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ABSTRACT

Chronic fluoride exposure is a major public health concern that induces oxidative stress, inflammation, and
hematological dysfunction. Although probiotics possess antioxidant and immunomodulatory properties;
evidence regarding the protective role of yogurt against fluoride-induced hematotoxicity remains limited.
The present study aimed to investigate ameliorating effect of probiotic yogurt on hematological changes
caused by fluoride in rabbits. The 28 adult rabbits were randomly assigned to seven groups (n =4/group):
control, fluoride (50 mg/day), yogurt (15 g/day), fluoride (50 mg/day) + yogurt (15 g/day), fluoride (100
mg/day), yogurt (30 g/day), and fluoride (100 mg/day) + yogurt (30 g/day). Oral treatments were given
for 30 days. Complete blood count analysis of blood samples collected on days 16 and 31 included total
leucocyte count and erythrocytes count, hemoglobin, packed cell volume, platelets count and differential
leucocyte count. Exposure to fluoride resulted in dose-dependent hematotoxicity (indicated by significant
reductions in total erythrocytes count, hemoglobin, packed cell volume and platelet count, along with
disturbances in leucocytes, suggesting systemic inflammation. By day 31, the high dose fluoride group
had the greatest hematological impairment. On the other hand, supplementation with yogurt revealed a
significant improvement in erythrocytic and thrombocytic indices and a partial restoration of leukocytes
homeostasis. The yogurt in 30 g/day was more effective at protecting against injury, as was the longer
the supplementation continued, with clear-dose dependent effects. These improvements are similar to the
antioxidant and immunomodulatory effects of probiotics. In a rabbit model, probiotic yoghurt proved to
be effective in reducing the hematological toxicity caused by fluoride intake and to maintain the integrity
of erythrocytes, as well as to promote normalisation of the profiles of immune cells and an improvement
in haematopoiesis. The results indicate that the use of probiotics as a food source with high fermentation
benefits could be a potential nutritive approach to reduce hematological changes caused by chronic fluoride
exposure. These protective effects need to be further explored in humans by means of mechanistic and
clinical studies.
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luoride is an important microelement that has
beneficial effects on the prevention of denta caries
and maintenance of skeletal health when it is used in
physiological doses. Chronic fluoride pollution by
excessive intake through various sources such as drinking

*  Corresponding author: Rbux712@gmail.com
0030-9923/2026/0001-0001 $ 9.00/0

Copyright 2026 by the authors. Licensee Zoological Society of
Pakistan.

This article is an open access 3 article distributed under the terms
and conditions of the Creative Commons Attribution (CC BY)
license (https://creativecommons.org/licenses/by/4.0/).

water, food, and industries has now emerged as a global
public health problem for its harmful effects on skelal and
non-skeletal tissues. In recent times, several systematic
reviews have shown that chronic fluoride exposure can
cause oxidative stress, mitochondrial dysfunction, DNA
damage, inflammation, and apoptosis, which have been
seen to disrupt various organ systems such as liver, kidneys,
nervous system, and hematopoietic tissues (Taher et al.,
2024; Pal et al., 2023). An extra-skeletal manifestation,
which has received special interest in fluorosis, is the
hematological changes; the blood cells are very sensitive
to oxidative injury. Excess fluoride forms reactive
oxygen species (ROS), damages antioxidant defense
systems and damages mitochondrial function, which
causes damage to the cell’s membranes and reduces cell
survival. Additionally, experimental animals and human
studies have documented alterations in total erythrocyte
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count (TEC), hemoglobin (Hb) concentration, packed cell
volume (PCV), platelet count, and leukocytosis. Oxidative
stress-mediated apoptosis and inflammatory responses
induced by high fluoride levels have also been reported to
cause immune dysregulation and changes in the types of
leukocytes. Multiple pieces of evidence indicate oxidative
stress is the major mechanism of fluoride toxicity. ROS are
increased and lead to lipid peroxidation, protein oxidation,
mitochondrial dysfunction and inflammatory pathway
activation which in turn cause cellular injury and apoptosis.
Improving antioxidant enzyme activities and decreasing
oxidative stress biomarkers in experimental animals after
exposure to fluoride has been demonstrated by a recent
meta-analysis, which has led to the increased interest in
dietary interventions that enhance antioxidant capacity and
immune homeostasis as potential therapeutic strategies for
fluoride toxicity (Angwa et al., 2023). Therefore, dietary
approaches aimed at improving antioxidant capacity and
immune homeostasis have gained increasing attention as
promising therapeutic strategies

