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Effects of prenatal benzo[a]pyrene exposure on neurobehavior and Arc mRNA expression in
hippocampus of offspring rats LU Sheng-jie, NING Li-jun, WANG Qi, NIE Ji-sheng (Department of
Occupational Health, School of Public Health, Shanxi Medical University, Taiyuan, Shanxi 030001,
China)

Abstract:

[Objective] The developmental toxicity caused by polycyclic aromatic hydrocarbons represented
by benzo[alpyrene (BaP) is a major public health concern. However, studies show that the gene
of activity regulated cytoskeleton associated protein (Arc) plays an important role in neurogenesis
and learning and memory of offspring. This article aims to investigate the effects of prenatal BaP
exposure on neurobehavior and mRNA expression of Arc in hippocampus of offspring rats.

[Methods] Sixty healthy 3-month-old SPF SD rats (male:female=1:1) were mated, and the 30
pregnant rats were randomly divided into blank control group, olive oil group, and 10, 20, and
40mg/kg BaP groups, and each group contained six rats. BaP was administrated intraperitoneally
at 0.2 mL/kg in terms of weight at 17, 18, and 19 days after pregnancy once a day for 3
consecutive days, olive oil was used as solvent control, while the blank control group did not
receive any administration. The attainment rates of cliff avoidance on postnatal day 7 (PND7) and
air righting reflex on PND14, as well as escape latency, time spent in the target quadrant, and
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number of crossing platforms on PND37 were counted. The mRNA levels of Arc in hippocampus on PND1, PND7, PND14, and PND45 were
measured.

[Results] On PND7, compared with the olive oil group (97.56%), the cliff avoidance attainment rates of the 20 mg/kg BaP group (63.64%)
and the 40 mg/kg BaP group (60.98%) decreased (P<0.05). On PND14, compared with the olive oil group (65.71%), the attainment rate
of air righting reflex of the 40 mg/kg group (29.73%) decreased (P<0.05). The results of place navigation test showed that compared
with the olive oil group, the escape latencies on days 1, 3, and 4 of testing in the groups administrated with BaP were significantly
increased (P<0.05). The results of probe trial showed that compared with the olive oil group, the time spent in target quadrant and the
number of crossing platforms on PND37 in the groups administrated with BaP were significantly reduced (P<0.05). For hippocampal Arc
MRNA expression level at different time points, on PND1 and PND7, compared with the olive oil group, the Arc mRNA expression levels
of all the BaP administered groups were significantly lower (P<0.05); on PND14, compared with the olive oil group (14.86+2.48), the
Arc mRNA expression level of the 40 mg/kg group (7.31£1.94) was reduced significantly (P<0.05); on PND45, there was a statistically
significant decrease in Arc mRNA level in the 40 mg/kg BaP group (19.98+8.21) compared with the olive oil group (39.66+6.39) (P<0.05).

[Conclusion] Prenatal BaP exposure can cause offspring abnormal neurobehavior in early life and defected spatial learning and memory
ability in late stage of development, and declined Arc mRNA in hippocampus may participate in inducing the neurodevelopmental toxicity
of BaP.

Keywords: prenatal; benzo[a]pyrene; neurobehavior; spatial learning and memory ability; hippocampus; activity regulated cytoskeleton

associated protein

X & Ff [al EE (benzo[alpyrene, BaP) H KA Z
REREYREFTENRIYMRRESENZ—. 2
DT KE BFEREEP, SRFREDEANE
FERRENSEE, 2 —ENHESHNRRAES
M, LT RZNAFEERRE R, Z2HEME
RFEUSIEILETNKERE SRSFTILEEN
THM6~7 5 ILEHRTARE ", BELYBP R
ENTYHRETR, ZHEOBRABPSSEHTF—
RAKBRTE 4 f5 60~70d S fl o] B MRk 55 B

HTAM ZEBETZHFE BIZEXYRS|KL
HILEAESHIURRE— M EEEEN LA X E 4D
W, BABPSIENMEASHNKERAESHEEINE
MROH R, EZ2EBaP EENMNYHARE AXKITN
FFRMHELSE ROFGZ2HBPEENHERT
HM#HET AN mIAREXVENHR. 850
M IE 3R B 2248 € | A (activity regulated cytoskeleton
associated protein, Arc) EFETFHZ EHER 3
HAERWELEMEICLEAEETENERY,

