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Measurement of cytotoxicity of occupational organic

solvents using normal human keratinocytes culture model

Hee Chul Eun, Jae Hak Yoo, and Il Je Yu%

Department of Dermatology, College of Medicine, Seoul National

University, Seoul, Industrial Health Research Institute* Inchon, Korea

Background: As in vivo methods such as animal and human tests have many
potential problems, the keratinocyte culture model has previously been
used as an in vitro model for testing skin irritancy potency for common

skin irritants.

Objective: To determine the skin irritant potency of several solvents,

we employed cultured human keratinocytes as an in vitro model.

Methods: We used 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide test(MTT), lactic dehydrogenase(LDH) release test, and tritiated

thymidine incorporation test to evaluate the cytotoxicity of solvents,

Results: Dose dependent decreased survival in MIT, increased LDH

liberation, and decreased DNA synthesis in thymidine incoroporation test



were observed in normal human keratinocytes culture model after exposure
of several solvents to cultured human keratinocytes. However, the rank
orders of solvents induced cytotoxicity measured by each method were

slightly different.

Conclusion: These observations suggested that the cultured human
keratinocyte model was useful in evaluating the cytotoxicity of solvents
soluble in keratinocyte growth media.

Key Words : Solvent, Keratinocyte Culture Model, MIT method, LDH method,

tritiated thymidine incorporation test



I. 4 &

T

Ut ArdFelA del AMgEE S AYE IFARY Fo Yo
HEe Edo|n 3¥o 21T 1R EE doith AIMFEL YA o] A
A A} FE2 AN Fo] AZEHAE A BE AA UAAse TN
A& Wl ole] fu Edole 4 ¢vte]l, &4, 254 F A8 Y 2
2 wopgl oy AELE 9 ¥R EX3l= oE 5 tidsith oy 2
I AFEe 278 FE wFddd visty #d Hxs goU 7132
A oA 9z U, 53 LA dd EFE doev g2 By 5y &4
o|BR AjRo] AMEEHI FUglel FriEE= &S it IR &4 A=
£ oA&% £ & Tl AE Bd side] eF¥ch

A7t 2AFEAY TFo] iyt RG] AEE FHse YYPLEB:=
FEAE] e 29 g3, IR F=E Hot AuFoz s 3y
L o= Qx g ZE A¥o colorimeter, laser doppler flowmetry, &
7] A= &F3H 9 3 244 F3Y 54 o8 BE FHAL 3 7]
71& o] &3t whyo] S8 rh &Aoo ¥ IR LA FRE Yot B
£ dE AH MFE o] &st= Zo] o]y IR JFHE T o
TAE 3 Abgo] ALt FEE ol&Y BY oA ANt I F w
9 o], @& ZE AP Fo 3§ & Jhedolut AY B HAF
2783 utde] A3 5o el gt

otetd T o dF @ AFEAY N FHYEE A& S3
T e REUR AR uje} Bdo] o]&HI gt I FME B4 dA Z
APPHEE= AFEH] IFo J&FY B¢ F o] He AEZ TE A
T AEE AHS3te 2Rt ulgbA]sict,

2 A7 B2 FHANA AHgEHe &4 F 8o 5= +F &
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II. 943 ¥y

1. 84 43

g Bofollq &3] AlLEHD ZAAPPAE vid wixle] ¥& + e &
A2 alcoholHQl ethanol(Carlo Erba Co. )2} isopropyl alcohol(o]3} I.A. 2
Z9l, Kodak), ketone$Ql acetone(Merck), glycol§#Ql propylene glycol(o]
3 P.6.2 &, Yakuri Chen.), 7IEl2ol 43teld ofel $=2 AHgsz 9

L dimethylsul foxide(©]3} DMSOE &¢!, Sigma)E A3t w3t
2. A3 ¥y

(1) B4 A AP FAE] G

7} 4%} uje} (Primary culture)

D AR IANFE F $EoA €& XU E AME3H JHedt wlE AldY
of Mg A Estgon, wjed A7 4°Co] Dulbecco’s salt-gfof o]
WA Ragch AWERAES MR MRy e, XIEF A5 UX
2ol B3 Ul AFOIE AT ot A W F, WUEWE V| AFY &
Rrto] XUF =T T E JHeE oA Bt

® =3 HAWE laminar flow oflA] solution A #&o) (30mM HEPES,
10mM glucose, 3mM KC1, 130mM NaCl, 1.0mM NapHPO,. 7H0, 0.0033uM phenol
redE 4N NaOHZ pH 7.4 Z3%)ol 33 A3 gich

® X3 EBS collagenase?} 0.25% EUH ZABFFAHE wixjo] Y
C0; F-3t7loll A 9027 F-3A ).

