Egyptian J. Anim. Prod. 35, Suppl. Issue, Dec. (1998):17/{-185.
SEMEN QUALITY, HEMATOLOGICAL AND BIOCHEMICAL
PARAMETERS OF DIFFERENT COCKERELS STRAINS EXPOSED
TO CADMIUM

M. A. Abaza, Azza El-Sebai and F. N. K. Soliman
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SUMMARY

Seventy-eight one-year-old males of three different strains, 27-Rhode
Island Red (RIR), 28-Hungarian (NHx), and 23-Hungarian White (WH)
chickens were randomly divided into three groups and housed in individual
cages. Birds were offered a basal diet (1), basal diet supplemented with 50
ppm cadmium (2) and basal diet supplemented with 75 ppm cadmium (3) for
five weeks, to evaluate the effects of cadmium on body weight, semen quality,
blood hematological and biochemical parameters of different cockerels strains.
Furthermore, morphohistological characteristics of testis and liver were
studied,. ’

The results indicated significant differences among treatments and strains
for body weight. Cadmium supplementation caused a significant reduction in
body weight that was more pronounced in birds fed 75 ppm (-25.08%) than in
those fed 50 ppm (-16.62%). Data showed a direct effect of cadmium on the
reproductive ability, since there were noticeable decrease in semen volume
and relative sperm density and increase in sperm abnormality. Repeatability
estimates of semen volume, concentration and abnormailtles were 0.167,
0.167 and 0.413, respectively,

Data demonstrated that following the exposure to cadmium, the serum
concentrations of total protein and albumin decreased significantly. However,
the decrease was concomitant with an increase in the activities of AST and v
GT indicating the occurrence of liver damage. Data clearly showed that diet
supplemented with cadmium caused a significant depression in serum
concentrations of minerals and had a positive effect with the level of cadmium.
The present study indicated that cadmium treatments decreased significantly
all hematological parameters.

Moreover, the correlations between traits studied had certain directions
(significant positive or negative values) as a result of cadmium intake. It is
worth to mention that both of Hungarian strains had almost the same genetic
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constitution, therefore that differences between them were in general not
significant. :
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INTRODUCTION

Since the beginning of this century human environment has been
undergoing profound changes in the wake of modern scientific and
technological development associated with high polluted atmosphere by
different levels of many heavy metals (cadmium, lead...etc). Increasing use of
metals is one measure of man's progress and human populations are
simultaneously exposed to complex mixture of metals through air, water and
food. They provide pathways by which cadmium like other minerals may be
dissipated and affect animals (Kostial, 1986). There is an increasing interest to
investigate the tolerance of animals ‘against the adverse effects of such metals
on their performance.

Cadmium causes many serious diseases and dysfunction of organs. The
adverse effect of cadmium on reproductive system has been recognized by
Assennato et al. (1986). Cadmium induced testicular necrosis in several
animal species, probably through a direct toxic effecton testicular arteries
(Elinder, 1986). Abaza et al. (1996) indicated a direct effect of cadmium on the
testis function of Godslé New Hampshire cockerels associated with decrease
in semen volume, density and motility; while percentages of sperm
abnormalities  were increased. Anke et al. (1989) reported that cadmium
toxicity affected the growth and production in wide range of microorganisms,
animals and humans. Feeding different types of chickens on diets polluted
with cadmium led to a dysfunction in metabolic and physiological systems
(Freeland and Cousins 1973; Azza El-Sebai ef al., 19894 and Abaza and Azza
El-Sebai, (1996).

The present study was conducted to achieve more knowledge about the
effects  of cadmium on reproductive ability, blood hematological and
biochemical parameters and liver and kidney functions of different cockerel
strains. Furthermore, the phenotypic correlations between different traits were
studied.

