International Journal of Science and Research (IJSR)
ISSN (Online): 2319-7064

Effects of an Iron Supplementation Combined to
either a Zinc Deficiency or a Zinc Supplementation
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Abstract: Objectives: This article reports the effects of an Iron overload on oxidative stress, and the protective role of Zinc. Pregnancy
was chosen because it enhances the interactions and the effects of both metals on physiological processes and on oxidative stress.
Design and methods: Four groups of pregnant rats were compared. The first 16-rats were included in the control group (Group 1), a
second 16-rats group (Group II) was supplemented with Iron, in the third group (Group III) 16 rats were supplemented both with Iron
and Zinc and in the last group (Group 1V), the 16 rats were supplemented with Iron but fed a Zincdeficient diet. Results: In the groups
II and 1V, plasma malondialdehyde concentrations were significantly higher than in the groups I and III while plasma SOD was lower
in the groups II and IV than in the two others. PLasma a- tocopherol concentrations were lower in the groups IV,II and III as
compared to the control group. Conclusion: This experiment shows the deleterious effects of Iron and the protective effect of Zinc.

Indeed, oxidative stress was increased in the Zinc deficient group.
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1. Introduction

Zinc and Iron are respectively implicated in the protection or
the generation of free radicals. Zinc is an essential trace
element that takes part in the active site of more than 600
enzymes, these enzymes acting in all parts of metabolism.
As Zinc has only one possible ionization degree it can also
protect against the deleterious effects of Iron simply by
displacing it from its protein combinations [1, 2, 3, 4]
Indeed, contrary to Zinc, Iron has multiple possible
oxidation numbers and can promote the Fenton reaction and
the Haber-Weiss cycle that initiate free radical production
[5, 6, 7, 8, 9]. Hence Iron needs to be carefully handled
inside and out of the cells mainly by means of tightly
chelating proteins [10, 11]. But despite the defenses
developed by tissues to protect against the free forms of this
metal, Iron overload have been described to favour or
promote various diseases [12] like sepsis [13], ageing [14]
and Alzheimer dementia [15,16], carcinogenesis [17],
atherosclerosis, liver failure [18] and cardiac infarction [19].

Zinc has been shown to decrease Iron-induced
atherosclerosis in rabbits and lipid peroxidation [20].
Reactive oxygen species (ROS) include Superoxide,
hydroxyle radicals and singlet-oxygen. They can alter
biological molecules and cell structures by triggering lipid
peroxidation, protein and enzyme oxidation and DNA
alterations. Such data have been long known but to date no
experimental work could study the interactions between
these trace elements in vivo. In this study, we investigated
the respective roles of an Iron supplementation and of either
a Zinc supplementation or an experimental Zinc deficiency
in pregnant rats.

In pregnant rats, the metabolism of Iron is modified to meet
the increased needs due to fetus growth [21]. Iron is then
stored in the placenta where it is sequestered by transferrin
and released to the fetus when it needs [22 23. 24]. In
humans, Iron absorption is maximum at the end of gestation,
when the fetus size is maximum. In the rat, maximal
absorption occurs between day 16 and the term at day 21

This study aimed at studying the effects of an Iron overload
on stress and biochemical indexes, and the role of Zinc on
overload. As Iron absorption has been known to increase
during pregnancy, the choice of pregnant rat seemed
interesting because it could enhance the deleterious effects
of this metal in animals

2. Material and Methods
2.1. Animals

A total of 64 female pregnant Wistar albinos rats 7 to 8
weeks old, and weighing between 180 to 200 g. were
randomly included into 4 groups of 16 rats. It was the first
gestation for all the rats that were included as soon as they
became pregnant. The first group (Group 1) consisted in
control rats, in the second group (Group II), rats were
supplemented with one intraperitoneal dose of iron (10 mg/
Kg body weight), in the third group (Group IlI), animals
were supplemented with Iron and Zinc simultaneously (6.5
mg/ Kg), and in the last group (Group 1V), rats were
simultaneously Zinc deficient and supplemented with Iron
(10 mg/ Kg). On the 21% day of pregnancy, after an
overnight fasting, rats were anesthezied and blood was
collected from the animal’s eye. Blood was then
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immediately centrifuged for 10 minutes at +4°C and at 3000
g.

