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Background: Polycosanols derived fromplant species have traditionally beenused inmedicine as antiproliferative
agents for treating various viruses (primarily the herpes simplex virus). However, few studies have studied their
effects on hyperproliferative cell lines. In this work, the antiproliferative capacity of polycosanols from tall-oil
pitch, obtained from black liquor soaps in the kraft pulping process of cellulose (specifically from Pinus radiata,
Pinus taede, and Eucalyptus globulus), was evaluated on CHO-K1 and CRL-1974 human melanoma cell lines.
Results: The proliferative capacities and cell viabilities were measured for 72 and 140 h, respectively. Treatment
with docosanol produced differential effects on theCHO-K1 and humanmelanoma cells and significantly affected
their proliferation rates, but not their cell viabilities. Tetracosanol produced a significant negative effect on the
proliferation of human melanoma cells, and this effect was less than that caused by docosanol. However, it had

no effect on the proliferation of CHO-K1 cells and did not induce any significant effect on the viability of the
studied cell lines.
Conclusion: Docosanol and tetracosanol induced antiproliferative effects on the studied cell lines and exhibited
significantly greater effects on the oncogenic cell lines. Prior to this study, the capacity of these polycosanols
has never been investigated. Future studies will be necessary to determine their mechanisms of action on
these cell systems.

© 2015 Pontificia Universidad Católica de Valparaíso. Production and hosting by Elsevier B.V. All rights reserved.
1. Introduction

Long-chain aliphatic alcohols (polycosanols) and fatty acids with
more than 20 carbon atoms are of great interest as medical, personal
care, and pharmaceutical products. Polycosanols have primarily been
used to treat the herpes simplex virus (HSV-1) [1,2,3,4,5,6] and
the respiratory syncytial virus [3]. Hyperproliferative skin lesions [7],
which can be benign or malignant (keloids, skin cancer), can be
treated and cured with these alcohols. Additionally, polycosanols can
be used as anti-inflammatory agents [8] in epithelial prostate cells [9,
10] and in the treatment of certain conditions caused by enveloped
viruses, such as Kaposi sarcomas [11]. However, this type of alcohol
is extremely rare in nature and is only found in small quantities in
sugarcane, spinach, evening primrose oil [12], beeswax [13,14], the
native Chilean plant Myoschilos oblongum (Orocoipo, Codocoipo) [10],
the Brazilian shrub Gallesia gorazema (Phytolaccaceae) [15], and some
Oriental medicinal plants [16,17,18].

The discovery of new utilities for polycosanols has created new
opportunities to exploit the sources that contain these alcohols. One of
no).
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these sources is the black liquor soap, from the kraft pulping process
of cellulose, which is a byproduct resulting from the processing of
these soaps in the recovery of other compounds, such as wood sterols
[19].

Tall-oil is a fraction obtained from black liquor soap in the kraft
pulping process. After further fractionation to isolate a heavy
component called pitch [20,21], a light fraction rich in polycosanols
can be recovered by distillation. Subsequently, a short-path distillation
yields three additional fractions rich in docosanol (C22), tetracosanol
(C24) and higher fatty alcohols (C N 24), respectively [19] (Fig. 1).
Because of these compounds, black liquor soap has been considered
one of the most suitable raw materials for the commercial production
of docosanol (D-nol) and, in particular, tetracosanol (T-nol).

There have been several studies conducted on the therapeutic uses
of polycosanols. Extensive investigations on the herpes simplex virus
in vivo and in vitro have shown that docosanol exerts potent inhibitory
effects on the ability of the virus to infect target cells. Current evidence
suggests that docosanol inhibits viral replication by interfering with
early intracellular events surrounding viral entry into target cells [3].
However, for a few cell lines, the effects of docosanol are scarce. In
mammalian cells, there is no information about the cytotoxic effects of
these alcohols. Recent studies have reported the antiproliferative
properties of natural extracts that are known to contain molecules
sevier B.V. All rights reserved.
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Fig. 1. Structure of long-chain aliphatic alcohol (polycosanols): docosanol and tetracosanol.
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Fig. 2. Effect of long-chain aliphatic alcohol type on CHO-K1 cell growth.
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with high numbers of carbon atoms. However, few of these molecules
are polycosanols as most are flavonoids, terpenoids or quinones [22,
23,16,24,25,26].

The objective of this work was to determine the antiproliferative
effects of polycosanols on the growth of CHO-K1 mammalian cells and
melanoma human cells. These polycosanols were obtained from the
tall-oil pitch of black liquor soaps byproducts of the kraft pulping
process of cellulose, derived from plants of Pinus radiata, Pinus taede,
and Eucalyptus globulus in Chile.

