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Abstract
Iodine-131 (131I) irradiation is the first line treatment for Graves’ disease and thyroid carcinoma. In
such cases, 131I gets accumulated in the thyroid, and is released in the form of radioiodinated tri-
iodothyronine (T3) and tetraiodothronine (T4). Various reports describe changes in the blood picture
after radioiodine treatment. Zinc, on the other hand, has been reported to maintain the integrity of
red blood cells (RBC) under certain toxic conditions. The present study was conducted to evaluate the
adverse effects of 131I on the antioxidant defense system and morphology of RBC and also to assess
the possible protection by zinc under irradiation by 131I. Thirty two female Wistar rats were equally
segregated into four main groups. Animals with Group I served as normal controls; Group II animals
were administered a dose of 3.7 MBq of 131I (carrier free) intraperitoneally, Group III rats were sup-
plemented with zinc (227 mg/L drinking water) and Group IV rats were given a combined treatment
of 131I and zinc, in a similar way as in Group II and IV rats. After seven days of 131I treatment, RBC
lysate was prepared and its antioxidant status assessed. The activity of superoxide dismutase (SOD),
reduced glutathione (GSH) and malondialdehyde (MDA) in the lysate of RBC was increased. On the
contrary, the activity of catalase was found to be significantly decreased. The activity of glutathione
reductase (GR) remained unchanged. Marked changes in the shape of RBC from normal discocytes
to echinocytes, spherocytes, stomatocytes and acanthocytes were also observed in the blood of the
rats treated with 131I. Zinc supplementation to 131I treated rats, significantly attenuated the adverse
effects caused by 131I on the levels of MDA, GSH, SOD and catalase. In conclusion, the study re-
vealed significant oxidant/antioxidant changes in RBC following 131I administration in rats, while zinc
was shown to act as a radioprotector agent.

Hell J Nucl Med 2006; 9(1): 22-26

Introduction

R
adiation injury to living cells is to a large extent, due to oxidative stress [1-5]. Reactive
oxygen species (ROS) and free radicals induced by partial reduction of oxygen (O2) re-
act with cellular macromolecules [6] and induce adverse effects on them. The damage

to the thyroid gland from deposition of radioiodine-131 (131I) has often been described in the
literature [7, 8]. 131I is being used in many nuclear medicine centers for the treatment of
Graves’ disease (GD) and differentiated thyroid carcinoma [9]. In spite of a safety record un-
matched by alternate methods of therapy, the use of 131I has met with several objections, the
most significant of which is the question of oxidative stress and carcinogenicity [10,11]. The
irradiation dose in blood depends on the administered amount of 131I and the fraction pass-
ing into the plasma as protein bound 131I [12]. 

Changes in the blood picture after radioiodine treatment to GD has been stated in a few
reports [13,14]. Ionizing radiations do have a profound effect on the red blood cells (RBC)
ghost membranes, followed by the changes in membrane –SH groups and activities of mem-
brane bound enzymes [15]. It has been reported that 131I treatment led to the intensification
of lipid peroxidation (LPO) expressed by a significant increase in malondialdehyde values
[16]. Therefore, the antioxidant defense system is an important area, which needs to be con-
sidered for exploring the effect of 131I on RBC.

Certain radioprotectors such as amifostine, constitute the most important means of pro-
tection against radiation exposure. Amifostine (WR-2721), a phosphoaminothioate, is ca-
pable of providing marked protection from both radiation and selected chemotherapy-in-
duced damage for a wide variety of tissues in both rodents and humans [17,18]. However, the
possible protective roles of safer compounds are warranted to be explored. Zinc salts may be
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considered as a new class of radioprotectors. Zinc salts, espe-
cially zinc aspartate, have been shown to provide radiopro-
tection against whole body irradiation [19-21]. A number of
studies have suggested that zinc acts as a beneficial agent dur-
ing peroxidative damage [22,23]. Moreover, recent studies
from our laboratory have demonstrated the protective poten-
tial of zinc in the regulation of antioxidant status and in ame-
liorating the altered hepatic histoarchitecture in nickel and
lead intoxicated animals [24,25]. The present study for the
first time explores the possible role of zinc in eliminating
changes in the antioxidant enzyme system and in the mor-
phology of RBC following 131I administration in rats.

