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WE: BH HEMAMN PM, USRI ISR T BER . i RAIBSIRE 4RI 2015 45 11
2015 4F 12 JBT £ T PV, o #F 0, A= BRER K OB R A5 T o 36 2 Wiistar M K B 58 4 BE L BET 43 o A L8R
KX BRAL PM, Y 41(6 mg - kg™ ) TS (TR Xk HERAL 2550 + PM, o 41 AR #3H) + PM, 5 485 700 2 #47H +
PM, 41, B2 6 Ho AFRERKALAN PM, Y 4R BE R IR3R 3 JA S , 4300 F A 3R /KR PM, s BT TE L PR H 1
A3 W R A BRUF TR E S 3 ), 2 ) AR B K AR T . ) + PM, S 21 IR il + PM, S 200
e 7 AT + P, s 21 K BRI EOR R (e 1 3 A, 2205 L PM, BRI A e B, PR H 1R, 3R 3k, 454
REARAEFLG 24 h 047 3 RE G , 78 S I E VR ( BALF) b3 rh S (TP) FLERJB &M (LDH) |
PN AR -1 (TL-1) F MR IR FE R -0 (TNF-a ) 7K o AR W 114 A7 fils 2 P S 161 ) 1405 LU0 e, L it 2L 1 1)
IRl BER PM, YA U2 S 3 D) Jy 5 7S DRk 48 e 2 L9 0 , il 76 R e UL il i) 5544 5 5 AU
T+ PM, 4 m R f + PM, 20K RIS SR 2 o M HR I o A 3R KO R 5 v 700 BR AR B BALF
TP LDH | IL-1B TNF-o /K LU HE 22 S TG i 27 = S (P > 0. 05 ), PM, s Je 5 4 FIVA ] + PM, 5 41K [l BALF 1 TP
LDH TNF-o . IL-1B 7K P14 5 (P <0.05) 5 5 PM, (Y7540 Hu#% , VA7 + PM, 41K B BALF o1 TP LDH /K R (P <
0.05) , TNF-o | IL-1B K- LB ZE R TCGETTF R L (P >0.05) 5 5 PM, s Y RE 4 HUAE, IR & £ il + PM, s 2 i 7F) o £
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g+ PM, 5 K Bl BALF 1 TP TNF-o ZKFREAIR (P <0.05) , LDH IL-1B /K F- He e 22 5 T ge 2% B L (P >
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Effect of fish oil on lung injury induced by PM, ; in rats
LI Hang' ,GUO Wei-li' ,AN Zhen' ,LIU Ying-ying' ,ZHAI Cheng-kai’, WU Wei-dong'
(1. School of Public Health ,Xinxiang Medical University ,Xinxiang 453003 , Henan Province ,China ;2. Department of Respirato-
ry Medicine ,the First People's Hospital of Xinxiang City , Xinxiang 453000, Henan Province ,China)

Abstract: Objective To evaluate the effect of fish oil on PM, s-induced lung injury in rats. Methods PM, 5 speci-
men was collected by acetate membranes in Xinxiang city from November 2015 to December 2015. The dried samples were di-
luted into suspension with sterilized physiological saline before use. Thirty-six Wistar male rats were randomly divided into sa-
line control group,PM, 5 exposure group (6 mg - kg ') ,solvent (corn oil) control group,solvent plus PM, 5 group,low dose of
fish oil plus PM, s group and high dose of fish oil plus PM, ; group,six rats in each group. The rats in saline control group and
PM, 5 exposure group were fed normally for three weeks , then the rats were treated with saline and PM, 5 suspension by tracheal
instillation once every other day for three times. The rats solvent control group were administrated with corn oil by intragastric
administration for three weeks before intratracheal instillation of saline once every other day for three times. The rats in solvent
plus PM, 5 group, low dose of fish oil plus PM, 5 group and high dose of fish oil plus PM, 5 group were administrated with corn
oil and fish oil by intragastric administration for three weeks before intratracheal instillation of PM, 5 once every other day for
three times. Twenty-four hours after the last instillation , the rats were sacrificed and performed with alveolar wash. The levels of