“MATERIALS AND METHODS

Seventy-eight one-year-old males of three different strains, 23-Hungarian
White (WH), 27-Rhode Island Red (RIR) and 28-Hungarian NHx chickens,
were randomly divided into three groups (8, 9, 10), (8, 10, 10), (7,8, 8)
respectively and housed in individual cages. Birds were offered for five weeks,
a basal diet (1), basal diet supplemented with 50 ppm cadmium (2) and basal
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diet supplemented with 75 ppm cadmium (3), cadmium (Cd) provided to the
diet as cadmium chloride. Semen samples were collected twice weekly by the
massage method from all birds to determine their semen characteristics.
Semen volume was measured in graduated tubes. Relative sperm density was
estimated in diluted samples (1:200) by spectrophotometer (Eclipse, Merck) at
a wavelength of 546 nm. To determine the percent of morphologically
abnormal sperm cells Eosin-Nigrosin stain was used (Lake and Stewart 1978).

At the end of the experimental pericd, birds were individually weighed and
blood samples were taken from the v. uinaris to determine the different
hematological and biochemical parameters of blood by using Hitachi 717
Automatic Analyzer and PHA1 (Programmable Hematology Analyzer). Serum
was submitted for enzyme and electrolyte determinations that included AST
(aspartate Aminotransferase EC 2.6.1.1, UV-method) and vGT (L-y-Glutamyl
transferase EC 2.3.2.2) activities, total protein was determined by Biuret
method, albumin by Bromocrescl green method and creatinine by Jaffé
method. The previous parameters were determined according to guidelines
and recommendations (Kaneko, 1980; Bogin and Keller, 1987). Serum
concentrations of iron, calcium, phosphorus, sodium and potassium were
determined by Inductively Coupled Plasma Atomic Emission System (ICP-
AES). Chemicals were purchased from Boehringer and Merck Companies.
Samples from the testis and liver were taken and prepared for the histological
examination. Tissue sections were cut, fixed with 10% buffered formalin and
stained with hematoxylin-eosin.

Storage of data and statistical analyses were performed using an |IBM AT
(compatible) personal computer and Statgraphics; STSC Rockville, MD, USA,
copyright, 1991. Multifactor analysis of variance was used to estimate the
significant differences and interactions between treatments and strains. Also
phenotypic correlations among different traits (for only treated groups) were
carried out. Duncan’s multiple range test was used for comparison between
means (Duncan, 1955).

RESULTS AND DISCUSSION

1. Body weight:

The results of the effects of feeding cockerels contaminated diets with
cadmium on body weight are presented in Table (1), They indicated significant
differences between treatments and among strains for body weight and
percent of body weight change at the end of the experimental period. The
adverse effects of cadmium supplementation on body weight was more
pronounced in birds fed 75 ppm of cadmium (-25.08%) than those birds fed 50
ppm (-16.62%), while a slight increase occurred in the control birds (0.14%).
The present study showed that cadmium supplementation led to a remarkable
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decrease in broiler body weight. This is in accordance with the results of Hill et
al. (1980); Azza El-Sebai (1987) and Szilagyi et al. (1994). Body weight of
broiler chickens fed diets supplemented with 20, 40 and 60 ppm cadmium was
reduced at six week of age by about 22.0, 33.6 and 51.3%, respectively,
(Abaza, 1996). Also, Bokori et al. (1996) found that the change in broiler
cockerels body weight was proportional to the dose of cadmium. Body weight
of RIR was more adversely affected by cadmium treatments than NHx or WH
strains, while the differences between RIR and NHx strains were insignificant
{Table 6).

2, Semen quality:

Semen characteristics are presented in Table (1). Cadmium addition
caused a significant reduction in semen volume and sperm concentration and
significant increase in sperm abnormalit. No significant effect was noticed
between 75 and 50 ppm cadmium except in sperm concentration, which was
adversely proportional to the dose of cadmium. These results indicated an
obvious adverse effect for cadmium on the reproductive ability of cackerels as
manifested in a noticeable decrease in semen volume and sperm
concentration, as well as an increase in sperm abnormality. The obtained
results of semen traits as affected by cadmium treatment in the present study
are confirmed by a histological examination. This effect appears mainly due to
a toxic effect on spermatogenesis and Leding cells. Similar results were
reported by Abaza etal. (1996) on G4dollé New iHampshire cockerels at one
year of age fed 100 ppm cadmium. In rats, cadmium induces injurious effects
on vasculature of tests and subsequently influences spermatogenesis and
androgen production (Saksena and Lau, 1979).

