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Abstract
AIM: To observe the regulatory effect of hydro-
gen sulfide on B oxidation in fatty liver in rats.

METHODS: Eighteen male SD rats were random-
ly divided into a normal control group, a high-
fat diet group and a high-fat diet + NaHS group.
High-fat diet was ordinary diet supplemented
with 2% cholesterol and 18% lard. The high-fat
diet + NaHS group was given a high-fat diet and
intraperitoneal injection of 400 mmol/L sodium
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hydrosulfide solution (5 mL/kg). Eight weeks
after treatment, the animals were killed. The con-
tent of ketones and enoyl-CoA hydratase activity
in liver homogenates were measured, and patho-
logical changes in the liver were observed.

RESULTS: After 8 wk of treatment, fatty liver
was successfully induced. Application of sodium
hydrosulfide reduced fatty liver significantly. In-
trahepatic triglyceride and cholesterol significantly
increased in the high-fat diet group compared
with the normal control group (3.87 mmol/L *
2.63 mmol/L vs 1.18 mmol/L * 0.85 mmol/L,
5.00 mmol/L + 1.01 mmol/L vs 2.61 mmol/L
1 0.33 mmol/L), while treatment with sodium
hydrosulfide significantly reduced hepatic lipid
composition (2.28 mmol/L % 0.51 mmol/L vs 3.87
+ 2.63 mmol/L, 4.50 mmol/L + 1.25 mmol/L vs
5.00 mmol/L £ 1.01 mmol/L). Compared with the
normal control group, hydrogen sulfide content in
the high-fat diet group was significantly reduced
(14.00 umol/L % 6.21 umol/L vs 20.20 umol/L £
11.90 pmol/L); however, application of sodium
hydrosulfide significantly increased hydrogen
sulfide content (48.20 umol/L + 8.50 pmol/L vs
14.00 pmol/L + 6.21 pmol/L). Compared with the
control animals, the liver enoyl-CoA activity was
significantly reduced in the high-fat diet group (25.0
umol/min £ 7.7 pymol/min vs 12.6 umol/min + 3.1
pumol/min), by up to 50%, while sodium hydrosul-
fide significantly increased enoyl-CoA activity (19.9
pmol/min £ 6.0 ymol/min vs 12.6 umol/min *
3.1 umol/min), by 60%. Hydrogen sulfide content
was negatively correlated with TG and TC in the
high-fat diet group (r = -0.621, -0.432, P = 0.01036,
0.04497), but positively correlated with enoyl-CoA
hydratase activity (r = 0.513, P = 0.00833).

CONCLUSION: Hydrogen sulfide promotes f
oxidation and reduces fat accumulation in fatty
liver in rats.

© 2014 Baishideng Publishing Group Inc. All rights
reserved.
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mLABEER KBRS, iR T+ NaHSAH 50 )
95T T 5400 mmol/L NaHS# 5 mL/kg.

2014-09-08 | Volume 22 | Issue 25 |



p

3793

1.2.2 - BUHT AT HES00 mg( FH A= 2
KPR I e AR T FR T &), BY R &
P, A EE7K0.5 mL, 7EUK LS
3 min.

123 RS RO )G, BiETR
J% F Olympus Au5400 4 525 A A BHZAS I TG AN
TC.

1.2.4 W R Ay b
ENE. BUHFAZ2)220.5 mLE AN37 ClAH15
min, TIPSR (ES mmolf) e e M AR, 2
mmol/LJS-BEFRIL £ BE3.6 mL). ¥ Bl %
SR, IIANO.5 mLI) 1% EREE, 3 #852 cm X
2.5 con 84N LASE B0 s B2 THTAR. 2020 s, A I i
MR R 337 “CoRR TR % X UR90 min,
FEIIN50%[1 = S BEHR0.5 mL A 15 S N7, A i
. 37 CAKH60 minfiH,STE &M, K e
SR N EMFER B GE3.5 mLAKFREH, 7
B0 20 mmol/LIFI%f 2K — iz #h iR #:0.5 mLA130
mmol/LI¥JFeCl, 50 puL, ZEEFHE20 min, 278
gy, WE & G FEAE, FRAEH,ShrdE
LR 1T S T H,S 2 & (umol/L).

