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Abbreviations used: MN — micronuclei; PCE — polychromatic
erythrocytes; PTB (lactone) — [3-piperonylamide-4,5,5–trime-
thyl-4,5,5-trimethyl-∆3-butenolid]; PTP (lactame) — [3-pipero-
nylamide-4,5,5–trimethyl-pyrrolin-2-on].

New aryl (heteryl) lactone [3-piperonylamide-4,5,5–
trimethyl-4,5,5-trimethyl- ∆3-butenolid] (PTB) and lac-
tame [3-piperonylamide-4,5,5–trimethyl-pyrrolin-2-on]
(PTP) were synthesized recently [1, 2]. The study of pos-
sible antitumor activity of PTB has shown its substantial
activity in vitro on three murine hepatoma MG-22A, mela-
noma B-16, neuroblastoma Neuro2A cells lines  [1, 2].
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Genotoxic activity of two newly synthesized pyrrolinone derivatives (lactone (PTB) and lactame (PTP)) was studied
both in vitro and in vivo. The substances were incubated with L5178Y mouse lymphoma cells for 4 h, then washed
from the substances, and incubated for 18 h. PTP induced significantly increased number of micronuclei (MN) only
at the highest dose used (1000  µg/ml). The 20-fold increase of the concentration of PTP led to 2.4-fold increase of
the number of MN. PTP wasn’t toxic for lymphoma cells in the applied concentration range. In contrast, PTB induced
significantly increased number of MN in lymphoma cells beginning from the concentration of 50 µg/ml and was toxic
for lymphoma cells at concentrations of 500 µg/ml and higher. In the comet assay with L5178Y mouse lymphoma cells
both substances were active at all concentrations used (PTP at concentrations of 50 µg/ml and 100 µg/ml, and PTB
at concentrations of 100 µg/ml and 250 µg/ml). Acute toxicity and MN-inducing activity of compounds were studied
on Swiss albino mice. PTB was substantially more toxic for mice than PTP (LD

50
 was 200 mg/kg and 370 mg/kg

respectively). In mouse bone marrow polychromatic erythrocytes PTP induced significantly increased number of MN
only at a dose equal to 1/

2
 of LD

50
.  In contrast, PTB was mutagenic at all doses used — 1/

2
, 1/

5
 and 1/

10
 of LD

50
. At

equitoxic doses PTB induced more than 2-fold and 3.5-fold increased levels of MN compared with PTP ( 1/
2
 and 1/

5
 of

LD
50
 respectively). The replacement of =NH group to =O group in chemical structure of pyrrolinone derivatives leads

to substantial increase in acute toxicity for mice (1.85-fold) and MN induction activity both in vivo and in vitro.
Key Words: pyrrolin-2-one derivatives, micronuclei, the comet assay, L5178Y mouse lymphoma cells, mouse bone
marrow cells.

