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INTRODUCTION

Dicofol [2,-2,-2-trichloro-1,-1-bis (4-cholorophgn) ethanol] an organochlorine pesticide,
is very effective against red spider mite and esn approved for the use on agricultural crops
such as apples, cotton and citrus cultivates, toesatwalnuts, mint, cucurbits, beans and
peppers etc. and also non-residential lawns. It firgs introduced in 1957 by US-based
multinational company named as Rohm and Haas. Tad#& manufactured in countries like
India, Spain and Israel and sold under a numberaafe names such as Kelthane, Colonel,

Decofol and Acarin etc. (Extoxnet, 1996).

Deltamethrin,  [(S)-a-cyano-3-phenoxybenzyl-(1R3-8i(2, 2-dibromovinyl)-2,  2-
dimethylcyclopropane carbo-xylate] is a type Il thetic pyrethroid (manmade analogues of
naturally occurring pyrethrins found in the flowesChrysanthemum cinerariaefolium) which
was synthesized in 1974 and since then, it has &gelred for a range of commercial crops and
recreational uses and by extension controls atyaniepests (Extoxnet, 1995). It is used as an
active ingredient in the number of commercial in®gtes such as Butoflin, Cislin, Crackdown,
Decis and K-Otek and mostly used for growing cattibris primarily applied to commercial
crops such as corn, coffee, hops, artichokes, maereals, fruits and stored products (WHO,

1990).

The current study was undertaken to investigage tédratogenic effect of commercial
formulations of insecticide dicofol (Colonel-S) additamethrin (Decis) in the developing chick
embryo. Chick embryo has been proved to be a pmgianimal model for preliminary

screening of various toxic chemicals including joades.

REVIEW OF LITERATURE

Analytical screening of wildlife tissue samplesr forganochlorine chemicals rarely
includes dicofol, and this may explain why, complavéth other organochlorine, the relative
hazard of dicofol to wildlife populations is poottyown (Clarket al., 1995) Dicofol has been

reported to be ‘highly’ to 'very highly' toxic to @nge of aquatic organisms, including fish,
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invertebrates and estuarine/marine organisms (EBA8). In birds, dietary concentrations of
dicofol between 1 to 10 mg/g (wet weight) fed tptdze adult females found to cause eggshell
thinning, reduced hatching success, or reducedlitierin eastern screech-owlgOtus asio)

(Clarket al., 1995) and American kestrglBalco spar-veruis) (MacLellanet al.,1996 ).

Deltamethrin belongs to the most recent groupr{fogeneration) of synthetic pyrethroids
(Datta and Kaviraj, 2003) and because the ratesafatoxification in mammal is very high than
in insects (Patret al., 1997), it is considered quite safe to mammals. éartier studies with
deltamethrin, provided evidences to suggest thatpyrethroid insecticide have various degrees
of toxicological impacts in different experimentalimals such as fish (Datta and Kaviraj, 2003;
Koprucu and Aydin, 2004; Ural and Saglam, 2005; iop et al., 2006; Veliseket al., 2006;
Sharma and Ansari, 2011; Amin and Hashem, 201pgpnkse quail (Martin, 1990), freshwater
mussel (Koprucu and Seker, 200Bgphnia magna (Xiu et al., 1989) and South American toad

(Salibian, 1992) at the concentrations much lowantthose recommended for its safer use.

The avian egg and its developing embryo have lveidely used to test toxicity and
mechanism of teratogenesis for a longer periodhtd than any of the other assayed considered
so far (Collin, 1987). Teratological tests carrimat on avian embryos provide useful data for
environmental protection and facilitate the devetept of environment-friendly chemical plant
protection techniques (Kesert al., 2004). Dareste (1877), Ancel (1950), Ridgeway and
Karnofsky (1952) and Karnofsky (1955) were among pioneers who referred to study on
chick embryo. Recently, several studies have beedwcted on mechanism of teratogenesis of
various pesticides such as cypermethrin (Anwar,3p0@dimethoate (Alhifiet al., 2004),
flufenoxuron (Rachidet al., 2008), bendiocarb (Petrovova al., 2010), chlorpyrifos and
cypermethrin (Ugginkt al., 2010), endosulfan (Mobarak and Al-Asmari, 2011) &rfdnuron
(Pinakin et al., 2011) to demonstrate the detrimental effects on dbeelopment of chick

embryo.



