
ICANCER RESEARCH 48.6542-6549, November 15, 1988]

Cytoplasmic Accumulation of Ditercalinium in Rat Hepatocytes and Induction of
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ABSTRACT

Ditercalinium (NSC 335153), a 7//-pyridocarbazole dimer, is a bis-
intercalating agent whose mechanism of action differs from that of other
mono-intercalating compounds, such as ellipticine derivatives. After a
Phase I clinical trial, where irreversible hepatotoxicity was the dose-
limiting side-effect, we have reinvestigated the disposition of ditercali-
iiiiini in rats after i.v. administration. Tissue distribution of the tritium-
labeled drug was studied during 5 weeks. The drug distributed very
quickly into tissues, and accumulated mostly in liver and kidneys. A
much slower clearance followed, with a half-life greater than 7 days.

The present study raises the question of whether ditercalinium, a
biscationic lipophilic agent, exerts a direct mitochondria interaction both
in vitro and in vivo. Fluorescence microscopy on rat tissue cryosections,
after drug administration, showed that the major cellular site of drug
accumulation corresponds to mitochondria. The mitochondria! probe 3,3'-

diethyloxadicarbocyanine confirmed the mitochondria! localization of
ditercalinium. An identical fluorescent pattern was found in cultured rat
hepatocytes. These fluorescent granulation patterns suggest mitochon
dria! damage.

To further study cell alterations, ultrastructural changes in rat liver
and kidneys were observed with selective mitochondria! damage while
nuclei remained apparently normal. The same observations were made in
rat hepatocyte cultures.

Therefore, the accumulation of ditercalinium in tissues and, more
particularly, in mitochondria probably plays an important role in diter-
calinium-induced toxicity.

complex and the DNA strand breaks induced by DNA-topoi-
somerase II (12). More recently, alterations of the mitochondria
by ditercalinium have been briefly described in mammalian cells
(13). The effect of ditercalinium treatment on eukaryotic cells
is to induce a loss of mitochondria! DNA (mt DNA)3 (14).

Many reports suggested that mitochondrial alterations in car
cinomas by other antitumor drugs could play a role in the drug-
induced cytotoxicity (15, 16).

A Phase I clinical trial of ditercalinium in adult cancer
patients demonstrated that hepatotoxicity was the dose-limiting
side-effect (17). Three liver biopsies on postmortem examina
tions demonstrated a microvacuolar steatosis probably related
to the drug-induced hepatic injury. Although the clinical trial
was halted following these observations, the origin of the human
hepatotoxicity of the drug is not fully understood.

To better understand the nature of the hepatotoxicity induced
by ditercalinium, we studied the distribution and elimination of
ditercalinium in male Wistar rats and in cultured rat hepato
cytes. Using the tritium-labeled drug, we demonstrated a se
questration of the drug in the liver and kidneys and correlated
the presence of the drug with histolÃ³gica! modifications. We
also described the cytoplasmic localization of ditercalinium,
particularly in mitochondria by means of fluorescence and
electron microscopy. The alterations of mitochondria offer a
possible explanation for drug-induced hepatotoxicity.

INTRODUCTION

Several DNA intercalating agents (actinomycin D, doxorub-
icin, elliptinium, etc.) are used in treatment of human neo
plasms. These molecules appear in most cases to have antitu-
moral activities related to their interactions with DNA and/or
DNA-binding proteins (1). Polyfunctional DNA intercalators
have been synthesized to obtain molecules with high DNA-
binding constants, up to IO14M~' for tris-intercalating agents

(2,3). Among the large series of bis-intercalating dimers derived
from the 7//-pyridocarbazole skeleton with a rigid bisethylpi-
peridine-linking chain (4), ditercalinium (NSC 335153) (Fig. 1)
possesses strong antitumor activity against experimental tu
mors in animals (5, 6). Recently, ditercalinium was shown by
'H-NMR studies to bis-intercalate into DNA from the major

groove (7, 8).
The mechanism of action of this dimer has been found to be

quite different from that of mono-intercalating agents. In vitro,
this drug: (a) induces a delayed cytotoxicity after five or six
generations (9), (b) arrests growth with no cell cycle phase
specificity (9-11) and (c) inhibits the formation of the cleavable
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MATERIALS AND METHODS

Drugs and Chemicals
Ditercalinium (NSC 335153) 2,2'-([4,4'-bipiperidine-l,r-diyl]di-

