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The aims of this study were to detect the distribution of Cd and Zn in
mouse internal organs and blood over six weeks of intoxication with
Cd and exposure to Zn, and to estimate the effect of Zn2+ and Cd2+ on
the mitotic activity of liver cells. Administration of Zn led to a signi-
ficant increase of Cd concentration in the organs and blood, while
intoxication with Cd caused a significant increase of Zn concentration
in the liver and kidneys.

Zn supplementation led to a decrease of Cd concentration in the
heart, spleen, kidneys and blood. Intraperitoneal injection of Cd signi-
ficantly increased the mitotic activity of liver cells, while Zn supple-
mentation slightly decreased it. Our results demonstrate a close rela-
tionship between Zn and Cd distribution in mouse organs and blood.
These data validate the hypothesis that the metabolism and action of
Cd may be modulated by Zn administration.
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INTRODUCTION

The heavy metal cadmium (Cd), a well-known environ-
mental hazard, exerts a number of toxic effects in hu-
mans and animals. Prolonged exposure to Cd can result
in various pathologies including neoplasia, osteoporosis,
irreversible renal tubular injury, anemia, etc [1]. Chro-
nic exposure of Cd2+ results in accumulation of the me-
tal mainly in the liver and kidneys [2]. The basis of Cd
toxicity is its negative influence on enzymatic systems
of cells, resulting from substitution of other metal ions
in metalloenzymes and its very strong affinity to biolo-
gical structures containing –SH groups, such as pro-
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teins, enzymes, and nucleic acids [3]. Many effects of
Cd2+ action result from interactions with necessary mic-
ro- and macroelements [4, 5]. These interactions can
take place at different stages of the absorption, distribu-
tion and excretion of the bioelements and Cd2+. Hill
and Matrone [6] first suggested that biologically
important interactions could occur among bioelements
and toxic metals with similar physical and chemical
properties.

Zinc (Zn) is a ubiquitous element essential for a
number of cellular processes, including DNA synthesis,
transcription and translation, but in excess it can be
toxic [7].

This study investigated the distribution of Cd and
Zn in the internal organs and blood of mice over a
6-week intoxication with Cd and Zn administration and
the effect of these trace elements on the mitotic activity
of liver cells.
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MATERIALS AND METHODS

Outbred mice weighing 20–25 g were used in the study.
All experiments were performed according to the regu-
lations defined by European convention for the protec-
tion of vertebrate animals used for experimental and
other scientific purposes (License No 0135). Mice were
randomly assigned into four groups: three experimental
and one control. Each group included 7–10 mice. Mice
of the experimental group 1 were injected intraperitoneal-
ly with CdCl2 solution (0.16 mg Cd / kg body mass).
Mice of the experimental group 2 received intraperito-
neal injection of ZnSO4 solution at a dose level 0.53 mg
Zn2+ / kg body mass. Mice of the experimental group
3 were injected intraperitoneally with ZnSO4 solution
and CdCl2 solution in an aforementioned dose. Control
animals received injection of the same volume of phy-
siological solution. The injections were done into the
peritoneum of the mice for six weeks three times per
week.

The concentration of Cd and Zn in blood and tissue
specimens was determined by using a Perkin–Elmer/Ze-
eman 3030 electrothermal graphite furnace atomic ab-
sorption spectrophotometer. The venous blood was ob-
tained by single-use syringes using an anticoagulant. Tis-
sue specimens were resolved with 0.125 M NaOH upon
90 °C, and the digests were diluted to the appropriate
volume with twice-distilled water. The modified analy-
sis method [8] for heavy metal concentration detection
in biological samples was used.

Samples from liver tissue were fixed in 10% neutral
buffered formalin for 48 h and then processed for rou-
tine paraffin embedding. Five-micron-thick sections were
routinely stained with hematoxylin and eosin. Histologi-
cal slides were examined by light microscopy (objective
×40). Mitotic activity of liver cells was evaluated by
counting the number of mitotic cells (Fig.1) in ten ran-
domly-selected reference areas (0.04 mm2) for each spe-

cimen. Histological slides were examined by light mic-
roscopy (objective ×40). For each specimen, the num-
ber of mitotic cells was counted in ten randomly selec-
ted reference areas (0.04 mm2). Their histological ima-
ges were taken using a DP-11 Olympus Digital Camera.

Nonparametric Kruskal–Wallis and Mann–Whitney
tests were applied to evaluate the difference among mi-
totic cell counts in different groups. The Student t test
with Bonferroni correction was applied for comparison
of geometric means of cadmium concentration. 25–75
percentiles were calculated for evaluation of date dis-
persion. Statistical significance was set at p = 0.05.

RESULTS AND DISCUSSION

Zn2+ concentration in blood (Fig. 2 A) and all investi-
gated internal organs (Fig. 2 B, 2 C) of mice injected
only with ZnSO4 solution was higher than in the control
group.