JUSTIFICATION

As the study of teratogenicity or developmentatidily cannot be conducted during
embryogenesis of humans, a wide variety of laboyaaimals have been employed in detecting
important toxic and teratogenic properties of clensubstances and, for estimating risk to

human and environmental health.

The present study will help to know the possibldverse effects of dicofol and
deltamethrin containing insecticide formulations adeveloping embryos dballus domesticus,
as a model, which could land support to the ideghefembryotoxicity and teratogenicity of
these pesticides on developing foetus of other alsirand also the generalized harmfulness of
these insecticides in the environment. And thisvkedge could later be used in making a
judicious or harmonious use of these popular insées. Findings from this work will provide

additional information and knowledge in the fieliddevelopmental toxicology.

OBJECTIVES

The present teratological study has been planmedeweloping chick embryo with the

following objectives-

1. To observe the congenital anomalies (morphological skeletal), if any, in developing
chick embryo exposed with commercial formulation$ iasecticide dicofol and

deltamethrin.

2. To assess the effect of these insecticides onicebiachemical parameters of chick

embryo.
3. To determine the effect on activity of brain acelyllinesterase enzyme of chick embryo.

4. To know the hepatotoxic (pathological and bioche)ichanges in the liver of developing

chick embryo exposed to above mentioned insectcide



MATERIALSAND METHODS
Insecticides

For the present study, dicofol (18.5 % EC) withmooercial name COLONEL-S,
manufactured by Indofil Chemicals Company, Mumiradja and deltamethrin (2.8% EC) with
commercial name Dedis manufactured by Bayer CropScience Limited, Gujairadia were

used.
Experimental Subject

Fertilized eggs of BV 300 breed were collecteéanked and kept in an incubator with
capabilities of maintaining and monitoring temperef humidity and turning the eggs
periodically. The temperature in the incubator weaintained at 38 +0°%€ and the relative

humidity was kept between 70-80%.
Experimental design

The eggs were exposed to different doses of easdrticide or vehicle by immersion
technique (dipping for 1 hour at &7temperature). The used dose concentrations eéfic&les
were 250, 500 and 1000 mg'lfor dicofol and 12.5, 25 and 50 mg'lfor deltamethrin which
were based on the recommended dose (25 Tofldeltamethrin and 500 mg'Lof dicofol) of
each insecticide used for crop protection. There@ew®o control groups, control group |
(untreated eggs) and control groups Il (eggs whigle immersed in vehicle .i.e. distilled
water). Thirty eggs were assigned for each treatngeoup. All the eggs were kept for

incubation until the time of their sampling.
Experimental plans

There were three sets of experiment based on es@o$ eggs on different critical periods

of chick embryogenesis -

1. A predefined number of unincubated fertilized eggse obtained and exposed on day “0”

of incubation with low, medium and high doses ofteasecticide. All the eggs were kept for
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incubation and candled daily. Infertile eggs weiscarded. Chick embryos were sacrificed on
embryonic day (ED) 4, 7 and 16 for their teratodagistudy. On embryonic day 4 and 7,
surviving chick embryos were examined for morphaal malformations and biochemical
estimations of their whole body, while examinatioh external teratological malformations,
histopathological study (liver), biochemical stugli@grain and liver) and skeleton preparations

were performed on embryo taken out off #i@y of incubation.

2. Prior to dosage, fertilized eggs were placed in iacubator to initiate embryonic
development. On'2day of incubation, all the eggs were immersedifferent suspensions of
each insecticide. All eggs were kept for reincuratiChick embryos were sacrificed on
embryonic day 7, 10 and 16 for their teratologi&taldy. On embryonic day 7 and 10, surviving
chick embryos were examined for morphological nratfations and biochemical estimations of
their whole body. Evaluation of external teratotadi malformations, histopathological study
(liver), biochemical studies (brain and liver) askkleton preparations were carried out on 16

day old embryos.

3.  Fertilized eggs were incubated until embryonic dayOn embryonic day 7, eggs were
exposed to different doses of each insecticidefdiand deltamethrin. The eggs were returned
to incubator until the time of sampling. Chick eryds were taken out from the eggs off' tay

of incubation for examination of external malforinas, histopathological study (liver),

biochemical studies (brain and liver) and skelgioeparations.

