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Analysing the carcinogenic and mutagenic properties
of substances by short-term bioassays instead of long-
term animal tests has some advantages: the animal tests
are more expensive, require many rodents be sacrificed
and yield results that are difficult to interpret (Clayson,
1987); and short-term bioassays can evaluate more ex-
actly the risk for health of human beings compared with
long-term tests on animals (Ennever and Rosenkranz,
1988).

At the development of medicinal preparations, studies
of various anomalies of genetic system are very important
for assessing a potential risk for human health. For this
purpose, the International Conference on Harmonisation
of Technical Requirements for Registration of Pharma-
ceuticals for Human Use (ICH) established a standard
battery for genotoxicity testing of pharmaceuticals: a test
for gene mutation in bacteria; an in vitro test with
cytogenetic evaluation of chromosomal damage with
mammalian cells or an in vitro mouse lymphoma tk assay;
and an in vivo test for chromosomal damage using rodent
hematopoietic cells (Muller et al., 1999). A compendium
of genotoxicity information for 467 marketed drugs was
issued (Snyder and Green, 2001).

The main point of the complex approach developed in
our research is as follows: different types of toxicity are
studied both at organism and cellular level, and methods
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A complex approach based on the use of test organisms belonging to different systematic groups (plants,
invertebrates and vertebrates), as well as the nucleolar biomarker and the micronucleus test on their cells, was
applied to assess the toxicity, cytotoxicity and genotoxicity of two pharmaceutical substances (metamizole
sodium and acetylsalicylic acid) applied at IC50 concentrations for mammalian cells. The compound acetylsali-
cylic acid was evaluated at a concentration (1.6 ××××× 103 mg l−1) that was non-toxic for bioassays based on fish
(Carassius auratus gibelio) and hydra (Hydra attenuata) and acutely toxic for bioassays with ceriodaphnia
(Ceriodaphnia affinis) and onion (Allium cepa). The metamizole sodium solution (6.25%) demonstrated
acute toxicity for the whole set of test organisms. Both drugs, after their 30–360 min influence on the test
organisms, first changed the nucleolar size in plant and animal cells (i.e. the transcriptional activity of ribosomal
genes was affected most significantly). Moreover, the metamizole sodium solution caused nucleolar structural
damage in 90% of hydra cells as early as after 30 min of exposure. The acetylsalicylic acid solution inhibited
essentially the rate of cell division in the meristem of onion roots (the mitotic index decreased to 9.6‰, as
compared 51.7‰ for the control). The carp incubation and the onion germination in the acetylsalicylic acid
solution showed a reproducible increase in the frequency of cells with micronuclei (2 and 5.5 times, respec-
tively) and double nuclei (3 and 1.5 times, respectively). The approach described herein may be applied for
obtaining rapid, cost-efficient and useful supplementary data on different types of toxicity for marketed drugs
as well as for drugs under development. Copyright © 2004 John Wiley & Sons, Ltd.

INTRODUCTION

Some international programs — Gene-Tox, International
Program on Chemical Safety (IPCS) and Multicenter
Evaluation of In Vitro Cytotoxicity (MEIC) — have been
devoted to the assessment of drug toxicity with the use of
non-standard, alternative methods, i.e. bioassays on plants,
invertebrates and non-mammalian vertebrates and their
cells (Ennever et al., 1988; Grant, 1994; Sandhu et al., 1994;
Clemedson et al., 1996a,b). For instance, within the frame-
work of the MEIC program, 50 reference substances, par-
ticularly drugs, were studied with the use of 68 bioassays
to evaluate the relevance of toxicity tests for predicting
toxicity to humans (Clemedson et al., 1996a). In general,
animal cytotoxicity predicted human cytotoxicity better
than ecotoxicological tests (Clemedson et al., 1996b). Case
studies also confirmed the effectiveness, applicability and
usefulness of animal and plant bioassays for assessing
different types of drug toxicity (Grisolia and Takahashi,
1991; Dhillon et al., 1995; Pelka et al., 2000; McKeage
et al., 2001).
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providing comprehensive and objective assessments of the
toxic impact are applied at each of them.

