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Abstract
AIM: To explore the preventive effects of phy-

tosterol ester (PSE) on high fat diet-induced non-
alcoholic fatty liver disease (NAFLD).

METHODS: An NAFLD rat model was estab-
lished by giving a high fat diet, and different
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dosages of PSE [PSE; : 0.05 g/100 g body weight (BW);
PSE,: 0.10 g/100 g BW; PSEy;: 0.15 g/100 g BW]
fortified milk were given to rats by intragastric
administration. Serum lipid profile and liver lip-
ids were detected, and histological changes were
observed after HE staining.

RESULTS: Compared with the high fat diet
group (HF group), serum low-density lipopro-
tein cholesterol (LDL-C) in animals in the PSE;
group was lowered by 13.6%, while no further
effect was observed with higher concentrations
of PSE; liver triglyceride (TG), total cholesterol
(TC), and free fatty acids (FFAs) were reduced
significantly in all the PSE treatment groups,
among which the level of FFA was close to the
normal level. Glucose (GLU) levels in the PSEy,
and PSEy groups were lower than that in the HF
group, which were close to the normal level. HE
staining results showed that the degree of he-
patic steatosis was obviously ameliorated in all
the PSE treatment groups.

CONCLUSION: PSE could effectively reduce
serum LDL-C and hepatic fat accumulation in-
duced by a high fat diet, and attenuate hepatic
steatosis, thus exhibiting preventive effects on
NAFLD.

© 2014 Baishideng Publishing Group Inc. All rights
reserved.
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Fik: @i FHEKLTHFEINAFLDX R
A, SR Z AW R R LT RE A
FPSE[f&A &41: 0.05 g/100 g/ & (body
weight, BW); ¥ #&21: 0.10 g/100 g BW; &
2 40: 0.15 g/100 g BW], LR - K K fo
e BT A5 69 %7,

258 5 AR 4 (high-fat diet group, HF)A8 M,
&% 2PSE4L(low dosage of PSE treatment
group, PSE,)fn 744 5% & g & & 2 B BE (low-
density lipoprotein cholesterol, LDL-C)%1%
13.6%, % F ¥R R I £ R o) AL
R; ZPSET TR IEHd =B (triglyceride,
TG). ¥ A2[E B%(total cholesterol, TC). # & fig
W5 B2 (free fatty acids, FFA)4-%3) % %K THF
20, £ PPSE, #9FFAH L iE % %t F& 2 (normal
controlled group, NC)7K-F. sbsh, + #]EPSE
F 28 (medium dosage of PSE treatment group,
PSE,)). 7 ZPSEF 14 (high dosage of PSE
treatment group, PSE,)) 4% /K -F £ Z 4K FTHF
20, 5 B xR AAEE. HER B L 6 4 R %,
PSE#E AR 5206k 42 I R Jig o 3 P A2 .

%18 PSERLE— A2 E LY ESRREH T
W fls. BERMFFE, RIHERRER, B
B E TS B AR, @ BR AR R 00
NAFLDA R4 89 T 15 .
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JESEH X, H B R E1A20%-33%""; 7EIEH, &
IR L N 12%-24%"; 1EH E, NAFLD %R I
BT, R R SEREK T KA 165, R
FANAFLD B9 % N15.35%, & i i BT 24 1
88.78%"!. NAFLD¥s & 211 20 th F Y el it — A
T8 e R ) R AR I T I A N A
RERAR, (B A A2 AR, V218
JHF U 92 95 1 S TR B, R AR S Y R R O e
[ RF 355, AN 697 I HR W7 B 2= 120347 i B afi 1
it 7 B 2 F A g i e T 98 R0 g iy ek &7 44k,
HAF AR 4Eb i R A % m1825%, H291.5%-8.0%
) 5B 3 AT R R DN P REARIOT), 1T B 51 AT 41 e
J AR, of NS A i fg s Al R ™. TR, %o
NAFLDIIF5 a7 78 H 25 A 25 22 5 Rt 5
[ £z g 1,