The antioxidant, anti-inflammatory and
immunomodulatory properties of probiotics have made
them effective nutritional interventions. Probiotic
microorganisms have a beneficial effect on intestinal
microbial balance, nutrient bioavailability, immune
response, and reducing oxidative stress. Furthermore,
recent reviews have focused on the therapeutic relevance
of probiotics on counteracting toxicological insults by
modulation of metabolic pathways and enhancing the
endogenous antioxidant defense systems (Emegano et
al., 2024), as well as their ability to regulate cytokine
production and maintain leukocytes homeostasis,
which improves host resistance against oxidative and
inflammatory damage (Plaza-Diaz ef al., 2024). Fermented
dairy products, especially yogurt, are among the most
popular natural sources of probiotics and are used as an
excellent source of lactic acid bacteria, bioactive peptides,
vitamins, and minerals that help maintain physiological
homeostasis and decrease oxidative stress. More recently,
gut microbiota has been shown to be essential to fluoride
toxicity. Exposure to fluoride over time has been linked to
dysbiosis and changes in the balance of micro-organisms,
potentially leading to increased inflammation and oxidative
stress. On the other hand, probiotics can help balance the
gut microbiome and boost the body’s antioxidant defenses,
which helps protect against the systemic effects of fluoride
toxicity in the body and promote overall well-being (Yasin
et al., 2025). While some studies have already explored
the toxicological effects of fluoride and the beneficial
properties of probiotics alone, there is little information
also available on the ameliorative effect of yogurt on
fluoride-induced hematological alterations. Furthermore,

detailed studies on response of erythrocytic, thrombocytic
and leukocytic indices to yogurt supplementation during
fluoride intoxication have been limited. Hence the present
study aimed to examine the protective effect of yogurt
supplementation on the haematological disturbances
in rabbits induced by fluoride and the parameters under
observation were TEC, Hb, PCV, platelet count, total
leucocyte count (TLC) and differential leucocyte profile.
Since yogurt exhibits antioxidant and immunomodulatory
effects, it was hypothesized that supplementation
with yogurt would help reduce the fluoride-induced
hematotoxicity and restore the hematological homeostasis.

MATERIALS AND METHODS

Experimental animals and adaptation

Twenty eight sadult male and female rabbits,,
approximately, 1kg body weight purchased from local
market were reared in cages in animal house of Sindh
Agriculture University, Tandojam. Before start of the
study, all animals were dewormed and kept under hygienic
condition for two weeks as acclimation period.

Experimental design

All animals were randomly divided into seven
groups each of four: Group-A: control, Group B: received
fluoride 50mg in 500 ml with drinking water, Group
C: yogurt 15 g/rabbit. Group D: fluoride 50 mg /rabbit
mixed with 15g of yogurt, Group E: received fluoride
100mg in 500ml with water, Group F: yogurt 30 mg /
rabbit. Group G: fluoride 100mg/rabbit mixed with 30g of
yogurt. Standard feeding regimen was avaliable and feed
and water was available ad libitum to them. Animals in
all treated groups received the prescribed treatment once
daily orally for 30 days.

Collection of blood samples

Blood samples were collected from the jugular
vein xylazine were injected (0.05 c.c s/cut) to rabbits
and hair were removed from neck region were held in
hyperextended posture and collecting area was sterilized
with 70% methyl alcohol. The jugular vein was detected
2 to 4 mm lateral to the sternoclavicular junction and
was blue in color. To prevent collapsing these tiny blood
vessels a 25 gauge needle was placed in the caudocephalic
direction (back to front) and blood was gently extracted.
Blood samples were obtained in EDTA containing tube.
The blood samples were taken on day 16% and 31% of
treatment for evaluation of haematological parameters.

Haematological analysis
The blood samples were analyzed for completed blood
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picture (CBC), haemoglobin (Hb), hematocrit or packed
cell volume (PCV), red blood cells (RBCs), white blood
cells (WBC), and platelets by Automatic Haematological
analyzer.

Statistical analysis
The collected data were analyzed by using software
student edition of statistix USA 8.1 version.

