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(5] Xl (BaP) EEWAFE, AISHEEABNDMYHEITHIRE. BERRAA
BHEZFRIPER, BRHESE LA BaP ELHHESERHTER.

[E 8] MEBEIHE L8155 Bap KRF IICIZEN BRI, BRI E IREIXY BaP 14
ZTRBUBRRIPIER, 1 BaP A F1EARHITR AR,

[757%] 8 40 TR SD KR, 1KE N 180~200¢g, FEMN 2 197877 (1Bl M) XTERA. &
E1nERLH. BaP RESAEMB ZIHER +BaP 2 SAH, FH10 R, &800mgkg* (LUAEIT) 72
EBE TR, B RE 6.25mgkg? BaP, FREZRE, FH4E90d. KA Morris KX S #
THRETAENR, GETDAGEESHEREMRESAHLRIBEFNET, XHETUNELTEN
Annexin V-FITC/PI SZE N DAL M ME T2, FF Western blotting 7A12 I A B8
DBLARRTEER 70 (Hsp70) BIFRIAKF,

[E5] REGEBLIRER +BaP REHME [ (311.10+22.38) g] 1K ATF Bap FrE4H [ (283.42¢
33.95) g] (P<0.05)0 Morris KX E 45 R B R L1 E +BaP R H A F T AW T WREH
fREA [(29.17+1.90) s] F1F 1Y S EKFE [(132.51+1.96) cm] 1T BaP Ze i 4H [ (46.77+2.14) s,
(181.97£2.09) cm] (P<0.05), BaP R HH B S X HEMIALEIHIF, HE LD, HFIREL,
B L IRER +BaP 2S5 4H L Bap REARGIAS B, BEIHET +BaP HHEAREIHELMN
TAToE [(7.7345.16) %] 15T BaP FeE4H [ (53.1047.34) %] , Hsp70 28 A FIAKTF (0.89+0.09)
=T BaP 3540 (0.49+0.10) (P<0.05),
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Protective effect of teprenone on neurobehavioral damage in rats with subchronic benzo[a]pyrene
exposure LI Ling?, CHANG Shanshan?, LYU Yi?, JIANG Yong', WANG Hui, ZHENG Jinping"?
(1.Department of Hygienic Toxicology, School of Public Health, Shanxi Medical University, Taiyuan,
Shanxi 030001, China; 2.Department of Public Health and Preventive Medicine, Changzhi Medical
College, Changzhi, Shanxi 046000, China)

Abstract:

[Background] Benzo[a]pyrene (BaP) is neurotoxic and can cause neurobehavioral abnormalities
in exposed humans and animals. Teprenone has neuroprotective effects, but whether it can
prevent or antagonize BaP-induced neurotoxicity remains unclear.

[Objective] This experiment observes the effect of teprenone on the learning and memory ability
of subchronically BaP exposed rats, and explores the protective effect of teprenone on BaP-
induced neurobehavioral damage, aiming to provide a basis for the prevention and control of
BaP neurotoxic effects.

[Methods] Forty healthy male SD rats weighing 180-200g were randomly divided into a solvent
(olive oil) control group, a teprenone group, a BaP group, and a teprenone+BaP group, with 10
rats in each group. Every other day, teprenone was intragastrically administered at a dose of
800 mg-kg® (by body weight), and BaP at 6.25mg-kg” was given by intraperitoneal injection, for
90d in total. The neurobehavior was tested by the Morris water maze. After paraffin sectioning
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and HE staining, the histopathological changes of hippocampus were observed. The apoptosis rate of hippocampal nerve cells was
determined by TUNEL and Annexin V-FITC/PI double staining. The expression level of heat shock protein 70 (Hsp70) was detected by

Western blotting.

[Results] The weight gain of the teprenone+BaP group [(311.10+22.38) g] was greater than that of the BaP group [(283.42+33.95)g] (P<0.05).
The Morris water maze results showed that the average escape latency [(29.17+1.90) s] and the average total distance [(132.51+1.96) cm] of the
teprenone+BaP group were lower than that of the BaP group [(46.77+2.14)s and (181.97+2.09) cm] (P<0.05) respectively. The BaP
group showed nerve cell destruction, loss of neurons, and disorderly arrangement in hippocampus; in contrast, the above damage of the

teprenone+BaP group was much alleviated than that of the BaP group. The apoptosis rate of hippocampal neurons of the teprenone+BaP
group [(7.7315.16) %] was lower than that of the BaP group [(53.10+7.34) %], and the expression level of Hsp70 protein of the
teprenone+BaP group (0.89+0.09) was higher than that of the BaP group (0.49+0.10) (P<0.05).

