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Abstract

This study was designed to investigate the effect of different cadmium
concentrations on albino mice males' oxidative balance through lipid profile,
malondialdehyde (MDA) concentration and catalase (CAT) activity estimation in
liver and kidney. Parsley Petroselinum crispum was chosen to detect its effect as a
natural antioxidant.

Five groups of albino mice males (10 mice each) were treated with (0.0, 0.25, 0.5,
0.75 and 7.5) mg Cd/kg b.w. orally by using gavages needle for 60 days according
to 5 days/week protocol, another five mice groups were treated with the same
cadmium concentrations mentioned above and 0.1 ml of parsley Petroselinum
crispum juice.

The results showed an adverse effect of cadmium on mice oxidative balance,
while parsley showed an effective antioxidant effect which was revealed through
lipid profile protection, MDA concentrations decrease and CAT activity increase.
Keyword: cadmium, parsley Petroselinum crispum, lipid profile, malondialdehyde
(MDA), catalase (CAT).
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Introduction:

Cadmium is not essential for plants, animals nor humans; its presence in live organisms is
unwanted and harmful [1]. It is a potent human carcinogen which has been classified as a category
number 1 human carcinogen by the International Agency for Research on Cancers (IARC), and the
National Toxicology Program of the USA. Occupational exposure to cadmium has been associated
with cancers of the prostate, pancreas and kidney [2] and has been accepted as a pulmonary
carcinogen by (IARC) in human [3]. Liver and kidney tissues are the two main targets of cadmium
[4].For the general population, the main exposure source to cadmium is the food [5]. Cadmium is a
redox stable metal, so it can't induce the production of free radicals by itself; instead it can generate,
by indirect mechanisms, some reactive oxygen species (ROS) and reactive nitrogen species (RNS)
such as superoxide radical, hydroxyl radical and nitric oxide; as well as some toxic-non radical
hydrogen peroxide [6,7]. The mechanisms of cadmium-induced oxidative stress is not fully clarified
[8] but one of the most interesting mechanisms is the interference of cadmium with other vital ions in
the body such as elements zinc (Zn), calcium (Ca), iron (Fe) and copper (Cu), which resulted in many
adverse effects in the body [9].

Administration of cadmium via different routes causes increased lipid peroxidation in membranes
of erythrocytes and tissues such as liver, kidney, brain and testes [10]. Cadmium shows a high affinity
for thiol ("SH) [11]. When Cd enters the body, it reaches the liver within the first 6 hours and binds to
metallothionein, which is rich in cystien, to produce Cd-metallothionein [12].

Cholesterol is water-insoluble transported inside lipoproteins (LDL and HDL). It is needed to
insulate nerves, build up cell membranes and produce certain hormones [13]. Triglycerides are the
most common type of fat in the body. LDL, HDL and VLDL compose the total cholesterol count in
the body [14]. About one forth to one third of blood cholesterol is carried by HDL. Medical experts
think that HDL tends to carry cholesterol away from the arteries and back to liver to pass from the
body (for this reason HDL is called the good cholesterol) [15], while LDL is called bad cholesterol
because of its ability to build up fatty deposits in artery walls and increase the risk of heart attack and
stroke [14].

Fats and oils are important nutrients and energy sources that are composed mostly of triglycerols,
where the latter consists of fatty acids which may vary in their chain length, degree of saturation,
isomeric orientation of the double bonds and position. According to their saturation, fatty acids are
classified into three types (Saturated fatty acids (SFA), Mono- unsaturated fatty acids (MUFA) and
Poly-unsaturated fatty acids (PUFA) [15].

Lipid peroxidation is the oxidative deterioration of lipids containing a number of carbon-carbon
double bonds [16] to form a lipid hydroperoxide (ROOH) which then react further. It is a chain-like
reaction which consists of three stages: initiation, propagation and termination. Initiation can be
occurred by transition metals (iron or copper), oxidative intracellular enzymes or free radicals. The
reaction goes into further reactions to enter the propagation phase which terminated when oxygen
supply is extinguished [17] or reacting with the antioxidants or other mechanisms [16]. The free
radical-mediated oxidation is less susceptible in saturated and monounsaturated fatty acids than the
poly unsaturated fatty acids and the rate of oxidation increased by the increasing of the number of
double bonds [18]. Hydroperoxides are formed as the primary products in lipid peroxidation, they
have toxic effects on cells and they may react with transition metals like iron or copper to form stable
aldehyde such as Malondialdehyde (MDA) [19] which is a good marker of free radical-mediated
damage, oxidative stress and a suitable biomarker for lipid peroxidation [15]. Lipid peroxidation is
known now as a responsible for a number of diseases and clinical conditions including premature birth
disorders, diabetes, Parkinson's disease, Alzheimer's disease, atherosclerosis, fibrosis and cancer,
inflammatory liver injury and many others [16]. Malondialdehyde is well known as mutagenic and
carcinogenic [7], it can react with DNA bases and induce mutation [20].

