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W E. ARBRBEEARTHRABHFFHORAME T AL EMXEOHE T E2 48K RH T 2
(Nrf2)  fesr £ 84 8—-1(HO-1) 5 W T M &% 48 % & @ C/EBP Fl /R & & (CHOP) | 7 & 42
& @ 78( GRPT8) & A 89 % vh 3R 3F v BR *F 45 3% 55 5 B89 M IE AR 4% 09 T FAE R . 3 32 AR
TAF R Jm R (SPF) B SD K RAeh T —H AN -FH oM 4B (n=8)  *FRA(C4, AW
MARK+ImML A B FREF) 44 (LA, AHKR02%WEERAEE R+ mL X8 FREF) T
FRLA(140, 8 W4k 0.2% 9 BEBR AL +1 mL *T B B RR B § ) »TBR 4 (F 4, A d4kKk+1 mL
R B RRER ), TER A RRAER 0.4 mg/kg BW 9 B A BE R SAKXKAFARER 1K,
HHER 14 d BB RELA LR R %98 3% % kM 2 Nrf2 (HO-1,CHOP GRP78 iX 4 #+ & & # & ik
KF, BREAW . ECaMt, LA TAFRFANMAET RAhET BME SFBE HEHRHLL
B ETA(P>0.05);L 48 144 F 205 )i ¥ CHOP #= GRP78 & @ty £ L K -F B %7 & (P<
0.05) ;L 204= T ZBAFIE F HO-1 Z G e R LA KPR FH & (P<0.05) ,Nif2 FE KL KF LR H
FAL(P>0.05) ;F 4 Ak e P HO-1 & & #9 R A KT 2 FBAK(P<0.05) ,Nrf2 & & kA K-F LT
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MZINREEGL, FRERKROMR 0.5 /L L
PR 1 275 5 DR 4R 7 38 DAY ok IRF R 984 s i 1 o0
145, Samarghandian %" BIF 5% % B 1 R 5 38 i
U BT I 85 | R I I 2R L, X8 I R 3 A A
AL 2 51 R AL = A9 T P A (ROS) FIIE T A
(RNS) Az R 48 Ak il 0 1 R A1, 28 1 5 35N 1R
A sh g pe it BIEF B2 MR T 2
(Nrf2) & —Fii i K ) ROS Fl RNS i L 2
HeLA 403 7 A Ak R B8 2R 5 T OGBSI, S
AL NI/ (ARE) 454, IF A S R A&
fiti—1(HO-1) Ay 3Rk , HL[m) 75 4 A A Ak 15 43 77 1
FEAG S0 B0 VE L, nT R S LR D 4 e 4 Ak di
il es 1 TR L SR R AT AR i N I
WS E IR, X 5 095N A S A C/
EBP [F] i 4 11 ( CHOP) | #j % # 4 v & 1 78
(GRP78) ik 19 I I8 1 2 bt & R 8 A i — 12
(Caspase-12) Hy ¥4 7% A 527 . GRP78 J& N it W
JE NI Ca®* 45 & 43 AR, HA I8 5 & AU 6
Jo R A AR ) GRPT8 ik 1K
67 B A S A R T ) SRR A B S AL
CHOP Wit 23k AR 3 T & S0 B i b 1z 200 M 1) 9
TV AR B O R 1 Nef2 (HO-1 P J5 19 7
A2 1 GRP78 ,CHOP Z [ fF1Ed —E L&,
—J7 10, Nrf2 7] i 5= #7452 M GRP78 ,CHOP Al
Caspase-12 J# T3 [ 4 1001 P4 J53 1) 1 354 ot 25 240
AT 55— T, AR K S 1) GRP78 ] BE i i Bl
s E-45 5 8 RN E B R R, TS Nef2/
HO-1{5 53 % , 5 3045 I o AN e 3 B8 4= 28 6k
T AR LTS A S e (e & 1A bl S AT $.0)
BLIAR AN 38 B AL S35 3 A TR R B ) a4