Fig. 1. Histology of mouse liver sections. Mice were injected
intraperitoneally with 0.05 LD50 of cadmium chloride solution
for 6 weeks. Arrow indicates mitotic liver cells. (Haema-
toxylin and eosin, original magnification ×40)

Fig. 2. Cadmium concentration: A – in blood; B – in heart
and spleen; C – in liver and kidney of mice 6 weeks after
CdCl2 and ZnSO4 injections
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Periodical injection of CdCl2 for six weeks led to a
significant increase of Cd2+ concentration in blood and
all organs of mice in comparison to controls. It also
caused a significant decrease of Zn concentration in
blood (Fig. 2 A) and its slightly increase in internal
organs (Fig. 2 B).

The injection of Zn + Cd caused a significant de-
crease of Cd2+ concentration in the blood (Fig. 3 A) and
spleen, heart (Fig. 3 B) and kidney (Fig.3 C) as com-
pared to the Cd group.

A highly positive correlation between Cd and Zn con-
centrations in liver and kidneys has been noted by Oishi
et al. [9]. Similar results were demonstrated also in our
study. We showed that administration of Zn led to a
significant increase of Cd concentration in internal or-
gans and blood. Intoxication by Cd caused a slight in-
crease of Zn concentration in the heart, spleen, liver and

kidneys (Fig. 2 B). It is of interest that Zn administration
together with Cd led to a decrease of Cd concentration
in the heart (1.7-fold), spleen (1.8-fold), kidneys (1.4-
fold), and blood (8.5-fold) (Fig. 3 A, 3 B, 3 C).

It can be speculated that such interaction between
Cd and Zn concentrations in the organs is caused by
metallothionein (Mt). Mt is a low-molacular-weight, thiol-
rich, metal-binding protein, which was first identified as
a Cd-binding protein. Later its ability to bind Zn and
Cu was detected. Mt naturally binds bivalent ions such
as Zn, Cu, and Cd. A molecule of Mt is composed of
two domains. The α-domain binds four atoms of me-
tals, usually Zn, while the β-domain binds three atoms,
usually Cu [10]. It is well known that Mt functions in
absorption, metabolism, homeostasis and storage of both
essential and non-essential trace metals [11].

In physiological conditions, Mt is first of all satura-
ted with Zn or Zn and Cu. So the replacement of Zn
in pre-existing Mt by Cd with a subsequent synthesis of
new molecules of this protein results in an increase of
Cd concentration in the internal organs. This phenome-
non explains the increase of Cd concentration in expe-
rimental mice from Zn group.

Metallothionein expression can vary from tissue to
tissue. The parenchymous tissues such as liver, kidney,
etc. exert the highest level of metallothionein expres-
sion [12]. We demonstrated a Cd-induced retention of
Zn in the liver and kidney. According to various re-
searchers, it occurs due to Cd accumulation and Mt
induction in these organs [13, 14].

It is well known that kidneys are target organs for Cd
toxicity and a major site of antagonistic interactions bet-
ween Zn and Cd. It was demonstrated that Zn pretreat-
ment reduced the Cd–Mt-induced excessive deposition of
Cd in the renal cortex as well as proteinuria and calcuria
[15] Friberg et al. [16] indicate that such renal protection
takes place without any decrease in Cd concentration in
this organ. On the contrary, our results revealed that in-
traperitoneal Zn + Cd administration for six weeks 1.4-
fold diminished the concentration of Cd in the kidneys
as compared to the Cd group alone. A similar effect was
observed in the spleen, heart, and blood.

The opposite tendency was observed in the liver –
Cd2+ concentration slightly increased after Zn + Cd in-
jections. Nordberg et al. [17] demonstrated a significant
increase in the distribution of Cd in the liver following
Zn pretreatment. It was shown that Zn induced (Mt)
synthesis in the liver [18]. In animals receiving Cd alone,
the majority of the metal localized within the cytosol
was bound to high-molecular-weight proteins, while in
Zn-pretreated ones the majority of Cd was bound to
Mt. It has been shown that Zn administered prior to Cd
protected against Cd-induced liver toxicity, including li-
pid peroxidation and cell damage, even using otherwise
lethal doses of Cd [19, 20].

Mitotic activity was evaluated by estimating the num-
ber of mitotic cells in the liver cells. The number of
mitotic cells estimated in the Zn group did not differ

Fig. 3. Zinc concentration: A – in blood; B – in heart and
spleen; C – in liver and kidney of mice 6 weeks after CdCl2
and ZnSO4 injections
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from the controls. Intraperitoneal injection of Cd led to
a significant (p < 0.001) increase of the number of liver
cells as compared to control and Zn group. Administra-
tion of Zn + Cd increased (p < 0.001) the number of
mitotic cells in comparison to Zn exposure alone, but
there was a tendency of a decrease of the number of
mitotic cells in comparison to Cd group (Fig. 4).

It might be speculated that Zn administration can
diminish the mitotic activity of liver cells increased by
Cd toxicity. Coogan et al. [21] suggest that zinc pre-
treatment affects cadmium genotoxicity by inducing me-
talothionein production which may sequester cadmium
from genetic material.

