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Summary 

Four basic compounds, i.e., imipramine, norephedrine, nicotine and 8-aminoquinoline, were evaluated for their toxic effects on 
cultured epidermal keratinocytes and the results compared to in vivo irritancy testing. Morphological changes and cell proliferation 
inhibition on confluent cultures were examined at concentrations ranging from 0.1 to 10% (w/v). Exposure to four bases resulted 
in dose-dependent changes in cell morphology and cell growth inhibition. The rank order of decreasing damage was as follows: 
imipramine > 8-aminoquinoline > norephedrine > nicotine. The relevance of in vitro toxicity data was assessed in terms of human 
skin irritation response obtained after applying four bases on the back of 16 healthy women volunteers for 24 h. Except for 
8-aminoquinoline, in vitro results appeared to correlate with in vivo skin irritation data. 

Introduction 

Various drugs, when applied topically, elicit 
primary skin irritation (Fisher et al., 1984; 
McBurney et al., 1989; Hogan et al., 1990). This 
irritation may vary with the ability of the agent to 
cross the stratum corneum barrier and subse- 
quently interact with the viable cells of the epi- 
dermis and dermis. Skin irritation of investiga- 
tional compounds is currently evaluated in exper- 
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imental animals or in human trials (Draize et al., 
1944; Marks et al., 1985; Patrick et al., 1985). 
Development of an in vitro cell culture model 
would be valuable for humane reasons, for conve- 
nience, and to study the mechanisms of irritation 
and inflammation. While it should be borne in 
mind that epidermal keratinocytes may not be the 
principle cells involved in inflammation, i.e., the 
cells surrounding the dermal vasculature may be 
most appropriate, there is current interest in 
commercial keratinocyte cell culture systems. 

This communication presents the results of a 
probe study designed to test the correlation of in 
vitro morphological changes and the number of 
keratinocytes in epidermal keratinocyte cell cul- 
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tu re  wi th  an  in v ivo  skin i r r i t a t i on  tr ial  in m a n  

us ing  f o u r  bas ic  c o m p o u n d s .  

Materials and Methods 

T h e  f o u r  s e l e c t e d  bas ic  c o m p o u n d s  w e r e  8- 

a m i n o q u i n o l i n e ,  n i c o t i n e ,  n o r e p h e d r i n e ,  a n d  

i m i p r a m i n e .  D e t a i l s  fo r  t h e s e  c o m p o u n d s ,  t h e i r  

sources ,  and  t h e i r  pu r i f i ca t i on ,  i n c l u d i n g  the  

p r e p a r a t i o n  o f  i m i p r a m i n e  f r e e  b a s e  f r o m  t h e  

h y d r o c h l o r i d e  salt ,  m a y  be  f o u n d  e l s e w h e r e  

( B e r n e r  e t  al., 1990). 

H u m a n  e p i d e r m a l  k e r a t i n o c y t e s  f r o m  a spec i -  

m e n  o f  adu l t  f e m a l e  b r e a s t  skin o b t a i n e d  at  

su rg e ry  p e r f o r m e d  for  r e a s o n s  u n r e l a t e d  to  der -  

m a t o l o g i c a l  p r o b l e m s  w e r e  c u l t u r e d  on  disks  us-  

ing  s t a n d a r d  m e t h o d s  ( T s a o  e t  al., 1982; B o y c e  e t  

al., 1983, 1985). T h e  c u l t u r e  m e d i u m  was  ker -  

a t i nocy te  g r o w t h  m e d i u m ,  a m o d i f i e d  M C D B  153 

s u p p l e m e n t e d  wi th  g r o w t h  f ac to r s  ( C l o n e t i c s  

Corp . ,  San  D i e g o ,  CA) .  Al l  e x p e r i m e n t s  w e r e  

p e r f o r m e d  o n  s e c o n d  o r  th i rd  pa s sage  cells.  

U p o n  a c h i e v i n g  7 0 - 8 0 %  o f  c o n f l u e n c e ,  t he  

cu l t u r e s  w e r e  i n o c u l a t e d  wi th  t h e  tes t  c o m p o u n d s  

so tha t  t he  f inal  c o n c e n t r a t i o n s  w e r e  5, 50, and  

5 0 0 / x g / m l  fo r  e a c h  c o m p o u n d .  T o  a c h i e v e  t he se  

f inal  c o n c e n t r a t i o n s ,  e a c h  c u l t u r e  wel l  r e c e i v e d  

10 /zl o f  f resh ly  p r e p a r e d  a q u e o u s  so lu t ion  

( n o r e p h e d r i n e  and  n i c o t i n e )  o r  e t h a n o l i c  so lu t ion  

