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Abstract:

[ Objective | To study the effect of benzo[a|pyrene (BaP) on energy metabolism of human neuroblastoma SH-SY5Y cells, and

further explore the potential neurotoxicity of BaP.

[ Methods | SH-SY5Y cells were exposed to different concentrations of BaP for 24 h. Cell viability was determined by MTT assay.
Malondialdehyde (MDA) content was measured by MDA assay kit, manganese (Mn)-superoxide dismutase (SOD) content by SOD typing
test kit, and cell oxygen consumption rate (OCR) and extracellular acidification rate (ECAR) by Seahorse XFp cell energy analyzer.

[ Results ] As the concentration of BaP increased, the cell viability decreased (P <0.01), the intracellular MDA level increased
(Pend < 0.01), and the Mn-SOD level decreased (Pyena < 0.01). The cells treated with 1.0, 10.0, and 100.0 pmol/L. BaP showed
significantly higher MDA levels and significantly lower Mn-SOD levels than the control cells (P <0.05). As the concentration of BaP
increased, the basal OCR, ATP-linked OCR, maximal respiration, glycolysis, glycolytic capacity, and glycolytic reserve displayed
a downward trend (P.,a< 0.01), the basal OCR and ATP-linked OCR of the exposed groups were significantly lower than those of
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the control group (P <0.05), and the maximal respiration, spare respiratory capacity, glycolysis, glycolytic capacity, and glycolytic

reserve of the 10.0 and 100.0 umol/L. BaP groups were significantly lower than those of the control group (P <0.05). Optical density
of MTT and Mn-SOD level of the BaP exposed groups were positively correlated with basal OCR, ATP-linked OCR, maximal
respiration, spare respiratory capacity, glycolysis, glycolytic capacity, and glycolytic reserve (P <0.05). Intracellular MDA level was

negatively correlated with various cellular bioenergy indicators (P <0.05).

[ Conclusion ]

BaP can cause oxidative damage in SH-SY5Y cells, reduce mitochondrial respiratory function, and impair the

spare respiratory capacity and glycolytic function of SH-SY5Y cells at higher concentrations.
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Figure 1 The curves of XF stress tests

125 Guit# 440 I SPSS 13.0 A  Bm itk 74t 11
2EOvHT, AL HLBCR B R R 2250 0T, P HLBCR
FHLSD &5, Faski6 ) FHZA: [0 )3 781, Pearson #H5¢
SR E R o KK fE @=0.05,

P
2.1 BaP x+ SH-SYSY 2m it i& b 04 % v

BaP Je#:4Mifg 24h J5, 0.0, 0.1, 0.5, 1.0, 5.0, 10.0,
50.0, 100.0 wmol/L £H 4 Jf A X A7 15 28 43 531 4 100.0%
90.5% . 88.6% . 70.1% . 71.6% . 63.5% . 65.9% F150.7%.
0.1 0.5 pmol/L ZH 4 i 15 1 A 32 B W i 521, 1.0, 5.0,
10.0., 50.0., 100.0 pmol/L 21 5 %} BEZH A Hb 22 57 Be i 12
L (P<0.05 ), HALN 5 7] 5 WP (P s <0.001 ),
BN EIHE (1Cso ) A 100 pmol/L, WLFE 1, HL4E MTT
RIGZE 1 0.0, 0.1, 1.0, 10.0, 100.0 pmol/L 1 7)5
S

1 RERE BaP M BAMPAFFEE(n=5)
Table 1 Survival rates of SH-SYSY cells treated with designed

concentrations of BaP

BaP (% ((umol/L ) HEEE (X s) LAY A A (% )
BaP concentration D Cell relative survival rate

0.0 0.211 +0.02 100.0

0.1 0.191 = 0.04 90.5

0.5 0.187 0.02 88.6

1.0 0.148 +0.03** 70.1

5.0 0.151 +0.02** 71.6

10.0 0.134 +0.01** 63.5

50.0 0.139 +0.02** 65.9

100.0 0.107 + 0.01*#°° 50.7

P ( Prena ) 0.000 —

[ J#: GYBAAN, P<0.05; #: 5 0.1umol/L 4148, P<0.05; O:
W
5 1.0pmol/L 448, P<0.05; [J: 5 10.0umol/L 4148 L, P<0.05,
[ Note ] =: Compared with the control group, P<0.05; #: Compared with
the 0.1 pmol/L group, P<0.05; O: Compared with the 1.0 pmol/L
group, P<0.05; [J: Compared with the 10.0 umol/L group, P<0.05.