total protein ( TP) ,lactate dehydrogenase ( LDH) ,interleukin-1B(IL-18) and tumor necrosis factor-a( TNF-a) in lavage flu-
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id were determined by kit. The right lung without lavage was used to make pathological section by formalin fixation and the
pathological changes of lung tissue were observed. Results The inflammatory cell infiltration, thickened alveolar walls and in-
creased alveolar spaces were found by the lung biopsy of rats in PM, 5 exposure group. There was a small amount of inflammato-
ry cell infiltration in the lung tissues of rats in low dose of fish oil plus PM, 5 group and high dose of fish oil plus PM, 5 group.
There was no significant difference in the levels of TP,LDH,IL-13 and TNF-a in BALF between solvent control group and sa-
line control group( P >0.05). The levels of TP,LDH,IL-18 and TNF-a in BALF of rats in PM, 5 exposure group and solvent
plus PM, s group were significantly higher than those in saline control group( P <0.05). The levels of TP and LDH in BALF of
rats in solvent plus PM, 5 group were significantly lower than those in PM, 5 exposure group( P <0.05). There was no signifi-
cant difference in the levels of IL-13 and TNF-a in BALF between solvent plus PM, 5 group and PM, 5 exposure group (P >
0.05). The levels of TP and LDH in BALF of rats in low dose of fish oil plus PM, 5 group and high dose of fish oil plus PM, 5
group were significantly lower than those in PM, 5 exposure group( P <0.05). There was no significant difference in the levels
of IL-1B3 and TNF-a in BALF between low dose of fish oil plus PM, 5 group or high dose of fish oil plus PM, 5 group and PM,
exposure group (P >0.05). The levels of TP,LDH, TNF-« and IL-13 in BALF of rats in low dose of fish oil plus PM, ; group
and high dose of fish oil plus PM, s group were significantly lower than those in solvent plus PM, 5 group (P <0.05). The lev-
els of TP and TNF-a in BALF of rats in low dose of fish oil plus PM, 5 group were significantly lower than those in high dose
of fish oil plus PM, 5 group (P <0.05). There was no significant difference in the levels of LDH and IL-1f in BALF between
low dose of fish oil plus PM, 5 group and high dose of fish oil plus PM, 5 group (P >0.05). Conclusion PM, ; exposure can
damage the respiratory tract of rats. Fish oil has a protective effect on lung injury induced by PM, ; in rats through reducing the
release of inflammatory factors.
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1544 ¥) (particulate matter, PM) , PM [ 30 1 2
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W RGEH T NBE A K P, AT 10 g - m
I R GG R PE RS T 1.51% . PM,
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RIIR IR Z N TR o -3 JEITRRIE
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L1z fEEEE I Wistar KEL 36 H, 45 &=
180 ~220 g, b 5t 4k ia 1] 4 52 5 sh W) B AR AT BR A
FIPEAE (B A #E IR - 11400700120417 ) , 36 H
KERE B 2 hy A 38R K % BEZH L PM, 5 2t B 4
(6.0 mg - keg™") IR (T oK) Xt HRLL, ] +
PM, 21 AR it £ 3f (150 mg - kg™') + PM, 41 Al
R A (300 mg - kg ™) + PM, 41, f4H 6
3T 24 ~26 C JRJE 40% ~T0% W58 S 5; o
1.2 FEMURFSEA
6070 PM, s K &R AEgy (35 E Tisch 44 A ) , Christ
FLAS VR URTHRHL (B Christ 22 W) , 8 75 S DEHL
CRBIN A TTA A RS 7)) |, Enspire ZHR1C ALK
MY ( 2 E PerkinElmer /3 7] ) , Leica EG 1150 7 %
AL  Leica RM2245 )] F #]L .Leica Auto Stainer XI
L Azh YL ({2 E Leica 2N F) ) , Motic AE2000 Y
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PR (R e Bl SV AT FRA R, fil R 5%
(RKAE. Swisse 24 7], B3 B HE & EPA 360 mg FiI
DHA 240 mg) , F KM (AR EEMHARAF) , =
2F 1] T 12 ( bicinchoninine acid, BCA) 7 85 [ £ 1 32,
M (R m RAEYHARA R A, FUIR B
(lactate dehydrogenase , LDH ) il & 3877 &7 ( B 5 8L i
AW TREWIFERT) , B 40 A 2 -1B (intedeukin-18,
TL-13 ) Bk S e A il 37 6 (D P P ARy TR
A FRZF]) FITNF-oc BFIGE S0 g2 A5 I 1 79) & (i A
FEYLRARAA) .