2.2. Measurements

Cholesterol, triglycerides, ferritin and plasma lron were
measured using a Roche-Cobas Integra (Roche, Meylan
France) in the Blood Analysis Laboratory Ibn Sina
(Constantine, Algeria). Zinc measurements were performed
by the National Research Centre in Cairo (Egypt) using
flame atomic absorption. Erythrocyte Cu-Zn superoxide
dismutase (SOD) activity was measured after hemoglobin
precipitation by monitoring the autooxidation of pyrogallol.
One unit of SOD is defined as the amount of the enzyme
required to inhibit the rate of pyrogallol autoxidation by
50%. Fat-soluble vitamins and carotenoids were separated
with a 3 p Adsorbosphere HS C18 150 x 4.6 ID column
from Alltech (Alltech Associates, Inc. Deerfield IL, USA),
vitamin C was analyzed with a 5 u Nucleosil 100 AB 150 x
4.6 mm ID column from Macherey Nagel (Macherey Nagel
Sarl, Hoerdt, France). Malondialdehyde (MDA) was
measured by HPLC with Visible detection at 532 nm after
derivation with thiobarbituric acid [25]. Separations were
performed with a Alltech Adsorbosphere C18 5um column
(250 x 4.6 mm ID) and a Shimadzu Prominence series 20
HPLC system. Methanol, acetonitrile, dichoromethane,
hexane, tetrahydrofuranne, ethanol were purchased from
Riedel-de Haén (Sigma-Aldrich Corp, St Louis, MI, USA).
Retinol, a-tocopherol, B-carotene were from Sigma.

2.3. Diet and Supplements

Rat food was manufactured by UAR (Usine d’Alimentation
Rationelle, Villemoisson, France) and provided the
following nutrients (g/Kg rat weight): egg albumin 200,
glucose 300, maize starch 300, maize oil 60 and the mineral
mixture UAR 205B 70 g/Kg, the vitamin mixture UAR 200
10 g/Kg. The mineral UAR 205B mixture provided the
following amounts (g/kg food): Ca 8; K 4.8; Na 3.2; Mg 0.2;
Fe 0.24; Mn 0.064; Cu 0.01; Zn 0.036 (except in the groups
IV); Co 0.00008; I 0.00008. The UAR 200 vitamin mixture
provided the following amounts (mg/kg food): retinol 6;
cholecalciferol 0.06; thiamin 20; riboflavin 15; pantothenic
acid 70; pyridoxine 10; inositol 150; cyanocobalamin 0.05;
ascorbic acid 0.8; dI -tocopherol 170; menadion 40; nicotinic
acid 100; para amino benzoic acid 50; folic acid 5; biotin
0.3; choline 1.36. Starch was washed with a 1% EDTA
solution in the Group IV and then washed with distilled
water. Supplementations were made with Iron gluconate and
Zinc sulphate, 7H20 (Sigma, L’Isle d’Abeau, France).

2.4. Statistical Analysis

Statistical analysis was performed with the SPSS Software
(SPSS Inc. Chicago Il.) using the General Linear Model
(GLM) analysis [26]. When significant, the GLM was
followed by a Student-Newmann Keuls post-hoc test to
detect specific inter-group significances. Differences were
considered as significant when p < 0.05.

3. Results
Results are summarized in figure 1 to 8.

Plasma malondialdehyde concentrations and plasma
triglycerides were significantly higher in Groups Il and IV
than in the Groups | and Ill. plasma cholesterol was
significantly higher in Group Il than in all other Groups. As
expected, plasma Zinc concentrations were significantly
different in every group, they were higher in the Group IlI,
and lower respectively in the Groups I, Il and IV. The
concentrations of plasma iron were significantly increased in
rats treated groups compared to the control group, while his
groups were homogeneous between them. Plasma ferritin
concentrations were significantly higher in Group 1V and Il
than the Group I. Erythrocyte SOD was lower in Groups Il
and IV than in Groups | and IIl. Plasma a-tocopherol
concentrations were significantly reduced in rats treated
groups as compared to the control group.

4. Discussion

Plasma  ferritin  concentrations  show  that Iron
supplementation of rats with 10mg/Kg an increase lron
stores in the liver and induces a hemochromatosis. At such
levels the metal, which is normally bound to proteins, binds
to low molecular weight compounds and may become toxic
by producing the highly toxic hydroxyle ions  [1, 2].

