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#E: L R-A°F (gancao-shigao, GC-SG) 2% it FE 4 B, 18 I v 25 1 3 Ak S AR ) o 2 I DK 2 F AR 24
GC BCAH A M 1245 SG IR k. (D W% GCSG HHT K 3 BV 19 T 3 ZR 20N B T2 3 5l s ok A28 st
= A SR I8 2508 % 8 2 #E (isothermal titration calorimetry, ITC) Fl£L #h W) IS % 3% ¥ (infrared absorption
spectroscopy, IR) &l GC-SG Z (R WA TAEH » @ LA%E SG i £ 1 m i PR 45 2 &AL (CaCl) X% SG 5 GC L FIHR
FUES Eh B BN K BRI IR, 456 T 18 R B0 RO SR « 8 & I 5 gk A7 3R AR, IF12 A ITC AR BRI — 2 AH
HAEFH; 6 BT 5T GC-SG GC-CaCl, 3 il i zeta B A7 « %6 4b— T UL 43 Y 6 FE¥2: (ultraviolet-visible spectrophotometry,
UV-vis) Yo il 2 57, JF 45 & R & 5 5 7R & 51 6 14X (inductively coupled plasma optical emission spectrometer,
ICP-OES) Al &1 R0 AH €438 £ (high performance liquid chromatography, HPLC) &l 3% Bl itk b i TEHL AT HLR 2 & &=
ZE5t. SRFE: © S5 ERANRAHL, GC-SG LA B W & 10 T A /RN, H s T RS BRE R BN, HEE .
H S 2R SR ) H R AL 45 R B R JL AT HEA B 20 T HY 5 TTC AT IR 45 53R W1 GC-SG 2 [R) A7 15 5 3 A T AT, #1125 3% 9
GC-SG IR i 5 KB M 258 0 TR R . @ DLWV PEAS SEAR B MV M SG 5 GC LRI, HE I 5 RV i
{HHOGIG R, zeta B A, TEROK &R TTY); HH 2 A1 H- T 2845 5 7R S4BV BT AR 739 H 98D ITC LU V-vis Al
IR 45 K GC H SG.Ca* Z [A13H A HAEH, GC-Ca™ SR UTH) BTV A3 B K 2 v I VR85 #h S R 258 4y 7 12
SE 1 ; ICP-OES A HPLC 25 L IR, GC-Ca™ H 1 H HER (glycyrrhizic acid, GA) B A% T GC-SG, iX 5 % Ca™
WREETE U O FE T, PEAR GA S5 A Ui A 6 . AR FE 3R 1 GC-SG IE A T % e 53 A e ) vh 24 43 1
e F, LA SG H EE R4S E VI i, 1 B 10 T VA PR B TR AR GA S5 U TR, LA IE R GC 5 HEVE )
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medicine SG in clinical application of traditional Chinese medicine. (D The Tyndall effect, microscopic morphology
and particle size of the single and co-decocted of GC and SG were observed, the paste content and conductivity
were determined, and the interaction between GC and SG was detected by isothermal titration calorimetry (ITC)
and infrared absorption spectroscopy (IR). @ Calcium chloride (CaCl,), a soluble calcium salt of equal gypsum
quality, was used instead of SG with GC for co-decocting to explore the effect of calcium salt content on the water
decocting, and the characteristics were combined with the Tyndall effect, microscopic morphology, paste content
and conductivity. ITC and IR techniques were used to detect the interaction between the two, and the interaction
between them was detected by ITC and IR. The zeta potential and ultraviolet-visible spectrophotometry (UV-vis)
of GC-SG and GC-CacCl, co-decoction were compared, and the inorganic and organic components in the co-decoc-
tion were detected by inductively coupled plasma optical emission spectrometer (ICP-OES) and high performance
liquid chromatography (HPLC). The results showed: () Compared with the liquid phase of single decoction, GC-
SG co-decoction had more obvious Tyndall effect, and showed uniform spherical nanoparticles under electron
microscope. Physical characterization results such as paste content and conductivity showed that co-decoction
promoted the dissolution of each other's components; ITC and IR results showed that there was strong interaction
between GC and SG, which preliminatively indicated that GC and SG co-decoction promoted the formation of
uniform and stable supramolecular system of traditional Chinese medicine. @ When soluble calcium salt was used
to substitute insoluble SG with GC for co-decocting, a stronger but astigmatic light path appeared than single
decocting solution, the zeta potential was reduced, and a large number of accumulated polymers were formed. The
results of paste content and conductivity showed that the dissolution of the co-decocting component was reduced
than the single decocting component. ITC, UV-vis and IR results showed that there was interaction between GC
with Ca’ and SG. The formation of polysink indicated that a large amount of soluble calcium salt would destroy
the stability of supramolecular Chinese medicine. The results of ICP-OES and HPLC showed that the glycyrrhizic
acid (GA) content of the former lower than the latter, which was related to the formation of a large number of
polycondensates with the increase of Ca’ concentration and the decrease of the dissolution of GA and other active
ingredients. This study indicates that the compatibility of GC and SG can form a uniform and stable supramolecular
system of traditional Chinese medicine. Calcium salt, the main component of SG, is taken as the starting point.
Excessive soluble Ca®* can promote the aggregation of active ingredients such as GA, so as to reveal the scientific
connotation of the compatibility of GC and SG, an insoluble mineral medicine.

