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Effects of Hedysarum polybotrys polysacchcaide on FXR - FGF19 signal pathway in

FEE:BHE BFIRA 2 (HPS) X IR K B ZUL B BE X Z K (FXR) -
TREF A M A S R 19 (FGF19) {5 5@ B 52 . ik Wistar HEPE K BB
BEH 12 AR I3 AL, A K BRUPH — b L s 3 S5 e O 42 B8 28 (50 mg - kg ™'
STZ) A5 vei b v R UK £ ) 7 2 W PR R R . RSO K R AL A3 A A 7R A
BEIE X B L (25 T UL 8 DU BB T35 BT VR8T 400 mg - kg ™' - d 7' VEH ) A
ARSI 4 (4148 F 20010050 mg - kg™ - d 7 HPS IR ERHEE) , IF
WA FIBARIA 25 TSR ARA K E B 0 H 1k, 34582 8 5o F MR I i b
(Glu) K-, BRI Ho 2 W B i 36 ( ELISA ) 12050) G0 G 1M v =k Hihi (TG) M2 &
RHE R (TC) & &, 520 2 6 i 3R A B 5% [ b % (RT - PCR) | 2 11 5t B 3
(Western blot) 343 BIAIN /N 20 20 FXR 1 2H 20 B2 4k 20 A 4 B 32 1k 4
(FGFR4) mRNA i HAHXT FRIA KT &R B AT | BHPEXT IR 2 0
R S B H IR YT S Glu Wk 48 B D (7.66 £0.61 ), (29.25 = 1.64) |
(23.31 £3.02) F1(19.31 £5.13) mmol - L™, TG & 84351k (957.00 £113.73) |
(1 345.00 +246. 44) (958. 00 +£96. 53) FI(964. 00 £130.22) wmol - L™, TC & 433
(161,65 £4.53) (302,19 £5.35) .(236. 09 +5. 14) FI(165. 58 £2.58) wmol - L™, /]n
T 2H 2R FXR mRNA X335 7K 435124 1. 00 £0. 06 ,0. 48 +0. 02 0. 67 0. 04
F10.92 £0. 04, JiF £ 4% th FGFR4 mRNA A % % 3k K SE 43 5% 4 1.00 + 0.04 .
0.17 £0.01 0. 48 +0. 04 F10. 41 +0. 03 ; BRI 1Y L iR FE 45 -5 %F R4 L3¢, %) B
ARSI 0 EAR AR SR LU A ST L A R WAE G L
(¥ P<0.01), FXR fIFGFRAZE AR B R H SHERE N &it
HPS W 0 FENg IR IP TR 414, v] g 2@ o W i 41 40 FXR - FGF19 5%
TP PR TR A I o

SKSRIA LT RSN MR IR TR BB X 244 IR TR 5 AT WA 1 31
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of Hedysarum

Abstract; Objective To effects

polysaccharides polysaccharide ( HPS) on the farnesoid X receptor
(FXR) - fibroblast growth factor — 19 ( FGF19) signaling pathway of
diabetes rats. Methods

study the

Twelve Wistar male rats were randomly selected
as the normal group, and the other rats were fed with a single
intraperitoneal injection of streptozotocin (50 mg - kg ™' STZ) and a high
sugar and high — fat diet to replicate the diabetes rat model. Model rats
were randomly divided into model group, positive control group ( given
400 mg - kg™ - d”!
bacterial tablets by gavage) , experimental — H,

suspension of Bifidobacterium quadruplex live

- M, -L groups (given
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200, 100, and 50 mg - kg ™' - d~' doses of HPS suspension by gavage) ; normal group, and model group were given
equal volume of purified water by gavage once a day for 8 consecutive weeks. Glucose(Glu) was detected by a blood
glucose meter; and serum total glyceride (TG ) and total cholesterol ( TC) were detected by enzyme — linked
immunosorbent assay reagent kit; the expressions of FXR fibroblast growth factor receptors 4 ( FGFR4 ) relative mRNA
expression level and protein were detected by real — time fluorescence quantitative polymerase chain reaction method
and Western blot. Results
experimental — H groups were (7.66 £0.61), (29.25 +1.64), (23.31 £3.02) and (19.31 +£5.13) mmol - L™,
respectively; the TG content were ( 957.00 +113.73 ), ( 1345.00+£246.44 ), (958.00+96.53 ) and
(964.00 £130.22) pmol - L~', respectively; the TC content were (161.65 + 4.53), (302.19 = 5.35),
(236.09 £5.14) and (165.58 £2.58) pmol + L~
level were 1.00 £0.06, 0.48 £0.02, 0. 67 £0.04 and 0.92 +0. 04, respectively; the expression of FGFR4 relative
mRNA expression level were 1.00 £0.04, 0.17 £0.01, 0.48 +0.04 and 0.41 = 0.03; respectively. The above

indexes of the model group were compared with the control group, and the above indexes of the control group and the