2. Materials and methods

2.1. Raw materials

Polycosanols in the light fraction of tall oil (Härting S.A. Santiago,
Chile) were concentrated by short path distillation (KDL5, UIC GmbH,
Alzenau-Hoerstein, Germany) from 7 to 21.8%. Then, a mixture with
over 90% of polycosanols was obtained by crystallization. This mixture
was subjected to fractional distillation in a packed glass column
(stainless steel), and three high purity fractions were obtained (i.e.,
docosanol N 98%; tetracosanol N 99% and hexacosanol N 95%) [27].

2.2. Formulation of long-chain alcohols in Pluronic® F-68

Long-chain alcohols (docosanol N 98% and tetracosanol N 99%) were
obtained by a previously described protocol and were suspended in
Pluronic® F-68 (Poloxamer 188; Mr 8400; BASF, Parsippany, NJ) as
described by Katz et al. [3]. Pluronic® F-68 (Plu) was added to a
Dulbecco's modified Eagle's medium (DMEM) with 8.3 mg/mL of
warm (37°C) high-glucose. The solution was then heated to 50°C and
filtered using a filter with 0.2-μm cutoff. Long-chain aliphatic alcohols
were added to 33 mg/mL of DMEM and autoclaved at 121°C for 30 m.
Later, the stock solution of long-chain aliphatic alcohols was added to
the stock solution of Plu. The mixture was heated to 86°C, while
sonicating (Branson 450 sonifier) for 21 min at an initial output of
65 W. The final stock solution of long-chain aliphatic alcohols and Plu
was added to cell cultures for a final dilution factor of 0.15. The
corresponding Plu control solutions were identically prepared without
the addition of the long-chain alcohols.

2.3. Cell culture assays

Chinese hamster ovary cells K1 (CHO-K1) obtained from
Sigma-Aldrich (Sigma, 98070106), and human melanoma cells
(CRL-1974™) obtained from ATCC (Manassas, USA), were grown to
assess the antiproliferative effect of the long-chain aliphatic alcohols.
The cells were grown in high-glucose DMEM supplemented, with
10% heat-inactivated fetal bovine serum (Gibco, 26140-079), 2 g/L
D-glucose (Sigma, G7021) and 2 mM L-glutamine (Sigma, G8540).
Cells were grown in a CO2 incubator (Forma Scientific, USA) at 37°C in
a 5% CO2 atmosphere with 95% relative humidity. All cell lines were
seeded at 1.5 × 105 cell/mL and cultured in 12-well plates (Orange
Scientific, 4430400) for 12 h to allow complete adherence. To assess
its antiproliferative capability, adherent cells were incubated with
15 mM of long-chain aliphatic alcohols for 72 and 144 h with CHO-K1
and melanoma cells, respectively, all measurements were done in
triplicate. To perform cell counts, the culture medium was aspirated,
and the cells were detached from the surface using trypsin (0.25%)
(Sigma, T4049). Once the cells detached, culture medium was added
to inactivate the trypsin and to resuspend the cells. Cells were counted
using a hemocytometer (Neubauer, Germany), and cell viability was
determined via trypan blue exclusion staining (T8154, Sigma, USA)
(1:1 mixture of 0.2% trypan blue in saline and cell sample).

2.4. Statistical analysis

Each measured experimental condition was performed in triplicate,
and two independent samples were taken at each time point for every
culture. Values were expressed as the means ± the standard error.
An analysis of variance was used to compare the results using the
Design-Expert 7 software.

3. Results and discussion

3.1. Effect of long-chain aliphatic alcohols on CHO-K1 cell growth

The effects of long-chain aliphatic alcohols (docosanol and
tetracosanol) on the growth of CHO-K1 cells were investigated (Fig. 2).
The maximum cell density achieved by the control culture was
8.1 × 105 cell/mL, which was not significantly affected by the presence
of Plu surfactant (1.25 mg/mL). However, at higher concentrations of
Plu, a negative effect was observed on cellular growth (data not
shown). A dose of 15 mM of docosanol was previously tested for the
virus; the tests results can be found in a previous publication [3].
Higher concentrations of docosanol could not be tested due to the
instability of the Plu suspension.

The presence of docosanol (15 mM) had a negative effect on cell
growth population and reduced it by 15% relative to that of the control
culture after 72 h of culture. However, the presence of tetracosanol did
not trigger a cytotoxic effect on the growth of CHO-K1 cells.
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Fig. 3. Effect of long-chain aliphatic alcohol type on melanoma cell growth.
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A cytotoxic effect due to the presence of docosanol has not been
previously described in the growth of CHO-K1 cells, established cell
lines or any oncogenic cell line. The literature has only reported a
negative effect on the propagation of various viruses (i.e., the herpes
simplex and Kaposi viruses). We further studied this response in a
human oncogenic cell line.

