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Based on the macromolecules in traditional Chinese medicine
exploring the material basis and mechanism of the analgesic effect
of Shaoyao Gancao Decoction
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Abstract: In order to study the analgesic effect of Shaoyao Gancao Decoction, this paper discussed material
basis and mechanism from the perspective of macromolecules in traditional Chinese medicine. Inspired by the
phenomenon of turbidity after boiling Chinese medicine, this experiment took Shaoyao Gancao Decoction as the
research object to study the formation process of precipitation during boiling. The results showed that aggregates
with a certain shape were formed in the solvent during the boiling process, and the precipitate was obtained by
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standing and centrifuging. Analysis found that the precipitation was mainly composed of small molecules such as
paeoniflorin, albiflorin, liquiritin, glycyrrhizic acid, isoliquiritin and gallic acid, and macromolecules such as
protein and polysaccharide. The composition of precipitate was consistent with that of Shaoyao Gancao Decoction,
but the analgesic effect of Shaoyao Gancao Decoction after removing the precipitate was significantly reduced.
Based on these results, we isolated small molecular compounds, polysaccharides and protein from Shaoyao Gancao
Decoction and their contents are 60.4, 700.7 and 207.2 mg-g" respectively. We get the ratio, polysaccharide:
small molecule = 11.6: 1, protein: small molecule = 3.4: 1, the precipitate is prepared in the state of boiling. The
characterization results showed that the particle size of the precipitate will change significantly after co-heating,
and the content determination results showed that the content of the six small molecular compounds which was free
in solvent was significantly reduced after the formation of the precipitate. The acetic acid writhing experiment
proved that the precipitate has a good analgesic effect, and effectively reduced the levels of inflammatory factors
prostaglandin E2 and nitric oxide, and increased the level of anti-inflammatory factor interleukin-10. These results
proved that the precipitate in Shaoyao Gancao Decoction is an important material basis for analgesic effect, and
macromolecules such as protein and polysaccharide are the main components of the precipitate. The study of
macromolecules in the precipitate of Shaoyao Gancao Decoction not only provides new ideas and methods for
elucidating the pharmacodynamic material basis of Shaoyao Gancao Decoction, but also provides a reference for

analyzing the scientificity of traditional decoction.
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F)VH O QLR s R 2 A PR A R S Ab R ER 2R
AL E RIS E, N B ERHEY AT 4 (Paeonia
lactiflora Pall.) HT18AR F G RBHEY) B ¥ (Glycyrrhiza
uralensis Fisch.) )T AR 2£ .

TEIE R RMBEENR 138 1, 78 S, k&
18~22 g, T AL 3 7 & 4 7 1L FR FE 3% SRR S W) A =,
FWIVEAE S SYXK (30) 2021-0017. 3% F H [
=R} 2 Bt B SR R VR I ST BT, A5 S A FR bR e, /N E
BHAR R, & M PEMR IR 7 RGP AR SR Ie . A LI 3R
rh BE R} 2 e b R SRR FRAG W 5 B S SR sh i h o 4G TR
F Gy e it (EHE S IBCTMCACMS21-2112-01).

RASNE HEEFMEE TR @S5 111610-
201607+ 110831-200302, H [ £ & 2 i £ 2 BF 5% Fi);
AT AT R H R (5 X12ABC33672.
G26N11L132310.H0309276567, i sm Lk H
IRAHE), B HEE @S TT1021, Kid— T RHLE R
AT, ToK A ERE (C12812507, b 32 e AL R
HIRAF. O (B4, 3 E Fisher A &), IR (i
W2, FEER MR B A IR A F]). SDS-PAGE & H -
FE 2% 1P (POO15L). SDS-PAGE #t i it #1 ik 7 &
(POO12A) F1BCA & 1 ¥ B Wl w2 i 77 & (POO11) (L ifg
R REVFEAREGIR AT % LW G-250 (C8420).
FMT 180 ) 18 75 1 marker (PR1910).3% 4% 2 11 4 ¢4
7 (G1871) F120xPBS ZZ M (pH = 7.2~7.4) (P1032)
(b Z R ERHEHIRA A). Toyopearl SuperQ-650M
HER bR S AR R BEA R AR, 10<HEIKZ MR
(B1005, b3 HSEIL R EE ARG BR A 7). 15 mL/30 kDa
HBIEE (UFC903096, 3 [F Millipore 24 7).

