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ABSTRACT: We investigated the pathophysiological alterations resulting from the
chronic exposure of pregnant mice to fluoride ions (F) and the remedial capacity of
strawberry fruit juice (SFJ) The dams were placed in 5 groups (n=10): control (no
treatment); F1 and F2 (5 and 10 mg F/L respectively in drinking water on gestation
days 6–18); FS1 and FS2 (F exposure as in F1 and F2 respectively+0.2 mL SFJ 12-
hrly) and blood samples were collected for examination on gestation day 18. All the
RBC parameters (Hb, RBC count, PCV, MCH, MCHC, and MCV) were significantly
higher in the control group compared to the other groups and in some of the F+SFJ-
treated groups compared to corresponding F-treated groups (Hb in FS2>F2, RBC
count in FS2 >F2, PCV in FS1>F1, MCH in FS2>F2, and MCHC in FS1>F1). For the
control group, the WBC and lymphocyte counts were significantly lower, compared
to the other groups, while the neutrophil count was higher than in F2 and lower than
in FS1. The neutrophils were higher in the two F+SFJ-treated groups compared to the
corresponding F-treated groups. The bilirubin was increased in F2 compared to the
control group. The SGOT, SGPT, ALP, triglycerides, cholesterol, LDL, VLDL, and
blood glucose were increased in all the treated groups, compared to the control
group, with the values in the F+SFJ-treated groups being significantly less than in the
corresponding F-treated groups. The HDL, total protein, albumin, globulin, and
albumin/globulin ratio were all decreased in all the treated groups, compared to the
control group, with the decreases in the F+SFJ-treated groups being significantly
less than in the corresponding F-treated groups. Our results show that the chronic
exposure of pregnant mice to 5 or 10 mg F/L can lead to pathophysiological
alterations in various blood parameters and that the regular intake of SFJ can
ameliorate these alterations.
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INTRODUCTION
Fluoride (F), the ion of the highly reactive element fluorine, is an established

environmental toxicant producing a variety of pathology ranging from dental and
skeletal fluorosis to endocrine dysfunction and neurotoxicity,1-3 although some
authorities have regarded water fluoridation as a safe and effective preventive
measure against tooth decay that reaches all segments of the population.4 A 2014
report from New Zealand on behalf of the Royal Society of New Zealand and the
Office of the Prime Minister’s Chief Science Advisor found that extensive
analyses of potential adverse effects have not found evidence that the levels of
fluoride used in community water fluoridation schemes contribute any increased
risk to public health.4 Fluoride exposure in animals has been reported to cause
decreases in the erythrocyte, leucocyte and platelet counts and in the neutrophil
ratio along with changes in various hematological parameters (hemoglobin,
hematocrit, mean corpuscular volume, mean cell hemoglobin, and mean cell
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hemoglobin concentration.5-9 Significant increases in a number of serum liver
function test enzymes (alkaline phosphatase, alanine aminotransferase, and
aspartate aminotransferase), vis-à-vis the creatinine and uric acid levels, were
reported in broiler chicks on continuous feeding for 14–42 days (starting with the
day of hatching) on a diet containing 400–1200 mg F/kg body weight.10 The
serum concentration of malondialdehyde, a lipid peroxidation marker, increased
while the total proteins, albumin, and enzymatic indicators of oxidative stress
(glutathione, superoxide dismutase, glutathione peroxidase, and catalase) were
decreased.10 In laboratory mice, a high F concentration (226 mg/L) in drinking
water during pregnancy and early lactation has been reported to cause lipid
peroxidation and oxidative stress among the dams and their lactating pups.11 We
recently reported male reproductive toxicity, and alterations in pregnancy and fetal
parameters, in laboratory mice receiving a low concentration (5 mg/L) of F in
drinking water.12, 13

 Fresh strawberry (Fragaria × ananassa) fruits have been found to lavishly
contain a variety of phytochemicals (vitamin C, anthocyanines, flavonoids,
polyphenols, ellagic acid, ellagitannins, and quercetins) with proven anti-
oxidative, anti-lipid-peroxidative, and antihemolytic activities.14-16 The present
study investigated the hematological and serological changes induced in pregnant
mice with chronic exposure to low concentrations (5 and 10 mg/L) of fluoride ions
in their drinking water and the ameliorative effects of strawberry fruit juice (SFJ)
on the F-induced toxicity.    