1.2.5 : RRHE R W R 2 B- S AL AR R
M ZBECoA, Fi4i A R L1 1R, MR A s
RFR-FAAThBE R IR FE, AT 70 IE T B U
Y, ¥ 2 5B A R —RRER S, e Hh
PR P A ) 0 B4 A DR T AR S (1) HR
2ANHETEI, 43 N TS B S 2R (U 5
AYVRIFEE IS5 (905 AB)2 mL. pH 771 B4R
ZEpPi3 mL. 0.5 mol/L1E T FRIAW2 mL, #%],
43 ‘CHEIR /KB 40 min. JIA20% =5 LR
T3 mLIES), EEE 10 min; QPBIEAYH
PEARAENE S B g, WCEEIES mLT 9 A, B
(RREI 5 (3)IIA0.1 mol/LERA110%NaOH
%3 mLE R E 10 minj& 10%:Eh BRIE R A%
pH 7.2; (4)[10.02 mol/LEACHT FR BN i 52 2
BOCER L 100V T e B B I, O R n
0. 1% V€M R, A I v S 06 6 (5) 4R 2
0.02 mol/LAAR B FR B 17 ¥ S 21 A& Hh i
WIS L TE KR R 1k (6)1c 3% BT A B A R
T AL, TSI S S AR P R )
(mol) = (A-B)X0.02 mol/LX 1/6. 1 A Nif &
FE S C6F B FTVE AE190.02 mol/LERACHR BN iA
=T+ EL, BN 2 A I H#E110.02 mol/L
AR PR AN R ) == T

1.2.6 CoA MR &

Baishideng® WCJD | www.wjgnet.com

BU 325 5 2 2 R 66 0 T T A4 B A 7K 5 T A )
WG, R R OO 20 PR AR R UK T RE30
min(f10 minimiEE %30 s), 4 CHRXE LA
010000 gB50010 min, BU_E3E. FEE10 pLfE
EAER. BB HW100 uLT LA, A
JFA)3% 13520 pL(100 pgf ) F R EifEIR 5,
30 CHHE2 min, B CET TR EFEKHN
263 nm). B PG L, O SO E20 pl b N ER
{RIVR 20, BIZIHON B €5 I 52 4 (0-15 minisE %
fB). THE T RS IR BEC 0 AVK G B AL
& (umol/min) = 6.25X (0 miniE$-15 mini%L
8)/0 miniZ %L,

5 FISPSS19.040 H i 145 Hi i
HEAT ¥, i E Pk Plmean+ SDERIR, LSD-#12:
Xt ) EAT R BG, Spearmantt T Y i L S AR AL
S W NE T4 A K G B 1 3R AT AH OGP 2 A
P<0.05AZERAGTH R X

2 B8

2.1 LS8 wkElFik &g,
JH/NH20% K% HE AR AE, LR & A5 — e i3 A
F, SRR IR, SR E+NaH AT F
N0 A2 1t W S ek, SE AN B R ().

2.2 B-

2.2.1 DR E S
TGN H [F] e B 2.7+ var, I 2 FH NaHS 15 AT
I G 5 B PR (R D).

222 ;R B A B YRR
PP P Bl A e B /D T IR 4H, fENaH ST
FAF, AR AR B, e B- A GR ).

223 s e R RE S IHE
B E# H A E R ED, N HNaHS T4
MBS B B (R D).

224 CoA : R
15 2 B4 I P9 1 975 R 195 C o A /K & i M 352 I
i L B W) M NE R C o AZK A B IRTVE 1 R B I8 50%,
B HE B N aH S FEBEC 0 AZK A B 15 1 35 =
REOK B 3G INIE60%(K 1).

23 ERREHRMESTG. TCH
Uk Jer = -0.621. -0.432, P =0.01036. 0.04497,
5 NEMCoA/K & BEIG I IEA G, r = 0513,

P =0.00833.

