
INTRODUCTION

A wide range of external factors such as environmental con-
tamination, anthropogenic activity, nutritional imbalances
and toxicity can affect the health status of human and ani-
mals by creating stress to the organism. The heavy metal
cadmium (Cd) is a naturally occurring element that is pres-
ent everywhere in the environment — in almost all soils,
surface waters, plants and wildlife (Hutton, 1983, Mochi-
zuki et al., 2002). Cd enters the soil via phosphate fertiliz-
ers, sewage slages and air pollutions. It is estimated that
about 200 t of Cd enters the Baltic Sea every year (Ano-
nîms, 2003). The average contamination of soils by Cd has
increased by about 0.2% yearly (Järup et al., 1998). A study
conducted in the University of Latvia in 2007 indicated that
garden soils in Rîga contained 0.1–0.5 mg·kg-1 Cd (Èek-
stere, 2011). It is important to monitor the Cd content in
feed and foodstuffs consumed in Latvia. In comparison with
other heavy metals, Cd possesses high mobility in soil and
is taken up in plants in various degrees. Cd intake by hu-
mans occurs mainly via the food chain and this heavy metal
is considered one of the most dangerous occupational and
environmental poisons. Hazards from Cd are associated
with its high bioaccumulative capacity and prolonged bio-
logical half-life, which in human kidney has been estimated
to be 18 to 33 years or longer (Fox, 1979). The adverse hu-
man and animal health effects of Cd are numerous (Bokori
and Fekete, 1995, Chan et al., 2004, Järup, 2003, Satoh et

al., 2002, Sellin et al., 2007). However, several studies have

documented an effect of Cd on the immune system, which
was either stimulatory or inhibitory, depending on the spe-
cies, dose, route and time exposure (Hill, 1979, Chowdhury
et al., 1987). Although the results are somewhat ambiguous,
Cd is believed to be generally immunosuppressive. Exces-
sive Cd intake and its accumulation in tissues accelerates
metabolic processes and may exert a toxic effect via oxida-
tion damage to cellular organelles by inducing the genera-
tion species of reactive oxygen that attack cell lipid mem-
branes, proteins, and DNA within the nucleous of cells
(Stohls et al., 2000). A disbalanced antioxidant system and
developed antioxidant stress produce damage to healthy tis-
sues and immune cells by free radicals, which results in
compromised immune function.

Since Cd-induced damage in an organism is believed to be
irreversible, the question of primary prevention is of great
importance. Efficient beneficial results may be achieved by
addition of nutrients with antioxidative properties to the
diet. Antioxidants are known to play a vital role in the im-
mune system and health due to cell protection from damage
induced by oxidative stress (Surai, 2003). One of the most
effective substances possessing high free radical scavenging
activity is ascorbic acid (AA). Therefore, the requirement of
an organism for vitamin C can increase in case of any
stressful condition (Yu, 1994), including Cd toxicity (Fox
and Fry, 1970, Ogungbe and Lawal, 2008). Furthermore,
despite the capacity of birds to synthesize AA, its endo-
geneous production in young chickens is believed to be in-
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sufficient (Âàëüäìàí, 1977). The increased utilisation of en-
dogenous antioxidants can be replenished by dietary
supplements of AA. However, as reported in our former
study, the observed dual (anti- and prooxidant) effect of AA
depends on the supplemented dose employed (Berzina et

al., 2005). Taking the above mentioned into account,
chicken can be chosen as an adequate model to study the ef-
ficiency of AA as an immuno-modulating nutrient during
heavy metal exposure. For a more complete understanding
of avian immune response on Cd action and the possible
modulatory effect of ascorbic acid supplements to the diet,
further work is needed. In this regard, the present study was
aimed to investigate how long-term exposure of chickens to
a dietary subtoxic dose of Cd results in nonspecific and spe-
cific defense mechanisms, and to evaluate the effect of dif-
ferent doses of ascorbic acid on Cd-induced changes in the
immune system.

