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Abstract 

___________________________________________________________________________________________________________________ 

Aluminium (Al) is one of the most abundant chemical elements in nature and metal in the earth’s crust. 
Accumulation of Aluminium ions (Al3+) in target tissues results into formation of oxygen radicals 
causing oxidative damage through inducing cytotoxicity. The aim of this study is to analyse the 
antioxidant effect of selected polyphenols (quercetin, rutin and a medicinal plant phagnalon rupestre) 
on rats intoxicated by aluminium with specific focus on the heart.This experiment was carried out on 
6 groups of wistar albino rats ,group 1; positive control, group 2;  Al male intoxicated group treated 
with quercetin,  group 3; Al male intoxicated group treated with rutin, group 4; Al female intoxicated, 
group 5; Al intoxicated treated with  phagnalon rupestre , group 6; female control. Several Biochemical 
assays were carried out such as protein test, Thiobarbituric acid reactive substance (TBARS) assay, 
catalase assay (CAT), glutathione-s-transferase (GST) assay, superoxide dismutase (SOD) assay, 
Glutathione reduced and glutathione peroxidase (GSH & GPX) assay, lipids (cholesterol & 
triglycerides) assays. Aluminium intoxicated group showed decrease in the content of protein 
compared to the control and treated groups. Aluminium intoxicated group showed an increase in the 
activity of thiobarbituric reactive substances (TBARS) but a significant decrease in the activity of 
catalase (CAT), glutathione S transferase assays (GST) compared to the control group. Biomarkers of 
oxidative stress significantly reduced in heart Al-induced oxidative stress by administration of 
Quercetin. Therefore, Quercetin is an effective antioxidant against oxidative stress caused by free 
radicals produced because of aluminium exposure. 
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INTRODUCTION  

Aluminium (Al) is one of the most widely distributed metal in 
the environment 1 This metal was first discovered in 1808 by 
English chemist Davy2 and its physical and chemical properties 
highlighted by chemist Friedrich Wihler in 18273. In nature, 
aluminium exists in trivalent state (Al3+) as silicates hydroxides 
and oxides however it can combine with other elements such as 
chlorine, fluorine, Sulphur and form complexes with organic 
matters4.  

Different forms of Aluminium are  extensively used in various 
products and processes associated with human activities for 
example in crude oil refining and cracking of petroleum; 
manufacturing of cooking utensils and foils, parchment paper, 
printing ink, glass, ceramics, pottery, incandescent filaments, 
fireworks, explosives, photographic flashlight, electric 
insulators, cement, paints and varnishes, fumigants and 
pesticides, lubricants, detergents, cosmetics, pharmaceuticals 
(drugs), vaccines5, as well as in water treatment and 
purification, treating sewage and fur, tanning leather, 
waterproofing clothes and concretes, industrial filtration, 
hemodialysis, measuring radiation exposure, in products as 
flame retardant and fireproofing, anticorrosion agent4, food 
additives to prevent caking as well as components of baking 
powders and colorants6. 

Humans are exposed to aluminium particles through several 
ways such as air (aerosols), drinking water, food, 
pharmaceuticals and agrochemicals7. These exposures 
influence the Al intake, absorption and elimination which 
determines the level of tissue accumulation and development 
of toxicosis8. Al intake is mainly through two routes; inhalation 
(via cigarrate smoke, dust from soil and rocks) and ingestion 
(via food, drugs, water)7. Inside the human body, aluminium 
has been found in the skin, lower gastrointestinal tract, lymph 
nodes, adrenals, parathyroid gland and in most soft tissues9. 
Absorbed aluminium has several diverse toxic effects arising 
from its pro-oxidant activities inducing oxidative stress, free 
radical attack and oxidation of cellular proteins and lipids10. Al 
interactions may induce inhibitory or stimulatory effects to 
extracellular surface and intracellular ligands, inhibition or 
activation of metabolic or other enzymes11. Exposure of 
hepatocytes to Al impedes their ATP production, inhibits 
glycolysis, impairs the function of tricarboxylic acid (Kreb’s) 
cycle and promotes lipid and protein oxidation12. Aluminium 
exposure induces a disruption in the iron homeostasis resulting 
to iron overload linked to oxidative stress and pathogenesis of 
neuro-degenerative disorders13. Aluminium ions stimulate 
apoptosis of several cells such as erythrocytes ,osteoblasts 
through inhibiting apoptotic Bcl-2 protein expression and 
increasing the expression of pro-apoptotic Bax, Bak and Bim 
proteins14. The oxidative stress induced due to aluminium 
exposure affects the activities of superoxide dismutase (SOD), 
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catalase (CAT), glutathione peroxidase (GPx) and glutathione 
(GSH), increases levels of malondialdehyde (MDA) and 
thiobarbituric acid reactive substances (TBARS) in several 
tissues15. 