Thermo Vanquish Flex 8 &1 250 AH €4 3% 4% . TSQ
Quantis = = PU #% #F 57 1% 1 - Multiskan Mk3 & A5 4 Fl
Dionex 1CS-5000+ 7 154X (35 [H Thermo A 7]); SB-
5200DT A5 P IFTENL (T 08 Z R A IR A
Al); H 57 H-7650 3% 4 1 B 308 (H A& H 32 A #);

BT25S + /573 2 —H 7 R (AL 38 2 PR 2 A 3
A R 2], WO LA (3£ B Microtrac A 7]); Delta
320 pH it (45 84T A 2 Lifg A BR 2 ®]); HC-100 18
IR S (WU T AL E B R A #]); Fluor Chem FC2
% F1 R R R T 184X (2 [ Protein Simple 2 )
DYY-5D 8 =16 2% ] H ik A FL Y5 A DY CZ-24DN £ /R
W VKA (A N — AR R A BR A D), AKTA
Purifier & H 26404 (3£ [EH Cytiva 24 7).

HIXAYRHIE  RICATZAH H % 60 g, In 8 i
H/KIR I 30 min, B 40 min 5, LY ALl Ik, 25ik
In 6 f% FE /K i A 30 min, oY 20 A I8, & I IR BE,
RIS 1 gmL" CEZj &), Prf3g R AT 25 1 5L
% (Shaoyao Gancao Decoction, SGD). #H [ J7 ¥ ffil] £
Aj #j % (Shaoyao Decoction, SYD) F1H #.i7 (Gancao
Decoction, GCD),

I SGD, 1 H 30 kDa ) 7% £ 4k JIE B U8, P45
VR BN AT 25 H 5978 I8 (Shaoyao Gancao Decoction
Ultrafiltration, SGU). H{ SGD, ¥ JE ¥ 4 J5 I\ 95%
W R QRN 65%, 4 °CHFE 12 h )5,
4 000 r-min” 50> 20 min, 7 & 15 3] L5, AR X4
figz, 19 202525 H ¥ L& (Shaoyao Gancao Decoction
Ethanol Dissoluble Substances, SGES).

UHPLC-MS/MS N EZR 6 ML &aE X
FR it V5 VAR D 1) 6 - DK TRt 0 B, RS B PR, o
Aj 25T (paconiflorin). A5 25 A lig 1F (albiflorin). H % ¥
(liquiritin) 5 H #TF (isoliquiritigenin) H ¥R (glycyr-
rhizic acid). % & 7R (gallic acid) ) & — % [ 5 i 4%
T, 57 R s 6 ot HE i £ V0O B, o RROAS [R5
L TR VR B R A

PE SV VIR 2% - s SGD FH Y BE AR BR 20 HLK
%, 0.22 pm BFL BRIt 38, BRR U8 B A3 A D o o

T v VR £ 1 AN BT 1 AL S - Agilent SB-C g
RRHD (2.1 mm x 100 mm, 1.8 um) 44, #4735 °C,
FE AR 4 °C, Wit 0.3 mL-min”'s PL0.1% HZ
K (A) M ZBE (B) MmN AH, 16 B BB (0~2 min, 5%
B; 2~3 min, 5%~32% B; 3~5 min, 32% B; 5~6 min,
32%~60% B; 6~8 min, 60% B; 8~10 min, 60%~
90% B; 10~12 min, 90%~15% B; 12~15 min, 5% B),
HFEEN T pL.

