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Hydantoin derivatives, including phenytoin (5,5-diphenylhydantoin), have recently gained attention as they possess a
variety of important biochemical and pharmacological properties. Nevertheless, available information on anticancer activity
of hydantoin derivatives is still scarce. Here, we evaluated possible antileukemic potential of four phenytoin analogs,
namely: methyl 2-(2,4-dioxo-5,5-diphenylimidazolidin-3-yl)propanoate (1), methyl 2-(1-(3-bromopropyl)-2,4-dioxo-5,5-
diphenylimidazolidin-3-yl)propanoate (2), 1-(3-bromopropyl)-3-methyl-5,5-diphenylimidazolidine-2,4-dione (3) and 1-(3-
bromobutyl)-3-methyl-5,5-diphenylimidazolidine-2,4-dione (4). The experiments were performed on human acute
histiocytic lymphoma U937 cells and human promyelocytic leukemia HL-60 cells. The present study was conducted using
spectrophotometric  3-[4,5-dimethylthiazol-2-y1]-2,5-diphenyl tetrazolium bromide (MTT) assay and the electronic
Beckman-Coulter method. We observed temporary changes in the leukemia cell viability, volume and count. The effects of
the four 5,5-diphenylhydantoin derivatives on U937 and HL-60 cells depended on the agent tested and its concentration, the
time intervals after the compound application, and the leukemia cell line used. HL-60 cells were more sensitive than U937
cells to the action of the phenytoin analogs (1-4). The antileukemic activities of the three bromoalkyl diphenylhydantoin
derivatives (2, 3, and 4) were stronger than that of the compound 1 [methyl 2-(2,4-dioxo-5,5-diphenylimidazolidin-3-yl)
propanoate], with no bromoalkyl substituent. The structural modifications of 5,5-diphenylhydantoin are responsible for such
varied antileukemic potential of its four derivatives.
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Compounds possessing hydantoin fragment have been
a source of interest in search for new drugs because of
their cyclic analogy to natural amino acids, which can
be responsible for various pharmacological activities.
Phenytoin (5,5-diphenylhydantoin) is one of the most
important hydantoin pharmaceutical drugs (Fig. 1),
which is used in therapy of epilepsy and cardiac
arrhythmias for most than seven decades'. Both,
antiarrhythmic and anticonvulsant actions of
phenytoin are due to its ion channel blocking
properties, mainly, sodium channels. Nevertheless,
some toxic and undesirable effects, including:
carcinogenic properties in animals” and an increase in
malformations in infants’ have been notified for
phenytoin to limit its therapeutic usage. Phenytoin is
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also known as a hepatotoxicant used to develop new
models of toxicity prediction®”.

Taking into account the various biological
activities of phenytoin, its structure has been an
interesting starting point in search for new potential
drugs. Previous studies focused on chemical
modifications of 5,5-diphenylhydantoin, gave a
number of its derivatives displaying significant
biological activity (Fig. 1) as hypotensive, anti-
arthythmic®® and/or G-protein-coupled receptors
agents (GPCRs)’'' as well as compounds able to
inhibit multidrug resistance in cancer'” or bacterial
cells”. During 3-step synthesis route of new amine-
alkyl derivatives of 5,5-diphenylhydantoin, a number
of intermediates (Fig. 1) with alkyl or ester substituent
at position 3 of hydantoin ring (R') and with
alkylating moieties at position 1 (R?), including
alkylbromides' or oxiranes were obtained””. Such
substitutions of both NH-groups at the hydantoin ring
are known to decrease the anticonvulsant and
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Fig. 1—Phenytoin and its derivatives. (A) Biologically active
amine derivatives: (i) a modulator of bacterial multidrug
resistance'>, (ii) a modulator of cancer multidrug resistance ', (iii)
an a;-adrenoceptor blocker with antiarrhythmic properties®, (iv)
an antiarrhythmic agent’; (B) General structures of the phenytoin
derivatives that were found as potential cytotoxic agents using
toxicity simulation in silico (OSIRIS); and (C) The tested
phenytoin derivatives 1, 2, 3 and 4.