MATERIALS AND METHODS

Animal groups and treatments: The present study reports on the hematological
and serological analyses of the pregnant mice for which the pregnancy and feto-
gestational responses have already been reported and thus there is no change in the
ambient housing conditions, treatments, or animal groups.13 The dams were
placed in 5 groups (n=10): control (no treatment); F1 and F2 (5 and 10 mg F/L
respectively in drinking water on gestation days 6–18); FS1 and FS2 (F exposure
as in F1 and F2 respectively+0.2 mL SFJ 12-hrly).

Blood samplings: The dams were euthanized on gestation day (GD) 18 by
cervical dislocation to recover blood for hematological and serological study and
tissues for the previously reported study of pregnancy and fetal parameters.13 A
blood sample, of approximately 2mL, was obtained from each dam directly from
the heart, after abdominal incision, in a 5cc disposable syringe, and immediately
stored in an EDTA-coated vacutainer. Immediately after the first sampling, a
further fresh blood sample, of approximately 1mL, was obtained from each dam
for hematological studies from the uterine and/or hepatic vein. 

Hematological and serological studies: The hematological studies were carried
out with the help of standard hematocrit tubes for the PCV (Wintrobe hematocrit
method); a Sahlis instrument for the hemoglobin (acid hematin method); a
hemocytometer for the RBC and WBC counts (hemocytometric method), and
Giemsa staining of the blood smears for the differential leukocyte count of
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neutrophils and lymphocytes. The following formulae were employed to calculate
the MCV, MCH and MCHC.17

The routine serological estimations of the serum were carried on a MICROLAB-
300 with the help of standard kits. The data obtained were analyzed statistically on
ANOVA and Duncan’s multiple range tests using SPSS20 software.

RESULTS

A. HEMATOLOGICAL FINDINGS:
A1. Hemoglobin (Hb): Statistical analysis (ANOVA) showed highly significant

variations among the groups (p≤0.001). The post hoc analysis indicated a
significant variation (p<0.05) between any two groups compared with each other
except for the F1 and FS1 groups (Table 1). 

A2. Red blood cell count (RBC count): An overall highly significant variation
(p≤0.001) among the groups was observed. Post hoc analysis showed a significant
difference between the control group and both the F1 and F2 groups (p<0.05)
while the F1 and F2 groups also differed significantly (p<0.05) from each other
(Table 1).

A3. Packed cell volume (PCV): An overall highly significant difference
(p≤0.001) was observed among the groups. The post hoc analysis indicated a
significant variation (p<0.05) between any two groups (Table 1). 

A4. Mean corpuscular hemoglobin (MCH): An overall highly significant
(p≤0.001) difference was observed among the groups. The post hoc analysis
indicated no significant difference between the F1 and FS1 groups while all the
other groups differed significantly (p<0.05) from these two and also from each
other (Table 1).

A5. Mean corpuscular hemoglobin concentration (MCHC): The analysis of the
data indicated a highly significant difference (p≤0.001) was present between the
groups. Post hoc comparison between the groups indicated no significant
difference between the F2 and FS2 groups while the other 3 groups not only

                                                                          Ht  × 10 
                                                       MCV  =                          fL
                                                                          TRBC

where MCV = mean corpuscular volume or mean cell volume in femtoliters (fL) or 10–15L; Ht 
= hematocrit or packed cell volume as a volume percentage; TRBC = total red blood cell count/
mm3

                                                                         Hb  × 10 
                                                       MCH  =                           pg
                                                                         TRBC

where Hb = hemoglobin in g/dL; TRBC = total red blood cell count/mm3 = red blood cell count 
number × 106/mm3 = red blood cell count number × 106/µL = red blood cell count number × 
1012/L
 
                                                                          Hb  × 100
                                                       MCHC  =                         g/dL
                                                                               Hct    

where MCHC = mean cell hemoglobin concentration in g/dL; Hb =   hemoglobin in g/dL; Hct = 
hematocrit or packed cell volume as a volume percentage                   
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differed significantly (p<0.05) from each other but also from the F2 and FS2
groups (Table 1). 

