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ABSTRACT

Lindane, an organochlorine pesticide, has been widely used in public health and agriculture in several countries
including India. Lindane has long been associated with pollution due to its long persistence and quick accumulation
in fatty tissues. It is considered a possible carcinogen, mutagen, teratogen, immunotoxin, and neurotoxin in
mammals. However, data on toxicity of lindane to fish is inadeguate to establish the mode of action of this pesticide
in this group of vertebrate. The present study thus aimsto review the works of toxic effects of lindane to fish.
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INTRODUCTION

Lindane is an organochlorine pesticide that hasheieely used in public health and agriculture praigbn in
developed and developing countries including Inthalndia, the first BHC technical plant was set atpRishra,
near Kolkata, in 1952 [1]. The use of the insedéchexachlorocyclohexane (HCH), commercially avddaas
lindane, increased greatly after DDT became legajricted in many countries [2]. Lindane has besported to
be toxic, carcinogenic, endocrine disrupter andalggitant chlorinated insecticide widely used inveleping
countries in agriculture and public health. Linddres been long used and has been associated witkisssoil
pollution. Lindane also has long-term effects omhn health, including anemia as well as liver,i¢etir, bone
marrow, and kidney damage [3]. In India, lindanefolations are registered for use in pharmaceugicaducts for
control of head lice and scabies on people [4if Hlso registered for use to control fly, fleackimach, mosquito,
bed bug, and beetle populations. In agriculturis, iegistered for use to control pests in cotsugarcane, pumpkin,
cabbage, onion, apple, walnut, maize, okhra, pptatoato, cauliflower, radish, cucumber and beaisane is
commonly used on a wide variety of crops, in waredes, and in public health to control some disehsasght
about by insects. Other applications are in theufature of lotions and shampoos for the contrdicaf and mites
in humans. Also, it may be found in formulations fahgicides. It is available as a suspension, eiffalite
concentrate, powder, and ultra low volume liquidl [Bhe US Environmental Protection Agency has bitad
lindane products for direct application in aquativironments. Lindane has been declared restriotaase in India
[6]. Lindane is highly toxic to fish which absorkisdirectly from water or by ingesting contaminatisbd and
bioaccumulate in their fatty acids at ratios of A@D0 due to its lipophilic nature [7]. Fish haveeh used
extensively for monitoring purposes because theentrate pollutants in their tissues, which aredly absorbed
from water and also through their diet, reflectthg level of pollution in the aquatic environme8}. [Additionally,
fish occupy different habitats in the ecosystenvirg different feeding behaviours, thus offering thotential to
study the influence of both environmental and kgatal factors on the bioaccumulation of pollutaj® It should
also be considered that different organs of figitrén different ways or with different intensity the presence of a
toxic substance [10]. Being an important part afdahain, fish are at great risk of lindane expestihe present
study, thus, aims at reviewing the works on tofiects of lindane in fish.
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Structure of lindane

Lindane (Fig) is a colourless solid with a faintstyuodour. Lindane belongs to the chemical famflgldorinated
hydrocarbons, commonly known as gamma-HCH, gamm@&-Bghmma-benzene hexa chloride. Lindane is the
gamma isomer of hexachlorocyclohexane. There a@fe stereoisomers of hexachlorocyclohexane, of klbicly
lindane has significant insecticidal activity. Hoxge, technical mixtures of all isomers have beedelyi used as
commercial insecticides. The hexachlorocyclohexameshydrophobic and several isomers readily Viaktj thus
they have become globally distributed and bioacdataun fatty tissues of animals [11]. Lindane hadsw vapour
pressure and solubility in water and dissolves ashorganic solvents. Lindane is stable to light,teeat and acids.
Lindane is slightly soluble in water (10 ppm at @D@and in most organic solvents, including acetane aromatic
and chlorinated hydrocarbons. Lindane is stabldigiat, heat, air, and strong acids, but decompasealkali
solutions to trichlorobenzenes and HCI. The minimeontent of Lindane for commercial use is usuatiya or
above 99.5 % [12]. Lindane is very stable in batbsli- and salt-water environments, and it is raststo
photodegradation [13]. It disappears from the whtesecondary mechanisms such as adsorption aondptibs by
sediment, flora and fauna, in the case of fishesutgh gills, skin, and food [14].

