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The molecular mechanisms of low lead exposure promoting Hcy
increase in rats with nonalcoholic fatty liver disease*
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Abstracts: Objective To study the molecular mechanism of low lead exposure promoting elevation of
homocysteine (Hcy) in rats with nonalcoholic fatty liver disease. Methods Forty SD rats were divided into the normal diet
group, low lead exposure normal diet group, high fat diet group and low lead exposure high fat diet group. After 8 weeks,
all rats were sacrificed. Liver function, liver and blood lead, serum Hcy, inflammatory factors, MTHFR, MTR and CBS
protein and mRNA expression of liver were detected. Results The liver sections were normal in normal diet group and
low lead exposure normal diet group, and had obvious fat vacuoles in high fat diet group and low lead exposure high fat
diet group; the blood lead and liver lead in the low lead exposure normal diet group and low lead exposure high fat feed

group were higher than those in the normal diet group, and those in low lead exposure high fat diet group were higher than
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those in low lead exposure normal diet group and high fat diet group (P < 0 05). The AST, ALT, Hcy, IL-1a, IL-1f, IL-6
and TNF-a in the low lead exposure normal diet group, high fat diet group and low lead exposure high fat diet group were
higher than those in the normal diet group (P < 0.05), and folic acid and vitamin B12 were lower than those in the low lead
exposure group (P < 0.05); the AST, ALT, Hcy, IL-1a, IL-1pB, IL-6 and TNF-a in the low lead exposure high fat diet group
was were higher than those in the low lead exposure normal diet group (P < 0.05), and folic acid and vitamin B12 were
lower than them in the low lead exposure normal feed group (P < 0.05); the AST and ALT in high fat diet group and low
lead exposure high fat diet group were higher than those in the low lead exposure common diet group (P < 0.05); the AST
and ALT in low lead exposure high fat diet group were higher than those in the high fat diet group (P < 0.05). The MTHFR
proteins and mRNA expression in the high-fat diet group and the low lead high-fat diet group were significantly lower than
those in the normal diet group (P < 0.05), and those in the low-lead exposure high-fat diet group were significantly lower

than those in the high-fat diet group (P < 0.05). Conclusions Low lead exposure can promote the increase of serum Hcy

while high-fat feed, which may be related with it can reduced the expression of MTHFR in liver.

Keywords: non-alcoholic fatty liver disease; homocysteine; rats, Sprague-Dawley
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H% ( non—alcoholic fatty liver disease, NAFLD ) WATHR
A, RIS MR R Iz AT, [ A
NAFLD 835 1 3 [ A2 pE & iR ( Homocysteine, Hey )
ARXTTCETHEE NAFLD JE B Thm e PR 28 2 4
7E NAFLD AR i fe b, #yal fE i Hey 14
T, B ZAE RN Hey Th o MIOARBFFEM Hey &
NGRS A TP BN NAFLD KEARZm, A
A IR EEA NAFLD (3674 fit—E Y 3ie RLa .
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1.1

111 FEBshdhfeiindctt  TTRPERIRIAEY SD K
40 H, 1A 160 ~ 180 g, MEMER, YT E I
BRI S s b (S EH%IES : 2011-007 ),
W SE Ji5 i 35 T AR /N sl iR 35 B, ) S R A o A
18 ~ 26°C, MRJEEHITE 55% ~ 65%, J6HAFIMRE &%
PET 4 12 h, SEES AR B BR A0 B2 D 25 W Al ad (i
5 R-082018044 ),

112 A EEMERRER, Bk (RWE
B ES s hey ), Hey KR & (sl i+
TEAEY TREARAR ), BERe (U EAYA
Al D, BRI E R A (IR RR A B AR A B
"), HAMEAZE -1« (Interleukin-1 ., [L-1 a ) FI
M40 M A % -1B (Interleukin-1B, IL-18 ) iz 51
& (R A TRARAR ), HAREANER -6

(Interleukin—6, 1L-6 ) F1 Jif & 38 3 A F — o (tumor
necrosis factor— o, TNF— o ) 3578 (R 5% DA 9
BHEABR/ H ), MTHFR. MTR. CBS #1 B - L3h &
H ( B-actin) $ifk ( EE Santa AF ), —H0 (Jbxt
LA ), B RNA $2EGLHI & (Jh AR 1L
BHEABRATD), 5149 ( LA T A TR A R
NCIDE

