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تأثیر النحاس المحمل على المثیونین كأضافھ للعلیقھ على بعض القیاسات 

  الكیمیائیھ ونشاط المبیض فى اناث الأرانب وعلى كفائة ولداتھم
  

   ، محمد أحمد حجازى ،أمیمھ مبروك منصور، جلیلھ عبد الباقى الرافعى 
   أحمد عبد الفضیل رمضان

  

نحاس المحمل على المثیونین للعلیقھ على تركیز تھدف ھذه الدراسھ الى تحدید تأثیر أضافة ال
ومضادات الأكسده وعلى بعض القیاسات المناعیھ فى الدم ونشاط المبیض فى أناث ، النحاس

.  أنثى أرنب نیوزلندى أبیض بالغ١٨أجریت التجربھ على . الأرانب وعلى عدد ووزن ولداتھم
وعھ الأولى تم تأكیلھا بالنظام المجم). ٩= ن (قسمت الأرانب الى مجموعتین متساویتین 

والمجموعھ الثانیھ تم تأكیلھا بنفس . الغذائى الأساسى بدون أضافات وأعتبارھا مجموعة تحكم
 مجم لكل كجم وھى ٣النظام الغذائى مع أضافة النحاس المحمل على المثیونین بنسنة 

 لمدة شھرین قبل تم أعطاء النحاس عن طریق الفم مضافا الى العلیقھ. المجموعھ المعالجھ
 أسابیع بع أضافة النحاس ١٠ أسابیع و٨أخذت عینات الدم .  أسابیع بعد التلقیح٣التلقیح و

العینھ ( أیام بعد الولاده ١٠) العینھ الثالثھ(وبعد التأكد من الحمل ) العینھ الأولى والثانیھ(للعلیقھ 
عینات الھستوباثولوجیھ من مبیض وتم تجمیع ال). العینھ الخامسھ( یوم بعد الولاده ٢١) الرابعھ

وبعد تحلیل النتائج وجد أن أضافة النحاس .  بعد الولاده٢١أناث الأرانب فى الیوم العاشر وال
المحمل على المثیونین تزید من تركیز النحاس فى الدم فى العینھ الأولى والثانیھ والخامسھ 

یز مضادات الأكسده فى الدم قد وقد وجد أن ترك. للأرانب المعالجھ مقارنة بمجموعة التحكم
وتركیز اللیسوزیم فى .  زاد معنویا فى العینھ الأولى والثانیھ والرابعھ مقارنھ بمجموعة التحكم

الدم قد زاد فى العینھ الأولى والثانیھ والخامسھ وتركیز أوكسید النیتریك فى الدم لم یتغیر 
 والفحص الھستوباثولوجى لعینات .معنویا بأضافة النحاس المحمل على المثیونین للعلیقھ

 بعد الولاده أوضحت زیاده معنویھ فى عدد ٢١المبیض من الأرانب المذبوحھ فى الیوم 
وأتضح أن نسبة عدد الولدات الى عدد الأجسام الصفراء قد ). النامیھ والمنفجره(الحویصلات 
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ضافة النحاس المحمل ووجد أن عدد الولدات للأرانب لم یتأثر بأ. زاد فى المجموعھ المعالجھ
بینما زاد وزن الولدات لھذه الأرانب بالمقارنھ . على المثیونین للعلیقھ فى المجموعھ المعالجھ

  .بمجموعة التحكم
  

SUMMARY 
 

The objective of this study was designed to determine the effect of 
dietary chelated copper methionine supplementation on the serum 
copper and antioxidant concentrations, some immunological parameters, 
ovarian activity of 18 New Zealand white mature doe rabbits and the 
number and weight of their litters. Animals were divided into two equal 
groups (n=9). The first group was fed basal diet and kept as control, 
while the second group fed basal diet with addition of copper methionine 
(3 mg/kg) and kept as treated group. It was given orally two months 
before matting and until three weeks post breeding. Blood samples were 
taken 8 weeks after supplementation (first sample), 10 weeks after 
supplementation (second sample) during pregnancy (third sample), 10 
days after parturition (fourth sample); 21days after parturition (fifth 
sample). Histological samples of the ovaries were collected from dams 
10 and 21 days after parturition Chelated copper supplementation 
significantly increased serum copper concentration in the first, second 
and fifth samples compared to control. Serum total antioxidant 
concentrations were significantly increased in the first, second, and 
fourth samples compared with their controls. The serum concentration of 
lysozyme were significantly increased in the first, second and fifth 
samples; while serum nitric oxide concentrations did not significantly 
change between the control and treated group. Ovarian sections of 
copper methionine treated does, slaughtered 21 days post parturition, 
revealed significant increase in the number of dominant follicles 
(ovulatory and non ovulatory). The percentage of births/ number of 
corpora lutea was increased in treated group. The number of born litters 
was significantly unaffected by supplementation whereas weight of 
litters at birth was significantly increased in the treated group. Mortality 
rate of the litters at 21 days postpartum was significantly lower in the 
treated group compared with the control one. 
 
