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Effect of total alkaloids from Sophora alopecurides on FXR, TGRS ,CYP7A1
protein expression in colon and liver tissues of mice with ulcerative colitis
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Abstract : Based on FXR/TGRS (farnesoid X receptor/ G protein-coupled bile acid receptor 5) pathway to explore the thera-
peutic effect and mechanism of action of total alkaloids from Sophora alopecuroides on 3.5% dextran sodium sulfate induced
ulcerative colitis model in mice. Sixty healthy male BALB/¢ mice were divided into blank control group ( Con) ,dextran sodi-
um sulfate model group(DSS) , sulfasalazine positive control group (SASP) and total alkaloids from S. alopecuroides treatment
group (TASA) . BALB/ ¢ mice were given 3. 5% DSS water for continuous free drinking for 7 days to establish the mouse mod-
el of acute UC. During the modeling, S. alopecuroides extract(75 mg/kg) was given daily for treatment ,and sulfasalazine (450
mg/kg) was used as the positive control drug. Clinical symptoms of mice in each group were scored by DAT during the experi-
ment. Day eight, the pathological sections of colon were observed by HE staining, glycogen PAS staining and Alcian blue stai-
ning were used to observe the expression of goblet cells in colon tissue. The expressions of IL-10,1L-23 ,IL-18 and IL-17 in
serum and colon tissue homogenate supernatant were detected by ELISA. The expressions of FXR, TGRS and CYP7AL1 in liver

and colon tissues of mice were detected by Western blot. The results showed that after total alkaloids from S. alopecuroides ex-
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tract treatment , the DAI, histopathological damage of colon and the length of colon were significantly improvement ( P <

0.01) ,the number of goblet cells in colon tissue was significantly increased (P <0.01) ,anti-inflammatory factor IL-10 was

significantly increased ( P < 0. 01 ), pro-inflammatory factors IL-23,IL-17 and IL-18 were significantly decreased (P <

0.01) ,serum bile acid content was significantly increased (P <0.01) ,FXR,TGR5 and CYP7AL1 in colon and liver were up-

regulated. Results showed that the total alkaloids from S. alopecuroides had a certain therapeutic effect on DSS inducing UC in

mice. It inhibited the development of colitis mainly by inhibiting the related inflammatory factors, and up-regulating the ex-

pression levels of related proteins of FXR/TGRSsignaling pathway.
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Table 1 The score scales for the disease activity index
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Table 2 The score scales for the colonic histopathology
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HAR /N B I G 7™ i 04 058 0l , L AR 7 46 T B,
DAT W FFEL T, M O SR YT 20 X A H T F
DAL FHa A —E BMRIAE T, 26 7 ROTIRAH e =3
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Fig. 1  Effects of total alkaloid from S. alopecuroides on body weight,disease activity index

and colonic length in acute ulcerative colitis mice
T 52 P IR A, M P <0.01; SHERIZH s, * P<0.05 ** P <0.01, F[l, Note:Compared with Con,* P <0.01 ; Compared with DSS,
*P<0.05," * P<0.01 the same below.
BRENEM UC/INRERARRESRE Y, MRS % MR F , JTRAE, T
5, DSS 75 SR AL L I 9B VK, A5 H R
e b, o i s e, B B R 1 AT O, DR AR 1 4
M= A SR Akt I b R A 9 B A
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Fig. 2 Effects of total alkaloid from S. alopecuroides on colonic histopathology in acute ulcerative colitis mice (HE, x200)
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Fig. 3 Effects of total alkaloid from S. alopecuroides on goblet cell in acute ulcerative colitis mice( PAS and Alcian blue, x400)
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JFLH IL-23 IL-17 IL-18 & &A% (P <0.01) , H#%
L SETEY T ZH B AR A PR e AP FH 1 Xo) i 2
0BT X AR, RHEH T TR
BBIA YT 5 RE A A2 R PR, 6 S RE 1 & A
IR

2.5 HEFEBEXRME UC /MRMES BB
5REEREEEMNXMN

WE 5 frR , 525 FO IR Ee, DSS 755 1A
RUZH /N BRIV TP OB IR R & & TR (P <
0.01) , 255 & RVACRN BH M X R 2453697 5 & &
HB 5 EFEAR(P <0.01) (WLIEI SA) (B & B0
STHIGRITRCR AL, 525 FIx A AH [, DSS 75 %
AR TR 20 /N B 37 s R 5 e AR, (BN Ay
Gritege i Wi 5 SR BH P X AR A
I ETE(P<0.01) (WLEISB),
2.6 ZETFEMEXEM UC /NRITREALAILERG
HARXEBARIENZ M

