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[Abstract] Objective To explore the in vitro anti—inflammatory effects and related mechanisms of different solvent extracts
of Sanhuang—Siwu-Tang (SST), analyze the relationship between its main components and anti-inflammatory effects, and investigate
its in vivo anti-inflammatory effects Methods SST water extract (SSTW), as well as 95% ethanol extract (SSTE) and 50% ethanol extract
(SSTWE) were prepared. High-Performance Liquid Chromatography (HPLC) was used to analyze the main components. An inflammatory
model was established by inducing RAW264.7 cells with LPS, and a rat model of chronic pelvic inflammatory disease (CPID) was
established by phenol mucilage method. Cell viability was determined by MTT; NO level was measured by Griess; PGE2, 1L-6, and
TNF-a levels were examined by ELISA; COX-2, iNOS, MAPKs, and NF—«B protein expressions were measured by Western blot;

pathological changes in the rat uterus were observed through pathological sections. Results There was no significant difference in
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cell viability between the SSTWE groups at various concentrations from 0.78 to 25 pg/mL and normal group (P>0.05). The anti—
inflammatory effects of SSTWE at 12.5 pg/mlL were weaker than those of SSTE but similar to those of SSTW, while the anti-inflam-
matory effects of SSTWE at 25 pg/mL were stronger than those of SSTW but similar to those of SSTE. SSTW, SSTE, and SSTWE
all significantly reduced iNOS and COX-2 protein expressions in LPS—induced RAW264.7 cells (P<0.05). SSTWE significantly
reduced the protein expressions of p-ERK, p-IkB—a, and nuclear p65 in LPS—induced RAW264.7 cells, while increasing IkB—a
total protein expression and cytosolic p65 protein expression (P<0.05). SST significantly lowered serum TNF-a and IL-6 levels in
CPID rats (P<005), reduced local pelvic tissue adhesion, and improved pathological morphology of the uterus. Conclusion SST has
significant in vitro anti—inflammatory effects, and its mechanisms are related to the inflammatory pathways of MAPKs and NF-kB.
Its different extracts have varying anti—inflammatory effects and cytotoxicity, possibly related to the components of Danggui (Radix
Angelicae Sinensis). Moreover, SST has significant anti—inflammatory effects on CPID in rats and can be considered as a candidate
drug for CPID.
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10°, B2 6 L, 4B BE IS | 43 50 i A [a] v B 1)
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V5 1 T R T e A o TR G LGRS 100135
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kB, f# H Nuclearextraction 15| &5 , k2 |-
s UL S, SREE S, B RS 30 wg S A,
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8 SSTE JohH . 25 5 (P>0.05) , 4534 0,
2.4 FhPLIE
241 LW KA i 20 HEM R4 SPF
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KRB R R R IEHF VI 2 em BREETH, ]
ZEMED 208 5 0.02 mL 25% KW e, eI
B A REE TR,
243 YT @R 11 RIF RS RPES
Y2 TSR 14 d PEM RS TR 44 (2 Fkg),
SST ZH245 T SSTWE(7.8 efkg) , HiAZH A BE | A= 11
K,
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PES-9E



2024 455 44 4

IR H S 25 K222 3] hitp:/fhnzyydxxb.hnucm.edu.cn 2027

3 H#R

3.1

HPLC i E
BRI 2.2.2 (OS2I 25 5, 1R LI
1L.#£1,

F1 I 1-11 BWREEE SRR SRS

Table 1

Retention times, compound sources, and

compound categories for peaks 1-11

W PREBESR] /min SR E
1 8.8 HA]

2 22,6 #ikE

3 243 PN

4 25.1~253 W

5 25.5~25.9 W INBEDS,
6 33.5~33.7 A B
7 421, 422 g

8 475 HA AR
9 52.1 S WA
10 54.4 ETE|

11 50.6 PN

3.2 SST Xt RAW264.7 ZARan & iE HE/EH

3.2.1

SST % RAW264.7 4= 7281

T

H 445 SSTWE 0.78 .1.56.3.13 .6.25 .12.5 25,

50,100,200 wg/mL, SSTWE 0.78~25 pg/mL 415
IE AR L, A0 MAFTE 3200 B3 22 5+ (P>0.05) 550~
200 we/ml 15 IEH AIAH L, 4 A7 15 5 0 3 R %
(P<0.001), TEWLE 2,

