Electron J Biomed 2012;1:26. Hernandez et al. EFFECT OF BROMINE ATOMS NUMBER ON THE CYTOTOXICITY ...

Flewsta Electr” nicayde’Biomedicinay.

'Eie:tFEﬁl

I SSN: 1697-090X
Inicio Home

Indice del

Comité Editorial
Editorial Board

Comité Cientifico
Scientific
Committee

Normas para los
autores
Instruction to
Authors

Derechos de autor
Copyright

Contacto/Contact:

-]

GrASNarHiameticing,

EFFECT OF BROMINE ATOMS NUMBER ON THE
CYTOTOXICITY OF TWO 2-FURYLETHYLENE
DERIVATIVE SUBSTANCES
IN NORMAL AND TUMORAL CELL LINES.

10scar Hernandez PhD, 1Yudiska Martinez MSc, 2Héctor Pimentel MSc,
1Llanetsy Llanes, 3Giselle Pérez PhD, INayadis Vazquez, 1Sandra Fernandez,
1Quesada Lidice, 1Aime Debesa

1Centro de Inmunologia y Productos Biolégicos (CENIPBI),
Universidad Médica. Camaguey.
2Centro Provincial de Genética Médica. Camagliey.
3Centro de Bioactivos Quimicos (CBQ).
Universidad Central de Las Villas. Villa Clara.
Cuba

oscar.hernandez1964 @ yahoo.es

Rev Electron Biomed / Electron J Biomed 2012;1:26-36

Comment of thereviewer Prof. Pilar Mufiiz Rodriguez PhD. Titular del Area de Bioquimicay Biologia Molecular dela Facultad

de Ciencias de la Universidad de Burgos. Espafia.

Comment of thereviewer Prof. Francisco Abad Santos Clinical Phar macology. Hospital la Princesa. Departamento de

Farmacologiay Terapéutica de la Facultad de Medicina. Universidad Auténoma de Madrid. Espafia

SUMMARY: The study was performed to investigate the effect of bromine atoms number present in two tested substances
derivatives of 2-furylethylene on cell proliferation. The substances carrying one or two Br atomswere coded asMA and G1
respectively. The neutral red uptake (NRU) assay and mitotic index (M) were used for this purpose.

The presence of two bromine atoms on the molecule of G1 inhibited markedly the cytotoxicity of this composite. For CHO cell
line, the | C5q valueswere 256.6 uM for G1 and 134.5 uM for MA; whereasin SK MEL -3 (human melanoma) cell line, the IC g

were413.4 uM and 264.1 pM for G1 and MA respectively. The | C5q values obtained in both cell lines wer e higher than 100 uM
and showed no specificity for tumoral cells.

The M| obtained with the G1 composite showed no significant differences with phytohaemoglutinine used as positive control.
Theanti-proliferative effect and M| wererelated with the number of bromine atoms on the molecules assayed. Another
experiment was conducted with the MA product to obtain information about the acute oral toxicity class methods. The tested
compound was classified in the 3th toxicity classwith a fixed LD (50) cut-off value of 200 mg/kg of body weight.
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RESUMEN: EFECTO DEL NUMERO DE ATOMOS DE BROMO EN DERIVADOSDEL 2-FURILETILENO SOBRE LA
CITOTOXICIDAD DE LINEAS CELULARESNORMALESY TUMORALES.

El objetivo del estudio fueinvestigar el efecto que tiene el nimer o de &omos de bromo presente en dos sustancias derivadas del 2-
furiletileno sobrela proliferacion celular. Las sustancias portando uno o dos atomos de bromo en su molécula se codificaron
como MA y G1respectivamente y su efecto sobre laslineas celular es se evalué mediante las técnicas de captacion derojo neutro
(CRN) y del indice mitético (IM). La presencia de dos atomos de bromo en la molécula del G1 inhibié marcadamentela
citotoxicidad de este compuesto, para lalinea celular CHO (ovario de hdmster chino) losvalores de | Csy fueron 256.6 uM parael
Gly 1345 uM parael MA; mientrasqueen lalinea SK MEL -3 (melanoma human), los valores de | Cgq fueron 413.4 uM y 264.1
MM parael G1y MA respectivamente. Los valoresde | Cx obtenidos por estos compuestos en ambas lineas celulares fueron
superioresa 100 UM y no mostraron especificidad por lalinea tumoral.

