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ABSTRACT
In the present study, the effect of resveratrol on serum total sialic acid (TSA) and lipid bound sialic acid (LSA) was
investigated in the rats exposed to chronic fluoride.
The study was administered using 32 female Sprague Dawley rats weighing 200-250 g. Rats were divided into four groups
(n=8/group). Group I comprised the control group, group II was treated with sodium fluoride (NaF) (10 mg/L/day),
group III was treated with resveratrol (50 mg/L/day) and group IV was treated with NaF+resveratrol for 90 days period.
Total sialic acid (TSA) and lipid-bound sialic acid (LSA) were determined in serum samples.
Statistical analysis showed that the NaF group was significantly higher than the control group with regards to LSA
(17.59±2.734 mg/dL, 12.61±2.013 mg/dL) and TSA (87.86± 8.34 mg/dL, 71.47± 8.57 mg/dL) levels (p<0.01 and p<0.05
respectively). Whereas the Resveratrol group was also significantly lower than the NaF group regarding LSA (13.21±2.848
mg/dL, 17.59±2.734 mg/dL) and TSA (72.44± 10.43 mg/dL, 87.86± 8.34 mg/dL) levels (p<0.05 and p<0.05 respectively),
Moreover, no significant differences in LSA (14.62±1.85 mg/dL, 12.61±2.013 mg/dL) and TSA (81.19 ±10.24 mg/dL,
71.47± 8.57 mg/dL) levels were observed in the Resveratrol + NaF groups, as compared to the control group (p>0.05).
The present study demonstrated slight positive and beneficial effect of resveratrol on the concentration levels of LSA and
TSA in serum.
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Introduction
Fluoride is one of the several required rare earth
elements to perform certain functions in body (1).
Approximately 95% of fluoride in the body is in
the form of fluorapatite in teeth or skeleton. Rest
of fluoride is stored in the soft tissues (2). Main
source of fluoride is drinking waters even though
fluoride can be found all around the world.
Excessive intake of fluoride for long period can
cause fluoride toxicity that can be called fluorosis.
Primer symptoms of fluoride are stain on teeth
and osteosclerosis in the skeleton system. Chronic
fluorosis has effect on hepatic, respiratory, cardio
vascular system (CVS), immunologic, neurologic
systems in the body (1).
Resveratrol is a plant phenol known as
phytoalexins. Resveratrol, naturally occurring in
some various foods, grapes and berry skins (3).
Resveratrol is believed to have the various
biological abilities such as antioxidant and

*

anti-inflammatory
effects
(4).
Previous
experiments have shown that resveratrol is able to
scavenge free radicals directly by hydrogen atom
transfer and sequential proton loss electron
transfer (5,6). Resveratrol has the anti-tumor
effect against various cancer types due to
inhibition of cell proliferation, induce apoptosis
and suppress metastasis and invasion in a number
of cell lines. Also resveratrol has cardioprotective
effects (7,8).
Sialic acids are carbon derivatives of neuraminic
acid
and
terminal
component
comprise
oligosaccharide chains of many glycoproteins and
glycolipids (9). Total sialic acid (TSA) has mainly
two types of isoforms: one of the isoform bounds
to proteins and second bounds to lipids (LSA)
(10). Sialic acids take part in several cellular and
molecular events such as bounding or pushing
substance with positive charge due to having
negative charge (10,11). Serum sialic acid is used
as parameter of inflammation (12). Increase of
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serum sialic acid levels has been demonstrated in
several pathologic situations in several studies. For
instance; increase of LSA and TSA levels have
been demonstrated on several cancer types (13).
Studies have also shown that serum total sialic
acid is elevated in cardiovascular disease (14).
Purpose of our study is to investigate effect of
resveratrol on LSA and TSA levels in chronic
fluorosis.

the tube stood at room temperature for 5 min. The
tube was centrifuged for 5 min at 500 g, and the
supernatant was removed by suction. One milliliter of
distilled water was added and the tube was vortexed
until the precipitate was in suspension without grossly
visible particles. One milliliter of the resorcinol
reagent was added, and the tube was mixed and
placed in boiling water for exactly 15 min.
Immediately after the 15 min, the tube was
transferred to an ice and water bath, and left for 10
min. To the ice-cold tube, 2 mL of 85:15 (v/v) butyl
acetate:n-butyl alcohol were added at room
temperature, and the tube was vortexed and
centrifuged for 5 min at 500 g. The extracted blue
color was read at 580 nm. The amount of LSA was
determined by use of a standard curve developed
from a standard sample of n-acetyl neuraminic acid.
Statistical analysis: Data are presented as X ± SEM
(standard error of mean). Differences in biochemical
parameters were statistically evaluated using one-way
analysis of variance (Anova) followed by Tukey
multiple comparison test.

