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ABSTRACT 

T 
he present study aimed to monitor the antioxidant and protective ef-
fects of Spirulina platensis (SP) against Nano- copper particles 
(NCPS) which induced liver injuries in rabbits. The experimental ani-

mals were randomly divided into three groups, the first group, (control), the 
second group, (received NCPS, 37.5 mg/kg), and the third group, received 
NCPS, 37.5 mg/kg bw plus SP, 1.5 g/kg diet for 2 months. After ending the 
period of the experiment, rabbits were decapitated and, blood, liver, as well 
as muscle tissue samples were collected for examination of liver function, 
antioxidant activity, lipid peroxidation, and copper levels. Exposure of rab-
bits to these Nanoparticles S\C for 8 weeks resulted in significant increase 
levels of glutathione (GSH) in the third group. While hepatic superoxide dis-
mutase (SOD) and malondialdehyde (MAD) activity showed a significant 
decrease in their levels of the same group. In addition, alanine aminotrans-
ferase (ALT) in serum showed a significant decrease. These data revealed 
that administration of SP protects against Nano copper-induced hepatotoxi-
city through amelioration of hepatic damage and oxidative stress in rabbits. 

INTRODUCTION 
Heavy metals in air, soil, and water repre-

sent considerable problems for humanity. 
These heavy metals are widespread in the envi-
ronment, as they contaminate the food, air, wa-
ter and accumulate in the tissues in high pro-
portions (Al-Attar, 2011). 

Many recent studies have been conducted 
on Nano-metric copper particles because of 
their great importance in nanotechnology 

(Hejazi et al. 2018 and Wang and Zhang, 
2019). Since the information about Nano met-
ric copper particles and their toxicity is limited 
and incomplete until now. It is necessary to 
know the toxicity of these nanoparticles. They 
may be lead to pollution in the environment 
and many health risks as they are used in medi-
cine, therefore identifying their toxicity before 
use in many modern applications, is of great 
importance (Ahamed et al. 2015). 
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Copper itself is less toxic than NCPS due to the 
mechanisms of NCPS toxicity, which has not 
been completely identified. Two major factors 
revealed their toxicity. Firstly, they act as po-
tent oxidative and catalytic agents, the Nano 
copper catalytic and oxidative actions are not 
blocked due to its storage and transportation is 
not proteins-like as in the case of the copper 
element. Secondly, metabolic processes 
(detoxification reactions in different phases) 
and, elimination of copper particles are diffi-
cult because of their chemical and physical 
properties, as compared to copper metal 
(Pohanka, 2019). 
 

Copper is an important element in technolo-
gy such as electronic technology because of its 
electrical and thermal conductivity (Khalaj et 
al. 2018 and Deka et al. 2019). Many uses of 
copper make it easy to enter and affect the en-
vironment and the health of all populations. 
Although copper has little toxicity, deposition 
of copper in the body causes some diseases 
(Dusek et al. 2015 and Deforest et al. 2018). 

  
Copper is involved in many metabolic pro-

cesses in the living organism. Therefore, it is 
an important biological element. Intake of the 
copper element in low dose causes a problem, 
while, overdoses cause toxicity (Pohanka, 
2019).  The major affected organ of copper 
toxicity is the liver, where the toxicity of cop-
per leads to many diseases like "Indian child-
hood, “idiopathic-Copper toxicities” and 
"Tyrolean infantile cirrhosis" (Muller et al. 
1998). 

SP is a unicellular cyanobacterium with 
high nutritional value and wide range of me-
dicinal applications. It contains a very potent 
naturally occurring antioxidant that has free 
radical scavenging and antioxidant activities. 
SP and its active constituent, “c-phycocyanin” 
exhibit, anti-inflammatory, neuroprotective, 
hepatoprotective, immune-modulatory, and 
anticancer activities (Reddy et al. 2000 and 
Basha et al. 2008). It has been found that SP 
has antioxidant effects against metal toxicity in 
many animal species (Soliman et al. 2021).  As 
it contains organic components with antioxi-
dant properties that protect cells and tissues 
from the harmful effect of reactive oxygen, 
species and other free radicals (Eidelman et al. 