Key words: licorice; gypsum; insoluble mineral medicine; Chinese medicine supramolecule; soluble calcium

salt; compatibility
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ek fili 7% (1 52 77 v, I 5K B 2 B RS R TE 2020 J
2021 3% S P A S0 E RIS il HE 7 9 h SG Ak BTN
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B E R K R R B2 e, 5 DA B 32 A H B
(glycyrrhizic acid, GA) 5 AN A3 & Ca™ 1 F HEAT WL %2
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MR 5 R

HmEREMHN AEMERESE AR, &
R R 2R AT 52 %58 23 M AR R 2250
W8 A8 G RHEYH B Glyeyrrhiza uralensis
Fisch. [ JRAR S AR 22 (1) % 5 i oK &AL A, REETH
KA 5 Togifn B 2548, 22 E ik B 5 AR}
sz /1L B, 9% [E Malvern {X 2576 R A &1
HAE, B HOLE T AR A A i ehk A, 4k
B AEMRI AR A, LA ARG, HA
HITACHI 2 & 33 4 AL IE AR (0.22 pm), K EE
i S 4 A PR A 7] H LR (CAS 5 1405-86-3), I
MR A ER A A A A1 g 2 K ik 9 IR,
% [ Fisher A ] ; AQ-C18 a4, 3£ [H Agilent BH A5
PR WS (5 20171106), b 5ife T .

X8 BSA224S-CW B Jjsr 2 —H T RF, 1
Sartorius A 7 ; KDM Y B #4022 Jb pt Bk AR R B
A MR A ] ; Zetasizer Nano ZS 90 B4 I /R ki BEAX, S5 [H
Malvern {X #% 1 R /A 7] ; ZEISS SUPRASS 37 & 5t 1
i H 7 R Bt 78 [E ZEISS A 7 ; Beta 2-8 LDplus %! B
28T ML, 8 [ Christ A 7] ; DDS-11A i & 3%
10, BB AR AR A R A F 5 AL, LA
R 28X FE A BR 2 7] ; HITACHI UH5300 %Y 48 4h—7] I,
4396, H A HITACHI 2 7] ; ALPHA 11 B {# B i

AR W 4T 40 e i 4, 3€ [ Bruker A PR /A & ; ITC Nano %Y
SR Y, 3 E TA 2 75 Agilent 1260 7 5 301K
FHEEAX - Agilent 5800 7Y HiL JERE 5 45 B9 1K KAl
A, 5 [ Agilent RHE AR A F .
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HER-ATAE S A AR 2 R B AR —
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F KB AT 70 °ChInRGA R, FEERFUR A, 4820 #
5 min, T8 H % H F15 2] GA &K JE 5 mmol-L™,
Ca® &K N 0.5.1.2.5.5.10.25 mmol-L" {4 )& A Kl
B &k &

FSRRAE

FARME B 2H AT SRR 1.2 mL T HE A,
WOt B EK B T I8 RILR, By R SORL A
& GC.SG S H LR AIA R E 1] GA-Ca® RIRLAE K/
4 B R 2L (polymer dispersity index, PDI), I
25°C.,

145 7 B L BE (scanning electron microscope,
SEM) B4 4H BRI LRI, 25 B8 1K RE, 40
2.5 uL i T T3 ke b, £k BRETE, TR
EhR W4, B SEM W Z H MO 5 .

