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Abstract: This study was carried out to investigate the effect of long term oral administration of copper
pyrazinate at doses of 0.8 and 4.0 mg/kg b.wt. for 10 weeks in rats on copper level in serum, liver and muscle
with reference on some haematological and biochemical constituents. LD  of copper pyrazinate in mice was50

also determined. Results revealed that copper serum level was increased (P<0.05) in a dose and duration
dependent manner. Copper concentrations in liver and muscle tissue of treated rats was increased (P<0.05)
transiently within the first two weeks, however, its level returned to that in control rats 6 weeks after. The total
leukocytes, erythrocytes and platelets counts and haemoglobin concentration were decreased after oral
administration of copper pyrazinate in a dose of 0.8 or 4.0 mg/kg b.wt. compared to the control group.
Eosinopenia was also recorded. Liver enzymes activity was not significantly changed except alanine
aminotransfererase (ALT) which was increased when copper pyrazinate was given in a dose of 4.0 mg/kg for
8 weeks. Serum urea and creatinine showed no significant changes. However, cholesterol level was increased
in serum of rats treated with the larger dose of copper pyrazinate for 8 weeks. The safety of copper pyrazinate
was also confirmed by the high LD  in mice (750.0 and 118.33 mg/kg b.wt. after oral and i.p. administration,50

respectively). In conclusion, administration of copper pyrazinate to rats at doses of 0.8 or 4.0 mg/kg b.wt.
revealed very mild changes in liver function, haemogram and copper levels in liver and muscle.
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INTRODUCTION nicotinate  that can be used in several clinical situations

Copper  (Cu) is required for the function of several introduced and tested for tuberculostatic [5], antimicrobial
co-enzymes essential for different physiological functions [6, 7] and cytotoxic and antiproliferative activities [8-10].
and physical and mental health [1]. The tolerable upper Pyrazine complexes can inhibit lipopolysaccharide-
intake level of copper is ranging from 5 to 10 mg elemental induced prostaglandin E2 production and inflammation by
copper daily. A dose of elemental copper up to 15 mg/day inhibition of the Na /H  exchange [11]. Moreover, pyrazine
for an adult man can be considered as a safe supplemental derivatives have been proved to be of therapeutic values
dose. Above this dose some gastrointestinal side effects in treatment of acute ischemic stroke [12]. Some of its
can occur [2]. As a therapeutic dose, risk benefit ratio can derivatives inhibit angiogenesis [13] beside their
be in favor of increasing the dose if treating a serious antioxidant activity [14]. Other derivatives are selective
condition. Copper can be supplemented in different forms inhibitors of tyrosine kinase that have been used to treat
such as copper sulfate, tribasic copper chloride, or copper solid-tumor cancers, angiogenesis, diabetic retinopathy,

[3, 4]. Copper pyrazinate complexes have been recently
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rheumatoid arthritis, endometriosis and psoriasis [15]. estimation of copper levels. Copper level was estimated in
However, combination of an essential element such as
copper and pyrazine can have the advantages of both
copper and pyrazine.

The aim of this study was to determine the effect of
copper pyrazinate on the health status in Sprague-Dawley
rats. Serum, liver and muscle copper level and some
haematological and biochemical constituents after
prolonged administration in rats were evaluated.
Moreover the acute LD  was tested in mice.50

MATERIALS AND METHODS

Preparation of the Copper (I) Chloride Complex of
Pyrazinic  Acid: Copper pyrazinate was synthesized in
the Department of Chemistry, Faculty of Science,
Alexandria University, Egypt (Patent application title:
Copper (1) Complex). A suspension of copper (I) chloride
in aqueous/acetone solution (1:1 v/v) was added drop-
wise to pyrazinic acid (31 g) dissolved in boiled acetone
(1 L) with continuous boiling and stirring until a clear
reddish solution mixture obtained. The final mixture was
cooled and allowed to stand over several hours to deposit
a red microcrystalline precipitate of the complex. The
precipitate was filtered off at the pump and washed
several times with acetone and dried in vacuum. Yield is
about 65% and characterized by elemental analysis, IR,
UV-visible spectra and its crystal structure determined by
single crystal diffraction methods.