2,l-ethanediyl)bis - (10-methoxy - IH - pyrido[4,3-c]carbazolium)-di-
hydrochloride was synthesized as described previously (7). This ~IH-

pyridocarbazole dimer was a kind gift from the Laboratoires Roger
Mellon (Neuilly, France). Prior to use, freeze-dried ditercalinium was
dissolved in water, and sterilized by filtration through a 0.2-Mm poly
carbonate filter (Nucleopore Corp.). Drug concentration was deter
mined by absorption spectroscopy before dilution. 11,11 '-[3H]Ditercal-
inium was synthesized by Dr. BesseliÃ¨vre(CEA, Gif-sur-Yvette, France)
and Dr. Garbay-Jaureguiberry (UA 498 (Ã‘AS U 266 Inserm, Paris)
with a specific activity of 18 Ci/mmol. Drug purity was 95% as shown
by high-performance liquid chromatography using a reversed-phase
column (C8-SUP RS Classic; Prolabo, France) and an elution mixture
composed of water, methanol, tetrahydrofuran 50, 25, and 25% respec
tively, and 0.1 M ammonium formate.

3,3'-Diethyloxadicarbocyanine iodide [DiOCziS)] is a fluorescence

mitochondrial probe from Sigma Chemical Co. (St. Louis, MO).
All other solvents and reagents used were purchased from Merck or

Carlo Erba.

Animals

Sample Collection

Male Wistar rats weighing between 200 and 400 g were used. After
one day of starvation, they were anesthetized with i.p. pentobarbital

3The abbreviations used are: mt DNA, mitochondrial DNA; [DiOC2(5)J, 3,3'-
diethyloxadicarbocyanine iodide; MGBG, methylglyoxal-bis-guanylhydrazone.
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Fig. 1. Chemical structure of 11,11 '-[3H]ditercalinium, a 7//-pyridocarbazole

dimer.

and ditercalinium was administered i.v. at doses of 0.5 to 2 mg/kg with
(43 x IO5 cpm per dose) or without radiolabeled drug. Control rats
received the drug-free solvent.

Pharmacokinetic Studies

Bile samples were collected from three anesthetized rats by classical
bile duct cannulation, every 10 min for the first hour, and every hour
for the following 8 h.

Three other rats were housed in metabolism cages, and urine collec
tion was obtained every day. The amount of radioactivity was then
measured in a liquid scintillation spectrometer (Minaxi; Packard In
strument Co., Inc., Downers Grove, IL). Each determination was done
in triplicate. Results are presented as the cumulated percentage of the
administered dose.

Tissue Distribution

Five rats were given an i.v. dose of 2 mg/kg of ditercalinium. Each
week, one rat was killed by cervical dislocation, 80-100 mg of liver and
kidney samples were collected and sonicated, then dissolved in Soluene
350 for 2 days at 40Â°C,prior to radioactivity measurement. Data were

expressed as microgram equivalents of drug per milliliter or gram of
sample. A part of each tissue was removed for fluorescence and electron
microscopy examinations (see corresponding sections below).

Hepatocyte Rat Cultures and Preparation of Subcellular Fractions

Isolation and Culture of Rat Hepatocytes

Hepatocytes were prepared by the collagi-naso infusion technique
(18, 19), from 2-month-old male Wistar rats weighing approximately
200 g.

The viability of isolated cells was 90-95% as determined by the
trypan blue exclusion test. Parenchyma! cells were seeded in Ham Fn
medium at 2 x IO6 cells in plastic Petri dishes (60-mm diameter)

containing 0.1% of bovine albumin, 10% of fetal calf serum, insulin 5
mg/ml, penicillin (100 lU/ml), and streptomycin (50 Mg/ml). 4 h later,
the medium was supplemented with 50 pM of hydrocortisone hemisuc-
cinate (20).

Preparation of Nuclei

Cytoplasm-free nuclei were prepared by detergent treatment in iso-
tonic medium (21). Hepatocytes exposed to the drug were treated with
the non-ionic detergent NP-40: 1% for 3 min at 4Â°C.Under these

conditions, the cell membranes and cytoplasm were removed, while
nuclei remained attached to the support through cytoskeletal elements.

Preparation of Mitochondria

Mitochondria were isolated from the liver of male Wistar rats by
differential centrifugation as previously described (22). The mitochon
dria were incubated at 25Â°Cfor 10 min in 5 mM 4-(2-hydroxyethyl)-l-

piperazinethanesulfonic acid buffer (pH 7.4) containing 130 mM KC1
and 10 JIM of ditercalinium. After incubation, mitochondria were
washed twice with a drug-free buffer by centrifugation at 12,000 x g at
25Â°Cand resuspended to a concentration of 1 mg protein/ml.

