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Based on analysis of mainly own data the author discusses the methodological problems
of studies of modification of chemical mutagenesis, offers general recommendations for
planning and realization of experiments, and analyzes possible trends in research and
prospects for practical application of the results.
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Prevention of delayed effects of induced mutagene-
sis is based on screening of mutagens and preven-
tion of their contacts with humans. Systems of vari-
ous degree of complexity for mutagen screening of
drugs, cosmetic and nutrient substances, and other
chemicals are methodologically validated, develo-
ped, and are widely used. Regulations and experi-
mental protocol of testing for mutagenicity and
problems in interpretation of the results are fixed
in a series of research reports and normative docu-
ments [12,13,32,35,37]. However, despite all ef-
forts, an appreciable part of the population is regu-
larly exposed to mutagens of different nature [34].

Studies of mutagenesis modification are a per-
spective trend of practical prevention of mutagene-
sis [4,14,30]. Methodological and technological
approaches to studies in this sphere greatly vary
[42]. This impedes the analysis of the results and
evaluation of their significance, inhibits introduc-
tion of antimutagens as preventive means, and de-
velopment of measures for prevention of comuta-
genic exposure.

Pharmacological approach, which was initially
validated at the beginning of the 20th century [15,
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27], serves as the basis for the search of methodolo-
gies for investigation of mutagenesis modification.
We analyze here general problems of studies of muta-
genesis modification and sum up the results of studies
in this sphere, carried out at Institute of Pharmacology.

Induction of mutations is a multistage process
consisting of the entry, distribution, biotransforma-
tion, and elimination of the genotoxicant, its accu-
mulation in the cell and target molecule, interac-
tions with DNA, and activities of the reparation and
other defense systems [8,15]. It is obvious that
modification of any of these stages of mutation
development modifies the mutagen effect. This
assumption is illustrated by numerous classical exam-
ples of modification of the effects of indirect muta-
gens. Their effects are attenuated or stimulated de-
pending on the inhibitors or inductors of cytochro-
me P-450 system enzymes.

Many mutagens realize their damaging effects
by inducing oxidative stress and the formation of
endogenous mutagens (free radicals, peroxides, al-
dehydes) associated with it. In this case mutagene-
sis can be modified by modulation of antioxidant
defense efficiency, which is confirmed by data on
the mutagen-modifying activity of exogenous anti-
oxidants [7,15]. Reparative activity of some anti-
mutagenic compounds was reported [15].
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Hence, each component of mutation develop-
ment can be regarded as a pharmacological target
for mutagenesis modification, and hence, we can
abandon the empirical search and concentrate on
studies of mutagenesis modifiers.

Importantly that the same compound can mo-
dulate not just one, but several targets at once and
modify the mutagenic effects in different direc-
tions, in some cases exhibiting antimutagenic, and
in others comutagenic effects. The latter is typical
of many natural and synthetic antioxidants, par-
ticularly phenol derivatives [7,15].

Classification of mutagenesis modifiers

Two circumstances impede the classification of
mutagenesis modifiers: polypotency of the modi-
fiers effects and a wide spectrum of biosystems
(from microorganisms to human cells), used in vivo
and in vitro in studies of mutagenesis modification.
It is virtually impossible to create a clear-cut qualifi-
cation system, despite bright solutions proposed by
M. D. Waters et al. [41], and therefore the known
summations are merely formal.

We shall use here only two unquestionable classi-
fication terms, reflecting opposite directions of mu-
tagenesis modifications: antimutagen and comuta-
gen (substances attenuating and stimulating, re-
spectively, the genotoxic effects of mutagens).

A principally important fact is that the com-
pounds with mutagenic potential cannot be regar-
ded as mutagenesis modifiers. All variants of their
interactions with other mutagens can be adequately
described within the framework of pharmacological
notions on the synergic, additive, or antagonistic
effects of biologically active substances. We for-
mulated this assumption previously [15] and many
well-known authors share this viewpoint [42].

