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Exploring effects of decoction methods on supramolecular material basis and
compatibility mechanism of herb pair of Scutellariae Radix-Coptidis Rhizoma
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School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 102488, China

Abstract: Objective To explore the influence of decoction methods (single decoction and co-decoction) on the supramolecular
material base of the herb pair of Huangqin (Scutellariae Radix, SR)-Huanglian (Coptidis Rhizoma, CR) from the perspective of phase
transition, and to characterize the morphology, chemistry and biological activity of the single decoction and co-decoction, so as to
reveal the scientific connotation of the traditional Chinese medicine compatibility theory. Methods The morphology of the single
decoction and the co-decoction was characterized by Mastersizer, turbidity meter and scanning electron microscope (SEM). UV-vis
and IR were used to characterize the spectroscopic differences between the single decoction and the co-decoction, and chemical
composition changes of the single decoction and the co-decoction were analyzed by UPLC-Q-Orbitrap HRMS. Finally, the bitter taste
sensory evaluation and antibacterial model in vitro (Escherichia coli, Enterococcus faecium and Bacillus subtilis) were used to evaluate

the differences in biological activities between single decoction and co-decoction. Results The co-decoction showed a turbid
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precipitate phase, which differed from the single decoction. Spherical supramolecules could be seen under SEM measuring 600—800

nm in diameter, and additionally the co-decoction was more stable than the single decoction. Spectroscopic characterization results and

UPLC-Q-Orbitrap HRMS results indicated that the phase transition was caused by the interaction of components between the herbs to

form supramolecules. After co-decoction, the bitter and cold properties of the single herb were significantly alleviated, which was

manifested as the decrease of bitter taste and alleviation of damage to intestinal bacteria. Conclusion The phase transition (the

formation of supramolecular system) was the result of the interaction between SR and CR, which played an important role in alleviating

the bitter and cold properties of the single drug, and provided new ideas for the exploration of the compatibility mechanism of SR and

CR.

Key words: phase transition; Scutellariae Radix; Coptidis Rhizoma; compatibility; bitter-cold; drug properties; decoction; harmony;

supramolecular material basis; UPLC-Q-Orbitrap HRMS; bitter taste; intestinal bacteria
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FKBGEFE M AR G T IREREGE TR, F

TEE 3 W, WFHHEsITHER. HEERITW
SR (R D &R, SR MHERE N (2355454+58.92)
mg, CR [ EEAN (1294.77+26.08) mg, SR-CR
(I E BN (3881.54+143.39) mg, SR-CR [JHE
BEmEmT&BImem, HWEFREEER (P<
0.001), H/RIL R FE 1 FE A7 AR o A ELAR
BEF UL TR E E RGO

SR CR SR-CR
1 SR. CR. SR-CRKFRI&HIFTININER
Fig.1 Apparent phenomenon of SR, CR, SR-CR water

decoction

# 1 SR. CR. SR-CRMHEE. fifZ. PDI. (HEUFAENEERERAZEEOZEKRKITINER (Xts5,n=3)
Table 1 Amount of paste, particle size, PDI, { potential and turbidity determination results of SR, CR, SR-CR and their

bitter sensory evaluation of volunteers (X s, n=3)

F i HF fit/mg FEPRAE/mm ¢ HA/mV HUE/NTU RS
SR 2355.45+58.92 483.84+39.8 0.548+0.088  —10.6%03 29.08+0.14 0.2+0.6
CR 1294.77+26.08 302.5+12.6 0.39940.006  -8.7+04  54.03+0.93 82+1.7
SR-CR 3 881.54+4339""  631.9+63.4 0.56840.033  —14.6+1.2  23040+£5.93""## 42424

5 SR ¥ : ™"P<<0.001; 5 CR Eb#%: #P<<0.001.
**P <0.001 vs SR; ##P < 0.001 vs CR.

212 B HUNRAESHERAE KR TRGT
Ko 25 8 oK MR R AR R A R IR BT, TR
Wb B REEIE. 2% SR, CR. SR-CR FEahill
RO, 755 R SORLEEAC I E R & 7
¥kifE. 2 B3a 3 (polydispersity index, PDI) #l