Èçó÷åíà ãåíîòîêñè÷åñêàÿ àêòèâíîñòü äâóõ íîâûõ ñèíòåçèðîâàííûõ ïðîèçâîäíûõ ïèððîëèíîíà (ëàêòîíà è ëàê-
òàìà) â ñèñòåìàõ in vitro è in vivo. Êëåòêè ëèìôîìû ìûøåé L5178Y èíêóáèðîâàëè 4 ÷ ñ ñîåäèíåíèÿìè, îòìû-
âàëè è âíîâü èíêóáèðîâàëè â òå÷åíèå 18 ÷. Ëàêòàì èíäóöèðîâàë ñòàòèñòè÷åñêè äîñòîâåðíîå óâåëè÷åíèå ÷èñëà
ìèêðîÿäåð (Ìß) òîëüêî ïðè äåéñòâèè âûñøåé ïðèìåíåííîé äîçû (1000 µã/ìë). Ïîâûøåíèå êîíöåíòðàöèè
ëàêòàìà â 20 ðàç ïðèâåëî ê óâåëè÷åíèþ êîëè÷åñòâà Ìß òîëüêî â 2,4 ðàçà. Íè îäíà èç èñïîëüçîâàííûõ â
ýêñïåðèìåíòå êîíöåíòðàöèé ëàêòàìà íå áûëà òîêñè÷íîé äëÿ êëåòîê ëèìôîìû. Ëàêòîí, â îòëè÷èå îò ëàêòàìà,
èíäóöèðîâàë ïîÿâëåíèå Ìß â êëåòêàõ ëèìôîìû íà÷èíàÿ ñ êîíöåíòðàöèè 50 µã/ìë, è áûë òîêñè÷åí äëÿ êëåòîê
ëèìôîìû â êîíöåíòðàöèè 500 µã/ìë è âûøå. Â òåñòå íà ÄÍÊ-êîìåòû îáà ñîåäèíåíèÿ áûëè àêòèâíû (ëàêòàì â
êîíöåíòðàöèè 50 µã/ìë è 100 µã/ìë, à ëàêòîí â êîíöåíòðàöèè 100 µã/ìë è 250 µã/ìë). Îñòðàÿ òîêñè÷íîñòü è
ñïîñîáíîñòü èíäóöèðîâàòü Ìß â êîñòíîì ìîçãå áûëà èçó÷åíà íà ìûøàõ Swiss. Ëàêòîí áûë çíà÷èòåëüíî òîê-
ñè÷íåå ëàêòàìà (ËÄ

50 
200 è 370 ìã/êã, ñîîòâåòñòâåííî). Ëàêòàì èíäóöèðîâàë äîñòîâåðíîå óâåëè÷åíèå êîëè÷å-

ñòâà Ìß òîëüêî ïðè äåéñòâèè äîçû, ðàâíîé 0,5 îò ËÄ
50
, â òî âðåìÿ êàê ëàêòîí èíäóöèðîâàë Ìß äàæå ïðè

äåéñòâèè äîçû, ðàâíîé 0,1 îò ËÄ
50
. Ïðè äåéñòâèè äîç, ýêâèâàëåíòíûõ 0,5 è 0,2 îò ËÄ

50
, ëàêòîí èíäóöèðîâàë â

2 è 3,5 ðàçà áîëüøå Ìß, ÷åì ëàêòàì. Çàìåíà =NH ãðóïïû íà =O â õèìè÷åñêîé ñòðóêòóðå ïðîèçâîäíûõ ïèððî-
ëèíîíà ïðèâîäèò ê çíà÷èòåëüíîìó óñèëåíèþ ìóòàãåííîñòè in vitro è in vivo è îñòðîé òîêñè÷íîñòè äëÿ ìûøåé. 
Êëþ÷åâûå ñëîâà:  ïðîèçâîäíûå ïèððîëèíîíà, ìèêðîÿäðà, ÄÍÊ-êîìåòû, êëåòêè ìûøèíîé ëèìôîìû L5178Y,
êëåòêè êîñòíîãî ìîçãà ìûøè.
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Both substances are structurally related, and the only dif-
ference between them is =O in PTB and =NH in PTP.
Genotoxic activity of these compounds is not known.

It would be of interest to study the genotoxic poten-
cy of mentioned new compounds in vivo and in vitro
systems, and the relationship between chemical struc-
ture and genotoxicity as well.

L5178Y mouse lymphoma cells is a cell system
suitable for assessing the mutagenic, clastogenic,
aneugenic, and genotoxic (DNA damaging activity)
properties of various agents [3, 4]. The micronucleus
(MN) assay in vivo is used by the pharmaceutical in-
dustry in Europe, Japan and the USA in evaluating the
mutagenic potential of proposed new drugs [5].

The aim of the present work was to study MN-indu-
cing activity of two substances in bone marrow polychro-
matic erythrocytes (PCEs) of mice and in L5178Y mouse
lymphoma cells, and to evaluate DNA-damaging activity
of substances in L5178Y mouse lymphoma cells.