Spectrofluorimetry Fluorescence and Electron Microscopy

Spectrofluorimetry

The fluorescence spectrum of ditercalinium (10 pM) was measured
in water and isopropanol using a Kontron 25 spectrofluorimeter. Max
imal wavelengths of excitation and emission are 411 and 562 nm in
water and 418 and 550 nm in isopropanol, respectively. Fluorescence
quantum yields of ditercalinium were measured in water, methanol,
ethanol, isopropanol, and n-butanol using rhodamine B (q = 0.69) in
ethanol as a standard. As previously described (23), an enhanced
fluorescence is observed in hydrophobic media with intercalating com
pounds.

The fluorescent quantum yield of ditercalinium in water is only q =
0.0019 and increases to q = 0.03 in isopropanol. These fluorescent
properties of ditercalinium were used to study drug distribution in cells.

Fluorescence Microscopy

Preparation of Cryosections. Immediately after excision, small sam
ples of kidney or liver were washed and mounted in liquid paraffin and
subsequently frozen in liquid nitrogen. The Cryosections were obtained
with a Cryostat 2 (Ames), (approximately 3 Â¿tm)and mounted on glass
coverslips coated with a 2% gelatin solution in 0.1 M phosphate buffer
(pH 7.4) (24).

Cellular Localization. Hepatocyte suspensions were plated on glass
coverslips (34 x 34 mm) in a Petri dish containing 6 ml of culture
medium. After transfer of the glass coverslip to observation chamber
(5.3 cm2; 2 ml) hepatocytes were incubated 4 h with 1 ^M ditercalinium
at 37Â°C.Then, a fluorescent mitochondria! probe, [DiOCz(5)] was used

to confirm the cellular distribution of ditercalinium. Hepatocytes were
exposed to 1 JJMof [DiOC2(5)] for 5 min at room temperature (25, 26).
The cells were then washed three times with culture medium and
observed.

These experiments were carried out on an Olympus BH2 photomi
croscope with a high-pressure mercury lamp (HBO 100W). The filter
combination for ditercalinium observation was BG 12-0 515, the exci
tation and emission wavelengths being 435 and >515 nm, respectively.
[DiOC2(5)] fluorescence was observed with the following combination
(wavelengths: excitation, 510-560 nm; red long emission, >590 nm).
Olympus 40x and lOOx oil immersion objectives were used. Photo
micrographs were taken on 400 ASA Ilford HP5 film developed at
1600 ASA, with an exposure of time less than 30 s calculated with the
PM 10 ABS system.

Preparation of Liver and Kidney Samples for Electron Microscopy

The liver and kidneys were removed and cut into approximately 1
mm-thick slices in a cold fixative: 1.5% glutaraldehyde (v/v) in Sjirensen
phosphate buffer, 66 mM, pH 7.4 and kept for l h at 4Â°C.After washing

with buffer, the slices were postfixed for l h in buffered 2% osmium
tetroxide, dehydrated with graded ethanol and propylene oxide, then
embedded in Epon 812. Ultrathin sections prepared with an LKB
Ultrotome were stained with uranyl acetate and lead citrate before
examination with a Zeiss 902 electron microscope.

Hepatocyte cultures were washed three times and fixed at room
temperature by adding 1.5% glutaraldehyde (v/v) to the culture me
dium, harvested, and centrifuged. The pellet was suspended then fixed
as described above for tissues.

RESULTS

Tissue Distribution in Rats. After i.v. administration of diter
calinium to rats, the total radioactivity was used to monitor the
levels of drug and its potential biotransformation products in
the plasma, kidneys, and liver as a function of time. After 1 h,
only 0.1 ÃÃg-equivalent/mlis found in plasma (Fig. 2). After 1
week, 27% of radioactivity was accumulated in the liver and
8% in the kidney. Radioactivity was still detectable in tissues
after 1 month. Results in Fig. 3 are expressed in Â¿tg-equivalents
per milliliter of plasma or per gram of tissue. It must be noted
that in tissues, concentrations are about 100 times higher than
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Fig. 2. Semilogarithmic plot of plasma concentration measured by total radio
activity after i.v. administration of tritium-labeled ditercalinium in rats. Ordinate
values, /Â¡gequivalents/ml of plasma.
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Fig. 3. Semilogarithmic plots of tissue concentration-time after i.v. injection

of tritium-labeled ditercalinium in rats. Values on the ordinate, fig/equivalents/
ml of plasma (A) or /g of liver (â€¢)or kidney (â€¢).Values are means of two
separated experiments each done in triplicate. In all cases SE was <1S% of the
mean.

the plasma level. After a rapid distribution phase, a slower
clearance follows: the terminal half-life determined in plasma,
on the basis of total radioactivity is more than 1 week (Fig. 3).

