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Abstract 

Purpose: To determine the preventive effects of vitamin E and melatonin against acute copper toxicity 
in rats. 
Methods: A total of 28 Wistar albino rats were randomly divided into four equal groups: control, copper 
sulfate, copper sulfate + vitamin E, and copper sulfate + melatonin. The following were analyzed in all 
groups: serum enzymes; activity of the antioxidant enzymes superoxide dismutase (SOD), catalase 
(CAT) and glutathione peroxidase (GPx), protein carbonyl (PC) content. Liver histopathology was also 
evaluated. 
Results: PC levels decreased in rats administered copper sulfate/vitamin E and copper 
sulfate/melatonin. The activities of SOD, GPx and CAT increased significantly with melatonin and 
vitamin E administration when compared with administration of copper sulfate alone. Histopathologic 
features revealed severe degeneration and necrotic changes in rats administered copper sulfate alone. 
These changes were observed to a lesser extent in the copper sulfate + melatonin group and only 
minimally in the copper sulfate + vitamin E group. 
Conclusion: Vitamin E and melatonin are protective against liver damage caused by copper. Vitamin E, 
and melatonin may strengthen the antioxidant defense system by inhibiting protein oxidation and 
enhancing the activity of antioxidant enzymes.  
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INTRODUCTION 
 
The adult recommended dietary allowance of 
copper is 900 µg/day. In the United States, the 
median intake of copper from food is 
approximately 1.0–1.6 mg/day. By comparison, 
the tolerable upper intake level is 10,000 µg/day 
(10 mg/day), which represents the limit for 
prevention of hepatic injury, a potentially serious 
side effect of excess copper ingestion [1]. 

Excessive copper intake can occur via the 
consumption of copper-rich foods such as liver, 
seafood, nuts, whole grains, and dried fruits. 
Copper exposure can also occur due to exposure 
to residues of pesticides [2] commonly used in 
agriculture as well as via drinking water 
contaminated by environmental pollution [3] or by 
corrosion of copper water pipes [4]. Ingested 
copper can participate in reactions that result in 
the production of free radicals such as 
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superoxide anion (O2
•-). The transformation of 

O2
•- into hydroxyl radical (OH•), which has a 

higher reaction capacity in the Haber-Weiss and 
Fenton reactions, is the primary factor associated 
with oxidative stress resulting in tissue damage 
[5].  
 
Prophylactic use of melatonin and vitamin E for 
anti-aging and food supplementation has 
attracted considerable recent interest for possible 
health improvement and disease prevention in 
the current era of self-care and complementary 
medicine [6,7]. The use of dietary supplements 
sources might have beneficial effects, such as 
enhancing the immune system and the synthesis 
and bioavailability of nutrients, and reducing the 
risk of certain cancers and other diseases [7-9]. 
Melatonin is produced by and released from the 
pineal gland and reaches peak levels at night. 
Melatonin has many physiologic functions and 
plays a role in the regulation of diverse 
processes, such as circadian rhythm, blood 
pressure, oncogenesis, chronobiotic function, 
retinal physiology, immune function, apoptosis, 
and mitochondrial homeostasis [10]. Tocopherol, 
the most effective and most powerful form of 
vitamin E, is an important antioxidant compound 
with many physiologic functions, including 
maintenance of plasma membrane integrity, cell 
signaling and cell cycle regulation, cell adhesion, 
platelet aggregation, smooth muscle cell 
proliferation, and immune function [7]. The 
purpose of this study was to investigate the 
antioxidant and hepatoprotective effects of 
vitamin E and melatonin supplementation on liver 
damage associated with copper exposure in rats. 
 
EXPERIMENTAL 
 
Animals and experimental protocol 
 
Experiments were performed using 28 male 
Wistar albino rats (200 – 300 g; 3 – 4 months of 
age) supplied by Experimental Animal Research 
Center, Yuzuncu Yil University (Van, Turkey). All 
rats were provided standard laboratory chow for 
rodents and tap water ad libitum. The amount of 
copper in the tap water and feed was 0.0044 
mg/L and 33.51 mg/kg, respectively. The amount 
of vitamin E (α-tocopherol) in the feed was 67.54 
mg/kg. Rats were housed at 22 ± 2 oC, 50 % 
humidity, under a 12:12 h reverse light/dark 
cycle. 
 
