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Abstract

In the present study, 30 broiler chicks were randomly divided into two equal groups (Gr I and Gr II). Gr
I chicks received drinking water (fluoride conc 0.9 ppm) and standard broiler starter (up to 3 weeks of
age) and finisher ration (mean fluoride concentration 4.7 and 4.5 ppm, respectively) to serve as
negative control, while Gr Il received water containing 400 ppm fluoride and feed similar to Gr 1. Body
weight was measured and blood samples were collected on day 0, 20 and 40 of the experiment. On day
20, the mean body weight of Gr Il chicks was 4.32% lower, while on day 40, it was 7.49% lower in
comparison to Gr |. Hemoglobin concentrations in Gr Il on day 20 and 40 were significantly (p<0.05)
lower than corresponding values in Gr I. RBC count and PCV were also lower, but WBC counts were
higher in Gr Il in comparison to corresponding values in Gr I. Furthermore, significant increase in
aspartate aminotransferase (AST), alanine transaminase (ALT), alkaline phosphatase (ALP), creatinine
and urea nitrogen were recorded in Gr Il on day 40. Results suggested that excess fluoride (400 ppm or
more) exposure in chick have suppressive effects on growth rate and erythropoiesis, increase in
leukocyte count and level of enzymes related to liver and kidney functions.
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Introduction

Small quantity of fluoride (F) is essential for bone and teeth mineralization, fertility
maintenance, hematopoiesis and activation of specific enzymes such as adenyl cyclase, acid
phosphatase, alkaline phosphatase, and isocitrate dehydrogenase (WHO 2000) 331, However,
prolonged ingestion of toxic doses of fluoride compounds by human, animals and birds can
cause chronic F toxicity, commonly referred as fluorosis (Ranjan and Ranjan 2015) [?,
Human and animals in more than 20 countries across the globe are reported to suffer from
fluorosis (WHO 2000) 21, In India, high levels of F in drinking water have been reported to
cause endemic fluorosis in human population in at least 17 states (Susheela, 1999) [%81,
Susceptibility to fluorosis, varies among different animal species; cattle are the most
susceptible followed by sheep, horses, pigs, rabbits, rats, guinea pigs and poultry (Shupe and
Olson, 1971) 23, Despite high tolerance to excess fluoride intake, adverse effects on growth
and production potential in poultry following excess F exposure have been widely
investigated in the past (Hauck et al., 1933; Lundy et al., 1992; Deng et al., 2014 and Talpur
et al., 2022) > 14 5 29 However, a state of confusion persists due to large variations in
reported findings. In a study, it was found that 500 ppm fluoride in diet results into 8%
reduction and 1000 ppm fluoride results into 21% retardation in growth rate in chicks,
though both levels of F in diet do not alter liver and kidney enzyme activities (Wever et al.,
1969) [, But another study in chicks reported marked changes in enzymes related to liver
and kidney functions in chicks exposed to feed containing 800 and 1200 ppm fluoride (Deng
et al., 2014) Bl The present study, therefore aimed to study effects of excess fluoride intake
through drinking water on growth rate, change in hematology and blood biochemistry in
chicks.

Materials and Methods
The present research was carried out on 30 broiler chicks (Vencobb strain). Day old chicks
were procured and housed in the Poultry Farm, College of Veterinary and Animal Sciences,
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RAJUVAS, Bikaner in electric hover brooder in deep litter
system and acclimatized for 5 days. Chicks were given
standard broiler starter (up to 3 weeks of age) and finisher
ration (with mean F concentration 4.7 and 4.5 ppm,
respectively) and drinking water ad libitum. On day 6 (Day
of observation 0), chicks were randomly divided into two
equal groups. Group | received normal dirking water (F
conc. 0.9 ppm) to serve as negative control, while group Il
received fluoridated drinking water (400 ppm F conc.) ad
libitum for 40 days. Body weights were measured and blood
samples were collected on day 0, 20 and 40 from wing vein
for estimation of hemato-biochemical parameters and
estimation of calcium, phosphorus, magnesium and fluoride
concentrations. For day 0, pooled blood samples from 3
chicks were collected. The experimental protocol was
approved by The Institutional Animal Ethics Committee of
College of Veterinary and Animal Sciences, RAJUVAS,
Bikaner. Different hematological parameters including
haemoglobin (HB), total leukocyte count (TLC), total
erythrocyte count (TEC) and packed cell volume (PCV)
were estimated as per standard procedures (Jain, 1986).
Activity of Alkaline phosphatase (ALP), Aspartate
transaminase (AST), Alanine transaminase (ALT) were
estimated in serum using diagnostic kits supplied by Span
Diagnostic Ltd., India.