HAr, X TFNAFLDMRIT EE T E
ST Ik e I B e 24 12 3hI7 i I K Xt is Bl
56 5 K AT P B SR A L3 P Y L 32 I PR 1,
Ko BERE 2T W BB T R AE A IR, W2
FEREZ5i0 B AN R b, ST i, 18
HITNAFLD T A7 6 M. e/ ik
A ¥2 L % i 48 A (hydroxy methylglutaryl
coenzyme A, HMG-CoA)if J5 i 1] 77 (fh VT 2
240, ok R[] T2 225 47 o I Tl 2 R A 440 o ) (32
ok D) fE 5 35 I NAFLD, $2s MR [ B 254
SINAFLD R — 52 FIRTT 2R il & i
(phytosterol, PS)s&/ 2 /A T A R &
V). KERE R, A BRI S EE2-3 ¢, R
[ S fE [E B2 (total cholesterol, TC). K% fE
 H BH[H B (low-density lipoprotein cholesterol,
LDL-C)Z110%. A1 H XN AFLDHIATT 2R in
AT A LRI . Ak, A W 7 W 48 wk
NS RE, TSR3, 659 g/d, BIAR
AR, Eon I RAF e Ak B, Ak
ISR FHSD K B I NAFLDA AL, 4R ZAE ) &
SINAFLDM TSR, AR TR & B
A i P R T R R A S T A £ i B B S
fitk.