W 6 FrR , 525 T BRZLAH L, DSS 755 A4
A2/ RF AL 2L FXR (TGRS . CYPTATEH H £



KIRF=YIBE R 5T K

Vol. 33

1458
A
30000
==
‘_E‘_: 20000
EJ o
= o T
= 10000 i
0
Con DSS SASP TASA
5 Group
C
u
~ 2000
E
= *
& T ==
g
g 1000 e
Con DSS SASP TASA
A5 Group

IL-23 (pg/mL)

IL-18 (pg/mL)

15000

2 10000
o
5000 -/ .
Con DSS SASP TASA
A3 Group
4000
#t
30004
20004 —|—
o
.
10004 e
Con DSS SASP TASA
45| Group

B4 FEFREXRME UC /MR AR KM EFrI=0m

Fig. 4 Effects of total alkaloid from S. alopecuroides on colon cytokines in UC mice
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Fig. 5 Effects of total alkaloid from S. alopecuroides on serum TBA and T-CHO in UC mice
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Fig. 6  Effects of total alkaloid from S. alopecuroides on the expression of related proteins in liver of acute UC mice
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Fig. 7  Effects of total alkaloid from S. alopecuroides on the expression of related proteins in colon of acute UC mice
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Table 3 The results of correlation analysis

o i ZEl% Colon JFFE Liver
Dimension FXR TGRS CYP7Al FXR TGRS CYP7AI
™4 W 7y
BT 0.459 -0.321 0.497* 0.385 0.352 0.357
Total bile acid
TL-10 0.553"* 0.204 0.472* 0.616"* 0.700 " * 0.591"*
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2:5% 3 ( Continued Tab. 3)

o %51 Colon JFFWE Liver

Dimension FXR TGRS CYP7Al FXR TGRS CYP7Al
-1 -0.022 0.450 % -0.261 -0.004 0.033 0.218
.23 -0.059 0.509 0.273 0.021 0.069 0.075
IL-17 -0.088 0.407" -0.365 0.153 0.136 -0.280

TE: " 7E0.05 50 (W) SRR ;™ " 76.0. 01 5 (BUR) AAR MR .

Note: * Significant correlation at 0. 05 level (double tail) , * * Significant correlation at 0.01 level (double tail).
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FXR TGRS \CYP7AL 3 H F&E 5 B IR &%
SIE R AR SR 20 B A B, UC /N iR i 2H 4 FXR
CYP7AL 5 GBI AR B GOASE TS 1L-10 #3521
K, TGRS g & A+ IL-23 [ 1L-18.1L-17 ¥ & 1
AR, B 7% o 1 R B o O 45 s FXR VTGRS |
CYP7AL 675 UC /) B A [R] i G i 8 s AEL 7R 55
FIAE 58 PR3~ B BRI, BT 28 A1 TL-10 & 57,
S HE ] fEsE 4l 28 DX 1 B B bt 42 A7 TL-10 fY
THR R S N o 5 Z A4 R — 2, gt — 2D B e
T LT BT B P4 I 48 v] e e R
AR i A2 0% A AE o M Ah, v 52 S B R AR X
TGRS MBS A — & 1Y _LIA/E AR B R, b Ay
A BEE B JAE IVERT, A Rt — 2 B

ARG L 4T BALB/c /N 3. 5% DSS 1K
IS 3 AR 7 R /b R UC B, 3
WIFUESE T ¥ 7 S AE % /L DSS 355 1 /1N B
L5l R WAL S RAEREAR o 37 T B BR YT
MIF SR & f R B, 45 FXR CYP7AL TGRS
FEHPAAFERRER B 5 S ] fei
TN BLAS B R 200 B A 28 PR 1 TL-10 /95 5, B
fiRfe & N 7~ IL-23  TL-18 TL-17 & &, DL R i
FXR/TGRS i A G 8 H B IR 077/ BRIz TE4S

S% 30k

1 Su YX,Guo R,Li GZ,et al. Advance progress on anti-inflam-
mation and resource utilization of Sophora alopecuroides[ J].
Chin Wild Plant Res ( H [F %A= A #) 9F 6 ) ,2020,39(10) .
67-73.

2 Zhang JM, Zhu YB, Deng x, et al. Mechanism of sopho-
carpine in treating experimental colitis in mice[ J]. China J
Chin Mater Med ( #F[E #2575 ) ,2015,40:3081-3087.

3 Zhao YN, Li Y, Zhang Y, et al. Establishment of ulcerative
colitis model in mice by different drug delivery methods of
dextran sodium sulfate[ J]. Lab Anim Comp Med ( 5245 34
S pEef) ,2021,41(1) :33-39.

4 Ma KL,Han ZJ,Pan M, et al. Therapeutic effect of cinnamal-
dehyde on ulcerative colitis in mice induced by dextran sul-
fate sodium with Candida albicans colonization and its effect
on dectin-1/TLRs/NF-kB signaling pathway [ J]. China J
Chin Mater Med ( #F [E #2524k ) ,2020,45:3211-3219.