Plasma fluoride concentration was measured by the method
of Cernik et al. (1970) using digital ion-analyzer equipped
with a fluoride specific electrode (Orion Star A 214
Benchtop PH/ISE Meter, Thermo Scientific, USA). The
electrode was filled with electrode filling solution and the
quality control criterion was met using repeated slope
determination (W.H.O., 1984). The instrument was
calibrated using 0.01 pg/ ml, 0.1 pg/ ml and 1 pg/ ml
fluoride standard solutions. Plasma samples were diluted
with TISAB I1, mixed thoroughly, and F concentration was
estimated (Ranjan et al., 2021) 2. Likewise, fluoride
concentration in water sample was estimated after mixing
with TISAB Il (Ranjan and Ranjan 2015) 24, The data
obtained was analyzed statistically as per the standard
methods using SPSS, version 10.0, statistical software
(SPSS 1997) [281,

Results and Discussion

In the present study, sodium fluoride was used as a source
for excess fluoride intake. The relative aqueous solubility of
fluoride compound has great impact on absorption of
fluoride from gastro-intestinal tract (WHO 2002) [,
Sodium fluoride has high water solubility, hence results into
rapid increase in blood and urine fluoride concentration in
rabbits (She et al., 2002 and Reddy et al., 2003) 24 %I and
birds (Miao et al., 2019) 61, Therefore, this is the most
commonly used fluoride compound used for induction of
experimental fluorosis (Ranjan and Ranjan 2015) 24, Both
feed and drinking water are equally effective as a medium
for excess fluoride exposure as changes in feed and water
consumption and growth rate in chicks were found similar
following exposure of excess fluoride in equivalent doses
either through drinking water or through feed (Raica et al.,
1957) 1491,

Feed and water intake in both groups of chicks were almost
normal during the entire experiment period. In corroboration
with the present findings, Hauck et al. (1933) ! reported
that no depression in appetite was recorded in chicks given
0.15 per cent sodium fluoride in feed. However, higher
doses may affect as Weber et al. (1969) [ found that feed
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intake in chicks reduces when they are exposed to 500 ppm
or more fluoride in feed, either due to lowered energy needs
or due to impairment in the appetite centers in the brain.
Changes in plasma fluoride concentration in negative
control and fluoride intoxicated chicks are depicted in Fig 1.
On day 0, the values were statistically comparable, while on
day 20, it was 48.02 per cent higher in Group Il as compared
to negative control (Gr 1). On day 40, plasma fluoride
concentration in Gr Il was approximately nine times the
value recorded in Gr I. The plasma fluoride level in Gr 1l on
both the observation days differed significantly (p<0.05)
from corresponding levels in Gr I. Fluoride concentration in
plasma is a good indicator of blood F content as nearly 75%
of F remains free in plasma (Deng et al., 2014) B, It reflects
current intake of fluoride from feed and water. Significant
increase in plasma fluoride concentration on day 20 and 40
following excess fluoride exposure in birds suggested high
bioavailability of fluoride in the present study. The peak of
fluoride concentration in plasma is reached quickly as a
result of a rapid pH dependent absorption in the stomach
(Azab et al., 2018) 1. The plasma fluoride levels declines
mainly due to renal excretion and F uptake by hard tissues
(Ranjan and Ranjan 2015) 21,

