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Devicyprin induced gonadal impairment in a freshwater
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Abstract: Synthetic pyrethroids are the recent major class of broad spectrum, photostable, organic insecticides used in agricultural, domestic and veterinary

applications and now account for more than 30% of global insecticide use. Cypermethrin is metabolized and eliminated significantly more slowly by fish than

by mammals or birds, which may explain this compound’s high toxicity in fish compared to other organisms. The present communication deals with

histoanatomical alterations in the gonads of a local fresh water food fish, Channa punctatus exposed to 0.033 ppm (96 hr LC
50

 X 1/10) concentration of a

synthetic pyrethroid, devicyprin (cypermethrin 25%) in aquatic medium of aged tap water for 15, 30 and 45 days respectively. In testis, exposure dependent

histological damage has been observed in terms of vacuolization, condensation of spermatogonic cells, distortion of tubular epithelium, shrinkage of interstitial

cells and general inflammatory responses. Longest exposure of 45 days has resulted in peculiar starry-sky appearance of the testicular tissue. Gross histo-

anatomy of ovarian tissue reveals epithelial lesions, inflammatory responses, stromal hemorrhage, increased interstitium and shrinkage of yolk vesicles

towards periphery. These findings are quite suggestive of reproductive impairments leading to delayed gonadal maturity and adversely affecting processes of

sperm production and ovulation and thus, the fish production.
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Introduction

Pyrethroids are the synthetic analogues of pyrethrins, the

powdered extract of  dried flowers of Chrysanythemum

cinerareaefolium, commonly called as Congress grass. These are

the latest class of broad spectrum, photostable organic compounds

with high insecticidal activity, improved potential stability and low

mammalian toxicity (Sogorb et al., 1988). They account for 30% of

global insecticide consumption (Eisler, 1992; Parma et al., 2007 ).

These are used as substitutes for organochlorine, organophosphate

and carbamate insecticides. They enter the aquatic environment

through run-off water during agricultural operations, by drift during

forest-spray procedures and by direct spraying of water bodies

(ACSEQ, 1986) and exert toxic effects to fish and other non-target

aquatic insects and crustaceans (Khan, 1983; Joshi et al., 2007).

Pyrethrum grows luxuriantly along the banks of rivers, ponds,

lakes, etc. and hence the possibility of entry of its decomposed

flowers in surrounding water bodies cannot be ruled out. Devicyprin

(cypermethrin - 25%) is an insecticide having the empirical formula

C
20-21

H
28-30

O
3-5
. Physically it is an emulsifiable concentrate brown

viscous oil or solid, and is photostable. It is highly toxic to fish and

aquatic invertebrates. It is metabolized and eliminated comparatively

more slowly by fish than by mammals or birds (Bradbury and

Coats, 1989).

Although ecotoxicological manifestations of pyrethroid

intoxication have been documented by several workers in various

organs of fishes but despite our best efforts, we could not gather any

information regarding the adverse effect of pyrethroid on the gonadal

health profile of fishes. As healthy gonads of fish are an important

determinant of its breeding potential, and thus any toxicological

factor adversely affecting the histoanatomy of gonads will definitely

hamper the gross production of fishes (Coats, 1979). Keeping this

in mind present study was undertaken to assess the ecotoxicological

manifestation of a commercial pyrethroid, devicyprin, (cypermethrin-

25%) on gonadal impairment in freshwater food fish, Channa

punctatus.

Materials and Methods

Live specimens of Channa punctatus were hand netted

from the river Gomti and brought to the laboratory in wide mouthed

plastic containers. After thorough washing in tap water, these were

put to dip treatments in 2% KMnO
4
, 0.04% formaline and 1-4 ppm

bezalkonium chloride for 1hr to rule out any external infection.

Apparently healthy fishes (12±1cm and 20±2g) were then

acclimatized to the laboratory conditions for 10 days in aged tap

water. They were fed twice in a day with pieces of earthworm,

larvae of fresh water crustaceans like Anopheles, Culex and

Chironomous and special floating type fish food marketed under

the trade name, “Tokyo” at regular intervals of 12 hr. For proper

gaseous exchange, aerators were used.

LC
50
 of cypermethrin for 96 hr was determined by following

the Trimmed Spearman Karber Method (Hamilton et al., 1977).

