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Abstract: Objective To investigate the dynamic changes of functional substances in Shandougen (Sophorae Tonkinensis Radix et
Rhizoma, STRR) under different decoction times and their effects on anti-inflammatory and immunomodulatory activities, so as to
provide a scientific basis for optimizing the clinical decoction process of STRR. Methods This study employed HPLC to establish
fingerprints and quantitative analysis of its seven indicator components of STRR samples at different decoction times (0.5, 1.0, 1.5,
2.0,2.5,3.0,3.5,4.0,4.5, 5.0 h), so as to investigate the dynamic changes of STRR functional substances with decoction time. The
anti-inflammatory effects of the STRR samples were determined using a cyclooxygenase-2 (COX-2) kit. Additionally, Western blotting
was used to analyze the effects of STRR samples on the phosphorylation levels of interferon regulatory factor 3 (IRF3) and stimulator
of interferon genes (STING) in mouse bone-marrow-derived macrophages (BMDMs). Results A total of 15 common peaks were
identified in the fingerprints of STRR samples under different decoction times, among which seven components were identified:
cytisine (peak 1), oxymatrine (peak 2), oxysophocarpine (peak 3), matrine (peak 8), sophocarpine (peak 9), trifolirhizin (peak 10), and
maackiain (peak 14). The contents of the seven functional substances exhibited three changing trends with the extension of decoction
time. Firstly, an initial increase followed by a decrease—oxymatrine (peaking at 2.5 h), oxysophocarpine (peaking at 1.0 h), and
maackiain (peaking at 2.5 h) all reached their peak values at specific time points and then gradually decreased as the decoction time
prolonged; Secondly, a continuous increase—the contents of matrine, sophocarpine, and trifolirhizin showed a steady upward trend
with the extension of decoction time; Thirdly, cytisine exhibited minimal fluctuations in content throughout the decoction process,
remaining relatively stable. /n vitro anti-inflammatory activity assays showed that the 50% inhibitory concentration (ICso) decreased
with prolonged decoction time, and ICso was significantly negatively correlated with the contents of trifolirhizin, matrine, and
sophocarpine. Western blotting results showed that the regulation of the cGAS-STING pathway by STRR extracts was significantly
dependent on the decoction time. Conclusion The contents of the seven indicator components (cytisine, oxymatrine,
oxysophocarpine, matrine, sophocarpine, trifolirhizin, and maackiain), along with the anti-inflammatory and immunomodulatory
activities of STRR exhibited a significant correlation with decoction time. This study reveals the dynamic correlation rule of ‘decoction
time-component-activity’, which provides a scientific basis for the rational clinical application of STRR.

Key words: Sophorae Tonkinensis Radix et Rhizoma; decoction time; HPLC; fingerprint; anti-inflammatory activity;
immunomodulatory activity; cyclooxygenase-2; Western blotting; interferon regulatory factor 3; stimulator of interferon genes;
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Fig.1 HPLC fingerprints of STRR samples with different
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HPLC of mixed reference substances (B)
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R, 2 5.0 h I, A S OF SRR B850 Jnll 5 22
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A ZEMH 0.315 me/g J5I&ZHT TR, % 5.0 h BFF
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*1 AEREMNELERERD 7 MERRIHNSERERERE (X£s5,n=5)
Table 1 Contents of seven indicator components in STRR samples with different decoction times and their extraction yields
(Xts,n=5)

