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Exploring scientific connotation of compatibility theory of traditional Chinese
medicine based on “structure-conformation-morphology-activity” conduction
relationship of berberine-flavonoid supramolecules induced by weak bonds
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Abstract: Objective In this paper, two different supramolecules, baicalin-berberine (BA-BBR NG) and wogonoside-berberine
(WOG-BBR NF), were studied on the basis of previous studies. The scientific connotation of the compatibility of traditional Chinese
medicine “expelling the pathogenic factor without harming the healthy ¢i” was discussed from the correlation of “structure-
conformation-morphology-activity” by weak bond chemistry. Methods Based on the different conformations of two
supramolecular glucuronic acid groups (A form and N form), combined with 2D-NMR analysis and minimum energy conformation
research, Laser scanning confocal microscope (LSCM) and Field emission scanning electron microscope (FESEM) were used to
characterize the supramolecular. The effect of the difference of structure and conformation on the supramolecular morphology was
discussed from the difference between macroscopic and microscopic phenomena. At the same time, the difference of supramolecular
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activity was evaluated by microbroth dilution method, plate marking method, bacterial morphology observation and biofilm
scavenging experiment. Results The morphology of BA-BBR NG varies with the concentration. When the concentration was
greater than the gel concentration (> 10 mmol/L), it was observed that the spherical supramolecules gradually form “pearl chain”
supramolecules, while WOG-BBR NF was a non-crosslinked rigid nanofiber at all concentrations. The optimal configurations of BA
and WOG were N form and A form, respectively, but when they self-assembled with BBR by weak bonding force, the optimal
configurations were reversed. In addition, in vitro antibacterial studies showed that the inhibitory effects of the two supramolecules
on Escherichia coli, Staphylococcus aureus and Enterococcus faecium were significantly different from those of berberine, and the
supramolecular antibacterial activities were "selective”. Conclusion Compared with monomer components, this study revealed the
uniqueness of supramolecular material base of traditional Chinese medicine compatibility. The different structure and conformation
of monomer components would lead to the formation of different supramolecular morphology induced by weak bonds, and then

affected the biological activity.

Key words: baicalin; wogonoside; berberine; conformation; activity; supramolecules; weak bond chemistry

VAR, W25 5 10 B AR R I VR
R A K 2R/ 7 1) B TR G 7 T IR
BEGIE T T HIGE, O E A T A
M2, XN AT PR ZR 25 T ) T A
RS T — B A7 1 o 3555350 2 I PR
FE AN RERBREEI R a s zixt, HE
R TRA B (28 ), —F MARL “ R0,
WM EMRTZ . HRSEREN, YTk
B 3 25 R B AU NI R G, SRR
FEMAFHEEHE (baicalin, BA). ¥ % ¥
(wogonoside, WOG) 231, 3% [ = T Rl /7
NI, o e B AR R 2 /) BE B
(berberine, BBR) M5l [}, AU i A6 5T
RNBEMRH B RZ A, ERAEREN 2
HILE R EVEIN S, 2R A 2 T 2 3R B
2 M AS I R 2 24 3 A A ELAE FH 45 5L, 9
T7 I 2 A0S 25 w25 TR SIS o B
A O TE S B 5 A ELAE F S I AH O I88,

EHWAEN T, MR Z4RH C-C Hie
B P AR 1 i 7 B AT 2 R HE A 1 e B e TR
Ko TR RAMBE LA P B AN 21
i, ST —EfRE R LEPER, Ren S10gf
TR I I S B A AT R A 2 ) S R e Y =
H, HIE 2 DRI R A AL R AR AT 56 4 e 2k
TEPE . ML TSRO 5 o R Ak 45 R AR PR IR 0%
R, RIFHAVEESBEES 11F 1A REARE
M FTANE o MIBRIR GG 531 F0 LA F 2 ma i
FEZLEH T DNA. AL ZHERERS T, D
AIIER RIR N FHED TR S-S TR
PUEIAHER R T8 T - T4 = A 7 Ve,
B N AL T b Mk L (I WA TN