antiarrhythmic action of phenytoin, related to its
blocking sodium channels properties®®'". It is low
probability that the alkylating hydantoins (1-4, Fig. 1)
act on the mentioned GPCRs”'' or as bacterial
multidrug resistance modulators because they do not
contain either arylpiperazine®'' or amine-alkyl

moieties in their structures'’. Thus, the new
compounds, being used only as alkylating
intermediates in synthesis, have not been

investigated in any experimental pharmacological
test till now. Their structures were involved in
toxicology training in silico to evaluate toxicity risk
among various derivatives of hydantoin. The training
was performed using OSIRIS bioinformatics tools
(http://www.organic-chemistry.org/prog/peo/), and
the obtained results indicated that the 3-(2-methyl)
acetate derivative 1 and the three bromoalkyl
derivatives of diphenylhydantoin, compounds 2-4
(Fig. 1), displayed high risk of mutagenic and
tumorigenic action and/or moderate risk of irritant
and reproductive effects. Although results of the
OSIRIS simulation had only general and qualitative
character, they suggested potential cytotoxic
properties for the four structures (1-4) which could
be available in various aspects of battle against
cancer diseases. The results of in silico studies
together with those of newest works, describing
anticancer  abilities  of  some  hydantoin

derivatives'>'?, suggested that the new group of

alkylating phenytoin  derivatives should be
investigated experimentally on their cytotoxic
activities. In the present investigation, the
antileukemic activity of the compounds 1-4
mentioned above, were analyzed.

Materials and Methods

Cells

Human histiocytic lymphoma U937 cells and
human promyelocytic leukemia HL-60 cells were
obtained from American Type Culture Collection
(Rockville, MD, USA). U937 and HL-60 cells were
cultured in RPMI 1640 medium supplemented with
10% fetal calf serum (both from Gibco BRL Life
Technologies, Warsaw, Poland), 2 mM L-glutamine
and antibiotic antimycotic solution (AAS) (both from
Sigma Aldrich, Poznan, Poland). AAS contained
20 units of penicillin, 20 pg streptomycin and 0.05 pg
amphotericin B. Every 3" day, the cells were
passaged. U937 and HL-60 cells grew at 37°C in an
atmosphere of 5% CO, in air (HERAcell incubator,
KendroLab, Warsaw, Poland).

Chemicals

The four phenytoin derivatives, methyl 2-(2,4-
dioxo-5,5-diphenylimidazolidin-3-yl)propanoate (1),
methyl 2-(1-(3-bromopropyl)-2,4-dioxo-5,5-diphenyl-
imidazolidin-3-yl)propanoate (2), 1-(3-bromopropyl)-
3-methyl-5,5-diphenylimidazolidine-2,4-dione (3) and
1-(3-bromobutyl)-3-methyl-5,5-diphenylimidazolidine-
2,4-dione (4) were examined (Fig. 1). Synthesis of the
compounds, performed basing on earlier methods®’
described elsewhere’. Purity and identity of the
compounds were confirmed by TLC, spectral methods
(‘H-NMR and IR), elemental analysis and melting
points measurement. The stability of the compounds
in DMSO solution in ambient temperature was
confirmed using TLC (toluene-acetone 40:3) and
'H-NMR (Varian Mercury VX, 300 MHz PFG
instrument, in DMSO, by using the solvent signal as
an internal standard).

Cell treatment with phenytoin derivatives

After a dilution of the cell suspension to a density
of 15x10* cells/mL medium, U937 and HL-60 cells
were subjected to the exposure of four phenytoin
derivatives. The cells were exposed to the action of
these agents at the concentrations of 25, 50, 100 and
200 uM. All tested phenytoin derivatives (1-4) were
dissolved in dimethyl sulfoxide (DMSO, Sigma
Aldrich) and the solutions were freshly prepared
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before their application. The control materials
consisted of untreated U937 and HL-60 cells and
those treated only with DMSO.

Analyses of leukemia cells exposed to phenytoin derivatives

The temporary changes occurring in U937 and HL-60
cells were observed at 24 and 48 h after their exposure to
the phenytoin derivatives. At these two time intervals,
the cell viability, volume and count were assessed. The
spectrophotometric MTT (3-[4,5-dimethylthiazol-2-yl]-
2,5-diphenyl tetrazolium bromide) test and the electronic
Beckman-Coulter method were used.

In viable, metabolically active cells, the tetrazolium
ring of MTT is cleaved, yielding formazan crystals.
Changes in the metabolic activity of cell populations
result in a concomitant change in the amount of
formazan formed'"’. According to the in vitro MTT
assay, the ICsy values for the diphenylhydantoin
derivatives were determined. The ICs, value
represents the concentration of the tested compound
required for 50% inhibition of the cell viability.