Copper was administered at a dose of 10 mg/kg 
body weight (bw) as copper sulfate every other 
day, based on the modified method of Saleha et 
al [11]. The rats were grouped as follows for 
experiments: control group, received 1 mL of 
physiologic saline (i.p.) every day for 14 days; 

copper sulfate (CS) group, administered 10 mg 
CuSO4/kg bw (i.p.) every other day for 14 days 
(on days when copper sulfate was not 
administered, rats received saline); copper 
sulfate + vitamin E group (CS + Vit E), 
administered 10 mg CuSO4/kg bw (i.p.) every 
other day plus 40 mg α-tocopherol (as equivalent 
vitamin E)/kg bw (intramuscularly) [12] every day 
for 14 days; copper sulfate + melatonin group 
(CS + Mel), administered 10 mg CuSO4/kg bw 
(i.p.) every other day plus 25 mg melatonin/kg bw 
(i.p.) [13] every day for 14 days. All rats received 
humane care according to the 
international/national guidelines for animal 
studies [14,15]. This investigation was approved 
by the Ethics Committee of Yuzuncu Yıl 
University (no. 03-27552122-105). 
 
Sample collection 
 
All 28 rats survived the 14-day experiment. At the 
conclusion of the experiment, the rats were 
anesthetized with ketamine (20 mg/kg, 
intramuscularly), and blood was collected from 
the heart and transferred to EDTA tubes. The 
tubes were centrifuged for 10 min at 850×g to 
prepare serum for subsequent enzyme analysis. 
Serum marker enzymes, including aspartate 
aminotransferase (AST), alanine 
aminotransferase (ALT), alkaline phosphatase 
(ALP), lactate dehydrogenase (LDH) and 
gamma-glutamyltransferase (GGT), were 
assayed using an auto-analyzer (Roche Modular 
P, Germany), using specific kits. Levels of serum 
copper were determined by atomic absorption 
spectrometry (Thermo Scientific, iCE-3000 
series). Liver tissues were dissected and stored 
at −80 °C until analysis. Liver tissues were 
homogenized for 3 min in ice-cold phosphate-
buffered saline (pH 7.4) using a titanium probe 
homogenizer (Bandelin Sonopuls HD 2200) and 
then centrifuged at 8570× g for 30 min at 4 °C. 
The resulting supernatants were used for 
antioxidant enzyme and protein carbonyl (PC) 
analysis.  
 
Biochemical evaluation of liver homogenates 
 
The degree of copper-induced oxidative stress 
was evaluated by measuring protein oxidation as 
damaged (oxidized) protein. Protein oxidation 
(PC) was measured as carbonyl compound using 
a Cayman’s protein carbonyl assay kit (Cayman 
Chemical, USA, cat. no 10005020), which 
measures the reaction of carbonyl groups with 
2,4-dinitrophenyl to form 2,4-
dinitrophenylhydrazine [16]. GPx activity in the 
liver homogenates was determined by the 
method of Paglia and Valentine [17]. SOD 
activity was assayed by calculating the percent 
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inhibition of formazan dye formation [18]. 
Catalase activity was estimated by the method of 
Aebi [19]. The protein content of the 
homogenates was determined using the modified 
Lowry method [20]. Antioxidant enzyme activity is 
expressed as specific activity (EU/mg protein), 
and the amount of PC is expressed as nmol/mg 
protein. 
 
Histopathologic analysis 
 
Liver tissue samples were routinely embedded in 
paraffin and stained with hematoxylin and eosin. 
Tissue samples were evaluated under a light 
microscope (Nikon dxm 1200F). 
 