1.3 PM, . EFEHIHE 2015 4 11 A £ 2015 4
12 H 1687 & B2 e e R TIHR, I SE [ Tisch En-
vironmental TE-6070 PM, , i 2 RAERREE PM,
SRR b 5 B S, O AR Tl X . SR B
TELTHEDR MU PM, o, SRAESE IS HI8 T 4R e 220
HRERE G5 g O 4 COKFEDRAF o T A P P e B 3
LFAERHRITAL 2 em x3 em B IR ARBAUK W
s 20 min, 363 Y, 20 A5 i g S WA DRI, R
WEZS BT IRG A -20 CykFEIRAE, i FET
TG b AR BRER 7K IC SR 6 B2 1Y) PML, 5 B

1.4 ZhAeIE A HER /KN RAH AN PM, s G REEH K
SOE R RSR 3 J G, 20 BT T A R KR PM,
W6 mg - kg ™) B H 1Y, IE3 W RN R
FEH + PM, S ZH R B2 T EoKMHEE 3 4, 25X
AT TE A BEER KR PM, s 800, B H 12k, 3L 3 1K
AR 2 71 (150 mg - kg™") + PM, s 2L il &5 77 & 41y
(300 mg « kg™") + PM, 20 K BUSEHEAT 3 JA £l
(ERIMAE gt A a5 ) HE Y f it S 50) l
4 150 300 mg - kg™ s SR JE AT T I AN AURL )
W 1R 3 IR R 6 mg - kg™ BRASHE
ERIKKTBRZH AN PM,, S e B4 Ab, HAR A R U TR T
W gs THEE  IEREE 28 do RAETHIE 24 h
J& R FEAEST 100 g « L1k A GUREIRR I, 2 5%
i S5 FLAT DU o, A B R UK 7 12 N A2 Y, IR
S mL, FEREVE 2 U, WOAR SV i T HE T L ( bron-
choalveolar lavage fluid,BALF) ;4 °C"F 1 500 r » min "'
B30 20 min, IR TAEYICT 0

1.5 KFR BALF H1RFORE $57 {5 45 47 A0 58 i I Rz 45
FRAT  ATIT I BN 5 F5 25 LA Tt 0k 2 it We 4
BALF , 46 0 - W 38 453 £ 45 A5 5L 2 1 (total protein,
TP) LDH DI K RAE S 1 35 45 1L-18 Al TNF-a 1)
A& TP B K 25 L B BALF A 96 fLik, Bl A
TP 250 & H i) TAE# 200 wL,37 CHEE 30 min,
M AR X TE 540 ~ 590 nm I 2 B A it B RO RE(EL,
TR AR A E Ko R R 7R R PR
FEAS TS S Cu* B G ERGE B,

FIHPEE Cu® 3R JF AL Cu’ o BCA 3 7 o] #sk Hh 5
Cu” 254 B E A B AN E 5, 7€ 562 nm
SO R RO AR, 6 R R TR 5 R 1 BUKCE JE
o % LDH B85 20 L (% BALF LA 96 fLAR,
ZIEAR WA A G EE T .2, 4-7 6§ 5 PF A
0.4 mol - L™" ) NaOH ¥, FBFR{XAE 450 nm ]
FE BRI SO B, 715 RS RE ) LDH K
- i TL-1B F1 TNF-oo BB S B At 50) o AG
BALF 1 IL-18 H1 TNF-o, #R 38 45 4> KE 5 15 B b5 1
450 nm A AL AW BEME, TR AE AL Y TL-18
F1 TNF-a (17K o

