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The effect of prolonged administration of high doses of copper nicotinate on biochemical and cellular 
constituents of blood and on copper level in serum, liver and muscle was studied in rats. Oral 
administration of copper nicotinate at doses of 0.8 or 4.0 mg/kg body weight (b. wt.) for 6 weeks did not 
affect GOT, creatinine or cholesterol in serum of rats. When given at 4.0 mg/kg b. wt. for 8 weeks copper 
nicotinate significantly (P <0.05) increased GOT, GPT, urea, creatinine and cholesterol in serum of rats. 
Minimal hematological changes were observed particularly when copper nicotinate was given at the 
high dose for 8 weeks. After administration of copper nicotinate at a dose of 0.8 and 4.0 mg/kg b. wt. 
copper level increased in the serum.  The concentrat� of copper in liver and muscle tissue initially 
increased through the first 2 weeks, but its level decreased within the next 2 weeks and remained 
almost at this level up to the 10th week. The present data indicate the safety of copper nicotinate 
complex when given at a high dose for 6-8 weeks. This was also confirmed by the high LD50 in mice 
(1104.17 and 128.33 mg/kg b. wt. after oral and intraperitoneal route respectively. 
 
Key words: Copper nicotinate, copper complex, copper high doses, copper concentration, serum biochemical 
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INTRODUCTION 
 
Copper deficiency is extremely rare because the amount 
present in food is more than adequate to provide the 
needed body requirements (Velasco-Reynold et al., 
2008). Copper is required for the function of several co-
enzymes essential for different physiological functions 
(Lee et al., 1976; Linder, 1991). The daily copper require-
ment for individuals of more than 11 years is estimated to 
be 1.5-2.5 mg (Sandstead, 1982). However the tolerable 
upper intake level of copper is ranging from 5 to 10 mg 
elemental copper daily. A dose of elemental copper  up to  
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15 mg / day for an adult can be considered as a safe 
supplemental dose. Above this dose some gastrointes-
tinal side effects can occur (Araya et al., 2005). As a the-
rapeutic dose, risk benefit ratio can be in favor of in-
creasing the dose if treating a serious condition. Diet can 
be supplemented by copper in different forms such as 
copper sulfate or tribasic copper chloride. However, re-
cently there is an increasing evidence for the use of cop-
per complexes such as copper nicotinate and 2-methyl-
thionicotinate in several clinical situations (El-Saadani et 
al., 1993; Dudova et al., 2002; Song et., 2003; El-Saada-
ni, 2004; Salama et al., 2007). The effect of copper com-
plexes on the health status requires investigations. This 
necessitates studying the effect of high doses of copper 
nicotinate  on  some  serum  and  blood  parameters  and
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Table 1. Effect of copper nicotinate   after 6 weeks of oral administration on serum biochemical constituents of rats (Mean ± 
SD, n=5). 
 

 GOT I.U./l GPT I.U./l Urea  mg/dl Creatinine mg/dl Cholesterol  mg/dl 
Control 131.0±17.1a 44.0±4.2b 18.3±1.2 b 0.6±0.1 a 59.0±4.6 a 
Copper nicotinate (0.8mg/kg) 120.6±7.5 a 40.4±4.3b 16.4±1.4ab 0.5±0.2 a 56.0±6.5 a 
Copper nicotinate  (4.0 mg/kg) 134.0±3.8 a 52.0±4.5c 16.60±1.1b 0.6±0.3 a 55.0±7.8 a 

 

Means of different asterisks are significantly different at P < 0.05. 
 
 
 
 
estimating copper level in serum, liver and muscles of 
rats. Moreover the acute LD50 was determined in mice. 
 