( i m i p r a m i n e  and  8 - a m i n o q u i n o l i n e ) .  T h e  f inal  

c o n c e n t r a t i o n  o f  e t h a n o l  was  0 . 5 %  in b o t h  the  

t r e a t e d  and  con t ro l  cu l tu res .  As  con t ro l s ,  rep l i -  

ca t e  c u l t u r e  disks  w e r e  e x a m i n e d  tha t  r e c e i v e d  

e i t h e r  10 ~1 w a t e r ,  e t h a n o l  a l o n e  o r  w a t e r  ad-  

j u s t e d  to p H  12, t he  m o s t  e x t r e m e  p H  of  t he  tes t  

c o m p o u n d  so lu t ions  ( i m i p r a m i n e ;  B e r n e r  e t  al., 

1990). T h e  m e d i u m  c o n t a i n e d  1.2 m g / m l  p h e n o l  

red ,  a p H  ind ica to r ,  and  no  c h a n g e s  in co lo r  w e r e  

o b s e r v e d  in any of  t he  cu l tu res .  G r o s s  ce l l u l a r  

m o r p h o l o g i c a l  a l t e r a t i o n s  w e r e  g r a d e d  as a b s e n t  

o r  p r e s e n t  at 1 + ,  2 + ,  o r  3 + levels.  T h e  p a r a m -  

e t e r s  w e r e :  1, g r a n u l a t i o n ;  2, v a c u o l a t i o n ;  3, b leb-  

b ing  o r  p s e u d o p o d  f o r m a t i o n ;  4, cel l  r o u n d i n g ;  5, 

f r a n k  cel l  loss; a n d  6, cel l  e n l a r g e m e n t .  F o l l o w i n g  

24 h e x p o s u r e  to  t h e  tes t  c o m p o u n d s ,  t h e  cel l  

TABLE 1 

Morphological changes observed after treatment of cultured keratinocytes with various basic compounds at different concentranons 
after 24 h 

Treatment Granulation Vacuolation Blebbing a Cell Frank cell Cell Cell 
rounding loss enlargement shrinkage 

Alcohol . . . . . . .  
pH 12 solution + . . . . . .  
Imipramine 
(0.1%) + - + - + - - 
(1.0%) + +  + + +  + +  + + +  + + +  - + 
(10.0%) + + + + + + + + + + + + - + + + 

Norephedrine 
(0.1%) - - - + - - - 
(1.0%) + - - + + + - 
(10.0%) + + + + + + + + + + + + - 

Nicotine 
(0.1%) . . . . . . .  
(1.0%) + . . . . . .  
(10.0%) + - + + + + + - 

8-AQ 
(0.1%) - + - - - + - 
(1.0%) - + + + + + + - 
(10.0%) + + + + + - + + + + + + + + - 

a Blebbing includes pseudopod formation. 
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Fig. 1. Phase-contrast photomicrographs of keratinocyte cell culture treated with (A) 5, (B) 50, and (C) 500/zg/ml  norephedrine 
for 24 h. The arrows indicate cells with dark nucleation and granulation. 

monolayers were separated from the disk with 
trypsin solution and the released cells were 
counted with a Coulter counter. 

The skin irritation of these four compounds 
was assessed in 16 healthy women volunteers 
between 35 and 46 years of age (41.2 + 3.4, S.D.) 
after having given their written informed consent. 
Each compound was studied at three concentra- 
tions of 2.5, 5, and 10% (w/v). Either 0.2 ml 
aqueous solution (nicotine and norephedrine) or 
ethanolic solution (imipramine and 4-amino- 
quinoline) was applied for 24 h in occlusive 
polypropylene chambers (Hill Top, Cincinnati, 
OH) according to a double-blind protocol using 
premarked test sites on the scapular region of the 
upper back avoiding the midline. Details of the 
testing and grading procedures may be found 
elsewhere (Berner et al., 1990). 

Results and Discussion 

The addition of these four bases to nearly 
confluent cell cultures resulted in dose-depen- 

dent changes in cell morphology (Table 1). In 500 
/~g/ml imipramine-treated cultures the most pro- 
found morphological changes occurred within 
15-20 min. Most cells remained in contact with 
neighboring cells, but perhaps due to cell shrink- 
age, this was through narrow pseudopods. The 
cells also showed strong evidence of granulation 
and vacuolation. While exposure to 5 and 50 
/xg/ml norephedrine (Fig. 1A and B) produced 
subtle morphological changes, in particular some 
enlarged flattened, rounded cells, the highest 
concentration of norephedrine, 500 ~g /ml  (Fig. 
1C), resulted in reduced confluency and cells with 
dark nuclei and granulation. Based on these mor- 
phological changes, the rank order of decreasing 
damage was as follows: imipramine > 8-amino- 
quinoline > norephedrine > nicotine. 

