
Introduction

Fluorosis, caused by excessive fluoride ingestion, is an
important public health problem all over the world. It has
been reported that areas of endemic fluorosis occur in all
inhabited continents (1). This condition is rampant in
China. Except for the municipality of Shanghai, every
province in China has areas that are afflicted with
endemic fluorosis (2), with nearly 70,000,000 patients
with fluorosis (3). In fluoride-contaminated areas,
animals are as severely affected as humans are. In
addition to endemic and industrial fluorosis, more mineral
supplements added to diets with increasing development
of the feed industry are direct important sources of
excess fluorine intake by animals, which seriously affect
their growth and production. The studies on the adverse
effects of high fluoride ingestion on the health and
performances of animals started early in the 1930s.
However, most experiments had been conducted to study
fluorosis in avian species, cattle, rabbits and sheep, little
data were reported in pigs, especially since the 1980s.
Yet fluorosis in pig groups in China was frequently

reported in recent years. So it is necessary to determine
the adverse effects of fluoride levels on pigs.

Depending on this, in this study it was mainly assessed
the effects of excessive fluoride ingestion on growth
performance, serum indexes and antioxidant systems in
growing pigs.

Methods

Experimental design

A total of 96 crossbred growing pigs (68d) weighing
24.14±1.12 kg were randomly assigned to four
treatments. These treatments containing the following
added fluorine (as NaF) levels: 0, 50, 100 and 150 mg/kg
fluorine were randomly assigned to four replications with
6 pigs (3 barrows and 3 gilts) per pen in a completely
randomized design. Pigs were allowed ad libitum access
to feed and water during the experiment. The experiment
lasted 84 days after a 7-day adaptation period. All diets
were formulated to meet or exceed the requirements
described by the NRC (4). Fluorine content was 37.39
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mg/kg in the basal diet and 0.6 µg/ml in the drinking
water. Feed intake per pen was recorded for the
experimental period, and each pig was weighed at the
beginning and the end of the experiment to determine
average daily gain (ADG), average daily feed intake (ADFI)
and feed gain ratio (F/G).

Sample collection

At the end of the 84-day feeding trial, 2 pigs (1
barrow and 1 gilt) from each pen were randomly selected
for slaughter after a 24-h fast. Blood samples were
centrifuged at 3000 rpm for 15 min, and the serum
separated from the blood was packed in Eppendorf tubes,
snap-frozen in liquid nitrogen, and stored at –70 ºC until
analysis. The samples of liver were collected from the left
side of the carcass within 15 min of exsanguinations,
snap-frozen in liquid nitrogen, and stored at –70 ºC until
they were analyzed.

Chemical analysis

Serum analysis for glutamic-pyruvic transaminase
(GPT), glutamic-oxalacetic transaminase (GOT), alkaline
phosphatase (ALP), lactic dehydrogenase (LDH) activities
and for total protein, albumin (ALB), urea nitrogen,
cholesterol, triglycerides and glucose were accomplished
by described methods using a biochemical autoanalyzer
(Beckman-CX9 Instruments, Inc.).

Serum Ca and Mg were determined by atomic
absorption spectrophotometry (5), while serum
phosphorus was analyzed using the Fiske and Subbarow
(6) procedure.

Lipid peroxidation was measured via the thiobarbituric
acid color reaction for malondialdehyde (MDA) by the
method described by Wills (7). The results were
expressed as nmol MDA formed per milligram of protein
(nmol/mgprot).

Total antioxidant capacity (T-AOC) was assayed by the
method reported by Miller et al. (8), and the results were
expressed as units per milligram of protein (U/mgprot).

Superoxide peroxidation (SOD) was assayed by
monitoring the rate of inhibition of reduction of nitroblue
tetrazolium (NBT) by the enzyme (9). One unit of the
SOD represents the amount of enzyme required to
produce 50% inhibition of NBT reduction per minute.

Glutathione peroxidase (GSH-Px) activity was
determined according to Flohe and Gunzler’s method
(10). One unit of GSH-Px consumes 1 µmol NADPH/min.

Catalase (CAT) activity was assayed by the method
described by Aebi (11), based on the direct measurement
of H2O2 decomposition at 25 ºC. One unit of CAT activity
represents 1 µmol H2O2 decomposed per min.

Glutathione transferase (GST) was assayed as
described Habig et al. (12), and the unit was defined as
nanomole per liter of GSH used per minute.

All the enzyme activities were expressed as units per
milligram of protein. The protein content was determined
according to Bradford (13), with crystalline bovine serum
albumin as a standard.