113 s Al it (722-S 1,
FOEEEALER T ), BT RO (FAL004 B, |
MaeE R —T ), A ShMKAL (ASP-300S A, f&
[ Leica A H) ), HXEERTRELHL (5427R A, &
[ Eppendorf 23] ), FEhUIAHL (KM2245 A, fE[5
Leica A ] ), AEWHZUIEHL (BMI-1 8, i
IERABRA T, YR BB (Eclipse E200 7Y,
H A Nikon 24 H] ), 4= H sl (C8008 A, 3
E=)ii35/Ni N

1.2 Fik

121 o @A A rE KRRAEEEG 4 TE
REPERRSE 2 JH, SRJ5 4 B BEALECE R o o5
TARHA AR B AR (0.3 g/kg S BETRHT i
Takb ). IR S ARHT e B R IR TR (0.3 grkg
ErBETRAT = B TRRL, R A AR =5 Sk [4] )
AR ), B4 10 H Y. Rl SR 5 0F R 77
8 JE G AL BERTA KR

122 #RARSE KEOHMKEEREEE 12h, FIRH
K 4% KA FTE 3 ml/ (kg + d) BREFALIE, K HF E
TR, SR CBEBUM AR M, B S ml BT
EEE A AR BER IR RGN , HAR M 4 000 r/min 25
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0 10 min BB B3, A HITARSCA AT R ARAGI . Wik
M, BUEAPE, Z—UJBUNZEmt & T 4% W
WP TR =R, AR 4 /N, Horp 1
NPUE AR A T RNA R, A B
HRIR VKA T AT Western blotting FIAFERAG

1.3 WEI5R

130 84T ML D RE 48 A A R i
(‘aspartate transaminase, AST ). A Al (alanine
aminotransferase, ALT ), Hey, M- S 4k = 2 B, A
FE R4 H S AT, AR I i A2 R
AEEEET, -1, IL-1B8 . IL-6 Al TNF-« (W
IR It S ol & ) A o VI I 1 A 2 I | D N
IL-1B . IL-6 FI TNF- o B 5E A 4% RG] & i A
BT,

132 JIFEAZRBES  JFIRHSURES R AR A
ARG - P2 (hematoxylin—eosin staining, HE ) %A,
HP TR BRI VR IEAT « Db B VAV P e
WELHZL, F SRR e, B BEAS K , — FR 3 1
A PR

1.3.3 M #F 5 R H Western
blotting Kl , M I VK S B IR 2, f 4
KEHAAREL 100 mg, FH2H 2V T 24 I 2 0 T W4
13, BCA BRI AR EE I E i, AR S0ng
17 SDS-PAGE, HLIKSEREF T 5] PVDF,
5% NG AF Wh A 2 h SRR 3 K, A —$T [MTR
(1 :2000), CBS(1 : 3000), MTHFR(1 : 3000)
Al B -actin (1 = 5000) ], ¥ K #% 2h 30 min 7 &
F4CUKFEH R, K HBUR YRR 3, AT
(1:5000) BH 1 h, VM3 K, BEEBLER. K
FHEOAE SR, Tmage J AT IEo0HT 257 JK
R HE 3 IR

Western blotting
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AR SR 1 P
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BHEKXRIFEARFEY A

1.3.4 SEHRAEZ RSB ( quantitative real—
time polymerase chain reaction, qRT—PCR ) SRR
A RNA FRIBGAT & HR IS RNA, 8 s IF R, i
M cDNA JFHEATY 1, SO« 95 CHIZEE 10,
95°CAEME 5'5,60°CiE K 31 5,3 40 MEH, R 2
PRI E I M4 41K B MTR . CBS Al MTHFR mRNA
FEX Rk W 1.