MATHERIALS AND METHODS
Chemicals. Both substances were synthesized by

G. Melikyan according to a new method of synthesis of
substituted pyrrolinones proposed by Melikyan et al [6].
New derivative of pyrrolin-2-one was synthesized ac-
cording to proposed method (lactame), and its oxygen
structural analogue (lactone) as well. The only diffe-
rence between two compounds is NH= group in lac-
tame (PTP) instead of O= in lactone (PTB). All chemi-
cals and reagents used for in vitro studies were pur-
chased from Sigma, Germany. Cyclophospamide was
produced in Russia (Mosmedpreparati).

Cell culture. L5178Y tk+/- mouse lymphoma cells
were routinely cultured in suspension in RPMI-1640
supplemented with 98 units/ml penicillin, 95 µg/ml
streptomycin, 0.25 µg/ml L-glutamine, 107 µg/ml so-
dium pyruvate and 10% heat-inactivated horse serum
(Sigma, Germany). Cell cultures were grown in a hu-
midified atmosphere with 5% CO2 in air at 37 °C.

In vitro micronucleus assay. In the first experiment
exponentially growing L5178Y cells (1 · 106 cells in 5 ml
medium) were treated with substances at doses of 500
and 1,000 ng/ml overnight, and in second one at doses
of 1 and 10 µg/ml. Since we did not register either toxic
or MN-inducing effect, we used another treatment
schedule — incubation of substances with lymphoma
cells for 4 h [4]. After removing of the chemicals by cen-
trifugation and medium replacement, the cells were in-
cubated for 18 h (expression time). As positive control
mitomycin C (50 µg/ml) and as negative (solvent) con-
trol DMSO was used. The cells were then brought onto
slides by cytospin centrifugation and were fixed with
methanol (–20 °C, overnight). To stain nuclei and MN,
the slides were incubated with acridine orange
(0.00525% (w/v) in Sorensen buffer, pH 6.8) for 5 min.
Slides were washed twice with buffer and mounted for
microscopy. Numbers of nuclei and MN were scored at
a magnification of x 500. 1000 cells were scored from
each slide, 3 slides per each point. Objects were classi-
fied as MN if they were clearly separated from the nu-

clei, were round or oval, were less than 1/4 of nucleus,
and showed staining similar to main nucleus.

Comet assay. Comet assays were performed accor-
ding to Singh et al [7] with modifications. Exponentially grow-
ing L5178Y cells (1 · 106 cells in 5 ml medium) were treated
with substances or solvent control (DMSO) for 4 h. Doses
range of substances were 50–250 µg/m. As positive con-
trol ethyl methansulphonate was used (300 µg/ml), and as
negative control — solvent of substances (DMSO). After
removing of the chemicals by centrifugation and medium
replacement, the cells were incubated for 18 h (expression
time). Then cells (3 · 103/slide) were embedded in low mel-
ting agarose (0.5%) which was layered onto fully frosted
slides that had been coated with a layer of 0.75% normal
agarose (diluted in Ca- and Mg-free PBS buffer). A final
layer of 0.5% low melting agarose was added on top. Slides
were immersed in a jar containing cold lysing solution (1%
Triton X-100, 10% DMSO, and 89% of 10 mM Tris/1% Na
laurylsarcosine/2.5 M NaCl/100 mM Na2EDTA (pH 10) for
lysis at 4 °C (1 h). The slides then were pretreated for 20 min
in electrophoresis buffer (300 mM NaOH/1 mM Na2EDTA
(pH 13) and after that exposed to 25 V/300 mA for 20 min.
Preincubation and electrophoresis were performed in an
ice bath. Slides were neutralized for 3 x 5 min in 0.4 M Tris,
pH 7.5 and DNA was stained by adding 50 µl of ethidium
bromide (20 µg/ml) onto each slide. Cells were analyzed
with a 1250 x magnification and using computer-aided
image analysis. Images of 50 cells (25 from each slide)
were evaluated by the use of the software program NIH
Image 1.54 (NIH, USA). Tail moment was evaluated and
presented in arbitrary units.

