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Based on the interaction between supramolecules of traditional
Chinese medicine and enterobacteria to explore the material basis of
combination of Rhei Radix et Rhizoma - Coptidis Rhizoma

LIN Xiao-yu, LU Ji-hui, ZHANG Yao-zhi, PI Wen-min, WANG Zhi-jia, WU Lin-ying,
HUANG Xue-mei’, WANG Peng-long

(School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 102488, China)

Abstract: Based on the interaction between supramolecule of traditional Chinese medicine and enterobacteria,
the material basis of Rhei Radix et Rhizoma and Coptidis Rhizoma was explored. Scanning electron microscopy
(SEM) and dynamic light scattering (DLS) were used to characterize the morphological differences of Rhubarb
single decoction, Coptis single decoction and Rhubarb and Coptis co-decoction. An in vitro antibacterial model
(E. coli, E. faecium and B. subtilis) was established to evaluate the damage effect of the combination of Rhei Radix
et Rhizoma and Coptidis Rhizoma on enterobacteria. Ultra high performance liquid chromatography-tandem mass
spectrometry (UPLC-MS/MS) was used to analyze the changes of chemical components of single decoctions and
co-decoctions. The co-decoction of Rhei Radix et Rhizoma and Coptidis Rhizoma was turbid after decocting. The
spherical particles of 300—400 nm were observed under SEM, and the co-decoction was more uniform and stable
than that of single decoction. The interaction between supramolecules formed after the combination of Rhei Radix
et Rhizoma and Coptidis Rhizoma and enterobacteria was significantly different from that of single decoction. In

the process of interaction between supramolecules and enterobacteria, the spherical state was maintained, and the
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medicinal ingredients in Coptidis Rhizoma or Rhei Radix et Rhizoma were blocked, which could effectively

alleviate the damage to enterobacteria. This study provided a reference for subsequent studies on the regulation of

intestinal flora homeostasis by the combination of Rhei Radix et Rhizoma and Coptidis Rhizoma.
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Figure 1  Morphological characterization. A: Liquid form; B:

Tyndall effect characterization; C: Scanning electron microscope
characterization; D: Particle size characterization; E: Potential
characterization. (1) Rheum palmatum L.; (2) Coptis chinensis

Franch.; (3) Co-decoction. PDI: polydispersity index.
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Escherichia coli
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Enterococcus faecium
&
Bacillus subtilis

Figure 2 Characterization of antibacterial activity in vitro. A: Plate coating of E.coli; B: Plate coating of E. faecium (black arrow) and B.

subtilis (red arrow). R: Rhubarb single decoction; C: Coptis single decoction; RC: Rhubarb and Coptis co-decoction
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Figure 3 Staining characterization of live and dead bacteria. A: Staining characterization of E. coli; B: Staining characterization of E.

faecium and B. subtilis. Scale = 60 pm
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A Control R

B Control R

Figure 4 Morphological characterization of bacteria. A: SEM characterization of E. coli (red arrow); B: SEM characterization of E.

faecium (blue arrow) and B. subtilis (white arrow). SEM: scanning electron microscopy
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Figure 5 Ultra performance liquid chromatography-tandem mass

mode; B: Positive ion mode

spectrometry characterization (total ion flow diagram). A: Negative ion
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Figure 6 Interaction of RC (green arrow) with E. coli, E. faecium and B. subtilis
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Table 1

"Confirmed by standard substances

Chemical composition analysis of UPLC-MS/MS in single and co-decoction of Rheum palmatum L. and Coptis chinensis Franch.

