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Effect of Soluble Dietary Fiber from Highland Barley Bran
on Bile Acid Metabolism in High Fat Diet Mice

LANG Furong, WEI Xuzhao, WANG Tongren, WANG Shulin, LIU Huicui"

(College of Agriculture and Animal Husbandry, Qinghai University, Xining 810016, China)

Abstract: The processing of highland barley generates a significant quantity of bran, which is abundant in soluble dietary
fiber (SDF), yet this by-product remains largely underutilized. Existing research indicates that SDF has the potential to ame-
liorate lipid metabolic disorders through the regulation of bile acid metabolism. However, the potential of highland barley
bran-derived SDF to modulate bile acid metabolism and the underlying mechanisms remain unexplored. This study utilized
5-week-old SPF-grade male C57BL/6J mice fed a high-fat diet to investigate the effects of highland barley bran SDF inter-
vention on total bile acid (TBA) levels in serum and liver tissues. The study also examined the hepatic bile acid metabolic
profile and identified differential bile acids responsive to highland barley bran SDF treatment. Additionally, RT-qPCR and
Western blot analyses were conducted to evaluate the expression levels of bile acid metabolism-related genes and proteins
in both the liver and ileum, aiming to preliminarily elucidate the underlying mechanisms by which highland barley bran
SDF regulated bile acid metabolism. The results demonstrated that the TBA levels in both serum and hepatic tissues of
high-fat diet-fed mice were elevated following intervention with highland barley bran SDF. Through targeted metabolomics

analysis, five potential biomarkers responsive to highland barley bran SDF treatment were identified. Highland barley bran
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SDF regulated bile acid metabolism in mice by inhibiting the activity of the ileal Farnesoid X receptor (FXR) to promote

hepatic primary bile acid biosynthesis, while simultaneously activating the ileal G protein-coupled bile acid receptor 5

(TGRS) to accelerate bile acid transport. This study provides a theoretical basis for understanding the lipid-lowering effects

of SDF derived from highland barley bran and offers valuable insights for the high-value utilization of highland barley bran

as well as the development of lipid-lowering functional foods.

Key words: highland barley bran; soluble dietary fiber; bile acid metabolis; dyslipidemia; regulatory mechanisms of bile

acid metabolism
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R R AN BT AT LA, —RRE AR e
fi£ X 5244 (Farnesoid X Receptor, FXR) fll Takeda G
E F 5% 5( Takeda G-protein Coupled Receptor 5,
TGRS5) ZZAKP, FEAUARRGE SOV . BEARACIE M e )z
WS AR TR R I TR SR e gEn] L
il ot Z AP Iy G ARV BRI IAERA . — 7 T, R AT
YT LAMRHEIZ 8 T 28 R 0 A ORIl 2R T
BEASIGWI NI EREL A IR AR TR, AT SZna AH Y+
PR G ERY - 53— J7 T, G 4T 4ERe S TEmiE N
TERBERSCIR DB, HEMIET PR AR, BHAEARY R 5
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T S-HTEROBE, KB - SRME RGN T e EL ] P 0
SiE K FR A R IE VIR g HEMC . 2RO AET )
ENRIRE/ NP G TR G B 2T 4k, A RS KRG
LFAEZHISINT 120-OH FIHE 120-OH JJHVHRIK-, K
X T 120-OH 5 HE 120-OH H 1% Lb 1) A K2 JH 1
(Cholic Acid, CA) 5#52E 4 JIHfZ (Chenodeoxycholic
Acid, CDCA) 11y L], 3 RS K i £ £F 4k =2 %) 4k
12a-OH JHITRRG AU G BAT DI RE . Mio S5
K, e MR AR/ BRI AR 2 -7 SR B IR 57
12 JEIREATR T /)N B 77w R st R H vl =8 25 4, 2
BT ARV RRIZ TGRSR B, 850 7 kg iiit
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H M (Hordeum vulgare L. var. nudum Hook. f.)
PRI, SR ARARIIR AL J& i —Fh R A ZAED
TR A S B A I T Rt i ) S22 R iU, 4
PR 120 T3, R LT 45 55 (58.7%~65.2%) &
e TN ER P (42.3%), Hs &% -7 R (5.2%~
8.5% ) B RIAAIATME (3.1%~4.7%)" . (HFFELHHIN
TP AR FEY T R BRI P22 1, 3T
ORI 2 . DF ARYEH i REANR], 7T LA T s g
B £F4E(Soluble Dietary Fiber, SDF ) FIAN Al A E A
T 4 (Insoluble Dietary Fiber, IDF), & BRZk iz 249 &
9.68% 1) SDF!", FH%%F IDF, SDF f14:& 3 (H &=
B o L EPRGE AREBT, R I A R A L[] P 1 g
WA, AT A ATRIE [T, 2 a0 -8 1 iz i e
HER), SDF 5 25 5 9l N I 1A= e 1

