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Effect of Wood Pulp-Derived Sterols on Intestinal Cholesterol Regulation and Microbiota in
Hamsters Fed High-Fat and High-Cholesterol Diet
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Abstract: The aim of this research was to investigate the effects of wood pulp-derived sterols on cholesterol regulation
and the intestinal microbiota in Golden Syrian hamsters fed a high-fat and high-cholesterol diet. Totally 45 hamsters were
randomly divided into normal group, high-fat and high-cholesterol (HFHC) group and three experimental groups given 1%o,
5%o and 10%o of wood pulp-derived sterols, respectively. Serum total cholesterol (TC), triglyceride (TG) and high-density-
lipoprotein-cholesterol (HDL-C) were detected in all animals. The contents of cholesterol in liver, fecal neutral and acidic
sterols were determined by gas chromatography (GC). The expression of cholesterol-regulating genes in the liver and small
intestine was assayed by quantitative real-time polymerase chain reaction (QRT-PCR). The change of intestinal microbiota
was assayed by denaturing gradient gel electrophoresis (DGGE). TC, TG and non HDL-C in the experimental groups
were significantly decreased compared with the HFHC group (P < 0.05), and hepatic cholesterol level was significantly
decreased with increasing dose of wood pulp-derived sterol (P < 0.01). The weight of liver in the 5%o and 10%o groups was
significantly decreased compared with the HFHC group (P < 0.01). The mRNA expression levels of acyl-coenzyme A:
cholesterol acyltransferase-2 (ACAT-2) and microsomal triglyceride transfer protein (MTP) in the 5%o and 10%o groups were
significantly decreased (P < 0.05), and the RNA expression levels of 3-hydroxy-3-methylglutaryl-coenzyme A reductase
the ATP-binding cassette (ABC) transporters ABCG5 and ABCG8 in the 10%o group was significantly increased (P < 0.05)

compared with the HFHC group. Significantly higher fecal excretion of total fecal neutral sterols and total fecal acidic sterols
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were observed in the 10%o group compared with the HFHC group (P < 0.01). Wood pulp-derived sterols at doses of 1%0 and
5%o significantly decreased intestinal bacterial overgrowth induced by HFHC diet (P < 0.05). Oscillibacter sp. and Desulfovibrio
sp. were significantly decreased, while Akkermansia sp., Anaerostipes sp. and Roseburia sp. were significantly increased in the
experimental groups (P < 0.05). Therefore, wood pulp-derived sterol resulted in increasing intestinal cholesterol excretion and
inhibition of cholesterol absorption and synthesis, and improved the intestinal microbiota in hamsters.
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T rp SR AR S, HE TR i T B 4 i X AE [
B AR e RSV S B R I AR T R, 5
S BAREL A R S A B B v A AT A
BEo ERAIA KM, SFEAKEBAKR
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1.1 Mk

AR RSB SE>97.4%, HrhoEE
0.1%- 43 §i/¥77.1% — B HEE11.2%. M EF6.6%.
HAB B BEL1.7% ) VG 22 T R AR A PR A A
MAHREEE (total cholesterol, TC) MR & Hi=
fig Ctriglyceride, TG) M 7l& . =% E MG & A AH[E
£ Chigh density lipoprotein cholesterol, HDL-C) il 5E i
A& HAEAEAEYRE R A RAF: Trizolil ).
cDNA #5557 #+ SYBR Green  KEFTAEY LR

HIRAF; 2XEs Tag MasterMix. ¥ Ef. pUC-T TAZE
ARG FERRIR = L SR TR e Tk e vt fe IRl S )
R IR AR AT 514 TR E MR A
MR AR AE ;. REBE . B XS . 58 b
B, AR EESigmandl; HBEHE  L#EEY
2GR TR A R At aGRIEA = 4k
12 fUsS5s

MyCycler5E 41§55 20 % (polymerase chain reaction ,
PCR) X\ MyiQ2E i 7¢ J iE BPCRAX . 78 14 BE i fie
Fiyk (denaturing gradient gel electrophoresis, DGGE)
KRN ARG FEEBio-RadA; UVminil240%4h-
AT HARBEAR: AHEEON kE
ThermoA H); G:box#E/REIBKEN T HRG  HEH
Syngene A #]; T890ASAMHMIEA  KELHLAF.
1.3 ik
1.3.1  ZhWpdr e R A

fr i (Mesocricetus auratus) , SPFZ, 45 W,
110~140 g, HetE, W E L 4@ R LI s Y H AR A B
Aw. WENLJE ERG BB S 4, fH K, 4l
RIEFH . BIEH . %0y 5% F110%oA 35 S EELH . 1
BHICTT BARWAR T

MW FEFME: BRSNS, WE
(22+2) C, AHXIRIE40%~60%, =12 h/12h
BRAEA . G RETR6 &, S B hfaiK. S
ENYEE2 dFE TR .