MATERIALS AND METHODS

For use in the experiment, newly hatched male Lohmann

brown chickens were obtained from SIA BALTICOVO (Ie-
cava, Latvia). The experiment was started on the same day
and terminated on day 30. Food and water were provided ad

libitum. A standard fool-fed basal diet consisted of 47%
barley, 29% wheat, 19% soya, and 5% protein-vitamin-
mineral premix “Stimovits” (SIA „Stepo”, Latvia). The
used premix contained all necessary vitamins except vita-
min C. Vitamin C was not added to achieve a minimal con-
tent in diet (0.5 mg/kg). The diet contained a trace level (0.2
mg/kg) of Cd. The birds were divided into six groups of 20
heads in each and assigned to the following diets. Group 1
(control) was fed the basal diet. Groups 2 (AA 100) and 3
(AA 1000) were given the same diet, but supplemented with
AA (100 and 1000 mg/kg, respectively). The next three
groups of chickens received the same diet with addition of
50 mg Cd/kg (as CdCl2, Sigma, EU): group 4 (Cd), group 5
(Cd+AA 100), and group 6 (Cd+AA 1000). In our experi-
ment a subtoxic dose of Cd was chosen (Anonymous, 1984;
Bokori and Fekete, 1995).

Immunisation with sheep red blood cells (SRBC) was per-
formed to induct chicken immune responsiveness. Seven
and six days before the end of the experiment, ten birds
from each group twice were immunised by intraperitoneal
injection with 0.1 ml of 10% SRBC suspension (Govern-
ment National Diagnostical Centre of Products and Veteri-
nary Service, Laboratory of Serology).

At the end of experimental period, the chickens were
weighed individually and decapitated by guillotine accord-
ing the recommendation for the Euthanasia of Experimental
Animals of the European Convention (Close et al., 1997).
Peripheral blood samples and immunocompetent organs
were taken for analyses.

Haemoglobin (Hb) level was estimated by cyanohaemo-
globin method with a commercial kit (SIA“Divi-Dent”, Lat-
via). Blood smears were used to establish total erythrocyte

and leukocyte count by light microscope. Serum antibody
titres against SRBC were measured by a direct haemag-
glutination assay (Friemel, 1976). Serum lysozyme content
was evaluated by nefelometric assay (Shugar, 1952) with
some modification, by absorptiometric determination of the
decrease in turbidity of a suspension of Micrococcus

lysodeicticus. Nonspecific circulating immune complexes
(CIC) in serum were estimated spectrophotometrically us-
ing precipitation with polyethylenglycol 6000 (Riha, 1979).
The central immune organs, thymus and bursa of Fabricius,
and peripheral spleen were dissected and weighed. The or-
gan weight relative to body weight was calculated. Phago-
cytic cell activity in spleen was estimated using a light mi-
croscope by counting number of phagocytizing cells
(macro- and microphages, heterophils) with engulfed
zymozan granules (Ôåäîñååâà è äð., 1993). A detailed
descripton of the majority of methods employed in the ex-
periment with some modifications is presented in Âàñèëüåâà

è äð. (2001).

Statistical significance was evaluated by the Student's t-test.
Differences were considered significant at P < 0.05.