CHafrs BLEE T /KON R R B EIsE K
HIBRE SR B . TATE R 30K, BOTI{E. 3)
BICHG RIS R GR1AE 2 B8R, 8%
ELEITR, R R RAAMET CR
(302.5£12.6) nm fll SR (483.84+39.8) nm K,

SR CR SR-CR
10 100 1000 10 000 10 100 1 000 10 000 10 100 1000 10 000
HifE/mm
SR CR SR-CR
—100 0 100 —100 100 —100 0 100

¢ B A7/mv
B2 SR. CR. SR-CR WSS RIE
Fig. 2 Dynamic light scattering characterization of SR, CR, SR-CR
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SRR N (631.9163.4) nm; H AR & PR,
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mV FI SR (—10.6+0.3) mV . £ FECI & 45 5 (£
1) 78, SR 5 CR WM EEE 7308 (29.0810.14)
(54.0340.93) NTU, FihIEAl G izl ik & s
F+2 (230.40+5.93) NTU, 55 SRR LA AE
BEMZER (P<0.001), Z4R5/KEERMILR
PR AT

213 SEM EAE Re$Feand% “2.1.27 TUF J7iEH

LT RS B EAFIREE fG , R AR 2 uL
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BT SEM (LAEHLE 15.0 kV) K, WEFEM
ML SURFAE F A B AR AE . (W3 SEM M EERE S 4k
WIES, 455 (K 3) Ex, SR fE SEM T EHE
IR ERTES: CR AT LLVLEE R FEARAHLI 1) 41 7% 5
SR-CR 7t SEM | EELAERIEME 7 T AF1E,
K42 43 A5 7E 600~800 nmo

LR S BRRAE C WAL, PR SO ESE L

2 pm
-

SR-CR

3 SR. CR. SR-CR #J SEM %{E
Fig. 3 SEM characterization of SR, CR, SR-CR
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T —RIIMHEESR .
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PASB IR 3 KRR, VR SR AL 5T
HETH, RN RS HR A EEH
[ At F B
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AT S A2 RO AR AR AL, 38 20 T 58 A i o i
WU TE . B H RIS B RIARE, AT DU SR
2 B ECATIRAER DY, i 25 8 1K P B RIDRR T
MEHZE 0.01 mgmL, HANEHEEEFIE (0.02
mg/mL), & 0.22 pm BIRFLIEIR G R 2 A
W, R CAR B T ACH S R, BRI KA
200~600 nm, FH A0 WA AL RETHEAT 420
K493t RN 4. SR 7 275, 315nm &K 2 4
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5 SCHRARIE A IR SO e A — B 13140, LR 32 BRI
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\
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Fig.4 UV-vis of SR, CR, SR-CR
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SRR AR RS IEED7), SRR T 55 A R RE A
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Gy P RE S B
(D PR B H 2% AE R PRI BRI R
Tk, HBAKFEREZE 04 mgmL LRI 0.8
mg/mL), 0.22 pm FUFLIERIES 5 R .
(2) 5% (3 TC-Cis A (250 mm X
4.6 mm, 5um); BN 0.1%HERAKIER- M,

BEEEVEML: 0~30min, 4%~98%ZJiE; A& 0.3
mL/min; #E# 35 C; #EFER S uL.

(3) FAHESKA:: IR T B S S TR,
HIEFEIE. E PR AT W%k £3.5
kV: FEHHE 50V #17 (N B (N [
J1 9N 40 arb A1 0 arb; & FALMIE IR E
320 °C; HHBHESIENE 350 C; =N Full MS,
I HEEEN 10 000, FFEIE ] m/z 150~1 500.

(4) BHab¥. f#H Thermo Scientific BHYH
PR "] Xcalibur 4.1 A0 5T 38 248 247 5347

(5) TR TR S - IE R L AL
TR VE R 2 A S ALY R Rl 2 7, i
UPLC-Q-Orbitrap HRMS $i A 43#r SR, CR FIHLRI
WAEIE BT 7 F ) (B 6. 7).