R Ji 5 $/(mg-g ™)
IE/A G ARE SR B AR R FERIE =M EREE  SIRER
0.5 0.480%0.007% 2.03540.021°¢ 0.3894+0.074 0.130£0.008° 0.04010.0082 0.401£0.0277 0.140£0.037% 21.928+1.148"
1.0 0.49340.033% 2.13540.055% 0.942+0.043" 0.16240.004* 0.08410.008" 0.518+0.026° 0.15810.004% 23.94741.658
1.5 0.476%0.050° 2.19540.074% 1.407£0.186" 0.138%0.003% 0.12240.007¢ 0.664+0.076¢ 0.23040.063> 23.97041.631%
2.0 0.50510.049* 2.21540.155% 1.897+0.0112 0.14240.007*¢ 0.16940.018¢ 0.708 =0.031¢¢ 0.26410.040° 24.71241.255°
2.5 0.48940.040* 2.262+0.059* 2.33410.174F 0.1452£0.011° 0.202£0.019¢ 0.78040.049° 0.315%0.028* 25.97241.364°
3.0 0.513%0.039* 1.978+0.103¢ 2.75640.202° 0.143£0.005>° 0.25540.016 0.86140.031° 0.191£0.044°¢ 25.97740.794
3.5 0.48310.044° 1.672+0.042¢ 3.071£0.002¢ 0.114£0.009¢ 0.29240.006* 0.91440.040% 0.179%0.045%% 25.41240.867*
4.0 0.49610.020° 1.6760.163° 3.252%0.123° 0.11320.0119 0.29340.018* 0.915%£0.069% 0.173+0.042% 2531940.528"
4.5 0.49810.040° 1.67740.112¢ 3.347£0.005® 0.108%0.014¢ 0.291£0.016* 0.951£0.071* 0.15610.040% 25.75240.433%
5.0 0.478%0.032* 1.62740.020° 3.467£0.074* 0.113£0.018¢ 0.30620.021* 0.953£0.064* 0.1294+0.016° 25.202+1.337*
RSB E A RN FRER R 2R B (P<0.05); FIF.
Data in the same column with different lowercase letters indicate significant differences (P < 0.05); Same as below.
BRI AT, R AR BRI =M S RREEASEHG AU 0.5. 1.0, 1.5,
R AR AL T AR 2.0, 2.5, 3.0 h INEARFER NE 12K, ZEFEmT
252 REpH KBEEEm. 2ESH. A SRR, FNESH. SR E. SRR
PR S0 PRGN, =M EREEAM S SRR, RUIRE 0.5~3.0 h WEAR T L ER
R T MRIAER D S BA A BN PRI R PR, AAGE S PR SRR
ﬁ, KH H1plotPr0 (https://hiplot.com.cn/) H[15E v s A 2 ZBFE BB T LA,
RINE T RAEAT A, S8R 2. 45RKW, A SRFERAEKESRBOS T RS EALE T
[ B TR AL SRR SRR 200 2 2K, B 3.5, &, AT e IR LRI E R R R R AL PR A el
4.0, 4.5, 5.0 h INEARFENCONEE 12K, 2R ROETE TG,
HE MUREL. M ERETR S ER S, 2.6 TEREREERK S HRIESEL
AT 3.5~5.0 hYIa] w] A 28 F L AR vh o 2 1 AR B R 7 iR bR B & R PR

REY%

EHEAEHR

LS

AR R

Y

PR

S EEE

g

[z

b

40 45 35 50 05 10 30 15 20 25
R A)/h

2 A EREEAELERESRT 7 METRE T R ERE

Fig.2 Cluster heat map of seven indicator components in STRR samples under different decoction times
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ENENARZA . RIRNIRTEHILAHLS], ARSI T
J& 7 RH B R A R S0 . R BRI S
Bl ES. ST RN A AT R
i FE R, A AR, e O B RS
1.00 mg/mL )5 —XF BR SRV o 2500 B VT
SE T A A TN R, 2 TR 0.5 1.0,
1.5, 2.0. 2.5, 3.0. 3.5, 4.0. 4.5. 5.0h I[A] £k
HEI 1 mL FEA, RN ERORAE ik e i, I
TR REURE G SERIAMIN 1 mL 47K PLAERRR SRR

EAEAEH

|

b

AL

HLAL T

fESE . T = R B NI e AR 2 A /K P R A
BERZE, REGHMAAR KNS LT A
(7] B IR ) A P VB, A2 “2.27 TR [ il
FAFHERENE, S5 R 3.

It R A () (A A, % A2 RS 7S PR EURE A
HPATHRAE SRR BRI B B R R, TR
H BT A il e e OR B N TRV A2, SRR TR
S REAC I GO, R — SRR E FR A
I [B) R SR AT R R R A A . 254 “2.5.17

0 10
t/min

30

a~j-XTIR AR 0.5, 1.0. 1.5, 2.05 2.5, 3.0, 3.5, 4.0, 4.5, 5.0 h FEdho
a—j-reference substance samples decocted for 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5 and 5.0 h respectively.

