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ABSTRACT

The aim of this study was to compare the effedluofide (F) on alkaline phosphatase activity irethver and
plasma of the rats. Four groups of male Wistar r@ts6), which received drinking water containing B or 50
ppm F or deionized water (control) throughout thegeriment were included in the study. The aninedse
euthanized and had their tissues and blood plasofieaated for the analysis of fluoride and alkalipposphatase.
There was an increase in F concentration in masugs in the animals treated with higher F coneditns, except
for the heart. The alkaline phosphatase assay sti@mdancrease in the activity in the liver and kdoglasma of the
animals treated with fluoride concentrations of @&Bd 50 ppm (p<0.05). This study suggested that R at
concentration of 50 ppm in drinking water promoiesreased the activity of alkaline phosphatasehi liver and
blood plasma.
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INTRODUCTION Fluoride has been used worldwide as this element
has comproved efficacy on the prevention of
The enzymes phosphatases are hydrolases whatgntal caries (Whitford, 1996). It has also been
substrates are phosphomonoesteres which aused in the treatment of osteoporosis (Haguenauer
widely distributed in the nature and have beewt al., 2000). There is no doubt that the additbn
found in the animals (Galka et al., 1980; Lawrenc#uoride in public water supplies and the use of
and van Etten 1981), plants (Ferreira et al., 1999juoride dentifrice is an effective collective
and microorganisms (Gonzalez et al., 1993). Oneeasure in dental caries prevention (Mullenix et
of the main groups of the family of phosphatasesl., 1995). However, this wide application of the
are alkaline phosphatases (Harrison et al., 19999n can lead the population to exposure to high
which are one of most widely used as indicatorfuoride concentrations. Its effects when absorbed
of hepatobiliary disease and when the serum levelgto specific tissues or organs such as hearty live
are elevated frequently indicate hepatic damageand kidneys remain unclear. Moreover, reports of
(Renner and Déllenbach, 1992). intoxication in the humans suggest that chronic
exposure to fluoride can affect the activity of
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enzymes involved in important physiological Euthanasia and sample collection
processes in the tissues (Hallanger, 2007). Sonide animals were sedated and anesthetized with a
reports have shown that fluoride can change thmixture of Anasedan® (xylazine) and Dopalen®
activity of some enzymes, including alkaline(ketamine base) in a proportion of 1:1 (bulk). This
phosphatase (Shanthakumari et al., 2004). Livanixture (0.2 mL) was administered to each animal
diseases with the primary lesion of parenchymintramuscularly. Then, a blood sample was
cells normally show only moderate elevations ircollected from the heart into a lightly heparinized
alkaline phosphatase activity (Touitou and Bogdasyringe. Plasma was stored for the analysis of
1988). So far, some works show controversialluoride and alkaline phosphatase. The collected
results about fluoride effects, but few of themorgans (left kidney, liver and heart) were washed
correlate these alterations caused by this ion with the cold saline solution, weighed and stored (
different level (some tissue and enzymes) 080°C).
within the same protocol (sometimes they appear
in in vitro orin vivostudies). Homogenization of samples and analysis of
Therefore, the aim of this study was to assess tlakaline phosphatase
changes in the activity of alkaline phosphatase iThe homogenization of liver samples for the assay
the plasma and liver of the rats chronicallyof alkaline phosphatase were made according to
exposed to fluoride in the drinking water. TheGranjeiro et al. (1997).
effects of this ion on the weight of various organs
of these animals were also assessed. Analysis of alkaline phosphatase activity in

blood plasma and liver

Alkaline phosphatase assay was done in the

MATERIALS AND METHODS plasma and liver, using a commercial Kit,
according to the manufacturer’'s instructions
Animals and treatment (Doles® Reagent and laboratory Equipment Ltd.,

