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ABSTRACT

Sodium fluoride is the most commonly used compoundal caries prevention in the form of fluorindtérinking
water, salts or milk, tooth pastes, mouth washed #unoride tablets that adversely affects liver dtions
parameters. This study evaluated the effects ofuBpfluoride on liver function parameters and alssessed the
ameliorating effects of selenium and Curcumin esttrature male mice (weighing 35-45 g and eactugrof ten
animals) were given sodium fluoride (10.3 mg/Kg bnd/or Selenium (0.5 mg/Kg) + Curcumin extract (6§/Kg)
daily intraperitoneally (I.P) for 4 weeks. In theegent study, Sodium Fluoride exposure resulteghiincrease in
the ALT, AST, Total Protein and LDH levels withpes to the control. Further, Light microscopic @stigation
revealed that Sodium fluoride exposure inducedpathological alterations in the liver tissues. Blgmentations
of Curcumin and/or selenium to Sodium fluoride doeld groups increased liver enzymes activities |a\dome
histopathological changes were observed in anima-tt@ated with Curcumin extract and /or selenium
supplementation to Sodium fluoride treated miceaAssult, Sodium fluoride induced hepatotoxicityeduced by
Curcumin extract and/or selenium to great extenthgyentire restoration of the histological strucs.

Key words: Sodium fluoride, Selenium, Curcumin extract, Hepaissues.

INTRODUCTION

Sodium fluoride is the most commonly used compaonnaral caries prevention in the form of fluorinétérinking
water, salts or milk, tooth pastes, mouth washekfaride tabletgDabrowska et al., 2006)Barot., 1998 and
Ortiz et al., 2003%tated that there are about 21 countries thaphatslems with endemic fluorosis where the main
pathway of fluoride exposure is the ingestion pfwiaater from contaminated ground water sources.

Fluoride (F) anions are widely distributed in thrvieonment in different forms and their compounds extensively
used. Fluoride anions are naturally present in mgtarces and drinking water as they are releasad the run off
of F-containing rocks and soils and leach into gowater (ATSDR, 2003)In some areas drinking water is
artificially fluoridated, therefore water consungsti is typically the largest contributor to daily iRtake.
Furthermore, F anions are incorporated in variassdticide formulations, fluoridated foodstuffsntigices, drugs,
vapors emitted from industries using fluoride camiteg compound$NRC, 2006)

Fluoride is known to cross the cell membranes anehter soft tissug®\ydin et al., 2003)Fluorosis is a slow and
progressive process causing metabolic, functiomal structural damages affecting many tissues pdetiy
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musculoskeletal, dental systelfid-lethey and Kamel.,2011)kidney(Nuscheler et al.,1996)iver (Chinoy NJ and
Patel.,1999)nd brainShivarajashankara et al.,2002)

Recent studies revealed that fluoride induces skamgproduction of oxygen free radicals, and migatise the
depletion in biological activities of some antioait enzymeg$Chlubek, 2003Yoxic effects of fluoride on various
biochemical parameters are knoW@ingh, 1984; Chlubek, 20Q3)ncreased free radical generation and lipid
peroxidation are proposed to mediate the toxic ceffeof fluoride on soft tissue¢Rzeuski et al., 1998)
Shivarajashankara et al. (2001a,Bported increased lipid peroxidation and disturaetioxidant defense systems
in brain, erythrocytes and liver of rats exposetiuoride.

The naturally occurring element selenium (Se) sen8al for a wide variety of biological processesnmammals
(Schomburg et al., 2004ks beneficial role in human health is due to lmwlecular weight selenium compounds,
as well as to its presence within at least 25 pwstenamed selenoproteins, in the form of the anawca
selenocysteine, that is incorporated during trdiesiaand is directly involved in redox catalyqiBriscoll and
Copeland, 2003; Romero et al., 2005)

Liao et al. (2008Yyeported that selenium played a beneficial rolepi@mvention of cisplatin hepatotoxicity in mice.
Jihen et al. (2008mentioned that selenium has a cooperative effe¢hé protection against cadmium-induced
structural damage in the liver of rat.

