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ZE] a4« FEMEYEER (PSE) X mEIEKEHSAREREIRTITGE (NAFLD ) K UG AP & i ik
RERIGHEW . Fek LR 31 M SD KR NIEF XL (NC 4, n=7) . Haimigik &4l (HF 4,
n=12) K& PSE ‘F#iil (PSE+HF 41, n=12) . HF ZHl PSE+HF 241 KA IRt , PSE+HF 20 K flUim
IR B[R] I 2L B 45T PSE 0.5 g/kg, THIAI 12 J& . 20 O Yt WA IR & /ER R PSE XHATLHZ IS
PRGN, FHA AR A Zh AT ORI T 7 S SR T 1 0L . AL Pearson AHIGHE AT HI Wi 45 2 3L 12 15 P AR M 28 1k
FREEARCHE, R SIMCA-P 11.5 #AF#E17hd/ h —3feik-F1i 434t (PLS-DA) . ¢4 & PSE-+HF 415 HF 21K
BRI G EE X (P>0.05) , H NC. HF. PSE-+HF 3 A KR E RIS 22X (P>0.05) . F4
ZUMar O Y25 R, 5 HF U481, PSE-+HF 4K RIFHE RN PRI . PSE+HF 41y 27 2 55 m 5
SR . SREIRAEAEL T AR AR . RAER . AEAMR . WEIR S EME HF AT 17.25%. 12.42%.
41.47%. 15.61%. 17.87%. 16.07%, ZR¥AEFHI¥E X (P #<0.05) ; M LHBAMRKTHi HF HIEMK
(P ¥J<0.05) . PLS-DA 73455 878 HF 415 PSE+HF 4723525, Pearson HHICHE/MIFAE M, HEAFR .
TG RR I i 2 /K -5 PR I A e S IR ARG (P 19<<0.01) , (AR . KA . FmadiR. EEmR . A4m
R A 2 50 5 P g i A MR B S A G (P #5<<0.05) . £+ PSE X% NAFLD &k R & Lt ihs LA
PETVEH
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Effects of phytosterol ester on amino acid profile of rats with non-alcoholic fatty liver disease induced by high fat diet
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[Abstract] Objective To explore the effects of phytosterol ester (PSE) on the hepatic steatosis and amino acid
profile of rats with non-alcoholic fatty liver disease (NAFLD) induced by high fat diet. Methods Thirty-one male SD rats were
randomly divided into normal control group (NC group, n=7), high fat diet group (HF group, n=12) and PSE intervention
group (PSE+HF group, n=12). The rats in the HF and PSE+HF groups were fed with high-fat diet to establish the NAFLD
rat model, and the rats in the PSE-+HF group were continuously intragastrically administered with PSE 0.5 g/kg for 12 weeks.
The hepatic steatosis was evaluated with Oil Red O staining, and the serum amino acid profile was analyzed using
automatic amino acid analyzer. Pearson correlation analysis was used to investigate the correlation between amino acids
and degree of liver steatosis. Partial least squares-discriminant analysis (PLS-DA) was carried out using SIMCA-P 11.5
software. Results There was no significant difference in body mass of rats between the PSE-+HF group and HF group

(P>0.05). Moreover, there was no significant difference in food intake of rats between the NC, HF and PSE+HF groups
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(P>0.05). Compared with the HF group, the hepatic steatosis of rats was partly alleviated in the PSE-+HF group. The serum

levels of essential amino acids, including isoleucine and leucine, and the non-essential amino acids, including cysteine,
aspartate, glutamate and alanine, in the PSE+HF group were increased by 17.25%, 12.42%, 41.47%, 15.61%, 17.87% and
16.07%, respectively, compared with the HF group, and the differences were statistically significant (all <<0.05). The levels
of serum NHj; and histidine were significantly decreased in the PSE+HF group versus the HF group (both P<<0.05). PLS-DA

analysis results showed that HF group and PSE-+HF group could be clustered respectively. Pearson correlation analysis results

showed that the levels of histidine, proline and serum NH; were positively correlated with the degree of hepatic steatosis (all

P<<0.01); and tryptophan, phenylalanine, isoleucine, cysteine, glutamate and the related metabolites, ornithine, were

negatively correlated with the degree of hepatic steatosis (all P<<0.05). Conclusion PSE can regulate the amino acid

metabolic profile of rats with NAFLD induced by high fat diet.
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Wit 5 A 05 K F B 4R v VR B A A R i s AR
WREYERE WA (non-alcoholic fatty liver disease,
NAFLD ) AR b e i i ez —, H
HAgwH H g e, HRARIRER, RAKR
KUK 30%", SRR R T A, NAFLD
AR R R RRE, BB T A4 Mk, T3
JFDIRes 5 B IF D R FE EE s, 1L
PR A RS ZRHCH, KA 22 AT fE i B L
KR 1 AL 20 S Be  SEFR SRR, S 35l
YRR BRI AR . 5 AR B R,
i i S R T A AR Y R R P I A &
B, NAFLD KR 355 2 SL 0 A 05 7 ik 2 LR
ACFRBI R, TR S SRk - g, A-hl
FRKSEIA R, 28] NAFLD n] {2 SR Gl
flo IR R E IR AL T REA 25 T
NAFLD il 53797 -

