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In Vitro Skin Irritation Test of Anti-inflammatory Drugs
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ABSTRACT : In vitro skin irritation of anti-inflammatory drugs was investigated in terms of the
cytotoxicity method to human skin fibroblast cells. Five anti-inflammatory drugs (Diclofenac, Naproxen,
Meclofenamic acid, Ibuprofen and Fenoprofen) which are commercially available as oral preparations or
injections were tested. The cytotoxicity of 5 chemicals was evaluated by using MTT{tetrazolium salt 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide] assay, NRU (neutral red uptake) assay and
Alamar Blue assay after fibroblast cells had been exposed to the chemicals for 24 hours or 48 hours.
The ICs, values of the chemicals showed the comparative strength of cytotoxicity as following order of
Meclofenamic acid>Diclofenac>Fenoprofen>Ibuprofen>Naproxen. The values of ICs, determined by
Alamar Blue assay were lower than those of MTT and NRU assay. These data suggest Alamar Blue
assay can be useful method for assessing in vitro skin irritation potential of anti-inflammatory drugs.
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Adepitele A3 vlgo] 2] wifel 2
dle FAAZE 2eldhe AYMES Bl GAE
AT FAE Eole At i 4A93%
Al FEL FotE s P, THAEG Foll FE AT
AAZ gol AHEE T glert o] AAg A7
B 37 WEel A7-Fo9) AHA A3A F
oz AAFMNE A BAlo) AF= 1 9lem o
o] Fu) Al AelA = FESste] AF7 vtk ek

FRAFA Gl IAFAE T 2 FAFAAY

& 19443 Draize7} 4270g) ol E7|E tjAlo = s}
= Agubfe] f8=x glovk(Draize 5, 1944;
Daston and Freeberg, 1991; Olson, 1991), < §34&

AR in vitro HANFY A77} BP9 A2
93 glod FRRAFAG el RANE o H=

validatione] o] F9x]3. glch(Ponec, 1992; Osborne
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and Perkins, 1994; Annette 5-, 1997). 3 2.2} o]
&t in vitro A|@EH-& }‘]"—'%-" -7 54l 2 (fibroblast)
1} 7} A (keratinocyte)ol] o3l Al E5A] S o
2 NRU(neutral red uptake) assay, MTT[tetrazolium
salt 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide]| assay, LDH(lactate dehydrogenase) assay,
522 AAFEZ Q. FHTol=
Page 5(1993)°)] 2]3l Alamar Blue B} (assay)o] 47}
S0 MTAA ZAe o]-45 1 glor} ARAFAY
14 AAFSA| el AR oAl A2t
AAEA FEFelA HTFAY FAAR o] 8-
‘ilf 72~ Ketoprofen, Ibuprofen, Dicolfenac,
Indomethacin, Fenoprofen, Aspirin, Mecolfenamic acid,
Naproxen o] lEdl o]Felx] Eof &sj=rt o=
Ibuprofen, Diclofenac, Fenoprofen, Meclofenamic acid,
Naproxeng- AA3ke] 2 Ao ARg-3)g]c).
A A ABEIT e 2GR TA Sl 7t
HARAFAEE in viro AP 2E AAFoEHN 75
FoAAMA 2} AAY NI 725 E At F

kenacid blue assay
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FAF A& ol L in vitro A A HY ate] Ajg =
Mol Bxo g 5%°] LA EA | N in virro 3] F-
AFAYE AN, ofgel HAze] arfd
Alamar Blue H} 3} 7]22] NRU 8}, MTT H} 3}
ulzab] 1skod ALA ssic

I Tig Q& 4y
LAIg=d

Ao AR 29

Ibuprofen sodium salt, Meclofenamic acid sodium salt,

A1 ZA| Diclofenac sodium salt,

Fenoprofen calcium salt, Naproxen sodium salt= Sigma
(US.A)lA F13}e] DMEM(Dulbecco's modified eagle
medium)ol] 2-3ll5te] AF8-5}91 2, MTT[tetrazolium salt
3-(4,5-dimethyl-thiazol-2-y1)-2,5-diphenyl tetrazolium
bromide]2} NR(neutral red)2 Sigma(U.S.A.), Alamar
Blue= Biosource(U.S.A)ol|A Fd3fed A3l
AFEAEL] Felo AHEH collagenase, dispase 4
trypsin& Gibco BRL(M.D. USA)Z3E] 79l5telc}.
2 9 oE AGES IFAY ARIHALR 2E
reagent grade5-8] A|2FE 915l ALg-shict.