 
MATERIALS AND METHODS 
 
Acute LD50 of copper nicotinate in mice 
 
Groups of 10 mice (25.0 ± 2 g b. wt.) were orally administered cop-
per nicotinate in graded increased doses from 250 to 2000 mg/kg. 
b. wt. Another set of groups were injected copper nicotinate intra-
peritoneally in graded increased doses from 10 to 310 mg/kg b. wt. 
Mice were observed for morbidity or signs of discomfort. Mortality 
rate over 24 h was recorded in each group according to Gad and 
Weil (1982). 
 
 
Effect of prolonged administration of copper nicotinate on 
serum constituents and blood profile of rats 
 
Five groups of Sprague Dawley rats (250 ± 5 g b. wt.) each of five 
animals were reared under strict hygienic measures. The 1st group 
was kept as control receiving 2% acacia watery solution (suspen-
ding agent of the drug). Rats of the 2nd and 3rd group were given 
orally copper nicotinate daily at doses of 0.8 and 4.0 mg/kg b. wt. 
for the same period. Blood samples were collected every 2 weeks 
from the orbital plexus of veins in clean tubes with few drops of 
EDTA for complete blood picture. Another blood sample was taken 
for separation of clear serum. Serum transaminases (GOT and 
GPT) were determined according to Sherlock (1951) using comer-
cial kits from Randox laboratories (United Kingdom). Urea, create-
nine and cholesterol concentrations were determined in serum ac-
cording to (Abell et al., 1952).  
 
 
Effect of prolonged administration of copper nicotinate in rats 
on serum, liver and muscle copper level 
 
Two groups of Sprague Dawley rats each of five animals were giv-
en orally copper nicotinate daily at doses of either of 0.8 and 4.0 
mg/kg b. wt.  for 10 weeks.  Another group was kept as control re-
ceiving equal volumes of 2% acacia watery solution (suspending 
agent of the drug). At the end of the experiment rats were sacri-
ficed. Blood was collected, serum was separated and liver and mu-
scle samples were taken for estimation of copper levels. Copper le-
vel was estimated in liver and muscle according to Mehmet and 
Akdeniz (2004). Serum copper was estimated colorimetrically ac-
cording to Abe et al. (1989) using commercial kit from EliTech diag-
nostics (France). 
 
 
Statistical analysis 
 
Results are expressed as mean  ±  standard  deviation  (SD).  Diffe- 

rences between control and treated groups were  tested  for  signifi- 
cance using a one- way analysis of variance (ANOVA) followed by 
Duncan’s multiple range tests according to  Snedecor and Cochran 
(1986). 
 
 
RESULTS 
 
Acute LD50 of copper nicotinate in mice 
 
The LD50 for copper nicotinate was 1104.17 and 128.33 
mg/kg after oral and intraperitoneal administration res-
pectively. Oral doses of 500 mg/kg or less caused no fa-
talities and doses of 1750 mg/kg orally killed all animals. 
Doses of 40 mg/kg i.p. or less caused no mortalities and 
doses of 310 mg/kg i.p. killed all animals. 
 
 
Effect of prolonged administration of copper 
nicotinate on serum constituents and blood profile of 
rats 
 
Oral administration of copper nicotinate at doses of 0.8 or 
4.0 mg/kg b. wt. for 6 weeks did not affect GOT, create-
nine or cholesterol in serum of rats. However GPT was 
increased and urea was decreased by the large dose on-
ly (Table 1). Oral administration of copper nicotinate at 
doses of 0.8 or 4.0 mg/kg b. wt. for 8 weeks significantly 
(P < 0.05) increased GOT, GPT, urea, creatinine, and 
cholesterol levels in the serum of rats (Table 2).  

