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COMPARATIVE TERATOLOGICAL OUTCOMES OF FLUORIDE IONS AND 
A FLUORIDATED INSECTICIDE (BIFENTHRIN) 

IN CHICK EMBRYOS
Zubedah Khanum,a,† Sadia Suleman,a,† Aqsa Mustanser,a Muhammad Waqar Ul Hassan,a 

Kausar Raees,b Muhammad Ali Kanwal,a Afia Ziac, Khawaja Raees Ahmada,*
Sargodha, Pakistan

.ABSTRACT: Teratological capacities of fluoride ions (F), from NaF, and bifenthrin (BN)
in ovo exposure were compared in the golden black variety of domestic chicken. Three
groups (n=55) were studied: (i) vehicle control group (VC) with 0.1 mL 5% dimethyl
sulfoxide (DMSO) in demineralized water; (ii) F group with 0.01 µg F/g egg weight (EW)
and (iii) BN group with 0.01µg BN/g EW. The relevant doses were injected in freshly laid
fertilized eggs. The embryos were removed from the egg shells after 14 days of
incubation. The embryos were weighed and fixed in Bouin’s solution for further studies.
Morphological studies indicated general growth retardation in the embryos in the F and
BN groups compared to the VC group. Reduced beak length, microphthalmia,
exocardia, and meromelia were observed in the F group embryos whereas, different
appendicular deformities such as fore-limb meromelia, contorted and polydactyl hind-
limbs, un-clawed digits, and elongated digits corresponding to the index fingers were
seen in the BN group embryos. Statistical analysis revealed a significant increase in
dead and growth-retarded embryos in both the F and BN groups compared to the VC
group. The morphometric data also showed a significant (p≤0.05) decrease in mean
embryonic weight (F: 5.36±0.17 g, BN: 5.27±0.16 g; VC: 6.82±0.13 g), crown-rump length
(F: 45.78±0.25 mm, BN: 44.30±1.15, VC: 51.67±0.81), and occipito-frontal length (FE:
13.92±0.18mm, BN: 12.65±0.14, VC: 16.05±0.13), in the FE and BN groups compared to
the VC group. The findings indicate that fluoride is a potent disruptor of avian
development both in ionic and organic forms.
Keywords: Bifenthrin; Chick; Fluoride; Teratology. 

INTRODUCTION

Poultry is a growing sector for the provision of meat and eggs to the whole world.
Unfortunately, poultry have shown a susceptibility to the pesticides commonly used
in poultry operations as well as to insecticide residues present in commercially
available poultry feed.1 In addition, pesticide residues may accumulate in the meat
and eggs and can potentially threaten consumer health.2-3 Another point of concern is
that the pesticides and their metabolites accumulated in ovo, impose risks of
developmental abnormalities and even embryonic death.4-7 In a similar way,
inorganic environmental toxicants such as heavy metals and, in particular, the
element fluorine, have shown adverse effects on various organs, reproduction, and
development.8-10 The reported general permissible limit for fluoride ions (F) in
drinking water for general human consumption is 1.5 ppm. Beyond this limit, F may
cause dental fluorosis and/ or skeletal deformities.11 

 Like fluoride ions, fluoridated-organics (such as bifenthrin) have been found to
induce various toxicological manifestations.12-14 Both F and fluoridated-organics
induce oxidative stress in those exposed, leading to damage in tissues and organ.15-18

Developmental toxicological effects of F and BN have been reported in fish and
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rodents.13,19-22 The reported embryonic toxicology of BN exposure in mice includes
general growth retardation (GGR) as indicated by decreased crown-rump length,
appendicular length, and in the brain and eye circumferences.19 The toxic effects of
fluoride ions on mouse embryos include, along with the various indicators of GGR,
microcephaly, open eyes, hydrocephaly, twisted hind limbs, kinky tail, and hind limb
meromelia.8 However, no published information exists that highlights the
developmental toxicity of fluoride ions or fluoridated-organics in bird embryos. The
aim of the current study was to study the teratogenicity of F and BN exposure in ovo
on developing chick embryos.

MATERIALS AND METHODS

Egg collection, treatment and incubation: Fertilized eggs (freshly laid in the
preceding night) of the golden-black variety of domestic chicken were collected at
approximately 8 am from poultry breeders in the nearby villages of Sargodha city.
Eggs of approximately equal size (weighing 48–52g) were selected and distributed
into three groups (n=55 per group): (i) the vehicle control group (VC group) was
treated with 0.1 mL 5% dimethyl sulfoxide (DMSO) in demineralized water (DMW);
(ii) the fluoride-treated group (F group) with 0.01 µg/g F in 0.1 mL 5%
DMSO+DMW; and the Bifenthrin (BN group) treated with 0.01 µg/g BN in 0.1mL
DMSO+DMW. The eggs of all three groups were placed in an incubator (Memmert)
at 37±0.5ºC and 65% humidity for 14 days. The eggs were gently rolled manually,
three times a day (8 hourly) every day.

