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Improvement effects of Rongmu Fugan Formula on bile stasis in mice based on
gut-liver axis
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ABSTRACT: AIM To explore the effects of Rongmu Fugan Formula on improving intestinal liver injury in mice
with intrahepatic cholestasis (IC). METHODS Sixty male KM mice were randomly divided into blank group
(0.1 ml/kg normal saline), model group [ 0.1 g/kg a-naphthyl isothiocyanate ( ANIT) ], oberoic acid
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(10 mg/kg oberoic acid) and Rongmu Fugan Formula low, medium and high dose groups (2.8, 5.6 and 11.2
g/kg Rongmu Fugan Formula). Except for the blank group, the other groups of mice were given ANIT on the first
day, and then the corresponding drugs were gavaged for 7 days, and the serum, liver and ileum were collected.
Levels of serum liver function (ALT, AST, ALP, TBA, TBIL, DBIL) and lipid (TC, TG, LDL-C, HDL-C) were
detected by biochemical method. HE staining and AB-PAS staining were used to observe the histopathology of liver
and intestine. Immunohistochemistry and Western blot were used to detect the expression of key target protein
farnesol X receptor (FXR) in ileal and liver tissues. Immunohistochemmistry was used to detect the expressions of
cytokeratin 19 (CK19) in liver tissue and Occludin in intestinal tissue, so as to observe the bile duct hyperplasia
and intestinal barrier function. RT-qPCR was used to detect the expressions of bile acid transporters. RESULTS
Compared with the blank group, the levels of serum ALT, AST, ALP, TBA, TBIL, DBIL, TC, TG and LDL-C in
the model group increased ( P<0.01), while the HDL-C level decreased ( P<0.01). Bile duct cell proliferation
and pathological damage in ileal and liver tissues were observed. The number of goblet cells and the expression of
Occludin protein in ileal tissues decreased (P<0.01). The expression of CK19 protein in liver tissue increased
(P<0.01). The expressions of FXR protein in liver and ileal tissues decreased ( P<0.01). The expressions of bile
acid synthesis increased (P<0.01) and the expressions of transporters decreased ( P<0.01). Compared with the
model group, Rongmu Fugan Formula decreased the levels of serum ALT, AST, ALP, TBA, TBIL, DBIL, TC,
TG and LDL-C (P<0.05, P<0.01) and increased the HDL-C level (P<0.01). It also alleviated pathological
damage in ileal and liver tissues; increased the number of goblet cells and the expression of Occludin protein in
ileal tissue (P<0.05, P<0.01); decreased the expression of CK19 protein in liver tissue ( P<0.05, P<0.01);
increased the expression of FXR protein in liver and ileal tissues ( P<0. 05, P<0.01). It decreased the expressions
of bile acid synthesis ( P <0.01) and increased the expressions of transporters ( P < 0.05, P < 0.01).
CONCLUSION Rongmu Fugan Formula exerts a protective effect against intestinal and liver injury in IC mice,
and its regulatory mechanism may be associated with the nuclear receptor FXR.

KEY WORDS: Rongmu Fugan Formula; cholestasis; gut-liver axis; farnesoid X receptor ( FXR); bile
acid metabolism
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Tab.1 Primer sequences
B L7521 KB/ bp
FXR 1E A 5'-CTAATGAGGACGACAGCGAAGG-3’ 147

J[i] 5-CCTGAGGCATTCTCTGTTTGTTGTA-3’
CYPTA1l IE[A] 5'-GCTAAGGAGGACTTCACTCTACACC-3’ 169
1] 5'-TGGTCTTTGCTTTCCCACTTTC-3’