The Glu concentrations in the normal group, model group, positive control group, and

' respectively; the expression of FXR relative mRNA expression

experimental — H group were compared with the model group, and the differences were statistically significant ( all
P <0.01). Conclusion HPS improves blood sugar, lowers blood lipids, and protects liver and intestinal tissues,
possibly by regulating the FXR — FGF19 signaling pathway in intestinal tissue, and regulating bile acid synthesis.

Key words: Hedysarum polybotrys polysacchcaide; diabetes mellitus; farnesoid X receptor; bile acid; hepatoenteric

circulation

HEJeEE X 3244 (farnesoid X receptor, FXR) ZH 1T
TR 1 IR O AR, AR PR T PR S T RS 2 g 07 JH
SRS % 28 3 e v LA BB Y BT R,
i FXR — B2F 4 4i o A=+ A7 19 (fibroblast growth
factor — 19, FGF19) {5 538 # 15 7T LA 672 1] 941 455 1
ARTHIR A B, M2 SRS IR o R ot %
B, 21 F€ £ ## ( Hedysarum polybotrys polysacchcaide,
HPS) ] DL gl 35 B bR 45 B4 KRG 1M B ( glucose,
Glu) ™' HLAE"™ ™o ABFTE BLEHR TS HPS SRR
BN FXR - FGF19 553 % M JIFAH U TR 5 7
Tt 52

M 5TTE

1 ##l

) SPF Zhhfitk Wistar KB, BUIR 6 A, 1A=
(180 +20) g, Mg 3K A iy DUAR (b o) AW AR A RA
Hlo IWHETFE IS SCXK (7)) 2019 - 0010, A<
S 2 H A s 24 KA S s s Sh AR B 2 5
S (LS 2021 - 804) ,

mEIRA AR, AET72.4% 41t 5
20200315, BEPGE TG T 7 A I K w7 B
IRFE TR 2R , KA : B0/ 100 mg, fit*5-: WXBD0304V , 1
VETEC 23 m] A= 7 5 BUBAT B DU TG 76 1, FEAS - 1
R 0.5 g, it *5: 202101065, #it #E 3¢ 5 [E 25 #E F
S20060010 , A7 328 K A= il 2543 BR 28 "l AR 7. KB

U [& B (total cholesterol, TC) fiff 5 F 92 WK Fff i 56
(enzyme - linked immunosorbent assay, ELISA ) iz 5]
A KR =W H il (total glyceride, TG ) ELISA R3] &5,
BT AR A R BR A Wl A2 775 B ML A
(beta actin, B — actin ) FL 44 FXR 47 5 FL 58 BEHTAA
FGF19 Hi s sa BB 1A L 2T AR 40 i A K A 752 4k 4
(fibroblast growth factor receptors 4, FGFR4 ) 7 4 B4 73
BT, #4920 56 [ TmmunoWay 24 w) A= 7 5 JHEBE 7o -
24U ( cholesterol 7o — hydroxylase, CYP7A1) $i f #
SEREDUA, b 5t B B A R A IR w477, 5l
Yy, L FEA YR A WS

BB WD - 9423C 4 1 801k B IL R 4,
EHN — R BRA B i UK R ED R e 4
£, L[ Bio — Rad 24 H] 7™ i ; ABI - 9700 4 B Iz
1 ( polymerase chain reaction method, PCR) 154 , 3&
Applied biosystems /3] F7 il ; HBS — 1096 A JFFR{L,
P ARSI B A A PR R 7 i o
2 EEWHE
2.1 Rz