— I R PG R C Y E R E B-E b
FRERIAN S X ET I T 00 AR B A 8L A AL
HARPER" B AR £ 0.4 mg/kg BT
Rt 0.2% Fis R 22 88 5 800 KM T fn g )20
JREAE M S 8 0 LA R AP AR, TR & B T
YerEZ 22— AT LIAESN i BE 38 B 700 39 5 9 U5 1
YA LRGP R AERT . TR T
T 25 0 20 20 S AR 30 000 O B 9T A &2 (HLJ: I R X
i S 10 S IO S8 PR B O 385 | A 1 i 5 4
8T T T 16 A DL AR, A 3 40 3 5 O ¢ 1 iR
X A 8 R B EE T U 48 i LA K il AR e N2 |
HO-1,CHOP ,GRP78 #& [ & ik /K F- 1 52 ), #% 1+F
I i XoF 4 22 K B IR 4 A IO 38R A9 O DR 7 3 5

P it JUEE A5 3 ) T TR

1 #MR5FZE
1.1 iR

BERR AT, b 5tAb T PR , 92 [E Abcam 23 Fl ;
FLBA TR — T ( Nrf2 \HO-1 .CHOP #1 GRP78) & —
Y[ BRI A AL B (HRP) bric £ Bt BB f
Piebiik], EHE CST A,
1.2 S ARERMET

VEFE 32 HBUAE O 4 E s I A4 ( SPF) 2 i
SD K[ WA L s b, S IES : SYXK
(#)2018-0005] , /R 200~220 g, e/ E—2 1)
JESEH1 50 i 4 240 (n=8) , & 4L dE A7 U0 R kb 3, %)
HRZH (C 4, HFERK+1 mL 2588 F /K Jedgs
(L), HHIK0.2% MBS PR W +1 mL £
FARBES ; THA(T4L) , HHIK 0.2% (1T TR #5 1%
We+1 mL MR (5484 0.4 mg/kg BW ) & it ik 7
B RRA (F ), AMMKoK+1 mL IR (&4
0.4 mg/kg BW) B S, MHiRE 2 d B 1
W, IR, B K [ B 1] (15:00—17:00) ¥
B, ESEY 14 d, W8 K RERE A 20 ~
25 T, FHXHE E N 50% ~55% , % K550 51~ 12 h
()R T A o 3 ) PN ) %, T MR ) R Ay ) e A S 56
Bl e B AL A KRR ORL AR R
1.3 KREETUHIER

e DI 5 30 25 A BT, B K H 43 B K OF- FR
KRR, T 4541 K R IR E ARk,
1.4 MHARESHRFIBHNE

JE I TE 5 7% 7K AT (3.5 mL/kg ) K K BURR
Fi¥s 5 A BE , fift i) A vk L U o B e Al 2 4T, W)
TR K IEPRE , B 22 il 1 |2 2 2L
A LU T LA I A Ak R SR G B
Nrf2 F1 HO-1 F1 N 5t (¥ 7 38 #H 5¢ & 1 CHOP #11
GRP78 [ R BE L, LRG| A 5, U 4R BR V5
I, Bt 57 BV VR T JC TR VR AE A Y, R BURE 4 25
HG, e E-80 CrkF T IRA7 F .

Jili e BO T AW .

it IE 48 55 (% ) = 100t IE & (g) /AT (g) o

1.5 BiBE B &1L B # 48 < & B Nrf2, HO-1 #
AR R 3 8 < & B CHOP, GRP78 E B Xk i&
K F R E

145 i A 2 20 MUK AR PP B, 4.9% W 152 24 h,
ZAMAIRY) A, IR B R LR K, HR
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W ZE I b A LY e, R R R A L
PAEE 12 min, B HIG HBERR 522 vh il (PBS) Uk 4
WA 10% B P, # IR A& 20 min J5 B &,
—HT(Nrf2 Fl HO-1, 4% 1:200 Fi k) B 4 CH o
o RIS HRUH 22 il R 2 41 2300 f | [F] B 42 PBS
VE AW PR PVEE 12 min, A 10% 5 W, %
RCE 20 min J5 B L, I—30 (3% 1:800 i BEHY
CHOP F1#% 1:1 000 Fi B& (%) GRP78) & 4 T & i
., H,H PBS PESE AL 1:1 000 Fa R 09—
PU(HRP #ric EH R M EPi %), 7 37 CHEH
90 min, FH PBS ¥ 3 Wk, i @ (A7) & AR
Bef (DAB) .0, 148 47, 6— — kI —2— 2 F ng| g
(DAPI) & Q4% 1 min | B 2% KGR £ R 5, B de
MR R AES (200%) T 5 AR 0 SR 4 1K
1% , /| Image pro plus (IPP) 6.0 3434740 #7, it
TR HR BE P R B 1 T 2 B 4y 6 % (ATOD) {E

