Oé630pubie cmambou

A.K. NERSESYAN ', AL ILIN #

1 institute of Cancer Research, Medical University of Vienna,
Vienna A-1000, Austria
E. mails: armen nersesyan@medunivien.ac.al; armenn@freenet.am
2 RS0E <Scientific Center for Anti-Infectious Drugss, 84 Auezov Street,
Almaty 050008, Republic of Kazakhstan
E. mail: aiilin@mail.ru

THE MICRONUCLEUS ASSAY
IN EXFOLIATED HUMAN CELLS:
A MINI-REVIEW OF PAPERS
FROM THE CIS

L

The critical analysis of the data concerning micronucleus
assay in exfoliated epithelial cells presented by the invesiiga-
fors fram the CIS is carried our. Twenty two articles are eval-
uated, and shortcomings of some of them are discussed,
Presenied results are compared whenever possible with litera-
ture data. The aim of the mini-review is a criticism of shaort-
comings of the papers for further improvement of the presenta-
tion of the data on micronucleus assay which will give the
possibility to compare the resulis with the data presented by
Soreign investigators.
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About 25 years ago, Stich and coworkers [1]
developed a protocol for micronucleus (MN) assay
with exfoliated human epithelial cells (EC) which
was widely used in occupational and life style stud-
ies [2—4]. MN are formed by the exclusion of
whole chromosome(s) or chromosomal fragments
during cell division, and their presence in cells is a
reflection of structural and/or numerical aberra-
tions (clastogenic and/or aneugenic effects) [1, 2].

It was repeatedly emphasized that this non-
invasive method might be a suitable biomonitoring
approach for the detection of increased cancer risk
in man since > 90 % of all human cancers are of
epithelial origin [2]. Approximately 250 studies
with EC have been published in the last 25 vears
and apart from mouth cells (buccal, tongue and lip
mucosa), also EC from other organs such as nasal
mucosa, cervix, bladder, oesophagus und bronchi
were used as well [2]. Among the mentioned
papers there are investigations carried out by the
scientists from the CIS (22 of them). The papers
were found using PubMed-MedLine, Scopus and
Scholar. Google searching systems.

Recently one of these papers was criticised by
Speit and Schmid [3] because of methodological
errors and shortcomings. According to the request
of Dr. M. Fenech, supervisor of «Human Micro-
Mucleus Projects (SCIRO, Australia) we tried to
evaluate and analyse the data on MN in EC pub-
lished in Russian to include them in the review
paper concerning MN assay in EC. In some cases
it was not possible due to poor presentation of the
results and methodological shortcomings.

The aim of the present paper is a critical evalu-
ation and analysis of available publications carried
out by the scientists from the CIS.

The most important information about the
study with short comments is presented in Table.
Nine studies were carried out in Armenia, | — in
Georgia, 9 — in Russia, and 3 in Ukraine.

There are some methodological approaches
concerning the preparation and staining, and also
the criteria of registration of MN in EC.

1. About 10—14 days last between the MN for-
mation in the basal level and migration of cells to
the surface where they can be exfoliated and then
studied [2]. Hence, EC should be collected and
studied no earlier than 10 days after acute expo-
sure,

