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Toxic effects of PM, s injection in air chamber on development of chicken embryo liver SHI
Li-mei', CHEN Fei-long, ZHANG Chao?, ZHAO En-hui’, MA Yuan-yuan?, LI Dao-chuan?, JIANG
Qi-xiao', ZHENG Yu-xin®, CUI Lian-hua® (1.School of Public Health, Qingdao University, Qingdao,
Shandong 266000, China; 2.School of Public Health, Sun Yat-sen University, Guangzhou, Guangdong
510000, China)

Abstract:

[Background] The impact of fine particulate matter (PM,;) exposure on embryonic development
and its toxic effects have attracted much attention. The mechanism of PM, s to liver development
is not clear.

[Objective] This study is designed to investigate the toxic effects of different doses of PM,s on
the development of chicken embryo liver and the potential mechanism.

[Methods] Sixty fertilized eggs were randomly divided into four groups: blank control group
(0mg-kg™ PM,s) and 0.2, 0.5, and 2 mg-kg™* PM,s groups with egg weight balanced. A chicken
embryo exposure model was established by injecting different doses of PM,s into the air
chamber, and then moving the eggs into the incubator for 21 d. After hatching, the chicks
were weighed, calculated for liver index, and measured for selected biochemical indicators of
liver function. HE staining was prepared for observing pathological changes of liver samples.
Immunohistochemistry and Western blotting were used to detect the expressions of nuclear
factor-kB (NF-kB) p65 and inducible nitric oxide synthase (iNOS) in liver tissues.
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[Results] The hatched chickens’ liver samples with HE staining showed that the 0.5 mg-kg™ PM, s exposure led to disordered hepatocytes,
with a small amount of inflammatory cell infiltration and slight fatty changes; the 2.0 mg-kg™ PM, s exposure resulted in severely damaged
hepatic lobular structure, with a lot of inflammatory infiltration and hepatic cell steatosis. Regarding the biochemical indicators of liver
function, compared with the control group, the activity of alanine aminotransferase (ALT) was increased in the 0.5 or 2.0 mg-kg™ PM,s
group (P<0.05), and the activity of aspartate aminotransferase (AST) was elevated in the 0.2, 0.5, or 2.0mg-kg™ PM, s group (P<0.05). The increase
of PM,s concentration was correlated with higher activities of ALT and AST (r=0.731 and 0.720, P<0.05). The immunohistochemistry
results showed that the expression levels of NF-kB p65 in the 0.5 and 2.0 mg-kg™ PM, s groups were significantly higher than those in the
control group and the 0.2 mg-kg® PM,s group (P<0.05); and the expression level in the 2.0 mg-kg™ PM,s group was higher than that in
the 0.5mg-kg™ PM,s group (P<0.05). The Western blotting results showed that compared with the control group, the expression levels of
iNOS protein in the 0.5 and 2.0mg-kg™ PM, s groups were increased (P<0.05).

[Conclusion] Chicken eggs exposed to PM,s could cause liver steatosis and inflammatory injury in hatched chickens. The protein
expression levels of NF-kB p65 and iNOS are increased with higher PM, s doses, suggesting that inflammatory response may be one of the

mechanisms of PM, s induced developmental toxicity to chicken embryo liver.

Keywords: PM,s; air chamber injection; developmental toxicity; liver injury; inflammatory response
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TEtETHXERERET S XF2S (3E Thermo Fisher
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®R1 B PMs HEHEBEEN—RSHK
Table 1 General parameters of chicken embryo hatching
in different PM,s groups

PM, s SR /me-kg” IR /% BIREEFEE/%
PM, s concentration Hatchability Overall survival rate
0 0.78 0.60
0.2 0.90 0.67
0.5 0.60 0.20
2 0.80 0.27

U] B3R = BRI 3 /19 d B ERR S ; SREFER = iThig i/

BE.
[Note] Hatchability=the number of successful hatching/the number
of live embryos after 19 d; overall survival rate=the number of

successful hatching/total number of eggs.

BTE%(Liver index)

0 0.2 0.5 2
PM_s/mg-kg*

D] B AE=400E - INEE ; R -FHERE / #4E,
[Note] Net body weight=body weight-yolk weight; liver index=liver
weight/net body weight.

1 BERGHA PM.s REEMILLHIEHIFTIESR (n=4)
Figure 1 Liver index of hatched chickens after
embryonic PM, s exposure (n=4)

2.3 BUHBHIATIERIEFEMER

PEC IS AT AE HE R BRVE RINE 2 Fimo. XY
RAF/ N EETE, FFARHAYIETS, 0.5mgkg?
LHRTARRHIZREL, LI EREMEZ AN ERAE
BAIEZ ; 2mgkg! AR/ NHEEMIA ™ E, HITAKER
TEARRZ A AT AR T, BH P HIXT 3 MR
TR, RIS MERPIIFEMEMNLE,
NZABR$19—, M 0.2mgkg* A A Ko
2.4 b3S aIRTIhEE