RESULTS AND DISCUSSION

Total erythrocytes count

Total erythrocyte count (TEC) was significantly
influenced by both fluoride exposure and yogurt
administration (Fig. 1). Rabbits receiving fluoride alone
exhibited a marked reduction in TEC compared with the
control group, and the effect was dose-dependent. Group
B (50 mg fluoride) showed TEC values of 6.28 and 5.24
x10¢/mm? on days 16 and 31, respectively, whereas Group
E (100 mg fluoride) exhibited the lowest values (5.00 and
4.89 x10¢/mm?). In contrast, yogurt supplementation alone
significantly increased TEC above the control level, with
Group F (30 g yogurt) recording the highest values (8.89
and 10.62 x10¢/mm?). Furthermore, co-administration of
yogurt with fluoride partially restored erythrocyte counts,
particularly in Group G, indicating a dose-dependent
protective effect of yogurt against fluoride-induced
hematotoxicity. the reduction in TEC observed in fluoride-
treated rabbits suggests that fluoride adversely affects
erythropoiesis and erythrocyte integrity. Exeessive fluoride
exposure has been reported to induce’ oxidative stress,
mitochondrial dysfunction, ATP depletion, and apoptosis
in non-skeletal tissues, thereby compromising red blood
cell survival and causing anemia-like conditions (Pal et al.,
2023; Kumar et al., 2024). Fluoride-mediated inhibition
of glycolytic enzymes and depletion of ATP have been
shown to destabilize erythrocyte membranes, increasing
susceptibility to hemolysis and shortening erythrocyte
lifespan (Agalakova and Gusev, 2012). These mechanisms
explain the progressive decline in TEC observed in Groups
B and E. Recent systematic reviews further demonstrated
that oxidative stress is one of the principal mechanisms
responsible for fluoride-induced tissue injury and cellular
dysfunction, including hematological disturbances
(Angwa et al., 2023). RBCs are particularly vulnerable to
oxidative damage because of their continuous exposure to
oxygen and high content of polyunsaturated fatty acids.
Excess reactive oxygen species generated by fluoride
toxicity can damage membrane lipids and proteins, impair
antioxidant defense systems, and reduce erythrocyte
viability (Orrico et al., 2023). Consequently, the lower
erythrocyte counts observed in the present study are
consistent with previous findings demonstrating that

oxidative stress-mediated membrane injury contributes
to fluoride-induced hematotoxicity. Conversely, rabbits
receiving yogurt alone exhibited significantly higher TEC
values than controls, suggesting a stimulatory effect on
hematopoiesis. Fermented dairy products such as yogurt
are rich sources of probiotics and bioactive peptides with
antioxidant and anti-inflammatory properties. Recent
reviews have highlighted that probiotic-containing dairy
products improve gut microbial balance, enhance nutrient
absorption, and increase endogenous antioxidant capacity,
thereby promoting overall physiological health (da Silva
et al., 2024). Moreover, synbiotic yogurt supplementation
has been shown to improve oxidative stress status and
antioxidant biomarkers, supporting its protective role
against free radical-mediated.tissue injury (Seyedi et al.,
2024). The recovery in erythrocyte count observed in
Groups D and G indicates that yogurt mitigated fluoride-
induced hematological '‘damage. This protective effect
may be attributed to probiotic microorganisms and
antioxidant metabolites present in yogurt, which enhance
endogenous antioxidant defenses and preserve erythrocyte
membrane integrity. The greater improvement observed
with 30 g yogurt suggests a dose-dependent response, with
prolonged supplementation producing more pronounced
restoration by day 31. Similar findings have been reported
in experimental studies where probiotic-rich foods reduced
oxidative stress and attenuated toxic effects induced by
environmental contaminants.
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Fig. 1. RBCs concentration (per cubic millimeter)
in fluoride induced toxicity and yogurt supplement
amelioration in rabbit.

Treatment groups: A, control; B, received fluoride 50mg
in 500 ml water; C, was given yogurt 15 g/rabbit; D, got
fluoride (50 mg) + yogurt (15g); E, received fluoride
100mg in 500ml water; F, yogurt 30 mg; G, received
fluoride (100mg) + yogurt (30g).