Oral administration of copper nicotinate at doses of 0.8 
mg/kg b. wt. for 6 weeks decreased esinophiles and mo-
nocytes  and increased lymphocytes counts but did not 
affect any of the other blood parameters. Oral adminis-
tration of copper nicotinate at doses of 4.0 mg/kg b. wt. 
for 6 weeks resulted in decreased RBCS, WBCs, plate-
lets, eosinophiles and monocytes but increased lympho-
cyte counts (Table 3). Oral administration of copper nico-
tinate at doses of 0.8 mg/kg b. wt. for 8 weeks resulted in 
decreased platelet counts, eosinophiles and monocytes 
and increased lymphocyte counts but did not affect any of 
the other blood parameters. Oral administration of copper 
nicotinate at doses of 4.0 mg/kg b. wt. for 8 weeks re-
sulted in decreased RBCS, WBCs, platelets, esinophiles 
and monocytes but increased lymphocytes counts (Table 
4).
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Table 2. Effect of copper nicotinate on serum transaminases, urea, creatinine and cholesterol after oral administration for 8 weeks 
in rats (Mean ± SD, n=5). constituents. 
 
 GOT I.U./l GPT I.U./l Urea  mg/dl Creatinine mg/dl Cholesterol mg/dl 
Control 115.0±19.4  a 35.0±4.5  a 17.0±1.6 a 0.6±0.3  a 50.0±2.8  a 
Copper nicotinate (0.8 mg/kg) 121.0±21.9  a 42.4±2.9b 20.0±2.9 ab 0.7±0.1  a 65.0±2.1  b 
Copper nicotinate (4.0 mg/kg) 151.0±22.5 b 42.0±1.9  b 21.2±2.3  b 0.8 ± 0.1  a 65.0±2.7  b 

 

Means of different asterisks are significantly different at P < 0.05. 
 
 
 

Table 3. Effect of copper nicotinate after oral administration for 6 weeks on blood picture�in rats (Mean + SD, n=5). 
 
 RBCS X 106/mm3 HBg/dl WBCSX103/mm3 PLT X103/mm3 Eosino % Seg % Lymph % Mono g/dl 
Control 6.2±0.2 b 13.1±0.8 a 11.1±0.5c 620.0±59.6 b 6.0±1.2 a 13.0±4.3a 84.0±4.7 a 3.0±0.7 b 
Copper 
nicotinate(0.8 
mg/kg) 

6.3±0.4  b 11.0±2.2 a 8.7±0.7  b 610.0±41.8 b 1.0±0.0 b 12.2±4.1a 91.0±1.4b 1.0±1.0 a 

Copper 
nicotinate  
(4.0 mg/kg) 

5.6±0.5 a 12.2±1.0 a 7.4±0.6  a 483.0±51.7  a 0.0 13.0±3.2a 92.0±2.5b 1.0±0.0 a 

 

Means of different asterisks are significantly different at P < 0.05. 
 
 
Table 4. Effect of copper nicotinate on blood picture after oral administration for 8 weeks in rats (Mean + SD, n=5).  
 

 RBCS X106 

/mm3 
HB 
g/dl 

WBCSX103 

/mm3 
PLT X103 

/mm3 
Eosino 

 % 
Seg  
% 

Lymph 
 % Mono g/dl 

Control 6.3±0.4 b 14.2±0.8  a 17.9±4.3  b 600.0±67. b 3.0±1.2  a 15.6±3.3a 76.2±16.3  a 2.6±0.9  a 
Copper  
nicotinate (0.8 mg/kg) 6.1±0.5  b 13.7±2.5  a 16.1±1.5ab 500.0±55.2  a 4.6±1.3  a 15.8±3.6a 87.0±1.4  b 1.4±0.5  a 

Copper  
nicotinate (4.0 mg/kg) 5.4±0.3 a 13.4±0.7  a 13.2±0.8  a 430.0±23.2 a 2.2±1.3  a 16.6±3.4a 89.8±4.4  b 1.4±1.3  a 

 

Means of different asterisks are significantly different at P < 0.05. 
 
