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Clinically, dicarboxylic acids have a cytotoxic effect 
on the abnormall y hyperactive and malignant epiderm a l 
m elanocyte, and diacids from C8 to C 1 :1 have been shown 
to inhibit mitochondrial oxidoreductases. Here, their 
e ffect on the growth kinetics a nd ultrastructure of mu
rine melanoma cell s in culture is examined. 

Cultures of Hard ing-Passey and Cloudman 891 mela
nom~ cells were exposed to single doses of the disodium 
salts of c l2• c,, and c6 (which does not s ignificantly 
inhibit mitochondrial enzymes) dicarboxylic acids at 
concentrations of 10-'1 M to 10- 1 M. With C ,z and C,, 
viability and cell proliferation over 3 days were signif
icantly affected by concentrations greater than 10-2 M . 
With exposure to C6 at 10-1 M and to medium to which 
NaCl was added to produce equal osmolarity, the effect 
was much less. E lectron microscopy of cells exposed to 
C9 at 10- 1 M for 1 hand 6 h revealed massive swelling 
of mitochondria with destruction of cristae, but plas m a 
and nuclear membranes and membranes of endoplas mic 
reticulum were intact. Similar damage was not seen 
with Cu at 10- 1 M nor w ith equiosmolar NaCl. 

The results confirm (1) the cytotoxicity of dicarbox
ylic acids for malignant melanocytes, and (2) that the 
mitochondrion is a prime target for their action. 

The d ica rboxylic ac ids, aze la ic ac id a nd d odecanedioic ac id , 
applied topically in a 20% (1 M) cream have a beneficia l e ffect 
on hyperp igmen ta ry disord e rs suc h as c hloas ma a nd le ntigo 
ma li gna, a nd ca n cause regressio n of p rim ary lesions of malig
n a nt me la noma [1 - 5 ]. In the latter two co nditio ns, degen e ra
t io n a nd di sappeara nce o f ab no rm a l m ela nocytes we re observed 
o n histologic a nd u lt rastructura l examination during treatment, 
a nd a s imila r e ffect was repo rted by E r t le, Wiskem a nn , and 
J a nne r [6] o n me la nocytes of malign a n t Je ntigenes in a pat ie nt 
with xe roderma p igme n tosu m . 

Rece n t b ioc he mica l [7] a nd a na lytical ul t ra s t ructura l auto
radiograp hic in vest igat ions o f ours [8,9] h a ve provided ev ide nce 
t hat inhibi tion o f mi toc ho ndri a l ox idoreductases, and possibly 
o f nuclea r DNA sy n t hes is, m ay be a major factor in t he cyto
tox ic effect of dica rboxylic acids. In line wi t h these results, 
murine me la noma ce ll s in t issue c ul ture have been exposed to 
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diffe ren t co n cen trations o f the sodium salts o f azela ic (C.) , 
dodeca nedioic (C 12) , a nd a dipi c (C6 ) ac ids , a nd the effect on 
viabili ty a nd cell prolife ration as co mpared wi t h con t rols was 
observed. Ce lls of cultures in t he diffe re n t c ircumstances were 
examined ultrastructura lly for a ny evide nce of da mage to 
plas ma me mbrane, nuclei , mi toc ho ndria, or oth er organelles. 

MATERIALS AND METHODS 

Cell Cultures 

Cul tures were grown of Harding- Passey and Cloudman S9 1 murine 
melanomata. T he basic cul ture media were as previously described 
[9], a nd were supplemented with 10% feta l ca lf' se rum, 2 mM glutamine, 
100 IU/ ml penicillin, and 100 Jlg/ml streptomycin. In order to exclude 
possible mycoplas ma co ntamination, the fetal calf se rum used was 
guaranteed mycoplasma- free, manua l pipettes were used throughout, 
and regu lar staining wit h the fluorescent DNA-binding benzimidole 
derivative Hoec hst 33258 [10] was carried out. The cells were grown in 
plastic Petri dishes (diameter 3.5 em) , and a ll t he cul tures were main 
tained at 37"C in a humidified atmosphere of 5% C02, 95 % air. 

