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TERATOGENICITY OF DICHLORVOS IN CHICK EMBRYOS

ASMATULLAH AND RABIA HANIF

Department of Zoology. University of the Punjab, Quaid-e-Azam Campus,
Lahore-34390, Pakistan

Absteact:  Dichiorvos  (DDVP). an organophosphorus sectict was  tlested  for
vinbryotoxic and teratogenic eflects m chick.  Diflerent  aqueous  concentrations  of
Dichlorvos (6.25. 12.5. 25.0 and 50.0 pgepg) were mjected. in volk sac of egg. before
meubation. Embryo recoveries were made at day 3. 7 and 135 of incubation. At day 3. dose
*  dependent develoy | lies including unditferentiated and unfolded brain parts.
patent neurocoel. incomplete  somite formation. twisted  spinal cord. abnormal heart
position and under-developed eves were found. At dav 7. morphological. anatomical and
morphometric studies revealed concentration dependent adverse effects of the insecticide
The developmental defects were reduction in CR length. phaly. phthalmi.
short beak. twisted spmal cord. micromelia. ectopia cardis and short and thick neck.
Developmental anomalies in 15 day embryos were also found dose dependent. such as
dwarlism. monopia. micromelia. amelia. tumed beak. gastroschisis and ectopia cardis

I'he present study indicates that DDVP is potentially dangerous to avian develog (
Key words: Develog tal detects. organophosphates. chick embryos.
INTRODUCTION

esides increased crop production possibilities. environmental and health side
effects of the insecticides has rendered difficulties for living creatures (Wild.
1975). especially since many pesticides have been found to be mutagenic.
carcinogenic and teratogenic (Axelson and Sandell. 1974: Wild. 1975: Shirasu
et al.. 1976, Eto ef al.. 1980: Gomez-Arroyo ef al.. 1985, 1987, 1988). Acute pesticide
poisonings are an important cause of morbidity and mortality. Although Jata are
madequate to quantify. with certainty. the extent of the problem. recent estimates suggest
that each year worldwide. there arc 3 million acute severe pesticide poisonings with
- 220.000 deaths (WHO report. 1986. 1990). Much of this burden is borne by developing
countries. where 99% of fatal pesticide poisonings occur and where 25 million episodes of
intoxication occur annually among agricultural workers alone (Jeyaratnam, 1985. 1990).

The organophosphorus compounds represent a broad class of insecticides and are
widely used for the cradication of assorted household and agricultural pests. These
compounds have been considered relatively safe. especially in the sense of these being
biodegradable and thus non-cumulative (Durham and Williams. 1972: Jennings et af..
1975 Harbison. 1978). Unfortunately. the effective application of these compounds 1s
confounded by the frequent intoxication of beneficial non-target organisms. including
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numerous documented cases of human fatalities. Contributing to this selectivity 1s the
broad range of sensitivity of different orgamsms to aculc poisoning by OP compounds.
with fish being relatively resistant and rodents and birds very sensitive (Kemp and
Wallace. 1990).

When these organophosphorus insecticides are used in high concentrations and over
a long period of time. they can prove 10 be potentially teratogenic and embryotoxic in
mammals (Rosenstock er al.. 1991: Asmatullah. 2000). OPs are anticholinesterase agents
and are among the most widely used neurotoxic pesticides. If humans or animals are
exposed to OPs. their neryous system will always be affected more or less scriously (Papp
and Desi. 1998). Many reports are available on OPs causing significant inhibition of the
AchE in vivo. In view of the complexity of the nervous system. particularly the central
nenvous system (CNS). in vivo models have an important role in clucidating both the
potential for. and the mechanism of. neurotoxic insults (Atterwill and Walum. 1989).

Dwivedi and Mathur (1999) tested different concentrations of fenvalcrate.
cypermethrin. dichiorvos and monocrotophos against the cggs of Spodoptera litura
(Lepidoptera) for oviducal effect. The higher concentration (700 ppm) of fenvalerate and
(500 ppm) of cypermethrin. dichlorvos and monocrotophos showed si gnificant results and
led to failed hatching and increased mortality to 100%. Nuvan mixed with piperonyl
butoxide (PB) and Decis when studied. proved to be highly toxic to snail and was a strong
inhibitor of AchE activity (Tripathi and Agarwal. 1998). In many other studies. the
harmful effects of organophosphorus compounds. especially to avian embryos have been
shown quite convincingly (Khera. 1966: Khera and Bedok. 1967; Meiniel et al.. 1970:
Meiniel. 1976: Sternberg. 1979: Whyttenbach and Thompson. 1985). In most of these
studies. it has been shown that even very small quantities of OPs induced gross embryonic
malformation which included microcephaly. eye cataracts. ascites. hepatic degeneration.
micromelia. ectrosyndactyly. microphthalmia. anophthalmia and many other musculo-
skeletal abnormalities.

