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PAR SCICH , LA™ AR TR | 95 5 R0 B0 f 3 9%
AT FE FAS T) SR b 5 5 1) HOMLA DR SPF 2K B
At IPEA A ) 30 5 SR S A 0T DR U 0 f it
FEAH SR AR B0

1 MEfAEE
1.1 B 5RF
1.1.1 2h¥  SD #tk 8 FiE B, IR B 180~200 g,
SPF 9%, W T b nt 2 58 A A2 50 5 sh ) 8 R AR
YK
112 R 45 ah R (2 99.9%) , 74 £ 4
A BR 28 w5 KRR H AR, Jb R BB 7 1R A BR 2
Al SRR (TC) B H M =88 (TG) | = % & R &
F1 (HDL) %% I & (LDL) (4 %555 & il (AST) |
A L (ALT) %50 (GLU ) B B 2% (INS) il
FRIR (UA) A AR &, i A b i A Bk B R i
FR 2N 7] ELISA [ K BN 2 (MDA) 4 Bk H ik it
A ALY (GSH-Px) [k &, s 10 & i 2E 9 Rl 4
A R W] WST-1 200 5 ik A A6 9 1 4L il (SOD)
WP &, A ) TORR A 5T T 5 Perilipin—
1 Pk, 3 Affinity Biosciences 23 F] ; ADRP.
TIP47 $it ik, 3% [E Proteintech 2y & ; TRNzol Uni-
versal & RNA $& B 7] FastKing ¢cDNA % — &%
& B A & FastFire PR3 2¢ 96 2 & PCR TR iR
N RARAABH A RA
12 NUB5EF

% BS-420 4= [ sl AL, TIN5 B A= ) B2
I7 HL T B A BR 28 W) EnSpire £ D RE B PR AX , 358
PerKinElmer 22 @) ;ODYSSEY FC 1% £ 4, %
KA R \] 5 CFX96 28t E B PCR AL, [ Bio—
Rad A #] .
1.3 Ak
1.3.1 Wi dl s 48 H SPF Ziffit: SD K
B, DL AIN-93G #rifE 4 REim el miin 55 1 ), 4%
WA B FEAL Al 4 4, B4l 12 2 (n=12), 8%
3 H. a5 (X B L (CON, il MEE B o A R 4R ) A7)
AL (LFD, W& A 7.5% R 5 k)
LB (MFD, 1] M 5 A 12.75% S0 19 1 ) ) |
1o 7 AL (HFD T M 5 35% M iR k) |
DA T 24U AR N B R AR RN L 50 ¢
M | Fie HE AT 250 Sk VR VO AL BLOR BRI B H OB

BARLN 5.6 ¢/ (kg-d), B4R AE H A
TR 22 ¢ ZeAy, T I, MED 41 80 & ik h
12.75%Fc A7 5 SRBESH B a0 1.7 A5 2245 B T
TR — 20, LFD 20 KB HORR SR & i o 7.5%
oA ;38 W AR AR >100 g/d B 42 o fid B
FEA 2 R S ORISR HFD
KRB H AR RS R E N 35% 254, H AR
Jrange 1 s . KBV SR T B 5O & R 5% it 4
JRRARF ST BE B S 00 3L SPF R sh i b, i
JEHA R 8 JH i SR M 45 T [ B R B FIOK , dE R
IR (2242)°C, HHXT R BE 50%~60% , BH I 58
BEIFE] 12 W12 h, 55 R0 S5 56 45 A 4 RESC 30 3 )
FEAAG P 3R DR AR SR AT VR IS . SYXK ()
2019-0015,

1 @EARER

Table 1 Feed formulation

CON/% LFD/% MFD/% HFD/%
BRH 18.96 18.96 18.96 18.96
L—Wk 2R 0.28 0.28 0.28 0.28
E R 66.35 58.85 53.6 31.35
R A& 0.00 7.50 12.75 35.00
Gk 4.74 4.74 4.74 4.74
K gk 2.37 2.37 2.37 2.37
H oy 1.90 1.90 1.90 1.90
%5 0.95 0.95 0.95 0.95
3 E ] 1.23 1.23 1.23 1.23
BRI A5 0.52 0.52 0.52 0.52
A7 A BR AT 1.56 1.56 1.56 1.56
A& 0.95 0.95 0.95 0.95
TR 4R 0.19 0.19 0.19 0.19
He 73,
ol 100.00 100.00 100.00 100.00