U6 FJE, BRAERAZEIKI2 h, COMEEE H
M AEAEIEfRE . k4 C &0 43I —80 C &
o WEENEES, ABERKIEWEE —80 CIRIE. AilNE
RN CKEELES, —80 CIRfF.
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Table1l Compositions of control diet and experimental diet
S (gkg)
2% . AR SR S A
A wiEt —o %o 10%0
TFRIER 508 408 408 408 408
it 25 11 242 242 242 242 242
TEAE 119 119 119 119 119
Fih 50 150 150 150 150
TR A 40 40 40 40 40
HERIBEY 20 20 20 20 20
il 20 20 20 20 20
DL-T5 R 1 1 1 1 1
JIF [ 1 1 1 1
AR HEIR {5 B 1 5 10
R 251 251 251 251 251
A i 50 150 150 150 150
K& 647 547 547 547 547
S BE B /kal 4041 4541 4541 4541 4541

132 IiEHTC. TGHHDL-C & 1l &

Z RGN & U B AT, 20 ) JIE ] 4R AL
VR T TR T I A T VR R A TR - R UV VE D e
HDL-C#& & ATCHHDL-C & & Z(H
133 SEI 5 e BPCRIE KA /) iz I ] A i
FEAH R R R ik K-

TrizoWEHEHRNA, EK13cDNA, —80 CHRfF.
SYBR GreenZ Ao I & K 35 7K1, D3B8 R H Vil % . &
iy (GAPDH) ANZHERH . SLiT 5 € R G HisE :Ux
N (quantitative real-time polymerase chain reaction, qRT-
PCR) 7 ZHul & Bk Ui . 51915 B K2,
RIBKFER UM RILE (HWE) &R,

#2 M PRXEEQRT-PCR3 [
Table2 qRT-PCR primers used in this study

o non

AR X5 R R

GAPDH  DQ403055.1  5-ATGCTGGTGCCGAGTATGTTG-3  5'-CAGAAGGTGCGGAGATGATGAC-3'
HMG-Cod-R XMO03507992.1  5'-CCAATGGCAACAACGGAAGG-3"  5'-GAATCACAAGCACGAGGAAGC-3'
NPCILI - XM003500340.1  §"-GCTGGCTGGCTCTCATCATC-3' §"-GCTGGCTGGCTCTCATCATC-3
ABCGS NMO01244004.1  5"-GCAGAGACCGCATTGTGATTG-3  §™-ACAGAACACCAACTCTCCGTAAG-3'

ABCGS  XM003496233.1  5"-TGACTTCTATGTGGACTTGAC-3 §'-CGGCTGACTGTATAGGTAAC-Y'
ACAT2 - XMO03515027.0  §"-TCATCTTCTTCGCCTTCC-3' §'-CCATAGTCCATCTTGATACAC-3'
MIP U21102.1  5-GGCATTCTGAGGAGGAGTAACC-3"  5'-CAGGAGTGGCTGCGATTAGG-3

VE : GAPDH. i B2 H il % i 20 &§ (reduced glyceraldehyde-phosphate
dehydrogenase) ; ABC. =gl 45 & &% I4/k (intestinal ATP binding
cassette transporter) ; ACAT-2. Z Bt 4fi B A & Bt 2 % % M -2 (acyl-
coenzyme A: cholesterol acyltransferase-2) ; MTP. fiohi & H il — B %12 &
(1 (microsomal triacylglycerol transport protein) ; HMG-CoA-R. £ H &%
IR A GBS (3-hydroxy-3-methylglutaryl-coenzyme A reductase) »

1.3.4  Ferpr R v [ 2 & 1l e

FERRART, Bk, PHEEARITORE, =
FRIERERE (trimethylsilylation, TMS) fiT2EAL 543 H < AH €
7% (gas chromatography, GC) &ill; ERME:[EIEEE T EKE,
Ak RIS PR TMSHT A, Hodr, AP [E EE A
SRR AAR, TRV R LR SRR AR

135  f7iE # BFDNA$ZEL K& PCR-DGGE I

SElm N —80 CUKARHELH, ZHRSCHR[15]10
AT RS DNA SR SR DN AT 2 ot
B 5 Ao s Aogo wnf Aoso o TP ERIR B AR M HL DASE DU
Fr R EUEDNA,

