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Abstract: Objective To explore the self-assembly behavior and molecular association patterns of glycyrrhizic acid (GA) and
genkwanin (Gen) after combination, and to analyze the correlation between the incompatibility and the molecular state of Gancao
(Glycyrrhizae Radix et Rhizoma)-Yuanhua (Genkwa Flos) from the microscopic perspective. Methods Employ dynamic light
scattering (DLS), scanning electron microscopy (SEM), and ultrafiltration to characterize the particle size, morphology and
ultrafiltration behavior of GA-Gen mixed solutions. Results When GA and Gen were combined at mass ratios of 55:1 and 45:1, the
particle size decreased significantly from 100—150 nm (GA monomer solutions) to approximately 50 nm. After combination, DLS
showed a light intensity signal that was not present in the monomer solution at 10—100 nm. SEM images showed that the GA-Gen
compatible solutions formed well-defined cubic particles, distinctly different from the globular and long needle-like morphologies of

the individual components. When ultrafiltration membranes with molecular weight cut-off (Mw) of 3 000, 10 000, 30 000, 50 000 and
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100 000 were used for separation, it was found that with the increase of GA concentration, the transmittance of GA gradually decreased,
and the molecular weight at 10% transmittance (710) and the association coefficient (V) also gradually increased. At the same
concentration, the transmittance of GA in the compatibility system was higher than that in the GA monomer system, and 710 and N
were lower than those in the monomer system. In addition, the transmittance of Gen in GA-containing system was significantly
improved. The decoction system of medicinal materials is consistent with the trends of monomer system. Comparing the SEM of single
decoction and co-decoction, the particle size of Glycyrrhizae Radix et Rhizoma single decoction was regular and the size was relatively
uniform, and the particle size of Genkwa Flos single decoction was greatly different. The co-decoction failed to reproduce the regular
cube of monomer compatibility, but the particle uniformity was between the two single decoctions. Conclusion GA and Gen do not
simply coexist in aqueous solution. Instead, Gen is incorporated into GA micelles via molecular substitution, leading to the formation
of new self-assembled associates. These findings provide a novel perspective for understanding the mechanism of “reverse” of
Glycyrrhizae Radix et Rhizoma-Genkwa Flos herb pair.
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Fig.1 HPLC chromatograms of blank solvent (a),
glycyrrhizic acid reference standard (248 nm, b),
genkwanin reference standard (270 nm, c), and test solution
(248 nm, d; 270 nm, e)
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Fig.2 Tyndall effect of GA-Gen mixed solutions at
different ratios
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Table 1 Average particle size, PDI, and { potential of samples in each group (X + s, n =3)

FE FEHiR/mm PDL (Hfi/mV

B FHkifRm  PDL (HA/mV

HHEL 0.675 mgmL EAVAT 122.99+81.47 0.60+0.24 —14.17+0.58
L 0.825 mgmL AV 148.4349.18 0.77£0.05 —5.80+2.47

HER-EHE (450 1) BRER 55.31£3.63 1.00+0.00 —11.75%8.11
HER-EHE (550 1) BLER 52.98+2.66 0.88+0.12 —11.40£1.25

b
a

c d

1 1000 1 1000

1 1000 1 1000

Hi42/mm
B3 HEBRBAERR 0.675mgmL™, a;0.825 mgmL™, b). HEE-THEREMARR @5:1,¢55:1,d) HREZEDH
Fig. 3 Particle size distribution diagram of glycyrrhizic acid monomer solutions (0.675 mg-mL™, a; 0.825 mg-mL™, b), and
GA-Gen combination solutions (45:1, ¢; 55:1, d)
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Fig. 4 SEM images of lyophilized powders from solutions, physically mixed powders, glycyrrhizic acid monomer powder,

and genkwanin monomer powder
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Fig. 5 Mw-T fitting curves of glycyrrhizic acid monomer solutions and GA-Gen combination solutions at different mass

concentrations
*2 BEHRTHER M-THEHER R
Table 2 M,-T fitting equations and R? of glycyrrhizic acid in each sample group

Ff i EERgE R

Ff i Bl 5 e R

H R BRI 0.825 mgmL ™! T=5.191 4 &3*10°Mv 0,980 O| HEFE-TEAEER (551 1) BRI T="7.777 9 e2¥10° Mv

0.986 7

HHEEE RAIETR 0.675 mgmL™ T=5.847 0 &3*107"Mv 0991 2| HHRR-5E/E R (45 1 1) BMRIER T=0.000 5 My+7.520 9 0.954 2
HEER BRI 0.525 mgmL™! T=8.223 8 210" Mv (0,998 6| H BfZ-Je /e 2 (35 : 1) FARE T=0.000 6 My+8.242 1 0.964 5

BTV CAH B AT Gt Sl A58 M R2.

