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Abstract: NPCB and heavy metals are representative components of airborne particulate matter. In the present
study, we investigated the combined effects of NPCB with Pb/Cr/Cd on the viability and LDH leakage of BEAS-2B
Cells. After co-exposure to NPCB and heavy metals (Pb/Cr/Cd) for 24 h, cell viability and LDH leakage were detec-
ted by Cell Counting Kit-8(CCK-8) and LDH Cytotoxicity Assay Kit, respectively. The types of combined effects
were determined by factorial design analysis of combined effects on cell viability and LDH leakage. Compared to

theNPCB and heavy metals (Pb/Cr/Cd) had control group /NPCB group and the Pb group, co-exposure to low dose

EEWA . H 5 H SR & (973 1R % B 55 H (2011CB503803) 5 4 3 27 b 50 11 1 45 5286 %5 2014 JT iR 8 (2014HIDLO1)
{EZ B A [ A4 (1988—), 2 W1 BF5E U5 In) - PR35 5 B2 4%, E-mail: tddwinter_1988@ 126.com
* 18 W AE & (Corresponding author) , E-mail: pengsq@ hotmail.com



534

FH 4 445 9K ik B 5 TE 43 JB 65 BEAS-2B 4 Jifg 119 166 & 35 M VR FH A =00 o 289

of Pb (125 pmol+L") and NPCB had no interaction on cell viability, but showed antagonistic joint action on LDH

leakage; co-exposure to high dose of Pb (1 000 pmol+L") and NPCB showed a synergistic effect on cell viability,

but had no interaction on LDH leakage. Co-exposure to Cr/Cd and NPCB showed a synergistic effect on cell viabil-

ity; whereas co-exposure to low dose of Cr/Cd and NPCB showed no interaction on LDH leakage, and co-exposure
to high dose of Cr/Cd and NPCB showed a synergistic effect on LDH leakage. NPCB and heavy metals had com-

bined effects on cytotoxicity. The modes of combined effects were different to different metals, different doses and

different toxic endpoints.

Keywords: NPCB; heavy metals; Pb; Cd; Cr; combined toxicity effects; cytotoxicity
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Fig. 1

Particle size distribution and morphology by the TEM of NPCB in DMEM medium containing 5% FBS
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Fig. 2 Effects of exposure to NPCB and meatals on cell viability Values are shown as mean+ SD (n=23). * Different from control, P<<0.05.
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Fig. 3 Effects of combined exposure to NPCB and Pb on cell viability
A: Cell viability of Beas-2B cells exposed to NPCB (8 pgecm?), Pb (125 pmol-L') and their mixture(125 pmols L'+ 8 pgecm?) for 24h. B: Interaction profile
plots of NPCB (8 pgecm?) and Pb (125 pmol+ L") on Cell viability. C: Cell viability of Beas-2B cells exposed to NPCB (8 pg*cm?), Pb (1 000 pmol-L!) and
their mixture(1 000 pmols L'+ 8 pgecm?) for 24h. D: Interaction profile plots of NPCB (8 pgecm?) and Pb (1 000 pmol+L'!) on Cell viability.
Values are shown as mean+ SD (n=3).
*  Different from control, # different from NPCB group, a different from metal group, P<<0.05
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Fig. 4 Effects of combined exposure to NPCB and Cd on cell viability

A:Cell viability of Beas-2B cells exposed to NPCB (8 pg*cm?), Cd (10 pmol+L") and their mixture (10 pmol*L'+ 8 pgecm?)

for 24 h. B: Interaction profile plots of NPCB (8 pg*cm?) and Cd (10 pmol+L!") on Cell viability. C: Cell viability of Beas-2B cells exposed to NPCB
(8 pgrem?), Cd (20 pmol+L") and their mixture (20 pmole L'+ 8 pgecm?) for 24 h. D: Interaction profile plots of NPCB (8 pg*ecm?) and Cd (20 p:mol
+L!) on Cell viability.