The Beckman-Coulter method of cell sizing and
counting is based on the detection of an electrical
pulse which results from the passage of each cell
through an aperture. The amplitude of the produced
electrical pulse depends on the cell volume. The
number of pulses indicates the cell count'®,

In vitro spectrophotometric MTT assay

MTT (Sigma-Aldrich) was dissolved in RPMI
1640 medium, at a concentration of 5 mg/mL, and
filtered through a 0.2 uM filter. Subsequently, 100 uL
of the yellow MTT solution was added to each well of
a 24-well plate, containing 1 mL of the cell
suspension. The cells were then incubated at 37°C
with 5% CO,. A blank solution was prepared
according to the above procedure using complete
medium without cells. After a 3 h incubation period,
the resulting formazan crystals were dissolved with 1
mL of acidified isopropanol (0.05 N HCI in absolute
isopropanol), and the absorbance of the obtained
solution was measured at a wavelength of 570 nm
using a Pharmacia Ultrospec III spectrophotometer
(Pharmacia LKB Biotechnology).

IC5 value determination

Based on the obtained data using the in vitro MTT
assay, the half maximal inhibitory concentration ICs,
values for the phenytoin derivatives 1-4, were calculated
separately, at 48 h after the human leukemia cells
exposure to the action of these compounds. To

determine the ICs, values, the concentration range of the
5,5-diphenylhydantoin analogs was from 25-200 uM.

Measurement of cell size and count

Samples of the leukemia cell suspension were
taken from flasks and immediately diluted in
ISOTON 11 (Beckman-Coulter filtered electrolyte
solution based on 0.9% saline). After the dilution of
the leukemia cell suspension in ISOTON II (1:9),
individual cells were measured using a Z2 Coulter
counter (Beckman-Coulter, Miami, FL, USA). The
volume and count distribution of leukemia cells was
obtained using a counter equipped with a 100 uM
diameter orifice. The flow rate was 500 pL/12.5 s.
The range for U937 and HL-60 cell measurement was
determined as 268-7238 fL. The volume and count of
U937 and HL-60 cells were analyzed at 688-7238 fL
and 717-7238 fL, respectively. The instrument was
calibrated using 10 pM diameter latex beads
(Beckman-Coulter CC size standard). The mean cell
volume and the cell count were calculated using
72 AccuComp software (Beckman-Coulter, Miami,
FL, USA).

Statistical evaluation

All experiments were repeated thrice with duplicate
or triplicate determinations. The data are presented as
the mean values + standard deviation. Statistical
analyses were performed using STATISTICA 10
(StatSoft, Poland). Data were analyzed by one-way
analysis of variance (ANOVA) followed by Tukey’s
honestly significant differences (HSD) multiple range
test. A difference with P <0.05 was considered
statistically significant.

Results

In the present study, the in vitro cytotoxic activities
of the derivatives of 5,5-diphenylhydantoin (1-4)
against U937 and HL-60 cells were assessed.
Different patterns of temporary changes in the
viability (Fig. 2A, Table 1), size (Figs. 2B and 3) and

Table 1—The half inhibitory concentration (ICsy) values
determined at 48 h after the exposure of U937 and HL-60 cells
to the action of the phenytoin derivatives 1, 2, 3 and 4.

Cell line
Phenytoin U937 HL-60
derivative
ICso % SD [uM]
1 >200 162.0+£7.8
2 50.0+2.9 425+2.5
3 71.0+5.2 66.0+9.7
4 49.0+4.3 46.0+1.9
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Fig. 2—Effects of the phenytoin derivatives 1, 2, 3 and 4 on the (A) viability; (B) mean volume; and (C) count of U937 (a) and HL-60
cells (b). [The extent of 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide (MTT) conversion to formazan in the leukemia

cells reflects their viability. Values not significantly different at P <0.05 according to the Tukey’s multiple range test: °, *°,

® oo oo oooo
s

between the groups of leukemia cells treated with the phenytoin derivatives; * compared to control; * between the time points]

count (Fig. 2C) of the leukemia cells were observed at
24 and 48 h after their exposure to the action of the
phenytoin derivatives. The U937 and HL-60 cell
viability and count decreased after the phenytoin
derivatives application. However, compound 1 affected
the viability and count of both cell lines to a lesser
degree than did the agents 2, 3 and 4 (Fig. 2 A and C).