Materials and methods

Animals

Female Wistar rats weighing 150±20 g were procured from the
central animal house, Panjab University, Chandigarh. The reg-
istration number for the use of experimental animals obtained
from the ministry of social justice and empowerment, Govern-
ment of India is 45/1999/CPCSEA, dated 15.01.2000. The
animals were housed in polypropylene cages in the depart-
mental animal house under hygienic conditions. The animals
were maintained on the standard laboratory feed and water, ad
libitum, throughout the period of experimentation.

Chemicals and equipment

All chemicals used for the study were of analytical grade. 131I
(carrier free) as sodium iodide in dilute sodium thiosulphate so-
lution was obtained from Bhaba Atomic Research Centre
(Trombay, India). Zinc sulphate was purchased from E. Merck
(Germany). NADPH, GSH and DTNB were purchased from
Sigma Chemicals Co. (USA). UV spectrophotometer (Beck-
man Co, USA) was used for the enzymatic estimations.

Experimental design

The animals were segregated into four groups. Each group
comprised 8 rats and was subjected to different treatments
for a period of seven days. Animals in Groups II and IV were
administered a dose of 3.7 MBq of 131I (carrier free) in-
traperitoneally. Animals in Group IV also received zinc as Zn-
SO4.7H2O in a dose level of 227 mg/L added to their drink-
ing water [24] for a period of seven days. Animals in Group I
and III served as untreated normal and zinc controls, respec-
tively. Animals in Group III received zinc treatment similar to
that of Group IV animals.

Collection of blood samples

For the purpose of studying various hematological and bio-
chemical parameters, blood samples were drawn from all an-
imals, seven days after the administration of 131I to Groups II
and IV. Blood samples were collected in test tubes containing
8% sodium citrate in order to separate the RBC, after sub-
jecting the animals to light ether anesthesia and then punc-
turing the ocular vein (retro-orbital plexus) with a fine sterilized
glass capillary. 

Preparation of erythrocyte lysate

Two ml of citrated blood was centrifuged for 10 min at 1000
xg and plasma was removed by suction. The RBC were
washed twice with phosphate buffered saline (PBS), (0.1 M
Na2HPO4/NaH2PO4: normal saline, 1:9) pH 7.4. Distilled
water (10 ml) was then added and the erythrocytes were re-
suspended by agitation and lysed for 2 h at 4∞C. A volume of
0.8 ml of a mixture of chloroform-ethanol (3:5 v/v), which
was centrifuged at 3000 xg for 10 min at 4ÆC so as to pre-
cipitate the haemoglobin, and 0.3 ml of water was added to
the lysate. The enzymes viz: superoxide dismutase (SOD),
catalase (CAT), glutathione reductase (GR) and reduced glu-
tathione (GSH) were assayed in the clear supernatant. 

The activity of superoxide dismutase was estimated by the
method of Kono (1978) [26]. Catalase activity was determined
by the method of Luck (1971) [27]. Glutathione reductase
(GR) was assayed by the method of Carlberg and Mannervik
(1985) [28]. Estimation of GSH was performed in the tissue
homogenates of liver by the method of Ellman (1959) [29].
The protein content was measured according to the method
of Lowry et al (1951) [30].

Preparation of packed cell volume (PVC) for the
determination of lipid peroxidation in erythrocytes

The blood samples collected in citrated vials were centrifuged at
1000 xg for 10 min at 4ÆC. The plasma and buffy coat were re-
moved by gentle aspiration. The erythrocytes were washed 3
times with PBS, pH 7.4. After washing, PCV was adjusted to
5% with PBS for the determination of LPO. The LPO in ery-
throcytes was determined by measuring the MDA produced us-
ing thiobarbituric acid (TBA) by the method of Wills (1966) [31].