Methodological aspects of studies
of mutagenesis modification

Proceeding from the principle of a pharmacological
target in studies of the phenomenon and mecha-
nisms of mutagenesis modification by chemicals,
we can say with good grounds that mammals are
the most adequate test system for these studies. The
use of these animals offers a unique possibility to
detecting the effect realized by any known or hypo-
thetical mechanism, study the dose-effect relation-
ships, protocol and route of administration, and
obtain the data of prognostic significance. This
does not preclude the use of other test systems for
primary screening of modifiers or analysis of spe-
cial problems. By contrast, the use of in vitro test
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systems or prokaryotic test systems provides in-
complete data, which have to be verified on ani-
mals in any case. It is principally impossible to
detect the effects of antimutagens, realizing their
protective action through second messengers, to
study the pharmacokinetic parameters, formation of
endogenous interferon and other endogenous antimu-
tagens (ubiquinone, glutathione, antioxidant defense
enzymes, efc.) in experiments on microorganisms.

Therefore, we shall discuss here the problems
connected exclusively with experiments on mam-
mals.

Genotoxicological experiments on mammals
are carried out primarily for studies of chromosome
aberration induction (methods for estimation of chro-
mosome aberrations and/or micronuclei) in a limi-
ted number of tissues [15,33,37].

It may seem that the impossibility of modu-
lating in vivo the induction of gene mutations is a
great drawback. However, experience gained in
genotoxicology suggests that there are no mutagens
inducing specifically gene or chromosome muta-
tions alone. Hence, we can suggest that the modi-
fying effect is also universal, involving both cate-
gories of mutations, as it modulates the common
mechanism of their induction.

The problem of tissue specificity of the effects
can be in future solved by the DNA comet method
used for evaluation of the pre-mutation events vir-
tually in any mammalian tissue in vivo [10,36].
However, at present the problem on quantitative
proportions of DNA damage and various catego-
ries of mutations remains unsolved.

Choice of mutagenesis inductors

The majority of authors choose mutagens for ex-
periments on mutagenesis modification on the ba-
sis of preceding experience. In Russia, dioxidine is
used most often, while in foreign countries cyclo-
phosphamide is preferred. We worked with dioxi-
dine and cyclophosphamide in our experiments.
Dioxidine is a prooxidant mutagen virtually not
metabolized in the body; cyclophosphamide is an
indirect alkylating agent with free radical compo-
nent of action. Comparison of the data obtained in
parallel experiments with these agents permits cross-
verification of the data and allows the researchers
to put forward well-based hypotheses on the me-
chanism of the observed modification.

It is not the choice of a certain mutagen, but
the mechanism of mutagenic effect realization that
is important.

The choice of the level of modification is also
essential for obtaining reliable results. The probabi-
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lity of false results drastically increases in experi-
ments with low or extremely high levels of damage.
The optimal level of modification in studies by the
method of chromosome aberrations estimation is
10-12%. This is confirmed by our results and pub-
lished data.

Choice of methods and protocols
of substances administration

Basic pharmacological notions indicate that biologi-
cal effect of the substance depends greatly on the
route and protocol of administration. The choice of
these constituents should be determined by the tasks
of the experiment.

The mutagens are injected parenterally, while
expected modifies are administered orally in the
majority of the known phenomenological studies.
This prevents direct reactions between the sub-
stances or their mutual effects at the stage of gastro-
intestinal absorption, which excludes these possible
mechanisms of modification (by which, for exam-
ple, the protective effects of nutrient fibers are rea-
lized [23]) from these studies. However, absorption
characteristics of the modifier or its high reaction
capacity towards the potential mutagen are usually
known beforehand and therefore, the routine ap-
proaches can be corrected for the experiment.

A more complex problem is the protocol of
administration. For example, aspartame (food swe-
etener) exhibits antimutagenic activity after a sin-
gle, but not after 5-fold co-administration with di-
oxidine and cyclophosphamide. By contrast, B-ca-
rotene stains are inert after single dose, but reduce
the effects of these mutagens under conditions of
repeated co-administrations [21,25,29]. In addition,
the modifying effect depends on the time of sub-
stance administration in relation to the mutagen. For
example, ubiquinone-10 exhibits antimutagenic ef-
fects only when used 24 and 1 h before and 1 h
after dioxidine injection and is ineffective if ad-
ministered during the intermediate period [6].