1.6 XRMALFEVIFHOFIESHE BEAKR
B IARTE GEIZH 2, F HP E 1 24 b J5 TR 44
e, UEFT CBERR B K, B A ) A
HATIRANE LT (hematoxylin and eosin, HE ) 446, 35t
NPT AT G iR RN O sl

1.7 Zeit=4b38 5 SPSS 19. 0 415583 T
ORI TR TR R £ ARifEZE (x +5) KRR
Levene f 90 47 77 22 57 VERG 3, 22 2H ] FU AR T
P27 250 BT, 4L 18] VR L 35 ok L LSD A 65 K 36
JKHE «=0.05,
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2.1 BHEXBRMALAESFEERMN HE QO
R A R KON R K SR 2 23 P i e B e B il
I3 A R 5T i) S AR G, SOV A IR I
PR IL RPN (B LTA) o PM, s Bt 41K Bl il
LGP T RE A AR A AN SR I A KRR
AR AR T2 UM , BB B 2 2T BAEAR L B AT
R PEAR P, SV T L I Jot A At R PR R
it B = 0 A S R L D B
G (BB o P71 HRLL R T2 21 iy B S
L o3 A 305 i TB) SR M 5, SO S IR
JEE PTG AR PR 32 1, L 760 BE 6 240 1 4 E 7
i (B 1C) o FF + PM, 41K UL 240 03U
JE A AN SR AR T el BE B A i D 5K
2 il TR] 5 A B A0 LA S A FE L R R it i) i
56 (& 1D) o ARG f + PM, s 2H K BRUi 2 2t 7
SE SR A0SR I N AN D i R A i R
T, RYEAMR R AR T PM, s JeRE AL, I 42 Bk
Praksei, i) B 5E (181 1E) o minli il +
PM, s K SR A5 A FEAR TE 3 Il A U5 U T
SMEAERYEANMIR AR , AR SRAERR BEAR T PM,
PTG + PM, 5 4B, Ml 1] o 2 38 444 2, il
HOBEB AN M 5 K 1™ E (& 1F)
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Fig.1 Pathological changes in lung tissues of rats in different treatment groups( HE staining, x 100)

2.2 #&4AKH BALF i1 TP #1 LDH /K ELbik 45
RULFE 1, A PRER KX B4 5 i 7 % Bt 4 K R
BALF 1 TP \LDH /K- He 22 RS 22 L (P <
0.05) ; 54 B ER K X R A Hu %, PM, 5 U 55 41 R
#| +PM, (41 KB BALF v TP LDH /K F e, 4 5
AGi R (P <0.05); 5 PM, s Q820 LA, i
F -+ PM, 20 AR f 3 + PM, 21 s R o fa i +
PM, s#H Kl BALF ' TP LDH /K[, 22 S H 58
IR L (P <0.05) s 5% + PM, 41 LA, (R
syl + PM, 2 &R Sty + PM, 20 KB BALF
H TP LDH 7K -FHREAL, 2R A Gt m L (P <
0.05) ; 5 A g + PM, s 2H LU, RG] & fa il +
PM, <2 Kl BALF H TP /K-[&AK (P <0.05) ,LDH
KPEFTGITFE L (P>0.05),

%1 #&KAKR BALF f1 TP 51 LDH 7k F tL 25

Tab.1 Comparison of the levels of TP and LDH in BALF

of rats in the groups (xxs)
215 n  TP/(mg-L7') LDH/(U-L7")
AR KO IR AL 6  29.11+7.88 11.87 +3.84
esnba pilskE 6 33.10 £7.07 18.72 +7.16
PM, s JL72H 6 151.43 £13.09°  55.97 +6.77°
VR + PM, 2 6  86.17+13.77%"  30.69 +9.45%
Ry +PM, s 6 33.23 £12.31%  12.85 +7.64"

Al + PM, 4] 6  70.64+14.76"7 21.06 +8.04"