Scanning electron microscopic studies of RBC

Fresh blood samples were drawn by puncturing the ocular
vein with a fine sterilized glass capillary. A drop of this blood
was immediately immersion fixed in 2.5% glutaraldehyde
made in 0.2 M phosphate buffer (pH7.4). After 2 h of fixa-
tion, cells were gently centrifuged at 1000-1500 rpm. The su-
pernatant was discarded and the pellet was suspended in triple
distilled water. The pellet was again reconstituted in water and
this process was repeated 2-3 times. Finally the pellet was
suspended in triple distilled water and a drop of the suspend-
ed pellet was smeared on the metallic scanning electron mi-
croscopy (SEM) stubs, which were loaded with a conducting
silver tape on its top. These stubs were then coated with gold
to a thickness of 100 Å using a sputter ion coater, with a gold
source, for 4-5 min. These specimens were finally observed
using a scanning electron microscope (JSM 6100, Jeol,
Japan) at the Regional Sophisticated Instrumentation Centre
(RSIC), Panjab University, Chandigarh, India.

Statistical analysis

The statistical significance of the data has been determined us-
ing one-way analysis of variance (ANOVA), followed by a mul-
tiple post-hoc test (Student Newman Keuls). The results are
represented as Means ± S.D.
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Results
Our results and their statistical significance are shown in Table
1. The results of scanning electron microscopy of RBC before
and after the administration of zinc are depicted in Figures 1-
4. The protective effect of zinc was evident in the combined
group whereby marked alterations of the blood cells were re-
verted close to the normal appearance of the cells. Despite all
these preventive effects of zinc, moderate population of
echinocytes, acanthocytes and spherocytes were still present.

Discussion
The study was designed with a broad theme to elucidate the
possible protective role of zinc on the key antioxidative en-
zymes and the morphology of RBC following exposure from

131I radiations. An analogous dose is given to humans for the
treatment of differentiated thyroid carcinoma. Furthermore,
zinc is an essential trace element for the function of many key
enzymes and a daily dietary intake of around 9-11mg in hu-
mans is required to carry out various body functions in humans
whereas in rats, the daily intake of zinc is around 200 mg. The
homeostatic mechanism that regulates its entry, distribution
and excretion from cells and tissues is so efficient, that no dis-
orders are associated with its excessive accumulation [32].

RBC are considered as an early model for studies on ox-
idative stress. This model should be highly prone to oxidative
reactions because it has a relatively high oxygen tension, be-
cause of the presence of haemoglobin, and a plasma mem-
brane rich in polyunsaturated lipids [33]. Therefore, we have
examined RBC for the determination of oxidative stress
caused upon them by 131I and for the possible protection pro-
vided by zinc.

During the course of the present study, MDA levels in an-
imals that had received 131I treatment, showed a significant
increase when compared to their respective normal controls
as shown in Table 1. Various studies have shown that free
radicals induced by ionizing radiation have a damaging effect
on lipids [34,35]. Since ionizing radiation abstracts hydrogen
from a molecule to form a radical [36], it is likely that ery-
throcyte MDA levels may be elevated due to enhanced radi-
cal generation. It is also likely that the peroxidation of phos-
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Figure 1. Scanning electron micrograph of the
red blood cells from normal control rats

Figure 4. Scanning
electron micrograph
of the red blood cells
from zinc treated
rats

Figure 2. Scanning electron micrograph of the
red blood cells from 131I treated rats

Figure 3. Scanning electron micrograph of the
red blood cells from zinc plus 131I treated rats

I Normal control 1.67 ± 0.048 0.141 ± 0.046 10.69 ± 0.126 26.10 ± 1.65 748.4 ± 12.82
II 131I (3.7 MBq) 3.17 ± 0.294c 0.303 ± 0.023c 10.95 ± 0.129 30.32 ± 1.61a 712.4 ± 8.264a