In respect to strain differences, significant differences were found among
strains for semen volume and percentages of abnormalities, while the
differences in sperm concentration were insignificant (Tables 1 and 6). RIR
strain had highest tolerance (better values) against cadmium pollution for
semen fraits. Kamar et al. (1984) and Machal et al. (1996) found strain
differences for semen traits. However, Osman (1991), Nayak et al. (1992),
Segura Correa and Aguayo Arceo (1996) and Attia and Neamat Badawy
(1996) found insignificant differences among tested breeds.

Repeatability estimates (Becker, 1968) of semen volume, concentration
and abnormalites were 0.1673, 0.1670 and 0.4131, respectively. These
results mean that the sperm abnormality trait is a repeatable character or in
other words, the effect of cadmium on the semen volume and concentration
had variable values as compared with sperm abnormality values. Segura
Correa and Aguaye Arceo (1996) found that repeatability of ejaculate volume
and sperm concentration were 0.32 and 0.20 respectively, for Rhode Island
Red males vs. 0.37 and 0.34 for naked neck indigenous Mexican cocks.
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However, Bongalhardo ef al. (1995) reported higher values for repeatability of
ejaculate volume of White Leghorn cocks (ranged from 0.73 to 0.99).

3. Blood hematological and biochemical parameters
3. 1. Hematological parameters

Results of cadmium treatments on some hematological parameters are
presented in Table (2). They showed a significant (P< 0.05) reduction in red
blood cells (RBC), hemoglobin concentration (Hb) and hematocrit value
(PCV), as well as a significant decrease in white blood cells (WBC) regardless
of cadmium dose, indicating an anemic effect of cadmium. Similar indication
was reported by Freeland and Cousins (1973), Azza El-Sebai (1987) and
Abaza and Azza El-Sebai {(1996). Hill et al. (1980) stated that anemia is one of
the most sensitive early symptoms of oral cadmium intoxication. Iron
deficiency anemia may be due to the competition between iron and cadmium
at the binding sites of the iron transport system in the intestine (Schafer and
Forth, 1985). The decrease of hemoglobin and hematocrit values obtained in
the present study supported that intestinal Fe absorption was reduced due to
cadmium treatments. With respect to strain differences, data showed
significant differences for WBC, RBC and PCV (Table 6). RIR strain had
highest tolerance against cadmium pollution for hematological parameters.
While, the differences among strains were insignificant for Hb values.

3. 2. Biochemical parameters

Data of serum concentrations of total protein, albumin, as well as the
activities of AST and yGT are presented in Table (3). It could be noticed that
the treatment with 75 ppm cadmium led to a significant decrease in the serum
concentrations of total protein and albumin while insignificant reduction in total
protein concentration occurred when 50 ppm cadmium was supplemented. |t
is known that most of the serum proteins including albumin are synthesized in
the liver and then secreted in the blood stream. Therefore, the achieved
decrease indicated that cadmium inhibited the protein s synthesis in the liver
and/or depressed their secretions. Similarly, Abaza and Azza Ei-Sebai (1996)
using broilers found significant decrease in serum total protein and albumin
levels due to cadmium treatment.

The decrease of serum total protein and albumin is concomitant with an
increase in the activities of AST and yGT (Table 3) indicating the occurrence of
liver damage. Also, changes in enzyme activities may provide an indirect
evidence for cellular damage and indicate the toxic mechanism involved. The
increase of AST and yGT activities due to cadmium, were also found by Szaro
et al. (1881); Abaza and Azza El-Sebai (1996). In respect to strain differences,
the data showed significant differences for yGT activity (Table 6).

Serum creatinine (Table 3) showed significant increase due to cadmium
treatments, with highest values for 75 ppm level. This significant increase
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might reflect the kidney damage caused by the toxicity effect of cadmium.
Similar findings were noted by Abaza et al. (1896). Also, Bokori ef al. (1996)
found that the highest cadmium content (724 mg/Kg) was in the kidney of
broiler cockerels after prolonged dietary exposure to cadmium. With respect to
strain differences, it was highly significant for creatinine level (Table B).

