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Exploration on Property-efficacy Association of Sovereign Drug Gypsum Fibrosum in
Baihu Guizhitang by Integrating Transcriptomics with Gene Regulatory Network Analysis
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(Institute of Chinese Materia Medica, China Academy of Chinese Medical Sciences, Beijing 100700, China)

[Abstract] Objective; To systematically explore the roles and contributions of the sovereign drug
Gypsum Fibrosum contained in Baihu Guizhitang (BHGZT) against rheumatoid arthritis (RA) with heat
syndrome from property-efficacy association by an approach integrating transcriptomics with gene regulatory
network analysis. Method: A total of 20 male Lewis rats were randomly assigned into 4 groups: a control group
(n=5), agroup of adjuvant-induced arthritis rat model with heat syndrome (AIA-H, n=5), an AIA-H + BHGZT

[rFsEH#]  2022-06-06
[BE€TH] EZKHARRHEEE A0 H (81630107) ; [ =LA B B A1F 5T H (C12021A03808, C12021A01508 )
[E—1EE] it L, DFPiR sy 25 25 3 2= W5 E-mail : wjli@icmm. ac. cn
[EEEE] "ok B b BRI R NS P 2 RS04 P24 15T, E-mail : ygzhang@icmm. ac. cn;
TOMIE BB BETE B, NPT R s h 24 25 B2 F 5 L E-mail :nlin@icmm. ac. cn
.52 .

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



5520 B4 1) FEXEAFIERE Vol. 29, No. 1
20234F1 H Chinese Journal of Experimental Traditional Medical Formulae Jan. ,2023

group (BHGZT, 21.4 g-kg™*, n=5), and an AIA-H + BHGZT without Gypsum Fibrosum group (BHGZT-GYP,
10.7 g-kg*, n=5). We combined the gene expression profiling based on AIA-H rat model and "disease-gene-drug
effective target" network analysis to predict the major function of Gypsum Fibrosum contained in BHGZT
against RA with heat syndrome. Furthermore, in vivo experiments with the AIA-H rat model were performed to
validate the therapeutic effects on the severity of arthritis based on the representative images of arthritis, limb
diameter, infrared thermography, pain thresholds, and joint injury, as well as at the level of immunity-
inflammation imbalance. Oil Red O staining was employed for the differentiation of 3T3-L1 pre-adipocytes in the
AlA-H rats treated by BHGZT, BHGZT-GYP, and GYP. Result: Gene expression profiling and network
analysis demonstrated that Gypsum Fibrosum mainly regulated the energy metabolism disorders and the
immunity-inflammation imbalance during the development and progression of RA. In vivo experiments showed
that both BHGZT and BHGZT-GYP reduced the disease severity of AIA-H rats (P<0.01) by relieving joint
redness and distortion, decreasing arthritis score and limb diameter, elevating pain thresholds, alleviating joint
erosion, joint inflammation, and bone destruction (P<0.05). Notably, BHGZT outperformed BHGZT-GYP
(P<0.05). Both BHGZT and BHGZT-GYP inhibited the pathological changes and decreased the indexes of
thymus and spleen (P<0.05), and down-regulated the expression of inflammatory cytokines including Toll-like
receptor 4 (TLR4), tumor necrosis factor-alpha (TNF-«) , interleukin-6 (IL-6), IL-12, IL-18, and IL-18 (P<
0.05). In addition, BHGZT and GYP significantly inhibited the adipogenic differentiation of 3T3-L1 cells, with
the performance superior to that of BHGZT-GYP. Conclusion: The sovereign drug Gypsum Fibrosum contained
in BHGZT played a crucial role in reversing energy metabolism disorders and immunity-inflammation
imbalance, which may be associated with its cold property and function of clearing heat and purging fire.

[Keywords] Baihu Guizhitang; Gypsum Fibrosum; heat arthralgia; association of property and efficacy;
energy metabolism; immunity-inflammation balance
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Fig. 1 Interaction network of gypsum key targets and RA hot-related genes, and its involved pathways and major pathological changes

during RA progression
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Fig.2 Effect of BHGZT and its disassembled formula on severity of arthritis in AIA-H rats
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X1 AEMEEZIREEZAERAMAIARIERBRXTRTEEZEMNTI (X£s,n=5)
Table 1 Effect of Baihu Guizhitang (BHGZT) and its disassembled formula on severity of arthritis in AIA-H rats (X+s,n=5)

4151 M Hkig-kg™ AT IRFR 415 DY i K £ fom YT 3 1T /°C
EHA 0.00£0.00 0.65%0.03 25.88+1.29
AlAFIEL] 76.27+2.197 1.16+0.08 35.54+0.56%
BHGZT 4 21.4 40.33+5.63" 0.7120.06" 30.96+0.50"
BHGZT-GYP 4 10.7 56.53+15.224 0.970.04%° 33.38+1.06*°

