
Abstract. Background/Aim: Temozolomide plays a role in
treating melanoma refractory to immunomodulatory and
mitogen-activated protein kinase-targeted approaches, but its
efficacy is limited. 4-Demethyl-4-cholesteryloxycarbonylpenclo-
medine (DM-CHOC-PEN) is a polychlorinated pyridine
cholesteryl carbonate. Its mechanism of action is considered to
be via alkylation/adduct formation with N7-guanine. It
demonstrated activity in intracranial implanted human glioma
and breast cancer xenograft mouse models. The activity of DM-
CHOC-PEN in melanoma models was assessed. Material and
Methods: B-16 melanoma cells were exposed to DM-CHOC-
PEN at different concentrations to assess proliferation and
survival. B-16 cells were implanted subcutaneously into the
flank of adult female C57BL mice which were then were treated
with 200 mg/kg DM-CHOC-PEN intraperitoneally daily for 5
days in the setting of palpable subcutaneous tumor. Survival
was compared to mice treated with temozolomide or saline.
Five mice were treated per group. Results: In vitro, the
respective half-maximal inhibitory concentrations of DM-
CHOC-PEN and temozolomide were 0.5 and ≥3.0 μg/ml.
Floating, heavily melanotic cells formed and these cells were
separated, analyzed, and contained 10-90 ng DM-CHOC-PEN
per 105 cells. The improvement in survival of mice treated with
DM-CHOC-PEN or temozolomide relative to saline controls
was 142% and 78%, respectively. Conclusion: Longer survival
was seen with DM-CHOC-PEN in a C57BL murine model
relative to temozolomide and saline-treated controls, supporting

the development of clinical trials assessing the efficacy of DM-
CHOC-PEN as treatment for metastatic melanoma.  

Melanoma is a neoplasm which develops through genetic
alteration of melanocytes. Melanocytes are unique cells that
synthesize the pigment melanin which protects the cells from
reactive oxygen species generated following exposure to
ultraviolet radiation. Melanin is a naturally occurring
pigment synthesized in a regulated multistep fashion from L-
2,3-dihydroxyphenyalanine (DOPA), which is a normal
pathway in melanocytes, but can be increased in malignant
melanomas (1, 2).

When stage IV melanoma develops, the prognosis is very
poor, with long-term survival seen in fewer than 20% of
patients (3). Until 2011, the only treatments approved by the
Food and Drug Administration for the management of stage
IV melanoma were the alkylating agent dacarbazine and the
cytokine interleukin-2, neither of which confer any overall
survival benefit (4). 

Recently there have been significant advances in the
treatment of stage IV melanoma through the use of immune
checkpoint modulators which target cytotoxic T-lymphocyte-
associated protein 4, lymphocyte activation gene 3, and
programmed cell death protein 1 (5-7). Ipilimumab inhibits
cytotoxic T-lymphocyte-associated protein 4 leading to durable
benefit in 22% of patients (8). Programmed cell death protein
1 inhibitors pembrolizumab and nivolumab confer responses
in approximately 40% of treated patients (9, 10). The response
rate following treatment with the combination of nivolumab
and ipilimumab is approximately 60% (11, 12). Approximately
50% of melanomas possess a mutation at position 600 of the
serine/threonine-protein kinase B-Raf (BRAF) gene leading to
activation of the mitogen-activated protein kinase pathway
(13). Dual inhibition of the mitogen-activated protein kinase
pathway confers high response rates and survival benefits in
these patients (14-16). 

While immunomodulatory and BRAF-targeted approaches
confer survival benefit, there are patients for whom immune
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checkpoint modulators do not provide sufficient efficacy or
are not tolerated. BRAF-targeted therapies are only indicated
as treatment in patients with melanoma expressing a V600
BRAF mutation and efficacy is limited by the development
of resistance, with median progression-free survival of
approximately 10-15 months (14, 15, 17). Despite important
recent treatment advances, additional therapeutic options are
desperately needed. 

Dacarbazine is an alkylating agent approved by the US Food
and Drug Administration as therapy for the management of
stage IV melanoma and is metabolized to the active metabolite
3-methyl-(triazen-1-yl)imidazole-4-carboximide (MTIC) (18,
19). Temozolamide is an orally active alkylating agent
belonging to the imidazotetrazine class which is structurally
similar to dacarbazine and is also metabolized to MTIC (20,
21). MTIC is a reactive methyl diazonium ion that is rapidly
formed, resulting in the methylation of guanine present in DNA
(22-25). The result is an interaction with DNA and the
formation of O6- and N7-methylguanine, which facilitates the
cytotoxic effects of temozolomide and dacarbazine (25). 