The two groups; control | and vehicle control (zohll) with same number of fertilized

eggs were kept for each experimental plan. Eaahweées repeated in triplets.
Parameters
Following parameters were studied for each expantm

. Teratological parameter

R/

« Survival rate



Number of malformed embryo

Incidence of morphological malformation (head, heake, neck, limb and lower

body)

Incidence of skeletal malformation (skull, vertefyraibs, sternum, upper limb and

lower limb)

Biochemical parameters

Protein content- Lowrgt al. (1951)
Glycogen- Montgomery (1957).
Cholesterol- Liebermann-Burchard reaction (Henry Eenry, 1974).

DNA and RNA contents by the methods of Schneid®5T) using diphenylamine and

orcinol reagents, respectively.

Reduced Glutathione (GSH) Morenal. (1979).

Activities of enzymes

R/
°

Alkaline Phosphatase (ALP) and Acid phosphataseR)ASy method of Kind and

King (1954).

Glutamate oxaloacetate transaminase and Glutargaiegte transaminase method of
King (1965).

Acetylcholinesterase (AChE) Ellmahal. (1961).

Histopathological study of liver.

Skeletal preparation of 16 day old chick embryodouble staining (Alizarin Red S and

Alcian blue) method of McLeod (1980) for examipatiof skeletal abnormalities.



RESULTS
Experimental plan |

Exposure of fertilized eggs to dicofol and deltéimi@ on “0” day of incubation resulted in
dose dependent decrease of surviving embryos oh thet embryonic day 4 and 7. But
significant decrease in survivability rate was olssd only on ED 4 in the group treated with
high dose of deltamethrin. Similarly, mean body gieiof embryos on ED 4 was decreased
significantly at medium dose of dicofol and highsdoof deltamethrin treatment, respectively.
No effect was observed on mean body weight of 7addyghick embryo. The significant number
of abnormal survivors was obtained on embryonic d&yom the group of eggs treated with
medium and high dose of deltamethrin, while on EEh& percentage of abnormal surviving
embryos were significant in the group treated withy high dose of deltamethrin. No significant
effect was found on survivability of dicofol tredtanimals on either of embryonic days (4 and
7). On both the embryonic day 4 and 7, abnormavigors exhibited number of external
malformations such as general growth retardatiaycistaneous hemorrhage, microcephaly,
exencephaly, anencephaly, microphthalmia, anophihalexophthalmia, defects in beak and
neck. The numbers of embryo with these anomaligs wereased with increasing concentration

of each of the insecticide.

On embryonic day 4, total embryonic glycogen contghowed significant decrease at
1000 mg [* of dicofol and 25 and 50 mg'Lof deltamethrin treatment. There was no significan
effect on total protein, cholesterol, and DNA anmdARcontents of whole embryo after exposure
to different concentrations of these insecticiddmong enzymes, only the activity of ALP
showed highly significant elevation in embryos teglwith high dose of dicofol. There was no
effect on ACP, GPT and GOT activities. On embrgoday 7, only high dose of dicofol
treatment resulted in significant depletion of kqieotein content, while embryonic glycogen
content was decreased markedly in the embryosetteaith 500 mg [ of dicofol and with 25

and 50 mg [* of deltamethrin concentrations. Total RNA conteh¥ day old embryo showed



significant decrease at all the three doses ofadwthrin treatments. Also, medium dose of
dicofol treatment resulted in significant elevatioh embryonic ALP activity. There was no

effect on other enzyme activities.

The embryotoxic effects of insecticides; dicofodadeltamethrin on ED 16 resulted in
significant decrease of surviving embryos at 250 300 mg [* of dicofol and 25 and 50 mg'L
of deltamethrin treatment. Mean body weight of eyobrdecreased significantly at all the three
doses of deltamethrin treatment. No effect on emtirybody weight was observed with dicofol
treatment. The groups treated with medium and higke of deltamethrin had significant
number of abnormal survivors displaying lower bougiformations (general growth retardation,
ectopia viscera, subcutaneous hemorrhage and heraptmd eye anomalies (anophthalmia and
exophthalmia) at maximum rates. Double stainedes&kélements of embryo treated with these
insecticides showed various skeletal malformatsunsh as poor ossification of bones, scoliosis,

lordiosis, CRS (Caudal Regression Syndrome), defactkull, ribs and lower limb.

Estimation of biochemical constituents of liver I3 day old embryo showed that total
glycogen content decreased significantly with medidose of dicofol and with high dose of
both the insecticides. No effect on total protemnd &holesterol contents were found. The GSH
content showed marked decrease in liver of aninraelsted with high dose of dicofol and all
doses of deltamethrin. Liver ALP activity was el@dhonly in the embryos treated with medium
and high dose of deltamethrin. Treatment with mediand high doses of dicofol showed
marked depletion in the liver GPT activity. No effe were found on ACP and GOT activities.