2. It is important to wash EC some times in
physiological saline or in the special buffer (0.1

EDTA, 0.01 Tris-HCI and 0.02 M NaCl, pH 7.0)
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| The micronucleus assay in exfoliated human cells: a mini-review of papers from the CIS |
The main data from the papers of scientists from the CIS concerning MN assay in exfoliated epithelial cells
Colintiy Exposure or studied Mumber of subjects, Type ucF @Eﬁ;:r Stain {cells studied Remarks and
Eroups gender, (age) cellsstudied MN, %o per subject) reference
|. Armenia  |Various eyiostatie drogs in [10m 12 T {44) Buecal 1.1 Feulgen 1000 | Effect of exposure:
cancer pts Control—10 m 10 f(33) 0.9 T=3.2[11
2, Armenia  |Primary cancer pts (breast, | 20m (51) Buccal I.8—2.1 | Feulgen 1000 | In cancer pts: T =
lung, cervix uteri, lymph |Control — 41 {46) 1.0 2.0112]
nodes)
3. Armenia  |Women with hirsutism  [20 7 (32) Buccal 2.3 Feulgen 2000 |Inpts: T = 2.0[13]
Control — 201 (29) 1.1
4, Armenia  [Women with normal 107(52) Buccal 1.3 Feulgen 2000 |& [14]
menstrual function and 1.0
postmenopausal Control — 10f(27) |Cervicalcal 1.5
1.2
5. Armenia |Gynecological cancer pts |27 f{cervix cancer, 54) Buccal 28 Feulgen 2000 |In cancer pts: T
16 M {corpus uteri can- 2.7 3 2.0; in pts with
cer, 56) myoma: &« [15]
18 f{myoma, 47) 1.5
control — 42 7 (44) 1.3
6. Armenia  |Gynecological cancer pts |27 f{cervix cancer, 54) | Cervical 28 Feulgen 2000  |In cancer pts: T
16 f{corpus uteri can- 29 * |.8; inpts
cer, 56) with myoma:
18 f {myoma, 47} 1.8 s [15]
control — 42 f (44) 1.5
7. Armenia  |Primary cancer pis and 12 f{breast cancer, 47) Buccal 21 Feulgen 2000 In cancer pts: T
pts with precancerous 1.1 * 1.8; in pls with
diseases B f(fibroadenoma of 2.1 myoma and breast
breast, 43) fibroadenoma:
28 f{cervix cancer, 51) 30 « [16]
B f {corpus uteri 1.0
cancer, 46)
8 f (myoma, 43) 0.9
Control — 15 {49)
£. Armenia |Radiotherapy 35.0 Gy 141 (50) Cervix 8.0 Feulgen + fast | Effect of exposure:
Control — the same 1.9 —befo- | green 2000 T x 2.0[17]
subjects before therapy re therapy
9. Armenia |Radiotherapy 70.0 Gy 14f (50 Cervix 7.4 Feulgen + fast | Effect of exposure:
Control — the same 3.9 —befio- | green 2000 T = 1L8[17)
subjects before therapy re therapy
10. Armenia |Primary cervix cancer pts | 30f (50) Buccal 3l Feulgen + fast |Inpes: T = 2.5[17]
Control — 20 (52) 1.2 green 2000
[1. Armenia (Primary cervix cancer pts |30 (50) Cervix 33 Feulgen + fast |Inpes: T = 2.5[17)
Contral — 20 (52) 1.3 green 2000
2. Armenia |Radiotherapy of oral cavity |[Em-+6f (61) Buccal 28.0 Feulgen + fast | Effect of exposure:
cancer pts {25 Gy) Control — the same 09 green 2000 T = 30L1[18)
lpts before therapy
13. Armenia |Influence of age on MN  |60F (44) Buccal 0 Feulgen + fast | Effect of age : direct
incidence {60—69) | green 2000 correlation,
1.5 (20) r=+0.44[19]
14. Georgia |Exposure to arsenic in S0m+1 (10) Buccal 224 Feulgen + fast | Effect of exposure:
drinking water Control — 100m+f(11) 4.4 green 1000 T x 6.1 — fold. All
exposed had bad
health — acute respi-
ratoryinfections [28]
15. Russia | Exposure to formaldehyde [Bm+7f (51) Bucecal | 1.2 m 2.9 f| Feulgen 2000 | The results possibly
of teachers and students  |Control — 71 (46) (.64 showed other than
[6Bm=+6f (18) 0.8m 0.6 chemical exposure,
before because the effect of
EXpOsUre exposure can be re-
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Continue of table
Country Exposure or studied Munrber of subjects, Type nli' r::lrlr;ﬁr[:f Stain (cel Is_ studied Remarks and
Eroups gender, (age) cellsstudied MN, %o per spbpeet) reference
2.0m 251 gistered only in
after 24 h 14 days after expo-
[.9m 2.6 sure [12]
after 48 h
Control — the same 0.8m
subjects before exposurne 0.60
16. Russia  |Exposure to various che- |39 m (23—74) Buccal 0.8 Aceto-orceine | Effect of exposare:
micals in industry wor- Control — 70 m 0.4 2000 5 [33]
kers (18—66)
17. Russia  |Exposure to chlorophe- | 52m + 491 (36) Buccal |From 0.7 to| May-Gruenwald| Effect of exposure;
noxy herbicides 1.5 depen- | ORPannenheim | T {MN lavel in cont-
dingon | (azur ll-eosin) | rols was 0.0 so it not
work du- | 2000 possible to compare
ration and increase in folds),
work place Muclear anomalies
Control — 13m+121 0.0 such as binucleates,
(40) karyorrhexis, pye-
nosis, broken egg,
karyolysis were stu-
died. In control ano-
malies were 2.03 %,
in the most exposed
group £.76 %, in the
less exposed gro-
up —4.36%
(p < 0.05in all
cases) [34]
I8, Russia  |Exposure to agent orange |47 £(50) Buccal 7.5 Giemsa 500 Effect of exposure:
in Vietnam Control — 47 F 1.4 i [3R]
19, Russia Exposure to dioxing 31 F(30) Buccal .45 Aceto-orceine | Effect of exposure:
Control — 147 0,46 2000 = [37]
20. Russia  |Effect of antropogenic IBImHT(1 1) Buccal B.lin | Aceto-orceine | Effect of pollution:
pollutants 1999 | 500 T 141]
Control — 51 3iinm
m+f(11) 2000— 20010
in Moronezh
city 3.9in
Movovoro-
nezh cityl.4
in =cleans
region
21. Russia Effect of antropogenic 42 m+f{5) Buccal 13.0 Orceine 400 Effect of exposure 1o
pollutants Control — 28 m+f (5) 50 pollutants: T = 2.6
[42]
22, Russia  |EfTect of antropogenic G5 m 65 1(5) Buccal 0.8 Feulgen 2000 Effect of exposure fo
pollutants Control —22m + 16T 0.4 pollutants in
27 m 33 f{15) 0.7 children: T Effect of
Control — 12m 19f 0.7 exposure to pollutants
in teemagers: +» [44]
23. Russia  [The influence of scoliosis |73 m+£(11) Buccal A9 Feulgen 1000 Effect of scoliosis
{Moscow and land environmental pollu- | Control — 25 m+f A3 and pollution:
Maovgorod)  [tion Megative control (11) 00 3 [45]
from clean area —
23 m+f
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Continue of table
C Expasure or studied Mumber of subjects, Type of Numb&_r of Stain (cells studied Remarks and
ountry 4 cells with =
ErOups gender, {age) celisstudied MN, %o per subject) reference
24, Ukraine |Exposure to various agents| Not specified (6) Buceal |MMN index. | Aceto-carmine | Effect of exposure:
{Chernovisi [known (heavy metals) and| control — not speci- 2.3—4.6i0n | 1000 Tx14=23
district — unknown in air and water | fied (&) polluted High correlation bet-
severely pol- living in clean area areas, 2.0 ween the level of MN
luted of- in clean and content of heavy
waists of che metals in soil and
mical indust- waterMNot possible
) to calculate the real
level of MN[46]
25, Ukraine |Exposure to various che- |22 1m+1 (4) Buccal [MN index. |Aceto-oreeing | Effect of exposure:
{Dnepro-  |mical agents in environ- |Control — 56m+f (4) 0.0067— |or Feulgen500 |T x 5.6—9.5. Not
petrovsk, ment {waists of chemical [living in clean area 0.114 in possible to calculate
Zheltie Yodi, Jand metal- producing polluted the real level of
and Marga- |industry) areas, MMN[47]
nets sities) 0.012in
clean
26. Ukraine |Exposure to various che- |24m+1 (4) Buccal MM index. | Aceto-orceine | Infants received vita-
{Dnepro-  |mical agents in environ-  |[60m-+1 (4) 0.067— |or Feulgen300 |min complexes and
petrovsk and |ment {(waists of chemical |76m workers (no data) [).0&5 in in- workers at harmful
Marganets [and metal-producing Control — the same fants befo- preduction received
sities) industry) persons before treat- re treat- extract of echinocea.
ment with vitamin ment, Effect of exposure:
complexes 0.046— | = 1.5—2.2 Not
10,043 afier. possible to caleulate
In workers the real level of
0.0894—0.15 MM [47]
before,
0.043—
(L.085 after
27. Ukraine [Influence of weatherand |12 m (46) Buccal 2.2 mean | Giemsa 2000 Effect of various
some physical parameters (Mo controls — study (1.7—2.8) conditions; « [48]
in participants of Arctic |14 times during the
expedition expedition