&3 AREIFIEEE 5 fstRa T H HPLC &

Fig.3 HPLC of five indicator components with different decoction times
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T PR A A ——RIURSE 2.5 h IABIE(E
(25972%) Jai&aT e, nLUE H B s 5%
i R 5 BARIRPAT A E VIS . 28 Bk, 1LhE
R R R R AR B oy e I R AR T 244 h 22
oy ILAEAE R SR RIVE R, AT T 2544
RRLE A RN SR .
2.7 AERTEREILL SR RAEIMTIIEM
271 PRSIV B EC ] EOAS R R A TR L AR
B, #2117 TR 7 H & g,
FIEET 60 CHEFEFHET, BT TR P itk
B EFGTATA 0.5~2.0h HIRESY, SRH DMSO /K
IR (20% DMSO) 1ENVEA], 4 HIE AR TRl v
18.96 mg/mL FIfiti &0, FHAKIXMRE Y 14.22.10.67+
8.00. 6.00. 4.50. 3.38 mg/mL LR MIBER, BT
4 CIRAF%H; SHFRIZ 2.5~5.0 h RS, BT
Hinmrepay, HE2RA coX-2 W& g
WAE AVER], Fef) 7.11 mg/mL 40, IFE— B H
BN 5.33. 4.00. 3.00. 2.25. 1.69 mg/mL IR i
T B TRSEI0 45 BT, AR TCRE B E
T DMSO 7 X HREAH, FEAETH R A ZR I 41 B 2 H
X REFLI 2 GAE, A 0 FR T DMSO X kil 4 & 1)
BT
2.7.2 AN[EHLE RS )L ARRE R R E R E AR
P COX-2 #pal ik olf & vt B H & E, &
ANFERESE 3K, WWFRNFE LA 0 LI
S5 6{E (relative fluorescence unit, RFU), f&k¥&
A TR RE S AS FR B 40 2, LG R
Mizk, iF 5152 K E (50% inhibitory
concentration, I1Cso)o [ RIS 8] L SRR i X
COX-2 ) ICso W3 2. 1L ARAE 5 1) 1Cso B BT
AR T R R, HA R 5.0 h L SARFE S
ICs0 B, I 0.5 h L FAREE R ICs0 B & o
3 = (RF Uizt —REU )/ (REU 100%g515 et —
RFU )

*2 ARREFRELZRER COX-2 1 I1Cx &
Table 2 ICso of STRR samples with different decoction
times on COX-2

RIZ M E/h ICso/(mgmL™") | BT []/h  1Cs0/(mg-mL")
0.5 0.660+0.005* 3.0 0.3340.009¢
1.0 0.594+0.010° 3.5 0.3230.002¢
1.5 0.429+0.020° 4.0 0.29740.004"
2.0 0.424+0.001° 45 0.269+0.007¢
25 0.344+0.002¢ 5.0 0.262+0.010¢

273 RFEIEER R AR E B R S R S PR
B T HIAR 38T SR Pearson AHIGIE S HT VT
185 1C 50 1B -5 A [7) F 28 s ) 110 R 3 B Rl 4y B SR TR A
HARKE, S5RE 4. BE 4 WTHL, KRN
T=1.0~1.0, HAMMESHEORERAIE, BBk
TR REIIR 1, BN R -1; PEAR
FHOCTE M BB AR, P BRI, FRIAFHOCIE 2
DITEERKY, ICso 5 S0 PRI, —m 55
M. MR S ESEY R e, &
BH I e B o 1) Bl s, FHI SRR, o 1Cso
5= G ST (—0.983) MM, HEE
ZH (-0.979). FERBL (-0.969) . 4 7 16
(-0.303), HmENifRERAHRMERZE, 1X-0.093; ICso
HEME S AR S BRI, R
RO B, R .

