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#E 4 2 C (100 umol/L) . BaP (1umol/L) + &% fER (100 umol/L) ZhIE SH-SYSY 4h A 24 h f5, F
MTT & 16 AR 77 7E 2, ROS & M A8 MK 57 & 46 248 i 9 ROS /K 2, 4HAE T — B (MDA)
WERXFIERNMEA MDA S 2, BE Y LES (SOD) 4> BRS8N 4R AR A SOD JE M
Seahorse XFp ARG 68 & 7 H7 (X 4& M 40 AR L WL W IR Th e FIFE S AR THAE .

[ 455 | BaP LFEAMIBTF AR (84.2%+1.2%) . SOD JEM [(60.19£1.02) U/mg] RT3 FIxS BBH
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0.104) pmol/g] M= T AFIXTEB4E [31.27%+1.40% . (0.382+0.083) umol/g] (P<0.05), BaP &40
BB S TR [(2.6440.43) pmol/min] | ATP {BEX A9 H E IR XK [(2.09¢0.32) pmol/min] .
BE TR & AE [(3.4240.03) pmol/min] | B & FER 4% & [(0.78£0.44) pmol/min] 1K F A
F3F BB 4A [ (4.8940.43  4.16+0.24  7.06+0.11. 2.18+0.35) pmol/min] (P<0.05), EFRES
3% & [(0.55%0.16) pmol/min] . ¥EEE K [ (3.54+1.02) mpH/min] . ¥EEEfR & A{E [ (5.94+
0.47) mpH/min] | ¥EE% 65 &8 [ (2.40£0.61) mpH/min] 585X B8 2H [(0.73£0.27) pmol/min,
(2.71£0.66) mpH/min_ (5.75+0.65) mpH/min_ (3.04+0.19) mpH/min] #8tt, ZRF L %Kit F
BX (P>005), fAERE HAERC, FHERTMAMBFEER (90.2%£1.1% 91.9%+3.1% .
98.2%+2.1%) . SOD 3E M4 [ (67.28+0.43) . (66.23+0.70) . (65.47+1.17) U/mg] BB & = F BaP &
20 [84.2%+1.2% . (60.19+1.02) U/mg] (P<0.05) . ZAAf A ROS /K3 (34.53%+1.96% . 37.07%+
2.42%_ 38.77%%2.31%) . MDA 4 & [(0.477+0.095) . (0.544+1.09) _ (0.558+0.152) umol/g] M|
{KF BaP x5 48 [60.73%+3.15% . (0.837+0.104) pmol/g] (P<0.05), HHEKE #4=C. 4%
T AR SRR [ (4.30£0.36) . (4.44+0.35) . (4.42+0.51) pmol/min] , ATP BB
SRR K [(3.45+0.20) . (3.7040.19) . (3.60+0.34) pmol/min] . & & FW% & A& [ (5.53+0.03) .
(5.52+0.04) . (5.5620.02) pmol/min] 1 & F BaP 3t & 48 [ (2.64+0.43) . (2.09+0.32) . (3.42+
0.03) pmol/min] (P<0.05) % SR f%4{& [(1.23+0.35) . (1.08+0.31) . (1.14+0.50) pmol/min]
5 BaP 340 [(0.78+0.44) pmol/min] 1Lt , ZFELITHER X (P>0.05), WEEEAEE MK L
RER, SHE 3TN ERPILLHITFER X (P>0.05),
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Abstract:

[Objective] To observe the effects of vitamin E, vitamin C, and taurine on energy metabolism
damage of human neuroblastoma cells (SH-SY5Y) induced by benzo[a]pyrene (BaP) exposure.
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[Methods] SH-SY5Y cells were treated with DMSO, BaP (1 umol/L), BaP (1 umoL/L) +vitamin E (50 umol/L), BaP (1 umol/L) + vitamin
C (100 umol/L), and BaP (1 umol/L) +taurine (100 umol/L), respectively. After 24 h of treatment, cell viability was measured by MTT assay,
reactive oxygen species (ROS) level was detected with ROS detection kit, cellular malondialdehyde (MDA) content was assessed with MDA
assay kit, superoxide dismutase (SOD) activity was evaluated with SOD typing test kit, and mitochondrial respiratory and glycolysis of the
cells were detected with Seahorse XFp cell energy analyzer.