A6. Mean corpuscular volume (MCV): Analysis of the data showed a significant
variation (p<0.05) among the groups. The post hoc analysis indicated a significant
difference (p<0.05) between the control group and the other four groups, while the
FS1 group differed significantly with all others except F1 group (Table 1). 

A7. White blood cell count (WBC count): The analysis of the total leukocyte
count data showed a significant variation (p<0.05) was present among the groups.
The F- treated groups, F1 and F2, differed significantly (p<0.05) from the control
group in the post hoc analysis. No significant difference was present between the
F1 and FS1 groups or between the F2 and FS2 groups (Table 1).

A8. Neutrophils: Analysis of the differential leukocyte count data for neutrophils
showed a significant variation (p<0.05) was present among the groups. The post
hoc analysis showed a significant difference (p<0.05) was present between the F1
and FS1 groups, and between the F2 and FS2 groups (Table 1). 

A9. Lymphocytes: Analysis of the differential leukocyte count data for
lymphocytes showed a highly significant variation (p<0.001) among the groups.

Table 1. Hematological ef fec ts of exposure to sodium fluoride exposure and strawberry fruit  juice  
in pregnant mice (Values are mean±SEM) 

 

   Parameters Groups 

 Control F1 F2 FS1 FS2 

Hb (g/dL) † 14.2±0.15a 13.04±0.17b 11.42±0.17c 13.32±0.23b 12.16±0.20d 

RBC count (106/mm3) † 8.36±0.25a 7.7±0.20b 6.66±0.11c 7.88±0.20b 7.18±0.15b 

PCV (%)† 50±0.30a 44.38±0.38b 41.5±0.76c 45.38±0.33d 42.52±0.56e 

MCH (pg) † 16.6±0.47a 14.34±0.17b 13.7±0.36c 14.9±0.43b 14.81±0.23d 

MCHC (g/dL) † 26.98±1.22a 25.32±0.96b 24.4±0.49c 26.24±0.75d 24.12±1.00c 

MCV (fL)* 58.58±0.58a 53.56±0.41bc 52.92±0.72b 53.92±0.60c 53.6±0.24b 

WBC count (103/mm3)* 8.76±0.32a 9.56±0.22b 10.62±0.25c 9.66±0.47b 10.26±0.30c 

Neutrophils (%)*  12.32±0.89a 12.1±0.67ab 11.5±0.92b 13.18±0.40c 12.78±0.46a 

Lymphocytes (%)† 73.8±3.8a 82.4±0.92bc 86.6±0.92d 81±0.89b 84.4±0.74cd 

Comparing the means of the groups for each parameter: *p≤0.05, †p≤0.001; abcd any two groups in a 
row not sharing a common lowercase alphabet superscript  dif fered signif icantly from each other at 
p≤0.05, (post hoc analysis).  
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The post hoc analyses indicated significant variations (p<0.05) were present
between the control group and the other four groups. No significant variation was
present between the F1 and FS1 groups or between the F2 and FS2 groups (Table
1).

B. SEROLOGICAL FINDINGS:
B1. Bilirubin: Analysis of the data showed a significant variation among the

groups (p<0.05). Post hoc analysis indicated a significant (p<0.05) difference
between the control and F2 groups but no difference between F1 and FS1 or
between F2 and FS2 (Table 2). 

B2. Serum glutamate oxaloacetate transaminase (SGOT): The data showed a
highly significant variation (p≤0.001) among the groups. Post hoc analysis

Table 2. Serological  ef fec ts of exposure to sodium f luoride exposure and strawberry fruit juice  
in pregnant mice    (Values are mean±SEM) 

 

    Parameters Groups 

 Control F1 F2 FS1 FS2 

Bilirubin (mg/dL)* 0.55±0.01a 0.58±0.02ab 0.6±0.02b 0.56±0.01a 0.57±0.02ab

SGOT or AST (U/L)‡ 101.7±1.21a 140±1.93b 142.5±4.42b 109.7±1.39c 129.3±2d 

SGPT or ALT (U/L)‡ 60.25±0.59a 65.91±4.51b 85.91±0.51c 42.75±0.67d 60.4±1.93a 

ALP (U/L)‡ 161.8±1.54a 201.2±2.03b 251±10.81c 174.2±12.34d 195±6.58b 

Total protein (g/dL)‡ 7.59±0.06a 6.08±0.04b 5.02±0.04c 7.02±0.14d 6.73±0.05e 

Albumin (g/dL)‡ 4.2±0.07a 3.22±0.02b 2.5±0.03c 3.66±0.04d 3.61±0.03d 

Globulin (g/dL)‡ 3.39±0.03a 2.86±0.03b 2.52±0.04b 3.36±0.03c 3.12±0.13d 

A/G rat io‡ 1.24±0.02a 1.09±0.03b 0.99±0.02b 1.13±0.04c 1.16±0.005d

Triglycerides (mg/dL)‡ 80.7±1.65a 159.9±3.04b 181.1±1.01c 124.8±5.64d 131.7±4.27e

