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Background: Copper is an essential trace element and is required for many metabolic 

functions. Aim of work: The present study was designed to study the negative impact of excess copper 

sulphate on the central neural function of albino rats and studying how its antidote d-penicillamine 

play role in improving its side effects. Material and methods: Seventy albino rats were divided into 

seven equal groups each containing 10 rats (G1:control received distilled water) ; (G2: 0.1 LD50 of 

CuSO4)  ; (G3: 0.2 LD50 of CuSO4) ; (G4: 0.4 LD50 of CuSO4) ; (G5: 0.1 LD50 of CuSO4 +100mg/kg/day 

of penicillamine) ; (G6: LD50 of CuSO4.+100 mg/kg/day of penicillamine) and (G7: LD50 of CuSO4+ 

100 mg /kg/day of penicillamine) for 30 days and at the end of the experiment all rats were sacrificed 

and blood samples and brain tissues were collected for biochemical assaying of fasting blood glucose 

(FBG), serum Cu level, serum tyrosinase activity, oxidative stress marker malondialdehyde (MDA) 

and total antioxidant activity (TAC). also, DNA determination of relative gene expression of cerebral 

adenosine monophosphate-activated protein kinase (AmpK), protein kinase (AKT), 

phosphatidylinositol-3-kinase (PI3K), cytochrome c oxidase (Cyto co ), and glucose -6- phosphate 

dehydrogenase (G6PD). Results: The results showed that administration of copper sulphate with 

different levels induced a significant increase in fasting blood glucose level, lipid peroxidation 

marker MDA, serum copper level, and serum tyrosinase activity, and a significant decrease in TAC. 

Moreover, copper sulphate administration elicited a significant downregulation ( AmpK, AKT, PI3K, 

Cytochrome c oxidase, G6PD).it could be approved that penicillamine could abolish the negative 

impact of copper sulphate on neural tissues and serum enzymes. Conclusion: D-penicillamine can 

reduce neurotoxicity and oxidative stress caused by copper pollution. Recommendations: Exposure 

to the pollution of copper must be controlled. Search for sensitive blood and neural markers for early 

detection of neurological disorders and further studies are needed to use its antidote d-penicillamine 

in the treatment of copper-induced pollution. 

Keywords: D- Penicillamine; Copper sulphate pollution; Albino rats; Gene Expression. 

 

INTRODUCTION 

Copper is an essential trace element and is 

capable of being toxic to humans and animals 

if copper is ingested in excess amounts. copper 

could cause vomiting as it has an irritating 

effect on the gastrointestinal tract and any 

disturbance in its excretion leading to 
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accumulation of it in organs and tissues
1
. The 

major sources of copper are electroplating, 

fertilizer, pesticide, and iron and steel 

industries
2
. Copper is required for many 

metabolic functions
2
. It acts as a cofactor in 

various copper proteins and in oxidoreductase 

compounds. It participates in the arrangement 

of melanin
3
. Mitochondrial cytochrome c 

oxidase is a copper-containing complex that 

assumes a part in mitochondrial respiration
4
. 

Ceruloplasmin (Cp), a copper-subordinate 

oxidase, changes Fe2+ divalent iron to Fe3+ 

for transferrin- intervened iron vehicle in the 

plasma
5
. The liver, which stores most of 

copper, is the principal organ responsible for 

its processing and transferring excess copper to 

be excreted in bile
6
. The brain is the second 

important organ to accumulate the most copper 

that can get copper from blood or CSF
7
.  

Excess copper is the result of genetic 

mutation that is leading to neurodegeneration 

diseases including Parkinson's disease, 

Alzheimer’s d isease
8
. ROS, which is produced 

by copper can lead to the inflammatory 

process
9
. Also it causes conditions of high 

oxidative stress and damage to protein, lipid, 

and nucleic acid structures
10

 and leading to 

translocation of nuclear and conformational 

changes
11

 and decrease these toxic effects, we 

can use chelators agents as D-penicillamine 

that acts on copper content by the chelating 

system and forming soluble complexes with 

copper ions so it is easily excreted in urine
12

.  

The current work aims to study the 

negative impact of copper sulphate pollution on 

enzymes in serums and organs especially brain 

tissues and how decreasing its side effects by 

using its antidote d-penicillamine and it was 

reported that there was a potential therapeutic 

effect for penicillamine on copper sulphate 

toxicity. 
 