2.2 BaP xt#m A i MDA & Mn-SOD 4% 4 % %)

BaP YL 85 41 i1 24 h 5, 41 L ) MDA % & Fifi 3
Y JEE (%) 3800 TG 38 A0 ( P s < 0.01 ), Mn-SOD 5 - fifi ¢
T R 10 88 0 7 2 ( P s < 0.01 ), Hirp 0.1 umol/LL
XA 2 5 g2 X (P<0.05); 1.0,
10.0, 100.0 umol/L £ 5 %3 HBAHAH e 25 S G i 27 X
(P<0.05), W2,
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Table 2 MDA and Mn-SOD levels of SH-SY5Y cells treated with — 8 FRR £ TR
o Oligomycin Rotenone | o 0 pmol/L
designed concentrations of BaP = 0.1 pmol/L
[=}
BaP ¥ ( pmol/LL) MDA £ (umollg)  Mn-SOD &/ ( x 10°Ulg ) E 6 . 1 (*)‘m"l/lI;L
BaP concentration MDA level Mn-SOD level e Ej —F oumo
=X \;\ - 100 umol/L
E ~/
0.0 0.12 £ 0.05 47.37 £7.00 & 4
0.1 0.16 £ 0.05 45.52 £3.68 ¥
=
1.0 0.59 +0.04™ 35.97 + 6.64% b 2
10.0 0.92 +0.04*° 25.95 +2.12"°
0
100.0 0.98 +0.04*° 19.84 +2.22"#° 0 2‘0 4‘0 6IO 86
P ( Poend ) 0.000 0.000 A1 ( Time, min)
[ J#: GatfE4i4 Lk, P<0.05; #: 5 0.1pmol/L #1481, P<0.05; O: o
5 1.0pmol/L 4148 I, P<0.05., = B] wEE Z'MQ'D'%?_"'*E (206)
&0 AU
[ Note ] *: Compared with the control group, P<0.05; #: Compared with = Oligomycin
=}
the 0.1 pmol/L group, P<0.05; O: Compared with the 1.0 umol/L E 6 e~ Opmol/L
g -m- 0.1 umol/L
group, P<0.05. L KiikiaLii A 1Lpmol/L
= Glucose ¥ 10 pumol/L
x é 4 4 100 umol/L
PR - Lﬂ
2.3 BaP ¥ 2m st E R0 £
SRR ST R, R R 45 e 4 20 B LA § 2
SxEING g HINA M 327 & >
PR ATP IO A AT IER X R 2 2 i ’
2~ )y ALY \J ~ N E—a .@
SAGIFE X (P<0.05), HBEHE Y815k 8T 2 = 0 . w w w
0 20 40 60 80

BT B (Prass<0.01 ); JoT T AR AEU R 48 45 YL BRIk
JERIZ R TG 2F 2 L (P>0.05); 10.0, 100.0 pmol/L
A AT I e AR S i #5155 % R AR L 22 S 456
P X (P<0.05), WIK2A, %3,

W T i e 4 R 7R 10.0.L 100.0 pmol/L

IffE] ( Time, min)
[ JA: BaP % & m AR JE Mk dh %5 B: BaP R & G B AEE
M e %o
[ Note ] A: Curve of cell mito stress test of cells treated with different
concentrations of BaP; B: Curve of glycolysis stress test of cells

treated with different concentrations of BaP.