Key words: Rabbits, ovarian activity, copper methionine, chemical  metabolites 
 
 
 

INTRODUCTION 
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 Copper is one of the most complex trace elements involved in 
animal metabolism especially in cattle and sheep. It is required in the 
structure and function of many enzymes and is involved in most 
oxidative reactions, and metabolic pathways (Thomas, 1994). Copper is 
required for mitochondrial function and energy transfer, for tissue and 
bone growth, for pigmentation of hair, and for leukocyte functions 
(Nicholas, 1988). Therefore, a dietary copper deficiency could easily 
implicate as the cause of infertility, anemia, or suppressed immune 
functions (Underwood and Suttle, 1999). Initial research with stressed 
feed calves demonstrated that dietary supplementation with copper 
markedly improved dry matter intake and growth rate (Nockels et al., 
1993). Oikawski et al., 1990 concluded that sheep feed have 
compromised immune function due to lower copper and hence are at risk 
of increased susceptibility to infection. Measures of reproductive 
performance and weaning weight of the new born that will respond to 
appropriate copper supplementation have shown inconsistent results in 
ruminant studies. This include reduced days to first estrus (Campbell     
et al., 1999), no improvement in pregnancy rate (Muehlenbein et al., 
2001), improved pregnancy rate and kilograms of calf weaned per cow 
(Ahola et al., 2004) and beneficial effects on first service conception rate 
(Vanegas et al., 2004). However, the effect of copper supplementation 
on ovarian activity remains need more research. Studies of the 
bioavailability of organic and inorganic minerals reported that calves fed 
Cu proteinate had higher Cu liver and serum levels than calves fed Cu 
sulfate (Kincaid et al., 1986). Kropp (1990) found that feeding chelated 
minerals to first-calf cows 30 days before the breeding season caused 
more cows to exhibit estrus and conceive after first service than did 
feeding inorganic minerals. Chelating copper to an amino acid before 
feeding were necessary for brush border uptake of copper and could 
increase copper availability and improve its performance (Swenson       
et al., 1998 and Nockels et al., 1993). The objective of this study was 
designed to determine the effect of dietary chelated copper methionine 
supplementation on the serum copper, antioxidant concentrations and the 
immune status of doe rabbit that reflect the health of the dam. Also to 
study its effect on ovarian activity of the dam and the number and 
weight of their litters. 
 

 
MATERIALS and METHODS 
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Animals: Eighteen New Zealand white mature doe rabbits, weighting 
2.7-3 kg were used. Animals were isolated for one week before the 
experimental procedure. They were in isolated batteries under hygienic 
conditions, fed on balanced ration and watered ad libitum. 
Experimental protocol: Animals were divided into two equal groups 
(n=9). The first group was fed on a basal diet and kept as control while 
the second group (treated group) was fed on the basal diet with addition 
of copper methionine. (Bioplexzn, Alltech). The suggested dose was 3 
mg/kg according to (Hunt and Carlton, 1965). It was given two months 
before matting and until three weeks post breeding (Muehlenbein et al., 
2001). Does with ripen follicles can be recognized by inspection of the 
vulva which is dark red to purple. All does were matted at that time and 
immediately re-matted by the same buck to ensure adequate service 
(Cheeke et al., 1987). Ten days after matting does were palpated for 
pregnancy. Animals that failed to conceive were returned to a different 
buck in the same day and every day thereafter until they became 
pregnant. After parturition the does were divided into two subgroups to 
study the effect of supplementation on the ovary. Subgroup one 
slaughtered ten days after parturition, as in the semi-intensive rhythm 
(which is the most usual system) the does matted 10-12 days post partum 
in that system. Subgroup two was slaughtered after 21 days of 
parturition to study the effect of copper supplementation on the 
formation of the new wave of follicle in the ovary (Cheeke et al., 1987).  
The number of litters and their weight were recorded immediately after 
parturition. The mortality rate was recorded 21 days after parturition. 
Blood sampling: Blood samples were taken from the ear vein 8 weeks 
after supplementation (first sample), 10 weeks after supplementation 
(second sample) during pregnancy (third sample), ten days after 
parturition (fourth sample); 21 days after parturition (fifth sample). After 
that serum was separated from whole blood by centrifugation and kept 
frozen for analysis of copper concentration, total antioxidants, nitric 
oxide, and lysozyme. Serum copper concentration was determined using 
atomic absorption spectrophotometer (Model-3300, Perkin Elmer, 
USA), total serum antioxidant was determined spectrophotometrically 
using standard diagnostic kit according to Koracevic et al. (2001).  
Nitric oxide was assayed according to Rajaraman et al. (1998).  
Lysozyme concentration in serum samples was determined according to 
Peeters and Vantrappen (1977). 