Aluminium overload  can be diagnosed and  quantified  in 
several biological materials such as blood, bone urine and feces 
using a variety of analytical methods such as accelerator mass 
spectroscopy, neutron activation analysis, laser microprobe 
mass spectrometry and others16. After diagnosis, several 
approaches can be employed to treat Al toxicosis  such as 
prevention of intake , reduction of Al absorption, increasing Al 
excretion , maintaining functional kidneys , reducing load by 
chelation with chelating agents (deferoxamine, malic acid, citric 
acid, oxalic acid)17 and amelioration of the toxic effect with 
antioxidants ( selenium, melatonin, vitamin c, plant extracts18 
,quercetin and Ginsenoside Rb119 . 

This study was aimed to explore the in vitro analysis of the 
redox status by determination of (CAT, GST and TBARS) and 
analysis of the level of protein in both male and female rats 
intoxicated by Aluminium with specific focus on the heart. This 
study further examined the effect of quercetin, rutin and 
medicinal plant extract on some biomarkers of oxidative stress 
induced by aluminium exposure in albino Wistar rats. 

MATERIAL AND METHOD 

Animals and Experimental Design 

In this experiment Male and Female Wistar albino rats of 
varying weight (300-900 ± 10 g and 200 ± 10 g) respectively 
aged 4–5 months were obtained from the Animal Care Unit of 
Oran1 University and were kept in cages. The experimental 
conditions were environmentally controlled in terms of 
temperature (23 ± 2 °C), humidity (50 ± 5%), and light (12 h of 
light and dark cycle). The animals were fed with pellet diet with 
elevated aluminium concentration and water for 30 days. 

 The rats were grouped into 5 groups of (6) rats. 

Group 1: Aluminium male intoxicated group (fed on a 
conventional rat diet with distilled water containing elevated 
levels of AlCl3 200mg/kg). 

Group 2:  Aluminium male intoxicated group treated with 
quercetin (fed on a conventional rat diet with distilled water 
containing elevated levels of AlCl3 200mg/kg and I.p quercetin 
100mg/kg). 

Group 3:  Al male intoxicated group treated with rutin (fed on a 
conventional rat diet with distilled water containing elevated 
levels of AlCl3 200mg/kg and I.p rutin 100mg/kg). 

Group 4: Aluminium female intoxicated group (fed on a 
conventional rat diet with distilled water containing elevated 
levels of AlCl3 200mg/kg). 

Group 5: Aluminium female intoxicated group fed on a 
conventional rat diet with distilled water containing elevated 
levels of AlCl3 200mg/kg) and I,p of plant extract phagnalon 
rupestre 50mg/kg. 

Group 6: Female control group fed on conventional rat food and 
distilled water. 

This experiment was carried out for 30 days. After 30 days the 
rats were euthanized (sacrificed). After decapitation, whole 
liver, spleen, kidney, brain, heart and ovary tissues were rapidly 
resected. The tissues were stored at -80 °C in a deep freezer. 

Tissue preparation  

The heart tissues were extracted from rats and stored in a deep 
freezer for preservation. Homogenized by using a Teflon-glass 
homogenizer with 1.15% KCl to obtain 1:10 (w/v) homogenate 

that was later centrifuged and supernatant used for 
biochemical assays. 

Preparation of aluminium chloride solution (AlCl3) 

60mg of AlCl3 were weighed and dissolved in 1000ml of 
distilled water to make a solution of 60mg/L supplemented in 
drinking water daily. 

Preparation of quercetin and rutin  

15mg of powdered quercetin (95% pure from cell biolabs, Inc) 
and rutin (95% pure from cell biolabs, inc) were weighed 
respectively and poured into beakers containing 100ml of 
distilled water. The solutions were homogenized by stirring 
and introduced to animals by intraperitoneal (IP) injection at a 
dose of 100 mg/ kg body weight daily. 

Preparation of the plant extract  

The genus Phagnalon belongs to the Asteraceae family and has 
a wide range of distribution, expanding from Macaronesia in 
the West to the Himalayas in the East, from S. France and N. 
Italy to Ethiopia and Arabian Peninsula. Various species of 
Phagnalon have been used in the popular medicine of several 
countries as medicinal herbs and food. 

