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Influence of supplementary vitamins and minerals
on lipid peroxidation and redox state
in heart, kidney and liver of rats exposed to fluoride

The effect of fluoride (F) and supplementary vitamins and minerals on lipid peroxidation (LPO) and
redox state (RS) in heart, kidney and liver of 40 (4 groups of 10) male Wistar rats were studied. One
group of rats was left untreated as control, group 1 was received 5 mg/l NaF in their drinking water,
group 2 was received 5 mg/l NaF in their drinking water plus vitamins (4, C, and D) in their diet, and
group 3 was received 5 mg/l NaF in their drinking water plus vitamins (A, C, and D) and minerals
(Mg-, Mn-, Zn-sulfate, and Na-citrate) in their diet. In comparison with the group 2, 3 and controls,
elevated malondialdehyde (MDA) content in the group 1 indicated an increase in LPO product. In
addition, unsteady ratios of oxidized to reduced nicotinamide adenine dinucleotide (NAD+/NADH)
reflected significant alterations in the RS status. These results demonstrate that the combination of
vitamins and minerals supplementation proved to restore MDA content and establish steady RS
Status that has not been previously reported.
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INTRODUCTION

Chronic fluorosis can severely damage many
systems of the human body, but its pathogen-
esis is poorly understood [1]. Since this dis-
ease is irreversible, by appropriate and timely
intervention it’s preventable. Therefore, a
greater understanding at biochemical and
molecular levels of the disease progression is
very important. [t has been reported that free
radicals (FR) and other reactive oxygen spe-
cies are derived either from normal essential
metabolic processes in the human body or
from external sources such as certain drugs,
environmental pollutants, industrial chemicals,
and pesticides [2]. Thus, FR induced lipid per-
oxidation (LPO), and because of high mole-
cules reactivity, has been implicated in the
toxicity of a wide range of compounds, includ-
ing F toxicity [3]. In this respect, F has been
shown to inhibit many enzymes [4,5,6,7]. It is
well known that a central facet of “mitochon-
drial health” revolves around the oxidized to
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reduced nicotinamide adenine dinucleotide
(NAD*/NADH) relationship. In addition, re-
dox state (RS) is commonly used to describe
the balance of NAD"* to NADH [8]. On the
other hand, metabolism is an extremely com-
plex subject in biochemistry. It is usually con-
sists of sequences of enzymatic steps, the so-
called metabolic pathways that interact in a
complex way in order to allow an adequate
regulation. In each pathway, a principal chem-
ical is modified by chemical reactions and of-
ten require dietary minerals (for both physio-
logical and biochemical functions), vitamins
and other co-factors in order to function prop-
erly. There is strong evidence that certain vi-
tamins and minerals act as antioxidants and
may protect against tissue damage [9,10]. In
the light of above data, for the first time, the
present study aimed to examine malondialde-
hyde (MDA) content by analysing the LPO
product and RS by evaluating the ratio of
NAD*/NADH in the heart, kidney, and liver
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of rats exposed to F and supplemented with
vitamins and minerals.

METHODS

Thirty male Wistar rats approximately 42 + 5
day of age, each weighing 140 = 3 grams on
average were randomly divided into 3 equal
groups and maintained for 30 consecutive
days. They were placed in a quiet polypropy-
lene cages with stainless still grill tops, as 5
animals per cage, temperature and humidity
controlled room (22 + 2°C and 60 + 5 %, re-
spectively) in which a 12 h/12 h light/dark
cycle was maintained (lights on: 08:00 h), fed
a standard pelleted diet, and given distilled
water ad libitum. One group of rats was left
untreated as control. The experimental group
1 was given standard diet, distilled water con-
taining 5 mg/l NaF. The group 2 was given
standard diet plus 1/50 of adult dose of vita-
mins (A, C and D) and distilled water con-
taining 5 mg/l NaF. The group 3 was given
standard diet plus 1/50 of adult dose of vita-
mins (A, C and D) and 300 mg/kg minerals
(Mg-, Mn-, Zn-sulfate, and Na-citrate) and
distilled water containing 5 mg/l NaF. At the
termination of experimental period, the ani-
mals were sacrificed under light ether anes-
thesia. The heart, kidney and liver were re-
moved. Then, the samples were aliquoted into
storage glass, submerged in liquid nitrogen and
kept at -70°C until analysed.