Materials and methods
Animals and study protocols: 32 female Sprague
Dawley rats weighing 200-250 grams were used. This
study was approved by animal experiments ethical
committee with its decision date on 28.02.2013 and
numbered 2013/-02/.
Rats were divided into four groups (n=8/group).
Group I: comprised the control group, group II: was
treated with NaF (10 mg/L/day), group III: was
treated with resveratrol (50 mg/L/day) and group IV:
was treated with NaF+resveratrol (10 mg/L/day +50
mg/L/day), for 90 days period. Rats were sacrified
after 90 days and serum samples were collected and
Total sialic acid (TSA) and lipid-bound sialic acid
(LSA) were determined in serum samples.
Serum analyses: Serum TSA concentration was
determined by using the method described by Sydow
(15). Briefly, a mixture of 0.2 mL serum and 1.5 mL
of 5% perchloric acid (HClO4) was incubated for 5
min at 100 °C, cooled down, and centrifuged at 500 g
for 4 min. Then, 0.2 mL Ehrlich’s reagent was added
to 1.0 mL of the clear supernatant and heated for 15
min at 100 °C. After cooling, 1.0 mL distilled water
was added to this mixture and the optical density was
measured at 525 nm in a spectrophotometer. The
amount of TSA was determined by the use of a
standard curve developed from a standard sample of
n-acetyl neuraminic acid.
Serum LSA concentration was determined by using
the method described by Katopodis et al. (16). Briefly,
44.7 µL of serum were transferred with a capillary
pipet to 150 µL distilled water. The contents were
vortexed for 5 s. The tube was transferred to crushed
ice. Three milliliters of cold (4-5°C) 2: 1 (v/v)
chloroform: methanol were added to the tube, and
the mixture was vortexed for 30 s. To this mixture,
0.5 mL cold distilled water was added, and the tube
was capped. Then, the contents were mixed by
repeatedly inverting the tube for 30 s. After
centrifuging the tube for 5 min at room temperature
at 500 g, 1 mL of the upper layer was transferred into
another tube. Fifty microliters of phosphotungstic
acid solution (1 g/mL) were added, and after mixing,

Results
Statistical analysis showed that the NaF group was
significantly higher than the control group with
regards to LSA (17.59±2.734 mg/dL, 12.61±2.013
mg/dL) and TSA (87.86± 8.34 mg/dL, 71.47±8.57
mg/dL) levels (p<0.01 and p<0.05 respectively).
Whereas, the Resveratrol group was also significantly
lower than the NaF group regarding LSA
(13.21±2.848 mg/dL, 17.59±2.734 mg/dL) and TSA
(72.44± 10.43 mg/dL, 87.86± 8.34 mg/dL) levels
(p<0.05 and p<0.05 respectively) Moreover, there
was no any significantly difference between LSA
(14.62±1.85 mg/dL, 12.61±2.013 mg/dL) and TSA
(81.19 ±10.24 mg/dL, 71.47± 8.57 mg/dL) levels in
the Resveratrol + NaF group, as compared to the
control group (p>0.05). Also there was no any
significantly difference between resveratrol + NaF
group and NaF group with regards to LSA
(14.62±1.85 mg/dL, 17.59±2.734 mg/dL) and TSA
(81.19 ±10.24 mg/dL, 87.86±8.34 mg/dL) levels
(p>0.005) (Table 1, Figure 1,2).

Discussion
In this study, we have investigated effects of
resveratrol which have anticancer, antioxidant effect
on LSA and TSA levels in chronic fluorosis.
Florine mainly stores in strong tissues such as teeth
and bones in the body. Therefore various pathological
effects occur such as change of color in teeth and
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Table 1. Average concentrations of TSA and LSA levels in serum samples of the Control, NaF, Resveratrol and
NaF+Resveratrol groups
Groups
Control (n=8)
NaF (n=8)
Resveratrol (n=8)
NaF+Resveratrol (n=8)

LSA
12.61±2.013 (mg/L)b
17.59±2.734 (mg/dL)bc
13.21±2.848 (mg/dL)c
14.62±1.85 (mg/dL)

TSA
71.47± 8.57 (mg/dL)c
87.86± 8.34 (mg/dL)c,c1
72.44± 10.43 (mg/dL)c1
81.19 ±10.24 (mg/Ll)

The groups with same letter are statistically significant (b: p<0.01, c,c1: p<0.05)

Fig. 1. LSA levels in serum samples of the Control, NaF, Resveratrol and
NaF+Resveratrol groups.
The groups with same letter are statistically significant (b: p<0.01, c,c1: p<0.05).