Plasma MDA monitors effects of ROS on cell membranes
[27]. Superoxide dismutase (SOD) is a Copper-Zinc
metalloenzyme which fights Superoxide radicals by
converting them into hydrogen peroxide and water [28].
These results show that Iron increases ROS activity and that
this change is either enhanced by Zinc deficiency or
decreased by Zinc supplements [29]. Iron has been known to
produce Superoxide and Hydroxyle radicals [30] through the
Fenton and the Haber-Weiss cycle [31]. These radicals -
particularly *OH - are very unstable and toxic. As expected,
the Groups Il and IV show the highest levels of
malondialdehyde. This work also show that Zinc protects
from the deleterious effects of Iron as in Group I1l the MDA
concentrations are not significantly different than in the
control group.

Iron supplements increases plasma cholesterol probably by
altering liver functions. A similar mechanism is seen in
alcohol toxicity where patients exhibit high cholesterol level
at least at the first steps of the intoxication. The
hypercholesterolemia induced by Iron supplements is
corrected by a Zinc supplementation, and - as Zinc
deficiency hampers its synthesis — plasma cholesterol is
decreased in the Zinc-deficient group. Plasma triglyceride
concentrations showed similar changes, but contrary to
cholesterol, they are higher in the Zinc deficient group than
in all the others. Indeed, most part of the triglycerides is
synthesized out of the liver.

Plasma Zinc concentrations are much higher in the Zinc
supplemented group and drop in the rats fed a Zinc deficient
diet. But Zinc is also lower in the Iron supplemented group,
indeed Iron competes with the intestinal absorption of Zinc.
Similar results were found for plasma ferritine levels. This
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data shows a competition between Zinc and Iron absorptions
as confirmed by ferritine concentrations that are lower in the
Iron + Zinc supplemented group than in the Iron alone
supplemented. Ferritine levels are highest in the Iron
supplemented /Zinc deficient group. These results show the
interactions that exist in the intestinal absorption of these
two metals. They also show that Zinc protects against Iron
effects primarily by decreasing its intestinal absorption. But
Zinc is also an indirect antioxidant [32, 33], because it is a
component of SOD, because it competes with transition
metals in the Fenton reaction, because it protects protein-
thiol groups from oxidation and because it stabilize proteins
and cell membranes. Zinc induces the synthesis of the
cystein-rich metallothioneins that fight directly free radicals.
In this study, decreased erythrocyte superoxyde dismutase
concentrations in Groups Il and 1V can be explained by a
relative Zinc deficiency that can be caused either by a high
Iron intake alone or by the same intake associated with a
Zinc deficient diet. The influence of Zinc on SOD is
confirmed by its higher levels in the Group I11.

In this study, the reduction in the concentration of a-
tocopherol, can be interpreted by increasing its use in the
fight against the oxidative stress caused by iron overload.
The a-tocopherol may be oxidized by peroxide radicals
resulting from the oxidation of unsaturated fatty acids. The
a-tocopherol is known as one of the most important
antioxidants, it provides protection against attack by free
radicals, in particular peroxide. The a-tocopherol inhibits the
third phase of lipid peroxidation and prevents the spread of
oxidation reactions by interacting with peroxyl radicals
which transforms them into peroxides [38].

It has been shown that a consequence of Zinc deficiency is a
marked increase in membrane and cellular Iron
concentration [34, 35]. Moreover, Zinc reduces the Iron- and
Copper-induced damage to the DNA and this ability of Zinc
is greater against Iron than against Copper [36]. This study
confirms the deleterious effect of an experimental Iron
overload and that lron effects can be modulated by Zinc
intakes. Zinc deficiency enhances the effects of Iron
overload while Zinc supplements can decrease its effect
[37]. These facts may be used in patients who exhibit an Iron
overload and particularly those who suffer from thalassemia
or haemoglobin abnormalities.