At the time of analysis the samples were
pulverized. The content of MDA as an indi-
cator of LPO was assayed, as previously de-
scribed [11]. Briefly, 1 g of the pulverized
sample was homogenized in 3 ml of 0.025 M
Tris-HCI and 0.175 M KCI buffer (pH 7.4).
The content of MDA was evaluated by the 2-
thiobarbituric acid reactive substances proce-
dure at 532 nm using a spectrophotometer
(Zeiss MCS 621 UV-VISI Carl Zeiss, Jena,
Germany). The content of NAD+ and NADH
was assayed, as previously described [12].
Briefly, 1 g of the pulverized sample was ho-
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mogenized in 4 ml of ice cold 0.5 N HC104.
The NAD* and NADH content were analyzed
at 340 nm spectrophotometrically. Then, the
NAD'/NADH ratio was calculated.

The content of MDA, NAD* and NADH
are expressed as micromoles per gram pro-
tein. The experiments performed in this study
have been carried out according to the rules
in the guide for the care and use of laboratory
animals adopted by Ministry of Health
(Ukraine). This study was approved by the
Ethics Committee of National Medical Acad-
emy of Postgraduate Education (named after
P. L. Shupyk). The values were expressed as
mean = SD. To compare the differences in all
parameters between experimental and control
groups the data were statistically analyzed by
Student’s t-test using SPSS 11.5 statistical
package (SPSS, Chicago, IL, USA).

RESULTS AND DISCUSSION

The balance between the production of free
radical and antioxidant defense in the body
has important health implications: if there are
too many free radicals or too few antioxidant
for protection, a condition of oxidative stress
develops, which may cause chronic and per-
manent damage [10]. Although, a close asso-
ciation between F toxicity and oxidative stress
in human beings [13], experimental animals
[14], and cultured cells [15] has been report-
ed. But the mechanism of F induced LPO is
not fully clarified and the existing data are
not only conflicting but also contradictory.
Therefore, prevention of the disease should
be the aim, knowing the pathogenesis of fluo-
rosis.

Many investigations indicate that exces-
sive F can enhance LPO and inhibit antioxi-
dative enzymes activity in various organs
[16,17]. Although different materials and
methods were used, the elevated MDA
content in the group 1 observed in this study
are thus in accord with previous findings. The
MDA content in the heart, kidney and liver of
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Table 1. The content of lipid peroxidation product, malondialdehyde (MDA), in the heart, kidney and liver of rats:
NaF-intoxicated (group 1), NaF-intoxicated plus vitamins (group2), NaF-intoxicated plus vitamins and minerals
(group3), and control. The values are expressed as mean + s.d; the results are expressed as pmol/g; n = 10 in each

group

MDA Control | Groupl | Group 2 Group 3
Heart 51.10+£2.50° 192.90+0.12* 61.63+3.70 51.10+£2.50°
Kidney 50.21+£1.50°> 296.00+1.20*° 48.93+0.13 46.54 +£1.25°
Liver 40.74 +£0.23% 297.00+1.52* 47.60+1.71 41.10+1.71°

aSignificant differences when compared to groups 2, 3 and control (P<0.001).
®No significant differences when compared group 3 to control (P>0.001).

study subjects is shown in Table 1. The dif-
ferences in the contents of MDA in the group
1 were statistically significant in comparison
with the groups 2, 3 and control (P<0.001).
No significant differences when compared
group 3 to control (P>0.001). Hence, some
investigators have reported that F does not
impair antioxidant defense systems [18,19].
However, the differences in results are pos-
sibly due to many factors such as age, dietary
factors, F absorption, methods and materials
used for biochemical assay, and sex [20].
An increasing central principle to mito-
chondrial (and overall) health is the importance
of maintaining a favourable ratio of NAD+ to
NADH [21,22]. In this respect, NADH oxi-
dase is an enzyme involved in molecular oxy-
gen detoxification and in maintaining a low
redox potential inside cells [23]. Therefore,
content of NAD* and NADH influence by
various physiological and toxicological factors.