In vivo micronucleus assay. To study the MN-in-
ducing activity of substances in vivo, firstly we studied
the acute toxicity using the approach of Lorke (1983)
[8]. Swiss albino male mice (22–25 g) obtained from
the vivarium of Institute of Fine Organic Chemistry
(Yerevan, Armenia) were used in experiments on toxi-
city and mutagenicity. All animal procedures were car-
ried out according to the rules of Ethic Committee.

Substances were dissolved in DMSO (Sigma, USA),
and were injected intraperitoneally into mice. For sub-
stances PTP and PTB we received the following data:
LD50 is 370 mg/kg (here and for another substance the
first digit is number of mice which died after the admini-
stration, and the second one is the number of admini-
stered mice; 10 mg/kg — 0/3; 100 mg/kg — 0/3;
1000 mg/kg — 3/3; 140 mg/kg — 0/3; 225 mg/kg —
0/3; 370 mg/kg — 1/3; 600 mg/kg — 3/3) and 200 mg/kg
(10 mg/kg — 0/3; 100 mg/kg — 0/3; 1000 mg/kg —
3/3; 140 mg/kg — 1/3; 225 mg/kg — 1/3; 370 mg/kg —
3/3; 600 mg/kg — 3/3) respectively.

To study MN-inducing activity of substances we used
the protocol described by Kirkhart [9]. Each experimen-
tal group consisted of 5 animals. The substances were
administered to mice twice with 24 h period at doses
equal to 1/2 and 1/5 of LD50 (PTB also at dose of 1/10 of
LD50), and the rodents were sacrificed at 48 h. The sub-
stances were dissolved in DMSO and administered in-
traperitoneally. As positive control, cyclophosphamide
(Mosmedpreparati, Russia) at a dose of 25 mg/kg (dis-
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solved in 0.2 ml saline) was used according to the sche-
dule and route of administration of substances. As nega-
tive control, the vehicle of substances (0.2 ml DMSO)
was used. Bone marrow was flushed by means of new-
born calf serum (0.15 ml; Sigma, USA) onto slides and
smears were prepared. The slides were fixed with me-
thanol (–4 °C) for 20 min, 24 h after the slides prepara-
tion. Slides were stained with May — Grunewald and
Giemsa (Sigma, USA) buffered at pH 6.2 and 6.8 re-
spectively. After being stained, the slides were coded
so that the reader was unaware of the identity of slides
being scored. Each slide was assessed for MN in
2,000 PCEs. In addition, the percent content of PCE was
calculated among erythrocytes.

Statistical analysis was performed by means of Stu-
dent’s t-test.

RESULTS AND DISCUSSION
Genotoxic activity of compounds in vitro was studied

at Institute of Pharmacology and Toxicology (Wuerzburg,
Germany) on mouse L5178Y lymphoma cells.

Incubation of lymphoma cells with both substances at
the doses of 500 and 1,000 ng/ml overnight did not in-
duce a significant increase of MN frequency (data are not
shown). No change of the number of cells was observed
in comparison with controls. The increase of doses of
substances in the same experimental protocol to 1.0 and
10 µg/ml also did not induce any significant increase in
MN frequency in lymphoma cells (data are not shown). In
this case also no significant change of number of cells
was registered, and, hence, both substances were not
toxic for cells at mentioned concentrations. As both sub-
stances were not active in mentioned experimental pro-
tocol, we applied another one used in routine mutagene-
sis studies at Institute of Pharmacology and Toxicology
(Wuerzburg, Germany). The data are presented in Ta-
ble 1. In this case substances were incubated with lym-
phoma cells for 4 h, then washed from the substances
using centrifugation and replacement of cell medium, and
incubated for 18 h (expression time). This time PTP in-
duced significantly increased number of MN only at the
highest dose used (1000  µg/ml). The 20-fold increase of
the concentration of PTP  led only to 2.4-fold increase of
the number of MN. PTP wasn’t toxic for lymphoma cells
in the applied concentration range. In the 1st experiment
(Table2) PTB significantly increased the number of MN
at concentration of 100 µg/ml. In the 2nd experiment (Ta-
ble 3) PTB was mutagenic beginning from the concen-
tration of 50 µg/ml and was toxic for mouse lymphoma
cells at concentrations of 500 µg/ml and higher.

