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Abstract: Transgenic insecticidal plants based on Bacillus thuringiensis (Bt) endotoxins and transgenic
herbicide tolerant plants are widely used in modern agriculture for control of variety of insect pests in fields.
Little is known about toxicity of Cry1Ac toxin of Bt cotton. This study presents the cytotoxic and genotoxic
effect of crude Cry1Ac toxin extract on human lymphocytes using MTT test, cytokinesis blocked micronucleus
assay  and  erythrolysis tests as parameters. The exposure of human lymphocytes with increasing doses of
toxin showed decreased cell survivability (47.08 %) at 72 h incubation. The number of micronuclei formed was
found  to be 2.52 %. The Cry1Ac toxin has haemolytic action on human lymphocytes. It was concluded that
the crude Cry1Ac toxin has possible cytotoxic potential on human lymphocytes with increased dosage of toxin
and time of exposure.
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INTRODUCTION Thus the objective of the study was to carry out an

Cotton (Gossypium hirsutum) is an important cash on human lymphocytes in-vitro.
crop in India and plays a significant role in world
economy.  While India has the largest area under cotton MATERIALS AND METHODS
in  the world (representing 20 to 25% of the global area),
it  ranks  only  third  in terms of production after China Plant Material: The seeds of the RCH2 Bt developed by
and USA. Several factors are responsible for such low MONSONTO Company, containing cry1ac gene, npt (II)
yields, of which losses due to insect pests are the most and aad marker genes were used for present study.
important. To overcome this, a number of plant species,
particularly crops, such as cotton, corn, potatoes, Toxin  Extraction:  The insecticidal protein from the
tobacco, tomato and sugarcane have been genetically leaves was extracted following the method of Chen et al.
modified  to  produce -endotoxin proteins from [5]. The level of Cry1Ac was determined in freeze-dried
B.thuringiensis [1-4]. Bt cotton contains Cry1Ac gene, leaf material by an ELISA, by using a kit from Desigen
which encodes for insecticidal protein, Cry1Ac, derived Diagnostics (Maharashtra Hybrid Seed Company, Jalna,
from the common soil microbe Bacillus thuringiensis India). The test procedure described by the manufacturers
subsp. kurstaki (B.t.k.). was followed and optical densities of the wells were

With this capacity, comes the responsibility to measured at 405 nm, by using a multiskan EX photometric
proceed with caution, investigating possible outcomes microplate reader (Thermo Inc., Finland).
carefully. But the release of microbial toxins in the
environment constantly generates the need for more data Sampling:  Fifteen  ml  of venous blood was collected
on biosafety and consequently new toxicological from 3 healthy, 22-25 years old female volunteers with
evaluations should be undertaken to support the risk informed  consent  in heparinized vacutainer tubes
assessment of each new strain and toxin discovered. (Becton  Dickinson  Lab  ware,  USA)  at three stages of

investigation on the biosafety of Bt Cotton (Cry1Ac toxin)
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7 days  interval. Donors were nonsmokers and had not and stained with 3 % Giemsa  solution in Sorenson
been  exposed  to  chemicals,  drugs or X rays in the last
6 months before blood sampling.

Isolation of Lymphocytes and Preparation of Culture
Media: Lymphocytes were separated using histopaque-
1077 (a leukocyte separation technique by Sigma
Diagnostics) by density gradient centrifugation at 500 g
for 10 min. After recovering the buffy coat, lymphocytes
were washed twice with phosphate buffered saline (PBS)
and resuspended in RPMI 1640 medium supplemented
with  10 %  heat  inactivated   FCS,   2 mM  L-glutamine,
0.4 % sodium bicarbonate, 100U/ml penicillin, 100µg/ml
streptomycin and 2 % PHA.

MTT Test: Lymphocytes (1 × 10 cells/ml medium) were5

seeded on 96 well plates, cultured in 200 µl medium
containing  increasing  concentration  of Cry1Ac toxin
(0.2,  0.4,  0.6,  0.8  and  1.0 mg/ ml medium) for 24, 48 and
72 h at 37°C in a humidified atmosphere of 5 % CO .2

Control cells  were  grown  under  identical   conditions.
At  the  end of incubation, medium was removed and
MTT (5 mg/ml) was added and the cells were further
incubated  for  4 h. After the incubation, the MTT
solution covering the cells was removed. DMSO was
added  to the wells and the cell viability was determined
by measuring the absorbance  in a microplate reader with
a test wavelength of  570 nm  and  a  reference
wavelength of 630 nm [6]. The experiment was repeated
thrice. The percentage of cytotoxicity of lymphocytes
exposed to Cry1Ac toxin was calculated for different time
points studied.