The flowering aerial parts of the plant were collected from 
Misserghin province in Oran Algeria. Identification and 
authentication were done in the Laboratory of Experimental 
Biotoxicology, Bio depollution and Phytoremediation of 
University of Oran1, Ahmed Ben Bella and were deposited at 
the Herbarium of the Laboratory. The plant extract was got by 
maceration of leafy stems with methanol, ethanol and water 
solvents. 

BIOCHEMICAL ASSAYS FOR OXIDATIVE STRESS  

Protein assay 

In this experiment, the protein quantity was determined using 
Lowry assay protein (Lowry et al 1951).  

100µl of homogenized heart tissue was added to 500µl of 
solution C (Lowry’s reagent), vortexed, incubated for 10 mins, 
then 50µl of solution D (Folin-Ciocalteu reagent). The solution 
was vortexed again and incubated in the dark for 30 mins. The 
wavelength reading was taken at 650nm against a blank 
solution of standard solution of Bovine serum albumin (BSA). 
The quantity of protein in the sample was determined through 
extrapolation against a standard curve of BSA (0.2mg/ml). 

Thiobarbituric reactive acid reactive substances (TBARS 
assay)  

Malondialdehyde (MDA) concentration of tissue homogenates 
expressed as the thiobarbituric acid reactive substances 
(TBARS) was assayed spectrophotometrically according to the 
method of Placer et al. (1966). The MDA concentrations were 
expressed as nmol/g protein.  In this experiment lipid 
peroxidation was determined by measuring malondialdehyde 
(MDA) in the sample homogenate. This was done by adding 
100µl of the homogenate (heart tissue) in a glass tube, added 
100µl of sodium dodecyl sulfate (SDS 8.1%), then 1.5ml of the 
acetic acid solution (20%; pH =3.5) and 1.5 ml of TBA (0.8%). 
The solution was then made up to a total volume of 4ml with 
distilled water, vortex, incubated at 95°c for 60mins, then 
cooled in an ice bath for 5 mins and 500µl of distilled water and 
2ml of solvent (n-butanol), centrifuged at 4000rpm (rotations 
per minute) for 10 mins. The wavelength of organic phase is 
read (greater than 523nm). The TBARS is calculated from. 

OD: Optical density read at 532nm 

𝜀MDA: Molecular extinction coefficient 
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Catalase assay 

In this experiment, the method is based on the fact that 
dichromate in acetic acid reduces to chromic acetate when 
heated in the presence of hydrogen peroxide H2O2 with the 
formation of perchloric acid as an unstable intermediate. 

The chromic acetate thus produced is measured 
calorimetrically at 610 nm. Since dichromate 

has no absorbance in this region, the presence of the compound 
in the assay mixture does not 

Interfere with the colorimetric determination of chromic 
acetate. The catalase preparation is 

allowed to split H2O2 for different periods of time. The reaction 
is stopped at specific time 

intervals by the addition of dichromate / acetic mixture and the 
remaining H2O2 is determined by measuring chromic acetate 
calorimetrically after heating the reaction (Sinha,1972). 

In this assay, 0.1 ml of homogenate was mixed with 1ml of 
phosphate buffer (0.001M, pH=7.4) and 0.4 ml of H202 solution, 
vortexed then incubated at 37°c for 10 min. The mixture is 
added to 2 ml of phosphate dichromate solution (K2Cr2OH) at 
5%/ acetic acid (1v/3v). The reaction was monitored by a 
spectrophotometer reading at a wavelength of 620 nm and it 
was expressed in (µmol/mg protein). 

Glutathione-s-transferase (GST) assay 

In this experiment, assay was used, Solution C was prepared 
using 20.26mg 1-chloro, 2,4-dinitrobenzene (CDNB) and 
153.56mg of glutathione (GSH)diluted into 1ml of ethanol 
 and 100ml of PBS. Then 100µl of solution C was 
poured into the Elisa plate, added 600µl of the sample .The 
absorbance of the sample ( 1.2ml of CDNB + GSH mixture 
+200µl of supernatant) was measured at absorbance at 340nm 
each min for five mins against a blank of ( 1.2ml of CNDB+GSH 
mixture 200µl of distilled water. The specific activity of GST was 
calculated from. 

𝐺𝑆𝑇 =
∆𝐷𝑂

𝑒

𝑉𝑡

𝑉𝑠
𝑚𝑔𝑜𝑓𝑝𝑟𝑜𝑡𝑒𝑖𝑛 

Δ DO: slope of the regression line obtained after hydrolysis of 
the substrate.  

e: Molar extinction coefficient of CDNB = 9.6 mM-1 cm-1.  