El IM obtenido con el compuesto G1 no mostr 6 diferencias significativas con la fitohaemoglutinina, empleada como control
positivo del ensayo. El efecto anti-proliferativoy el IM estuvieron relacionado con €l nimer o de &tomos de bromo en las
moléculas ensayadas. Por otra parte un estudio llevado a cabo con el compuesto MA brind6 informacion sobrela toxicidad
aguda del mismo utilizando el método de las clases, clasificandose este producto en la clase 3 con un valor de corte LD (50) de
200 mg/kg de peso corporal.

PALABRAS CLAVE: Bromo. Citotoxicidad. Toxicidad aguda. i ndice mitético. Furiletileno. CHO.

INTRODUCTION

Since the 1990's, 2-furylethylene derivatives have been regarded as an interesting range of biological active compounds. They are
one of the useful classes of synthetic agentswith a wide range of biological activitiesincluding, antibacterial, antifungus and
antiprotozoal propertiesl-4. The 2-furylethylenes, also known asvinylfuransor ethenylfurans, are derivatives of the ethene
whereafuran ring isattached to one of its carbon atoms (the ? carbon). The presence of a nitro group at position 5 of the furan
ring in most of the 2 furylethylenes reported in literature until the 1980's, limited the use of these compounds because the
aromatic nitro compoundsin general, and nitrofuransin particular, have mutagenic and car cinogenic propertiesS6. Subsequent
studies opened a novel opportunity for these compounds, because it demonstrated that the presence of a nitro group at position 5
of thefuran ring isnot a necessary condition for the development of the antimicrobial activity of such chemicals’-8.

The (1-(5-bromofur-2-yl) nitroethene) and (1 (5 bromofur 2 yl) 2 bromo 2 nitroethene) coded for this paper asMA and G1
respectively are a synthetic 2-furylethylene derivatives. They have one or two bromine atoms added into the molecule and were
used in thisstudy in order to comparetheir effect on the biological activity changes. The addition of bromine atomsin different
combinations could cause diver se responses due to the atomic mass of this element (79,904). The position and number of the
bromine atoms on the structure of several natural®1! and synthesized12-13 compounds has attracted the attention of many
biomedical research in order to use these compoundsin future human health treatments. Some of these works show that
bromination and the position of this atom over those substances increased the cytotoxicity of the compounds tested14-15, Other
results have shown that chemical modificationslike a substitution of bromine or iodine has a significant effect on the binding
properties of the product to DNA16-17,

There has been recently an increasing interest in controlling macromolecular conformations and inter actions through the adding
of halogen bonding to sensitized compounds. Halogen bonds ar e favor able electr ostatic inter actions between polarized,
electropositive chlorine, bromine or iodine atoms. An halogen bond isa mainly an electrostatic interaction between a classic
hydrogen bond acceptor, such asthe electronegative O, N or S8, Thissort of bond seemsto play arolein binding and
recognition similar to that in the thyroid-related hormones, a diversity of short X---O interactions (X = halogens) that are
involved in protein/ligand recognition®.

Thein vitro systems areideally suited for investigations of the molecular, cellular and physiological mechanisms of chemically
induced toxicity; the main justification for developing in vitro toxicity testsisthat they will make toxicology a more scientifically
based practice. It iseven more obvious that the development and incor poration of stepwise testing strategies, combining
experimental data from arange of alter native methods (metabolic and kinetic modeling, quantitative structur e-activity
relationships- QSAR, and in vitro tests), provide the most advanced way to predict toxicity, reducing at the sametimethe
number of laboratory animalsused for testing.

Moreover, the costs of assessing potential health effects of around 200,000 substances per year that are newly identified or
synthesized requir e alter natives methods of analysis. But we must be sure that the obtained resultswith these alter native
methods arereliablein order to substitute or reduce the number of testsin animals. In thisinvestigation we used an in vitro
system as an alter native method to evaluate the bromine atoms number effect on cellular toxicity of these 2-furylethylene
derivatives using normal and tumoral cell lines.