Cytokinesis Blocked Micronucleus Assay: The
micronucleus assay was performed according to
Matsuoka et al. [7] with modifications [8]. About 2×105

cells/ml medium were exposed to increasing
concentrations of Cry1AC toxin in 5 ml culture medium
and incubated at 37°C in an atmosphere of 5 % CO2.
Mitomycin-C  (6 µg/ml  medium)  and  complete media
were treated as positive and negative controls
respectively. After 44 h, cytochalasin-B (6 µg/ml) was
added and further incubated for 28 h. At the end of
incubation, the cells  were harvested by low
centrifugation, treated with a hypotonic solution of KCl
(0.075 M) and fixed in methanol: acetic acid (3:1) for 3-4 h.
Two to three drops of the  fixed  cell suspension were
dispensed onto the surface of cold microslides, air dried

phosphate buffer (pH 6.8) for 5-7 min. The slides were
coded and at least 2000 binucleated cells (BNC) per
concentration were scored blind  for  micronucleus
frequency  in  each treatment. The criteria employed for
the analysis of micronuclei and binucleated cells were
established by Fenech [9].

Erythrolysis Test: Erythrocytes were isolated and stored
according  to the method described by Yuan et al. [10]
and Yang et al. [11]. Blood samples collected were
centrifuged at 1500 g for 10 minutes at 4°C, erythrocytes
were  separated  from  the  plasma and buffy coat and
were  washed  three times by centrifugation at 1500 g for
5 min in volumes  of 10 mM phosphate buffered saline
(pH 7.4; PBS). The supernatant and buffy coats of white
cells were carefully removed with each wash. Washed
erythrocytes were stored at 4°C and used within 6 h for
further studies.

To 50 µl of erythrocytes, 3 ml of phosphate saline
buffer (PBS) and different concentration of toxin was
added  in each tube. The tubes were incubated for a
period of one hour at 37°C. Then the tubes were subjected
to centrifugation at 2000 rpm for 10 min. The supernatant
was transferred to the test tubes and the absorbance was
measured at 405 nm.

Statistical Analysis: All the experiments were
independently preformed thrice with three replicates for
each treatment. All data were subjected to ANOVA test
and means were compared by the turkey test using sigma
plot 11. Comparisons with p values <0.01 were considered
significantly different.

RESULTS

Determination  of  Cytotoxicity  as Evaluated by MTT
Test: The percentage of cells survival decreased with
increasing in toxin concentration and time of exposure to
lymphocytes. The initial cytotoxicity of lymphocytes
exposed to 0.2 mg/ml of Cry1Ac toxin was found to be
5.7%, 12.7% and 30.6% at 24, 48 and 72 h respectively.
The final cytotoxicity of Cry1Ac toxin at a concentration
of 1.0 mg/ml on lymphocyte cultures for 24, 48 and 72 h
was found to be 35.77 %, 44.72 % and 52.96 %
respectively as shown in Figure 1. Thus the percentage of
cytotoxicity increased with increasing concentration as
well as exposure duration.
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Fig. 1: Cytotoxic effects of Cry1Ac toxin (mg/ml) on human lymphocytes at 24, 48 and 72 h exposure

Table 1: Frequencies of binucleate and micronucleated cells in human lymphocytes after treatment with various concentrations of Cry1Ac toxin
Concentration of toxin (mg/ml) Mean (Binucleate cells) % of micronucleated cells
0.2 575 1.82
0.4 560 2.08
0.6 554 2.16
0.8 550 2.32
1.0 541 2.52