RESULTS

Chickens exposed to 50 mg/kg Cd showed no evidence of
clinical toxicity, but some features of adverse action of this
heavy metal on bird health were observed. After 30 days of
Cd treatment, chicken body weight in the Cd group de-
creased by 46.4% (P < 0.05) compared to healthy control
chickens (Table 1). The most sensitive immune organ influ-
enced by Cd in these chickens was bursa of Fabricius, the
relative weight of which was by 40% lower compared to
the control (P < 0.05). Less Cd impact on thymus and
spleen was observed. These features were accompanied by a
change of haematological parameters and immune indices.
Haematological examination (Table 2) demonstrated that, in
comparison to controls, haemoglobin level and erythrocyte
number were lower in Cd-exposed chickens. The erythro-
cyte number decreased to 2.6·1012·1-1 (normal level is
3.6-3.8·1012·1-1), while total leycocyte count had a ten-
dency to increase under Cd influence. Suppressive Cd ac-
tion on chicken immune response was manifested by a de-
crease of spleen phagocytic activity (Fig. 1) and disturbunce
of nonspecific humoral chicken immune indices — decrease
of serum lysozyme and increase of CIC content (Fig. 2). On
the other hand, specific antibody response against SRBC in
chickens exposed to Cd significantly increased (Fig. 3). The
action of dietary supplements of AA in experimental
chicken groups depended on the AA dose and Cd intake.
AA addition to the basal diet at both dosages (100 and 1000
mg/kg) without Cd induced a raised chicken body weight
compared to the control (see Table 1). However, when
chickens were exposed to Cd the effect of the AA dietary
doses differed. Compared to the control, body weight was
higher by 17.6% (P < 0.05) when AA(100) was added to
the diet, while the AA(1000) supplementation did not pre-
vent inhibitory action of Cd on growth. No significant
change in relative weights of immunocompetent organs was
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observed after AA consumption, both in healthy and Cd-
treated birds. An exception was observed in chickens that
received Cd and the high AA(1000) dose, where the relative
weight of thymus was reduced by 28.2 % compared to the
Cd group (P < 0.05) and by 21.5 % compared to the control
(P < 0.05).

In healthy Cd-untreated chickens, red blood cell parameters,
haemoglobin level and erythrocyte number, were slightly
altered by experimental doses of AA supplemented alone
(see Table 2). The marked Cd-induced decrease of these in-
dices was prevented by 100 mg/kg AA supplementation.
However, no protective action of a higher dose of AA was
seen. Regarding white blood parameters, statistically non-
significant deviations in leukocyte number occured between
the experimental groups (P > 0.05). However, it should be

noted that the largest leukocyte number was observed in
Cd-exposed chickens. AA(1000) supplementation in both
trials provided a similar depressive leukocyte response. The
nonspecific immune cellular response is shown in Figure 1.
Supplementary intake of AA(100) and AA(1000) caused el-
evated phagocytic activity in spleen of healthy Cd-untreated
chickens. An AA effect was distinguished in the case of Cd
administration. The suppressive Cd impact was almost re-
versed by AA(100) supplementation — phagocytosis inten-
sity was similar to that in the control, whereas the effect of
AA(1000) was found minor. Figure 2 illustrates the re-
sponse of chicken nonspecific humoral immunity on Cd ex-
posure and addition of AA to the diet. Compared with
Cd-untreated control animals, no significant difference in
serum lysozyme occured in birds fed a diet with AA(100),
but the level was reduced by 19.1 % (P < 0.05) with intake
of higher AA. The suppression of lysozyme activity by Cd
was not apparent when the diet was supplemented with
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T a b l e 1

EFFECT OF ASCORBIC ACID ON BODY WEIGHT AND RELATIVE WEIGHT OF IMMUNE ORGANS IN 30-DAY-OLD CHICKENS FED DIETS
WITH AND WITHOUT ADDED CADMIUM