Fig.1: Lindane
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Acutetoxicity of lindane

The acute toxicity of Lindane to African CatfisBlérias gariepinus) juveniles was assessed in a static renewal
bioassay for 96 h to examine the effects of thtipigle and ascertain their level of tolerance @u&dr suitability as
bio-indicator in freshwater ecosystems. The 24, 748and 96 h median lethal concentration ) @f lindane to
Clarias gariepinus are 1.45, 1.38, 1.32 and 1.29 ppm, respectiveig. Median lethal time (Lsf) of 0.9, 1.0 and 1.1
ppm was zero while the LT50 of 1.2, 1.3 and 1.4 gpen~73 h, ~59 h and ~48 h, respectively. Thermim lethal
concentration was 1.40 ppm while the minimum letiak was ~73 h [15].The 96-h gvalue for the same fish
(C. gariepinusis) was found to be much lower at 0.38 mg/L in anoitady [16]. This shows that the differences in
LCs value of lindane to different fish species depemdsnany factors like age, body weight, diet arteohydro
biological factors of water like temperature, siéinpH, dissolved oxygen etc., [17]. In anothardst, 24 and 48 h
LCso value was 0.616 mg/L and 0.122 mg/L respectivielyGoarus aurata [18], while, the LG, value of lindane
for Etroplus maculatus was found to be 0.028 mg/L [19]. In contrast, 8& h LG, of lindane toJenynsia
multidentata was found to be 119 mg/L and 98 mg/L iGorydorus paleatus [20]. Acute toxicity of lindane
on Colisa lalia was studied by Ramalingam et al, [21]. In another itigadion, 24 h LG, value of lindane to the
fingerlings ofCyprinus carpio was found to be 0.38 mg/L indicating that lindanéoxic to fish, even at a low dose
[22]. In guppy exposed tB-HCH for 48 hours the LC50 was 0.9 mg/L [23]. Irstady [24], 48-h median lethal
concentration of;-HCH in 14 fish species, belonging to 6 familieanged from 22 to 90Qg/L. Thus, lindane
shows wide range of toxicity, in terms of mediatiég concentrations.

Behavioural changesdueto lindane

Fish exposed to lindane showed abnormal behaviesponses like erratic swimming, faster operculdiviag
hyper excitability, loss of buoyancy and balanae 8ome of the early symptoms of lindane poisomibgerved in
this study are respiratory distress, increasedipalyactivity, convulsions, difficulty in breathingrratic swimming
behaviour, swimming on lateral and ventral side aochsional darting up and down the water colunaj. [These
behavioural signs were reported in study of theteataxicity of lindane toClarias gariepinus [25]. The high
toxicity and mortality of fish during acute treatmtemight have resulted from the neurotoxic behaviolithis
organochlorine insecticide. When fishes were expasdindane the fish showed abnormal behavioysorses like
erratic swimming, faster opercular activity, hygeuwcitability, loss of buoyancy and balance etc. &ffects of sub-
lethal concentrations of lindane on behaviouraEtnoplus maculatus were investigated [19]. The frequency of
observed behaviours had the same levels of signifie throughout the period of study. There waslaatéon in the
frequency of occurrence between test concentrattmuisremained significantly higher than the cohtiidne study
shows that lindane is harmful to E. maculatus &tlsthal concentrations and that the applicatiothaf pesticide
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close to bodies of water is a dangerous threagtmtic life [19]. Behavioural menifestations invae of Sparus
aurata exposed to lindane included weak swimming, incapacity to respdo external stimuli, uncoordinated
movements, trembling, myoskeletal defects, opadire ahd exophthalmia [18]. In another study, advitassay
tests were conducted with lindane®@adlisa lalia. The fish were exposed to two selected conceatratwiz., 0.1 and
0.37 mg I'for 96 and 6 h respectively and their behavioud &imodal respiration were studied. Erratic
behavioural responses were noticed at 0.37 mg/Lreeisethe response at 0.1 mg/L were orderly andtizdaf otal
oxygen consumption of fish increased but the depecel on the type of respiration differed in the two
concentrations, and this selective dependencelamn@. I*is suggested to have survival value [21]. PAECH
caused behavioural effect, loss of buoyancy andnigal as well as uncoordinated movements belowdsb to
fertilized eggs and 32ig/L to 1 month old medaka [26]. Bimodal [aquaticog) and aerial ()] oxygen
consumption of the air-breathing fishpabas testudineus exposed to 0.075 and 0.59 mg lindane was measured
for 120 and 6 h respectively. In the controls 67.8P4,was obtained from air () whereas only 32.1% was
obtained from water @) indicating thatA. testudineus predominantly relies on aerial gas exchange. dtetfeld