@ =3 ABE AU forepoT Eve} ANE Fel¥ T ANE He

T

3, E3:= trypsin-EDTA(0.025%-0.01%)-& <ol 37°CoflA 5F7F F3HAFCE
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X3t & trypsing H]BA A 7] 951 10% fetal calf serund A 7Igic).

® ZHAAPPHARE FEAF17] A5t 5nl pipettelT EIRIAE FY
2 &S WHESt] AP JHAEE Fech

® AXE H{FIAE £53 nylon gauze 1o Fo] AE F QHED Fu
of ®=rh 200GolA 57t €4 228 ¥ 439E& Zo] U solution AR
THA] 522t Al %ict

@ B3R dol d F AAPZHE viA(KeM)ell 4 o] hemocytometerd]
A MELE AL F culture flaske] ¢F 1x10%cn’ HA MES FEAZ
th. Flaske MEZ AL ZA$E 25cn”S AME3tR W ALE 75’ AME:
ot AP ZGHRE viA]= Clonetics ¥} (U.S. A )AES AHSslglen], o
L wmodified MCDB 153ui%] %ol ZZtolW F7IE epidermal growth
factor(10ng/ml), bovine pituitary extract (70ug/mg), hydrocortisone(0.5u
g/ml), insulin(5ug/ml), SYABA|Z penicillin (100ug/ml), streptomycin(100
ug/ml), fungizone(0.25ug/ml)o] ¥H-=ol Qlth  wix]e] AlgAle FIIR
-20°Coll A 29.2mg/ml o8 ] ¥ u|are] glutamineS A J}3tc),

A EvixE 29 F Zol 1, 58 Fof solution AR 13] M¥ F c}
Al ZbolEtl, 2 ¥ 29ujt} solution AR 13 M sl o} 35 M7}
flask AA|9] 80% 742 71 ¥ MZ§ "o WEATL

L AEs

@ 1x} wRQSR flask?] wix]& = ABI3L solution AS 13 ANy X
0.025% trypsin-0.01% EDTA -8e8& 5ml FQJ¥ich (25cn” flask ol 2ul,
75cn” flaskol= 5ml).

@ 1& ¥ trypsin-EDTA £ 2 5m1& Wolji Co, Egtrlo] 287 ¢

ol £TL 28 F flask§ 249lolA 7PEA -] HEIL 50014 flask
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oflA] Wolx]®™ trypsin inhibitor € (lmg/ml)S 5ml Y3l 2ml pipette®
S &S HHERcL

® HE HFH59& solution AZ 13 AHE F (200601 5% AdEe)
Azl ZolWll HE FAES U5 wixle] 5x10/mlLE HAMY F Inl
cryovialol Y&t} oju AMEE W% vixls ZHAHPGHE wix|of DMSO 10%,
fetal calf serum 20%E 41 wjx|& A}g3ich

@ MEE Y& cryovial& LE[2E AR}oll gof 4°ColA] 142, -20°C
oA 1A -70°ColA A7 TAHOE BB F A ALE &A BBY
ch

Th olx} Althui

@ A Ao RBE cryovial& 37°ColM F&3| EIAA F
solution AR 13 A ¥gict NEE ZAPHME wixlo] F 43l 2,000/cn’
BE= flaskol] FFAZc}

@ 29 F solution AZ 13 ANHF F wjA & ZolFn 1L o]F= HE
7t flaskubete] 70-80%71x] Huwjzix] 2 ulch wix]|& Zo} FHA ujigt
ch.

@ Flask uite] MZ7F 70-80% ztetd MEE wold ¥ ZAPHM=E
2§ 2n18715to] ME 4=F hemocytomterE AAE ¥ Ao st 4t

F HEE A4t ARgRich

(2) viIT AR £ LA &
Ale] viodgt QN AAMEE 96-well RAuje} plated]] well™ 2000070
2] MXESLZE KME AHR3l final volumeo] 0.1ml7} HES ZE=Fic)

_7._



80-100% confluenceo] £ @314 ] KoM ofu]AdHolA HAY ST 23
F AT A2 KoMe 2 Attt Plated 5% C0,& E¥3l= 37°C F-git7|
E KAA 24X F¢ ErL

(3) MIT(tetrazolium-based colorimetric) ZA}

AP AE] B2 MIT AAHMosmann, 1983)% A sln 1 why
2 ofefe} gl

7t AP G AHRE ufod(200ul/well)o]] Smg/ml HEE AP MIT 4%
20 ul A AZY F ZAYHHEE 422 5 37°C, 5% C0; oA ujgic