Dicarboxylic A cids 

The dicarboxylic ac ids used were dodeca nedioic ac id (Cd, aze laic 
ac id (C9 ) , and adipic ac id (C6 ) . Adipic ac id does not significantly inhibit 
mi tochondria l respiration in isolated rat live r mitochondria, even at 3 
X 10-2 M [7], and its use therefore could serve as an addit ional control 
for any effect due to t he Co a nd C12 diacids. S ince the ac ids themselves 
a re not suf'ficiently soluble in culture medium to produce the range of 
concentrations required, their disodium salts were used. A 1 M solut ion 
of the disodium sa lt of' the diacid was prepa red in each case by heating 
together the diac id, NaOH , and water in stoichiometrica lly equiva lent 
quant ities. T he pH was adjusted to 7 in t he case of eac h individual 
diac id used before the fin al dilu t ion with d istilled wa te r was made. The 
appropriate volume of the C9 sa lt solu t ion (C92Na) was added to the 
cu lture medium to give t he fo llowing concent rations: 10- 3 M, 10-2 M, 

and 10- 1 M. The sodium salt of the c l2 di ac id (C1z2Na) was not soluble 
in culture medium a t 10-1 M, a nd so was used at 10-" M, 10-2 M, and 5 
X 10- 2 M. The CG diacid salt (C62Na) was used at t he highest concen
tration of t he c.2Na, i.e., 10- 1 M. T he pH of a ll the media with added 
diac ids was within phys iologic range (Table 1). Diac id salts at each 
concent ration were app lied in the appropr iate culture medium to each 
ce ll line. 

It was considered necessary to test whether adding the diac id salts 
to the medium had an osmolar effect on the ce ll cultures over and 
above any spec ific effect. In order to ach ieve t his, Cloudm an cells were 
also grown eithe r in the presence of 10- 1 M Cv2 Na, 10- 1 M C62Na, or a 
cont rol medium co nta ining sodium chloride (7.02 g/li te r ). The latter 
produced an osmolar ity of the medium (524 mOsmol/ kg H20) equal to 
that conta ining t he highest concent ration of diac id salt used, i.e., 10- 1 
M, with li ttle change in pH (see Table 1). 

In order to assess a poss ible effect of free sodium ions on proli fe ra
tion, t he ionic conductivity of medium alone, medium with 10- 1 M 

C62Na, 10- 1 M C92Na, and equi os molar medium with NaCI was meas
ured (Table 1). 

Viability Test 

C.2Na was applied in cultu re medium a t concentrations of 10-1 M, 
10- 2 

M, and 10- 3 M to Cloudma n cells. The ce lls were ha rvested after 
1, 2, and 3 days. A co nt rol series of' samples was a lso taken. Cells that 



Sept. 1985 

rounde d up and became detac hed during t he experiment and cells th at 
remained attached LO the di ~hes a fte r the removal of t he culture medium 
we re separate ly tested for viabili ty using trypan blue exclusion tests, 
and we re replated in co nt rol medi um and incubated for 2 days. 

Cell Cou.n t.~ of Att.ached Cells 

Cell s were grown in 5-ml wells (diamete r 3.5 em) and these were set 
up w it h an in oculum which produced a cell count of 1.5- 3.4 x 10'' ce lls/ 
m l (C lo uclman), and 0.7:3- 2.3 X 105 ce lls/ ml (Harding-Passey) on the 
followi ng clay (clay 0 of the expe riment ). This figure is referred to as 
the ini t ial inoculum. Consiste ncy of ce ll numbers was checked on day 
O, prio r to the addition of the diac ids, b_v coun t ing ce ll s from 3 ra ndomly 
selected wells, to establish t he initial inoculum for eac h experiment. 

