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Summary. In tissue culture, azelaic acid (C,) has been 
shown to have an anti-proliferative and cytotoxic effect 
on human and murine malignant melanocytes, with inhi- 
bition of mitochondrial oxido-reductase enzymes and 
DNA synthesis, and damage to mitochondria. Recent 
reports of effects on differentiation of normal kerato- 
cytes have led to the present study of its effects on a 
squamous carcinoma cell line. 

Cells were exposed to single doses of disodium 
salts of azelaic (CY2Na) and adipic (C,2Na) acids at 
concentrations of 10-,M and 5 x 10p2M for 48 hrs. Only 
C,2Na at 5 x 1OP2M for 4 hrs., and longer, significantly 
affected proliferation, and the cells exhibited massive 
swelling 6f mitochondria with loss of cristae. 

The results further confirm the probable value of 
azelaic acid as a general anti-tumoral agent rather than a 
specifically melanocytotoxic one. They could justify 
clinical studies on the effect of topical azelaic acid 
therapy on squamous cell carcinoma in vivo. 
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lntroduction 

Azelaic acid, topically applied, has been shown to be 
effective clinically against hyperactive and abnormal 
melanocytes in melasma (Nazarro-Porro et al., 1978) 
and lentigo maligna (Nazarro-Porro et al., 1979; 1982), 
and to cause regression of lesions of primary cutaneous 
melanoma (Nazarro-Porro et al., 1980). In al1 these 
conditions so treated, there is no residual hypochromia 
nor apparent damage to normal epidermal keratocytes. 
In cell culture, at concentrations greater than 10p3M, 
azelaic acid has an anti-proliferative and anti-viability 
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effect of malignant melanocytes of human and murine 
origin with inhibition of DNA synthesis and of 
mitochondrial oxido-reductase enzymes, and physical 
damage to mitochondria (Robins et al., 1985). These 
effects are dose and time dependent, reversible, and not 
due to perturbation of H-ion concentration, or 
osmolarity (Robins et al., 1985; Leibl et al., 1985). 
Similar effects have been demonstrated for other 
tumoural cell lines (Leibl et al., 1985; Picardo et al., 
1985) but in general, normal cells have been reported to 
show no effect (Leibl et al., 1985; Picardo et al., 1985; 
Geier et al., 1986; Hu et al., 1986). The effects on 
tumoural cells are related to the chain-length of the 
diacid. Thus, the C, diacid has no effect on proliferation 
or morphology at concentrations less than 1OP'M, and 
little effect above this, while the C, and C,, diacids are 
significantly effective at 10p2M (Robins et al., 1985; 
Breathnach et al., 1986; 1987). 

Recently, there have been reports of reversible dose- 
dependent effects of azelaic acid on proliferation, DNA 
synthesis, and total protein synthesis of neo-natal mouse 
(Detmar et al., 1986) and human keratocytes (Detmar et 
al., 1987) in culture, and of ultra-structural damage to 
normal keratocytes in vivo following application of 
topical azelaic acid (Detmar et al., 1987), though this 
latter observation contradicts a previous report (Nazarro- 
Porro et al., 1979). It has been suggested that azelaic acid 
may act as a modulator of keratocyte differentation by 
interfering with specific keratin precursors (Gollnick 
et al., 1986), and we have individual experience (unpu- 
blished) of a beneficial effect on solar keratosis and 
Bowen's disease. Taken overall, these latter reports 
might justify investigation of a possible beneficial effect 
of topical azelaic acid on squamous cell carcinoma in vivo, 
and, as a preliminary to this, we report here on its effect 
on a squamous cell line in cell culture. 

Materials and methods 

Cells of a squamous cell carcinoma line SCC 25, 
derived from epidermal carcinoma line A431 (Giard et 
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al., 1973) and kindly donated by Dr. A.  Rothman, 
London Hospital were seeded in 35 mm plastic Petri 
dishes at an initial inoculum of about 4.8 x 105cells/Petri 
dish. The cells were grown in 3 m1 of Dulbecco's 
modified Eagle's medium supplemented with 4500 mg/l 
glucose, 10% fetal cal€ serum, 2 mM glutamine (al1 
GIBCO), 100 IU/ml penicillin (GLAXO) and 100 pg/ml 
streptomycin (EVANS) at 37" C in a humidified 
atmosphere of 5% CO, and 95% air. After 24 hours 
medium was changed and appropriate drug 
concentrations were added. 

Cell counts 

Adipic acid (C,2Na), and azelaic acid (C92Na) were 
added to the medium as disodium salts at a final 
concentration of 10 and 50 mMol (1 X 10p2M and 
5 x 10p2M). After 2, 6, 24 (day 1) and 48 (day 2) hours. 
the medium was removed, and the cells were washed in 
phosphate-buffered saline (PBS, OXOID), trypsinized 
and counted by coulter counter. To investigate the 
reversibility of the drug effect after exposure, the 
medium of parallel experimental cell cultures was 
replaced by medium without drugs after 48 hours, and 
the cells were incubated for another 24 (day 3) to 96 (day 
6) hours before counting. Three runs of the above 
procedure were carried out for each diacid at the various 
times and concentrations, and two counts per dish were 
made for each run. There were appropriate counting 
controls. Results were analysed statistically and 
experimental data were expressed as percentages of the 
equivalent control values (Fig. 1). 