Several investigators have demonstrated protebiyoselenium supplementation against metal induegxhtic and
renaltoxicity. Moreover, in few recent studies by we observed a beneficial role of essential traleenent
(selenium) supplementation during the course ofatim® treatment of inorganic mercury intoxicati®aricaoglu
et al., 2005)

Natural herbal constituents are extensively studggdtheir ability to protect cells from miscellames damages.
Currently, the use of phytochemicals as a therapliseases related to oxidative stress has gameeinse interest
for their ability to quench free radicals by electror proton donation and their capability to pecbteody tissues
against oxidative stre¢blabavi et al., 2012)

Curcumin (1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6stediene 3,5-dione), the active portion of turmehias been
shown to have significant antioxidant activity, bbon vitro and in vivo(Joe et al., 2004)curcumin is a potent
scavenger of reactive oxygen and nitrogen speciels as hydroxyl radicals and nitrogen dioxide rali¢Reddy
and Lokesh, 1994)

The antihepatotoxic effects of curcumin againstaically induced hepatic damage are well documerdad,they
have been attributed to its intrinsic antioxidanbgerties(Farombi et al., 2008) Thus, curcumin has shown to
protect liver against hepatic injury and fibrogaaelsy suppressing hepatic inflammatigNaniji, et al., 2003)
attenuating hepatic oxidative stré¥®@usef et al., 2010)

EXPERIMENTAL SECTION

2.1. Animals

This study was performed on 70 young male miceghiag about 35-45 g b.wt. Animals were obtainednfithe
animal house of the King Fahad Center for Medicasdarch, King Abdul-Aziz University in Jeddah. Thegre
breeding in a well ventilated room with the tempera ranging between 22 and 25 °C and maintainatemun
standardized conditions away from any stressfulditioms with 12/12 light and dark cycle with freecass to
humidity and were fed dry balanced meal for experital animals provided by the General OrganizafiorGrain
Silos and Flour Mills in Jeddah, with a constantirse of water. All experimental procedures and ahim
maintenance were conducted in accordance withabepted standards of animal care per cage (CoohEilirope,
European convention for the protectionwefitebrate animals 2006). We have followed the pean community
Directive (86/609/EEC) and national rules on anigse. One group served as control. Animals welighveel and
randomly allocated into 6 groups (7 rats eachplsviing:
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2.2. Chemicals

2.2.1 Sodium Fluoride

Sodium fluoride (NaF) was purchased from Sigma GbahCo., St. Louis, Mo., USA. The tested dose @fFN
(10.3 mg/kg b.wt) was chosen based on the predtudies oZabulyte et al. (2007)A stock solution was prepared
by dissolving of 100 g of NaF in 1000 ml of distil water. The dose schedule was so adjusted thantiount of
NaF administration per animal was as per theireethype weight.

2.2.2 Selenium
Selenium was purchased from BDH Chemicals Ltd. |&mdy The tested dose of selenium (0.5 mg/kg) vwasen
based on the previous studies tiftissem et al.(2011)

2.2.3. Curcumin extract

Fresh Curcumin was obtained from local market (@digypt), then washed and was soaked in wate24drours
and after that it was dried then homogenized bggisiectrical mixer and then the dose was prepd68dmg/Kg)
and this dose was chosen accordinglidul-Hamid and Moustafa . (2013)

2.3. Experimental protocols

The study was performed on 70 mature male micégl@ivinto 7 main groups; each group was consistdd oats.
The T' Control group: Animal’s received 1ml of distilleeater orally daily for 30 successive days. TAESbdium
Fluoride (NaF) treated group: Animals were dailgereed NaF (10.3 mg/Kg) for 30 successive dayaperitoneally
(I.P).The & Seleniumtreated group: Animals were received selenium (@g/Kg) for 30 successive days
intraperitoneally (1.P).The™ Curcumin extract treated group: Animals were nesetiCurcuminextract (60mg/kg)
for 30 successive intraperitoneally (.P). THeNaF + Selenium treategtoup Animals were given sodium fluoride
(NaF) (10.3 mg/Kg) for 30 successive days and tbeadministered by selenium (0.5 mg/Kg) intraperéally
(I.P). The & NaF + Curcumin treated group: Animals were givedism fluoride (NaF) (10.3 mg/Kg) for 30
successive days and then co-administered Curcuxirace(60mg/Kg) for 30 successive days intrapaetily (1.P).
The 7" NaF+ Selenium+ Curcumin extract treated grodpimals were given NaF (10.3mg/Kg) and then co-
administered wittselenium(0.5mg/Kg) and then followed by Curcumin extradd (8g/Kg) for 30 successive days
(1.P).The substances were administered in the mgrfiietween 09.30 and 10.30 h) to non fasted Tais first day
the animals were treated was considered experitaayed.At the end of the 30 days of treatmentaalmals were
scarified and dissected. The testis tissues weigklgiLexcised to light microscope investigationgdriochemical
examinations.