H T NAFLD &4 5 & S Is R fL 0 H:
JERIRIMLAE R VIAEG, HAT, 13Y7 NAFLD A LU#
AR F BB, b 2Ry EEE A
FAMTT 28R MR 25445 H) NAFLD A, CAEDF
XK IR 2~ Ry T AE R 15 AR B A ]
i, S EEER A TR (E I A
TT2R25) 5 5 | R MEIR AT, 55— ™ BN R
SRR N AT 5 G 0l v JUL TR 5 il 4 g 5 SO0
W R, TR R KRG T 5 LA TS
FITl NAFLD HA JE 4 HE PSR L.

) 655 T P55 A% 32 0 R0 B A T 43 A
B, TZAAETE s AR T . RIS Y
Wb MY EEER ( phytosterol ester, PSE) HAHY
S FEpR R, AR PR A A R B A T i s
PESIE . 5T W RAE D) 5 B M PSE A R A [ it
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AT AR L K A A AR BT RE . AT HT
WK S SR mFFT 2, PSE 3 g/d Al 80842
JEIKE 75T NAFLD K ERIFAR AR A5
K IR IR d 7 NAFLD KRR, #E— 5%
PSE X Il 23R i (5200, A SRR A BEA)
A1 PSE 2 NAFLD AR U2 M 4R a4 o

1 #EFn7E

1.1 ka5 1 AH BB SD X
B, IHEGR, CFYAR RS (100£10) g, H L
V37 3 v SEBG S WA FR 2 RIS [P 2k 7= iFal
IES: SCXK (¥7) 2012-0002], PSE fitiilrk
(HE) ARAAEM, S PSE FAHY) i BES
=97%, H PSE & =91%, WEsay i s
W<6%; (MR MRE R R <2%, SEFFHIEE
TH<6%, FIMBEIEEEN 20%~29%, THIEE
TN 12%~23%, B-AHEEEEA 42%~55%,
D5-HEAZ s i <4%, D7-HE A5 <<2%,
D7-5 A <2%, HMASHE<5%. &
ERIRE YR MEATR B B (AWMI1998 ) fil AN-2
A (AWMI614 ) ¥ B H A FDGAE2S Tolk k2
s 10% A ATREEW (4t ) Fi1 8 mol/L &%
fE#h (NaOH ) ¥ (HEgesl ) #4 F E 254k
ERFIA RA T L-8900 4 H sh&E FERR /Y
A HAS Hitachi 2 5] 7= .

1.2 2a5F# ¥ 31 2 SD KRS T A
RGN MR 7 d 5, LSRN 3 41 IEH XTI
H (NCH, n=7) . FHEBAIZA (HF H, n=
12) #1 PSE T#iZH (PSE+HF 4, n=12) .
W, NC 4R RUR L AE A kL, HF F1 PSE+HF
A EARTE R, NC 20 K HF 434 DL ali4- 4
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&, PSE-+HF 4% 10 mL/kg £ KB 4T PSE
(0.05 g/mL ) s@fb4-15 (BPEER 45T PSE &N
0.5 g/kg) o SEHGIARIC 3R B & B SR &
YT 12 S, 256 12 h, FREG THE 23k
WU, Emig, AT —80 C & M. JLahi
BT : KOS ERE<10%, HEAEE=20%,
K& 8 =4%, HMAESE<S5%, K
H<8%, W KARLIR T EN 1.6%~5.1%, &
NETRHEL 7 . SERBIARES BN 52.4%, JEIMSEN
20%, FH[EEESREN 1%, HEEEN 2%, R
THEN 10%, MEASTEN 10%, LGS
H2.7%, HAMAD &R 1.9%,
1.3 HAZBRESH HHALKED R (ZE
H 4~8 um ) FE T 15~20 min, fILA 100% 5
WNEEHFE 5 min, HIA 0.5% BYIHZL O I 60 C
FE 8 min, £ 85% SFNEEIAMYE 3 min, XUB
KNG, TRAKEYL 1.5 min, BUBIKYE, 1%
R, TG AR LS . AR AL 4L
ARG, K HERERR WA PERR E 7k 4 259
“ =7 R TN A 2 KL IE R oA UL 4 R
PR, 47 R 1/3 LLR B4 RS I Ak
“CH-T KR 1/3~2/3 B HF 4R RS B AR Ak,
“HET R 2/3 LU R AR AR
1.4 it & 2RSSR B —80 C ZRAFHYIL
5 150 pL, FZHE 1 LRI 4 °C TR R 10%
= OMREW, RE), 4 °C W1 h, 20 000X g
4 °C B0 30 min. B VS, fiMA 8 mol/L Y NaOH
AW, T pH M 2, 20 000X g 4 “C B> 30 min, HX
150 pL _byEHEA T I i 2 2 SRR T Aol
1.5 %itsam@ [ SPSS 19.0 F %t S i B
PTG . PRI X+ FoR, dlE
BORARRRIT 200, WM EECSRA LSD i,
FIF Pearson AHICHE /T I 45 & FE 12 -5 LA i
APERREE AR OCHE . AT SIMCA-P 11.5 #fF#k4T
e/ —FIEFMN AT . KHKAE (o) Sk 0.05,