Haemoglobin
Fluoride exposure and yogurt supplementation had
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significant effects on hemoglobin (Hb) concentration (Fig.
2). The concentrations of Hb in the control group (A) were
8.16 and 8.20 g/dL on days 16 and 31, respectively. An
increasing decline in Hb levels was observed in rabbits
treated with fluoride alone in a dose-dependent manner.
The Hb levels for Group B (50 mg fluoride) were 7.11
and 6.43 g/dL (Day 16 and Day 31) while in Group E
(100 mg fluoride) the lowest level of Hb concentration
was 6.20 and 5.58 g/dL (Day 16 and Day 31). In contrast,
supplementation with yogurt alone showed significantly
elevated values of Hb than the controls, with Group C (15
g yogurt) having values of 9.09 and 9.01 g/dL on days 16
and 31, respectively and Group F (30 g yogurt) showing
the highest values of 9.52 and 10.65 g/dL on days 16 and
31, respectively. Moreover, the combination of fluoric acid
and yogurt showed a better result on Hb level than the
groups fed with fluoride. The values of Hb for Group D (50
mg fluoride + 15 g of yogurt) and group G (100 mg fluoride
+ 30 g of yogurt) were 7.73 and 8.19 g/dL, respectively,
which were significantly recovered (P < 0.05) by the
treatment. Yogurt supplementation benefits were more
apparent by day 31. The decline in Hb concentration in the
fluoride-treated rabbits suggests that there is a decrease in
RBC production (erythropoiesis) and enhanced damage to
the RBC caused by oxidative stress. Fluoride can also cause
generation of ROS, lipid peroxidation and mitochondrial
dysfunction, which disrupts heme biosynthesis and result
in increased destruction of erythrocytes. Recent studies
indicated that chronic fluoride exposure could disrupt iron
metabolism and antioxidant defense mechanisms; leading
to anemia and impairing Hb synthesis (Pal et al., 2023;
Kumar et al., 2024). The significant decrease in the level
of Hb in Group E as compared-to Group B is another
evidence of the dose-dependent toxicity of fluoride. The
erythrocytes are constantly exposing to free radicals of
oxygen and Hb molecules are very sensitive to oxidative
damage. High levels of ROS produced by fluoride can
oxidize the membrane proteins and Hb molecules,
decreasing the capacity to carry oxygen and the lifespan of
the erythrocytes. Orrico et al. (2023) reported that oxidative
stress causes changes in RBCs that lead to hemolysis and
hematological abnormalities. Likewise, ATP depletion and
destabilization of the cell membrane caused by fluoride
have been linked to poor survival of the erythrocytes and
diminished Hb concentration (Agalakova and Guseyv,
2012). These mechanisms are in accordance with the
reduced Hb value in the present study. On the other hand,
there were significantly higher levels of Hb in the rabbits
fed yogurt alone compared with the controls, especially
in Group F, indicating that consumption of yogurt alone
can stimulate hematopoiesis and improve the functional
activity of erythrocytes. Probiotic microorganisms,
vitamins, amino acids and bioactive peptides with

antioxidant and anti-inflammatory properties are found in
fermented dairy products. Probiotics have been shown to
enhance the uptake of nutrients, such as iron and vitamin B
complex, crucial for Hb production and erythropoiesis (da
Silva et al., 2024). Moreover, it has been reported that the
intake of synbiotic yogurt also helps to maintain normal
hematological functions and protect erythrocyte integrity
by improving antioxidant status and reducing oxidative
stress markers (Seyedi et al., 2024). The recovery of
haemoglobin levels in Group D and G suggest that the
haemoglobin levels levels were improved by the effect
of yogurt on ameliorating the hematotoxicity caused by
fluoride. The antioxidant activity and the improvement
of endogenous antioxidant enzymes, inhibition of lipid
peroxidation and mineral _bioavailability could be the
reasons for the protection. Furthermore, probiotics have
been reported to influence gut microbiota and improve
iron and micronutrient absorption that is important for
Hb synthesis.  The beneficial effect of supplementation
with 30 g of yogurt was more pronounced, indicating a
dose-dependent effect. The results are similar to those
of Shehzadi et al. (2023), who showed that probiotics
supplementation significantly improved the levels of Hb
and red blood cell parameters by improving antioxidant
activity and nutrient utilization.

