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ABSTRACT

Purpose: To evaluate the antitumor effect of acetone cyanohydrin in Ehrlich ascites tumor cells in vitro. Methods: The Ehrlich
ascites tumor cells and lymphocytes were incubated with different concentrations of acetone cyanohydrin (0, 0.5, 1.0, 2.0, 10.0, 20.0
and 30.0 pg.mL™"), After 1, 2, 3, 4, 18 and 24 hours cell viability tests were performed by the trypan blue method. Results: The results
demonstrated a dose-dependent cytotoxic effect against the cells of Ehrlich ascites tumor. The concentrations of 20 and 30 pg.mL"!
was 100% of cell death in only 1 and 2 hours respectively. In lower doses of 0.5, 1.0 and 2.0 pg.mL"' the cytotoxic effect was less
intense, increasing gradually with time. Conclusions: At low concentrations of 0.5, 1.0 and 2.0 pg.mL"', more than 90% of cell death
was observed only after 24 hours of incubation which is the evidence that the tumor cell has the ability to poison cumulatively and
irreversibly itself with the acetone cyanohydrin when compared with the results presented by human lymphocytes that the same doses
and at the same time of incubation reached a maximum of 30% of cell death, suggesting an activity of rhodanese differentiated
between the two cells.
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RESUMO

Objetivo: Avaliar o efeito antitumoral da acetona cinidrina em células do tumor ascitico de Ehrlich in vitro. Métodos: Células do tumor
ascitico de Ehrlich e linfocitos foram incubadas com diferentes concentragdes de acetona cianidrina (0, 0,5, 1,0, 2,0, 10,0, 20,0 ¢ 30,0
pg.mL™), depois de 1, 2, 3, 4, 18 ¢ 24 horas foi verificada a viabilidade celular atravéz do método de azul de trypan. Resultados: Os
resultados demonstraram um efeito citotoxico dose dependente frente as células do tumor ascitico de Ehrlich. Nas concentragdes de 20
e 30 ug.mL" ocorreu 100% de morte celular em apenas 1 e 2 horas respectivamente. Nas doses mais baixas de 0,5, 1,0 ¢ 2,0 pg.mL" o
efeito citotoxico foi menos intenso, aumentando gradativamente com o tempo. Conclusdes: Nas concentragdes baixas de 0,5. 1,0 ¢ 2,0
pg.mL!, foi observado mais de 90% de morte celular somente apos 24 horas de incubagdo o que evidéncia a capacidade da célula
tumoral de se intoxicar de maneira irreversivel e acumulativa com a acetona cianidrina, quando comparadas com os resultados apresentados
pelos linfocitos humanos que nas mesmas doses e nos mesmos tempos de incubag@o atingiram um maximo de 30% de morte celular, o
que sugere uma atividade de rodanase diferenciada entre as duas células.

Descritores: Carcinoma de Ehrlich. Acetona. Neoplasias. In vitro.
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Acta Cirurgica Brasileira - Vol. 25 (1) 2010 - 111



Ramalho RT et al

Introduction

The cyanide is a common substance in the environment
and both men and animals can be exposed to it through different
means including water, and acrylic plastics, cigarette smoke and
cyanogen plants. These are important sources of cyanide in the
form of cyanogen glycosides practically stable in environmental
conditions. From these, the Linamarin and Lotaustralin are known
to be present in cassava, a species of Manihot sp'.

The Acetone Cyanohydrin is also known as 2 - methyl
Lactonitrile or o - Hydroxisobutironitrile. It is an aqueous liquid,
colorless, with mild odor of almonds and miscible in water. It is
used commercially in the manufacture of acrylic (poly methyl
methacrylate). Acetone Cyanohydrin has the molecular mass of
85.11, density 0.925 to 25 °C and melting point of -19 °C. It is
capable of spontaneous release of cyanide depending only on
the pH.

As exposure to cyanide is inevitable due to natural
cyanogen compounds, many organisms have developed pathways
that allow them to make the detoxification of this compound.
However, when the amount of cyanide is superior to that which
natural detoxification mechanisms are able to eliminate, the
possibility of cyanide poisoning is considered. The cyanide, once
absorbed, is distributed rapidly by red blood cells and the tissues.
The detoxification occurs through the combination of cyanide with
sulfur (S) to form thiocyanate. This combination can occur through
reactions catalyzed by rhodanese. The thiocyanate, made less toxic,
is eliminated via the kidney**. The detoxification occurs in all
normal human cells but cancer cells, which have a low activity of
rhodanese become vulnerable to the toxic effect of cyanide’.