Acute  LD   of  Copper  Pyrazinate  in Mice: Groups of50

10 mice (25.0 ± 2.0 g b.wt.) each were orally administered
copper    pyrazinate    in   graded   increased   doses  of
250 - 2000 mg/kg. b.wt. Another set of groups were
injected copper pyrazinate intraperitoneally in graded
increased doses of 10-310 mg/kg b.wt. Mice were
observed  for  morbidity  or signs of discomfort.
Morbidity  over  24 h  was  recorded in each group and
the calculated as described by Gad and Weil [16].

Effect of Prolonged Administration on Serum, Liver and
Muscle Copper Level: Three groups of Sprague Dawley
rats  (250±5 g b.wt) each of twenty five animals were
reared  under  strict hygienic measures. Two groups of
rats were given copper pyrazinate orally at daily doses of
either of 0.8 or 4.0 mg/kg b.wt. for 10 weeks. A third group
was kept as control receiving equal volumes of 2% acacia
(suspending agent of the drug). Five rats from each group
were sacrificed after 2, 4, 6, 8 and 10 weeks of the start of
the  experiment.  Blood was collected, serum was
separated and  liver  and  muscle  samples  were  taken  for

liver and muscle according to the method described by
Mehmet and Akdeniz [17]. Serum copper was estimated
with  Spectrophotometer according to Abe et al. [18]
using commercial kits from EliTech diagnostics, France.

Effect of Prolonged Administration on Blood
Constituents: Three groups of rats, each of five animals
were used. The first group was kept as normal control
receiving equal volumes of 2% acacia (suspending agent
of the drug). The second and third groups were given
orally copper pyrazinate in a dose of 0.8 and 4.0 mg/kg
b.wt. Two blood samples were collected every 2 weeks
from the orbital plexus of veins of each animal. The first
sample was anticoagulated by EDTA and was used for
determination of the haemogram [19]. The second blood
sample was placed in a plain centrifuge tube for serum
separation. The activity of serum transaminases (aspartate
aminotransferase: AST and alanine aminotransferase:
ALT), [20] were determined. Urea [21], creatinine [22] and
cholesterol concentrations [23] were also estimated. All
biochemical tests were carried out using kits reagents
from bioMérieux-France.

Statistical Analysis: Differences between control and
treated groups  were  tested  for  significance using a
one-way analysis of variance (ANOVA) followed by
Duncan’s multiple range test. Differences were considered
significant at P<0.05 level [24] using SPSS version 10
computer program.

RESULTS

Acute LD  in Mice: The LD  of copper pyrazinate was50 50

750.00  and 118.33 mg/kg after oral and intraperitoneal
(i.p.) administration, respectively. Oral doses of less than
500 mg/kg caused no fatalities and doses of 1000 mg/kg
orally killed all animals. Doses of less than 40 mg/kg i.p.
caused no mortalities and doses of 280 mg/kg i.p. or more
killed all animals.

Effect of Prolonged Administration on Serum, Liver and
Muscle  Copper Levels: Copper level in normal non
treated control rats ranged from 192.0±3.76 µg/dl to
236.60±12.34 µg/dl over the 10 weeks experimental period.
After oral administration of copper pyrazinate, copper
serum level was significantly (P>0.05) increased to
225.00±11.40 and 360.0±8.32µg/dlfollowing administration
of 0.8 mg/kg b. wt. and to 231.80±19.54 and 400.0±14.89
µg/dl following administration of 4.0 mg/kg b. wt after 2
and 10 weeks, respectively. Significant (P>0.05) difference
appeared at the 4  week (Fig. 1).th
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Fig. 1: Effect of copper pyrazinate administration on copper levels in serum and liver and muscle tissues in different
groups of rats during the periods of treatment. (Means in the same period with different letters are significant
at P>0.05)

Fig. 2: Effect of copper pyrazinate administration on red blood cell counts, hemoglobin, platelets and total leukocyte
counts in different groups of rats at the 6  and 8  weeks of treatment. (Means in the same period with differentth th

letters are significant at P>0.05)
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Fig. 3: Effect of copper pyrazinate administration on differential leukocyte counts in different groups of rats at the 6th

and 8  weeks of treatment. (Means in the same period with different letters are significant at P>0.05)th

