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Abstract

changes.

Background: Extensive and indiscriminate use of pesticides gradually destroys the environment (ecosystem), poses
serious threats to human health, animal life (especially aquatic), plant forms, soil, water, and also lead to emergence
of resilient species of life forms that are becoming resistant to pesticides. The present study focused on evaluating
lambda-cyhalothrin oxidative stress and gonad histoarchitecture toxicity potency in Clarias gariepinus.

Results: A total of 120 C gariepinus 16 to 40 cm SL and 200 to 250 g bodyweights (assigned into treatments 0.00
(control), 2.5 x 10~ ug/L, 5.0 x 10~ ug/L, and 6.25x10~* ug/L (A-D) lambda-cyhalothrin (LCT), each treatment
consisted of 30 fishes, replicated three times, 10 fishes per replicate) were used for this study. On day 7, catalase
activity (CAT) and glutathione peroxidase (GPx) significantly increased (p < 0.05) in all treatments compared with
control. Day 14, superoxide dismutase (SOD) and GPx significantly increased (p < 0.05). All parameters significantly
increased (p < 0.05) on days 21 and 28 except SOD (day 21). All parameters increased significantly on day 28 across
the row in all treatments. The significant increase (p < 0.05) in SOD, (malondialdehyde) MDA, GPx, and glutathione
reductase (GR) levels returned to normal after 7 days of depuration but CAT level did not return to normal. The
testes photomicrographs showed necrotic conditions in the spermatogenic cells with nuclear pyknosis and
cytoplasmic swelling while that of the ovary displayed vacuolations, flabby oocytes, and degenerated ovaries

Conclusion: Lambda-cyhalothrin is toxic to C. gariepinus. The inability of significant increase in CAT to return to
normal after 7 days of depuration further confirms our report.
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Background

Extensive and indiscriminate use of pesticides gradually
destroys the environment (ecosystem), poses serious
threats to human health, animal life (especially aquatic),
plant forms, soil, water, and also lead to emergence of
resilient species of life forms that are becoming resistant
to pesticides (Maton, Dodo, Nesla, & Ali, 2016). How-
ever, those pesticides that have been reported to be
moderately toxic to mammals such as lambda-
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cyhalothrin are most patronized by farmers. The toxicity
of pesticides to biological systems has been reported.
Ling et al. (2008) reported that pesticides induced alter-
ations in testicular functions. DNA disintegration has
been reported to have been caused by pesticides induced
oxidative stress (Anadon, Martinez, Martinez, Diaz, &
Martinez-Larranaga, 2006; Ratnasooriya, Ratnayake, &
Jayatunga, 2003).

Lambda-cyhalothrin (LCT) as a synthetic pyrethroids
possesses effective immediate and persistent activity
against a large variety of arthropods, harmful both to hu-
man and animal health and to vegetal production
(World Health Organization, Communicable Disease
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Control, Prevention and Eradication, WHO Pesticide
Evaluation Scheme, Protection of the Human Environ-
ment Programme on Chemical Safety, 2005). It is used
for pest control to varieties of crops and in households.
Researches have revealed that it is moderately toxic to
mammals and highly toxic to fish and other aquatic in-
vertebrates as well as bees (Anadon et al., 2006; Ratna-
sooriya et al., 2003). It has been reported that the
aquatic organisms are highly vulnerable to pesticides
contamination as run-offs from farms and industries end
up in water bodies (Botelho, Santos, & Oliveira, 2009;
Nnamonu et al., 2018). Some substantial hazard in the
environment occurs due to pesticides uptake and accu-
mulation in the food chain (Somdare, 2015).

Toxically LCT forms a high level of free radicals,
which induce oxidative stress. Exposure to toxic chemi-
cals and environmental pollutants damage the histoarch-
itecture of gonads (Nnamonu, Mgbenka, & Mbegbu,
2019). Gonads are highly susceptible to oxidative stress
because their plasma membranes contain high concen-
tration of polyunsaturated fatty acids (Alvarez & Storey,
1995; Nnamonu et al,, 2019), and their cytoplasm con-
tains low concentrations of scavenging enzymes (De
Lamirande & Gagnon, 1995; Nnamonu et al., 2019).