Note. T — significant increase; | — significant decrease; «» — no effect; x — folds in increase or decrease; f — females;

m — males; pis — patienis.

to eliminate microbes which can resemble the MN
in EC [2—4].

3. It is extremely important to stain EC with DNA-
specific stains (Feulgen, acridine range, DAPI) to
recognize the real MIN, but not artefacts |6, 7].

4, Extrachromosomal cytoplasmic DNA frag-
ments should be counted as MN under the follow-
ing conditions: intact main nucleus and cyto-
plasm; diameter about 1/3 of the main nucleus or
less; same staining and texture as the main nucle-
us; MM should be in the same focal plane as the
main nucleus [2, &].

5. In the first studies concerning MN assay in
EC only 500 cells were evaluated. fterwards it has
been stated that to obtain reliable results no less
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than 1000, but better 2000 cells ought to be studied
[1—3,9].

6. It is very important to register along with MN
the so-called nuclear anomalies (or etanucleated
cells), but separately from MN [8]. Many investi-
gators disregard such EC considering them degen-
erative. These cells are connected with cytotoxici-
ty, apoptosis and necrosis,

7. The MN in ideal should be indicated in two
ways — number of EC with MN and total number
of MN per 1000 cells.

8. According to the review of the sHuman Mic-
ro-Nucleus Projects, the average number of EC
with MIN in healthy subjects independent the type
of EC is1-3 per 1000 EC [10].
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Studies carried out in Armenia. In all studies
[11—19] DMA-specific stain (Feulgen reaction)
was used and the adequate numbers of cells were
evaluated (1000-2000). In all cases, the number of
MN in EC of healthy subjects was about or less
than 1 per 1000 EC. Although EC were used with-
out washing (direct smear on microscope slides)
no effect of microbial contamination was regis-
tered because of use of DNA-specific stain.

In the mentioned publications strong effect of
chemotherapy (in EC of buccal mucosa) [11] and
radiotherapy (both EC of buccal mucosa and
cervix) [17, 18] of cancer patients were registered.
In was also shown that in primary cancer patients
independently of the tumor site, the number of MN
is significantly increased in buccal EC compared
with healthy subjects [12, 15, 16]. But in women
with benign tumors of breast and uterus no such
effect was registered. Increased number of MN
was observed both in cervix and oral mucosa EC of
primary cervix and uterus cancer patients [12, 15,
16]. During radiotherapy of cervix strong increase
of MN level was observed in cervix EC, although
in buccal cells no effect was observed in cervix can-
cer patients [17].

The effect of chemo- and radiotherapy on MN
induction in EC was supported by other investiga-
tions [20, 21]. Also significantly increased level of EC
with MN was observed in primary cancer patients
independent the site of tumor localization [22].

The increased frequency of MN in EC of buccal
mucosa was also found in women with hirsutism
[13] that was confirmed supported recently by
Turkish investigators (due to reactive oxygen radi-
cals formed in the organism) [23]. The impact of
age on MN formation in females was shown (r =
= +0.4, p < 0.05) [19] although it is not supported
by many investigators (for review see [24]), and the
data concerning the effect of age are very contra-
dictory.

It is noteworthy that almost in all papers pub-
lished by Armenian investigators, along with MM
all the types of nuclear anomalies were registered.
Unlike Chakrabarti and Dutta [25] who reported
about 4-fold increase in the number of MN in EC
of cervix in postmenopausal females compared
with women with normal menstrual function,
Nersesyan |14, 15] showed no significant increase
in MN level, but substantial increase in the num-
ber of degenerative cells. Vardazaryan [17] showed
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that after radiotherapy of cervix along with MN
also the level of cells with karyorrhexis, binucleates
and condensed chromatin was substantially increa-
sed. Bhattathiri et al [26] and Bindu et al [27] sho-
wed almost the same regularity in oral cancer cells
during the radiotherapy, but in this case all kinds of
nuclear anomalies were increased.