7E SR-CR L% & 60 ML &Y (K 2), H
AR S 17 Bl SRR 19 Bl A LR
Ko 14 B, EERERS 6 T, HABSKRS 4
o FERIVR P ORIE T35 % L BOE IR 20 A 40 Filt
41, Ho 21 M/ SR 5 CR fidtfs, FEN
AHRENED)

M SR-CR Hi3t%se Y 19 M2tk &4, £
A RE IR e e, A5 SCEkIRE, S

BRI R L 245 3 M BHZ C 3 X3 R
4 Retro-Diels-Alder (RDA) /i, £H% C 3k X4 &
£ cross-ring cleavage 1 H 4 A B 25 212122,
WA R, 5B 1 P IE R N R
T TG, AR SN E TS T E TR
iR —

B, UISHEH R EMEESH (51) N

4 6
1~3
30
4 5 67 31 SR-CR
‘ SR
N A M AA e
J o
S N
I T T T T T T T T 1
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6 SR. CR. SR-CRMIBETHRE (EEFHER)
Fig. 6 Total ion flow diagram (positive ion mode) of SR, CR, SR-CR
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Fig. 7 Total ion flow diagram (negative ion mode) of SR, CR, SR-CR
# 2 SR. CR. SR-CR LAk 5 #) UPLC-Q-Orbitrap HRMS 534
Table 2 UPLC-Q-Orbitrap HRMS analysis of SR, CR, SR-CR chemical compositions
. tr/ . ) . RE o .
5 S AR BET EiRfE  kkE ) WRET K
min (X107
1086 F&ER CeHuN4O; [M+H]™ 175.1190 175.1191  0.57 1160710 CR. SR. SR-CR
2 092 v-EETR CsHsNO;  [M+H]™ 1040706 1040711 480 - CR. SR. SR-CR
30 1.02 AR CsHsNO;  [M+H]* 1160706 1160709 2.58 - CR. SR. SR-CR
4 175 BER CoHuNOs  [M+H]* 182.0812 182.0810 1.10  165.053 5, 136.075 8 CR. SR. SR-CR
5 246 iy CioHisNsOs [M+H]* 268.1040 268.1040  0.00  136.061 7 CR. SR. SR-CR
6 335 ANER CoHINO:  [M+H]* 166.0863 166.0862 0.60  120.081 1, 149.060 0 CR. SR. SR-CR
7 362 fiBk CoHiOs  [M+H]* 199.060 1 199.0601 0.00  181.049 4, 163.009 8 CR. SR-CR
8 3.84 WIHERR CoHsOs  [M+H]" 181.0495 181.0486 497 163.039 1 CR. SR. SR-CR
9 469 R CiHiN202 [MAH]' 205.0972 205.0974 098 161.096 2 CR. SR. SR-CR
10 503 FRIEE CioHio0s  [M+H]" 195.0652 195.0657 2.56 177.0546 CR. SR. SR-CR
11 577 ZA-1-BE-TEEEH- BT CsHyNOw [M+H]" 506202 1 506.2025 079 344.149 1,208.096 5, 190.086 2 CR. SR-CR
12 656 KZ1EH CoHuNO& [M]* 342.1705 3421701 1.17  297.111 8, 282.088 3,265.085 6,237.0909 CR. SR-CR
13696 11-FRH-T S e -2 i CosHNOjo [M+H]" 504.186 4 504.1864  0.00  342.133 3, 188.070 4 CR. SR-CR
14 719 REWWEE S CyHuNOst [M]F 5042234 5042226 1.59  342.170 0 CR. SR-CR
15 732 89-ZF: LR /NEER CisHiNOs™ [M]F 308.0923 308.0917 1.95 280.096 4, 278.080 6, 265.073 2 CR. SR-CR
16 8.01 % HH/NEERUE &1 CsHsNOs' [M]* 486176 4 486.1758 123 308.091 8 CR. SR-CR
17 805 AHE CisHOs  [M+H]* 289.0707 289.0707  0.00  271.059 9 SR. SR-CR
18 821 LREAMNAERAH CioHoNOs  [M+H]™ 192.0655 192.0654 0.52  149.059 7 CR. SR-CR
19 848 LI FIER/NEER CiHisNOs™ [M]F 3241236 324.1233 093 266.0814 CR. SR-CR
20 849 NEEAH CioHieNOs™ [M]* 322.1079 3221074 1.5 309.098 6, 294.075 1, 266.080 7 CR. SR-CR
21 8.58 FIEHIL/NEER CioHisNOs™ [M]F 324.1236 3241237 031 266.0810 CR. SR-CR
2935 fIHR CioHioOs  [M+H]" 195.0652 195.0654 1.03 177.054 4 CR. SR-CR
23 947 ZiiRH CoHaoNOs™ [M]F 338.1392 338.1383  2.66  322.1070,294.111 6, 308.091 3, CR. SR-CR
306.1119,294.111 6
2 9.68 R CioHuNOs™ [M]* 320.0923 3200919 1.25  292.096 4 CR. SR-CR
25 1039 HUEHER CoHigNOs™ [M]F 3341079 3341075 120 319.0828 CR. SR-CR
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xK2 (4
e/ N . - 3 N .
hs 4 AFR BET B bR i WRET K
min (X109
26 1065 BT CuHxNOS' [M]F 352.1549 3521543 170 336.1226,322.107 1,308.127 8 CR. SR-CR