2. MIZZHH QK

AQAEE AAols] E3)(foreskinell | 223 A}
Do) HHEAZE ol golec) o) T2 B
ARE o}-g wleF4 A¢l] Y3 PBS(phosphate buffered
saline)2 AJA3¥F F collagenase(1 mg/ml)2} dispase
(2 mg/ml) -§-H& HolFE F 37°CollA 208 kA7)
F A A3} A 23] (dermis)2} E 3] (epidermis)
= Edh #EE z9E g2 AR o
0.25% trypsin 8-<jof Qo] 3087} wjoksled 1500 rpm
o2 1087 QAo 2ol felH AT 2
of welalich. 2eE H4RAES
streptomycin, 1% L-glutamine, 10% FBS(fetal bovine
serum)’} 3715 DMEMo]| 12} sl gt o8- 4=x}8] A
dujokat AEZE B Adel AbgstelchShin I,
1996).

1% penicillin-

3 HESMAIY

1) MTT assay
Mosmann(1983)2] H}-g
7} welld 2x 1070] 481

3 3le] 96 well pateol]
A EE 24A17) Z9F 37°C,

5% CO,2| 2718}ellA] wiekslsict. wix]g wshdt o}
+ % "]ﬁf"‘ g duiAde F3le A& =
(0.1~10 mM)Z  24A7F = 48X7F A&k o}&
2 mg/m! MTT 20 pig 7} wellol] @6} 37°C, 5% CO,2)
Z73 el A 347 Bt vl ¥ AbEAls AA s
dimethylsulfoxide 150 W& 2-& t}-g 1087 & &3
3l AAES L3471 F microplate reader(E-max,
Molecular Device, U.S.A)YE A&3}ed 540 nmel|A]
0.D.& FA 3k}

2) NRU(neutral red uptake) assay

Borefreund®} Puemner(1985)2] HMH-& w3 s)o] 96
well pateo]] 7 welld 2x 10702] A-F2AHEE 244
7k %<t 37°C, 5% CO2] Z713}ol| A wiekalaict. v
2 ZAD o 7 AREAL AUILYE T A
2 FE(0.1~10 mM)E 24X 7} == 4847} 2 x|

2 neutral red 200 WS 2 welld] Qo] 37°C, 5%
COl A A 347 WA F Az
Formal-calcium §%4(1% formalin3} 1% CaClL,)°.2 A
A3 F 1% glacial acetic acid-50% ethanol 8- 0 2
1087} 323 % microplate readerZ AF-3}o] 540
nmel| 4 0.D.F &4 3} ct.

3) Alamar Blue assay

Page 5-(1983)2] w8 W3 3}o] 96 well patedl] 2+
wellld 2x 10909 AGmAEE 2447F Eel 37°C,
5% CO2| 2713}l A] wiokslde). wix) & w3} o}
=+ 2 AEERAS duAPE E3le] AR Ex
(0.1~10 mM)Z 2447} & 48X7F A3 ok
HBSS(Hank's balanced salt solution)®. 2 A3g X
HBSSZ 3]4¥ Alamar Blue 200 W 75k 3 37
ZF ¥k-g-A1 Z ). 3A17F vk-8-A]7) ¥ microplate readers
ARS-sle] ¥l (reduced form)E 570 nm(A,=570
nm)ol| 4] xF3}3] el (oxidized form)Z 630 nm(A.,=630
nm)el 4 O.D. k& 343l &4 E(reduction rate)-
Axele] M) AEEE At

4) EAIXz2
A Z2] RS 50%(10%, 20%, 80%) 732 7)1
E3) IG(ICy, ICy, ICy) 2 Litchfield & lecoxor)
(1949)=] W o] 9 3}e] AbE3tdr}.
mz o

1. MTT assay 21}



552 2R AIE K] HREAEe 2447 B
4827t =F A7 F MIT A3 Z 3= Table 191 A 4|3}
Aok 24417 =249 IChE AHEdt A7} Naproxen-
38.67 mM, Ibuprofene] 6.70 mM, Fenoprofene] 3.80 mM,
Diclofenace] 2.91 mM, Meclofenamic acidZ} 0.91 mM=E
vepgew 48A17 xEA7] F ICE AR A
Naproxeno] 7.76 mM, Ibuprofene] 2.89 mM, Fenoprofen
o] 1.59 mM, Diclofenace] 1.54 mM, Meclofenamic

acid7} 0.33 mM 2 el
2. NRU assay 22}

5%2] 29AFAE A AREAZ 2447 2
484]7} xZA]7] ¥ neutral red uptake A&7 3}= Table
20 AAEIch 2447 x=FA) ICE ARERE A
Naproxen-2- 14.77 mM, Ibuprofen®] 6.54 mM, Diclofenac
o] 21.18 mM, Meclofenamic acid”} 13.30 mM=. el
o 48417t F A7) F ICE A&} Z ¥ Naproxen
o] 12.17 mM, Ibuprofen®] 6.39 mM, Fenoprofeno]
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2.64 mM, Diclofenace] 2.80 mM, Meclofenamic acid”7}
0.79 mM= viehgdey.