H 455 1K (postnatal day 1 , PND1) . PND7  PND14
BTAREKKERH", M1 PND37—PND45 BF AR
MEKLZBRY HYTAXEGARENETER".
ALWBE L T2 RERES BaP, HFRMETH
MK T5 7% 45H Morris 7K 3K 5 1850 46 U BaP Xf F FR 4
ZTANEN, RRZHBPREXN FREHAHMETT
AR KB FEEESIC12 8 S1F 8 T Arc mRNA Fkik
KEWZE, RN BaP X FR T EEE AL
RESHIERRUSEEKRIE.

1 MRSAEE
1.1 FEKFAE

FZEiH{ #. BaP (Sigma-Aldrich, X ). ##5
(RER TR, FE). Trizol REBUKF (R
AL EYREFRAS, HE). 5xPrimeScript™
RT Master Mix (TOYOBO, H 7 ). 2xPowerUp™SYBR™
Green Master Mix (Applied Biosystems ABI, 3£[F ) . Arc
M B-actin 5|49 (L REPBEEDRHLEBR LS,
). EEAUSR: 5424R2 K HE U1 (Eppendorf, {&
), Bio Spectrometer fluorescence 4 3¢ J¢t E it
(Eppendorf, & [E ), Mastercycler nexus gradien .
3 3% Y (Eppendorf, & ). Quant StudioTM3 3L i &
& 7t PCR{Y (Applied Biosystems ABI, 3£ [F ) . Morris
KEE CRIIFAEREBRAS, FE).
1.2 A RS

3 A% SPFZR SD KER 60 R (BERELLBI A1 1) [F
FEFRFRIK YR ORE, S EFFEIES
SCXK (£7)2012-0004] , WE330 R, {4 F 230~260g, #
fR30 R, A% 3007350g; LBIRR, BHIRAKHH
B BRATEXX, AFREHEE (22£2) C, BE
50%~60%; ENIFEEF7dE, BRS5ERL: 15
%#12h, Rz 8IMER| AW ARZE, ILANFEEO
R, BORZBREIDHS5E GH6R, 23AS
B4, #AMA M 10, 20, 40mg/kg BaP 55 4H, BaP
REIHER BXPE LT REF 19K, %EL3d,
RIXRZRGBEERIFNEY, HAERTR KB 0.2ml/kg;
ZAXNBAARGETLIE, B hE T HERERY

www.jeom.org



130 #545-5J2 k&% | Journal of Environmental and Occupational Medicine | 2019, 36 (2)

e, 30 ABRIYIEE DG, HF20mgkgBH LR
BRXD%HIR TR, AHERTREENIRERN
TG E Ik, EMER~FEHEI5 R,
1.3 #EZITAHMR

BEDEXLE . PND7NRABIHFRENEGS
MEAEL 6 IR FRATREREBIR. ¥ FRMT
2330cm B IF /AL, LFMATKEIT AL, 60s Kk
HEHRTFENMFNRI AN, SR FRIELNES
R, BAMERE= 2 W AIAHR, Giit PND7 BLHIKHRE,

=HEESY . PND14 B HEHIHEEE 5~8 R
RATZFEELR. TRETESRBRELIOmMEY
BEESEL EEHL FFRYETXE #EB
HET, 2L =REFEMNIC AXIR, %Kit PND14 &
HIRFRE,
1.4 Morris 7KK E SLIG

£ PND37, BARMEYIEFRZEL 10713 R
R 1T Morris KX L%, hBEtRC R it 477
|, AARERRMNAREIRA, MIERTTEAXH, 1E
ETEAYE, THANRR, EAAITEREBK
#MITF & 0.571cm, JKiR (23+2) C, ENMITER .
KRR 1R, BFRETREFE K EHX120s,
FHAEN LERRMHEE L ZshEE HREN KR,
KE#HFT5d, BRINGE—INER, §MERIIZ 4R,
DA AN NK BB F RLFAMERERAK, 12K
EENMNKRFREEFSHE, WR120s K%
BHEFEE WAKBEHESISETE L, LEXNE
BRI IRIRITIZ 10s, ded BREINIE % 4 120s, K
AR R RANIIEEA S RINGN RS, EE 5
TTSAdM BB AR, SERELE. XRME6X,
ENSMERERFHT, BEFE, ERIERRD
P EE BN TR, 1% 120s A7 R AV R
T, D FREFRIERRNEENEFMFHEE SR
., M E=ENCIZ SR
1.5 RT-PCRIZAG A ERT =85 Arc mRNA ik K F