Assiut Vet. Med. J. Vol. 53 No. 113 April 2007  
 

5 

Histological samples: Ovaries were dissected immediately after 
slaughtering and cleared from excess tissues. The total number of 
corpora lutea were counted grossly and compared with the number of 
born litters. Then, the ovaries were fixed in Bouin's and processed by the 
usual histological techniques to obtain paraffin section of 5-6µm 
thickness. Each ovary were cut serial sections, one section was taken 
every 5 sections (they were acted as a representative sample of the 
ovarian status). These sections were stained with Hematoxylin and Eosin 
(Drury and Wallungton, 1980). The average number of dominant 
follicles, ovulatory and non-ovulatory, was counted in this section in 
both control and treated groups. 
Statistical analysis:  
 Data were analyzed using SAS/STAT (1989). 
 

RESULTS 
 

 As shown in Figure (1) serum copper concentrations were 
generally high in does fed 3mg/kg chelated copper methionine compared 
to control. There was significant increase (P<0.01) in serum copper 
concentration in the first, second, and fifth samples while the third and 
fourth samples were not significantly affected. 
 

 
Fig. 1: Effect of copper methionine supplementation on serum copper 

concentrations (mg/L) in does. ** Significantly different from 
control at P< 0.01. 
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Fig. 2: Effect of copper methionine supplementation on serum total 
antioxidant concentrations in does. ** Significantly different 
from control at P< 0.01. 

 

The estimation of serum concentration of total antioxidant in 
does was represented in Figure 2. The serum concentration was 
significantly (P<0.01) increased in the first, second and fourth sample 
while the third and fifth samples were not significantly affected 
compared with the control. 

 
 

Fig. 3: Effect of copper methionine supplementation on serum copper 
concentration in does. ** Significantly different from control at 
P< 0.01. 

 

Serum concentration of lysozyme in does was represented in 
Figure 3. Serum concentration was significantly increased in the first, 
second, and fifth samples while the third and fourth samples were 
insignificantly affected compared with control. 
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Fig. 4: Photo picture of the lysoplate showing the clearance zone caused 
by lysozyme in sera of does in the agarose plate. 

 
 

Fig. 5: Effect of copper methionine supplementation on serum nitric 
oxide concentration in does. ** Significantly different from 
control at P< 0.01. 

 

Serum concentrations of nitric oxide did not significantly change 
between the control and treated does in the five samples. On the other 
hand nitric oxide concentration was decreased gradually during the 
whole experiment between the treated samples.  
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Table 1: Effect of copper methionine supplementation on the ovarian 
structures in does slaughtered 10 days post partum. 

 

Item Control  Treated 
Average number of dominant 
follicles (ovulatory and non-
ovulatory) 

2.0416 ± 0.204 1.77 ± 0.137 

The percentage of births /number 
of corpora lutea 

50% 94.11%** 

 

** Significantly different from control at P<0.01. 
 

In the present study, the ovarian sections of does slaughtered     
10 days post partum act as a pool of lutin cells in which corpus luteum 
of pregnancy and small number of follicles (ovulatory and non-
ovulatory) are distributed. The ovarian sections of copper methionine 
treated does revealed non significant difference in the number of 
dominant follicles (ovulatory and non-ovulatory) compared to control 
(Figure 6).  However, there was a significant increase (P< 0.01) in the 
percentage of births to the number of corpora lutea in the treated group 
compared to control group (Table 1). 
 
Table 2: Effect of copper methionine supplementation on the average 

number of ovarian follicles in does slaughtered 21 days    
post partum. 