1.3.2 ZhikEARE AT A 2 JX K R 14
Jo R i AT WA SRFERT 1 d ZEEORARK
12 h, W SEALBRIREE S, Wraiahse KR,
T5% WS AR BUE R, HH 8 )5 19 T AR 57471
R R 0 B e f TR DA SO I L, S AU R
J o oy B ok, IBUHR A JHE IUE R B 2H 4 F
FRAG I | 55— 43 I I 9 R R I P47 T =80 CF
i
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1.3.3 I AERTE bR R4 A S A AT
9 I Ifi W AE AL AR FREEAT I E , A 4% . TC TG \HDL,
LDL UA AST .ALT INS .GLU,

1.3.4 [fiL#& SOD MDA GSH-Px & il & Il
WA T 10 mL SR LA B0 Je R 3L 1.5
ml JC B B0 A T FEAS I 22 1 PR A ZE-80 CHEAIK
HKFE . B ELISA A6 ifn 3 P9 % (MDA)
A H B S AL (GSH-Px) & i, RH]
WST—1 2 A6 ) 1fit % e 4 A W B AL T (SOD) 1%
o

1.3.5  HZURBL 2 AT F 50 R 2H 230 B i 20
ZURMITE 10% A8 /R SR D, A a5 217
WA il 4  HE R e o, Ja2e B F g
JHRE A R 1 B 5R | T A R A S5 R S A% A i = i
ST , LA K A I S A M 4 A R RE IR T A1
WA

1.3.6  PAT FJG& AR B M 0T FH Gy B0l
AT IIE PAT 2% 32 2228 [ Perilipin—1 ,ADRP
(Perilipin—2) F1 TIP47 )Rk 1E 0, BGE & 19 IE
AU, A 0.5 mL RIPA Z4f#% (5 2 1 B 1
), WFEERLIE 4 °C .13 000 r/min &> 15 min, B
Y, SR BCA 350 & 1 35 W b B vk
B2, BBV ppacV cpmwn=4t1 BRI INA E#E

v, 100 CJm i oA 5 min 281, ¥ 55 &
FHFRE S A SR TR A7 Tk e R i P Uk A B, R
BB A E R R O (PVDF) I L &
M5, 4y B Perilipin—1 , ADRP TIP47 1 8-
actin [ RF S ME PR DLER DN 25 (1 B0 e s i A
ODYSSEY FC iU 5 Gt (FEHA BRZ 7)) 6 4 Aol
BEL AT K BEEAE 23 B, M4l 9 2 85 11 B-actin
X e 4 SRR AT A

1.3.7  JFWE RNA #2880 &% RT-qPCR 43 #7  fifi
TRNzol Universal 27 & £ BURFIE & RNA, fiH
T 58 A = a) UL O 43 06 6 3 NDS000 il i
RNA ¥ B >k H SC T 2 7 PCR (Quantitative Real-
time PCR, RT-qPCR) 7l A UM o H aifn e -
3R I A (GAPDH ) . (A4 =10 (IL-10) | Il
LLREGW 1(HO-1) 33 A AL S B (CAT) F1 4 e
HRK (GSH) B FRE KT, FimEZ, kA
FastKing ¢DNA 5% — & & 5 77 & 8% & RNA
B cDNA, LA SYBR Green YRt FIHE S5
V(3R 2) WAL 20 wL A& & , 7 CFX Connect %<5
€/ PCR Kl RGe k479 4 ) v . LA GAPDH
KNS RS 27 S JE HE T mRNA (A
X} F kK

x2 5lWEF3

Table 2 Primer sequences

AR %A E® G (57-37) R e 34 (5°-3")
GAPDH CAGGGCTGCCTTCTCTTGTG GATGGTGATGGGTTTCCCGT
IL-10 CCTCTGGATACAGCTGCGAC CAGTAGATGCCGGGTGGTTC
HO-1 AGAGTTTCTTCGCCAGAGG GAGTGTGAGGACCCATCG
CAT TGGTTTTCACCGACGAG TTTGCCTTGGAGTATCTGG
GSH ATCCCACTGCGCTCATGACC AGCCAGCCATCACCAAGCC