3. Alamar Blue assay 241}

552 £29ZEAE AREAEA 2447 2FAZ]
% Alamar Blue A3 ZA 3= Table 35} 7o, IC,&
AF&3 A3} Naproxen& 9.84 mM, Ibuprofeno]| 4.73
mM, Fenoprofen®] 7.93 mM, Diclofenace] 1.36 mM,
Meclofenamic acid’} 0.31 mMZ v}ebygch. 48x)7F
x=EA7] & A3 A= Table 33 7hon, IC,& A&
g+ A3} Naproxeno] 4.82 mM, Ibuprofen®] 2.83 mM,
Fenoprofen¢] 1.50 mM, Diclofenace] 0.96 mM, Meclo-
fenamic acid”} 0.09 mMZ v}elydc}(Table 1).

4. IC,,0fl 28t M ZF4M2| Hi

ICuell 23 A|EFA] wlale Table 49 3t
Naproxen®} 74 24A7bxZFA] MTT| 2%+ I1C,-

Table 1. In vitro cytotoxicities (mM)” of 5 anti-inflammatory drugs exposed for 24 hrs or 48 hrs by the MTT method with human fibroblast cells

Anti-inflammatory 1C, 1Cy 1Cs 1Cy MW
Drugs 24 hrs 48 hrs 24 hrs 48 hrs 24 hrs 48 hrs 24 hrs 48 hrs o
Meclofenamic acid 0.15 0.05 0.28 0.10 0.91 0.33 2.95 1.08 318.1
Diclofenac 0.98 0.43 1.43 0.67 291 1.54 5.91 3.52 318.1
Fenoprofen 0.82 0.50 1.38 0.74 3.80 1.59 10.43 3.41 522.6
Tbuprofen 3.68 0.82 4.52 1.26 6.70 2.89 9.92 6.59 2283
Naproxen 0.34 3.42 1.72 453 37.67 7.76 868.84 13.28 252.6

“)lCm(m 50,80 values are the concentrations producing 10 (20, 50, 80)% inhibition of cell growth compared to the control in mM (n=6).

Table 2. In vitro cytotoxicities (mM)" of 5 anti-inflammatory drugs exposed for 24 hrs or 48 hrs by the NRU method with human fibroblast cells

Anti-inflammatory IC ICy | (O ICy MW
Drugs 24 hrs 48 hrs 24 hrs 48 hrs 24 hrs 48 hrs 24 hrs 48 hrs '
Meclofenamic acid 0.06 0.03 0.37 0.10 13.03 0.79 455.93 6.10 318.1
Diclofenac 1.01 0.88 2.88 1.31 21.18 2.80 155.80 5.97 318.1
Fenoprofen - 052 - 0.91 - 2.64 - 7.69 522.6
Ibuprofen 3.34 - 421 - 6.54 - 10.18 - 228.3
Naproxen 5.04 5.25 7.29 7.01 14.77 12.17 29.89 21.13 252.6

ICyom, 50, s0) values are the concentrations producing 10 (20, 50, 80)% inhibition of cell growth compared to the control in mM (n=6).

—: not determined.

Table 3. In vitro cytotoxicities (mM)” of 5 anti-inflammatory drugs exposed for 24 hrs or 48 hrs by the Alamar Blue method with human fi-

broblast cells

Anti-inflammatory 1Cy ICx» ICs | (o MW
Drugs 24 hrs 48 hrs 24 hrs 48 hrs 24 hrs 48 hrs 24 hrs 48 hrs
Meclofenamic acid 0.01 0.01 0.03 0.02 0.31 0.09 3.18 031 318.1
Diclofenac 0.61 0.46 0.81 0.60 1.36 0.96 2.30 1.56 318.1
Fenoprofen 132 0.05 2.44 0.16 7.93 1.50 25.77 14.04 522.6
Ibuprofen 2.67 1.41 3.25 1.79 4,73 2.83 6.89 4.48 228.3
Naproxen 294 1.57 4.45 2.30 9.84 482 21.74 10.07 252.6

?ICoe0, 50, s0) values are the concentrations producing 10 (20, 50, 80)% inhibition of cell growth compared to the control in mM (n=6).
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Table 4. Comparison of ICs, values” for 5 anti-inflammation drugs by MTT assay, NRU assay and Alamar Blue assay -

Meclofenamic acid Diclofenac Fenoprofen Ibuprofen Naproxen

24 hrs 48 hrs 24 hrs 48 hrs 24 hrs 48 hrs 24 hrs 48 hrs 24 hrs 48 hrs
MTT 091 0.33 291 1.54 3.80 1.59 6.70 2.89 38.67 7.76
NRU 13.03 0.79 21.18 2.80 - 2.64 6.54 - 14.77 12.17
Alamar blue 031 0.09 1.36 0.96 7.93 1.50 4.73 2.83 9.84 4.82

YICs, values are the concentrations producing 50% inhibition of cell growth compared to the control in mM (n=6).
—: not determined.