1Csy values, calculated 48 h after exposure of U937
and HL-60 cells to the action of the derivatives 2, 3,
and 4, were distinctly lower than the ICsy value
calculated for the compound 1 (Table 1). The mean
cell volume of the leukemia cells decreased when the
phenytoin derivatives were applied. The lowest value
of the mean cell volume were observed 48 h after
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Fig. 3—The mean volume distribution curves of U937 (A) and HL-60 cells (B) recorded 48 h after exposure to the action of phenytoin
derivatives 1, 2, 3 and 4. [The peaks on the left represent cellular debris, presumably apoptotic bodies and cell fragments, which were
excluded from the analysis of the U937 and HL-60 cell volume]

U937 cells exposure to the action of the agent 2, while
in HL-60 cells after application of the agent 4
(Figs. 2B and 3). The cytotoxic effects of the four
phenytoin analogs depended on the agent given and
its
compound application, and the cell line used (Fig. 2
and Table 1).

concentration, the time intervals after the

Discussion

The chemical structure of the 5,5-diphenyl-
hydantoin analogs was surely responsible for
their cytotoxic activity against U937 and HL-60
cells. The compounds 1-4 differ within two
substitution places at hydantoin ring, a substituent
at position 3 (R') and length of the alkyl chain,
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at position 1 (R?) of hydantoin ring. The derivatives
2, 3 and 4 have a bromoalkyl substituent at
position 1 (R* at hydantoin ring, while the
compound 1 has only a hydrogen atom. Taking
into account the cell viability and count, and the
values of ICsy, it can be generally stated that the
compound 1, lacking bromoalkyl substituent, was
less active than the agents 2, 3 and 4 (Fig. 2 A and
C, Table 1). Chemical structure of the active
derivatives of phenytoin (2-4) underlines their
alkylating properties. Particularly, these compounds
were active in N-alkylation processes, including an
alkylation of amines and amides'"". Organic
synthesis works confirmed successful alkylation
attack of the compounds 2-4 on various primary
and secondary amines'"". Although the present
study does not explain the exact pathways of the
observed cytotoxic actions of the tested derivatives
at the molecular level, it indicates that a main
pathway is based on probable alkylations of
nucleobases within the leukemia cells. This is also
supported by the fact that the compound 1, devoid
of alkylating properties, displayed a significant
decrease of cytotoxic action when compared to that
of compounds 2-4.

Among the bromoalkyl analogs with methyl
substituent at position 3 (R"), the highest antileukemic
activity was found for the compound 4 with
bromobutyl moiety, whereas the cytotoxic activity
was decreased in the case of a shorter propyl chain of
the agent 3 (Fig. 2 A and C, Table 1). The bromobutyl
derivative 4 possibly facilitate the alkylation process
better than the bromopropyl one as the terminated
bromide is placed in some distance from aromatic-
hydantoin core. Position of bromide enables an
efficacious alkylating attack. In the case of the propyl
derivative 3, the distance is smaller and some resistant
effects of 5,5-diaromatic hydantoin may decrease the
N-alkylation action causing a bit weaker cytotoxic
effect. A different profile of cytotoxic action among
the two propyl derivatives (2 and 3) which
corresponds to the type of a substituent at position
3-hydantoin (Fig. 2 A and C, Table 1) was also
observed. The compound 2 has a metylpropanoate
substituent at position 3 (R"), while the analog 3 has
only the methyl group. The obtained results indicated
that the methyl substituent, at lower concentrations,
25 and 50 pM, is less profitable for the cytotoxic
action than the ester (methylpropanoate) fragment
(Fig. 2 A and C, Table 1).

Conclusion

To summarize, the structural modifications of
5,5-diphenylhydantoin ~ were reflected in the
different leukemia cell response to the action
of its four derivatives methyl 2-(2,4-dioxo-5,5-
diphenylimidazolidin-3-yl)propanoate (1), methyl 2-
(1-(3-bromopropyl)-2,4-dioxo-5,5-diphenylimidazolidin-
3-yDpropanoate (2), 1-(3-bromopropyl)-3-methyl-5,
5-diphenylimidazolidine-2,4-dione (3) and 1-(3-
bromobutyl)-3-methyl-5,5-diphenylimidazolidine-2,4-
dione (4). These are the first data comparing the
antileukemic activities of the phenytoin analogs
which differ within the two substitution places, 1
and 3 (R' and R at hydantoin ring. The precise
mechanisms of their action on pathological
hematopoietic cells remain still unclear and require
further studies.
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