3 11
NAFLD 2 LA 40 i fig 155 25 14 > =5 A4l R s 2
CEGAE, HEEEE L O IR E, X

LGB 32

"% REE

2014-09-08 | Volume 22 | Issue 25 |



3794 ISSN 1009-3079 (print) ISSN 2219-2859 (online) 2014 9 8 22 25
= LARH £ 1 FHARDNSTIEREN (mean = SD)
B- (B-oxidat-
ion):
B- Hilh=gs EBEEE ks RAERE  HISBICoOAKEERILE
CoA., CoA e (mmol/L) (mmol/L) (umol/L) (mol) (umol/min)
1.18+ 0.85 2.61+ 0.33 20.2+ 11.90 1.69+ 0.096 25.0+ 7.7
p- 3.87+ 2.63* 5.00+ 1.01% 14.0+ 6.21*  0.84+ 0.052° 12.6+ 3.1°
+NaHS 2.28+ 0.51° 450+ 1.25° 482+ 850°  1.16+ 0.034° 19.9+ 6.0°
°P<0.05 vs ; "P<0.01 vs
CoA
CoA
CoA B-
B-
> B-
B-
1 SARFRERSHIEERHE x 100). A: ;B
, , , C +NaHSs
HR-S A ThRER N A T R H A “ ik BERERIESR-EUL S AR A B T R ARG,
T 7 BRI NI S RZ IR FF IR B RUER Y97 I IR 7 AR P R A S a6 A .
(1 2 B2 R, SR, E T 5T R 38 R R B R B g e szp HAE  IRYDIREE . SR/ N 155
8 RGN R ER AR 2 ok AT A B AR A N, A, AR A E BRGS0 T A
111 B 5 B~ AL A A2 33 IR 0 AE U B A EE AR M A% T S BBV T, R R M e i R B
) BF 200 A P A AR PRV S B-SRARTR YT BRI RS T, S e T A E A AN B
NAFLD . i A RS, i AR TSR BRI B A A = 4
B-FAE IR Co A ElE . MlkCoAKE  NEMECoAK GGG ML $2THB-484k, (2HEAR AR
. B-FNETECo AN A MG AIB-Hi IR BEC o AT ME 1, A 40 i P TG IR B FRAIS, $ommifeZnT
ity 5 I fRe Ak 5 B i DT R B e ) = 207 5, FL DU B- A SR A I N T 17 A 1k
FH AT AT — o A (1) 3 1 AN B R s 2 T DL S U B, AEARRS M 0T I R A, B A
WEAR AR e . b, JRBECo AZK S BERIESE R REF BB T BE, M nmifb & AT Refe ik
SRS U R D R B- AL PR O, ERE IRV #E.
FR Ak = 385 A% 75 KL (methionine- and choline-
ceficent diet, MCD)% SIS AT bk iy i 4 2B
SMEUESE LA RO, BATM B EER (010 .
B JE I JFE A R PR B A 92D, B~ AR BRAR, [RTI 2010; 18: 163-169
BURBIEC o AZK A BEE PEREAIE, SMCDIRISTH 2 2013 21,
PR GE A — B, R OCUE SR AR RS 1 T 1D 229-233
s = auprE 3 Morris EM, Meers GM, Booth FW, Fritsche KL,
E:H% EKJB_%M{IJJ e bt fis. . Hardin CD, Thyfault JP, Ibdah JA. PGC-1a over-
B-’fh’fJCIjJ Rl B P 22 A P o I s T 1 expression results in increased hepatic fatty acid
’fﬁlﬁwﬁ //l\’ %2&1 %’iﬁl i Hﬁ@ﬁ?*ﬂ EF% ’—f’:EéEH H@V‘], j‘JF H oxidati(c)ln with redu;ed]tl]‘i;cylgll}gerol accurriula-
tion and secretion. Am siol Gastrointest Liver
S A a = A TG, 58U 40 i o iR R Physiol 2012; 303: G979-G992y[PMID: 22899824 DO
X paa Ye b S S B T L 10.1152/ ajpgi.00169.2012]
ER' EEHE&%E%IWWIE%E”E(E% Iﬁ Haﬂjﬂﬂ: }ﬂ: 4 LiYy, W:f;gK, Walsh K, Gao B, Zang M. Retinoic
V‘]B'éﬁ'f’t W55 4 L P R 7 SR AR L, A AT acid receptor B stimulates hepatic induction of fi-
Baishideng® WCJD | www.wjgnet.com 2014-09-08 | Volume 22 | Issue 25 |



3795

Jaishideng®

broblast growth factor 21 to promote fatty acid oxi-
dation and control whole-body energy homeostasis
in mice. | Biol Chem 2013; 288: 10490-10504 [PMID:
23430257 DOI: 10.1074/jbc.M112.429852]

Huang ], Jia Y, Fu T, Viswakarma N, Bai L, Rao MS,
Zhu Y, Borensztajn ], Reddy JK. Sustained activa-
tion of PPARa by endogenous ligands increases
hepatic fatty acid oxidation and prevents obesity
in ob/ob mice. FASEB | 2012; 26: 628-638 [PMID:
22009939 DOI: 10.1096/£j.11-194019]