References

[1] Fraga CG, Oteiza PI. lron toxicity and antioxidant
nutrients. Toxicology 2002; Oct 30,180(1):23-32

[2] Hamilton DL, Bellamy JE, Valberg JD, Valberg LS.
Zinc, Cadmium, and lron interactions during intestinal
absorption in  Iron-deficient mice. Can J
PhysiolPharmacol 1978; Jun, 56(3):384-9

[3] Gatto LM, Samman S. Antioxidant properties of Zinc.
Eur J Clin Nutr 1995 ; Nov; 49(11):866-867

[4] Zago MP, Oteiza PI. The antioxidant properties of Zinc:
interactions with Iron and antioxidants. Free Radic Biol
Med 2001; Jul 15, 31(2):266-274

[5] Cairo G, Recalcati S, Pietrangelo A, Minotti G. The
Iron regulatory proteins: targets and modulators of free
radical reactions and oxidative damage. Free Radic Biol
Med. 2002 Jun 15; 32(12):1237-1243

[6] Zago MP, Verstraeten SV, Oteiza Pl. Zinc in the
prevention of Fe++-initiated lipid and protein oxidation.
Biol Res 2000; 33(2):143-150

[7]1 McCord JM. lIron, free radicals, and oxidative injury
2004; J Nutr, Nov 134(11):3171S - 3172S;

[8] Emerit J, Beaumont C, Trivin F. lIron metabolism, free
radicals, and oxidative injury. Biomed Pharmacother
2001; Jul, 55(6):333-9

[9] Schafer FQ, Qian SY, Buettner GR. Iron and free
radical oxidations in cell membranes. Cell Mol Biol
(Noisy-le-Grand) 2000; May; 46(3):657-62

[10] Mackenzie EL, lwasaki K, Tsuji Y. Intracellular Iron
transport and storage: from molecular mechanisms to
health implications. Antioxid Redox Signal. 2008;
Jun;10(6):997-1030

[11]1 De Domenico |, McVey Ward D, Kaplan J. Regulation
of Iron acquisition and storage: consequences for Iron
linked disorders. Nat Rev Mol Cell Biol 2008; 9(1): 72-
81

[12] Philippe MA, Ruddell RG, Ramm GA.Role of Iron in
hepatic fibrosis: one piece in the puzzle.World J
Gastroenterol. 2007; Sep 21,13(35):4746-54

[13] Zager RA, Johnson AC, Hanson SY. Parenteral Iron
therapy exacerbates experimental sepsis. Kidney Int
2004; 65(6), 2108-2112

[14]Altun M, Edstrém E, Spooner E, Flores-Moralez A,
Bergman E, Tollet-Egnell P, Norstedt G, Kessler BM,
Ulfhake B. Iron load and redox stress in skeletal muscle
of aged rats. Muscle Nerve 2007; 36(2):223-33

[15] Stankiewicz J, Panter SS, Neema M, Arora A, Batt CE,
Bakshi R. Iron in chronic brain disorders: imaging and
neurotherapeutic implications. Neurotherapeutics 2007;
4(3):371- 86

[16] Schipper HM. Brain Iron deposition and the free radical
mitochondrial theory of ageing. Ageing Res Rev 2004;
3(3):265-301.

[17]Okada S. Prevention of free radical mediated tissue
damage and carcinogenesis induced by low-molecular-
weight Iron. Biometals 2003; 16(1):99-101

[18] Figueredo MS, Baffa O, Barbieru Neto J, Zago MA
Liver injury and generation of hydroxyl free radicals in
experimental secondary hemochromatosis. Res Exp
Med 1993;193(1):27-37

[19]Marx JJ, Kartikasari AE, Georgiou NA. Can Iron
chelators influence the progression of atherosclerosis?
Hemoglobin 2008; 32(1),123-34

[20]Jenner A, Ren M, Rajedran R, Ning P, Huat BT, Watt F,
Halliwell B. Zinc supplementation inhibits lipid
peroxidation and the development of atherosclerosis in
rabbits fed a high cholesterol diet.Free Radic Biol Med
2004; 42(4),559-566

[21]Millard KN, Frazer DM, Wilkins SJ, Anderson GJ.
Changes in the expression of intestinal lron transport
and hepatic regulatory molecules explain the enhanced
Iron absorption associated with pregnancy in the rat.
Gut 2004; 53,655-660

[22]Batey RG, Gallagher ND. Role of the placenta in
intestinal absorption of Iron in pregnant rats.
Gastroenterology 1977; 72:255-9

[23]van Eijk HG, Kroos MJ, van der HC, et al. Observations
on the lIron status during pregnancy in rats. Iron
transport from mother to fetus. Eur J Obstet Gynecol
Reprod Biol 1980; 10:389-92

Volume 3 Issue 4, April 2014

Paper ID: 020131532

WWWw.ijsr.net

879



International Journal of Science and Research (IJSR)
ISSN (Online): 2319-7064

[24] Murray MJ, Stein N. Contribution of maternal rat Iron
stores to fetal Iron in maternal Iron deficiency and
overload. J Nutr 1971; Nov, 101(11):1583-7.