-n HERSE) BIIKE N, HRPERELRIIKRE
A P RAES LM FEN2], B R A R T
ORI AR o TE BT AR R R A5 A
X RZREUL S5 i SRR fig# BBR F1 BA B WOG
) EARGE G IR 10 1, FE0 =34 R sk
FE40 K 7K BB Cnanogel, NG ) Al 44K 214 (nanofiber,,
NP FIFLEIEATREFE, FERILX 2 NS T IEAST
AFLE WOG H 8 f ARG IEA —EXRR, 4
M) 2 S 3 BUK BT Z G F2 o T RAE AR iA7AE
AH 2 22 00 FE IR B, ARSZIG PR IS
H-/NBERH, (BA-BBR NG) IV % %545 - /)N BE Bl
(WOG-BBR NF) 73 FHBE il &) HE I TR A4 B
AFE SIS Z R, HRH XS0 CR
J kT Escherichia coli). SUR B (475 (68 4 BRI
Staphylococcus aureus ) 1z A= T C R i BK
Enterococcus Faecium) A4, 54 [ Hu R 151 8 4
TR I SRR S 5 m, fE R AR
TINFIERIAELE “ A2 M- TR G- o0 T3S
AEEYE” TR R, DLATEIR A MR R 24
CORARAMGIE” HIRFE .

1 UBE5mH

1.1 &

MS105 Semi-Micro + /353 2 —HF R Giii 1
MettlerToledo A ] ); C-MAG-HS4 fif /14t o (4
IKA B R/ H]); FRESCO21 & RME B OHL(E
E IR A A FR A F]D s B R T L ([
Christ A ®]); Hitachi SU-8020 3% & &34 H7 B4k
B (fE[E IKA HFRAF)D; JOEL JEM-2100F i% 4 F
TRME (HARFHRA ) Leica TCSSP8 Y
BOtHM L REEME (EE Leica A7 );
YXQ-LS-75SI B k287K s (Rl R sl



¢EH 2024110 H53% H22#  Chinese Traditional and Herbal Drugs 2022 November Vol. 53 No. 22

* 7003 ¢

BIRAFD; LRH-250 BUERAEMEEFRA (M 5
WY 2845 TR A ] ) Multiskan GO % % 1y G B bR A%
CGF R REAERF R AR,
1.2 ##Y

hER/NEEG, (BBR, AR HGERH A PR A F]
AT, FESH>98%); BA (L fHadRHEA
AR, FiEs$>98%); WOG (baifHdlky
HIRAF, FRESH>98%); —HHEIH (DMSO).
AN b)) BRNGIETREE B
R (AU REEEVRH AR AT,
2 FHiE
21 HIEBHTF

FRELE B BA 1 WOG, K —# 251 H] Ay pH
7.0 BI7KIEH, 1£ 80 'C T BBR #hFR Eh/KIE LA
1:1 (0.1 mmol/L) WILLBIRE, In#diis: 1h, &
L (9000 r/min) 10 min, YIRWIKYE 3 IR, WA
3] BA-BBR NG. WOG-BBR NF, %1, #%H.
22 BYTFIMMERSERE

FIF O3 R A BBt (laser scanning
confocal microscope, LSCM). 3% SH33# o 1 5
s (field emission scanning electron microscope,
FESEM) X K TR T Ja A i 34T T A4S 2
30T
23 WERHIERE

WLELEAE TN G T R A R TR . K AT B R
JER TR AR SRR o BT fE AR s T
FPRAME IR (1 1) P, EHREKEN 10
umol/mL FIRFIE A H, FIA 24 fLiR, % 1 L0
A 200 pL FESIETR, PR E SRS IR ESE SRS, (1
HRES IR FERRFE A 1.04 0.75. 0.5, 0.25. 0.375.
0.25. 0.2, 0.15. 0.1, 0.05 }% 0.025 umol/mL (DMSO
WK T 5%), Z&AFUN 1 mL. &L S0 uL (2X
106 CFU/mL) ZHi G, #21. [FEfLLBBR N
BRI, 5 IR F2 3 NV 0 IR . SR 24 FLIR
TN 37 CHEIRIGFRAETIEE 16 h, RAMFMAE
600 nm K NI E B IBOLE (A EH. BT
SIS H A 3 UK AR A 2T SR ) 4 B A 2R

INHIZE=1—(A wa—A wn) (A s —A )
2.4 FHRXIZ%

P I PR R 23 52 A o R TS
g IR A A [V B T SRAG R B R KB S 4
R PR 23 X R LR B b T8 7R Mt b, 37 "CHEERE
FRARR IR 16 h, WISLETEEL.