Experimental data show that metabolic alter-
ations strongly affect NAD*/NADH ratio
controlling in such a way carbon flow distri-
bution within the fundamental pathways [24].
There is strong evidence that in diabetic
ketoacidosis the more reduced cytoplasmic
NAD*/NADH ratio is accompanied by an oxi-
dized mitochondrial redox state [25,26]. There
is a growing body of evidence suggesting that
F interferes with hydrogen bonding and inhib-
its numerous enzymes [27]. Despite the ex-
istence of a large amount of data concerning
the influence of F compounds on metabolism
in various animal species and humans living
in a contaminated environment, no studies
appear to have been carried out on the relation
between F toxicity and content of NAD" and
NADH, and/or NAD*/NADH ratio. The
content of NAD+ and NADH in the heart,
kidney and liver of rats are shown in Table 2.
The differences in the content of NAD"* and

Table 2. The content of oxidized nicotinamide adenine dinucleotide (NAD+) and reduced nicotinamide adenine
dinucleotide (NADH) in the heart, kidney and liver of rats: NaF-intoxicated (group 1), NaF-intoxicated plus vitamins
(group2), NaF-intoxicated plus vitamins and minerals (group3), and control. The values are expressed as mean =% s.d;

the results are expressed as pmol/g; n = 10 in each group

NAD+ Control Groupl Group 2 Group 3
Heart 15.28+0.43> 10.49+0.44* 9.04+0.24 12.18+0.21°
Kidney 12.31+£0.22° 5.34+0.21* 9.34+£0.21 11.45+0.21°
Liver 13.56+0.43* 5.48+0.19° 10.74+£0.31 12.32+£0.23%
NADH

Heart 21.26+0.18°  31.82+0.33*  23.32+0.50 20.21+0.30°
Kidney 21.80+£0.24> 29.49+0.43* 25.40+0.23 21.19+£0.21°
Liver 23.08+0.49® 32.28+0.36* 25.59+0.46 20.24 £0.42°

*Significantly different when compared to group 2, 3 and control (P<0.001).
*No significant differences when compared group 3 to control (P>0.001).
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NADH in the group 1 were statistically sig-
nificant in comparison with the groups 2, 3
and control (P<0.001). No significant differ-
ences when compared group 3 to control
(P>0.001). The ratio of NAD*/NADH in the
heart, kidney and liver of rats are shown in
Figure 1. The observed values for the ratio of
NAD*/NADH in the heart, kidney and liver
of the control and three groups of rats were
0.72+0.02,0.33 £ 0.05, 0.39 + 0.22, and 0.60
+0.03; 0.56 £0.01, 0.18 £ 0.02, 0.37 £ 0.02,
and 0.54 £ 0.03; 0.58 £0.02,0.17 £ 0.02, 0.42
+0.02, and 0.61 + 0.02, respectively. The dif-
ferences in the ratio of NAD*/NADH in the
group 1 were statistically significant in
comparison with the groups 2, 3 and control
(P<0.001). No significant differences when
compared group 3 to control (P>0.001).