 
 
Effect of prolonged administration of copper 
nicotinate in rats on serum, liver and muscle copper 
level 
 
The copper level in control non treated rats ranged from 
192 ± 8.4 to 236.6 ± 27.6 µg/dl. After administration of 
copper nicotinate at dose of 0.8 and 4.0 mg/kg its serum 
level increased to a range from 278.2 ± 32.6 (P>0.05) to 
340.0 ± 35.2 µg/dl and ranged from 350.0 ± 42.7 µg/dl to 
408 ± 38.0 µg/dl after administration of the large dose 
(4.0 mg/kg b. wt.) (Figure 1). 

The copper concentration in liver tissue of normal rats 
ranged from 37.2 ± 8.6 to 52. 3 ± 1.9 ppm. Liver of rats 
treated with copper nicotinate in a dose of 0.8 mg/kg b. 
wt. for 2 weeks was 57.3 ± 6.2 ppm. This level decreased 
to 22.3 ± 5.2 ppm within the next two weeks and remain-
ed almost at this level for up to the 10th week.  Liver of 
rats treated with copper nicotinate at a dose of 4.0 mg/kg 
for 2 weeks was 53.3 ± 2.1� ppm. This level decreased 
to41.0 ± 8.6 with no significant difference and remained 
almost at this level for up to the 10th week (Figure 1). 

Copper level in muscle of normal rats ranged from 21.0 

± 7.2 to 31.5 ± 6.9 ppm. Muscles of rats orally administer-
ed copper nicotinate at a dose of 0.8 mg/kg b. wt. was 
35.5 ± 9.9 ppm after 2 weeks but decreased to27.5 ± 4.6 
ppm after 6 weeks of administrations and remains almost 
at this level for up to the 10th week (Figure 1). 
 
 
DISCUSSION 
 

The present data clearly demonstrate that oral admini-
stration of copper nicotinate at doses of 0.8 or 4.0 mg/kg 
for 6 weeks did not significantly alter liver enzymes, urea, 
creatinine and cholesterol. The mild increase in the GPT 
following the large dose (4.0 mg/kg) and the non signifi-
cant change in GOT indicates little or no adverse effect 
on liver function when copper nicotinate was given for 6 
weeks. Similar observations have been reported in hu-
man by Araya et al. (2005) who found that liver enzyme 
activities in individuals received a single daily dose of 10 
mg Cu for 60 days, remained below the clinical cutoff va-
lue used to diagnose liver dysfunction. The authors con-
cluded that the elevation in aminotransferases is transient 
and mild. Also, there were no significant  alteration  in  li- 



Atta   et    al.       181 
 
 
 

0

10

20

30

40

50

60

70

Li
ve

r 
co

pp
er

 (p
pm

)

 

 
 
 Figure 1. Serum, liver and muscles copper oral administration of copper nicotinate at 0, 
0.8 and 4 mg/kg for 10 weeks in rats (mean + SD, n=5). A, b, c: values with different 
asterisk are significantly different compared to other weeks. ∗Significant at p>0.05 
compared to other groups. 

 
 
 
ver function after 6 weeks of copper intake at highest le-
vel of 7 mg/day in healthy adults (O'Connor et al., 2003). 
  In animal studies, it has been reported that administra-
tion of copper (II) complexes in rats caused a significant 
increase in superoxide dismutase activity without chang-
ing other biochemical parameters (alkaline phosphatase, 
GOT and GPT, blood urea, creatinine, total cholesterol, 
total protein and globulin) compared with the correspon-
ding values of the normal control rat group (Abou-Seif et 
al., 2003). In chickens, copper toxicity is partially depen-
dent on the copper salt formula, for example tribasic cop-
per chloride is a safer product and more available to broi-
lers than copper sulfate, and it is chemically less active 
than copper sulfate in promoting the oxidation of vitamin 
E in feed (Luo et al., 2005). The present data add addi-
tional evidence that copper nicotinate  is  safe  for  use  at  