%1 oRT-PCR 3|47l

IEM: 5- ATCCGCAACTACGGCATTGA-3

MTHFR 98
Jli]: 5- TCGCGGTTGAGAGTGTAGAA-3
iE1a: 5—- AGGATGATGGCGATGACTACAG-3

MTR 219
Sl : 5- TGAGCTTCTCGGTATGGTCAG-3
iEN: 5- TCATCCTGCCCGACTCTGTG-3

CBS 148
J2Ii]: 5— GGTGCTGATAGGCTCAGC TCTTG-3
iFl: 5- TAGTTGCGTTACACCCTTTC-3

B —actin 122
JZ1i: 5= TGCTGTCACCTTCACCGTTC-3

1.4 SFitFEHE

BB R FH SPSS 20.0 Geit#kst. VORI
B+ i (x£s) Fon, WEMFT 2T, #F—
ST L8 LSD—t Ko, P <0.05 25 S i 2

7R

BEXRATIRES

38 AR ZEL AT Y e 7 0 10 ek 2 D) A 3
WG, FFARREHES S5, T R T A AR e
e JI DAL ZELIU) B S AR 20, A —RE 4%
SiE TR, R R e R IR IR AL, BRI 21
WRHERTZ ., W 1.
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2.1

& I K e

Rl (T4 ey e e 2

( x400)
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2.2 HAKXKRMEFFAFERELE

AR BUM A A4S & b, R E £
ST, ZERAEGIHE L (P <0.05), KA
0 Ak ARG A e B v I T R 4 2 o o A A
(P <0.05), fIRHTYLT M R T kA i T4 e 73530 1)
BHAFIE AR (P <0.05), W3 2,

F2 FAXRMBFEFHEILE  (n=10, pgml, x=s)

ZH 51 T4 T4
Sy SR 0.11 £0.04 0.88 + 0.37
MR YT i L 0.25+0.09" 242:087"
fYiEah | 0.13£0.10 0.95 + 0.43
ARG Itinp S x4t 0.32+0.12"7 3.22+1.19"%7
F1y 37.792 21.458
P1A 0.000 0.000

VE: (D5 SIS, P <0.05; @54 i s kil
P<0.05; ®5Eigk4bi:, P<0.05,

2.3 &HAKR AST. ALT Eb&

HAH KRB AST, ALT B, LRI Z0H0r,
ZRAGEHFE L (P <0.05 ), (R4 Y53 R |
e e TR RV e 2 i i TR R A 2 v 1 e
(P<0.05), mfRTEHELFMRET YR S e Rkl i TR
YL ESE AR (P <0.05), ARAS YT s i ik 2H
ETEEERE (P <0.05), W3,

#3 KAKFRE AST. ALTEEE  (n=10, u/L, x+s)

251 ALT AST

W3 ek 72.85 £ 4.35 153.14 £ 9.40
ARA Y i3 ek 2 81.17 £8.33" 17143 £ 12.27"
[ e il 97.24+9.98" 195.15+17.82"%
R m bl 11875+ 1834™%%  233.19£19.16™%7
FiE 35.791 24.422

P18 0.000 0.000

T DG EE RS, P <0.05; @ S{EH 4 dE0 fR 4L,
P<0.05; @5 @ik b, P <0.05,
2.4 HKHKRMF Hey, MEERHELESE B, LbE
BHKE Hey, MR M 4EA:ER B, LA, S
EHEM, ZRAGITFEX (P<0.05), FEH
R AT YL B R AR TR Hey /& 5 ek 2 FiG
LEEESE AR (P <0.05), W4 EE B, KT
3 ARk ZH A A G AR R (P <0.05) 5 fIRES
YeREm R AEHA Hey mi 7wl EH (P <0.05), it
FRAAEAE 3R B, IR T BRI (P <0.05). L3R 4.

F4 BHKR Hoy. HEBRHELEEB, K (a=10,
X+s)
- Hey/ R / YA 2 B/
( wmol/L) (ng/ml ) (ng/ml )

W3 k2 542+032  512+036  1.11x021
(RES e m AR 547034 5.03+0.41 1.05+0.15
[y, [k 254 6.86£0.75"% 459+0.58" 0.76£0.18"%
IR e w4 8.74 + 1.097%7 437 +0.82"%7 0.65 £0.12"%7
F{H 4.242 3.386 4.487
PIE 0.002 0.005 0.001

e OS5 AR R, P <0.05; @ 5% Y53 ke,
P <0.05; Q@5 Eigtkd iz, P<0.05,

25 FTHEKBRKERETFLE

K H KR IL-1a. [L-1B . IL-6 } TNF-o [t
B GRR R Tr 22500, 2R A FE X (P<0.05),
1o T A A RV G 5 5 i T e 2 3y T k2
MR Yl Em ikl 2 (P <0.05), A Y2t v i 1l
R T gk (P <0.05). WL 5,

