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Evaluating the in vitro Acute and Dermal Toxicity of Heavy Metals

Eunhye Jo, Sun kyoung Yoo, Hwa Kyung Sung, Eunjeong Kim, Igchun Eom’, and Pilje Kim

National Institute of Environmental Research, Incheon 22689, Korea

Received June 2, 2017/Revised June 8, 2017/Accepted June 20, 2017

Cadmium chloride(CdCl,), copper(Il) chloride(CuCl,), potassium dichromate(VI)(K,Cr,0,), zinc chloride
(ZnCl,) and nickel(II) chloride(NiCl,) are found in a wide range of products. The purpose of this study was
to determine the acute toxicity and skin irritancy of the five chemicals using in vitro systems, and compare the
results with in vivo endpoints. In this study, BALB/c 3T3 cells were exposed to several concentrations of CdCl,,
CuCl,, K,Cr,0; ZnCl,, and NiCl,,and the neutral red uptake (NRU) assay was used to analyze cell viability.
In addition, the chemicals were applied to the EpiDerm human skin model (EPI-200) to determine which of
them causes significant cytotoxicity. Compared with the UN GHS and EU risk phrases, the assay results exhib-
ited a high prediction rate (100%) in the skin bioassay. In contrast, the acute toxicity bioassay results were more
similar to the lethal dose, 50% obtained from rat experiments than GHS and R-phrases. In summation, these
findings indicate that acute toxicity and skin irritancy hioassays can be utilized as an alternative to the use

of animals in evaluating chemical toxicity.
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2.1. A[EER

Alg 2228 Cadmium chloride(CAS No. 10108-
64-2), Copper(Il) chloride(CAS No. 7447-39-4), Pot-
assium dichromate(VI) (CAS No. 7778-50-9), Zinc
chloride(CAS No. 7646-85-7)2} Nickel(I) chloride
(CAS No. 7718-54-9)% Sigma-Aldrich Korea Ltd.ol4]
Tl ARSI Al A 0.9% salined] AR s=2
HAAA =EAF T

2.2. BY5YE TIsP| fI8t YEAHY

In vitro 3T3 NRU assay= i vivo 54 544

3 A3E =T 5 e Fez d#x OECD TG
432% 20043 AF=ACE 23y HZ ] Al
NIAAZAEH(ECVAM)YS A=A A UN GHS

=]
PR a7 Wt BAL sy 98, 5 49

IT= =
ES o83t F4487EEAE A «ngAIZ 3T3 NRU
AEE AT, uebd B A1Ee EU ECVAMO

[e)
A ARG AT A Fe bR ] SHYE 5
AN EY 7ozl wel FREATE v
oA A2 Balb/c 3T3ACTT) AlEFS 10%
FBS, 4 mM ZFEH, U4 (100IU), ~E3 Er}o]
Ao 3z M3kl DMEM(Gibco)ll A vl k81T,
AAEES =2A1717] 3 A 96-well mlo|AZZH[0]
Ed AEZ 1¥10* cells/well R g2 EFala ok
552 AlEEES A2sIAh 48A7F & PBSE o] 83}
o] AEZE M|AH3IAL neutral red ¥IX] 100 pulLE H71s)
of ARzl 3AZHERY vl keIt Bl ek obA|
Ezlo] 49:50:12 AT 2ZNL 7} welld] H71s1
MEZFE neutral red’} E=57] Yl 20852 =9
olE wNP7]ell 3] wRAIATE B E=AE ARSS)
o 550 nm RN FE=E =4 L (Tecan, USA)
ANPFEA =20 93 A|E YEEL olgje} o] A=

sie.

*OD : Optical density

A|3Ee] AEgo] 50%2 At AEEL] =
IG5y wx=d9E Fdol| 9§ GraphPad Prism 4
softwareE ©]-&-51] =3I,
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BE AEAIFHS Al He| viEAHS 73 5
AlE-2-2-(SPSS 18.0, SPSS Inc., USA)S- ©]&-3131om
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Al 24l AYEA A (One-way ANOVA)YS: &
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Cadmium chloride, Copper(l) chloride, Potassium
dichromate(VI) 2 Zinc chlorideE 3T3AM| 3ol 1.5625,
3.125, 625, 12,5, 25, 50, 100 M =2 3 A A
FAEES BFSIAEY Fg, 13 o] sxoEFow

AEEe] Fadhke 2E #Ed 5 A%lH. NickelD)
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29 9 sR=Ad 7t 89
chloride®] 7% 15625, 3.125, 6.25, 12.5, 25, 50, 100
pMe] “sEolA AlE=4E HolA] goKdata not shown)
2SS 108 =7AA 16625, 31.25, 62.5, 125,
250, 500, 1000 M F=olA =& & Fas M EAE
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GraphPad Prism 4 softwareZ ©]&3le] 7z} 22
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Cadmium chloride, Copper(Il) chloride, Potassium
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Fig. 1. Changes in viability of 3T3 cells exposed to CdCl,, CuCl,, K,Cr,0; ZnCl,, and NiCl,.