2.4. Blood samples collection

Blood samples were collected after the end of tkgeement from the retro-orbital vein, which is emple,
convenient and successful procedure that allowsdihg of the same animal more than one time withimml
stresgScherners, 1967)

After the end of 4th week, individual blood samplesre drawn by orbital puncture (from eye plexusjng
microhematocrit capillary tubes (Lancer, Athy, CthuKildare, Republic of Ireland), Serum was hareelsfrom
blood without EDTA and then serum samples weresfeared into eppendorf tubes and subsequently fosetie
determination of (Total protein, Aspartate aminansferase (AST), Alanine amino transferase (ALTacthte
dehydrogenase (LDH), Catalase, Superoxide dismatad@lalondialdhyde. Plasma was harvested fromdaith
EDTA and subsequently used for the determinatioredéiced Glutathione, Glutathione peroxidase.

2.5. Preparation of liver Homogenate:

A known weight of the liver tissue was washed ie-@old isotonic saline containing 1 mM EDTA. Thsstie was
then homogenized separately in 10 volumes of pot@sphosphate buffer tissue was perfused with anB0
(sodium phosphate buffer saline (100 mM,NBQO, / NaH,PQ,) (pH 7.4) containing 1 mM EDTA using a
homogenizer at 4 °C. The crude tissue homogenasetivean centrifuged at 8000 rpm for % hours at 4@ The
resulting supernatant was transferred into eppérdbes, and preserved at -20° C in a deep fragadrused for
various biochemical Assay¢Habig et al., 1974) The supernatant was collected for the estimatidn
malondialdehyde (MDA), reduced glutathione (GSH)vesll as the activity of superoxide dismutase (SOD)
catalase (CAT) and glutathione peroxidase (GPx).
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2.6. Antioxidant enzyme determination

TBARS content was evaluated using the thiobarhitadid (TBA) test as described by Ohkawa et al79)9After
incubation of testis homogenate with TBA at 95 TBARS reacts to form a colored complex. Absorbawes
measured spectrophotometrically at 532 nm to déberthe TBARS content. The specific activity is egsed as
nmol/mg protein protein.

2.6.1. Measurement of superoxide dismutase (SOD)

SOD activity was measured according to the metrextiibed by Marklund and Marklund (1974) by assgyhe
auto oxidation of pyrogallol at 440 nm for 3 minn®unit of SOD activity was calculated as the amadmrotein
that caused 50% pyrogallol autooxidation inhibitidnblank without homogenate was used as a cofrohon-
enzymatic oxidation of pyrogallol in Tris—EDTA beff (50 Mm Tris, 10 mM EDTA, pH 8.2). The SOD actyvis
expressed as U/mg protein.

2.6.2. Measurement of catalase (CAT)

CAT activity was measured determined according e method described by Aebi (1984) by assaying the
hydrolysis of HO, and the resulting decrease in absorbance at 24@wena 3 min period at 25°C. Before
determination of the CAT activity, samples werautiitl 1:9 with 1% (v/v) Triton X-100. CAT activitg iexpressed

as mmol/mg protein.

2.6.3. Measurement of glutathione peroxidase (GPx)

GPx activity was measured using® as substrate according to the method describeBdgjia and Valentine
(1967). The reaction was monitored indirectly asakidation rate of NADPH at 240 nm for 3 min. Aabk without
homogenate was used as a control for non-enzyrogitiation of NADPH upon addition of hydrogen pemxiin
0.1 M Tris buffer, pH 8.0. Enzyme activity was eggpsed as nmol/mg protein.

2.6.4. Liverfunction biomarkers in the serum

Alanine aminotransferase (ALT) and aspartate amamsferase (AST) were determined colorimetrically b
measuring the amount of pyruvate or oxaloacetadelymed by forming 2,4-dinitrophenylhydrazine, ttedoc of
which was measured at 546 r{Retiman and Frankel, 1957)actate dehydrogenase was determined according to
the method ofVassault (1983)which depends on the oxidation of lactate to pgtavwith the simultaneous
conversion of the cosubstrate NADH to NAD. The dase in absorbance (measured at 340 nm) due to this
conversion is directly proportional to LDH activity

2.7. Histopathology

For histopathological examination, liver tissuesewdissected and fixed in neutral buffered formatifution. Then
samples were processed using a graded ethand,samitt embedded in paraffin. The paraffin sectivere cut into
5 p-thick slices and stained with hematoxylin aasie for histological examinatiofCarleton., 1967)

2.8. Statistical analysis:

Data were collected, arranged and reported as masandard error of mean (S.E.M) of nine groupsclEgroup
was considered as one experimental unit), sumnthézel then analyzed using the computer program SPSS
version 15.0) The statistical method was one waglyaes of variance ANOVA test (F-test), and if sfigant
differences between means were found, Duncan’sipteiltange test (Whose significant level was defiras
(P<0.05) was used according to (Snedecor and Coch#82) to estimate the effect of different treageoups.