457 PND1. PND7_. PND14_ PND4S BN B94T 4
FRRTNE. XABTNBFRELIEEE 274 R
R, TEEBIHRR, FESHRBIEFTRMLE
B F R AL 6 R AT RT-PCRLL;, BR30mg MY/ S 4A
41, ¥ B8 Trizol 3 FI$2 EX RNA FY R 1E P TRIZEUE RNA,
{35 F Bio Spectrometer fluorescence 43 3¢ 3¢ E 1M E #£
mtEmEE. 4ERREE. &8 5xPrimeScript™
RT Master Mix iz 51 15t B K 2 RNA 3% 3% Y cDNA (x

BERxRNEZMHE. 7°C 15min, 85°C 5s, 4°C 15min) ;
1% BB 2xPowerUp™SYBR™ Green Master Mix izt 7 3¢ £
IR 3 47 RT-PCRSL 35 (RT-PCR R N & f#. 95°C 30s,
1/MEER, 95°C 55, 60°C 30s, 45 NEER,; 95°C 605,
65°C 30s, 95°C, 1/MEIR), PR3 N FITH,
BSEMEMNYT B AREL FEERENE
Ct{ER £ WS & F B-actin 1y Ct{EB F] AACt, 1RE
28N ITE Are mRNA XS FRIL 2. 51 F5.
B-actin IF [ 3| ¥, 5'-ATCTCGTGTGGATTGGTGGC -3',
R 2[4, 5'-CGCAGCTCAGTAACAGTCCG -3', Arc IE [3]
2| ¥ 5'-GCAGAATCAGAGATGGCCGA-3', X 5 3| #7.
5'-ACCCTGAGAGGGGAGCTATG-3',
1.6 SFitZEah

[z F SPSS 20.0 3R it 751t 04, BRMIEZS
BRAEFHMOTERARRAERRZAZ0T. Z4HH
WE AP A LDt %, IHANBERTR, X
AFARE. ZAEENFRLEERRBRIERHE
R 7KAE o ERER . M4 5E 7K A a=0.05,

2 45

2.1 FR PND7 B £ BB SLIR 45 R
BEOBEAREZAAR, =HAMEHHA

It BRERBRIRERZEFERITERE X (P>0.05);

S m A X b, 20mg/kg ZHF140 mg/kg LA B E

BB A FREER, ZFEFRITFERE X (P<0.05),

&1,

x1 ZHiBaP REXT PND7 F 5B EEAI R0
Table 1 Effect of prenatal exposure to BaP on cliff avoidance
of offspring on PND7

285 %k EARE IAARE (%) p
Group Number Attainment number Attainment rate

l=

- 42 42 100.00 37.246 0.000

Blank

TN

ket 41 40 97.56

Olive oil

10 mg/kg BaP 50 43 86.00

20 mg/kg BaP 33 21 63.64"

40mg/kg BaP 41 25 60.98"

[E] +. SHsmALEER, P<0.05,
[Note] *. Compared with the olive oil group, P<0.05.

2.2 FRPNDI4SHFELLL

PND14 F RIS FEER RS ARSIER, =
AERBBR AN, SR EAFRERESI S
B X (P>0.05), 54 10 mg/kg BaP L}t
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40 mg/kg Yz R EITESAARERAIE, £ RAGIER
¥ (P<0.05), W32,

%2 ZHIBaP REXTPND14FR = PEERIR M
Table 2  Effect of prenatal exposure to BaP on air righting
reflex of offspring on PND14