 

Item Control Treated 
Average number of dominant 
ovulatory follicles 

1.741 ± 0.19 3.45 ±0.295** 

Average number of dominant non-
ovulatory follicles 

1.33 ± 0.1193 2.43 ± 0.258** 

Average number of dominant 
ovulatory and non-ovulatory 
follicles 

2.526 ± 0.240 5.7 ± 0.389** 

 

** Significantly different from control at P<0.01. 
 

The ovarian sections of does slaughtered 21 days post partum 
showed regressed C.L and a large number of follicles (ovulated and non-
ovulated). The ovarian sections of copper methionine treated does 
revealed significant increase in the average number of dominant 
ovulatory and non-ovulatory follicles compared to control (Table 2) 
(Figures 7 and 8). 
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Table 3: Effect of copper methionine supplementation in does on litters. 
 

Item Control Treated 
Average number of born litters 5.625 ± 0.595 5.714 ± 0.521 
Average weight of litters at 
birth 

44.034 ± 2.169 57.44 ± 4.666** 

Percent of mortality rate 21 
days post partum 

61.9% 40.9%** 

 

** Significantly different from control at P<0.01. 
 

The number of born litters was significantly unaffected by 
copper methionine supplementation compared to control (Table 3) 
whereas weight of litters at birth was significantly increased in the 
treated group compared to the control. The percent of mortality rate at 21 
days post partum was significantly lower in the treated group compared 
to the control group. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6: Cut section of the ovary of dose at 10 days post partum. Notice 

the presence of 3 dominant follicles and 5 corpus luteum   
Stain: H&E     X:7.3 
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Fig. 7: Cut section of the ovary of normal does at 21 days post partum. 

Notice the presence of 1 dominant ovulatory and 3 non ovulatory 
Stain: H&E  X: 9.2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8: Cut section of the ovary of copper methionine treated dose at 21 

days post partum. Notice the presence of 2 dominant ovulatory 
and 12 non ovulatory    Stain: H&E   X:9.2 
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DISCUSSION 
 

 The increased copper concentration in the serum of does fed 
chelated copper methionine in this experiment supports previous works 
(Wittenperg et al., 1990, Kegley and Spears 1994 and Olson et al., 1999) 
who reported that both organic and inorganic copper increased 
concentrations of copper in bovine plasma. The serum copper 
concentration in the third and fourth groups tended to be increased but 
not significantly compared with the control. The reason for this 
difference is not clear but may be due to the physiological status of the 
animal and the effect of pregnancy (in the third sample) and the early 
lactation (in the fourth sample) of does. Gooneratne and Christensen, 
1985 found a progressive increase in copper deposition in the fetal liver 
associated with a decrease in maternal liver copper during the last 
trimester of pregnancy Also Muehlenbein et al. (2001) observed that the 
cow at ten days post calving had liver copper concentration 23 mg/kg 
considered deficient and they produced calf 10 day of age with a liver 
copper concentration of 106 mg/kg. The used dose of copper in this 
experiment might be responsible. (Cavalcanete et al., 2002) used higher 
doses in rabbits (20, 40, 80mg/kg) for bioavailability of copper from 
different sources study. 

The copper containing protein in most aerobic cells possesses 
super oxide dismutase activity (Nicholas, 1988) which is an essential 
component of the total antioxidant system. Total antioxidant 
concentration in the serum of does under experiment was generally 
increased in the treated group compared with control one. Suttle et al. 
(1987) noted that copper supplements to lambs markedly increased super 
oxide dismutase activity in erythrocytes. However, no treatment 
difference (P< 0.01) was found in the third and fifth samples. These 
results indicate that copper supplementation to the doe did not increase 
serum total antioxidant concentrations during pregnancy and 21 days 
after parturition (peak of lactation) compared to control group. This 
effect may be due to excess production of reactive oxygen metabolites 
produced from the anabolic and catabolic processes occurred in both 
critical periods (Miller and Brzezinska, 1993). 

Lysozyme is an enzyme secreted by the immune cells to defend 
against microbial infection by causing lyses of the microbial cell wall 
(Persson et al., 1992). Moreover, Olkowski, et al. (1990) reported an 
increase in the phagocytic activity of polymorphonuclear leukocytes in 
sheep fed on high copper diets. In current study chelated copper 
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methionine supplementation to does significantly increased the 
concentrations of lysozyme in their sera especially in the first, second 
and fifth samples. In fact, the concentrations of copper in sera of does in 
some groups were also significantly high. It seems that copper as an 
antioxidant induced the immune cells to secrete more lysozyme which is 
a metabolite produced from the immune cells away from the oxidative 
pathway of nitric oxide and other reactive oxygen metabolites produced 
from the same immune cells. In 1971 (Saxena) reported that glutathione 
and copper had rapid regeneration effect on lysozyme. 

