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Impact of the Carbamate Pesticide Sevin on Hematology
and Histology of Teleost Fish (Oreochromis niloticus)
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Abstract: A total number of 48 Oreochromis niloticus the most economic and commercial fish i Egypt was
dosed with 0.5 and 1.0 mg/1 the Carbamate Pesticide Sevin for 5, 10 and 15 days. The alteration in some blood
parameter and histology of gills and spleen were studied in relation to different doses. Results showed
increased mumber of white blood cells (WBcs) and decreased number of red blood cells (RBces) with decreased
hemoglobin percentage (Hb%), packed cell volume (PCV) and glucose concentration by mereasing the dose
of Sevin and the period of exposure as compared to the control group. Histopathological alterations of gills
include: hyperplasia in epithelial cells of secondary lamellae, severe damage and necrosis in fishes treated with
0.5 mg/l Sevin for 5, 10 and 15 days, respectively. Also fish exposed to 1 mg/l Sevin for 10 days suffer from
severe destruction and necrosis in epithelial cells of lamellae. However, exposure to Sevin for 15 days induced
severe necrosis 1n epithelial cells. In addition to some lesions in spleen; haemosidrinoses, increase m white
pulp, decrease in red pulp and severe necrosis. It was concluded that the Sevin has a negative impact on the
funa of the River Nile including Oreochromis niloticus.
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INTRODUCTION

Pesticides are extensively used all over the world for
several decades to control various pests, but their
residues often reach either directly or indirectly to the
aquatic environment. So pesticides are one of the most
potentially harmful liberated into the
environment in an unplammed manner, especially in the
the chemical

chemicals

developing countries. In such way,
characteristics of the aquatic ecosystem were changed
and pollution of such habitat has been generated. The
major sources of environmental contamination by these
chemicals are in proper agricultural practices usage in
public health programmers and mdustrial discharges
[1,2]. Therefore, it is necessary to study in detail the
possible impacts of there hazardous chemicals on the
aquatic organisms with special emphasis on the most
economic ones, viz, the fish. Such pesticides are also
known to have affimty for residing in ammmal tissues,
especially in the fatty ones [3]. Toxic effects of pesticides
on organ of fish have been studied by many workers in
world [2, 4-13]. In

general compounds  like

organophosphates alter the integrity of the respiratory
epithelium and pillar cells decreasing 1onic regulation and
compromising the structure of the gills [14]. Sevin
pollution in the aquatic environment has been recognized
in many areas of the world and high concentrations of it
have been detected in many species of fish [15]. Sevin
active ingredient is 1-naphthyl-N-methyl carbamate. It is
widely used in Egypt against cotton leaf worm on
vegetables (tomato, potato, onion ct.), agricultural crops
(Cotton, maije, Soybean ct.) and beetles on cucumber,
cucurbit etc. It persists in the environment from few hours
up to one month. Consequently it contammate the food of
man and his farm animals [16-19].

The spleen 1s the important organ of the body's
immune and lymphatic system as well as it i3 a
haematopoeitic organ m which blood cells synthesized
and stored [20]. Some authors studied the effect of water
pollution by heavy metals and pesticides on some blood
parameters and histology of spleen on Oreochromis
nitoticus and Clarias  gariepinus  fish and some
alterations in spleen histology and blood cells and
chemistry were reported [2, 20-23]
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The present study was undertaken to understand the
changes m the blood parameters and histopathology of
gills and spleen of Oreochromis nitoticus fish after
chronic exposure to Sevin pesticides.

MATERIALS AND METHODS

The synthetic Carbaryl insecticide, Sevin was kindly
donated by Ministry of Agriculture in El-Qualyobia
Province. The purity of the formulated Sevin is about
28%. The LD., was determined according to Awwad [24].

Specimens of O. nitoticus of the same age and weight
were collected from El-Kanater El-Khyria Research Station
and acclimated under laboratory conditions for about two
weeks in glass aquaria (50X40X85cm )with continuously
aerated and dechlorinated tap water at room temperature
(26.8°C).Fish were fed mainly on artificial feed of the
following formula: 53% premix, 30% fish meal, 15%
Soy-bean and 20% sorghum.