The regression equation and R? for the combination solution were calculated using glycyrrhizic acid as the reference.

*3 JREHSRTHERN TSN
Table 3 T and N of glycyrrhizic acid in each sample group

FE it My T/% Tw N FE My T/% Tio N FE My T/% T N

HER-SE/ER 3000 7.4 12582 153|HEER-5/EK 3000 7.9 4958 6.0|HEM-5c/£E 3000 9.82930 3.6
(55: 1) 10 000 10.6 45: 1D 10 000 16.9 35: 1D 10 000 18.6
P VA R 30 000 14.0 P LA R 30 000 24.4 i LA R 30 000 25.3
50 000 19.0 50 000 26.4 50 000 30.8
100 000 51.3 100 000 62.2 100 000 70.2

HERRARAER 3000 4.521 848 26.5| HHER IR 3000 5.6 17890 21. 7| H R BAAET 3000 8.9 9806 11.9
0.825mgmL™" 10000 7.6 0.675mgmL™" 10000 8.8 0.525mg'mL™" 10000 9.9
30000 12.5 30 000 12.9 30 000 16.9
50 000 20.2 50 000 21.1 50 000 27.3
100 000 64.5 100 000 81.2 100 000 82.6

HRS T 25.3%F% % 14.0%, E My, 50000 K H 58
T H1 30.8%F% % 19.0%, 7 My, 100 000 T HHER T i
70.2%P% % 51.3%. 410 5 i, BEE H HER T ER
FE T, HER A S R TE A R AL
WA HRERR T35 R %, Ui BH R SR B A N
Gy R SR AR A ) o H [ Jo 5 R R 2 AT 7 A R
b, RILE My 3 000~30 000, PcARyas T H
(1) T A v 1 AF I BV

HAFRFLE FRHERR THAE M-T sk, 4
R 2. BAETRER R2KT 0.9, UEHEIE
AL EFR R, FTH A T f1 NS

B H B S SR RN, R AT T

2 Tio 1 9 806 FF2 21 848, N 11.9 F+ £ 26.5;
H - e R AL Tho HH 2930 FHE 12582,
N 3.6 THE 153 (£ 3). SFEEEFRERE R 2
HEHE A, HRER-CEREALERAH R T
INFH ERR AR, O H R NN TR
PARZH, BT S R AR B H 2R B
Do GG RSN ISR, HEX AT e
A2 H T IR S BN, RO T T SR
o AR H RIS TN T B T S MR R AR R
ITERG, HENZTHAERS S T HARSE. HT5E
TR BRME T SS T H 3R, A DABCAR TR B
AT VAR T H S R A B T B JROR, 3T P g
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AR ST T B RULAEN, FEe R T RERZ LA
AT BRI AGEN T HER RS .

FEACZ AR LT ARYE T /K, B IE 2488 i 5
BIREE, WRAEE IR . R B 5 A N
0.015. 0.025. 0.035mg/mL ] 3 41548 & FARIER
BEATRBUE SIS, RIMEMELE My, 100 000 FLIZ TR, FE
R TN 0. BAERMIARSY, TR THEIER
m, UL H RN SElE R A RE SRR (R 4D,

Fd4 FZEMLRPEEENT

Table 4 T of genkwanin in each sample group

P fih My T% i My T/%
HER-FEHE (55:1) 50000 5.0\5E/EEHMAER 50000 /
[ ERrER 100 000 24.8] 0.015 mgmL™ 100000 /
HEBR-THE 45:1) 50000 59|5EEHMAER 50000 /
FeARA 100 000 32.4| 0.025 mg:mL™" 100000 /
HEBR-THEE 35:1) 50000 LO|FEEEHMAER 50000 /
[ 100 000 9.4| 0.035 mgmL™ 100000 /

“17 FORBTRKFEACT AR

“/” indicates that the mass concentration is lower than the detection limit.