It is well known that enzyme activity can
be stimulated and potentiated by making the
required vitamins and minerals available to the
body thus ensuring that essential chemical
reactions are maintained. In this respect, it is
interesting to note that nutrition appears to
play a crucial role in the incidence and sever-
ity of fluorosis. A review of the literature
clearly supports the suggestion that diet can
modify fluoride toxicity and may have some
merit. [28]. Three decades or so ago it was
decoded to market oral fluoride supplements
as part of a vitamin preparation [29,30], a
practice that still continues. The vitamins in-
cluded, in either a liquid suspension or in tab-
let form, vitamins A, C, and D with or without
B vitamins. It was reported that children fluo-
ride in a vitamin preparation consistently ex-
creted about 30% less fluoride in urine that
those taking fluoride without vitamins [31].
Recent studies also suggest that the presence
of certain trace elements in high concentration
in water and food could influence fluoride tox-
icity, some beneficial and others detrimental
[32,33]. To the best of our knowledge, no study
conducted to date have evaluated the effect
of F and certain vitamins and minerals on LPO
and RS in animals. In current study, the lack
of significant differences in the values of LPO
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(MDA content), NAD* and NADH content,
and NAD*/NADH ratio between control and
group 3 indicate that the combination of
supplementary vitamins and minerals proved
to reduce oxidative stress (Tables 1 and 2, and
Figure 1).

Although the findings obtained for rats
cannot be directly referred to the human body.
But experimental studies on fluorosis have
greatly helped in understanding the disease
and provided a rational approach of manage-
ment of the menace of fluoride toxicity.
Therefore, based on the data presented in
present study. We suggest that F is very bio-
logically active even at low concentrations
also; combination of the vitamins and minerals
may prove to be useful in prevention of F tox-
icity. In summary, the biochemical changes
observed in the rats exposed to F clearly dem-
onstrate that increased MDA contents are
associated with unsteady RS status and may
provide additional advantages in elucidating
the pathogenesis of fluorosis. In addition, the
vitamins and minerals proved to restore MDA
content and establish steady RS status. This
novel approach might promote a better under-
standing for the mechanism of fluorisis and
may be a key mechanism for prevention of
this disease.
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Figure 1. The ratio of the oxidized nicotinamide adenine
dinucleotide (NAD+) to reduced nicotinamide adenine di-
nucleotide (NADH) in the heart, kidney and liver of rats:
NaF-intoxicated (group 1), NaF-intoxicated plus vitamins
(group2), NaF-intoxicated plus vitamins and minerals
(group3), and control. The differences between the controls
and groups 1 and 2 were significant at (P<0.001). No sig-
nificant differences when compared group 3 to control
(P>0.001)
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Xauiai Jxadap, I®. Binokanubka

BIIJINB JOJATKOBUX BITAMIHIB

TA MIHEPAJIIB HA ITIEPEKUCHE OKUCHEHHAA
JIINIAIB TA PEAOKC-CTAH Y CEPL,
HHUPKAX TA ITEYIHIII ITYPIB

Edexr dropy (F), BitamiHiB i MiHepasiB Ha NEPEKUCHE
okucHenus ninigis (ITOJI) Ta penokc-cran (PC) OyB
JOCTIpKEeHUH y ceplii, HupKax i neuinni y 40 (4 rpynu no 10)
urypiB-camuiB JiHii Bictap. TBapuH KOHTpPONBHOI rpynu
yTPUMYBAJIM HA CTaHJAPTHOMY PaLliOHi Ta IMCTHIIbOBaHIH BOJI;
B IIUTHY BOJLY JUIA IypiB 1-i rpymnu nonaBanu GTopua HaTpiro
(NaF) 5 mr/n; pauion mypis 2-i rpymnu, okpim NaF (5 mr/xn),
OyB nonoBHeHui Bitaminamu (A, C, [1); 1o pauiony ugypis 3-
irpynu, okpim NaF (5 mr/n) ta Bitaminis (A, C, 1), onaBanu
MiHepany y BUIIAAi coneld (cynbdar Mg, Mn, Zn ta nurpar
Na). ¥V nopiBHAHHI 3 KOHTPOJBHOIO, 2-10 Ta 3-10 TpyIamy,
IiIBUIIEHHS BMiCTy MajioHoBoro mianbaeriny (MIAA) y 1-i
IPyIi CBIMYMTH HPO MiABHUIIEHHS BMicTy npoaykry ITOJI.
Hecriiixe BijHOIEHHS OKUCHUX JIO BITHOBJIEHMX HIKOTHHAMIJHUX
xodpepmentis (HAJJ'/HAJIH) BinoOpaxkae 3HauHi 3MiHH y
craryci PC TkanuH. Pesynbratu mociipkeHb CBim4aTh, 1o
JIOaTKOBE BBEJICHHS B PAlliOH IypiB BiTaMiHiB i MiHepaiB
IPHU3BOANTH 10 BifHOBiEHHs BMicTy M/IA B TKkaHWHax Ta
piBHOBaru PC, 1po 1110 paHilie He MoBioMIIsIOCS.