[Conclusion] Teprenone can ameliorate the neurobehavioral damage of rats induced by BaP exposure, which may be related to its function

of decreasing neuronal apoptosis.

Keywords: teprenone; benzo[a]pyrene; subchronic exposure; neurobehavior

EFH [al EE (benzol[alpyrene, BaP) & WA
BN SR 2 —, HEARRBECRBEFE YRR
BEEREN, MEERS. RERAAZHEE—ESNE
BT BaPHFKAEM, HZTEMAHNESR, A5k
LBEAY, BaPHNBREASIRABERAREWIA
INEEPERS. FIIWEME. IR BEMEAL ARSI
ek, URARZEICIZEE RGBT ANRE »3, 4
BEARBRITRFIAETERBER, Bap IRV RE
ABRIPTARNBETRHEENRT, TERNEEH
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ERRREAMEMHKFRIPEANIESTE, BH
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RETEMNRE LRI L84 Bap REKRHELITAH
BIRME, IRITEFA5A BaP S 1ERM A 1T,

1 WNERE5FZE
1.1 AFIR IS

il (PERSER AN, BEIHRE
(PEEEEBREYREERAT) , BaP (XE Sigma-
Aldrich) , Morris /KX E (FEEFH ZRAYHAR
Ff) » Annexin V-FITC/PIRAFIE (RERRNEEYE
BEEARERAR), scARFIE (FEKNELEEY
T#EEMRAT), PDFER. RINAKTEH 70 (heat
shock protein, Hsp70) BB EPEHTIA. GAPDH LA K F

I — 1 (32E Epitomics) o
1.2 RWBEMS5H4A
EFRREEBSRADHEEARWWR, FEH
180~200g, ;ETNEE/IAEE, HILFAER KF LY
LR, S SI&IES © SCXK (JIN) 2015-0001, 7%
LI EEoHY L NETXANE, BILUAERKFL
WohYCIEZRSMEHR (48 : DW2020051), K
RIAFEBATER (BN 11h, EREEL13h), )&
FE7918~23°C, HETEREN 40%~60%, &5 L ERAVIFIR
. ENEREFFLARG, AR S 9k kAT
STERLH, BT InARE. BaP B AN ZIHER +BaP F
H4H, SH10R, BAM1AKREE, 12800mgkg®
HREFNZESB SRR, B FE56.25mgkg” BaP,
S200 A S IR ER A BaP 3 I AR, PRE 3,
ELRE 90do
1.3 SEEAZ*
1.3.1 FNEIZEETIRN R EE Morris ZKIR S A1
INRFESBIZEEST, KK B LD A EMAMITER
(SRI0FT4d) FITEIRRLL ([HKFESd), KILEK
BRIESRGH (6]
13.2 BEALFEFNE KERKEETAIIZ
SRE, ks, RS ENMES, A 10%
BREMBREE 240 5, EHBK, FEE, 218, &
BHERETIR (WA Es5um), T 2R ERkR
MBI EHIEF £, EMHERE, HA, XFEEN
BETIMEEDALNNFEFT,
1.3.3 TUNELARNAF/BSHAAT KESZKE
SIRINEGERGE, ML, AR BNMED,
AT R REM G EBRIEEK, PBSIEN3E (B8R
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5min) ; IIAZEBE K T{E&K 37°C/R [ 30min 274, PBS
ZHE 38 (B8R 5min) ; 4% % R HREEE B E E 30min,
PBS F5t 318 (/R 5min) ; R AR P F 10min,
PBSSZ¥E 318 (X 5min) , #ITIRICR N
1.3.4 Annexin V-FITC/PLENI A ER/BS4RATER  BY
ARESHATE, JIEE, A2 PBSEHIE,
MATREEDTAR FRERJE L, JHIL/E M AFZ PBS
B &, 1000rmint B 0 5min (B 0 ¥ 2 13.5cm),
F LA, WEHA, 71,4 Pes &2 4 H it ¥k, BX
1x10°~5x10° N EEHAE, 1000 r-min™ B 5 min (B0
F#12135cm), FLAE, IMAS00uLEERERERM
Al AN\ 5L Annexin V-FITC, 323BAIE, DN 5 puL
HRIE, BIERS. ERBENXEE 10min EXRAR
R EHITI M
1.3.5 Western blotting 7% 1@ Il Hsp70 & B 3% 1& 7K F
BOALRBEAR, ABCARFIENEEARE,
TR PBSRBAHAERRBAER—RE, A Sx EiF4&
AR, 95°C IR 20 min, 1000 r-min™ B x5 min (B
D#1E13.5cm), BLEE, BIEESAHALRENER,
HIERR (7.5% D EBR) « EFE. Bk, & (PVvDF &) 5,
5% BtAE U A £ 2 h, MO BT Hsp70 BB TR BRI K
(1:1000) F1GAPDH (1 : 1000) , 4°CHEKIT R, B
—, EEREEIR, MAFREIMES 1h, %
E3rEER. ERABRGLESENERERE, X
FA#EIA 801 R YIEEAR BB K ENR 0 T4 XT &8 B BB kT
NZEHITHFEE D, LA Hsp70/GAPDH ERTEH
HRIAE,
1.4 FitFE S