 Vt: Total volume in the tank = 1.4 ml [0.2 ml supernatant + 1.2 
ml CDNB / GSH mixture  

 Vs: Volume of the supernatant in the tank = 0.2 ml.  

 mg of protein: Quantity of protein expressed in mg 

Superoxide dismutase (sod) assay 

The SOD activity was performed based on the method by Sun 
et al. (1988). In this assay, 950µl (Tris-HCI +EDTA) was added 
to 20µLof homogenate sample and added 50µl of pyragallol. 
The absorbance was read every after a minute for 5 minutes at 
420nm. 

GLUTATHIONE REDUCED AND GLUTATHIONE 
PEROXIDASE (GSH & GPx)  

Concentration of GSH of tissue homogenates was measured by 
an assay using the dithionitrobenzoic acid recycling method by 
Sedlak and Lindsay (1968). 

The GSH-Px activity was determined according to the method 
of Lawrance and Burk (1976) which records the decrease of 
NADPH at 340 nm. 

GPx Assay  

To 100ul of Tris-Hcl add 50ul of Sodium Azide then 100ul of 
supernatant for each specimen then 100ul of GSH then 50ul of 
H202. Mix and incubate at body temperature for 10minutes 
then add 200ul of TCA. Centrifugation at 2400tr/5min. Get the 
new supernatant and add 200ul of Ellman’s Reagent to it. Read 
the Optical density of each specimen. 

LIPIDS (CHOLESTEROL & TRIGLYCERIDES) 

In this assay, we used only hearts from male rats divided into 3 
categories; positive control (Al intoxicated), Al intoxicated 
treated with quercetin, Al intoxicated treated with rutin.   0.5g 
of each specimen was added to 10ml of mixture of chloroform 
and ethanol (2:1). The mixture was incubated overnight, 
filtered into flacon tubes. The flacon with and without the lipids 
were weighed and 3ml of n-xexane to the mixture. The optical 
density of each specimen was determined using BIOLABO 
cholesterol and Triglyceride assay kit by cell biolabs.inc. This 
assay was done by adding 10µl of each specimen to 1ml of Assay 
reagent (ready for use comes with kit). The blank was prepared 
by adding 1ml of the kit Assay reagent to 10µl of a standard 
solution (ready for use comes with kit) of concentration 
(200mg/dl) from the kit. The concentration of cholesterol of 
both cholesterol and triglyceride was calculated using the 
formula below. 

𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 = 

𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒𝑜𝑓𝑠𝑝𝑒𝑐𝑖𝑚𝑒𝑛

𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒𝑜𝑓𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛
× 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛(200𝑚𝑔 𝑑𝑙⁄ ) 

RESULTS  

 Total proteins. 

The protein content results demonstrate a significant 
difference of (P<0 .05) between the intoxicated (Al) group 
compared to the control group. It shows decrease of protein in 
both male and female intoxicated group. The group intoxicated 
with Aluminium and treated with Quercetin showed a slight 
increase compared to the control group, group treated with 
rutin, and group treated with plant. Protein concentration in 
mg/ml 

 

 

Figure 1: This graph shows the variation of protein activity in 
the specimen samples. 
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Catalase  

Catalase activity reflected a significant decrease in the groups intoxicated by aluminium compared to the control group, group 
treated with quercetin, group treated with plant and group treated with plant has showed in graph below  

 

Figure 2.The graph shows the variation of catalase activity in specimen samples. 

Values are represented as means n+/-SD for each group 

TBARS 

TBARS activity revealed a significant increase in both male and female Al intoxicated samples compared to the control group; group 
treated with quercetin has the lowest TBARS activity followed by group treated by rutin and lastly group treated with the medicinal 
plant. 

 

 

Figure 3: The graph showing variation of TBARS activity in the specimen samples. Values are represented as means+/-SD for each group 

GST 

GST activity showed a significant decrease in all intoxicated samples compared to the control group, quercetin group, rutin group and 
group treated with plant. 

 

Figure 4: The graph shows the variation of GST activity in the specimen samples. 

Values are represented as mean +/-SD for each group. 
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SOD  

SOD % inhibition was most significant in both male and female Al intoxicated groups and more pronounced in females compared to 
the control group, quercetin group, rutin group and group treated with plant. 

 

Figure 5: The graph showing the variation of SOD % inhibition in the specimen sample. 

values are represented as mean +/-SD for each group. 