1.4 HESHITSH

B R R P I B bR i 22 & A T 46 bR
¥ H Excel 2007 # 17 4t it ,Graphpad Prism 8.0
A AT VERE, One—way ANOVA Fl Duncan’s test
GrbT e A, UL P<0.05 2 S A geit =
X

2 HROW
21 AEAFEREMKRBREREMMASHEKXEE
N A

A ) 70 i SR 5 AR IR Bl R £ B R AR T Y

EunE 1 R, 5 CON 4M e, LFD 41 \MFD
ZH AT HFD 2H %8 B BUCR & & MR &R B i ¥
AR (P>0.05, & 1a A 1b), L7 0 L AEAH
S G bR A I 25 SR B HFD 21 59 K R I [
(TC). EH=H (TG). K% 5 g & 1 A &
(LDL) 155 % B2 B 28 11 IR [ B (HDL) 7K SF- 35 28 4
L EFA R E (P>0.05) ,MFD 4/ TC Fl HDL 5
HEH AR B AR (P<0.05,% 3)
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Fig.1 Changes in body weight (a) and food intake (b) in rats treated with different doses of fructose
3 AAFERBELEHKXRIMAE 4 TIRNER
Table 3 Results of the four lipid tests in rats treated with different doses of fructose
CON LFD MFD HFD
TC/mmol - L™ 2.06 + 0.64* 2.14 +0.25¢ 1.51 £0.46" 2.23 +0.62¢
TG/mmol - L 1.45+0.51* 1.49 + 0.28* 1.42 + 0.46° 1.54 + 0.44¢
HDIL/mmol - L. 1.06 + 0.29° 1.18 £0.19° 0.73 £0.31" 1.21 £0.34¢
LDL/mmol - ! 0.56 +0.13° 0.54 £ 0.07° 0.47 £0.20° 0.60 £0.11*

AR R A AR R TE B3 M 22 5 (P>0.05) , FREAR R A M 22 7 (P<0.05) 2K ] Duncan’s test 77722 5 b & E

2.2 AEFIEFRET K RIS AR A &2 M
AN [5) 350 5 SR X I BRU O T B8 A DG 48 A 1) 5
Ml 2 s, FRERR R M E g R kM, 5
CON ZH AH Lt ,HFD 2H K LU 48 % (HST) & 2 7t
{5 (P<0.05, 18 2a) il 15 5 brAGn i 45 58 & B, i JE
PLEAL M S H5 b5, TN I (MDA ) & 1 Bt % S b
F W, R B Y e T
XFHRZH (P<0.01) ,HFD 4136 & 3 = T 7 o SR b
20 (P<0.05, &l 2b), 4% e H Bk 404k ) B (GSH-
Px) 7 it Fifl 25 508 590 6 0% 5 i RIS, B HEFD 40
i F KT MFD 41 #1 LFD 41 (P<0.05,P<0.01,
2¢), HBAALYIE AL B (SOD) Th 1, K5 4] B

T
3 e
g
& 2 & g
Im = =
i) &z
il Ik
= ® S
<

0 = 0

CON LFD MFD HFD = CON LFD MFD HFD

il
Group
(b) 1L 7% MDA &

P!
Group
(a) R BRI E$5 %

A3 D A e 4 A 4 il 2 ik

fo T REZE i i SRR ) S 0 1 o T
ik, H HFD 21 /i 1% 4 5 2% I8 F LFD 41 (P<0.01, &
2d) ., FFTIBEAHCHR AR , A 7 2 il PN 45 TR o A I
M ELAE (AST/ALT) A FHEa, H HFD 4K
AST/ALT {H & % % T CON 4H (P<0.05, & 2¢), AT
I 42 o7 98 A 56 437 JE R 3R I R I & 3, SR
Ab A U I £T R A B -1 (HO-1) ik S AL &
(CAT) FA ) R 23 Ik H BK (GSH ) ) mRNA AH X} 3
KACEE R BT RS (K 2f~2h), H HFD 41
HO-1 1 GSH ) mRNA kK 3% TR (P<
0.05,P<0.01, & 2f i1 2h)

i 250

-
o
o

i 3

E — g N

5 — & T !