Fig. 2. TSA levels in serum samples of the Control, NaF, Resveratrol and
NaF+Resveratrol groups.
The groups with same letter are statistically significant (b: p<0.01, c,c1: p<0.05).

osteosclerosis of bones as a result of fluorosis.
Furthermore it has been reported that damage in soft
tissue can occur in CVS and liver (17,18). Studies
showed that chronic fluorosis also cause toxicity on
renal, muscle, thyriod, GIS and alter erythrocyte
membrane (1). Especially toxic effects of fluorine in
soft tissues because of free radicals and mitochondrial
damage due to oxidative stress (19,20). Sialic acids,

which is found in surface of several cells and its
responsible for antigenic characteristic, should be an
important
component
of
glycolipids
and
glycoproteins (21). It is found in several fluids such as
plasma, gastric secretion, urine and also tissues such
as erythrocyte, leucocytes, colon, and stomach in the
body (14). Serum sialic acid level was increased in
certain diseases and it might be used as a tumor
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marker in several diseases. For example it is increased
in CVS, especially TSA level was increased due to cell
damage after myocardial infarction (MI) and therefore
was asserted as prognostic indicator in acute coronary
syndrome (ACS) (9). Moreover serum sialic acid level
was increased in many cancer types (21). Also TSA
was increased in several inflammatory diseases such as
rheumatoid arthritis (RA). Oxidative damage was
created by free radicals that is playing important role
in inflammatory diseases. Free radicals also cause
increase of serum sialic acid level that leads to lipid
peroxidations and cellular damage (12). Both LSA and
TSA levels were significantly increased in NaF group
than control group in our study (p<0.01 and p<0.05
respectively). Our results are consistent with
mentioned studies above. These results support to
other results from several studies as where fluorosis
was claimed to cause oxidative damage and serum
sialic acid level increase and this increase can be used
as a tumor marker in several pathologic situations
such as cancer and inflammation.
Resveratrol is widely known as an antioxidant. It was
claimed that this effect is going through from
different mechanism. For instance resveratrol causes
activation of anti-oxidant transcription factor (Nrf2)
which translocates into the nucleus and create antioxidant environment when oxidative stress occurs
(22). Furthermore resveratrol activates peroxisome
proliferator-activated receptor gamma (PPARγ) which
has property as a free radical scavenger in several
studies (23). Resveratrol has different effects on
apoptosis. For example it has proapoptotic effect in
certain cancer types interestingly even though it was
reported with antiapoptotic effects in several diseases
such as stroke. This antiapoptotic effects were
demonstrated to active several antiapoptotic proteins
(24,25). It also has effect on anti-inflammatory,
antiproliferative, cardioprotective and antiaging
mechanisms (7). LSA and TSA levels were
significantly decreased in resveratrol group compared
to control group but there was no any significant
change between NaF+resveratrol and other groups in
our study. According to our results, resveratrol is
relatively consistent with same studies and this study
demonstrated that there is no direct effect of
resveratrol on chronic fluorosis which causes TSA
and LSA increase.
Consequently this study demonstrates that chronic
fluorosis cause toxic effect leading to increase of LSA
and TSA levels and a slight positive and beneficial
effect of resveratrol on the concentration levels of
LSA and TSA in serum.

1.

2.
3.

4.

5.
6.

7.
8.
9.

10.

11.
12.

13.
14.
15.