in both the concentrations of lindane showed aisteT® increase ings Voz and (v + Vi, (total G, consumption)

in most of the periods of exposure; but the inasasserved in mean, @onsumption at higher concentration were
relatively lower than those in lower concentration0.075 mg/L lindane, the stimulation seen inaeaespiration
was more than that in aquatic respiration up tch2Zhe oxygen consumption returned to normal ah96 the
lower concentration of lindane [27].

Effects of lindane on Haematological parametrs

Blood is an excellent indicator of toxic stress amalysis of hematological parameters in fish aigely used to
assess the toxic stress and functional statusadthmal health [28]. Reduction in haemoglobin (byl hematocrit
(Hct) content in toxicant treated fish may be due disorders in haemopoietic processes and acosterat
disintegration of RBC cell membranes [29]. Lindaiso causes negative effects in fish like anaemfabition of
ATPase activity and alterations in nervous fundi¢®0]. The impact of acute and sublethal toxicifyindane on
some haematological parameters of a freshwaterCghinus carpio was estimated [22]. During acute treatment
(24 h), Hb, Hct and erythrocyte (RBC) values weeerdased, whereas leucocyte (WBC) count increaséhei
pesticide treated fish. The hematological indicés Imean cellular volume (MCV), mean cellularhenuodogh
(MCH) and mean cellular hemoglobin concentratiorC(NC) were decreased when compared to control grioup.
sublethal treatment (1/10th of LC50 24 h value,38.ppm), RBC count was decreased whereas WBC count
increased in the pesticide treated fish throughioaitstudy period of exposure (25 days). Hb anduddaies were
decreased up to 10th day and after that recovdredisg a significant increase in the rest of thaedgtperiod.
Similarly, a biphasic response was observed invdlae of MCV, MCH and MCHC. Plasma glucose levelswa
significantly increased while plasma protein leveécreased throughout the study period. Hiroplus
maculates, lindane exposure showed marked changes in haegatal parameters. The RBC, Hb, Hct, MCH,
MCV and MCHC were significantly reduced in fish esed to the toxicant concentrations compared t@oinérol
groups. However, the WBC was observed to be smmifly higher [19].