MATERIAL AND METHODS.
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The experiments were carried out at the Molecular and Cell Biology Department and at the Animal Housing Laboratory of the
Centro de lnmunologia y Productos Biolégicos (CENIPBI) at the Universidad de Ciencias M édicas" Carlos J. Finlay" in
Camaguey, Cuba.

1.-Synthetic product used in the trail

The substancestested wer e coded as M A 1-(5-bromofur-2-yl) nitroethene and G1 (1 (5-bromofur-2-yl)-2-br omo-2-nitr oethene) a
2-furylethylene derivatives synthesized and gently offered by the group of chemical synthesis of the Centro de Bioactivos
Quimicos (CBQ), at the Universidad Central deLas Villas, Santa Clara, Cuba. Its global formulasare: CgH4BrO3N and
CgH3Br,03N for MA and G1 respectively. Both of them consisted of a yellow crystalline powder and its purity was certified by
analytical testing to be higher than 99.0% in both cases. The molecular formulas of these composites ar e showed below:

2.-Céll linesand culture conditions

To assess the cytotoxic effect of the synthesized composite we used CHO-K 1 cell line (Chinese Hamster Ovary), purchased from
ECACC (N°85050302), and SK-MEL -3 (ATCC N°HTB-69) a human melanoma cell line, kindly given by the Centro de
Inmunologia Molecular, Havana, Cuba. RPM1 1640 medium (Gibco 31800-014) supplemented with 10% Fetal Bovine Serum
(Gibco-BRL, Grand Isand, NY, USA) and 2 mM glutamine piruvate without antibiotic was used for thiscell line.

Thecellular suspensions wer e obtained from a 25 cm? flask at 70-80% final confluence. The detached cells by tripsine solution
treatment (0.125%, 53 mM EDTA in PBS 1X) during 3 5 minutes at 37°, were counted in a Neubauer camera using the trypan
blue dye exclusion test.

The viability was higher than 90% in all assays. The cells density used varied between 20 and 30x103 cells/well in 96 wells plates
(COSTAR N°-402037310) seeded at 100 pl final volume. The plates wereincubated in 100% humidity and 5% CO2 atmosphere
at 37°C, during 24 hour s before the treatment application to permit the cellular adhesion to the bottom plate.

3.- Animals

Wistar Rats, SPF from Laboratory Animals Breeding Center, CENPALAB, (Cuba). Age: 35 - 41 days, weight 101-125 g.
Microbiological status: free from ecto and endoparasites, mycoplasms and pasteurellae. 30 females wer e supplied by airplanein
rats boxes and acclimatized (22 + 3°C; 50 + 10%) for 1 week in the Animal Housing L aboratory (CENIPBI).

During the experiment, animals wer e housed in polycarbonate cages Type 4 (3 rats/cage) on sterilized wood shavings as a
bedding. Room temperature and humidity wereregulated at 22 + 3 °C and 50 + 10%). Lighting conditions: Fluor escents lamps,
with a sequence of 12 hoursof light and 12 hours of dark. Air flow rate 0,5 m/s above cages.

Feeding: A commercial diet (8 mm pellet) manufactured by CENPALAB, Havana, Cuba (I SO 9001 Certified L aboratory) was
heated for 20 min at 110 °C, and available ad libitum. Drinking water: acidic sterilized water, ad libitum.

Experiment performed from July 7 to July 22, 2010 using 9 rats/experiment.

The behavioral parameterswere measured asindicated by OECD 423 guideline.

4.-Experimental Design

4.1.-Cytotoxic Test

The neutral red uptake (NRU)20 was selected from the different in vitro tests described to evaluate the cytotoxicity. Prior to each
experiment the test substances wer e dissolved in a (DM SO/ETOH) (v/v) mix and immediately diluted into medium. During drug
exposure the concentrations of DM SO/ETOH mix, in treated and control wells, were kept below 0.1%. We prepared a 500 mM
main solution of the product to then make the following doses: 400, 300, 250, 200, 100 and 50 uM after wards, the doses and
control solutionswerefiltered using 0.45 and 0.22 uM membranes. The negative control wasthe RPM| medium with 0.1% of the
diluent used (DM SO/ETOH) without the test substances. As a positive control 10 ?g/ml of 5-fluorour acile (5-FU), was used. The
testswerecarried out in triplicate (3 wells/dose) during 72 hours. To keep the optimal concentrations and cultural conditions 100
I of the medium wer e changed daily, containing the adequate doses, including controls. The optical density wasrecorded in an
ELISA reader plate equipment (Lab Systems MULTISKAN Plus) at 540 nm wavelength. A lineal regression method was used to
determinethe 1 Csy value?l-22, using Prism; GraphPad Softwar e (5.02 version).