Changes in body weight of experimental chicks are depicted
in Fig 2. On day 20, the mean body weight of fluoride
intoxicated chicks was 4.32% lower in comparison to
control chicks, while on day 40, it was 7.49% lower. Both
these changes were statistically significant (p<0.05). Several
studies conducted in the past reported marked inhibition in
growth rate of baby chicks following exposure to excess
fluoride. A reduction of 8% in growth rate was recorded in
chicks given 500 ppm fluoride, while 21% reduction in
growth rate was noted in chicks given 1000 ppm fluoride in
feed for four weeks. In another study, 0.3 per cent sodium
fluoride addition in starter ration resulted into significant
reduction in growth rate of young chicks, though the effect
was less prominent in older chicks (Hauck et al., 1933) [,
Weber et al. (1969) % reported that feed intake in chicks
reduces when they are exposed to 500 ppm or more fluoride
in feed, either due to lowered energy needs or due to
impairment in the appetite centers in the brain. Luo et al.
(2012) %1 found that the diet containing fluoride between
22.2 mg/kg to 200 mg/kg causes slight reduction in body
weight as compared to the healthy birds due to negative
effect on mucosal immune function of the intestine.
Aydogen et al. (2018) [ also found a significant decrease in
body weight of broilers, fed a diet containing 800 mg/kg of
Fluoride, when compared to the control group (hormal diet).
Fluoride is a well-known inhibitor of numerous enzymes,
and is reported to affect protein synthesis by destruction of
polypeptide chains and weakness of amino-acid bindings in
protein (Helgeland 1976 and Deng et al., 2014) [° 51, Excess
fluorine also interferes with Mg, Mn, Fe, Mo, Cu and Zn
metabolism, vitamin B12 synthesis and folic acid activity
(WHO 2000) 8. Protein utilization decreases with
increasing dietary fluoride (Olkowski 2009 and Ranjan and
Ranjan 2015) I8 24 Impairment in mineral and vitamin
utilization as well as impaired protein synthesis and
utilization might have contributed towards lower weight
gain in birds exposed to excess fluoride in the present study.
Another possible reason may be impairment in duodenal and
proventriculus functions, as histopathological changes were
recorded in these organs in chicks exposed to excess
fluoride by several workers (Hauck et al., 1933; Aydogan et
al., 2018 and Talpur et al., 2022) [ 229
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Fig 1: Changes in plasma fluoride concentration (ppm) in chicks
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Mean (£S.E.) values of different hematological parameters
in chick are given in Table 1. Hemoglobin concentration on
day 20 as well as day 40 were significantly (p<0.05) lower
in Gr. Il animals in comparison to corresponding values in
Gr 1. Also, the RBC count and PCV were lower in Gr Il in
comparison to Gr | on day 20 as well as day 40. However,
the WBC counts were higher in Gr Il than Gr | on day 20 as
well as day 40. These changes suggested that excess fluoride
exposure in chicks resulted into suppressive effects on
erythropoiesis along with increased leukocyte count. We
could not find any study investigating hematological
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changes in fluorosis in chicks to compare results of the
present study. Perhaps these changes were induced due to
oxidative stress that supervenes in fluorosis (Giri et al.,
2016) [,