15 F LT 55 2515 (EST) 3% 36 s B2 I (SRM)
B, IE GRS T[R4, 27~ 8Y = H-ESI, IE 5
25 55 HLUE 4330 24 3 700 VR 3 500 V, TS /4l B
S BIAN,, 55 N 40 Arb, 4B SIECN 5 Arb,
WA Y 1 Arb, B 15 408 I N 325 °C, Z Ak
I 400 °C.
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BCAEMEERRERTNEE %HBCAEA
P R e I PR . A 5k B 45011
14 Bl A5 T ) Bl A . b v 2R TR TN 0425
50. 100200300400 500 pg-mL", B % 1 & b5 k5
0.02 mL, NN TAE# 0.2 mL, J&%J, 37 °C#¥ & 30 min,
562 nm %K A0 52 W6 RE, 15T H bR v 2R & [\
F o HUSGD, iR 2% B B J5 Y 0.02 mL, RV 1E,
PR FRAE i 28+ 5 SGD AR A R & =,

M- KEVEMNELZELERSNEE HERK
2.5 mg Jo/KH A B, BT 25 mL B, 2K E %,
£30.1 mg-mL™" Xf B8 S . HERRTEL 0.0.1.0.2.0.4.
0.60.8 1 mL X i 5 ¥ VR 2308 o, I 284K A 2 &
1 mL, 57 50 4% A By A 1 mL, 21, s i N\ B iR
7 mL, $£%], 40 °C/K¥% 30 min J5, VK/KIB 5 min, {8 5
FEETE, 1 490 nm [ Ab I 5 A [  BE %of | it ff
W B, DAV 58 S AL b 7 60 B I P R AL b, 45
il b 1 it 2%

F SGD M fE 218 H W B, U1 mL T, i
4% KA1 mL, VAT, B E AR EE 7 mL, #2257,
40 °C7K ¥ 30 min J&, VKK ¥ 5 min, A FH 43 56 B %,
TE 490 nm [ K Ab I 8 IR ' B, AR A s v il 2 T SRR
2P E R

MAHEANESERIE 1% SGD #il & 7%, 4
S HIE 55 10.20.30.40.50.60.70.80.90. 100 min
BURE, I 7€ AT L A2 P SGD 1 pH A RLA% % zeta HELAL
AR AR, AN R FEARAR K . 1 BB I 3z 70 n 2 Lk
o, WE Tik/RIER . BUb B SGDMR S )G, |
BEW AR L, B 5 min, FHIER M ROH L2 2= %
RIBE, BRTHRE, EH BT RMEREH AT

MABEZDNRERPRDFLERSAR A2
DUEDNH B A UTIEN) KA~ 25 B B3 TTE R 0 B 4y
51K SYD.GCD Fl SGD ¥ 41 4 25 °C, 14 000 r-min™' &
> 15 min, AT 1S U035 BY 43 B AT 2535 DT E Y (Shaoyao
Decoction Precipitation, SYP). H %1% Uil i€ ¥ (Gancao
Decoction Precipitation, GCP) [ Aj 24 H iz [ Ul iE
¥ (Shaoyao Gancao Decoction Precipitation, SGP). HX
SGP T & fH &, iHH e R, H e %Wy & E.