Effects of lindane on immune system

In fish, it has been shown that exposure to enwramal contaminants may lead to an increase inasése
susceptibility and mortality due to immune suppi@s$31]. Lindane exposure either increased [32«85]ecreased
antibody-secreting cells, lymphocyte mitogenesie humber of NBTp cells, myeloperoxidase and lyswey
activity in vivo in rainbow troutOncorhynchus mykiss [36, 37, 38] but leaves unaffected the immuneamse in
common carp [39]. lindane decreases leucocyte sanrgeveral haematopoietic tissues of tilapiadmeats not affect
phagocytic functions such as phagocytosis and naspy burst [40]. In rainbow trout, intraperitohégjection of
lindane (10-100 mg/kg bw) greatly depressed the bmunof antibody-secreting cells, serum lysozymeelgv
respiratory burst activity and myeloperoxidase {dbotes together with ROS and RNI to pathogenirgl,
proliferating capacity of B cells, but not of T Isgland its percentage in the head-kidney but atstmme time
increased the plasmatic ceruloplasmin, an acuteeppeotein [37,38]. The same group also demonsitthtg oral
administration of lindane (1mg/kg) for 30 days $iigantly decreased the respiratory burst actiafyhead-kidney
leucocytes but unaffected the lymphocyte proliieraeind number of circulating B lymphocytes in mir way to
the previous data in carp [38, 39]. Moreover, thaye also demonstrated that these negative effantbe reversed
by the in vitro addition of nitrogranulogen [36] dietary intake of vitamin C [41]. Dietary intaké llndane (10-
1000 ppm) failed to affect the spleen weight, seamd mucus antibody levels and phagocytosis inctiremon
carp though most of the tissues reflected greatacoination [42, 39]. Lindane bath of Nile tilapis@reduced the
counts of circulating leucocytes, phagocytic atyidnd antibody levels [43]. Phagocytic cells dre tain actors of
the fish immune system. They secrete reactive axgpecies (ROS) involved in their bactericidahati In vitro,
lindane (2.5-10QuM) treatment was able to increase ROS productiamimbow trout head-kidney phagocytes and
MAF (macrophage activating factors) production keripheral blood leucocytes, in both cases dependmghe
dose and with contradictory results [32, 34, 33]jeJe studies also demonstrated that low lindaneecdrations
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increase the cytoplasmatic cAMP but high doseseam® the intracellular €aand these two factors contribute to
the dual effects of induction/reduction of the lecyte immune functions produced by lindane treatmian
leucocytes [32, 34, 35]. In gilthead seabream, tédaky leucocyte incubation with lindane failedsignificantly
change the leucocyte viability (by necrosis andpapsis) and innate cellular immune functions (pltatmsis,
respiratory burst and cell-mediated cytotoxicityjt Istrikingly increased the expression of many immelated
genes (IL-1beta, TNFalpha, MHClalpha, MHCllalphax,MLR9, IgML and TCRalpha) [44]. In order to assése
effect of lindane exposure on gene expression fpéar immune response) in tilapi®feochromis niloticus), fish
were individually weighed and injected intraperdgaily with a single dose of 19.09 mg/kg bw lindafide
differential display (DD) technique was then usedidentify differentially expressed cDNA fragmertistween
treatment and control fish. Results showed thalalie exposure triggered the differential expressiaghese genes
during the first 6, 18 and 24 h subsequent to rimeat application, suggesting that lindane exposaretrigger a
rapid immune system response in tilapias [45].