1 RIASE

1.1 A4 HY i EE G (phytosterol ester, PSE)(/&L
AR AP 55 T T N R A7) 655 T 2 B =97 %, AELA) 855
P& 8 =91%, F S SIS E<6%, &iE
VIS B B =59%. SEEH R IH S <2%, 3%
S EE<6%, M5 EF20.0%-29.0%, & B
12.0%-23.0%, B-% i F542.0%-55.0%, D5-3
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Bk AR E Fe
BERE VA B P s b
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PR L i -
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Wi £_E
A4 & BF (phytos-
tero.l, PS) & L4
& B 8 (phytos- i¥iE)| E=T NC HF PSE, PSE,, PSE,
terol ester, PSE)
BAR S E B t TC 2.63+0.21 2.74+0.35 2.62+0.31 2.77+0.21 2.67+0.34
ARG KT TG 2.03+1.01 1.84+0.64 1.79+0.59 1.40 +0.40 1.37+0.44
"f%gif%f HDL-C 1.77+0.10 1.84+0.24 1.82+0.22 1.98+0.19 1.95+0.23
i 55 bk 47 ) e
] 5 80 I 1 LDL-C 0.89+0.13 0.97+0.23 0.91+0.20 1.03+0.21 1.01+0.25
TCHK 5 & S GLU 4.50 +0.50 4.70 +0.60 4.60 +0.70 4.90 +0.90 5.00+0.90
él(LD}), HE Pk ¢ TC 1.82+0.17 2.41 +£0.44° 2.35+0.25 2.52+0.27° 2.55+0.37°
B AT A 3 2 55 6 1.9240.80 1224047 152 +0.51 1.56+0.49 1.7940.49°
L egR sz b b b b
BiE. WA R HDL-C 1.55+0.15 1.82+0.22 1.80+0.14 1.92+0.16 1.88+0.19
A PS/PSELA LDL-C 0.48 +0.09 1.12+0.24° 0.92 +0.08"™ 1.00+£0.13° 0.91+0.16™
W 50k GLU 4.10+0.50 3.80+0.40 4.20+0.70 4.40+0.90 5.20 + 0.90%
tors TC 1.45+0.17 1.65+0.29 1.61+0.14 1.79+0.25° 1.76 +0.30°
TG 1.18+0.79 0.73+0.30° 0.90 +0.28 1.05+0.30 0.90+0.39
HDL-C 1.34+0.14 1.44+0.19 1.35+0.18 1.568+0.21° 1.23+0.28°
LDL-C 0.45+0.11 0.81+0.12° 0.70+0.11 0.74+0.09° 0.75+0.15
GLU 9.30+0.80 10.4+1.30 10.1£1.70 9.20+0.80° 8.50 + 1.60°
ton tin Lo DPIRNELRF]. SLUEE7E . SEXLSRAVENEYE. °,<0.05, °P<0.01 vs NC; P<0.05, °P<0.01 vs HF. NC: IEEWIR
45 HF: SASTRER4A; PSE,: PSEFIEA; PSEy: PSECFIEA; PSE,: PSESTIEA; PSE: {EY)EEEES,; TC: RIBEES; TG: HB=ES;
HDL-C: SBEREOBES; LDL-C: (IBERESIBEE,; GLU: .
I <4%, D7-#eF S <2%, D7-Z M  (PSE,, n = 12), 7 EPSEH(PSE,, n = 12) &5
BE<2%, HAh<5%), HEHR(PE)ARLS  FIEPSEHPSE,, n = 12). Hrr, 1EH X} B4 16
FA(BASF)RHE. KPSEf=E T65CK It MEIRRRERE, Hap &A1 ARt e, 1B 4
WA, AR E E RS RBCH0.05. KRR A LA A, K. . E A
0.10~ 0.15 g/mLIMAEY) S BERAL DI TR ®PSET P4l 2 7% #80.05 ¢/100 giA )i & (body
FEE . ERER i RISl R A B SE R E)  weight, BW). 0.10 g/100 g BW. 0.15 g/100 g
YR, FERIARLE TR K <10%.  BWIE B4 TPSESRILA: Y, 17/d, HE B A FA
ME M =20% HAEN =4%. MHL4E<5%.  1mL/100g.
WKor<8%- 51.0%-1.8%. 1#0.6%-1.2% Hi 1.2.2 354=m 2 LI T H AR 5L 57H, 24
AR1.32%. EEIR+MEIR0.78%. EHBE 12 hEIRIEFM; LI 128, 2512 h, K
55.8%- JEUMI18.4% BHFERF1.0%. AHER0.2%. 5 i S 2h kI, S8 FFAR. 4 8 iy, I
FEFE10.0% BEEEE10.0% FUREIL.9%. 2 4 [ 344k 40 BT AU I i i Y [ TC. TG.
FWINE2. 7%, LR SLIR A IR AR LDL-C. & e (1 0 [E EE (high-density li-
gt APV-20007 K FHL(E=APV); i  poprotein cholesterol, HDL-C)]. IfiLFf(glucose,
NG EKINEMATICAAA]); H327600-20 GLU); R4 Fg 5 8 s i) 2 v B 150 e JH i o
EHNEWIP(H AR ZH); INFINITE  (FFA. TC. TG); [7) BUH e T2 210 [ 52,
M200PROZ T REBEAR (X (i - TECANAT]); BT 4t Fil FHHE S (o35 i (R B0 1
Jig 5 [ H-ith = B (triglyceride, TG); TC; ¥ g i Gt AR S2U6 4 B D mean + SDE T, 4
M(free fatty acids, FEA)T IR (R AT 1140478 14 HSPSS19.00BM, 2 [H), KA One-
R TR TR way ANOVABETZLIA] L 4%, P<0.05K% 545 4
12 Fik HES-9E
1.2.1 S%shdh B o4a: 1 FIMEFE & SDRRSS
WIEE g, R E100 g 10 g, B BTk Es: 2 SR
BEhA RAFRMAL. SDRRA FRMFERIE 2.1 PSEX KA. oty FHm RN
MAYEREFRT dfF, BENL NS IERXTHRALNC, S50 AN [A] B TR) s oK BRI g A of B 7K F-. A
n=7), MAEBEAAMF, n = 12), [KFIEPSEAH KT LA, LRGN, SO
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0.50 b 035 b WAl % A 5
0.45 - AL FH APSE
_ 0401 % be bd 0.30 S TCALDL-C#
8 0351 1 bd - W, A
S030 g 0251 AR B R AR
S 0.25¢ N #$ 8 NAFLDX
E 020 g 0201 d d .o g AR RS A
= 0.15F 30l d %, M A2
010 - B A 6
0.05F <0.10 F B 7 A SNAFLD
0.00 ol K AEBK R F
NC HF PSE.  PSE,  PSE, 0.05 | . i — 3 B
% TPSE# A 4
B 1 PSEXAKBRIFHETCESEMHM. "£<0.01 vs NC; 0.00 EN
P<0.05, P<0.01 vs HF. NC: T IAZE; HE: SEETR A2, NC HF PSE,  PSE, PSE,

PSE,: PSEfI%HI&2H; PSE,,;: PSEH#|&E2H; PSE,: PSE& &
“H; PSE: {EIESiERE; TG: Hith=Hg.

0.251
a
0.20 - T
g
3 0.15F
©
£
Eo0.10F
& bd bd bd
0.05 - m m
0.00 ]
NC HF PSE,  PSE,  PSE,

B 2 PSEXAREAHETCESEMIEIG. £<0.05, "P<0.01 vs
NC; ‘P<0.01 vs HF. NC: [E# A B4H; HF: SIEkE4H;
PSE,: PSEfRjf|&4H; PSE,: PSEHjJEZH; PSE,: PSEE &
¢H; PSE: fEW{SEEHE; TC: LHREEE.