Possible alterations and damages caused by LCT to
the fish gonads will consequently result to a high level of
infertility. If this happens, it will become a setback to the
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efforts been made by the governments toward ensuring
food security especially in developing countries. In view
of the foregoing, the present study was designed to
evaluate oxidative stress and gonad histoarchitecture
toxicity of LCT in C. gariepinus.

Methods

Procurement of experimental fish

A total of 120 C. gariepinus 16 to 40 cm SL and 200
to 250 bodyweights were procured from Freedom
Fisheries Ltd., University Market Road, Nsukka,
Enugu State, Nigeria, and immediately transported to
the Fisheries Wet Laboratory, Department of Zoology,
and Environmental Biology, University of Nigeria,
Nsukka. The fishes were disinfected with 0.05% potas-
sium permanganate (KMnO4) for 2 min to avoid any
dermal infections, later acclimatized for 2weeks in
plastic tanks of 300 liter (L) capacity. They were fed
daily with food (Coppens commercial feed) containing
40% crude protein. Food, fecal matter, and other
waste materials were siphoned off and water changed
daily to reduce ammonia content in the water. Dead
fishes were also removed with forceps to avoid pos-
sible deterioration of the water quality. During
acclimatization, the water was changed after 48 h with
well aerated tap water.

Fig. 1 Experiment design
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Procurement of the test compound

A commercial formulation of lambda-cyhalothrin (600
gl™") with batch number 160227 marked by Amanik
Agro Investment Limited Lagos, Nigeria, was purchased
at Ogige Local Market Nsukka, Enugu State, Nigeria.

Experimental design for sublethal exposure

The experiment consisted of 120 fish assigned into four
treatments of 0.00, 2.5 x 10™* ug/L, 5.0 x 10™* pg/L, and
6.25 x 10~* pg/L (A-D), each treatment consisted of 30
fishes with three replicates (10 fishes per replicate) (Fig.
1). Each tank contained 10L dechlorinated tap water
with 10 fishes. Fish maintained in dechlorinated tap
water served as the control treatment (A) while the three
other treatments were exposed to water containing 2.5 x
10 pg/L (B), 5.0 x 10™*pug/L (C), and 6.25 x 10™* pg/L
(D) of LCT corresponding to /59, */10, and /5 of the 96
h LCso value that were determined after the acute tox-
icity assay. The exposure lasted for a period of 28 days
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five fishes from each of the treatment groups including
the control were sacrificed after anesthetizing with tri-
caine methanessulfonate (MS 222) to minimize stress.
Blood samples were collected (through caudal alteration)
for antioxidant enzyme test while gonads were harvested
for histological studies. After the end of the sublethal ex-
posure, the remaining fish in each of the concentrations
were withdrawn from the exposure of the chemical and
were placed in chemical-free water after which further
observation were made after 7 days of the withdrawal.

Lipid peroxidation

LPO were examined by measuring malondialdehyde
(MDA) formation as described by Sharma and Krishna-
murti (1968) method. The MDA activity was expressed
as nmol/protein after calculating with:

OD x 1000

during which the fish were fed with small quantity of IPO=———"———

feed approximately 1% of total body weight about an 156 > mg protein

hour before the test solution were renewed daily. The

feeding was to avoid catabolism and subsequent mortal-

ity. On each sampling day (7, 14, 21, and 28), three to

Table 1 Effects of lambda-cyhalothrin on oxidative stress biomarkers

Parameter Concentration Duration (days) 7 days
(ng/L) 1 7 14 21 28 recovery

CAT (u/mg protein)  Control 116 + 002" 115 + 006" 117 + 001 1.16 + 003" 11940017 118+ 001"
25x107° 117 + 001% 126 0019?1160 + 0037 225+003° 2574010 150 + 007
50x 107" 130 + 0.02% 126 £002°" 167 + 002> 267 + 036% 28940182 164 +0.10
6.25x 107 135 + 0.05% 133 + 002% 197 + 008 279+032%2  305+015° 242 +028°%

SOD (u/mg protein)  Control 1090 + 004 1092 + 007°" 1062 + 006" 1079 £ 020" 1088 £ 007°" 1068 + 0.19°'
25x 107" 1065 + 0.12"' 1082+ 004" 1089+ 003> 1128 +010°" 1141 +0.13* 1069 + 013"
50x 1077 1068 + 0.11°' 1076 +0.16°" 1088 +003° 1141 +012°" 1151 +0.16™ 1091 + 006"
6.25 x 107 10.85 + 0.07"' 1090+ 002°" 1090+ 007°7 1121 +£047°°" 1175+ 016 1097 + 007"