2002). Furthermore, SP has a reported  amelio-
rating effect against organ toxicities induced 
by heavy metals (Simse et al. 2009 and El-
Desoky et al. 2013). Increased interest in SP as 
it is non-toxic, bioavailable, and gives multi-
organ protection against many drugs and 
chemicals induced toxicity (Khan et al. 2006 
and Lu et al. 2010).  

 
The high value of spirulina constituents 

leads to their uses as cosmeceuticals, nutraceu-
ticals, pharmaceuticals, and functional foods 
(Borowitzka, 2013). In addition, several toxi-
cological studies have been conducted on SP, 
and it has been shown that SP does not have 
any toxic effect when taken (Yang et al. 2011). 
Therefore, SP has been used to prevent and 
treat hepatic diseases especially those induced 
by oxidative damage. Many previous studies 
showed the hepato- protective effects of Spir-
ulina platensis and its active constituents 
against drugs, chemicals, and xenobiotic. In 
addition, the antioxidant effects of SP have 
been reported against cadmium, which was re-
vealed by lowering of MDA as well as increas-
ing of GSH and SOD activity in liver tissue 
(Vadiraja et al. 1998 Karadeniz et al. 2009 
and Ismail et al. 2009). Consequently, the aim 
of the present study was to investigate the 
hepatoprotective and antioxidant effect of Spir-
ulina platensis against Nano copper particles 
induced oxidative stress and hepatotoxicity in 
rabbits. 

 
MATERIALS AND METHODS: 
Animals   

Fifteen rabbits, 35 days old with 633 g aver-
age body weight, were used for the present 
study. All rabbits were acclimatized in metal 
batteries with equal light and dark cycles and 
constant environmental conditions (Tempe-
rature 25±2 ºc and moderate humidity). The 
animals were provided with a basal rabbit diet 
and water ad libitum throughout the experi-
ment. 

 
Chemicals 

CNPS (50 nm) at 90% purity were prepared 
in Nanotechnology unit, Faculty of  pharmacy 
Cairo university according to the method of 
(Zhu et al. 2005). 



23 

Ehdaa and Howayda,                                    Egyptian Journal of Animal Health 2, 1 (2022), 21-30 

TEM (transmission electron microscopy) analysis of NCPS using a conventional instrument shows a 
typical low-resolution image of copper Nano-particles showing a core /shell structure. In addition, the ob-
tained size distribution from the low-resolution image of the sample is 50 nm. LD50 for CNP-induced toxico-
logical effects and injuries for liver tissue is 375 mg/kg S/C in rabbits, the selected dose of CNPS (37.5 mg/
kg bw. 1/10 LD50) used in the present study (Scientific Committee on Consumer Safety “SCCS”, 2021). Spir-
ulina platensis (SP) powder has purchased from Algae Biotechnology Unit at the National Research Center. 
The selected dose of SP is 1.5 g/kg in diet according to Aladaileh et al. (2020). 

Experimental design 
After 1 week, rabbits were divided into 

three experimental groups (5 each). The first 
group served as a control and received a nor-
mal diet without SP. The second group re-
ceived 37.5 mg/kg of Nano copper particles S/
C for 5 days /weekly for 8 weeks without SP in 
their diets. Animals of the third group were 
exposed to the same dose of CNPS as de-
scribed before in the second group, with SP as 
1.5 g/kg in their diet. 
 
Biochemical analysis 

After the end of the experiment blood sam-
ples were collected. Half of the blood samples 
were collected for copper evaluation according 
to the method conducted by Zheng et al. 
(2009). The other half centrifuged at 10,000 
rpm/min. for ten min, at four ºc for serum col-
lection. Serum was then stored at -20º c for 
further serum alanine aminotransferase activity 
according to the method conducted by Reitman 
and Frankel (1957). The tissue of the liver, 
was homogenized in "phosphate buffer sa-
line" (pH 7.4), and the obtained tissue homoge-
nate was centrifuged at 10.000 rpm/min for 
fifteen min, and after that, it was used for the 
evaluation of superoxide dismutase enzymes 

(SOD) activity according to the method con-
ducted by Ellman(1959), malondialdehyde, 
(MDA) concentrations according to the method 
described by Ohkawa et al. (1979). In addition  
reduced glutathione (GSH) levels according to 
the method revealed by Aebi (1984). 
 