Virtually all the known chemical agents including insecticides have at one time or
another been known to cause injury or death in man. Above mentioned studies have
indicated that organophosphorus insecticides are toxic for non-target organisms and are
also embryotoxic and teratogenic. Thus. the present study was planned to evaluate the

embryotoxic and teratogenic poténtial of DDVP in developing chicks.
MATERIALS AND METHODS
Fresh eggs (White leghorn breed) were purchased from Government Poultry Farm.

Lahore. The eggs were divided into 6 groups. Four groups were treated with different
concentrations of dichlorvos (DDVP).
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All the eggs in each group were selected randomly without considering the size and
colour of eggs. Eggs were cleaned with a piece of cotton soaked in alcohol. and were
marked according to their respective groups. DDVP was available as emulsifiable
concentrate with trade name. Neovas 50 EC (ACMES International). The concentration of
DDVP used in the study ranged from 6.25 to 50 pg/egg. These concentrations were
prepared by dissolving insecticide in distilled water in such a way that 0.1 ml contains
desired concentration.

A small window was made in the shell of each egg except control group eggs. with
the help of a scalpel. provided shell membrane was not ruptured. 0.1 ml of each
concentration of aquous solution of DDVP was injected. into the volk sac of the eggs of
respective groups. with microapplicator. In case of vehicle control group. only 0.1 ml
distilled water was injected in cach egg. All these treatments were applied in sterilized
conditions. Following mjection. the hole in the egg shell was sealed with liquid paraffin
Wax.

The embryos recovered on day 3 of incubation were fixed in freshly prepared
Bouin's fixative and whole mounts of embryos were prepared on day 7 and 15 of
incubation. embryos were fixed in Bouin's fixative for 48 hours. Then washed in 70%
alcohol and finally preserved in 80% alcohol for morphological studies.

Morphological observations involved measurements of crown-rump length as well as
gross anatomical observations. These observations included the studies of developmental
conditions of brain. eyes. ear. limbs. beak etc. These organs were studied with the help of
magnifying lens and with naked eye depending upon the size of the embryo. The data
were analyzed by using student’s "t test. The embryos from 3" day recovery were
microphotographed with camera fitted microscope and embryos from day 7 and day 15 of
incubation were macrophotographed by using camera. equipped with telephoto lens.

RESULTS
Three davs incubation

Embryos of control and vehicle control group had CR length 6.75+0.95 mm and
5.55+0.02 mm. respectively (Table 1) and had well developed embryonic parts (Fig.1a).
The CR length of embryos was reduced dose dependently in insecticide treated groups
(Table 1). The delay in differentiation of different organs was very obvious (Table I,
Figs.1b. 2a).




Table I: Developmental anomalies induced by different concentrations of DDVP in 3 days old chick embryos.
Dose CR length Brain (%) Spinal cord Eves (%) Cardiac Limb buds Somites (%)
(pg/egy)  (mmiS.D) (%) position (Ye) b
Control 6.75+0.95 Normal & Normal Normal with Normal Prominent Quite
(n=10) distinct lens vesicle limb buds distinguishable
prominent somite pairs
Vehicle  5.25+2.02 Under Under- Unidentifiable Unidentifiable Under- Undistinguish-
W control (n=10) developed (50) developed (50) (25) developed able (25)
< (50) (50)
T 6.25 4.02+1.50%* Small and Twisted (15). Small (25). Unidentifiable Small & Primitive in
nD“ (n=10) undifferentiated  Unidentifiable Unidentifiable (30) under- development
= brain parts (50) (15) (25) developed (70)
% (50)
M 12.5 3.25+2.22% Small and Twisted (50).  Unidentifiable  Ectopic heart Unidentifiable  Primitive in
= (n=10) under- Unidentifiable (75) (25). (75) development
=] developed (100) (50) Unidentifiable (75)
L (75)
W _ 25 4.7582.77 Unfolded brain  Twisted (60).  Unidentifiable Unidentifiable Unidentifiable  Primitive in
< (n=10) parts (25). Unidentifiable (50) (50) (70) development
Unidentifiable (25) (50)
(60)
50 3.57+1.86* Partially Under- Under- Unidentifiable Not Primitive in
(n=10) differentiated developed developed (80) prominent development
brain parts (30). (25). (80) (80) (80)
Undifferentiated  Unidentifiable
brain parts (50) (50)

Significant difference against controls * P 0.05:** = P-0.01.
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Fig. 1: Microphotographs of 3 davs chick embryo: a, control embryo with normally
differentiating body parts; b, an embryo from 6.25 pg/egg dose group with
abnormally differentiated body parts including brain (arrow head) neural tube (p)

and somites (8).