Effects of lindane on Biochemical profiles

Biochemical parameters of a freshwater f3lprinus carpio was studied by [22]. Fish exposed to lindane slioave
significant increase in plasma glucose level, haveplasma protein level was found to be lower ugfmut the
study period. The glycogen content in the musclénafane treated fish was decreased up to 15thstawing a
percent decrease of 31.74, 80.84 and 86.88, regglgct After 15th day, it was increased up to #el. On the
other hand, glycogen content in liver decreasetbuf0th day after that it was gradually increasednfday 15 to
day 25 [22]. The effects of an acute lethal (0&PL) and a sublethal (0.075 mg/L) concentratiofirafane on the
levels of glycogen (liver and muscle), glucose @bl and lactic acid (liver, muscle, and blood)aofreshwater
fish, Anabas testudineus (Bloch) were determined. A marked decrease ifitlee glycogen and significant increase
in blood glucose and muscle glycogen at 1 hr ofsxpe to 0.075 mg/L lindane was noted. These eguticate
extensive utilization of energy stores in the liead simultaneous build up of fuel reserves innttuscle. After 3 hr
of exposure, glycogenesis possibly becomes operdtiliver through the Cori cycle. The activity thie cycle was
observed in the fish in all the subsequent perafdsxposure studied. At 120 hr, the decreases vbden muscle
and liver glycogen indicate near exhaustion of gfjgn stores. Though changes in glycogen contembtbf muscle
and liver were similar in 0.59 mg/L lindane, thegvb less adaptive value since mortality of fish wigsificantly
high at all three periods studied [46]. Measurenoémarbohydrate metabolites in fish for 6 hr arder could prove
useful as a rapid method for evaluating the toxioftpesticides and other toxicants [47]. Exposafrthe European
eel @Anguilla anguilla) to a high sublethal concentration of 0.335 ppB0f the 96-hr L&) of lindane for 6, 12,
24, 48, 72, and 96 hr affected carbohydrate meimhoMuscle glycogen levels decreased significaatlg, 12, 24,
48, 72, and 96 hr; liver glycogen content did netlohe at any time. Muscle glucose levels in fisgtrevelevated at
6, 12, 24, 48, 72, and 96 hr but in liver, the Isvacreased only at 96 hr. Mean values of musctelaer pyruvate
were elevated significantly at 6, 12, 24, 48 andhv2Muscle lactate levels increased at 6, 12,a24 48 hr in
pesticide-treated fish. Liver lactate levels weevated only at 12, 24, and 48 hr of treatment. dbserved effects
of lindane on carbohydrate metabolism in fish asewksed in relation to acute stress syndrome [30].

A significant positive linear relationship was falbetween lipid content (% of wet weight) and tiBeMLC;, of v-
HCH in fish species, revealing that the toxicityygflCH in various fish species decrease with incregstal lipid
content. If median lethal concentrations are noizedlfor 1% lipid content, then the range of 48@x{s is reduced

to between 18 and 3&y/L. It is concluded that lipids of aquatic organgscan serve (among other functions) as a
protective storage site against the toxic effedtg-6ICH and, possibly, of other lipophilic, persistemtganic
chemicals which are bioconcentrated in body lipitiserefore, in organisms with higher lipid conteatsmaller
fraction of a lipophilic chemical will reach targetgans (liver, lung, central and peripheral nenats.) to cause
adverse effects. Results suggest that this coioelaan be used to extrapolate the acute toxidi8H LGo) of y-
HCH to other fish species if their lipid contentkisown. These biomarkers are useful in the enviemal risk
assessment of freshwater and marine organisms [24].

Effects of lindane on Nervous system

Though the mechanism of action of lindane is ydidalearly established, studies suggestyttahinobutyric acid
(GABA) receptor ionophore complex is the primaryg&t for lindane [47]. Lindane, a potent stimulaftthe
central nervous system upon entering into fish barlygs out several physiological alterations [48jult rainbow
trout Oncorhynchus mykiss were exposed to 0.05 mg/l and 0.1 mg/1 of lindard@H) for two hours. The response
was determined by measuring serotonin (5-HT) ard/dFoxy indoleacetic acid (5-HIAA) levels in fiverdin
regions (hypothalamus, medulla oblongata, teleraieph tectum optic and remaining portion) and hragric and
hepatic tryptophan concentrations. While hepatyptorphan decreased significantly with both dosgnificant
increased levels of seric tryptophan appeared thighhigher dosage. Tryptophan levels did not shigwificant
variations in brain regions. Brain 5-HT increasaghiicantly in hypothalamus but decreased in tecioptic. The
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highest ratio 5-HT/5-HIAA appeared in hypothalanamsl the lowest in telencephalon. This study dennatest that
the effect of lindane on serotoninergic metabolisispecific of determined brain structures [49].

