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INTRODUCTION

Essential oils (EOs) are a mixture of volatile sub�
stances isolated from spicy�aromatic plants by means
of distillation, extraction or pressing. For centuries,
EOs were used for flavoring food and drinks as well as
in medicine and aromatherapy [1]. They can possess
antimicrobial, antifungal, anti�inflammatory, expector�
ative, spasmolytic, antitumor, sedative, diuretic, and
regenerating actions [2]. Carvacrol�bearing EOs are
biologically active preparations widely known due to
their beneficial influence on health and mental abili�
ties [3, 4]. However, currently there is almost no scien�
tific data that allow us to consider EOs as geroprotec�
tors (anti�aging factors). Previously, we demonstrated
that one of them (savory EO) increases average life
span of AKR mice characterized by the high incidence
of spontaneous leukemia [5]. In addition, we have
shown that another carvacrol�bearing preparation
(oregano EO (OEO)), which is obtained from the
Origänum vulgäre and whose composition is very sim�
ilar to the composition of savory EO, increases average

life span of long�living BALB/c mice. In order to clar�
ify possible cytological mechanisms that underlie such
an effect, in the present study, we investigated OEO in
experiments on transformed cultured Chinese ham�
ster cells using several model systems that are applied
in cytogerontological studies.

MATERIALS AND METHODS

Composition of OEO (Lionel Hitchen Ltd., Great
Britain) was determined by the gas�liquid chromatog�
raphy method on the Kristall 2000 M chromatograph
(Russia) with a flame ionization detector and a quartz
capillary DB�1 column (50 m × 0.32 mm, phase layer
0.25 μm) (Supelco, United States). Analysis was con�
ducted when programming the column temperature
from 60 up to 250°C with the rate of 4°C/min and the
temperature of the injector and detector of 250°C.
Rate of the carrier gas (helium) flow through the col�
umn was 1.5 mL/min.
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Transformed Chinese hamster cells (B11�dii
FAF28 line, clone 237), obtained from the Medical
Genetic Scientific Center (Russian Academy of Med�
ical Sciences, Moscow), were used in the study. The
cells were cultured in Carrel glass flasks using Dul�
becco’s modified Eagle’s medium (DMEM) (Ivanov�
sky Institute of Virology, Russian Academy of Medical
Sciences, Moscow) supplemented with 10% bovine
serum (Biolot, St. Petersburg), penicillin (100 U/mL),
and streptomycin (100 μg/mL). Maintaining the cul�
ture, the cells were subcultured in the ratio 1 : 10–1 : 3
every 3–4 days. A mixture (1 : 1) of 0.02% Versene and
0.25% trypsin (Ivanovsky Institute of Virology, Rus�
sian Academy of Medical Sciences, Moscow) was
used for the cell removal from the flasks.

Prior to cytological experiments, OEO was diluted
in 96% ethanol, which was preliminary sterilized by
filtration through the membrane filter with a pore
diameter of 0.2 μM (Acrodisc® Syringe Filter with
Supor® Membrane, Pall Corp., United States). Steril�
ity of undiluted OEO, which, as is generally known,
has a marked bactericidal action [3], was confirmed by
means of meat�peptone agar inoculation.

In preliminary studies directed to the testing cyto�
toxic or mitogenic properties of OEO, 3–4�day “old”
cells (that is, cultured without subcultivation during
3–4 days) were seeded in hermetically sealed penicil�
lin flasks with the area of 4.9 cm2 at the density of
approximately 100 thousand cells/cm2 (a suspension
in 2 mL of the growth medium, which consisted of
90% DMEM and 10% of bovine serum). An alcohol
solution of OEO was added to a part of the flasks to the
final concentration ranging from 1 × 10–15 up to 5 ×
10–4 M in the medium (on carvacrol basis). It should
be noted that the stock OEO solutions had a concen�
tration providing 1% content of ethanol in the growth
medium (it is known that, at such a concentration,
alcohol does not influence proliferation of cultured
cells). An appropriate amount of pure ethanol (20 μL
to 2 mL of the medium) was added to control flasks.
The flasks were placed in a thermostat (37°C) for
4 days, and then the cells were removed from the
growth surface by a mixture of Versene and trypsin
solutions, and their amount was calculated by means
of hemocytometers (2–3 flasks per point, 4 chambers
per flask).