Group Nr. Diet type Body weight, g Relative weight of organ,
g/100g body weight

thymus bursa of Fabricius spleen

1 Control 326.47 ± 10.15 b 0.65 ± 0.06 0.43 ± 0.04 b 0.19 ± 0.02

2 AA(100) 342.87 ± 13.18 b 0.65 ± 0.09 0.45 ± 0.08 b 0.19 ± 0.03

3 AA(1000) 343.70 ± 12.78 b 0.71 ± 0.05 b 0.49 ± 0.05 b 0.21 ± 0.03

4 Cd 207.60 ± 9.08 a 0.60 ± 0.03 0.26 ± 0.02 a 0.18 ± 0.02

5 Cd+AA(100) 265.10 ± 11.10 ab 0.63 ± 0.05 0.31 ± 0.03 a 0.19 ± 0.02

6 Cd+AA(1000) 208.97 ± 10.14 a 0.51 ± 0.02 ab 0.30 ± 0.04 a 0.17 ± 0.03

Control – chickens were fed a basal standard diet; AA(100) and AA(1000) groups of chickens fed diets supplemented with 100 mg/kg and 1000 mg/kg of
ascorbic acid, correspondingly; Cd – group of chickens fed a diet with added 50 mg/kg Cd (as CdCl2 ); Cd+AA(100) and Cd+AA(1000) groups of chickens
fed diets supplemented with 50 mg/kg Cd (as CdCl2) and 100 mg/kg and 1000 mg/kg of ascorbic acid, correspondingly.

a Statistically different from the 1st group (P < 0.05)

b Statistically different from the 4th group (P < 0.05)

T a b l e 2

HAEMATOLOGICAL INDICES IN CHICKENS AFTER CONSUMP-
TION OF DIETS SUPPLEMENTED WITH ASCORBIC ACID AND
CADMIUM

Group
Nr.

Diet type Haemoglobin,
g%

Total erythro-
cyte count,
1012 · 1-1

Total leukocyte
count,
109 · 1-1

1. Control 8.26 ± 0.40 b 3.71 ± 0.19 b 33.20 ± 2.10

2. AA(100) 8.18 ± 0.36 3.89 ± 0.15 b 34.00 ± 3.08

3. AA(1000) 7.98 ± 0.31 3.63 ± 0.21 b 32.00 ± 0.53

4. Cd 7.51 ± 0.27 a 2.60 ± 0.12 a 35.90 ± 2.05

5. Cd+AA(100) 7.79 ± 0.29 3.24 ± 0.22 ab 34.30 ± 2.62

6. Cd+AA(1000) 7.35 ± 0.33 a 2.92 ± 0.30 a 30.10 ± 2.25

Control – chickens were fed a basal standard diet; AA(100) and AA(1000)
groups of chickens fed diets supplemented with 100 mg/kg and 1000
mg/kg of ascorbic acid, correspondingly; Cd – group of chickens fed a diet
with added 50 mg/kg Cd (as CdCl2 ); Cd+AA(100) and Cd+AA(1000)
groups of chickens fed diets supplemented with 50 mg/kg Cd (as CdCl2 )
and 100 mg/kg and 1000 mg/kg of ascorbic acid, correspondingly.

a Statistically different from the 1st group (P < 0.05)

b Statistically different from the 4th group (P < 0.05)

Fig. 1. Phagocytosis of spleenic cells in chickens exposed to cadmium and
fed diets supplemented the ascorbic acid. Control – chickens fed the basal
standard diet; AA(100) and AA(1000) groups of chickens fed diets supple-
mented with 100 mg/kg and 1000 mg/kg of ascorbic acid, correspondingly;
Cd – group of chickens fed a diet with added 50 mg/kg Cd (as CdCl2);
Cd+AA(100) and Cd+AA(1000) groups of chickens fed diets supple-
mented with 50 mg/kg Cd (as CdCl2 ) and 100 mg/kg and 1000 mg/kg of
ascorbic acid, correspondingly. *Statistically different from the control (P <
0.05)
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AA(100). However, AA(1000) had no significant effect on
this immune response. The level of nonspecific antigen-an-
tibody circulating complexes in blood serum of Cd-un-
treated chickens showed a tendency to decrease at both
doses of AA intake. Cd exposure caused an increase in se-
rum CIC content by 29.3% (P < 0.05) compared to the con-
trol. The enrichment of the Cd-containing diet by AA(100)
markedly diminished this value, but AA(1000) did not show
this effect. Regarding specific humoral immune response,
there was an effect of supplemented AA doses on antibody
production to SRBC in healthy chickens, compare to Cd-
exposed birds (see Fig. 3). Antibody titres against SRBC in
Cd-exposed chickens were higher than in healthy untreated
animals. The most noticeable increase of antibody response
was observed after Cd treatment alone. AA supplementation
resulted in a decrease of this parameter, particularly with
supplementation by AA(1000). In contrast, the consumption
of both AA-supplemented diets without Cd tended to pro-
mote chicken specific immune response compared to the
control.