The study was conducted according to thésoiania, Brazil). The absorbance was read at 410
standards recommended by the Brazilian Collegem in a spectrophotometer (ULTROSPEC I,
of Animal Experimentation (COBEA), after Pharmacia). The results were expressed in Ul/L.
approval of the Animal Committee of BauruEach UI/L equals to 0.01667 pkat/L.
School of Dentistry, University of S&o Paulo
(USP), FOB-USP (Number 20/2006). Homogenization of samples for fluoride
Twenty-four male Wistar rat@ttus norvegicys — analysis
from the Central Vivarium of Bauru Dental SchoolThe left kidney samples were homogenized
- University of S&o Paulo (FOB-USP) were(model MA 102, Marconi, Goiania, Brazil) using a
included. After weaning (20 days old), the animalgroportion of 0.1 g of tissue to 500 pL of
were randomly divided into four groups (npér deionized water. The same procedure was
group) according to the concentration of fluorideperformed for the samples of liver and heart,
given during the entire experimental period (6(except for the proportion tissue to water. For the
days). Group | received deionized water (control)liver, it was 0.2 g of tissue to 500 pL of deiomize
while groups IlI, Il and IV received the water water, while for the heart, it was 0.1 g of tissae
containing 5, 15 or 50 ppm of fluoride, 1000 pL of water.
respectively. Throughout the experimental period,
the animals were kept in the cages receiving theluoride analysis in plasma
food and waterad libitum The food used was The analysis of fluoride concentrations in the
AIN-93 (Reeves et al., 1993) with low fluoride plasma ~was made by the HMDS
concentration (< 2 ppm), since in previous reportghexamethyldisiloxane)  facilitated  diffusion
it was observed that the commercial diets mightTaves method (Taves, 1968), as modified by
have high fluoride concentrations (Buzalaf et al.Whitford (, 1996) using an ion-specific electrode
2004; Buzalaf et al., 2005; Carvalho et al., 2006)Orion Research, Model 9409, Cambridge, USA)
which could affect the results. and a miniature calomel electrode (Accumet, #13-
620-79), both coupled to a potentiometer (Orion
Research, Model EA 940, Cambridge, UDA).

Braz. Arch. Biol. Technol. v.54 n.6: pp. 1187-118&yv/Dec 2011



Alkaline Phosphatase Activity in Plasma and LivERats 1189

Deionized water (2.0 mL) was placed in thefacilitated diffusion, as described for the plasma,
bottom of a non-wettable diffusion dish (Falcon,except for pre-diffusion, which was not performed
1007) along with the plasma. The trappingn this case.

solution, 50 pL of 0.05 M NaOH, was placed in

five drops on the inside of the lid of the dish.eTh Statistical analysis

periphery of the lid was ringed with vaseline andrhe software GraphPad Instat version 3.0 for the
sealed to the bottom of the dish. Then 2.0 mL o¥Vindows (Graph Pad Software, San Diego, USA)
3.0 M H,SO, saturated with HMDS were added towas used. Data were initially checked for the
the bottom through a small hole previously burnesiormality (Kolmogorov and Smirnov test) and
into the lid with a soldering iron. The hole washomogeneity (Bartlett test). For the heart and
immediately sealed with vaseline. During thekidney weight, these criteria were satisfied ared th
diffusion process, which continued overnight atata were analyzed by the ANOVA. For alkaline
room temperature, the solutions were swirled at 4phosphatase in the liver and fluoride concentration
rpm on a rotary shaker. The next day, the lid was the plasma and liver, data had normal
removed and inverted and the trapping solutiodlistribution, but there was no homogeneity of
was buffered to pH 5.0 with 25 pL of 0.20 M standard deviations. They were then analyzed by
acetic acid. The final volume was then adjusted tthe ANOVA after logarithmic transformation.
75 pL by the addition of deionized water using a&lukey’s test was used apost hoc for the
fixed volume pipettor. The fluoride and referenceANOVA. Data related to liver weight were not
electrodes were placed in contact with the solutiohomogenous and were then analyzed by a
with gentle agitation until a stable mV reading wasionparametric test (Kruskal-Wallis). The level of
obtained. Fluoride standards (0.019, 0.095, 0.198jgnificance in all the cases was set at 5%.

0.950, 1.900 and 4.750 pg fluoride) were prepared

in triplicate and diffused in the same manner as th

plasma samples. In addition, non-diffusedRESULTS

standards were prepared with the same reagents

and in the same proportions as those used Organs weight

prepare the diffused standards and samples. The general, there was a decrease in the weight of
non-diffused standards were made to have exactifie organs with the increase in fluoride
the same fluoride concentrations as the diffusedoncentrations given to the animaf$able 1.
standards. Comparison of the mV readingSignificant differences were observed for the liver
demonstrated that the fluoride in the diﬁuseCtKW:12_178) between the control group and the
standards had been completely trapped angtoup treated with 50 ppm F. Significant
analyzed (recovery > 99%). The mV potentialglifferences were also detected for the kidney (F =
were converted to pg F using a standard curvg.654). Control group was significantly different

with a coefficient correlation 0£0.99. from the groups that received 15 and 50 ppm F.
Significant differences were also found for the
Fluoride analysis in kidney, liver and heart hearts (F = 6.675). In this case, group lll was

The analysis of fluoride concentrations in thesignificantly different from the groups Il and IV.
kidney, liver and heart, were made by the HMDS-

Table 1 -Weight samples (g) of kidney. liver and heart te ¢ontrol group (1). 5 ppm (I1). 15 ppm (Il) an® ppm (IV).