252 ZMEIEARR R 2.7 TUR 55 Bl
A H R R SEIE M B ANR S & RO, AT S SR AE ]
(1) R BN FLAREIE LSS, THE A P H R S orAe
EI Ty Tio & No My-T WG HIZE LI 6, HiZilE
HFENAR S, Mo HERMTIER T & N WK 6.
% 6 AT %0, 7 My 3000 &, HHIHE TN 6.0%,
ARIHE T4 10.6%; 7£ M, 10 000 T, FAHIHE
TN 12.5%, EFIHE TN 19.4%; 7£ M, 30 000
T, FRIHE TN 17.4%, SHHE TN 25.6%:
1E My 50 000 T, FRATHE T 21.1%, GHIHE
TN 34.7%; 7E My, 100000 T, BARTH B 74 36.1%,
ARIH Y TN 39.3%; 7E My 50 000 &, FRHEIFEAE
T N 82%, HHIZEIL T N 29.8%; TE My 100 000
T, PARISEE TN 142%, S HITEIE TN 30.4%.
WK 6 Frow, SRR HERR T8 T H R ]
4, ARIHSEER THIHE R TIE/e i,
HAREFLE TR T A My-T #hek, 4553
W 5. BUEHEN R2BIKT 0.9, HHIEUHEH
AT, W H TG4 Tio M N fitE. HE
BT Tio A 8 138, KT&HIMM 3 097; H
FHALET NN 9.9, K TFARIH 3.8 (K6), X—
S SR B B B A R — 3
2.6 HE. THBRREARRAMIF ST
BUE & H R AR e e R & RS S
BRI T4, w4 b3 5, 76 SEM R gL,

a 40 1
30 1
X ]
= 20
10 1
. = R P R
o W -SEfe A A P H R
0 r r v .
b
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=
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o HHE-SEIEARAP AR
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HiZk (a). TREBRURREBE-TEARIRNTIER T ()
Fig. 6 M.-T fitting curves of glycyrrhizic acid in
Glycyrrhizae Radix et Rhizoma single decoction and co-
decoction (a), and T of genkwanin in Genkwa Flos single
decoction and co-decoction (b)
x5 BHHMAIER M-THIEHFRER R
Table 5 My-T fitting equations and R? of herbal decoctions

Ff [ 5 e R

H B AR P RS T7=0.000 3 Mw+7.558 7 0.975 8
HESEIE AR P H EE 7=8.239 0 InMy—56.236 0.973 6
eI IR / /
HE TG F T E / /

“17 FORE TR EACT R, ok T E gt 5
“/” means that the subsequent calculation cannot be made because the

mass concentration is lower than the detection limit.

KRR 3.00 kV, JECKAEES 7519 30 #1100 fi,
SERWE 7 B . H BRI R IR A1 AR
BHURIERS, AR AR RN, R R R 7RI
WA B R s SEAE SRR N 7 H B R 0 R 2R
LG, S AmARN . mELEE, BRI
AR THH Z B PPRE, AR T e/E el
W, H ST A BRI A0 o355 FU . H R
FERGHESORTEAS AR s T e R4 U ) T P A2
FERE . A R H B O TR S AT, R
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®6 HHMRABRPHERMTERNTEN
Table 6 T and N of glycyrrhizic acid and genkwanin in
herbal decoctions

Bt i YT . -
My T/% Tw N My T/% Tw N
HEBRE 3000 6.0 8138 9.9|5E/E AT 3000 / / /
10000 12.5 10000 /
30000 17.4 30000 /
50000 21.1 50000 8.2
100 000 36.1 100 000 14.2
HETEH 3000 10.6 3097 38| HE-EHE 3000 / / /
R 10 000 19.4 AR 10000 10.3
30 000 25.6 30000 18.8
50 000 34.7 50 000 29.8
100 000 39.3 100 000 30.4

“P7 RN R EIREMTRMR, RTS8
“/” indicates that the mass concentration is lower than the detection

limit, and subsequent calculation cannot be performed.
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3 it
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Py \~_,

HE-SEAEG RN

7 HERRNR. TERRGEHE- TSR SEM
Fig. 7 SEM images of Glycyrrhizae Radix et Rhizoma single decoction, Genkwa Flos single decoction, and Glycyrrhizae Radix

et Rhizoma-Genkwa Flos co-decoction
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