The traditional virtually simultaneous single
administration of the mutagen+modifier pair does
not fully demonstrate the modifying potential of the
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studied substance. The data of pharmacokinetic
studies are helpful in optimization of the study, but
they are as a rule carried out on substances with
known activity. Palliative solution can be found by
using modified special protocols of the study (Ta-
ble 1). This approach, used at Institute of Phar-
macology, was tried with good results not once and
provides characterization of the modifying potential
of the substance realized by all mechanisms, inclu-
ding those with delayed effects.

Reliability of results

Evaluation of the reliability of the results of experi-
ments on mutagenesis modification should be ba-
sed on statistical conclusions about differences be-
tween the groups, analysis of dose-effect relation-
ship, and reproducibility of the observed effect upon
different protocols of administration. This approach
improves the reliability of the final conclusion and
helps to detect the compounds liable to inversion
of antimutagenic and comutagenic effects.

The numbers of damaged cells and special cate-
gories of DNA and/or chromosome damage should
be compared, because this provides additional often
very important information on regularities of the
mutation process modification by a certain sub-
stance [4,28,39].

MAIN RESULTS AND TRENDS
OF RESEARCH DEVELOPMENT

Comutagenesis

The need in comutagen screening has been vali-
dated previously; data on drugs and nutrient comu-
tagens [14] were confirmed and supplemented in
later studies. For example, comutagenic activity of
calcium channel blockers, previously revealed in
vivo [38], was confirmed in experiments with riba-
virin [9]. High sensitivity of blood cells to some
mutagens was revealed in donors treated with vita-
min complexes of certain quantitative and quali-
tative composition [40].

TABLE 1. Protocol of Cytogenetic Experiment for Evaluation of Induced Mutagenesis on Mice Used at Institute of

Pharmacology, Russian Academy of Medical Sciences

Administration

Presumable modifier (orally), 3 doses

Mutagen (intraperitoneally), 1-2 doses

Single Once, for 6 and/or 24 h
Preliminary Daily for 5 days
Combined Daily for 5 days

Once, for 6 and/or 24 h
Once, together with the last dose of modifier*
Daily for 5 days

*Note. *Animals were sacrificed 6 and/or 24 h after administration.
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Comutagens possess no mutagenic activity of
their own, and therefore they easily pass through
the genetic screening “sieve”, but can play an im-
portant role in increase of genetic burden of the
population. Comutagenesis is virtually a terra incog-
nita, and studies in this sphere are an important
trend with the main aim of creating systems of co-
mutagen screening.

Antimutagenesis

Antimutagenic modification of mutagenesis is re-
garded as the biological base for protection of hu-
man heredity. Development of studies in this sphere
survived a crisis associated with conjunction of
antimutagenic and comutagenic properties, charac-
teristic of some phenol antimutagens/antioxidants
and apprehensions of dose-dependent and/or tis-
sue-specific inversion of the antimutagenic into
comutagenic effect [15].

Modern state of the art is characterized by de-
tection of antimutagens not liable to inversion of
the effect, while the use of the DNA comet method
[10,36] and polyorgan micronucleus test [26] is
expected to clear out the problems of tissue-specific
effect of antimutagens.

In general, research of antimutagenesis deve-
lops in two directions.

One of them is pharmacological trend, con-
sisting in the search for approaches to arresting the
effects of compounds (primarily drugs) with a pri-
ori mutagenic activity, which however have to be
used for medical purposes, and control of abnormal-
ly high level of mutations observed in some diseases
and in individuals with harmful habits (Table 2).

These studies are based on detailed investi-
gation of the mechanisms of mutagenic effects and
suggest the creation of specific pharmacological
correctors of mutagenesis [7,8].

By its tasks, the development of a mutagenesis
corrector virtually does not differ from the develop-
ment of any drug based on a synthetic or natural
compound. The presumable corrector is not only to
possess high specific antimutagenic activity towards
selected mutagen or a group of mutagens with si-
milar mechanisms of damage, but is also to meet
all requirements to drug safety. Properly construc-
ted pharmacological antimutagen can completely
eliminate the mutagen effect, which is confirmed by
the results of experimental and clinical studies [7,15].