16S rDNA V3XPCR¥ ¥§iEH 51 %5: GC-F338:
5'-CGC CCG CCG CGC GCG GCG GGC GGG GCG GGG
GCA CGG GGG GAC TCC TAC GGG AGG CAG CAG-
3" CNRIZLFHINGCHTFH, KRUNE)TF 85 PF338
%)) HMIR518: 5-ATT ACC GCG GCT GCT GG-3'.
50 uL PCR AR R N: 2XEs Tag MasterMix 25 uL.
GC-F338 (10 pmol/L) 2 pL. R518 (10 pmol/L) 2 pL.
DNARR 1 pL. ddH,O0E & 50 pL. PCRRJNFZIT A :
94 °C 5min; 94 °C 30s. 55°C 30s. 72°C 155, {35
s 72°C 10 min.

DGGE N /i B 1 5t AR 3 B 10%, AR VEREFE 9
40%~65% (100%7Z 787 mol/LIR 2 F140% % 3 F H
fEfZ) , PCRIZHIN EFEE NBEANIKIESS pL. fE120 V.,
60 C 2 T HL9k480 min. HIK/GEKLEBY L, Hik
B g R G AT R AMNEA . K I AU, A
SR VA T e v P2 T S ) S 2R AT T [T DN A
51 YIF338 FMIR5183H4TPCRY #, PCR™%)5pUC-THi Ak
HHz . KA WDHS a7 540, B 3 B 1 28 I3 M
& MER A VIR A BR A RTINS S AE 36 [
FAEVFEAR(E Ed 0> (National Center of Biotechnology
Information, NCBI) 47 BlastXt Lo #T.

DGGE#t I8 I’ /i K H Quantity One %45 K14

2% i BEAT K FEAE 3 Fr o 2 FE P Shannon-Wiener4s 21
(H') . HE®LEPieloufd Bl (E) MEBFEEE
Margaleffg %1 (dMa) 435#% AR (1) ~ (3) it5.

H'=—XPlnP, (1)

—_— H’ P
E—m, H, ..=InS (2)
51
dMa—ilgS (3)

s PORKIE F 5 5% 5 I REARL o5 2% kol S K FE A
el HL o8 (1) H KRG SEREIKIE T
1) % U
L4 HAEG i

KHISPSS 13.0% 45087, Plxt+sEiw, ik
1%, P<0.05KRZRAGI %R L.

2 gRS5H0

2.1 ARRFEEH G RAEKKE K
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Table3 Effect of wood pulp-derived sterols on body weight, food
intake and visceral organ weights of hamsters
g
B ) o Sy g
BiF ERA AR

1% 5%o 10%o

MIBGIEE  1281616.17 127.56+13.41 130.91+13.03 122.06+6.76 129.85+10.53
BABRE 1581311589 161.98+14.51 168.26+20.69 160.37+6.88 166.43+12.44

R 8574091 8131093  8.07+093  7.73+0.12  7.9940.05
OEFE 0312003 0314003 0302002 0.33+£003  030+0.04
FPERE 3094027+ 3934035 3714040 3.28+038% 329+0.29%*
BIFRE  080+007 0731003 0782008  081£0.13  0.75+0.03
BREENRE 16142031 1794036 2022049  2.06£1.02  2.09+0.56
FHHE 2501025 2424031 2334029 2434021 239+0.23
WHERRH R 2802040  3.04+044 3224056 2974053 3.07+040

e ow HEMBAMEEE REER (P <0.05) ;5 s SlaAMH A B8
BESR (P<00D. FHE.

B3R5, Seia e, #2400 AR R R 4,
EBRIA B, RHEAE & BRIET; T & 5 & e
HEEEE ORI EERIKT I EFHAeREEE, B
HARPILEAR R 2K &8 ol B3 0 B3 2 7

(P>0.05) o = 826 BT IT o B e 1 i 2H A S 35 38
(P<0.01) ;: S5EIBHMLL, A S BES5%0 1 10%04H.