In the comet assay both substances were active at all
concentrations used (PTP at concentrations of 50 µg/ml
and 100 µg/ml, and PTB at concentrations of 100 µg/ml
and 250 µg/ml) (Table 4).

Our study on acute toxicity of substances on Swiss
albino mice has shown that PTB was 1.85-fold more
toxic than PTP. It is noteworthy that in vitro for mouse
lymphoma cells PTB showed toxic action at concen-
tration of 500 µg/ml whereas PTP was not toxic for lym-
phoma cells at concentration of 1000 µg/ml. So in this

case mouse lymphoma cells test system was a good
predictor of the acute toxicity of substances in vivo. In
mouse bone marrow PCEs PTP induced significantly
increased number of MN only at dose equal to 1/2  of
LD50  (Table 5).  In contrast, PTB was mutagenic at all

Table 1.  Micronucleus inducing activity of PTP in mouse lymphoma cells 

Relative cells growth 
after incubation for  

Chemical 
agent  

Dose 
(µg/ml) 

Number 
of MN (‰, 
mean ±SE) 

Range per 
1000 cells 

4 h overnight 
50 4.3 ± 2.3 2–6 78 81 

100 6.7 ± 1.2 6–8 76 53 
500 9.0 ± 4.0 5–12 81 45 

PTP 

1000 10.3 ± 1.7* 9–12 91 89 
MMC (posi-
tive control) 

50 50.0 ± 9.8* 44–61 79 47 

DMSO (nega-
tive control) 

1.0 4.2 ± 2.0 2–7 100 100 

*p < 0.001 compared to negat ive control. 

Table 2.  Micronucleus inducing activity of PTB in mouse lymphoma cells 
(experiment 1) 

Relative cells growth 
after incubation for  

Chemical 
agent  

Dose 
(µg/ml) 

Number 
of MN (‰, 
mean ±SE) 

Range per 
1000 cells 

4 h overnight 
10 5.7 ± 3.3 2–8 100 72.2 

100 12.3 ± 5.8* 8–18 70.9 68.1 
PTB 

1000 toxic N/A 8 25.7 
MMC (posi-
tive control) 

50 69.7 ± 15.6* 58–85 88 82 

DMSO (nega-
tive control) 

1.0 4.7 ± 1.7 3–6 100 100 

*p < 0.001 compared to negat ive control. 

Table 3.  Micronucleus inducing activity of PTB in mouse lymphoma cells 
(experiment 2) 

Relative cells growth 
after incubation for  

Chemical 
agent  

Dose 
(µg/ml) 

Number 
of MN (‰, 
mean ±SE) 

Range per 
1000 cells 

4 h overnight 
50 11.0 ± 1.7* 8–14 84 86 

100 17.7 ± 4.0* 14–21 69 69 
250 20.3 ± 3.5* 17–23 32 77 

PTB 

500 toxic N/A 5 61 
MMC (posi-
tive control) 

50 60.7 ± 7.6* 55–69 74 89 

DMSO (nega-
tive control) 

1.0 4.3 ± 2.0 2–5 100 100 

*p < 0.001 compared to negat ive control. 