12.00
10.65a

9.01c¢

10.00 -
8.26d

8.00 -
6.00 - = 16th Day

H 31 Day
4.00

Hemoglobin g/ deciliter (g/dl)

2.00 -

0.00 -

—> Treatments

Fig. 2. Haemoglobin concentration (g/dL) in fluoride
induced toxicity and yogurt supplement amelioration in
rabbits.

See Figure 1 for details of treatment groups.

Packed cell volume (PCV)

Fluoride exposure and yogurt supplementation
significantly affected PCV (Fig. 3). On day 16 and 31, the
PCV of the control group (A) was 30.28% and 30.03%,
respectively. The values for PCV in Group B (50 mg
fluoride) were 29.46 and 28.23%, which were significantly
reduced (P < 0.05) in the group as compared to the control.
Group E (100 mg fluoride) had the lowest PCV values
of 27.10 and 26.01% on days 16 and 31, respectively. In
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contrast, rabbits fed with yogurt alone had significantly
higher PCV percentages than the control group. Group C
(15 g yogurt) exhibited values of 31.08 and 32.04%, while
Group F (30 g yogurt) showed the highest values of 34.00
and 35.35% on days 16 and 31, respectively. Administration
of yogurt along with fluoride helped to abate fluoride
toxicity induced decrease in PCV. However, Group D (50
mg fluoride + 15 g yogurt) had values of 29.22 and 31.03,
while the values of Group G (100 mg fluoride + 30 g yogurt)
were 31.76 and 32.04, respectively, suggesting that yogurt
supplementation was very effective. In general, after 31
days of treatment, the positive effect of yogurt increased.
The findings of decrease in PCV in fluoride treated
rabbits indicates that the PCV has decreased due to the
impairment of erythropoiesis and increase in erythrocyte
destruction due to the impact of fluoride induced oxidative
stress. Toxic effects of fluoride have been reported to
include disturbances in cellular metabolism, generation of
ROS and the damage to membrane integrity that leads to
a shorter erythrocyte lifespan and lower hematocrit value
(Pal et al., 2023). High levels of fluoride can also affect
the mitochondria and antioxidant mechanisms, leading to
oxidative damage and apoptosis of hematopoietic cells,
which in turn can lead to anemia-like states and decreased
PCV (Kumar ef al., 2024). In the present study, the dose-
dependent decrease in the PCV observed in both Groups B
and E is in line with these pathological mechanisms. The
eryhtrocyte mass is directly proportional to PCV which
is an important measure of oxygen carrying capacity as
well as of the overall hematological status. Hemolysis
and decreased hematocrit values are <attributed to the
increased fragility of the erythrocyte membrane due
to oxidative alteration by lipid peroxidation caused by
fluoride. RBCs are very vulnerable to oxidative stress
and alterations in the membrane, all of which ultimately
affect cell survival and can lead to hematological
abnormalities, as shown by Orrico et al. (2023). Likewise,
ATP depletion by fluoride has been demonstrated to cause
destabilization of erythrocyte membranes and lead to
erythrocyte destruction (Agalakova and Gusev, 2012).
The reduced PCV values observed in the fluoride-treated
rabbits could be related to these mechanisms. On the other
hand, administration of yogurt markedly elevated the
values of PCV, specifically in groups C and F, suggesting
the promotion of erythropoiesis and hematological
homeostasis. Yogurt is rich in probiotic bacteria, vitamins,
minerals and bioactive peptides that possess strong anti-
oxidant and anti-inflammatory properties. Recent reviews
have shown the role of probiotics in enhancing gut health
and bioavailability of nutrients, not only iron, folate, and
vitamin B complex, which are critical for erythrocyte
production and hematocrit homeostasis but also calcium
and iron (da Silva et al., 2024). Furthermore, probiotics

supplementation was found to enhance antioxidant enzyme
activity, decrease oxidative stress markers, and prevent
erythrocytes membrane damage and extend their lifespan
(Seyedi et al., 2024). The PCV parameters were restored
in Groups D and G, indicating that the effect of fluoride-
induced hematotoxicity was successfully reduced with the
use of yogurt. The protective effect may be explained by
the antioxidant activity of lactic acid bacteria, their capacity
to inhibit lipid peroxidation, increase the endogenous
antioxidant capacity and promoting nutrient absorption.
The greater the improvement seen with 30g of yogurt
supplementation indicates that a dose dependent effect
occurs. In line with this, Shehzadi et al. (2023) reported
that probiotics administration enhanced antioxidant status
and erythropoietic activity to.improve the hematological
parameters, including the hematocrit values. In addition,
probiotics have been found to preserve the homeostasis of
the intestine and to decrease systemic inflammation; this
helps with the production of blood cells and resistance.
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Fig. 3. Packed cell volume (%) in fluoride induced toxicity
and yogurt supplemented protection in rabbit.
See Figure 1 for details of treatment groups.