4B 37 Bil%L EARER EARE (%) p
Group Number Attainment number Attainment rate

i

=8 EY) 2 68.75 20.147 0.000

Blank

Al 3,

wtia 35 23 65.71

Olive oil

10mg/kg BaP 41 26 63.41

20mg/kg BaP 28 9 32.14

40mg/kg BaP 37 11 29.73 %4

UE] +. SHAHALLE, P<0.05; A: 5 10mg/kg BaP HELEL, P<0.05,

2.3 FEPND37 k=R

AEMMITRES, B 1. 3. 4RMEEHRLS
AR A EHEE. TEAMHBOIRALLER, 5 RAREE

REZFHEGITERX (P>0.05)
SmsE b, 10, 20 mg/kg BaP £H A3k 8 A (R HA 2
K (P<0.05); YI%ME3IXR, SHMIMAT 10mg/kg
ttisa 40 mg/kg 4H AL BER AR BRFEK (P<0.05) ; lI%k

4R, 10mg/kg$u40mg/kg€HE’hLiE§/§1kHHttﬁﬁ 5

—/IN N

AR, ZRYAEGHITFERX (P<0.05), FEFRERSE
B, BRREREENEMFHEFEERE. =845

WESHALLRZEFHLEHRITFERENX (P>0.05); 54
WmZAXTEE . 10, 20, 40mg/kg BaP A B #r R [R1=
Fflal4a%8, 10, 40mg/kg BaP HMFHFESEUR D, =

[Note] =

the 10mg/kg BaP group, P<0.05.

*. Compared with the olive oil group, P<0.05; /. Compared with

SEE5t

il Ve

¥ BX

(P<0.05)

®3 ZHBaP R3S PNDI7 FRukiet B AR K = B IR R AR (x2s)

o W3,

Table 3  Effects of prenatal exposure to BaP on escape latency and spatial probe of offspring on PND37

kBB RBA (Escape latency, s)

S E)#E R LY (Spatial probe test)

285 ks
Group Number #E1X EPEN 3K EAR ¥5K BIRRRIFERE (s) T ERE
Day 1 Day 2 Day 3 Day 4 Day 5 Time spent in target quadrant Number of crossing platforms

23
;Tank 13 36.84+9.77 31.85+£10.74 20.92+7.49 15.00+4.56 14.56+5.60 38.21+4.96 4.33+1.22
A
Olive ol 12 41.76%9.03 31.3547.75 24.70+£12.66 15.31+7.13 14.44+6.43 37.6947.25 4.45+1.57
10mg/kg BaP 13 56.99+13.96" 31.88+8.37 23.33+8.17 21.14+8.04" 13.5445.96 31.14+7.45" 3.30+1.06"
20mg/kg BaP 10 52.12+10.55" 37.57+10.13 31.15%8.21 20.284+6.83 18.21+5.08 31.0845.74" 3.62+1.28
40mg/kg BaP 12 47.60+15.15 37.09+7.46 36.93+13.33"~ 23.03+7.93" 17.51%5.73 31.67+4.73" 2.90+0.87"
F - 6.883 1.386 5.091 3.173 1.469 3.145 2.929
P - 0.000 0.251 0.001 0.020 0.225 0.023 0.032
DE] +. StiimeEtbE, P<0.05; A. 510mg/kgBap 4AtkLE, P<0.05,
[Note] *. Compared with the olive oil group, P<0.05; A. Compared with the 10mg/kg BaP group, P<0.05.

2.4 FREBSARERM R Arc mRNA kKT

Arc mMRNAZE F R AE A KA B BRI FRIEKF
HARREALT, BEREMIEFR, Arc mRNA 2
2 =EHZHAYArc mRNA ZE PND45 Rk 7KSE 2 PND1
4937.98 £ #£ PND1_ PND7_ PND14_ PND45 2354
FEBS A HY Arc MRNA I RIZEZRIITHITER

X (P>0.05), SH#HMHAXNLL, R4 DR EE,
BaP ZH Arc mRNARYFRIA K BE TF, Hi, ZHf

BaP R FE S B Arc mRNA FRIX TR L 4 F 8 (PND1,
PND7) & A MRE , AT 3 NI EHHM R 5L
AR ER (P<0.05) T7EPND14, PND45 A
240mg/kg HE BB MAN Lt FHEZF (P<0.05),
N4,

x4 ZHBaP ZEITFRBE AR = Arc mRNA
HI%20E (x£s, n=6)
Table 4 Effect of prenatal exposure to BaP on the expression of
Arc mRNA in hippocampus of offspring at different time points