T wo runs of t he following procedure for attached cells were ca rried 
out fo r both Ha rcling-Passe_v a nd Clouclm an lines. On day 0, diac id 
sa lts we re applied in appropriate cul ture media in the concentrations 
stated (see "Dica rboxylic Acid~ " above) to the cul tures. Attac hed cells 
wer e h a rvested a nd coun ted in a Coul te r coun te r afte r 1, 2, or 3 days 
o f growth. Three counts per well were carried out for eac h run , and 
appr o pri ate counting controls without cells were ca rried out. 

TABL E L Osmolarity. p H. and ionic conductivity of culture media with 
added sodium salt s of Cr,, C9, C1" , and NaCI 
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Analysis of Counts 

Graphs were prepared showing growth rate of cells as a percentage 
of t he ini t ial inoculum under the different experimental condi t ions 
(Figs 1- 3). The raw data of counts were also a nalyzed by Student's t
test wit h t he addi t ion of Bessels's correction [11) to produce a p value 
for eac h daily experimenta l result compared with that day's cont rol 
figure (T ables !1 - V ). 

Morphologic S tudies 

Confluent cultures of ce lls were incubated wi th each of t he diac icl 
salts for 1 h or 6 h. Cont rol cul tures (1) wi t hout the addition of diac id 
salt, and (2 ) wi th added sodium chloride to produce osmolari ty equal 
to t hat of medium wit h added 10- 1 

M diac icl salts, were also taken fo r 
morphologic studies a fte r the same t imes. Afte r incubation , the medium 
was removed, t he ce lls we re washed in phosphate- bu ffe red saline a nd 
fixed for 5 min at room temperature in 2.5 % gluta raldehyde in 0.2 M 
cacodylate buffer. Afte r postfixation in osmium tetroxide a nd dehydra
t ion in 70% etha nol, the cells were gent ly scraped off the coverslips 
using a rubber spatula a nd centri fuged in ethanol at 25 g to form a 
pellet which was furt her processed fo r electron microscopy. 

RESULTS 

Viability Test 

Cells t hat re m ained attached in t he presen ce of diacid salts 
excluded t rypa n blue, indicating t he ir v ia bili ty. The detached 
cell s stained positively with trypan blue and t hose t hat we re 
replated with control m edium did not reattach a nd gr ow w it hin 
2 da ys, indicating n o nviability. The fo llowin g resul ts re late 
only t o att ached , via ble cell s . 

Cell Counts of Attached Cells 

All the diac id sa lts u sed a ltered t he numbe r of v ia ble cells of 
both lines from con t ro l va lues over t he 3 days o f t he expe ri 
m ents. 

Cg2N a: Wit h C92N a at 10- 1 M, t he numbe r o f via ble, attac hed 
cells o f both cell lines fell ra pidly to just Jess t h a n 40% of t h e 
ini t ia l inoculum for H a rding- P assey, a nd 50% fo r C loudma n 
o n day 1 (Fig la,b) . Ove r t he fo llowing 2 days, a drop by a 
furthe r 20% occurred in C loudma n cell numbers , while t h e 
H a rdin g- P assey numbe rs inc reased by a pp roximately 20 % , i.e., 
still Jess t ha n 60% of t he initia l inoculum. The drop in cell 
numbe rs as compa red wi t h controls was s ignifican t t hrou ghou t 
(T a ble II) . 