TEARHT I R A ANES K 12 h, 3SR R B —
UCHENE s TR 50 mg - kg ™' STZ(#F0. 1 mol - L™y
BN b pH 4.2 ~ 4.5, 2P IE 1% ) , =5
FI2H TR S S R BT B R 4 22 Wi . 72 h S R i ik
KL, BEMLIMAE = 16.7 mmol - L™, H GE4E 51 J&
VLB 25 7 e b v i AmDRE (3 8 1)kl 2008 i s e
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A3 BRI R BT TG K TC & &
2.6 FEREITEEKMNNGHR R FXRFGF19,
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BURFALL 0.1 ¢ BT E.OE S, WA N
SR BCA & I E 8 AW, W ALR NG
Tk I BE IS FL UK AR FPA] (4 CBE B — 40 . TBST P i
3R VEIF T TBST YR 3 ¥k, AL 2 kOLIE Y
AT RO, B Ja ] Tmage T 73 T4 #F X 2% 20 %
AT T o
2.7 ELHREEE RS ESE K (real — time fluo-
rescence quantitative polymerase chain reaction,
RT - qPCR) j&#&M/NBA LR h FXR FGF19 ,FGFR4
FIRFALH CYPTA1 mRNA HyfRxFRsEAE

WA ZU0.1 ¢ BT 08 T, W AR IR
RNA, FIE OGO THM E RNA 4ifE Fik i, ot
4T cDNA 56582 7, PCR 3% FXR . FGF19 . FGFR4
I CYPTAL ZE R Br, PCR P73 25 1. 95 °C B 1
5 min,95 CA4: 10 5,60 °CiB 20 s,72 °C HEfH120 s, 4t
40 MER ., LRI T IFIC Y M2, FHRE AU
BB EIRIG B H AR E A M -3 - BRI A
fiff ( glyceraldehyde — 3 — phosphate dehydrogenase,

GAPDH) {f) Ct {t, Lk GAPDH Jy N2, b8 Ct 1%
THEARX IR AT
3 FitFEaE

JH SPSS 22. 0 B T SE it 43 Hr o TR BRI
x x5 A L ANOVA BRI 7 2204, 24
B8] FL 3 LSD 3o

# R

1 ZBAKXR/NGFFEL HE 36

FEVE Xt BE 2 A R T R T DU B 335 T A TR
W 400 mg - kg™ - dTUEE LR KR R SE R 41K
B4 F 200,100 .50 mg - kg ™' - d~"HPS R &K
HEE A AR K RS T SRR aid oK

ZHAKRB/NNGALIE S S5 IE® , bR L
B gL a3 5] ZE R T , IR S8 B A DL AR M A i R
T, T A 255 40 52 8 T 200 L HE 51 8 5%, 40 M A% K/
By5), oW B 7 A8 M 5 AR 41 KRR/ W 4 i
JUE RS AL B A A, G B S B KT R R A | ik
P RV, 205 R HE B i A A I,
3 240 L 440 B A A B8, A7 6 R D 728 1 3R B0 5 %o R
A orp IR S 2 SRR A, N
sz, W g% B HE S SR R A1 S %, R 1 4 M R i
Ul D AR S S 00 20 i 98 HE S R, R T 4 M iR
e B J, 0 BECZE Ry L AR R S 2 S AL 4 L
A, I 20 A R 25 1 0 AT, 40 TR O 7% 0 R G AR
PEYN A, W 1
2 HPS 3 #ERE KR Glu FFEL TG #1 TC BN

BRI KA Glu K ATFHEU TG . TC 55 ({4l
B SR E S A G R (P <0.01) 51K,
Hh e ) B S IR ZE RN PHPE X B S AR A bR, TC 34
F N B B B e R i LI 4 Y Glu (TG
TC BRI B EFEAR (P <0.01) W& 1,
3 HPS X #EFR R KR /NG AL FXR, FGF19,
FGFRAFN BT 44 CYPTA1 mRNA 3 FiEKEH
=AU

BRI 525 A s, KRBV A4l FXR,
FGF19 FH2H23rh FGFRA mRNA AHX} 23k K1 i
FRER (¥ P <0.01) , iIFdL 21 CYPTA1 mRNA AH X}
PR E TP <0.01) 5 il B S e 2 A
PEXT HRZH AR A LB, /N i FXR (FGF19
FIFELZ 19 FGFRA mRNAFH X 223K /K -3 &g 2 F+
= (¥ P <0.01), FFHZLH ) CYPTAT mRNA A 55
RIKOP ) AR (3 P <0.01) , L3R 2,
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Small

intestine

B 1 o BB T A AN — P20 (HE) e /NG ( x 100) JFALZL( x200) s BTG 25
Figure 1  Small intestine ( x 100) and liver ( x200) histopathology hematoxylin — eosin ( HE) staining under optical microscope

A Normal group, intragastric with 0.9% NaCl; B; Model group,intragastric with 50 mg + kg ' STZ; C: Positive control group, after modeling, suspension
1

of Bifidobacterium quadruplex live bacterial tablets 400 mg - kg ™' - d ~! was given; D — F: Experimental - H, — M, — L groups, after modeling, 200, 100,

50 mg - kg™' - d ' HPS were given.