RESULTS

3.1. Evaluation of biochemical parameters (Liver faction parameters):

3.1.1. Effect of Sodium Fluoride, Selenium, Curcumm extract and their combinations on serum total
protein: The administration of Sodium Fluoride in it's reamended dose for successive 30 days into normal rats
elicited highly significant decrease (P<0.05) imuse total protein level compared with normal cohtgooup.
Whereas, non significant changes were observeldeirgtoup treated with Selenium and a slight deer@gagroup
treated with Curcumin extract after 4th week whempared with normal control group (Table 1 and Hiy.
Whereas combinations of Sodium Fluoride with eitBetenium or Curcumin extract afforded slight Siigaint
decrease when compared with control group, exceptbmnation of Sodium Fluoride and selenium and wonia
extract which showed a non significant decreases@énum total proteins compared with normal control
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group.However, the combinations of the test plaxttaet (Curcumin) and selenium appear to ameliothte
hypoproteinaemia produced by sodium fluoride alone.

Table (1): Effect of Sodium fluoride (10. 5 mg/kg)Selenium (0.5 mg/ Kg), Curcumin extract (60 mg/Kgand their combinations on Liver
function in male mice (meant SE). (N =7)

Groups Total Protein(g/dl) | AST(U/mI) | ALT(U/ml) | LDH(uIU/mI)
Control group 8.48+0.27¢ 13.20+0.58 | 12.00+0.70 | 371.66+47.21
Sodium fluoride 4.88+0.40 197.80+7.39 | 81.00+1.18 | 1828.40+35.37
Selenium 8.68+0.44* 13.80+6.08 | 12.80+1.8% | 370.30+33.3%
Curcumin extract 7.89+0.63 14.10+1.0F" | 14.20+2.16 | 405.32+14.06
Sodium fluoride + Seleniu 7.760.6" 45.00+1.6° | 23.20+0.8° | 820.00+30.3°
Sodium fluoride + Curcumin extract 7.24+051 56.40+3.12 | 25.40+0.50 | 862.66+50.6%
Sodium fluoride + Selenium + Curcumin extrgct 8.026° 24.20+4.61 | 20.60+2.78 | 520.31+51.26

Means within the same column in each category @agrglifferent litters are significant at (20.05) using Duncan's multiple range test, where
the highest mean value has symbol (a) and decrgasivalue were assigned alphabetically.
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Fig.(1): Effect of Sodium fluoride (10.3 mg/kg), Senium (0.5 mg/ Kg), Curcumin extract (60 mg/Kg) ad their combinations on Total
protein (g/dl) in male mice

3.1.2. Effect of Sodium Fluoride, Selenium, Curcunm extract and their combinations on serum GOT and
GPT (AST & ALT): Serum transferases (AST &ALT) levels were markezlgvated after 4th week post Sodium
Fluoride administration to normal rats when comgaséth normal control group. Meanwhile significagievation
(P<0.05) in serum AST&ALT were recorded after 4tieek in normal rats in response to administration of
Curcumin extract and non significant increaseeisponse to administration of sodium fluoride , mediie their
combinations with Sodium Fluoride afforded sigrafit elevation in serum , but this effect was lessnise than that
produced by sodium fluoride alone as sodium fl®rtombination with either selenium and/or Curcumsitract
still more better than sodium fluoride alone asséheombinations exhibited significant decrease liff And AST
serum values when compared with sodium fluoridatée group , group treated with selenium & curcumitract
alone which revealed non significant change inseALT when compared with normal control group (Tatland
Fig.1).

3.1.3. Effect of Sodium Fluoride, Selenium, Curcunm extract and their combinations on serum Lactic
dehydrogenase enzyme (LDH) activityTreatment of normal rats with Sodium Fluoride férsiccessive days in
their recommended doses elicited a marked elevatiogerum LDH activity after the end of the studjem
compared with normal control group. While the otheatments afforded a significant increase in metlbH
activity when compared with normal control groulfle 1 and Fig. 3) except group treated with Satanivhich
afforded non significant changes in LDH activitythviespect to normal control group.
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Fig. (2): Effect of Sodium fluoride (10.3 mg/kg), 8lenium (0.5 mg/ Kg), Curcumin extract (60 mg/Kg) ad their combinations on AST &
ALT (U/ml) in male mice
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Fig. (3): Effect of Sodium fluoride (10.3 mg/kg), 8lenium (0.5 mg/ Kg), Curcumin extract (60 mg/Kg) ad their combinations on LDH
enzyme 1lU/ml) in male mice

Table (2): Effect of Sodium fluoride (10.3 mg/kg)Selenium (0.5 mg/ Kg), Curcumin extract (60 mg/Kg)and their combinations on