Cholesterol (mg/dL)‡ 90.45±9.91a 131.3±2.64b 138.2±3.65b 118.8±2.75c 127.1±0.80b

HDL (mg/dL)‡ 40.8±0.32a 32±0.47b 25.9±0.45c 35.8±1.008d 35.1±0.37d 

LDL (mg/dL)† 39.9±0.82a 55.4±1.89b 56±0.51b 41.2±0.41c 43.5±1.52d 

VLDL (mg/dL)† 25.8±1.13a 31.8±1.06b 34.2±0.41c 26.4±1.77a 27.1±0.70a 

Blood glucose (mg/dL)‡ 111.2±3.60a 155.1±0.65b 159.7±0.49b 113.7±0.68a 148.9±3.81c

Comparing the means of  the groups for each parameter: *p≤0.05, †p≤0.001; ‡p≤0.0001; abcd any two 
groups in a row not sharing a common lowercase alphabet superscript differed s ignif icantly f rom each 
other at  p≤0.05, (pos t hoc analysis).  
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indicated a significant increase (p≤0.05) was present in the SGOT levels in the F-
treated and the F+SFJ-treated groups compared to the control group. Although it
remained significantly higher than in the control group, the mean SGOT level in
the FS1 and FS2 groups was significantly less (p≤0.05) compared to the F1 and F2
groups respectively (Table 2). 

B3. Serum glutamic pyruvic transaminase (SGPT): Analysis of the data showed
a highly significant variation (p≤0.001) among the groups. Post hoc analysis
indicated a significantly elevated (p≤0.05) mean SGPT level in the F1 and F2
groups compared to the control group, with the levels in the FS1 and FS2 groups
being significantly less (p≤0.05) than those in the corresponding F-treated groups,
F1 and F2 (Table 2). 

B4. Alkaline phosphatase (ALP): Analysis of the data showed a highly
significant variation (p≤0.001) among the groups. Post hoc analysis indicated a
significant (p≤0.05) increase in the mean ALP levels in both the F-treated and the
F+SFJ-treated groups compared to the control group. The mean ALP levels in the
FS1 and FS2 groups were significantly lower (p≤0.05) than in the F1 and F2
groups, respectively (Table 2). 

B5. Plasma total protein (TP): Analysis of the data showed a highly significant
variation (p≤0.001) among the groups. Post hoc analysis showed a significant
decrease (p≤0.05) in the mean plasma TP in both the F-treated and the F+SFJ-
treated groups compared to the control group, with the reductions being
significantly less (p≤0.05) in the F+SFJ-treated groups, FS1 and FS2, compared to
the corresponding F-treated groups, F1 and F2 (Table 2).     

 B6. Plasma albumin (PA): Analysis of the data showed a highly significant
variation (p≤0.001) among the groups. Post hoc analysis indicated a significant
decrease (p≤0.05) in the mean PA levels in both the F-treated and the F+SFJ-
treated groups compared to the control group, with the reductions being
significantly less (p≤0.05) in the F+SFJ-treated groups, FS1 and FS2, compared to
the corresponding F-treated groups, F1 and F2 (Table 2). 

B7. Plasma globulin (PG): Analysis of the data showed a highly significant
variation (p≤0.001) among the groups. Post hoc analysis indicated a significant
decrease (p≤0.05) in the mean PG levels in both the F-treated and the F+SFJ-
treated groups compared to the control group, with the reductions being
significantly less (p≤0.05) in the F+SFJ-treated groups, FS1 and FS2, compared to
the corresponding F-treated groups, F1 and F2 (Table 2).