F 1 HPS XA KR (Glu) \ZFEH M (TG) FLEH E RE (TC) & &AM (& £ 5)
Table 1 Effect of HPS on glucose( Glu) ,total glyceride( TG )and total cholesterol( TC) in each group(x +s)

Dose Glu TG TC

Group n

(mg - kg™") (mmol - L") (pmol - L™1) (pmol - L")
Normal 10 - 7.66 £0.61 957.00 +113.73 161. 65 +4.53
Model 8 - 29.25 +1. 64* 1 345.00 =246, 44% 302.19 +5.35%
Positive control 9 400 23.31 £3.02* " 958.00 £96.53 * * 236.09 £5.14 " *
Experimental - H 8 200 19.31 £5.13** 964.00 +130.22 * * 165.58 +2.58 * *
Experimental — M 9 100 25.03 +£4.03 1170. 50 +141. 36 253.31 +4.74*
Experimental — L 9 50 26. 66 +2.54 1164.00 £113.92 280.47 +1.58*

Compared with control group, *P <0.01; Compared with model group, * P <0.05, * * P <0. 01.

F2 HPS XA KBREEE: X 2K (FXR) LT 4E A i AR K 7 19 (FGF19) 4T 4 40 i A K K ¥ 32 44 4 (FGFR4 ) i [ it
7o = FEALHEF(CYPTAL) mRNA I AR X R IK KRN0 (x £5)

Table 2 Effect of HPS on the expression of farnesoid X receptor( FXR) ,fibroblast growth factor — 19 ( FGF19) ,fibroblast growth factor re-
ceptors 4( FGFR4) and cholesterol 7a — hydroxylase( CYP7A1) relative mRNA and protein expression level of rats in each group(x *s)

mRNA Protein
Group
FXR FGF19 FGFR4 CYP7A1 FXR FGF19 FGFR4 CYP7A1
Normal 1.00+0.06 1.00+0.06 1.00+0.04 1.00+0.01 1.48+0.02 1.18+0.01 1.14+0.01 0.34 +0.03
Model 0.48 £0. 02" 0.20 £0.02* 0.17 £0.01" 1.67 £0.01" 0.31 +0.03* 0.49 +0.04" 0.41 £0.03" 1.11 £0.01*

0.67 £0.04**0.65+0.05"*0.48 £0.04" * 1.13+0.01**0.97 +0.01"*0.90 £0.01 * * 0. 88 £0.02* * 0. 69 +0.02 * *
0.92+0.04**0.83+0.05"*0.41 £0.03* * 1.33+0.01** 1.19+0.01** 1.11 £0.01* *0.79 £0.02* * 0. 40 £0.03 * *
0.75+0.05"*0.54+0.04"*0.82+0.05" " 1.42+0.01** 1.10+£0.00" * 0.83 £0.01 * *0.99 £0.02* * 0. 73 +0.01 * *
0.62+0.03*%0.30+0.02 0.26+0.04 1.54+0.02"*0.62+0.03"*0.58£0.03*"0.64+0.03""0.88+0.01"*"

Positive control

Experimental — H
Experimental - M
Experimental - L

Dose and n refer to table 1; Compared with control group, P <0.01; Compared with model group, ** P <0. 01

P <0.01) /414 H CYPTAL 2 (HARXS FRIB7KF- 8 3 7t
= (P <0.01) s 253R P L SR Lu e, /NMisdI S FXR
FGF19 FIJIT FGFR4 & [ 6 B2 715 (1P <0.01) ,
i CYPTAL HHFRAI B EFHIR(IIP <0.01) L3 2,

4 HPS XH#EFR 7% K B /N5 A 48t FXR, FGF19,
FGFR4FIFTAL F CYPTAL B E R

BRI 552 UL e, K VNI SR FXR FGF19
AT FGFR4 2E 19 M1 % 3 35 7K 7 £ 8 3 W 1% (2
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i FGF19 5 /iF FGFR4 454, 45 Bl T B I A 1l A e
IRIMAE , 4= 5 FGFR4 it = /)N MR TR 2 32 401, Ji 5 28
MR, H FGF19 a7 A B TV &2 4 % B it o , $2
& FGF19 fER A Ra S H M EZ/E M B—0r
T , Y 73 B P o i 4 A R RS AT P B FXR %
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