III zinc (227 mg/L) 1.65 ± 0.072 0.133 ± 0.003 10.71 ± 0.402 25.85 ± 2.54 766.0 ± 27.16
IV zinc + 131I 2.47 ± 0.269c, z 0.251 ± 0.021b, z 10.87 ± 0.953 27.29 ±0.66x 732.6 ± 11.69x

LPO GSH GR SOD CATGroup

Lipid peroxidation (nmoles of MDA min–1 mg–1 protein), Glutathione reduced (mmoles of GSH mg–1 protein), Glutathione reductase (nmoles of NADPH
oxidised min–1 mg–1 protein), Superoxide dismutase (I.U i.e. Inverse of the amount of protein required to inhibit the reduction rate of NBT by 50%),
Catalase (mmoles of H2O2 decomposed min–1 mg–1 protein)
a<0.05, b<0.01, c<0.001 by Newman – Keuls test when the values of Groups II, III and IV are compared with those of Group I,
x<0.05, y<0.01 by Newman – Keuls test when the values of Group IV are compared with those of Group II

F-value 63.489 134.76 1.534 3.671 4.426
P<0.001 P<0.001 NS P<0.05 P<0.01

Table 1. Effect of zinc on the antioxidant status of red blood cells in the control and experimental rats
(Values are expressed as mean ± SD of eight animals)
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pholipids takes place on the RBC membranes as a result of
formation of active loci either due to the direct interaction of
radiations or because of low zinc concentrations as a conse-
quence of indirect effect of radiations on zinc binding lig-
ands. Furthermore, the increased levels of MDA as observed
in our study, following 131I exposure, are in accordance with
Bartoc et al. (1993) [37] who reported that radioactive iodine
treatment led to the intensification of lipid peroxidation ex-
pressed by a significant increase in MDA values. However, in
our study, zinc has been found to be a protective antioxi-
dant as it was able to bring the MDA levels to near normal
levels when it was supplemented to the 131I treated rats. It
has been hypothesized that the increase in zinc turnover in
concert with the synthesis of metallothionin (MT) might re-
late to radioprotection as shown by various studies [38,39].
Radioprotection could also be due to the induction of GSH
as a result of zinc treatment.

In the present study, the levels of GSH were increased fol-
lowing the exposure of RBC to 131I and a statistically insignif-
icant increase in the levels of GR was noticed following 131I
treatment. The increase in GSH is understandable since GSH
plays an important role in providing defense against oxidative
attacks [40]. Of course increased GSH levels may result from
several factors. Oxidizing radiations stimulate the synthesis of
GSH in response to elevated free radicals and may lead to a
paradoxical increase in erythrocyte glutathione levels [41] or
to enhanced antioxidant response. Similarly in an earlier study
conducted by Konukoglu et al. (1998) [15], GSH as well as
GSH related enzyme activities were significantly increased in
patients seven days after radioiodine treatment, when com-
pared to their own initial levels. On the other hand, zinc was
able to attenuate the levels of GSH when supplemented to the
131I treated rats. The observed normalization of GSH levels
following zinc treatment could be due to its property to in-
duce metallothionein (S-rich protein) as a free radical scav-
enger, or to its indirect action in reducing the levels of oxygen
reactive species. However its mechanism for these actions re-
mains to be elucidated, with regard to protecting the impor-
tant thiols in toxic conditions [42].

Superoxide dismutase is the first line of defense against
oxygen derived free radicals and functions by dismutating two
superoxide (O2

-) ions into H2O2. The present study indicated
a marked increase in the activity of SOD after 131I exposure to
RBC. The increased activity of SOD in erythrocytes can be at-
tributed to the greater tolerance of the animals in mitigating
the toxic stress on the body as it plays a vital role in the detox-
ification of reactive oxygen species. However, simultaneous
zinc treatment to 131I treated animals showed a reduction in
the levels of SOD that could be a consequence of induction of
GSH as an indication of indirect protection afforded by zinc.