ty . . Precursor Theoretical Experimental — Error Fragment ion
NO. . Identification Formula . 6 Source
/min ion (m/z) (m/z) (x10™) (m/z)
1 1.05 Glucose CH,,0, [M-H]" 179.0550 179.054 4 -3.35 161.043 7 [M-H-H,0] R, C,RC
2 1.06 Sucrose C,H,,0, [M-H]" 341.1078 341.1073 -1.47 179.054 3 [M-H-CH, O.]", R,C,RC
161.043 8 [M-H-C H, O,-H,0]
113.022 7 [M-H-C H, ,O,-H,0-
CH,O,]
3 1.07 Quinic acid CH,,0, [M-H]" 191.0550 191.0545 -2.62 173.044 1 [M-H-H,0T, R, C,RC
127.038 4 [M-H-H,0-CH,0,]
93.032 8 [M-H-H,0-CH,0,-
H,0,]
1.81 Citric Acid CH,O, [M-H]" 191.0186 191.018 4 -1.05 85.027 7 [M-H-H,0-CO,-CO,]” R,C,RC
5 2.95 Galloylglucose C,H 0, [M-H]" 331.0659 331.0662 0.91 169.012 7 [M-H-CH, O,], R,RC
125.022 8 [M-H-CH, ,0,—CO,]|”
6* 3.07 Gallic acid C,HO, [M-H]" 169.0131 169.0128 -1.78 125.022 9 [M-H-CO,] R,C,RC
3.97 Pantothenic acid C,H,,NO; [M-H]" 218.1022 218.102 1 -0.46 - R, C,RC
8 4.05 Vanillic acid CH,O, [M-H]" 167.0338 167.033 6 -1.20 123.043 8 [M-H-CO,] R,RC
4.13 3-Hydroxy-4- C,H0, [M-H]" 329.0867 329.0872 1.52 167.033 4 [M-H-CH, O,] R, C,RC
methoxybenzoic acid 3-
O-f-D-glucopyranoside
10 4.58 Gentisic acid CHO, [M-H]" 153.0182 153.0180 -1.31 109.028 1 [M-H-CO,] R, C,RC
11 5.35 Catechin-5-O-glucoside C, H,,0, [M-H]" 451.1234 451.1236 0.44 289.070 8 [M-H-CH,O,]", R,RC
245.080 8 [M-H-CH, 0,—CO,]
12 5.50 Procyanidin B C,,H,,0, [M-H]" 577.1340 577.1342 0.35 289.070 8 [M-H-C H 0], R,RC
245.080 5 [M-H-C ,H,,0,-CO,]"
13 6.79 1,6-Digalloyl C,,H,,0,, [M-H]" 483.0769 483.0772 0.62  169.012 8 [M-H-C,H,,O,]", R,RC
glucopyranose 125.022 7 [M-H-C,H ,0,~CO,]
14 6.88 Methyl gallate C,H,Oj [M-H]" 183.028 7 183.028 7 0.00 124.014 7 [M-H-C,H,0,] R, C,RC
15*  6.96 Epicatechin C;H,,0, [M-H]" 289.0706  289.070 7 0.35 271.060 3 [M-H-H,0]", R,RC
245.080 7 [M-H-CO,]”
227.070 2 [M-H-CO,-H,0T,
203.070 0 [M~H-CO,-C,H,0]
187.038 7 [M-H-CO,-C,H,OT,
165.019 1 [M-H-"AT
179.033 2 [M-H-CHO,]",
137.022 8 [M-H-""A"T
125.022 8 [M—H-"*A"]
16 7.09 3-O-Feruloylquinic acid C,H, Oy [M-H]" 367.1023 367.1020 -0.82  193.049 2 [M-H-C_H, O,]", R,C,RC
191.054 6 [M-H-C, H,O,]"
173.043 8 [M-H-C, H,0,-H,0]"
149.059 2 [M-H-C,H, O,-CO,]"
134.035 7 [M-H-C,H, 0,~CO,—
CH,]”
17 8.53 Procyanidin B 3"-O- C,,H,,0,, [M-H]" 729.1450  729.1435 -2.06 577.1329 [M-H-C.H,0O,]", R,RC
gallate 289.070 6 [M-H-C,,H, O, I
18 8.81 4-O-Feruloylquinic acid C,,H, O, [M-H]" 367.1023 367.1018 -1.36 193.049 2 [M-H-C_H, O,]", R, C,RC
191.054 7 [M-H-C, H,O,]"
173.044 1 [M-H-C, H,0,-H,0]"
149.059 1 [M-H-C,H, O,-CO,]"
134.034 1 [M-H-C,H, 0,~CO,—
CH,J”
19 9.77 Sennoside C C,H,0, [M-H]" 847.2080 847.207 1 -1.06 685.154 1 [M-H-CH,O,]" R,RC
20*  9.80 Sennoside A C,H,0,, [M-H]" 861.1872 861.1867 -0.58 699.134 0 [M-H-CH, O.], R,RC
386.100 3 [M-H-C,,H,,0,,]"
21 9.83 Hydroxycinnamic acid ~ C/H,O, [M-H]" 163.0389 163.0388 -0.61 119.048 5 [M-H-CO,] R,RC
22 9.89 Aloeemodin glucoside  C, H,O,, [M-H]" 431.0972  431.096 9 -0.70  269.044 5 [M-H-CH,O,]" R, RC
23 10.00 Rhein glucoside C,H0, [M-H]" 445.0765 445.0763 -0.45 283.023 6 [M-H-CH, O,]", R,RC