T b B R B — 5 TR O T M e Jis BB K (SDS-
PAGE) 43 W1 A5 25 H B e 8 R 28 4 BUSY P,
GCP % SGP, H PBS £z i 4= & ¥ i, BCA 77 & kv
MEARSE. RIEEARSENESR, HPBS4%
— &R E AR E, K5 SDS-PAGE &£ 1 L
22 Ph 4% EL R A, 100 °C/K ¥ #4410 min i 8 [ R
SEAR . B RE L HEAT FUK, RS S s i et
60 min, 4t 58 BJE N FA L 6 25 /g B B A BRI )

Zir Ak, A R AR SO ZR I I

BT B VE AT AT 25 B DU 2 R ) A
SGP BEYTRR 22/ T 1o Ja , Mk 208 BOKFE, M
2 mol- L' =9 LRI, #55), %14, 80 °C/Kf#4 h )5,
AEZE R G, H 75K H B, i Dionex OnGuard 11
RP A AL EL/NFE (40 um, - 2GR R S W3EED B
iR E G, 1 BB S A B TR e
4% CarboPac PA20 (3 mm x 150 mm) #E4T 70 #7, ki
7% : NaOH/NaOAC, Ff £ itk ¥%E (0~15 min, 10 mmol-L"'
NaOH; 15~25 min, 250 mmol-L"' NaOAC/100 mmol-L"
NaOH; 25~33 min, 100 mmol-L"' NaOH; 33~58 min,
10 mmol-L" NaOH), Jii£: 0.45 mL-min”, #£ & : 30 °C,
HEREARAL: 10 pl, A 2% oAb 22K I 2%, 2 Lk f Al
pH-Ag/AgCl (PN: 061879, SN: 825604), T.{F Hit}: 4
HLH% (PN: 061875, SN: 19133).

MHHEZEYERBIER SR
BT BN R R RS 2 60 min i, B IE 4L/ RSk,
HA /N 832 10 mL-kg™ B8 15 0E 565 0.6% s iz A 2
oK, IEEHEN SRR ALK EREIFGE T,
T SFIFE I EE IR 5 15 min P/ BRELAR B (BA/DS B B
PG N 19T R 5 05 A K A8 AR A AR R .
TS S R 60 min JiT, /)N BB B UL, WS04 S T B
30 min, 3 000 r-min” &5.0» 15 min, Y& b 375 K600 137
FE R F— AR (nitric oxide, NO) 7K F-.

ATUH B B AR F S48 25 ) B ik B 36
/N BEALZ> 9 6 4 1E 7 4H (normal group, NG)- 5
H (model group, MG).Aj 24 H 537 = 71| & 41 (SGD-H,
30 gkg) A2 H EL G B 4 (SGD-M, 20 gkg ).
A5 E R B4 (SGD-L, 10 g-kg™) BH 4% 24 4 1%
7541 (positive group, PG, 1 mg-kg"), &4 6 H. NGl
MG 5 45 TR AE T E K, &R 1 IR, 4L iR
YT R

EBRUTTENINAT 25 H B BB AE FH B0 K 48 A
INRBENL S N 8 4H: NG MG AT 2541 (SYD, 20 g-kg™).
HHZH (GCD, 20 gkg ) Aj 2 H B4 (SGD, 20 g'kg™)-
A H R e 4L (SGSF, 20 g-kg ) A2 H Hig Bk
“H (SGEP, 20 g-kg™) FHPEZ MK 754 (PG, 1 mg-kg™),
B2 6 R o NG MG 737l 45 T S5 AR R ) A BEER K,
KUK, ESLORE TR

AHHEAEDE KA B R R E S EREE
REFEm  AJ25H B &S H 0 0 5 5 & &2
SE: BUA )V E =R SGD, 17 17 7 h 218 i\ 95% 2.
R AW B, B2 SRR R 80%, 4 °CHfE IS K
J&i, 4 000 r-min” B0 20 min 43 & _EiEWATTE. BE
TSy, R RAE, N K AN IE T B AT REEL, KA
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BUAH R e 4, 1%, 19314 73 A