2.8 AEREIERELLZRERST ¢cGAS-STING 15
SR AN

2.8.1 AN[FAIRIE A] 1L SARAE f T /N B BMDMSs 4]
MG 35 KN B, BMDMs ZH L 1.1 X 1084
YH/mL () ZEEREME 96 FLA, 0.1 mL/AL, BT
PR R AP R TR B e MR BES, i
A 0. 0.125. 0.250. 0.500. 1.000. 2.000 mg/mL ]
Il SRR R IR AL, AW 3 N E AL, kB
7= 12h J&, K ATP A9k 1% (Promega, G7572)
R IR M S . FASIRAE Q0 R BFLIIA 0.1 mL
ATP AGMRAF, B3R 96 FLARAE AR 7T /0I5,
FEIREOLIFE 10 min; Bf5, LKA 0.1 mL
FiEmEREANECAG 96 FLIRH, BRI
e RS RO GRS, T AN 7). SRiess
R 3. 45REMH, 7F 0.500 mg/mL KR EIRE
N, I EARFESFFLE /N R BMDMs 41 it 7= AE & 14
N MR ERE T A 2.000 mg/mL i, 414 ER
FET. FEHL, WERBNTE R EWE N 0.500 mg/mL
i, 1.0 h B JE) A 20 e S T B, 40T D R T
Refe i T RTEWIM (LOh I 1L SR A A i %
BEPERUPUERIA R R i, SEEY
TEPERRE RO AN B R, XIS S A B
POHIER s [RIAF, ISk [a] i 2 o 1 R 2 i o ]
e 10 A RSO L 25 1R S R 0w ) =4,k — 25 el
T XM EE R s TR A B R, R
W ELA CRAE IR R B RR O R N, B
BB S R O EDR, Aami
F34E 0.500 mg/mL HIZ5 25 EIRE T, 1.0h A
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1.0
ICso
S
0.5
AATES
AT
0
S
TR
-0.5
=i A
AR R
-1.0
S = = =y = = i &
= R & B® & B ] £
& #a s #a = % =
& = = iz iz
& W ﬁ
1
"P<0.05 *"P<<0.01 "™ P<<0.001.

B4 MBEXRHARE

Fig. 4 Thermal diagram of correlation coefficient

®3 ATP ENEANERIZENELZRERE REREERT BMDMs AfEHEM (X+s,n=3)
Table 3 ATP assay for evaluating cytotoxicity of different concentrations of STRR samples with different decoction times in
BMDMs (Xt s,n=3)

JiIF=y YHBIAENT IS F1/%

5 8] /h 0 mg-mL™! 0.125 mg-mL™! 0.250 mg-mL™! 0.500 mg-mL™! 1.000 mg-mL™! 2.000 mg-mL™!
0.5 100.00+3.67 100.95+3.60 99.94+3.40 76.26+2.77"" 0.6040.02""* 0.0940.01""*
1.0 100.00+1.82 99.19+1.82 94.11+3.89 48.74+2.14™" 0.20%0.02""* 0.084+0.02""*
1.5 100.00+3.52 103.11+1.37 98.75+1.15 77.85+3.01"" 2.01+0.38"" 0.08+0.01""
2.0 100.00+3.44 101.14£2.32 99.39+1.69 97.08 £3.57 33.81+1.59" 0.11£0.01™"
2.5 100.00+3.49 100.25+3.28 100.06+2.52 94.80+3.09 27.62+8.31"" 0.13£0.01™*
3.0 100.00+1.20 101.40+2.89 98.67+3.73 95.68+2.63 27.96+1.50"" 0.154£0.02"**
35 100.00£3.58 102.30£3.03 101.68+1.27 92.03+3.13 58.54+2. 11" 0.40+0.11""
4.0 100.00+1.01 98.69+2.63 101.56 £1.65 96.09+1.87 60.3241.54" 0.28+0.07""
4.5 100.00+3.32 98.10+2.00 95.31+£2.12 88.11+2.52* 25.94+2.95™ 0.14+0.02"
5.0 100.00+2.36 97.70+2.29 95.78+1.27 83.09+3.35" 59.60+3.86™" 0.40%+0.11""

EMFAFEN AT 0 mgmL ! ELE: *P<0.01 *P<0.001.

“P<0.01 "™P<0.001 vs 0 mg'mL"" at the same decocting time.