(h) 

Days 

Ftc L T he effect of C92Na on (a) 
Harding-Passey and (b ) Cloudma n mu 
rine melanoma cells in culture. Cell 
coun ts on each of the 3 days of t he 
experiment are expressed as a percent-
age of the ini t ial inoculum counted on 
day o. • --• = w-l M , • --• = w-2 
M , *--* = 10-" M , • -----• = cont rol, 
medium alone. Seep values in Table 11 
for significa nce . 
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TABLE II . p Va lue., for C9 2Na on Fig Ia and b 

Cone of Clouclman Harding-Passey 

rl ru l( (M) Exp I Ex p II Exp I E xp II 

10- 1 <.001 < .05 < .001 < .001 
I W2 < .01 <.5 (NS) < .0 1 < .001 
10-" < .01 <.01 < .5 (NS) <.5 (NS) 

10- 1 < .001 < .00 1 < .001 < .001 
10- 2 < .05 < .00 1 <.00 1 <.001 
10-" <.01 < .0 1 < .02 <.02 

10- 1 < .001 < .001 <.001 <.001 
w - 2 < .001 < .5 (NS J < .01 < .01 
10- " <.001 < .0 1 <.0 1 < .01 

Va lues less tha n .05 a re s if( nifica nt. NS = not significant. 

O ~ty s 

Days 

Days of 
drug 

2 

3 

(h) 

10-JM 

fo-2M 
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Sic 10- 2 M 

F IG 2. The effec t of C 122Na on (a) 
Harding- Passey and (b) Cloudman mu
rine mela noma cells in cul ture. Cell 
counts on each of the 3 days of the 
expe riment a re expressed as a percent· 
age of t he ini t ia l inoculum counted on 
day 0 . .6.- .6. = 5 X 10- 2 

M, · - · = 

10-
2 

M, *--* = 10-
3 

M, ·--- --· = 
cont rol, med ium a lone. See p values in 

{b ) 

,. c 

NaCI 

T able I I I for significa nce. 

FI G :1. a, The effect of C62Na on 
Harding- P assey mur ine melanoma ce lls 
in culture. Cell counts on each of the 3 
days o f t he experiment a re expressed as 
a perce ntage of t he ini t ia l inoculum on 
day 0. See p va lues in T able IV for sig
nifi ca nce. b, T he effec t on Cloudman 
murine mela noma cells in culture of 
added 10- 1 M c.2Na, c.2Na, a nd of aCI 
to produce a n equa l osmola ri ty of t he 
cu ltu re medium (0.524 mOs mol/ kg 
H20 ). Note greate r e ffect of diac id sa lts, 
and s ignificantly grea ter effect of Cs as 
compa red wi t h C6 . See a lso Figs 1b and 

3a. · --· = 10-
1 

M C92Na, · --· = 
10-

1 
M C62Na, *--* = NaCI, • -----• 

=control, medium a lone. Seep va lues in 
Table V for s ignificance. 

TABLE III. p Values for C122Na on Fig 2a and b 

Cone of Cloud man Harding-Passey 
drUI( ( M) E xp I Ex p II Exp I Exp II 

5 X 10- 2 <.001 < .001 <.001 <.001 
10-2 < .5 (NS) < .05 < .00 1 <.001 
10-3 <.5 (NS) <. 1 (NS) <.01 < .001 

5 X 10-2 <.0 1 < .5 (NS) < .001 <.001 
10-2 <.05 < .01 < .001 <.001 
10-3 < .05 <.OO l <.001 <.00 1 

5 X 10- 2 <.001 < .01 <.001 <.001 
10-2 <. 1 (NS) <.05 <.001 <.001 
10- 3 < .01 <.0 1 <.001 <.001 

Va lues less tha n .05 a re s ignilica nt. NS = not s ignificant. 
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With 10- 2 M, while cont inuous increase in viable cell numbers 
of both ce ll lines too k place, with the Ha rding-Passey cells t his 
increase was sign ificant ly less (Fig la; Table II ) t han with the 
control ce lls on all 3 days . With Cloudman cells, t here was a 

Days of 
drug 

1 
2 
3 

TABLE IV. p Values far C.12Na on Fig 3a 

Co ne of Harding· Passey 

drug (M) - --~-

Exp l Exp 11 
J0-1 <.001 <.001 
10- 1 <.001 < .001 
10- 1 < .001 <.001 

Val ues less than .05 are s ignifican t. 