After selection of two relevant concentrations (see
Results and Discussion), influence of OEO on kinetics
of cell growth and subsequent death in the stationary
phase of growth was evaluated. For this purpose, 3�day
“old” cells were removed from the surface of Carrel
flask by a mixture of Versene and trypsin solutions,
suspended in the growth medium (90% DMEM and
10% of bovine serum), and diluted by the medium
until the required concentration of the cells; 2 mL of
suspension was seeded in each of the 108 hermetically
sealed penicillin flasks with the area of 4.9 cm2 (density of
the seeding was approximately 100 thousand cells/cm2).
All flasks were placed in a thermostat (37°C). A day

after seeding, the cells were removed from the bottom
of three flasks by means of a mixture of Versene and
trypsin solutions, and their amount was calculated
with hemocytometer in order to determine density of
adherent cells. After this, 20 μL of alcohol solution of
OEO was added to each of 35 flasks up to the concen�
tration of 25 μM (on cavacrol basis); 20 μL of alcohol
solution of OEO was added to each of other 35 flasks
up to the concentration of 250 μM; and 20 μL of pure
alcohol (as a control) was added to each of other
35 flasks. Then, the flasks were returned to the ther�
mostat. After this, at certain intervals, nine flasks were
retrieved from the thermostat (three from each group),
the cells were removed from the growth surface by a
mixture of Versene and trypsin, suspended in the
growth medium without serum, and the number of
cells in each flask was estimated by means of four
hemocytometer chambers.

Finally, when studying the influence of the OEO on
the colony�forming ability (CFA), 3�day “old” cells
were removed from the surface of Carrel flask by a
mixture of Versene and trypsin solutions. They were
then suspended and the obtained suspension was ini�
tially diluted in the regular growth medium with
serum, and then (the last dilution) in the medium con�
sisting of 90% DMEM, 5% bovine serum, and 5% fetal
calf serum (FetalClone® III, HyClone, United
States), until the required concentration of the cells.
After this, 2.5 mL of the suspension was seeded in each
of twelve 35�mm plastic Petri dishes (NunclonTM,
Nunc, Denmark) (250 cells per dish). The dishes were
placed in a thermostat (37°C, 5% CO2). In a day,
25 μL of alcohol solution of OEO was added to each of
four dishes up to the concentration of 25 μM; 25 μL of
alcohol solution of OEO was added to each of other
four dishes up to the concentration of 250 μM; 25 μL
of pure alcohol (as a control) was added to each of
other four dishes. Then, dishes were returned to the
thermostat for another 6 days; after this, they were
removed, the cell colonies were fixed by 75% alcohol
(7 min), stained by 0.1% water solution of methylene
blue (3 min), and dried in the air. Subsequently, the
number of cells in the colonies, arisen in each dish,
was evaluated microscopically.

Colony size distributions were constructed, placing
the results into 17 classes that were determined by the
amount of cells in the colony (1–15, 16–31, 32–
47…240–255, 256 or more). Thus, the sizes of all
classes, except the first and the last, were the same
(16 cells). Average weighted number of the class
(AWNC) for each distribution was calculated accord�
ing to the formula:

AWNC = 

where i is a class number, n is the number of classes,
Ci is the number of colonies in the class “i,” and M is
the total number of colonies. The smaller AWNC, the
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M
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smaller the proportion of large colonies in the popula�
tion. Using this index allows us to estimate subtle
changes in the proliferative activity of cells even at
constant CFA.

CFA was calculated according to the formula:

CFA = 

where N is the number of seeded cells and K is the
number of grown colonies.

K
N
��� 100%,×

Mathematical calculations and statistical analysis
of the results were performed using Microsoft Excel
2007 and SigmaPlot 11 programs.