3.2.2  SST X LPS /53 RAW264.7 4fiffd NO PGE,,
TNF— JL-6 S SSTWE 125 weg/mL XTLPS
VM RAW 264.7 4fiffih NO Fl PGE, il /EH
55T SSTW (P<0.05,P<0.001) Fil SSTE (P<0.001,P<
0.001) ;% TNF-a B4 /E 58 F SSTW (P<0.001)
H355 T SSTE(P<0001), % TL-6 B3I VE 5% T-SSTW
(P<0.01){HAHL T SSTE(P>0.05) , SSTWE 25 wgml
X LPS i 51 RAW 264.7 40 At NOf 4 41 1
5% F SSTW (P<0.001) {H 55 F SSTE (P<0.001) ; X
PGE, i 31 il /5 FH 5 SSTW #H L (P<0.001){H 55 T
SSTE(P<0.001) , %} TNF—o F1 IL—6 F4 40 1] /5 FH 5
T SSTW (P<0.001,P<0.001) Fl SSTE (P<0.001, P<
0.05) (I 3), 43451 B ,SSTWE 12,5 wg/mL AH
XFF SSTW i 0 43, AHXT T SSTE 41-3 43 ; SSTWE
25 pg/mL AHXTFSSTW R 3 43, A Xf FSSTE 4 0
gr. TR 2,

3.23  SST % LPS #5 5 i RAW264.7 4f il 1 iNOS
M COX-2 HEARKMEmM THAnHAT

SSTW

5
34

)

6
7
k_— M I, B

o

S

SSTE

SSTWE

20

&1

30

40 50 60 min

SSTW SSTE .SSTWE K HPLC iZ&E
Fig.1 HPLC chromatograms of SSTW, SSTE, and SSTWE
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- 0.78 1.563.136.25 12.5 25 50 100 200

B 2 SSTWE Xt RAW264.7 A4 17 R B850
Fig.2 Effects of SSTWE on the viability of RAW264.7 cells
. SIEW AL E, #++P<0.001,

®2 SSTWE HxHARIERITS &
Table 2 Scoring table for the relative anti-inflammatory

effects of SSTWE

SSTWE A Hoi 12.5 pg/mL 25 pg/mL
SSTW SSTE SSTW SSTE
NO -1 -1 +1 -1
PGE2 -1 -1 0 -1
TNF-a +1 -1 +1 +1
IL-6 +1 0 +1 +1
Sy 0 -3 +3 0

NO/(mmol/L)
w
1

LPS (1 pg/mL) - + + + + +
(ng/mL) - - 50 125 125 25

SSTW SSTE SSTWE

TNF-a/(pg/mL)
8
L

04

LPS (I pg/mL) - + + + + +
(ug/mL) - - 50 125 125 25

SSTW SSTE  SSTWE

SSTW 50 wg/mL,SSTE 12.5 pg/mlL,SSTWE 12.5Fil
25 pg/ml, LPS iS5, 400 iNOS 1 COX-2 [
Tk B W3S (P<0.05) ; 5 LPS 4 AH [k, SSTW
SSTEAII SSTWE 454 iNOS Fl COX-2 % 4 £ k1
T (P<0.05) . PEILE 4,

3.2.4  SST Xf LPS if5 5 1Y) RAW264.7 4fi ffi MAPKs
HHARIBAM  LPS 5% )5, 41 ERK JNK p38
WAL 2R 1 A W B 3 55 (P<0.05) ; 5 LPS 448
k., SSTWE 41 ERK B4 iR fb &% 111 32 18 BH 1 P AR (P<
0.05),p38 Fll JNK B b R IA T 25 5 (P>
0.05), HEILIE 5,

