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Abstract: The aim of this study was to investigate the effect of administration of both lead and antioxidants;
in drinking water; on the reproductive and productive performance and some related physiological parameters
in laying hens. Sixty-four laying hens were randomly allocated to 8 groups each was 8 birds. The groups were
given lead; lead and ferrous sulfate; lead and vitamin C; lead+ ferrous sulfate + vitamin C; ferrous sulfate;
ferrous sulfate + vitamin C and the final group was kept as the control group (without treatment). Hens’ weight,
egg count, egg quality traits, some biochemical parameters and postmortem changes in liver, kidney, spleen and
ovary were assessed; in addition to electrophoretic pattern of some plasma proteins. Results revealed that
weight of hens, laying rate, egg weight and plasma proteins are affected by lead acetate administration. It was
concluded that a low dose of lead takes a short time to show changes in the reproductive status of the hens;
while it takes a longer time to affect other physiological parameters. So, different long term studies are needed
to investigate the effects of low dose of lead exposure.
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INTRODUCTION MATERIALS AND METHODS

Reproduction and the other  productive  capacities Experemental Groups: Sixty-four laying hens, aged 22
are two faces to the same coin, however, in the veterinary weeks, were obtained from Pyramid Poultry Company for
field, reproduction represents the goal to reach a potential layer production. They were randomly placed in 8 floor
animal production. pens (2 m  per pen) and exposed to 16 hours light/day.

The effect of lead pollutants is still a problem in Each pen consisted of 8 hens. They were provided with a
Egypt although all warnings declared. All farms on the clean feeders and waterier. Hens were acclimatized to the
high way suffer from the exhausted effluent containing new environment for 8 weeks (until they reached 30 weeks
lead that is adsorbed on the dust particles reaching the of age and were about 50% egg production) before
farms via air [1, 2]. Poultry, as well as all animals are exposure to different treatments. Hens were weighed at
suffering from this source and the polluted water too. the beginning and at fortnight intervals during the
Most of the investigations focused on the toxic effects of experiment. Eggs were collected, counted and weighed
lead on the production capabilities of the broiler chicken every day.
[3, 4].

Scanty information if any is available in literature Doses: According to Suzuki and Yoshida [5], the
about exposure of layer hens to lead. So, the present following treatments have been used with little
study was conducted to clarify the effect of lead and modification:
antioxidants administration in drinking water on Group I: 50 ppm lead acetate
reproductive and productive performance and some Group II: 50 ppm lead acetate + 100 ppm ferrous
related physiological parameters. sulfate (FeSO ).
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Group III: 50 ppm lead acetate + 1 g/L vitamin C. 
Group IV: 50 ppm lead acetate + 100 ppm FeSO  +14

g/L vitamin C. Interior Egg Quality Traits:
Group V: 100 ppm FeSO .4

Group VI; 100 ppm FeSO  + 1 g/L vitamin C. Yolk quality traits:4

Group VII: 1 g/L vitamin C. Yolk color score (YCS): The grade of yolk
Group VIII: represented the general control group. discoloration was evaluated using the Roche Yolk

All hens were provided with drinking water (bi- grades: 1-5 = very light yellow, 6-10 = normal yolk
distilled), each liter contained the dose advocated to the and 11-15 = golden yellow.
experimental groups from 1 to 8 as mentioned. Birds were Yolk  height    (YH):      Yolk      height    was
maintained on a commercial layer diet purchased from measured using a tripod micrometer to the nearest
Etmida Company, Mit Ghamr, Egypt. They were supplied 0.01 cm.
with the daily feed ration after receiving morning water. Yolk weight and percentage (YW%): Yolk was freed

Egg Collection: Eggs were collected, counted and albumin was removed by filter paper, then was
weighed twice daily for every treatment separately weighed to the nearest 0.01of a gram.
(morning and afternoon).

Laying Rate: The laying rate for each group was
calculated all over the experimental period (8 weeks) [6]. Albumin Quility Traits:

Albumin height (AH): was estimated by a tripod

Egg Quility Traits: For evaluation of egg quality traits, highest region of the thick albumin connected with
fresh eggs were collected from each group; 6 weeks after the yolk [9].
the beginning of treatment. Albumin weight percentage (AW%): albumin weight

External egg quality traits: equation:

Egg weight (EGW): all eggs were weighed Albumin weight = Total egg weight – (Yolk weight +
individually to the nearest 0.1 g on Metter balance Shell weight)
type.
Shape index (SI): SI was determined by measuring
the width and the length of each egg using a Vernier
[7].

according to Eisen et al. [10] using the formula:

Shell thickness (ST): ST was determined with egg weight x 0.37)]
membranes intact by using an outside micrometer
with around spindle at the middles region of the egg Analysis of Plasma and Other Parameters:
to the nearest 0.01 mm [8].
Shell weight and percentage (SW%): After breaking Plasma total protein was assessed according to
the eggs and removing its inner contents, their shells Weichsebaum [11].
were carefully washed with water to remove the Plasma total calcium (TCa ) was assayed by
traces of albumin. The shells were dried at 105°C for orthocresolphthalein complex (OCPC), without
3 hours and weighed till a constant weight to the depolarization (Boehringer Mannheim Gm BH
nearest 0.01 g. Diagnostica-Gemany) [12].

Color Fan, in which color fan ranged from 1 to 15

from the albumin and chalaza, then the trace of

micrometer reading to the nearest 0.01 cm, at the

to the nearest 0.01g was determined from the

Haugh units (HU): Haugh unit was calculated

Haugh unit = 100 Log [(albumin height + 7.57) – (1.7x

+2
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Calculation of plasma ionized calcium (ICa ) was Concerning the biochemical changes in the plasma of+2

assessed from the formula [13]: hens (Table, 2), only the total plasma proteins were

the vitamin C group (VII) increased than the last three

where: K = 0.19 x total protein (g/100 ml) + Albumin (g/100 did not ameliorate the condition in the lead treated groups
ml) and did  not  show  significant  difference among groups

Plasma albumin was assessed using kits from Pasteur Progesterone levels did not show significant
Lab, India [14]. difference among groups; in spite of the apparent increase
Progesterone assay: Hormonal assay was run using of the level in lead acetate group (0.408±0.096 ng/ ml)
solid-phase RIA kits (Diagnostic Products Company, compared to other groups treated with lead acetate and
USA.). The sensitivity was 0.02 ng/ml and linear antioxidants (II – IV) (0.318±0.083, 0.314±0.070 and
regression of the curve was 0.995. [15]. 0.306±0.035, respectively).
Hemagglutination inhibition test against Newcastle Results in Table, 3 showed a significant difference
disease was carried out according to Lan Caster [16]. (P<0.0001) among groups, regarding the hens’ weight.
Electrophoresis: Serum proteins were separated by Moreover, there was a significant (P<0.0001) difference
electrophoresis on sodium dodecyl sulfate between their weights every 2 weeks; till the end of the
polyacrylamide gel electrophoresis (SDS-PAGE) [17]. experiment. Groups I and VIII showed the lowest weights
After separation, the gel was stained with Commasi (1466.92±19.5 and 1494.07±28.26 g, respectively) among all
brilliant blue dye. Molecular weight (MW) standard groups, while it reached its maximum in group II in which
was electrophoresed on the same gel to calculate the ferrous sulfate was used to antagonize the effect of lead.
relative MW of the examined serum. Heamagglutination Inhibition Test revealed the

Statestical Analysis: data were analyzed with the General disease (Table, 4). Group I (lead, has the lowest Geometric
Linear Models procedure of SAS  [18] using Duncan Mean Titer = 8) will suffer from serious drop in egg®

Multiple Range test [19] to study the response of production, while birds of group VI (ferrous sulfate and
experimental birds to the lead acetate and the two vitamin C, has highest Geometric Mean titer, 13.3) will
antioxidants. remain free from the risk of drop in egg production up to

RESULTS Moreover, different postmortem changes were

Pearson’s correlation showed  a  significance due to administration of lead and antioxidants (Table, 5).
between the dam weight and the age at which they are No symptom of disease could be observed in all
weighed (r = - 0.40, P< 0.00). While, there were no groups.  One  fowl  died  from  group  II,  after 2 weeks.
significance correlation between the different treatments The postmortem inspection revealed pericarditis, sunken
and dam weight and time of weighing (r = 0.055). eye of one side, nephritis with petechial hemorrhage and

Data in Table, 1 showed a significant decrease (P< congestion and urates in the ureter. After 4 weeks, one
0.05) in laying rate in all groups compared to groups VII bird died in group I, from pericarditis. Egg shell was thin
and VIII. The most decreased rates were in groups III and in group V after 2 weeks. Moreover, eggs became round
VI (19.77±2.70 and 21.39±2.80, respectively) where vitamin after 4 weeks in groups I to V. 
C was a common factor, although in group I it was
increased significantly (P< 0.05) than groups III and VI. Electrophoretic Pattern: The results revealed that there
On the other hand, the significant difference (P< 0.05) are three obvious bands at 56, 29 and 24 kDa in case of
among groups concerning the total egg weights. Groups lead administered groups (I-IV). On the other hand, the
I, II, V and VI gave lower weights when compared to last four groups (V-VIII- lead free control groups) showed
groups VII and VIII. continuous band, only, at 14.2 kDa.