Statistical analyses

The data were analyzed by analysis of variance for
repeated measures using the general linear models
procedure of SAS (Version 6.12). Significance was
evaluated at the 0.05 level.

Results 

Growth performance

Compared to the control, ADG was decreased 5.29%
and 8.60% (P < 0.05), F/G was increased 5.78% and
8.50% (P < 0.05) in the 100 and 150 mg/kg fluorine-
treated groups, respectively (Table 1), and there was no
significant difference between the 50 mg/kg fluorine
group and the control group (P > 0.05). ADFI of growing
pigs was not affected by the 3 fluorine levels treatments.

Serum biochemical values 

As shown in Table 2, serum Ca and Mg concentrations
of 150 mg/kg fluorine-added group were lower than
those of the control group (P < 0.05). Serum P level was
not affected by the addition of fluorine (P > 0.05).

The contents of serum albumin, cholesterol and
triglycerides of the 150 mg/kg fluorine group tended to
be lower (P < 0.05), while urea N and glucose levels of
the 100 and 150 mg/kg fluorine-treated groups tended
to be higher than those of the control group (P < 0.05).

The levels of serum GOT, GPT and LDH in pigs fed a
diet supplemented with 150 mg/kg fluorine were
significantly elevated compared to the control group (P <
0.05). Serum ALP levels of the 100 and 150 mg/kg
fluorine groups increased 15.29% (P < 0.05) and
50.52% (P < 0.001) compared to the control group,
respectively. All serum indexes in the 50 mg/kg fluorine
group were similar to those in the control group.
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Lipid peroxidation

As shown in Tables 3 and 4, MDA levels in serum and
liver were significantly elevated, 35.85% and 28.22%,
due to 150 mg/kg fluorine addition compared to the
controls, respectively (P < 0.05). Serum MDA level in
100 mg/kg fluorine additional group was also
significantly higher than those of the control group (P <
0.05). Addition of 50 mg/kg fluorine had no effect on the
MDA content of pigs (P > 0.05).

Antioxidant systems

As shown in Tables 3 and 4, T-AOC levels of serum
and liver in the 100 and 150 mg/kg fluorine-treated
groups significantly decreased compared to those in the
controls (P < 0.05), and T-AOC concentrations in the liver
of pigs fed the 50 mg/kg fluorine diet were significantly
lower than those of the controls (P < 0.05). There was
no significant effect of adding 50 mg/kg fluorine on
serum T-AOC levels.
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Table 1. Growth performance of pigs.

F l u o r i n e  ( m g / k g )
Item

0 50 100 150

Initial wt (kg) 26.79 ± 1.48 26.77 ± 1.29 26.80 ± 1.18 26.84 ± 1.29

Final wt (kg) 89.18 ± 5.96a 87.17 ± 4.41a 85.89 ± 4.95ab 83.87 ± 4.22b

ADG (g) 742.81 ± 61.09a 719.18 ± 63.92ab 703.50 ± 59.08bc 678.91 ± 53.86c

ADFI (kg) 2.18 ± 0.02 2.18 ± 0.02 2.19 ± 0.04 2.16 ± 0.05

F/G 2.94 ± 0.05a 3.03 ± 0.09ab 3.11 ± 0.10bc 3.19 ± 0.11c

a-c Means within a row with different superscripts differ significantly (P < 0.05).

Table 2. Serum biochemical values in pigs.