Table 4. DNA-damaging activity of PTP and PTB in the comet assay  

Chemical agent  Dose (µg/ml) Tail moment (ar-
bit rary units) 

50 5.47 ± 2.00* PTP 
100 6.27 ± 2.39* 
100 2.91 ± 0.15* PTB 
250 4.11 ± 1.27* 

EMS (posit ive control) 300 5.84 ± 1.54* 
DMSO (negative cont rol) 1 0.99 ± 0.17 
*p < 0.001 compared to negat ive control. 

Table 5.  Micronucleus inducing activity of PTP and PTB in bone marrow 
polychromatic erythrocytes of Swiss albino mice 

Chemical 
agent 

Dose in mg/kg 
(number of 

administ rat ion) 

Number of MN 
(‰, mean 
±SE) 

Range per 
1000 PCE 

Percent 
of PCE 

185 x 2 8.5 ± 1.1* 6.5–11.5 49.8 ± 1.5 PTP 
72 x 2 2.6 ± 0.9 1–5 53.4 ± 1.1 

100 x 2 16.7 ± 1.4* 13.5–20 44.8 ± 1.9* 
40 x 2 9.1 ± 0.9* 7.5–11.5 51.8 ± 1.3 

PTB 

20 x 2 4.4 ± 0.6* 3–6 54.6 ± 0.9 
Cyclophos-
phamide (po-
sitive control) 

25 x 2 22.1 ± 1.7* 18–26 52.4 ± 1.4 

DMSO (nega-
tive control) 

0.2 ml x 2 2.0 ± 0.6 0–3 51.8 ± 1.7 

*p < 0.001 compared to negative control; every group consisted of 5 mice; 
2,000 PCEs were studied from each mouse. 
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doses used — 1/2, 1/5 and 1/10  of LD50 . At equitoxic do-
ses PTB induced more than 2-fold and 3.5-fold in-
creased level of MN compared with PTP (1/2  and 1/5 of
LD50, respectively). Cyclophosphamide, the drug per-
manently used in our laboratory as a positive control,
induced 21.7 ‰ PCEs with MN, very close to our re-
cent data [10, 11]. It should be noted that the acute
toxicity of PTB for mice is close to that of cyclophos-
phamide — about 200 mg/kg [12, 13]. But, at the same
time, cyclophosphamide is much more active MN in-
ductor and induces significantly higher level of PCEs
with MN after administration at doses equal to 1/8 of
LD50 than PTB at doses equal to 1/2 of LD50 (p < 0.02).

Hence, we can conclude that PTB is more potent
MN inductor than PTP both in vivo and in vitro.

It is noteworthy that the replacement of =NH group
to =O group in chemical structure leads to substantial
(1.85-fold) increase in acute toxicity and MN induction
activity both in vivo and in vitro. It is well known that any
changes in chemical structure may lead to substantial
changes in biological properties (toxicity, mutagenicity,
antitumor activity). The study of mutagenic activity of
three quinoline-2-amine derivatives have shown that
an addition of one methyl group to the chemical struc-
ture decreased mutagenic potency of the substance, and
elimination of dihydro- group increased significantly the
mutagenic activity of chemical in the Ames assay [14].
Substantial changes in cytotoxicity and genotoxicity de-
pended on chemical structure was observed among 14
substituted 4-anilinoquinazolines [15]. Another good
example are cis- and trans-platin. The first one is a
potent antitumor agent with high toxic and mutagenic
potency, while the second one possesses substantially
less antitumor activity, toxicity and mutagenicity [16]. But
the only difference between two compounds is the po-
sition of Pt in the compounds (cis- or trans-).

PTB possessing antitumor activity in vitro, compa-
ratively low acute toxicity and MN induction activity is a
good candidate for in vivo studies on antitumor action.

In conclusion, we obtained the data on relationship
between chemical structure and genotoxicity of two
newly synthesized pyrrolinone derivatives. It has been
shown that L5178Y mouse lymphoma cells model is a
good predictor of mutagenic action and toxicity of stu-
died substances in vivo.
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