3.2.5 SST Xf LPS 553 1) RAW264.7 4 i NF-«B
{5 5l M R IAA LPS iS5 41 IkB—«
IR 1k 2 11 308 M B A 34 Wil 2538 in (P<0.05) , 44t il
¥ HHp65 B H Ik 3 1N (P<0.05) , 40 i 5 e i)
p657F [ 23k L E AR (P<0.05) ., 5 LPS 4 AHIL,
SSTWEZH HH . J#AI% IkB-a BERR 1L 55 % 35 (P<0.05)
KA p65 B 3R (P<0.05) , [A] S 3G 0 1kB-
o BRI (P<0.05) XA i p6s 3 H B ik
JKF-(P<0.05), FEWLIE 6,

3.3 SST 3f CPID KERInKIERA

330 —IEBOUEE RS S R I I 4 R RRUORG

PGE2/(pg/mL)
1

0

LPS (1 pg/mL) - - + + + +
(ug/mL) - . 50 125 125 25

SSTW  SSTE SSTWE

IL-6/(pg/mL)
L

0l

LPS (1 pg/mL) - + + + + +
(ug/mL) - = 50 125 125 25

SSTW SSTE SSTWE

3 SSTW.SSTE #I SSTWE Xt LPS 55 #) RAW264.7 4848 NO,PGE,, TNF-a A IL-6 K20
Fig.3 Effects of SSTW, SSTE, and SSTWE on NO, PGE,, TNF-a, and IL-6 in LPS-induced
RAW?264.7 cells
S IER 4 A, *P<0.001 ;55 LPS 20 HA% , ##P<0.01,**#P<0.001 ; 5 SSTW H%% , P<0.05, *P<0.01,*P<0.001;

5 SSTE 4% ,°P<0.05,7P<0.01,~P<0.001,
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iNOS H = B8 o o
COX-2 ol S e W «* 0D i 100
p-actin W . 2 - ig_%,
R
LPS (1 pg/mL) - + £ £ & + 50
(ug/mL) - - 50 125 125 25
SSTW SSTE  SSTWE 0—
LPS(lpgmr) - *+ + 4+ o F LPS(lpgmL) - + +F + 4+ +
((ﬁgf’mL; - - 50 125 125 25 ((ﬁémd - - 50 125 125 25
SSTW SSTE SSTWE SSTW SSTE SSTWE

4 SSTW.SSTE #1 SSTWE Xf LPS 5 5H7 RAW264.7 £BAf iNOS #1 COX-2 BEARIZHI R
Fig.4 Effects of SSTW, SSTE, and SSTWE on iNOS and COX-2 protein expressions in LPS—
induced RAW264.7 cells
L S5IEW 4L, *P<0.05; 5 LPS 41 b3, #P<0.05,,

LPS (1 pg/mL) 5 Ea * +
49 W pp38/p38 O pERK/ERK W pJNK/INK
SSTWE (ug/mL) = A 125 25
— g ‘ i 4 #
P38 R W . e 5 kDo . 3
pis M S — ;0. o
: — i 2 : *
- 3 #
PERK — #4kDa
1
S —— = = .
- - s —
p-INK 2 46 kDa 0=
T W — g g 4
g LPS (1 pg/mL) -
P D S S— 46 kDa SSTWE (ug/mL) - - 125 25
— S — e :

B 5 SSTWE X LPS 55 RAW264.7 408 MAPKs(p-p38.p38.p—ERK ERK,p-JNK F1 JNK)
EAREHF
Fig.5 Effects of SSTWE on MAPKs (including p-p38, p38, p—ERK, ERK, p-JNK, and
INK) protein expressions in LPS-induced RAW264.7 cells
. SIEW 4, *P<0.05; 5 LPS 4 [L#, *P<0.05,