Catalase in male mice (meatt SE). (N=7)
Liver Liver Liver lee_r lee_r
Groups Catalase SOD MDA Glutathione Glutathlone
(Ulg) (Ulg) (nmollg) reductase Peroxidase
(Ulg) (U /9)
Control group 4.29+0.0% | 23.32+0.87% 1.74+0.10 6.91+0.75 8.04+0.74
Sodium fluoride 1.72+0.03 9.61+1.52 9.35+0.26 1.12+0.48 1.99+0.51
Selenium 4.43+0.0% | 22.14+2.98 1.50+0.66 6.99+0.58 8.64+0.4F
Curcumin extract 4.03+0.04 18.82+0.9 2.81+0.12 5.30+0.94 6.50+1.34
Sodium fluoride +Selenium 2.57+0'04 14.94+1.66 7.30+0.25 3.01+0.82 4.89+0.82
Sodium fluoride +Curcumin extract 2.72+0°04 12.92+1.59 7.38+0.38 3.03+1.56 4.83+1.00
Sodium fluoride + Selenium+Curcumin extract 3.9880. | 19.91+0.88 4.04+0.26 5.77+1.1% 5.70+1.13

Means within the same column in each category @agrglifferent litters are significant at (20.05) using Duncan's multiple range test, where

the highest mean value has symbol (a) and decrgasimalue were assigned alphabetically.
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Fig. (4): Effect of Sodium fluoride (10.3 mg/kg), 8lenium (0.5 mg/ Kg), Curcumin extract (60 mg/Kg) ad their combinations on
Catalase activity (in tissue homogenates) in maleioe
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Fig.(5): Effect of Sodium fluoride (10.3 mg/kg), Senium (0.5 mg/ Kg), Curcumin extract (60 mg/Kg) ad their combinations on SOD
activity (in tissue homogenates)in male mice
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Fig. (6): Effect of Sodium fluoride (10.3 mg/kg), 8lenium (0.5 mg/ Kg), Curcumin extract (60 mg/Kg) ad their combinations on
Malondialdhyde (MDA) (in tissue homogenates) in m& mice
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Fig. (7): Effect of Sodium fluoride (10.3 mg/kg), 8lenium (0.5 mg/ Kg), Curcumin extract (60 mg/Kg) ad their combinations on
Glutathione reductase (in tissue homogenates) in rfeamice
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Fig (8):Effect of Sodium fluoride (10.3 mg/kg), Senium (0.5 mg/ Kg), Curcumin extract (60 mg/Kg) andheir combinations on
Glutathione peroxidase (in tissue homogenates) inate mice

Fig. (9): Cross section of control mice liver of (@up 1) formed of small central vein surrounded bycords of hepatocytes showing central
vesicular nuclei and eosinophilic cytoplasm (H an& x 200) (CV: central vein, EN: esoinophilic nuclgi

Fig. (10): Cross section of mice liver of group (2yeated with Sodium Fluoride (10.3 mg/kg) showingevere haemorage and congestion
(H and E x 200) (HG: Hydropic degeneration)

3.2. Antioxidant activities:

3.2.1. Effect of Sodium Fluoride, selenium, Curaumin extract and their combinations on Catalase actiity:
Regarding the effect of Sodium Fluoride on catakastivity of normal rats, Sodium Fluoride affordadmarked
decrease (P<0.05) in plasma, liver and kidney as¢ahfter the end of the study when compared wititral group,
whereas, non significant changes in the enzymevigctivas recorded in selenium treated group. Treatnof
normal rats with selenium alone exhibited non digant changes in Catalase of liver kidney andmia after the
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end of the experiment when compared with controugr, Whereas , a significant decrease was reportkder ,
plamsa and kidney tissues respectively when adtaneid Curcumin extract only compared with controdup
(Table 2 and Figs.3While combinations of Sodium Fluoride with eithezl&ium or curcumin extract exhibited a
significant decrease in Catalase activity of liiddney and plasma after the end of the study aspemed with
normal control group.

3.2.2. Effect of Sodium Fluoride, selenium, Curcunm extract and their combinations on Superoxide
dismutase (SOD) activity: The results of the study revealed that treatmemoofal rats with Sodium Fluoride
elicited a highly significant decrease (P<0.05plasma and liver SOD level after the end of thelgtogether with
a marked decrease in SOD activity of kidney anihbrdnen compared with control group. Treatmentaidmal rats
with either selenium or curcumin extract for 4 weekicited a non significant decrease in SOD aistiof the liver,
Kidney and plasma after the end of the study exedft curcumin extract which showed a slight sigraht
decrease in SOD activity compared with control groiwhereas, the combinations of the curcumin ekiad/or
selenium with sodium fluoride afforded a slight dse (P<0.05) in SOD activity of the liver, kidreayd plasma
respectively compared with normal control groupk€a2 and Figs.4Meanwhile combination of sodium fluoride
with Curcumin extract and selenium afforded slightrease in SOD activity but the effect was muditeb¢han
group treated with sodium fluoride only and othreatment combinations.