Mean (£S.E.) values of different biochemical parameters in
different treatment groups of chicks are given in Table 2.
Significant (p<0.05) increase in ALT, AST and ALP
activities in fluoride intoxicated chicks (Group 1) suggested
excess fluoride induces hepatocellular injuries. Marked
increase in AST, ALT and ALP activities were also
recorded in chicks who received feed containing 800 and
1200 mg F/ kg for a period of 42 days (Deng et al., 2014) 1,
Since liver is an active site of metabolism, it is highly
vulnerable for various toxicities including those induced by
excess F intake (Bouaziz et al., 2006) ™. However, the
response varies with dose and duration of F exposure, and
even with animal species (Deng et al., 2014) . ALP is also
the marker enzyme for bone pathology. Increased ALP
activities in F intoxicated chicks indicated toxic effects of
excess F on osteoblasts and osteocytes. Similar pattern of
increase in ALP level in blood was recorded in chicks
receiving excess dietary F for 42 days (Deng et al., 2014) [,
In the present study, significant increase in creatinine and
urea nitrogen was recorded in fluoride intoxicated chicks.
Creatinine concentration in serum or plasma acts as a
biomarker for kidney function in human, domestic animals
and birds (Duncan et al., 2001 and Deng et al., 2014) 6 5],
Increase in creatinine and urea in fluoride toxicity has also
been reported in mice (Al-Harbi et al., 2014) 4, rats (Giri et
al., 2015) 2, rabbits (Ranjan et al., 2009) 23, pigs (Zhan et
al., 2016) 34 and poultry (Deng et al., 2014) Bl In line to
the present findings, increase in plasma creatinine levels
were also recorded in poultry fed with 800 mg F/ kg or more
in feed (Deng et al., 2014) Bl Recently, a study reported
marked shrinkage of glomeruli with widened bowman’s
space along with inflammatory cellular infiltration in kidney
of broiler chicks following exposure to 200 mg sodium
fluoride/ liter drinking water for 18 days (Talpur et al.,
2022) 9, Urine is the major route of F removal from the
body, hence kidney plays an important role in protection
against the toxic effects of excess F intake (Inkielewicz and
Krechniak 2003 and Deng et al., 2014) Bl In healthy
individuals, about 50% of ingested fluoride is excreted by
kidneys. The renal system, therefore, appears to be at high
risk of fluoride toxicity than most other soft tissues (N.R.C.,
2006). Fluoride inhibits various enzyme systems in kidneys
(Jankaurkar, 1974) %1 and decreases Na, K and ATPase
activities (Suketa and Terui, 1980) 27 thereby inducing
toxic effects.

Table 1: Changes in hematological parameters in chicks on different observation period

Parameter Group Day 0 Day 20 Day 40
Hb (gm/d) I 9.93+0.24%A 11.7+0.289°8 11.9+0.058"8
g Il 9.75+0.65*A 10.6+0.173%® 9.4+0.115%A
I 2.117+0.064* 2.39+0.0128 2.41+0.0068
6
RBC (x10°7uL) Il 2.108+0.091% 2.241+0.046%® 1.933+0.017
[ 19.75+2.335% 20.53+4.163 22.97+0.055%
3
WBC (x107uL) Il 20.05+2.645% 21.71+1.466A 25.65+2.335"8
PCV (%) I 23.016+9.742%A 24.64+0.004°A 24.31+0PA
° Il 24.05+9.43238 23.12+0.005% 21.54+0.00%

Values bearing different superscript in small letters in a column and capital letters in a row differ significantly (P < 0.05)
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Table 2: Changes in ALP, AST, ALT, creatinine and urea nitrogen in plasma of chicks (in different treatment groups and control

Parameter Group Day 0 Day 20 Day 40
ALP (UIL) I 705.33+10.47%A 773.3£8.71%4 963.33+73.62%8
I1. 702.33+£11.54%4 990.66+41.70P8 1264.33+90.81°C
AST (UIL) I 146.08+0.639%A 147.227+0.716*A 151.642+1.432%8
I1. 147.08+0.611%A 167.027+0.91°8 177.672+1.21°C
ALT (UIL) B 12.497+0.015% 13.27+0.072A 15.885+0.042%8
I1. 12.654+0.015* 16.577+0.217"8 23.727+0.699°C
Creatinine (mg/d) I 0.427+0.012% 0.513+0.023% 0.612+0.0222
I1. 0.423+0.06724 0.553+0.041°A 0.772+0.061°8
Urea nitrogen (mg/dl) I 0.340+0.055% 0.423+0.105%8 0.437+0.162%
I1. 0.346+0.067% 0.457+0.301%8 0.603+0.571°¢

Values bearing different superscript in small letters in a column and capital letters in a row differ significantly (P < 0.05)

On the basis of results of the present study, it can be
concluded that excess fluoride exposure (400 ppm or more)
through drinking water in chicks can reduce the growth rate,
and induce changes in hematological profile and increased
blood levels of enzymes related to liver and kidney
functions.
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