Study carried out in Georgia. The effect of inc-
reased level of arsenic in drinking water on MN in
EC was evaluated [28]. It has been shown with ade-
quate staining of EC and evaluation of 1000 EC that
contamination of drinking water with arsenic led to
6-fold increase of EC with MN. It is in agreement
with some recent publications where 3—7-fold inc-
rease of MN in EC of subjects exposed to arsenic
(via drinking water or during glass production) was
shown [29, 30]. But the number of EC with MN in
control subjects is was very high 4.4 %o, although it
was noted that control subjects also had some
health problems,namely acute respiratory infec-
tions. This is of course very bad control, and they
ought to have another negative control — not ex-
posed to arsenic healthy subjects. The problem of
healthy control was discussed recently [31].

Studies carried out in Russia. In three papers the
results of exposure to some chemical agents were
presented. Kitaeva and co-workers studied the ef-
fect of acute exposure of students to formaldehyde
and found significant increase [32]. But the sam-
ples of EC were collected from mouth 24 and 48 h
after exposure, and the increase of MN of course
was undoubtedly caused by the connected with
other factors other than exposure to formaldehyde,
because such effect could be registered only after
10-14 days after exposure. It was a main point of
criticism of this paper by Speit and Schmid [5].
The number of MN was evaluated also in profes-
sors who were exposed to formaldehyde for about
20 years. Some surprizing results were obtained —
significant effect in women and not significant in
men (2.94 and 1.18 %e, respectively — more than
2-fold difference depending on the gender). The
control subjects were only women. The level of EC
with MN was 0.6—0.8 % after study of 2000
Feulgen stained cells.

Revazova et al. [33] evaluated the influence of
some highly toxic agents (not specified) on MN
induction and failed to show any significant differ-
ence between exposed and control subjects (0.8
and 0.4 %o, respectively).
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Chemikozova et al. |34] studied the influence of
professional exposure to chlorophenoxy herbicides
and found a significant increase of MN frequencies
in EC of exposed persons. EC were stained with
DNA-non-specific stains (May-Gruenwals-Giem-
sa and Pannenheim), and 2000 EC were evaluated.
The number of MN was between 0.0 %e in control
and 0.53—1.5 %e in exposed subjects. But the gra-
dation of MN was extremely strange. The authors
divided MN into four categories — from 1 to 4
{1* — one very small MN, 1/40" of the size of the
main nucleus; 2" — one MN, from 1/15% to 1/10
of the size of the main nucleus; 3 — some MN
with sizes of 1* and 2™ categories; 4" — one big
MN, 1/4" of the size of the main nucleus). This
gradation differs from the most publications be-
cause MN is MN if it meets all criteria of this phe-
nomenon, e. g. should be only and only one cate-
gory — MN. The authors have studied nuclear
anomalies (except condensed chromatin), but the
presentation of the results was far from presented
in the most publications. In addition the authors
added a new gradation to the recognized interna-
tional classification, namely amitosis, and actually
it is not understandable the difference between the
new gradation and the recognized binucleates,
which theyhave also considered. The analysis of
nuclear anomalies differed from internationally
recognized standards, although they showed a sig-
nificant increase of nuclear anomalies levels,

The investizgation carried out in India showed
that in subjects exposed to pesticides during their
production, a 3.6-fold increase was observed in EC
stained with DNA-specific stain (DAPI) [35]. On
the contrary, the studies carried out in Costa Rica
and European Union, have shown that exposure to
workers to various pesticides did not increase sig-
nificantly the number of MN (in EC of workers
from Costa Rica also the number of nuclear anom-
alies) [36, 37]. In both studies DNA-specific stains
were used (Feulgen and DAPI, respectively) and
enough EC were evaluated (1000 and 2000, corre-
spondingly). Because of some methodological
shortcomings it is not possible to compare the re-
sults of Chemikozova et al [34] with other publi-
cations.