Kitouosi cioBa: ¢rop, BiTaMiHM Ta MiHEpalli, HEPEKUCHE
OKHCHEHHS JIMIIB, pelOKC-CTaH, ceple, HUPKH, MediHKa,
IIypH.

Xamnan Axadap, I.®. Benokannkasn

BJIMAHUE JONMOJIHUTEJIBHBIX
BUTAMMWHOB 1 MUHEPAJIOB

HA NIEPEKNCHOE OKUCJIEHHUE JIMTIIU1OB
N PEJOKC-COCTOAHUE B CEPILIE,
HOYKAX M ITEYEHU KPBIC

Ododexr dpropa (F) u 10mONHUTENBHBIX BUTAMHUHOB U
MMHEPAJIOB Ha nepekucHoe okucienue nunuaos (ITOJI) u
penokc-cocrosinue (PC) 61 Hccie1oBaH B Ceplie, TOYKax 1
nedeHn y 40 (4 rpynmnsi o 10) kpeic-camiioB muHuK Bucrap.
JKMBOTHBIX KOHTPOIIBHOH IPYIIIIBI COAEP KM Ha CTaHIapTHOM
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palloHe U TUCTHIUTHPOBAHHOI BOJIE; B TUTHEBYIO BOAY KPBIC
1-# rpynmnst ro6asisinu propua Hatpust (NaF) 5 mr/n; parnon
Kpbic 2-i rpynmsl, kpome NaF (5 mr/m), 6bu1 nomonHeH
ButamuHami (A, C, J1); k pairiony Kpeic 3-if rpymniisl, Kpome
NaF (5 mr/mn) u ButamunoB (A, C, [I), 106aBisiiiv MUHEpaJIbl B
BuJe coneld (cynbdar Mg, Mn, Zn u iurpar Na). B cpaBHeHnu
C KOHTPOJBHOM, 2-1 1 3-# rpynnamMu NOBBILIEHHE COIEPIKaHHs
MajnioHoBoro auanbiaeruaa (MIA) B 1-if rpynme cBuaeressb-
CTBYET 0 MoBbILIeHNH cofepxkanus npomykra [10JI. Hecroiikoe
COOTHOIIEHUE OKHCIEHHBIX U BOCCTAHOBJIEHHBIX HUKOTHHA-
muasbix kopepmento (HAJ['/HAIH) ortobpaxaeT 3Ha4M-
TenbHBIE U3MeHeHHs B crtatyce PC Tkaneil. Pesynbrars
HICCIIEZIOBAHNH CBUAETENIBCTBYIOT O TOM, UTO JIONIOJHUTENBHOE
BBEJCHHE B PAIMOH KPbIC BUTAMHHOB M MHHEPANOB
CIOCOOCTBYET BOCCTaHOBIIEHUIO cofepskanust MJIA B TkaHsax
u paBHoBecHs PC, 0 yeM paHbliie He cO0011aJI0Ch.
Kitouesble ciioBa: (HTOp, BATAMHUHBI 1 MUHEPAJIbI, IEPEKUCHOE
OKHCIIEHHE JIMITUI0B, PEAOKC-COCTOSIHUE, CEpPALE, MOUKH,
TI€4CHb, KPBICI.
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