Demirel Ü, Delibaşı T, Aren G. Effect of HighFluoride Water on Different Body Parts in Huma.
Journal of Istanbul University Faculty of Dentistry
2012; 3: 79-90.
Kaya S, Sanlı Y, Pirinçci İ, et al. Veterinary Clinical
Toxicology, Medisan Press Ankara 1995; 2: 80-85.
Ghada AA, Eman FK, Dalia GM, Lydia KE.
Neuroprotective effect of resveratrol against
brain ischemia reperfusioninjury in rats entails
reduction of DJ-1 protein expression and
activation
of
PI3K/Akt/GSK3b
survival
pathway.
Archives
of
Physiology
and
Biochemistry 2016; 1-14: 1381-3455.
Gen K, Takanobu O, Naohıro Y, et al. Resveratrol
suppresses TGF-β-induced VEGF synthesis in
osteoblasts: Inhibition of the p44/p42 MAPK and
SAPK/JNK pathways. Experimental and therapeutic
medicine 2015; 9: 2303-2310.
Mary L, Robert JD, Raghu V. Resveratrol
Neuroprotection in Stroke and Traumatic CNS
injury. Neurochemisty International 2015; 89: 75-82.
Shang YJ, Qian YP, Liu XD, et al. Radical-scavenging
activity and mechanism of resveratrol-oriented
analogues: influence of the solvent, radical, and
substitution. The Journal of organic chemistry 2009;
74: 5025-5031.
Guohua H, Jufeng X, Jianjun G, et al. Anti-tumor
effects and cellular mechanisms of resveratrol. Drug
Discoveries & Therapeutics 2015; 9: 1-12.
Dominique BR. Resveratrol and Cardiovascular
Diseases. Nutrients 2016; 8: 1-24.
Sumitra G, Mithun R, Anand CVR. Plasma
Myeloperoxidase and Total Sialic Acid as Prognostic
Indicators in Acute Coronary Syndrome. Journal of
Clinical and Diagnostic Research 2016; 10: 9-13.
Cemal K, Ufuk U, Selma SG. Total and LipidBound Sialic Acid Levels in Experimental
Myocardial Infarction. Journal of Turkish Clinical
Biochemistry 2009; 7: 7-15.
Kelm S, Schauer R. Sialic acids in molecular and
cellular interactions. International Review of
Cytology 1997; 175: 137-240.
Surapaneni KM, Vishnu P. Serum total sialic acid,
lipid peroxidation, and glutathione reductase
levels in patients with rheumatoid arthritis.
Turkish Journal of of Medical Sciences 2010; 40:
537-540.
Ezel U, Deniz G, Osman Y. larynx Cancer and
Sialic acid as a Prognostic Factor. Journal of
Turkish oncology. 2004; 4: 140–143.
Nigam PK, Narain VS, Ajay K. Sialic acid in
cardiovascular diseases. Indian Journal of Clinical
Biochemistry 2006; 21 : 54-61.
Sydow GA. Simplified Quick Method for
Determination of Sialic Acid in Serum, Biochemica
Acta 1985; 44: 1721-1723.

East J Med Volume:21, Number:4, October-December/2016
171

Oto et al / Effect of resveratrol on LSA and TSA levels in chronic fluorosis

16. Katapodis N, Hirshaut Y, Geller NL, Stock CC.
Lipid-Associated Sialic Acid Test for the Detection
of Human Cancer. Cancer Research 1982; 42: 52705275.
17. Ru YX, Ru QX. Electrocardiogram analysis of
patients with skeletal fluorosis. Fluoride 1997; 30: 1618.
18. Yusuf E, Evren K, İsmail A, Başaran K.
Histopathological effects of chronic fluorosis on the
liver of mice (Swiss albino). Turkish Journal of of
Medical Sciences 2010; 40: 619-622.
19. Wang YN, Xiao KQ, Liu JL, Dallner G, Guan ZZ.
Effect of long term fluoride exposure on lipid
composition in rat liver. Toxicology 2000; 146: 161169.
20. Lee JH, Jung JY, Jeong YJ, et al. Involvement of both
mitochondrial-and
death
receptor-dependent
apoptotic pathways regulated by Bcl-2 family in
sodium fluoride-induced apoptosis of the human
gingival fibroblasts. Toxicology 2008; 243: 340-347.

21. Pervin V, Mukaddes C, Dilek S. Total and Lipid–
Bound Sialic Acid Levels in Actinic Keratosis and
Basal Cell Carcinoma. Turkish Journal of of Medical
Sciences 1999; 29: 419-423.
22. Kesherwani V, Atif F, Yousuf S, Agrawal SK.
Resveratrol protects spinal cord dorsal column from
hypoxic injury by activating Nrf-2. Neuroscience
2013; 241: 80-88.
23. Lagouge M, Argmann C, Gerhart HZ, et al.
Resveratrol improves mitochondrial function and
protects against metabolic disease by activating
SIRT1 and PGC-1α. Cell 2006; 127:1109-1122.
24. Lin HY, Tang HY, Davis FB, Davis PJ. Resveratrol
and apoptosis. Annals of the New York Academy of
Sciences 2011; 1215: 79-88.
25. Andrabi SA, Spina MG, Lorenz P, et al.
Oxyresveratrol (trans-2,3′,4,5′-tetrahydroxystilbene) is
neuroprotective and inhibits the apoptotic cell death
in transient cerebral ischemia. Brain research 2004;
1017: 98-107.

East J Med Volume:21, Number:4, October-December/2016
172