Catalase is an enzymatic antioxidant. It is a heme-containing enzyme that consists of four identical
tetrahedral subunits contains a single ferroprotoporphyrin group per subunit [21, 22]. Catalase
exclusively detoxifies hydrogen peroxide to water and oxygen [23,7, 24]. It also has functions to lower
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the risk of hydroxyl radical formation from H,O, [25]. It plays an important role during the oxidative
stress in the adaptive response of cells [23].

Parsley Petroselinum crispum, which is a leafy vegetable belongs to the family Umbelliferae
(Apiaceae) is known as a rich source of vitamins and minerals especially vitamins C, A and E; iron,
calcium, phosphorus and manganese as well as many active chemical compounds. Therefore, it has
many medicinal uses, the leaves are diuretic and are giving during the urinary tract infection while the
fruit has a diuretic effect too in low doses but higher doses increase the contractility of the intestinal
smooth muscles, bladder and uterus. Therefore the fruit is used to remove intestinal spasms, uterus
recovery after birth and menstruation complaints, but it could be abortive, so that it is advisable not to
be used in medicinal doses during pregnancy [26,27].

Materials and Methods:
Preparation of cadmium chloride solutions:

Cadmium chloride monohydrate, formula weight 201.33 was used to prepare the different
concentrations of the treatment solutions, (0.0, 11.19, 22.39, 33.58 and 335.85) mg of CdCl, were
dissolved in 100 ml of D.W. apart to prepare (0.0, 0.25, 0.5, 0.75 and 7.5) mg Cd**/ Kg b.w.
respectively in each 0.1 ml of the solution.

Preparation of parsley juice:

One hundred and fifty grams of fresh, clean and sliced parsley were mixed with 250 ml of D.W. in
a blender and filtered by clean gauze. After filtration, the final volume of parsley juice was 300 ml;
0.1 ml of this juice was given to each animal. The juice was freshly prepared every week and kept at
4°C.

Animals management:

Healthy mature albino male mice at the age of 8-10 weeks and average weight 25 + 5 g were
purchased from the National Center for Drug Control and Research (NCDCR). One hundred male
mice were divided randomly into 10 groups of ten animals each (5 animals/cage) in polypropylene
cages. The animals were reared and treated at the animal house of Biotechnology Research Center/
Al-Nahrain University at the temperature of 25 + 5 °C and 12 + 2 hours light/day. Diet and drinking
water were given ad libitum.

Experimental design:

Animals were treated for 60 days orally by using gavages needle according to the protocol of 5
days/week. They were divided into the following groups:

Group (1): control animals, given 0.1 ml D.W. considered as control.
Group (2): given 0.1 ml of 0.25 mg Cd*?/kg b.w.

Group (3): given 0.1 ml of 0.5 mg Cd*¥/kg b.w.

Group (4): given 0.1 ml of 0.75 mg Cd*?/kg b.w.

Group (5): given 0.1 ml of 7.5 mg Cd*?/kg b.w.

Group (6): given 0.1 ml of D.W. + 0.1 ml of parsley juice. Considered as a positive control.
Group (7): given 0.1 ml of 0.25 mg Cd*"¥/kg b.w. + 0.1 ml of parsley juice.
Group (8): given 0.1 ml of 0.5 mg Cd*?/kg b.w. + 0.1 ml of parsley juice.
Group (9): given 0.1 ml of 0.75 mg Cd**/kg b.w. + 0.1 ml of parsley juice.
Group (10): given 0.1 ml of 7.5 mg Cd*?*/kg b.w. + 0.1 ml of parsley juice.
Blood collection:

Blood was collected from the animals by heart puncture and placed into eppendorf tube then
allowed to clot. Serum was separated after centrifugation for 10 minutes at 3000 rpm and kept at -20
°C for the biochemical tests.

Lipid profile:

Total cholesterol, triglycerides and HDL were estimated using the procedure of lipid profile kits
provided by Spinreact- Spain. While LDL was calculated using Friedwald equation.
Malondialdehyde (MDA) and Catalase assay:

Malondialdehyde (MDA) and Catalase were determined in liver and kidney using the procedure
ofBiovision-USA Kkits. Two experimental concentrations (0.75 and 7.5 mg Cd/kg b.w.) were selected
to determine changes in MDA levels and catalase activity.