GSH & GPx 

From the results GSH increased drastically with initial acute intoxication but decreased after continuous chronic intoxication while 
GPx showed an overall increase in activity with increase in intoxication. 

 

 

Figure 6: A Graph shows the variation of GSH activity in the specimen sample. 

 

Figure 7: Graph of variation of GPx activity in the specimen samples. 
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Lipids (Cholesterol & Triglycerides) 

From the results obtained it is evident that both Cholesterol and Triglycerides count decreased in Al intoxicated specimen samples 
and the sample that received treatment with quercetin and rutin showed the higher concentrations in lipids. 

 

Figure 8: Graph show the variation of cholesterol concentrations 
in the specimen samples 

 

Figure 9: Graph of variation of triglyceride concentration in the 
specimen samples. 

 

DISCUSSION  

This study shows a general decrease in the number of proteins 
in both rats’ male and female intoxicated with Aluminium as 
compared to the control group and groups treated with 
quercetin, rutin and the medicinal plant. This may be as a result 
of reactive oxygen species which oxidate the amino acid residue 
side chains, protein back bone forming protein fragments thus 
a reduction in the number of proteins as compared to the 
control group(20) .This further can be explained by the ability 
of metal ions to affect cellular homeostasis under extreme 
conditions through interference of the folding process and 
stimulating aggregation of nascent or non-native protein. The 
significant increase of proteins in group treated with quercetin 
agrees with a study (21) that demonstrates the antioxidant 
effect of quercetin. In this study, there is a significant decrease 
in the concentration of catalase in both male and female 
aluminium intoxicated rats with the males being hit harder 
probably due to a higher metabolism compared to the control 
group, this may be as a result of increase of 02- that gradually 
inactivate catalase(22). The results show a decrease in GST 
concentrations in aluminium intoxicated groups, this may be 
due to the inhibition of GST activity by aluminium as seen in the 
similar study of (23). The high GST activity of group treated 
with plants may be due to the chelation or free radical 
scavenging effect of bioactive molecules in phagnalon rupestre. 
The TBARS results show an increase in the concentration of 
MDA in both aluminium intoxicated groups with the female 
group having the highest compared to the control group , this 
agrees to with results from similar studies of (15),(24),(25). 
The low concentration of MDA in quercetin treated groups 
compared to other groups shows its ameliorative effect 
compared to rutin and phagnalon rupestre. The intoxicated 
female and male groups have high percentages of SOD 
inhibition that further proves that aluminium has a pro-oxidant 
effect through enzyme inhibition while treatment with 
quercetin, rutin, phagnalon rupestre (medicinal plant) shows 
their ability to reverse the inhibition activities of aluminium. 
GSH is a co-substrate for GPx. The initial increase in GSH activity 
can be explained by the enzyme being the first line of defense 
against pro-oxidants and its ability to act as a coenzyme but 
with increase in intoxication the enzyme is inhibited. GPx 
increased in intoxicated samples probably due to its high 
affinity for H2O2 as compared to catalase(26). 

Triglycerides levels decreased significantly in the specimen 
samples intoxicated with Al compared to the control group, 
group treated with plant, quercetin and rutin antioxidants. The 
reduction in lipids may be attributed to oxidative stress 

resulting into lipid peroxidation , phosphine toxicity and 
reduced lipase activity due to Al toxicosis(27). 

CONCLUSION  

The redox mechanism involves two opposite molecular 
mechanisms, the production of oxidants and antioxidants. An 
equilibrium between these two mechanisms is a delicate task 
since there is continued production of free radicals from both 
endogenous and exogenous sources. Body organs such as the 
heart maintain this equilibrium in vivo by continuous 
production of cells to mop out the excess free radicals through 
defense mechanisms like apoptosis. This study shows that the 
maintenance of this balance is limited with time and increase in 
free radicals, organisms lose this battle against free radicals 
generated by aluminium intoxication. In this case antioxidants 
like vitamins, medicinal plants, polyphenols (quercetin, rutin) 
proved to provide a relief against oxidative stress caused by 
Aluminium toxicosis. This study shows that Quercetin is a 
better antioxidant than Rutin against Aluminium intoxication. 
The protective properties of Quercetin were even better than 
the medicinal plant (Phagnalon rupestre). The results also 
show that the plant had some protective abilities against the 
free radicals. The study also shows that female rats were more 
affected by the toxicosis than male rats.  We recommend future 
studies to analyse the effect of aluminium on lipid membrane 
phospholipids and studies to analyse why female rats have 
higher aluminum effects than male rats. 
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