CYP8B1  1E[f] 5'-CCAAGGACAAGCAGCAAGACC-3’ 101
JZ i1 5'-CCCCAGTAGGGAGTAGACAAACC-3'
SHP 1E [ 5'-CGTTGCACCTGCATCTCACA-3' 121
J2 1A 5'-GAGGAAGGCTACTGTCTTGGC-3'
NTCP  1EJA] 5'-CGGAGATCTTAAGGACAAGGTGC-3' 129
S 5'-GCCTTGAGGACGTAGGGTACATAGT-3'
MRP2 iE M 5-ACTGTTCTTGTGTGGATTCCCT-3" 167
JZ 15 5'-AGAGACAGGTCTATGGCTGCT-3’
BSEP 1E [ 5'-AGTCAATGTTCAGTTCCTCCGTT-3’ 252
ST 5'-GCAATAGCAATGCGTTGTTTC-3
MDR3 1E M 5'-TCTGGTATGGGACTTCCTTGGT-3 206
S 5'-CCCACTCTTTGAGAAGCTGTCTAT-3’
B-actin IE T 5'-GTGACGTTGACATCCGTAAAGA-3’ 287

S 1] 5'-GTAACAGTCCGCCTAGAAGCAC-3’

FLECR R R T 2208, i — 2w, Jr
55 0F % A LSD- s, Ji AR 550k A Games-
Howell K545, P<0.05 R EAGITE L,

3 &#R

3.1 RAREI 2 1C s BT L L% 2B A5 49 %
v S PR R ECHE, BT, R,
BIRUZH IS B, Al Jose, RUIA ML KT,
HEERIA L, San AR s 2ok ss, W
K1,

TE: AN AU, BABRIA, C~E SR RAREF R, .
SR, F O RIUB/MA,
E1 HHNRAFBERS

Fig.1 Morphology of liver of mice in each group

B

HE Qe Bon, =5 A REHEW, o aew
JOKFNT A5 DX 43 A1 TE 8 5 AR AU 4 5% P9 AT AL 9k 1 24
JH . R A B S R RE AN IR, 2 Akl 2 A
MLBT N BRSSO r HR
PRI IE R, MO S IR s, WK 2,
3.2 RARAMFAIC MR AFFHRE, IS RAKRT
e Sas A AR, A ZE /N B 2 fg

W A RaSH4, B AL, C~E BB REAREIF L, 1.
ERIEAL, FONBDIIRERAL .,
B2 £HE/NMRFHAL HE £

Fig.2 HE staining of liver tissue of mice in each group

ALT, AST, ALP, TBA. TBIL. DBIL FIf§ % TC .
TG, LDL-C 7KF-F+5 (P<0.01), HDL-C /KR
8 (P<0.01); SR EE, SRAREMN 7 EF &
ZH AR DL IEERZH /N BRI TS ALT . AST ., ALP /K-
fil& (P<0.05, P<0.01), €K&, mFla
ZH A1 DL AH R 26 /) KUY TBA . TBIL, DBIL 7K
FEAK (P<0.01), ZRAE I J7 45 50 2 21 /) BR il
TC, TG, LDL-C /KR (P<0.05, P<0.01),
HDL-C /K FETHE (P<0.01), W 2~4,

®2 &KHANBME ALT, AST, ALP K FEELE (U/L,

xxs, n=10)
Tab.2 Comparison of serum ALT, AST and ALP levels in

mice of each group (U/L, x+s, n=10)

21 5] ALT AST ALP
24U 56.52+2.44  102.95+2.93 199.21+11.28
AR ZH 135.57+5. 82 329.04+5. 85 302.72+5.36 ™

RAE IR 129. 97+5. 06

RAE I bR 114. 6622.27

AR 111.5622. 38" 232.85+13. 98%278. 9345, 82*
D IRfR2 109. 44+2.00*  186.90+10. 11%267. 11+6. 44*
W, S EaAi,  P<0.0l; 5B LA P<0.05,

#p<0.01,

*3 K4A/MRIME TBA, TBIL, DBIL 7K FLEE: ( pmol/L,

x+s, n=10)
Tab.3 Comparison of serum TBA, TBIL and DBIL levels

in mice of each group ( pmol/L, X+s, n=10)

317.55+4.59  294.32+5.59
313.49+4.33  288.72+5.29

250 TBA TBIL DBIL
EHU4 29.25+2. 41 1.51=1.01  0.46+0.07
TRAIZH 145.90+3. 58 ** 86.89+4.91* 60.93+2. 82

FEREHOTRFIEA 125.4022.39  68.17£2.51  51.93+2.79
WA TP FIELL 118.53+1. 61" 45.69+1.99% 40.57+1. 62%
RARBEF T FFIEA 97.59+4. 63 28. 1422, 02% 28. 62+ 1. 85