 
the used levels for at least 6 weeks. In this respect cop-
per nicotinate has been proved to maintain liver function 
against the most frequent toxicities associating 5-fluro-
uracil administration as indicated by significant reduction 
of serum bilirubin, transaminases and alkaline phospha-
tase (El-Saadani, 2004). Moreover, Cu(2)(DIPS)(4)L(2) 
complexes (L=diethylether, N,N-dimethylformamide) exhi-
bited no toxicity when examined for anticonvulsant acti-
vity using the seizure produced by maximal electroshock, 
following oral administration to rats (Viossat et al., 2002). 
Cisternas et al. (2005) reported that supplementation with 
1,200 ppm of Cu in rat food for 16 weeks induced mild 
light microscopy alterations in Cu-treated rats. The aut-
hors concluded that subchronic Cu loading in young rats 
induces early hepatic morphological changes, with 
enhancement in Kupffer  cell-dependent  respiratory burst  
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activity and NF-kappaB DNA binding, cellular responses 
that may prevent or alleviate the hepatotoxicity of the me-
tal. Moreover the lack of significant effect of copper nicoti-
nate administered for 6 weeks on cholesterol level is con-
sistent with the findings of Rajendran et al. (2007) who 
reported that copper is less likely to play a role in the pro-
motion of atherosclerosis than other elements.  

In sheep drenched 3 mg/kg b. wt. copper daily for a 
week and an additional 3 mg/kg b. wt. every week until 
signs of toxicity appear, the onset of copper poisoning oc-
curred between 42 and 55 d. AST activity increased only 
14 days before the hemolytic crisis (Ortolani et al., 2003). 

The present data indicate that the adverse effects of 
prolonged copper administration are dose-and duration-
dependant since GOT, GPT, urea, creatinine and chole-
sterol as well as the cellular constituents of blood were 
significantly elevated after 8 weeks and the effects were 
prominent with the large dose. The increased lymphocyte 
count was similar to the finding of Turnlund, et al. (2004).    

The copper level in control non treated rats ranged 
from 192±8.4 to 236.6±27.6 �g/dl. Several factors can af-
fect serum copper including inflammation, infectious dis-
eases and age (Coudray et al., 2005).  

The present data showed a marked increase in serum 
copper of rats following oral administration of 0.8 and 4.0 
mg/kg b. wt. The increase in serum copper is mostly due 
to increased hepatic synthesis and release of ceruplas-
min (Linder, 1991) and is to some extent consistent with 
those of (Danks, 1988; Turnlund et al., 1999) who report-
ed an elevated serum copper after administration of cop-
per to a copper deficient person. 

In contrast copper supplementation studies have 
shown that indexes of copper status do not tend to be in-
fluenced by additional dietary copper. For example cop-
per status did not change in healthy infants supplement-
ed with copper (Salmenpera et al., 1989) or adult men 
supplemented with 2 or 3 mg cu / day (Jones et al., 1997) 
or those supplemented with �6 mg/ day for 6- or 8-weeks 
(Kehoe et al., 2000). Moreover copper indexes did not 
change after feeding diets containing 7.8 mg Cu/day for 
24 days (Turnlund et al., 1999). There were no changes 
in plasma copper level after a high copper intake for 5 
months, although an increase in some other copper in-
dexes was observed (Turnlund et al., 2004). This diffe-
rence is probably due to dose difference, since the small 
doses used in our study is 0.8 mg/kg, 7-8 times the maxi-
mum doses in other studies (Turnlund, et al., 1999). 