As a result of a series of investigations (Arkhipchuk
et al., 2000a,b; Arkhipchuk and Garanko, 2002; Arkhipchuk
and Malinovskaya, 2002) performed on organic and
inorganic substances, the following set of bioassays was
selected as optimal for studying various aspects of the toxic
influence on organisms and their cells: representatives
of plants (onion, Allium cepa), invertebrates (hydra,
Hydra attenuata) and vertebrates (fishes, e.g. crucian carp,
Carassius auratus gibelio). For test organisms (including
those in the bioassay battery) at the cellular level, the
frequency of cells with micronuclei and double nuclei (as
indices of genotoxicity) and quantitative characteristics of
nucleoli (as an indicator of cytotoxicity) were determined.
The proliferative cellular activity was evaluated by the
mitotic index. Therefore the set of methods analysing toxic
effects at organism level as well as changes in the structure
and functional activity of the genome at cellular level is
used. The choice of these criteria is stipulated by their
informative values, good reproducibility and technical
simplicity.

The purpose of the present work is to use the dis-
cussed approach for complex (integral) assessments of
drug toxicity, cytotoxicity and genotoxicity on the ex-
amples of aspirin (acetylsalicylic acid, ASA) and analgin
(metamizole sodium or Metamizol), drugs widely used
in the Ukraine.

MATERIALS AND METHODS

Medicinal preparations

Two pharmacological substances, namely aspirin (tablets
containing 500 mg of acetylsalicylic acid, produced by the
Darnitsa Pharmacy Company, Kiev, Ukraine) and analgin
(50% solution in ampoules: 500 mg of metamizole sodium
and 1 ml of water for injections; produced by the Zdorovie
Pharmacy Company, Kharkov, Ukraine), were purchased
in a pharmacy.

Concentrations of the substances were chosen in accord-
ance with results of toxicological research performed on
mammalian cells. Experiments were carried out by re-
searchers of the Ukrainian National University of Pharmacy,
Kharkov. Cytotoxicity of the pharmacological substances
was determined through damage to the transport function
of cell membranes of red bone marrow of rats using the
methylene blue stain as well as through haemolysis of
erythrocytes in human blood, accounting for the number
of erythrocytes per 1 mm3 for each concentration of
the preparation (Boldyrev, 1988). The pharmacological
substances were dissolved in physiological solution, de-
creasing sequentially their initial concentrations by two,
four, eight and more times. The cytotoxic effect was
estimated under a light microscope for 15-, 30-, 60- and
90-min exposures.

As a result, the concentration of acetylsalicylic acid
corresponding to the ic50 for mammalian cells was 1.6 mg of
preparation per 1 ml of solution. Using the same approach,
the concentration of metamizole sodium that caused ic50

effects for mammalian cells was established: a 6.25% solu-
tion of the preparation or 62.5 × 103 mg l−1. The concen-
trations of the pharmacological substances were used for

further studies on plant and animal (non-mammalian)
organisms and cells.

The test organisms were incubated in water solutions of
the drugs. Stock solutions were prepared by dissolving the
substances in control water. The solution prepared with
aspirin tablets was stirred up by a magnetic stirrer for 2 h
and then passed through paper filters (pH of the solutions
was 6.9–7.1). Required concentrations were obtained by
dissolving the stock solutions with control water. Tap
water, after 3–5 days of settling and subsequent filtration
through a household carbon filter (Barrier, Russia), was
used as the control and dissolvent for the drugs. Fishes,
hydras and ceriodaphnias were cultivated and plant roots
were germinated during the period proposed by the
corresponding methods, i.e. 30–90 min for determination
of cytotoxic effects and 48–96 h for testing acute toxicity
and genotoxicity. The pharmacological preparations were
studied in several series of experiments for several months,
therefore each series was provided with its control.

The same complex integral approach that was approved
earlier on various organic and inorganic substances was
applied for the study of medicinal preparations. In other
words, drug toxicity, genotoxicity and cytotoxicity were
assessed by the same scheme that was used for other chemi-
cal substances.