fff F AKTA Purifier 2 1 41 1k 1%, LA Toyopearl
SuperQ-650M A & —F 2 i (3 4y B 3R . EXREDTUTTE,
5 IE T BERE B KA &84 & 3, H10.05 mol-L" PBS 78
IVERR, BRNAE ERERER . 0.05 mol-L' PBS P4 (A it A
J& EAE, S S mL-min”, WA BRI FE A 0 4Ly
L #E 5 H 0.05 mol-L' PBS ik 45 28 V- Fa, 4 Z vk il
W ERER 3 H A A & 5, ORI AR, TR, 15 34
43 Bo f# % 0.5 mol-L" NaCl /] PBS (0.05 mol-L™") 3
TV, WL 5 mL-min”, UV & 3% K 4 280,254 Al
215 nm, YA B LI 5, D8R4, T8, 15214 7 C.
Iy S S FRELA 7 AVBLCIE &, 2RI /KFRE S, 181
UHPLC-MS/MS il 5& & 4153+ 6 Flifb & ¥ & &, BCA
I E B AR, MR- RIENE 2 RS E.

T2 H EZ UUTE D A O R AR R e R
Bl 4143 A B C 7 5l & 77 7 /N3 F (small molecules,
SMM). Z ¥# (polysaccharides, POL) Fl12 [ il (proteins,
PRO) W& 44, SGD /T A . 24 = 1:3.4:
11.6, L SMM. POL. PRO, % & Lb 5l V& & % 41 7 )= ,
100 °C i #% 40 min, 4803 7 PTIE ¥ 1) A et 72
s s, A6 30 kDa [ w25 2F i 5k g, Wi g
SMM+POL. SMM+PRO. Hj# J& ¥, UHPLC-MS/MS
A R Ny T & /. HUPOLLPRO J SMM+
POL.SMM-+PRO, Fi % 238 B {5 HUs LR 248 4k

BERLGTIE PR IR 7 8 72 RN R B
94H: NG.MG./N T4 (SMM, 120.8 mg-kg™). £ Fi 4l
(POL, 1401.3 mg-kg™")~ & FF 41 (PRO, 441.4 mg-kg")-
N TFAHZREA (SMM+POL) /N T+ A 24 (SMM+
PRO)./Noyr F+Z Fili+5 [ i 44 (SMM+POL+PRO). fH
PEZGATIE SR (PG, 1 mgkg ), F416 Ko S ALIRIEAE
SR 2525 1 IR, NG FIMG 73 345 T SRR 1 AR 3 3K

TR AT 2 H B U TE Y B AE IR v i
SL A PIR A AL, T S AR B, SR LR A 98 A
T NO.H 5l I % E2 (prostaglandin E2, PGE,) Al {44
#-10 (interleukin-10, IL-10) F7KF.

%itZ 7335 KM GraphPad Prism 9.0 # {1 347
Giit, it & 45 5 B Mean + SEM %o, ZH 18] % FH ¢ 46 3
F1 One-Way ANOVA 73 #7, AP < 0.05 v EF T HA
GuitF bRk

TR
1 FHHEFP N F EARSEIENE

T3 V25 52 R W, @S (1) UHPLC-MS/MS 46 I 77
P SRR, R AR M T, R R RORS R L
FE RIS 2 455 & 22K, Bee B T SGD /Mo T &)

& B E . 450KV, SGD f/hp 1 L E LA 25
FoH HR N E, F &N 6.11 F15.61 mg-mL" (&
1A). B4k, SGD H K5 FE E B ZHEM & &0 R
51.78 f1175.11 mg-mL" (K 1B). 24§ 5 77 jil & i f2
W& o ) 22 R AR AR BAR R, DA 72 2 ey i 2/
gy 1B BARH, T 2R T K5 46 B O B i AR
o ARSI A I E KAy T8 R 2 R B = R,
EHHN TRy F RS ETEE T/ T Bk, Ko
TEARZES /N TS RE THEEHRE
KFER X T2 B A BRI 5 2 — P .