Antimutagenic effects of some drugs and can-
didate drugs were detected and comprehensively
studied by the pharmacological method. These are
1,4-benzodiazepine, 2-mercaptobenzimidazole,
3-hydroxypyridine derivatives, crown compounds,
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TABLE 2. Diseases and Conditions Associated with Oxi-
dative Stress, Increased Incidence of Chromosome and/or
DNA Aberrations (Author's and Published Data)

Diseases Conditions

Fanconi’s anemia Tobacco smoking

Bloom’s syndrome Mental stress

Ataxia-telangiectasia Intoxications of different origin

Diabetes Avitaminosis and vitamin
deficiencies

Asthma Aging

Hepatitis

Schizophrenia
Alzheimer’s disease
Parkinson’s disease
Autoimmune diseases
Helminthiasis

Viral infections
Bacterial infections
Malignant tumors
Atherosclerosis

and some others [7,15,19]. It is noteworthy that 2-
mercaptobenzimidasole derivatives exhibited anti-
mutagenic properties not only in experiments with
chemical mutagens, but also in parasitic invasions
[3]. A new derivative of this group, afobazole (an-
xiolytic, created in Russia), seems to be a pro-
mising pharmacological antimutagen; this agent
exhibited protective effects in a wide range of do-
ses [17] and in different tissues towards many che-
mical mutagens (author’s unpublished data).

The idea of creating pharmacological correc-
tors of mutagenesis was in fact realized in colla-
boration with S. B. Seredenin, Member of Russian
Academy of Medical Sciences. Clinical studies de-
monstrated positive results of using bemethyl (acto-
protector) for prevention of mutagenic effects of
dioxidine (a valuable antibacterial agent) and rutin
(flavonoid) in Fanconi’s anemia [15] and of dime-
phosphone (phosphonic acid derivative) in atopic
bronchial asthma (Fig. 1) for reduction of abnor-
mally high level of chromosome aberrations in blood
cells of these patients.

The other trend, nutriciological, consists in the
search for approaches to increase of resistance to
mutagenic exposure caused by nutrients or food-
stuffs. The most demonstrative example of studies
in this direction is evaluation of the role of essential
nutrients in the formation of resistance to muta-
genic exposure. For example, our studies showed
that some (but not all) vitamin complexes of certain
quantitative and qualitative composition can appre-
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Fig. 1. Cytogenetic studies in patients with asthma of different se-
verity receiving therapy including dimephosphone (according to A.
V. Semenov data). Light bars: before; dark bars: after therapy.

ciably improve human cell resistance to cytogene-
tic exposure [16,40].

Studies aimed at creation of antimutagenic func-
tional foodstuffs and bioactive additives within the
framework of this trend of research are of special
importance [11]. The development of these studies
is based on extensive screening of antimutagenic
properties of nutrient compounds. Our studies on
mammals detected antimutagenic effects of caro-
tenoid and anthocyan dyes [2,22,24], aspartame
(sweetener) [21], natural metabolites; ubiquinone
[6], betain [20], lipidovite [1], oak wood extract [5],
birch bark extract [18], baikolinates, etc. [15,27].
Antimutagenic functional products and bioactive
additives were created on the basis of these agents
and tried with good results [23,25]. On the other
hand, the efficiency of these compounds and
products created on their basis is low, and they
reduce the mutagenic effect in experimental studies
by no more than 25-40%. The only exclusion is dry
extract of birch bark (DEB) containing up to 70%
betulin [18]. Its protective effect is comparable to
that of pharmacologically active derivatives of 2-mer-
captobenzimidazole, which (according to analysis of
published reports) can be regarded as the most effec-
tive of known antimutagenic compounds. Clinical
confirmation of DEB efficiency will open wide pro-
spects for its multifunctional (drug, bioactive or food
additive) use for the protection of human genome.

Many known antimutagens belong to plant sub-
stances, primarily foodstuffs. In addition, some syn-
thetic food components, for example, aspartame
(sweetener) exhibited antimutagenic effects [21,24].
Together with the known ideas about alimentary
chemoprophylaxis [30,31] and functional food-
stuffs [11], these data can give rise to ungrounded
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optimism in food antimutagenic prophylaxis. We
should like to emphasize in this connection that just
separate compounds, isolated from foodstuffs, were
analyzed, but there is in fact no information about
antimutagenic activity of foodstuffs containing ali-
mentary antimutagens. Our experience indicates
that the desired effect can be rarely attained by just
adding the alimentary antimutagens to food and/or
their preservation in ready products. The antimuta-
genic effect of individual alimentary compounds in
the alimentary biological mass is leveled in the majo-
rity of cases. The only exclusion are alcohol-free
drinks; we previously described the philosophy of
creation of antimutagen products on this basis [11,24].