MDA (u/mg protein) ~ Control 275 0.12% 292 + 019" 249 + 047% 2.54 + 025 239+ 006" 233+ 006
25x 1077 251 + 015 263 + 016" 282 014> 319+013°7 409+ 005 273 + 0037
50x 107 291 + 013 253 021 290 + 007° 338 £040°7 42640237 278 +003°7
625%x 107% 3.10 + 042" 330 + 035" 290 + 012" 374 + 0.28% 433+0152 298 + 002

GPx (u/mg protein)  Control 1092 + 058" 1005 +029°" 1119 + 049" 1104+ 036" 1080 +025°" 1071 + 0247
25x 1077 1264 +076°'2 1149+ 0767 1408 + 0297 1423 + 0252 1501 + 026 1121 + 050
50x107* 1235+ 10452 1350+ 029°%2 1408 + 0.29* 1469 + 043" 1517 £ 026" 1148 + 057
6.25x 107 1350 + 0.29°% 1293+ 099°? 1436 + 0297 1484 + 019°° 1550 + 050  11.78 + 0.57

GR (u/mg protein) Control 281 + 0.16% 2.75 + 0.20° 2.55 + 021% 2.57 + 0.06°' 271 005" 272+ 007"
25x 107" 283 +0.18 270 0317 293 + 020 3.13 £ 014> 398 £019% 250 + 020"
50x 1077 288 +0.17° 291 + 021 300 + 017 32640147 413+021% 271 015"
6.25x 107 291 + 015" 300 + 015" 313 £0.18" 335401777 42440247 278 +0.12°

Values as mean + S.E. For each parameter, values with different alphabet superscript across a row were significantly different; and values with different numeric

superscript down a column were significantly different (p < 0.05)

CAT catalase; SOD superoxide dismutase; MDA malondialdehyde; GPx glutathione peroxide; GR glutathione reductase
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Catalase activity

Catalase activity was examined as described by Acbi
(1984) method. The CAT activity was expressed as U/
mg protein after calculating with:

AOD of Test x total volume x 1000
43.6 x 0.05ml sample x mg protein

CAT =

Superoxide dismutase

SOD activity was determined by measuring the inhib-
ition of autoxidation of adrenaline at pH 10.2 at 30 °C as
described by Misra and Fridovich (1972) method.
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The SOD activity was expressed in U/mg protein after
calculating with:

AOD of control — OD of test

SOD =
AOD of control x mg protein

Assay for glutathione peroxidase

The activity of GPx was determined by monitoring the
rate of NADPH oxidation at 340 nm by the coupled re-
action with glutathione reductase. The specific activity
was determined using the extinction coefficient 6.22
mM cm™! (Lawrence & Burk, 1976).

Fig. 2 Histopathology of the testes of C. gariepinus exposed to different concentrations of lambda-cyhalothrin after 1 day. Group A (control), B
(25 x 107" ug/L), C (5.0 x 107" pg/L), and D (6.25 x 10" pg/L) (testicular interstitium (IT), spermatozoa (SPZ), seminiferous tubules (ST). H&E x 400)
J
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Glutathione reductase

GR was estimated by measuring the rate of conversion
of NADPH using the method of Tayarani, Cloez, and
Bourne (1989). Specific activity was expressed as pmol
NADPH oxidized min~" mg™' protein, taking motor ex-
tinction coefficient of NADPH as 6300 m ™' cm™ after
calculating with:

_ AOD change/ min x 6.3

GR -
mg of protein

X 100
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Histological study of the gonad

At days 1, 14, and 28, fish were sampled from control
and each treatment. The Gonad (testis and ovary) were
harvested through dissection, preserved in 10%
phosphate-buffered formalin for 24-h, dehydrated by a
series of graded concentration of ethanol solution, em-
bedded in paraffin, and sectioned at 5um thick using
microtila. Tissue sections were routinely processed and
stained with hematoxylin and eosin (H&E), examined by
binocular microscopy while the photomicrographs were
captured using motic camera (Robert, 2001).