Weight (g)
Groups Kidney Liver Heart
[ 0.89%(0.08) 7.37(0.66) 0.847°(0.13)
I 0.83*°(0.11) 6.65°(0.88) 0.82(0.10)
1] 0.87%(0.12) 6.53°(0.80) 0.98(0.06)
Y 0.68"(0.09) 5.5%(0.17) 0.74(0.05)

ab distinct letters at the same column indicate stiatlly significant difference g 0.05
() standard deviation
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Analysis of fluoride concentration same trend was seen for the liver (F = 44.09).
The analysis of the fluoride concentration in theThere was a significant difference between all the
plasma, kidney, liver and heart can be seen igroups, except for the group Ill compared to group
Table 2. There was an increase in the plasm¥.

fluoride concentrations with the increase inAs for the kidney, significant differences were
fluoride concentration administered in the drinkingdetected among the groups (KW = 15.891) and a
water (F = 36.65). Significant differences weredose-response was also seen. In this case, groups |
found between all the groups, except for the groupnd Il presented significantly lower fluoride level

I when compared with the control group. Thewhen compared to group IV.

Table 2 - Fluoride concentration in plasma (pg / mL). kidnkyer and heart (ug / g) for the control group 8
ppm (11). 15 ppm (ll) and 50 ppm (IV).

Fluoride Concentration

Groups

Plasma Kidney Liver Heart
| 0.034(0.01) 0.086(0.04) 0.013(0.005) 0.12%(0.045)
I 0.039 (0.008) 0.076 (0.008) 0.026 (0.005) 0.097(0.046)
1] 0.087°(0.02) 0.144°(0.03) 0.066%(0.033) 0.084 (0.014)
\Y 0.143° (0.03) 0.366(0.06) 0.098(0.015) 0.08£(0.015)

aPdistinct letters at the same column indicate stiatilly significant difference g 0.05
() standard deviation

Analysis of alkaline phosphatase highest activity was found for the group Il
Regarding the enzymatic activity of alkaline(15.756 IU /L + 7.55 IU / L) and the lowest for
phosphatase in the plasma, group IV presentgtie control group (7.069 IU / L + 2.19 IU / L).
largest activity (9.30 IU / L £ 0.22 IU / L) which These groups differed significantly from each
was significantly different from all the other other (F = 5.536) (Table 3).

groups (F = 852.13). However, for the liver, the

Table 3 - Alkaline phosphatase activity (Ul / L) in plasmaddiver in the control group (). 5 ppm (). 1%m and
50 ppm (1V).

Alkaline Phosphatase Activity

Groups

Plasma Liver
[ 1.070%(+0.29) 7.069 (+2.19)
I 0.667% (+0.17) 11.419 (+1.419)
1 1.0912 (+0.50) 15.758°(+7.55)
\Y 9.30° (+0.22) 9.37(+3.02)

aPdistinct letters at the same column indicate steiy significant difference g 0.05
Each Ul / L equals 0.01667 pkat / L.