5 IR 4 e Y P<0.05,2P<0.01; 5 AIAFGIE 4] h 4 ¥ P<0.05,9P<0.01; 5 BHGZT 41 [t 4 ¥P<0.05,%P<0.01( % 2-2 6 [ )

®2 AENMEEZREXZRFRAXAIARIEXBRVAEERENZIE (xts,n=5)
Table 2 Effect of BHGZT and its disassembled formula on mechanical-induced hyperalgesia in AIA-H rats (X+s,n=5)

B IR 1 (
215 /g kg™t
0d 5d 10d 15d 20d 25d
IE %4 15.78+1.58 16.71+2.96 17.84+4.78 15.83+1.53 15.69+1.58 16.24+1.50
AlA HGIEZ 16.61+1.84 4.61+2.33? 3.03+1.86% 2.06+1.29? 1.84+1.10% 1.85+1.42%
BHGZT 41 21.4 15.80+1.15 4.91+0.82 5.71+1.40% 7.26+0.72% 7.38+0.86% 7.77+0.64%
BHGZT-GYP 4l 10.7 17.84+2.40 3.32+1.83 7.51+1.98% 1.37+0.57% 1.90+0.39% 1.43+1.45%
*3 AEMERFIREEAETHFEATAIATIERR S BHENEIN (X+s,n=5)
Table 3 Effect of BHGZT and its disassembled formula on acetone-induced hyperalgesia in AIA-H rats (X+s,n=5)
] V9 B 1
21 5 /g kg™
od 5d 10d 15d 20d 25d
EH 4 0.04+0.12 0.13+0.25 0.04+0.12 0.04+0.12 0.17+0.36 0.25+0.39
AIA HGEZ 0.08+0.15 0.46+0.17? 1.29+0.28% 2.08+0.43% 2.3740.21% 2.62+0.28?
BHGZT 4 21.4 0.08+0.15 0.46%0.25 1.08+0.50 0.92+0.23% 1.04+0.129 1.08+0.24%
BHGZT-GYP 4 10.7 0.20+0.30 0.60+0.68 1.27+1.09 1.53+0.69% 2.27+0.76% 1.53+0.80%
x4 BEMEHEZEEEZREFEAX AIARIEXRAES BEMNZIE (X+s5,n=5)
Table 4 Effect of BHGZT and its disassembled formula on thermal-induced hyperalgesia in AIA-H rats (X+s,n=5)
AR ST 98 3 (.
25 51 F 4 /g- kg™t
0d 5d 10d 15d 20d 25d
1EH 4 18.09+1.15 17.76+1.51 17.70+1.66 18.48+1.43 17.76+0.36 17.82+1.26
ALABGIEZ 17.68+1.41 14.74+1.93% 12.41+1.25% 9.05+2.26% 10.20+1.92% 6.63+2.51?
BHGZT 41 21.4 18.24+1.44 14.65+2.10 12.64+1.43 15.12+1.27% 14.26+2.20% 14.41+2.06"
BHGZT-GYP#] 10.7 16.65+2.61 15.84+1.67 15.24+1.394 15.44+1.27% 13.11+1.49% 13.90+1.94%

4 B IR 3 AR AT LB S A b SR L s BHGZT
K BHGZT-GYP ZH L Ik 45 44 7 W , A= & vhaos S5t Ifi
W, UWLE 5. 5 IEH AL, ALA FGIE i R K paL
JIE 48 B B T T (P<0.01) ; 5 ALA #GIE 41 T %,
BHGZT M BHGZT-GYP 41 H fifg i 15 % ¥4 W 1 % %
(P<0.05) , H BHGZT *f it JIE 45 it E A4 A & 41 i
YE 1 (P<0.05) , BHGZT-GYP X I lIE 45 % 1) e 3% 2%
G X ;5 BHGZT A e #% ,BHGZT-GYP
X A B A A R B BRI (P<0.05) . LER 7,

3.7  FIRMAERN W 25 48 £ 5T IE AIA #RGE
SRR -RAETR B ER HIEWA LR,

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

AIA #GIE K M7 P TLR4  TNF-«, IL-6, IL-18 &
IL-18 & 1 0 # JH 5 (P<0.01) ; 5 AIA #GIE4 [
% ,BHGZT ) BHGZT-GYP ¥ 8] & 4kl LL I 48 % H
F 1) 55 5 4% 18 (P<0.05,P<0.01) ; 5 BHGZT 4 It
B, IL-12 4h ,BHGZT-GYP X | ik 4 i [H 1 % ik
) 390 441 4 FH B g B IR (P<0.05,P<0.01) . L% 8.