CONCLUSION

The problem of genome protection by pharmaco-
logical and nutritional antimutagens is far from so-
lution, despite the obvious good prospects of deve-
lopment and the first positive clinical experience of
their practical use. The effects of the overwhelming
majority of the known antimutagens on germ cells
are not disclosed, the problem of possible comuta-
genic effects is not cleared out, particularly for
“secondary” tissues, and approaches to evaluation
of the efficiency of antimutagenic prevention are
not developed. In addition, formal problems of
prescription of pharmacological antimutagens and
use of antimutagenic foodstuffs for prevention of
probable and delayed effects of mutagenesis re-
main unclear. On the other hand, antimutagenic
prophylaxis and prevention of contacts of humans
with mutagenic and comutagenic substances will
help actually reduce the mutagenic exposure of hu-
mans. The use of pharmacological approaches and
methodology in mutagenesis modification studies
will appreciably facilitate the search study, and
introduction of antimutagens in preventive medi-
cine.

The author is grateful to A. V. Semenov, Cand.
Med. Sci., for data on cytogenetic studies in pa-
tients with asthma.

REFERENCES

1. P. B. Avchieva, V. A. Tyurenkov, I. A. Butorova, et al., Byull.
Eksp. Biol. Med., 137, No. 3, 301-305 (2004).

2. E. N. Alekseeva, A. D. Durnev, A. V. Kulakova, et al., Eksp.
Klin. Farmakol., No. 6, 56-59 (2001).

3. V. Ya. Bekish and O. Ya. Bekish, The Host Genome Status in
Helminthiasis [in Russian], Vitebsk (2004).

4. N. P. Bochkov, A. D. Durnev, V. S. Zhurkov, et al., Khim.-
Farm. Zh., Nos. 9-10, 42-46 (1992).

5. I A. Bushina, A. K. Zhanataev, A. D. Durnev, and L. A. Ogane-
syants, Khran. Pererab. Sel’khozsyr’ya, No. 12, 74-77 (2003).



312

10.

11.
12.

13.

14.
15.
16.
17.
18.
19.

20.

21.
22.

23.

. V. N. Georgiev, A. D. Durnev, and S. B. Seredenin, Byull.
Eksp. Biol. Med., 116, No. 9, 270-273 (1994).

. A. D. Durnev, Vestn. Rossiisk. Akad. Med. Nauk, No. 10, 70-
76 (2001).

. A. D. Durnev, G. M. Volgareva, and S. B. Seredenin, Eksp.
Klin. Farmakol., No. 2, 4-12 (1998).

. A. D. Durnev, N. O. Daugel’-Dauge, and S. B. Seredenin,

1bid., No. 1, 56-59 (2006).

A. D. Durnev, A. K. Zhanataev, E. A. Anisina, et al., Use of

Alkaline Gel Electrophoresis of Isolated Cells for Evaluation of
Genotoxic Characteristics of Natural and Synthetic Compounds.

Methodological Recommendations [in Russian], Moscow
(2006).

A. D. Durnev, L. A. Oganesyants, and A. B. Lisitsyn, Khran.

Pererab. Sel’khozsyr’ya, No. 9, 15-21 (2007).

A. D. Durnev and A. V. Oreshchenko, Ibid., No. 5, 84-85
(2003).

A. D. Durnev, Yu. A. Revazova, O. L. Verstakova, et al.,

Manual of Experimental (Preclinical) Studies of New Drugs [in

Russian], Ed. R. U. Khabriev, Moscow (2005), P. 100-122.

A. D. Durnev and S. B. Seredenin, Byull. Eksp. Biol. Med.,
135, No. 6, 604-612 (2003).

A. D. Durnev and S. B. Seredenin, Mutagens: Screening and

Drug Prevention of Exposure [in Russian], Moscow (1998).

A. D. Durnev, E. S. Sidneva, A. K. Zhanataev, et al., Vestn.

Rossiisk. Akad. Med. Nauk, No. 7, 6-13 (2007).