Copper concentration in liver tissue of normal non presented). At the 6  week there was a marked decreased
treated rats ranged from 37.20±3.85 to 49.00±3.62 µg/g in RBCs, Hb, WBCs, platelets count after oral
over the 10 weeks experimental period. After oral administration of  copper pyrazinate at doses of 0.8 or 4.0
administration of copper pyrazinate in a dose of 0.8 and mg/kg, however significant (P>0.05) difference appeared
4.0 mg/kg b.wt, liver copper level increased (P>0.05) to after administration of the large dose compared to the
62.00±0.80 and 58.00±1.21µg/g, after 2 weeks, respectively. respective control (Fig. 2). Little difference in the mean
This level decreased within the next six weeks to counts  of RBCs, Hb, WBCs, platelets counts was
27.00±3.44 and 32.00±2.41 µg/g, respectively and remained reported after 8 weeks of treatment with both doses of
nearly at this level until the 10  week where it was copper pyrazinate (Fig. 2). After 10 weeks there was noth

31.00±3.44 and 41.00±1.21µg/g, respectively (Fig. 1). significant difference in RBCs, Hb, WBCs, platelets count
Copper level in muscle of normal rats ranged from between treated and non treated rats (data not presented).

22.70±3.94 to 31.50±3.09 µg/g over the experimental A marked decrease in percentage of eosinophiles was
period. Copper level in muscle of rats orally administered recorded at the 6  week in both treated groups while at
copper pyrazinate at a dose of 0.8 and 4.0 mg/kg b.wt. was the 8  week of treatment, it increased significantly
significantly increased (P>0.05) to 40.30±2.19 and (P>0.05) in rats treated with copper pyrazinate at a dose of
42.80±4.11 µg/g, respectively after 2 weeks but decreased 4.0 mg/kg, as compared to control (Fig. 3). At the 6  week,
to 20.30±2.37 and 26.0±0.40 µg/g, respectively after 10 there was a decrease in the percentage of neutrophiles
weeks of administrations (Fig. 1). and  monocytes  in  rats  treated  with   the   high  dose

Effect of Prolonged Administration on Blood treated rats (0.8 mg/kg). However after 8 weeks
Constituents: There was no significant difference in neutrophiles  and monocytes counts were nearly similar
haematological and biochemical parameters after oral in the three groups. In contrast to lymphocytes count
administration of copper pyrazinate at either 0.8 or 4.0 which was increased significantly in rats treated with the
mg/kg before the 6  week of administration (data not high dose after 8 weeks of treatment only (Fig. 3).th

th

th

th

th

(4.0 mg/kg) compared to both control and low dose-
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Fig. 4: Effect of oral administration of copper pyrazinate on the activities of aspartate and alanine amino tansferases and
the level of total cholesterol in different groups of rats at the 6  and 8  weeks of treatment. (Means in the sameth th

period with different letters are significant at P>0.05)

Fig. 5: Effect of oral administration of copper pyrazinate on serum urea and creatinine in in different groups of rats at
the 6  and 8  weeks of treatmentth th

The activity of AST was significantly increased after DISCUSSION
oral administration of copper pyrazinate in rats treated
with 4.0 mg/kg for 6 weeks in comparison with control The LD  of copper pyrazinate was 750.0 and 118.33
group. ALT activity was markedly increased in rats mg/kg after oral and intraperitoneal administration,
treated with 4.0 mg/kg, up to 8 weeks of treatment (Fig. 4). respectively.  Oral  doses  of  500  mg/kg  or less caused
Cholesterol was significantly increased in rats treated with no fatalities and doses of 1750 mg/kg orally killed all
the large dose of copper pyrazinate for 8 weeks (Fig. 4). animals.  Doses  of 40 mg/kg after i.p administration or
Urea and creatinine levels showed no significant change less  caused no mortalities and doses of 310 mg/kg after
in rats treated with either 0.8 or 4.0 mg/kg (Fig. 5). i.p administration killed all animals. The high oral LD

50

50
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(750.0 mg/kg) of copper pyrazinate in rats indicate its Copper  pyrazinate administration in both doses for
safety. The doses used in this study (0.8 and 4.0 mg/kg) 6 weeks generally decreased RBCs, WBCs and platelets
correspond to 8.96 and 17.92 mg/d for adult man (70 kg counts, Hb concentration and eosinophiles and
b.wt, as calculated according to the surface area rule [25]. monocytes percents; however, their values returned