4.2.-Determination of Mitotic Index (MI)
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The mitotic index was used to deter mine the cell division rate and to compar e the potentiality of MA and G1 to inhibit mitosis.
To allow the occurrence of morethan onedivision cell cycle, the product concentrations used in the M| test was below the | Cgg
value determined in previous cytotoxicity experiments (50 and 150 uM for MA and G1 respectively). Weused a CHO cell line
for thistest and it was performed in 35 mm dishes (MERCK 402/0455/02) using three dishes by treatment. After incubating for
48 hoursat 37 ? and 5% CO2, the cells wer e detached by means of a 0.125% tripsine solution and the Verma and Babu (1995)
protocol was used to obtain the metaphases?3,

Randomly selected views and non-over lapping cells on the slides wer e monitor ed to determine the number of dividing cells
(metaphase stage) and the total number of cells using an Olympus BX51 microscope. 1000 cellg/dish wer e examined in each
treatment. Mitotic index values ar e expressed as% in this study by means of the formula showed below.

Ne of mitosis
o 1000

x100

Asa positive control we used 180 pg/ml of mitotic inductor phytohemoaglutinine (REMEL -E, HA15/3085 2701), in the
concentration suggested by the supplier.

4.3.-Acute Toxic Class M ethod

Theonly product used in thistest was MA, it wasdissolved in 1 ml of vegetable sunflower oil. The Acute Toxic Class M ethod
began with 300 mg/kg body weight, asindicates the OECD 423 guidelinein the case of absence of previous data of toxicity.
Taking into account the 300 mg/kg b. wt. results we needed to administer a second dose of 50 mg/kg b. wt. The test substance was
administered in a single dose by gavage using a suitable intubation canula. The negative control was constituted by a group of 3
animalsthat only received sunflower oil without the test substance. Once the administration of the product began, we obser ved
theanimals during the first four hourswith special attention, in the first 30 minutes.

During 14 days after administration, clinical examinations wer e performed daily, and body weights were measured before
dosing and on days 1, 7, and 14, according to the guidelines previously mentioned. The animals wer e checked for mortality,
general state, external appear ance, behavior, and clinical symptomslike: itch, dyspnea, depositions, skin and mucousirritation,
violent disturbances, and others.

All signs and symptoms wer e tabulated for each animal including the hour and date when they started and/or disappeared. The
date and hour of animal death during experiment were also registered. At the end of thisperiod (14 days), thelive animalswere
euthanized by injecting an overdose (thr ee times the anesthetic dose) of sodium thiopental (60 mg/kg b. wt.) intraperitoneally
and necropsied. The organs from animalsthat died and from those that survived wer e collected for gross macroscopic
examination of organs and tissues (heart, kidney, spleen, lung, liver and stomach), which was performed at the Anatomy
Department at the Regional Veterinary Clinicin Camagiey, Cuba.

5.-Statistical analysis

The statistical analysis was performed with SPSS 15.0 for windows. The data wer e submitted to a parametric one-way analysis
of variancetest (ANOVA) and the Tukey's multiple comparison post-tests. The data wer e expressed asthe means+ S.D. of three
independent deter minations.

Todeterminethe statistical significance between treatments at Mitotic Index assay we performed a non parametric test
(proportions comparison test). The differences were consider ed significant at p<0.05.

RESULTS

1.- Citotoxicity

We wanted to comparein vitro cytotoxicity of two out of five members of the family taking into account the quantity of bromine
atoms on the molecular structure (Figure 1).

/\ /\ Br

B @) 7 NO, BF O 7 NO,

Figure 1. Molecular structureof MA (left) and G1 (right) test substances.