MATERIAL AND METHODS 

 

Chemical and reagent  

Copper sulphate (CuSO4.5H2O) was 

purchased from Sigma-Aldrich Chemical Co., 

St. Louis, Mo (USA). Copper Sulfate was 

dissolved in distilled water then administrated 

orally by using a gastric tube for 30 days in 

three different concentrations (0.1), (0.2), and 

(0.4) LD50 of CuSO4 respectively to 

groups2,3,4
1
 and respectively to groups 5,6,7 

with d-penicillamine.  

D-penicillamine was obtained from 

(Sigma-Aldrich, Chemical Cp. St. Louis, Mo, 

USA) and also dissolved in distilled water 

given orally in one therapeutic dose (100 

mg/kg/day)
13 

for 30 days to (5,6,7) groups with 

copper sulphate in doses (0.1, 0.2, 0.4 LD50 of 

CuSO4) respectively.  

 

Experimental animal and Ethical statement 

seventy rats aged 8 weeks and weighing 

100-200 gm, were used in the experimental 

investigation of this study. The animals were 

obtained from the Central Animal House of 

Faculty of Veterinary Medicine, Zagazig 

University, Egypt. Rats were acclimatized for 2 

weeks under conventional laboratory 

conditions prior to any treatments. The animals 

were fed a standard rat pellet diet and allowed 

free access to water. Rats were kept at constant 

environmental and nutritional conditions 

throughout the periods of the experiment. This 

investigation has been audited and supported 

by ZU-IACUC panel, approval number ZU-

IACUC/2/F/62/2023. After 2 weeks of 

adaptation, rats were divided into seven groups. 

The first group served as a normal control 

group (G1, 10 rats).  

 

Experimental design 

Seventy albino rats were divided into 7 

equal groups each contains 10 rats. Copper 

sulphate and penicillamine were given orally 

for 30 days then the rats were sacrificed, and 

blood samples were collected for biochemical 

determination
14

 and brain tissues were 

collected for antioxidant investigation and gene 

expression. 

 

Sampling 

Rats were sacrificed via cervical 

decapitation, blood was collected, serum and 

plasma were separated by centrifugation at 

3000 rpm for 20 mins and sent for the different 

biochemical determination. A 50 mg of brain 

tissue was collected and used for gene 

expression analysis and antioxidant 

determination. 

 

Biochemical determinations 

The following parameters were assayed 

serum tyrosinase was determined using 

(ab185435 kit) colorimetric assay method
15

, 

Serum Copper ions were determined using 
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colorimetric assay kit at 580 nm according to 
17

, Serum Fasting glucose levels were 

determined using (ab65333 kit) according to
16

, 

TAC in brain tissue was determined using 

(Cat. No- E-BC-K136-S) according to 

colorimetric assay adapted to
18

 and MDA in 

brain tissue assayed using (ab118970) 

according to a method adapted to
19

. 

 

Molecular determinations 

The real-time Polymerase Chain Reaction 

procedure was carried out as described 

before
20

. Total RNA was isolated from 50mg of 

brain tissues using Trizol (Invitrogen; Thermo 

Fisher Scientific, Ink.), and quality and 

concentration were determined using 

Nanodrop® system spectrophotometer ND-

1000 (NanoDrop Technologies, Wilmington, 

Delaware USA). cDNA was synthesis Kit 

(iNtRON Biotechnology Co., South Korea ), A 

Rotor-Gene Q 2 Plex (Qiagen, Germany) Real-

Time PCR System was used to perform real-

time RT-PCR with a total reaction volume of 

20 µL (1 µL of both forward and reverse 

primer) and nuclease-free water up to 20  µL 

with a cycling condition of initial denaturation 

at 95
 
°C for 12 minutes was followed by 40 

cycles of denaturation at 95 °C for 20 seconds, 

annealing at 60 °C for 30 seconds, and 

extension at 72 °C for 30 seconds. the PCR 

product was amplified with oligonucleotide-

specific primers listed in Table 1.(Beijing, 

China). 

 

A melting curve analysis was performed 

following PCR amplification. The expression 

level of the target genes was normalized using 

the mRNA expression of a known 

housekeeping gene: Gapdh. Results are 

expressed as fold-changes compared to the 

control group following the  2
-ΔΔCt

 method
21

.  

 

Statistical analysis 

In order to assess the influence of excess 

cu and penicillamine on different enzymes, 

one-way ANOVA was followed by LSD  least 

Significant Difference test as post hoc test. 

Homogeneity of variance of sample groups was 

checked using Levene's test.  