3.2. Effect of long-chain aliphatic alcohols on melanoma cell growth

The effects of different long-chain aliphatic alcohols (docosanol and
tetracosanol) and their mixture were investigated on the growth of
human melanoma cells (Fig. 3). The maximum cell density was
significantly reduced as a result of the treatment with these
long-chain aliphatic alcohols. The use of tetracosanol affected the cell
density and inhibited growth by 58%. Cell growth was more acutely
affected when cultures were treated with docosanol or a mixture of
the alcohols, as evidenced by the 86% growth inhibition. This response
was of greater severity than those observed in the CHO-K1 cultures,
which exhibited a relatively robust growth. As shown in Fig. 2 and
Fig. 3, the response to these alcohols was cell line dependent.
Although the alcohols significantly arrested cell growth, no adverse
effects were observed on the cell viabilities (Table 1).

Similar effects have been observed for other molecules with high
carbon numbers, like terpenes, diterpenes, and triterpenes against
oncogenic cell lines. A few molecular mechanisms responsible for
growth inhibition action have been reported. For example, the
inhibition of matrix metalloproteinases [28] was observed in prostate
tumor cells, which are involved in metastasis; and lipid peroxidation
and oxidative stress were observed in HL-60 or CEM cells [29]. The
long-chain aliphatic alcohols are the less reactive type of alcohols, as
their reactivity decreases as their carbon chain length increases. In this
regard, the information about the oxidation capability of this type of
alcohol to aldehydes, acids, and esters (widely used in cosmetic and as
emulsifiers) is scarce [30]. Therefore, it is still difficult to determine the
molecular mechanisms underlying their antiproliferative properties.
Table 1
Percentage of viability of CHO and melanoma cell cultures in the presence of long-chain
aliphatic alcohols.

Viability (%)

CHO-K1 cells Melanoma cells

Control 98 ± 4 96 ± 3
Tetracosanol 96 ± 6 94 ± 4
Docosanol 95 ± 4 97 ± 5
Mixture (50:50) – 96 ± 4
Plu 97 ± 5 –

Values shown are the mean ± SEM of triplicates.
In conclusion, long-chain aliphatic alcohols (docosanol and
tetracosanol) exhibited inhibitory effects on the growth of CHO-K1
and human melanoma oncogenic cell lines. The antiproliferative
capacity of these molecules is promising. A deeper understanding
of their mechanisms would require additional research on the cell
lines investigated and other oncogenic cell lines.

Financial support

This work was supported by Härting S.A., Pontificia Universidad
Católica de Valparaíso, CONYCIT (National Commission for Science and
Technology Research) program financial support: FONDEF, Project
number: DO4I1007; and CONICYT, Scientific Information Program/
Fund for Scientific Journals Publishing, Year 2014, ID FP140010.

Authors' contribution

Proposed the theoretical frame: CA, AO,MV. Conceived and designed
the experiments: CA, MV. Contributed reagents, materials, analysis
tools: CA, AO. Wrote the paper: MV, AO, CA. Performed the
experiments: MV, AO. Analyzed the data: CA, AO, MV.

Conflict of interest

There is no conflict of interest.

Acknowledgments

The authors are grateful to AlejandroMarkovits (Härting S.A.) for his
valuable cooperation.

References

[1] Clymer J. Composiciones y métodos para el tratamiento de enfermedades
gastrointestinales. 2006. Mexican Patent 06001477 A.

[2] Katz DH, Khalil MH, Pope LH, Marcelletti JF. Viral Inhibition by n-Docosanol. 2004.
European Patent Application. EP1436006.

[3] Katz DH, Marcelletti JF, Khalil MH, Pope LH, Katz LR. Antiviral activity of 1-docosanol,
an inhibitor of lipid-enveloped viruses including herpes simplex. Proc Natl Acad Sci
U S A 1991;88:10825–9. http://dx.doi.org/10.1073/pnas.88.23.10825.

[4] Katz D. Systemic antiviral treatment. 1991. US Patent 5,071,879.
[5] Pope L, Marcelletti J, Katz L, Katz D. Anti-herpes simplex virus activity of n-docosanol

correlates with intracellular metabolic conversion of the drug. J Lipid Res 1996;37:
2167–78.