V5 B K HRALLE L P <0.05 515 PM, s e B4 L AP <
0.05 3 554 7 + PMy 5 4L LB P < 0. 05 5 51 3 ik 138 + PM 5 41 1L
%P <0.05,

2.3 £4AKR BALF th IL-18 #1 TNF-« 7K F L 52

SER AR 2, Az R KON B2 559 50 6] B4 K B
BALF it IL-18 [ TNF-a 7K HL 88 22 IR GE 1124 5 L
(P >0.05) ; 54 LK HRZH b A, PM, S Yedg 4l il
VT + PM, 41K B BALF 1 TNF-ou IL-18 7K -3 5,
ZEA G (P <0.05) s PM, s LR 5 %57 +

PM, 4 K Bl BALF Ht TNF-o | IL-18 7K P Hi 25 5 G
et (P >0.05) 5 5 PM, s JeRg 2 LUH, AR50
I+ PM, 21 | F) & fa il + PM,  2H KB BALF
TNF-o IL-18 7K - FEAIR, 22 A e it # 2 L (P <
0.05) ; 5IF + PM, 21 FLAL AR 0t + PM, s 41
et fl + PM, s 240 KB BALF o1 TNF-o IL-18 7K
FIREAR, 2R A G L (P <0.05) ; 5 & il &
il + PM,, s 2H FOA, AR 2 Al + PM, S 2H K B BALF
Ht TNF-o 7KFREAIR (P <0.05) ,TL-1B 7KF-22 57 o 48
TR SL(P>0.05)

%2 £&4AAR BALF th IL-18 1 TNF-a 7K F LL 5

Tab.2 Comparison of the levels of IL-1B and TNF-« in

BALF of rats in the groups (x xs)
415 n TNF-o/(ng+ L") IL-1B/(ng- L")
AR IR HR R 6 5.96 +1.72 2.71 £1.50
asnba piiskE ] 6 9.11 +1.71 11.64 +6.14

PM, s Jedidl 6  18.66 +1.09% 50.81 +11.63*
7+ PM, s 41 6  21.84+2.55° 41.76 +12.84*
IR +PMy s2H 6 11.62 +4.63™ 13.65 +7. 10"
FFEAA +PMy s4 6 14.94 +3.020 21.76 +8.99"

T 5 2 PR KO IR ZH L8 P < 0. 053 5 PM, s Jedi 4 &P <
0.05; 53R + PM, 5 2 LA P < 0. 053 S{I5 5 &t faylh + PM, s 41 Lb
%P <0.05,

3 atig

UTARR, RATTHWIRNA 2 AR, 12 K
SRR XL AR A A A SE A 3 A W] 2 1Y
B A R AR AT A S I L
BB A BB 250 5t o BILMAR I Ao 6 58 40 3% 1k A
Wik 21 0 SH RE M 5 LA % 4% Fof 40 R DAY 4 AR B3R,
HiTZH 2 ) 25 b T B BRABURLY) , [R] e 2k B 52 40
ZURH H B o AT FIRE BLA B 5 R WT, PM,, 5
A 3 P IR TEE AR BRURER LA Al 5 DR K U T B
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A9 3l ) 8 a5 L Ak Ok, 3 B0 W HE BR 2 fig P
TS PM, i AR S, 2 R S A 4
BB o HETIAR , PM, 551 I 28 G2 46 5 i ML il 32
ARG 4 D5 = (1) B Ak S A 2 i
PM, ;] S SOHL MR T P 4R ) ph 3 A g T (2)
B SR 1 ARG 300G 2= . AT #5eit
] PM, 5 5 5 ME 7115 A ¢, PM, 5 22 8% T I
HLASE S PE N 7 B8 22, Nt iR PER
(3) MO ES AR AS R bl o 81 5 1 2 4 A BRI
PR S b BSOS G, AR TR R
8 R IO 7 A — R A 8 AT AR AE SN, 5 BORAE
RSB0 (4) B4R A B
PM, ;7 5% 1] AR L 05 4 L 1) 7 e D) e o