Fish were divided into three groups, each group
comprised 24 fish. They were all healthy, nearly of the
same age and weight (120-150g).Fishes of the first group
were kept as a control in aquarium containing well aerated
chlorine free water. The second and third groups of fishes
were kept in an aquarium of aerated water containing 0.5
and 1.0 mg/l Sevin which amounted 1/20 and 1/10 LDy,
respectively. Fish samples were captured after 5, 10and 15
days, ANOVA test was used to compare between the
effects of the two sets of treatment within the different
time intervals (SPSS, 16)

HEMATOLOGICAL STUDY
Fish from the above three groups were killed at the

end of the experiment to provide blood from their cut
caudal vein. The blood was collected in a dry glass vial

containing the anticoagulant ethylene diamine tetra-acetic
acid (EDTA). The red bloed corpuscle (RBC) and white
blood corpuscle (WBC) were counted using a Spencer
Double Neubauer Haemocytometer as described by
Baixhall and Diasley [25].Hemoglobin content was
estimated in blood by using the cyanmethemoglobin
method described by VanKampen and Zyistra[26]. The
microhaematocrit method was used to measure the packed
cell volume (P.C.V . )according to McKnight [27].

For the determination of glucose concentration,
blood was collected in a clean and dry test tube which
kept for 15 min. at room temperature. It was then
centrifuged at 2000 r.p.m. for 10 min. The decanted clear
serum was used for determime glucose by the method of
Folin and Wu [28].

Histological Studies: Gills and spleen samples from the
same collected fish were carefully removed and fixed in
10% formalm, dehydrated m ascending grades of alcohol
and cleared in xylene. The fixed tissues were embedded in
paraffin wax and sectioned into five micrometers thick and
then a half of these sections were stained with
hematoxylin and ecsin method according to Harris [29].
Then sections were examined by light microscopy and
photographed by using a microscopic camera (Model No.
Ts-242).

RESULTS

The mam alterations observed m the studied
hematological parameters after exposure to Sevin
pesticides are elucidated in Table 1.

Red blood cells, packed cell volume, hemoglobin
content and glucose concentration decreased. While
white blood cells showed marked increase by increasing
the dose and the period of exposures. From Table 1 it is

Table 1: Hematological parameters of Oreochromis niloticuy after exposure to 0.5 and 1 mg/1 Sevin in 5, 10 and 15 days (mean +SD)

Days Parameter Control Treatment (0.5 mg/1) p-value Treatment. (1.0 mg/T) p-value

5 R.B.Cs (10°/mm3) 2.35+0.04 1.57+0.07 341E-10 1.67+0.03 1.29E-11
Hb (g/dl) 9.61+0.14 8.42+0.18 1.54E-07 8.17+0.18 2.45E-08
P.CV % 22.07+1.13 16.42+0.70 1.00E-06 17.2320.92 1.02E-05
W.B.Cs (10°/mm®) 3.87£0.30 5.97£0.30 2.61E-07 6.78+0.48 1.95E-07
Glucose (ng/100 ml serum) 87.17+£0.92 88.734+0.88 0.01295 91.15+2.12 0.001749

10 R.B.Cs (10F/mm?) 2.35+0.03 1.68+0.03 2.88E-12 1.82+0.05 1.29E-09
Hb (g/dl) 9.63+0.62 8.61£0.32 0.004845 8.46+0.34 0.002284
PCV % 22.07+1.26 17.03+£0.99 2.00E-05 15.604+0.88 1.22E-06
W.B.Cs (10°/mm’) 4.18£1.26 6.044+0.17 0.004944 6.67+£0.41 0.000989
Glucose (mg/100 ml serum) 87.22+0.44 89.15+0.89 0.000754 92.27+1.36 6.00E-06

15 R.B.Cs (10°/mm’®) 2.35+0.05 1.39+0.03 212E-12 1.93+0.04 1.7E-08
Hb (g/dl) 9.63+0.57 8.23+£0.50 0.001126 8.41+£0.78 0.011303
PCV % 22.08+1.30 18.32+0.92 0.0002 16.48+0.90 5.58E-06
W.B.Cs (10°/mm?) 3.87+0.19 6.43=£0.45 1.47E-07 7.63+0.62 6.45E-08
Glucose (mg/100 ml serum) 87.15+0.86 90.35+1.21 0.000364 88.92+2.33 0.112263