Y E) 2 R IEG T EE L (P>0.05); LI EHT
Ji )i, HFAMETC. HDL-C. LDL-C/KF¥
BEETNCHP<0.01). 5SHFHAMLL, PSE, .
PSE,HLDL-C/KFH & TR (P<0.01); LI E
F12JH (¢ ), HFAH KR MELDL-CHNCAH
B ETHE@P<0.01), TC. GLURg & TNCHA, H
ERTGFE . SHF4AMEL, PSER T
HLDL-C X GLUKF A ARFE B RS, Hr
PSE, AHHLDL-CHHFAH FEMK 1 13.6%, EMLT
HFZH(P<0.05), ¥ INPSEF& A& LLDL-CHI#E—
WRRAR. IEAh, AEAVE R, ASLi g bR &
PSE,(0.10 g/100 g BW) & = 71| 8 PSE(0.15 g/100
g BW)r & E i m iRk &1 S IGLUTH &1, #
ZH A I BEE 43731 ~9.2 mmol/LAT18.5 mmol/L, &
FRTHF4(P<0.05), 5 1F % % I AR

2.2 PSEAT X ST B b &2 69 % ve JIEIENE G & &
il 25 R -3 prR. AT BLE H, 12 wk
s R R 5 ST HFAL K U & S 3
FNCZAP<0.01), HFH KR AFWETC. TG. FFA
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3 PSEXKEBAFAEFFASEMISIE. '£<0.01 vs NC;
P<0.01 vs HF. NC: 1F 4 B4 HE: @51k &4, PSE,: PSE
G ELL; PSEy: PSEHFIEZ; PSE,: PSES &4 PSE: I
WIKSERE; FRA: e,

A3 ENCAL8.33M% 2.001%. 1.55f%. SHF4L
AHEE, PSE, 41(0.05 g/100 g BW) KR AFHETG.
TC. FFA/KF-33 83 FEK(P<0.05), JLHZFFA
K, HNCHEZT. 488 mPSER &% A RN
HH B B () P T SR

2.3 PSEXfNAFLD X R IF LA A F 69 wa K4
NS KR HSHES GBI SR 45 . A
A, IR AT A (N CAL) a] W 5% 217 B (1)
JHE /NG, T SEHEZ R, 20 ] 5 PR .
HFZH K BT 22 20 HS B 2 0 JFE IR o AR 1, 3R 30
DRI /INI S R TE BIRR, FF SV 2R, FHR ALK,
i T) FBRASRET, 20 B A, 2 B b 7
T 6 T R A B AL B IR B — 3, IR 2 AR T
R R . SHFAM L, %PSET
ToUZEL 1) 248 L A K R R T e i B, R
ELAR K Jal 0N, T i 2 W SR e, IR I R A
TRIAR B S i/, P44 i ] 5 BR e B 2, I B B
RETE W00 th FE /N ik ). ok 285 JEER i  l
WESFEEER RSP R, &R A,
T AN [R5 5 P S B T4 1) i 17 A8 Ve 2 B 351
AN IR B A

3 e

ARSI R =i BB & 5 FNAFLD, it %y ifi
e~ IBE S AR A, WLERAN[E I PSE
SINAFLDHI TG /E . 236 & 557/, HF4LK
RIMETC. LDL-CREETHm, R EHRE
SEOEFACH AL, TR EF 128, HFH KR
MIELDL-C/KFHZENCHLI1.865%, K BT IF
TC. TG. FFAE &/ ZNCH 8331, 2.00
fi. 1.556%, HEYL to i 3 45 b BoRHF 41K R
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BA) R AR
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4 NAFLDZPSEFFRIGRIEZAL( x 400). A: NC; B: HF/l; C: PSE, 4; D: PSE#; E: PSEZH. NC: IEH AR HE: &
HETX&4H; PSE,: PSEfIRHIEZH; PSE,: PSEH1IEA; PSE,: PSE& I E4H; NAFLD: IR ARG, PSE: MBS