239.033 9 [M-H-C,H, 0,-CO,]"
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24 10.09 Epi/catechin gallate C,H.0, [M-H]" 441.0816 441.0813 -0.68 331.045 1 [M-H-CH,O,]", R,RC
289.070 5 [M-H-C,H,0,]"
271.060 4 [M-H-C . HO.]",
169.012 7 [M-H-C H, O,]
245.080 6 [M-H-C,H,0,-COT,
125.022 7 [M-H-C,H,0,-"*A"T"
179.033 6 [M-H-C,H,0,-C.HO,]"
25 10.10 Sennoside D C,H,0, [M-H]" 847.2080 847.206 8 -1.42 685.155 8 [M-H-CH, O,] R,RC
26 10.11 Cinnamoyl glucose C,HO, [M-H]" 309.0968 309.097 1 0.97 147.043 4 [M-H-CH, O] R,RC
27* 10.22 Sennoside B C,H,,O0 [M-H]" 861.1872 861.1863 -1.05 699.134 0 [M-H-CH, O.], R,RC
386.100 3 [M-H-C,,H,,0,,]”
28 10.27 Resveratrol-4'-O- C,H,0, [M-H]" 541.1340 541.1337 -0.55 227.071 5[M-H-CH,0,-CH O R,RC
(6"-galloyl) glucoside 51, 169.012 8 [M—-H-C,H, O,]
29 10.73 Rhein 1-0-(6'-0- C,H,0, [M-H]" 487.0871 487.087 4 0.62 283.023 8 [M-H-C,H,,0,]", R,RC
acetyl)-glucoside 239.033 7 [M-H-C.H,,0,~CO,]”
30 10.83 Aloesin C,,H,,0, [M-H]" 393.1180 393.1176 -1.02 231.065 0 [M-H-CH, O,] R,RC
31 10.90 Azelaic acid CH, 0, [M-H]" 187.0964 187.096 0 -2.14 125.095 8 [M-H-CO, H,0]" R,C,RC
32 11.01 2-Cinnamoyl-1- C,,H,,0,, [M-H]" 461.1078 461.107 1 -1.52 313.055 5 [M-H-C,H,O,]", R,C,RC
galloylglucose 169.012 7 [M-H-C H O]
151.001 9 [M-H-C H,O.T",
147.043 5 [M-H-C,H 0,1
33 11.98 Torachrysone CH,0, [M-H]" 245.0808 245.0806 -0.82  230.056 8 [M-H-CH,], R,RC
187.038 4 [M-H-CH,-CH,-CO]
34 12.03 Torachrysone 8-O- C,,H,,0, [M-H]" 407.1336 407.1332 -0.98 245.080 8 [M-H-CH, O.], R,RC
glucoside 230.057 2 [M-H-CH, O,-CH,]”
35 12.04 Chrysophan-1-O- C,H,0, [M-H]" 415.1023 415.102 1 -0.48 253.049 5 [M-H-CH, O], R,RC
glucoside 225.054 7 [M-H-CH, 0,-CO]"
36 12.09 Emodin glucoside C,H,0, [M-H]" 431.0972 431.096 9 -0.70 269.044 4 [M-H-C H, O,] R,RC
37 12.23 Chrysophanol CH,0, [M-H]" 253.0495 253.0497 0.79 225.054 5 [M-H-CO] R,RC
38 12.78 Torachrysone 8-O- C,H,0, [M-H]" 449.1442 449.144 6 0.89 245.080 8 [M-H-C,H ,0,T, R,RC
(6'-O-acetyl)-glucoside 230.057 6 [M—-H-C.H,,0,~CH,]"