—————

20

Fig. 2:
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¢ group showing abnormal differentiation of body parts
and patent neural tube (N); b-¢, m:\trnphutuunlph\ of
development; d,

a, an embryo from 50 pgleg
including brain (B), eye (E)
avs contral and vehicle control chick embryos with normal
ag dose group; and ¢, embryos from 50 pg/egg dose group
ins including ectopia cardis (H), hind limb (L), twisted

seven d
embryos from 12.5 pgle
with abnormally developed orgi
spinal cord (S), small eve (SE).
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Fig. 3: Macrophotographs of 15 days chick embryos: a, normally developed controly h, a
member of vehicle control group with some abnormalities including eye (E) and
plumage (P); ¢, @ member of 25 pg/egg dose group with turned beak (TB),
gastroschisis (G) and anophothalmia (arrow head); d, resorbed embryos of S0 pg/egg

dose group
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Table 1 Developmental anomalies induced by different concentrations of DDVP, in 15 days chick embryos, injected
before incubation.
Dose  Malformed  Resorbed  CRlength Head (%) Eyes (%) Beak (%) Heart Limbs (%)  Plumage (%)
(ng/egg)  embryos embryos (mmtS.D) position (%)<
& %) %) 5
m Control 0.00 375 43604288 Microcephaly Normal. Smaller (20) Normal Micromelia Partially
m (- 10) (20) closed (20) ?.w_%&
; (20)

= Vehicle X0.0 10.0 243942 K3%* Small but Opened no Short (100) Normal Micromelia Under-
3} control n-10) distinct brain ~ eyelids (100) (90) developed
(=) - - parts (100) (90)
w 625 4444 55.55 6.6241 37%%+ Not Not formed Notformed  Fectopicheart  Notformed  Not formed
O (n-10) distinguishabl (100) (100) (25). (100) (100)
W ’ & (100 Undistinguish
= -able (75)
< 125 1 R8.KK 75041 504**  Microcephaly  Anophthalmia  Notformed  Notprominent  Not formed  Not formed
w (n 10) (100) (100) (100) (100) (100) (100)

25 0.0 50.0 9.00£2 48***  Brain parts Right eye is Notformed  Notprominent  Notformed  Not formed
m om0 not smaller than (100) (100) (100) (100)
> " distinguished  lefi (25). Not
~ (100) formed (75)
W 50 375 623 K.542.12%%*  Microcephaly 1efi side Tumedbeak  Notprominent  Ameliaof  Patchy (33)

(n 10). ©(33). Not ‘monopia (33). (33). Not (70). Ectopic ~ hind limb
y formed (66) Under  formed (66) heart (30) (33)
v.vN.
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Seven davs incubation

The control and vehicle control groups embryos typically represented stage 3l
described by Hamburger and Hamilton (1951). The CR length of the embryos was
1334113 and 12.7540.35 mm. respectively (Table II). The insecticide treated group’s CR
length was significantly (P<0.001) reduced as compared to the controls (Table II). The
developmental anomalies were found very severe in all insccticide treated embryos (Table

11 Fig.2d.e).

Fifteen davs imcubation

Al this stage. the control group embryos had attained the morphological features of
the adult and cmbryos were at the stage 40. described by Hamberger and Hamilton (1951).
The CR length was 43.60+2.88 mm (Table 11, Fig.3a).

In case of vehicle group, the CR length was 24.39£2.83 mm which is significantly
(P<0.01) less than controls (Table I11). As compared to control group. cmbryos of this
group had reduced body size and growth. with 10% resorption at th¢ time-of recovery
(Table 111). Head was small but with distinct parts. Eyes were smaller than controls. Beak
was shorter. while neck was of normal size. Limbs and plumage were under-developed
(Fig.3b).

In treated groups the fetuses were significantly (P<0.001) reduced in size (Table 111).
A higher rate of resorption was noted in all dose groups (Table Ill. Fig.3d). Some
members of a higher dose groups. 25 pg/egg. showed scvere developmental defects
including twisted beak. patchy plumage. anophthalmia and gastroschisis (Fig.3c).

DISCUSSION

The purpose of the present study was to evaluate the developmental toxic effects of
DDVP in avian systems which is comparatively more volatile than most of the
organophosphorus insecticides. is highly toxic and rapid acting. having dircct inhibitory
effect on acetyl- and non-specific cholinesterase and is rapidly absorbed by any route
(Jamil. 1989: Lindrigan et al.. 1999).