2 100 N2

£ S, £ s0

: =

SIS

S o is g 100

el <~

A e 50

| L =)

== B an

7o 0

3 CON LFD MFD HFD CON LFD MFD HFD
el gl
Group Group

(¢) L7 GSH-Px & i (d) IfiL 75 SOD i 775



245 H5M

RAE A SD K KT HE AW h #3647 60 B8

293

o
2 B .
= ~© 15
Rz
m — -'; 2 Qé 1.0
= E £

~ ="
ﬁ[’:(z =8 %I 05
‘j‘é pg -g o
i ~ & % g
o CON LFD MFD HFD Ql é’ " CON LFD MFD HFD
i JreH = Iy
& Group Group

(e) I AST/ALT 15 () IE HO-1 mRNA
AHXS £ 3k 7K

it

CAT mRNA %} 235 K F

= 15F B

% xy\' % 1.5

= 2=

< /

EZ 10f ® 5 >

B g = B K

% BN

g5 ey

Z 6 0.5 E z 8

£ EZ®

< < o0

Qg 0.0 CON LFD MFD HFD % é "~ CON LFD MFD HFD
g @ SR
Group Group

(g)HFHE CAT mRNA (h)JFIE GSH mRNA
AR XS 2 3k 7K LMY/ S S

SRTRIRZE SR W3 (P<0.05) 7 RIR 28 R 3 (P<0.01) .

B2 AEFEREI KBTI EEXIER N

Fig.2 Effects of different doses of fructose on liver function-related indices in rats
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FRKF B ETHE (P<0.05); Fpisb B4 ADRP
I TIP-47 AR RBACEHA FHm it s, 22 5%
AN E (P>0.05) ;1 HFD 241 PAT Rk MKk & R
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BTN TR R B A Mg I AR 42 (I 3 ), T o B2
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HRIEF N F TNF-a IL-8 1 IL—6 5 A K3k
Yok % A 2 AR AR (P>0.05, 503 R R ) | TR AE
A F IL-10 W3R8 KF &8 B AR, 1
H HED A1 MFD 203 8 2% T LFD 40 (P<0.05),
HFD 2Hif i ik T CON 4H (P<0.05, % 3d) .
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PR B 7K F B9 34 i
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Fig.3 Effects of different doses of fructose on fat accumulation in rat liver tissues
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Fig4 Effects of different doses of fructose on blood glucose, insulin and uric acid levels in rats

ZIKEH 5T CON 4 LFD 4451 MFD 4 (P<
0.05,P<0.01, & 4a 11 4b), FRER K25 5 % 21, R
WAL B A R RIS IR R KA L H, il
HFD 41 JR B2 7K °F & 3% & T X B 41 (P<0.01, &
de) iR BT X RRAL Y 1.95 %,
25 AEAFERENKRREBEALRTELERD
A

WK 5 Fis  HE Je (045 5 L B CON 4K R
IR Mt 2 A5 R T B, R LR BE RS 9 B A LT 25
IEH , R/NE— LFD 1 MFD 21 56 & 240 f 2 o 21
23S PR FIE RO R 4, TR ) 4 M B S iR AR

AL . HFD 21 5 20 A 2 6 A5 4 A g o i fR
B | LRV E IR RE = L I T N
INA— JEAS B AL | H 1R 2 235 K & 3
BRI R MBS T KB4,

3 itig

T MBS TR DK, HEERZ
[ F) 56 28— B i RO I (485 SRt f
J3E 1) R g 5 B CR B BB M DG, AR IF ST AR
WHO e 8EA B JE T 55 8500 = e 30k, e
T (35%) P (12.75% ) AK(7.5%)3 A5 4 i 2R

=
w
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Fig.5 Effects of different doses of fructose on the

pathological structure of the rat pancreas

B AR EMEI I SD KB, 3 5 BIF ST AN [ ) 0 SR B A
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B e, 5 SCHR AR — 200, SFOWE A B 2 2
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Perilipin ADRP 1 TIP-47 %5 41 i , fig 96175 5 40 g
Jig W5 7N (Lipid droplets, LDs) ) F 2P A 3¢
HE J 0,25 BLF — 25 3R W R B IIE b A2 76 A [F] 72
JERI A RS CAWFITIE I | 5 2
RTR], SR WEAE I IE D i 3 2 24 20 R, e bl i bl
VAR AL Ry 1 - AR WH SR 5 H 1 400 e fL 2
it Ry Wl R — R D R I I S AT L
o VN WE S A A I B -3 - IR, ) i A B
file A e A AR R T A 6-BE R
SEBE I 1,6 Wi R LM i Ak 0% B 1R SR I 2
B ATP FAFAGEFR FR M, DT 22— 25 300 1 e et
RGO IR SO SR T e A WA B SR
AP, RS 2o 7 b A PRl S