3.8 HRIME:R 7 A 25 A i AE I 3T3-L1 44
JL G A T g R R R TP A B A
AE B A 1 rh AR T AR TR S A A #E
G35k R MR A B O Kot R b
BRI AT O e, 1 (o T WL 4% 3T3-L.1 4 Jfd A
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B3 AEMERAREEAFRANAIABRIERBREXTRGH
=2 (HE, x4)

Fig. 3 Effect of BHGZT and its disassembled formula on knee
joint destruction in AIA-H rats (HE, x4)

x5 BAEMEHFIREEZAERAXNIRAMIEXRBRBEXTAHLR
EZERFM (X£s,n=5)

Table 5 Effect of BHGZT and its disassembled formula on
pathological changes of knee joints in AIA-H rats (Xs,n=5) Vi
=X Y
a1 /:' e KRR mer meon:
EHA 0.50£0.58  0.25+0.50  0.25+0.50
AIAFAIIEZ 3.00£0.82% 2.00£0.00°  2.00+0.00%
BHGZT 41 21.4  1.50+0.58" 1.25+0.50 1.00+0.00*

BHGZT-GYP#4  10.7  1.75+0.50% 1.50+0.58° 0.75+0.50"

JRit L. SRR H# ,BHGZT K& BHGZT-GYP
A5 A A s 5 BHGZT 41 b %8, BHGZT-GYP
20 %5 3T3-L1 241 A v e e €0 149 i i 7 o 1) 00 1A
i E WAL ; 5 BHGZT-GYP 41 [ 4% , GYP X i ii%

B A A s . WA 6,
4 itig

Hh 2l DU AL AR B H 28 Sk v 24 24 P B 1) R
20 BER 43, I A 6] )2 IR 3R Gk B — Bk v 25 i DAL
H 24 1 4% P RE ] & 245V 5 2y 8 8] 09 A0 B AR HT AE PR
WIRIT M A B EE R . ARmER g b
B A B AE R B B R R S ARGIE
ZI AR PR OB RN B AR Y Y S A
I S A IR B B FZ 18 25 W B0 A T K I 4% o A
BAAWEIT, &I R IR A 2540 B 184 07 5% il
PO 24 %% BTk 35 A B A R PR Al AR =X
LRI T R i - SR R A 5 3 1T AR ) B 22 ML Bl )
LAY ALA R IE 25 5 K BB S A4 &) 3T3-L1 4t fifd 53
38 RN AV B B R O e A R TR
DL b WA O T TR EE . AR A SE R AR SR
el a s AW KRR TEA RS U
ARG M LA BT A0,
Al 2 7 i ALA RIE R BROG T 21 b | W 28 A iE
R A R BRSO 400 T R A LB O R O R
ALCHATENRER T EATERF . WA, AF
FA) 3 AR T R0 R I AE AT 01 T g T i, Na'/K*-ATP
il 3% P, O A2 2E LK A R S 1 5 R R 1
AE. HAETHFTR R, AR s MO A A B
J5 AT 2 0 ALA FAGIE R BR B /G I 45 45 F0 N
JE $& %0, IF 20 3% TLR4 . TNF-« . IL-6 . IL-18 & 1L-18
GERIENFHERL, 2HEHEERTLEAF

B4 BEMERZREZAFTRATAIABRIERRBRXTRGHFZMM (Micro-CT)
Fig. 4 Effectof BHGZT and its disassembled formula on joint destruction in AIA-H rats (Micro-CT)

®6 ARMEHZIEREEZAETHFAXN RAMIERBREBEXTRGMFNE (X£s,n=5)
Table 6 Effect of BHGZT and its disassembled formula on knee destruction in AIA-H rats (X+s,n=5)

| -
4 5 /é‘ Ji‘ TMD/mg-cc™ BMD/mg-cct BV/TV/% BS/BV/1-mm*  Tb.Th/mm Tb.Sp./mm
EH# A 533.95+3.65 457.79+8.61 0.88+0.01 3.99+0.52 0.51+0.07 0.08+0.01
AIARIEAL 399.05+0.37% 188.94+5.27? 0.27+0.01% 21.6+1.43% 0.09+0.01% 0.24+0.01?
BHGZT 4 21.4 445.74+10.50 259.36+22.84" 0.54+0.04% 13.17+1.63" 0.15+0.02% 0.13+0.01%
BHGZT-GYP 4 10.7 427.85+3.394% 212.56+4.09*° 0.47+0.00*% 15.29+0.234% 0.13+0.00" 0.17+0.014%
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E5 BEMEKZREEATIRAN AIARIEXRBEFMRNFIE (HE,x4)
Fig. 5 Effect of BHGZT and its disassembled formula on pathological changes of thymus and spleen in AIA-H rats (HE, x4)

