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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 (A, 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.
Key words: fluoride, vitamins and minerals, lipid peroxidation, redox state, heart, kidney, liver, rats.

INTRODUCTION
Chronic fluorosis can severely damage many
systems of the human body, but its pathogenesis is poorly understood [1]. Since this disease is irreversible, by appropriate and timely
intervention its preventable. Therefore, a
greater understanding at biochemical and
molecular levels of the disease progression is
very important. It has been reported that free
radicals (FR) and other reactive oxygen species 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 peroxidation (LPO), and because of high molecules reactivity, has been implicated in the
toxicity of a wide range of compounds, including 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 mitochondrial health revolves around the oxidized to

reduced nicotinamide adenine dinucleotide
(NAD +/NADH) relationship. In addition, redox state (RS) is commonly used to describe
the balance of NAD + to NADH [8]. On the
other hand, metabolism is an extremely complex subject in biochemistry. It is usually consists of sequences of enzymatic steps, the socalled metabolic pathways that interact in a
complex way in order to allow an adequate
regulation. In each pathway, a principal chemical is modified by chemical reactions and often require dietary minerals (for both physiological and biochemical functions), vitamins
and other co-factors in order to function properly. There is strong evidence that certain vitamins 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 malondialdehyde (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 polypropylene cages with stainless still grill tops, as 5
animals per cage, temperature and humidity
controlled room (22 ± 2°C and 60 ± 5 %, respectively) 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 containing 5 mg/l NaF. The group 2 was given
standard diet plus 1/50 of adult dose of vitamins (A, C and D) and distilled water containing 5 mg/l NaF. The group 3 was given
standard diet plus 1/50 of adult dose of vitamins (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 animals were sacrificed under light ether anesthesia. The heart, kidney and liver were removed. 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 indicator of LPO was assayed, as previously described [11]. Briefly, 1 g of the pulverized
sample was homogenized in 3 ml of 0.025 M
Tris-HCl and 0.175 M KCl buffer (pH 7.4).
The content of MDA was evaluated by the 2thiobarbituric acid reactive substances procedure at 532 nm using a spectrophotometer
(Zeiss MCS 621 UV-VISl Carl Zeiss, Jena,
Germany). The content of NAD+ and NADH
was assayed, as previously described [12].
Briefly, 1 g of the pulverized sample was ho76

mogenized in 4 ml of ice cold 0.5 N HClO4.
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 protein. 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 Academy 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
Students 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 permanent damage [10]. Although, a close association between F toxicity and oxidative stress
in human beings [13], experimental animals
[14], and cultured cells [15] has been reported. 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 fluorosis.
Many investigations indicate that excessive F can enhance LPO and inhibit antioxidative 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 µmol/g; n = 10 in each
group

MDA
Control
Group1
Group 2
b
a
Heart
51.10 ± 2.50
192.90 ± 0.12 61.63 ± 3.70
Kidney
50.21 ± 1.50b
296.00 ± 1.20a 48.93 ± 0.13
b
Liver
40.74 ± 0.23
297.00 ± 1.52a 47.60 ± 1.71
a
Significant differences when compared to groups 2, 3 and control (P<0.001).
b
No significant differences when compared group 3 to control (P>0.001).

study subjects is shown in Table 1. The differences 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 possibly 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 mitochondrial (and overall) health is the importance
of maintaining a favourable ratio of NAD+ to
NADH [21,22]. In this respect, NADH oxidase is an enzyme involved in molecular oxygen detoxification and in maintaining a low
redox potential inside cells [23]. Therefore,
content of NAD + and NADH influence by
various physiological and toxicological factors.

Group 3
51.10 ± 2.50b
46.54 ± 1.25b
41.10 ± 1.71b

Experimental data show that metabolic alterations strongly affect NAD + /NADH ratio
controlling in such a way carbon flow distribution within the fundamental pathways [24].
There is strong evidence that in diabetic
ketoacidosis the more reduced cytoplasmic
NAD +/NADH ratio is accompanied by an oxidized mitochondrial redox state [25,26]. There
is a growing body of evidence suggesting that
F interferes with hydrogen bonding and inhibits numerous enzymes [27]. Despite the existence 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
N A D H , a n d / o r N A D +/ N A D H r a t i o . T h e
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 µmol/g; n = 10 in each group