In the current study, we have also observed decreased lev-
els of catalase activity in RBC as compared to the control an-
imals. The decrease in the catalase activity could possibly be
due to the utilization of this enzyme in converting H2O2 to
H2O. The observed significant inhibition in the catalase activ-
ity, further stipulates that oxidative stress due to 131I was so se-

vere that it could acutely suppress catalase activity. However,
the simultaneous zinc treatment to 131I treated animals
showed an increase in the activity of catalase, thereby further
substantiating that production of reactive oxygen species was
much more in case of 131I treatment and that zinc was able to
neutralize to some extent the accumulation of free radicals.

During the course of the present investigation, drastic al-
terations in RBC morphology were noticed in the blood of the
animals seven days after the 131I treatment. The prominent
features were the transformation of the normal discocytic ap-
pearance of the RBC simultaneously to many different forms
viz., echinocytes, spherocytes, stomatocytes and acantho-
cytes. RBC were indicative of the severity of the toxic effect of
radiation. The abnormal shape of the RBC could be attributed
to the general causes of abnormalities such as abnormal ery-
thropoiesis and inadequate haemoglobin formation, to effects
on the RBC membrane lipid bilayer, to accelerated RBC ag-
ing, decrease water permeability across the RBC membranes,
decreased RBC thermostability, to deformability, the rate of
oxygen release by the RBC [43] or to increased erythropoiesis
to compensate for the anaemia [44]. Modifications in the
shape of the RBC can also be attributed to changes in the
lipid composition of the membrane in response to 131I treat-
ment [45]. Another factor may be the formation of active loci
on the RBC membrane as a result of the interaction with free
radicals, thereby resulting in the alteration of the shape of
these cells. In the present study, marked LPO in the RBC was
observed, which is in tune with this observation.

Coadministration of zinc and 131I significantly improved
the morphology of the RBC. This is corroborated by the fact
that increased LPO, as observed during 131I treatment alone,
was brought back to lower levels when zinc was administered,
thereby. The protective effects of zinc could be attributed to its
antiperoxidative potential, which regulates the RBC mem-
brane lipid composition and maintains its integrity.

A relevant correlation has been observed between the
administered 131I dose and the RBC oxidant and antioxidant
status. Our results confirm the involvement of peroxides af-
ter internal radiation. 131I can also cause significant apop-
tosis and mitotic cell death in the thyroid tissue. This effect
can release cytokines and toxic metabolites, such as hy-
droxyalkenals from the degradation of the RBC membrane
[46]. These metabolites can facilitate or induce significant
changes of the oxidant/antioxidant status in RBC indirectly
as a result of the ionizing radiation.

It may be concluded from this study that zinc supple-
mentation to 131I intoxicated rats could substantially stabilize
the increased activities of antioxidative enzymes and also
exercise an antiperoxidative potential as indicated by allevi-
ating the LP and GT. The precise mechanism of the ob-
served zinc mediated regulation of enzyme activities and
lipid peroxidation cannot be ascertained from this study and
remains to be explored. It can be conjectured at this point
that a zinc induced stimulation of the enzymatic and other
antioxidants may be the key process whereby it restores
functional and structural integrity of 131I irradiated RBC.

Original Article

C
M

Y
K

C
M

Y
K

C MYK C MYK

C MYK C MYK

25

25



Hellenic Journal of Nuclear Medicine ñ January - April  200626

Bibliography
1. Ames BN, Gold LS. Endogenous mutagens and the causes of aging and

cancer. Mutat Res 1991; 250: 3–16. 

2. Toule R. Radiation induced DNA damage and its repair. Int J Radiat Bi-
ol 1987; 51: 573-589.

3. Becker D, Sevilla MD. The chemical consequences of radiation damage
to DNA. Adv Radiat Biol 1993; 17: 121–179. 

4. Morgan WF, Day JP, Kaplan MI, et al. Genomic instability induced by
ionizing radiation. Radiat Res 1996; 146: 247–258. 