DISCUSSION

The results showed that, in spite of the absence of clinical
toxicity manifistation, chicken exposure to a diet supple-
mented with 50 mg/kg Cd for 30 days had a pronounced
suppressive effect on animal growth. Supplementation of

AA(100) to the diet tended promote growth when given in
combination with Cd or alone. AA(1000) did not have an
effect on body weight in chickens when added together with
Cd. Moreover, the depressive influence of Cd on thymus
relative weight declined with a higher dose of AA. This
might suggest a more sensititive response of cell-mediated
immunity to combined intake of Cd with a AA high dose.

Chronic exposure to subtoxic Cd dose may alter haemo-
poiesis and immune response in chickens both on nonspe-
cific and specific levels. The observed changes in red blood
parameters indicated the harmful action of Cd on erythro-
cytes. The observed decrease of erythrocyte number may be
accociated with a direct damaging effect of Cd on red cells.
Cd can accumulate in erythrocytes and affect membrane
structure by promoting lipid peroxidation and inhibiting en-
zymes involved in the removal of specific activated oxygen
species (Järup et al., 1998). The data obtained show that
both tested dietary AA doses improved red blood parame-
ters, but the modulatory effect of AA(1000) was slighter
than that of AA(100). The changes in haemoglobin content
of examined chickens mainly coincided with the direction
of erythrocyte response. Fox and Fry (1970) described a
similar. They observed that dietary ascorbic acid supple-
ments had a protective effect from anemia and growth de-
pression produced in young Japanese quail that receiving 75
ppm Cd in the diet. It appears that the primary observed ef-
fect of AA was to improve iron absorption (Fox, 1979;
Berzina et al., 2008). It is known that white blood cells, leu-
kocytes, are involved and participate in the development of
the immune response. These cells are the effector cells in
both specific and nonspesific immune responses (Fair-
brother et al., 2004). The observed higher leukocyte counts
in Cd-treated chickens may be caused by a stressful effect
induced by this heavy metal. The content of AA in white
blood cells is also quite high (Beisel, 1982). Maxwell and
Robertson (1998) reported that heterophil leukocyte num-
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Fig. 2. Response of nonspecific humoral immunity indices serum
lysozyme and circulating immune complexes on cadmium exposure and
ascorbic acid supplementation in chickens. Control – chickens were fed a
basal standard diet; AA(100) and AA(1000) groups of chickens fed diets
supplemented with 100 mg/kg and 1000 mg/kg of ascorbic acid, corre-
spondingly; Cd – group of chickens fed a diet with added 50 mg/kg Cd (as
CdCl2 ); Cd+AA(100) and Cd+AA(1000) groups of chickens fed diets
supplemented with 50 mg/kg Cd (as CdCl2 ) and 100 mg/kg and 1000
mg/kg of ascorbic acid, correspondingly. *Statistically different from the
control (P < 0.05)
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Fig. 3. The effect of cadmium and ascorbic acid on the humoral antibody
response against sheep red blood cells in chickens. Control – chickens
were fed a basal standard diet; AA(100) and AA(1000) groups of chickens
fed diets supplemented with 100 mg/kg and 1000 mg/kg of ascorbic acid,
correspondingly; Cd – group of chickens fed a diet with added 50 mg/kg
Cd (as CdCl2); Cd+AA(100) and Cd+AA(1000) groups of chickens fed
diets supplemented with 50 mg/kg Cd (as CdCl2) and 100 mg/kg and 1000
mg/kg of ascorbic acid, correspondingly. Statistically different from the
control (P < 0.05)
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bers increased during mildly or moderately stressful condi-
tions in poultry. In an experiment on Cd-exposed male rats
(5 mg/kg body weight, 1/15 LD50) Cd treatment signifi-
cantly decreased plasma total protein, blood haemoglobin
and total erythrocyte count, while it increased total leuko-
cyte counts (El-Demerdash, et al., 2004). Such deviations in
animal blood indices may be produced by Cd-induced oxi-
dative stress in tissues (Berzina et al., 2005). The absence
of a beneficial effect of AA(1000) on haematological pa-
rameters of Cd-treated chickens allows to speculate about a
synergistic action of Cd and AA at this higher dose, i.e. a
possible prooxidant effect of AA(1000).