Acute toxicity

Experiments were carried out in the Laboratory of
Biomarkers and Biotesting of the Institute of Colloid
Chemistry and Water Chemistry, Kiev. Various organisms
representing different taxonomic groups were used to
evaluate acute toxicity: invertebrates (ceriodaphnia,
Ceriodaphnia affinis; and hydra, Hydra attenuata), verte-
brates (crucian carp, Carassius auratus gibelio) and plants
(onion, Allium cepa). Laboratory cultures of hydra and
ceriodaphnia, a group of yearling crucian carps (7–9 cm
long) taken from an environmental water body and then
cultivated for several weeks in laboratory aquariums (100 l)
and bulbs (1.5–1.7 cm in diameter) of onion purchased at
the market were used as the test organisms. Some special
features of cultivation of animal test organisms and stor-
age of plants under local conditions, as well as their use in
biotesting, have been described earlier (Arkhipchuk et al.,
2000b).

The toxicity of drug solutions was tested under labora-
tory conditions (20 ± 2 °C, a 16-h daylight cycle) following
the methods proposed by Fiskesjö (1993) for the onion 96-
h mean root elongation test and by Trottier et al. (1997)
for the hydra 48-h sublethal and lethal effects test. The
ceriodaphnia mortality was observed in experimental
samples after 24 h and 48 h of exposure. The fish lethality
was determined after 96 h of cultivation in the studied
solutions. Fin edge cells of crucian carps were used for the
cytological analysis.

Cytotoxicity

The drug cytotoxicity was analysed by quantitative para-
meters of nucleoli (the nucleolar biomarker), which objec-
tively characterize the cell biosynthetic activity, and by
changes in the mitotic index, reflecting the proliferative
activity of cells.

Results of many studies conducted by various techniques
have proved convincingly that morphological characteristics
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of nucleoli are associated with the most important
molecular–genetic processes and are objective indicators of
cell metabolism features (Scheer and Weisenberger, 1994;
Shaw and Jordan, 1995; Schwarzacher and Mosgoeller,
2000). Such a relation is easily explicable because the
nucleolus is the site of transcription of ribosomal DNA,
processing of the rDNA transcripts and the formation
of pre-ribosomal components. In addition to ribosome
biosynthesis, the nucleolus of eukaryotic cells also parti-
cipates in many other aspects of gene expression, accord-
ing to the so-called plurifunctional nucleolus concept
(Pederson, 1998; Smetana, 2002). For example, there are
abundant experimental data on nucleolar quantitative
parameters as a useful indicator for diagnosing and
prognosing different types of malignant tumours (Helpap,
1988; Yang et al., 1990; Gambini et al., 1992; Pich et al.,
1994; Nakae et al., 1998). Nucleoli are also considered as a
key factor controlling aging mechanisms (Guarente, 1997;
Johnson et al., 1998; Pedrazzini et al., 1998).

In earlier studies, the following parameters, which
objectively and comprehensively reflected nucleolar activ-
ity of cells with a small number of nucleoli (the typical
nucleolar constitution for plant and animal cells), were
selected for analysis: the average number of nucleoli per
cell; the volume of a single nucleolus; and the percentage
of cells with heteromorphic (differing in size) paired
nucleoli (Arkhipchuk, 1995, 1998; Arkhipchuk and
Palamarchuk, 1996). Moreover, the idea of using the
nucleolar biomarker for express assessment of water
cytotoxicity was proposed (Arkhipchuk, 1995; Arkhipchuk
et al., 2000a; Arkhipchuk and Garanko, 2002). One of the
advantages of the proposed biomarker is related to rapid
assessment (during the first hours of exposure) of the
adverse influence on functions of the cell genome. This
feature is important for analysing drug effects.

Cytological analyses were carried out on onion root tips,
fish fins and adult hydra fixed in ethanol–acetic acid (3 : 1)
30, 90, 180 and 360 min after exposure. Small pieces of the
caudal fin were used as cytological samples, which made it
possible to determine periodically the nucleolar indices of
the same fish without any damage to its organs and physi-
ological functions (Arkhipchuk, 1999).