5. Ikushima T, Aritomi H, Morisita J. Radioadaptive response: Efficient re-
pair of radiation-induced DNA damage in adapted cells. Mutat Res 1996;
358: 193–198. 

6. Sies H. Biochemistry of oxidant stress. Angew Chem Int Ed Engl 1986;
25: 1058–1071.

7. Walinder G, Sajoden AM. Late effects of irradiation on thyroid gland in
mice. Comparison between irradiation of fetuses and adult. Acta Rad
Ther Phy Biol 1972; 111: 201-208.

8. Triggs SM, Williams ED. Experimental carcinogenesis in the rat thyroid
follicular and C cell; a comparison of the effect of variation in dietary cal-
cium ad of radiation. Acta Endocrinol 1977; 85: 72-78.

9. Thurston V, Williams ED. The effect of radiation on the thyroid C-cells.
Acta Endocr 1982; 99: 72-78.

10. Franklyn JA. The management of hyperthyroidism. N Engl J Med 1994;
330: 1731-1738.

11. Doniac I. Comparison of carcinogenic effects of X-irradiation with ra-
dioactive iodine on the rat’s thyroid. Brit J Cancer 1956; 11: 67-76.

12. Blomfield GW, Eckert H, Fisher M, et al. Treatment of thyrotoxicosis with
I131, a review of 500 cases. Brit Med J 1959; 1: 63-79.

13. Kasuba V. Biological effects of the iodine 131 radionuclide. Arh Hig Ra-
da Toksikol 1997; 48: 247-257.

14. Grunwald F, Schomburg A, Menzel C, et al. Changes in the blood picture af-
ter radioiodine therapy of thyroid cancer. Med Klin 1994; 89: 522-528.

15. Konukoglu D, Hatemi H, Arikan S, et al. Radioiodine treatment and ox-
idative stress in thyroidectomised patients for differentiated thyroid can-
cers. Pharmacolog Res 1998; 38: 311-315.

16. Sies H. Biochemistry of oxidant stress. Angew Chem Int Ed Engl 1986;
25: 1058–1071.

17. Orditura M, De Vita F, Roscigno A, et al. Amifostine: a selective cyto-
protective agent of normal tissues from chemo-radiotherapy induced tox-
icity. Oncol Rep 1999; 6: 1357-1362.

18. Dorr RT, Holmes BC. Dosing considerations with amifostine: a review of
the literature and clinical experience. Semin Oncol 1999; 26: 108-119.

19. Bartoc R, Dumeitrescu C, Belgun M, Olienscu R. Oxidative and antiox-
idative factorsin the serum of thyroid cancer patients treated with I-131.
Rom J Endocrinol 1993; 31: 85-87.

20. Floersheim GL, Floersheim P. Protection against ionizing radiation and
synergism with thiols by zinc aspartate. Br J Radiol 1986; 59: 597-602.

21. Floersheim GL, Chiodelti N, Bieri A. Differential radioprotection of
bone marrow and tumour cells by zinc aspartate. Br J Radiol 1988; 61:
501-508.

22. Cagen SZ, Klassen CD. Protection of carbon tetrachloride induced he-
patotoxicity by Zinc: Role of metallothionein. Toxicol App Pharmacol
1979; 51: 107-116.

23. Chvapil M, Ryan JN, Zukoski CF. Effect of zinc on lipid peroxidation in
liver microsomes and mitochondria. Proc Soc Exp Biol Med 1972; 140:
642-646.

24. Sidhu P, Garg ML, Dhawan DK. Protective role of zinc in nickel induced

hepatotoxicity in rats. Chemico-Biological Interactions 2004; 150: 199-
209.