FA SPSS 20.0 SRIFFHITARIT 734, BUIBF xts R,
ZANBRBARRESEDMN, AR ELIR A LSD-t
5o Morris KRB MR R, EXF HERIREHIT D
K250 7K 0=0.05,

2 4
2.1 mHEEE

AKERLEHGE, BEHRASTRAKRRIILHEE
THEENRZ ; BaPp R2HARIINERZ IR, JEHRD.
HERD. B RRIZS ; BEI%EE +BaP R2EHN
RMAESDRL, THMBERETHRE,
2.2 SRS IEREHETHIE

ZRIEAKRITE AT BA. B R A
BaPREAMBLIHIA+BaPREBAMKENF N
(188.00+4.63) . (186.14+3.42). (183.20+9.60) .
(184.1646.26) g, S BAFREEFN ELHITFEE
Yo REERENIRA. BLIHEAA. Bap R HFAHM
B TR +BaP £ FHHMEE S5 (335.71£25.90) «
(333.19427.36) . (283.42+33.95). (311.10+ 22.38) g,
B L IHER +BaP RSB AR T K A FBaP R FAH (P<
0.05) o
2.3 KE Morris /KIXRELE

WMFTR 128, BaPRBAHAF 1M RKIHTFEEW
WEEAANERINTFESBESTXYRA. &
EmER4H (P<0.05) ; BaPREFHIHF AN Tk
BEBARE. TAKRREHNEDMEY2RES T
IR, BEHEIA (P<0.05), BE RN +BaP FFHAH
F 1. 4RI LT AR BB AR E] [(47.2721.92)
(29.3241.91) s]53F BaP F+54H [ (63.10£1.70)  (45.71+
2.04) s] (P<0.05) , BEIHER +BaP B 274 KT
& S B8FE [(189.1741.28) . (143.88+1.25). (120.72+
1.81) cm] BT & EIHEA [(124.1241.94) . (109.11+
1.34). (89.61+1.46) cm] (P<0.05), ¥ & I HF +BaP
REBAIWTF AT IREEE KRR [(29.17¢ 1.90) 5]
TR ERIE [(132.51+1.96) cm] K FBaP £ F 4
[(46.77+2.14) s, (181.97+2.09) cm] (P<0.05)o

&1 ARIFHTFEBRBNFERRHERELR (kts, n=10)

Table 1 Escape latency and quadrant retention time of rats (xts, n=10)

{1 (Unit) :s
PEBEEIRER s . EmE
4851 — — — — KRR RER TR PR EE R a]
1R H2R EEPN EX PN
SFHRLA 32.3641.86 26.9241.82 25.7042.00 21.3842.40 25.1241.95 41.49+11.44
BEIRERA 35.41£1.76 25.91+1.61 24.48+1.58 19.98+2.01 24.31+1.76 41.65+12.14
BaP &40 63.10£1.70" 50.12+2.09™* 42.66%2.29™ 45.71%2.04™ 46.77+2.14™ 24.68+15.33"
B IEAR +BaP S 47.27+1.92" 43.29+1.82 38.41+1.89 29.32+41.91" 29.1741.90" 40.72+11.31"