Fig. 3 Histopathology of the testes of C. gariepinus exposed to different concentration of lambda-cyhalothrin on 14 days. Group A (control) active
spermatogenic stage (white circle) and abundant spermatogenic cells (black arrows), B (2.5 x 107 pg/L), C (5.0 x 107 ug/L), and D (6.25 X
10~ ug/L) (seminiferous tubule (ST), spermatocyst (white circle), testicular interstitium (IT), and spermatozoa (SPZ); H&E x 400)
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Statistical analysis

Data were analyzed using Statistical Packages for Social
Sciences (SPSS) version 20.0 (IBM Corp, Armonk, USA)
and Statplus v5.9.8 (AnalystSoft Inc., Walnut, Canada).
Two-way analysis of variance (ANOVA) was used to
compare concentration of lambda-cyhalothrin and dur-
ation of exposure dependent effects. The means were
partitioned using DMRT (Duncan multiple range test).
Level of significance was set at p < 0.05.
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Results

Effects of different concentration of lambda-cyhalothrin
on antioxidant enzymes in C. gariepinus

The effects of different concentration of lambda-
cyhalothrin on antioxidant enzymes in C. gariepinus
were shown in Table 1. There were an established dose
and duration dependent significant effects in parameters.
On day 7, SOD, MDA, and GR showed no significant
difference (p > 0.05), CAT and GPx significantly in-
creased (p < 0.05) in all treatments compared with

Fig. 4 Histopathology of the testes of C. gariepinus exposed to different concentration of lambda-cyhalothrin on day 28. Group A (control), B (2.5
x 1074 pag/L), C (5.0 x 107 pg/L), and D (6.25 x 107 pg/L) (seminiferous tubule (ST), spermatocyst (white circle), testicular interstitium (IT), and
spermatozoa (SPZ) H&E x 400)
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control down the column. On day 14, CAT, MDA, and
GR showed no significant difference (p > 0.05), while
SOD and GPx significantly increased (p < 0.05) com-
pared with control down the column. Whereas day 21
recorded significant increase (p < 0.05) in all parameters
except SOD, there was a significant increase in all pa-
rameters tested compared with control down the col-
umn at day 28.

All the biomarkers of peroxidation increased signifi-
cantly on day 28 across the row when compared to day
1 for groups exposed to 2.5 x 107%, 5.0 x 107 and 6.25
x 10~* ug/L lambda-cyhalothrin (p < 0.05).

The significant increase (p < 0.05) in SOD, MDA,
GPx, and GR levels returned to normal after 7 days of
depuration but the CAT level did not return to
normal.
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Histopathology of the testes of C. gariepinus exposed to
different concentration of lambda-cyhalothrin after 1 day
The photomicrographs of testes harvested on day 1 (Fig. 2)
displayed some destructive effects in testes histoarchitecture
of the treated animals. Group B recorded variable sized and
shaped seminiferous tubules lined by abundant spermato-
genic cells was observed. Early stages of the spermiation
stage and spermatogenic stage were observed in this sec-
tion. The spermiation stages were exhibited by the presence
of free spermatozoa (SPZ) in the lumen of the seminiferous
tubules (ST) while the active spermatogenic stages are ex-
hibited by the presence of spermatocysts (white arrow).
Histological changes observed in group B also occurred in
group C. Multiple clusters of necrotic spermatogenic cells
with nuclear pyknosis and cytoplasmic swellings were ob-
served in group D (Fig. 2).

Fig. 5 Histopathology of the ovary of C. gariepinus exposed to different concentration of lambda-cyhalothrin after day 1. Group A (control), B (2.5
x 1074 pag/L), C (5.0 x 107 pg/L), and D (8.25 x 107 pg/L) (MO, mature oocyte; FO, flabby oocyte; white circle, degenerative ovarian changes;
black arrow, vacuolation; H&E; Mag. x 400)
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Fig. 6 Histopathology of the ovary of C. gariepinus exposed to different concentration of lambda-cyhalothrin on day 14. Group A (control), B (2.5
x 1074 pg/L), C (5.0 X 107 pg/L), and D (8.25 x 107 pg/L) (MO, mature oocyte; FO, flabby oocyte; white circle, degenerative ovarian changes;
black arrow, vacuolation; H&E; Mag. x 400)

Group A (control) showed the normal histomorphol-
ogy structure of the fish testes with large round to ir-
regular shaped seminiferous tubules. The tubules were
lined by sparsely accumulated spermatogenic cells
(spermatogonia, spermatocytes, and/or spermatids)
and surrounded by indistinct cytoplasmic arms of the
Sertoli cells. The seminiferous tubules are separated
by testicular interstitium which is composed of the
interstitial cells and blood vessels. The predominant
maturation phase observed in this section is the sper-
miation stage (Fig. 2).