LTS PR B2 R B R I IR . BRI, TR S AE O

A SEgR Y, KL 255 IR E R E Y 0.250 mg/mL.
S FRAR XT3 ) = (4 AL R R — 25 DR R AL R

FEE )/ Ohf R L Y 3 P — 4% E 0 BB AL RO

2.8.2  AN[AIHTAE I (] L EARAE SO /)N B BMDMSs 41

il cGAS-STING 17 5 il I AH 3¢ B A MR Ab 7K 1

Mm% BMDMs LA 1.1 X 100 AN /mL %5

FEHFRT 24 FLHG 0.5 mL/FL, B T4l ssEh
N EEFR R ENEE, BE)E, 70 ales T RERE A
0.25 mg/mL AN [F] B & B 1) 1L GRRASE gk AT Ab 3,

FHLARI P B E (0.25 mg/mL) 11l SARBL 77 FokE
PERNTR . Z99PAbEE 1 h 5, BTl sEIedgimA
T Z M) DNA (interferon stimulatory DNA, ISD,
2.5 pg/mL) FEATRIBL. A2 h SRR, R
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PAAEEARDY) . EAFFMEENENE, Bt
Western blotting o il 40 f 2 g v rh B R AL IRF3 (p-

IRF3). R STING (p-STING) LLJ AL STING
AIRF3 & A MFRIEAKE, SLi 4RI 5 fIEE 4.

6.5X10* 5
- . - e e as @ | PIRES
4.5X10* g
4.5%X10* ’ — O STING
STING
3.5X10% L
6.5X10%
L]
e aeEeeEeeee
4.5X10* .
1oX105 [, .
. — W — P = ww W Qo W — w— | HSPOO
7.5%X 104
X5 251 Bi% 05h 1.0h 1.5h 2.0h 2.5h 3.0h 3.5h 40h 45h 5.0h ik
R R 1] L SRR S 1D
5 FERIAERELZREME BMDMs %t ISD HUER ¢GAS-STING 155 i@ B 48 X 5 A BB 1L /K RS20

Fig. 5 Effects of different decoction times on phosphorylated protein expression levels related to the cGAS-STING signaling
pathway activated by ISD in BMDMs

* 4 AERIENE WL ZRERE BMDMs 31 ISD #E
9 ¢cGAS-STING 5 S BEBEXBMER N ERRAENFMN
Table 4 Effects of different decoction times on the
expression levels of phosphorylated proteins related to the
c¢GAS-STING signaling pathway activated by ISD in

BMDMs
13 JiIF=A EHMANRIEE
M E/h  p-IRF3/IRF3  p-STING/STING
=H - 0.066%0.019 0.026+0.008
it - 0.57540.071 0.23110.054
AR 0.5  0.845+0.073"  0.498+0.080""
1.0 0.348+0.141" 0.229+0.071
1.5 0.039£0.009"  0.047+0.016™
20  0.786+0.043 0.232+0.044
2.5 0.033%£0.006™  0.041+0.012"
3.0 0.661+0.076 0.226+0.029
3.5 1.032+0.015*  0.35040.024
40  1.002£0.101™  0.365+0.075
45  0.642%0.119 0.34340.029
50  0.038+0.026™  0.081+0.004"
Ll ARk - 1.543+0.077**  0.41540.055"

ERAA S "P<0.05 "P<0.01 ™P<0.001.
*P<0.05 "P<0.01 "P<0.001 vs model group.

Western blotting 25 SR KH, 11 S AR$E HU Xt
cGAS-STING 15 53 4% {1 12 1F F 2B B T
INF IR AR 12 o FAAR R AR 0.5h I, 1L GARSZEL
Y] 53 3 cGAS-STING i B (0% ; AT 1.0~
LS h i, JCAE R i, FLA0 8 b R R [R]
FEKMHE N, AU 2.0h B, RIS R 2.5

h B, POHIVE R E I R 3.5 h i, (R A E B
HIZ 4.0~5.0 h B, & IEIS . FIREhA
AR, 1 AR S P R T R B R
V) 2 K11 A A 2 e AL BB A, AT 2 ) %o
cGAS-STING BB E1E o %85 R it — B0t
F 1L AR 1) 24 R0 5 itk f AR LS4 T =
BRR.
3 e