39 12.84 Emodin 8-0-(6'-0- C,,H,,0,, [M-H]" 473.1078 473.1079 0.21 268.036 8 [M-H-C,H ,O,] R,RC
acetyl)-glucoside
40 13.11 Physcion glucoside C,,H,,0,, [M-H]" 4451129 4451129 0.00 283.060 0 [M-H-CH, O,], R,RC
268.037 2 [M-H-CH, O,-CH,]”
240.042 0 [M-H-CH, O,~CH,-
col
41 13.16 Physcion C,H,,0q [M-H]" 283.0600 283.0605 1.77 268.036 5 [M-H-CH,], R,RC
240.040 6 [M-H-CH,-CO]J"
42 13.18 Chrysophanol 1-O- C,H,,0, [M-H]" 457.1129 457.1134 1.09 253.049 7 [M-H-CH ,O,], R,RC
(6'-O-acetyl)-glucoside 239.070 3 [M-H-C,H,,0,-CH, ]
43 13.97 Physcion 8-O-(6"-O- C,H,0, [M-H]" 487.1234 487.123 7 0.62 283.060 6 [M-H-CH,0,]", R,RC
acetyl) glucoside 268.037 4 [M-H-C.H,,0,~CH,]”
240.041 1 [M-H-CH,,0,~CH,—
col
44 14.54 3-Methyl-rhein C,H, O, [M-H]" 297.0393 297.0397 1.35 253.049 6 [M-H-CO,], R,RC
225.054 5 [M-H-CO,-CO]”
45  15.40 Aloe-emodin C,H 0, [M-H]" 269.0444 269.044 9 1.86 240.041 9 [M-H-CO-HJ, R,RC
223.038 6 [M-H-CO-H,0]
183.043 8 [M-H-CO-CO,-CH,]
46* 15.84 Rhein C,H,0, [M-H]" 283.0237 283.0243 8 2.40 239.034 0 [M-H-CO,J, R,RC
211.038 9 [M-H-CO,-COJ"
183.043 7 [M-H-CO,-CO-COJ
47* 18.80 Emodin C,H,,0 [M-H]" 269.0444  269.044 5 0.37 241.049 4 [M-H-COJ, R,RC
225.054 5 [M-H-CO,]”
181.064 2 [M~H-CO,-CO,]”
48 091 Arginine CH ,NO, [M+H]" 1751189 175.1184 -2.86 116.070 3 [M+H-CHN,]" R, C,RC
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49 4.06 Danshensu CH, 0, [M+H]"  199.0601  199.059 5 -3.01 181.048 9 [M+H-H,0J", C,RC
163.038 5 [M+H-H,0-H,0]"
50  4.07 Caffeic acid C,H,O, [M+H]" 181.0495 181.0489 -3.31 163.038 5 [M+H-H,0] C,RC
51  5.09 Tryptophan C,H,N,O, [M+H]" 2050971 205.0968 -1.46 161.107 0 [M+H-CO,]" R,C,RC
52 5.41 Isoferulic acid C,H,0, [M+H]"  195.0651 195.064 7 -2.05 177.054 0 [M+H-H,0]" C,RC
53 6.03 Magnocurarine C, H,,NO,” [M] 314.1750 314.174 1 -2.86  269.116 5 [M-C,HNT’, C,RC
237.090 1 [M-C,H,N-CH,OH]"
54 6.15 Dihydro-11-hydroxy- C,H,NO,, [M+H]" 5062021 506.201 0 -2.17 344.1477 [M+H-CH, O,]" R,C,RC
stepholidine-glucoside 208.096 0 [M+H-C H,,0,-C,H,0,]’
190.085 4 [M+H-C H, O,-CH,O,-
H,07]'
55 6.79 9-O-Berberine glucoside C,H,NO," [M]’ 484.1602  484.1595 -1.45 322.1059 [M-CH,0.]", C,RC