Ditercalinium was excreted into the bile but an entero-hepatic
recirculation was observed (not shown here). The amount of
radioactivity collected from the bile in 9 h was 7% of the
administered dose (Fig. 4A). After 1 week, only 3% of the dose
was recovered in urine, (Fig. 4B). The low rate of drug excretion
in bile and urine is correlated with the slow clearance.
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Fig. 4. Cumulated amount of unchanged drug and/or its potential metabolites
excreted in bile (A) or in urine (B) at various times, as a percentage of the dose.
Values are means of two separated experiments each done in triplicate. In all
cases SE was <15% of the mean.

Cytoplasmic Fluorescence Localization of Ditercalinium in
Vivo, and in Cultured Rat Hepatocytes. After ditercalinium
administration to rats, cryosections of liver and kidneys were
obtained and the tissue and cell distribution of the drug were
studied.

On control tissues, only a pale greenish fluorescence can be
seen. An orange fluorescence of ditercalinium at accumulation
sites allows the visualization of the drug. The cytoplasmic
localization of fluorescence in kidneys and liver sections dis
plays a bright and granular pattern (Fig. 5A). The fluorescent
granulations of various sizes could correspond to ditercalinium
associated with mitochondria.

Hepatocyte cultures provided further information. After a
short incubation time (30 min), the pattern of the cellular
fluorescence is relatively homogeneously distributed. After a 4-
h incubation, fluorescence is present at two distinct cellular
sites. Some cells, probably dead hepatocytes, show an intense
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Fig. 5. Fluorescence microscopy of cryosections of liver. In treated (2 mg/kg) rat liver (A) a granular fluorescence is observed. Fluorescence microscopy of rat
hepatocytes (B, C). Hepatocytes were incubated with 1 >IMof ditercalinium, for 4 h, and then washed three times with 9% NaCl. Before drug translocation (B), a
granular fluorescent is observed. After UV illumination the drug translocation is observed (C) and the fluorescence is located in the nuclei (bars, :

nuclear fluorescence which remains stable under UV illumina
tion.

The fluorescence is essentially localized in cytoplasmic gran
ules while nuclei appear as dark cores (Fig. 5B). The fluores
cence of cytoplasmic granules fades rapidly under UV illumi
nation, which promotes translocation of the drug to nuclei
where the fluorescence remains stable (Fig. 5C). Isolated nuclei,
whose cytoplasm was removed by detergent, incorporate diter
calinium and display a clearly detectable fluorescence.

To demonstrate that the presence of ditercalinium, associated
with mitochondria, can be visualized by fluorescence micros
copy, we have performed additional experiments on isolated rat
liver mitochondria. When a suspension of isolated mitochon
dria is incubated for 10 min with 10 V.Mditercalinium, fluores
cent spots are detected. In controls without ditercalinium, there
is no detectable fluorescence. This observation suggests that the
fluorescence was due to ditercalinium associated to mitochon
dria.

On hepatocyte cultures, the major point is the identical
staining pattern of mitochondria with ditercalinium or with the
mitochondrial probe dye (DiOC2(5)] (25, 26) (Fig. 6, A and B).
Indeed, these two biscationic lipophilic compounds exhibit the
same fluorescence distribution in hepatocytes. Prolonged ex
posure to ditercalinium induces a morphological change of the
mitochondria: the fluorescence of mitochondria, which origi-

nally appears as filaments, becomes globular after ditercalinium
treatment and suggests a mitochondrial alteration.

Ultrastructural Changes Induced by Ditercalinium in Vivo and
in Cultured Hepatocytes. Mitochondrial alteration suggested
from fluorescence microscopy, led us to further study ultrastruc
tural changes. Fig. 7, A and B, shows a hepatocyte from a
control rat which contains numerous rounded or slightly elon
gated mitochondria, with many clearly defined cristae in a
matrix of moderate electron density. Few mitochondria show
an alteration of their matrix (Fig. IB). The cytoplasm contains
densely packed endoplasmic reticulum lamellae, Golgi vesicles
and a few peroxysomes. Large areas are filled with glycogen
granules.