Estimation of copper content in liver and 
muscle tissue samples   

Liver and muscle tissues have been digested 
with a nitric acid solution-using microwave 
then; the concentration of copper in digested 
fluids has been analyzed using an atomic ab-
sorption spectrometer according to the method 
described by Zheng et al. (2009). 
 
Statistical analysis  

The obtained results were expressed as 
mean ± SD. All data were analyzed using 
(ANOVA) one-way analysis of variance ac-
cording to SPSS version 16.0 statistical soft-
ware (SPSS, Inc, Chicago, IL. 2007). The dif-
ference was significant when P ≤0.05. 
 
RESULTS 
1-Serum biochemical analysis 
Data analysis in figure- (1). Revealed the mean 
values of serum ALT activity (U/L) which 
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were 32.78 ± 1.86, 76.2 ± 1.92, and 55.46 ± 
1.43 in the three treated groups respectively. 
These data showed that the Nano-copper treat-
ed group has a significant (P≤0.05) increase in 
serum ALT levels in comparison with the con-
trol group. While the third group which, re-
ceived both Nano-copper and Spirulina platen-
sis (as an antioxidant) showed a significant de-

crease in serum ALT levels compared to the 
Nano-copper treated group and with a slight 
non-significant increase compared to the con-
trol group. Therefore, data confirmed that the 
SP restored the normal levels of serum ALT in 
Nano-copper intoxicated rabbits.  

Figure (1) the mean values of serum ALT (U/L). Data expressed as mean ±SD in the control and the two treatment 
groups of rabbits in the experiment (n=5). Group-1(control), group- 2 (Nano-copper treated) and group-3 (Nano-copper 
plus SP treated group). Abc Values with different superscripts within the same figure are significantly different (P≤ 0.05) 

2-liver lipid peroxidation and antioxidant 
biomarkers: 

Data analysis in figure (2). Revealed that the 
mean values of SOD [a] superoxide dismutase 
(U/mg), MDA [b] malondialdehyde (µm/mg), 
and GSH [c] glutathione peroxidase ((µm/mg)  
tissue) were, 267.88±2.38, 298.6±4.88 and 
270.11±4.18 in SOD, 6.43±1.54, 11.166±1.94 
and 7.078±1.85 in MDA, and 5.577±1.59, 
3.962±1.244, and 5.133±1.481 in GSH in the 
control and the two treatment groups respec-
tively. These data showed that Nano-copper 
treated group has an extremely significant 
(P≤0.05) increase in SOD activity and MDA 
levels compared to the control group. While a 
group that received, Nano-copper and SP 

showed significant reductions in liver SOD 
activity and MDA concentrations in compari-
son to the second group (Nano-copper treated 
group) and with a slight non-significant in-
crease in comparison with the control group. In 
addition, data analysis revealed that Nano-
copper treated group, (second group) showed 
an extremely significant reduction in liver 
GSH concentration in comparison to the con-
trol group. While the group that received, both 
Nano-copper plus SP showed a significant 
(P≤0.05) increase in GSH concentration in 
comparison to the NC-treated group.  Moreo-
ver, with a slight non-significant reduction in 
comparison with a control group. 
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Figure-2.the mean liver values of SOD (U/mg) [a], MDA (µm/mg) [b] and GSH (µm/mg) [c] Data expressed as mean 
±SD in the control and the two treatment groups of rabbits in the experiment (n=5).   Group- 1(control), group- 2 (Nano-
copper treated) and group-3 (Nano-copper plus SP treated group). abValues with different superscripts within the same 
figure are significantly different (P≤ 0.05).  

3-Copper values in different samples (liver, 
blood and muscle). 