( AIOD = . AIOD/[H fH) .
1.6 Zitsrih

B K SPSS 16.0 4 k47 B H & 7 243
M1 (one-way ANOVA) , P<0.05 £/RnE5 T35, K
I - Y (8 A 25 R o

2 H#RESW
2.1 SHAKRREEETNHRMAEIEE

&1 a8, 5 CAMI, LA THMF AW
MR KRR | H Y o 1e A A
JITRARG , (H 22 ¥R 35 (P>0.05) ;5 L 4AA 1L, T
YN F 2040 4 5 48 5 D & F 41 R R
YIE TR TAUM F ALY H 38 53 G T %
%, (B2 RH A BE(P>0.05) ;T A RIETER L
HREAL A 2E 7R EE (P>0.05)

F1 BFEARGETURIAEREE
Table 1 Body weight changes and lung index of rats in each group (n=38)

i [ CH L4 14 F 4

Items Group C Group L Group I Group F
WIKE IBW/g 258.548+10.485 249.314+21.537 251.489+8.159 257.651+£7.726
RIKE FBW/g 338.123+21.591 323.426+18.645 309.524+15.745 330.718x11.762
H }4 ¥ Daily gain/g 6.637+1.147 6.176x1.178 4.836+1.489 6.089+1.030
i Net gain/g 79.644+13.763 74.113+14.141 58.034+17.866 73.067+12.362
Jili 84X Lung index 0.227+0.071 0.188+0.031 0.199+0.048 0.223+0.032

BAREIS « B 5 CAHMLZES B (P<0.05) #F8 R/ 5 LAMIES BF (P<0.05) , EHFSH R G CHML A

TR EER(P>0.05),

Values with * superscript mean significant difference compared with the group C (P<0.05), and with # superscript mean

significant difference compared with the group L ( P<0.05) , while without any symbols mean no significant difference compared

with the groups C and L ( P>0.05).

22 MEBEXNESHAKXKBMAES N2 EAFRIE
7K T B9 22 i

P 1=A Sk R BT i Nrf2 25 1 6 938 796 6 Y
i 2E S v Rl UL B 4 IR e R
JEAR AR T 60 R 2 Nrf2 25 A PR L 40 8
R Nrf2 25 H R 5 KF L IE e, Bl 21 6 55
IR B 2 Nef2 28 1 76 0 0k rh 3 3k i il 22
& 1-B AlHL, 5 C 41AH G, L 2R 1 243 fii e v BH
PRSI W) ) AIOD {8 J &5, F 41 FH % B B 9 1Y
AIOD fH T [ B2 R TG ITFE X (P>0.05) ;
5 L 4 s, T AL M N Y AIOD T , F
4 FHAE YY) AIOD B T B (H 22 7 ¥ RSt
=X (P>0.05),

2.3 MEEXT & A X R S HO-1 BB RiX
7K T B9 22 i

E 2-A R K BUMIE S HO-1 25 A S 2 98 e e
(SN T G NN A 7/ AR R R R R TR A
JEANMIA 2060 ok J& HO-1 28 [ B 3k, 20
R 5 HO-1 B 3R KT BUIE H, RP2T (8
TR BT B £, HO-1 & 11 7 fili JUE v 3% 3k 19 il i
%, ME 2-B A, 5 C HA M, L 4R T 20 B
SV ) AIOD i 2 3 F+ 55 ( P<0.05) , F 4 FH M
K AIOD E T [ (B 25 R Gt 2 XL (P>
0.05); 5 L 4HAH L, T 4H A1 F 4 B I i 5 19
AIOD f{H 5 % T F# ( P<0.05) .
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0.15
A
£ 0.12
C g
22 0.06
>
< 0.03
1| :
QE%IJ Groups
B A AU Nrf2 25 G v U g 45 5%, B B & 45 AUl Nrf2 25 (18 23k 7K F ( LLBRME: I B 91 9 ATOD

{ﬁ%%zr\‘ ,n_g) o

A was the result of immunofluorescence staining of Nrf2 protein in lung of each group, and B was the expression level of

Nrf2 protein in lung of each group (expressed as the AIOD value of positive reactant, n=8).

x N5 CHMLZE R BE (P<0.05) #& -5 LAMLZR B E (P<0.05),

* mean significant difference compared with the group C ( P<0.05)

group L (P<0.05). The same as below.