The number of cells observed is shown in Fig. 
2. Both the 50 and 500/zg/ml imipramine treated 
cultures were statistically different from the con- 
trois. This more quantitative test exhibits the 
same dose dependent trends and same rank or- 
der of toxicity of compounds as the more subjec- 
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Fig. 2. The number of keratinocytes in confluent cultures after 
exposure to increasing concentrations of imipramine, 8- 
aminoquinoline, norephedrine, and nicotine solutions for 24 
h. The measurements were performed in duplicate and differ- 
ences between the values were less than 10%. The results are 

expressed as percentage of control. 
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Fig. 3. The relationship of granulation with cell proliferation 
for the four treatments. 

TABLE 2 

Erythema score observed after topical application of  basic com- 
pounds at three concentration levels 

Compound Erythema score 

2.5% (w/v) 5% (w/v) 10% (w/v) 

8-Aminoquinoline 0.28_+0.40 0.69+0.91 0.31_+0.36 
Nicotine 0.38 + 0.59 0.34_+ 0.35 0.66 + 0.54 
Norephedrine 0.59_+ 0.58 0.56 + 0.44 1.03 ± 0.43 
Imipramine 1.70 +_ 1.10 2.60 + 1.50 

tive morphological changes. The number of cells 
was highly linearly correlated with granulation or 
blebbing (p  < 0.01, Fig. 3) and the number of 
cells appears to be a more sensitive measure. 

The results of the skin irritation study in man 
are summarized in Table 2 and as in the previous 
study (Berner et al., 1990), the rank order of 
erythema correlates well with PKa, i.e., in de- 
scending order of irritation and pK a, the order 
was: imipramine (pK a 9.5) > norephedrine (9.0) 
> nicotine (8.0) > 8-aminoquinoline (3.8). 

While cellular toxicity should correlate with 
erythema, there was a major reversal in the rank 
of 8-aminoquinoline. For one of four compounds 
to show such a large reversal suggests a deficiency 
in this potential cell culture model for irritation. 
This is particularly true given the more direct 
correlation of erythema and edema with pK a 
(Berner et al., 1989, 1990). Given the reversal in 
the rank order of the number of keratinocytes 
and erythema, investigation of other dermal cell 
lines and further biochemical studies of ker- 
atinocytes would be intriguing. 

References 

Berner, B., Wilson, D.R., Guy, R.H., Mazzenga, G.C., Clarke, 
F.H. and Maibach, H.I., The relationship of pK a and 
acute skin irritation in humans. J. Toxicol.-Cut. Ocular 
Toxicol., 8 (1989-1990) 481-492. 

Berner, B., Wilson, D.R., Steffens, R.J., Mazzenga, G.C., 
Hinz, R., Guy, R.H. and Maibach, H.I., The relationship 
between pKa and skin irritation for a series of basic 
penetrants in man. Fund. Appl. Toxicol., 15 (1990) 760-766. 

Boyce, S.T. and Ham, R.G., Calcium regulated differentiation 
or normal human epidermal keratinocytes in chemically 
defined clonal culture and serum-free serial culture. J. 
Inuest. DerrnatoL, 81 (1983) 33S-40S. 



72 

Boyce, S.T. and Ham, R.G., Cultivation, frozen storage, and 
clonal growth of normal human epidermal keratinocytes in 
serum-free media. J. Tissue Cult. Methods, 9 (1985) 83-93. 

Draize, J.H., Woodard, G. and Calvery, H.O., Methods for 
the study of irritation and toxicity of substances applied 
topically to the skin and mucous membrane. J. Pharmacol. 
Exp. Ther., 82 (1944) 377-390. 

Fisher, A.A., Dermatitis due to transdermal therapeutic sys- 
tems. Cutts, 34 (1984) 526-531. 

Hogan, D.J. and Maibach H.I., Adverse dermatologic reac- 
tions to transdermal drug delivery systems. J. Am. Acad. 
Dermatol., 22 (1990) 811-814. 

Marks, R. and Kingston, T., Acute skin toxicity reactions m 

man: tests and mechanisms. Fund. Chem. Toxicol., 23 
(1985) 155-163. 

McBurney, E.I., Noel, S.B. and Collins, J.H., Contact der- 
matitis to transdermal estradiol system. J. Am. Acad. Der- 
matol., 20 (1989) 503-510. 

Patrick, E., Malbach, H.I. and Burkhalter, A., Mechanisms of 
chemically induced skin irritation. Dose response, time 
course, and components of inflammation in laboratory 
mice. Toxtcol Appl. Pharmacol., 81 (1985) 476-490. 

Tsao, M.C., Walthal, B,J. and Ham, R.G., Clonal growth of 
normal human epidermal keratinocytes in a defined 
medium. J. Cell Physiol., 110 (1982) 219-229. 