4-Demethyl-4-cholesteryloxycarbonylpenclomedine (DM-
CHOC-PEN) is a poly-chlorinated pyridine cholesteryl
carbonate that was developed as part of a series of pyridine
carbonates and carbamate analogs of 4-demethylpenclomedine
that are lipophilic, electrically neutral, and able to cross the
blood–brain barrier. The chemical structure of DM-CHOC-
PEN is presented in Figure 1. DM-CHOC-PEN acts as a non-
classical alkylating agent, binding with 4-benzylpyridine across
the 6-trichloromethane group. DM-CHOC-PEN directly
interacts with N7-guanine DNA through a carbonium radical
moiety derived from the trichloromethane group to form
adducts with DNA (22, 25, 26). Tumor cell esterase can alter
DNA adducts, leading to interstrand DNA cross-linking (22,
26). Given the activity of dacarbazine and temozolomide in the
clinical management of stage IV melanoma and the activity of
DM-CHOC-PEN by alkylating N7-guanine, we assessed the
anticancer activity of the latter in vitro and in vivo employing
melanoma cell line and murine models. Preclinical studies with
DM-CHOC-PEN in melanoma models are presented here.

Materials and Methods
Drugs/chemicals. DM-CHOC-PEN (DEKK-TEC, Inc., New Orleans,
LA, USA) was dissolved in a soybean oil/egg yolk lecithin emulsion
(2 mg/ml) and administered by intraperitoneal injection.
Temozolomide (All Saints Pharmacy, Kenner, LA, USA) was
administered orally as a 2 mg/ml saline suspension. For tissue culture
studies, DM-CHOC-PEN and temozolomide were dissolved in
dimethyl sulfoxide or tetrahydrofuran; cisplatin, doxorubicin (DOX),
4-hydroxyifosfamide (4-HOOI), and actinomycin D (All Saints
Pharmacy) were dissolved in RPMI 1640 tissue culture medium.

In vitro studies. B-16 melanoma cells (obtained from the American
Type Culture Collection, Manassas, VA, USA) were grown in wells at
1×104 cells/ml of complete RPMI media (RPMI with 10% fetal bovine

serum) for 12 h and incubated at 36˚C with 5% CO2. B-16 melanoma
cells were incubated with DM-CHOC-PEN, cisplatin, doxorubicin, 4-
hydroxyifosfamide, or actinomycin D at concentrations ranging from
0.5-2 μg/ml for 12 h. The cells were then washed, and fresh medium
was added. Cytotoxicity was measured 24 h later employing a
Beckman counting chamber. The results are reported as half-maximal
inhibitory concentration (IC50) for each agent. Three cultures from
each group were monitored for 3-5 days post treatments for changes
in the cytological appearance and morphology of treated cells relative
to each other and to untreated cells were recorded. 

Determination of intracellular DM-CHOC-PEN. After treatment of
B-16 cells (1×104) in complete RPMI medium with DM-CHOC-
PEN for 12 h, the cells were harvested, washed, and extracted with
dichloromethane and a high-performance liquid chromatography
analysis was performed to determine the intracellular concentration
of DM-CHOC-PEN.

In vivo studies. B-16 murine melanoma cells (1×106) in suspension
were implanted subcutaneously into the flank of adult C57BL male
mice (age 7-9 weeks; Harlan Labs, Indianapolis, IN, USA). Groups of
five mice per group were treated with DM-CHOC-PEN,
temozolomide, or saline once the tumors were palpable 5-8 days post
implant. DM-CHOC-PEN was administered intraperitoneally at dose
of 200 mg/kg daily for 5 days. Temozolomide was administered orally
per gavage once daily at a dose of 60 mg/kg/day for 7 days. Dosing
was based on prior assessment of multiple doses in murine tumor
models (22). Changes in the size of the subcutaneous tumors, survival
of the mice and toxicity from treatment were measured initially 24 h
later and monitored until all mice died. Histological changes of the
subcutaneous tumors following treatment with saline versus DM-
CHOC-PEN treatment were reviewed by a pathologist and compared.