Red blood cells (R.B.Cs), white blood cells (W.B.Cs), packed cell volume (P.C.V), hemoglobin content (Hb)



Fig. (1-13):
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Histological section in gills of O. niloticusstained with H&E; (1)control fish showing normal structure
(X400),(2) fish exposed 0.5mg/I treated sevin at 5 days showing necrosis (N) of primary and secondary
lamellar and hemorrhages (Hr) in primary lamellag(X250),(3&4) at 10 days showing hyperplasia
(Hy)and separation (S) in secondary lamellar(X250),(5-7) at 15 days showing necroses(N) and
hemorrhages(Hr) in primary lamellag(X250) ,(8&9) fish exposed 1 mg/l treated sevin at 5 days
showing severe separation (S) in secondary lamellar(X250),(10&12) at 10 days showing severe
necroses(N) and hemorrhages(Hr) (X250), (11&13) at 15 days showing severe necroses(X100)
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obvious  that there are  highly significant
differences (P<0.05) between the Control group and
the other two sets of treatment within the desired
mtervals.

Histological Studies

I-Gills: The normal gill lustological picture 1s shown in
Fig. 1. The filament consists of primary and secondary
lamellae. The secondary lamellae include bronchial
epithelium consisting of a layer of one or two cells of inter
digitating squamous epithelial cells. Also mucous
secreting cells and chloride cells are found scattered
between the lamellae. The gills of O. niloticus which
exposed to 0.5 mg/l and 1 mg/l Sevinfor 5,10 and 15 days
show several histopathological alterations. gills obtained
from fish exposed to 0.5 mg/l sevin at 5 days, show
eosinophilic tendency in secondary gill lamellae and
necrosis 1n epithelial cells of those lamellae (Fig. 2).

After 10 days of exposure to 0.5 mg/l Sevin, fish
presented severe damage in gill lamellae. The damage
mcluding:  vacuolated primary filament,eosmophilic
material in gill filament, swellings accompanied by
cytoplasmic vacillations and the lamellae were limed by
spaces filled with hyperplastic epithelium (Fig. 3 and 4).
Fish which exposed to 0.5 mg/l of Sevin for 15 days, show
hyperplastic necrosis of epithelium around the gill ray of
that fish (Fig. 5-7).

Whle, gills of fish exposed to 1 mg/l Sevin for 5 days
showed tissue destruction and deformed gill lamellae
tissues (Fig. 8 and 9).The exposed fish gills to 1 mg/l sevin
for 10 days revealed severe destruction and deformation
such as separation in epithelial cells of secondary lamella
and hemorthage (Fig. 10 and 11). Fmally, gill filaments
exposed to 1 mg/l sevin for 15 days showed separation in
primary lamellae. Also some lamellae of these gills
appeared distracted and necrotized tissues
aggregated in between their filaments (Fig. 12 and 13).

were

IT-Spleen: In the present work, the normal histological
picture of the spleen of O. wmifoticus 15 shown in
Fig.14.The spleen is enclosed with a capsule and consists
of lymphatic laden area, white pulp. The surrounding pink
areas are the red pulp which consists of large numbers of
free cells and sinusoids

Histopathological changes in the spleen of the
studied O. nitoticus (Fig. 15-26) were summarized in the
following: degeneration in spleemc tissue leads to
necrosis, fibrosis, haemosidrinoses, increasing in white
pulp and decreasing in red pulp.

199

DISCUSSION

Blood offers an important profile to study the
toxicological impact on ammal tissue. Different blood
parameters are often subjected to changes depending
upon the stress, other
envirommental factors [30]. The present results establish a
condition of erythropenia and haemolysis in O. nitoticus
[2,20,23,31]

Increased white blood cells
leucocytosis, which is considered to be of an adaptive
value for the tissue under chemical stress. This also helps
in the removal of cellular debris of necroses tissue at a

condition and various

count establishes

faster rate [32]. In the presence of foreign substances or
under pathological conditions leucocytosis in fish may be
the consequence of direct stimulation of immunological
defense [33]. Also these observations were in agreement
with the findings of John [2] and Tayel et al. [20, 23] after
the exposure to Metasystox, Sevin pesticides and heavy
metals.