All Analysis was done using Statistical 

Package for Social Sciences version 24.0 

(SPSS, IBM Corp., Armonk, NY), and charts 

were done by Graph Pad prism 8.0.2 

(GraphPad Software, Inc). 

Results are reported in means ± SEM 

(Standard Error of Mean), and probability 

value. The value of P< 0.05 was used to 

indicate statistical significance. 

 

Table. 1: Primers used in PCR. 

Primer 

name 
Forward primer Reverse primer 

Product 

length 
Accession No. 

AMPK 
GGCGTGTGAAGA

TCGGACA 

GGCCTGTCAATTGATG

TTCTCC 
93 NM-023991.1 

PI3K 
CGAGAGTACGCT

GTAGGCTG 

AGAAACTGGCCAATCC

TCCG 
164 NM-053481.2 

AKT 
GAAGGAGAAGG

CCACAGGTC 

TTCTGCAGGACACGGT

TCTC 
111 NM-033230.3 

Gapdh 
GCATCTTCTTGT

GCAGTGCC 

GGTAACCAGGCGTCCG

ATAC 
91 NM-017008.4 

G6pd 
TGAGGACCAGAT

CTACCGCA 

TCAAAATAGCCCCCAC

GACC 
177 NM-017006.2 

CYTO C 

 

GGAACCACACGC

TTTTCCAC 

GAGTCTTCAAGGCTGC

TCGT 
71 NM 012812.3 
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RESULTS AND DISCUSSION 

Results 

 Effect of penicillamine on  (tyrosinase, 

FBG, and Cu level) in copper sulphate 

toxicity induced in rats 

we reported in our results when compared 

with the control groups, that rat groups induced 

cytotoxicity with CuSO4, highly observed 

significance increase with p< 0.05, in serum 

tyrosinase, FBG, and Cu level, and these 

results were proportional with the dosage 

amount (0.1, 0.2, 0.4 LD50 of CuSO4) 

respectively. 

On the other hand, rat groups induced 

cytotoxicity with CuSO4 and treated with 

penicillamine, showed a significant decrease in 

serum tyrosinase, FBG, and Cu level, levels 

with p< 0.05 (Fig.1). 

Effect of penicillamine on antioxidant 

enzymes ( brain TAC and MDA) in copper 

sulphate toxicity induced in rats  

we reported in our results when compared 

with the control groups, that rat groups induced 

cytotoxicity with CuSO4, highly observed 

significance with p< 0.05, hence it affected 

brain-specific enzymes (TAC and MDA) where 

CuSO4 lead to increase of MDA enzyme, while 

we noticed a significant decrease of TAC 

enzyme in blood serum, and these results were 

proportional with the dosage amount (0.1, 0.2, 

0.4 LD50 of CuSO4) respectively. 

On the other hand, rat groups induced 

cytotoxicity with CuSO4 and treated with 

penicillamine, showed a significant decrease in 

MDA enzyme, while TAC enzyme levels 

significantly increased p< 0.05 (Fig.2). 

 

 

Fig. 1: (A) Effect of penicillamine (100 mg/kg/day) on the mean value of ( serum tyrosinase) in 

induced copper sulphate toxicity (0.1 , 0.2 , 0.4 LD50) in rat,(B) Effect of penicillamine (100 

mg/kg/day) on the mean value of ( serum FBG level) in induced copper sulphate toxicity (0.1 , 

0.2 , 0.4 LD50) in rat. (C) Effect of penicillamine (100 mg/kg/day) on the mean value of ( serum 

Cu) in induced copper sulphate toxicity (0.1 , 0.2 , 0.4 LD50) in rat. the values are expressed as 

mean + SEM.  

 

Fig. 2 : (A) Effect of penicillamine (100 mg/kg/day) on the mean value of ( brain tissues  TAC) in 

induced copper sulphate toxicity (0.1, 0.2, 0.4 LD50) in rat,(B) Effect of penicillamine (100 

mg/kg/day) on the mean value of ( brain tissues MDA) in induced copper sulphate toxicity (0.1, 

0.2, 0.4 LD50) in rat the values are expressed as mean + SEM.  
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Effect of penicillamine on (Brain PI3K, 

AKT, and AMPK mRNA relative 

expression) in copper sulphate toxicity 

induced in rats  

We noticed a significance p< 0.05 

downregulation of PI3K, AKT, and AMPK 

mRNA expression in cerebral cortex tissue, in 

CuSO4 cytotoxicity induced group, where the 

downregulation was proportional with the 

dosage groups of (0.1, 0.2, 0.4 LD50 of CuSO4) 

respectively, while when CuSO4 cytotoxicity 

induced groups were treated with b-

penicillamine, it showed a significance p<0.05 

upregulation of expression levels when 

compared with control groups (Fig.3). 
 