RESULTS AND DISCUSSION

The results of gas chromatographic analysis of the
OEO used in the study are presented in the table. Tak�
ing these data into account, we calculated the prepara�
tion concentration in cultural medium in all experi�
ments based on carvacrol, which apparently, along
with thymol, mainly determines a biological activity
of OEO [3, 6].

In the preliminary experiments, we estimated pos�
sible cytotoxic or mitogenic effects of the preparation
at various concentrations, analyzing the saturation
density of the culture after 4 days of cultivation.
The OEO concentration varied from 1 × 10–15 up to
5 × 10–4 M in the growth medium (on carvacrol basis).
Based on the results of testing, two concentrations were
selected for further experiments, including 2.5 × 10–5 M
as the maximal absolutely non�toxic concentration
and 2.5 × 10–4 M as the concentration at which OEO
decreased approximately 2�fold the density of the cul�
ture of 4�day “old” cells (Fig. 1). The first concentra�
tion was selected also due to the fact that, as was dem�
onstrated in the study of Slovak researchers [7], this
very concentration of carvacrol is the minimal
required concentration for detection of its protective
effect against hydrogen peroxide (at 2.5 × 10–4 M) on
cultured HepG2 cells (human hepatocellular carci�
noma).

Data on the effect of OEO at 25 and 250 μM (on
carvacrol basis) on growth kinetics and saturation den�
sity of the culture of Chinese hamster cells are shown
in Fig. 2. The curves are approximated by a 4�param�
eter Gompertz equation. It is seen that, at the lower
concentration, OEO has no effect on the growth
curve, while, at larger concentration, it significantly
decreases the saturation density of the cell culture.
Based on the statements of cell�kinetic model for test�
ing geroprotectors and geropromoters [8, 9], we con�
cluded that the preparation at the concentration of
250 μM induces an increase in the “biological age” of
the studied cells, that is, acts as a geropromoter, while,
at the concentration of 25 μM, it does not manifest
itself in this test system.

In Fig. 3 we present the results of the study of OEO
effect on kinetics of cell death within the “stationary
phase aging” model [10–14] that assumes a similarity
of changes that cultured cells undergo under the
restriction of their proliferation due to a contact inhi�
bition, with the changes of the cells in aging organism.
These data are also approximated by 4�parameter
Gompertz equation. It is obvious that, again, OEO at
the lower concentration does not influence the exper�
imental curve, while, at the larger concentration, it
significantly accelerates “stationary phase aging” of
the cells. Apparently, within this model system, OEO

Composition of oregano essential oil determined by gas�liq�
uid chromatography

Compound Content, %

Carvacrol 65.89

p�Cymene 12.52

γ�Terpinene 9.22

Thymol 4.51

α�Pinene 1.67

Linalool 1.53

β�Caryophyllene 1.52

β�Pinene 1.43

Camphene 0.42

Sabinene 0.56

α�Thujene 0.38

Limonene 0.23

β�Myrcene 0.12
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Fig. 1. Effect of oregano essential oil at 25 and 250 µM (on
carvacrol basis) on the density of the culture of Chinese
hamster cells on the seventh day of growth (seeding with
the density of 100 thousand cells/cm2). Standard errors of
the mean are given.
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at 250 μM also behaves as a geropromoter, while, at
25 μM, it does not influence the cell viability.

The data presented in Figs. 4 and 5 show that viabil�
ity of the studied cells determined by their ability to
form colonies (by estimation of both CFA and AWNC)
is also decreased only under the action of OEO at
250 μM and remained unchanged at the concentration

of 25 μM. The pictures shown in Fig. 6 can serve as an
additional illustration of the inhibiting effect of OEO at
250 μM on the proliferative activity of Chinese hamster
cells. Pictures of the most typical colonies are pre�
sented. It is seen that both size and shape of colonies are
considerably changed only under the influence of OEO
at the larger concentration.
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Fig. 2. Effect of oregano essential oil at 25 and 250 µM (on
carvacrol basis) on kinetics of growth and saturation den�
sity of the culture of Chinese hamster cells (�, control;
�, 25 µM; �, 250 µM). The curves obtained with the help
of approximation by 4�parameter Gompertz equation are
given (—, control; –·–, 25 µM; ––, 250 µM).