Native defence mechanisms are very important for main-
taining animals healthy. If such defensive function is dis-
rupted for any reason, animals become more susceptible to
infections. Nonspecific immune response is the first line of
defence against many pathogens. One of the nonspecific de-
fense mechanisms is phagocytosis. Cells involved in this
immune response include natural killer cells, macrophages,
monocytes and neutrophils (or heterophils in birds). Tissue
macrophages can phagocytose many particles, including
bacteria, which leads to their lysis and inactivation. Alter-
ation in phagocytic activity is an important potentially ad-
verse effect of Cd on the immune system. The significant
inhibition of phagocytosis in spleen cells of Cd-exposed
chickens may be mostly due to the high accumulation of Cd
in spleen followed by production of reactive oxygen species
and cell damage (Vasilyeva et al., 2004). In the present
study, the protective effect of AA(100) supplementation ob-
served in Cd-exposed chickens was likely due to anti-
oxidative properties of AA. Phagocytic activity was also
promoted when AA was added to the diet alone. Phago-
cytosis may be specifically affected by the availability of vi-
tamins, such as vitamin C, which plays an important role in
phagocytic cell function (Turgeon, 2003). Ascorbic acid
may influence phagocyte mobility by direct effect on the
production of the microtubular structures of these cells
(Beisel, 1982). Also, in vitro experiments have provided
considerable evidence of interaction between vitamin C and
phagocytic cells (leucocyte) (Thomas and Holt, 1978).
Moreover, ascorbate and dehydroascorbate have been ob-
served to be utilized during phagocytosis by neutrophils
from scorbutic gyinea pigs under in vitro conditions
(Stankova et al., 1975).

The innate immune system, or nonspecific immune re-
sponse, consists of physical barriers, humoral factors, and
cellular response. We did not examine the known nonspe-
cific defense factors, such as complement, interferon, lym-
phokins, properdin etc., but rather, we chose the investiga-
tion of chicken humoral immune indices — lysozyme and
circulating immune complexes in blood serum. These pa-
rameters can be determined using convenient modified
methods with sufficient accuracy and sensitivity, and can
serve as fast estimate of nonspecific immune responses al-
terations in chickens. Humoral factors are an integral and
important part of innate immunity. The phagocytizing cells
contain various lysosomal enzymes, including lysozyme, an