F71 BAEMEEZREZAEIRA T AIARIE X R AN KR 5
HE R (X£s,n=5)
Table 7 Effect of BHGZT and its disassembled formula on

thymus and spleen indexes in AIA-H rats (Xts,n=5)

4151 F/g-kg™ M fRAE B IR Fi K
IEH 4l 0.12+0.02 0.09+0.02
AlA PUIE4] 0.21+0.02? 0.42+0.13?
BHGZT 4 21.4 0.07+0.03% 0.28+0.02%
BHGZT-GYP 4l 10.7 0.11+0.01*® 0.35+0.05"

Pr5, B R EER 7 42 05 S0 . 35 Hu i il 3T3-L1
5 s 20 AR 2 0 AR T AT T - G IR A
SR P B 53 2 - DR 4 I 45 B 5 E 5 SRS, R LT

W rBERMESGR A A AT REEZY
ROV R B BT KR R T RROE

PAAE v 28 1 28 -0 F 50 3 0 Ak T By R 4
e 2o R A T2 -2 S IR A R R RTT i SO
PR 25 200 QIR A 222 B o vy A Sk o3
BT 25 0 5 Doz i LR AR WF ST AR Bl T TE
L5 5 S W RERY  FRAL 25 M) 250 K 25 30k G TR I AR
B2 W )P 8O R TR ML SRR b, T R AL
T, 28 G2 3R AT 9 UEAH O 2 DR A 245 9 20 0 2 A I 1
i AW 0 1 W 2% 0 A B AT G PR R 2 ) £k
PRI L8 25 300/ T 5 i, 205 6 24 000 g BB 1Y 3k
TR YA S0 B0k o S [ J22 115 h 5 3 3R A5
YRR RHR Y A5 R

*8 BEMEHKAREEAFRATX AIABIEXRME P RERFREMNZN (Xts,n=5)
Table 8 Effect on inflammatory factor protein in serum of AlA-hot rats after treatment of BHGZT and its disassembled formula (x+s,n=5)

451 Flh/g kgt TLR4/ug-L* TNF-a/ng-L* IL-6/ng-L* IL-12/ng- L™  IL-1B8/ng-L* IL-18/ng-L*
w4 13.500.57 111.86+2.52 102.10+3.25 12.89+1.52 9.60+1.55 56.54+9.91
AIAFGIEL 21.81+0.87% 264.76+13.05% 158.41%9.70% 19.42+1.44”  30.08+1.58% 125.01+19.13%
BHGZT 4 21.4 17.61+0.30" 135.04+14.50" 108.86+14.97" 13.66+1.59"  11.39+4.37" 60.65+4.97"
BHGZT-GYP 4 10.7 19.57+1.344%  172.24+15.06*®  133.08+15.96*°  15.93x1.55  19.37£1.79*®  87.85+12.10*"

RN, AT FRARAEAE LA AR i R XA 8 1
1B IR B 42 07 B0 RA FRGIE Hh 14 38 15 ML 247 56
UE . AWFSEE T TCMIP v2.0 %308 Ui 5 43 5 4k
SN B, IF AT SRR TN AN 45 53T, K A
B 800 FE P T2 A ER T 2 0 T ML AR AR
(14 25 LRIV I G - R 7 I AR A o 3 I 4% B A
AT AE B R ALA IR IE 25 & KRR 7R K A 41 41 i
SIS B A1 T AE DL B 24 T B X4 Oy 24 8% Ttk
o T YRR B E B ARZ R RS A
R I NG N S e a2 A3 L7
25 41 R YA A3 0 A R B AR R, S TR A
HAE AR M EER 7 42 07 28 i RA BRAIE b (9 AL ] 45 A
b T FE B R

WA B B.BHGZT 41 ;C.BHGZT-GYP4 ;D.GYP4
E6 BEMERZREEZAERAINITI-LIAMARHNZNE (Il
£1.0,x4)
Fig. 6 Effect of BHGZT and its disassembled formula on
adipogenic differentiation in 3T3-L1 cells (oil red O,x4)
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g5 B IR AR Y SR B s 4H 3R Gk 1 B 42
i HE AR I | 2% o3 A w0 AP B R IR A R
25 0 B TR A 5 G2 il A AR OC 1Y e = AR 25 L AN T
1B - S R A b R ¥ AR D R R ALA R
TE &5 A R BB B K A 71 3T3-L1 40 i i fIig A5 20 %6 LA
2T AT R . 38R A E R A T T Y DTk B
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