5 Huppertz-Hauss G, Hoivik ML, Jelsness-Jorgensen LP et al.
Fatigue in a population-based cohort of patients with inflam-
matory bowel disease 20 years after diagnosis: The IBSEN
study[ J]. Scand J Gastroenterol ,2017,52:351-358.

11

12

13

14

15

16

17

18

Thomas C, Pellicciari R, Pruzanski M, et al. Targeting bile-
acid signalling for metabolic diseases[ J]. Nat Rev Drug Dis-
cov,2008,7.678-693.

Yang Z),Zhu MJ, Wang FF et al. Progress in understanding
relationship between bile acid metabolic disorder and gut dis-
eases[ J]. World Chin J Digestol (t #t12 AWML Z4 7)),
2019,27(3) :183-189.

Hu JY. Research of the mechanism of Qing-Chang-Hua-Shi
formula for ulcerative colitis treatment based on the host-mi-
crobiota metabolism of bile acids[ D]. Nanjing: Nanjing Uni-
versity of Chinese Medicine ( B§ 5t H1 EE 2 K% ,2020.

Jia YQ, Yuan ZW ,Zhang XS, et al. Total alkaloids of Sophora
alopecuroides L. ameliorated murine colitis by regulating bile
acid metabolism and gut microbiota[ J]. J Ethnopharmacol,
2020,255(3) :112775.

Fu XM, Yang C, Liu J, et al. The role of FXR in ulcerative
colitis[ J ]. Tradit Chin Drug Res Clin Pharmacol ( H 2 24
HilsKZH) ,2019,30.750-755.

Lee F Y,Lee H,Hubbert M L, et al. FXR, a multipurpose nu-
clear receptor| J |. Trends Biochem Sci,2006,31(10) ;:572-
580.

Ding LL, Yang L, Wang ZT, et al. Bile acid nuclear receptor
FXR and digestive system diseases[ J]. Acta Pharm Sin B,
2015,5:135-144.

Chen S, Wang B,Xu Y et al. Preventive effects of chitooligo-
saccharides on dextran sulfate sodium-induced ulcerative co-
litis in mice[ J ]. Nat Prod Res Dev ( K%k P= ¥ i 55 5
k) ,2020,32:1295-1301.

Miura K, Ohnishi H. Role of gut microbiota and Toll-like re-
ceptors in nonalcoholic fatty liver disease[ J]. World J Gas-
troenterol ,2014,20.7381-7391.

Li YX,Li XP,Gu J,et al. Study on protective mechanism of
Tibetan medicine Ershiwuwei Songshi Pills on cholestatic liv-
er injury in rats based on FXR signaling pathway[ J]. China
J Chin Mater Med ( /7 [E] 2 4% ) ,2020,45 :5273-5279.
Liu X, Li LZ,Guang WK, et al. Research progress on intesti-
nal microflora mediated animal bile acid FXR/TGRS signa-
ling pathway[ J]. Chin J Anim Seci ( 1 [E& 24 :%) ,2020),
56(12) .13-19.

Yuan ZW. Therapeutic effect and mechanism of Huang-lian-
jie-du Decoction on acute ulcerative colitis in mice [ D ].
Lanzhou ; Gansu Agricultural University ( H i &l K2%) ,
2020.

Mahmoud TN, El-Maadawy WH, Kandil ZA, et al. Canna x
generalis L. H. Bailey rhizome extract ameliorates dextran
sulfate sodium-induced colitis via modulating intestinal mu-

cosal dysfunction, oxidative stress, inflammation, and TLR4/



1462

KIRF=YIBE R 5T K

Vol. 33

19

20

21

22

NF-kB and NLRP3 inflammasome pathways [ J]. J Ethno-
pharmacol ,2021,269 :113670.

Sun AN,Ren GY,Deng C,et al. Effects and mechanisms of
vitexin against ulcerative colitis in mice[ J]. Chin Pharmacol
Bull ( Fh [l 24 1 2%38 4z ) ,2014,30:1677-1681.

Alipour M, Zaidi D, Valcheva R, et al. Mucosal barrier deple-
tion and loss of bacterial diversity are primary abnormalities
in paediatric ulcerative colitis [ J]. J Crohns Colitis, 2016,
10.462-471.

Zhu CL,Mu JJ,Xu JW, et al. Repair effect of purple sweet
potato anthocyanin on intestinal barrier injury in mice with
ulcerative colitis induced by DSS[ J]. Chin J Pathophysiol
(v D EEL A 2K ,2020,36 :1844-1853.