38.67 mM, NRU+=14.77 mM, Alamar Blue+

9.84

mMZ Yelyten, Ibuprofen2 MTT7} 6.70 mM,
NRUE 6.54 mM, Alamar Blue: 4.73 mMZ viehgto
 Fenoprofen2 3.80 mM, Alamar Bluet= 7.93 mM 2.2
v}elyt o] Meclofenamic acide 24A)7F -3 MTT
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Fig. 1. In vitro cytotoxicity of Diclofenac for 24 hr exposure in
human fibroblasts using the NRU, MTT and Alamar blue assay.
Each value represents the mean+S.E. (n=6).
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Fig. 2. In vitro cytotoxicity of Fenoprofen for 24 hr exposure in
human fibroblasts using the NRU, MTT and Alamar blue assay.
Each value represents the mean+S.E. (n=6).
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Fig. 3. In vitro cytotoxicity of Ibuprofen for 24 hr exposure in
human fibroblasts using the NRU, MTT and Alamar blue assay.
Each value represents the mean+S.E. (n=6).
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Fig. 4. In vitro cytotoxicity of Meclofenamic acid for 24 hr
exposure in human fibroblasts using the NRU, MTT and Alamar
blue assay. Each value represents the mean X S.E. (n=6).
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Fig. 5. In vitro cytotoxicity of Naproxen for 24 hr exposure in
human fibroblasts using the NRU, MTT and Alamar blue assay.
Each value represents the mean+S.E. (n=6).

v.on &

AR AL 7| 228 S AlF3taat 559 g3l
ZAol chsted Aol AREAEE o]8-3l 371
b o 2 A EE5A]-S ¥] 28k 27} Meclofenamic acid>
Diclofenac>Fenoprofen>Ibuprofen>Naproxen &2 1}
o AlEY AL 50% FAaA7E FEA IC
& 71522 4] £ of Alamar Blue BPYo] 539
29REA dste] NRU #o|vt MTT uby ¥t
w178 vk

Alamar Blue: A} 2% tetrazolium dyeZ AW 3
A A (reductase)ol] 23] EFW W t(chromophore)
o2 =] AP (fluorimetricle |} EFFA|
(spectrophoto-metric) B © 2 2315 4 gle] v]aH
3 Agwiye] zigkelw) o ApArE F5317] wj el
H ol A7) el = glrh(Page 5, 1993; Goegan
=, 1995). White (1996} AANAE AZZAE
(neuronal viability) 2ol Alamar BlueZ ©]-4-3}3] &
v, Nakayama 5(1997)2 Alamar Blue A| 3 A] Z27}#]
Al EFel ohslo] X2 Alamar Blue 314 w52} wi
oF A7kl wste] sk £ AYellA= Alamar
Blue F34 % 222 33A whilo] oz B335 A
o o3 W& AMEIed EAde HHE
microplate readerol] A3}s}A| excitation IAH-E 570 nm
(Au=570 nm)ell 4] 18] 7 emission AL 630 nm(Ae=
630 nm)2. 33 Z43gh

In vitro A A PFH-2 -F-39] FRAME(Fund for the
replacement of animals in medical experiments), COLIPA
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(European Cosmetic, Toiletry and Perfumery Assoication)
7} w]=2] CTFA(Cosmetic, Toiletry and Fragrance
Association)ol| 4] oJ@{7}x] FEAE digo®
validation &1-7%8 A1 A18k3 2Jvh(Annte 5. 1997). =4
AT AE F ola=A]E 2 EYTEX, HET-CAM(hen's
egg test-chorioallantoic membrane), NRU, kenacid blue
Soll disted A= glow, 3325432 NRU,
kenacid blue, LDH, MTT S-off tiale] o=l glet
(Osborne3} Perkins, 1994; Clothier 5-, 1995; Shin 5,
1996). NRU ¥} -2 in vitro kA=A R A GEF-F-l o
shod in vivo A|FAS B ATl Slrkar shof
(Gettings %, 1991), MTT 8} 3} LDH #-2 352}
FAFHA AR A ol el in vivo AH3 AT
7} i &hekShin 5, 1996). ¥ ARl E 712
) ATA e AN EoZ AED MTT Whol
1} NRU 8}H ¥t} Alamar Blue W o] in vitro Al %
4 2Aol 2QXNEA kol hatol ol Wt
SaHe Ao Vet in vivoske] ABUAE
osje] ulmale Zo] & o A AR vlebd
olch. Wb B olol] that £7} el Basieh.
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