The main observation made during the present investigation is that dichlorvos.
injected in chick cggs before incubation. cven at low concentrations. produced
cmbryotoxicity and teratogenicity. The develo mental anomalies were found at all
developmental stages. including 3% 7% and 15" day of incubation. The developmental
defects observed on day 3. small. undifferentiated and unfolded brain parts. patent
neurocoel. incomplete somite formation. twisting of spinal cord. ectopia cardis position
and under-developed eyes: on day 7 increased embryo lethality. reduction in CR length.
microcephaly. non-distinct brain parts. microphthalmia. short beak. twisting of spinal
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. micromelia. ectopia cardis defects and short and thick neck and on day 15.
fism. monopia. micromelia. amelia. turned beak and cctopia cardis were increased
the increase of dose concentration.

These results are more or less in conformity with ecarlier reports that
nophosphorus insecticides are toxic to embryonic and fetal tissues and can induce
ogenicity in chick. Miscioni er al. (1977) have categorized a whole sct of
alities encountered in chick embryos following malathion treatment. Abnormalities
as micromelia. dwarfism. parrot beak and abnormal feathering were commonly
d and were classified as type | abnormalities. Another sct of abnormalities.
gnated as type II. included defects such as short neck. tibiotarsal arthrogryposis and
lar hypoplasia of the legs. Many other studies have also shown embryotoxic and
genic effects of different organophosphorus insecticides in chick embryos (Marliac.
Khera and Bedok, 1967: Greenberg and LaHam. 1969: Meiniel and Autissier-
0. 1980: Kitos e al.. 1981: Misawa et al.. 1981).

~ The teratogenic effects of diazinon with regard to skeletal development. particularly
ities and vertebrae were examined in chick (Misawa ef al.. 1982). Inhibited growth
ur. tibia, metatarsi and digits were observed on day I5 following injection of
cticide (0.1 mg diazinon) on day 3 after incubation. In another related study.
midon induced severe dwarfism as well as neural defects including complete
is of the cye in the chick embryo (Mufti and Dad. 1977) and abnormalities in the
ing heart and kidneys (Mufti and Nasim. 1987).

Garrison and Wyttenbach (1985) showed that white leghorn chicken eggs treated
crotophos in a dose ranging from 250 pg — 2 mg/egg administered on day 1. 2.3
of incubation. resulted into the production of malformed embryos showing a variety
bnormalities. These abnormalities included general growth retardation. abnormal
sense organs. notochordal folding with deformities of the spinal cord. deformitics
neural epiphysis and distention of major blood vessels. Jena and Bhunya (1992)
the genotoxicity of as organophosphate. monocrotophos. upon chronic exposure in
in vivo test system employing micronucleus bioassay. The induced frequency of
ei in the erythrocytes of both bone marrow and peripheral blood was
cantly higher than the respective control values. which revealed the genotoxic
al of monocrotophos. Rao et al. (1992) suggested that RPR-V_ an organophosphate.
teratogenic effects on chick embryos when injected on day 4 of incubation. As the
increased. the hatchability decreased and the incidence of deformities increased.
et al. (1998) observed that the survival rate. growth rate and size and the
erase activity significantly declined. while mortality rate and the frequency of
ities increased in the Methyl parathion intoxication in chick embryos.

investigations on harmful effects of these insecticides on other developing
have also been done. In most of these studies. it has been shown that very small
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quantities of OP insccticides caused severe abnormalities or embryonic malformations.
malathion. malaoxon. parathion and paraoxon caused dosc dependent development.
notochordal defects and reduced growth in African clawed frog (Snawder and Chambers.
1990).

Methamidophos is embryotoxic to mice and like other OPs produces different
undesirable side effects including death (Murphy. 1980). Mufti and Nazir (1988) studicd
the effect of Malathion on mice and found that dose of 1 mg and 3 mg/g BW proved to be
lethal for embryos and the viable ones were highly malformed.

Dichlorphos inhibits AChE in the embryos of Japanese quail. This enzyme inhibition
leads to retardation of the development. to reduce accumulation of glucose and amino
acids in the sub-embryonic liquid and finally to death of the embryo. suggesting that the
developmental retardation is due to the restricted supply of glucose and amino acids
(Kaltner ¢r al.. 1993).

The two principal determinants of anticholinesicrase activity for various
organophosphorus insecticides are steric hindrance and the electrophilic strength of
phosphorus atom. Structure-activity correlation revealed that whereas steric hindrance is
the principal factor governing inhibitory potency for rats and hens. the electrophilicity of
the phosphorus atom is the principal determinant of anticholinesterase activity in trout
(Kemp and Wallace. 1990).

In birds. the mechanisms of teratogenic action appears to be related to diminished
embryonic nicotin-amide adenine dinucleotide levels as a result of Kynurenine
formamidase inhibition (Seifert and Casida. 1978: Eto et al.. 1980) and/or altered levels of
available acetylcholine causing neuromuscular blocking effects during development
(Landauer. 1975).

All studies. including present one. indicate that in spite of being non-cumulative and
biodegradable. these OP insecticides are potentially dangerous to developing embryos
cven when given at comparatively low concentrations.
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