significantly affected (P<0.05). The total plasma protein of

groups (V, VI and VIII) although it was non-significant
with the lead administered groups (I – IV). Anti- oxidant

(I-IV).

immunosuppressive effect of lead against Newcastle

6 months. 

recorded in different organs, at the end of the experiment



World Appl. Sci. J., 20 (12): 1725-1731, 2012

1728

Table 1: Effect of low dose lead acetate and antioxidants on the laying rate, external and internal egg trait of laying hens (Mean±SE)

Treatment
------------------------------------------------------------------------------------------------------------------------------------------------------------------

Parameter I II III IV V VI VII VIII

Laying rate% 35.71±4.70 b 30.09±3.46 ab 19.77±2.70 a 29.46±3.15 ab 26.79±2.97 ab 21.39±2.80 a 46.18±3.42 c 51.43±3.59 c
Egg weight (g) 39.15±3.21ab 36.55±3.52 a 37.67±3.46 a 44.97±3.18 abc 39.32±3.67 ab 39.22±3.40 ab 47.45±2.08 bc 50.95±0.55 bc

External Egg Quility Traits
Egg length (cm) 5.45±0.053 ab 5.66±0.064 bc 5.73±0.038 c 5.29±0.118 a 5.67±0.075 bc 5.59±0.098 abc 5.49±0.036 a 5.51±0.049 abc
Egg width (cm) 4.18±0.023 a 4.27±0.089 a 4.12±0.058 a 4.26±0.055 a 4.22±0.034 a 4.21±0.042 a 4.13±0.031 a 4.31±0.094 a
Shape index% 76.71±0.79 a 75.53±1.11 a 1.87±1.48 a 80.66±1.61 a 74.38±0.87 a 75.48±0.90 a 75.21±0.51 a 87.28±2.11 a

Shell Quility Trats
Shell thickn.(mm) 0.364±0.015 a 0.338±0.028 a 0.375±0.009 a 0.393±0.014 a 0.364±0.016 a 0.334±0.021 a 0.343±0.013 a 0.347±0.013 a
Shell weight (g) 10.42±0.39 a 10.55±0.69 a 10.66±0.17 a 10.84±1.26 a 10.83±0.55 a 10.06±0.69 a 9.79±0.45 a 10.29±0.32 a

Internal Egg Quality Traits
Yolk Quality Traits
Yolk color score 7.00±0.21 a 6.33±0.33 a 7.00±0.58 a 6.50±0.29 a 6.89±0.20 a 7.22±0.22 a 6.63±0.22 a 6.75±0.20 a
Yolk height (mm) 16.53±0.30 a 16.77±0.54 a 15.75±0.43 a 16.68±0.60 a 16.71±0.41 a 17.06±0.40 a 16.74±0.17 a 16.36±0.20 a
Yolk weight (g) 25.17±0.74 a 24.89±2.65 a 25.63±0.71 a 25.23±0.81 a 24.94±0.64 a 26.25±0.78 a 25.53±0.62 a 25.72±0.68 a

Albumin Quality Traits
Albumin height (mm) 7.20±0.47 a 6.33±0.38 a 7.40±0.92 a 7.48±0.56 a 7.14±0.50 a 7.28±0.32 a 6.98±0.16 a 7.06±0.25 a
Albumin weight (g) 64.41±0.75 a 64.56±2.08 a 62.71±0.89 a 63.93±1.41 a 64.23±0.74 a 63.69±0.84 a 64.68±0.49 a 63.99±0.70 a
Haugh units(HU) 87.86±2.89 a 82.53±1.47 a 88.79±4.87 a 89.47±3.08 a 87.05±2.85 a 88.74±2.03 a 87.92±0.79 a 87.57±1.35 a

The same superscripts are non-significant within row at least at P<0.05 (Duncan Multiple range Test). 