H AT, FERE SDF &5 Gefg 75 IH 1+ BR A
R HHURIA T . PRk, ASE 98 AT BRER K2 Sl 5t
Aok, e Ak [ 785 K I BRAR K S 2l 48 SDF, B 459

BREKR B SDF X = iRg E /N BUMLE AU S 1By iR
e IR o [R] I, 38 A TR RE B 2H 2, A3
SDF 170 J5 /)~ B AE v R 20 hle S AR i 22 1k o
o, B RT-qPCR 1 Western Blot 43 F 4= ¥4 F%
RERTEHREL . SDF X/ ERAFAEAN B iz 20 ZNA 1%
AR DGR R 5 88 1 IR 152, 912048 75 75 BRER
J¢ SDF g2l fe g /s BUFFIEAE 7RI AL o
AHFFENG I A T RRER 2 SDF J8 A ToiRT7 At K A G
AR PR DI RE M B Sl A PR B SRS
1 MRE5ERE
1.1 PRI5{ER

18 M 5 JA% (15 g Ze47 ) MEME SPF 2% C57BL/6J
NER W L DR (A6 AR ARG FR S B GIE T 4
5 SCXK(51)2024-0001); FIfist | FHELRUCT Sk 2
ffi. 2B CNW Technologies 2]y LFREE . — & H
B BRITINE]; SPAEE Thermo Fisher Scientific 2%
W sy 2H 2 /40 I 5. RNA $2 R 7] & . SweScript
All-in-One RT SuperMix for qPCR(One-Step gDNA
Remover) . 2xUniversal Blue SYBR Green qPCR
Master Mix. RIPA Z4f#¥& . PMSF . B2 b8 il
%1, 50xCocktail . 5<xSDS-PAGE & [1_FAEZE Pk . —
1k PAGE # (B P e i) 1G] & . SWE Pt
15 43 HE R UK 2% PR . G UK v P R B 2% TR
Prestained Protein Marker. TBST Z& nhi it . i i5 4%
B, B ECL fh22 2o nAlae N EELi /R4 YR}
FA PR A5 S e B E RGN & (A045-3) | BUIH
JHERAS I & (E003-2-1) . 5 M [ fEE A 371 2
(A111-1-1) B TGS A R s T
SAR T HIEGR R gk o, HoAhiG0 2R 53 pr et

ACQUITY Premier # =50 AH  Waters 2\ & ;
SCIEX Triple Quad™ 6500+/5T i SCIEX 4\ H) ;
Heraeus Frescol7 &5.0>#L Thermo Fisher Scientific
ZsHl; ATY 124 R SHIMADZU 2\ H] ; PS-60AL
AL RN B R A IR H] s CFX96TM
Optics Module. CFX96TMReal-Time System BIO-
RAD Al UKL dbmios— PR A R A F
Odyssey FC ITZLAPXUOHO AN A KRS G RE AR
ARG FEHARATF,
1.2 A
1.2.1 HHERE SDF fil#& = MBVFH 5N 1907
B SR 420w w) BRI ZUAT B AN RS AEE BR B
TR RIEH RER B %6 SDF .



5478 S 13

1.2.2 SZEGEhY) S54reHAb . C57BL/6T /INRAAIZE T
T M e TR T T IR T R e B sl 9L e =, &
iR 252 °C, AHXHBE 50%£15%, 12 h Y68 12 h
B N N o B Waed DR S GIRCib S I R h SN E YD
PR, Bl Sus Tk S F R 2l S 50 R ) i ] B
S INBISLES S FHAS BRI o /)N BE o P 7
1 JHJE, BEMLSY R 3 20 (n=6), 43 B N IE B %F B8 25
(ND 2H) . =8k &4 (HFD £H) . SDF 1 1i4H (HFD+
0.5 g/kg & SDF, SDF 4H), 1E & XF BE2H /N B A ik
BRh 10% Jg it ae sl th ikl Fn @ ik FH 7K . HFD
ZH . SDF #4H /N Rk &2 60% JiE 15 3t B /=5 g 4l
AR R FH K . /NERISE 8 JEE, 28 Eadik,
JRR P S HIR BR BRI S0TME IS AR FE o SR I I AEAE
3500 r/min. 4 °C 5 F B0 15 min, R o i
F/NESFBOH FHELH LU I B 202, FH AR BER K o
Ve, BRI, KPR .. PRSI ME . BT
EZHE | ML TR AR RIS, FHE T80 C
AT, FH T A A BB AL FEAR 4T o