B8. Albumin/globulin ratio (A/G ratio): Analysis of the data showed a highly
significant variation (p≤0.001) among the groups. Post hoc analysis indicated a
significant decrease (p≤0.05) in mean the A/G ratio in both the F-treated and the
F+SFJ-treated groups, compared to the control group, with the reductions being
significantly less (p≤0.05) in the F+SFJ-treated groups, FS1 and FS2, compared to
the corresponding F-treated groups, F1 and F2 (Table 2).

B9. Triglycerides (TG): Analysis of the data showed a highly significant
variation (p≤0.001) among the groups. Post hoc analysis indicated a significant
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increase (p≤0.05) in the mean TG levels in both the F-treated and the F+SFJ-
treated groups compared to the control group, with the elevations being
significantly less (p≤0.05) in the F+SFJ-treated groups, FS1 and FS2, compared to
the corresponding F-treated groups, F1 and F2 (Table 2).

B10. Cholesterol: Analysis of the data showed a highly significant variation
(p≤0.001) among the groups. Post hoc analysis indicated a significant increase
(p≤0.05) in the mean cholesterol levels in both the F-treated and the F+SFJ-
treated groups compared to the control group, with the elevations being
significantly less (p≤0.05) in the F+SFJ-treated group, FS1, compared to the
corresponding F-treated group, F1 (Table 2). 

B11. High density lipoproteins (HDL): Analysis of the data showed highly a
significant variation (p≤0.001) among the groups. Post hoc analysis indicated a
significant decrease (p≤0.05) in mean the HDL levels in both the F-treated and the
F+SFJ-treated groups compared to the control group, with the decreases being
significantly less (p≤0.05) in the F+SFJ-treated groups, FS1 and FS2, compared to
the corresponding F-treated groups, F1 and F2 (Table 2).

B12. Low density lipoproteins (LDL): Analysis of the data showed a significant
variation (p≤0.01) among the groups. Post hoc analysis indicated a significant
increase (p≤0.05) in mean the LDL levels in both the F-treated and the F+SFJ-
treated groups compared to the control group, with the increases being
significantly less (p≤0.05) in the F+SFJ-treated groups, FS1 and FS2, compared to
the corresponding F-treated groups, F1 and F2 (Table 2).

B13. Very low density lipoproteins (VLDL): Analysis of the data showed a
significant variation (p≤0.01) among the groups. Post hoc analysis indicated a
significant increase (p≤0.05) in mean the VLDL levels in the F1 and F2 groups
compared to the control group. Compared to the control group, non-significant
increases in the mean VLDL levels occurred in the FS1 and FS2 groups and the
levels in the FS1 and FS2 groups were significantly lower (p≤0.05) than in the F1
and F2 groups, respectively (Table 2).

B14. Blood glucose (BG): Analysis of the data showed a highly significant
variation (p≤0.001) among the groups. Post hoc analysis indicated a significant
increase (p≤0.05) in the mean BG levels in the F1, F2, and FS2 groups, compared
to the control group. The mean BG levels in the FS1 and FS2 groups were
significantly lower (p≤0.05) than in the F1 and F2 groups, respectively (Table 2).

DISCUSSION

Fluoride exposure studies in animals have shown significant changes in
hematological blood parameters (hemoglobin concentration, mean corpuscular
volume, mean corpuscular hemoglobin, mean corpuscular hemoglobin
concentration, packed cell volume, total count of RBCs and WBCs, and the
differential leukocyte count of neutrophils and lymphocytes).10 F exposure has
also been found to lower down the serum protein (albumin and globulins)
concentrations and balance.11 Another profound stress indicator of F exposure is
lipid per-oxidation that leads to a decline in the serum HDL levels together with a
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simultaneous elevation of the LDL, VLDL, triglyceride, and, cholesterol levels.12

Similarly increased blood glucose concentration is another important sign of the
stress induced by F exposure.18 The serum enzymatic biomarkers of hepatic
lesions (SGOT, SGPT, ALT) have also been found to be elevated significantly on
exposure of fluoride.18,19 However, in all above-mentioned studies the exposure
concentration of F was kept very high (100 ppm or above) and, moreover, there
has not been a previous study reporting the pathophysiological alterations of F
exposure in pregnant animals. Our results indicate significant alterations in various
hematological (Hb, RBC count, MCH, MCHC, WBC count, lymphocytes, and
neutrophils) and serological (bilirubin, SGOT, SGPT, ALP, TP, AL, TG,
cholesterol, LDL and BG) parameters of the pregnant mice at very low
concentrations (5–10 ppm) of F exposure. The finding in our study of widespread
changes in blood and serological parameters in pregnant mice with exposure to
low concentrations of fluoride indicates that in the state of pregnancy the
sensitivity towards F exposure is markedly increased. 