JH-2H 23 52 30 B S0 R A 1, R B R T A T
NAFLDZWIREAL. Ak, WEEAR A0 3 ) 1 i
AL I I, 15 HANAFL DS i g
FIELES, ASZIGENAFLDAR T 41 (HFZH ) K BRI
HDL-CENCAHTH &, MTGK R TNCH, X5
Zhang25" L% PRIE A A E BT AN,
W B AN [ 4 5 i VA R HEC 75 5PN AF LD ML 3 5%
M AN [ 2122,

RIENAFLDH) “ ZATH%37 , KA
NE R S &SR N bE . IR &L, &
R 5 Z # Pl (insulin resistance, IR);ZNAFLDF]
HIERBIHUE]. KA TR S R HPUR S 2
5 35U P 10 A B o, 3 T SO I R 41 A
K7, EBENAFLD 3 — 20 & g,

EH KNAFLDARARIA 5 1, X TFFA
MTGHBH R %, TR RETCRE R E S
NAFLDZ [H[#56 R s2br b, IRZH TR
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PARNE BN AFLD B A TCEN & I & & T IR A
B R BAGEIRAE ERHLE A, Hid %
FENT CAR G 56F T JFF T i s A2 4 2 AR 3 1) 125 R 1,
CHEMAEXEHT EBATCERITTCHE, &5
FHLXRa-SREBP-1ci# B 0%, X 5NAFLDH]
RIEFEVIME. HATR %, HMG-CoAlk
JE I (YT S 24540, o AL Tl 2 24 ) O [
R R AL 1) 70 (38 5K D) BB Y 35 I N AFL D
B IS B WL Z K, 38R BT CAY B
PEVI AN AFLD S D e B — el 2L
B R, AT TCRHENAFLDIR A A5 SR TT
B, I TCUR S B R D i B TCETR A ANAFLD
MR YT HRAL T AT SR A A i

Kl %8, k- FPSESH [EE
SERIAEAL, PSEW] 5a 4 M 1] /) Ji ot HEL [ e 1)
W ie, AT B LS TC X LDL-C/KF. AR SE56 2%
RF WL EPSE(0.05 g/100 g BW)(H 24T %,
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A3 g/dIJHENE), B8R E FEIKNAFLD K BRI
LDL-C/K¥, HAIRIFIS=PSES) rl 2 3 PR AT AR
JA(TG. TC. FFA)KF, BEFWE=IRNEH
SRR D AS 1, HE YL (0 B4 A IESE T IX
—4E 3 Ik, PSEXINAFLD B EH Al it 5
LA 1) o AL ] v PR R KOG AR

AN, RIS & M FFARRLIE TG, &
JFWE A R AR 5 R G T AR M, FFAAR & AR
SRR, MhAEts A T R I R, AV
PRIE MR N, IF 5B b AR T RE RS, s
O EBE R TR R SRk, A8 T 4H IR B, 51 R AT
JESRAZ. hAh, FFAIE 2 OE (R 2 0E 1, InJgl
N AFLD A A7 R M fig 117 T 8 2 P01, A sz
5t 45 A2 /RPSEIL il @ i AR IEFFA T &,
TELENAFLD R A K .

AN, ARSI HR R WAR(0.1 g/100 g BW). 77
(0.15 g/100 g BW)PSE(45IHH 24T AFEN6 g/dfil
9 g/d)%t FFAFTC X LDL-CHyEE— BB IK, tha &k
AYRIF RIS 1 PSEAT MBS TCHIEAE2 g/d
A, PSEZI3 gfeAq, SN A2 B R TCAH
LDL-C/KF, X 5 A SaG 45 B AT — Bohk:

EAREERE, AL RER P, miE
PSER] {22 PR MU, $&7~PSERT 4 I m IRk &
SIE A EAC S 2 EL. GuptaZs P T R 010,
15F120 mg/kg P-4+ S i AT B fIK B JIR 27 2 (strepto-
zocin, STZ)5 5 MIHE FR I K B 1 0% K B 4 1f.
ZLEE FKF. mR R S EUMKE =, s
Aib T v HUREAR A& 51 G W A6 35 5L Aot i 2 o
K, TERUBE S FHCPL. i F 2k R AR
Wi E BB ER L —, UHEAERD, 2HiE
JeAR AL, HA IR RSN NAFLDR KA
ORI, ARSI 45 ISR B P SERE WS A1
MBS 55 0 5 = APURIRAS, ENAFLD NG
o A P R

&2, PSERE & PR MIELDL-C K I g
Jo i, Uk v R TR I R R, 4
il 4%, AINAFLDEA — &M /EH, 2o
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