Copper level in control non treated rats ranged from nearly to the control level after 8 weeks and later on. This
192.00±8.40 to 236.60±27.60µg/dl. Several factors can effect is consistent with the decreased copper level in
affect serum copper including inflammation, infectious liver and muscles which appeared after 6 weeks of
diseases and age [26]. The present data showed a marked administration.
increase  in  serum  copper following oral administration It has been reported [34] that supplementation with
of copper pyrazinate in doses of 0.8 and 4.0 mg/kg. The 1.20 µg/g of Cu in rat food for 16 weeks induced mild light
increase in serum copper is mostly due to increased microscopy alterations in Cu-treated rats and concluded
hepatic synthesis and release of ceruloplasmin [1] and is that sub-chronic Cu loading in young rats induced early
consistent with previous investigations [27, 28] whereas hepatic morphological changes, with enhancement in
an elevated serum copper after administration of copper Kupffer  cell-dependent  respiratory  burst activity and
to copper deficient persons. In contrast copper NF-kappaB DNA binding, cellular responses that may
supplementation studies have shown that indexes of prevent or alleviate the hepatotoxicity of the metal.
copper status do not tend to be influenced by additional The present data clearly demonstrated that oral
dietary copper. For example copper status did not change administration  of  copper  pyrazinate  at doses of 0.8 or
in healthy  infants  supplemented with copper [29] or 4.0 mg/kg for 6 weeks did not significantly alter liver
adult  men  supplemented with 2 mg or 3 mg Cu/day [30] enzymes, urea, creatinine and cholesterol. The lack of
or those supplemented with  6 mg/ d for 6- or 8-week effect on the AST, activity for up to the 8  weeks in rats
[31]. Moreover, copper indexes did not change after indicates safety of the compound in doses up to 4.0
feeding diets containing 7.8 mg Cu/d for 24d [28]. There mg/kg. This was also correlated to the lack of effect on the
was no changes in plasma copper level after a high ALT activity by the small dose administered for 8 weeks,
copper  intake for 5 months, although an increase in some although ALT activity was only increased by the large
other copper indexes was observed [32]. This difference dose  given  for at least 8 weeks. In this concern,
is probably due to dose difference, since the small doses O'Connor et al. [35] reported that there was no significant
used in our study is 0.8 mg/kg, 7-8 times the maximum alteration in liver function after 6 weeks of copper intake
doses in other studies [28]. at highest level of 7mg/kg b.wt in healthy adults. It

Copper concentration in liver or muscle tissue appeared that neither copper nor pyrazine moiety in the
increased only in the first two weeks of oral administration copper pyrazinate molecule are hepatotoxic in the used
of  copper  pyrazinate  at  doses  of  0.8  or  4.0 mg/kg, doses for the used period. AST activity increased only
however, it returned to values nearly similar to those of after 14 days before the hemolytic crisis which occurred
the normal control rats. It has been previously [26] between  6 and 8 weeks of copper intake at dose level of
reported that plasma Cu level increased with age whereas 3 mg/kg daily for a week with an additional 3 mg/kg
liver and bone Cu levels and urinary Cu excretion copper weekly in sheep [36]. On the other hand pyrazine
remained unchanged. Homeostatic regulation of copper appeared to be hepatoprotective rather than hepatotoxic
absorption and retention helped to minimize the amount since 2-(allylthio)  pyrazine  was effective in protecting
of copper retained with high copper intake [32]. Two the liver against aflatoxin B1-induced toxicity and the
mechanisms have been suggested to protect against mechanism of chemoprotection by 2-(allylthio) pyrazine
copper toxicity; sequestration in the metal binding might involve inhibition of the P450 2B- and 3A2-mediated
metallothioneins and / or copper-translocating ATPase metabolism of aflatoxin B1 [37]. Neither pyrazine nor
[33]. The previously discussed mild changes correlates methylpyrazine induced microsomal lauric acid 12-
with the high oral LD  (750 mg/kg) of copper pyrazinate hydroxylase [38] who found also that pyrazine is mainly50

in  rats.  The  transient rise of liver and muscle copper a CYP2E inducer.
level during the first two weeks and its decrease later on Serum urea and creatinine showed no significant
may be due to increased hepatic synthesis and release of effect in rats treated with either 0.8 of 4.0 mg/kg for at least
ceruloplasmin  in  blood  [1] which causes sequestration 10 weeks. However, cholesterol significantly increased in
of the metal in the blood and are consistent with the rats treated with copper pyrazinate at its higher dosage
reported increased serum copper. level  for  8  weeks. These results were in agreement  with