A mixture of cells of organisms under analysis was used
to prepare cytological slides. One sample (two slides) re-
quired 12–20 whole hydras and 10–14 plant root tips. Cyto-
logical slides (air-dried for animals and squashed for plants)
were stained with 50% AgNO3 solution, following the tech-
nique of Howell and Black (1980) and Dev and Tantravahi
(1982). Two slides for every sample were prepared, coded
and then independently analysed by two assistants.

For each sample, nucleoli were counted in 1400–1800
cells using an Amplival light microscope (Carl Zeiss,
Germany) equipped with a 100× objective lens and 16×
eyepieces. The size of spherical and intact nucleoli was
measured in 200 cells at the same magnification with the
use of a micrometer eyepiece. Paired nucleoli were class-
ified visually into homomorphic (i.e. of nearly equal sizes)
and heteromorphic (i.e. of different sizes) at the maximum
magnification (1600×) according to the procedure described
by Arkhipchuk and Palamarchuk (1996).

Changes in the mitotic index (the frequency of cell divi-
sions) are another parameter of cytotoxicity. The index
determines the number of dividing cells per 1000 cells stud-
ied. In our experiments, the mitotic index was calculated
in each case for 3–4 thousand plant cells.

Genotoxicity

The drug genotoxicity was estimated by increasing the
frequency of cells with micronuclei formed as a result of
chromosome aberrations, and the frequency of cells with
double nuclei reflecting damage to cell divisions. Develop-
ment of micronuclei is one type of mitosis pathology; its
formation is caused by chromosome lagging during meta-
phases and anaphases or by chromosome fragmentation.
Cells with double nuclei result from damage during the
cell wall formation, when two daughter cells arise from the
single mother cell.

In our experiments, values of the discussed indices were
calculated per 1000 cells. For each sample the micronuclei
and double nuclei frequencies were determined for 4–5
thousand cells of onion root tips or fish fin edges. The
material was fixed after 4–5 days of incubation of crucian
carps and onion bulbs in water solutions of the pharmaco-
logical substances studied. Smear cytological slides of
animal cells and squashed slides of plant cells were pre-
pared. Animal slides were stained with azure–eosin by
Romanovsky, and those with plant cells, were stained by
aceto-orcein. Slides were analysed under light microscopes
at 1600× magnification.

In experiments on genotoxicity, a water solution of
copper ions (Cu2+ from CuSO4·5H2O) at a concentration of
10.0 mg l−1 was used as a positive control.

We use the complex approach developed by us to assess
comprehensively the toxic impacts at cellular and organ-
ism level. The combination of test methods for analysing
acute toxicity (plant and animal bioassays), genotoxicity
(micronucleus test on cells of the same test organisms)
and cytotoxicity (nucleolar biomarker) seems to offer the
optimal approach regarding the technological simplicity
and information obtained.

Average values and standard deviations were calculated
for the data obtained. The data were checked for statisti-
cal significance using the STATISTICA software (StatSoft
Inc., USA, 1995) for Microsoft Windows.

RESULTS

Acetylsalicylic acid acute toxicity

The concentration of aspirin (1.6 mg of acetylsalicylic acid
per 1 ml of water) under investigation did not show any
toxicity in two bioassays with invertebrate (hydra) and
vertebrate (fish) animals. However, acute toxicity of this
concentration was revealed for ceriodaphnia and onion
tests: total mortality of animals was observed over 48 h
and the root length decreased by two-thirds (Table 1).