Effect of penicillamine on the mean value of 

( neuro G6PD and Cyto c-o mRNA relative 

expression ) in copper sulphate toxicity 

induced in rats  

The outcomes of the present investigation 

showed a significant mean value of p˂ 0.05 

downregulation in mRNA expression of the 

cerebral cortex G6PD and Cyto c-o in CuSO4 

toxicity induced in groups, where the 

downregulation was proportional with the 

dosage groups of (0.1, 0.2, 0.4 LD50 of CuSO4) 

respectively, while when CuSO4 cytotoxicity 

induced groups were treated with d-

penicillamine, it showed a significance p< 0.05 

upregulation of expression levels when 

compared with control groups (Fig.4). 

 
Fig. 3: (A) Effect of penicillamine (100 mg/kg/day) on the mean value of ( Brain PI3K mRNA relative 

Expression) in induced copper sulphate toxicity (0.1, 0.2, 0.4 LD50) in rat,(B) Effect of penicillamine 

(100 mg/kg/day) on the mean value of ( Brain AKT mRNA relative Expression) in induced copper 

sulphate toxicity (0.1, 0.2, 0.4 LD50) in rats. (C) Effect of penicillamine (100 mg/kg/day) on the mean 

value of ( Brain AMPK mRNA relative Expression) in induced copper sulphate toxicity (0.1, 0.2, 0.4 

LD50) in rat. the values are expressed as mean + SEM.  

 
Fig. 4 :(A) Effect of penicillamine (100 mg/kg/day) on the mean value of ( Brain G6PD mRNA relative 

expression) in induced copper sulphate toxicity (0.1, 0.2, 0.4 LD50g) in rat,(B) Effect of penicillamine 

(100 mg/kg/day) on the mean value of ( Brain Cyto c-o mRNA relative expression) in induced copper 

sulphate toxicity (0.1, 0.2, 0.4 LD50) in rat the values are expressed as mean + SEM.  
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Discussion 

Copper is a necessary trace element for 

many biological functions and prolonged 

exposure to an excess concentration of copper 

ions can cause side effects
22

. The present work 

was carried out to compare the efficacy of D-

penicillamine in experimental copper 

intoxication and associated biochemical and 

molecular changes in rats and to investigate the 

effect of excess copper on brain tissues and 

serum markers of rats and using chelating agent 

d-penicillamine to improve the negative impact 

of copper sulphate pollution. 

CuSO4 toxicity is one a cause of serious 

neurodegenerative diseases in the world.
23

. A 

high level of copper harms lipids, proteins, and 

DNA. Increased production of Reactive 

Oxygen Species (ROS) through Fenton 

reaction has been the most important reason for 

copper toxicity side effects
24

. D- penicillamine 

is the first-line approved copper ion chelator 

that scavenged excess copper in urine by 

forming a soluble complex with Cu
+
 ions to be 

easily excreted in urine
25

. thus, the present 

study was designed to investigate the possible 

improvement effect of d-penicillamine in 

CuSO4   toxicity induced in rats. 

Orally ingested copper gets absorbed 

through Gastrointestinal Tract and reaches the 

liver to be excreted through bile and undergoes 

redox cycles leading to the formation of ROS 

so copper pollution leads to the development of 

type-II diabetes
26

. The result of the current 

study showed that CuSO4 pollution induced a 

significant increased FBG that might to owed 

to heavy metals – induced hypoxia, glucose 

may be released into bloodstream and the 

release of catecholamine was taken place that 

stimulates gluconeogenesis by the action of 

cortisol
27

. Interestingly, penicillamine 

abolished  the CuSO4 induced hyperglycemia 

that could be attributed to penicillamine 

induced hypoglycemia, or it increased beta-cell 

insulin secretion
28

. The excess level of CuSO4 

increased the level of free copper ions in serum 

due to mutation in ATP7B transporter, which 

has a role in the excretion of excess copper 

ions through the bile, leading to an elevation in 

copper level and accumulation of excess 

copper in organs and tissues
29

.  

Copper acts as a cofactor factor for many 

enzymes such as tyrosinase and participates in 

the formation of melanin. The outcomes 

showed that CuSO4 pollution elevated the level 

of tyrosinase in serum that could be attributed 

to that copper pollution induced muted 

tyrosinase in albino rats leading to defect in 

melanocyte development(T. Kuramoto, et al. 