#=5 THERKBRMBERERFILE (n=10, ng/ml,
X£s)
2157 -1« I-18 1.-6 TNF- «
TSEERIZE 024005 022+0.06 0.75+0.12 1.65+0.21
AR YL
i 025+0.07 023+0.05 0.78+0.15 1.72+0.40
Ak
Bl 042 £0.127% 0.39 £0.09"7 1.42 £ 0.25"7 2.23 £ 0.52"”
0.57+0.12"7%7 045+ 006> 1.98 + 0.43"*¥ 2.98 + 0.74"*¥

HEARNH
FAL 35.465 32.647 21.438 24.872
P8 0.000 0.000 0.000 0.000

T OS5 @ mRE S, P <0.05; Q5 R4 Yuss i mmkl ,
P<0.05; @SRk e, P<0.05.

2.6 HEAKXBHFPEH MTHFR, MTR & CBS &
HEXN RIEZE LR

B RFEFR MTR . CBS 2 A Fk g, 2
SIS E L (P>0.05), SAKFFAEH MTHFR
BRI L, SRERE T EZMT, ERA%
TR (P <0.05) 5 (= AR Ak 2 A4 4L 25 5 i 1)
BHAAR T @ AR (P <0.05), KA YL & IR ik
AR T IR (P <0.05 ) ; R BS Y755l i Rk 21
5@ R RZH MTHEFR 28 AR IR R TR, 2270
GiitE L (P>0.05), VL3 6 FIEl 2,
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*6 BEAKXRIFPEFR MTHFR, MTR % CBS EHHEMRIZELLE (n=10, x+s)
415 MTHFR MTR CBS
3 e ek 0.52 +0.08 0.63 £0.06 0.55 +0.04
SRR RS T ih 24 0.57 £0.06 0.65 £ 0.04 0.56 = 0.05
AR TR 0.36 +0.07" 0.61 +0.07 0.58 +0.07
TRES YL i AR k2 0.23 £0.09"*" 0.64 £ 0.06 0.59 +0.05
F{E 22.385 1.476 1.886
PH 0.000 0.105 0.102

1 Q5w R g, P <0.05; Q5 mmRidl, P<0.05; @5mismEd i, P<0.05,

1.0 5
1 2 3 4 utz)
iy it 2 0.8 4
MTHFR -‘  — 45000 kD Hé
= 0.6 -
oo
MTR S S S ) | ) = = .
45 0.4 4
»
CBs WS SN . 000 kD g 000
= 0.2 - Iesets %
. = = il /
B —actin W S S > 000 D 00 ./
1 2 3 4
1.0 1 1.0 1
IH 0.8 - 0% 0.8 4
gfé " )
&z 0.6 1 = 1eened % .Hﬁ 0.6 < ..é« %
Jran P — el = 2122
= —— reretl = Vesesd /
I 04 A f— 44} I 04 #4044/
] = o4 i eete
ot =— HE [77] » ”
=02 4 — 149044 2 02 4 ;ogﬁ
= = 4444 © 133344
—— RIL é peeee] /
0.0 it ‘ 0.0 . gy ;
1 2 3 4 1 3 4

L iR 2. MREVRREE R 3. mlRtRi; 4. IREREEIEEE . OS5EBRAHLE, P<0.05; Q5T

Wik, P<0.05; @SR HE, P<0.05,

2

2.7 & X R A E  MTHFR, MTR % CBS
mRNA 183t FRiZE L&

£ 20 BT JE v MTR. CBS mRNA AH % % 35 & [t

B, Z2REGIHFEE X (P >0.05), &4 K EAFET

MTHFR mRNA MIXt ik b, SRR 20T,

£AKXBRIFIEH MTHFR. MTR X CBS &AM RIEELE

(n=10, x+s)

ZSRAGETFIEL (P <0.05) 5 Bl IR AL R
TN PR IE TR BDRAL (P <0.05), (4T
F IR AR AUR TR BR AL (P <0.05) 5 (RHT Y
A A4 A58 AR R MTHFR mRNA AR XS ik 5 L
B, ZRTGIFE L (P>0.05), Wk 7T ME 3,