Table 2: Some biochemical changes in plasma of laying hens after the treatment of low dose lead acetate and antioxidants (Mean±SE)

Treatment
------------------------------------------------------------------------------------------------------------------------------------------------------------------

Parameter I II III IV V VI VII VIII

Progesterone (ng/ml) 0.408±0.096a 0.318±0.070a 0.314±0.070a 0.3060.032a 0.203±0.32a 0.190±0.010a 0.280±0.008a 0.358±0.094a
Proteins (g/dl) 6.72±0.16abc 7.28±0.28bc 7.16±0.34abc 6.83±0.25abc 6.10±0.25a 6.66±0.22ab 7.78±0.84c 6.09±0.15a
Albumin (g/dl) 3.93±0.25a 4.65±0.30a 4.45±0.21a 4.40±0.20a 4.27±0.29a 4.12±0.19a 4.77±0.49a 4.05±0.42a
Globulin (g/dl) 2.79±0.25a 2.63±0.33a 2.71±0.29a 2.43±0.25a 1.84±0.53a 2.54±0.21a 3.01±0.36a 2.04±0.27a
Calcium (mg/dl) 12.76±1.28a 14.8±1.29a 12.93±0.82a 11.81±0.83a 11.77±0.69a 10.60±0.47a 14.17±1.11a 12.38±1.79a
Ionized Ca  (mg/dl) 6.68±0.65a 6.91±0.48a 6.38±0.31 5.88±0.35a 6.03±0.46a 5.43±0.24a 6.77±0.34a 6.35±1.23a+2

The same superscripts are non-significant within row at least at P<0.05 (Duncan Multiple range Test).

Table 3: Effect of low dose lead acetate and antioxidants on the living body weight of the laying hens (Mean±SE)

Treatment
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Period I II III IV V VI VII VIII Overall

2 Weeks 1540.00±33.96 1687.50±52.40 1662.50±37.50 1675.00±35.36 1553.13±39.08 1627.50±48.61 1643.75±63.69 1621.43±16.48 1626.4±16.48 C
4 Weeks 1461.67±10.78 1627.14±60.15 1575.00±41.62 1568.75±34.46 1548.75±34.87 1610.00±59.64 1514.29±45.47 1481.67±50.62 1552.93±16.60 B
6 Weeks 1475.00±33.54 1557.14±57.14 1550.00±54.08 1487.50±20.59 1518.75±66.77 1512.50±32.39 1410.71±44.27 1428.57±62.54 1494.49±17.56 A
8 Weeks 1366.67±42.16 1521.43±64.42 1478.57±35.95 1525.00±34.07 1407.14±39.98 1564.29±55.33 1496.25±39.82 1442.86±41.45 1478.42±16.86 A
Overall 1466.92±19.95a 1601.38±30.18c 1569.35±23.74c 1565.63±19.80bc 1510.16±24.80ab 1579.03±25.02bc 1519.83±28.28ab 1494.07±28.26a

The same superscripts are non-significant within row at least at P<0.05 (Duncan Multiple range Test).

Table 4: Heamagglutination Inhibition Test against Newcastle disease Geometric Mean titer

GM1 8
GM2 12.5
GM3 12.3
GM4 9.3
GM5 8.8
GM6 13.3
GM7 12
GM8 12
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Table 5: Effect of low dose lead acetate and antioxidants on the postmortem changes

Group Organ Postmortem changes

I Air sac Air sacculitis in all cases.
Kidney Enlarged in 2/6 and rudimentary in one.
Spleen Slightly dark in one case and pale in another one.
Ova Flaccid in one case.
Ureter Convoluted in one case.

II Lung Pneumonia in one case.
Liver Fatty change in one case.
Kidney Appear to be small in all cases and showed pale spots on the surface.
Sternum Curved in one case.
Ovary Good ovulation in one case.
Uterus High uterine convoluted in one case.
Spleen Small in one case.
Liver Fatty change in 1/7 and streaked with hemorrhage in another one

III Liver Streaked with hemorrhage in 3/8 cases, fatty change in 2 cases.
Air sac Air sacculitis in 3 cases.
Lung Pneumonia in one case.
Kidney Pale in one case with uriniferous tubule from outside.
Ova Abdominal ovulation in one case.

IV Ova Abdominal ovulation in one case with round ova and flaccid in another one.
Spleen Small in 2/8 cases.
Kidney Pale in one case and congested in another one.
Liver Streaked with hemorrhage in 3/8 cases.
Air sac Air sacculitis in 1 case.

V Spleen Dark in 4/7.
Kidney Uriniferous tubule appear from outside in one case.
Ova Good ovulation in one case.
Sternum Curved in one case.

VI Liver Fatty change in 2/6 cases.
Sternum Curved in one case.
Kidney Uriniferous tubule appear from outside in 1/.

VII Liver Fatty change in 6 cases and streaked with hemorrhage. 
VIII Lung Pneumonia in one case.

Spleen Small in one case.