Micronucleus  Assay: Table 1 indicates the frequencies
of  BN cells with MN (BNMN) and the total number of
MN per 1000 lymphocytes. As a measure of cell
proliferation  the  number binucleated cells (BNC)
obtained  in  each  treatment  were counted. BNC yield
was inversely proportional to the concentration of
Cry1AC toxin. The number of binucleate cells observed
ranged from a minimum of 560 to 573. The percentage of
micronuclei observed was 1.82 %, 2.08 %, 2.16 %, 2.32 %,
2.52 %  for 0.2, 0.4, 0.6, 0.8, 1.0 mg/ml of Cry1Ac toxin.
From these results an increase in MN frequency with a
decrease in total BNC yield has been observed with the
increasing dose and time of exposure of Cry1AC toxin.
The number of micronulclei observed in Cry1AC toxin
concentrations tested indicates the possible absence of
genotoxicity in its use.

Erythrolysis Test: The different concentrations of
Cry1AC toxin 0.2, 0.4, 0.6, 0.8 and 1.0 mg/L, were shown to
have 34.23 %, 52.41 %, 67.65 %, 75.33 % and 86.21 %
haemolytic  activity  on   erythrocytes   respectively
(Table 2). Thus Cry1AC toxin is said to have haemolytic
activity on human erythrocytes.

Table 2: Haemolytic activity of Cry1Ac toxins on human erythrocytes

Concentration of toxin (mg/ml) % Erthrolysis

0.2 34.23

0.4 52.41

0.6 67.65

0.8 75.33

1.0 86.21

DISCUSSION

This study was conducted to investigate the
cytotoxic and genotoxic potential of Cry1Ac toxin on
human lymphocyte cells in vitro. Many authors have
used cytotoxic screening by MTT assay and have
established  the  technique as a reproducible, accurate
and rapid tool for assaying the viability of various cell
lines on exposure to toxins [12-15]. The findings
demonstrated that the exposure of human lymphocytes to
Cry1Ac toxin resulted in significant increase in
cytotoxicity values which correlated with a significant
decrease in the proportion of viable cells in cultures as
determined  by MTT assay. In contrast, Ito et al. [16]
have  reported  and  identified a crystal protein that is
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non-insecticidal and non-hemolytic but has strong that, at higher concentrations Cry1Ac toxin, can also act
cytocidal activity against various human cells with as a genotoxic agent  by  inducing  micronuclei in
markedly  divergent target specificity, e.g. highly lymphocyte cultures in vitro.
cytotoxic to HepG2 and Jurkat and less cytotoxic to the Due to the susceptibility to the oxidation,
normal hepatocyte (HC) and HeLa. The B. thuringiensis erythrocytes have been used to investigate oxidative
A1547 (designated previously as strain 94-F-45-14), damage  in  biomembranes.  In our study we found that
belonging to serovar dakota, is one of the strains with the toxin showed erythrolysis activity on human
parasporal  crystal  proteins that are non-hemolytic but erythrocytes. The changes in cell membrane lead to
are  cytocidal against human leukemic T cells, MOLT-4 alterations  in  cell  rigidity  and  cell  shape.  The same
[17, 18]. was  observed  under  microscope,  the  stress  induced

The postulated mechanism of Cry toxin action is that by  the  toxin  leads  to the formation because of
oligomerized toxin inserts into the cell membrane and membrane  damage, which in turn leads to change in
forms lytic pores, which brings about a drastic ion flux whole red blood cell structural conformation and its
that disrupts and destroys the epithelial cells lining the functioning [25].
midgut of a susceptible insect [19, 20]. However, the The  results  of  our  study  suggest that cytotoxic
interaction of toxins with cells involves complicated and genotoxic effects of Cry1Ac crystal protein on human
pathways, the end result of which is cell death. lymphocytes depend upon its dosage and the time of

From our results it is learnt that crude toxin extracted exposure to it. Thus the excessive usage of Cry1Ac
from the Bt cotton plant showed maximum cell lysis when protein to humans may be harmful to lymphocytes. In
used in higher concentrations of 1 mg/ml. Yamashita et al. conclusion, the crude protein was not highly toxic but
[21] have shown that the Cyt toxin, a broad-spectrum further investigation on purification of Cry1Ac crystal
cytolysin present in the parasporal inclusions of the protein and elucidation of mechanism of action on human
Bacillus thuringiensis is responsible for the cytotoxic lymphocytes is needed.
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