Platelets count

Fluoride exposure and yogurt supplementation had
significant effects on platelet count (Fig. 4). The control
group (A) exhibited platelet counts of 501.75 x103/mm3
and 502.25 x10*mm?® on days 16 and 31, respectively.
Administration of fluoride alone resulted in a marked
reduction in platelet count in a dose-dependent manner.
Group B (50 mg fluoride) recorded platelet counts of
438.00 x10*mm? and 326.00 x10%mm?, whereas Group
E (100 mg fluoride) showed the lowest values of 306.00
x103%/mm?3 and 272.00 x10°/’mm?® on days 16 and 31,
respectively. Rabbits fed with yogurt alone, however,
had significantly higher platelet counts compared to the
control rabbits. Group C (15 g yogurt) showed platelet
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counts of 537.25 x10°*/mm? and 578.00 x10%/mm?, while
Group F (30 g yogurt) demonstrated the highest values of
547.50 x10*/mm?® and 664.00 x10*mm?* on days 16 and
31, respectively. Co-administration of yogurt with fluoride
showed a reduced platelet count with Group D (50 mg
fluoride + 15 g yogurt) having platelet count of 491.25
x10%/mm? and 505.50 x10*mm?* while Group G (100 mg
fluoride + 30 g yogurt) had platelet count of 511.00 x10%/
mm?® and 515.50 x10%/mm?3, respectively. These results
show that the use of yogurt was found to significantly
improve  the fluoride-induced thrombocytopenia,
especially after 31 days. This significant reduction in
platelet numbers in fluoride-treated rabbits suggests that
prolonged exposure to fluoride has a negative effect on
the survival of platelets and/or thrombopoiesis. Fluoride
toxicity is reported to cause oxidative stress, mitochondrial
dysfunction, inflammation, which causes disturbances in
bone marrow activity and the functions of hematopoietic
stem cells (Pal et al., 2023). Moreover, fluoride induces
generation of reactive oxygen species (ROS) which can
injure megakaryocytes and circulating platelets, leading
to decreased platelet production and increased platelet
destruction. Recent studies have indicated that oxidative
stress-induced hematopoietic dysfunction is one of the
main mechanisms by which fluoride induces hematological
abnormalities (Kumar et al., 2024). Hence, the marked
reduction in platelet count noticed in Groups B and E is
a proof of the negative effect of fluoride on the platelets.
The platelets are extremely vulnerable to™ oxidative
stress due to rich content of polyunsaturated fatty acids
and active mitochondrial metabolism: Overproduction
of ROS results in lipid peroxidation of membranes,
damage of mitochondria and -suppression of platelet
apoptosis, leading to decrease in platelets and impaired
hemostasis. Oxidative stress has emerged as an important
mechanism that is regulating platelet activation, survival
and thrombosis and chronic oxidative stress ultimately
may lead to thrombocytopenia (Redza-Dutordoir and
Averill-Bates, 2016; Fuentes et al., 2022). The decrease
in platelets in fluoride treated groups in the present study
could therefore be due to the mechanism of oxidative
damage, causing platelet dysfunction and platelet life
span reduction. On the other hand, platelet counts were
significantly elevated in the yogurt supplemented groups,
especially in Groups C and F, which suggests stimulation of
the hematopoietic function and the prevention of oxidative
injury. Fermented dairy products are rich in probiotic
bacteria, antioxidant peptides, vitamins and minerals
which help to maintain hematological homeostasis. Recent
studies have demonstrated that probiotics positively
affect the systemic antioxidant status and inflammatory
pathways, which lead to the promotion of hematopoiesis
and maintenance of the integrity of blood cells (da Silva