L ZAPHAE ujd A2AG suctiono] A 23 gauge HIEE X
MAHA A AL

t}. Dimethylsul foxide 8¢} 200 ulE M7}3}3L shakerollA] 1027

(ot

Eo] &£t} ELISA reader® 540nmollA 8] SHE=F uh&E3Iicl. o]Ate] MIT AA}

& 63 A3l

(4) Tritiated thymidineZ ©]-&¥t ZtAPJH X2 DNA YE&F

7t whek ZHA M E 1uCi/mle] *H-thymidine(specific activity =
20-60Ci/mmol )& H7I¥t F 37°C, 5% CO, 4% 7] EEpAtefolly 2447 H¢t o
v g3tch,

L}, Trypsin - EDTA(0.05% - 0.01%) 898& well T 200u1%! A 2]}
AP HMEE "o}

C}. Cell harvester& AMg-3lo] MEFE glass-fibre filtere] 2o,
F2olA filterE& ZARAITE

g2}, Filter& A2l 5ml8] scintillation vialel] Y3, scintillation

cocktail & 2ml% Y& F & EEo Frl.
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n}. Liquid scintillation counter& A}g3te] ZIAFGJA X EX|R
M- thymidine +& A%ttt olate] *H-thymidine incorporationZALE 63

Al #ggict,

(5) Lactic dehydrogenase fr&l &3

Ar] vjargt QM ZAMES 96-well 22 vt plated] well 200007H
o] M E4Z KGME AHEsted final volumeo] 0.1nl7} HEF EFIcl
80-100% confluenced] T@3}91& of KoM ofujAHol A Hx2f &
& HIIE A2 KM Z cth¥ gt Plated 5% C0,Z EHsIE 37°C #3H7)
2 &AM 24X B¢ B Foll vl 4F A& 0.3018 & 25t Gilford LDH
A kit2 F3Fsioch ol LDH A S 63 Al¥3ict

(6) BAINe A HZF
A Hel g2 R AP

e

Wilkoxon signed rank test@ H]IL

Z7te] f4& ARt RY4E2 P-valueZt 0.05018t= stgict



1. 4+ 23

1. B4 QA ZAFPHEE o]-&-3 MIT A}

€A F=E7t 37 g-F FIR=T R4 ke FHE BYou 4 &
A FEEERE of7te] Wity ot €9 HEI} sxduf 7} LA HA
T2l A& DMSO >* I.A. >* acetone > ethanol >  P.G.oJgit}

(%:p<0.05). (Fig. 1., Table 1. &31)

2. B AA AP EAHEE o83 LDH ZHAat

|42 F=7t F71 @4F LDHV} F7t 843 ethanol HX|FolrM e
2.5% Rt} 5%ollA LDH &FF X7t Wekont 7.5%00 & LDHY F4¥ F7i7t ol
Adch &A1 SXU} 5%dul LDH SAx]8] xjo|r} 713 FAon ojuje] EAH:
&A= DMSO >* 1.A. > acetone >* ethanol D% P.G.(%*:p<0.05)% MIT ZAloj
2jgt A9} dxIstgict. 22U 7.5% acetone} ethanol X X]FollA: LDHS)

24% Z717} Qlodtt. (Fig. 2., Table 2. %b31)

3. FA AN AAFLANREE o] &% tritiated thymidine incorporation 7
AL

|AF P.G ot LA 2 AX2 BT drlE d32 ujx=x] 9od
0.1%, DMSOE 1%2] A &XollA DNA 3dso] T x| ¢gter acetone}
ethanolZ 2.5%0] 2] sXolM= DNA 3d& B4Y 4 Qlgdch €39 %
0.1%dull 2t &=2] DNA 452 A <A P.G. > LA >* ethanol )

DMSO0 > acqtoneolﬂt}(*;p(0.0S).(Fig. 3., Table 3. %31)
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Table 1. Values of optical density of MTT in five concentrations of each solvent.

meantstandard deviation(n=6)

solvent

Conc. Acetone DMSO P.G. Ethanol 1A

0.1% 0.818+0. 061 1.060+0, 246 1.27810.117 1.27240.043 0. 99410, 175
1% 1.052+0. 248 0.676+0, 022 1.626+0.183 1.166+0. 040 0. 867+0. 131
2.5% 1.04610.054 0.88510. 146 1.212+0.120 1.077+0, 045 1.204£0. 024
5% 1.127+0.214 0.247+0.219 1. 44610, 240 1. 21820, 060 0.7500, 122
7.5% 0.73610. 067 0.078+0. 010 1.13710. 227 0.31840. 140 0.100+0. 036
control 1.3150. 042