1.2.3  IMUEFAFES AR IR S el /N ERU R
U IE SR IR P2 B B oR AL IE IR ARG 35 S 2,
B e IR S B U iR 7

1.2.4 JFAELHSUHT R mf QigeH 2% FREX 25 mg
NP ZH ZRE Y, DA 1000 pl $EEU (R : 24
Fk=2:2:1, ZRILGL R NAR), IRIEIES 30 s, A
ER, DA 35 Hz HFEEAL IR 4 min, 7KOKIE S04 F s
AEEE 5 min, B2 TR 2~3 K, FEALE T —40 °C $iE
1 h, BEJ5 4 °C, 12000 r/min £5.0> 15 min; B IS E
WOAHHEAREE T, TS24, {41 Thermo Fish-
er Scientific Vanquish #8 = 208 AH 351, # it Wa-
ters ACQUITY UPLC BEH Cg o i #£ ( 150%
2.1 mm, 1.7 pm) 433 BAsb 59, sh A A
5 mmol/L ZPREF /KW . B 2 LR, Tiiid 300 pL/
min, BEMLESE A 0 min 80%A, 20%B; 1 min 80%A.,
20%B; 4 min 40%A, 60%B; 15 min 2%A, 98%B;
17 min 2%A, 98%B; 17.5 min 80%A, 20%B; ¥t i
45 °C | PERMEIRIE 4 °C, YFRAARL 2 pLl', FE7E Or-
bitrap Exploris120 & 73 FEETIEAY, BLSPAT S W )
(PRMD) A TS 5347 o

1.2.5 RT-qPCR 73#T RIISIHL/ ML E RNA
FEBGAT SO N B IE R R 7 ZHZT Total RNA, 2K
JHI %L R &% Total RNA BEATI%E 5%, 2 )5 %
JH A A2 AG I /] BRI R Az Hp AR B A AR S 32
K mRNA ik7KF-. PCR T&JF N 95 °C WiAs Pk

30's,95 °C 28 15 s, 60 °C 1B K/ZEH 30 s, JEFF 40 ¥R,

P YA BRI sl i 2k . SR 2722 1A
AR R AR R A . G TSN ANER 1 R,

1.2.6  JFAEFI B % H L8 H $#2 U2 Western blot 43
T FRHEC 50 mg /N BRUHAE AN 91 i 2521, #E 500 pL
RIPA Z4 i W " 5 5 in A& e B2 >~ 1 mmol/L /)
PMSF(R 5 pL 100 mmol/L £}#%) . 1<) 503K [ fiff

BRIEHE , 5. FRUEREO T MERE B AT 4 = IR IE &/ D BB R A &2 - 441 -
=1 519F5
Table 1 Primer sequence
e 514 JF51(5'—3")
p-actin Forward GTGACGTTGACATCCGTAAAGA
Reverse GCCGGACTCATCGTACTCC
CYPIAL Forward CCTTGGGACGTTTTCCTGCT
Reverse GGTTCACCTACTTTCCTTCTCC
CYP7BI Forward GGAGCCACGACCCTAGATG
Reverse GCCATGCCAAGATAAGGAAGC
CYPSBI Forward CTAGGGCCTAAAGGTTCGAGT
Reverse GTAGCCGAATAAGCTCAGGAAG
CYP27AI Forward ACACGGATGCCTTAAACGAGG
Reverse GCAGCCAATCCTTTTCTCAAAC
SHP Forward AGGGCACGATCCTCTTCAAC
Reverse CAGGGCTCCAAGACTTCACA
FXR Forward GCTTGATGTGCTACAAAAGCTG
Reverse CGTGGTGATGGTTGAATGTCC
FGFR4 Forward TTGGCCCTGTTGAGCATCTTT
Reverse GCCCTCTTTGTACCAGTGACG
FCFI5 Forward AGGAGGACCAAAACGAACGA
Reverse TCCGAGTAGCGAATCAGCC
TGRS Forward CCTGGAACTCTGTTATCGCTCA
Reverse GCACTCGTAGACACCTTTGGG