The G1 composite contains two atoms of this element, one on thering and the other in position 2 of the lateral carbon chain

http://biomed.uninet.edu/2012/n1/hernandez.html
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outsidethefuran ring; on the other hand MA hasonly one bromine atom at the furan ring.

Figure 2 and 3, show the dose response curvesfor both productsin CHO and SK-MEL -3 cell lines respectively.

150 CHO
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Figure 2. Dose response curve obtained by G1 (blueline)
and MA (red line) test substancesin CHO cell line using NRU method.
Experimentswere madein triplicate during 72 hours. Each point represents+ SD
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Figure 3. Dose response curve obtained by G1 (blueline)
and MA (red line) test substancesin SK-MEL -3 cell line using NRU method.
Experimentswere madein triplicate during 72 hours. Each point represents+ SD.

The use of two different cell lines gave usinformation about the effectiveness of the test substances (G1 and MA), against cell
linesfrom different tissues. Our results demonstrate that both cell lines show dose-dependent response to these substances
administrations, with significant differencesin proliferative responses between MA and G1 (p=0,021) in CHO cdll line. But
surprisingly, in SK-MEL-3 cell line (figure 3) no significant differ ences wer e shown (p=0,335) on cell proliferation inhibition
between these compounds, maybe due to a higher resistance of thistumoral cellsto the treatment with this composites as
observed in others experiments?4.

The growth inhibitory activity as | Cgq of compounds G1 and MA evaluated in both cellslines arerepresented in Table 1.

http://biomed.uninet.edu/2012/n1/hernandez.html
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Cell lines MA G1
CHO 134.5 256.6
SK-MEL-3 264.1 4134
Drug exposure was continued for 72 h.

Table 1.- ICgy (UM) valuesfor compounds MA and G1 determined by lineal regression.

We can observein both cell linesthe higher anti-proliferative effect of MA product showing the lower |Cs value, when
comparing with G1.

On the other hand, the higher | Csgvalues obtained for SK-MEL -3 (a human melanoma cell line) compared with the
| Cgpobtained in CHO (non tumor cell line) evidenced first the non tumor specific action of these products over the tumoral cell

line here used, and secondly, the low efficacy of these synthesized compounds taking into account the high (> 100 uM)
concentrations needed to be 50% cytotoxic in both cell lines.

2.- Mitotic Index

Mitotic index isusually represented as the percentage of cells undergoing division of thetotal number of cells. For those reason
two member s of the 2 furylethylene family with one and two bromine atoms (see figure 1) were employed to comparethe
bromine atom number effect on the cell cycle division.

Figure 4 representsthe media values of mitotic index obtained from experiments madein triplicate with their standard

deviations.
CHO
—~ 7,00
S A7 b 4,79b
x r
3 500 | 3573 T
£ i
S 400
S 3,00
=
S 200 1,04¢
T
1,00 0,12¢ I
0,00 I — == . |
NegCont Phyto 5FU Gl MA

Figure4. Mitotic Index (M) valuesto assess a cellular division
inhibition in CHO cellstreated for 48 hourswith MA and G1. 1000 cells wer e counted
in each treatment and the M| was calculated by a formula showed in materials and methods.

The stimulating effect (5,47%) of phytohaemoglutinine, a commer cial mitotic inductor at 180 ?g/ml was evidenced when we
compared it with cellsgrowing in presence of the diluent vehicle without the test substances as a negative control (3,57%).

I nteresting results wereto comparethe M| between MA and G1 products. Surprisingly on the G1 product which hasatwo
bromine atoms, showed significantly to stimulate the CHO cellular division compared with the negative control (p = 0.001). On
the other hand the MA substance with only one bromine atom linked to the furan ring, markedly decreased the mitotic index, a
useful marker of cell cycledivision inhibitor and showed a significant deference with G1 (1,04 vs 4,79 respectively).

3.-Acute Oral Toxicity Test

http://biomed.uninet.edu/2012/n1/hernandez.html
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Different 2-furylethylene derivatives products are in studies by their antifungus and antimicrobial properties among othersbut,
the MA product once of the most recent derivative obtained does not present any toxicological data. The results obtained
recently with thisproduct at in vitro cytotoxicity test incentive usto carry out the preclinical studiesto obtain toxicological
information about it, performing the acute oral toxicity class methods.