308.091 1 [M-CH,,0,-CO]"
56  6.95 Magnoflorine C,H,NO,” [M] 3421699  342.168 9 -2.92 297.110 8 [M-C,H,NT’, C,RC
282.087 3[M-C,H,N-CH,]"
265.084 7 [M-C,H.N-CH,OH]"
237.089 8 [M—C,H . N-CH,OH-
cor
57  7.35 11-Hydroxy- C,H,)NO,, [M+H]" 504.1864 504.1850 -2.78 342.132 1 [M+H-CH,O,]" C,RC
stepholidine-glucoside 188.069 8 [M+H-CH, O,~C,H,0,-
H,0]"
58  7.55 Magnoflorine glucoside C,H,NO," [M]" 504.2228  504.220 9 -3.77 342.168 7[M-CH,,0,]" C,RC
59 7.69 8,9-Di-demethyl- CH NO,” [M] 308.0917  308.0912 -1.62  280.095 7 [M-COJ’, C,RC
epiberberine 278.080 2 [M—CHZO]+
265.072 2 [M-C,H,0]"
60  8.00 Dihydrojatrorrhizine C,H,NO,” [M] 340.1543  340.153 6 -2.06 325.129 0 [M-CH,]’, C,RC
324.121 1 [M-CH,]"
61 8.05 8-Oxocoptisine C,H,NO, [M+H]" 336.0866 336.086 1 -1.49 318.074 9 [M+H-H,O]’, C,RC
308.091 1 [M+H-CO]"
294.075 9 [M+H-CO-CH,]"
62 8.23 Menisperine C,H,NO, [M] 356.1856  356.1850 -1.68 311.127 3 [M-C,H,NT’, C,RC
251.107 5 [M—-C,H . N-CH,OH~
coJl”
63 8.34 Demethyleneberberine  C,,H,,NO, [M]" 486.1758  486.174 9 -1.85 324.121 5[M-CH,,0.]", C,RC
glucoside 308.089 7 [M-CH,]"
64  8.35 Dihydropalmatine C,H,,NO, [M+H]" 3541699 354.1689 -2.82 338.139 1 [M+H-CH,]", C,RC
324.121 0 [M+H-CH,-CH,]"
322.143 9 [M+H-CH,-CH,]"
65  8.51 Demethylenepiberberine C,H NO,” [M] 324.1230 324.1225 -1.54 309.098 1 [M-CH,]", C,RC
294.074 6 [M-CH,-CH,]"
266.080 2 [M-CH,-CH,-CO]"
66  8.56 Columbamine C,H,)NO,” [M] 338.138 6 338.1375 -3.25 322.106 0 [M-CH,]’, C,RC
294.111 1 [M-CH,-CO]"
308.090 3 [M-CH,-CH,]",
306.111 0 [M-CH,~CH,]"
294.111 1 [M-CH, -CO]"
67  8.60 Noroxyhydrastinine C, HNO, [M+H]" 192.0655 192.0656 0.52  149.059 3 [M+H-CONH]" C,RC
68*  8.71 Jatrorrhizine C,H,)NO,” [M] 338.1386  338.1379 -2.07 322.1057 [M-CH,]’, C,RC
294.111 1 [M-CH,-CO]"
308.090 3 [M-CH,~CH,]",
306.111 0 [M-CH,~CH,]"
294.111 1 [M-CH, -COJ"
69*  8.78 Coptisine C,H,NO,” [M] 320.0917  320.090 9 -2.50 292.095 5 [M-COJ" C,RC
70  8.85 Berberrubine C,H,NO,” [M] 3221073  322.106 5 -2.48 307.082 5 [M-CH,]’, C,RC