UNNYiliNE 86.38+2.01% 29.82+1. 11% 31.55+0.92%

I SEAHIE, ™ P<0.01; SHEH L, * P<0.01,
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x4 HAMNMRIME TC, TG, LDL-C, HDL-C /K FLb# (mmol/L, x+s, n=10)
Tab.4 Comparison of serum TC, TG, LDL-C and HDL-C levels in mice of each group (mmol/L, x+s, n=10)

2157 TC TG HDL-C LDL-C
EHU 1. 48+0. 08 0.38+0. 02 1.08+0. 03 0.37+0. 03
HiRIZH 6.76+0.21™ 1.59+0. 05 ™ 0.49+0. 05 ** 3.01+0. 11"

SRS T IR 4 5.05+0. 14* 1. 33+0. 04* 0. 71+0. 02* 1. 88+0. 04*
ARG Iy 4.31+0. 15" 1.21+0. 06* 0. 78+0. 04™ 1. 72+0. 05*
SRARE NI m A 3.29+0. 23% 1. 07+0. 05" 0. 89+0. 03" 1. 46+0. 05"

U1 AARH 3.14+0. 17 1.27+0. 04 0.91+0. 04* 1.26+0. 07%

T HEAHARE, ™ P<0.01; SHAIL E,*P<0. 05, P<0. 01,
3.3 RAEMZIC R EHALIG %A HE BUESAITKE , RAREM &R/ R e s E
Y fl AB-PAS et lioR, A4/ EME LRSI AES, WK 3, £5, 55A
AR Y 2R AN HES B, A5ATERT, SE A, AR /N IEL A 41T Occludin 23K FEAIG
SEEE; AL/ R A R AR L G S 45 05, AR (P<0.01); SR HE, RAREF &0 md
R A D> (P<0.01), SEBELMWAER, B FE DR 240 /0 BRI 4 2 Occludin 36 3K 7+ 5
WIREEAR; SRR AL, &4 ”E?H/J\ﬁlil%éﬂ (P<0.05, P<0.01), WK 3, %5,

E: ANZSAH, BAHAIA, C~ENRNRAEITIE, . miid, FoyRIHgGA,
B3 £A/NREG HE 8. AB-PAS & H Occludin E AL L E

Fig.3 HE staining, AB-PAS staining and Occludin immunohistochemical staining of ileum of mice in each group

®5 SANREFAKFRAM, Occludin FAEEAR 4, CK19 KikFHE (P<0.01); SHAEIZ 1A,

kEEEE (¥xs, n=10) F LR 2L/ A AR AR L, CK19 3RIAFE IR
Tab.5 Comparison of goblet cells and Occludin positive (P<0.05, P<0.01), WE 4. F6,

protein expression in ileum of mice in each group %6 BEANRIFEASRCKI FAMEERIALE (35, n=

(xxs, n=10) 10)
415 AR Occludin Tab. 6 Comparison of CK19 positive protein expression in
234
iE’E 36.77+1. 06 25.172.56 liver tissue of mice in each group (xxs, n=10)
AL 8.29+0.51* 5.58+0.61™ pT
FAZITITEHIA 16,381, 36* 11.76x0. 91* ;E,’Jg CR19
WA RIEA 258522, 07% 16.35+1. 37% /T‘T':f 1.77+0.06
e | *k
WARENFHEREA 31 61+2. 75" 18.56+1. 56 HomAl . 8.29+0.51
L R 2 32.08:1. 08" 17.76+1. 35" AT IR kAL 6.380. 31"
WAL i 4. 4320, 27"
o SR AAE, 7 P<0.01; SHEBAE,*P<0.05,%P o
. 5 EAE, * P<0.01; S5EA RE,*P<0.05,%P< m?kﬁﬂ?ﬁm g 3 3320, 15%
0.01, LR 4 2. 98:0. 08"
3.4 RAFITZAIC DAL CKI9 R4 69 F i SEALE, 7 P<0.01; SHIALE,"P<0.05," P<

e S A eds, AR /N BRI AR DX IEAE 4 fif 1 0.01,
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. AHEHU, BABMYL, C~E S HINRAE L, o,
F A, F OB UIHERA