Most current studies involving cyanogenic substances
concerns Linamarin or Amygdalin and they found no report of the
use of Acetone Cyanohydrin as an antitumor. The purpose of the
study was to evaluate the antitumor effect of Acetone Cyanohydrin
in Ehrlich Ascites Tumor cells in vitro.

Methods
Treatment

It has been used as a source acetone cyanohydrin
Sigma-Aldrich with 99% purity.

Donor animals

We used male Swiss mice weighing 20-30g, inoculated
with the Ehrlich Ascites Tumor (EAT) obtained from animals
carrying the same tumor, donated by Dr. Denise Fecchio researcher
of the Department of Pathology, Faculty of Medicine, UNESP,
Botucatu, SP, Brazil. The mice were maintained and multiplied in the
biothery of the Dom Bosco Catholic University (DBCU), Campo Grande,
MS, Brazil. All procedures were performed in accordance with the
Research Ethics Committee of DBCU (Protocol No. 048/2008A).

Neoplasia
For obtaining and maintaining the tumor cells were
followed the protocols of the Department of Pathology, Faculty of

Medicine, UNESP, Botucatu were followed®. The mice were
euthanized with excessive dose of inhaled anesthetics. After that, a
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peritoneal lavage with 3 mL of saline was conducted, and then it
was removed by suction of the 3 mL saline. The cell suspension
obtained was centrifuged, the supernatant was discarded and the
pellet resuspended with 3 mL of saline. The suspension tested the
viability of cell throught the exclusion of trypan blue. Then, it was
determined the number of cells in Neubauer chamber.

Collection of human lymphocytes

The lymphocytes were obtained from human blood as
approved by the Ethics Committee in Research of DBCU. Blood
was collected from healthy volunteers aged between 18 and 40
years, who were not making use of drugs, tobacco and alcohol. The
blood was collected from the antecubital vein between 7:00 and
10:00 in the morning in heparinized tubes and sterile conditions.

Isolation of lymphocytes

The blood collected was mixed by inversion. Blood
(7 mL) was slowly placed in a centrifuge tube containing 3 mL of
Ficoll-PaqueTM Plus and centrifuged for 30 min. to 1000g. Then
the lymphocyte cloud was taken with Pasteur pipette and washed 3
times with the medium culture Dulbecco’s Modified Eagle's
(DMEM) not supplemented. Then, the lymphocytes were used for
cell culture’.

Experimental design

Cells preparation and culture

The suspension obtained from the EAT and lymphocytes
after being washed were resuspended in medium Dulbecco’s
Modified Eagle’s (DMEM) supplemented with 5% fetal bovine
serum and the suspension adjusted to 1.0 x10° cells.mL"".

After adjusting the concentration of 1.0 x10° cells EAT
the suspensions and the lymphocytes were separated into
aliquots of 1.0 mL and cultured with 0 (control), 0.5, 1.0, 2.0, 10.0,
20.0 and 30.0 pg of Acetone Cyanohydrin in DMEM supplemented
with 5% fetal serum, with a pH between 7.0 and 7.2. After 1, 2, 3,
4, 18 and 24 hours cell viability tests were performed, and this
procedure was repeated twice in duplicate.

Determination of cell viability

Test of exclusion of trypan blue

Cell viability was assessed using the Test of Exclusion of
trypan blue, which is based on a test of membrane integrity. We
used a 1:2 dilution of the culture of cells in the trypan blue and then
the counting of the cells made in a Neubauer hemocytometer being
considered live cells (viable) the ones which exclude the trypan
blue and dead cells (not viable) the ones which incorporate the
dye. The result was expressed in percentage.

Statistical analysis

The results were analyzed by ANOVA with two variables.
When the differences between the average were significant
Bonferroni’s test was applied. The significance level was 5%
(p <0.05).
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Results

The results showed cytotoxic effect for tumor cells in all
concentrations of Acetone Cyanohydrin. It was also found
dose-dependent effect, ie the higher the dose tested the highest
cytotoxic effect on these cells (Figure 1). In human lymphocytes
less intense cytotoxic effect was observed, but also with dose-
dependent effect.