The activity of brain AChE of insecticide treatedraals also remained unaffected.

The examination of liver sections of insecticideated embryos showed dose dependent
increase of pathological lesions such as degeperaind necrosis of hepatocytes with darkly
stained pycnotic nuclei, vacuolization, enlargedobl sinusoids, dense leukocyte infiltrations

and congestion and/or dilation of central vein ameon which ultimately resulted in loss of



radial arrangement of hepatic cord. Activation afpffer cells was also observed in few animals

treated with medium dosd deltamethrin.
Experimental plan 11

The viabilities of embryos were severely affechgdtreating group of eggs with different
doses of each insecticide ofi day of incubation. Decrease in number of surviengpryos was
observed on ED 7 and 10 after treating the egds it dose of dicofol and medium dose of
both the insecticides. Surviving success of emlwgs also affected severely with high dose of
deltamethrin treatment. On embryonic day 7, meatylweeight of embryos was decreased only
at high dose of deltamethrin treatment. No effeaswbserved on body weight of 10 day old
insecticide treated embryo. A remarkable dose di#gr@nincrease in percentage of abnormal
survivors was observed on both the embryonic dagn(¥ 10) after dicofol treatment. On ED 7,
deltamethrin treatment showed marked number of mbaosurvivors at its medium and high
dose, whereas on ED 10, increase in number of aaaurvivors was highly significant at all
of its three dose levels. Most of external malfotiores observed in 7 and 10 day old embryos

consisted of lower body, eye and head anomalies.

Biochemical estimation of 7 day old whole embrymowed that only deltamethrin
treatment (medium and high dose) resulted in Swamt depletion of total embryonic protein
content whereas, no effect was observed with didodatment. Total cholesterol and glycogen
contents of embryos remained unchanged with eitfig¢hese insecticide treatments. Marked
decrease in total DNA content was observed in dicakated animals, whereas a marked
elevation in total RNA content was observed in ¢éh@mbryos treated with both dicofol
(medium dose) as well as deltamethrin (medium agt Hose). The embryonic ALP activity
was increased significantly with 1000 mg bf dicofol and 25 and 50 mgiof deltamethrin
treatment, whereas ACP activity of embryos was essad only with deltamethrin (medium and
high dose) treatment. Further, only dicofol expesat its medium dose resulted in marked

increase of GPT activity while, no effect was foumad GOT activity of either of insecticide



treated animals. On embryonic day 10, both thefdicand deltamethrin treatments resulted in
highly significant depletion of total protein andygpgen content of embryos at their higher
doses. Total cholesterol content and RNA contergsewncreased with high dose of each
insecticide treatment, whereas DNA content remaungachanged. The embryonic ALP activity
was increased significantly at high dose of easldticide treatment, whereas the GPT activity
showed marked elevation only at high dose of detanm treatment. No effects on ACP and

GOT activities were observed.

Sampling on embryonic day 16 showed that sigmiticdecrease in survivability was
exhibited by the embryos treated with high dosel@famethrin, whereas no effect was found
with dicofol treatment. Similarly, mean body weightf embryo were decreased only with
medium and high dose of deltamethrin treatmentsofdl (medium dose) and deltamethrin
(medium and high dose) treatment revealed sigmifipeercentage of abnormal living embryos
which showed various external malformations suchexgeral growth retardation, subcutaneous
hemorrhage, ectopia viscera, exencephaly, anophidalbeak, neck and limb anomalies.
Common skeleton malformations observed in douladmet skeletal element of these embryos
were of vertebrae and ribs such as poor ossificatiisplaced and fused bones, lordiosis and

scoliosis of spine.