[6] Treister NS, Woo SB. Topical n-docosanol for management of recurrent herpes
labialis. Expert Opin Pharmacother 2010;11:853–60.
http://dx.doi.org/10.1517/14656561003691847.

[7] Pope L, Khalil M, Marcelletti J, Katz L, Katz D. Treatment of hyperproliferative skin
disorders with C18 to C20 aliphatic alcohols. 2001. US Patent 6,313,179.

[8] Katz, D. Inflammatory disease treatment. 1989. US Patent 4,874,794.
[9] Morales P, Vara D, Gómez-Cañas M, Zúñiga M, Olea-Azar C, Goya P, et al. Synthetic

cannabinoid quinones: Preparation, in vitro antiproliferative effects and in vivo pros-
tate antitumor activity. Eur J Med Chem 2003;70:111–9.
http://dx.doi.org/10.1016/j.ejmech.2013.09.043.

[10] Piovano M, Chamy MC, Garbarino JA, Tita B, Vitalone A, Di Fabio A, et al. Cytotoxic
activity of the root extract from Myoschilos oblongum. Fitoterapia 2003;74:
497–500. http://dx.doi.org/10.1016/S0367-326X(03)00111-4.

[11] ScolaroM, Gunnill L, Pope L, Khalil M, Katz D, Berg J. The antiviral drugs docosanol as
a treatment for kaposi's sarcoma lesions in HIV type 1-infected patients: A pilot clin-
ical study. AIDS Res Hum Retroviruses 2001;17:35–43.
http://dx.doi.org/10.1089/088922201750056762.

[12] Montserrat de la Paz S, García-Giménez MD, Ángel-Martín M, Pérez-Camino MC,
Fernández Arche A. Long-chain fatty alcohols from evening primrose oil inhibit
the inflammatory response in murine peritoneal macrophages. J Ethnopharmacol
2014;151:131–6. http://dx.doi.org/10.1016/j.jep.2013.10.012.

[13] Jiménez JJ, Bernal L, Aumente S, Nozal MJ, Martín MT, Bernal J. Quality assurance of
commercial beeswax: Part I. Gas chromatography–electron impact ionization mass
spectrometry of hydrocarbons and monoesters. J Chromatogr A 2004;1024:
147–54. http://dx.doi.org/10.1016/j.chroma.2003.10.063.

[14] Jackson MA, Eller FJ. Isolation of long-chain aliphatic alcohols from beeswax using
lipase-catalyzed methanolysis in supercritical carbon dioxide. J Supercrit Fluids
2006;37:173–7. http://dx.doi.org/10.1016/j.supflu.2005.08.008.

[15] Silva Jr AJ, Campos-Buzzi F, Villela Romanos MT, Wagner TM, Guimarães AFC,
Cechinel Filho VC, et al. Chemical composition and antinociceptive, anti-inflamma-
tory and antiviral activities of Gallesia gorazema (Phytolaccaceae), a potential

mailto:
http://refhub.elsevier.com/S0717-3458(15)00067-6/rf0010
http://refhub.elsevier.com/S0717-3458(15)00067-6/rf0010
http://refhub.elsevier.com/S0717-3458(15)00067-6/rf0010
http://dx.doi.org/10.1016/S0367-326X(03)00111-4
http://dx.doi.org/10.1016/j.jep.2013.10.012
http://dx.doi.org/10.1016/j.chroma.2003.10.063
http://dx.doi.org/10.1016/j.supflu.2005.08.008


294 M. Vergara et al. / Electronic Journal of Biotechnology 18 (2015) 291–294
candidate for novel anti-herpetic phytomedicines. J Ethnopharmacol 2013;150:
595–600. http://dx.doi.org/10.1016/j.jep.2013.09.005.

[16] Meng QX, Roubin R, Hanrahan JR. Ethnopharmacological and bioactivity guided
investigation of five TCM anticancer herbs. J Ethnopharmacol 2013;148:229–38.
http://dx.doi.org/10.1016/j.jep.2013.04.014.

[17] Singh JP, Singh AK, Singh A, Ranjan R. Chemical constituents of Artabotrys
odoratissimus (seeds). Rasayan J Chem 2009;2:156–8.

[18] Wu TT, Charles AL, Huang TC. Determination of the contents of themain biochemical
compounds of Adlay (Coxi lachrymal-jobi). Food Chem 2007;104:1509–15.
http://dx.doi.org/10.1016/j.foodchem.2007.02.027.

[19] Diaz M, Rojas A. Fractionation process for the unsaponifiable material derived from
black-liquor soap. 2002. US Patent 6,462,210.