éﬂ*%@%%ﬂ‘(%‘ *ﬁﬁ%ﬁ%ﬁﬁ&ﬁ%ﬁﬁgﬁﬁﬁéﬂﬁ E 2 A[EiRE BaP AR5 SH-SYSY AR A4 Re 2R EY
I ZEREGIT¥E L (P<0.05), HIYWEE T E

Tl B R a3 ( P<0.01), WK 2B, %3,

Figure 2 Bioenergy phenotypes of SH-SYSY cells treated with

designed concentrations of BaP

R 3 ANEIRE BaP b1 28 4 B £k AR FE IR Th BE AN AR BEFR Th BE K F (X + 5, n=3)

Table 3 Mitochondrial respiration and glycolysis levels of SH-SY5Y cells treated with designed concentrations of BaP

NIRRT FE[ pmol/( min - pg) |

B INBEL pH, x 107%/(min - pg) ]

Mitochondrial respiration Glycolysis
432 ( umol/L )
Bl = ATP {HIRH N - o ST ik S S
Gowp gy ATTERIOER ooy mwmmdcr TVTEREER een mmemmocl WEREEE
Basal OCR WA Proton leak OCR  Maximal respiration - PoTe TesPiratory Glycolysis Glycolytic capacity ~ Glycolytic reserv
asal OC ATP-linked OCR roton leal " aximal respiration capacity slycolysis slycolytic capacity — Glycolytic reserve
0.0 5.12+024 3.53+0.05 1.59 +0.19 5.95+0.93 0.83 +0.07 4.10+0.14 5.16+0.13 1.05 +0.01
0.1 433+0.23" 298 +0.12* 1.35+0.12 5.05 + 0.80 0.75 + 0.03 3.92+0.14 5.04 +0.25 1.12£0.21
1.0 3.91+0.25" 2.59+0.11" 1.33£0.14 4.76 +0.75 0.85 +0.05 3.85+0.11 4.89+0.20 1.04 £0.11
10.0 330+0.22%°  2.11+0.11%° 1.20£0.11 3.39 +0.44* 0.08 + 0.03*° 3.60 +0.11* 4.47 £0.16" 0.87 + 0.05*
100.0 339+023%°  2.05+0.09%° 1.34£0.16 3.91+0.80° 0.52 +0.05"° 2.18+0.29%°  2.82+021%°" 0.64 +0.10*°°
P ( Piena ) 0.00 0.00 0.04 0.00 0.01 0.00 0.00 0.00

[F ]%: GatB4amt, P<0.05; #: 50.01umol/L 4k, P<0.05; O: 5 1.0umol/L 44, P<0.05; O: 5 10.0umol/L 414 tk, P<0.05,
[ Note ] #: Compared with the control group, P<0.05; #: Compared with the 0.1 umol/L group, P<0.05; O : Compared with the 1.0 umol/L group, P<0.05;
[J: Compared with the 10.0 umol/L group, P<0.05.
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2.4 a2 MDA, Mn-SOD 42 & MTT X% EALL 4
TR E S HARKE AT

K H Pearson A2 19 777243 5% 4L MDA | Mn-
SOD % f& St MTT 6% A 5 e s QI &% S 86 T
KA, G5 R MDA S SRER A S5 2
A ; MTT 6% B S Mn-SOD & & 5 5t A
W . ATP B A AW I R | A 4R I e KB A
AT R i A5 L BHTRE AR KT o O T e KA W T
it (AR IEME, R IR 4R,

R4 TERE BaP AMEALEAEAN MDA, Mn-SOD £
MTT At ZEESHERHESHNEXRE
Table 4 The correlation coefficients of MDA level, Mn-SOD level,
and MTT optical density with energy metabolism parameters of cells

treated with designed concentrations of BaP

ZH( Parameter ) MTT MDA Mn-SOD
FERlAG AP ( Basal OCR ) 0.840"  -0.901"  0.762"*
ATP (BB A 4ANE 4% ( ATP-linked OCR ) 0.890"  —-0.948™  0.853*"
JF TR FEAH ZE ( Proton leak OCR) 0483  -0.542" 0.292
A I f A AEL ( Maximal respiration ) 0.657*  -0.764""  0.556"
A5 4EI I i %8 ( Spare respiratory capacity ) 0.596"* 0711 0.626"
Wi K ( Glycolysis ) 0.643*  -0.734™  0.744™
EIE A5 AR ( Glycolytic capacity ) 0.663*  -0.765"  0.773"
BEREAF 6% 75 5 ( Glycolytic reserve ) 0.626"  -0.752"*  0.752*