A BRI R A 25 PR (P<<0.01) &
2.2 RIS EEXT A BRI 7K SR

F4 RRIF SRR GBI AR R IR W
Table4 Effect of wood pulp-derived sterols on serum lipid
indices of hamsters

i/ (mgldL)
AKIR T
1%0 5%5 10%0
TC 119724978 12142£1096 121.81£9.92 125431693 122314883
0 TG 254.27£51.83 259.15143.89 357.81141.95 2523714643 255.79£40.05
HDL-C 73891742 T156:1129 749111043 7479£10.77  73.63+10.73
non HDL-C 575711405  50.67+8.17  5295+545 52261642  49.27+9.22

TC 125.56£9.88%* 188.6412.80 166.17£8.06** 138.10x11.80%* 129.53+8.70**

3 TG 240.76154.57%* 391.00£55.10 346.63147.62% 277.78 £56.01%240.76 £ 55.55**
HDL-C  73.94£9.25%  91.89£9.04 954611048 92721880 88691431

non HDL-C 52181604 95.93£852 76251691 47101886 40.72+7.76**

g
Wi il

LA [

TC 12047£6.74** 187.78111.99 163.98£8.32%* 131,001 11.39**128.88110.89%*

6 TG 235.81241.68%* 389.56148.71 344.08+55.77* 275.19£48.30%+262.73 £49.60**
HDL-C 7078664 9233£1059  89.13£6.70  90.56£880  91.75£829

non HDL-C 52774658 95.08+£7.24  7455+5.24* 48.69+10.70%* 37.2+559%*

&4 5, OFN, FHEGRMEPTC. TG,
HDL-C#lnon HDL-C/K L% 27 (P>0.05) . 13
WA IR (S g6 Ji G, ASIE B4 ARG+ TC. TG
Flnon HDL-C/K P38 2 R K (P<<0.05) &

2.3 KFIEE B A RN R HMG-CoA-R.
NPCILI. ACAT-2. MTP. ABCG5J;ABCG8 mRNAFK ik
oAl

B LR BN, AREVR S BES5 %o F 10%c 2HACAT-2

FIMTP mRNAHX £k &5 5 FFEML (P<0.05,
P<0.01) , 10%HHMG-CoA-R. ABCG35 }%
ABCGS8 mRNAMNW KIEmE FRE (P<0.05,
P<0.01) .

330 oEEM o .
@ 30F RIS E %
RO2ST RS
= 2.0F A R S 5 10%02H.

Z 15

<

E 1.0

g 05
0.0

HMG-Cod-R NPCILI ACAT-2 MIP ABCG5 ABCGS
FEH

 SERAMIEA REER (P<0.05) ; x5
R AR 2R (P<0.01) o N
1 ARRE ST SR EEAMG-Cod-R. NPCILI, ACAT-2,
MTP, ABCG5KABCG8 mRNAR KR
Fig.1  Effect of wood pulp-derived sterols on the mRNA expression
levels of genes related to cholesterol metabolism in small intestine

2.4 RKUR X6 BRI A i ) S

O H P [
= IR

[=)}
1
]

~
T
%
*
¥
%

(0 A i i 5 8/ (mg/g)
)
T
*
*

O EWH Rl 1% 5% 10%
RIS AL
15

B2 KRR S B0 i 26 e I B R O R M
Fig.2  Effect of wood pulp-derived sterols on fecal excretions of neutral

and acidic sterols of hamsters

ME2A &1, SIEHAME, WRHAERIEME S
R 1 ] R M A B I (P<<0.01) 5 S5
HEALMIEL, AR &8 B 5%0 A1 10%02H Hh 1 5] 15 A0 iR 1 7]
R HEHE B 3 B 2 S5 B (P<<0.01)