The results of feeding diet contaminated with cadmium on serum
concentration of calcium, phosphorous, sodium, potassium and iron are
presented in Table (4). Data clearly showed that cadmium caused a significant
(P< 0.05) depression in the concentrations of calcium, phosphorous, sodium,
potassium and iron. The effect was positive and proportional with the fevel of
cadmium. Positive and negative effects were observed in broilers regarding to
the metabolism of iron, zinc, copper and manganese as affected by cadmium
(Bokori et al., 1995). Iron absorption in chickens decreased due to lead or
cadmium treatment, as found by Freeland and Cousins (1973), Schafer and
Forth (1€85), Azza El-Sebai (1987) and Abaza et al. (1996). Moreover, Hristic,
(19986) showed that supplementary cadmium to broiler decreased bone
manganese, zinc and iron contents and the decrease was dose-related.

In general, the differences between NHx and WH strains for most traits
under study, except for vGT activity, Na and K concentrations were
insignificant, since both of two strains were the same genetic constitution.

4. Histological examination

The histological examination of testes showed damage in the semeniferous
tubules, necrosis, disrupted spermatogenesis and degenerating Ledyig cells
(Legends 2). After treatment with cadmium the histological examination of liver
showed degeneration of the hepatocytes and disorganization of hepatic cords
occurred at some places. Furthermore, compensatory hypertrophy of some
hepatocytes was also observed (Legends 4 and 5). In some cases there are
focal inflammatory changes, especially around the central veins. The
histopathological changes in testes and liver of birds fed diets polluted with
high level of cadmium (75 ppm) support the previous results obtained in the
present study.

5. Phenotypic correlations

Phenotypic correlations presented in Table (5). There were significantly
positive correlations between body weight and sperm concentration, calcium,
and phosphorous and iron concentrations. The values were 0.473, 0.64, 0.478
and 0.547, respectively. On the other hand, the same trait had negative
significant correlations with sperm abnormalities, creatinine concentration and
yGT activities. The values were -0.585, -0.454 and -0.305, respectively.
Significant negative correlation values were found also far percentage of
change in body weight with RBC (-0.335), Hb (-0.300), sperm concentration
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(-0.342), total protein (-0.282) and calcium concentration {-0.340). However,
significant positive correlation values were observed for percentage of change
in body weight with creatinine concentration {0.33) and AST activity (0.671).

The correlations between blood and semen traits except between RBC and
sperm concentration (0.375), were non-significant, which are in line wthe
findings of Machal et al. (1996) on Rhode Island Red and Barred Plymouth
Rock cocks. Highly significant positive correlation was found between sperm
concentration and percent of sperm abnormality (0.548). This result is in
agreement with those reported by Kamar ef afl. (1979), Kamar et al. (1984),
Osman (1991) and Attia and Neamat Badawy (1996).

Significant positive correlation was found between AST and creatinine
concentration (0.408) indicating that the liver and kidney damages were
related as a result of cadmium treatment. Highly significant negative
correlation was found between AST activity and iron concentration (-0.483),
while, highly positive correlations were found between total protein and both of
calcium (0.520) and phosphorous (0.406) concentrations,

in general, there were highly significant positive correlation values between
the evaluated metal concentrations, ranged between 0.424 and 0.617 except
between Fe and P. Cn the other hand, no significant correlation was found
between all metal concentrations studied with sperm volume and
concentration, while the correlation between metals and sperm abnormalities
were negative and significant. This finding may indicate that the reduction in
these metals as a result of cadmium treatment caused the increase in the
sperm abnormelities. Moreover, the correlation values for all metals studied
with creatinine concentration, AST and yGT activities were negative. These
results may indicate that the occurrence of liver and kidney damage as a
result of cadmium treatment caused a reduction in the metabolism of these
metals. Bokori et al. (1995) stated that there were positive and negative
effects regarding the metabolism of iron, zinc and copper as reflection of
cadmium intake in broiler chicks.

On the basis of the results obtained in this study, it can be concluded that
the consumption of diets polluted with cadmium cause dysfunction in the
reproductive and physiological systems of cockerels. Also, data indicated that
strains differed in their tolerance to polluted diets with cadmium.
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