integral humoral factor of nonspecific immunity. Lysozyme
is of vital importance as a protein and is capable of exerting
antimicrobial activity within phagosomes. Lysozyme occurs
not only within the granules of neutrophils and macro-
phages but also in body fluids. It is released from macro-
phages and participates in the last stage of phagocytosis by
disrupting the peptidoglycan layer of bacteria. Stressful
conditions may decrease ability of cells to phagocytise, re-
sulting in the reduction of secreted lytic enzymes levels.
This mechanism can explain the decrease of serum lyso-
zyme content in chickens during Cd stress, and its restora-
tion under the protective effect of AA(100). Circulating im-
mune complexes are one of the immunological markers that
may be associated with the pathogenesis. A noncovalent
combination of antigen with its respective antibody results
in the formation of immune complexes. CIC also most
likely represent auto antibodies or the reaction of denatu-
rated self proteins, microbes, normal lymphocytes, and nu-
clear antigens. This phenomenon is usually a protective
mechanism for neutralisation and eventual elimination of
antigens and some pathogens. CIC are normally removed by
mononuclear phagocytic cells. However, CIC formation or
their defective clearance under certain circumstances may
become detrimental, resulting in pathological deposition in
tissues. Further, this can lead to inflammation and cell dam-
age. The evaluation of CIC level in blood serum, as meas-
ured by an antigen-non-specific assay, which utilized poly-
ethylenglycol insolubation, may be used as one of markers
for immunopathological response of chickens exposed to
heavy metal Cd. Some studies have documented the role of
CIC as a modulator of both cellular and humoral immune
response (Khanna and Karjodkar, 2006). Therefore, pathol-
ogically elevated CIC can cause a suppression of cell-
mediated immunity and modulation of humoral response.
The increase of nonspecific CIC in chickens exposed to Cd
indicated an inhibited immune response that remained al-
most unchanged when AA(1000) was supplemented. How-
ever, as observed for phagocytosis, the lower AA(100) cor-
rected this defensive process. In contrast, in healthy
chickens both AA doses manifested a beneficial effect.

Specific humoral antibody response against SRBC in chick-
ens treated with Cd alone appeared to be the highest in the
examined groups. This probably is not an evidence of a
stimulatory effect of Cd on immune response, because the
other determined parameters of immune response indicated
a suppressive Cd effect. This difference may be due to
long-term exposure to the metal and trigger of a compensa-
tory effect during 30 days of the trial. Previuos research has
shown an immunosuppressive and toxic effect of Cd. How-
ever, direct (spontaneous) Cd action on immunity depends
not only on the used dose, but on duration of exposure and
other experimental factors. One of the causative factors may
be the time of Cd exposure in relation to the antigen. It was
reported that Cd administration initiated seven days before
antigen injection in rats suppressed antibody synthesis, but
Cd showed an enhanced response when initiated 14 days
earlier (Jones et al., 1971). In our experiment, the immuni-
sation of chickens with SRBC was carried out after 23 days
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of initiatial exposure to Cd. This long chronic period of Cd
loading before antigen administration may indicate the
physiological and immunological ability of chicken to re-
spond and adapt to this stressor (Butcher and Miles, 2002).
Vitamin C is considered to be a powerful “anti-stress” vita-
min and is required in enhanced amounts under stressful
conditions. In present study, AA supplements to the diet to-
gether with excessive amounts of Cd were beneficial in
helping to alleviate stress. AA(100) and to a great extent
AA(1000), tended to moderate the increase of SRBC anti-
bodies, and corrected the Cd-induced disturbance of im-
mune response in this stage. Conversely, the effect of the
tested AA doses supplemented to the diet of Cd-untreated
chickens showed a tendency to stimulate antibody-mediated
humoral response compare to the control. This indicates a
beneficial nutritional effect of AA in modification of SRBC
antibody production in healthy chickens.

In conclusion, the results of the present study indicate that
dietary intake of a subtoxic Cd level (50 mg/kg) in chickens
during continuous exposure for 30 days had an immunosup-
pressive effect, without evidence of clinical toxicity. A
compromise to chicken welfare was manifested by a de-
crease of growth rate and relative weight of central
immunocompetent organs bursa of Fabricius and thymus,
and changes in the immune responses both on nonspecific
and specific levels. Treatment with Cd caused contrasting
changes in red and white blood parameters: erythrocyte
number and haemoglobine content tended to decrease,
while total leukocyte counts insignificantly increased. Cd
induced a suppressive effect on nonspecific humoral and
cellular immune response, resulting in reduction of serum
lysozyme content, increase of circulating immune com-
plexes, and inhibitory effect on phagocytosic activity in
spleen. The elevated specific humoral antibody response
against SRBC suggested a possible compensatory effect of
the humoral immune system induced by stressful Cd condi-
tions, which occurred during a long term of Cd administra-
tion before chicken immunisation by SRBC.