B, Zinc chlorideZ A|9]3F 452 AJHEZS 74& 3
of sNF=o] FA7T5 WEERALEe] M97F 50 mg/
kg %7} 300 mg/kg ©|3tl G}, Zinc chloride?]
A T AR B 9EEXARFS] 97 300 mgkg
%3 2,000 mgkg °lsto]lty. Cadmium chloride,
Nickel) chloride, Zinc chloride®] 73-%- A=A HO
2 439 ST A 27 dloly Alelddls A

Ae FARE dATE Zpol7F W sh=s As o F 3
Aot 28y Copper(I) chloride, Potassium dichro-
mate(VD}e 1= LDy o] #3517} A4 25| gl
GHS A€} dAsk3t.

FHAT 919742 EU Directive 67/548/EECS]
2] A)3¥ Risk Phrased] wW=% Cadmium chloride,
Copper(I) chloride, Potassium dichromate(VI) %
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Table 1. Inhibitory concentrations (50%) of heavy metals for 3T3 cells
Chemical CAS No. Purity Molecule weight IC5, (mM) ICs; (ng/mL)
Cadmium chloride 10108-64-2 100% 183.32 0.32 0.06
Copper(I) chloride 7447-39-4 97% 134.45 27.48 3.69
Potassium dichromate (IV) 10034-82-9 99.5% 294.19 11.85 3.49
Zinc chloride 7646-85-7 98+ % 136.28 100.20 13.66
Nickel(II) chloride 7718-54-9 98% 129.62 267.30 34.65
Table 2. Comparison of i vitro and in vivo irritation testing data
Relatlvf%jur"“’al Prediction UN GHS EU R-Phrase
Cadmium chloride 57.6+12.68 - Classification not possible -
Copper(I) chloride 12.4+1.30 Category 2 Category 2 R38 (Irritating to skin)
Potassium dichromate (VI) 58.7+12.11 - Category 1A,B,C -
Zinc chloride 49.9+6.49 - Category 1A,B,C -
Nickel(II) chloride 47.4+1.60 Category 2 Category 2 R38 (Irritating to skin)
Table 3. Comparison of variability of in vitro and in vivo LDs,
. 1C LD;, Prediction LDx, of i vivo
Chemical 50 50 50 UN GHS EU R-Phrase
! (ugml)  (mg/kg) (mg/kg)
Cadmium chloride  0.06 36.88 88> Oral (Category 3) R25 (Toxic if swallowed)
Copper(Il) chloride  3.69 171.85 140>12 Oral (Category 3) R25
Potassium 5)
dichromate (V) 3.49 168.17 25 Oral (Category 3) R25
Zinc chloride 13.66 279.47 350>1D Oral (Category 4) R22 (Harmful if swallowed)
Nickel(II) chloride 34.65 395.146 210 Oral (Category 3) R25

Nickel(D) chloride= R2500 9 A< 49 F58 o] 28-S Hasla o A&sH 734 = s A
242 4450 I Zinc chloride= R22 A& 7 o2 FAvHrc)
< et EdE ERE] ot o= GHS 7423

oF v Aoz A=A R ST ST 34. BYSY YSAEHEE 0188 F25 582 M

=
4 AFzlo7t A S YEMIIY 23y, 7 & ERY
Aof| 3t NEZAQ P=E o] 8sle] L3l FAATLE EpiDerm™ human skin model(EPI-200)2 ©]&-a}
’d LDg, 5739} ¥lasled B Potassium dichromate o] ZF Al@EZ ] JUMEE o2 I)F A543 v)=}
VDE AL 459 559 A5 S s &+ F4L A58 Z3 Copper(D) chloride®t Nickel(ID)
e Hole AL IR T AUATh chloride 50% ©l3lZ IFAFAHEZDZE FH= .

o83t AHEL E3tste] B 3T3 NRU AHEAH Cadmium chloride, Potassium dichromate(VD)= 50%
He 9741599 endpoint?! LDyt U= & 232 IFAFAY HF 9 222 oAFHIJL Zinc
|5k B]S23k ME ool o= = uke S & 4= chloride®] 739 ATHAYESC] 49.9%C1A1% BFH27}
Atk FARTEAL StEATEH /M Wl 2020 6492 WF 9 EFE AP ol2d AEAEY
WRE] 018 o AZE, 9 Al AEstor sl g4 02 439 559 S5 IFA=S4 Z3%<l UN GHS
A2 TS Wo 97} Z1E Aoz oAt 34 9 EU 98+43 vaste] A Cadmium chloride,

N

A5 NHEAY ou] SA4287F ¢S 4% 4 Potassium dichromate(VI)+= Category 2, R38%1 A=
HE =2 Aol Bolves AIERS ol&alr] wite] A EH=E sdsh A& JeRAT. Cadmium chloride

3T3 NRU A=A1dHE &8sl 33 4
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T sYsh MF & EFE 275 UL Potassium
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