YIFRRAE

HEENE USRI RO E R TR
BLTHE, THREREG THhEE, FESHHNE R,
HPAT 3K

B RNE B A p  JE R S
A B % 2H L 5 26, B TAT 3 IR

AL E B GC-SGGC-CaCl LRI % 0.8 mL,
TN FELAE I 52 b, 0 5 45 2H FEL AL AR, A3 2047 3 1Ko

F R M E 2 M LI (isothermal titration calo-
rimetry, ITC) ¥ GC J¢ [A] 5% SG.CaCl, =41 H gy itk
AT A AL, AbHE 5E 5 B 300 L SG BRI . CaCl, ¥ i
05 A BT e A i S Nt Y, B GC BRI AT
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5E, LA GC B RO 2 25 8 T K 82 B0 . R0
SE I 18] [8] [ 0 180 s, L1 5E 20 X #5389 250 1 min”,
%N 25 °Co ] NanoAnalyze #4-3E47 B AL BE,
GC 4 5E SG. CaCl, 1) g B 1Bk GC W i€ 2% & 17K I 4
B, HEE 4, 1520848 AH VRS AE AS 75 A i B
HIfE AG 455 H B Ka R B W B KA 515 28

ZT HNIR U S i KM ZE (infrared absorption spec-
troscopy, IR)  HU &% 41 5 Ji i« & BV R T F T 40 4k
S L, MR AE B, W E AR TEE 4 000~
400 cm™!, FAHHIEE 7.5 kHz, 2 IR 1% .

M- 1] DL OR T e 3 5K M ZE (ultraviolet-visible
spectrophotometry, UV-vis) H{GC-SG.GC-CaCl, 4l
FERUB 25 B 7K Wi B[R] S5 A5 4, B2 mL MR EL T
AL, P28 7K 8 2 EA R, T 200~500 nm
AV ] A0 A 2 R AR G, B A 500 A,
FHEH N 800 nm-min™, YT % N 1.0 nmo.

BRBEFE T LS AIEZENE (inductively
coupled plasma optical emission spectrometer, ICP-
OES) XM ICP-OES X GC-SG.GC-CaCl, & Bl 1 1)
&EEFHATEESNT. B GC-SG.GC-CaClL, % Tk
FAREJE S T AT, IMAIRHRRTH iR, B e
Eom#, 270 B HIBRARIEEOE DI, R 2 100 mL &
T, H 2% Wi fid IR € 25, & =W N 0.5 mgmL,
o P PR R 5 S5 8 1 A R SN G T ACHEAT I E

= MR HE & LM ZE (high performance liquid
chromatography, HPLC) >k H{ HPLC X} GC-SG. GC-
CaCl, P 20 3L B o A H R By EAT 2 2

I BB RAHE K GC-SG LRI .GC-CaCl,

A GC -

LR 5 8 T KM BE 2 %5, £ 0.22 pum flFLJE B
JE, 15 3N R

X R aIA RS & I8 TR GA FRE A,
MEER OIEER, BETREMP ERZRERERN
500 pg-mL", 28 0.22 pm Ff FL U8 M5 o i, 15 300 B
RS

BIEEH  OIEH: AQ-CIS; FishHl: 0.1% Wik -
K (A) A Z K (B); it : 1.0 mL-min™; 4 9 3 K -
250 nm; HEFE & 5 ple B FEBEML: 0~5 min, 5%~
60% B; 5~10 min, 60% B; 10~13 min, 60%~95% B;
13~16 min, 95% B.
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PRI M GC-SG FL R RIS K/ B SR RAEREAT X}
Eeit g, Wil 1A fios, GC BLRICF R4 929.5 nm.
SG LRI A 918.8 nm, Hi 4% 43 A7 B 45 2 XU IR, 1 3
RIS 38R0 4% 0 395.8 nm, KL% 43 A BN H B0 0, 3%
HH SRR P U RS Yl A7 AE, H /NI A A8 50, T
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Morphological characterization of single and co-decoction of GC and SG. A: The Tyndall effect, particle size of single and