4 BHNRIFEALR CK19 EAREHNKEE
Fig. 4 Immunohistochemical staining of CK19 protein in

liver tissue of mice in each group

3.5 EARAEMFAIC HRIeTEBREHeh 5
25 A A, BRI R R FUFZH 2T FXR Rk
FEAK (P<0.01); SR EE, 28 RE 7457
EAURIE VIR 4L /N BRIP4 FXR RIAF+HE (P<
0.05, P<0.01), ZARENFI7 ) S FER U R
NEREA 2 FXR RiEFHE (P<0.05, P<0.01),
WE5~6, %7,

A4, B4 /NFIHFAZ FXR, SHP
mRNA KKK (P<0.01) , JHVHRR & W CYPTAL,
CYP8B1 mRNA £iETHE (P<0.01), ¥z H
NTCP . MDR3. BSEP. MRP2 mRNA % ik [% 1%
(P<0.01); SHAAHLE, RAKE N7l
FBE O EFRZH /N UIFZHZ FXR . SHP mRNA ikt

T ACHZEAYL, BRI, C~EMBIREAREINFIG, b, SR, F eI,
B5 FHANREFMIFALA FXR EERRELEE

Fig. 5 Immunohistochemical staining of FXR protein in ileum and liver tissue of mice in each group

e ARZSHYl, B WAL, C~E s KRG K,
i ERIEAL, F O IRERY

6 FHINREFMFAR FXR EAET
Fig. 6 FXR protein bands in ileum and liver of mice

in each group

= (P<0.05, P<0.01), ZRAK 52550 &2 A5 N1
REFRZH/NEUTFZHZE CYPTAL, CYPS8B1 mRNA AR
(P<0.01), NTCP. MDR3, BSEP. MRP2 mRNA %
ETHE (P<0.05, P<0.01), W3S,

x7 FANREFMFAR FXR EARIELER (xzs,
n=10)
Tab.7 Comparison of FXR protein expression in ileum and

liver tissue of mice in each group (x+s, n=10)

g IR Epi7E e
FXR/GAPDH FXR/GAPDH
ZHHA 1.00+0. 12 1. 000. 26
S EEE 0.19+0. 03 ** 0.23+0. 09 **
SRR I7 ) 121 0.27+0. 04* 0.31+0. 06
FRAS IR A 0. 36+0. 07* 0.39+0. 05
SRAREIFI7 7)1 21 0.52+0. 11* 0. 56+0. 09*
R UUAR AR 0.73+0. 12* 0. 82+0. 15"

E. 52 A4IHE, * P<0.01; SR A #P<0. 05, % P<
0.01,
4 Tt
1C J2 H1 T JIH 3 53 08 R R b e 5 T 3800 i IR
WEFAAENY ) GRSk,
A2 A2 AR AN B DLIRTR 5t BN ROV - it
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x8 HBEA/MNRIEL FXR, SHP, CYPTAl, CYPSB1, NTCP, MDR3, BSEP, MRP2 mRNA Riktt% (xzs, n=10)
Tab.8 Comparison of mRNA expressions of FXR, SHP, CYP7A1, CYP8B1, NTCP, MDR3, BSEP and MRP2 in liver

tissues of mice in each group (x+s, n=10)