[25] Templar J, Kon SP, Milligan TP, Newman DJ, Raftery
MJ. Increased plasma malondialdehyde levels in
glomerular disease as determined by a fully validated
HPLC method. Nephrol Dial Transplant 1999;
14(4):946-51

[26] Univariate and Multivariate General Linear Models.
Theory and Applications with SAS Kevin Kim, Neil H.
Timm, Chapman and Hall / CRC Boca Raton; 2006

[27] Esterbauer H. Estimation of peroxidative damage. A
critical review. Pathol Biol (Paris) 1996:; 44(1):25-8

[28] Fridovich 1. Fundamental aspects of reactive oxygen
species, or what's the matter with oxygen? Ann N Y
Acad Sci 1999; 893:13-8

[29]Bodiga S, Krishnapillai MN. Concurrent repletion of
Iron and Zinc reduces intestinal oxidative damage in
Iron- and Zinc-deficient rats. World J Gastroenterol
2007; 21, 13(43):5707-17.

[30]McCord JM Iron, free radicals and oxidative injury. J
Nutr 2004; 134: 3171S-3172S

[31] Britton RS, Leicester KL, Bacon BR. Iron toxicity and
chelation therapy. Int J Hematol 2002; 76(3):219-28

[32] Powell SR. The antioxidant properties of Zinc. J Nutr
2000; 130 (5S Suppl):1447S-54S

[33]Prasad AS, Bao B, Beck FW, Kucuk O, Sarkar FH..
Antioxidant effect of Zinc in humans. Free Radic Biol
Med 2004; 37(8):1182-90

[34]Rogers JM, Keen CL, Hurley LS Zinc deficiency in
pregnant Long-Evans hooded rats: teratogenicity and
tissue trace elements. Teratology 1985; 31:89-100

[35]Rogers JM, Lonnerdal B, Hurley LS, Keen CL Iron and
Zinc concentrations and 59Fe retention in developing
fetuses of Zinc-deficient rats. J Nutr 1987; 117:1875-
1882

[36] Har-El R, Chevion M. Zinc (Il) protects against metal-
mediated free radical induced damage: studies on single
and double-strand DNA breakage. Free Radic Res
commun 1991; 12:509-515

[37]Prasad AS. Clinical, immunological, anti-inflammatory
and antioxidant roles of Zinc. Exp Gerontol. 2008; May,
43(5):370-7

[38] Turan B, Vassort G. Vitamin E in oxidant stress-related
cardiovascular pathologies: focus on experimental
studies. Curr. Pharm. Des. 2011; 17(21):2155-69

B -

w £
1 1

MDA [pmol/fL])

0_

C Fe Fe+Zn Fe-Zn

Figure 1: Plasma malondialdehyde concentrations in the
four groups of pregnant rat’s Different letters mean that
differences are significant. Between-group significance P <
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Figure 2: Plasma triglyceride concentrations in the four
groups of pregnant rats. Different letters mean that
differences are significant. Between-group significance p <
.026
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Figure 3: Plasma cholesterol concentrations in the four
groups of pregnant rats. Different letters indicate mean that
differences are significant. Between-group significance p <

.001
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Figure 4: Plasma zinc concentrations in the four groups of
pregnant rats. Different letters mean that differences are
significant. Between-group significance p <.001.
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Figure 5: Plasma iron concentrations in the four groups of
pregnant rats. Different letters mean that differences are
significant. Between-group significance P < .001
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Figure 6: Plasma ferritin concentrations in the four groups
of pregnant rats. Different letters mean that differences are
significant. Between-group significance p <.001
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Figure 7: Erythrocyte superoxyde dismutase activities in the
four groups of pregnant rats. Different letters mean that
differences are significant. Between-group significance p <
.002.
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