2831
PND1 PND7 PND14 PND45
Group
=H
1.00+0.87 8.26%0.73 17.41%5.51 37.9847.12
Blank
1
e 0.92+0.05 7.56+0.43 14.86+2.48 39.66+6.39
Olive oil
10mg/kg BaP 0.48+0.17" 5.21£0.44 10.1443.61 34.73+4.01
20mg/kg BaP 0.50+0.26* 2.60£0.91* 4~ 13.1742.36 33.81+10.11
40mg/kg BaP 0.31+0.15* 2.7610.33* 2 7.31+1.94* 19.98+8.21%4
F 10.442 55.564 4.299 3.517
P 0.001 0.000 0.020 0.030
[E] +. SHAREAXTLL, P<0.05; A. 510mg/kg BaP ZHXTEL, P<0.05,
[Note] *. Compared with the olive oil group, P<0.05; A . Compared

with the 10 mg/kg BaP group, P<0.05.
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3 it

AMRERET. ZHBPREKRTSSIEKRR
FREPHEZITANRE, T2SBLBRPF L
TZRENM TR, TEARNABPRESHEMARES
NEE EL3FAMNEESXIE, STEHERIC
MK, RE#REAS ETAAXRA
B R RABLAY S > 88 J1., T BaP 5|2 /)85 Arc mRNA
RiKKEMTIH THEEBaPSEHEZLBEEHNE
BHLH,

EHE BEILVNEAR, RETEOME, £
AMIEHRBZANSEMEZRFTREXSY. H
FBaP e HFPMARFRYER, ILELEXR, BaP5[EDN
WELBESMHERBZIANNE T, BEABORT
RBAZETR ZHERFTERNERESSEHEILE
HRE KE. SRTAMTE TR, SR E
~, ZHBaP RES TSR ZAEM/KERMS|
ZuUMBRMITBUTHE" FRELIIETFRELE
j540~60d 2B IZME M, REMRERSHNL
LWEREF. UENIYLRARZEFTERH
BaP ZEX WA KA BRI EZERERHELTHN
g, MATRA XA RZ L BaP REFARAEK
X BEEH (PND37, KERHAFE3I7T—45RHEHFA
X4wEAPTNEEL) METANEW, TRITT
Xt A BR H A J5 R 8 (PND1—PND14) #2417 AR S0
HRIBTR, ZHBPRESWHAFREHRUREEY
AT AER N,

BI%Z R HAE 0 c-Fos, Arc. BDNFFEgrl1 REE
MBATEHARER, EHE4XE. RMTB 4T
X2 FMEEEENAE. W, Arc
S5ie2HxmMBETTEH MR BETARTIEX, K
KEyEMHREESIHED Arc mMRNA Ry 3RIL, FF 5]
BEICZTEY, AMRET, 85 Ac mRNARK
EKFEHTIE, TR BaPE AL ESHNEE
VHl, KRXRARAEZLERENET|ZHBaP £5E
S|& Arc mRNAFRIAKERMTIB, B AR ArcEZR
fABaPRESIRNHAETHEZNEMEIER, Rk
A Arc il Fl FRIAFE FRIAKLERE, #— DT Arc
mMRNA7E BaP A XK BEE M AEMNER.

EEMAREARERE, EPRURZEITLSE
RKMRMNESR, KRWBREFEIMHOT TR TR B
FERESRERUREEH TN EETMREDE
T—REEKLBURBESHEEEZZ W, B

RE®. HHRESIEXRFEICIZEN TR, FH
BEEEBD Arc mMRNAURIA T REMEERAREL. £
FREL K FHBE ", 27~ DNA R E{L B 1R o] B 55 Arc
mRNA BYZRIATKFEH K, oK Arc RINRE &K FEAE
AxZ ) BaP ZREMHEAS UM RER.

ZERrid, Z2HBPRERSIETRHERFEH
MUE AT A E, Arc mRNARIA TR 885
57 BaPHELXBESMHNALE.
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