th
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those reported by Abou-Seif, et al. [39]. They reported 5. Milczarska, B., H. Foks, K. Mikolajczyk, M. Janowiec,
that administration of copper (II) complexes in rats caused
a significant increase in superoxide dismutase activity
without  changing  other  biochemical  parameters
(alkaline phosphatase, AST and ALT, blood urea,
creatinine, total cholesterol, total protein and globulin).
Copper toxicity is partially dependent on the copper salt,
for example tribasic copper chloride is a safer and more
available to broiler chickens than copper sulfate [40].
Recently, it was reported that high dose of nano-copper
induced increases in alanine aminotransferase, aspartate
aminotransferase, triglyceride, total bilirubin, total bile
acid levels and a decrease in body weight [41]. Moreover,
histopathological studies of the liver indicated scattered,
dotted hepatocytic necrosis in all rats in the high dose
nano-copper group. The present data add additional
evidence that copper pyrazinate is safe for rats at the used
levels for at least 6 weeks. Moreover, the lack of
significant  effect  of copper pyrazinate administered for
6 weeks on cholesterol level is consistent with that of
Rajendran et al. [42] who reported that copper is less
likely to play a role in the promotion of atherosclerosis
than other elements.

 In  conclusion,  treatment  with  copper  pyrazinate
(at doses of 0.8 or 4 mg/kg b.wt.) revealed very mild
changes in liver and kidney functions, blood profile, liver
and muscle copper levels although a significant increase
in serum copper concentration in rats orally administered
copper pyrazinate at doses 7 to 8 times the maximum
copper intake in adult humans.

REFERENCES

1. Linder, M.C., 1991. The Biochemistry of Copper.
Plenum Press, New York.

2. Araya, M.,  M. Olivaries, F. Pizarro, M.A. Méndez,
M. González and R. Uauy, 2005. Supplementing
copper at the upper level of the adult dietary
recommended  intake induces detectable but
transient  changes  in  healthy adults. J. Nutrition,
135: 2367-2371.

3. Dudova, B., D. Hudecova, R. Pokorny, M. Mickova,
M.   Palicova, P.   Segla   and   M.   Melnik,  2002
Copper complexes with bioactive ligands. Part II:
Antifungalactivity.  Folia   Microbiologica  (Praha),
47: 225-229.

4. Song, R., K.M. Kim and Y.S. Sohn, 2003. New
heterometallic coordination polymers self-assembled
from copper (II) nitrate and (diamine) Pt(II)
(pyridinecarboxylates)  (2). Inorganic Chemistry,
42(3): 821-826.

Z. Zwolska and Z. Andrzejczyk, 2000. Studies on
pyrazine derivatives-XXXIV. Synthesis and
tuberculostatic activity of alpha-oxo ketene
dithioacetals pyrazine derivatives. Acta Poloniae
Pharmaceutica, 57: 307-310.

6. Foks,  H.,   D. Pancechowska-Ksepko,   A.  Kedzia,
Z. Zwolska, M. Janowiec and Augustynowicz-
Kopec., 2005. Synthesis and antibacterial activity of
1H-pyrazolo[3,4-b]pyrazine and -pyridine derivatives.
Farmaco., 60: 513-517.

7. Jampilek, J., M. Dolezal and V. Buchta, 2007.
Antimicrobial evaluation of some
arylsulfanylpyrazinecarboxylic Acid derivatives. Med
Chem., 3: 277-280.

8. Dias, N., U. Jacquemard, B. Baldeyrou, A. Lansiaux,
J.F. Goossens, C. Bailly, S. Routier and J.Y. Merour,
2005. Synthesis of 2,6-diphenylpyrazine derivatives
and their DNA binding and cytotoxic properties.
European J. Medicinal Chemistry, 40: 1206-1213.

9. Dubinina,  G.G.,  M.O.  Platonov,  S.M. Golovach,
P.O. Borysko, A.O. Tolmachov and Y.M. Volovenko,
2006. Novel 5, 7-disubstituted 6-amino-5H-pyrrolo
[3,2-b]pyrazine-2,3-dicarbonitriles, the promising
protein kinase inhibitors with antiproliferative
activity.  European      J.      Medicinal   Chemistry,
41: 727-737.

10. Urban,  M.,  J. Sarek, M. Kvasnica, I. Tislerova and
M. Hajduch, 2007. Triterpenoid pyrazines and
benzopyrazines with cytotoxic activity. J. Natural
Products, 70: 526-532.

11. Kamachi, F., H.S. Ban, N. Hirasawa and K. Ohuchi,
2007. Inhibition of lipopolysaccharide-induced
prostaglandin  E2 production and inflammation by
the Na+/H+ exchanger inhibitors. J. Pharmacology
and Experimental Therapeutics, 321: 345-352.

