEHE LG 1225 IR R/ %k 78% W,
88 minfEHUN A A5 SR OSCR B . i — PR
FEI BN AH R & IE-0. 1% DK T 2 7K Vi W, 6 B8 I«
0 min,10% Z.Ji5;0 ~60 min,10%~20% Z.,}i ;60 ~ 100
min ,20%~40% Z,J} ;100 ~ 120 min,40% ~70% Z.}i§;
120 ~ 125 min, 70% ~ 95% Z Ji&; 125 ~ 130 min,
95%~5% LG , 25 (01504 H AN ] 1 B, DA U
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Aot T RS EREHAHRE(A) AWHE(B) 2EEHHKE(C) AEAFE (D) IHE 236 H T 2%
Fig.4 Regression coefficients of common peaks with S. epidermidis(A) , E. coli(B), S. aureus(C), B. subtilis(D) of M. macrophyl-

la

VIP[2]

Var ID(Primary)

Var ID(Primary)

Aot T rREASEREHHLE(A) AFHE(B) 2FEWHKE(C) MEAE (D) IMHE H3H VIP#E, n=3
Fig.5 VIP values of common peaks and antimicrobial efficacy of S. epidermidis(A) , E. coli(B), S. aureus(C), B. subtilis(D) of M.

macrophylla. n =3

4.2 FaL i

i HPLC ISy 1 13 AR s R0 T 74K
FROUEE . SEE T 29 DI g, HOUA IR R XS
PR BRI ) Z [ AR N 22 5 AR WITAR S B S Y R
T E 2527 2025 45 3 H 55 60 B4 6
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