*7 BAKRAIEH MTHFR, MTR % CBS mRNA 83t RixELEH (n=10, xzs)
Rl MTHFR MTR CBS
e f Rk 1.01 £ 0.02 1.00 + 0.04 1.01 +0.02
R YRR T Rk 0.97 + 0.04 0.97 + 0.05 1.03 +0.06
[=f o e 0.62+0.06" 1.01 £0.06 1.020.05
R s s it 4 0.38 +0.07"%" 1.03 +0.04 0.99 +0.05
F{H 20.189 1.441 1.533
Pt 0.000 0.106 0.104

W O5 @R, P<0.05; Q5 YEERRLL, P<0.05; @S5mRRRLAHE, P<0.05,
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1.2 - 1.2 1 1.2 4
1.0 1 == 1.0 1 = »3&: 7/ 1.0 4 = ::M %
— —] K =
Z 038 = ~ 0.8 1 = e ~ 0.8 = o /
= — z — i — N
E = = — — i
< 0.6 = £ 0.6 1 = g 06 =
= — = = I A — "
g 04 = £04 1 = MM S04 = i
= = = =
0.2 - 0.2 1 = 02 =
= = M =
0.0 — 0.0 T o T 0.0 —
1 2 3 4 1 2 3 4 1 2 3 4

1 et s 2. IREY B R 3. SRR 4. (RS R EL . D5 EEAEE LR, P <0.05; Q5UHYE

, P<0.05; @5mfsmEd e, P<0.05,

B3 &KEAKXRIFEEH MTHFR. MTR & CBS mRNA tBX &2 L&

3 itig
AR [ N AT B REA T T R B TR TR 2
WE5E 2, LAFRE R, 2009 4E LKA o345 il 2 18 vk
HrhEREm SR, SEErhERE EEE DT
B TAEN G, s A h 2O b, B
RIFNECEZ | T 1B AP RE 5 IEW ARE
ZFPERIR I AR P W 225, (HUEX T A
Yo P PR B A LT 22 IR A U ] el o T IR
AHE, M0 Hey W2 —A 28 54605, A 2endig iy &
MG Hey #ICHTh 25 09 BR 107 83 T8 b o i
Hey fFHE 5 B R UIAR G

Hey 75 1 N /9 A= B0FN 43 fif 32 2258 iF MTHEFR
MTR F1 CBS 3 Rl ST, B it , Hy
fit} 25 1y CBS, CBS Al {4k Hey Fl 22 2 W2 4 5 A= 1
B, AT — 2] A B B H R AR S AL BT
AAkRe 1 " S — AR SN IE Y B LG MTR R
MTHFR, 7£ MTR f{#46 T Hey I H I PO &g n] A=
BRI E iR, SRR 0] g AR, T
DU S R IIAE MTHFR Ak F07 A il FF L O SR
AWFFE RN, %41 MTR Fl CBS k%A 25, At
3 AR 2H 5 A Y R iR MTHER 3R TC 25
S, 0 e i GRDR2H AV L 75 = B TRDEHH MTHEFR 3R
MR T A, R4 S = A TRk 2H o ]
TR AR, X3 IRTE R B A = i Tk [
BF 25 T ARAR Yo 3 7] DL UK B Hey i, HAS S
MTHFR A I5 55 A G

FFAmE A RAEIRA S CBS. MTR Al MTHFR A B
XA FEMRERAE & AR, TNF-o 2H
PR R, TNF-o 7 EHEE IL-1a FTIL-18,

(n=10, x+s)

AN TNF- o A0 FBE Kupffer 208, {23F 116
B PR AR A Sy & A I, T SO FH SRR e A
HETT & Hey AR/ 55, 52T 30 Hey FH s
AWFFRAER TR, AT Em e, AR e im
FRRHA R UM S IL-1 o . IL-1B . IL-6 Fl TNF- «
JEBCA WY ot o 5 A 3 e 2 R e
TR AR G, B e 2 R A Y o o R Tl Ak 4 11—
la . IL-1B . IL-6 Al TNF- o BI@TFE. T mEhE
TRk, AT EE S IR IL-1 o . IL-1B . IL-6
FITNF- o Bl TR, XS IRET Y AN X IE R K
FRAAE R F RS Hey Frm AR #EERT, eI
s, W21 FH i Hey FISRE S .

gE LTk, AR YL EEXT NAFLD KR Hey THif
AR ARTEAE T, 3k S5 AR B A PT 38 I 98 E S 0
AR MTHFR 6354 5
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