NAD+

Control

Group1

Group 2

Heart
15.28 ± 0.43
10.49 ± 0.44
9.04 ± 0.24
Kidney
12.31 ± 0.22b
5.34 ± 0.21a
9.34 ± 0.21
Liver
13.56 ± 0.43b
5.48 ± 0.19a
10.74 ± 0.31
NADH
Heart
21.26 ± 0.18b
31.82 ± 0.33a
23.32 ± 0.50
b
Kidney
21.80 ± 0.24
29.49 ± 0.43a
25.40 ± 0.23
Liver
23.08 ± 0.49b
32.28 ± 0.36a
25.59 ± 0.46
a
Significantly different when compared to group 2, 3 and control (P<0.001).
b
No significant differences when compared group 3 to control (P>0.001).
b
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a

Group 3
12.18 ± 0.21 b
11.45 ± 0.21 b
12.32 ± 0.23b
20.21 ± 0.30b
21.19 ± 0.21b
20.24 ± 0.42b
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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 management of the menace of fluoride toxicity.
Therefore, based on the data presented in
present study. We suggest that F is very biologically active even at low concentrations
also; combination of the vitamins and minerals
may prove to be useful in prevention of F toxicity. In summary, the biochemical changes
observed in the rats exposed to F clearly demonstrate 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 understanding for the mechanism of fluorisis and
may be a key mechanism for prevention of
this disease.

NAD+/NADH

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). 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 differences 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 severity 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 included, in either a liquid suspension or in tablet form, vitamins A, C, and D with or without
B vitamins. It was reported that children fluoride in a vitamin preparation consistently excreted 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 toxicity, 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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Figure 1. The ratio of the oxidized nicotinamide adenine
dinucleotide (NAD+) to 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 differences between the controls
and groups 1 and 2 were significant at (P<0.001). No significant differences when compared group 3 to control
(P>0.001)
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Õàë³ë³ Äæàôàð, Ã.Ô. Á³ëîêëèöüêà
ÂÏËÈÂ ÄÎÄÀÒÊÎÂÈÕ Â²ÒÀÌ²Í²Â
ÒÀ Ì²ÍÅÐÀË²Â ÍÀ ÏÅÐÅÊÈÑÍÅ ÎÊÈÑÍÅÍÍß
Ë²Ï²Ä²Â ÒÀ ÐÅÄÎÊÑ-ÑÒÀÍ Ó ÑÅÐÖ²,
ÍÈÐÊÀÕ ÒÀ ÏÅ×²ÍÖ² ÙÓÐ²Â
Åôåêò ôòîðó (F), â³òàì³í³â ³ ì³íåðàë³â íà ïåðåêèñíå
îêèñíåííÿ ë³ï³ä³â (ÏÎË) òà ðåäîêñ-ñòàí (ÐÑ) áóâ
äîñë³äæåíèé ó ñåðö³, íèðêàõ ³ ïå÷³íö³ ó 40 (4 ãðóïè ïî 10)
ùóð³â-ñàìö³â ë³í³¿ Â³ñòàð. Òâàðèí êîíòðîëüíî¿ ãðóïè
óòðèìóâàëè íà ñòàíäàðòíîìó ðàö³îí³ òà äèñòèëüîâàí³é âîä³;
â ïèòíó âîäó äëÿ ùóð³â 1-¿ ãðóïè äîäàâàëè ôòîðèä íàòð³þ
(NaF) 5 ìã/ë; ðàö³îí ùóð³â 2-¿ ãðóïè, îêð³ì NaF (5 ìã/ë),
áóâ äîïîâíåíèé â³òàì³íàìè (À, Ñ, Ä); äî ðàö³îíó ùóð³â 3¿ ãðóïè, îêð³ì NaF (5 ìã/ë) òà â³òàì³í³â (À, Ñ, Ä), äîäàâàëè
ì³íåðàëè ó âèãëÿä³ ñîëåé (ñóëüôàò Mg, Mn, Zn òà öèòðàò
Na). Ó ïîð³âíÿíí³ ç êîíòðîëüíîþ, 2-þ òà 3-þ ãðóïàìè,
ï³äâèùåííÿ âì³ñòó ìàëîíîâîãî ä³àëüäåã³äó (ÌÄÀ) ó 1-é
ãðóï³ ñâ³ä÷èòü ïðî ï³äâèùåííÿ âì³ñòó ïðîäóêòó ÏÎË.
Íåñò³éêå â³äíîøåííÿ îêèñíèõ äî â³äíîâëåíèõ í³êîòèíàì³äíèõ
êîôåðìåíò³â (ÍÀÄ+/ÍÀÄÍ) â³äîáðàæàº çíà÷í³ çì³íè ó
ñòàòóñ³ ÐÑ òêàíèí. Ðåçóëüòàòè äîñë³äæåíü ñâ³ä÷àòü, ùî
äîäàòêîâå ââåäåííÿ â ðàö³îí ùóð³â â³òàì³í³â ³ ì³íåðàë³â
ïðèçâîäèòü äî â³äíîâëåííÿ âì³ñòó ÌÄÀ â òêàíèíàõ òà
ð³âíîâàãè ÐÑ, ïðî ùî ðàí³øå íå ïîâ³äîìëÿëîñÿ.
Êëþ÷îâ³ ñëîâà: ôòîð, â³òàì³íè òà ì³íåðàëè, ïåðåêèñíå
îêèñíåííÿ ë³ï³ä³â, ðåäîêñ-ñòàí, ñåðöå, íèðêè, ïå÷³íêà,
ùóðè.