3.1.-Clinical manifestations astoxicity criteria

At doses of 300 mg/kg b.wt., all animals presented a series of toxic signs. It goes from loss of balance, loss of mobility, respiratory
upsets (dyspnea), lethar gy, pilo erection and cyanosis, up to the coma and prostration until to reach death. All theserats died
between 2 and 6 hoursfollowing administration of MA product. Gross necropsy revealed some evidence of acute gastritis and
gastrointestinal tract distention. Congestion and some little hemorrhagic area in the lungs wer e found but not bleeding and
intestine distention was consistently found in one individual. All controls survived the 14 daystrial and did not exhibit gross
evidence of hemorrhage.

We proceeded to perform another experiment with alower doses recommended by guideline. Few minutes after doses
application of 50 mg/kg b.wt., the animals presented some light signsasrespiratory discomfort and itch which disappeared two
hours after. In this case the product did not cause any death. The surviving rats wer e sacrificed on day 14 of the experiment. At
necropsy, theratswerein good body condition, and neither macr oscopic damages wer e obser ved on the organs selected for
study nor evidence of starvation or dehydration.

To confirm theresults obtained with 50 mg/kg b.wt. doses, and as recommended by guidelines (OECD423) we perfor med
another experiment at the same doses.

The statistical results for p<0.05, show no significant differ ences between the groupsin any of the studied organs. Together with
the anatomic pathologic information registered, it corroborates the non toxicity of this product to these doses of 50 mg/kg b.wt.

3.2.-Body weight astoxicity criteria

Body weight data are depicted in figure 5. The ANOVA and Tukey's post test performed for n=3 and p<0,05 showed no
significant differences (p=0,341) in body weight among groups. However, we found significant differences (p = 0,002) in the body
weight gained between the experiment start day (day zero) and the day 14, which makes evident the non toxicity of the MA
product at this dose.

200
& 180
et
=
oo
‘v 160
2
5
o 140
o
120
100 . . T |
0 1 7 14 days
e N et Fxp 1 (50mg) ==t=Exp 2 (50mg)

Figure 5. Growing curves comparison between control and two experiments carry out with 50 mg/kg b.wt.
of MA test product by 14 days. The experiment was perfor med following the OECD 423 guidelines.
To determine significance differ ences between groupsthe ANOVA and Tukey's post test was performed for n=3 and p<0,05.
Body weight media value + SD are show.

According to the acute toxic class method, the tested compound was classified into the third toxicity class (>50-300 mg/kg b. wt.)
with a fixed L Dgg cut-off value of 200 mg/kg b.wt.

Thisin vivo toxicity results well corroborate the in vitro outcomes using cell lines, becausein previous studies (no published
results) performed in rat, the L Dggy of G1 product showed a significant higher value (1856.3 mg/ kg b.wt.) compared with MA

http://biomed.uninet.edu/2012/n1/hernandez.html
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(200 mg/kg b.wt.) using acute toxic class method.

Although it is certain that we employed two different methods to evaluate the in vivo toxicity by using rats, is obviousthat the
monobrominate product (MA) is quite moretoxic than the product that carriestwo atoms of brominein their structure (G1).

DISCUSSION

It isknown that several aromatic nitro compounds are mutagenic inductors asthe result of electrophilic attack of the purinic
basesin DNA by the activated nitrogen, which causes chemical modifications over DNA molecule?>. In the case of the 2-
furylethylene derivativestested, a nitro group placed outside of the furan ring gener ates significant changesin the physical
chemical, chemical and biological properties, different from the 5-nitrofurylethylen compositest.

The addition of specific chemical groupsto the 2-furylethylene derivativesin preceding studies had the purpose of investigate the
specific variations of biological properties (bactericide, antifungal or antitumoral). The bactericide and antifungal activity of this
family have been provedl3. However, by using cell linesthe cytotoxic effects evidencing the antitumoral potential of these
products have not been demonstrated yet.