F l u o r i n e  ( m g / k g )
Item

0 50 100 150

Ca, mmol/l 2.77 ± 0.18a 2.59 ± 0.23ab 2.57 ± 0.16ab 2.51 ± 0.13b

P, mmol/l 4.04 ± 0.58 4.10 ± 0.53 4.03 ± 0.51 3.64 ± 0.50

Mg, mmol/l 1.16 ± 0.11a 1.10 ± 0.10a 1.07 ± 0.09a 0.90 ± 0.09b

Total protein, g/l 88.59 ± 8.30 87.46 ± 8.56 86.78 ± 8.12 83.26 ± 10.19

Albumin, g/l 49.96 ± 3.96a 48.81 ± 4.27ab 47.47 ± 5.16ab 44.88 ± 3.15b

Urea N, mmol/l 6.08 ± 0.47a 6.38 ± 0.46ab 6.94 ± 0.63b 7.67 ± 0.76c

Cholesterol, mmol/l 3.58 ± 0.25a 3.54 ± 0.22a 3.49 ± 0.23ab 3.17 ± 0.29b

Triglycerides, mmol/l 0.85 ± 0.08a 0.82 ± 0.07a 0.77 ± 0.07ab 0.69 ± 0.05b

Glucose, mmol/l 6.86 ± 0.58a 6.89 ± 0.63ab 7.14 ± 0.46b 7.56 ± 0.67b

ALP, U/l 230.92 ± 26.65a 244.47 ± 32.58ab 266.23 ± 21.18b 347.59 ± 39.61c

GOT, IU/l 59.12 ± 5.02a 62.26 ± 5.79a 64.77 ± 6.37ab 70.81 ± 8.04b

GPT, IU/l 23.95 ± 2.01a 22.66 ± 2.01a 27.48 ± 2.18a 34.22 ± 2.98b

LDH, IU/l 519.63 ± 47.24a 513.67 ± 52.17a 544.23 ± 53.43 a 606.40 ± 58.63b

a-c Means within a row with different superscripts differ significantly (P < 0.05).



The activities of serum SOD and CAT, liver SOD, GSH-
Px and CAT of the 100 and 150 mg/kg fluorine-treated
groups were markedly decreased compared to those of
the control group (P < 0.05), and the activities of serum
GSH-Px of the 150 mg/kg fluorine-treated group were
significantly lower than those of the control group (P <
0.05). The addition of the 3 fluorine levels significantly
decreased the serum CAT activities of pigs in comparison
with the controls (P < 0.05).

GST activities of the liver in the groups given 3
concentrations of fluorine were significantly lower than
those of the controls (P < 0.05), and the activities of
serum GST of pigs fed the 150 mg/kg fluorine-added diet
were decreased compared to the controls (P < 0.05). The
data of GST activities in serum were similar among other
3 groups.

Discussion

The results in the present study were similar to the
findings published by Burnell et al. (14), who reported
reduced ADG (P < 0.001) for pigs consuming diets with
132 mg/kg fluorine concentration. Studies on broilers
(15), hens (16) and calves (17) also indicated that
excessive fluorine ingestion significantly decreased animal
growth and production performances. It is conventionally
considered that depressed appetite and consequently a
feed consumption decrease resulted in the poor growth
rate after feeding animals excessive fluorine levels.
However, in the present study no significant difference
was found in feed intake between fluorine–treated
groups and the control group. On the other hand, the
decreased F/G in the fluorine groups indicated that high
fluorine intake resulted in poor growth performance of
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Table 3. MDA, T-AOC and antioxidants of serum.

F l u o r i n e  ( m g / k g )
Item

0 50 100 150

MDA, nmol/ml 5.83 ± 0.64a 6.33 ± 0.42a 7.23 ± 0.61b 7.92 ± 0.70b

T-AOC, U/ml 4.39 ± 0.62a 3.87 ± 0.55ab 3.56 ± 0.51bc 2.92 ± 0.43c

SOD, U/ml 142.81 ± 11.45a 133.36 ± 11.39ab 129.42 ± 9.0b 116.10 ± 5.76c

GSH-Px, U/ml 760.77 ± 78.19a 743.27 ± 68.63a 712.33 ± 62.06ab 684.07 ± 51.82b

CAT, U/ml 39.10 ± 3.94a 31.32 ± 2.63b 30.18 ± 2.48b 25.42 ± 1.04c

GST, U/ml 39.03 ± 3.94a 37.69 ± 3.42ab 36.54 ± 3.88ab 36.04 ± 3.09b

a-c Means within a row with different superscripts differ significantly (P < 0.05).

Table 4. MDA, T-AOC and antioxidants of liver.

F l u o r i n e  ( m g / k g )
Item

0 50 100 150

MDA, nmol/mgprot 1.63 ± 0.41a 1.77 ± 0.44ab 1.92 ± 0.48ab 2.09 ± 0.66b

T-AOC, U/mgprot 24.05 ± 2.36a 19.84 ± 2.32b 18.45 ± 1.75b 14.79 ± 1.02c

SOD, U/mgprot 72.04 ± 7.65a 67.91 ± 6.88ab 62.41 ± 6.21bc 61.48 ± 5.46c

GSH-Px, U/mgprot 119.59 ± 10.75a 108.72 ± 9.41ab 105.94 ± 9.57b 91.97 ± 8.86c

CAT, U/mgprot 61.37 ± 4.93a 58.83 ± 4.57a 51.82 ± 4.16b 48.28 ± 3.16b

GST, U/mgprot 50.75 ± 4.64a 41.80 ± 4.52b 36.27 ± 4.11c 33.06 ± 3.44c

a-c Means within a row with different superscripts differ significantly (P < 0.05).



animals by probably disturbing some nutrient utilization.
Guenter and Hahn (18) pointed out that the toxic effects
of fluorine on feed conversion of hens were not solely due
to the reduced nutrient intake but also poor nutrient
absorption and metabolic utilization also played an
important role.