Histopathology of the testes of C. gariepinus exposed to

different concentration of lambda-cyhalothrin on 14 days
The photomicrographs of testes harvested on day 14
(Fig. 3) displayed severe levels of destructive effects in
testes histoarchitecture of the treated animals com-
pared to day 1. Whereas group B showed normal his-
tomorphology of the fish testes with variable sized
and shaped seminiferous tubules lined by spermato-
genic cells, multiple clusters of necrotic spermato-
genic cells (white arrow) with evidence of nuclear
pyknosis and swelling of cytoplasm were observed in
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black arrow, vacuolation; H&E; Mag. x 400)

Fig. 7 Histopathology of the ovary of C. gariepinus exposed to different concentration of lambda-cyhalothrin on day 28. Group A (control), B (2.5
x 10" ug/L), C (5.0 x 10" ug/L), and D (8.25 x 10~* ug/L) (MO, mature oocyte; FO, flabby oocyte; white circle, degenerative ovarian changes;
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the group C while the active non-deformed spermato-
cyst appeared in the group D.

Group A (control) showed no recognizable alteration
in the histomorphology of the fish testes. The predomin-
ant maturation stage present in the control group is the
active spermatogenic stage which is exhibited by the
presence of spermatocysts.

Histopathology of the testes of C. gariepinus exposed to

different concentration of lambda-cyhalothrin on day 28

The photomicrographs of testes harvested on day 28
(Fig. 4) displayed severe levels of alterations in testes his-
toarchitecture of the treated animals. Groups B and C
showed similar effects. They displayed multiple clusters
of degenerative spermatogenic cells (white arrow) with

cytoplasmic swellings, while in group D, multiple clus-
ters of necrotic spermatogenic cytoplasmic swelling and
sloughed epithelial cells were observed.

Group A (control) showed normal histomorphology of
the fish testes with variable sized and shaped seminifer-
ous tubules lined by active spermatogenic cells (white
circle). Two stages of maturation: the spermiation stage
and spermatogenic stage were observed (Fig. 4).

Histopathology of the ovary of C. gariepinus exposed to

different concentration of lambda-cyhalothrin after day 1
The photomicrographs of ovary harvested on day 1
are displayed in Fig. 5. Group A (control) showed
normal ovarian histomorphology of the fish with pre-
dominance of large matured oocytes (type IV) and
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granular cytoplasm bound by vitelline membrane of
variable thicknesses. Group B showed normal ovarian
histomorphology, degenerative ovarian, and mature
oocytes bounded by vitelline membrane. Groups C
and D showed degenerative ovarian changes, mature
oocytes and flabby structures, and vacuolation oo-
cytes, respectively.

Histopathology of the ovary of C. gariepinus exposed to
different concentration of lambda-cyhalothrin on day 14
The photomicrographs of ovary harvested on day 14 are
displayed in Fig. 6. Group A showed normal ovarian his-
tomorphology of the fish and a predominance of large
mature oocytes (type IV) with granular cytoplasm bound
by vitelline membrane of variable thicknesses (Fig. 6).
Group B showed matured oocytes, flabby structures, and
granulose cells that surround the secondary oocytes.
Group C exhibited prominent degenerative ovarian
changes, flabby structures, and matured oocytes while
more pronounced vacuolation, degenerative ovarian
changes, matured oocytes, and granulose cells were ob-
served in group D (Fig. 6).

Histopathology of the ovary of C. gariepinus exposed to
different concentration of lambda-cyhalothrin on day 28
The photomicrographs of ovary harvested on day 28 are
displayed in Fig. 7. Group A displayed the normal ovar-
ian histomorphology of the fish, predominant large ma-
ture oocytes (type IV) with granular cytoplasm bound by
vitelline membrane of variable thicknesses. Groups B
and C showed more pronounced degenerative ovarian,
matured oocytes, flabby structured, and vacuolation oo-
cytes, while nuclear pyknosis, mature oocytes, degenera-
tive ovarian changes, flabby, and vacuolation oocytes
were noted in group D (Fig. 7).