Electron microscopy 

Confluent cultures of cells were exposed to each of the 
diacid salts at the same concentrations as above, for 1 , 4  
and 24 hours. After incubation the cells were washed in 
PBS and fixed for 5 minutes at room temperature in 
2.5% glutaraldehyde in 0.2M cacodylate buffer, post- 
fixed in 2% aqueous osmium tetroxide and dehydrated in 
graded ethanols. At 70% ethanol they were scraped off 
the Petri dish and spun down to a pellet. After complete 
dehydration, the pellet was embedded in Araldite resin, 
and thin sections, stained with uranyl acetate and 
lead citrate, were examined by transmission electron 
microscopy . 

Results 

Cell Counts 

As can be seen from Fig. 1. neither C,2Na, at 10-,M 
nor C62Na at 1OP2M or 5 x 10p2M, had an effect on cell 
growth. With C92Na at 5 x 10p2M, however, the number 
of cells fe11 significantly within 24 hrs. of exposure, and 
dropped to 5.2% of control value after 48 hours. After 
replacement of medium with new medium without 
diacids, cells previously exposed to C,2Na at 5 x 10-2M 
did not recover, and almost died off completely (to under 

1% of control), over the period tested (24-96 hrs.). All 
other groups of cells continued to grow at the same rate 
as the controls. 

Electron Microscopy 

A typical cell of a control culture is illustrated in Fig. 
2. Cells of cultures exposed to both diacids (C, and C,) at 
10-,M for up to 4 hours were indistinguishable from 
controls. With C, at 10-,M for 24 hrs, mitochondria were 
swollen with disruption of cristae and loss of internal 
substance, the latter feature manifested by lower 
electron density (Fig. 3). With C, at 10p2M for 24 hrs, 
loss of cristae and internal substance was not evident 
(Fig. 4). At 5 x 10-2M for 1 hr, cells exposed to C, 
showed a degree of mitochondrial swelling, but mitochondria 
of cells exposed to C, appeared no different to those of 
controls. At 5 x 1OW2M for 4 hrs, cells exposed to C, 
again showed massive disruption of mitochondria (Fig. 
5) but with C, the effect was minimal, and even at 5 x 
10-,M for 24 hrs (Fig. 6) the mitochondria were 
demonstrably less affected than with C, at the same 
concentration for 4 hrs. (Fig. 5). 

Discussion 

This study has shown that, in culture, azelaic acid (C,) 
has the same time and dose-dependent anti-proliferative 
and anti-mitochondrial effects on squamous carcinoma 
cells as on cells of other tumoural lines. It has further 
confirmed, with an additional cell line, the significantly 
less effect on proliferation and morphology of C, as 
compared with C,. C, acts as an additional control for 
the effect of C,, and underlines its specificity. The 
results are in line with recent reDorts. mentioned in the r -  , 
Introduction, of effects on normal keratocytes in culture, 
and could be seen to justify direct controlled trials in vivo 
on the effect of topical azelaic acid on selected lesions 
involving hyper-proliferative and malignant keratocytes. 
They underline again the conclusions that azelaic acid is 
not specifically anti-melanocytic, and, that because of its 
mode of action against essential enzymatic activities 
common to al1 cells (Passi et al., 1984) and DNA synthesis 
(Leibl et al., 1985), it has potential as a general anti- 
tumoural agent (Breathnach et al., 1984). 
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Fig l. Effect of C62Na and Cg2Na on squarnous carcinoma cells in 
culture. Cell counts are expressed as a percentage of controls. After 
day 2 the rnediurn containing diacids was replaced by rnediurn without 
diacids. 0-0 C,2Na 1 x 10-2M, a-a C62Na 5 x 10-2M, 0-0 Cg2Na 1 x 
~ O - ~ M ,  A-A C92Na 5 x 10-2M. *p<0.005. 
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Fig. 2. Control squamous carcinoma cell. x 7,500. Bar 
= 1 pm. 

Fig. 3. Squamous carcinoma cell exposed to C, 2Na at 
10-'M for 24 hrs. Note swelling and disruption of 
mitochondria. x 7,500. Bar = 1 pm. 
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Fig. 4. Squarnous carcinoma cell exposed to C,2Na at 
10-2M for 24 hrs. Mitochondria are practically 
unaffected cornpared with control (Fig. 2). Compare also 
with Fig. 3. x 7,500. Bar = 1 prn 

Fig. 6. Squarnous carcinoma cell exposed to C,2Na at 5 
x 10-2M for 24 hrs. There is sorne swelling of 
rnitochondria but not nearly the sarne degree of 
disruption as with Cg2Na at lower concentration (Fig. 3), 
or for shorter period at the sarne concentration (Fig. 5). 
x 7,500. Bar = 1 prn. 

Fig. 5. Squarnous carcinoma cell exposed to Cg2Na at 5 
x 10-'M for 4 hrs. Note rnassive swelling and disruption 
of rnitochondria. x 7,500. Bar = 1 prn 
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