Results

DM-CHOC-PEN inhibition of melanoma cell growth in vitro.
In vitro, B-16 mouse melanoma cells grew well in culture
(Figure 2). There were occasional cells that generated granules
of melanin, a polymer of indole-5,6-quinone, in the growth
phase but most replicating melanoma cells were amelanotic. 

Incubating B-16 cells with DM-CHOC-PEN (0.25-1 μg/ml)
in the growth phase resulted in cells accumulating with
increased amounts of melanin. These cells separated the
adhering colonies and died as floating clusters of heavily
melaninated cells. Figure 3 demonstrates the morphology of
B16 cells after 3 days of exposure to DM-CHOC-PEN. The
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Figure 1. Penclomedine analogs – PEN (R=CH3); demethyl (DM)-PEN
(R=H); 4-DM-4-cholesteryloxycarbonyl-PEN (R=-CO2 -cholesteryl). 



heavily pigmented melanotic cells were collected, washed with
saline, extracted with dichloromethane, and DM-CHOC-PEN
was quantitated in concentrations of 0.01-0.06 μg/ml of packed
B-16 cells. The IC50 for DM-CHOC-PEN versus B-16
melanoma was 0.5 μg/ml of culture fluid. 

Comparative growth-inhibitory effect of DM-CHOC-PEN and
other chemotherapeutic agents on B-16 melanoma in vitro. To
appreciate the effects of other drugs, B-16 melanoma cells
(104/ml) were incubated with temozolomide, 4-hydropero-
xyifosfamide, cis-platinum, doxorubicin, or actinomycin D.
The IC50 of these different chemotherapeutic agents are listed
in Table I. In contrast to DM-CHOC-PEN, cells treated with
the other agents in Table I died with only ghosts remaining,
as can be seen in Figure 4. No melanin was generated, and the
terminal pathway was quite different from that of the DM-
CHOC-PEN-treated cells shown in Figure 3.

In vivo studies. Given the efficacy appreciated in vitro, the
effect of DM-CHOC-PEN on the growth of melanoma was
assessed in vivo. Murine B16 melanoma cells were implanted
subcutaneously into the flank of C57BL mice, and the mice
were treated daily with DM-CHOC-PEN (200 mg/kg) injected
intraperitoneally for 5 days or temozolomide given orally at a
concentration of 60 mg/kg/day for 7 days. 

The survival profiles for mice treated with DM-CHOC-PEN,
temozolomide or saline were compared as depicted in Figure

5. Median survivals were as follows: 12 days for the saline-
treated mice, 15 days for temozolomide-treated mice and 19
days for DM-CHOC-PEN-treated mice (Figure 5). DM-
CHOC-PEN was well tolerated up to doses of 200 mg/kg, with
the mice continuing to gain weight. 

Gross examination of the tumors treated with DM-CHOC-
PEN demonstrated similar findings to those observed in vitro
with DM-CHOC-PEN treatment – increased pigmentation of
dead/residual cells. Increased pigmentation was not appreciated
upon histological assessment of the melanoma tumor derived
from mice treated with saline control (Figure 6).

Thus, the overall improvement in survival for the DM-
CHOC-PEN-treated (200 mg/kg) group versus saline
controls was 142%. Similarly, for the temozolomide-treated
control verses saline-treated mice, survival improved by
59%. No unexpected or drug-associated deaths were noted
in either of the treated groups. Mice tolerated both drugs,
with weight gain until tumor size was ~2 cm in the greatest
diameter. The maximum tolerated dose for DM-CHOC-PEN
of 200 mg/kg was previously documented and reported (22).

Discussion 
Preclinical in vitro and in vivo evidence is presented in support
of the activity of DM-CHOC-PEN in a murine melanoma
model using B-16 melanoma cells. DM-CHOC-PEN produced
a significant improvement in long term survival which was
superior to those for either saline or temozolomide controls.
Of an associated significance is the degree of new melanin
generated both in vitro, as well as in vivo. 

Both malignant and benign melanocytes generate the
pigment melanin. Melanin is a polymer of indole-5,6-
quinone, an end-product of DOPA oxidation, which is highly
electrophilic due to its conjugated structure and is capable of
generating, transferring and storing electrons (27, 28). 