W AR BB “H58 A7 hEM, HE
S B S AW L BRI R A A 24250,
IR, S SMAIENE SHANE (F
FE 245 40 2025 FROME Bl =4 flFEds (L3S
B RARAE) 1, B BT RE A% O ) T Jk
fl2627; WK, MRALBHLE AR SRR 38 R R 45
PLRAEA, HAT AR 2 055 3 00/ B E R 41 i
RAW264.7 N RIEF T TNF-a. IL-6 FIKIE,
AR B B R N B A1) JORE B8 SRR SR
Al LIS R ERK1/2-COX-2-PGE2 & 4 243 /N i
RAEIEIEH, THIIE 2 055 00/ B E R 40 i
RAW264.7 BT SE Fl-F TNF-al2°,

WA IR I 2 . I SRR R
ESE BT B 3T R A 200, BRI, SR/ 7R 7K
B EH 5) Rk A BN e —— A B A Y TT e
IF) 340 SR A G AR, 3 53 B R 2R R ) A5 A 2
RAEDR, 1X— I FEA AT BEXT L1 AR 1 2 -2 1
ST PR AR DB R

AR FidEt HPLC F88CEE & 7 Fhfabr s
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(EEH. EHEST. EFRR. 520,
Hmg . =R R R e =TI,
W AR o R S A (] LR AR AR
RS CRALE S0 ARG &5
BT RIE 2.5, 1.0 h BRI G TR, e FA e
Vit (TS0 AR 1R Rl R A A K
SR, SRS ERESEN, Rt =
I 57 SRR B I A VRS BT, AR R )
16 2.5h AidY . 2 JEdig. RRME Mt — 4
FERES R 225 35 128 (3.5~5.0h) LS.
RSB — I SR A S A R NRHIEs BRI
25(0.5~3.0 h) W LS A0 20 A i Rl i AR 3 M = o
SE A PR R BTS2 36 CR VLIS, B2y
A A I A O R R R AR T R AR AR T AL A P T
(R AH ELAE B B o0 PR A B8R, 17T 5 — i
ST E M X IR S EEEBR K “H
WSS N—0 Whrid, £ 5. BIESN
B VIR 518 5 S0 PLE—8, H5%
e 21 S U141 5G4 A AR SR ol - L SR ol 2 A R O F 9
SEREEYG . oA, LS ARK RN
A0 A= BT vl K B IR I8 P R 2R 1) N-SE e
IS B A2 LA A P S B DR 30 DR 3R ———12% S AE )
W R EYIN, (WS IRIA SR, B ek
SRS 245 8% CAnH I, (E AT A PRI R i R
JRR 2 B XU, P Ik P I AT REARR O AT
M7 A

PLRIEETE R, BERTER EEK, (LEAR
FEHUIRT COX-2 g 1G58 (ICso A 0.660
mg/mL [ % 0.262 mg/mL). Pearson #H1E 7 #7 2
N WEREHREESE S, PR =
LTS B, YRR H TR
IR TTRRE - X 5 ILFHEERY, Zhou ZEPASCF
CE SR TR R R PR R 4t
— 5, WUF T AL RSN ST T,
I FHRIEEINT cGAS-STING 15 538 I 1 1 7% &
PR 4 AT TR AR . 0.5 h A (2 R I8 B8
W, 1.0~1.5h K& 2.5 h JFEN4H], 3.5 h FRIX(E
Bk, 4.0~5.0h XEINHE] XRS5 R A
R, SRR S 5 K AR AR
PSL R T RN T, WAL EAR XA 4
REPFT” LGN FITR AL T AR RS

gx b, W AR 2 R-REIE ST v R AR T
B IA): 3T 8 2K BT B ) AT g b S A 28 2R ik

)0 SRR ARG A (SR A 1) R R
IR (= S, EId R W] RE RS R
A AR P ok v 3 E 1 XU (i &), A
I P EE IS (IR 45HIBR .
AL, e RS AR S AR AL R T2, PAYE“ 32
RABBA I 5 “ PRSI EAS 1 .
AW T BB T 1L AR B I R - -3 v 1 2
AR, (HOCT I AR o 1 A BRI E
cGAS-STING i % 4% 17> F WL S AT 75 30— 20 IR
ANWFFE, CAHAIRGIR “REHEF 257 $R4E 5 A Th R
R
FBAR PAGHYEARAEFZAR

SE R
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