2 # R

2.1 PSE *f NAFLD KAWKAE. L ELHAH
WRMERWHw  FSH KR BG5S
A SRR WA 1, ERERREELT,

PSE+HF 415 HF 4K RIAREAE 027 s 1T
RN (P>005) , H3HAKRBERES LS
R (P>0.05) o JHHZUMLZ O Jasiif

UL 2, NC AAKRIFHLARML Gy, /It K& dh
MUAZIE M, ARSI, 7 RKRIRN A&
PEVEARZE SR “—" 5 HF 20 T4 0 N B o s
WA, KINA—, TTEZamEMmET, 12 H
KEFER AR EEAE “+7 2 B, “H7 4 H
“+H" 6 H; PSE T4 ITANIEL Y FEE 4L HF
AR REE, 12 HRBIBNI MRS “+7 4
Ho “H75H, “HH7 3 H,

2.2 PSE %f NAFLD K R fei#ab & R AR A F0
Hew 5 NC 4%, HF 4R BIG R a2 S
WAL, BER SR, Z5Wa5EE X
(P<0.05, P<0.01) . PSE tHi)m, KEUMLER
SRR NS 2R & o A HE A3 T 17.25%
M 12.42%, HZESHASIE XL (P<0.05 5
P<0.01) . VLK 3.

2 -~ NC
2 480 g 35 <= HF
g g -~ PSE+HF
2 320 230
£ S 258
2 160 5 20¢
[=] Q
m 0 3 Ig( . ) ) ) )
NC HF PSE+HF &£ 20 40 60 80 100

Time #/d
1 BEXRERENERE
Fig1 Body mass and food consumption of rats
in each group
NC: Normal control group; HF: High fat diet group; PSE-+HF:
High fat diet and phytosterol ester intervention group. n=7 in

NC group, =12 in HF group, n=12 in PSE+HF group; x +s

2.3 PSE % NAFLD X f e &3k o RAR AT
Hw 5 NC dMHL, HF KB4 mR &
G, MAERGEE, ZRYIASIT¥E
X (P<0.05) . PSE THijE, FHEKR. K&
AR . WHEMRAMNAR S =508 HF A8 T
41.47%. 15.61%. 17.87% F1 16.07%, HZERIH
GiiteFE X (P<0.05) ; MALARR S &5 HF 4
FEAK, ZRAESIFEX (P<0.05) . WK 4.
2.4 PSE % NAFLD X R o7& &8 A48 X R4
K-Fag5rm HF RRIMNTE B-Z3E5 TR Az
KPR T NC 4, BEMS LT NC 4, 5
WG FE X (P<0.05, P<0.01) . 5 HF 4
FIEL, PSE THUE KRG B-NER . o-ZHEIET
PR RN 55 B R ) 5 i 3 B N T 45.81% . 57.54% Fil
28.60%, IMZ/K T 2021%, HZESHESIT
Y (P<0.05) . WAES,
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Fig 2 Effect of phytosterol ester (PSE) on rat liver histomorphology
A: Normal control (NC) group; B: High fat diet (HF) group; C: High fat diet and PSE intervention (PSE-+HF) group. Original
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2 120
B,
£7 8ot
g8
§% 40 F
g o
HF PSE+HF
8007 "
ST sk
= 600t
S~
g §400
5 <200 F
S
3 0
= NC  HF PSE+HF

NC: Normal control group; HF: High fat diet group; PSE+HF: High fat diet and PSE intervention group. Met: Methionine;

Trp: Tryptophan; Phe: Phenylalanine; Ile: Isoleucine; Leu: Leucine; Val: Valine; Thr: Threonine; Lys: Lysine. "P<<0.05,

NC group; “P<<0.05 vs HF group. n=7 in NC group, n=12 in HF group, n=12 in PSE+HF group; X +s

=il

.L)