Impact of lindane on Enzyme activity

In a study onCarassius auratus gibelio, effects of lindane on antioxidant defense enzynmataldse (CAT),
Glutathione reductase (GR), Glucose-6-phosphateydiepenase (G6PD), Glutathione peroxidise (GPx) and
Glutathione S-transferase (GST) were analysed [H#. specific activity of CAT after 96h exposurelioflane was
higher in liver, kidney and gill o€arassius auratus gibelio. In the same fish, the specific activity of GR dsxged
in liver, kidney and gill while the specific actiyiof G6PD increased in liver and kidney. The Sfiecictivity of
GPx decreased in liver and increased in kidneygiihéind GST activity decreased in all the tissstglied [50].
Lindane is considered substrates for GST [51].udlgthas been done on the effect of lindane ondheity of GST
in different organs of fisheslenynsia multidentata and Corydoras paleatus. Exposure oflJenynsia multidentata
above 6 mg/L caused activation a GST in liver aitid, dollowed by inhibition at 75 mg/LCorydoras paleatus
exposed to 6.0 mg/L lindane did not present sigaift changes in GST activity; however, enzymatithition was
observed above 25 mg/L [20].

Effects of lindane on Reproductive system

Literature survey demonstrated that the exposureafnical grades ofHCH at sublethal concentrations during
prespawning phase increased significantly tisswedsicentration and also decreased GSI and plasvess lef
estradiol-1p thereby affected the reproductive physiologyHsteropneustes fossilis. The y-HCH have varied
effects in tissue bioconcentration for its isommetabolites which might have caused the disturbaratethe
receptor sites during pre-spawning phase in thégisg as reported by other authors [52]. The péagerof tissue
bioconcentration of-HCH isomer was detected more frequently in thiscgs. It seems quite possible thatiCH
was isomerized tg-isomer which has the insecticidal property. ThEnsformation could have been caused by
bacterial activity and ultraviolet radiation in theater column and ultimately sink to the sedimeatsl get
bioconcentrated in fish tissues. The decreasestogterone and estradiolflgex steroid hormone production has
also been reported lyHCH exposure as well as in vitro study in theisht{53]. Estrogenic action were also found
at 32 to 100Qug/L of B-HCH which induced formation of phosphoproteinggNogenin) in guppy and medaka [54,
55].

Effects of lindane at Histopathological level

The effects of lindane on the liver of a teleoshfCatla catla were investigated after exposure to 1.2% lindame f
30 days. The severity of the hepatocytic alteratiaias prominent and these changes in hepatocysstulicture
could have a wider relevance for ecotoxicologyttes are correlated with the survival capacity tod fish [56].
Similar study was done to understand the effedinofane in the kidney o€atla catla. The fish exposed to this
pesticide, for 15 and 30 days, showed various caabeenal dysfunction in the fish [57]. Etroplus maculatus
lindane exposure had profound destructive effectsthe gills, liver and kidney of the fish. The gilshowed
proliferation of the lamellar epithelium and lanaellfusion, the liver showed necrosis and the kidnagd
constriction of the tubular lumen [19]. A study Haeen done on the effect of lindane Jenynsia multidentata and
Corydoras paleatus experimentally exposed to lindane and changes whserved in the tissues. Damage included
fibrosis in liver and karyolitic nucleus in brairf both studied species [20]. Bparus aurata exposed to lindane,
mucous epithelium of the digestive tissue showsdwere alteration with hypertrophy and desquamationucous
cells. A high cellular disorganization in the rersald hepatic tissue was observed [18]. Effect awtyr, and
histopathological lesions indicating an estrogegiifect, and lesions in liver (vacuolation), kidnéylomerular
hyalinosis) and thyroid gland (hypertrophy) wersoalound in3-HCH exposure ifPoecilia reticulata andOryzias
latipes [54, 55].

CONCLUSION

Lindane has been historically used as a broad peqiesticide in agricultural, livestock, forestugterinary and
human health applications. Several factors haveribomed to concern over the production and uséinofane.
Lindane has been known to be persistent, toxic liodaccumulates besides having potential for |camge
transport. The present review found a wide rangetoafc effects of lindane to fish. As dirty praaicof
environmental contamination of lindane continueglabal ban of lindane is long overdue. Thus, the of lindane
should be strictly controlled and regulated by appiate legislation in order to prevent the immindisastrous
consequences to the environment.
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