Two main properties characterize the wide number of well established antitumor commercial agentsor even under resear ches at
present. First, its need to be highly specific by tumor cell lines and second its most shows a very low | Cggvaluesin the range of
nM and never higher than 10 uM. Well known products like Cisplatine, Doxor ubicine, 5-Fluoruracile evaluated in MCF-7
breast carcinoma cellsline, the Placliex, Taxol and Placlitaxel assessed in ten different tumor cell linesand Vincristina,
Placlitaxel in four cervical carcinoma cell lines?6-28 all of them wer e always quite effective at very low doses under 10uM and
showed to be specific by tumor cell lines.

Contrary to the previousresults mentioned before, the | Cggvalue obtained with these compoundsin both cell lines suggests that
the addition of another bromine atom (at C-2 position of the lateral carbon chain outside the furan ring) in the G1 product
caused a loss of cytotoxic activity, maybe because the inter actions of halogen bounds between the two bromine atoms on the test
substance affect the direct halogenation of some target molecules no yet identified.

One of the most important properties of the product to be selected as antitumoral drug isthe mitotic index value. The M1
variable obtained at in vitro cell culture experimentsis used by several authors as a measure of efficiency of the test substance?®-
31, We believe that the lowest toxicity of G1 with respect to MA arises from their different geometries. If these two molecular
speciesinteract directly with their biological substrates, not yet identified, two different types of complexes are expected for, one
less active than the other one. Or perhaps, in the G1 solution, molecules of G1 interact between them mor e efficient, forming
complexes by means of halogen bounds between two Br atoms and the nitro group of the lateral carbon chain. The formation of
these G1 complexes can reduce the effectiveness of this substance on the target molecules, rendering it less effective than MA.

Thiswork isthefirst in vitro cytotoxicity report comparing the efficacy of 2 furylethylene derivatives with different numbers of
bromine atomson cell proliferation. Other experiments must be performed to establish the structure activity relationships
(SAR) of these 2-furylethylene derivatives over this molecules activity.

Now a plausible explanation cannot be offered for such a difference between G1 and M A products but nonetheless, this work
serves as a warning that intermolecular forces such as hydrogen bonds, salt bridges and van der Waal'sforcesare critical
determinants of biological structureand function. For that reason, it isnot surprising that intense efforts had been dedicated to
the under standing of how these for ces contribute to enzymatic reactions, protein folding, and ligand binding; in order to use
them mor e effectively to control biological recognition.

CONCLUSIONS

The presence of two bromine atoms on the molecular structure of 2 furylethylene derivative decreased de cytotoxic effect of
these products evidenced by de results obtained with the G1 composite in both cell lines. Nevertheless neither MA nor G1
showed specificity for tumoral cellswith ICgghigher than 100 pM.

The compound tested (MA) was classified to 3th toxicity classwith fixed L Dg cut off value 200 mg/kg.
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Comment of thereviewer Prof. Pilar Mufiiz Rodriguez PhD. Titular del Area de Bioquimicay Biologia Molecular dela Facultad
de Cienciasdela Universidad de Burgos. Espafia.

Hernandez y cols. realizan estudios sobr e €l efecto de dos compuestos derivados del 2-furiletileno, como citostaticos. En este
trabajo, continuacion de estudios previos, observaron que el nimer o de atomos de bromo en e 2-fueriletileno esta relacionado
con el efecto antiproliferativoy sobre el indice mitético en dos lineas celular es tumor ales, una de epitelio ovarico de Hamster y
otra de melanoma humano.

Estos estudiosde gran interés en el campo de los citostaticos contribuyen a un mayor entendimiento de la actividad biol6gica de
estos compuestos sintéticos, y como la modificacion de alguno de sus sustiyentes puede mejorar dicha actividad.

Comment of thereviewer Prof. Francisco Abad Santos M D, PhD Clinical Phar macology. Hospital la Princesa. Departamento de
Farmacologiay Terapéutica de la Facultad de Medicina. Universidad Auténoma de Madrid. Espafia

This paper comparesthetoxicity of two compoundswith similar chemical structure and findsthat adding a bromide reduces
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toxicity. It could be a way to get a drug with the same efficacy and better safety.

Nowadays, it is possible that adding a bromide could also reduce the efficacy of the compund; so it requiresfurther evaluation in
other models.
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