TABLE V. p Values fo r Fig 3b 

Exp 1 Exp II 
Day 

C.,2Na" Co2Na' NaCl' Cu2Na" Cr.2Na6 NaCI' 

1 < .001 <.001 <.001 < .001 < .01 <.5 
2 <.00 1 <.01 <.01 < .001 <.01 < .01 

Values less than .05 are significant. NS = not significant. 
a C 92Na 10- 1 M . 

• C 62Na 10- 1 M . 
c NaCl equiosmolar to C92Na 10- 1 M . 

NS 
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statistica lly significant reduction in cell numbers at 10- 2 M on 
day 2 compared with the control, and on days 1 and 3 numbers 
were significantly reduced in one run but not in the second run . 

At a concentration of 10-3 M , an initial slight reduction in 
cell numbers occurred with both lines but by the third day the 
numbers had increased to overtake those of the controls and 
were ignificantly greater (Fig l a,b; Table II). 

C122Na : At all three concentrations used, C122Na signifi 
cantly reduced the number of viable Harding-P assey cells dur
ing the 3 days of t he expe riment as compared with controls 
(Fig 2a; T able III) . At 5 X 10- 2 M, cell numbers remained at 
approximately t he init ial inoculum level over t he 3 days, while 
at 10- 2 M and 10-:J M t here was a steady increase in viab le cell 
numbers. In the Cloudman cul tures with 5 X 10- 2 M C122Na, 
cell numbers by day l were significant ly (15%) less t han t he 
ini t ial inoculum. Cell numbers increased over t he subsequent 2 
days and in a ll but one instance were signi fica nt ly less tha n 
control. At w-z M and w-~ M, cell numbers were not consist
ently significantly different. from controls (see Table III) . 

C62Na: With C62Na at 10- 1 M, there was a significant reduc 
t ion in cell numbers of both lines over day 1, but they did not 
fa ll below t hose of the original inoculum (only Harding-Passey 
illustrated, Fig 3a and T able IV). This latter feature was in 
marked cont rast to the effect of the 10- 1 

M C92Na. Over t he 
following 2 days, cell numbers progress ive ly increased, and by 

Fit. 4. A, Cont rol Ha rding-Passey 
melanoma cell. 8, Harding-Passey mel
anoma ce ll exposed to disodium sa lt of 
adipic ac id (Cs) at w-l M for 6 h in 
cul ture. Mitoc ho ndria are practically un 
affected. C, Ha rding-Passey melan oma 
cell exposed to disodium salt of aze laic 
ac id (C.) at l0- 1 

M fo r l h. Note swelli nu 
and disruption of mitochondria . Db, 
Harding-Passey melanoma cell exposed 
to disodium sa lt of aze laic ac id (C9 ) a l 
10- 1 M fo r 6 h . Note massive swellin a 
and disruption of mi tochondria. All at ;:_ 
9300. 
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day 3 t he number of cells had almost doubled as compared with 
the ini tia l inocu lum . 

Osmolarity 

Fig 36 shows t hat t he addition of NaCl to cu lture medium to 
produce a fin a l osmolarity equiva lent to that resulting from the 
addition of the two diacids at 10- 1 M significantly reduced the 
number of viable ce ll s over 2 days as compared with controls 
(Tab le V). With C1;2Na the reduction was s ignificantly greater 
t han with NaCl, but by day 2 ce ll numbers had increased by 
50% of t he ini tial inocu lum. In contrast, with C92Na the num
ber of cell s dropped right from the start to less than 50% of the 
initi a l inoc ulum by day 2. 