A different effect of dietary AA(100) and AA(1000) on
chicken immune response was found, which also differed in
healthy and Cd-immunocompromised chickens. The
AA(100) dosage led to correction of immune system re-
sponse and increased tolerance of chickens to subtoxic Cd
intake due to its antioxidative effect. The AA(1000) dosage
either caused no significant shift in immunological indices
or manifested a synergistic effect combined with Cd, exac-
erbating the adverse effect of this toxic element exerting the
prooxidative effect. The modulative effect of dietary AA
probably is not restricted to direct antioxidative action on
Cd-induced free radicals in tissues. Perhaps, the interaction
of AA and other vitamins, for example vitamins of the B
group, also took place. Some scientific reports have shown
the role of vitamin C on utilization and absorption of folic
acid (B9) in Japanese Quail (Sahin et al., 2003). Vitamin C
converts the inactive form of folic acid to its active form.
The authors showed that normal dietary supplements of vi-
tamin C and folic acid act as antioxidants and synergists

against oxidative stress. However, a high dietary dose of vi-
tamin C has a very large effect. The ingestion of megadoses
of L-ascorbic acid may inactivate vitamin B12 and cause its
deficiency by destroying the cobalamins (Hogenkamp,
1980; Mix, 1999). Without sufficient quantity of vitamin
B12, the activation of folic acid may be compromised, caus-
ing the promotion of oxidative processes. Thus, it can be
supposed that the interaction between vitamin C in a high
dose and vitamins B12 and B9 may also induce an increase
of oxidative stress. The investigation of interaction of these
vitamins during Cd exposure in chickens may be of interest
in our future experiments. The results of our present study
demonstrated that, for healthy Cd-unreated chickens,
AA(100) appeared to cause substantial immunostimulative
action, while AA(1000) had a slight or no effect.
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ASKORBÎNSKÂBES KÂ BARÎBAS PIEDEVAS IZRAISÎTÂS IMÛNATBILDES MODULÂCIJAS VESELIEM UN KADMIJA
IMÛNKOMPROMITÇTIEM CÂÏIEM

Pçtîtas smagâ metâla kadmija (50 mg uz 1 kg barîbas) izraisîtâs imunoloìiskâs izmaiòas 1–30 dienu vecu câïu organismâ. Vienlaicîgi
pçtîjumâ novçrtçts barîbai pievienoto divu askorbînskâbes devu (100 un 1000 mg uz 1 kg) modulçjoðais efekts. Eksperimentâ konstatçts, ka
ilgstoða (30 dienas) kadmija ievadîðana izraisîja câïu dzîvâs masas samazinâðanos un imûnatbildes traucçjumus kâ nespecifiskâ, tâ arî
specifiskâ lîmenî. Abu eksperimentâlo askorbînskâbes barîbas devu (100 un 1000 mg/kg) ietekmes efekti uz câïu organismu ir atðíirîgi.
Askorbînskâbes deva 100 mg/kg (antioksidatîva ietekme) uzrâdîja imûnstimulçjoðu efektu câïu organismâ, kuri nesaòçma kadmiju, un
koriìçjoðu efektu ar subtoksisku kadmija devu imûnkompromitçtiem putniem. Tas liecina par organisma tolerances palielinâðanos. Lielâ
askorbînskâbes deva (1000 mg/kg) barîbâ praktiski neietekmçja veselo câïu imunatbildi un demonstrçja vâju vai ar kadmiju sinerìisku
efektu, saistîtu ar askorbînmskâbes prooksidatîvo darbîbu.

Received 5 July 2011



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