DISCUSSION vitamin C alone did not ameliorate the condition of hens

Pollution with lead and other heavy metals is a point Ajakaiye et al. [23] who found that vitamins C and E are
of concern in many fields. The effect of lead on female more effective to improve some egg traits in heat stress
reproduction has been elucidated in mammals [20] and in than vitamin C alone. It has been demonstrated that
birds [3, 4]. chickens exposed to dietary lead concentrations as low as

The low dose of lead and short time of experiment; 1 mg/kg diet; decreased body weight [3]. Moreover, the
may be the major factors that lead did not affect, enough, egg production decreased in quail exposed to dietary lead
the most  quality  traits  and  biochemical  parameters. of 1 ppm and in laying hens at concentration of 200 ppm
This observation is in agreement with the report indicated lead for four weeks [22, 24].
that dietary lead greater than 630 ppm sharply reduced The decrease in egg weight in this study; in all lead
egg production, but did not affect the feed intake and treated grouts (I-V) compared to the control group, may
body weight consistently [21]. be due to the role of Estrogen in controlling the egg

The significant decrease in both body weight and weight via changes in fat metabolism and oviduct protein
egg production of the hens of lead administer groups was synthesis or to decease in uterine estradiol receptors as
in agreement with the results of Vodela et al. [22]. shown in rats exposed to 200 ppm of lead in drinking
Considering lead as a stress factor as well as heat stress, water for 35 days [22-26].

treated with lead. This may agree with the results of
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Plasma protein; in this study; was non-significantly 5. Suzuki, T. and A. Yoshida, 1979. Effect of dietary
affected, while it increased due to administration of lead supplementation of iron and ascorbic acid on lead
acetate for 40 days in domestic fowl [27]. On the other toxicity in rats. J. Nutr., 109: 982-988.
hand, RNA, DNA and protein synthesis are decreased in 6. Sturkie, P.D., 1986. Avian Physiology. 4  ed.,
sperm-zona building conditions after lead exposure in in Springer-Verlag, New   York,   Heildelberg,  Berlin,
vitro study [28]. Vitamin C alone found to increase the pp: 403-531.
total plasma protein. 7. Shultz, F.T., 1953. Analysis of egg shape of chicken.

The accurate interpretation of the electrophoretic Biometrics, 9: 336.
pattern of avian plasma protein is an important diagnostic 8. Sushil,  K.,  C.M.   Mahapatra,  N.K.  Pandey  and
tool in avian medicine. In the present study, the results R.C. Goyal, 1983. Inter-relationship between certain
revealed that there are three obvious bands at 56, 29 and measures of shell quality in quail eggs. J. food Sci.
24 kDa in case of lead administered groups (I-IV). On the Teck., 20: 162-165.
other hand, the last four groups (V-VIII) showed 9. Wilgus, H.S. and A. Van Wagemen, 1936. The
continuous band, only, at 14.2 kDa. This may indicate that highest of the firm albumin as a measure of its
lead toxicity in birds has special electrophoretic pattern condition. Poult. Sci., 15: 319.
that differs from the control group; this is interpreted by 10. Eisen, E.J., B.B. Bohren and H.E. Mkean, 1962. The
the stability of the bands corresponding to the individual Haugh unit as a measure of egg albumin quality.
variation of birds. It was obvious if compared to the Poul. Sci., 41: 1461-1468.
general control (VIII), in which, bands were all mostly 11. Weichsebaum, T.E., 1964. Determination of protein in
stable in three individual birds. small amounts of blood serum and plasma Am. J.

The two dead birds in the experiment; from group I Clin. Path., 16: 40-44.
(lead) and group II (lead and ferrous sulfate); showed 12. Robertson, W.G. and R.W. Marshall, 1979. Calcium
some postmortem changes as those of plumbism (lead measurement in serum and plasma. Total and Ionized.
poisoning) which were recorded by Francicisco et al. [29]. Clin. Lab. Sci., 13: 271-304.
The detection of low percentage of antibody for 13. Pattagon, P. and E.R. Davis, 1976. Determination of
Newcastle disease in lead treated groups; in the present ionized calcium from actual calcium, albumin and
study; confirms the known immunosuppressive total protein. Clin. Chem., 22: 1752-1758.
potentialities of lead [30-32]. Moreover, the lymphocytic 14. Drupt, F., 1974. Determination of human serum
depletion in the spleen is considered as indicator of albumin. Pharm. Biol., 9: 777-782.
immunosuppression. 15. Abraham, G.E., 1981. The application of natural

Further studies on different high levels of lead steroid radioimmunoassay to gynecologic
acetate and antioxidants for longer periods should be endocrinology. In: (Abraham, G. E. editor).
adopted before stating definite conclusion. Radioassay Systems in Clinical Endocrinology.
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