[E] + . 5338R4BHMALL, P<0.05 ; & : SEEIHEALAMELL, P<0.05 ; # : 5 BaP A4ELL, P<0.05,
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®R2 KEIHTF

858z

8 (xts, n=10)

Table 2 Total distance of rats spent on maze searching (xts, n=10)

BB (Unit) : cm

BRI

2A51) — — — - T2 ERI2
F1X PN $F3X EL PN

SFHRLA 173.78+1.86 128.8241.58 117.4941.95 97.72+2.19 117.49+1.91

BT EEERA 169.83+1.72 124.1241.94 109.11+1.34 89.61+1.46 113.52+184

BaP 3540 288.40+1.70* 199.53+1.95 “ 169.82+2.24™" 151.3642.09 " 181.9742.09*

B LIRAR +BaP RS 211.09+1.62 189.17+1.28% 143.88+1.25% 120.72+1.81% 132.5141.96"
[E] * 1 SXtBREELL, P<0.05 ; & : SEEIREAZAMELL, P<0.05 ; # : 5 BaPHABLL, P<0.05,

N = = N

2.4 BEELRIEF EEWA. AEZEY%S. ARAREIMIFKRTESE, 3

B18R, 5(1,.\\_ N %miﬁﬁﬁéﬂtﬁi’é%lﬂ%m
FAERIENT, BaP fEAHAR B HIM ™ EMEIR

1, MREMWIF, REEM, BEIXeEARHE
L, HIMPAR BTSN

B HEF 2 , IN4AAR

DR EIMIATLRIN, RRRE. K. BHESF ;M
BE IR +BaP RF AN HIMEILAE, B X
ZMRERE S T BaP 54, BEInEA +BaP REFALL
BaP ZHAMBIATRE

[3F] 1 : x40, 2

1 %2000 A © STHR4E ; B . B EIGERLE ; C : BaPIRELH ; D | B InEE +BaP H

Hil, BEFARTARENARZERERN, BE

AR AR H IV B RN, A BERRNAMHIIRZRENT, BEFHARTNHIAMRMRERI,
1 AEBSARTEELK (HERER)
Figure 1 Morphological changes of rat hippocampus (HE staining)

2.5 KEBDHEMRATER

TUNELEZE R M E R B R, BaP RSB AR F X
AREBSHEARATEARAS. DB 2, S3RA
[(3.64+2.86) %] 1ALL, BZIHERNZA [ (5.41+0.58) %]
B IR +BaP 2B 40 [(11.63+2.58) %] KRGS
ézéﬁﬂﬁﬂﬁtﬁz%ﬂﬂw% (P>0.05) , B EIHEARE
EIGER +BaP RS A B SAMATRET sap £ HH
[(31.11+5.54) %] (P<o 001),

MAABENKENERE R, STEAH [(0.27+
0.12) %] t8tt, g%fﬁﬁﬁﬁéﬁ [(0.40£0.28) %] KRB
ZAMMEBAT-RLARES, BaP REA [ (53.1047.34) %]
A QEH@E’Jﬂt?ﬂm, BEInkE+BaP Fr 54

[E] TUNELIR A S SR 4RRA TS (x200)0 A @ XTHRAA ; B | B
IHEA4E 5 C : BaPE4H ; D ; EiLInER +BaP FrE 4,
2 KEEDHEMRET

Figure 2 Apoptosis of rat hippocampal neurons
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B RE T X [(7.73+5.16) %] 1k T BaP R F 4,
BaP ASZHEIHAMMATES TXRA. BEH
EZH (P<0.05),
2.6 KERBIHAL HspT0ERFRE

3R, BEIHE+BaP B HHsp70EA R
XK (0.89+0.09) = F BaP F &5 4H (0.490.10) , &
BERITFEX (P<0.05), BaP RHHARBELAHR
Hsp70 & B RIAKF R, BSR4 (1.07£0.30).
BB (1.12+0.28) ML BHEER (P<0.05),

BRI+

R BEIGE  BaPREm

GAPDH N S —

BaP &

16

1.4

12
1.0 #
0.8
06 &
0.4
0.2
0 : : :