Acetylsalicylic acid cytotoxicity in onion

The acetylsalicylic acid solution insignificantly reduced the
share of cells with heteromorphic-paired nucleoli (PNhet)
and slightly increased the number of nucleoli in plant cells
(Table 2). Simultaneously, it affected significantly the
size of single nucleoli. At the beginning of experiments, in
30 min the nucleolar volume grew more than twofold (by
129.7%; P < 0.001), and then after 90 min it decreased
down to the control level. After 30 min of exposure ace-
tylsalicylic acid essentially affected cells with PNhet, after
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Table 1—Values of acute toxicity for aspirin and analgin solutions determined by plant and animal test organisms

Studied solutions Animal bioassays Plant bioassay

Ceriodaphnia Hydra Crucian carp Onion root length
mortality, 48 h lethality, 48 h mortality, 96 h relative to control, 96 h

Control 0% 0% 0% 100%
Aspirin (acetylsalicylic acid) 70% (24 h) 0% 0% 37.9%

1.6 × 103 mg l−1 100% (48 h)
Analgin (metamizole sodium) 6.25% 100% (1 h) 100% (24 h) 100% (1.5 h) 0%

90 min it affected the number of nucleoli and over the
whole period of observation it affected the nucleolar size.

The aspirin solution reduced significantly the root cell
division rate. For example, the mitotic index decreased
from 51.7‰ (control) to 9.6‰, i.e. 5.4 times (see Table 5).

Acetylsalicylic acid cytotoxicity in hydra

The aspirin solution increased several times the share of
nucleoli with halos in comparison with the control: from
30% to 63% and 85% after 30 and 90 min of exposure,
respectively. The nucleolar number and the percentage of

cells with PNhet changed insignificantly because of the drug
influence (Table 3). The size of nucleoli reduced consider-
ably: first by 53.9% (P < 0.001), and then, in 1 h, by 11.8%
(P < 0.01).

Acetylsalicylic acid cytotoxicity in fish

The share of cells with PNhet and the number of nucleoli
grew after 90 min of exposure of crucian carps in the acetyl-
salicylic acid solution (Table 4). The size of single nucleoli
in cells of this vertebrate, in contrast to cells of plants,
decreased on average by 20.0% (P < 0.001).

Table 2—Changes of nucleolar characteristics in onion cells under the influence of aspirin and analgin solutions

Studied solutions Cells with PNhet (%) Average number of Volume of single
nucleoli in cell nucleolus (µm3)

30 min 90 min On average 30 min 90 min On average 30 min 90 min On average

Control for aspirin 86.5 92.5 89.5 1.303 1.278 1.290 57.4 64.9 61.2
Aspirin (acetylsalicylic acid) 79.6** 88.7 84.1** 1.287 1.351*** 1.319* 131.8*** 73.2*** 102.5***
Control for analgin 83.7 92.8 88.2 1.572 1.604 1.588 36.5 43.1 39.8
Analgin (metamizole sodium) 70.9*** 91.8 81.3*** 1.568 1.484*** 1.526*** 74.7*** 35.0*** 54.9***

For clarity, only average values without standard errors are demonstrated. Difference in comparison with control values, calculated in
per cent: * P < 0.05; ** P < 0.01; *** P < 0.001.

Table 3—Changes of nucleolar characteristics in hydra cells under the influence of aspirin solution

Studied solutions Cells with PNhet (%) Average number of Volume of single
nucleoli in cell nucleolus (µm3)

30 min 90 min On average 30 min 90 min On average 30 min 90 min On average

Control 94.4 91.0 92.7 1.121 1.115 1.118 30.4 27.9 29.2
Aspirin (acetylsalicylic acid) 90.0 87.7 88.9 1.152** 1.107 1.129 14.0*** 24.6** 19.3***

** P < 0.01 and *** P < 0.001 compared with control values.

Table 4—Changes of nucleolar characteristics in crucian carp cells under the influence of aspirin and analgin solutions

Studied solutions Cells with PNhet (%) Average number of Volume of single
nucleoli in cell nucleolus (µm3)

30 min 90 min On average 30 min 90 min On average 30 min 90 min On average

Control for aspirin 79.9 80.6 80.3 1.989 1.962 1.976 5.3 5.1 5.2
Aspirin (acetylsalicylic acid) 81.2 88.1** 84.7* 1.964* 2.095*** 2.030*** 4.8* 3.5*** 4.2***
Control for analgin 75.4 76.3 75.9 1.707 1.810 1.759 2.2 2.8 2.5