et al., 2024). Furthermore, probiotics are associated with
better platelet indices and haematological parameters,
which are achieved by enhancing nutrient absorption and
immune regulation (Shehzadi et al., 2023). A recovery of
the platelet count was seen in Group D and G indicating
that Yogurt had a positive effect in reducing fluoride-
induced thrombocytopenia. Lactic acid bacteria have
antioxidant properties that can act to neutralize reactive
oxygen species, prevent lipid peroxidation and maintain
the function of megakaryocytes and platelet production.
Moreover, metabolites produced by probiotics have been
reported to modulate inflammatory cytokines and the
intestinal absorption of micronutrients for hematopoiesis.
The intake of synbiotic yogurt has also been correlated with
the enhancement of antioxidant status and the decrease in
oxidative stress biomarkers, which reflects its protective
effect from oxidative stress (Seyedi et al., 2024). This
higher supplementation ‘'with 30 g of yogurt resulted in
higher platelet counts, suggesting a dose-dependent effect.
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Fig. 4. Platelets concentration (Per cubic millimeter)
in fluoride induced toxicity and yogurt supplemented
betterment in rabbits.

See Figure 1 for details of treatment groups.

Total leukocytes count (TLC)

The total count of leukocytes and differential
leukocytic  count (lymphocytes, monocytes, and
granulocytes) suffered from significant effects of exposure
to fluoride and supplementation with yogurt (Fig. 5). The
administration of fluoride dose-dependently altered the
leukocyte homeostasis. Rabbits of Group E (Exposed to
100mg fluoride) had an increase in total leukocytes count
on day 16th (9.33 %103 cells/mL) and day 31th (9.75 x10?
cells/mL), indicating that the total leukocytes count in the
rabbits was increased due to inflammatory responses in the
body caused by fluoride. Coin administration of yogurt
with fluoride (Groups D and G) only partially corrected the
changes attributed to fluoride, on the other hand, in Groups
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C and F, the supplementation with yogurt alone kept the
leukocytes in the physiological ranges. The differential
leucocyte analysis indicated that the group C and group
E had an elevated percentage of lymphocytes, group C,
F and G had an elevated percentage of monocytes and
the percentage of granulocytes was significantly different
among treatment groups. Overall, it is concluded that
long term administration of Yogurt brings the leukocytes
profile back to normal range and reduces the disturbance
of leukocytes profile due to fluoride administration.
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Fig. 5. WBC concentration (K/mL) in fluoride induced
toxicity and yogurt supplement betterment in rabbits.
See Figure 1 for details of treatment groups.

Lymphocyte

Lymphocytes play an important role ‘in adaptive
immunity and are especially susceptible to oxidative
stress and inflammatory signals. Increased percentages
of lymphocytes in fluoride-treated rabbits could be due
to stimulation of lymphocytes proliferation in response to
antigenic and oxidative challenges. Recent studies have
shown that fluoride has an impact on immune system
function, including changes to the activity of T cells,
secretion of cytokines, and the regulation of apoptosis
pathways, which leads to changes in the dynamics of
lymphocytes (Chen ef al., 2023). High fluoride intake is
also linked to immune system disorders and oxidative stress
in lymphoid organs. Increased percentages of lymphocytes
seen in Group C suggest that probiotic supplementation
could improve adaptive immune responses and preserve
lymphocytes’ homeostasis.

Monocyte

A comparison of the data presented in Figure 7
shows that percentage of monocytes in the control and
treated group of rabbit. The result revealed that the value
of monocyte in the control group (Group A) was 1.06%.
While on 16th day monocyte % were remained 0.96+0.10,
1.30+0.02, 1.48+0.22, 0.88+0.15, 0.80+0.35, 1.80+0.035

in various group B, C, D, E, F and G, respectively. Whereas,
on 31st day mean monocyte concentration % were
examined 1.06+0.094, 0.96+0.10, 1.30+0.02, 1.28+0.35,
0.80+0.35, 1.31+0.24, 1.89+0.057 in group A, B, C, D, E,
F and G, respectively. The value of monocytes, in group-C
and F, was significantly increased (P<0.05) compared to
control on 16th and 3 1st day. Monocytes play crucial roles
in innate immunity and inflammatory regulation and tissue
repair. The elevated proportion of monocytes in all groups
of animals that consumed yogurt indicates the activation of
protective immune mechanisms. The higher percentages of
monocytes in all animals fed yogurt indicate activation of
protective immune mechanisms. Probiotic bacteria found
in yogurt have been documented to have a regulatory effect
on the differentiation of macrophages and production of
cytokines, which in turn aids host defense mechanisms
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Fig. 6. Lymphocyte concentration (%) in fluoride induced
toxicity and yogurt supplement amelioration in rabbits.
See Figure 1 for details of treatment groups.
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Fig. 7. Monocyte concentration (%) in fluoride induced
toxicity and yogurt supplement amelioration in rabbits.
See Figure 1 for details of treatment groups.