Õàëèëè Äæàôàð, Ã.Ô. Áåëîêëèöêàÿ
ÂËÈßÍÈÅ ÄÎÏÎËÍÈÒÅËÜÍÛÕ
ÂÈÒÀÌÈÍÎÂ È ÌÈÍÅÐÀËÎÂ
ÍÀ ÏÅÐÅÊÈÑÍÎÅ ÎÊÈÑËÅÍÈÅ ËÈÏÈÄÎÂ
È ÐÅÄÎÊÑ-ÑÎÑÒÎßÍÈÅ Â ÑÅÐÄÖÅ,
ÏÎ×ÊÀÕ È ÏÅ×ÅÍÈ ÊÐÛÑ
Ýôôåêò ôòîðà (F) è äîïîëíèòåëüíûõ âèòàìèíîâ è
ìèíåðàëîâ íà ïåðåêèñíîå îêèñëåíèå ëèïèäîâ (ÏÎË) è
ðåäîêñ-ñîñòîÿíèå (ÐÑ) áûë èññëåäîâàí â ñåðäöå, ïî÷êàõ è
ïå÷åíè ó 40 (4 ãðóïïû ïî 10) êðûñ-ñàìöîâ ëèíèè Âèñòàð.
Æèâîòíûõ êîíòðîëüíîé ãðóïïû ñîäåðæàëè íà ñòàíäàðòíîì
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ðàöèîíå è äèñòèëëèðîâàííîé âîäå; â ïèòüåâóþ âîäó êðûñ
1-é ãðóïïû äîáàâëÿëè ôòîðèä íàòðèÿ (NaF) 5 ìã/ë; ðàöèîí
êðûñ 2-é ãðóïïû, êðîìå NaF (5 ìã/ë), áûë äîïîëíåí
âèòàìèíàìè (À, Ñ, Ä); ê ðàöèîíó êðûñ 3-é ãðóïïû, êðîìå
NaF (5 ìã/ë) è âèòàìèíîâ (À, Ñ, Ä), äîáàâëÿëè ìèíåðàëû â
âèäå ñîëåé (ñóëüôàò Mg, Mn, Zn è öèòðàò Na). Â ñðàâíåíèè
ñ êîíòðîëüíîé, 2-é è 3-é ãðóïïàìè ïîâûøåíèå ñîäåðæàíèÿ
ìàëîíîâîãî äèàëüäåãèäà (ÌÄÀ) â 1-é ãðóïïå ñâèäåòåëüñòâóåò î ïîâûøåíèè ñîäåðæàíèÿ ïðîäóêòà ÏÎË. Íåñòîéêîå
ñîîòíîøåíèå îêèñëåííûõ è âîññòàíîâëåííûõ íèêîòèíàìèäíûõ êîôåðìåíòîâ (ÍÀÄ+/ÍÀÄÍ) îòîáðàæàåò çíà÷èòåëüíûå èçìåíåíèÿ â ñòàòóñå ÐÑ òêàíåé. Ðåçóëüòàòû
èññëåäîâàíèé ñâèäåòåëüñòâóþò î òîì, ÷òî äîïîëíèòåëüíîå
ââåäåíèå â ðàöèîí êðûñ âèòàìèíîâ è ìèíåðàëîâ
ñïîñîáñòâóåò âîññòàíîâëåíèþ ñîäåðæàíèÿ ÌÄÀ â òêàíÿõ
è ðàâíîâåñèÿ ÐÑ, î ÷åì ðàíüøå íå ñîîáùàëîñü.
Êëþ÷åâûå ñëîâà: ôòîð, âèòàìèíû è ìèíåðàëû, ïåðåêèñíîå
îêèñëåíèå ëèïèäîâ, ðåäîêñ-ñîñòîÿíèå, ñåðäöå, ïî÷êè,
ïå÷åíü, êðûñû.
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