Li Y,Liu Y, Yan SG,et al. Effect of the classical three pre-
scriptions for regulating intestinal function on cytokines as
1L-17,1L-23 ,1L-6 ,1L-10 and TNF-a in colonic of ulcerative
colitis rat[ J ]. Mod J Integr Tradit Chin West Med ( #{AC
THELE G 2) ,2017,26:920-924.

23

24

25

26

27

Vavassori P, Mencarelli A,Renga B, et al. The bile acid re-
ceptor FXR is a modulator of intestinal innate immunity[ J].
J Immunol ,2009,183:6251-6261.

Wei M, Cheng WF,Ping J,et al. Expressions of bile acid re-
ceptor FXR and TGRS in patients with ulcerative colitis[ J].
Chin J Gastroenterol ( 5 I 2¢) ,2017 ,22 :465-468.

Zhou X, Cao L, Jiang C, et al. PPARa-UGT axis activation
represses intestinal FXR-FGF15 feedback signalling and ex-
acerbates experimental colitis. Nat Commun,2014,5 :4573.
Lee YK, Schmidt DR, Cummins CL, et al. Liver receptor
homolog-1 regulates bile acid homeostasis but is not essential
for feedback regulation of bile acid synthesis[ J]. Mol Endo-
crinol ,2008 ,22 :1345-1356.

Chen F',Ma L,Dawson PA et al. Liver receptor homologue-1
mediates species- and cell line-specific bile acid-dependent
negative feedback regulation of the apical sodium-dependent
bile acid transporter [ J]. J Biol Chem, 2003, 278 19909-
19916.

(L% 1625 W)

49

50

51

52

53

54

55

Akiko S, et al. Increase of tumor infiltrating y8 T-cells in
pancreatic ductal adenocarcinoma through remodeling of the
extracellular matrix by a hyaluronan synthesis suppressor,4-
methylumbelliferone[ J ]. Pancreas,2019,48 ;282-301.

Pibuel MA et al. 4-Methylumbelliferone as a potent and se-
lective anti-tumor drug on a glioblastoma model[ J]. Glycobi-
ology,2020,22.227-241.

McKallip R, et al. Treatment with the hyaluronic acid synthe-
sis inhibitor 4-methylumbelliferone suppresses LPS-induced
lung inflammation[ J]. Inflammation 2015 ,38 :382-399.
McKallip R, et al. Treatment with the hyaluronic acid synthe-
sis inhibitor 4-methylumbelliferone suppresses SEB-induced
lung inflammation[ J ]. Toxins,2013,5 :422-436.

Li F,et al. Effects of 4-methylumbelliferone and high molecu-
lar weight hyaluronic acid on the inflammation of corneal
stromal cells induced by LPS[J]. Graefe’s Arch Clin Exp
Ophthalmol ,2017,255:1121-1136.

Andreichenko I, et al. 4-Methylumbelliferone prevents liver
fibrosis by affecting hyaluronan deposition, FSTL1 expression
and cell localization[ J ]. Int J Mol Sci,2019,20:832-849.
Karry A, et al. Inhibition of 1L-6 release in wvitro by in vivo
administration of an IKK inhibitor in mice with lung fibrosis
induced by poly T;C[J].J Allergy Clin Immun,2017,139;
320-336.

56

57

58

59

60

61

62

Piccioni F,et al. 4-Methylumbelliferone inhibits hepatocellu-
lar carcinoma growth by decreasing IL-6 production and an-
giogenesis[ J ] . Glycobiology,2015,25:1055-1064.

Ban H, et al. Hyaluronic acid inhibitor 4-methylumbelliferone
activates the intrinsic apoptosis pathway in K562 chronic my-
elogenous leukemia cells[ J]. Anticancer Res,2015,35;145-
150.

Rilla K, et al. The hyaluronan synthesis inhibitor 4-methy-
lumbelliferone prevents keratinocyte activation and epidermal
hyperproliferation induced by epidermal growth factor[ J].J
Invest Derm,2004 ,123:66-76.

Su ZC,et al. Enhancement of skin wound healing with decel-
lularized scaffolds loaded with hyaluronic acid and epidermal
growth factor[ J]. Mater Sci Eng,2014,44.99-110.
McLaughlin JE, et al. Inhibition of hyaluronic acid synthesis
decreases endometrial cell attachment , migration and invasion
[J]. Reprod Sci,2020,27:110-123.

Yoon Y, et al. 4-Methylumbelliferone suppresses hyaluronan
and adipogenesis in primary cultured orbital fibroblasts from
Graves’ orbitopathy[ J ]. Graefe’s Arch Clin Exp Ophthalmol,
2020,258 :223-238.

Terabe K, et al. Chondroprotective effects of 4-methylumbel-
liferone and hyaluronan synthase-2 overexpression involve
changes in chondrocyte energy metabolism[ J].J Biol Chem,

2019,294:1102-1115.