I cocktail (Y 10 L) F1 1[4 100> B3 i
FUCRE 5 W) JUrAE 30 il 391 B AAR R 4y e S St i AR
T, W43 1:100(PMSF) | 1:50(cocktail) Fl
1: 100 (EMRAEFIIHIF) ) o VKBS R 4510, BT
vK_E 3543 24f# 30 min, 4 °C 12000 r/min £5.0» 5 min,
SRHER ARG S0 a2 VSR ER MR, AR
P B N A 1 B4R RO 25 R L — TR R 22 5 pg/
uL. ZJ55 5xSDS 4:1 R4, 95 C & )&% 10 min
i 6 1B FE 4028 1, —80 °C RAFA N, e ie—2E
72 PAGE F2 (058 0 Ha B sge e il 1) 2 156 B 5 pic il 3
FABENR o 2 1 BE I [ 8 A FL KA I AR DRI
_EAE 10 pL, Z2M AN A A FR Marker ZE . 250 V
TEE A K 30 min!"®, FEAPKEE T, VIBRZ A5 A%
B2, 5 T P BRI BT ONC B L, B A S 2% vh ik,
400 mA fHFFEE 30 min. $5EE5 RS, 5% BAEE!
M1 5 min, TBST IHF W PER 6 X, B 5 min, K&
Marker ¥8 78 #55 NC B8, K587 45 H & 1 BRI AT A
ZENI Y NC BB FAIN i —bi, 4 °C 7%, Bk
—PUA R, TBST W BERE 6 YK, FIK 5 min; 455
J& P EIRIERMEE 45 min, 45 90)5 ] TBST K
Ve 6 YR, R 5 min!'?, [ JHAERL ECL fb2¥: k56
{FEF T 1 min, [ Odyssey FC IT 4L 4 X434

H Tmage J FAFIE HARSCHE IR IEZEE. —PifEE
Nk 2 Pros.

1.2.7 AHSCHEHT ERTENA N R EZ SDF 19T
TENRY AR5 e £/ B A B AR g AR M IR
THRRACHAR SCEE FH SRIB Y SRR ME, ARWFSER A Pear-
son AHSCHEIMAT 772, XFiiide th 09 22 5 AR IR -5 I3
FHTIE TBA 55 FHIE S nl iz 21 219E S 0k i vk
AT RERIIHT
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Table 2 Western blot primary antibody information

—47 LY e TRRERTEL
CYP7Al BOSTER(A01601) 1:1000
CYP8BI abcam(ab191910) 1:1000
CYP27A1 BOSTER(A02121) 1:1000

SHP Servicebio(GB113097) 1:1000

FXR Abways(CY8698) 1:1000

FGF15 Servicebio(GB114817) 1:1000
TGRS BOSTER(A01958) 1:1000

1.3 #HIELIE

K SPSS 26 #AF#A TR R AL 3, T S5
2 3K, GERFOR RN 22 . SRR
ANOVA #8147 B 44T, P<0.05 A B3
PE2E R, HORE s R 1Y a~d FoRBUE A B3 TE 2
S, AR TR R IR P>0.05, RN E] FEER R P<
0.05. f#1JH Origin 2019 ZxHIE H- o FE Rt~ 3
SRS AT A SIMCA #44:(V18.0.1, Sartorius Sted-
im Data Analytics AB, Umea, Sweden ) X} Z(3E 47X+
B (LOG) gk (CTROAS K ALAL B, SR )5 1T
F S AT . 1 38 e /N 3R F1 51 43 BT (OPLS-
DA) f# JH SIMCA %k 14 ( V18.0.1, Sartorius Stedim
Data Analytics AB, Umea, Sweden) % 23547 X544
(LOG) #EA0 i BAn )5 22 (U V)RS AL B S PEA T s
Syire amad DA B IEREEE AT, SIS TR
UCERIESHT, X 00 B T3 R 2 5 B
(Euclidean Distance Matrix ), DA 5E4i& 40 7 X it
YT RS, I IR B TR . AR 7
KEGG fHEEs i e 4228 28, 1A s 427
2 ZERE5Sh
2.1 EREF SDF =R R/ NRATAEFIE TBA
ESENFM