CONCLUSIONS

Our results demonstrate a close relationship between Zn
and Cd distribution in mouse internal organs and blood.
Injected Zn2+ didn’t increase the mitotic activity of liver
cells, but it was suppressed under Cd2+ influence which
increased the mitotic activity of liver cells. These data
validate the hypothesis that the metabolism and action
of Cd may be modulated by Zn administration.

Received 2 March 2006
Accepted 27 September 2006

References

1. Waisberg M, Joseph P, Hale B, Beyersmann D. Toxicolo-
gy 2003; 192: 95–117.

2. Kostonis FN, Klaassen CD. Toxicol Appl Pharmacol 1977;
41: 667–80.

3. Stohs SJ, Bagchi D. Free Radical Biology and Medicine
1995; 18: 321–36.

4. Brzoska MM, Moniuszko-Jakoniuk J. Archives of Toxico-
logy 1998; 72: 63–73.

5. Peraza M, Ayala-Fierro F, Barber DS et al. Environmental
Health Perspectives 1998; 106: 203–16.

6. Hill CH, Matrone G. Fed Proc 1970; 29: 1474–81.
7. Blindauer CA, Harrison MD, Parkinson JA et al. Proc

Natl Acad Sci USA 2001; 98: 9593–8.
8. Schlemmer G. Instrumentalized Analytical Chemistry and

Computer Technology. Darmstadt: GIT VERLAG 1989:
561–8.

9. Oishi S, Nakagawa JI, Ando M. Biological Trace Element
Research 2000; 76: 257–78.

10. Chang CC, Huang PC. Protein Engineering 1996; 9: 1165–
72.

11. Elinder CG, Nordberg M, Palm B et al. Environmental
Research 1987; 42: 553–62.

12. Jacobs RM, Lee Jones AO, Spivey Fox MR, Lener J.
Proceedings of the Society for Experimental Biology and
Medicine 1983: 172: 34–8.

13. Sharma G, Sandhir R, Nath R et al. Journal of Nutrition
1991; 121: 87–91.

14. Tandon SK, Khandelwal S, Jain VK, Mathur N. Science
of the Total Environment 1994; 148:167–73.

15. Sidorczuk M, Rogalska J. Alcohol and Alcoholism 2000;
5: 439–45.

16. Friberg L, Elinder CG, Kjellstrom T et al. Boca Raton,
FL: CRC Press 1986; 2: 247–55.

17. Nordberg GF, Jin T, Nordberg M. Environmental Health
Perspectives 1994; 102 (Suppl. 3): 191–4.

18. Leber AP, Miya TS. Toxicology and Applied Pharmacolo-
gy 1976; 37: 403–14.

19. Khan S, Khan MA, Bhatnagar D et al. Journal of Expe-
rimental Biology 1991; 29: 823–5.

20. Kudo N, Nakagawa Y, Waku K et al. Toxicology Letters
1991; 50: 203–12.

21. Coogan TP, Bare RM, Waalkes MP. Toxicol Appl Phar-
macol 1992; 113: 223–7.

Alina Smalinskienė, Vaiva Lesauskaitė, Stanislovas
Ryselis, Oleg Abdrakhmanov, Rima Kregždytė,
Leonid Ivanov, Donatas Kondratas

ILGALAIKĖS INTOKSIKACIJOS POVEIKIS KADMIO
IR CINKO PASISKIRSTYMUI VIDAUS ORGANUOSE
IR KRAUJYJE BEI KEPENŲ LĄSTELIŲ
MITOZINIAM AKTYVUMUI

S a n t r a u k a
Šio darbo tikslas – ištirti Cd ir Zn jonų pasiskirstymą vidaus or-
ganuose esant lėtinei Cd intoksikacijai bei ilgalaikiam Zn vartoji-
mui, taip pat įvertinti šių jonų poveikį kepenų ląstelių mitoziniam
aktyvumui. Nustatyta, kad 6 savaites švirkščiant ZnSO4 į pelių pil-
vo ertmę statistiškai patikimai padidėjo Cd koncentracija visuose
tirtuose organuose. Be to, išaugo ir Zn koncentracija: 1,9 karto ke-
penyse ir 1,4 karto inkstuose. Įšvirkštas ZnSO4 sumažino Cd2+

koncentraciją širdyje, blužnyje, inkstuose ir kraujyje atitinkamai
1,7, 1,8, 1,4 ir 2,0 karto. Nustatyta, kad esant lėtinei Cd2+ intok-
sikacijai didėja kepenų ląstelių mitozinis aktyvumas. Keisdami Cd
metabolizmą Zn jonai atlieka apsauginį vaidmenį: jie mažina Cd2+

sukeltą padidėjusį kepenų ląstelių mitozinį aktyvumą.

Fig. 4. The number of mitotic cells in liver tissue 6 weeks
after CdCl2 and ZnSO4 injections