3.2.3. Effect of Sodium Fluoride, selenium, Curcumm extract and their combinations on Malondialdhyde
(MDA) activity: The MDA content of the serum, liver and kidney weignificantly elevated (P<0.05) in response
to treatment of normal male rats with Sodium Flderfor 4 weeks compared with normal control grotipe same
previous response was reported with selenium, auircextract combinations with Sodium Fluoride comgglawith
control group (Table 3and Figs. 5 ) but the eff@es much less intense. Meanwhile, groups treatéd either
selenium or curcumin extract induced non significatmanges in serum MDA level as compared to nowuoatrol
group while selenium treated group afforded nonificant changes in MDA activity in kidney homogéees while
afforded a significant decrease in MDA activityliver homogenates as compared with normal contalg At the
same time, Curcumin extract afforded slight siguifit increase in MDA activities in Liver and kidneymogenates
as compared to normal control group.

Fig. (11)Cross section of mice liver of group (3) treated ith selenium(0.5 mg/ Kg) showing normal liver tissa formed of control vein
surrounded by cords of hepatocytes with normal vesular nuclei and eosinophilic cytoplasm (H and E 200) (EN: Eosinophilic nuclei,
CV: Central vein)

3.2.4.Effect of Sodium Fluoride, selenium, Curcuminextract and their combinations on Glutathione
reductase (GR) activity: It was apparent from Table (9) and (Figs.32,24} theatment of rats with Sodium
Fluoride, alone afforded a significant decreased(B5) in serum, liver and kidney reduced glutatkiafter the end
of the study when compared with normal control groDn the other hand, the results revealed that Seteni
induced a non significant change in reduced Gligath content of the kidney, liver and serum togeths
compared to normal control group with slight sigraht increase in the reduced glutathione conteseum, liver
and kidney homogenates in Curcumin extract tregtedp compared with control group.
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Fig. (12):Cross section of mice liver of group (4) treated ith curcumin extract (60 mg/ Kg) showing central ein surrounded by cords
of hepatocytes (H and E x 200) (CV: Central vein)

Fig. (13): Cross section of mice liver of group (Syeated with (Sodium Fluoride +Selenium) (10.3 méf) & (0.5 mg/kg) respectively
showing tissue cords of hepatocytes with mild fattghange in the form of central nuclei surrounded byaculated cytoplasm {) (H and E
x 200) (MFC: Mild fatty change)

Fig. (14): Cross section of mice liver of group (&yeated with (Sodium Fluoride +curcumin extract) (10.3 mg/kg) & (60 mg/kg)
respectively showing cords of hepatocytes with milthtty change in the form of central nuclei surrourded by vaculated cytoplasm{) (H
and E x 200) (MFC: Mild fatty change)

3.2.5. Effect Sodium Fluoride, selenium, Curcuminxdract and their combinations on Glutathione Peroxdase
activity: The plasma Glutathione peroxidase level was sicgnifily reduced (P<0.05) in all groups treated with
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Sodium Fluoride alone and in combination with sklen curcumin extract for successive 30 days whempared
with normal control groupWhereas, non significant increase (P<0.05) wasrdecbin the enzyme activity of the
kidney, Plasma and liver homogenates of groupdteaith selenium when compared with control grotggether
with a significant decrease in the enzyme activiti?lasma, Kidney and liver homogenates in resptmseatment
with Curcumin extract as compared with normal coingroup.The enzyme activity in the plasma was markedly
decreased in response to treatment with eitheruBo&iuoride or it's combinations with selenium asrdZurcumin
extract compared with control group. Beside a nigniicant increase in response to treatments \wélenium.
Whereas, a significant decrease was reported iporsg to treatments with all combinations used m@txce
combination of Sodium Fluoride with selenium andceumin which showed a slight decrease compared with
normal control group (Table 3 and Figs.6).