(Plaza-Diaz et al., 2024). Furthermore, metabolites
produced by probiotics have been shown to benefit immune
surveillance and reduce over-exuberant inflammatory
responses. Increased percentage of monocytes in Groups
F and G suggests that yogurt supplementation led to
enhanced immune competence and may have reduced
fluoride induced immunotoxicity.

Granulocyte

The granulocyte percentage data in treatment and
control group presented in Figure 8 indicates that. that
granulocytes values on 0 day were not affected in control
group (Group A) as 3.53%. While on 16th day mean
granulocyte concentration was exhibited 3.27+0.62,
4.35+0.25, 3.4140.07, 4.31+£0.41, 4.10+0.2, 3.91+0.07
in group B, C, D, E, F and G respectively. But on 31st
day mean granulocyte concentration was perceived
3.5120.42, 3.99+0.09, 4.06+0.09, 3.61=0.04, 3.83+0.58,
3.05%0.04, 3.95+0.044 in group A, B, C, D, E, F and G,
respectively. Statistical analysis exhibited that only in
group-C granulocyte level (P<0.05) were significantly
increased in comparison to control. The granulocytes are
the first to be recruited for a defense against pathogens and
are very sensitive to oxidative stress and inflammatory
mediators. Changes in granulocyte percentages noted
within the treatment groups might be related to changes
in inflammatory status that could have resulted from
fluoride exposure. Increased ROS production has been
found to stimulate neutrophils and granulocytes, leading
to higher levels of inflammatory mediators and oxidative
enzymes (Liu et al., 2023). The restoration of granulocyte
percentages after consumption of yogurt, however,
indicates that probiotics have immunomodulatory activity
and can regulate inflammatory pathways and maintain
the balance of leukocytes. In recent years, it has been
shown that fermented dairy products can modulate the
gut microbiota, boost antioxidant capacity and strengthen
immune function in the body (da Silva et al., 2024). The
benefits found in the yogurt supplemented groups could
be a result of the antioxidant and immunomodulatory
activity of probiotic microorganisms and bioactive
peptides. Probiotics have been shown to improve the
integrity of the intestinal barrier, modulate cytokine
production, and stimulate the production of endogenous
antioxidants, which decreases oxidative stress and
inflammation (Seyedi et al., 2024). Moreover, probiotics
have been demonstrated to modulate innate and adaptive
immune responses, such as activation of macrophages,
dendritic cells, and lymphocytes, ultimately contributing
to immune homeostasis (Plaza-Diaz et al., 2024). After
31 days, there was a more significant normalisation of the
leucocyte profile, suggesting that the effects of prolonged

F.Ali et al.

yogurt supplementation are beneficial in alleviating the
immunological disturbances induced by fluoride.
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Fig. 8. Granulocyte concentration (%) in fluoride induced
toxicity and yogurt supplement amelioration in rabbits.
See Figure 1 for details of treatment groups.

CONCLUSION

Chronic fluoride exposure caused severe dose
dependent haematological damage in rabbits, such
as decrease in erythrocyte count, Haemoglobin, PCV
and platelet count, with disorders in the homeostasis of
leukocytes. These negative effects were effectively reduced
by probiotics as indicated by significant differences
between the supplemented and non-supplemented groups,
the increased dose (30 g/day) showing more protection
after extended administration. The results indicate
that yogurt maintains the hematopoietic function and
immune balance, probably due to the antioxidant and
immunomodulatory effects. Probiotic yogurt is overall
a promising nutritional intervention in the alleviation of
fluoride induced hematological damage. Further research
is needed to clarify the molecular basis of these protective
effects and to confirm these findings in long-term animal
studies and clinical trials in humans.
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