M orphologic Studies 

Ce lls of cultures of both lines exposed to 10- " M and to 5 X 
10- l M of C92Na and C 122Na for up to 6 h, exh ibited no 
detectable damage to mitochondria or other organell es. With 
C"2Na at 10- 1 M for 1 h, definite swelling of mitochondria was 
observed , but no other morphologic effect was seen (Fig 4c). 
After 6 h ex posure, th e re was massive swelling of mitochondria 
with di s ruption of cris tae a nd vacuolation , and lipid droplets 
were a lso p rominent in the cytop lasm (Figs 4d, 5c). The plasma 
and nuclea r membra nes were invariably intact, and no mor
phologic da mage to cytop lasmic orga nelles or other membranes 

Vol. 85, No. 3 

FIG 5. A, Control Cloudman mela
noma cell. 8, Cloudman melanoma cell 
exposed to NaCI of equal osmolarity to 
w-l M C92Na for 6 h in culture. Some 
slight swelling of mitoc hondria is evi
dent. C, Cloudman melanoma cell ex
posed to 10- 1 M C92Na for 6 h. Note 
massive swelling and disruption of mi
tochondria and presence of lipid drop
lets. All at x 9300. 

was observed. No effects were observed with Cn2Na before 10- 1 

M for 6 h . With th is concentration and time, some swelling of 
mitochondria of some cells was observed (Fig 4b), but a high 
proportion of cells was more or less indistingu ishable from 
controls. Mitochondria l damage with C62Na at 6 h was certainly 
less than with C92Na at 1 h, and nothing comparable to the 
massive destruction seen with C92Na was observed. 

Cells of cultures to which NaCl was added to produce an 
osmolarity simi lar to that of cultures with added diacid salts at 
concentration of 10- 1 M, exh ibited only minor swelling of 
mitochondria (Fig 56), and no other observable damage. 

DISCUSSION 

This study has shown that the disodium salts of C9 and C12 
dicarboxylic acids, when added to cu ltures of Cloudman and 
Harding-Passey murine melanomata, at concentrations::::: 10-2 

M, have a positive inhibitory effect on cell proliferation over 3 
days, and that at 10-1 M the C9 diacid salt has a markedly 
adverse effect on cell viability. The C6 diacid salt at 10- 1 M 

initially depressed ce ll proliferation, but not nearly to t he same 
extent as t he c9 and ell diacids, though by the t hird day cell 
numbers were still significantly below those of t he control. 
With 10- 1 M C62Na t here was no effect on cell viability. 

The depression of cell proliferation could be attributed to the 
combined effects of a number of factors. Firstly, to t he effect 
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of t he higher osmolarity of t he expe rimental media; secondly, 
to the presence of higher concentrations of Na ions in t he 
experimental media as compared with controls, due to dissoc ia
tion o f t he d iac id sa lts; t hird ly, to t he presence of particular 
dicarboxyli c ions in t he experimenta l media exerting a separate 
and specific effect. The pH of media under va rious experimental 
condit ions was essentia lly t he same as t he controls, so t his 
could not be a factor. 

The cul t ure medium with added NaCI was equiosmolar to 
media to which 10- 1 M Cn2Na and 10- 1 

M Cs2Na were added, 
and h ad a higher osmolarity t han t he cont rol medium while t he 
pH was simila r. It can t here fore serve as a contro l for any effect 
of increased osmola ri ty per se on the growth pattern of cells in 
the 10- 1 M experimental media . This med ium had a higher 
ionic conductivity and t herefore a higher concentration of Na 
ions t han t he cont rol medium or t hose to which 10- 1 

M C92Na 
and 10- 1 M C;2Na were added (see Table V) . Thus, any effect 
observed on cul tures with NaCl in the medium could be attrib
uted to the first two factors listed above. 