3.3. Histopathology investigations of liver tissues

Control group: Normal liver tissue formed of smaghtral vein surrounded by cords of hepatocytesvstgpcentral
vesicular nuclei and eosinophilic cytoplasm (FigS8dium Fluoride treated group: Liver tissue shmgunarkedly
dilated central vein filled by large number of feldod cells and surrounded by hepatic cords andvisigosevere
fatty change of hepatocytes and markedly congestattal vein (Fig. 10) and showing liver cells esis in the
form of pyknotic nuclei {) and more eosinophilia of the cytoplasm was atengFigs.32&33).Seleniuntreated
group: Normal liver tissue formed of central veiurrsunded by cords of hepatocytes showing centalcular
nuclei and eosinophilic cytoplasm (Fig. 11).Curcareixtract treated group: The liver tissues of disup are
formed of central vein surrounded by cords of hepges (Fig. 12).Sodium Fluoride+ Selenium treageaup:
cords of hepatocytes showing mild fatty changeénaform of central nuclei surrounded by vaculatgdglasm ()
(Fig.13).Sodium Fluoride+ Curcumin extract treaggdup: cords of hepatocytes showing mild fatty geain the
form of central nuclei surrounded by vacuolatedplasm (), (Fig.14).Sodium Fluoride + Selenium + Curcumin
extract treated group: liver tissue shows modefatyg change in the hepatocytes (Fig.15) and ltissue cords of
hepatocytes showing mild fatty change in the fofroemtral nuclei surrounded by vacuolated cytoplasm

EORDI L RSRR N T

SN

Fig. (15): Cross section of mice liver of group (7yeated with (NaF +selenium+ Curcumin extract) (108mg/kg),(0.5 mg/kg) & (60 mg/Kg)
respectively showing moderate fatty changes in tHeepatocytes (H and E x 200) (MFC: Moderate fatty cange)

DISCUSSION

Sufficient evidence has demonstrated that fluopdeluces deleterious effects in skeletal, dentdl soft tissues.
There are documents concerned with the mechanidgore and dental fluorosis. But it is not cleahotv fluoride

interferes with soft tissues. However, some offtliewing viewpoints may be very helpful for us taderstand the
mechanism of fluorosis in soft tissues. Firstlydéés have shown that fluoride can induce excegsiwduction of

oxygen free radicals, and cause the decrease logial activities of some substances, such adasagCAT),

superoxide dismutase (SOD), xanthine oxidase (X@bBJ, glutathione peroxidase (GSH-Px) which playangmt

roles in antioxidation and eliminating free radg@hang and Ji, 1996)

Secondly, fluoride can also disturb the metaboligrproteins. It is evidently indicated that flucgi¢an impair the
activities of a series of enzymes such as alkafihesphatase, cholinesteraGgabulyte et al., 2007)Thirdly,
fluoride can interfere with the metabolism of carpdrate, lipid and nucleic acids, injure immuneteys, and
damage the parts of the bodyu et al., 2003; Zabulyte et al., 2007)
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Increased generation of reactive oxygen speciesSjROimplicated in the pathogenesis of many disgasd in the
toxicity of a wide range of compoundsalliwell and Gutteridge, 1985)Lipid peroxidation represents one of the
most frequent reactions resulting from free radscattack on biological structur¢Stohs, 1995)The present study
revealed increased levels of TBARS, the markerxtérd of lipid peroxidation, in the liver of sodiuftuoride-
treated rats. And our findings are greatly reinéorby earlier studies have recorded increased-ddieals levels in
the erythrocytes of fluorotic humagfShivarajashankara et al., 2001&@nd in the erythrocytes, liver, kidney, brain
and ovary of experimental animglalliwell and Gutteridge, 1985; Sharma and Chin@998; Shivarajashankara
et al., 2002)

Levels of reduced glutathione (GSH) and total adiant capacity (TAC) as well as the activitiessofperoxide
dismutase (SOD) and catalase(CAT) decreased with Mstament. These results are in accordance with
Shanthakumari et al. (2004yho found decrease in the levels of glutathion¢ghvein increase in glutathione
peroxidase (GSH-Px) activity in the brain, erythytes and liver of rats exposed to fluoride. Theyorted that the
decrease in glutathione level with an increase alondialdehyed (MDA) level and GSHPx activity ingies
utilization of GSH for GSH-Px catalyzed scavengafdgH,O, or lipid hydroperoxides generated. Thus, this degr
of toxicity of fluoride resulted in reduction indHevel of the free radical scavenger glutathione.

The decreased GSH along with an increased actifitg SH-Px in the fluoride-treated group suggestsdased
conversion of GSH to GSSG to combat lipid hydrog&tes or BO,. Previous studies in this field reported
decreased GSH and GSH-Px in various tissues ofriexpetal animals subjected to chronic fluoride by
(Sharma and Chinoy, 1998)

Qujeq et al. (2002yeported that food and/or water contaminated witmuch higher concentration of sodium
fluoride produced characteristic signs of biochehidefects. Biochemical changes in the compositibtoone,
urine, and plasma, and some hormonal changes dnoBis have been reportécviewed in Das., 1996jigher
concentrations of fluoride are known to affect agén synthesis and bone mineralizafidarrison et al., 1990Q)In
addition, fluoride has been shown to inhibit mamgzynes such as those involved in the pentose psthwa
antioxidant defense system, and the myosin-ATPatle. rurthermore, fluoride is also known to cradss cell
membrane and enter soft tissues. Impairment oftssftie function has been demonstrated in fluanideicated
animals(Vani and Reddy, 2000)

On serum total proteinThe administration of Sodium Fluoride in its reroended dose for successive 30 days into normal
rats elicited highly significant decrease (P<0i@%erum total protein level compared with nornmitml group. Whereas,
non significant changes were observed in the gtoegied with Selenium and a slight decrease inpgteeated with
Curcumin extract after"4week when compared with normal control group, Vidaercombinations of Sodium Fluoride
with either Selenium or Curcumin extract affordédtg significant decrease when compared with adrgroup.