(70 min) (70 min) (70 min)
Analgin (metamizole sodium) 88.9*** 80.9 84.9*** 1.896*** 1.914*** 1.905*** 3.8*** 1.7*** 2.7*

* P < 0.05, ** P < 0.01 and *** P < 0.001 compared with control values.
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Acetylsalicylic acid genotoxicity in onion

The index of chromosomal damage, i.e. the frequency of
micronuclei in cells (mN), increased from 0.35‰ (control)
to 1.92‰ (aspirin solution) (Table 5). A comparison of
these values calculated by the rate of cell divisions or the
mitotic index (MI) revealed a more essential difference
between the two variants: approximately 29 times. The
same regularity was observed for double nuclei, reflecting
another type of cell structure damage: values calculated
by the rate of cell divisions grew eightfold in the solution
studied.

Results obtained for the solution of acetylsalicylic acid
at a concentration of 1.6 × 103 mg l−1 agreed well, in both
observed effects and their quantitative parameters, with
those for the copper concentration (10 mg l−1) used as the
positive control (Table 5).

Acetylsalicylic acid genotoxicity in fish

The fish cultivation in the aspirin solution caused a two-
fold growth in the frequency of cells with micronuclei and
a threefold increase in the share of cells with double nuclei
(Table 5).

Metamizole sodium acute toxicity

Results of studies of the drug toxicity are presented in
Table 1. The concentration under investigation (6.25%)
displayed acute toxicity for all the test organisms used:
100% animal mortality was observed during 1–24 h and
plant roots did not grow at all.

Metamizole sodium cytotoxicity in onion

After 90 min of exposure in the water solution of
metamizole sodium, halos in nucleoli of most cells (60%)
were revealed. The share of cells with PNhet and the
number of nucleoli were reduced (Table 2). After 30 min
of drug impact the sizes of single nucleoli increased
by 104.8% (P < 0.001) and then after 90 min it decreased
by 18.6% (P < 0.001). A similar trend was observed for the
nucleolar size of cells treated with acetylsalicylic acid.
Moreover, metamizole sodium mainly affected cells with
PNhet after 30 min of exposure, the nucleolar number

after 90 min and the size of nucleoli during the whole
period of observation.

Metamizole sodium cytotoxicity in hydra

The analgin solution had a considerable adverse impact
on nucleoli in hydra cells. At the beginning of the
experiments destruction of the overwhelming majority
of nucleoli (90%) was detected, and at completion of the
experiments after 90 min the nucleoli were destroyed in
all cells. The average volume of single nucleoli that re-
tained their structural integrity grew 3.5 times in compar-
ison with the control value: from 27.0 to 93.3 µm3 (volumes
of some nucleoli reached 540 µm3).

Metamizole sodium cytotoxicity in fish

After 30 min of analgin solution impact, the percentage
of cells with PNhet increased by 17.9% (P < 0.001). The
number of nucleoli in crucian carp cells also grew reliably
(Table 4). Sizes of single nucleoli increased by 76.2% (P <
0.001) at the first stage of experiments and then decreased
by 41.9% (P < 0.001), i.e. the same tendency was observed
as in plant cells, although nucleolar sizes in carp and onion
cells differ by an order of magnitude.

Metamizole sodium genotoxicity in onion and fish

Onion roots did not grow under the studied concentration
of analgin during 5 days of experiments, therefore the
mitotic index was zero. Because of rapid carp mortality
(in 1.5 h of exposure in the same drug concentration), no
assessment of genotoxic effects of metamizole sodium for
fish cells was possible.

