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Introduction
Fenvelerate, a synthetic pyrethroid insecticide is used against a wide variety of insect
pests in various agricultural, animal husbandry and public health operations. Indiscriminate
and disproportionate use of pesticides has lead to their residues resulting in immunological
disorders on man and animal. These days, a major concern of most of the researchers is to
find alternative methods of animal experimentation. In vitro cellular models can be useful for
immunopathological research and have predictive potential in the assessment of toxicity and
consequently, safety evaluation. The main advantage of using in vitro cell culture system is
that experimental conditions can be strictly controlled without causing any kind of pain to
animals and ease for analysis of pathogenic mechanisms of action at cellular level. With the
aim of replacing animal models with that of cell culture system in immunopathological
studies, it was proposed to carry out the pesticide induced immunopathological studies in
lymphocyte cell cultures.

Material and methods
Isolation of Lymphocytes: Spleen were collected from healthy adult birds under the sterilize
conditions at the time of their slaughter. Spleen were minced in RPMI-1640 media and
filtered through sterile sieve to remove the coarse material. The filtrate thus obtained was
used as lymphocyte suspension for the study. The lymphocytes were washed twice with
RPMI-1640 media supplemented with 10% FCS. The live cells were counted using trypan
blue dye exclusion method and a final concentration of 107 cells per ml was prepared for
further studies.

Pesticide Exposure: The cells were given treatment for 60 minute using Nx10-2, Nx10-3,
Nx10-4 (N=NOEL: No Observable Effect Level) dilutions of fenvelerate. NOEL dose of
fenvelerate used was 20ppm.

73

ISAH 2005 - Warsaw, Poland
Vol 2

Electron Microscopy: The electron microscopy was performed on treated and control avian
lymphocytes at AIIMS, New Delhi according to the method described by Malorni et al.
(1998) with slight modifications by Chauhan (2003).

Gel Electrophoresis of DNA: Apoptotic DNA was extracted from cells as described by
Herrmann et al. (1994) method with some modifications was followed to extract apoptotic
DNA from the cells. The extracted DNA was pelleted, dried and dissolved in Tris-EDTA
buffer for analysis in 1.5% agarose gel electrophoresis.

Detection of apoptosis through immunoperoxidase technique: The apoptotic cells were
detected by using apoptotic cell separation kit (Sigma) with slight modifications (Chauhan,
1998).

Result and discussion
1) Immunoperoxidase Staining: In the present experiment it was found that in vitro
exposure of cells to the pesticide causes induction of apoptosis as evident by the
demonstration

of

phosphatidylserine

using

annexin

V-biotin

conjugate

and

immunoperoxidase staining (Fig. 1). The number of mean percent apoptosis positive cells,
after a treatment of the cells with Nx10-2, Nx10-3 and Nx10-4 dilutions of fenvelerate for 60
minute of exposure, were 13.57±1.7, 11.86±1.5 and 5.607±1.5, respectively. However, in
untreated

control

cells,

phosphatidylserine

could

not

be

demonstrated

using

immunoperoxidase technique.

2) Electron microscopy: Both the transmission and scanning electron microscopy revealed
the typical morphological characteristics of apoptosis in the pesticide treated cells. Scanning
electron microscopic studies revealed the shrinking of the treated cells. Surface of the cells
was smoothened due to loss of the microvillus structures. Blebbing was seen as the formation
of pseudopodia and shedding of the apoptotic bodies. The apoptotic bodies were shed off
which were seen phagocytized by the macrophages. Transmission electron microscopic
studies conducted on the pesticide treated cells also showed the characteristic signs of
apoptosis. It revealed that the cells were shrunken and became denser. Their chromatin
became pyknotic and was packed into smooth masses applied against the nuclear membrane
indicating the margination of chromatin. Karyorrhexis (breaking of nucleus) was observed in
many cells. Cells started giving off the processes which were bud shaped and they were
having tendency to break off from the cell and give rise to the apoptotic bodies (Fig. 2).

3) Electrophoresis of apoptotic DNA: Exposure of isolated avian lymphocytes to
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NOEL/102, NOEL/103, NOEL/104 doses of fenvelerate for 60 min resulted in DNA
fragmentation into multiples of approximately 200 bp of nucleotides which was detected by
gel electrophoresis and compared with DNA markers. It was observed that fenvelerate causes
fragmentation of DNA as the diffusion of smaller fragments leading to smearing and number
of bands observed in treated group over control. The degree of fragmentation varied with
pesticide’s concentration. DNA isolated from untreated control cells did not reveal any
fragmentation and bands on electrophoresis.
Most of the earlier work on fenvelerate induced immunotoxicity has been done in
vivo. Significant suppression of macrophage function as indicated by reduction in number of
Nitroblue Tetrazolium (NBT) dye reduction test positive cells and bactericidal phagocytosis
in insecticides treated animals as compared to control was reported (Khurana et al., 1997).
The total serum protein, globulin decreased significantly while A:G ratio increased in lambs
treated with insecticide as compared to control (Khurana et al., 1997a). Khurana et al., (1999)
reported that fenvelerate caused suppression of cell mediated immunity as indicated by
reduction of delayed type hypersensitivity reaction in treated group of sheep. Fenvelerate has
been found to suppress total leukocyte count, absolute count in lambs (Khurana et al., 2000)
and birds (Singh et al., 2001). Fenvelerate contaminated feed is reported to decrease
macrophage function in chicken thus leading to increased susceptibility for infectious diseases
and recurrent infections poor response to antibiotics and vaccine failure (Singh et al., 2001a).
B-lymphocyte (Singh et al., 2001b) and T-lymphocyte blastogenesis (Singhal et al., 2001)
were found to be significantly reduced in fenvelerate treated birds as compared to controls.

Conclusion
From the present study it can be concluded that avian lymphocytes even if exposed to
very minute amount of fenvelerate for shorter duration, demonstrate typical changes of
apoptosis. Apoptosis leads to the decreased number of functional cells which eventually
results in reduced capacity to mount immunity through cell mediated or humoral immune
response. The present study also advocates that the cell culture system can be used as a
promising replacement for animal experimentation.
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Fig.
2.
Transmission
electron
microphotograph showing formation of
apoptotic bodies (x11000)

Fig. 1. Photomicrograph of apoptotic
avian
lymphocytes
stained
with
immunoperoxidase technique- Apoptotic
cell showing blebbing (x 400)
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