Biochemical studies on the liver of embryos showleat protein content was decreased
with both dicofol (medium and high dose) and dek#min (high dose) treatment whereas, no
effect was found on total cholesterol and glycogentent. The total GSH content got depleted
at all the three doses of each insecticide. Amargymes, ALP activity was increased only at
high dose of both the insecticides, whereas GPiVigovas increased at 500 and 1000 nitplf
dicofol and 50 mg L of deltamethrin treatment. No effects were found A®P and GOT
activities of the liver of these insecticide trehtambryos. Brain AChE activity also did not get

altered after either of the insecticide treatment.
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Hepatic tissues of chick embryo treated with dit@ind deltamethrin showed considerable
changes such as degeneration of hepatocytes odrézadt by vacuoles and enlarge blood
sinusoids around congested and/or dilated centeal, fatty changes and dense leucocyte
infiltration which leads to disturbance in hepatichitecture. These pathological lesions were
observed in non consistent manner in liver sectafrdicofol treated animal, whereas in case of

deltamethrin these changes were seen in dose dagendnner.
Experimental plan 111

Eggs exposed on™7day of incubation to different concentrations dtodol and
deltamethrin were opened on embryonic day 16 ferr tieratological study. The application of
only high dose of dicofol resulted in significargalease of number of surviving embryos and
their mean body weight. There was no effect on isuimy success and body weight after
deltamethrin treatment when compared with contedli®s. The eggs treated with all the three
doses of dicofol showed marked increase in numberalimormal survivors. Whereas,
deltamethrin exposed at only medium and high desel$ showed significant number of
abnormal survivors. Most of the abnormal survivbem insecticide treated group exhibited
lower body malformations such as ectopia viscet ls@matomas, followed by limb and eye
defects. Further, double stained skeletal elemahitssecticide treated embryos showed certain
abnormalities in their axial and appendicular sikele such as poor ossification, synostosis,

lordiosis, CRS, ribs and skull malformations whieére found as insignificant.

Estimation of biochemical contents showed thateth@ere no effects on total protein,
cholesterol, glycogen and GSH contents of livedelitamethrin treated embryos. Total protein
content was decreased significantly at medium agt Hoseof dicofol exposure, while total
GSH content was depleted only in those embryogetiewith medium dose of dicofol. Total
cholesterol and glycogen contents were remainedfaated with dicofol treatment. The liver
ALP activity was increased in those embryos treatit 1000 mg [ of dicofol and 25 and 50

mg L™ of deltamethrin. Elevations in GPT activity weresebved in the liver of embryos treated

11



with high dose of each insecticide. Activities o€CR and GOT remained unchanged. Dicofol

and deltamethrin did not cause any significant glean brain AChE activity of chick embryo.

Sections through the liver of chick embryo treatdth insecticides showed degenerative
changes in hepatocytes with pycnotic nuclei, fattytrations, congestion and dilation of central
vein, cytoplasmic vacuolations and destructed blsodisoids filled with large number of
leucocyte cells. These lesions were severe in embtreated with medium and high dose of
deltamethrin. Mild activations of Kupffer cell wadso observed in the liver of embryos treated

with medium and high dose of dicofol and only witledium dose of deltamethrin.

CONCLUSION
Following conclusions can be drawn from resultthefpresent study:

. Both the insecticide formulations were found toelpebryotoxic as their exposure resulted
in decrease of survivability success and incredseaoous congenital malformations in

developing embryos with marked depletion in the@am body weight.

. On the basis of exposure on critical periods of Bmdenesis, the relative embryotoxicity
of these insecticides were more when developingkafiinbryo were exposed off day of

incubation than on “0"or'7 day of incubation.

. The potent hazards caused by the dicofol treatnveré more at the recommended dose.

In case of deltamethrin, recommended dose anddagé were found to be toxic.

. The highly significant increase in the number ohaimal surviving embryos obtained
from eggs treated on"4day of incubation (critical period in which orgayemesis starts)
indicated teratogenic susceptibility of developiegnbryos toward these insecticide

formulations.

. Abnormal survivors exhibited various types of ertdrand skeletal malformations which

may be directly proportional to dose concentratioheach insecticide.
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. The teratogenic propensity of these insecticidesevadso confirmed by observing dose
dependent alterations in biochemical constituehtghmle embryo at earlier stages of their

development and/or in liver of 16 day old chickeyo.

. The prominent dose dependent pathological lesitaserved in liver of 16 day old chick
embryo due to toxic action of insecticides wereedwgation and necrosis of hepatocytes
with vacuolization and enlarged blood sinusoidacéeyte infiltrations, hepatocytes with
darkly stained pycnotic nuclei and congestion ofticd vein. All these changes resulted in

severe damage to architecture of liver.

. The present study further support the concept thedfol and deltamethrin are non
acetycholinesterase inhibitors as the activity @ifirb AChE enzyme of embryo remained

unaffected with their commercial formulations tezhtn three different critical periods.
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