Fluorine interacts and alters the metabolism of
calcium and magnesium (19) The decrease in serum
calcium is related to a decrease of intestinal absorption of
calcium by fluorine. A decrease of serum magnesium was
considered due to an increase of magnesium fixation in
tissues, mainly in bones and kidneys (20). However,
serum phosphate content was not affected by fluorine in
this study.

The liver, an organ of vital importance, was severely
damaged by fluorine toxicity (21). Serum biochemical
values and enzymatic activities of GPT, GOT, and LDH are
sensitive serological indicators of liver toxicity. In our
study these parameters were significantly altered by
fluorine addition, suggesting that excessive fluorine might
cause critical injury to the organ. These data indicated
that the liver function of pigs was weakened by excessive
ingestion of fluorine. The increased serum ALP following
fluorine exposure may reflect a toxicity of fluorine for
both osteoblasts (bone forming cells) and resorbing
osteocytes (22).

It is well known that MDA is a terminal product of
lipid peroxidation, so the content of MDA can be used to
estimate the extent of lipid peroxidation, the latter can
indirectly reflect the status of the metabolism of free
radicals, the degrees to which the tissue cells are attacked
by free radicals and the lipid is peroxidated. In the present
study, MDA concentrations in serum and liver of pigs in
the fluorine groups largely increased, and correlated
positively with the levels of fluorine. These results are
consistent with the results reported by Shivarajashankara
et al. (23), who demonstrated increased MDA levels in the
red blood cells, liver and brain of rats. Similarly, MDA
contents in serum of chicks were largely increased when
treated with fluorine in different groups (3).

T-AOC, used to reflect the total capacity of antioxidant
systems in the body in recent years, is an integrative
index. Little is known about the effect of excessive
fluorine intake on T-AOC in pigs; there are only reports
on other animal species. Our data were similar to the
results published by Kang et al. (24) and Li et al. (25),

who reported that high fluorine intake significantly
decreased serum T-AOC contents of chicks and its
concentrations in the serum, liver, kidney, spleen and
brain of goats.

SOD, GSH-Px and CAT are the main antioxidant
enzymes in the body (26). These enzymes may scavenge
unwanted ·O2

- and H2O2, and ROOH produced by free
radicals. For example, SOD catalyzes superoxide radical
dismutation: ·O2

- +·O2
-+2H+→H2O2+O2. The resulting

hydrogen peroxide in turn is decomposed by the enzymes
GSH–Px and CAT (27). As shown above, decreased
activity of each of them would induce increased free
radicals, and so injure the corresponding tissues. In this
study, the results showed that the activities of SOD, GSH-
Px and CAT in the serum and liver of pigs in the fluorine-
treated groups are lower than those of the controls to
difference degrees, most of them significant (P < 0.05).
These enzymes’ activities showed a dose-effect
correlation, and have significantly negative correlations
with different levels of fluorine. Decreased SOD levels
indicate the product of O2

- radicals increased by lowered
ability of the tissues that can scavenge free radicals, and
similarly increased H2O2 in the tissues by decreased GSH-
Px and CAT activities. Our results were similar to the
results from mice (28) and rats (29). However, there are
several reports on elevated GSH-Px levels. We speculated
that these differences in GSH-Px to the fluorosis in
animals might be due to variations in dose, duration and
route of fluorine administration, the stage of life at which
fluorine was administered, the animal species used and
individual tissue response.

GST existed in various tissues, especially in the liver. It
can remove free radicals and its levels can reflect the
antioxidant capacity of the body. This is in agreement
with the findings reported by Dierickx and Beer (30);
they found that fluorine inhibits GST activity in the rat
liver in a dose-dependent manner. Our studies also
showed that GST activities in the serum and liver of pigs
were decreased when fluorine was added. Similarly, GST
activities in the brain and gastrocnemius muscle of female
mice (16) were markedly decreased when treated with
20 mg/kg/body weight for 14 days.

In conclusion, these results suggest that excessive
ingestion of fluorine had a significant adverse effect on
the growth performances and serum indexes of growing
pigs. On the other hand, high fluorine intake can
markedly alter MDA and T-AOC levels and some enzymes
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activities associated with free radical metabolism in
growing pigs. Our data may provide some evidence for

further studying the mechanism of excess fluorine
accumulation on the impairment of soft tissues.
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