2.5 RHU S BEXT i v A 1) R

HDGGEE i (E3) B, A A A5 H 4 L
BANEEAR, W KEMENLERS. 5IEFEHMLEL,
m R &3, 40 5. 64 9. 10, 11, 12, 15, 19
MUK EAE R ER N (P<0.05) , %717, 8. 13,
14, 16, 17, 18, 20K fE(H B FEIL (P<0.05) .
MEPFERTFTEUMHEBMRER N, EHH. &
NEZH . ARFUE KB 1% 5%0 A1 10%0 4 H K JE B S AT
G RN (56.56+3.33) %. (49.12+1.15) %.
(50.03+0.36) %. (63.3+0.45) %A
(58.57+1.34) %, BARNT4E5H N6,
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AR5 S el #6 DGGELRFMFLE
B mRA 1%0 5% 10%0 Table6 Blast analysis of DGGE bands
. T T % =]
1 Bacteroides sp. 98 AB730710.1
2 Bacteroides sp. 98 AB714287.1
3 Clostridium sp. 100 AB622828.1
4 Clostridiales sp. 99 AB702928.1
5 Bacteroides sp. 98 AB714283.1
6 Ruminococcus sp. 99 AB064904.1
7 Clostridiales sp. 98 HM099644.1
8 Ruminococcus sp. 98 FJ889653.1
9 Clostridiales sp. 98 HM099644.1
10 Clostridiaceae sp. 98 HF952920.1
11 Lactobacillus sp. 100 KC561120.1
12 Oscillibacter sp. 99 HM626173.1
13 Clostridium sp. 100 AF157053.1
i 14 Anaerostipes sp. 98 JX629261.1
— 15 Desulfovibrio sp. 96 NR_074858.1
I~ 214 16 Marvinbryantia sp. 97 NR_042152.1
B3 DGGEEMHR 17 Porphyromonadaceae sp. 99 EU728718.1
Fig.3 DGGE profile for intestinal microbiota composition 18 Akkermansia sp. 99 KR364731.1
19 Desulfovibrio sp. 99 AF056090.1
%5 DGGEFFREMEAER 20 Roseburia sp. 99 NR_042832.1
Table5  Results of gray value of DGGE bands 21 Bacteroides sp. 99 103172521
T B GaLEL
W5 ’ e 1% o 10% %7 DGGEEL RS
| 29444830 3L6248.10 46694835 37234149  28.98+3.19 Table 7  Diversity index of DGGE profiles
2 ITSEOLIG 12934907 96024723 12I36E1734F 13374475 whE EEm s AR R
3 35701473 5177265 9.60F131% 165011467 6.5650.29%* % S 10%
4 4702152 7601069 2237THL6TH 20.54F0.10%%  28.98+0.60% FIZIEE - 0862002 086001 09220007 0872001 089:£002¢
U - - - - FrlEdMa 44850.054 4.8940.08 4.5720.09%* 4.460.07% 4.2740.13%*
5 45294844% 11193832 57.861921% 157.24+1235% 98.63+2.14 SRR 2041006% 3.044001 3.1540.01%F 298+003% 3.00+0.05
6 333095 12003£569  313H0.17%% 499711994 3084062+
7 6195E1190% 3844051 3344036  848+156%F  50.02+9.10% 3 3 W
8 782041595 1722%153  1321£122%  1485+554  27.98+1.91%
9 439%136** 14572053 13304257 2617+1.06%* 7474089 Y 5 A ) S ; v -
10 2687+575%  4434F482  2326%321%F 40324236 34.20+099* WAT A B AN VISR, R, R
12 16332226 3969112 163423345 1407£109%  19.58+5.61% JEL T 2 7P, kb o i L5 0 11 R A1
13 497749.05% 3315129 36274718 4150456  46.0518.58 Y 2 48 2 ML ARG SR, AT
14 37441627+ 7324048 2825+457% 1819+ 1467  19.724525% Y. WREM A, AR T HAR R Y M T
15 1326£375% 31914108  4628+7.55% 39.80+2.69%F 38234105 3. KERIIZIT o0t 40 504E 4 DLk B %% B &S A
16 155911719 5314078 37401493 33924227+ 4263+ 44 B IS 75 T (0 Thasc ™ . 20004 FR48, BR84S i R 41 g
17 1419+183 6194068 8831192  1193+0.84%* 22.874384%* — - 12 — 4 o
18 2136+433 6464051 1197+ 116% 2259+024%  811+1.81 *f?f Eﬁﬂkiﬁ%ffé@iﬁ’] gtﬁi ]’¢ @fw Eﬁi‘iz&i@?%?ﬁ
19 725+0.89%* 1134085 448123  451H130%%  587+1.77% ol i . N E;'j% WH\ ﬂj\lﬂ‘?ﬁh\ ; ° ‘%Kﬁ/n,néﬁgi%i
20 2338E280%F 4742035 B64E128%  991£2.64% 12854425 %)\*ﬁfi;ﬂ AT ARG AR K SR SR 2 BES 45
21 1620£141%  2308+1.12 28814253 2494370  1849+7.86 R—gH

VE: g S SEBAN, %6 A,

HRTZ R BT RoR, 5 m R BRI
B 1%0F1 10%02H 35 2 B 238 (P<<0.05, P<<0.01) ;
A EHBEEEEMZAEEEER T EF4Y
(P<<0.05, P<<0.01) , RIS M2+ FEAm R4
MR PR (P<0.01) .

HLAA P IR ] A~ Al A s, = 0 o o 4 IH [
B ()W Bl HEME SRR RSk SE B . A SEIR &5 IR R
AR IR S R B HMG-CoA-R mRNAZEIAK T . HMG-
CoA-RZ & IR [ B #2 v (1 B g, #01#HMG-CoA-R
R BELRS JIEL (] P P 8 s o ) PRI £ IR B, O BRI SR
K b Y P R I B s, LA R R AR PR A
S5 T2 0 T 52 280 0 ) P g o R ] P PR A, R LA IR ] e
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B BRI AN P 18 0T, B L o R K R T ) 1 A IR
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