The copper concentration in liver tissue or muscle tis-
sue was not significantly changed after oral administra-
tion of copper nicotinate at doses of 0.8 or 4.0 mg/kg for 
6 or 8 weeks. It has been previously (Coudray et al., 
2005) reported that plasma Cu level increased with age 
whereas liver and bone Cu levels and urinary Cu excre-
tion remained unchanged. Homeostatic regulation of cop-
per absorption and retention helped to minimize the 
amount of copper retained with high copper intake 
(Turnlund et al., 2004). Two mechanisms have been sug- 
gested to protect  against  copper toxicity;  sequesteration  in 

 
 
 
 
the metal binding metallothioneins or copper-transloca-
ting ATPase (Dameron and Harrison, 1998). The pre-
viously discussed mild changes correlate with the high 
oral LD50 (1104.17 mg/kg) of copper nicotinate in mice. 
   In conclusion, prolonged oral administration of a high 
dose of 4 mg/kg b.wt. of copper nicotinate for 8 weeks to 
rats causes only minimal hematological changes and mi-
nor serum biochemical alterations. The orally administer-
ed dose of copper nicotinate to rats approximately equals 
7 to 8 times the maximum copper intake in adult man. 
These findings indicate the safety of copper nicotinate 
complex. Moreover, the mild adverse effects of copper in 
rats correlate with the high oral LD50 (1104.7 mg/kg) that 
reported in mice. 
 
 
REFERENCES 
 
Abe A, Yamashita S, Noma A (1989) Sensitive, direct colorimetric assay 

for copper in serum. Clin.  Chem. 35(4): 552-4 
Abell LL, Levy BB, Kendall FE.(1952). A simplified method for the esti-

mation of total cholesterol in serum and demonstration of its specifi-
city. J. Biol. Chem. 195:357-366.  

Abou-Seif MA, El-Naggar MM, El-Far M, Ramadan M, Salah N (2003). 
Prevention of biochemical changes in gamma-irradiated rats by some 
metal complexes. Clin. Chem. Lab. Med. 41(7):926-33. 

Araya M, Olivaries M, Pizarro F, Miiondez MA, Gonzilez M, Uauy 
(2005). Supplementing copper at the upper level of the adult dietary 
recommended intake induces detectable but transient changes in 
healthy adults. J. Nutr. 135(10): 2367-2371. 

Cisternas FA, Tapia G, Arredondo M, Cartier-Ugarte D, Romanque P, 
Sierralta WD, Vial MT, Videla LA, Araya M (2005). Early histological 
and functional effects of chronic copper exposure in rat liver. Bio-
metals. 18(5): 541-551.  

Coudray C, Feillet-Coudray C, Rambeau M, Tressol JC, Gueux E, 
Mazur A, Rayssiguier Y (200�) The effect of aging on intestinal 
absorption and status of calcium, magnesium, zinc, and copper in 
rats: a stable isotope study. J. Trace Elem. Med. Biol. 20(2):73-81.  

Dameron CT, Harrison MD. (1998) Mechanisms for protection against 
copper toxicity. Am. J. Clin. Nutr. May. 67(5 Suppl):1091S-1097S 

Danks DM (1988) Copper deficiency in humans, Annu. Rev. Nutr. 8: 
235-571 

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

El-Saadani MA, Nassar AY, Abou el-Ela SH, Metwally TH, Nafady AM  
(1993). The protective effect of copper complexes against gastric mu-
cosal ulcer in rats. Biochem Pharmacol. 46(6):1011-1018 

El-Saadani MA (2004). A combination therapy with copper nicotinate 
complex reduces the adverse effects of 5-fluorouracil on patients with 
hepatocellular carcinoma. J. Exp. Ther. Oncol. 4(1):19-24 

Gad CS, Weil SC (1982): "Principle Methods of Toxicology", 2nd 
Edition, ed. Hays AW. p. 292. 

Jones AA, Disivestero RA, Coleman M, Wagner TL (1997). Copper 
Supplementation of adult men: effect on blood copper enzyme acti-
vities and indicators of cardiovascular disease risk. Metaboliasm.  46: 
1380-1383. 

Kehoe CA, Turley E, Bonham MP+ (2000). Responsive of putative 
indices of copper status to copper supplementation in human volun-
teers. Br. J. Nutr. 84: 151-156. 