 Susheela et a.l20 recently reported a significant decrease in the hemoglobin in
aluminum smelter workers occupationally exposed to fluoride in the air and/or
water. In this context, the F exposure-induced thyroid insufficiency (causing a
probable decline in erythropoietic stimulation) and a simultaneous destruction of
probiotics (leading to diminished synthesis of vitamin B12 which is needed for the
biosynthesis of hemoglobin) have been claimed to cause reduced erythropoiesis
and the resultant anemia.21 Similar mechanisms may have been involved in the F-
exposed dams in the present study. Increased destruction of RBCs, as indicated by
a significant rise in the plasma bilirubin concentration, may also be an additional
cause of the significant decrease in the Hb, RBC count, PCV, MCH, and MCHC
parameters in the F-exposed dams compared to those in the control group. The
noticeable recovery in all these parameters in the SFJ-treated groups, FS1 and
FS2, compared to their respective F-treated groups, F1 and F2, indicates the
ameliorative effect of SFJ against the F-induced decline in the erythropoietic
capacity of the dams. Fluoride exposure, at 100 ppm, in the drinking water has
been found to cause a decline in the neutrophils and the WBC count in rats, while
the lymphocyte count was noticeably increased.9 In the present study, we found a
similar decline in both the neutrophils and the WBC count, with a simultaneous
significant rise in the lymphocytes, in pregnant mice, with a far less F exposure
concentration of 5 ppm. Thus, despite the general view that fluoride is
systemically toxic, it appears that F may enhance humoral and cell-mediated
immunity, as exposure to fluoride leads to an increase in the lymphocytes which
are primarily produced in the soft tissues of the lymph nodes and thymus. In
contrast, the decrease in the neutrophils, which are primarily produced in the bone
marrow, may by attributable to its anti-mitotic effect on the bones, even at low
exposure concentrations.22 The simultaneous exposure to SFJ was found to
considerably enhance both the neutrophils and the lymphocytes indicating the
general immune promoting effect of SFJ in pregnancy. 
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In an in vitro study 80 µg F/mL exposure was found to cause mitotic arrest and
DNA damage in cultured human hepatocytes.23 Fluoride exposure, injected on a
weekly basis in a dose of 10, 20, or 30 µg/g body weight, for four weeks in day-old
domestic chicks, caused a significant increase in the serum concentrations of
SGOT, SGPT, ALP, and bilirubin indicating its hepatotoxic effect in vivo.24

Similarly, an elevation in lipid peroxidation, and increased glutathione s-
transferase, and xanthine oxidase activity, with a simultaneous decrease in catalase
and superoxide dismutase activity, were noted in Wistar female mice exposed to 5
and 10 ppm NaF in drinking water for three months.25 These findings are in
agreement with the results of the present study where we noted significant rises in
the bilirubin, SGOT, SGPT ALP, cholesterol, TG, LDL, and VLDL levels in both
the F1 and F2 groups, compared to the control group, indicating similar
hepatotoxic and oxidative stress effects on the pregnant mice. We also found an
elevated blood glucose in the F-exposed mice which is yet another sign of stressed
gluconeogenesis and a logical consequence of the elevated SGOT and SGPT
activities. The results show that co-treatment with strawberry fruit juice has an
ameliorative effect on these F-exposure stress effects. There is, therefore, a clear
indication that strawberry fruit juice has an exceptional capacity for the
normalizing the pathophysiological indicators of F-exposure stress in pregnancy.

CONCLUSION
 The findings of the present study show that chronic exposure to a low dose

fluoride in drinking water, at 5 and 10 mg F/L, can cause serious alterations in the
hematological and serological indicators of metabolic and cytological stress, while
the twice-daily consumption of strawberry fruit juice, at 12-hourly intervals, can
effectively ameliorate these changes. This clearly illustrates that strawberry fruit
juice has health promoting effects, especially for pregnant dams.             
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