For this purpose ten aquaria were setup, each having ten healthy

and live specimens of fish. These were treated by ten different

logarithmic concentrations of the test chemical and their mortality %
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computer having the required software. LC
50 
of cypermethrin for 96

hr was found to be 0.33 ppm. Fish were exposed to sub-lethal

concentration of the toxicant (LC
50
 of 96 hr x 1/10) for 15, 30 and 45

days of exposure periods respectively. Similar number of fish were

maintained in controlled medium. For both the purposes 5 gl-1 water

load was maintained (Burress, 1975). During the experimental

conditions (both control and exposure period) water quality was

analyzed regularly to record any alteration in the physicochemical

attributes of water by following standard procedures (APHA ,

2005).

At the end of the exposure periods, both control and test

fish were taken out of aquaria and promptly anaesthetized with wild

dose of Benzocaine (Laird and Oswald, 1975). The fish were

dissected in Ringer’s saline, the testis and ovary were quickly taken

out, sliced and initially fixed in Bouin’s fluid. After washing several

times  with 70% alcohol, tissue slices were cleared in Cedar wood

oil and processed for paraffin embedding. Tissue sections of 4 µm

thickness were cut, passed through descending and ascending

series of graded alcohol and stained with haematoxylin and eosin

for photomicrography. Significant findings were recorded by NIKON-

HFX-DX trinocular microscope and NIKON-FX-35-DX camera with

automatic time recorder. The changes in exposed sections of Gonads

were compared with those of the control sections.

Results and Discussion

Physico-chemical alteration of test water: The changes in

water characteristics were observed before and after dissolving the

devicyprin (cypermethrin 25%). The water characteristics like pH,

DO, total hardness, alkalinity, TDS and chloride were found

decreased throughout the experiment. While temperature and BOD

were increased after each exposure period (Table 1).

Histopathological observations: Fish exposed to sub-lethal

concentration of devicyprin for different exposure periods showed

considerable degree of alteration in the histoanatomy of the gonads.

These changes were profound and the degree of changes in

histoanatomy showed variation during different exposure periods.

The seminiferous tubules are generally of varying shapes

and sizes. Each tubule has a definite, thin fibrous wall which is not

distinguishable after the spawning phase (Fig. 1). The testis of C.

punctauts has shown significant changes on exposure to test chemical

devicyprin. After 15 days of initial exposure period, reduction in

number and condensation of spermatogonic cells and appearance

of a large number of intertubular vacuoles were observed (Fig. 2).

Table - 1: Water characteristics at different intervals after dissolving LC
50
 x 1/10 of devicyprin (cypermethrin 25%)

     
Duration

Temp.
pH

DO BOD Hardness Alkalinity TDS Chloride Iron

(0C) (mgl-1) (mgl-1) (mgl-1) (mgl-1) (mgl-1) (mgl-1) (mgl-1)

00 hr Control 21.0 7.6 9.4 0.6 150 280 300 54 0.6

Experiment 21.4 7.0 7.6 0.6 120 260 220 45 0.4

15 Days Control 22.0 7.4 9.2 0.8 146 272 290 50 0.6

Experiment 22.4 6.0 6.8 3.6 100 250 180 35 0.2

30 Days Control 22.9 7.2 9.0 0.9 144 270 260 50 0.4

Experiment 23.1 5.0 6.5 5.8 90 230 170 25 0.1

45 Days Control 23.4 7.1 8.8 1.1 142 268 230 48 0.4

Experiment 24.6 4.5 5.5 8.4 70 200 120 20 0.1

Fig. 1: Section of testis of control fish showing seminiferous tubule and tunica

albugenia (H and E X 100) St = Seminiferous tubule, Ta = Tunica albugenia

Fig. 2: Section of testis of fish treated with LC
50
 x1/10 of devicyprin

(cypermethrin 25%) for 15 days showing intertubular vacuolization and

Inflammation (H and E X 100). In = Inflammation, Iv = Intertubular vacuolization
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Devicyprin induced gonadal impairment in a fish