LPS (1 pg/mL) % * 8 g
B pIkB-o/Actin
- - 12.5 25
SSTWE (ug/L) 6= O IxB-o/Actin
p-IxB-ot — B — 36 kDa # B Cytosol-p65/Actin
EE * # Nucleus-p65/PCNA
IkB-o W s e S 36 kDa i 47 Ei N
L M
o H il
Cytosol NF-KB p65 s  ssswcom s Swsssw G5 kDa i H Hi T
H
% 2o i
B-Actn — — —— - 1) Do H . H i
& + # H « m H * & H
H H 1M B 1] Ei
Nucleus NF-kB p65 65 kDa 0 ] [ ] L1l ] Hi
LPS (1 pg/mL) = + + +
PCNA sl EEEES WS S 36D SSTWE (ug/mL) . 2 125 25

B 6 SSTWE Xt LPS 5 RAW264.7 48 p65.p-1kB—a # IkB-a & R IEHI
Fig.6 Effects of SSTWE on p65, p—IkB-a, and IkB-a protein expressions in LPS—
induced RAW264.7 cells
T HIEH AL HAL, *P<0.05; 5 LPS 41 HAL, *P<0.05,

%EF%?&E!H: Wl RE EIER R EEN NIRRT EIRSINIEARIE R, T8 B K, 4
WARH KT KEARGE PRV O R ILEY, T ISR S S5 4 2UT0R % 68 N A T BEZ 41
ﬁl‘%t FEAANEAGL IR AW K G5HNEN, )2 AU e NI 2 5 e

ﬁiﬁcﬁﬁéﬂk RIS - K A HE B ST ST LA 2 42 A4S TG 7l

3.3.2 SST X} CPID KRERFEHALE  IEFH. KM, CRYEAIMRE 2 4EH 48U B3 A RGi%
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[B) R ICFE M. K i, A5 RIZH . P HR LR T A )
FERIIRIKARTE | BTt AR b | M e 5 5 2k 2 21 ] I
K% OB WS By BELH 2SS M RIS I , 45 24
AU FENBEHS L R RS A IR
B S, AT UL AR MR e T LA i 2N
EITS: 2 o b 11 5ol 11 L R e 9o S e T
MEEFEISRKBUES , BT, ZE s 5 45
SR VRS RIE s B N AR T e BE L G5 S AR
BT, T 5 ARSI B A M AR S HEF LA
AT WD AR IRFE V% DV R TR,
B AR AR 2 T B B A R, SST 41, R
WEEF BT A KRB S, v W2 EE ik B se i, J5a b
TR, AR S 45 4 L SURS AT R 5 el T R
O RELH USSR BEACHE O, PR K AR 58
G 71 B 11 B 1 T AR R o V0 7 T A
VFR PRI , 15 -1 LR 4E 22U LA 2R ORG
i, LA T,

3.3.3  SST X} CPID K FUIML{E TNF-a IL-6 7 1Y
o AL R BRUME TNF-o F IL-6 & BR8OE
2R B AN (P<0.05) , SST A RIBHP:NT RELZH I 7 TNF-
o F1TL-6 75 AR 41 1 5 28 FAIK (P<0.05 ) , T AL
& 8,

400~ 400-
# #
= 300- 3 300-
£ E
ob &
< S
S 2004 < 2001
E e
= 100- 100}
0- 0-
E & 8 SST E & g SST
® 8 M4 A OB M 4
| @ ¥ | @
B’ "’
| |

B8 SSTWE XKRIME TNF-a [L-6 & BRI
Fig.8 Effects of SSTWE on serum levels of TNF-

a and IL-6 in rats
F . SIEH 4IRS, 'P<0.05 ; SHRIZ HE: , #P<0.05

PR R
B7 R(RETFEARTS(HE,x40)
Fig.7 Uterine tissue morphology under light microscope (HE,x40)

SST 41

4 1ig

AFFFEXF SST HPL RAEF AT THRE R T
SST FEAHI 5 AE S H A B ERE ZERL A4S
IS LA LPS 35 519 RAW264.7 iR AY | 45
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