T PR &K He SDF X /5 g i £ /0 BRUFE AIE A i v
TBA i sgminiz 1 s,

A& 1A AT, 5 ND 244H b, HFD 25/ BRATIE
TBA & & i & 5K (P<0.05), &5 SDF t ¥, BT
i TBA & BT (P<0.05) ., HilE 1B nJ %, HFD
H/NE MM YE TBA & & w3 IKF ND 251 SDF 21
(P<0.05), &t F R SDF i, /) B iE ARy
Wi & e T, U ARG B TR ER G Ak, T
SDF RGeS U= ARG /N BUIRTHIR YA o
2.2 BTREAK SDF & e R /R AT AR AR+ ER LAY
20
2.2.1 /NERIFBERRT IR £ e se it o b s
1N BRUFF E AR 3 AR A R i =2 2 43 43 BT (PCA) F1 OPLS-
DA PE5rEAE 2 iR,

A5 PCA il OPLS-DA J5¥%, 53 M
HEMEE /N2 SDF 1 1 IFAIE AR 71 AR A Qi 46 5 25
5. PCA REBJZ ML AR S Z B AR 25 55, mT 7oty
S HERES BB . 7F PCA PE43-EIH (El 2A), HFD 2H
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—2 R OPLS-DA i TA-ZHAEAS ST, Tiise 25-2H A%
bhZ A AY 22 5% . IE OPLS-DA BE43 K = (& 2B),
HFD 205 ND ZHAEAS R I H B i /Y4525, SDF 20 1
HFD ZHFEAR H BB S8 4358, $R /R T Bk B2 SDF 1
A e e A /N BRI AR 7+ Qi 4R 5 o

2.2.2 JHyTER 2 AR e FiidisE BT OPLS-
DA 4558, Ll VIP>1, H P<0.05 Rk trfEdtiT 255
R RO, 76 HFD 405 ND 2H rp L0k %
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Fig.3 Cluster analysis of common bile acid differential
metabolites in ND group, HFD group and SDF group

34 225, HFD 4AH LT ND 4H, Hor 10 4>
5 kA, 24 A5 E#aTE, £ SDF 4651 HFD 2H
G e M 2 34 22 SR, SDF 4iAH b T
HFD #H, Hi 5 -2 BiEtas, 29 2 T
N T HE—2E T AN R PR BRI 25 S, X ND 4.
HFD ZH#1 SDF 2= St & (& 3, AR
AN R, LR B, Bl eRIRR R 22 S ) o

i & 3 AT %0, HFD 2H A1 ND 25/ BRAH R & &
AR Ak S A FH 2 , SDF ZHF1 HFD £ 07118 & 2
M RAAR AR I, HH e nT o, SRS B/ Nl T
%k} SDF 1l vl 520 H AR TR gt 4 s
R4k, I HLREAE VR AR IR -
2.2.3 WAL, SDF WAL IR EY ¥ “OPLS-
DA il VIP>1” H “PrAR g 537 P<0.05” (¥ iH
TR, S A5 F i S SDF AU AERR T s s
Yy, iE 4 s,

th &l 4 AT, Zead SDF 1-Hi )5, SDF 21 8 25 45
NBAR . 7-FAR A IERR | S BRAR . B-Id SEIH R S5 IR 7T
i 2 i i SRR AIR (P<0.05), At AE JS S IH IR &5 1
T+ (P<0.05), REAE NN TR SDF, AlVE 7 RR
k)% SDF BB ATAEAR IR I i tEb R i) o
2.2.4 KEGG g s A KEGG Edii 3t
AT ST, X 22 AR A TR RS, S5 R LA 5.

% ND 2H . HFD 405 SDF ZH 5 615314 34 4>
L] 25 AR R A Tl S AR ST, RN IEL 5 T
7N, B AREBIENAT R AE Y G . NAY 43 . R [
ART . ARt AW A PR 4 SR 2iste ., Hop
VIR R A= W6 B I fe i 25 A R & A .
SRIRNARTT IR A WG G B ARSI S CA,
Glycocholic acid( H & JHfi#, GCA), CDCA, Tauro-
cholic acid( 4~ fifi iH fi£ , TCA) , Taurochenodeoxy-
cholic acid (A-ifREN EAARR, TCDCA) .
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Fig.4 Potential bile acid markers in response to SDF
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