100

150

200

250

300

350

400

450

10 15 20 30 3525

Density of the culture, thousand cells/cm2

Time of cultivation, days

Fig. 3. Effect of oregano essential oil at 25 and 250 µM (on
carvacrol basis) on the death kinetics of the stationary culture
of Chinese hamster cells (�, control; �, 25 µM; �, 250 µM).
The curves obtained with the help of approximation by
4�parameter Gompertz equation are given (—, control;
–·–, 25 µM; ––, 250 µM).
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Fig. 4. Effect of oregano essential oil at 25 and 250 µM (on
carvacrol basis) on the colony�forming ability of cultured
Chinese hamster cells (only colonies that consist of 16 or
more cells were taken into account). Standard errors of the
mean are given. Note: * Differences are significant (p < 0.05).
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Fig. 5. Effect of oregano essential oil at 25 and 250 µM (on
carvacrol basis) on the average weighted number of the
class of the size distribution of the colonies formed by cul�
tured Chinese hamster cells (explanations are given in the
text). Standard errors of the mean are given. Note: * Dif�
ferences are significant (p < 0.05).
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CONCLUSIONS

Thus, based on the concept of aging formulated by
one of us [10–14] and on the data obtained, we
assumed that detected increase in the life span of mice
under the action of OEO can be determined only by
some functional changes at the organismal level, but is
not associated with any geroprotective (anti�aging)
activity of the preparation, which is manifested at the
cellular level and causes an improvement of the cell
viability. It is possible that geroprotective action of
OEO and other carvacrol�bearing preparations in vivo
is associated with their bactericidal or antitumor activ�
ity [2, 3, 6]. Moreover, it is not excluded that they only
trigger some secondary protective mechanisms of the
organism [14, 15], without directly affecting the via�
bility of particular target cells. And, finally, it is also
possible to suppose that we just could not find the nec�
essary OEO concentration required for manifestation
of geroprotective action at the cellular level. It is quite
probable that use of OEO at ultra low doses would
allow us to detect such an effect [16, 17]. That is why
our further studies will be aimed at clarifying this issue.

REFERENCES

1. Bauer, K., Garbe, D., and Surburg, H., Common Fra�
grance and Flavor Materials. Preparation, Properties and
Uses, Weinheim: Wiley�VCH Verlag GmbH, 2001.

2. Koroch, A.R., Juliani, H.R., and Zygadlo, J.A., Bioac�
tivity of Essential Oils and Their Components, in Fla�
vours and Fragrances. Chemistry, Bioprocessing and Sus�
tainability, Berger, R.G., Ed., Berlin; Heidelberg:
Springer�Verlag, 2007, pp. 87–115.

3. Baser, K.H.C., Biological and Pharmacological Activi�
ties of Carvacrol and Carvacrol Bearing Essential Oils,

Curr. Pharm. Des., 2008, vol. 14, no. 29, pp. 3106–
3119.

4. El Babili, F., Bouajila, J., Souchard, J.P., Bertrand, C.,
Bellvert, F., Fouraste, I., Moulis, C., and Valentin, A.,
Oregano: Chemical Analysis and Evaluation of Its
Antimalarial, Antioxidant, and Cytotoxic Activities,
J. Food Sci., 2011, vol. 76, no. 3, pp. C512–C518.

5. Burlakova, E.B., Erokhin, V.N., Misharina, T.A., Fat�
kullina, L.D., Krementsova, A.V., Semenov, V.A.,
Terenina, M.B., Vorobyova, A.K., and Golo�
shchapov, A.N., The Effect of Volatile Antioxidants of
Plant Origin on Leukemogenesis in Mice, Biol. Bull.,
2010, vol. 37, no. 6, pp. 612–618.