Statistical analysis 
 
Data are expressed as mean ± standard 
deviation. Significant differences between groups 
were assessed using one-way analysis of 
variance followed by Tukey’s test. A p value ≤ 
0.05 was accepted as statistically significant. 
 
RESULTS 
 
The experiment showed that rats treated with 
copper sulfate exhibit changes in the levels of 
various serum enzymes when compared with 
control rats. Levels of serum enzymes were 
evaluated as biochemical markers of early acute 
hepatic damage (Table 1). The results showed 
that levels of serum enzymes were markedly 

lower in the CS + Mel and CS + Vit E groups 
compared with the CS group (p < 0.05). 
 
With regard to measurement of liver carbonyl 
levels as an indicator of protein oxidation, the 
results showed that PC was significantly higher 
in the CS group than the control group (p < 0.05). 
However, PC concentrations were significantly 
lower in the CS + Vit E and CS + Mel groups 
compared with the CS group (Figure 1A) and 
were similar to the PC levels found in the control 
group. The activity of the antioxidant enzymes 
SOD, GPx, and CAT was lower in the CS group 
compared with the other groups. By contrast, 
treating rats with a combination of CS and 
vitamin E or melatonin resulted in significant 
increases in the activities of the aforementioned 
enzymes in the liver (Figure 1 B to 1 D).  
 
The results of histopathologic analyses are 
summarized in Table 2. Rats in the control group 
exhibited normal histologic appearance of the 
liver (Figure 2A). As expected, severe histologic 
damage was observed in the liver of all rats in 
the CS group. In all cases, hydropic 
degeneration and necrosis were observed. 
Bilirubin pigment deposition (intra-hepatic chole-
stasis) was detected the in cytoplasm of some 
hepatocytes. Areas of cloudy-appearing swelling 
or vacuolar-hydropic degeneration characterized 
by large foci of hepatocytes with granulated 
cytoplasm were observed particularly in the 
periacinar and 
 

 
 
Figure 1: PC content (A) and activities of SOD (B), GPx (C), and CAT (D) in the liver of rats in the Control, CS, 
CS + Vit E, and CS + Mel groups. aSignificantly different from control (p < 0.05); bsignificantly different from the 
CS group (p < 0.05); csignificantly different from the CS + Vit E group (p < 0.05) 
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intermediate zones of liver lobules. The nucleus 
was usually located toward the edge of the cell in 
severely affected hepatocytes and exhibited 
degeneration or pyknosis. Coagulation necrosis 

was apparent in hepatocytes around these 
degenerating cells. The nucleus stained positive 
for pyknosis in these hepatocytes, and dark 
staining of the cytoplasm indicated eosinophilia. 

 
Table 1: Activity of serum enzymes 
 

                          Serum parameter 
Serum marker Control CS CS + Vit E  CS + Mel 
AST U/L 83,5±10,1 217,3±25,4a 104,2±14,4b 97,7±15,3b 

ALT U/L 30,8±7,4 62,8±11,8a 36,5±5b 37,3±7,9b 

LDH U/L 759±124,4 1085,3±104,4a 890,3±37,4b 674,7±93,8b,c 

GGT U/L 6,5±1 11,9±1,4a 7,6±1b 7,8±0,7b 

ALP U/L 405,3±34,2 521,2±46a 256,7±31,2a,b 354±21,1b,c 

Copper mg/L 1,048±0,08 1,491±0,28a 1,205±0,08b 1,095±0,05b 

Values are expressed as mean ± standard deviation. a: Significantly different from control (p < 0.05); b: 
significantly different from the CS group (p < 0.05); c: significantly different from the CS + Vit E group (p < 0.05) 

Table 2: Histopathologic changes in rats in the Control, CS, CS + Vit E, and CS + Mel groups 
 

Change/lesions in liver Control CS CS + Vit E CS + Mel 
Hydropic degeneration −/7 7/7a 5/7 2/7b 

    Mild * * 1 1 
    Moderate * 2 2 1 
    Severe * 5 2 * 
Necrosis −/7 7/7a 3/7b 2/7b 