[Results] The cell viability (84.2%+1.2%) and SOD activity [(60.19+1.02) U/mg] were significantly lower, while the ROS level (60.73%%3.15%)
and MDA content [(0.837+0.104) umol/g] were significantly higher in the BaP-treated group than in the vehicle control group [100%+3.74%,
(67.37+0.78) U/mg, 31.27%+1.40%, and (0.382+0.083) umol/g, respectively] (P<0.05). The basal oxygen consumption rate (OCR) [(2.64+
0.43) pmol/min], ATP-linked OCR [(2.09+0.32) pmol/min], maximal respiration [(3.42+0.03) pmol/min], and spare respiratory capacity [(0.78+
0.44) pmol/min] in the BaP-treated group were lower than those in the vehicle control group [(4.89+0.43, 4.16+0.24, 7.06+0.11, and 2.18+
0.35) pmol/min, respectively] (P<0.05), while the proton leak OCR [(0.55%0.16) pmol/min], glycolysis level [(3.54+1.02) mpH/min], glycolytic
capacity [(5.9440.47) mpH/min], and glycolytic reserve [(2.40+0.61) mpH/min] in the BaP-treated group were not statistically different
from those in the vehicle control group [(0.7310.27) pmol/min, (2.711£0.66) mpH/min, (5.75+0.65) mpH/min, and (3.04+0.19) mpH/min,
respectively] (P>0.05). The cell viabilities (90.2%+1.1%, 91.9%+3.1%, and 98.2%+2.1%) and SOD activities [(67.28+0.43), (66.23+0.70), and
(65.47+1.17) U/mg] in the groups treated with vitamin E, vitamin C, and taurine in addition to BaP were significantly higher than those in
the BaP-treated group [84.2%+1.2% and (60.19+1.02) U/mg], while the ROS levels (34.53%+1.96%, 37.07%+2.42%, and 38.77%+2.31%) and
MDA contents [(0.477%0.095), (0.544+1.09), and (0.558+0.152) umol/g] were lower [60.73%%3.15% and (0.837+0.104) umol/g] (P<0.05).
The basal OCR [(4.30%0.36), (4.44+0.35), and (4.42+0.51) pmol/min], ATP-linked OCR [(3.45%0.20), (3.70%0.19), and (3.60+0.34) pmol/min],
and maximal respiration [(5.53%0.03), (5.5240.04), and (5.56+0.02) pmol/min] in the groups treated with vitamin E, vitamin C, and taurine
in addition to BaP were significantly higher than those in the BaP-treated group [(2.64+0.43), (2.0940.32), and (3.42+0.03) pmol/min,
respectively] (P<0.05), and there was no significant difference in the spare respiratory capacity between the three groups [(1.23+0.35),
(1.08%0.31), and (1.14+0.50) pmol/min] and the Bap-treated group [(0.78%0.44) pmol/min] (P>0.05). The results of glycolysis stress test
showed no differences in the three glycolysis function indicators among the five groups (P>0.05).

[Conclusion] Exposure to BaP can cause oxidative damage in SH-SY5Y cells and reduce mitochondrial respiratory, which may be protected
by vitamin E, vitamin C, and taurine.

Keywords: benzo[a]pyrene; human neuroblastoma cell; energy metabolism; vitamin E; vitamin C; taurine
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RETMA. FFHFEFIMABaP (ZLRE Lumol/L),
S9-mix, FEIRSAIANLGEAERE (KR E 50 umol/L), @44
RCTMA: FHHFREFIMABaP (ZLRE Lumol/L),
S9-mix, ERFAIANLEA K C (28R E 100 umol/L), ® 4
R TIE . FHFREHPHABaP (R E 1umol/L) .
S9-mix, BB IINGFEER (28R E 100 umol/L) , 4 5x
10°/mL (Y 4R AE TR EIAE R A IE FR AR R FF ARt A\ X
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B 5 BaP ZFHEMLLNE(E (P<0.05), LERWNFK LR,

F1 SH-SY5Y 4Aif7ziE 2. ROS. MDA J SOD #yZ5 4k,

551 MAEFFEER ROS 7K 3 MDA & & SOD J&
(%) (%) (umol/g) (U/mg)
R X BB ZH 100.0%3.7 31.27¢1.40  0.382+0.083 67.3740.78
BaP 54 84.2+1.2" 60.73+3.15°  0.837+0.104"  60.19+1.02"
HHERETHE  90.2+#1.1"  34.53+1.96" 0.477:0.095"  67.28+0.43"
BERCTMA  91.9+3.17 37.07+2.42"  0.544+0.109"  66.23%0.70"
R TIA 98.2+2.1" 38.7742.31"  0.558+0.152"  65.47+1.17"

DE] . SEFIXRAMELL, P<0.05; #. 5BaPRFAMLL, P<0.05,

2.2 xtemAnREE RETRIRIE
GRABENNRERE T, RTREREXSA
BZFEHIUTFEREN, HRERSAREMEME. BaP
RAEHEMBEATR APBRNFEETRER. 5
SAFRRAE FEFRESERTEFNRA (P<
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0.05), HAEFE #AEXCNFERTHAEMESR
k. ATPBEMBETRER FETYREAES
FBaPFF4 (P<0.05), EEEFRHEKE. BEWT
WAiE & ERTAFXTEA (P<0.05), £iliHEE TR
5 RBAMELLEREHITFEREX (P>0.05); HEER
E. #ERCHM4HERTHMANEETRIEEES BaP
AEFHAMBLLERTRITFER X (P>0.05), ERIFK2
From.