12. Mukaiyama,   H.,    T.    Nishimura,    S.   Kobayashi,
T.  Ozawa,  N.  Kamada,  Y.   Komatsu,   S.  Kikuchi,
H. Oonota and H. Kusama, 2007. Synthesis and c-Src
inhibitory activity of imidazo[1,5-a]pyrazine
derivatives as an agent for treatment of acute
ischemic  stroke.  Bioorganic Medicinal Chemistry,
15: 868-885.

13. Melkonian, G.,  H.  Eckelhoefer,  M.  Wu, Y. Wang,
C. Tong, K. Riveles and P. Talbot, 2003. Growth and
angiogenesis are inhibited in vivo in developing
tissues by pyrazine and its derivatives. Toxicological
Sci., 75: 393-401.

14. Dubuissona, M.L., J.F. Reesa and J. Marchand-
Brynaert, 2004. Discovery and validation of a new
family of antioxidants: the aminopyrazine derivatives.
Mini-Reviews in Medicinal Chemistry, 4: 421-435.



World Appl. Sci. J., 12 (9): 1469-1477, 2011

1476

15. Kuo,  G.H.,  P.  Connolly,  C.  Prouty, A. Deangelis, 29. Salmenpera,    I.,     M.A.     Siimes,     V.     Nanto   and
A. Wang, L. Jolliffe, S. Middleton and S. Emanuel,
2002. Pyrazine derivatives as modulators of tyrosine.
(http://Www.Wipo.Int/Pctdb/ En/Wo.Jsp?
Wo=2002024681).

16. Gad, S.C. and C.S. Weil, 1982. Statistics For
Toxicologists. In: Hayes A.W. (ed) Principles and
Methods  of  Toxicology,  Raven Press, New York,
pp: 273-320.

17. Mehmet, Y. and I. Akdeniz, 2004. Sensitivity
enhancement in flame atomic absorption
spectrometry for determination of copper in human
thyroid Tissues. Analytical Sciences, 20: 1363-1366.

18. Abe, A., S. Yamashita and A. Noma, 1989. Sensitive,
direct colorimetric assay for copper in serum. Clinical
Chemistry, 35: 552-554.

19. Feldman, B.F., G. Joseph, J.G. Zinkl and N.C. Jain,
2000. Schalm's Veterinary Hematology. 5  ed.,th

Lippincott Williams & Wilkins Co. Philadelphia.
20. Reitman, S.M.D. and S. Frankel, 1957. A colorimeter

method for determination of serum glutamic
oxaloacetic acid and glutamic pyruvic acid
transferases. American J. Clinical Pathol., 28: 56-63.

21. Patton,   C.J.    and    S.R.    Crouch,   1977.
Calorimetric determination of urea. Analytical
Chemistry, 49: 464-469.

22. Houot, O., 1985. Interpretation of Clinical Laboratory
Tests. Ed. by G. Siest, J. Henny, F. Schiele and
Young, Biochemical Publications, pp: 220-234.

23. Abell, L.L., B.B. Levy and F.E. Kendall, 1952. A
simplified method for the estimation of total
cholesterol in serum and demonstration of its
specificity. J. Biological Chemistry, 195: 357-366.

24. Snedecor, G.W. and W.G. Cochran, 1989. Statistical
Methods. 8  ed., Ames, Iowa State University Press,th

pp: 217-235.
25. Baget, G.E. and J.M. Barnes, 1964. Toxicity Tests In

"Evaluation of Drug Activities: Pharmacometrics"
Chapt.   6:    135-165,    eds:    D.R.    Laurence    and
A.L. Bacharach, Academic Press London and N.Y.

26. Coudray,  C.,   C.   Feillet-Coudray,   M.  Rambeau,
J.C. Tressol, E. Gueux, A. Mazur and Y. Rayssiguier,
2006.  The effect of aging on intestinal absorption
and status of calcium, magnesium, zinc and copper in
rats: a stable isotope study. J. Trace Elements in
Medicine and Biol., 20: 73-81.

27. Danks, D.M., 1988. Copper deficiency in humans.
Annual Review of Nutrition, 8: 235-571.

28. Turnlund, J.R., 1999. Copper. In: Chils Olson JA,
Shike, M., Ross, AC Eds. Modern Nutrition In Health
and  Disease.   Baltimore:   Williams   and  Wilkins,
pp: 241-252.