27 1083 /MEER CoHisNOs™ [M]" 3361236 3361230 1.79  321.0979,320.091 7,306.075 1,292.095 2 CR. SR-CR
28 1119 HELER CoHuNOs™ [M]* 3661705 366.170 1 1.09  350.1390,336.123 0 CR. SR-CR
29 1147 13-HIELNEER CuHxNOs' [M]* 350.1392 3501387 143 334.1070,320.091 8 CR. SR-CR
30 20.93 HiER CisHpO2  [M+H]" 279.2319 2792319 0.00 2612214 CR. SR. SR-CR
31 24.65 TR CisHpOy  [M+H]" 257.2475 2572477 078 2392377 CR. SR. SR-CR
32098 & CeHinOs  [M—H] 179.056 1 179.0553 447 161.044 6 CR. SR. SR-CR
3105 TR CHOs  [M—H] 191.056 1 191.0553  4.19 173.044 6, 127.038 8 CR. SR. SR-CR
34 1.06 fEHE CiHxOu  [M—H] 3411089 341.1088 029 179.0553, 161.04 5, 113.023 3 CR. SR. SR-CR
35 1.66 FFER CeHsO;  [M—H] 1910197 191.0191 3.14 - CR. SR. SR-CR
36 288 WRTH CHeOs  [M—H] 169.0142 169.0145 1.77 1250233 CR. SR. SR-CR
37 377 2R CoHiNOs  [M—H] 218.1034 2181029 229 - CR. SR. SR-CR
38 391 3-RMEA-FEILERR 3-0- CiHisOs  [M—H]" 329.0878 329.0882 122 167.0342 CR. SR. SR-CR
B-D-ML R 5 5
39 579 3-O-bHEE ER CrHuOy  [M—H] 367.1035 367.1037 054 193.0499, 191.055 9, 173.045 0, CR. SR. SR-CR
149.059 7, 134.036 2
40 697 4-0-PIFIEE R CrHxOs  [M—H] 367.1035 367.1037 054 193.049 6,191.055 3, 173.044 8, CR. SR. SR-CR
149.059 6, 134.036 1
41 784 AME 6-C-BIIHE 8-CHAHEH CoHasOi  [M—H]™ 547.1457 547.146 1 073 529.1347,457.114 3, 427.103 7, SR. SR-CR
367.082 4,337.0722
42 801 ATE 7-0-H KiERETH CuHuOn  [M—H] 463.0882 463.0887  1.08 287.056 4,269.045 2,153.018 5 SR. SR-CR
43 8.04 WA CuHisOn  [M—H] 461.0725 461.0726 022 285.0402 SR. SR-CR
44 8.09 ERILH CyH301s [M—H]™ 623.198 1 623.1995 225 135.044 1 SR. SR-CR
45 822 MEWE R W-2-0-H & HiHT CuHuOi  [M—H] 507.1144 507.1145 020 345.0620,330.0382,315.014 8 SR. SR-CR
46 822 AME 6-CHI KM 8-C-FTRAMET CosHasO13 [M—H]” 547.1457 547.1462 091 529.1360,427.103 5 SR. SR-CR
47 841 ZREABRE-3-CHEMELE- CyHuOw [M—H] 581.1876 581.1882  1.03 461.1442,167.034 1 SR. SR-CR
6-O- M AT B R 4
48 843 LK T-OMEHBRITRMIE  CaHoOn [M—H] 463.0882 463.0887 1.8 287.056 4, 269.045 6, 153.018 6 SR. SR-CR
49 935 TR CoHigOs  [M—H] 187.0975 187.0970  2.67 125.096 1 CR. SR. SR-CR
50 945 572-ZFM-6-FEMER-7-  CoHxOn [M—H] 475.0882 475.0885  0.63 299.056 1,284.0327 SR. SR-CR
O-Fi % PR T
51 1001 HEH CuHisOu  [M—H] 445.0776 4450777 022 269.045 6,251.033 1,223.040 0, 169.065 0 SR, SR-CR
521003 EEET-OFARETIFME  CuHuoOw [M—H] 431,098 4 431.0972 -2.78  269.0457 SR. SR-CR
531022 HiEE C3tHwO1s  [M—H] 651.2294 6512300 092 475.1812 SR, SR-CR
541057 “HHEE CuHaOn  [M—H] 447.0933 447.0937  0.89  271.061 1,243.066 6, 175.024 0 SR. SR-CR
55 1059 RHMER A-7-O-H EIHE T CoHnOn [M—H]™ 445.1140 445.1143  0.67 283.061 5,268.033 7 SR. SR-CR
56 10.84 =R HAEERMAMEERYT CoHoOn [M—H] 475.0882 4750885  0.63  299.036 1,284.0327 SR. SR-CR
57 1109 AME-T-0-F % FERE IR CuHisOn [M—H] 429.0827 429.0826 023 253.0504 SR. SR-CR
58 1150 WHEH CoHuoOu  [M—H] 459.0933 459.0936  0.65 283.061 1,268.0378, 175.024 0 SR. SR-CR
59 1166 2-AIFERE-1-3% B B B CoHnOn  [M—H]™ 461.1089 461.1092  0.65 169.014 6, 147.044 2 CR. SR-CR
60 1179 TRAKZE A CisHOs  [M—H] 283.0612 283.0613 035 268.0317,239.0317, 163.002 8 SR. SR-CR
5] R B R R AL A I TS 2R R (] 8-A), 1L AN 220X107. 3T EFRE | 7GR