1 EEMAEF Nrf2 EEHRIE

THEIE,

, and # mean significant difference compared with the

KK FE

Fig.1 Nrf2 protein expression level in lung of each group

>

ll

Bl A A AUIMEH HO-1 3 1 S e 2Ot Y g 5 21, 18 B 2 45 4Ll JUE b HO-1 8 1 9 & ik

AIOD {H %5 ,n=8) .

B 0.15
=
o
% 2 0.12 *
S% *
é 2 009
5z 0.06 ft
* A 0.
S #
0
C F

ZH 5 Groups

IR (LA BH A S 0 9 9

A was the result of immunofluorescence staining of HO-1 protein in lung of each group, and B was the expression level of

HO-1 protein in lung of each group (expressed as the AIOD value of positive reactant, n=8).

2 KARAEDH HO-1 EAMRIKKTE

Fig.2 HO-1 protein expression level in lung of each group

24 MEBXNEEAXRAIAES CHOP & A k%
7K T B 2 i

E 3-A R KR AEH CHOP 25 % 38 98 Yt e
[N S T W R S B 7/ RN R R S TR A
M 41 (5 B0k S CHOP 2 Y FHPE 235, 40
BRI A i 5 CHOP 5 [ % 1k /K- B IE He, B 2T
0 R B0 M 22 CHOP 25 [ 78 Jili A v 28 2k )l ik
%, ME3-BA[AlL, 5 CHMIL, L4 T4HMFEH
FH A SR 4 1) ATOD {2 3 T = (P<0.05) ;5 L
ZHAH G, T 41FN F 4 BHAE B B 40 1) ATOD H B %

[ (P<0.05) .
25 MEBEX&AEAKXBMAES GRP78 EH K%
KFH R

B 4—A R K BUIIE H GRP78 & 1 H 1% 9
et 18 S, A n] Dl BE A 2R 4 HR A TR T €
K A0 20 Bk GRP78 & H I BHIE 655,
2146 ORI A B 5 GRP78 2K 1 % 35 /K A IE He , R
145 U BT i B & GRPT8 & 11 78 il ik v 2236 1)
Wik, R 4-B Al AL S C A, L 4 1 4R
F 20 BHA%: B2 0 9 19 ATOD {8 5 & TH i ( P<0.05) ;
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IR/ S

5 LA, T4/ F 4 HM N ¥/ AIOD T
.
-

& A &M T CHOP & H Ry 58 L YL (A 1 45 3 ) I B 2 & 41 Jili Il CHOP 25 141 B9 2234 /K ( DA B 1 52 1o 0 1
AIOD fE#/R ,n=8)

A was the result of immunofluorescence staining of CHOP protein in lung of each group, and B was the expression level of

[ H2ZES TG E X (P>0.05) ,

*
*#
#
J *#
C L I F

2% Groups

B 0.15

e
—
®)

=
=3
D

CHOPHJAIOD/&
AIOD value of CHOP
=
(==}
(=)}

=
=}
g

(=}

A
-
-

CHOP protein in lung of each group (expressed as the AIOD value of positive reactant, n=8).

3 HAMAEH CHOP EAKRIZKTF
Fig.3 CHOP protein expression level in lung of each group

A
L

e
—
wn

0.12

*
*
*

0.09

#
0.06
0.03

C L I F

ZH 51 Groups

GRP78IAIOD(E ®
AIOD value of GRP78

-

(=}

Pl A JEA M GRP78 i 1 e 9 e s (i 25 21 | [8] B J2 45 41 IE rf GRP78 2R 11 119 2 35 7K F- ( LA BH 14 B o 997 114
AIOD fE#/R ,n=8) ,
A was the result of immunofluorescence staining of GRP78 protein in lung of each group, and B was the expression level of

GRP78 protein in lung of each group (expressed as the AIOD value of positive reactant, n=8).