Zhang X, Yang J, Guo Y, Ye H, Yu C, Xu C, Xu L,
Wu S, Sun W, Wei H, Gao X, Zhu Y, Qian X, Jiang
Y, Li Y, He F. Functional proteomic analysis of non-
alcoholic fatty liver disease in rat models: enoyl-
coenzyme a hydratase down-regulation exacerbates
hepatic steatosis. Hepatology 2010; 51: 1190-1199
[PMID: 20162621 DOI: 10.1002/ hep.23486]

Rector RS, Thyfault JP, Uptergrove GM, Morris EM,
Naples SP, Borengasser SJ, Mikus CR, Laye M],
Laughlin MH, Booth FW, Ibdah JA. Mitochondrial
dysfunction precedes insulin resistance and hepatic
steatosis and contributes to the natural history of
non-alcoholic fatty liver disease in an obese rodent
model. ] Hepatol 2010; 52: 727-736 [PMID: 20347174
DOI: 10.1016/j.jhep.2009.11.030]

Pirgon 0, Bilgin H, Cekmez F, Kurku H, Diindar
BN. Association between insulin resistance and oxi-
dative stress parameters in obese adolescents with
non-alcoholic fatty liver disease. | Clin Res Pediatr
Endocrinol 2013; 5: 33-39 [PMID: 23367495 DOI:
10.4274/Jcrpe.825]

Conlon BA, Beasley JM, Aebersold K, Jhangiani
SS, Wylie-Rosett J. Nutritional management of in-
sulin resistance in nonalcoholic fatty liver disease

WCJD | www.wjgnet.com

10

11

12

13

14

15

(NAFLD). Nutrients 2013; 5: 4093-4114 [PMID:
24152749 DOI: 10.3390/nu5104093]

Ozturk ZA, Kadayifci A. Insulin sensitizers for the
treatment of non-alcoholic fatty liver disease. World
] Hepatol 2014; 6: 199-206 [PMID: 24799988 DOI:
10.4254/wjh.v6.i4.199]

Chang E, Park CY, Park SW. Role of thiazolidin-
ediones, insulin sensitizers, in non-alcoholic fatty
liver disease. | Diabetes Investig 2013; 4: 517-524
[PMID: 24843703 DOI: 10.1111/jdi.12107]

Ishikawa H, Takaki A, Tsuzaki R, Yasunaka T,
Koike K, Shimomura Y, Seki H, Matsushita H, Mi-
yake Y, Ikeda F, Shiraha H, Nouso K, Yamamoto K.
L-carnitine prevents progression of non-alcoholic
steatohepatitis in a mouse model with upregula-
tion of mitochondrial pathway. PLoS One 2014; 9:
€100627 [PMID: 24983359 DOI: 10.1371/journal.
pone.0100627]

Nassir F, Ibdah JA. Role of mitochondria in nonalco-
holic fatty liver disease. Int ] Mol Sci 2014; 15: 8713-8742
[PMID: 24837835 DOI: 10.3390/ijms15058713]

Moédis K, Panopoulos P, Coletta C, Papapetropoulos
A, Szabo C. Hydrogen sulfide-mediated stimulation
of mitochondrial electron transport involves inhibi-
tion of the mitochondrial phosphodiesterase 2A,
elevation of cAMP and activation of protein kinase
A. Biochem Pharmacol 2013; 86: 1311-1319 [PMID:
24012591 DOI: 10.1016/j.bcp.2013.08.064]

Luo ZL, Tang L], Wang T, Dai RW, Ren JD, Cheng L,
Xiang K, Tian FZ. Effects of treatment with hydro-
gen sulfide on methionine-choline deficient diet-
induced non-alcoholic steatohepatitis in rats. | Gas-
troenterol Hepatol 2014; 29: 215-222 [PMID: 24117897
DOI: 10.1111/jgh.12389]

m @ A

B

2014-09-08 | Volume 22 | Issue 25 |



Jnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton,
CA 94588, USA
Fax: +1-925-223-8242
Telephone: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
http://www.wjgnet.com

ISSN 1009-3079

9 7771009°307056 ”“m

© 2014 Baishideng Publishing Group Inc. All rights reserved.