Fig. 3: Section of testis of fish treated with LC
50
 x1/10 of devicyprin

(cypermethrin 25%) for 30 days showing intertubular vacuolization,

inflammatory cells and necrosis (H and E X 100), Ic = Inflammatory cells,

Iv = Intertubular vacuolization, N = necrosis

Fig. 4: Section of testis of fish treated with LC
50
 x1/10 of devicyprin

(cypermethrin 25%) for 45 days showing swelling of seminiferous tubule,

necrosis and inflammation (H and E X 100), In = Inflammation, Sw = Swelling

of seminiferous tubule, N = Necrosis

Fig. 8: Section of ovary of control fish showing follicular epithelial cells,

nucleus, yolk vesicles cells (H and E X 100). DG = Degeneration of

germinal epithelial cells, In = Inflammation, Sh = Stromal hemorrhage,

V = Vacuolization

Fig. 7: Section of ovary of fish treated with LC
50
X1/10 of devicyprin

(cypermethrin 25%) for 15 days showing vacuolization, condensation of

nucleolus, stromal hemorrhage (H and EX 100). In = Inflammation,

N = Necrosis, Sh = Stromal hemorrhage, V = Vacuolization

Fig. 6:  Section of ovary of fish treated with LC
50
 X 1/10 of devicyprin

(cypermethrin 25%) for 45 days showing vacuolization, inflammation,

degeneration of germinal epithelial cells and stromal hemorrhage, (H and E

X 100). Cn = Condensation of nucleolus, Sh = Stromal hemorrhage,

V = Vacuolization

Fig. 5:  Section of ovary of fish treated with LC
50
 X 1/10 of devicyprin

(cypermethrin 25%) for 30 days showing vacuolization, inflammation,

necrosis and stromal hemorrhage (H and E X 100). FE = Follicular epithelial

cells, Yv = Yolk vesicles, N = Necrosis
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A large number of inflammatory cells, further condensation

of spermatogonic cells, presence of a large number of intertubular

vacuoles and swelling of spermatids can also be seen after 30 days

exposure periods (Fig. 3). Termination of experiment (45 days’

exposure periods) reduction in the number of spermatogonic cells,

starry sky appearance, contraction and vacuolization of tubules,

and necrosis of seminiferous tubules were observed (Fig. 4).

Normal histology of the ovary of C. punctatus reveals that

it is surrounded by an ovarian wall which is differentiated into an

outer thin peritoneum, a thicker tunica albuginea made up of

connective tissue, muscle fibers and blood capillaries. The

innermost layer is the germinal epithelium which joins with the

tunica albuginea at several places and projects into the central

lumen, the ovocoel, in the form of finger like projections called

ovigerous lamellae (Fig. 5).

The ovaries of C. punctauts have shown significant

changes on exposure to test chemical devicyprin. Fish exposed to

sub-lethal concentration of devicyprin for 15 days showed, oocyte

with de-shaped, disrupted follicular epithelial cells. Nucleolus showed

condensation of crescent shaped dark granules at one side.

Degeneration of epithelial cells causes vacuolation (Fig. 6). After 30

days of exposure periods, vacuolated follicular epithelium and more

degenerative cytoplasm can be seen. The cytoplasm begins to

show vacuolization at the periphery of oocyte which gradually

extends towards the centre (Fig. 7). De-shaped Yolk vesicles,

stromal hemorrhage, some extent of damage can be seen in the

architecture of tunica albuginea and inner germinal epithelium after

45 days of exposure periods (Fig. 8).

In present investigations gross inflammation was found in

the gonadal tissue of fish treated with different exposure periods.

Testicular inflammation was documented as one of the common

responses in both aquatic animals exposed to environmental

toxicants (Sokal et al., 1985; Ruby et al., 1986, 1987).

Testes in fishes represent the most dynamic organs having

a high cell turnover during the reproductive period. These are

especially vulnerable to a wide variety of chemical toxicants among

which the pesticides like organochlorine, organophosphorus,

carbamates and synthetic pyrethroids play a very crucial role.