-11 -



Cell viability (% of control)

140 Gt acetone
1 —e— DMSO
120 1 —a— P.G
100 —o—— ethandl
] —a— | A
80 -
60 1
40 A
20 1
0 v

1 M L M L] M
2.5% 5% 7.5%
Vol. (%)

Figure 1. Effect of solvents on the cell viability of cultured
human keratinocytes measured by MTT.

v L M 1
0 0.1% 1%
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Table 2. Values of LDH(IU/L) in five concentrations of each solvent. meanitstandard
deviation(n=6)

solvent
Conc Acetone DMSO P.G. Ethanol I.A,
0.1% 29, 333+1. 211 28.000+1.673  49.833:t3.656  27.167:2.317  30.333:0.816
1% 21.333:2.582  43.667t4.633  46.167:2,994  30.167+2.994 34.000+9.940
2.5% 36.167+1.472  41.000%4. 561 58.000£7.874  100.667£14,236 73.833%4.021
5% 147.833t16.893 281.333£7.005 72.500£13.457  86.833:14. 497 169,000+12, 522 .
7.5% 304.167+7.885 294.000:6.693 91.833+11.856  305.667+18.468 187.000+14. 846
control 26.333t1. 366

_13_



LDH (IU/L)

400 a—
———
—_——

300
—Qn
——

200 -

100 A

0 T v T ¥ T T T T T T T T
0 0.1% 1% 2.5% 5% 7.5%
Vol. (%)

Figure 2. Effect of solvents on the LDH leakage of cultured
human keratinocytes.
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Table 3. Values of cpm of tritiated thymidine in five concentrations of each

solvent. meantstandard deviation(n=6)

solvent
Conc. Acetone DMSO P.G. Ethanol I.A,
0.1% 66881112006 34278434692 1523+631 789912192 1848+1154
1% 26504+4752 15344351 4574169 23972420727 24861970
2.5% 360130 5085£1473 184441481 5801231 9771250
5% 122+18 480+338 453269 2437i392‘ 14184801
7.5% 101136 6201471 2057+767 3424317 3484263
control 96098+9532
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DNA synthesis (% of control)
120

100

—a— acetong
—e— DMSO
—a— P.G.

—o0— ethanol
—a— | A

80

60 -
40 -
20 -
0 = —
25% 5%  7.5%
Vol. (%)

Figure 3. Effect of solvents on the DNA synthesis of cultured
human keratinocytes measured by tritiated thymidine incorporation
test.
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Iv. 21 &

SAE dut AdFgel del ARSEN gE A/ Y2 FEE A
= AP IEAR Fo ddo] HE Eelrh of¥ &Ao] 23 ¥
Ho&aro rfRE 23 vEQ(irritant dermatitis)22 A A glon TiY
3t 7o) o5t WAH Zog Az Hrh s EAle @ EWE 92
U gl Algshe 42 &X: Y 8oy 1 %%—7} tiehs] g
o] &4 dodle VAR thtER A2l ARSEHIL FUel 7
t g 5o it MREEAY JAE &Y = U TIST AHREY] Y
o] &7Hrl