On serum GOT and GPT (AST & ALT), serum transferdseelsSerum transferases (AST &ALT) levels were
markedly elevated aftef™aweek post Sodium Fluoride administration to normaas when compared with normal
control group. Meanwhile significant elevation (P8%) in serum AST&ALT were recorded aftel’ 4veek in
normal rats in response to administration of Curcumxtract and non significant increase in respotse
administration of sodium fluorid®©n serum lactic dehydrogenase enzyme (LDH) actiVitgatment of normal rats
with Sodium Fluoride for 30 successive days inthetcommended doses elicited a marked elevatigerinm LDH
activity after the end of the study when compardéith wormal control group.

Transaminases (AST and ALT) enzymes are a commamnoé detecting liver damage. Alterations in these
enzymes are reported in hepatic disease and inargiat infarction. Fluoride toxicosis caused eledain the
activities of transaminaséShanthakumari et al., 2004 he alterations in transaminases could be exgécteccur
associated with pathology involving necrosis of likier.

The increase in plasma AST and ALT activities iegrieement with the findings Qfujeq et al. (2002)vho found
that AST and ALT activities of rats were signifitgnincreased after treating with 10, 20 and 30 kgglaF daily
for 90 days. AlsoShanthakumari et al. (2004¢corded a significant increase in plasma ALT, ABill AIP of rats
treated with 25 ppm of fluoride for 8 and 16 weeks.
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Guo-Ving et al. (2003jound also an increase in the activities of AST &L T in plasma of rats after 3 months
treated with 50, 100 and 150 mg NaF. Transamingse$, AST), a rise in blood transaminase activitissa
sensitive indicator of damage to cytoplasmic andidochondrial membranes. Plasma enzyme activitieswhen
the membranes of only very few cells are damaged.

Liver cells contain more AST than ALT, but ALT ismfined to the cytoplasm in which its concentratismigher
than that of AST. In inflammatory or infective catighs: the cytoplasmic membrane sustains the rdamage;
leakage of cytoplasmic contents causes a relatigebater increase in plasma ALT than AST. In irdiitve
disorders, in which there is damage to both mitadhnial and cytoplasmic membranes, there is a ptimpaily
greater increase in AST activity than ALAKla et al., 1998)he activities of lactate dehydrogenase (LDH) and
creatine kinase (CK) were significantly increaseddts treated with sodium fluoride. This may biilaited to a
generalized increase in membrane permeability anghiticularly useful in the diagnosis of muscudgstrophy
(Kaczor et al., 2005)

Also, it has been reported that the increased $ewELDH result from superoxide anions and hydravadicals in
the presence of transition metal ions which caugdative damage to the cell membrafyadav et al., 1997)So
the observed increases of both TBARS and NO frdeabs in fluoride intoxicated rats are more likébyexplain
the obtained elevation of enzymes activity.

Increased utilization of medicinal plants becam&arld Health Organization (WHO) policy in 1970. Ris and
herbs are chemical factories that directly provad®ut 25% of currently used drugs and another 25%rugs
comprise chemically altered natural produ@ssmet, 1997)

Curcumin, a phenolic compound, exhibits protectifiects against oxidative damage and it is coneifléo be a
potent cancer chemopreventive agédtivoix et al., 2005)In agreement withPari and Amali (2005)curcumin
alone significantly decreased the levels of TBARSlpana and Menon (2004uggested that curcumin exerts its
protective effect by modulating the biochemical kesrenzymes, lipid peroxidation and augmenting caxdiant
defense system. More specifically, curcumin wasificantly decrease the levels of free radicals #igl protective
effect of curcumin attributed to its free radicehgenging activity, induction of detoxification gmzes and provides
protection against degenerative diseddemnikandana et al., 2004)

Our results are greatly reinforced hiao et al. (2008)who reported that selenium played a beneficiad folr
prevention of cisplatin hepatotoxicity in micghen et al. (2008mentioned that selenium has a cooperative effect
in the protection against cadmium-induced strut¢tdeamage in the liver of raEl-Shenawy and Hassan (2008)
reported that selenium has a protective effectragdiver and kidney damage induced by mercuryratiéoin rats.
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