Preparation of FE ions and BN solutions: The desired quantities of fluoride ions
(0.01 µg F/g EW) from technical grade NaF and similarly of BN (0.01 µg BN/g EW)
from technical grade BN were dissolved in 5% DMSO+DMW such that each 0.1 mL
of the respective solution contained 0.5 µg of the active ingredient (F or BN). 

Dose administration: The egg shells were sterilized using cotton swabs moistened
in 70% alcohol to remove contaminants and residual traces of feces under the flow of
dry air so that the alcohol would rapidly evaporate and not leach into the egg. A small
0.5 mm spherical window was created in each egg through partially dissolving the
shell by the application of 0.2 µL of concentrated HCL (with the help of a
micropipette) in the middle between the two ends. The eggs were placed horizontally
(the “window” facing on the left lateral side) to for 10 minutes so that the
presumptive embryonic discs could rise on the top of the yolk mass inside each egg.
A sterilized 1 mL syringe was used to administer the group specific 0.1 mL dose
solutions (as narrated above) through the “window” directly into the yolk in each
egg. The tiny hole produced at the site of injection in the shell membrane in the
middle of “the window” was closed using a drop of molten wax. The process was
completed in a laminar flow cabinet. 

Embryo collection: Embryos were collected on the 15thday of incubation. For this
purpose, the rounded, shield-like portion of shell from the broader end of each egg
was removed using fine scissors and forceps with the egg held in a vertical position
and the narrower end pointed towards the ground. During this activity the developing
embryos (being lighter than the yolk) slowly came to the top of the yolk mass and
were visible through the opening produced. The egg contents were poured in a wide
Petri dish to separate each embryo from the top of the yolk, using scissors, forceps,
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and camel hair brushes. After the removal of the amniotic fluid and extraembryonic
membranes using lukewarm normal saline and a paper towel, each excised embryo
was weighed on a digital (0.001 mg precision) balance (Sartorius TE214S). These
embryos were carefully observed in order to note any morphological defects. They
were finally fixed in Bouin’s solution for morphometric measurements and additional
organo-metric, histological, and micrometric analyses.

Morphometry and data analysis: The morphometric measurements for the occipito-
frontal length, the bi-parietal distance, and the crown-rump length were obtained for
each embryo with the help of a digital vernier caliper. The morphometric data were
subjected to appropriate statistical analyses (Chi-square, ANOVA and Tukey’s post
hoc analysis) employing Softonic SPSS20 software.

RESULTS

Chick eggs Fertility index: Analysis of the data for the numbers of unfertilized eggs
and live, dead, and growth-retarded embryos using the Chi-square test revealed a
significant difference (p≤0.05) between the BN and VC groups while a highly
significant difference (p≤0.001) was noted between the VC and F groups (Table 1). 

Embryonic Morphology: Compared to the VC embryos, the morphological
abnormalities observed in the F group embryos showed general growth retardation,
exocardia, evisceration, and decreased development of the down plumage as well as
abnormal development of the eyes, limbs, and mandible. The embryos in the F group
frequently showed micrognathia with rudimentary or no beak development.
Similarly, limbic meromelia and microphthalmia were also frequently seen in the F
group embryos (Figure 1).

Table 1. Comparisons of the numbers of  embryos recovered (n) among the groups  
(VC group=vehicle control group, F group=fluoride-treated group,  

BN=bifenthrin-treated group) 
 
     Parameter                                      Group 

  VC group 
 (n) 

            F group  
(n)  

BN group 
(n) 

Total eggs 55 55 55 

Live embryos 28 14 18 

Dead embryos  2 6 4 

No embryonic development 
(presumed unfertilized eggs) 

19 20 21 

Stunted growth embryos 6 15 12 

 χ2                   28.553†                11.782* 

 χ2: Chi square goodness of fit test compared to the control group: *p≤0.05; †p≤0.001. 
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Apart from the general growth retardation that was observed, the morphological
changes observed in the BN group embryos included appendicular deformities such
as limbic meromelia, curved (bowed shaped) shanks, polydactyly (i.e., variations in
the number of digits) in the hind limbs, prematurely opened eyes with congenital
cataracts, and swollen peri-auditory meatus (opening of the external ears) (Figure 2).

Morphometric results: Statistical analyses (single factor ANOVA) revealed
significant differences (p≤0.001) among the groups of mean values for the embryonic

Figure 2. 14-day-old chick embryos showing different morphological anomalies in the bifenthrin-
treated group embryos (B, C, C1, and D) as compared to the vehicle control group embryos (A).
C1 shows a magnification of the hind-limbs of the bifenthrin-treated groups embryos. a: normal
Embryonic Eye formation with eye lids, b: Normal Beak, c: External Auditory Meatus, d: Normal
fore-limbs, e: normal hind-limbs, f: normal Hind-limb Digits, a1: open Eye showing cataract, c1:
bulging external auditory meatus, d1: fore-limb meromelia, e1: smaller hind-limbs with bow-
shaped shanks, f1: contorted hind-limb digits, f2: enlarged digit corresponding to the index finger
and abnormally small digit corresponding to the little finger, f3: unilateral hind-limb polydactyly,
and f4: contorted fingers.