PEC NS B AT INRERL M LA R INEK 2 Fime 539
H22H (Omgkg'4H) #HEL, 0.5 mgkg™ A H0 2 mg-kg* 2
& R ATE M F 5, 0.2mgkg® 4H. 0.5mg-kg™ £H.
2mgkgt HINFHRASTEMEFAS (P<0.05), MM LL
RERKA, 3N EEHRERFERITERX (P>
0.05) . W3R 3 Ffi7Ix, Spearman EREX DT LI EE
PM, s FIZRIIE NN, ALTFIAST S EMAENFAS (r=0.731.
0.720, P<0.05)

ETA: XFEB4H ;B : 0.2mgkg?PMys4H 5 C: 0.5mgkg? PM,s4H ; D :
2mg-kg PMs o B kISR AR IELRRRISID A K BERIIF T
[Note] A: Control group; B: 0.2 mg-kg™ PM,s group; C: 0.5 mg-kg™ PM,s

group; D: 2mg-kg™ PM, s group. The arrows indicate inflammatory
cell infiltration and lipid degeneration.
E2 FERGHA PM,s REEMFCLTEATALRIEF R (HERE)
Figure 2 Liver histopathological presentation of hatched chickens
after embryonic PM,s exposure (HE staining)

K2 FERaHA PM,s BB EMF AR MM ERFIhERIC LS
(x+s, n=4)
Table 2 Serum liver function indicators of hatched chickens after
embryonic PM, s exposure (xts, n=4)

PM, s iRE /mg'kg-1

P, concentration ALT/U-L? AST/U-L? Alb/g.L*  TBiL/umol-L*
0 2.67+0.52  157.60+11.19  6.58+1.10  66.50+19.99
0.2 3.00£0.00  202.40£12.86° 6.58+1.11  71.55+22.52
0.5 4.00£1.73°  223.17442.15° 6.58+1.22  85.53+17.35
2 4.40£1.14*  228.00£24.00° 6.76+0.79  76.38+27.59
[E] + : S338R4ELL, P<0.05,

[Note] *: Compared with the control group, P<0.05.

£R3 PMsFIESMELLEMBFINEERMERME ()
Table 3 Correlation between PM, s concentration and serum liver
function indicators of hatched chickens (r)

$84% (Index) PM, 5 AST ALT
PM2s 1.000
AST 0.731" 1.000
ALT 0.720" 0.634" 1.000

[ (Note) ] * : P<0.05,

2.5 RS HFALRRBALER

ZRMP NI R A NS RUE 3 Fim. XTERA
(0mg-kg™4H) A/ N\HEEFDSEEE, FTARREHEDIIES, Bl
BLRET . BREEPM, ZEFIE/9IE M, AFA
LR HIFEERETIR. WRBANERIFITEN
DINERNE 4FR, FEE PM,s BEEFIZRNIE N,
NF-kB p65 E A FRIAIE S, 0.5mgkg™ 2HF1 2 mg-kg™ 2B
PEE LS AFLALR B NF«B p65 ERFRIAE S T XTHR
2070 0.2 mg-kg? 4B (P<0.05) ; 2 mg-kg* AN 1k 438 BT
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ZHEO AR NF-kB p65 ZEAFRIKES T 0.5mg-kg* 2 (P<
0.05) o

ETA: XFBB4E ;B : 0.2mgkg?PM,s2H 5 C: 0.5mgkg?PM,s4H ; D :

2mg-kg ' PM,s 2B, Bisk387RA0 )9 NF-kB p65 FRIEREX,

[Note] A: Control group; B: 0.2 mg-kg™ PM, s group; C: 0.5 mg-kg™ PM,s
group; D: 2 mg-kg™’ PM,s group. The arrows indicate the positive
staining areas of NF-kB p65.

3 FEBRHA PM,s REEM LG AR REANKER
Figure 3 Immunohistochemistry results for NF-kB p65 in liver
tissues of hatched chickens after embryonic PM, s exposure

40

30
*&
20
) i i i
0

0 0.2 0.5 2
PM,.s/mg-kg?

U] = : S33884A4BLL, P<0.05 ;& : 50.2mgkg* 4H4BLL, P<0.05 ;# :

50.5mgkg*4#BLL, P<0.05,

[Note] *: Compared with the control group, P<0.05; &: Compared with
the 0.2 mg-kg™ group, P<0.05; #: Compared with the 0.5 mg-kg™
group, P<0.05.