A1 51 ((r=10.01 min) 7E 57 & PRI T HED T BT Hszﬁ»iﬂﬁéé)#%% m/z 269.045 6, LW HE—B R
Ut m/z445.077 7 [M—H], #3738 CoHisOn - 1 70T H0 33 m/z 251.033 1, FkZ: 1 4T CO
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Fig. 8 MS fragmentation pathway of baicalin (A) and berberine (B)

BRI BT m/z223.0400, BT m/z269.045 6
KE1HT COEHREL BT CO M 14+ CO
53 m/z 169.065 0.

SR-CR [ AEMIRE il or F B H T 300%E, H
THEFFTE AWM E JE T8, NJETF AR
Hafuf, T DAFE IE B A5 X e B R 44, DL/NBEBR
Q7)) AR E (E 8-B), tha 27 (r=
10.83 min) EEHFEX TS T TIEN m/z
336.123 0 [M]*, 7 F AT REsE CooHisNOs, RZEA
1L.79X10°% T ETER 1 54T CH: BB
T m/z321.0979, BT ETER15F CH: A 1A
H B3R B m/z 320.091 7, m/z 321.097 9 Fi2k
2 1 70 F CHs 1921 BT m/z 306.075 1, m/z
320.091 7 FRZE 1 01 CO BEIMRET mz
292.095 2.