Figure 1. 14-day-old chick embryos showing different morphological anomalies involving
reduced growth in the fluoride-treated group embryos (B, C, and D) as compared to the vehicle
control group embryos (A). a: normal eye, b: normal beak, c: normal claws, d: reduced beak, e:
exocardia, f: meromelia, and g: micropthalmia.
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weight, the crown-rump length, and the occipito-frontal length. These data were
obtained only from live embryos of the three groups. Further post hoc analysis
(Tukey’s pair wise comparison) showed a significant difference (p≤0.05) between the
VC and F groups, and also between the VC and BN groups, for the parameters of
mean embryonic weight, the crown-rump length, and the occipito-frontal length but
not for the bi-parietal length (Table 2). 

DISCUSSION

Bifenthrin belongs to the pyrethroid group of insecticides that are believed to be
safe for vertebrates at low concentrations. The main feature of interest for this
insecticide with respect to this study is the presence of fluoride in the insecticide.
Inorganic fluoride alone has been found toxic to developing embryos as mentioned
above. Systemic exposure in animal models and in humans can result in embryo
lethality. In the case of human embryonic stem cells, F reduces viability and
proliferation and induces cell death.23 Thus it seemed imperative to study the toxicity
to the embryo of fluoridated insecticides.

F exposure has been found to cause histopathology in various bodily organs
including kidney, liver, and testes.17,24 Similarly, BN, a fluoridated insecticide, has
been found to be toxic to various bodily organs, including liver, kidneys, and
lungs.25, 26 Moreover, F and BN have also been found to possess embryo-toxic
potential in zebrafish and rodent mammals. However, little is known about their
teratological effects on birds. Development of the avian embryo is confined to the
shell encapsulated environment and toxicants would need to gain entry into the egg
on or before oogenesis to interfere in the developmental processes. Insectivorous and
omnivorous birds may eat insects containing insecticides. In this way insecticides
may accumulate in developing egg yolk during vitellogenesis. The insecticide
bifenthrin contains organo-fluoride which is why we investigated its embryo-toxic
potentials and compared them with those of fluoride ions in the avian system. 

Our results indicated that F exposure during embryonic development caused higher
embryonic mortality compared to BN while embyros exposed to BN exhibited higher

Table 2. Variations in weight, crown rump-length, and morphometric readings of the skull of 
the developing chick embryo in the groups (VC group=vehicle control group,  

F group =fluoride-treated group, BN=bifenthrin-treated group;  
values are mean±SEM) 

 
           Parameter                                      Group 

 VC group   
 (mean±SEM) 

       F group 
(mean±SEM) 

BN group  
(mean±SEM) 

Mean weight of embryo (g)* 6.82±0.13a 5.36±0.17 b 5.27±0.16 b 

Mean crown-rump length (mm)* 51.67±0.81 a 45.78±0.25 b 44.30±1.15 b 

Mean occipito-frontal length (mm)*   16.05±0.13 a 13.92±0.18b 12.65±0.14c 

Mean bi-parietal length (mm)* 12.53±0.19 a 11.7±00.19 a 11.56±0.20 a 

∗: For each parameter, the groups not sharing a common lower case superscript differ 
significantly from each other at the level of p≤0.05. 
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teratogenicity compared to those exposed to F. BN exposure has been found to induce
various appendicular deformities along with swelling around the openings of the
ears, and open eyes with indications of embryonic cataracts compared to the
pathology observed in the F group embryo who had microphthalmia and
micrognathia, scant down feather appearance, and rudimentary beak formation.
However, both F and BN impeded the embryonic growth rate as indicated by the
body mass index, the crown-rump length and the occipito-frontal length
measurement parameters in 14-day-old chick embryos. 

These findings indicate that water or food contaminated by the presence of the
fluoride ion and/or BN, an organo-fluoride, may be deleterious for avian
reproduction and embryonic development, especially if consumed at the egg laying
stage as F or BN are deposited in the egg yolk during ovarian vitellogenesis. The
most interesting finding in this study is that organo-fluoride (BN) exposure more
severely interfered with the embryonic growth rate and also causes appendicular
skeletal mutilations compared to inorganic fluoride exposure.   

CONCLUSION

The findings of the present study indicate that in ovo fluoride (both inorganic or
organic form) exposure (0.01 µg/g egg weight) can adversely affect appendicular,
eye, and beak development along with causing general embryonic growth retardation
in chicks. Fluoridated insecticides may be more potent developmental toxicants than
fluoride ions alone. Thus, fluoridated insecticides should be used with extreme care.
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