Pesticides that cause testicular atrophy either damage the

seminiferous tubules or destroy the intercellular leyding cells or

both, thereby culminating in the partial or total arrest of

spermatogenesis in a variety of fishes. Studies of spermatogenesis

in fishes have been well described by many workers (Turner,

1919; Mathews, 1939; Swarup and Srivastava, 1979). According

to Hoar (1965), spermatozoa are formed from the sperm mother

cells or spermatogonia through a series of cytological stages

collectively referred to as spermatogenesis. The gradual reduction

in the size is carried up to spermatid formation which metamorphoses

in to spermatozoa by reduction in its nuclear size. Long term static

bio-assays conducted in the laboratory clearly indicate that exposure

of cypermethrin (25%) is responsible for histo-anatomical damage

of fish testis in terms of condensation of spermatogonic cells,

vacuolization of tubular cells distortion of seminiferous cells along

with inflammatory lesions. Shrinkage of interstitial cells and

vacuolization of tubular cells which resulted in peculiar starry sky

appearance of the testicular tissue after longer duration of exposure

even with low concentration is a strong evidence for testicular

atrophy. These studies thus reveal that histoanatomical damage of

testis is exposure dependent.

In case of ovary, nucleus shows several spherical structures

formed by the fragmentation of nucleus lying randomly in the

chromatin network (Peri-nucleolus stage), yolk vesicles are

arranged at the periphery, vacuolization in the nucleus, stromal

hemorrhage and damage of germinal epithelium. Histoanatomical

abnormalities in ovaries may be caused by several factors, viz.,

ionizing radiations, electric current, parasitic infections, mechanical

injuries, xenobiotic toxicants (Sarojini and Victor, 1985) and by a

variety of effluents and aquatic pollutants (Shukla et al., 1984; Saxena

and Garg, 1978; Johnson et al., 1988 Mc Comic et al., 1989; Davis

and Cook, 1993; Farmer et al., 1995; Kumar et al., 2000). Almost

similar histopathological findings were reported by Hossain et al.

(2002) in the ovaries of Anabas testudineus and C. punctatus after

the exposure 0.5 and 5.0 ppm concentration of pesticide, dimecron

100SCW. Giri et al. (2000) reported the effects of insecticide basathrin

induced histoanatomical insult of ovarian tissue of catfish, H. fossilis.

They reported marked damage in germinal epithelium, atresia of

oocyte, stromal hemorrhage, vacuolization of oocytes and general

inflammation. Dutta and Dikshith (1973), Nigam et al. (1979),

reported degenerative changes in seminiferous tubules, enlarged

interstitium and hemorrhage in intertubular area in albino rats

exposed to pesticides. These changes may culminate in a partial or

total arrest of spermatogenesis. Katti and Sathyanesan (1985),

observed exposure dependent and concentration-mediated

changes in testis of Clarias batrachus treated with lead. Hilderbrand

et al. (1973), Sankar and Mandal (1973), have reported similar

observations in lead treated rats. Kinnberg et al. (2000), have also

documented concentration dependent effects of nonylphenol on

testicular structure of the fish, Xiphophorus maculates. Zutshi (2005),

observed appreciable reduction in size, with spermatids and sperms

in degenerating condition, and necrosis of interstitial cells after fenthion

treatment in fish, Glossogobius giuris. Zutshi and Murthy (2001),

reported extensive cytotoxic damage in the testis of gobiid fish,

Glossogibius giuris after fenthion exposure Kumar et al. (2007),

have also documented in vivo cytotoxic damage in testis of H. fossilis

exposed to sublethal concentration of an anionic surfactant after

acute exposure. Present study suggests that the extent of amage in

the fish gonads not only depends on the concentration of the toxicant

but also on the time of exposure.

The histo-pathological changes induced by devicyprin in

the testis and ovary point to the fact that the synthetic pyrethroids

which are used now a day as an eco-friendly substitute for organic

insecticides may not be a panacea for all the ills. Their unrestrained

Srivastava et al.190
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Devicyprin induced gonadal impairment in a fish

use may adversely affect the bio-diversity and productivity of the

fishes. Hence there is an urgent need for studies on other synthetic

pyrethroids and their effects on non-target organisms.

These studies can be helpful in working out the no

observable effect concentration (NOEC) of devicyprin for fishes.

The gonadal health of fish decides its breeding potential; hence

productivity of fish can be hampered by these synthetic pyrethroids.

Our finding may be used by ichthyologists and environmentalists

to conserve fish bio-diversity and production for prescribing safe limits of

this insecticide in aquatic environment respectively.
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