J. Perheentupa, 1989. Copper supplementation: failure
to increase plasma copper and ceruloplasmin
concentration in healthy infants. American J. Clinical
Nutrition, 50: 843-847.

30. Jones,  A.A.,  R.A.  Disivestero,  M. Coleman and
T.L. Wagner, 1997. Copper Supplementation of adult
men: effect on blood copper enzyme activities and
indicators of cardiovascular disease risk. Metabolism,
46: 1380-1383.

31. Kehoe C.A., E. Turley, M.P. Bonham, M. O’Connor,
A.   McKeown,     M.S.   Faughan,   J.S.   Coulter,
W.S. Gilmore, A.N. Howard and J.J. Strain, 2000.
Response of putative indices of copper status to
copper supplementation in human subjects. British J.
Nutrition, 84: 151-156.

32. Turnlund,  J.R.,  R.A. Jacob, C.L. Keen, J.J. Strain,
D.S. Kelly,  J.M.  Domek,  W.R. Keyes, Jl. Ensunsa,
J.  Lykkesfeldt  and  J.   Coulter,   2004.  Long-term
high copper intake: effects on indexes of copper
status,   antioxidant   status   and   immune  function
in    young  men.    American   J.   Clinical  Nutrition,
79: 1037-1044.

33. Dameron, C.T. and M.D. Harrison, 1998. Mechanisms
for protection against copper toxicity. American J.
Clinical Nutrition, 67(5 Suppl): 1091S-1097S.

34. Cisternas, F.A., G. Tapia, M. Arredondo, D. Cartier-
Ugarte,  P.  Romanque,   W.D.   Sierralta,   T.  Vial,
L.A. Videla and M. Araya, 2005. Early histological
and functional effects of chronic copper exposure in
rat liver. BioMetals, 18: 541-51.

35. O'Connor J.M., M.P. Bonham, E. Turley, A.
McKeown, V.J. McKelvey-Martin, W.S. Gilmore and
J.J. Strain, 2003. Copper supplementation has no
effect on markers of DNA damage and liver function
in healthy adults (FOODCUE project). Annuals of
Nutrition and Metabolism, 47: 201-206.

36. Ortolani, E.L., C.H. Machado and M.C. Sucupira,
2003. Assessment of some critical and laboratory
variables for early diagnosis of cumulative copper
poisoning in sheep. Veterinary and Human Toxicol.,
45: 289-293.

37. Ha, T.G. and N.D. Kim, 1998. 2-(allylthio) pyrazine
inhibition of aflatoxin B1-induced hepatotoxicity in
rats: inhibition of cytochrome P450 2B- and 3A2-
mediated bioactivation. Research Communications in
Molecular Pathology and Pharmacol., 102: 69-78.

38. Japenga, A.C., S. Davies, R.J. Price and B.G. Lake,
1993. Effect of treatment with pyrazine and some
derivatives on cytochrome P450 and some enzyme
activities in rat liver. Xenobiotica, 23: 169-179.



World Appl. Sci. J., 12 (9): 1469-1477, 2011

1477

39. Abou-Seif,   M.A.,    M.M.   El-Naggar,   M.  El-Far, 41. Yang,  B., Q. Wang, R. Lei, C. Wu, C. Shi, Q. Wang,
M. Ramadan and N. Salah, 2003. Prevention of Y. Yuan, Y. Wang, Y. Luo, Z. Hu, H. Ma and M. Liao,
biochemical changes in gamma-irradiated rats by 2010. Systems toxicology used in nanotoxicology:
some metal complexes. Clinical Chemistry and mechanistic insights into the hepatotoxicity of nano-
Laboratory Medicine, 41: 926-933. copper particles from toxicogenomics. J. Nanoscience

40. Luo, X.G., F. Ji, Y.X. Lin, F.A. Steward, L. Lu, B. Liu Nanotechnol., 10: 8527-8537.
and S.X. Yu, 2005. Effects of dietary supplementation 42. Rajendran, R., M. Ren, P. Ning, B. Tan Kwong Huat,
with copper sulfate or tribasic copper chloride on B. Halliwell and F. Watt, 2007. Promotion of
broiler performance, relative copper bioavailability atherogenesis by copper or iron-which is more likely?
and oxidation stability of vitamin E in feed. Poultry Biochemical and Biophysical Research
Sci., 84: 888-893. Communications, 353: 6-10.