    Mild * * 2 1 
    Moderate * 3 1 1 
    Severe * 4 * * 
Cell infiltration −/7 6/7a 3/7 2/7b 

    Mild * * 1 2 
    Moderate * 1 2 * 
    Severe * 5 * * 

*None; a: Significantly different from control (p < 0.05); b: significantly different from the CS group (p < 0.05); c: 
significantly different from the CS + Vit E group (p < 0.05) 
 
The arrangement of hepatic cords was disrupted, 
and sinusoids were narrowed as a result of 
severe degeneration. The number of 
perisinusoidal cells was increased, and 
sinusoidal focal mononuclear cell infiltration was 
observed. In the portal area, a significant 
increase in the amount of connective tissue was 
observed (Figure 2 B). 
 
In the CS + Vit E group, large areas of hydropic 
and parenchymal degeneration were observed in 
the liver. However, this was not indicative of 
widespread necrosis and represented only focal 
coagulation necrosis in hepatocytes. Although 
this was also observed to a lesser extent in the 
CS group, the nucleus was often located toward 
the edge of the affected hepatocytes. In addition, 
affected hepatocytes were pyknotic or 
degenerated. Furthermore, intrahepatic 
cholestasis was frequently observed. The 
structure of the hepatic cord was disrupted due 
to degeneration, and sinusoids were narrowed. 
An increase in the number of perisinusoidal cells 
and sinusoidal focal mononuclear cell infiltration 
were observed.  
 
 

 
 
Figure 2: A: Control group, normal histologic 
appearance of the liver. B: Copper sulfate group, 
hydropic degeneration of hepatocytes (thin arrows), 
coagulation necrosis (thick arrows), and intrahepatic 
cholestasis (arrowheads). C: Copper sulfate + vitamin 
E group, hydropic (arrows) and parenchymal 
(arrowheads) degeneration of hepatocytes. D: Copper 
sulfate + melatonin group, coagulation necrosis in 
some hepatocytes (arrows) and parenchymal 
(arrowheads) degeneration of hepatocytes. 
Hematoxylin and eosin stain 
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However, connective tissue growth was not 
observed in the portal area (Figure 2C). There 
were no signs of degeneration or necrosis in the 
liver of rats in the CS + Mel group. Fewer cell 
communities exhibited evidence of degeneration, 
and the cytoplasm of these cells stained pale 
with a fine granular structure (indicative of 
parenchymal degeneration). Coagulation 
necrosis was observed in some hepatocytes. No 
deterioration in the structure of the hepatic cord 
was apparent (Figure 2D). 
 
DISCUSSION 
 
The toxic effects of copper were shown 
by increased liver enzymes in the serum, high 
PC content with changes in liver antioxidant 
enzyme activities, and histopathologic changes 
in the liver. The activities of transaminase 
enzymes in serum are known to increase when 
the integrity of liver cells is disrupted and 
parenchymal cells degenerate. Copper exposure 
led to increased ALT and AST levels, confirming 
the findings of Hwang et al. [21], who treated with 
a diet supplemented with 150, 300, or 600 ppm 
copper for 2 months in rats. In a previous study 
compatible with the present study, Al-Attar [22] 
reported decreases in serum enzyme levels 
resulting from the administration of 50 mg vitamin 
E/kg to mice in combination with drinking water 
containing a mixture of metals.  
 
Intracellular and extracellular multicatalytic 
proteinases frequently undergo degradation as a 
result of protein oxidation. The resulting 
inactivation of functional proteins can lead to a 
variety of oxidative and pathologic changes [23]. 
In this study, PC content (an indicator of 
oxidation) increased significantly in the CS 
group; however, PC levels decreased 
significantly in the CS + Vit E and CS + Mel 
groups. In a previous study, Arnal et al [24] 
examined the effects of protein oxidation on brain 
tissue of rats administered 7 or 35 ppm of CuCO3 
both orally and i.p. for 30 days. The results of 
that study [24] and those of the present study 
clearly demonstrate that copper overloading 
causes protein oxidation. Many studies have 
examined lipid peroxidation [24,25], but no 
studies examining the impact of protein oxidation 
on rat liver have been published. Several studies, 
however, have reported that vitamin E and 
melatonin inhibit copper-induced lipid 
peroxidation [5,25].  
 