294.110 8 [M—-CO]"
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71 8.86 11-Hydroxyl- C,H,NO," [M] 338.1022  338.1017 -1.48 322.070 3 [M-CH,]’, C,RC
groenlandicine 310.106 1 [M-COT’,
306.074 2 [M-CH,0]"
72 8.88 Demethyleneberberine  C H NO," [M] 3241230 324.1217 -4.01 266.079 7 [M-CH,-CH,-CO]" C,RC
73 9.11 Oxyepiberberine C,H,NO, [M+H]" 3521179 3521173 -1.70 336.085 2 [M+H-CH,]’, C,RC
322.070 0 [M+H-CH,-CH,]"
308.090 3 [M+H-CH,-CH,~CH,]"
294.074 6 [M+H-CH,-CH,-CO]"
74 9.36 Ferulic acid C,H,0, [M+H]"  195.0651 195.064 6 -2.56 177.054 1 [M+H-H,0]" C,RC
75%  9.87 Epiberberine C,H,NO,” [M] 336.1230  336.1218 -3.57 320.090 3 [M-CH,]’, C,RC
306.073 9 [M-CH,-CH,]"
292.095 2 [M-CH,-CO]"
76  10.12 Dehydrocorydaline C,H,NO,” [M] 366.1699  366.168 8 -3.00 350.137 0 [M-CH,]’, C,RC
336.121 1 [M-CH,-CH,]"
334.141 6 [M-CH,-CH,]",
322.141 2 [M-CH,-CH,~CH,]"
77 10.49 13-Methylepiberberine  C, H,,NO," [M]" 350.138 6 350.1379 -2.00 334.107 5[M-CH,]’, C,RC
320.090 6 [M-CH,-CH,]"
306.110 8 [M-CH,-CO]"
78* 10.74 Worenine C,H,NO,” [M] 334.1073  334.106 4 -2.69 319.083 6 [M-CH,]’, C,RC
306.110 7 [M-CO]
79* 10.92 Palmatine C,H,,NO,” [M] 352.1543  352.1532 -3.12 336.121 6 [M-CH,]’, C,RC
322.106 0 [M-CH,-CH,]"
308.126 8 [M-CH,~CH,-CH,]"
80* 11.06 Berberine C,H,NO,” [M] 336.1230  336.1220 -2.98 320.090 5 [M-CH,J", C,RC
306.074 8 [M-CH,-CH,]"
292.095 5 [M-CH,-COJ"
81 11.79 13-Methylberberine C,H,)NO,” [M] 350.138 6 350.138 1 -1.43 334.1072 [M-CH,]’, C,RC
320.090 6 [M-CH,-CH,]'
306.111 1 [M-CH,-CO]"
82 12.89 Acacetin C,H,,0; [M+H]" 285.0757 285.0754 -1.05 270.051 1 [M+H-CH,]T", C,RC
242.056 5 [M+H-CH,-CO]"
211.074 8 [M-C,H,0,]"
83* 16.52 Oxyberberine C,H.NO, [M+H]" 3521179 352.1174 -1.42 336.084 7 [M+H-CH,]’, C,RC
322.069 8 [M+H-CH,-CH,]"
308.090 5 [M+H-CH,-CH,-CH,]"
294.074 9 [M+H-CH,-CH,-CO]"
84  21.44 Eleostearic acid C,H,0, [M+H]" 279.2318 279.2315 -1.07 261.221 2 [M+H-H,0]" R,C,RC
85 25.35 Palmitic acid CH,0, [M+H]"  257.2475 257.246 6 -3.50 239.236 1 [M+H-H,0]" R,C,RC
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