Cells grown in medium to which NaCI was added proliferated, 
but t heir numbers were significantly less t han those of control 
cultures on both days 1 and 2. This indicates an effect due to 
high osmolarity and Na ion concentration. By comparison , t he 
effect on ce ll numbers was significant ly greate r with C;2Na 
10-1 M of equal osmolari ty but lower Na ion concentration (see 
Fig 3b, T a ble V). This in turn indicates an addi tional specific 
effect of t he C6 ion. With Cn2Na, equal in osmolarity and Na 
ion concentration to C62Na, the number of cell s dropped right 
from the start to less t han 50% of the init ial inoculum , indica
ting an even more pronounced effect of t he C9 ion. Wit h C92Na, 
in addit ion, ce lls became detached, and over t he first day death 
was the predominant feature. Over t he subsequent 2 days, 
numbers of viab le ce lls dimini shed progressively until a static 
leve l of approx imately 20% (Cioudman) and 50% (Harding
Passey) of t he ini tia l inoculum was reached (Fig la ,b). Clea rly, 
by comparison with t he resul ts of t he NaCI and CG2Na experi
ments, t hese effects are greater t han those wh ich higher os
molarity and greate r Na ion concent ration would be expected 
to produce. S imilarly, t he depressing effect on cell numbers of 
C 122Na at 5 x 10-2 M cannot be due ent irely to high osmolari ty 
and/or an excess of Na ions. Here, both t hese factors were 
lower than wi th t he 10- 1 M CG2Na medium, but t here was a 
considerably greate r drop in cell numbers (F igs 2a, 3a). One 
may conclude, t herefore, that t he Cn and C12 diacid ions t hem
selves a re directly responsible for cell death and depression of 
p ro liferation. 

Previous experiments have shown that di carboxylic acids are 
metabolized via t he j3-oxidative pathway in t he mitoc hondrial 
matri x [1 2], and electron auto radiographic studies using labeled 
C 12 have shown the presence of t he diacid and its breakdown 
products in t he mitochondria [9]. It has further been shown [7] 
that when present at high concentrations, the C9 and C12 diacids 
are strong competit ive inhibitors of mi tochondrial oxidoreduc 
tases of t he electron tra nsport cha in , whereas t he c6 diacid is 
only marginally so. These resul ts can help to expla in t he 
present observations, as fo llows. 

Cell death and an effect on proli fe ration produced by C9 ions 
at 10- 1 M can largely be attributed to inhibit ion of mitochon
drial oxidoreductases, because C6 ions which do not possess 
this property of inhibit ion to t he same extent, do not, at t he 
same concent ration, cause cell death, and an ini t ial depression 
of cell proliferation can be attributed to an osmolar or Na ion 
effect (see above). C12 ions at high concentration (5 X 10-2 M) 

likewise operate to inhibi t mitochondrial ox idoreductases and 

hence have a depressing effect on cell proliferation , though less 
tha n t hey would have at 10- 1 M, were it possible to get t he 
diacid salt in to solution at t his concentration. 

The morphologic observations are in genera l in line with 
those on cell counts. That t he extensive damage to mitochon
dria with 10- 1 M C92Na (and the lesser though observable 
damage with 10- 1 

M C62Na) is a specific and not an osmolar or 
high Na ion effect, is clea r from the fact t hat there was no 
observa ble damage to these organell es of cells exposed to 
equiosmolar NaCI. The minimal damage caused by t he C62Na 
fits in with its demonstrated lower level of inhibit ion of mito
chondrial respiration [7], and with its lesser effect on proli fer
ation as shown by the cell counts. The absence, up to 6 h, of 
observable damage to t he cell membrane or to other intracy
toplasmic membranes indicates t hat the mitochondrion is a 
prime ta rget fo r dicarboxylic acids, and t hat t heir ant imito
chondria l activi ty is an important factor in producing t heir 
cytotoxic effect. 

The C12 diacid and/o r its breakdown products have also been 
located in t he nucleus of normal melanocytes and murine 
malignant melanoma cells in cul ture by ultrastructural auto
radiography (8,9]. This has led us to suggest t hat part of t he 
cytotox ic activity may be due to a direct effect on some stage 
of t he mitotic cycle, poss ibly on DNA synthesis. Leibl, Peham
berger, Konrad eta! [13] have, in fact, recent ly reported that 
azelaic acid at 1- 4 X 10- 2 M produces a signi ficant decrease of 
DNA synthesis in cul t ured melanoma cells. 
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