AR 2 S I I 48 8 A 1 Y 48 B, BALF th
MEE 2Ok BT K%, TP a] Szl fii 6 b -
B0 1178 A A3, e it L5 o 5 B P Y TR AR o
LDH J&— 240 i S5 1 , 40 10 2 453 475 30200 i e o5
RIS M AT T 28 R R B A0 A, 2 S EE )
BEPERY L0 R B AR, 2 20 i 32 40— > AR
Fro RAEHF40 IL-18 H1 TNF-o 75 JR) #F R S8 AE
F ARG EEME R . TL-18 & —Fh St
LR A DR, RIS S 22 R A i A 4 PR 5 ik ]
PG B IR AR AN T PR A0, IL-18 1 TNF-o i
AT R RAEPE I3 , I8 T RAE IR S L,
MBI K, AR ER, PM, YL d41K
Sl BALF H) TP A1 LDH 7K -4 A= B ER 7K X HE 21 BH
BIbm, R PM, 5 2350 R B P I T A5 4 5 T
PM, L5541 K Bl BALF (%) TL-18 1 TNF-o 7K F-
BA AN I W] BT, fdos PM, s i U EA
BRI 7 A 2 M Rl R
PEA BRI R AL PR 5 75 500 6 B2 K L BALF TP
LDH \IL-1B Fl TNF-o 7KV 5 4 R K 4 3R 2 =
TG S, WV TR (K X I R BB
SR R OR SIS HE Z8 4 BEY) 7 ml 41, PM,, 5 i)
X IR B S it S0 ™ FE A 473, 5 v BE W SR 1) i
Vi, SCUE N R PRI SR AR, AR A eI, il ZH 2R
FRIE 4540 18 B — E R OR . DL B SR BoR,
PM, % #5585 i 20 U 105 R A AE

HIM AP HER T IR BT L RN
— PR 22 N TR R A R ML
AT REALAE A ] AR AR R , D8R R A A IS A
A A0 A = A G il b B EPACRT DHA AT 5
ok WO SO AR BT A AE Y IR A0 BT, AR IR A fR
P E W 4% A T-kB (nuclear factor-kB, NF-kB) 11§
Ak, T S B B — TR S R
F Al T Y B R T PM, s PR A 7S A

H ) Cu/Zn B8 AL AL T AR IDE H BRK -, BEAIR
I35 1 AR BT X PM, 3 J i — R 47 i A
it FHER

AWFFELE TR W 0 + PM, 4 K B ZH 2400
AE IS N R 20 IR T RE A I A gk
HH S, it ) B ) 6 0 I A A S ) e il B2 it ) o
T 5 5 AR = fvh + PM, 28K BRI 2H 2l 0 254 58
S RN AN A D kL 4E IR, R
B R AR AR T PM, s LB 4L FIIE ) + PM,
2, AR SR ., i ) BT R O B 5 e R R
THT + PM, S 2H R BRI S5 A8 BEAS T8, Il 20 21 SR8
JENAMETERTEAI ISR 4, AN ) R AR AR AR T
PM, (YLBE2H il (5] 5 44 B 4 58, il 960 BE & 4 1
g H ML o PR + PM, s 41K B BALF # TP LDH
KPR ERT PM, s YL B2, (HIE ] + PM, (240K
Bl BALF tft TNF-o | IL-1B /K V-5 PM, G4 L #5
25 TG i X ORIl + PM 2] R
a3l + PM, o 4 K B BALF rf TP LDH | IL-18 I
TNF-o 7K-F-2 B RAK T PM, e84, DL B 45 R 42
7, BRI XT PM, 532 ol Ay e R 1 DA K% A 4
¥ RAPVE T, foes PM,, 5 R IR 2 REA T
TR HT 5 MRG0 o fa 3l + PM, 5 20 s 0] o ol +
PM, (2 K B\ BALF tf* TP, LDH IL-1B8 1 TNF-o 7K
B BAR T + PM, 21, 3 7 i % I I 3 24
LA 493 DR P A FH A BT i 38 9 R 1~ S0 FH 3450
TEKM . el + PM, 21 F, (IR i
I+ PM, 21k BL BALF H(i%) TP 1 TNF-o 7K 35 R4
G, ARG R Rl + PM, s 415 5 500 il + PM,
2 LDH A1 IL-18 /K P b= RG2S, KM
AR S £ 7 L e 7R o £ 6 PV, i S0 R BRUIH 4
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