205 FXR/B-actin SHP/B-actin CYPTAL/B-actin CYP8B1/B-actin
=E: 1. 001£0. 048 1. 0070. 039 0. 019+0. 002 0.126+0. 013
FERI L 0.116+0. 005 ** 0. 344+0. 033 ** 0. 998+0. 004 ** 1.032+0. 129 **
RARE IR 4 0. 14120.010 0. 356+0. 028 0. 146+0. 006** 0. 630+0. 023
RAREIFI7 i 0. 147£0.013 0. 366+0. 008 0. 018+0. 002** 0.247+0.011%
RN i ) i 2 0.223+0. 012* 0.516+0. 029* 0. 120+0. 003** 0. 159+0. 005
JLARFER 4 0.250=0. 013" 0. 544£0. 050" 0. 063+0. 005" 0.151+0. 013"
205 NTCP/B-actin MDR3/B-actin BSEP/B-actin MRP2/B-actin
ZEHH 1.000+0. 011 1. 000+0. 004 1. 0040. 033 8.298+0. 298
FERI 0. 027+0. 001 ** 0.355+0. 004 ** 0. 050+0. 004 ** 2.0010. 035 *

SRS T ) ik 4

AN TT P4

FAENTT7 w5 k2
LAnyilitEl

0. 047+0. 001"
0. 0450. 001*
0. 0990. 001*
0. 1300. 002*

0.595+0. 012*
0. 609x0. 011*
0. 611x0. 022%
0. 642+0. 010"

0. 165+0. 004™
0.218+0. 003*
0.377+0. 009*
0. 569+0. 029**

3.290=+0. 070%
4.513+0. 070"
5.169+0. 175*
7.354£0. 192*

. S, P<0.01; SR E, *P<0. 05,7 P<0.01,

PN R IC TR T < BT, AR
Hm ML S RS, MET AR, SURRNAR,
T B K B SRR (< S0 A > B
YR AR, MET R, R ETE
W, MR Hol B w7, ml 0L IC S i bk
5%, FHEREKZ RN R, PR
E, R ASACE A, R EHE A
AH AR, SOE AR BT RV
AP I B R ETT IC BYFEAS I

AR5 2 LU AR A et T, FEME RN 2
SRR = CRBA G AR O AR,
(EN] - PEME) = I a, HEHU%Z
------ FacH, BevUiiz, HEtz, RS
27 ARG IE TR AR, H 22 iR i
WAL LR, 27 UBEER A2y, B kE
HAR RS, | WG IR IRk, BERR IR I
FEEWRH . W, BRI, =-EHE, BF. §
e, WIS A EEWH, WM<ERE; P
M, BMouRE BB, BRI, %2
HH, SEREFRIMGIN, BB IR, (WA
WKL) = “HTH, slmitz, HEEE,
iz, Heck, Bmniisx, R4S IC BEA W
ZHEIR, HE AL, i, EA . Ak
W T RS K B RO AT . PR B B
BT, IEFTE “MENIEZR”,

ALT, AST AP THEs 3R IR, 1C KA mHA
IEHEMZ R, ML E . ALP KT,
1C 2GR T R Y 8 5 e, S 3801 i A it
EELMIRE A SR, TS & MG H, e
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[T BT R R TE Y i A B oA O i — 25 i) 1C &
JEU D W R B, 1C BE BRI AE S AR
WA, CK19 ZRRAE b Rz 40 A 5 53 P
P 10 KA ARAY bR A AR R A Rk
T AR A, AR i I fE,
WA IMAEZK T, AR R R, #0fl CK19
Fik, PNTIHAR IR A 240 s A

“Pa-RFh T 2 i 1E 5 IR 2 1) A X e 38 fE R
g5, SHUSMF, i EpomEe|mE ™ | IC 5]
AEEPEM R TR, BRI, LRk
RERREAS . AT, JFREA AT, B g
WA, (RN MR EER S0 Occludin i
F B AN e A AL, AE AR BRI RE
FXR ZMH A CsiEm N+, T2 FET
W, A2, HI 62 2 S BUIR R HE 32
BH, MIfi5] & 1€ B DU & FXR A K20
R, BOAHIE 5T kR AR S BT BB 2, 4
RERW, RAREWHAWEN . A2 FXR £k,
WP E R PRI, YKE G Occludin 3k, B35
¥ 5 BE D g o

Zi bRk, SRRy RE R 1C /N BRI VA T
TIRERNBR BUK-, DGR NAE A | PR R IR A A
5z, G SURER A B B R,
FERL 532K FXR YA C,
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