In 20 and 30 pg.mL"' concentrations was found the most
intense cytotoxic effect leading to death of 100% of cells. In lower
doses of 0.5, 1.0 and 2.0 pg.mL"" the cytotoxic effect was less
intense, increasing gradually with time (Figure 1). In human
lymphocytes, there was more moderate cytotoxic effect. At the
doses 0.5, 1.0 and 2.0 mg.mL"! it was recorded the highest
mortality rate in the dosage of 2.0 pg.mL"" after 24 h of incubation,
which was the order of 30% and did not reach 25% to the dose of
0.5 and 1.0 pg.mL".

It was observed that the results showed significant
differences among the doses used and in time of incubation
(p<0.05). The results showed that the interactions between
concentrations and incubation time are extremely significant
(p<0.0001) and also has a very significant effect on results
(p<0.0001), the same happened with the concentrations of Acetone
Cyanohydrin (p<0.0001).

There was no significant difference in the results obtained
in concentrations of 0.5 and 10 ug.mL"" Acetone Cyanohydrin
when comparing the time of incubation of 1 and 2 hours for human
lymphocytes (p>0.05). There was also no significant difference
between the incubation period of 1 and 3 hours for human
lymphocytes at concentrations of 2.0 and 10 ug.mL"! (p> 0.05), as
showed in Figure 1, Tables 1 and 2.

TABLE 1 - Effect of treatment with acetone cyanohydrin on the cells of Ehrlich ascites tumor in vitro

Percentage of dead cells (%) *

Concentration in pg.mL"

Hours Control 0.5 1.0 2.0 10 20 30
1 9.4+55  11.6+0.0** 11.6+0.7** 7.3£0.3%*%  24.3+0.1%**%  76.0£0.6%**  92+].6%**
2 8.042.8  18.9+£3.4***  12.940.8%* 10.6£0.4**  31.844.9***  84.946.8***  100.0%***
3 9.5+£2.5  13.7£0.1**  23.8+£3.8*** 16.1+£3.8**** (658+£].0%*** 100.0%** 100.0%**
4 10.74£0.8  13.5£4.1**  17.940.1%***  12.8+0.8%*  87.34£2.7%%* 100.0%*** 100.0%***
18  12.5£1.4  62.5+£0.1%**  82.6+£0.3***  77.8+0.1%** 100.0%** 100.0%** 100.0%**
24 25.4+1.6  78.943.4***  90.9+1.3***  90.9+0.1*** 100.0%** 100.0%** 100.0%**

Percentage of cell death (%) after incubation of tumor cells (10° cells.mL"") with saline (control) and 0.5, 1.0, 2.0, 10.0, 20.0 and 30.0
pg.mL" Acetone Cyanohydrin and cell viability assessed using the Test of Exclusion of trypan blue with two replications. ** p>0.05,

*#% n<0.001 and **** p<0.05, in relation to control.
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FIGURA 1 - Percentage of mortality of human lymphocytes and cells of the Ehrlich ascites tumor after incubation with acetone
cyanohydrin. Results are the mean £SD for two independent experiments. A - present no significant difference in the control (p>0.05).
a- present no significant difference when compared with cells of EAT (p>0.05)
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TABLE 2 - Effect of treatment with acetone cyanohydrin on hunamos lymphocytes in vitro

Percentage of dead cells (%) *

Concentration in pg.mL™"

Hours Control 0.5 1.0 2.0 10
1 0.0£0.0 0.9 £0.1%* 2.6+ 1.2%%* 18.3 £ 0.k 7] £ (. 7%x4**
2 6.0+0.1 3.3£1.0%* 6.3 £0.1%* 13.4 £0.9%* 14.4 £ 0.6%**
3 6.9+23 8.7+ 1.6%* 19.7 £ 6.5%**%* 14.4 £0.0%* 19.3 £ 0.4%*x**
4 9.0£1.7 13.2 £ 1.3%x* 30.8 & 7.4xH*xk 11.8 + 3.3%* 30.1 £ [ .4#k***
18 82+3.8 17.0 £ 0.6%** 479+ 9¥*k*x PR Q£ 2.0FF**% (8.9 & (.0*****
24 105+ 1.4 22.0+£2.3%¥**% 2464 |.0¥**** 300+ [ 4****F* 64,6+ (.2%****

Percentage of cell death (%) after incubation of human lymphocytes (10° cells.mL") with saline (control) and 0.5,
1.0,2.0 and 10.0 pg.mL"' of Acetone Cyanohydrin and cell viability assessed through the test of exclusion of trypan
blue with two replications. ** p> 0.05, *** p<0.05, **** p<0.01 and ***** p<0.001, in relation to control.