In the present study, the activities of antioxidant 
enzymes decreased with copper administration. 
Excessive generation of ROS via the Haber-
Weiss and Fenton reactions could have led to 
depletion of antioxidant enzymes [5]. Another 

possible reason for the decline in enzyme activity 
is dysfunction resulting from modifications due to 
protein oxidation [26]. Exposure to excessive 
levels of copper can cause marked decreases in 
GSH levels [27]. The observed decrease in GPx 
activity in the CS group could thus have been 
associated with the use of GSH as a substrate. 
However, the activities of SOD, GPx, and CAT 
increased significantly when vitamin E or 
melatonin were administered concomitantly with 
copper. The antioxidant effect of vitamin E is 
mediated by oxidation of the chromanol ring. 
Phenolic hydrogen is donated to a fatty acyl free 
radical to protect the polyunsaturated fatty acids 
from attack [7]. On the basis of this assumption, 
it is thought that vitamin E augments the activity 
of antioxidant enzymes by minimizing oxidative 
stress. Melatonin is known to increase the gene 
expression, mRNA half-life stability, and/or 
activity of a variety of enzymes (e.g., SOD, GPx, 
GR, glucose-6-phosphate dehydrogenase, and 
γ-glutamylcysteine synthetase) and thus might 
diminish oxidative stress [28,29]. 
 
The marked increases in the levels of serum 
enzymes and PC content observed in the 
present study were indicative of impaired liver 
function, which was verified by the observation of 
severe histopathologic damage. The results of 
the current investigation demonstrate that 
melatonin reverses copper-induced liver injury. 
El-Sokkary et al [30] reported that melatonin 
dramatically inhibits disruption of hepatic cords 
and increases cytoplasmic vacuolization and 
inflammatory cell infiltration in lead-induced 
hepatic toxicity. Furthermore, Eşrefoğlu et al [31] 
reported that melatonin decreases stress-
induced and histopathologic oxidative damage. 
Kutlubay et al [32] examined the effect of vitamin 
E on aluminum-induced liver injury and reported 
that administration of vitamin E significantly 
reduces dilation of sinusoids and stabilizes the 
structure of hepatocyte columns. Moreover, 
Sajitha et al [33] reported that treating lead 
intoxication with vitamin E reverses tissue 
damage (i.e., focal necrosis). In this study, 
although areas of mild degeneration were 
observed in rats treated with both CS and vitamin 
E, extensive necrosis similar to that observed in 
CS-treated rats was not detected. 
 
It is likely that the effects of vitamin E observed in 
the present study are mediation by protection of 
the microsomal membrane against peroxidative 
compounds such as oxygen-metal complexes 
and chain-breaking antioxidant activity [33]. 
Melatonin, by contrast, is thought to provide 
protection via (i) a “direct antioxidant effect” 
involving detoxification of free radicals [34]; (ii) an 
antioxidant enzyme–mediated effect brought 
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about through upregulation of antioxidant 
enzyme gene expression/activity [35]; or (iii) a 
“prooxidant enzyme–mediated effect” brought 
about through inhibition of the activities of 
prooxidant enzymes, thus reducing the formation 
of free radicals [34]. 
 
CONCLUSION 
 
Based on the results of this study, it is clear that 
vitamin E and melatonin prevent protein 
oxidation and augment the antioxidant defense 
system. Furthermore, these two powerful 
antioxidants effectively control the activities of 
serum enzymes by protecting cell integrity. 
Although melatonin has a significant effect, 
vitamin E exhibits partial hepatoprotective and 
reversible effects that reduce the severity of 
hepatic degeneration and necrotic changes 
associated with copper-induced liver damage. 
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