The present elevated blood glucose concentration
may be due to severe spleenic disorder. Omkar et al. [34]
reported similar results in S. fossilis after Chloe dance
intoxication. Also, it was reported that alteration in
glucose concentration is directly related to pesticide
fish[35,36]. John [2]
similaralterations in fish exposed to Metasystox and Sevin
pesticides. According to Tayel [20, 23], the elevated blood
glucose level (hyperglycaemia) 1s indicative of disrupted
carbohydrate metabolism due to water pollution.

Histology has been used as a test for evaluating toxic
effects of water pollutants in fish [36]. Results from the
histological studies are useful m establishing water
quality criteria [37].

The fish gill is a multifunctional organ involved in
respiration
osmorgulation, metabolism, circulation of hormones,

mntoxication in revealed

and homeostatic activities such as
nitrogen excretion and acid base balance [38]. They are
among the most delicate structures of the teleost body
and they have an external location so they are subjected
to damage by writant whether dissolved or suspended in
the water. External irritant are the most frequent causes of
sigmificant gill pathological changes [39].

Sevin (carbamate) was used in the present study with
less than 10% of the T.D.,. Due to gills are in contact with
water and are exposed to dissolve contaminates and
trophic contamination, fusion of lamellae and gill damage
suggests an acute exposure to contaminate [13].

Gills alteration such as epithelial hyperplasia and

separation of the epithelial layer from supportive tissues



Fig.(14-26):
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Histological section in spleen stained with H &E;(14)control fish showing normal
structure(X400),(15& 16) fish exposed 0.5mg/l treated sevin at 5 days showing degeneration (D)and
haemosidrinoses (Hn) (X250) , (17&18) at 10 days hemorrhages (Hr) (X250), (19&20) at 15 days
hemolysis (Hs) and increase in white pulp (Wp) (X250), (21&22) fish exposed 1 mg/l treated sevin at
5 days showing hemolysis (Hs) and fibrosis (F) (X250) , (23&24) at 10 days haemosdrinoses (Hn)
and fibrosis (F) (X250), (25&26) at 15 days necrosis (N), hemorrhages (Hr) and remaining of nucleus
(Rn) (X250)
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are usually leads directly to gill function disorders, which
may cause the death of fish [40- 43]

The results mn this work were more or less similar to
results obtained by Thurston et al [44].

The acute toxic action of various concentrations of
Sevin in this study caused severe necrosis, hyperplasia,
of the
epithelium. This observation agreed with those reported
by Tbrahim et al.[15] after the exposure to same various

degeneration and terminal desquamation

concentrations of Sevin on gills of Tilapia zillii.

Spleen of fish is an important member of the body's
mmmune and lymphatic system. It is a haematopoeitic
tissue, which from the red blood cells. It is found as a
small red mass. Its functions are filtration of blood,
producing and storage of red blood calls, removing old
and abnormal erythrocytes and producmg antibody
against blood born antigens.

Histopathological changes in the spleen of the
studied Oreochromis nitoticus were summarized m the
following: Fibrosis, necrosis, haemosidrinoses, mcreasing
in white pulp and decreasing in red pulp. These changes
may be due to trace metals pollution, pesticide lendane,
organochlorine pesticides and heavy metals [20, 21, 23,
45- 47].

There was a direct relation ship between the
reductions of red pulp that produces the red blood cells,
which in turn showed the reduction m its number count.
In addition the mcrease in white pulp produces large
count of the white blood cells.

These results are in agreement with those of Lamas,
et al. [48] and Tayel, et al. [20, 23.]. Morphological change
were recorded in the spleen of O. nifoticus after exposure
to the sewage water, heavy metals and pesticides [2, 20,
23,47]

1t can be concluded that Sevin pesticide effect on gill
and spleen histopathology and some blood parameters of
Oreochromis nitoticus. These alterations depend on the
dose and the time of exposure.
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