WERE BTG BEInERE+ BaPRSHA
BaPZELH
[E] A 8B%kE ;B : EEHFRIATIRE, * : SXIHRLAMELL, P<0.05 ;& :
58 ZmEA4AELL, P<0.05 ; # : 5 BaP FFHAALL, P<0.05,
B3 KEEZHLHspT0ERRE

Figure 3 Hsp70 protein expression in rat hippocampus
3 e

BaP fEN—MENHIRZEY), AAEHENHE
i, JSBELTHMINANINERER, KBERET
BaP FY R A AR H A E B FE S RIS IZE5,
T84 BaP REERF I IS BARITHFNRE. KR
PHARE T BaP 2 BUIFAMNMEN, FHIEE
SEMMER". 2EIEABaP A5 RFHAKRR
R B RERIEmhRe N RIBIZINFIThRERY T BE o AR
RERET, KELBPpRESFHIMER. ZHE.
AR, B RRIEZ. &ALV, RERAEE
BRFWMR. Morris I KIRELERE R, BaPRFHEFHA
ERHETHNRE, AAREFERET, BaPRF
ARBSHIMEMEE A, L5, Bap RBHBS
MAERATREBEFA B, KREABaP REFFHARM
ZATHRZEMEEHRR R,

XY FRAE KT

BEmER—MismEEteY, REREFARE
EMREMNTUZERM—ER T AT EHE .
BHEitARIANE SRR —MEXRN. RSEIERN
ARREANEMHBERIFEGINESH, &S
ERE. AEPRERIPERY, BRORE ZIHE
&, KERREFXRRARBEHTBEREARESDIXH
SRR S T FER A (ERS A TRt T =Y, %
EHAFRIPER, AMRERE TR, BT HEANST
RAARMALL, THTBEETN, BZIRER +BaP FE
HARIANBRNITHEENE, BEIHEE+Bap 54
KB FHF AT EBARER. FHRREHER
FeapFEH, BZAARBETARGHTHEE,
ANRIBFERER, BZLIRER +Bap FeH AL BaP
SAMPRGERE, G0 HIMAEZESE, 4
BEEIMIFRE, MH BaP REARAE ZIHELIE
EESHAREATERERET BarP REH, LU EERK
BE, B TInERA o] LU BaP S IEEAIHEAE M,

Hsp70 AR L MR ESRKEER, HALU@ET
EESFHEER. MARBTRNEVIERRSH
FRIRIBEE ], LB EEIRIEE /I, T H Hsp70
RO IERCHIE R TIIRETEMA LR P RE, KA
LNHIRGRY, RERIEEHFRIPIER. RE, UERH
RAPELMBZHEAILUES AR B, FFiE. OfF
PA K IR 42 R G5 Hsp70 B RIX, T B BiAVAR3TIA
N L IHER R Hsp70 B MAVIE S5, TELLEM |, #
—HME T Hsp70 EHRIFRIAKF, &I BaP Al T
Hsp70 IFRIAKFRE T, M L InEH +BaP FH4A
B] B R & F+ Hsp70 FRIXK T, Hsp70 BB A K
BATHER, Hp70 BRBREZ 2T M EHESHERE
o Z MR R. AR LZIMENR T AB Hsp70-1 CCH
Hsp70-2 AABRE B AT REIE I E R . FIMIZIZEN
HEITRIRARIXEE Y, T Hsp70 BIECE X Al @i {2
HBRAFEIEE AR EHESE ", B BaP
RES|EMNHZFZMN D Hsp70 KX F T BE S LRI 1K
BTERRNEVEE X, L5 RMRAT., HRRE,
ARE SR A B AR IAN S, EIERSESF
EHRARTEAMIEELL, tE5h, Hsp701 R 5 & IR ER
WINB MR ATIEREX Y, P REABEE L
IHERAMES Hsp70 ERFRIA LA, R TAHAET,
B T HETTHIRE, IBINETNEE, SER BaP
RESRIMETANRT., FIECHN, &ZinE A6
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IR Hsp70 Tk, IR D ABRAT , MITIELE BaP 1
ZEM,

b, BEREA LICLE L BaP RS EHIHE
THRZ, ERHsp70EBARE, BAOARET, B
BEZTTHIME, MMAIEHZRIPIER.
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