25 EREYIE

T 48 FLAR NN R FR 5 (5 1% %05 #6
Pt 10 f5 5 B2, BFL 500 uL, 7& 37 ClEIREK:
FRTPEFE 240 J5, FESSEERGRERE, H
WBEER 2% vl (PBS) ¥ 1 W5, IIAE BBR LLK
BA-BBR NG. WOG-BBR NF [} 355, KA N
0.05 pmol/mL, [FIf LASEFRIN T H, kLE(E 37 C
TR FRAE NS 24 he 29 TSR G, RS
BRI RARE IR, PBSIETE 3k, HH%E
AR H 2. 5% L/ [H € 4 h J5, PBSiHTE 31K,
SR 5 PR FE IR B 2T (30%. 50%- 70%. 80%- 90%.
95%. 100%) 73 AlBei, &ERiK 10 min, 75+
FRJE, £E SEM T MEE &AL i o0 AE PR B BR - 0 o

IR BT E R s T IR A, 2
YIFPis, PBSIEYE 3K, FIIARBERS (5RZOE
VIV RETRE R, LSCM BRI
26 HEFENE

T 24 FUAR B IR 55 R 54 B BBR.BA-BBR
NG & WOG-BBR NF, £ %K% N 0.025 pmol/mL,
IONZEE R, $225, 78 37 CHERHFEMMN R 8
h &, R EIRLE 3000 r/min K0 10 min, Y&
ERAHTR . PBS JH¥E 3 I, MK ECN 2.5%(1))1%,
TR E 4 h, SRS BRI N 30%. 50%. 70%-
80%-. 90%. 95%] ZBE/KIERAN e, IR
10 min, P QL ARANEAE M, B3 pl WfERE T
b, A4, 3FH FESEM B THI 04
3 #R
31 BHF “HM-HIR-F[R-FE” FTIAE
311 A TIRARIE WRIEREEIELNLS R
(F 1-A>, BA-BBR NG MWL KERL, T
WOG-BBR NF JZH N L PiyE; [FR a1 FESEM
EIE (KB 1-B) Frx, ALURIG#HE 2], BA-BBR
NG IR FR 783 1 R Bk G 26 8L (28 BR Al i 2
SE, X5 ETEATEMRIR BTN SR BRI RORLAR A 45
FRERZEAFRL, It R k92 BA-BBR NG
WP KT B (>10 mmol/L), HIEAEHRE
LR BRI 7 T8 P T R “ ke 7 IR 1
NTHERE, BREGERE . LB LR ES
RILEB AT “TESR” (B 1-C), Bkmd%:
SAEWE 1-D Frax; [FBfE WOG-BBR NF [
FESEM Kt (| 1-B), HEEME R EANEPIK
K KERFCKE A BRIRIEGOR 48, KK
PR ILBEO T A B FE AR A



* 7004 ¢ PER 2024118 H53% FE 28 Chinese Traditional and Herbal Drugs 2022 November Vol. 53 No. 22

W& 2 Fr, I LSCM 23 578 B 3 Fl 54 Gl
RN 488 nm) TSR] T AN FAE I >
T, RIS IR, BBR FARKIKIERE TG 2
ARk A, BA-BBR NG M H ERKI T4k,
T WOG-BBR NF |7 &5 i 22 4R 47 4, 5 Ik AT,
BT 8 TR RE = A2 280 T BBR [ER (7,
SR SIS 45 R OREE T — 8 E AR I
RIVEARYIEI0AE T AR T 4N, BRI g5 ARy R
AR AE— EFE R LR o TR SR
312 BHT “HM-MR-555 KRV AR
M TAERRD |, 456 A1) ROESY 1% (& 3-A),
ReE R BA I H-17, 5"5 A & H-8 fH¢ (32X i b,
c), XULH BA HIMEEF S RMZAH B ST, @01
BITEI “U” ¥, 1 WOG H H-1", 575 H-6 2
A 2SS (XA by o), RUIHERFZE T
%, MR “1” . #t—2 981 8-OCHs Bt
T TC B0 1 SR SN R A R AN ]
B ESR BA F1 WOG [1FE R ks U &, (H T
L A X (alternative form, TER) WRIELE,
EELL N R (normal form, IEHR) W GAELERT
(F 3-C), #fEF 5] JIMEi/K/EH T, BBR #1 BA
8 WOG JERGE 77 A2, 4 BITE BER K Kb
FLHESMU. BRI D7 RE NI “U " HH
BTGNS K BT 7R I L B K ) 05 I AE A Y
“I” HAEBER T (K 3-A) B8, FF EiRpHT,
#—Pi@ik Chem 3D 1 MM2 73F 71355 BA.
WOG L2 BA-BBR NG. WOG-BBR NF HEFE ]

A U N KA G0 AT TR R AR AL, T
BRI SRR R 1, B R LE 3-B.
Wi AR AT, BA. WOG KA 3514 N
XA A R, EEATA BBR @5 1A H
Refa, mRMBNERR T A XM N L 55k,
Wang Z:018i#E i+ BA-BBR NG Al WOG-BBR HJ
NOESY i ¥ LA f NaBH, ik Jii S 46 K I 2 AN 73+
IR R IR K HIAN ], X0 5 A S 5G (1 2510 A — 3K
BV ERL A 4 B S5 A AN ROAN [ 2 3 85005 1 (A E 55
7S T AHEAR Y A F B 5 T IRS.