2 WREAF LL , SR AT AP 1 AR, DT SR R v ]
PR AR L s A 3-BERR TR A 2
WEA G A, AEHE T R8T Sk G BRI BE G W 1 &
SRR A B — A AR AR A AL
PR AE 1 K A=20 F BR AIE RRE R v B B T T
PURAE T KPR, AREFE S5 L B 2R
WA A 30, R BURFIIE 30— 5 1 RE 12 30
% HHURAE H T IL-10 7K 3 P AR

e SRR IR — A 2 R TR M R D
(NAFLD) & £E 1 fi [ R 21282 i & W, /B
P i SR AR ] B BT R B
WFEF A A A8, e 28 S SO TORS M R D I 9 &
A0 ARSI 1 FE Y R AR A 8 SR SR AR
MR EC ST 24 BED) REAH OCHE Ar 1 5
VR AR A Qi UEHE £ HST AT AST/ALT A 7+
= PrA LT bR SOD T, GSH-Px T [, MDA Jt
B AARN A SE HO-1 CAT 1 GSH T &% | X
L5 v BB S SO R ) B A2 A A G i 25 R —
B, HE—2PRI, AR A A rh AR A
AT IHAREE, RAREELZIEST SOD
TR TR DS R R R B
A G IR i 790 R A A % S B i AR
SR REHE AR R BEJE — AR R KU R &R £
233 NAFLD W&, WifE 05 &0 R
ANEE TN IR AT o N T

AR SCHIFFE 45 SR R B, v AT SRR A
X R BRI LT AT s, B ) R OKF 2T
Xt A ZH, PR IR /Ko B e AR AL, SR, 7
A ST, ANE R BRURE AT R 5 2K
WETE RBRKE WS T 94.6% ., A HiGEIE
W, IR T (AL AT 0 P R K B —
MR JR AT (ATP) Az B — BB BR 17 (AMP)PY, ATP K
T FE K B AMP B8 S i O MG O, R
AMP K46 Ry IR 2 | DR 2 (1) 3% W7 B2 TE il
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Abstract

Objective: To study the effects of fructose intake with different dosages on function indicators of liver and
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pancreas in rats for the healthy consumption of fructose. Methods: SD rats were fed a diet containing fructose at doses of
0% (CON), 7.5% (LFD), 12.75% (MFD) and 35.0% (HFD), respectively, for 8 weeks. After anesthesia by carbon
dioxide and execution by cervical dislocation, blood, liver, and pancreatic tissues were collected. The changes of liver
and pancreatic function related indexes were detected and analyzed by immunobiochemical analysis and Western blot. Re-
sults: There was no significant difference in body weight and food intake among rats treated with different doses of fruc-
tose (P>0.05). There were no significant changes in blood lipids, liver and pancreas function indicators in LFD and MFD
groups compared with CON group, while the hepatosomatic index (HSI) in the HFD group was significantly higher (P<0.05),
and the serum TC and TG contents were the highest. The serum SOD activity in HFD group was the lowest, and the
GSH-Px level was significantly decreased (P<0.05), while MDA level and AST/ ALT value were both significantly in-
creased (P<0.05), when compared with CON group. Moreover, In HFD group, the mRNA expression levels of HO-1 and
GSH in liver tissue decreased significantly (P<0.05), while the total expression of fat accumulation related pat protein in-
creased significantly (P<0.05). In addition, the blood glucose and insulin levels in HFD group were significantly higher
than those in CON, LFD and MFD groups (P<0.05), and the islets were found shrinking. Furthermore, this study also
found that the level of blood uric acid in HFD group was significantly higher than that in the CON group (P<0.05).
Conclusion: High dose fructose could affect several parameters of the liver and pancreas of SD rats, and had potential
damage to their functions. Low and medium dose fructose intake had no significant effect on the liver and pancreas func-
tions of rats.
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