S = N Wk W
™

Concentration of Cys
cy/(umol

c/(umol « L")
W —
oS O S oo} o
88 o & & 8

(=3
(=)

Concentration of Gly ~ Concentration of Tyr
¢,/(umol * L")
(3]
(=)
o

S

KA

il

Il

NC HF PSE+HF

5001

1l

NC HF PSE+HF

NC HF PSE+HF

Concentration of His

Concentration of Pro

NSRS
oS O O
S O O

Concentration of Ala
c/(umol « L")

S

100 1
801
60
40t
20t

1000
800

*

= A
NC  HF PSE+HF
NC HF PSE+HF

il

NC HF PSE+HF

il

NC HF PSE+HF

1l

(=9
2 120p
95\

= 9%
23 60
= o
£E
5= 30
‘g’d’

S 0
A 400
ST
S 300
Sl
g8 200
5100
=

5 1000
E‘_] 800
S 600
‘50

S E 400
q 3
8= 200
5° o
Q

NC HF PSE+HF

[

NC HF PSE+HF

B4 PSE X AKBRMFESHEREBSEHITIN
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Fig5 Effect of phytosterol ester (PSE) on serum amino acid metabolites in rats

NC: Normal control group; HF: High-fat diet group; PSE+HF: High-fat diet and PSE intervention group. -AiBA: B-Aminoisobutyric
acid; p-Ala: B-Alanine; 1-MeHis: 1-Methylhistidine; HyPro: Hydroxyproline; EOHNH,: Ethanolamine; a-ABA: a-Amino-n-butyric
acid; Cit: Citrulline; NH;: Ammonia; Orn: Ornithine. "P<<0.05, "P<<0.01 vs NC group; £P<0.05 vs HF group. n=7 in NC group,

n=12 in HF group, n=12 in PSE+HF group; x s
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Fig 6 Partial least squares-discriminant analysis (PLS-DA) of serum amino acid spectrum in rats

A: Essential amino acid profile; B: Non-essential amino acid profile; C: Amino acid metabolites. HF: High-fat diet group;

PSE+HF: High-fat diet and phytosterol ester intervention group
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RERRIERRY PSE TR NAFLD K BRI Hh 52 5%
WO B AR e A TR AN S5 IR i, T e S
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R, SR AT RE I i R AR D R e iz 5 A G 4R
BT BT A A 7 B (5 B, AT A% P R AR
R SRR v 3E s PR TUBR 5 SR B 2 [
JREEH 1 (silent mating-type information regulation 2
homolog 1, SIRT1) AYZFINE RG>

WeAh, AT s B R AT LA R PR K
-, MNIMTZRAR =t H i LR BHe s it &
B, T5 R R 25 R AR A A v BT R e LA R s 2
i, PRI EIR T REA SE AR o3 . AR
RIERIMET . ABFTE &3S HF 4R EAHLE, PSE
TN NAFLD KR EUMEBZER . =R, AN
RN E IR & =, (A2 Jogeit v L.

AWE5EE KB PSE T HlJF NAFLD K UL
EPEERR . KRB = IR & =8 HF 203 Hn,
T2 2R A PR, SRETERF A R —3. Ak
T TR A AR HLAA TE 18 % v [R) AR 39 1 2 A1
@, FRIET RS, IR AN
BHLEAY R BEH K ( glutathione, GSH) A9 3
BRI, GSH BYE M2 IR h2f D 2R & & 1Y 5
U, I AT S DR A R, M

1M 2 FE X L B SR P, Yanni Z5P94RH
1R R A SR A 20 T 0 o G A A v L1 s R
BRI, DL AR a5 R4 8, PSE xR
JE AR 1 IR TV FH AT 68 5 X S B 1 AR 1 A T
AR,

B4 KL R 7F A G AR RN B R 4 5 A 2o
h A 2RI . AR AR, SIEES
NAFLD KA K 5 NC AT, mTagaR
AE NAFLD R TRz, A mRIRERE
TR, R IERRIE D, A R D RE A
T v 10 2= KV AT 3 o P Gk AR iR 1R 5 |
AT, MRE— A Y. PSE T
fifi NAFLD KEum 2K A%, &M PSE X mhg
EE T 0 NAFLD KSR FIE A — 2 i1
Mo Besh, BRG] T G 4 2066 A 2
112 NAFLD M &tnife, HixrikA g o s
%5 NAFLD B35 A=Y b=k A i 5 3247 1
W, pEREN . BRER . #IEEN AL DB
A, X SEFRPRBUEMEIR H O . AT &
B, AR IR KFES NAFLD FFIEAS 748 1
JERIEAI . NAFLD R TR DI T R,
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I B A AR W b 22 F8 b5 Ko R e R A e
NAFLD WiZWiZHikiE, (B2 2 m s
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