Nitric oxide is a small molecule produced by many kinds of cells 
in the body such as phagocytic immune cells and having potent 
antimicrobial activity (Piddington et al., 2001). This activity is related to 
its action on many enzymes in the cells such as guanylyl catalase and 
reductase enzyme essential for DNA synthesis. Nitric oxide in 
nanomolar concentrations can effectively act as a regulator of the 
mitochondrial respiratory chain by binding to ferrocytochrome a3, 
competing with oxygen for this binding site. Nitric oxide also inhibits 
and inactivates glutathione peroxidase and superoxide dismutase 
enzymes that are important antioxidant enzymes (Asahi et al., 1995).  
Copper supplementation diminished the deleterious effects of oxidative 
metabolites on the cells (Mason et al., 2006). In Our study, treatment of 
does with chelated copper methionine decreased the concentrations of 
nitric oxide in their sera. Indeed, although the decrease was not 
significant, but yet it was gradual (over the treatment period) and 
consistent (Figure 5). 
 In post partum does follicular development generally occurs in 
waves; follicles reach mature size and actively produce estrogens for 
about 12-14 days but there is no ovulation till coitus occurs. If ovulation 
has not occurred the follicles degenerate with a corresponding reduction 
in sexual receptivity for 4 days, then a new wave of follicles will begin 
with a cycle of (16-18 days) (Cheeke et al., 1987) In our study the 
average numbers of dominant follicles (ovulatory and non-ovulatory) 
non-significantly differ in the does slaughtered ten days post partum and 
significantly increased in number 21 days post partum compared to 
control. Indeed, serum copper concentrations at the same two periods 
showed the same pattern, which means a direct effect of copper on the 
ovarian activity. The same observation noted by Stevenson and Jackson, 
(1980 and 1981) who studied the direct and indirect effects of added 
dietary copper sulphate in laying domestic fowl and concluded that  
there was evidence of a direct effect of copper sulphate on egg 
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production and possible on oviduct and ovary weight. Also, Kendall      
et al. (2003) confirmed the same observation by studying the expression 
of mRNA for the copper-dependent enzyme, lysyl oxidase, and the 
effect of copper and/or copper chelating thiomolybdates on FSH-induced 
differentiation of bovine granulosa cells cultured in serum-free media.  
He concluded that thiomolybdates can prevent FSH differentiation of 
granulosa cells in vitro and these effects can be reversed by copper 
supplementation. 
 The percentage of births/the number of CL is significantly 
(P<0.01) increased in the treated group compared with the control one.  
This means that copper supplementation may reduce the early embryonic 
deaths or increase the fertilizing capacity of ovulated follicles. Graham 
(1991) and Takinguchi et al. (2000) suggested that zinc/copper 
superoxide dismutase play an important role in the regulation of corpus 
luteum function and maintaining steroidogeneses necessary to support 
pregnancy. 
 In the present study feeding does with 3 mg chelated copper 
methionine did not significantly affect the number of young born but 
significantly increased the average weight of the individual young at 
birth. In this respect Schardein (1980) recorded that the feti are highly 
sensitive to drugs than adults. Krop (1990 and 1993) observed that beef 
cows supplemented with chelated minerals have heavier calves at 
weaning than did controls. However, Muehlenbein et al. (2001) 
concluded that copper supplementation to the dams both before and after 
calving did not improve calf health or growth.  
 The newly born litters are totally dependent upon their mother's 
milk for the first ten days of life. They begin eating solid food at three 
weeks of age. In our study the mortality rate in the first 21 days post 
partum is significantly lower in treated group compared to control one.  
The present result may be due to the improvement of the health status of 
litters by copper supplementation to their dam which may affect the 
mineral status of the litters or may improve both quality and quantity of 
milk. (Foley and Otterby, 1978; Ahola et al., 2004). 
 

CONCLUSION 
 
 In general, chelated copper methionine supplementation to the 
dam at 3 mg/kg, 2months, before mating and until 3weeks post-
breeding, did not affect serum copper total antioxidant and lysozyme 
concentrations during pregnancy and lactation periods. There were 
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improvements in the percentage of birth/number of corpus luteum at 10 
days after parturition and the ovarian activity at 21 days after parturition.  
There was significant increase in the weight of litters at birth and 
significant decrease in the percentage of litter mortality 21 days post 
parturition. 
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