2% I, SR-CR ()i~ K ME45 & UPLC-Q-
Orbitrap HRMS Z5 R AN, B AF- B0 LRI 5 A A

HoE &Y, AL RS P AR RARS R GB Ay
T T O AT 6 A2 2456 18] B o AH ELAE F 45 58
2.3 SR. CR. SR-CR HUEEZ ML
231 WHWREEVHY ERETY ke —, BAH
Iz AR S X, B SURE R R g 1 2235 R (6
RS AT . B BESHLRS, N5
U LN TR DL, SEMRTH AR A e R, TR
IEIR R G RO L RGO IEIE RS, LG A5
Th, TG 5 RS A 2 R RO RO, HAE—
TR FR 2GR (5 B 8 IR 7 Hh R I B
TEA R IR Fr BN 4H A Hh DTk K7 0] 3 55 -2 i
20 AT R B E VRN A Bh TR R LR AT S I 24
P4, B SR 5 CR MK T M EE S | mg/mL,
FLRTRE 1555 BT 5 L 04 0.014 0.054 0.10-
0.50 g/L 11 LR /INBERR A TRAE N2 LUV TR

o, HEEEE 10N, el vkitbrEil
ECIZ, S RS T ad, 1S s,
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2 L FE AR EAT W D B, A AR B (M ke f) J 2
DXIRBE S BRSOk, ARIER 3 IR X i
122 VO T o R0 B AR, kS
Z/ 3%, HEOETHABAERER, 15min 5
W5E 53— BB ER S ORI, B2 58 s R AR
AL E L2 FrORE S BRI 1 2 R AR KR TR
PRAECER I, 10 S Je WAL A5 B 3 T o i Y 2 85 2%
L FEAE FAD 3
®3 HEOBRMR., FR5FH

Table 3 Taste description, grade and score of bitterness

A LA A A
JREIRE /(gL
0 JUF TR I 0
0.01 WA 1 R II 1~3
0.05 AT 57 B R I 4~6
0.10 AT 24 5% ()5 v 7~9
0.50 NS RS \Y 10

B AE TE bR HEAL IR B 1EAZ S5 X R il R R R
NS R (£ 1D B8, SR B RMER, SEE
PIERIE T 05 B A R A IMARER L
—, WRHE, TEFHIAHLEAGERES, &
RVE ST 7~10 4y Z90TEALILRTE, 53
AL R RIRIA ., YF407E 4 & B R iFsh,
HZEREZE (P<0.001).

H - E 2P S R HE S T A, 150E SEE
ZH: RAENTE] 120 s, BUE 20 s BOEER AT 5047
RHOFE S REE 8 I, BUE 3 RIS WRilkAT 00 %
Ff S 2 T8 B4t K 53 30s; UEE AHS (2D PKS
GEMD. CTS (). NMS (ff). CPS GE ). ANS
(f#). SCS (7)) 7 AL IEE I EE -

L E SR AT R (K 9) KB, CPS 5
SCS A RZR (5 5 AR I8 X e R (P Y
PR 2IH— B, BRI S HiE st
AE, HASSmEAECT CR Bk,

R SR g5 AL E S, A N AR
J& BE IR B 2B RIS 5 R o 5 B AU LA A 3R R
TR, HEME R PR S SR-CR H 33 A= My 28
B VRO AR5 SRR 0%, nfE S HOERL A
Mg Z 2500, KIE-BOERAL LRI R 185+
I HAELE | LA/NBERICN AT ) A MBI 1 o PR V5 e
BEBOE RS, MER S AREES ., WESES
TOE I /NEEDR,  [RIFE 2T O T A [ (68 43
T 57 B B 281, TR LI B % -3 0% 72 i