Data analysis in figure (3) revealed the 
mean values of copper in the liver, blood, and 
muscle (ppm) were 2.83±1.053, 3.317±1.55, 
and 2.832±1.12 in the liver, 0.573±0.150, 
0.874±0.127 and 0.734±0.102 in blood and 
2.289±0.69, 2.665±1.077, and 1.987±0.70 in 
muscle. Moreover, these data analyses in fig-
ure- 3 revealed that Nano-copper treated group 
showed a significant (P≤0.05) increase in cop-
per concentrations compared to the control 
group in the liver, blood, and muscle. While 

the third group which received Nano-copper 
plus Spirulina showed an insignificantly 
(P≤0.05) decrease in copper concentration in 
comparison to the second group (NC treated 
group) in the liver, blood, and muscle and with 
a slight non-significant increase in comparison 
with the control group in liver and blood. 
While in the case of muscle, there was an in-
significant decrease in copper concentration in 
the third group compared to the control group. 
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Figure-3. Levels of copper (ppm) in different samples (liver, blood and muscle). Data expressed as (mean ±SD) in the 
control and the two treatment groups of rabbits in the experiment (n=5). Group- 1(control), group- 2 (Nano-copper treat-
ed) and group-3 (Nano-copper plus SP treated group). abcdefghValues with different superscripts within the same figure are 
significantly different (P≤ 0.05).  

DISSCUSSION 
Many studies on the biological effects of 

Nanoparticles show signs of toxicity to the liv-
ing organisms (Meng et al. 2007).Therefore, in 
this study, the toxicological effects of Nano 
copper particles in rabbits have been investi-
gated as well as the ameliorative role of spir-
ulina platensis against Nano copper particles in 
regarding to the biochemical and different anti-
oxidants in intoxicated rabbits. The present 
study showed that rabbits received NCPS (S\C) 
in a dose of (37.5 mg\kg. bw.), induced a 
marked and significant increase in serum activ-
ity of ALT (P≤0.05) in the second group of 
experiment in comparison with the control val-
ues figure 1. In addition, this result agrees with 
that recovered by Galhardi et al. (2004); Kha-
laf et al. (2017) and Ebaid et al. (2017), who 
noticed marked liver damage which is correlat-
ed with the elevations of serum ALT activity. 
Therefore, the elevation of serum ALT activity 
is considered the index of hepatotoxicity.  Be-
cause of hepatic damage, alteration in the per-
meability of cell membranes causes liberation 
of ALT enzyme into the circulation (Reuben, 
2004). 

 
Co-administration of spirulina platensis 

causes a significant decrease in the activity of 
ALT in the "third group" and reduces the toxic 
effect of Nano copper particles but did not 
reach the value of the control group. Similar 
findings reported that SP has a protective effect 
against metal toxicity in various animal species 
(Soliman et al. 2021). Andhas potent chelating 

action for heavy metals, in addition, to its anti-
oxidant and free radical scavenging properties 
(Rangsayator et al. 2002). These antioxidant 
and protective effects of SP are owed to their 
content of antioxidant active ingredients such 
as C-phycocyanins, β carotene, vitamins, min-
erals, proteins, lipids, and carbohydrates 
(Upasani and Balaraman, 2003).   

 
Nigma et al. (1999) illustrated that the re-

ported increasing in production of reactive ox-
ygen species ROS due to copper stress could 
be attributed to the depletion of antioxidants or 
the direct action of copper on peroxidation re-
action. This overproduction of such ROS in-
duces oxidative stress unless it has scavenged 
with intracellular antioxidants. 
 

In the present study, oxidative stress has 
been assessed by measuring MDA level and 
the activity of the antioxidant enzyme SOD 
and non-enzymatic antioxidant GSH in rabbit 
liver tissue figure-2. The concentration of 
MDA in liver tissue, "a reflection of the endog-
enous levels of lipid peroxidation" was higher 
in Nano copper treated groups than the control 
group. As a result of the production of reactive 
oxygen species ROS. Therefore, when hepato-
cytes had been reacted with copper ions, lipid 
peroxidation is conducted, and that has been 
manifested by increased production of hepatic 
MDA and TBARS (Thiobarbituric acid-
reacting substances) (Waggoner et al. 1999).  
 