Values are shown as mean—+ SD (n=3).
* Different from control, # different from NPCB group, a different from metal group, P<<0.05
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Fig. 5 Effects of combined exposure to NPCB and Cr on cell viability
A:Cell viability of Beas-2B cells exposed to NPCB (8 pg*cm?), Cr(1 pmol-L") and their mixture(1pmole L'+ 8 pgecm?) for 24h. B: Interaction profile
plots of NPCB (8 pgecm?) and Cr(1 pmol-L!) on Cell viability. C: Cell viability of Beas-2B cells exposed to NPCB (8 pg+cm?), Cr(4 pmol-L') and
their mixture(4 pmol* L'+ 8 pgecm?) for 24h.D: Interaction profile plots of NPCB (8 pg*cm?) and Cr(4 pmolsL") on Cell viability.
Values are shown as mean 4 SD (n=3).
* Different from control, # different from NPCB group ,a different from metal group, P<<0.05
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Fig. 6 Effects of combined exposure to NPCB and Pb on LDH
A: LDH leakage of Beas-2B cells exposed to NPCB (8 pgecm?), Pb (125 pmol-L!) and their mixture(125 pmol+L '+ 8 pgecm?) for 24h. B: Interaction profile
plots of NPCB (8 pgecm?) and Pb (125 pmol-L") on LDH leakage. C: LDH leakage of Beas-2B cells exposed to NPCB (8 pzg+cm?), Pb (1 000 pmol+L'") and
their mixture (1 000 pmol-L '+ 8 pgecm?) for 24h.D: Interaction profile plots of NPCB (8 pgecm?) and Pb (1 000 pmol+L'!) on LDH leakage.

Values are shown as mean £ SD (n=23).
* Different from control, # different from NPCB group, P<<0.05
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Fig. 7 Effects of combined exposure to NPCB and Cd on LDH
A: LDH leakage of Beas-2B cells exposed to NPCB (8 pgecm?), Cd (10 pmol-L'!) and their mixture (10 pmol-L '+ 8 pgecm?) for 24h. B: Interaction
profile plots of NPCB (8 pg+*cm?) and Cd (10 pmol+L™") on LDH leakage. C: LDH leakage of Beas-2B cells exposed to NPCB (8 pg*cm?), Cd (20 pmol
+L!) and their mixture (20 pmol-L '+ 8 pgecm?) for 24h. D: Interaction profile plots of NPCB (8 pgecm?) and Cd (20 pmol-L') on LDH leakage.

Values are shown as mean + SD (n=3).

* Different from control, # different from NPCB group, a different from metal group, P<<0.05
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Fig. 8 EEffects of combined exposure to NPCB and Cr on LDH
A: LDH leakage of Beas-2B cells exposed to NPCB (8 pgecm2), Cr (1 pmol-L!) and their mixture (1pmol-L '+ 8 pg+cm2) for 24h. B: Interaction pro-
file plots of NPCB (8 pg*cm?) and Cr (1 pmol+L™") on LDH leakage. C: LDH leakage of Beas-2B cells exposed to NPCB (8 pg*cm?), Cr (4 pmol+L™")
and their mixture (4 pmol-L '+ 8 pgecm?) for 24h. D: Interaction profile plots of NPCB (8 pgecm?) and Cr (4 pmol-L!) on LDH leakage.

Values are shown as mean=+ SD (n=3).
* Different from control, # different from NPCB group ,a different from metal group, P<<0.05
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Table 1 Evaluations of joint toxic effects of NPCB and heavy meatals(Pb/Cd/Cr)
oRUIEER A YeRE 2 7 YRR
Outcome mearsures Treatment group Concentration ¢ Role type
Pb(zzmol+ L 1)+ NPCB(ug* cm2) 12548 0.929 —
1000+ 8 0.028 4[5l (synergistic)
peaniES Cb(pmols L")+ NPCB(pg* cm2) 10+8 <20.000 P [F] (synergistic)
Cell viability 2048 0.023 3 [F] (synergistic)
Cr(pmols L)+ NPCB(zg* cm %) 1+8 <20.000 W7l (synergistic)
4+8 <20.000 3 [F] (synergistic)
Pb(pmol+ L ')+ NPCB(pge cm?) 125+8 0.044 % ¥t (antagonistic)
1000+ 8 0.295 —
LDH ¥ H} % Cb(pmol L")+ NPCB(pg* cm™?) 10-+8 0.813 —
LDH leakage 2048 0.019 P 7] (synergistic)
Cr(pmol* L")+ NPCB(pgecm?)1+8 1+8 0.256 —
448 0.015 3 5] (synergistic)

T — 7 Rn TR MR U 8 AR G B SR A

Note: “—”No statistics showed combined effect in this test indicators.

3 1418 (Discussion)
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