6. Edris, A.E., Pharmaceutical and Therapeutic Poten�
tials of Essential Oils and Their Individual Volatile
Constituents: A Review, Phytother. Res., 2007, vol. 21,
no. 4, pp. 308–323.

7. Slame ová, D., Horváthová, E., Šramková, M., and
Maršálková, L., DNA�Protective Effects of Two Com�
ponents of Essential Plant Oils Carvacrol and Thymol
on Mammalian Cells Cultured in vitro, Neoplasma,
2007, vol. 54, no. 2, pp. 108–112.

8. Chirkova, E.Yu., Golovina, M.E., Nadzharyan, T.L.,
and Khokhlov, A.N., The Cell Kinetics Model for
Studying Geroprotectors and Geropromoters, Dokl.
Akad. Nauk SSSR, 1984, vol. 278, no. 6, pp. 1474–
1476.

9. Khokhlov, A.N., The Cell Kinetics Model for Determi�
nation of Organism Biological Age and for Geroprotec�
tors or Geropromoters Studies, in Biomarkers of Aging:
Expression and Regulation. Proceeding, Licastro, F.
and Caldarera, C.M., Eds., Bologna: CLUEB, 1992,
pp. 209–216.

10. Khokhlov, A.N., Cell Proliferation and Aging, in Itogi
nauki i tekhniki VINITI AN SSSR, Ser. “Obshchie prob�
lemy fiziko�khimicheskoi biologii” (Advances in Science

ˆ

n

Control

25 μM

250 μM

Fig. 6. Effect of oregano essential oil at 25 and 250 µM (on carvacrol basis) on the shape and size of the colonies formed by cul�
tured Chinese hamster cells.



MOSCOW UNIVERSITY BIOLOGICAL SCIENCES BULLETIN  Vol. 67  No. 2  2012

CYTOGERONTOLOGICAL STUDIES OF BIOLOGICAL ACTIVITY 57

and Technology, Ser. General Problems of Physico�
Chemical Biology), Moscow: VINITI, 1988, Vol. 9.

11. Khokhlov, A.N., Stationary Cell Cultures as a Tool for
Gerontological Studies, Ann. N.Y. Acad. Sci., 1992,
vol. 663, pp. 475–476.

12. Khokhlov, A.N., Cytogerontology at the Beginning of
the Third Millennium: From “Correlative” to “Gist”
Models, Russ. J. Dev. Biol., 2003, vol. 34, no. 5,
pp. 321–326.

13. Khokhov, A.N., In Search of “Gist” Cytogerontologi�
cal Models, in Longevity, Aging and Degradation Models
in Reliability, Public Health, Medicine and Biology,
Antonov, V., Huber, C., Nikulin, M., and Polischook, V.,
Eds., St. Petersburg: SPbSPU, 2004, Vol. 1, pp. 84–92.

14. Khokhlov, A.N., From Carrel To Hayflick and Back, Or
What We Got from the 100�Year Cytogerontological
Studies, Biophysics, 2010, vol. 55, no. 5, pp. 859–864.

15. Khokhlov, A.N., Does Aging Need an Own Program or
the Existing Development Program Is More Than
Enough?, Russ. J. Gen. Chem., 2010, vol. 80, no. 7,
pp. 1507–1513.

16. Burlakova, E.B., Konradov, A.A., and Maltseva, E.L.,
The Effect of Ultra�Low Doses of Biologically Active
Substances and Low�Intensity Physical Factors, in
Problemy regulyatsii v biologicheskikh sistemakh. Biofiz�
icheskie aspekty (The Problems of Regulation in Bio�
logical Systems: Biophysical Aspects), Rubin, A.B.,
Ed., Moscow: NITs RKhD, IKI, 2007, pp. 390–423.

17. Burlakova, E.B., Konradov, A.A., and Maltseva, E.L.,
Effects of Extremely Weak Chemical and Physical
Stimuli on Biological Systems, Biophysics, 2004,
vol. 49, no. 3, pp. 522–534.