[20] Fuenzalida M, Markovits Rojas A, Markovits Schersl E, Leiva R. Process for obtaining
unsaponifiable compounds from black-liquor soaps, tall oil and their by-products.
2001. US Patent 6,297,353.

[21] Johansson A. By-product recovery and valorization in the Kraft industry: A review of
current trends in the recovery and use of turpentine and tall-oil derivatives. Biomass
1982;2:103–13. http://dx.doi.org/10.1016/0144-4565(82)90020-8.

[22] Ahmed N, Konduru NK, Ahmad S, Owais M. Synthesis of flavonoids based novel
tetrahydropyran conjugates (Prins products) and their antiproliferative activity
against human cancer cell lines. Eur J Med Chem 2014;75:233–46.
http://dx.doi.org/10.1016/j.ejmech.2014.01.033.

[23] Bishayee A, Ahmed S, Brankov N, Perloff M. Triterpenoids as potential agents for the
chemoprevention and therapy of breast cancer. Front Biosci 2011;16:980–96.
http://dx.doi.org/10.2741/3730.
[24] Motta L, Furlan C, Santos DYAC, Salatino MLF, Negri G, Carvalho JE, et al. Antiprolif-
erative activity and constituents of leaf extracts of Croton sphaerogynus Baill.
(Euphorbiaceae). Ind Crops Prod 2013;50:661–5.
http://dx.doi.org/10.1016/j.indcrop.2013.08.008.

[25] Ndonsta BL, Tatsimo JSN, Csupor D, Forgo P, Berkecz R, Berényi A, et al.
Alkylbenzoquinones with antiproliferative effect against human cancer cell lines
from stem of Ardisia kivuensis. Phytochem Lett 2011;4:227–30.
http://dx.doi.org/10.1016/j.phytol.2011.04.003.

[26] Santos RC, Salvador JAR, Cortés R, Pachón G, Marín S, Cascante M. New betulinic acid
derivatives induce potent and selective antiproliferative activity through cell cycle
arrest at the S phase and caspase dependent apoptosis in human cancer cells.
Biochimie 2011;93:1056–75. http://dx.doi.org/10.1016/j.biochi.2011.02.014.

[27] Fuenzalida Diaz MA, Markovits A, Berrios M, Keller M, Vergara J, Cea G, et al.
Recovery of tetracosanol from a mixture derived from tall oil pitch. 2010. US2012/
0125762 A1.

[28] Kondo M, MacKinnon SL, Craft CC, Matchett MD, Hurta RAR, Neto CC. Ursolic acid
and its esters: Occurrence in cranberries and other Vaccinium fruit and effects on
matrix metalloproteinase activity in DU145 prostate tumor cells. J Sci Food Agric
2011;91:789–96. http://dx.doi.org/10.1002/jsfa.4330.

[29] Ding WQ, Liu B, Vaught JL, Palmiter RD, Lind SE. Clioquinol and docosahexaenoic
acid act synergistically to kill tumor cells. Mol Cancer Ther 2006;5:1864–72.
http://dx.doi.org/10.1158/1535-7163.MCT-06-0067.

[30] Corberán VC, González-Pérez ME, Martínez-González S, Gómez-Avilés A. Green
oxidation of fatty alcohols: Challenges and opportunities. Appl Catal A 2014;474:
211–23. http://dx.doi.org/10.1016/j.apcata.2013.09.040.

http://dx.doi.org/10.1016/j.jep.2013.09.005
http://dx.doi.org/10.1016/j.jep.2013.04.014
http://refhub.elsevier.com/S0717-3458(15)00067-6/rf0015
http://refhub.elsevier.com/S0717-3458(15)00067-6/rf0015
http://dx.doi.org/10.1016/0144-4565(82)90020-8
http://dx.doi.org/10.1016/j.biochi.2011.02.014
http://dx.doi.org/10.1002/jsfa.4330
http://dx.doi.org/10.1158/1535-7163.MCT-06-0067
http://dx.doi.org/10.1016/j.apcata.2013.09.040

	Antiproliferative evaluation of tall-�oil docosanol and tetracosanol over CHO-�K1 and human melanoma cells
	1. Introduction
	2. Materials and methods
	2.1. Raw materials
	2.2. Formulation of long-chain alcohols in Pluronic® F-68
	2.3. Cell culture assays
	2.4. Statistical analysis

	3. Results and discussion
	3.1. Effect of long-chain aliphatic alcohols on CHO-K1 cell growth
	3.2. Effect of long-chain aliphatic alcohols on melanoma cell growth

	Financial support
	Authors' contribution
	Conflict of interest
	Acknowledgments
	References