4 FRRAHA PM,s B2 E MW ATCHFLAL NF-kB p65 HRiE4H

HELDH (n=3)

Figure 4 Quantitative immunohistochemistry analysis for NF-kB p65 in

liver tissues of hatched chickens after embryonic PM, s exposure (n=3)

PR EE/%
Positive staining precentage

2.6 FHLASHIFFELR INOSERRIELER

Western blotting #2 |45 R & 7~ 0.5 mg-kg* A #
2mg-kg B iINOS FRIXKFEHFXFERLE (0mg-kg™£H)
(P<0.05), 3IPFIEAHBRALLREREFLTHITE
BEX (P>0.05), ME S5,

3

0

PM,s/mg-kg?t
(] * : 534E84AELL, P<0.05,
[Note] *: Compared with the control group, P<0.05.
5 BERGEA PM,s BEEBUMISATALR D INOS FRIXHY
Western blotting i0 38458 (n=4)
Figure 5 Western blotting results for iNOS in liver tissues of
hatched chickens after embryonic PM, s exposure (n=4)

3 iTig

FRRRER, PM, s AT B MR IR R 4538 N IR B R,
ZPRBEEETMEAMB)LY, B IHREKELE
BIKRETHER, STINRE EVMRVIERR A, 1Tk
R REPM, BEAIUEME) LNEKELESE, XM
) LEERREM ), PM, s BEIE 5| R240AE DNAIR(A,
MATELEI DNA IR R BRE EFR Y, Altk, AR
PM,s STRRRR Z BRI NS+ 2 EE, BEIPM,s &
ERAESHENNSNARZA/NERERNES &
RED, MBHEEREER— M EERANLERE
B s 2] KRR IASE IR S F SR Z IR, 1R
PM,s ZRRAE M NRS) LAV 2, BEIRAE A HDIZ HI SEBR
RELRE, MASTIBENFEM, BZRERTR
BR PM, 5 X BB BT AE & B Y R0, 385 X9 4 36 AT A
TSR ALFNAR, EERERNEXDFH
RIKIENR, NHARDTIRR PM,s XIAFIE A B # AT
BESFNG. &PV, ARG IEHRERSLE
FitFEENX, WEAZFIE T PM,, RiE 5l S BE BT BT 5
EMIEE T, BEXEUHCHTFEHITHERE, &
R 5REE, SXTEELAMELL, 0.5mgkg* A0 2 mg-kg™ LHAY
FFERLR BN BS AR T M AN A AELRRRIZE , 1588 PM, s ST
PARFERNBIEMEGFIEMREE, 2R PM, BE
SCHABLESN, ISRNCHARA £ KER
7 K2 BERAEZE

AST. ALT. Alb # TBiL 2 iz PR BT BE 52 15 RO B =X 45
¥R, YEFRE A B 2R (AR, B ASTHALTIE
MHS, SEATNEERT 2, WS IERIIEESD
Mr&ERREA, SXTERLAMLEL, 0.5mgkg? AH 2 mg-kg?

iINOSHERTZRIK KT
Relative expression levels of iNOS
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ARMEATFASTEEAS, BTG HARSZ
B, AIEES YRR PV, B RSB L E R IE
RRNB X, I, BEEPM REFEMNFS, B
ASTRIALTSEMIEIN, IRTAFRIRGIEES PM,s B 5
BEAZ-REXR.

NF-kB B2—XEBZMMERATERNZERRE
F, NEEFETFRERNDERA =, NF«B 25 pe0
FMpes 2N E, Hfpes AEHRIE M, pes B9
BE % [8]1% 2 BR NF-«B 15 S B R B BUERMRIZ ), iR
RPH, NFkB X AT EBWEIET : —F5HE, NF«B
Al LUNSIFFARA T, REFARBLE , 5—F @,
NF-«kB B] LUB I BUE T 2 R4, FEEFB (kupffer)
4 AR LA S BT BE PR BN B R 4R B A A M R AR A S S5 BT AT
RIERM, ZARNOCFENREHLERRE
BH, KBS HEEE T PM,s/G, NFkB pe5 EH FRIX
I8, NF-xBESBESHEUE, MM ENAE=E—
XNV

iINOS B—TEERANER, BEEZNEIRES
MTEARREHLRIZX, iNOS BB F LB F R T
NF-kB Fr A B X I3, NF-kB BUSE L TE INOS BRI
BEEPREEER, YNAZELE. AEEF.
REERME, INOSHEEERREMERER™E—
S A (nitric oxide, NO), NOB—F B RE D F
MR, EUMRERR, ERURGPLIEEE
ER. ERERNE, NOTTEENSHREIER, I
#l DNA PR IR B RV E S, &M DNARYE Y 5 b9k, NO
SIEEFIZRBEERIEER, FTEIZR{GDNA,
SHARBT P, XHRRE, BULSATIEREA
1€ # Western blotting 25 R R BH, PM,s B &[5, 4178
FFAEAY NF-kB p65 F1iNOS FIRIA/KFER B S, BIAE
5prM,s BTG, FFHEA NF-kB p65 #87E, INOS &
KB, FEEE2R N0, ST R ERGED
k. ZERED FKFEH—FTEBPT KEBKE
PM, s B EXTIR L AGATAE R 2 B 514,

L, BHEBZET PM,s G RTBERAE NF-kB p65,
NF-kB p65 & H 1K £, NF-kB p65 & LG AT N &
iINOS, fEINOSHIE B RIXKFFHE, IR/ PM,s BEE
Al AR SEOCIRATAE & 4 RIEHFo

SE 3R
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