Six papers presented the results of the effect of
various kinds of pollutions on MN level. Zhuleva
et al. [38] studied the effect of agent orange, used
by US troops during the war in Vietnam many
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years after exposure. The authors did not observe
any significant difference in the number of EC
with MN in inhabitants of two villages — exposed
and non-exposed. Along with MN the authors
studied also binucleated cells and cells with echro-
matin like vacuoles» {possibly the so-called cells
with condensed chromatin used in western scien-
tific literature). The gradation of MN into four
categories (small MN, more bigger MMN, some
small MN and one big MN in EC) is unusual. This
approach is far from common definition of MN
used by most of scientists. Independently of size,
MM should be considered as MMN if it is in the
frames of definition of this phenomenon. The level
of EC with MN in control subjects was extremely
high — 10 per 1000. The reason of this effect could
be staining of EC with Giemsa (DNA-non-specif-
ic stain) and evaluation of 500 EC. In the photos of
EC presented by authors, a lot of microbes are pre-
sented, which could be a source of bias.

Revazova et al. [39] studied the effect of dioxins
contamination in Chapaevsk. Fifteen women wor-
kers of factory producing dioxins, 15 women living
in the 1—3 km zone from the plant, and 14 ones
living in the 5—8 km zone from the plant were
examined for MN in EC. No effect was observed
both in Iymphocytes (chromosomal aberrations
assay) and MN in EC. Along with MN the investi-
gators evaluated also nuclear anomalies, such as
broken egg, two-nuclei cells (also called binucleat-
ed cells), pvcnosis, karyorrhexis and karyolysis.
They presented «broken eggs and two-nuclei cells,
and pvcnosis and karyorrhexis together consider-
ing that the former two are of genotoxic origin, and
the last two are of the mixed effect — both geno-
and cytotoxic. Some authors also used similar ap-
proach although the real nature of nuclear anoma-
lies is unknown [8, 40].

A group from Voronezh State University has
published their studies concerning the influence of
pollution on MN level in EC of children living in
various district of Voronezh and found significant
impact of pollution (increase of EC with MN 2.0-
5.0-fold) [41, 42]. Such increase in the number of
EC with MN is extremely high and suspicious
because exposure to extremely biologically aggres-
sive chemical agents cyclophosphamide elevated
MN level 2.7-fold [43]. The reason of such results
could be the use of DNA-non-specific stains and
evaluation of no more than 500 EC. In addition,
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the levels of EC with MN in control (non-expo-
sed) subjects (5.0 %) is very high for healthy per-
sons [10].

Maimulov et al. [44] studied the same problem
in St. Petersburg and found no effect of pollution
in teenagers and 2.0-fold increase of MN level in
5-years-old girls and boys. It is noteworthy that the
number of EC with MN in subjects living both in
clean and polluted areas was less than 1.0 %e. It is
close to the data reported by Revazova et al. [31,
36], but unlike Maimulov et al. [44], the authors
used DMA-non-specific stain (carmine). In addi-
tion both groups studied 2000 EC.

Aleschenko et al, [45] studied both the influence
of disease (scoliosis and kyphosis) in teenagers and
also the environmental pollution on MN status in
EC of buccal mucosa. No influence of both factors
was obtained after evaluation of 1000 Feulgen stai-
ned EC from each subject (0.13; 0.19 and 0.0 %o in
two polluted and clear areas, respectively). The
authors studied also all nuclear anomalies as well,
except condensed chromatin, and found signifi-
cant impact of environmental pollution on karyor-
rhexis and karyolysis.