When comparing the time of incubation of human
lymphocytes with the time of incubation of EAT cells, significant
differences were observed in almost all times and concentrations
of Acetone Cyanohydrin (p<0.001). A significant difference was not
detected at concentrations of 2.0 pg.mL" of Acetone Cyanohydrin
in 2 hours (p>0.05) and 3 hours (p> 0.05) of incubation and at
concentrations of 0.5 pg.mL" Acetone Cyanohydrin and in 4 hours
of incubation (p> 0.05).

These results, as shown in Table 1 and Figure 1, showed
the effect of Acetone Cyanohydrin causing death of tumor cells. It
can be observed that at doses of 20 and 30 pg.mL™" and the time of
2 hours, the cytotoxic effect on the EAT cells was more intense
resulting in inactivation of virtually all cells.

Discussion

The goal of cancer treatment is to eradicate it and the
main ways to stop it can be classified into three categories:
surgery, radiotherapy and chemotherapy. The chemotherapy aims
to destroy the neoplastic cells preserving the normal ones, which
is not observed in the majority of chemotherapy that work on a
non-selective way, eliminating both neoplastic and normal cells,
especially the fast-growing ones. This explains the side effects of
chemotherapy: nausea, loss of hair and increased susceptibility to
infections®.

The hypothesis of the use of cyanogenic substances in
the treatment of cancer is anchored by the inefficiency of these
cells to eliminate the cyanide due to the reduction of sulfane-
sulfur compounds -. The regression of tumors transplanted in mice
and the inhibition of tumor-induced cancer through the use of
different sulfane-sulfur precursors confirm the hypothesis,
providing thus in the cancer cells, a perfect environment for
poisoning by cyanide due to the cumulative effect of rhodanese be
only residual’.

The ability of cyanide to penetrate the cell without the
action of a receiver is due to the fact that the cyanide ion is a small
molecule and its detoxification in mammals occurs mostly
mediated by the enzyme rhodanese'”. This ability was demonstrated
in the literature where the cyanide was applied or released by the
system Linamarin/Linamarase directly into a solid tumor causing a
regression of the same course. Histological analysis of extracted
tumor tissue showed large lesions around the site of injection'!.

The literature demonstrates the efficiency of the use of
cyanide in the treatment of cancer through gene therapy, using
Linamarin as a source of cyanide'?, whereas in this study was used
a variant on the direct use of Acetone Cyanohydrin (metabolite of
Linamarin) for release of cyanide without the need for the use of
gene therapy in the process, achieving similar results.

The use of acetone cyanohydrin that spontaneously
releases cyanide when in basic pH, released cyanide outside the
cell, which was spread through the cell membrane causing cell
death, thereby obtaining results similar to that in the literature'?,
without, however, the need to use gene therapy in the process.

The comparison of the effect of Acetone Cyanohydrin in
normal cells was satisfactory, showing greater cytotoxic capacity
occurring on the Ehrlich Ascites tumor cells as also described in
other studies using cyanoglucosides'*">, demonstrating absence of
intoxication and of inviability of normal cells.

The effect of Acetone Cyanohydrin when in lower doses,
demonstrates ability to cumulative poisoning in tumor cells, since
the cell survival rate is decreasing with increasing time of
exposure to cyanide, which is not observed in tests with human
lymphocytes where cell viability was less intense, possibly due to
reduced activity of rhodanese is more evident in tumor cells’.

The results are encouraging for the use of Acetone
Cyanohydrin in the fight against cancer, but will require further
research, especially in animal models (in vivo) to establish a
correlation with the results presented here.
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Conclusions

The research on the conditions it was made helps on the
assumption that it is possible to evaluate the effect of cyanide on
tumor cells using a different type of liberation than that being
reported in the literature, satisfactorily demonstrating the cytotoxic
effect of acetone cyanohydrin on Eherlich ascites tumor cells.

The use of Acetone Cyanohydrin caused the death of the
Ehrlich ascites tumor cells of 84.9 and 100% at doses of 20.0 and
30.0 pg.mL" respectively, in only 2 hours of incubation.

At low concentrations of 0.5, 1.0 and 2.0 pg.mL"',
more then 90% of cell death was observed only after 24 hours of
incubation which is the evidence that the tumor cell has the ability
to poison cumulatively and irreversibly itself with the cyanide
released by acetone cyanohydrin when compared with the results
presented by human lymphocytes that the same doses and at the
same time of incubation reached a maximum of 30% of cell death,
suggesting an activity of rhodanese differentiated between the
two cells.
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