A. K. Zhanataev, A. D. Durnev, and S. B. Seredenin, Byull.

Eksp. Biol. Med., 130, No. 11, 539-554 (2000).

A. K. Zhanataev, G. A. Presnova, A. N. Chistyakov, and A.

D. Durnev, Ibid., 138, No. 11, 535-539 (2004).

G. D. Zasukhina, I. M. Vasil’yeva, A. D. Durnev, et al., Dokl.

Akad. Nauk, 384, No. 4, 560-563 (2002).

K. V. Kobelev, A. V. Oreshchenko, A. D. Durnev, and A. K.

Zhanataev, Method for Antimutagenic Exposure [in Russian],

Patent of the Russian Federation for Invention No. 2261704 of
October 10, 2005.

A. V. Kulakova, E. G. Belogolovtseva, A. V. Oreshchenko, et

al., Eksp. Klin. Farmakol., 62, No. 4, 48-50 (1999).

E. V. Litvinova, A. D. Durnev, A. V. Oreshchenko, and A. B.

Lisitsyn, Pishch. Prom., No. 6, 58-59 (2002).

E. V. Litvinova, A. B. Lisitsyn, Yu. N. Zubtsov, and A. D.

Durnev, Functional Antimutagenic Products [in Russian], Mos-

cow (2003).

24

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

41

Bulletin of Experimental Biology and Medicine, Vol. 146, No. 3, 2008 PHARMACOLOGY AND TOXICOLOGY

. G. N. Maliashvili, A. V. Oreshchenko, N. O. Daugel’-Dauge,
A. D. Durnev, Khran. Pererab. Sel’khozsyr’ya, No. 11, 57-59
(2003).

A. V. Oreshchenko, Alimentary Combinatorial Analysis and
Human Genetic Health [in Russian], Moscow (1999).
Polyorgan Micronuclear Test in Ecological Hygienic Studies,
Eds. Yu. A. Rakhmanin and L. P. Sycheva [in Russian], Mos-
cow (2007).

S. B. Seredenin and A. D. Durnev, Drug Protection of Genome
[in Russian], Moscow (1992).

A. N. Chebotarev, Dokl. Biol. Sci., 371, 207-209 (2000).

A. D. Durnev, L. S. Tjurina, N. V. Guseva, et al., Food Chem.
Toxicol., 36, No. 1, 1-5 (1998).

L. R. Ferguson, G. Bronzetti, and S. De Flora, Mutat. Res., 591,
Nos. 1-2, 3-7 (2005).

L. R. Ferguson and M. Philpott, Annu. Rev. Nutr., 28, 313-329
(2008).

Harmonization Project Draft Document for Public and Peer
Review “Mutagenicity Testing for Chemical Risk is Assessment”,
World Health Organization, the International Labor Organization
and the United Nations Environment Programme, produced within
the framework of the Inter-Organization Programme for the
Sound Management of Chemicals, Geneva (2007).

M. Hayashi and M. Honma, Kokuritsu Iyakuhin Shokuhin Eisei
Kenkyusho Hokoku, No. 125, 17-34 (2007).

N. Keshava and T. M. Ong, Mutat. Res., 437, No. 2, 175-194
(1999).

D. J. Kirkland, L. Henderson, D. Marzin, et al., Ibid., 588, No.
2, 88-105 (2005).

P. Moller, Basic Clin. Pharmacol. Toxicol., 98, No. 4, 336-345
(2006).

L. Muller, D. Blakey, K. L. Dearfield, et al., Mutat. Res., 540,
No. 2, 177-181 (2003).

E. V. Nesterova, A. D. Durnev, and S. B. Seredenin, Ibid., 440,
No. 2, 171-179 (1999).

N. Seitz, Bottcher, S. Keiter, et al., Ibid., 652, No. 1, 38-45
(2008).

E. S. Voronina, A. D. Durnev, A. K. Zhanataev, et al., Micro-
nutrients and Health Research, Ed. Takumi Yoshida, New
York (2008), P. 279-291.

M. D. Waters, H. F. Stack, M. A. Jackson, et al., Mutat. Res.,
350, No. 1, 109-129 (1996).

. E. Zeiger, Ibid., 626, Nos. 1-2, 1-3 (2007).