co-decoction of GC and SG; B: SEM images of single and co-decoction of GC and SG. PDI: Polymer dispersity index; SEM: Scanning

electron microscope; GC: Licorice; SG: Gypsum
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I E 25 R W 2 fios, GC 5 SG RIS, HE & A
H T S W v T RO, U R SRS R
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B BEEHEBK NA253%10" L'mol”, &M SG 1 GC 2
T FR) AR ELAE FH 0858 . 6 GCLSG K S BT f R T gk
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A fEAI GC HF 54 -OH-COOH %5 B RE I i) = L 55l
BEE SRR R A T A EAER], 3 — P EIE GC-SG 2 %
G353 T 1A SEAFLE AR ELAE L, TR AN 2 e R B R & o
2 PARLAMEEEL (CaCl) KE#EA M SG 5 GC #51
B

PA GC-SG Zj % At Fi i R I — 38 FL R 5 ml T
B8 4 AN [A) T BB I 9K 3RO vh 25 |y TR R AE
IK RV AR A 280873 1AV AE b 52 T B A e () A L
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8 J 73 Xof FE BT BRI 22 0 6 53 1 SRR AR AT AT 520 2 BE
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Figure 2 Physical characterization of single and co-decoctions of GC and SG. A: The paste content of single and co-decoctions of GC and

SG; B: Conductivity of single and co-decoctions of GC and SG (1 = 3, x £ 5)
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Figure 3 Chemical characterization of single and co-decoctions of GC and SG. A: Calorimetric titrations of decoctions and energy curves

of GC decoction to SG decoction; B: The infrared spectrum of single and co-decoctions of GC and SG
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GC 7318 F 52 % AR 7K B R B, R B AR
M SGH — & BH# Kk -
2.3 GC-CaCLEJITC RIRUE LA GC/KFIWTH &
CaCl, /K HU AN Bk GC W 7€ 2 85 1 /K Ja 1) 4 i A8 44 i
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7] GC i 7€ SG, i i€ W $h & BT 43 38 1 5 28000 3l N
AH = -674.6 kJ-mol", -TAS = 621.642 75 kJ-mol", K, =
1.900x10° L-mol”, K, = 5.263x10™° mol-L". it 45
BIRAG <0, 4-52.957 25 kI-mol”, AH < 0, =TAS > 0,
H|AH| > |-TAS|, W% 2 By e B s i 5 R BT 1AL
FRNE, 5 GCigE SG IR M FEaH — B, 7 GC 5
Ca®™ Z [H] 7= 4 7 41 GC-SG 7] ) JF 3L A # AH T AE FH
GC 7K Rl ¥ 72 A1 [F) 5 50 SG L CaCl, /K BTk, I 3A
A& GC.SG i & st KAWL & i 4 2 I L%, £
R RONL 5E 4, T GC CaCly ¥ 28 £ 40 B 6A
WA R ESE, (AR Ca REM G R ERYS
GC H Ry OBLS, AP HESLG M 26, W 2R A
Xf Ca* IR REAE H, HAh 8 ) 2 S B S % . XF GC.
CaCl, N2 L HO B VR 8 #EAT IR 4913t 45 R i & 6B, A
7] J- GC-SG 4L &b i ¥ F Bt 1 j 73 [A) AH ELAE Y, GC-
CaCl, L HE K E R 3 5 GC 17 TE B i 41 27 1
-4 T GC I ZL AR, A AT W, GC 521 em™ b U Ar 7
KB AR B R W & 500 em!, 3 B A 1) AS Bk A
FK, 3o 22 W52 0 B 23 T 22 088 43 -1 T8 BRI € 12

3 GC-SG.GC-CaCLERRNER IR
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Figure 5 Physical characterization of single and co-decoctions of GC and SG. A: The paste content of single and co-decoctions of GC and

CaCl,; B: Conductivity of single and co-decoctions of GC and CaCl, (n = 3, X £5)
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Figure 6 Chemical characterization of single and co-decoctions of GC and SG. A: Calorimetric titrations of decoctions and energy curves

of GC decoction to CaCl, decoction; B: The infrared spectrum of single and co-decoction of GC and CaCl,
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