25. Bandhu HK, Singh B, Garg ML, et al. Hepatoprotective role of zinc in-
dicated by hepatobiliary clearance of 99mTc-Mebrofenin in protein defi-
cient and lead toxicant rats. Hell J Nucl Med 2002; 2: 118-122.

26. Kono Y. Generation of superoxide radical during auto oxidation of hy-
droxylamine and an assay for superoxide dismutase. Arch Biochem Bio-
phy 1978; 186: 189-195.

27. Luck H. Catalase. In: Methods of enzymatic analysis, H.U. Bergmeyer,
Ed. Academic Press, New York, 1971; 885-893.

28. Carlberg I, Mannervik B. Glutathione reductase; Methods. Enzymol
1985; 113: 484-490.

29. Ellman GL. Tissue sulphydryl groups. Arch Biochem Biophy 1959; 82:
70-77.

30. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein measurements
with the Folin-phenol reagent. J Biol Chem 1951; 193: 265-275.

31. Wills ED. Mechanism of lipid peroxide formation in animal tissues.
Biochem J 1966; 99: 667-676.

32. Bert L, Kenneth V, Falchuk H. The biochemical basis of Zinc physiology.
Physiological reviews 1993; 73: 79-117.

33. Stocks J, Offerman EL, Modell CB, Dormandy TL. The susceptibility to
auto-oxidation of human red cell lipids in health and disease. Br J Hema-
tol 1972; 23: 713-725.

34. Palecz D, Leyco W. Effect of gamma radiation on enzymatic activity and
sulphydryl groups of human erythrocyte membrane. Int J Radiat Biol Re-
lat Stud Phys Chem Med 1983; 44: 293-299.

35. Edwards JC, Chapman D, Cramp WA, Yatvin MB. The effects of ioniz-
ing radiation on biomembrane structure and function. Prog Biophys Mol
Biol 1984; 43: 71–93.

36. Von Sonntag C. The chemical basis of radiation biology. Taylor and
Francis (publishers) London, 1987.

37. Bartoc R, Dumeitrescu C, Belgun M, Olienscu R. Oxidative and antiox-
idative factors in the serum of thyroid cancer patients treated with I-131.
Rom J Endocrinol 1993; 31: 85-87.

38. Matsubara J, Miyata Y, Hosoi J, et al. Alteration of radiosensitive under
stressful conditions to the mouse. Radiat Res 1983; 24: 43-49.

39. Matsubara J, Miyata Y, Hosoi J, Inada T. Alterations of radiosenstivity by
the administration of zinc: confounding effect of vitamin-E. Radiat Res
1984; 25: 16-21.

40. Younes M, Siegers CP. Mechanistic aspects of enhanced lipid peroxida-
tion following glutathione dependent depletion in vivo. Chem Biol Inter-
act 1981; 34: 257-266.

41. Bump EA, Brown JM. Role of glutathione in the radiation response of
mammalian cells in vitro and in vivo. Pharmacol Ther 1990; 47: 117-
136.

42. Seagrave J, Tobey RA, Hilderbrand CE. Zinc effects on glutathione me-
tabolism. Relationship to zinc induced protection from alkaylating agents.
Biochem Pharmacol 1983; 32: 3017-3021.

43. Tkeshelashvili LK, Tsakadze KJ, Khulusauri OV. Effect of some nickel
compounds on red blood cell characteristics. Biol Trace Elem Res 1989;
21: 337-342.

44. Bessis M. Red blood cell shapes. An illustrated classification and its ratio-
nale. Nouv Rev Fr Hematol 1971; 12: 721-745.

45. Sherman IW. Biochemistry of plasmodium (malarial parasites). Microbi-
ol Rev 1979; 43: 453-495.

46. Jaffiol C, Daures JP, Nsakal S, et al. Long term follow up of medical treat-
ment of differentiated thyroid cancer. Ann Endocrinol 1995; 56: 119-126.

[

Original Article

C MYK
C

M
Y

K
C

M
Y

K
C MYK

C MYK C MYK

26