2012). Also, ATP7B is translocated reversibly 

to facilitate the transportation of copper into 

copper containing enzymes like tyrosinase
30

. 

Also, the result showed that penicillamine 

administration induced a significant reduction 

in serum tyrosinase and serum copper level as 

it acts as a chelating agent for copper
8
. 

G6PD is a key player in a cellular energy 

balance as a member of PPP pathway, also it 

regulates the oxidant and antioxidant state of 

the tissues. Excessive copper level induced 

mitochondrial stress and decreased 

mitochondrial membrane potential which 

activated the Endoplasmic reticulum (ER) 

stress
31

, ER stress switch off protein 

biosynthesis many of these proteins is G6PD
32

. 

Since, G6PD is responsible for the production 

of GSH, and its inhibition induced an oxidation 

stress condition the finding of the current study 

showed that excess CuSO4 induced a 

significant downregulation of G6PD relative 

expression
33

. So, results showed decreased in 

TAC and increased in MDA in CuSO4 toxicity 

induced in rats
34

. Copper is essential for many 

biological functions, such as the synthesis of 

phospholipids in cell membranes
35

. Excess 

amount of Cu cause lipid peroxidation and 

damage of cell membrane
36

 as it led to the 

formation of hydroxyl radicals (•OH) that are 

involved in lipid peroxidation leading to a 

decrease in membrane integrity, and an 

increase in permeability of the membrane to 

H+, which leads to release of contents from 

cells
37

.  

Cytochrome c oxidase is the copper-

containing respiratory complex's terminal 

electron acceptor
38

. In our results, copper 

poisoning led to downregulation in the activity 

of cytochrome c oxidase (complex IV)
39

 that is 

associated with increased ROS production and 

cellular toxicity
40

. Also, excess copper leading 

to inactivation of ATP7A or ATP7B results in 

disturbances in copper homeostasis and the 

inactivation of copper-containing enzymes
41

. 

PI3K-AKT Pathway promotes cell metabolism, 

proliferation, survival of cells, apoptosis, and 

angiogenesis in response to extracellular 

signals
42

. AMPK has a role in stimulating 
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energy generating and consuming processes
43

. 

In our results show that excess copper sulphate 

downregulated PI3K and Akt that was agreed 

with a study that showed increased excess of 

copper blocked expression of PI3K and AMPK 

as a result of greater production of ROS that 

led to dephosphorylations of AKT, 

condensation of DNA, swelling of 

mitochondrial and dysfunction and that leading 

to apoptosis and cell death
44

. Also L. Chaiqin, 

et al.,
45

 results showed downregulation of 

AMPK and mTOR that agreed with our result. 

Research has shown that the phosphorylation 

level of AMPK and mTOR will change in 

excess copper-induced-hypoxic conditions, 

leading to an imbalance of cell energy 

metabolism, and leading to apoptosis.  

 

Conclusions 

These findings recommended that 

penicillamine represented a valid candidate in 

abrogating the negative impact of CuSO4 

toxicity via modulating PI3K, AKT, AmPK, 

G6PD, oxidative stress signaling pathway. 

Histological assessment for the changes in rat 

brains and measuring Cu levels in brain tissues 

will be considered in future work. 
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  نشـرة العـلوم الصيدليــــــة

 جامعة أسيوط
 

 

 

 

1

 ، الزقازيق ، مصر ٤٤٥14الكيمياء الحيوية ، كلية الطب البيطرى ، جامعة الزقازيق  قسم 

٢

 بكالوريوس صيدلة ،  كلية الصيدلة ، جامعة الزقازيق، مصر

قسم الفارماكولوجى ، كلية الطب البيطرى ، جامعة الزقازيق ، معمل البايوتكنولوجى بكلية الطب  ٣

 ، الزقازيق، مصر ٤٤٥14معة الزقازيق، البيطرى جا

٤

 ، مصر ، الزقازيق ٤٤٥14معمل التكنولوجيا الحيوية بكلية الطب البيطرى ، جامعة الزقازيق، 

٥

، مدينة  قسم علم وظائف أعضاء الحيوان والكيمياء الحيوية ، كلية الطب البيطرى ، جامعة  بدر بالقاهرة

 ، مصر ، القاهرة بدر

٦

 مصر الزقازيق، ،  ٤٤٥14 ، الزقازيق جامعة ، البيطرى الطب كلية ، عضاءالأ وظائف علم قسم
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