Studies carried out in Ukraine, Three papers we-
re found [46—48]. Two of them described the ef-
fect of environmental pollution, and the last one
the influence of weather and some physical param-
eters on MM in EC of buccal origin in participants
of Arctic expedition. In both papers concerning
the effect of pollution [46, 47] positive results were
obtained, e.g. a significant increase of EC with
MMN in children due to living in polluted areas, In
both papers the real number of MN is not possible
to estimate. Rudenko et al. [46] studied the effect
of environmental pollution in Chernovtsi region of
Ukraine (which was polluted after Chernobyl dis-
aster in 1986 and in 1988 a new disease of unknown
reason was registered there in children which
caused alopecia). From each subject 1000 EC
stained with aceto-carmine were evaluated, but the
number of participants in the study and their gen-
der were not specified. Rudenko et al. [46] wrote
that MN are presented as «MMN indexs, but in the
table it is written «The frequencies of cells with
MN». If we consider the last point, the mean num-
ber of EC with MN in children living in polluted
areas is 31.0 %e which of course is extremely high.
The control level (MN in EC of children living in
clean areas) is 19.0—23.0 %e (villages Mikhalkove
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and Lopushna). This investigation is very impor-
tant because the children (and of course, all sub-
jects) living in Chernovtsi region are continuously
exposed to unknown genotoxic agent(s). The aut-
hors revealed the correlation between the level of
soil and water contamination with heavy metals
and aluminium and cytogenetic disturbances in
EC. Independently of the mode of data presenta-
tion, as «index» or «frequencys of MM, the differ-
ence between the most and the least polluted areas
is 2.4, It is close, but less than the data presented by
two groups of Indian investigators who studied the
effect of living in area contaminated with heavy
metals and consumption of water polluted with
heavy metals and other toxic substances on MN
level in EC of urothelial and buccal origin — 5.2—
7.7-fold [49—31]. The shortcoming of this very
interesting paper is impossibility to compare the
results with the data of other scientists investigat-
ing this problem.

In the paper by Gorovaya and Klimkina [47] the
picture is an opposite one — in «Materials and
methodss they wrote that MN were evaluated as
sfrequency», but in the table they are presented as
«MMN indexs. According to this paper it is not pos-
sible to estimate the real number of MN. The re-
sults of comparison of the data from the two papers
[46] and [47] are surprising — MMN index of con-
tral subjects (living in "clean” areas) are 2.1 and
0.012 (the difference is 175-fold!). In persons liv-
ing in polluted areas the indexes are 3.1 and 0.107,
respectively (29-fold difference!). In the paper by
Gorovaya and Klimkina [47] it is not clear how
many slides were stained with Schiff's reagent and
how many ones were stained with aceto-orcein. It
is noteworthy that only 300 cells were studied from
each participant. Extremely important results were
presented concerning the possibility to decrease
the cytogenetic action of various agents by means
of vitamin complexes and adaptogens [47]. But
again because of the shortcomings of the presenta-
tion of the results obtained, it is practically impos-
sible to compare them with the data of other scien-
tists,

In the paper by Afanas’eva et al [48] some sam-
ples of EC from mouth were obtained and analysed
from each participant of the Arctic expedition to
evaluate the influence of weather and some physi-
cal parameters. No influence of various climatic
conditions on MN level was studied. The mean le-

ISEN 0564—3783, Humonozur u 2ewemura. 2007 N 2

www.cytgen.com



| | The micronuelens assay in exfoliated huwman cells: a mini-review of papers from the CIS | ]

vel of EC with MN was 2.2 %o after Giemsa stain-
ing (2000 EC were studied). Since the subjects were
participants of the Arctic expedition, all of them
were with good health status.

Conclusion. Many papers analyzed in the pres-
ent article have serious shortcomings which do not
give a possibility to estimate the results obtained
and to compare with the results obtained by other
investigators.

There are two shortcomings in the paper by Ga-
goshidze et al, [28] from Georgia — very high level
of MM in control and at the same time, not ade-
quate negative control.

In some papers from Russia the problem of en-
vironmental (air) pollution was studied with signif-
icant impact of it on MN level (2—5-fold) [41, 42,
44, 46, 47]. Analysis of the literature showed that
there should not be a significant impact of air pol-
lution, as was shown in two of analized papers [39,
45] and the inverstigation carried out in Costa Rica
[36]. In addition, 2—5-fold increase is too high for
impact of air on buccal mucosa. Almost the same
result (increase of EC of buccal origin with MN})
depending on the air pollution was showed by
Belowska et al in Poland (1.5—3.0-fold) [52]. The
authors studied 1000 Giemsa stained cells. The
presentation has some shortcomings, and some
points of the investigation are not clear. In this
kind of investigations a lot of variables are extre-
mely important — the data on levels of pollution,
proximity to gas station, use of gas appliances,
ozone level in air, and application of distance-
weighted traffic density evaluation approach [53].
Some other data are of high importance are some
other data — smoking habit, alcohol intake, smok-
ing habit of parents (for children), social-econom-
ic status of family, vitamin use, daily fruits and veg-
etables servings [51]. Investigations carried out in
California showed significant correlation between
MM and ozone levels, but not with other kind of
air pollutants [53, 54].