A 7 B 200 =
I |
160 =4
s ) M
—_ ’, —_
1 204 '
2 2 120
&0 &0
g 1.5 g
|5 E ™
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S S
0.5 405
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Figure 1 Determination results of small molecular compounds
(A) and proteins and polysaccharides (B) in Shaoyao Gancao
Decoction
-y e s (=] 4 NN =] AN 2T L=
2 NHHEAREIENRIEREIEIR S ¥)E
T

N T ST SGD B I YT UE P I B B, AR AL
R 7 2 ok R ORI N zeta FLAT R B A A4, &5 5
WE 2A B FioR, H145 30 DUE HORLAR S 18 K 80D,
7E 70 min I K7 4284 f) KAE, 1M zeta B 7E 10 min I
I RAE . U BH Bl A AN BN AR, TROR R 0 43 I A
B A R A AR BAE F SRR (zeta HAAL FRAK) 121
T R AR B R IIUTIE N« AN R RS 245 80873 i H 4
S BRI pH, A TR AT H Rzl & il FE &
28 B 1) O AE AR L, AR S8 52 T SGD R A& B pH
1A AL, Wl 2C Fira . i 57 B I A2 o pH 2 38T
AR B 35, BT 50 min Jo pHETE S &£ 4, T T H,
Ji5 BRI AT B 2 7 B o AR A B pR i LR i A R A () TR
PERL Y AWHE H, 77 255 M. SGD ZWOLZE
45 B B 16 %, BB SGD T IA/R BN 22 . M SGD
(R 3 L S AU BE L 52 45 S W] DL (K1 2D), SGD
FIRRL A R /INAS— TEARAS K, (5] B4 7] LA 21 0k
Z B2 G A ERDE SRR, AR E KEEY K&
P, X eest BRI E NG FE B, SGD %25 K 4y
SR AEMEAE TR — R S5, I Hix ek
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st B R AR, AF E H 05 BN SGP.

22115 SGD M UTIE 24 3.89%, SGP H1 i il 73 4H
%5 SGD Hh— 2, BHEATLH HEER L 2 B R
& NERFAEER, WE3ABIIR. KHE 7O
AL 2220 SGP H 4L R 22 W 1Y) S0 1 4 3R AT o8 B A AT
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Figure 2 Dynamic changes in the heating process of Shaoyao Gancao Decoction, such as particle size change (A), zeta potential change

(B), pH change (C). Observe the shape of Shaoyao Gancao Decoction, such as Tyndall phenomenon, transmission electron microscope
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Figure 3 Determination results of small molecular compounds (A) and proteins and polysaccharides (B) in Shaoyao Gancao Decoction
Precipitation and studies on polysaccharide composition (C) and protein attribution (D). M: Standard protein; SYP: Shaoyao Decoction

Precipitation; GCP: Gancao Decoction Precipitation; SGP: Shaoyao Gancao Decoction Precipitation
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Figure 4 The analgesic (A) and anti-inflammatory effects (B) of different doses of SGD and the effect of removing precipitates on the

analgesic effect (C). NG: Normal group; MG: Model group; PG: Positive group; SGD: Shaoyao Gancao Decoction; SYD: Shaoyao Decoction;

GCD: Gancao Decoction; SGU: Shaoyao Gancao Decoction Ultrafiltration; SGES: Shaoyao Gancao Decoction Ethanol Dissoluble Substances.
n=6,Mean + SEM. P <0.05, "P<0.01, P <0.001 vs MG, “P < 0.05, “*P<0.01, ***P <0.001 vs SGD
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Figure 5 Contents of small molecules (A) and proteins and polysaccharides (B) of different constituents isolated from SGD. Content
of each component in SGD (C). Changes in the content of small molecules (D) and particle size (E, F) before and after the formation of
simulated precipitation. SMM: Small molecules, POL: Polysaccharides, PRO: proteins
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Figure 6 The effect of precipitation on the number of writhes (A) and the IL-10 (B), NO (C) and PGE2 (D) levels in serum in acute pain

model. n =6, mean + SEM, "P < 0.05, “P<0.01, P <0.001 vs MG
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