The concept promoted here is that the melanoma–melanin
system is a source of energy for the generation of electrons
and electron-rich molecules. Due to the high redox potential
between DOPA and DOPA quinone (+0.37 V), there is a
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Figure 2. Untreated B-16 mouse melanoma cells growing in a
monolayer. Original magnification: 10×.

Table I. Half-maximal inhibitory concentration (IC50) of different
chemotherapeutic agents against B-16 mouse melanoma cells in vitro. 

Drug                                                                   IC50 (μg/ml)

DM-CHOC-PEN                                                  0.5±0.01
Actinomycin D                                                     0.5±0.02
cis-Platinum                                                           1.5±0.1
4-HOOI                                                                 0.75±0.3
Doxorubicin                                                           0.7±0.1
Temozolomide                                                         >3.0

DM-CHOC-PEN: 4-Demethyl-4-cholesteryloxycarbonylpenclomedine;
4-HOOI: 4-hydroperoxyifosfamide.



possible energy yield of –19.8 kcal/mole from the oxidation
of one mole of DOPA; a significant amount of intracellular
energy that could potentially be generated in melanoma cells. 

The non-localized empty molecular orbitals associated with
the copolymer chains of the indole quinoid units in the melanin
polymer can also function as a two-dimensional semi-conductor,
with bound protons producing electron traps (28). Further
support for this notion is that poikilothermic vertebrates, e.g.
turtles and alligators, actually store melanin in their livers and
metabolize it as a source of energy during hibernation (29). 

Theoretically, with the proper coupling factors and at least
49% efficiency, one ATP molecule (8.9 kcal) can be generated
during the oxidation of one molecule of DOPA into a unit
structure of melanin. Fourteen electrons would be generated
per DOPA molecule, making it a ‘mini-intracellular electron-
beam generator’. The electrons and associated free-radical
species generated during the oxidation of DOPA are
potentially toxic to mitochondria and cell respiration, resulting
in programmed cellular death (29). Thus, melanin is not inert,
but is a highly conjugated polymer that generates an external
highly charged ‘aurora’ capable of interaction with the
intracellular microenvironment.

Melanoma cells, as seen in Figure 2, represent classical
cancer cells with a low resting free energy (ΔF) and high
entropy (ΔS) – the alpha state. The interactions of DM-
CHOC-PEN and DOPA induced the formation of melanin –
a high-energy component/storage that results in an increase
in ΔF and a decrease in ΔS, with the development of cells
in a new, resting high-energy state – the beta state (Figure
3). The latter cells are well-differentiated and die (30). 

Although the generation of DM-CHOC-PEN-induced
melanin-derived free radicals may be a mechanism of action
for the drug’s cytotoxicity, it is not considered to be the
primary one. 

DM-CHOC-PEN is an alkylating agent and its mechanism
of action is currently considered to be via its trichloromethyl
moiety producing a dichloromethylene carbonium ion; with
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Figure 3. 4-Demethyl-4-cholesteryloxycarbonylpenclomedine-associated melanin production and cell death on day 3 of treatment. Original
magnification: A: 10×; B: 20×.

Figure 4. A typical pattern of cell death as seen for B-16 cells treated
with doxorubicin as compared with the cells shown in Figure 3. Similar
findings were seen following treatment with 4-hydroperoxyifosfamide,
actinomycin D, or cis-platinum.
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Figure 5. B-16 mouse melanoma response in C57BL mice treated with 4-demethyl-4-cholesteryloxycarbonylpenclomedine (DM-CHOC-PEN) at a
dose of 200 mg/kg/day intraperitoneally for 5 days versus oral temozolomide at dose of 60 mg/kg/day for 7 days.

Figure 6. Histology of tumors derived from B-16 cells in mice treated with saline as control (A) and in mice treated with 4-demethyl-4-
cholesteryloxycarbonylpenclomedine (B). Note the pigment-laden cells in B are similar to those seen in in vitro culture.



the latter binding to N7-guanine DNA to form adducts and
cause cell death (22). In addition to this mechanism, the
current observations reported in this study support the ability
of DM-CHOC-PEN to disrupt cellular metabolism via auto-
oxidation of DOPA and the generation of free radical species,
resulting in death – a second mechanism of action.

In conclusion, the in vivo studies plus in vitro observations
indicate that DM-CHOC-PEN has anticancer activity in a
melanoma murine model, supporting the development of clinical
trials assessing its efficacy in patients with metastatic melanoma.
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