[ £ ]*: P<0.05, #x: P<0.01,
[ Note J#: P<0.05, **: P<0.01,

3 iTig

BaP 7£ 21 it (7,25 P450 Ui ( CYPs ) iOAEF R i6
R 7, 8- 59, 10-FFFH A I [a] tE ( BPDE ), 7] %
B LGB, 78 PR 2 R Ge R AR A
G BaP IS b FE &7 A KR ROSE ), FEARALIA
ik ie s BANRPT A BRI PE , 5 S IR X )™ AR
AR R 2 TR A A ERE 0, 2 ROS
P U S 25 B, SORLAARNT WA 5 495 23K Ca™
P 4R AR B, TR AR AN SO 5 1Y X
L R RS R T AR RGN
RN 2E ) T A, R RE AR 2 R B R
o IEFIRAET, Mg 2 i - BRSO AR 2T
eIEATREFEHEN 1 BRI, 2R AT PEREAR, B
P A 1Ry e R B RE AR AR T B AT R W Lok A
L) R 15 A0 ST R 380 e 28 AR A7 M 5 03 1) i Ak O
FEAEFRCS0L, DR FRAT T BaP AT RES L M2 41 i B
ACHEE L.

SH-SYSY 4 i fir A= T A SK-N-SH 4l Jitd 52 V. 72 [,
HAMEITOEA A A RE, |2 P s

YEFIALEN AT %), Seahorse XFp 21 i GE 12 43 B A%
TIREAN A ZRPEA T ICAGAGIN , AT [vi] s 000 52 40 6 PR G 2%
BLRE A I 2R AT RO T, X e A
IR A PRI R R PR S 2R Sk BSR4
IR 2z pi G A S2ae 2 SClk 15 1 &% MTT 45 51 1%
B BaP YRR, b o A AR A N IR B, AR AN R
FEW A SOCIRBI$3% ), B FEWF5E BaP Xt SH-
SYSY 4iififd BE A B, IR AT H S A0 A T R
KRG FR , AT BaP X 4 22 41 i it AR i
R B, FARBTERAEYIPRE, AT BaP M4
VR FMLTI B HEAR A

MDA & H o1 35| & g et S8 A A FH 0 203 =
Y, SOD j&—F i A L, HH Mn-SOD EZ A7 7E T
FAZ AR AR T, X R AR SR A5 A kS 2 5
VEFR 2, 35 K- AR 45 B S B 2obr (A S Ak 401495 1)
JEB I, ARWEIERIR, BEEE YRR 3G, A0S
TR, AP MDA 5 2 #i R, Mn-SOD 7 i 4 7
FEAIS, 3278 BaP 5 EZERIA S B0, 5 LIANG 45
RIEFA—FL,

LRRLRANE R ATP A5 11 = B0, X 41 i 11 B
SO RN N A R 2 AR, SRR S
Pl 4 S EOEE A ETIRRE T R AR
P 1% 2 B 440 i R IR S R A RE R 75 22, 4% ATP
I A4 A7 AR T W 3 2R (S B2 R4 ATP A5 B AE 1 ) o
T U HE AR R (S B R AR B ZE R ) A AR
o ACAEL S W20 it ] DA 1) ) dpe R VPRI 5 i 5 I
W RE 77 S WL TR I A XSS R 1 X B e
FE R REFE D IS A 2 C R b L W BB, AR RE
T Bt BRI SR G ATP 1T B 2 T 3 3500 X =R 1
Xof 4 L S AR N B R ) R OGS E L R R
FITTRETERE R AHFSE & B BaP o] B A0 i LRl A
ST I Ko ATP B IR A A7 0 I 0%, I 5118 e
Z B2, UL B BaP FEAR L AR AT SH-SYSY 41 Jifg
RERETNAE, T8 2l T ATP & B BE ) Z T S5
(1, #2715 BaP A BERN ] ATP A RS M, I R0 H
TFAE B (ETC) SRR BEL5 1), 8 SR A 25 44 54
iz Ak B s A AR s, I SZ I HLIA Y
A IS N BE JT, 5 DRANKA 28252 oy — 3, 4%
R FE (10.0, 100.0 pumol/L ) B 41 fitd A 480 F W% die KA
FAG#AE T B, PR 8= W 1 BaP 1] BEARLR 14T
P 6555 40 M 4R LR 0L 7R A2 BE ) R T K 2
XA ST RE 20, BeA, AR AR S —
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