Lee GR, Williams DM, Cartwright GE (1976). Role of copper in iron me-
tabolism and heme biosynthesis. In:  Prasad A, Oberleas D eds. 
Trace Elements in Human Health and Disease, Zinc and Copper. 
Academic Press, New York. 1: 373-390. 

Linder MC (1991). The biochemistry of copper. New York: Plenum 
Press.  

Luo XG, Ji F, Lin YX, Steward FA, Lu L, Liu B, Yu SX (2005). Effects of 
stability of vitamin E in feed. Poult. Sci. 84(6): 888-893. 

Mehmet Y, Akdeniz  I (2004). Sensitivity Enhancement in Flame  Atomic 



 
 
 
 

Absorption Spectrometry for Determination of Copper in Human 
Thyroid Tissues. Anal.  Sci. 20: 1363-1366 

O'Connor JM, Bonham MP, Turley E, McKeown A, McKelvey-Martin VJ, 
Gilmore WS, Strain JJ �� 2003). Copper supplementation has no effect 
on markers of DNA damage and liver function in healthy adults.�Ann. 
Nutr. Metab. 47(5): 201-206. 

 Ortolani EL, Machado CH, Sucupira MC (2003). Assessment of some 
critical and laboratory variables for early diagnosis of cumulative cop-
per poisoning in sheep. Vet. Hum Toxicol. 45(6): 289-293. 

Rajendran R, Ren M, Ning P, Tan KHB, Halliwell B, Watt F  (2007) 
Promotion of atherogenesis by copper or iron—which is more likely? 
Biochem. Biophys. Res. Commun. 353(1):6-10.  

Salama RHM, Nassar AYA, Nafady AAM, Mohamed HHT (2007). A 
novel therapeutic drug (copper nicotinic acid complex) for non-
alcoholic fatty liver.  Liver International. 27 454-464.  

Salmenpera, Siimes MA, Nanto V, Perheentupa J (1989). Copper sup-
plementation: failure to increase plasma copper and ceruplasmin 
concentration in healthy infants. Am. J. Clin. Nutr. 50: 843-847. 

Sandstead HH (1982). Copper bioavailability and requirements. Ame. J. 
Clin.  Nutr. 35: 809-814 

Sherlock S (1951).  Liver disease, Churchill, London. 
Snedecor GW, Cochran WG (1986): "Statistical Methods". 6th Ed., Iowa 

State University Press, Ames, Iowa, USA, p. 91 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Atta   et    al.       183 
 
 
 
Song R, Kim KM, Sohn, YS. (2003). New hetero metallic coordination 

polymers self-assembled from copper(II) nitrateand(diamine) Pt(II) 
(pyridinecarboxylates) (2). Inorg Chem. 42(3):821-826 

Turnlund JR, (1999). Copper. In: Chils Olson JA, Shike, M, Ross, AC 
eds Modern Nutrition In Health and Disease. 9th edition, Baltimore: 
Williams and Wilkins.  

Turnlund JR, Jacob RA, Keen CL, Strain JJ, Kelly DS, Domek JM, 
Keyes WR, Ensunsa Jl, Lykkesfeldt J, Coulter J (2004). Long-term 
high copper intake: effects on indexes of copper status, antioxidant 
status, and immune function in young men. Am. J. Clin. Nutr. 79: 
1037-1044. 

Velasco-Reynold C, Navarro-Alarcon M, López-Ga De La Serrana H, 
Lopez-Martinez MC (2008). Copper in foods, beverages and waters 
from South East Spain: influencing factors and daily dietary intake by 
the Andalusian population. Food Addit Contam Part A Chem. Anal 
Control Expo Risk Assess. 25(8): 937-945.  

 Viossat B, Morgant G, Sorenson JR, Roch-Arveiller M, Daran JC, 
Greenaway FT, Nguyen Huy D (2002). [Crystallochemistry of copper 
(II) and zinc (II) chelates by nonsteroidal antiinflammatory drugs.  
Ann.  Pharm. Fr. 60(2):102-104.  