It is noteworthy that in Russian population level
of EC with MN is less than 1.0 %e (0.0—0.8 %e)
when 2000 EC were evaluated (very close to spon-
taneous level of MN in Armenians |1 1—19], inha-
bitants of Mexico [20], Costa Rica [34], European
Union [4, 35], and the USA [51, 52]), and |.4—
5.0 %o when 400-500 EC were studied.

In some papers an unusual division of MN into
the categories was done [34, 38]. Only in few pa-
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pers the so-called nuclear anomalies were registe-
red. But in all of them EC with condensed chroma-
tin were not considered although some key investi-
gators of this problem consider them as events
connected with cancer [2].

In two Ukrainian papers it is not possible to
evaluate the data presented because of method-
ological problems [44, 45]. Unclear is the fact that
in the same population (healthy controls) M N lev-
els {actually not possible what the authors mean —
frequency or index) considerably differ. Very inter-
esting results were obtained in infants living in pol-
luted areas and workers exposed to some genotox-
ic agents at harmful productions after applications
of vitamin complexes and adaptogens — significant
decrease in MN frequency or index of MN [47].

The commen shortcoming of a vast majority
papers is the absence of general information or
descriptive characteristics of control and exposed
subjects. This part of the paper should include the
data concerning the number of participants, mean
age, gender, addictions — tobacco smoke or alco-
hol consumption, occupation (preferably in a sep-
arate table).

All investigators in the field of MN assay in EC
must be in accordance with some rules listed
above, If it will be the case, the results presented in
the papers would be easily comparable with the
results of other investigators.

PEIRIME. lNposenen aHanui NaHHEIX N0 MHKPOALED-
HOMY TCCTY B BKCdJD.ﬁ HATHEHBIX KICTKaX 4YEM0OBEKa,
NpelcTapNeHHBIX HechenosaTenamy w3 crpad CHIT Kpu-
THYECKH PACCMOTPEHBl NAHHBIE 22 cTaThei, OTMEYMEHBE
HEKOTOPLIE HenocTaTkH. [popeleHo CpaBHEHHE ¢ HaHHbE-
MH auTepaTypll. Uensio ofizopa ABnAeTcA AeMOHCTPALMA
HMEIDLIWXCA HEAOCTATKOR B NPENCTARMEHHH PE3YNETATOR
HCCNEAORAHMIA MO MHKPOAIPAM B 3KCHONHATHBHBIX KINET-
Kax “4EnoBtkKd AnA noclcdyrlerd HX HCnpaRneHua, q4To
JACT BFOIMOXMHOCTE CPABHEHWA PE3yYNETATOR C PEIYVALTATA-
MH JapyDeRHBIX HCCIEN0BATENEH,

PESFOME, TposeneHo aHanis 0aHMX No MiKpoaaep-
HOMY TecTY B ekchOoMaTHBEHHX KNITHHAX JHIWHK, WO
NpeiacTapiedi docnitHHKaMM 3 KpaiH CHO. KpuTtuuHo
po3rNAHYT Jani 22 ctatel, sasHaveni neaxi Heaonikm.
IMpopeneHo NOPIBHAHHA 3 IAHHMHA Nitepatypd. Metowo
OrNALDY € JEMOHCTPALA HELOIKIB B MOJaHHI pesynsraTtie
ROCNIAHeHE MO MIKPOALpaY B ekcdoliaTHEHHY KniTHHAX
THMAHK 1T HACTYTIHOTO [X BANPARNEHHA, W0 JACTE MOX-=
NHBICTL NOPIBHATH PE3VILTATH 3apyDisHHX JOCHiAHHKIR i

JocniaHvkis 3 kpaid CHIL
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