olg|¥t &Alo] 2t I RELEAFY] FEE gotE tle AN Fof 3
A &AE ALAN F 2 gE dPFoE BUIAU, o BE IHF
d FAZI7NE ol&3t I g2 FEF AUHLE %%E}i}% ol
ALER AT AAFoR FHLstede] o8 £l A HFgol AR
AU 5y EAE FYEY dFo] UE Brole T Bdo| o 8d +
ok s FE EH A dxel ZrAA Fido] ti2ERE I W3
ThE £ 93 ¥& AU ARA L] AHSA] WY £ ole N &4 AY
B39 A& dd ¥ vl 59 XAl o HIols AR wjg Bdo] A}
=3 glrh ol MR wg B2 HAFoI 4FY IF SEE FF
of Fehel T8 Zdz A de] ol 8HI g3 53 FYEE UKHA &
Y £ e A8 Phol AAEHIL ok HE wig REIZE o AE7}
ol-¢d 4 glont B AN AAYPAEE AIFEHC] HFo HHY F¢
T ZHo] Hit AZE tiE AT HREE AHgste Rkc) vlgtsicia &
4 ook SRt AYelM AHERt ZPAPGAHES] uvfd2 Boycest
Ham(1983)2] monolayer’§& AM&3IAl=t] ol nlE 71X HEZof Y
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t AETE LR SRR gt JjHeE dojue IEAIZ WIS F
w3 WtgsA] XY 4 odon FU|te ufdo] Zetsin AA Q] IEFTZ
ot the #BFol 84 Hi Aol ol HITole HF oldxEst ZAY
AXE w2 wjdste] B4 w52t vt AFE AQEAL Faujd Beo]
7R et
HlYE AIREE o]§3toq AFE o] th3t HS4% AAE ¢ F¢ 9y
o2 YAI|Z vltHES] AIEAS HaAR F AL Welshy B, Ao}
Ue AEY &3 FF, AEY FPolu HEI|se HHE doli: iy
So| A}g¥T}. g AgollA AME3H MIT ¥H 2 Mossman T(1983)0] 3etz]2]
AESEE AFo] HE Y Yoz Molgle HXES] dehydrogenaseoi
2]t o] tetrazolium@Bol Al formazanl® HWHF ThE o] &
multiwell spectrophotometer® ZAFIRZE W ofe] ZANE w7t vof st
5% 4 geTubdeld LH FPHe MEW &4 fesE lactic
dehydrogenase?| & H3slo] ZHAPPHEY &4 FEE S5t Wi
Z A MRS BEEE FFY 4 & olth ZAAPAHHEL] DA 34
B X £ tritiated thymidine incorporation ZAAIZ A Zsldr).
= AFolMe= AAPFHAE id wixlo] AL = AdEs £F LAZ )
B 33 A AP AR v HE MR F Mx VA= DNA 3
d5E& S5t &3 F DMSO&= MIT ZAle} LDH HARE o] &3 Ao
BE ZFAAlA 7 SHE7 o o] A3t QAgl JlUge] IRE o
£ A Ayl A2 (19939 E BN ¥R)9 dxsh= AA0T QN z
APZHARE vjdRDo] SAE ZUY I ¥ AAZ EFY FAE FFo 47
Holx Wt A Rdo| H £ AT AABle AME A4€r) 3¢
A ZAYEHAEE o8¢ MIT A} LDH ALY S4E £A4E 7.5

acetoneX} ethanol A X|Fo|A&= LDH] FHZ ZF7l g & % HE o

%

®
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Ztel xlol & REou Ao R dXsh= EFXE HAch SR AR

HAENEE o]&% tritiated thymidine incorporation ZA}e] ZAzte "%

g2 25 sxolA DNA /ol 8AS| Zraste] MIT ZHAht LDH ZAps

& Bgom ol HAE ol &l FAHY AAFFH=Eo] b

A FHEY 54E &HUR Aol AAE Ho] A AHE By
3

o] x| g3zt DNA %ol ulXE 82 tiEA uetktey I 7jde &
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v. 3 &

AILANES B AN AAPLAHNES wlgsta o8 Fololq FE9l st
A AEHE 7Y AE B2 HE AXst] 1 3g-& MITAAL LDHA
A} @l tritiated thymidine incorporationZAlZ ZA sl i3} e Az}
g d4rh

1. 3% A AP ZARY MIT A= 2§39 H=271 571 85
EReTt 24 stden A9 & xduf 7 842 HH4EY A& DMSO
> 1.A. > acetone > ethanol > P.G.o]it}

2. B4 AA ZAPFHAREY LDH HAls 4 8§49 =71 F71 g8
LDH7L F71 stglen G2 % Sxdul 7} &x¢ S4x &A= MIT &
Atell ¥ Aot dx|3t oL} 7.5% acetone?} ethanol # X|FollA= LDHS]
FA% F717

3. A4 AN ZAPYMMEY tritiated thymidine incorporation A}
£ 7 878 wx7} 2.5%0] o|F wizlx] DNA /ol ZA dlolen 2. 5%0)
28 wxoMdes BE &AM DM #8E BEY + gl £A9 =
0.1%xduh 2t &4 DNA 3359 A3td &&= P.G.

DMSO > acetoneo| T},

,ﬂ
32

ot

> I.A. > ethanol >

ol ¢2] ZzjolA MITZHAI2l LDHZAAN:= vlZ3 U™ AE 2oy
tritiated thymidine incorporationZiAlollM = A Exo] fA oA DNAYAE S
o] ARIsIA A= UL &A FHEYx A= tl=2A Ueiudch w2ty
MTT, LDH, tritiated thymidine incorporation test: &x|o| &%t 3|& =}=
= AxM BFE FEI HoR AZEL whye] mE B g4 T}
4= Zpol7t glemz A& 9 Mo Fstejo} stejet B4R},
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