4 FEAMES GRP78 EHKRIZKE
Fig.4 GRP78 protein expression level in lung of each group
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A — 7 30 L P 5 i 4 88 g 444 i >
MFRAE S Bl B AL AR b 75 1) — Fh 4 A= 3, X 3)
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kb 73S Y IR TT Rl K R AR K PR R H S
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=]

WFFE R BA TR A AR 3l P 1) 2 Fh 2% B Fn 4l 48
R EEEE T, L HOR XTI R e FEROR, 7
SO R E A AR Nirmallya 28 1)
WEFE R I H 32 ZEHL ) 2 45 %% 88 ¥5 5 1Y ROS \RNS
& H WM ERERERGDE TR N SR FIR S
ANEA 2 AR F Sl P 0 il A 20 29K 1 A A Y 2
#E N, A H R R — S B B AR fb g AN
AL I A T I A R AR R 2 G0 TN A — A
A T R A A B v i) B BT ot AR Ak i R
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FBAE (5 %% 5 7 Nrf2 25 (3 383k B, AT i 7%
HO-1 YRR | 3 SR B T 1A P S84k 1 38
5 1 SE PR BRRR

KEWFsw 2,04 mg/(kg - d) IR X
0.1% ~ 0.2 % s TR 55 5 B0 M 748 A0 Hp o Ao 22 4 Ak 4t
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LI T 2 mg/(kg - d) MR X
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Effects of Folic Acid on Expression of Oxidative Stress-Related Proteins and
Endoplasmic Reticulum Stress-Related Proteins in
Lead-Induced Lung of Rats

LI Ning"? ZHAO Yali"> CHENG Yongxia"? SHEN Yue'” SONG Lianjun'”
HUANG Xianqing'® QIAO Mingwu'® CAO Shuai'> ZHANG Di'?
ZHAO Ziwei'® TAI Jiajia'?
(1. College of Food Science and Technology, Henan Agricultural University, Zhengzhou 450002, China; 2. Henan

Engineering Research Center for Food Processing and Distribution
Safety Control, Zhengzhou 450002, China)

Abstract; The purpose of this experiment was to study the effects of folic acid on the expression of oxidative
stress-related proteins nuclear factor erythroid 2-related factor 2 ( Nrf2) and heme oxygenase-1 ( HO-1) and
endoplasmic reticulum stress-related proteins C/EBP homologous protein ( CHOP) and glucose-regulated pro-
tein 78 ( GRP78) in lead-induced lung of rats, and to explore the intervention effect of folic acid on lung tissue
damage caused by lead exposure. Thirty-two specific pathogen free ( SPF)-grade adult SD rats ( male) were
averagely divided into 4 groups (n=8) according to body weight: control group ( group C, free drinking wa-
ter+1 mL deionized water gavage) , lead group ( group L, free drinking 0.2% lead acetate solution+1 mL dei-
onized water gavage) , intervention group ( group I, free drinking 0.2% lead acetate solution+1 mL folic acid
suspension gavage) , and folic acid group F( group F, free drinking water+1 mL folic acid suspension ga-
vage ). The folic acid suspension was prepared according to the dose of 0.4 mg/kg BW folic acid. Rats in each
group were given intragastric administration once a day. After 14 days, the lung tissue was sampled and the ex-
pression levels of Nrf2, HO-1, CHOP and GRP78 proteins were measured by immunofluorescence method.
The results showed that compared with group C, groups L, I and F had no significant changes in initial body
weight, final body weight, daily gain, net gain and lung index ( P>0.05) ; the expression levels of CHOP and
GRP78 proteins in groups L, T and F were significantly increased ( P<0.05) ; the expression level of HO-1
protein in groups L and I was significantly increased ( P<0.05) , but the expression level of Nrf2 protein had
no significant change ( P>0.05) ; the expression level of HO-1 protein in group F was significantly decreased
(P<0.05), but the expression level of Nrf2 protein was no significantly changed (P>0.05). Compared with
group L, groups I and F had no significant changes in initial body weight, final body weight, daily gain, net
gain and lung index (P>0.05) ; the expression levels of HO-1 and CHOP proteins in groups I and F were sig-
nificantly reduced ( P<0.05) , but the expression levels of Nrf2 and GRP78 proteins had no significant changes
(P>0.05). It can been seen from the above results: firstly, the expression levels of HO-1 and CHOP proteins
are increased induced by lead exposure, but the expression levels of HO-1 and CHOP proteins are reduced after
folic acid intervention; secondly, the oxidative stress caused by lead exposure is closely related to the Nrf2/
HO-1 and GRP78/CHOP pathways, and folic acid directly affects the expression of HO-1 and CHOP proteins;
thirdly, the dose of 0.4 mg/kg BW of folic acid has a certain antagonistic effect on oxidative stress and endo-
plasmic reticulum stress caused by 0.2% lead acetate exposure in rats with lung injury. [ Chinese Journal of An-
imal Nutrition, 2020, 32(9) :4318-4326 |
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