R2 HHERE HERC, FEEERRT SH-SYSY MR
WU Th RE R 228 (pmol/min)

At ATPBELRY RTRFE ABEF BEW

izl

A HETR HETRER SEE REAHE REEE
BN R4 4.89+0.43 4.16%0.24  0.73+0.27 7.06#0.11 2.18+0.35
BaP 3540 2.64+0.43"  2.09+0.32° 0.55+0.16 3.42#0.03" 0.78+0.44"

#AFKE T 4.30:0.36"  3.45:0.20" 0.85+0.19 5.53+0.03"" 1.23+0.35"
#EHEFRCTILHE 4.4440.35"

FHERT A

3.70£0.19"  0.74£0.16 5.52+0.04™ 1.08+0.31"

4.42+0.51" 3.60+0.34™ 0.8110.18 5.56+0.02"" 1.14+0.50"
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0.05), ZERMZ*K3 7w,

F3 METE BERC FHEYBPRE
SH-SY5Y £ BB B AR BEEIZ A (mpH/min)

287 TERE K EEMRAE TR s = {E
AT BB ZE 2.71#0.66 5.75%0.65 3.04£0.19
BaP :&H 40 3.54+1.02 5.94+0.47 2.40+0.61
HERETMA 2.78+0.83 5.93+0.89 2.78+0.83
HERCTFMA 3.33+1.28 6.06+0.79 2.74+0.58
R TA 3.47+0.83 6.14+0.41 2.68+0.43
3 g
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SEITRE AR = 4 A9 K 8 ROS U L MR FR SR 7, [IRT
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BEmEEERRABOERREN]. XRERET,
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ARERERAFEFRRAE. EETRESER
& maTREaEER. EBRERKT. BEERREAE.
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B RLATP 8E N BEARETEL, MR AL R B T LB
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SRHERET, BaPRESEAMMAROSKFIES.
SOD JEPEFER, i B AY ROS = EL AR - Y 2 A IR A
FERAER . ERUAEFUL |k, MDA S EHAENIGM, X
RTAREERFENRHSEURGBER. fEERE
HARCMARBR T DU ERAEAELRG, 1
% BaP RESBMEMBAFRER ATPEKNS
SAFRERRREEFREANERRK NEEERWEE
Bl X REARE, 4R CMA IR TN BaP £
BSBMNEMRS TR ET KR LK S M ATP
BENTRE. AT AR RAFREREREFES
RS ZFELRBRIPER, ENX TS HRELIEN
HERBHRE IFEREELEX.

BESEIRNE HAERE HERCHFHEER TN

HATPEEMNEEFRERRFEFRERERAS
TBaPREAH, BMARTIRA, RPAXKRE

%A RE BERCHMEBEB THHERRT LUK
> BaP REXMIBATP BT EFREXRF AN
WERANEERHNHRG, EFRETEERXMRG.
ZIREIEREZ 240, AXDMIEP, DR EE
RE HERCMFBRBRATRE, RREAMRES
EZEBKR. Beap ARERGFH LG, RBFEE
., AT ETE BRI, W SHEERE,
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BAERCMFHERMTELEAE UM FIRGE
X, BERE EZCHFBER THINAREZELRR
TRMINTRENENNRELZEZSR, LT EX—
BERBX, AFERFNE. ZRAMFLERE, FEER
CHIA R T IR E MRS INAR R MM D, &2
REMIBEATFRINGE BE2EFH—FRIT. AL
I PR IRE BaP R E I R SR S MR X AEE
MBI L, MEREBPRESSIRENEENN
T HREAMLR AR AP FEIB 5 BaP 15
SHMREFATHEXY, Y5 REBPREN. $H4
FEHERCHNFHER TSI UNEHSIEM
wmn, BETH—SHR.

LR, BAERE HERCHMFHEBRITEF
EBaP RE S| EMRERHZIEAERENRIPIE
B EVSTURSENELER. BREBE. IF
BERIE E AL, RIMVERIIRATP 5 5L /1 % ., Seahorse
XFp 4HBEEE = 0 AT O] IXEEMR T & BaP B E S| &
HRIIRERER A FERNE Bl A S FREER, ATP B
BXEIVE SRR R FIERI T, AT R A i
KEERG, KSRARFAT, fERE EERC
M4 FEBR XX FRAEFREER, X BaPiEFH
HMAMPENE RGN ERARRIMGATIRET
T, BESHIEMNEERE #ERC FHRT
A U E BaP RE S B AN XFHMN R
BN TR EETIMEKSTEBaP RESIENHA
el AREH—TRR.
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