Discussion
The present study demonstrated that C. gariepinus ex-
posed to lambda-cyhalothrin showed concentration and
duration dependent on significant increases (p < 0.05) in
radical activities. Oxidative stress is another mechanism
for toxicity leading to cell death and disturbance of the
physiological processes in fish (Banaee, 2013). It is re-
lated to reactive oxygen species production and can
occur when the antioxidant and detoxifying systems are
deficient not able to neutralize the active intermediates
that are produced by xenobiotics and their metabolites.
Changes in the levels of antioxidant enzyme activities
could be used as biomarkers in different aquatic organ-
isms (Orbea, Ortiz-Zarragoitia, Sole’, Porte, & Cajara-
vile, 2002).

The higher LCT concentration showed a marked in-
crease in MDA, and this could be as a result of its free
radical synthesis ability which physiologically induces
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stress. The finding consonants with Nnadi, 2016. In fish,
SOD and CAT constitute the first line of defense against
oxidative stress. Whereas SOD catalyzes the dismutation
of superoxide into hydrogen peroxide and oxygen, CAT
catalyzes the decomposition of hydrogen peroxide into
water and oxygen (Banaee, 2013). The present research
demonstrated that CAT and SOD antioxidant activities
increased significantly (p < 0.05) in fish exposed to dif-
ferent concentrations of lambda-cyhalothrin. This de-
picts that LCT caused production of harmful molecules
called free radicals beyond the protective capacity of the
antioxidant defenses. Somdare (2015) and Nnadi (2016)
made similar findings. Glutathione peroxidase (GPx) and
glutathione reductase (GR) are groups of cytosolic de-
toxifying enzymes found in different tissues, which de-
fend cells against the mutagenic, carcinogenic, and toxic
impacts of various pollutants helping in prevention of
lipid peroxidation and suppressing apoptosis (Banaee,
2013). The significant increase (p < 0.05) in GPx and GR
exposed to LCT in this study indicated that GPx and GR
fluctuation activities were influenced. This finding con-
forms with Kanchan, Chaki, and Misro (2002).

The present study had also demonstrated that the sig-
nificant increase (p < 0.05) in SOD, MDA, GPx, and GR
levels returned to normal after 7 days of depuration but
the significant increase (p < 0.05) CAT level did not return
to normal. We therefore report that the oxidative stress ef-
fect of LCT in C. gariepinus is severe considering the fact
that CAT is a major antioxidant enzyme in fish.

The testes of C. gariepinus exposed to lambda-
cyhalothrin-graded concentration in this study showed
necrotic conditions in the spermatogenic cells with nu-
clear pyknosis and cytoplasmic swelling. The observed
necrosis (unprogrammed cell death) of various stages of
the germ cell within the spermatogenic cycle suggested
that the germ cell maturation was distorted during the
process of spermatogenesis with subsequent degener-
ation. This could be that LCT contained estrogenic
properties which could cause disorder in the testes of
the fish. The findings were consistent with the report of
Jaensson, Scott, Moore, Kylin, and Olsén (2007).

The ovary harvested from LCT-treated C. gariepinus
showed in this study showed concentration and
duration-based effects. Ovarian damages observed in the
female gonad cursed a trend of increased frequency of
ovaries with vacuolations, flabby oocytes, and degener-
ated ovary changes. Histopathological investigation indi-
cated that the normal abnormalities in the female
gonads may have contributed to the deformities in the
egg structures and viability. Gonad lesions observed
could have resulted in the degenerative ovarian changes,
flabby oocytes, and vacuolation in the oocytes of C. gar-
iepinus exposed to LCT. This agreed with the report of
Kausik, Bodhisatwa, and Salma (2015).



Ezenwosu et al. The Journal of Basic and Applied Zoology

Conclusion

The present study has demonstrated that lambda-
cyhalothrin affected various antioxidants activities and
gonad functions of C. gariepinus. Specifically, the signifi-
cant increase in CAT could not return to normal after 7
days of depuration. This simply implies that lambda-
cyhalothrin is toxic to C. gariepinus.

Abbreviations

LCT: Lambda-cyhalothrin; CAT: Catalase activity; GPx: Glutathione peroxidase;
SOD: Superoxide dismutase; GR: Glutathione reductase; LPO: Lipid
peroxidation; MDA: Malondialdehyde
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