DISCUSSION

In the present work the water solution of acetylsalicylic
acid studied of the concentration that is toxic for mamma-
lian cells (at the level of the ic50) demonstrated evident
toxic, cytotoxic and genotoxic effects for plant, inverte-
brate and vertebrate organisms and their cells. For instance,
the preparation revealed its acute toxicity in bioassays with

Table 5—Frequency of nuclear abnormalities in onion and crucian carp cells under the influence of aspirin solution

Cellular parameters Control Positive control (Cu2+) Acetylsalicylic acid

Value ‰ Value ‰ Value ‰

Onion (Allium cepa)
Number of studied cells, nCl 5730 5130 5216
Mitotic index, MI 296 51.66 52 10.14*** 50 9.59***
Frequency of cells with micronuclei, mN 2 0.35 10 1.95*** 10 1.92***
Ratio mN/MI (×100) 0.68 19.2 20.0
Frequency of cells with double nuclei, 2N 10 1.75 18 3.51*** 14 2.68***
Ratio 2N/MI (×100) 3.38 34.62 28.00

Crucian carp (Carassius auratus gibelio)
Number of studied cells, nCl 4000 4000 4000
Frequency of cells with micronuclei, mN 2 0.50 4 1.00** 4 1.00**
Frequency of cells with double nuclei, 2N 14 3.50 22 5.50*** 41 10.25***

** P < 0.01 and *** P < 0.001 compared with control values.
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ceriodaphnia and onion. It significantly affected sizes of
single nucleoli in hydra and onion cells; moreover, in
animal cells the percentage of nucleoli with halos increased.
The aspirin solution reduced essentially the rate of cell
divisions in root meristem (the mitotic index decreased from
51.7‰ to 9.6‰). The carp cultivation and the onion growth
in the solution of acetylsalicylic acid caused a multiple
increase in the share of cells with micronuclei and double
nuclei.

The solution of metamizole sodium studied in the con-
centration toxic for mammalian cells (ic50) revealed acute
toxicity for the whole set of test organisms used. Also, the
toxicity of the solution was higher than the toxicity of the
concentration of acetylsalicylic acid studied. It was impos-
sible to evaluate the analgin genotoxicity because of rapid
lethality of animal test organisms and because no plant
root growth was observed.

The specific cytotoxic influence of analgin on plant (on-
ion) and animal (fish) cells was detected by the nucleolar
biomarker: the nucleolar number and the share of cells
with PNhet changed insignificantly, whereas the sizes of
single nucleoli increased essentially (by twofold) at the
beginning of experiments and then decreased significantly
(in contrast to cytological effects of aspirin). The structure
of nucleoli in hydra cells was destroyed due to the impact
of metamizole sodium.

The aspirin and analgin solutions during the first hours
of their influence changed significantly the size of nucleoli
in both animal and plant cells; i.e. they affected primarily
the transcriptional activity of ribosomal genes. Sharp
fluctuations of the nucleolar activity during short time
periods indicate some abnormalities in the function of
nucleoli in cells because similar variations are not observed

under the optimum (control) conditions.
Both aspirin and analgin revealed different effects in

cells of the test organisms studied. This is evidence that
the same pharmacological substance undergoes dissimilar
biotransformations in plant and animal organisms and in
their cells, and there is some specificity of reactions of
different species and their cells on toxic influence. This
phenomenon was discussed earlier (Arkhipchuk et al.,
2000a,b). Consequently, it is necessary to evaluate toxic
effects on test organisms belonging to different taxonomic
groups and to use both organism and cellular levels.

The studied concentration of aspirin did not affect the
various parameters of nucleolar activity in fish cells as sig-
nificantly as was observed in cells of plants and inverte-
brates. Because the concentration was highly toxic for
organisms, most likely the fish mortality occurred because
of rapid damage to essential physiological functions.

The analysis of different types of drug toxicity using
cells of plants (onion) and animals (fish) is important and
topical because it is known that plant bioassays could be
used as an alternative to in vivo and in vitro tests on ani-
mals, particularly on mammals (Kristena, 1997); bioassays
with fish, e.g. the micronucleus test, estimate objectively
the risk of the studied water samples for human health
(Al-Sabti and Metcalfe, 1995).

Our study confirmed the expediency of using bio-
testing methods for assessing drug toxicity, cytotoxicity
and genotoxicity. The obtained results demonstrated the
effectiveness of the proposed complex approach. It could
be applied for preliminary screening of newly developed
drugs and their components, as well as for obtaining addi-
tional data on the toxicity of existing pharmacological
substances.
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