At 0.5 mg/kg of ditercalinium (Fig. 7, C and Â£>),the first
modifications appear in the cytoplasm, with an increase in
peroxisomes number, and the formation of small clear vesicles
limited by a single membrane. Mitochondria are not altered but
look less numerous, and rather smaller than in controls. The
segregation between the reticulum and the glycogen containing
zones is destroyed (Fig. ID). The injury is more pronounced at
1.5-3 mg/kg of drug (Fig. 7, E and F). Most of the mitochon
dria at these concentrations are swollen, their cristae are often
destroyed, as is a large part of the mitochondrial double mem
brane. In the deeply altered cytoplasm, the glycogen could not
be found. Nuclei and chromatin did not appear significantly

Fig. 6. Mitochondrial localization of diter
calinium. A, 3,3'-diethyloxadicarbocyanine

fluorescence in hepatocyte; B, after bleaching
of the cyanine fluorescence, the same cell was
observed by UV excitation of ditercalinium
(ears, 10 urn). Both fluorescent patterns are
superimposable.
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Fig. 7. Electron micrographs of rat tissues. A, control rat liver cells with G (glycogene granules), M (mitochondria), N (nucleus), and P (peroxisome). B, control
mitochondria! ultrastructure; C and l>. liver cells from ditercalinium-treated rats: ditercalinium is administered i.v. at 0.5 to 3 mg/kg. After 48 h, liver and kidneys
are removed. After treatment at 0.5 mg/kg, mitochondria become smaller and condensed (B). E and /â€¢'.the mitochondria are swollen and loose their cristae and the

matrix and appear electron clear (bars, 1 tÂ¡m).
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different from those in control cells. In kidney, the same alter
ations were observed, especially mitochondria! swelling, al
though less pronounced than in the liver. Cristae were not
observed or were scattered at the periphery of a low density
matrix.

After a 4-h exposure to ditercalinium, hepatocytes in culture
mainly show mitochondrial alterations (Fig. 8Ã„). They are
larger than in controls (Fig. 8/4) and show a great variability in
their matrix density, with a loss of cristae in the darkest
mitochondria. A few aberrant membraneous structures appear
(Fig. 8fi, bottom left). This is much more visible after 24 h of
exposure to the drug (Fig. 8C), many mitochondria have a
dense matrix, and large vacuoles filled with membraneous res
idues are frequent in the cytoplasm.

DISCUSSION

In this paper, we report the tissue disposition and elimination
of tritium-labeled ditercalinium in rat. Using the fluorescence
properties of ditercalinium, the mitochondrial localization of
drug is described, and mitochondrial damage is followed by
electron microscopy.

After a Phase I clinical trial, which demonstrated that the
maximal tolerated dose was 15 mg/m2 with an irreversible
hepatotoxicity as the dose-limiting side-effect, a reinvestigation
of distribution and elimination of ditercalinium was under
taken. During our studies, after i.v. injection to rats, we noted
a fast tissue distribution, particularly in liver and kidneys,
followed by a slow elimination process. This could be explained
by tissue binding, due to the very high lipophilicity of ditercal
inium. Total radioactivity measurements demonstrated that
after 1 week, 27 and 8% of the total administered dose was still
sequestered in liver and kidneys, respectively. In accord with
this finding, only 3% of the administered dose is excreted in
urine after 7 days.

However, care must be taken in interpreting these data on
the basis of total radioactivity measurements which correspond
to the unchanged drug and/or its potential biotransformation
products although it appears that ditercalinium is not metabo
lized to a large extent (27).

Another observation confirmed the tissue sequestration of
this drug. In three postmortem human liver biopsies, it was still
possible to detect unchanged ditercalinium by high-perform
ance liquid chromatography and fluorescence detection, 40 to
60 days after drug administration, and a liver microvacuolar
steatosis was found.4

Ditercalinium shows a very weak fluorescence in water, while
a strong fluorescence enhancement is observed in isopropanol.
This effect was previously described for a number of planar
chromophores such as ethidium or acridine (23). In polar
hydrophobic solvents, an exaltation with hyperchromic absorp
tion was observed, which could explain the bright granular
fluorescence noted in hepatocyte both in vivo and in vitro
exposed to ditercalinium. A lipophilic membrane interaction
could lead to this fluorescence enhancement.