Our results are closely correlated with Kim 
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et al. (2000) and Rajesh and Kala (2015), 
who showed that the level of MDA “lipid pe-
roxidation product" was shown to increase in 
the liver of the experimented animals with the 
increase of copper level. In our study, the Nano 
copper treatment was associated with altera-
tions in the oxidant defense system. This has 
been shown by the significant increase in 
MDA levels and increases in the activity of 
SOD. In contrast, the Nano copper administra-
tion resulted in a significant decrease in GSH 
levels in the liver of intoxicated animals in 
comparison with the control group. These find-
ings were correlated with those mentioned by 
Ebaid et al. (2017), who showed that the Nano 
copper administration resulted in a significant 
increase in MDA levels, also these findings 
explain the ability of Nano copper to stimulate 
partial hemolysis because of free radical pro-
duction and lipid peroxidation. 

 
Superoxide dismutase is considered one of 

the most important enzymes that function as a 
cellular antioxidant. Therefore, SOD is said to 
act as the first line of defense against the super-
oxide radical generated as a by-product of oxi-
dative phosphorylation (Rajesh and Kala, 
2015). Our results agreed with Ozcelik et al.
(2003), who revealed that SOD is one of the 
important enzymes containing copper and cop-
per supplemented animals exhibited increased 
activity of SOD in the liver. Also, Irato and 
Albergon (2005), demonstrated that the oral 
administration of copper is correlated with 
higher SOD activity. 

 
Pourahmad and Brien (2000), confirmed 

that the protective role of GSH might result 
from its ability to act as an antioxidant when 
hepatocytes are reacted with copper. GSH dep-
ilation occurs due to excessive GSH consump-
tion during oxidative stress (Hwang et al. 2002 
and Hung et al. 2003). Mohanalakshmi et al. 
(2015), demonstrated that GSH plays an im-
portant role in balancing oxidative stress. It 
protects cell membranes against oxidative 
damage via inhibition of lipid peroxidation. 

 
In the present study, Co-administration of 

SP with Nano copper particles induced a 
marked protective effect against the toxic ac-
tion of Nano copper, and this protective effect 

is represented by decreasing the elevation of 
serum ALT activity to be near to that of the 
control group. In addition, this protective effect 
of SP is represented by decreasing in the MDA 
level and SOD activities and an increase in the 
concentration of GSH. Moreover, all these pa-
rameters were nearly similar to the values of 
the control group. The obtained result agreed 
with the findings reported by Abdel-Daim et 
al. (2013), who showed that the administration 
of SP (500 and 1000 mg\kg) reduces the serum 
liver enzyme activity. In addition, it reduced 
the lipid peroxidation of liver tissues. Our find-
ings revealed that there were elevations of liver 
antioxidant enzymes and glutathione levels due 
to Spirulina platensis Co-administration.   

 
In our results, the Co-administration of 

Spirulina platensis with Nano copper particles 
induced a marked protective effect against the 
toxic action of Nano copper particles. This ef-
fect was revealed by a significant decrease in 
the copper levels in the liver, blood, and mus-
cle in the third group (2.832 ±1.12, 
0.734±0.102 and  1.9874±0.701 ppm) respec-
tively in comparison with those in Nano copper 
treated group (the second group) (3.317±1.55,  
0.874±0.127, and 2.67±1.077 ppm) in the liver, 
blood, and muscle respectively, figure-3.   

Although this study highlighted that Nano 
copper particles induced hepatotoxicity could 
be minimized, and prevented to some extent 
with the prior administration of spirulina 
platensis the study has some limitations. These 
limitations come from the claim that histo-
pathological and additional biomarker assess-
ment is needed to evaluate the effectiveness of 
the overall approach. Additionally, the small 
sample size we used could have some effect on 
our results. However, our presented study here 
provides a first look at how spirulina platensis 
can minimize and protect against hepatotoxici-
ty resulting from Nano copper particles. 

 
CONCLUSION 

I 
n conclusion, the present study confirmed 
that Spirulina platensis minimized the 
hepatotoxic effects of Nano-copper parti-

cles through its antioxidant activities and that 
was clear in terms of serum and tissue bio-
chemical changes, antioxidant enzymes activi-
ties, and oxidative stress. In addition, the ef-
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fects of copper-Nano particles on different or-
ganisms must be further investigated because 
of the high toxicity and the seriousness of the 
pathological diseases that can be occurred by 
copper Nano-particles. 
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