DISCUSSION Pessan et al., 2005) and chronic (Carvalho et al.,
2006) exposures. The results of this study were in
The deleterious effects of fluoride have beeragreement with previous studies that demonstrated
studied in the last decades due to the widesprea# increase of fluoride concentration in the plasma
and inadvertent use of this element, causingue to the increase in the chronic intake of flderi
problems such as dental fluorosis andCarvalho et al., 2006). This was expected, since
osteopetrosis. Additionally, fluoride might haveplasma was the central compartment involved in
systemic toxic effects in other tissues wherthe metabolism of fluoride, where fluoride passed
ingested in levels higher than optimal (Buzalaf efor its subsequent distribution and elimination,
al., 2004: Buzalaf et al., 2005: Leite et al., 2008since there was no homeostasis. Whitford (1996)
Kobayashi et al, 2009). has reported that the fraction of ionic plasma
Plasma is an important indicator of fluoride levelgluoride increases with the intake and, in addition
in the body in both acute (Buzalaf et al., 2004when the entry of fluoride in the plasma exceeds
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the degree of removal, plasma concentrations aldbe organism that are likely to occur upon
increase. In this work, the group treated with Jexposures to high levels of fluoride for a long
ppm of fluoride in the water did not presenttime. It was possible that if the treatment with 50
fluoride levels significantly different from the ppm fluoride had been conducted for a shorter
control group, in agreement with other studiedgime, the increase of alkaline phosphatase activity
(Kobayashi et al., 2009). This could be explainedh the liver would had seen, before the organism
by the incorporation of part of fluoride into have had time to produce the adaptive response.
mineralized tissues, while higher doses of fluoriddhe increased fluoride concentrations in the
could saturate the effect of its uptake intokidneys of the animals treated with 15 and 50 ppm
mineralized tissues (Ekstrand et al., 1977). were expected, since kidneys were responsible for
Krishnamachari (1986) observed severe damage the excretion of fluoride (Whitford, 1996).
the liver caused by the chronic ingestion ofFluoride at 50 ppm was also capable to reduce the
fluoride. The reduction in the size of this organweight of the kidneys when compared to the
upon exposure to fluoride can be one of the factorsntrol group, which was consistent to the findings
responsible for the changes in the normal functiorgf other studies demonstrating a nephrotoxic effect
causing the observed damage. Other studies hag&fluoride at high doses (Kobayashi et al., 2009;
found fluoride accumulation in the liver of thegat Strunecka et al., 2007), with an altered proteomic
under treatment with fluoridated water at 5 and 2%profile, hydropic degeneration in epithelial cells
ppm for 12 weeks (Inkielewitz and Krechniakand vascular congestion (Kobayashi et al., 2009;
2003; Inkielewitz et al., 2006). The presence oPDncu et al., 2004). The hydropic degeneration can
fluoride in small concentrations in the liver (1 tocause shrinkage of glomeruli (Oncu et al., 2004),
10 mM) can significantly interfere on the activity thus leading to a decrease in the weight of the
of certain enzymes, such as lactate dehydrogenasmgan.

(increase), glycogen phosphorylase (increaseieart unlike kidney and liver did not show
lipase (inhibition), enolase (inhibition) and substantial difference in fluoride concentrations
glycogen  synthase  (inhibition).  Negative between the groups. There was evidence of a
(Strunecka et al., 2007) effects on the liveprotective effect of the components of the
function were also suggested in this study in thantioxidant system in the heart, thus preventing
group treated with the highest fluoride some lesions (Shan et al., 1990). Thus, this organ
concentration (50 ppm) due to the alterationseemed to be more resistant to the effects of
observed in the plasma alkaline phosphatadtuoride. Studies have shown the changes of
activity. This finding was suggestive of theenzymes in various organs such as liver, kidneys
changes in liver function, since the activity oisth and pancreas upon exposure to fluoride, but were
enzyme could be used as a diagnostic tool for thenable to detect substantial changes in the heart,
damages in human liver (Limdi and Hyde 2003)except for an alteration in potassium and calcium
The lower weight of the liver in the animalschannels (Strunecka et al., 2007).

treated with 50 ppm fluoride supported theThe animals treated with 5 ppm of fluoride in the
changes in the liver function induced by highdrinking water, which was correspondent to a dose
levels of chronic fluoride intake. But on the otherof 1 ppm in the drinking water for the humans
hand, Kobayashi et al. (2009) described ngDunipace et al., 1995) did not present increases i
differences on the total body weight of the animal$luoride concentrations in the organs or reduction
after 60 days of fluoride treatment (weight: 265-of their weight. This confirmed the security of
275g9). These results (the present results arabntrolled water fluoridation (0.7-1.2 ppm). These
Kobayashi' results) could be an indicative thatow doses of fluoride did not promote important
some differences caused in the tissues by fluoridmetabolic changes in the organs such as heart and
had targets more specifics like enzymes, and oth&idneys nor peak plasma levels (Carvalho et al.,
microscopic alterations. 2006).

One interesting finding of this study was theThus, it could be concluded that fluoride at a
significant increase in the activity of alkaline concentration of 50 ppm in the drinking water
phosphatase in the liver of the animals treated witpromoted increased activity of alkaline
15 ppm F when compared to the control but thphosphatase in the liver and plasma, besides
lack of such increase in the group treated with 5fromoting a decrease in the weight of organs such
ppm F. This could be due to adaptive responses ab kidneys and liver.
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