Two sites of interaction should be considered in the interpre
tation of our data. Actually, ditercalinium could interact with
two cellular compartments which were revealed by fluorescence
microscopy: cytoplasmic and nuclear. Most of the fluorescence
is localized in the cytoplasm of living cells. The granular cyto
plasmic fluorescence is probably due to the accumulation of
ditercalinium into mitochondria. The granular aspect of the
fluorescence suggests mitochondrial alterations. The absence

of nuclear ditercalinium fluorescence does not exclude the
possibility that a low concentration of drug could exist in the
nuclei with ditercalinium intercalated into the nuclear DNA.
Moreover, a quenching by DNA and nucleoproteins might
prevent nuclear fluorescence. Upon UV illumination, the cyto
plasmic fluorescence is quickly translocated predominantly to
the nucleus. This translocation could be the result of phototoxic
effect observed with many cyanine dyes as carcinoma-specific
mitochondrial sensitizers in vitro (28).

An identical cytoplasmic localization of 2-methylellipticin-
ium acetate, a fluorescent derivative of ellipticine, has been
described in Chinese hamster lung cells where fluorescent gran
ulations were observed (29). Comparable results were reported
in cryosections of cardiac tissue, which described the intrami-
tochondrial localization of doxorubicin (30), and suggested that
mitochondrial localization in isolated perfused rat heart could
be implicated in the mechanism of doxorubicin cardiotoxicity.

Ditercalinium is a biscationic compound with at least two
positive charges (on its quaternary ammonium groups), we
postulate that as compared to a monocationic agent like rho-
damine 123, the selective accumulation and toxicity would be
increased. In response to a negative electric membrane poten
tial, the Nersnt equation predicts that the equilibrium of a
double cation is the square of that of a monovalent cation.

Generally most cations use specific carriers to pass through
the cell membrane. For these biscationic drugs, the membrane
passage, accumulation, and retention could be explained by the
lipophilicity of the molecule (31). Ditercalinium with the bi-
functional 7//-pyridocarbazole, without any polar substitution,
exhibits a high lipophilicity which allows the drug to passively
cross the plasma and the mitochondrial membranes.

The fact that ditercalinium fluorescence is observed especially
in mitochondria reflects the mitochondrial overconcentration
of the drug, and is due to the high potential of the mitochondrial
membrane (32).

Electron microscopic observations confirmed selective ultra-
structural changes at the level of mitochondria with important
swelling and alterations of the double membrane and cristae.
Ultrastructural damage localized on the mitochondria could be
correlated to the pattern of ditercalinium cytoplasmic fluores
cence. Other drugs also lead to mitochondrial alterations such
as MGBG, ethidium bromide, novobiocine, ellipticine, and
paraquat (33-37), but most of them induce reversible damages,
MGBG and ethidium bromide also give structural alterations
of closed circular mt DNA without substantial degradation (33,
38). Recent results suggest that mt DNA could be another
target for this drug. Indeed, a specific elimination of mt DNA
was detected by DNA-DNA hybridization in ditercalinium-
treatedL1210cells(14).

Ditercalinium inhibits ATP production and interferes with
the oxidative phosphorylation in isolated rat liver mitochondria
in vitro.5 Initially, we postulated that the toxicity could be due

to an organic free radical, but experiments of electron spin
resonance, cyclic voltametry, and lipid peroxidation studies in
vitro could not prove the existence of organic free radicals
originating from ditercalinium.

At present, two mitochondrial drug interactions could play a
role in mitochondrial toxicity: a hydrophobic interaction in the
mitochondria! membranes that leads to direct inhibition of
respiratory complexes and/or, the elimination of mt DNA
which could not code for mitochondrial proteins and leads to a
delayed cytotoxicity (14).

Thus, antimitochondrial action can be exhibited by different

4 Unpublished results. 5To be published.
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Fig. 8. Electron micrographs of cultured rat hepatocytes. .4, control; B. hepatocytes after treatment with l Â¡IMditercalinium for 4 h (B); and for 24 h (C). After
incubation, mitochondrial double membranes are altered with membraneous residues and the loss of cristae. Nuclei and chromatin do not seem different from those
in control hepatocytes (bars, 1 >im).
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lipophilic cationic compounds. Some reports of Chen and Nass
(16, 33) already proposed an an tÂ¡mitochondria! activity as a
basis for chemotherapy, for example dequalinium or MGBG.
Here, we have described a selective accumulation of ditercali-

nium in rat liver and kidneys and, more particularly, in mito
chondria which may probably be the target for cell toxicity. The
localization of mitochondria! fluorescence is correlated to elec
tron microscopy which confirmed the mitochondria! damages.
These results cast some light on the possible correlation be
tween the tissue sequestration in patients, observed during
Phase I clinical trial and the selective toxicity on mitochondria.
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