32 HEBRASES FIREREEMR

3.2.1  FIFH Pz bt ik e 430 3 it S
W ONE AR “E-R-TES-TEET 1
FIZ=tE, 4r%F BBR. BA-BBR NG 1 WOG-BBR
NF X280 CRBFR E. coliD BUwE (&
O A BRI S. aureus) DA AR (RIBEKE E.

faecium) AT THRAMUETEME AL . 74, TR
WK I BA FIl WOG 7E B BRI < P v PR g5 161,
AR IR B - i 4-1-A T AL X Kig AF
, WOG-BBR NF 7E &M IR BBR
LRI SR, BA-BBR NG 01T R4 5 B Sk
59, {EmHmEKE (1 pmol/mL) R, IR 5® KT
20%. X TEEOHEKE (K 4-1-B), Frarem
PRI BB ETE, IR (AR
L, fEARIKIE (0.025~0.1 pmol/mL) T, #
WOG-BBR NF #1 BBR #iit, BA-BBR NG &Il H
PRI EROR . AT IRIZERE (K] 4-1-C), FEIKE
(0.2~1mol/mL) I, BA-BBR NG 1 WOG-BBR NF
FyE M B 55 F BBR; #ERMK (0.025~0.15
mol/mL) ¥RE N, HIR WOG-BBR NF B HAhFE M
PR IGsRHHEIER, (HANE AT 40%. SR
Ui, BBR XJiX 3 MU HIHIE A 15, BA-BBR
NG X A B AN bR B 3R B It A FH 22 Sl 25 ALK
RN 4 o R A BR B IR 03958, [R]) WOG-BBR
NF 55 KA B O E 248 T BA-BBR NG; 1X th 5 B
S TERIFIR R, 2 FEERAGHE S TIRARA
7], MBS I “IEBetE” 25 .

3.2.2 P TARENE LI 58 53X 3 Fhaf B A K
PAmdE SRR Rk — P56 F BA-BBR
NG F1 WOG-BBR NF 5 A~ [F) 41 B A= K 175 L IR 52
M 4-1-A Hr, AT DR 28 HUE B U SR BN
0.100 pmol/mL i, WHR W% BBR I WOG-BBR NF
B 7% AR A R X3RN A K I B VR SR,
BA-BBR NG X KT e i HE 55, # %?ﬁu
KEH R K208 605 47 BR TS A0SR i L
H I W B R TR L (B 4-11-B), FfE SRS
A 0.100 umol/mL i, BA-BBR NG /b &EEAK,
I BBR f1 WOG-BBR NF A&& WL K& IH & 1 V% -
& 4-11-C £75 BA-BBR NG 11 WOG-BBR NF X} J#
M ER A AN 255 T BBR, X 51 Wiz
BE RSB0 B A — 8. B30I TP 2578 2Ry
FIHEE S TSRS, R I E0R B A &2
93 B AV R Vi P SR R PR IR i, T XS 2 A R A
PRV, 1A Fu 4 By b 25 An “ 4B AR AM IR
IR R AL T R SRR

3.2.3 SR AN B R e T A E R
PUHEIERSS A T — e T s 2 =, D
S AR S. aureus BT LA IR,
# BA-BBR NG. WOG-BBR NF %345 S. aureus



¢EH 2024110 H53% H22#  Chinese Traditional and Herbal Drugs 2022 November Vol. 53 No. 22 * 7005 °

A B

BA-BBR NG

WOG-BBR NF

A-BIEIAEE  B-FESEM C-BA-BBR NG TEARFIWKE T I 413K D-BA-BBR NG 76 VK T (1 41 4L &
A-inverted test tube diagram B-FESEM images C-self-assembly morphologies of BA-BBR NG at different concentrations D-mechanism diagram

of BA-BBR NG

B 1l #BoFeENFAMRRSR
Fig. 1 Macroscopic and microscopic morphology of supermolecules
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Fig. 2 Bright (A) and green (B) fields of LSCM images of supermolecules
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Fig. 5 SEM images of interaction between BA-BBR NG, WOG-BBR NF and S. aureus after 2 h (A) and 6 h (B) of co-culture
(without fixing and dehydrating to prevent destruction of self-assemblies), and (C) antibacterial mechanisms
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Fig. 6 SEM images (A, B) and LSCM (C) analysis of biofilms with different samples
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