AHS

NMS

9 BFHEEWKITM

Fig. 9 Bitter sensory evaluation results of electronic tongue

RILRI SRR, SRR R A S 8T A
(IR, A 2RI A B A B0 1
232 PRAMDE G RME LS ERIE UG
FF BRI REAT B KA TR R Tk B R AT )
B, WD R R - 5 % 240 AR T T R
Wi FTC B /KK SR A1 CR % T-H1 70 B 20 mg/mL,
FE IR HRT IR 48 FLACH R & R R
23914 1.004 0.50. 0.25 mg/mL 2R Bk (3t
IS S EEIE, LANRAYIR S MA TR EIRE 7
5174 2.00+ 1.00+ 0.50 mg/mL), EEFLIZARF N 500
ul, ARG, ML BN 50 uL KH B
VB (2000 CFU/mML) F1 50 pL Al BAF B Bcis
FIR B (FPRIBERE 13 500 CFU/ML FIAS B AT
1500 CFU/mL). ¥4#¢ 50 7E 37 ClEEE; F:5 th 597
12 h JG, HEFRRGHEFREN LR 48 FLIR 411
TRAEVRFRRE 1 X 10° )5, A R AT A0 1 B VR ARV
Bo s g R R b 7E 37 ClERIG IR
gk FE 12h )G, MEEFREE ERETEE .
JefE 12 FLIRCFINN 1 mL B Rk E, 05
BN 100 uL KIZAF R RER (2 000 CFU/mL) Fl
100 uL FHECAF B IO RS (S REKE 13
500 CFU/mL FIASEFFE 1 500 CFU/mL), & T
37 CIEIRAE h 4k S5 9% 12 he %8 _ IR 25 MR B
&7, S 7R RS IR M B R A T B IR T
N 2 mg/mL CGLANREEEEE, REKEN 4
mg/mL), ZkLE{E 37 ClEEAMRFAE PR 12
ho 3557735, M Live/Dead BacLight™ 5,
BEOEIEE 30 min 5 THOGIL RS RAET T MR
(LS SER T

ST KA (B 10-A), SR 4HER BRI &
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WA T EREMNEEEK. YREKREN
1.00 mg/mL K}, CR A FE7&EE =R, M SR-CR H
FIFEEBEPNEZ T CR 4. 458 HER M
MR (B 11-A), CR AR IR E GEED,
SR-CR HZ 1 (FEE) AR, #i8 CR AfFEXR
BICE, BARBIN SR GRhEA .
W?ﬁﬁﬂﬁgﬁﬁﬁ(EWB)SRﬁﬁﬁ

SR-CR

1.00 mg'mL™!

0.50 mg'mL™!

0.25 mg'mL™!

Xf iR

A-KIBFT TP AR AT

BRI Z AR BN, 18 0.25
mg/mL F R 264, SR-CR 41 AT L B 2 ()
R B AP VE (B Tk AR ) PR i Bk i
% (Eha ki), M CR 4] W ERE
(PR B ER B 7% 7€ 0.50 1.00 mg/mL [ 57 ik i
AT, SR-CR ZH [FIFE AT 021 B 2 (AR, REAT B A 7
ﬁﬁ%ﬁii%,ﬁCR@ﬁm%H%:ﬁ%im

SR-CR

B-MRIAERTE (Ltafk) MARFTE GEOFEL) PRI,

A-plate coating of E. coli; B-plate coating of E. faecium (red arrow) and B. subtilis (blue arrow).

B 10 SR. CR. SR-CR HI{&SMIEEIE R
Fig. 10 Antibacterial activity in vitro characterization of SR, CR, SR-CR

X

A-KIGFF B B-

SR-CR

R ER U AR BT T R 1R

A-E. coli; B-E. faecium and B. subtilis subtilis live bacteria.

& 11 SR. CR. SR-CR HERERALE
Fig. 11 Staining characterization of live and dead bacteria of SR, CR, SR-CR
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A
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W5 1) 58 e (9 A T T 42 A R 35K AT B 44 5 SR 20
AT SR-CR 2H 55 5%f HEZH OR4F— 250, AL 21 B 6 (1) 1
PRI CR A B AT A R0 Al B B i A4 m
DLE 249546 510G (B IE a7k BTde), DR
B BRGS0 (EIHPA EFT S ATR), X 5 PR iR
A ) B 75 AR K AE DU R A o

R SIS A5 AL F UL, A A AR I

A-KIGHFE (ZLEF) SEM FAE: B-JRIGIRE (ZLEFEL) FRNEAE (6L SEM £k,
A-SEM characterization of E. coli (red arrow); B-SEM characterization of E. faecium (red arrow) and B. subtilis (blue arrow).
12 HERSFFFHE

Fig. 12 Morphological characterization of bacteria
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