Statistical analysis:
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Statistical analysis was performed using the statistical analysis system [28]. The least significant
difference (LSD) test was used to examine the significant effects of treatments and concentrations on
parameter means in this study. P value less than 0.05 was considered as statistically significant.
Results and Discussion:

Effect of parsley on lipid profile in mice treated with cadmium:

Figures-1, 2, 3 and 4 show the effect of parsley on lipid profile in mice treated with cadmium.

Administration of parsley significantly (P<0.05) decreased serum cholesterol in mice treated with
parsley and cadmium compared with mice treated with cadmium alone in all of cadmium
concentrations except the concentration of 0.25 mg Cd/kg b.w. figure-1.
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Figure 1- Effect of parsley on serum cholesterol of mice treated with cadmium Different letters over columns
refer to significant (P<0.05) differences

Parsley caused non-significant (P>0.05) decrease in serum triglycerides of mice treated with
parsley and cadmium compared to mice treated with cadmium alone figure-2.
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Figure 2- Effect of parsley on triglycerides of mice treated with cadmium .Different letters over columns refer to
significant (P<0.05) differences

Figure-3 shows the effect of parsley on mice HDL compared with HDL of cadmium treated mice.
Parsley showed non- significant (P>0.05) increase in HDL concentrations at 0.25 mg Cd/kg b.w.,
while significant (P<0.05) increase was shown at the concentration 0.5 mg Cd/kg b.w. due to parsley
administration with cadmium compared with cadmium alone. Non- significant (P>0.05) decrease were
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observed at control, 0.75 and 7.5 mg Cd/kg b.w. in HDL of parsley and cadmium treated mice
compared with cadmium treated mice.
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Figure 3- Effect of parsley on HDL of mice treated with cadmium..Different letters over columns refer to
significant (P<0.05) differences

Parsley caused a significant (P<0.05) decrease in LDL of mice at cadmium concentrations of 0.5,
0.75 and 7.5 mg Cd/kg b.w. compared with cadmium alone treated mice. At the concentration of 0.25
mg Cd/kg b.w., LDL was 33.54 mg/dl and decreased to 33.50 mg/dl in cadmium + parsley group; but
this decrement was non-significant (P>0.05). figure -4.
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Figure 4- Effect of parsley on LDL of mice treated with cadmium .Different letters over columns refer to
significant (P<0.05) differences

Cadmium treated mice had the highest mean values of cholesterol, triglycerides and LDL followed by
cadmium + parsley groups; HDL values were fluctuated among the groups. Parsley had a protective role
on lipid profile but the results were not totally significant (P>0.05) compared with cadmium alone.
Increase the treatment duration and/or the doses administered; may show the significant effects on lipid
profile more clearly.

The present study showed that parsley had protective effects on lipid profile which may attribute to the
active compounds vitamins that parsley contains.

Parsley is rich with chemical active compounds, minerals and vitamins such as vitamin C which has
the ability to activate the enzyme 7a-hydroxylase in the first step of bile acid synthesis; the activation of
this enzyme will enhance the conversion of cholesterol into bile acid, hence resulting in decreasing
serum levels of cholesterol [29]. Also, vit.C might have an inhibitory effect on HMG CoA reductase
activity, thus inhibiting cholesterol biosynthesis [30].
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Flavonoids, the most abundant chemical compounds in parsley were previously registered to
contribute health promotion. They are suggested to lower blood cholesterol levels by diminishing the
biosynthesis of cholesterol due to the ability of flavonoids to enhance the phosphorylation of HMG COA
reductase indirectly [31].

The effects of cadmium exposure on rats' lipid levels were studied; after 7 weeks of exposure to 50
and 100 ppm of CdCl, via drinking water. A significant (P<0.05) increment was found in total
cholesterol, triglycerides in both concentrations compared to control with non-significant changes in
HDL [32]. The ameliorating effect of crude flavonoids extracted from parsley on rats exposed to 50 ppb
of cadmium chloride in drinking water for 60 days were studied. A significant (P<0.05) increase was
found in serum total cholesterol, triglycerides, LDL and VLDL concentrations with a significant
(P<0.05) decrease in serum HDL concentration in cadmium treated rats. Parsley flavonoids extract at the
concentration of 150 mg/kg b.w. caused a significant (P<0.05) decrease in total cholesterol, triglycerides,
LDL and VLDL while HDL concentration significantly (P<0.05) increased [33].

Parsley was used to decrease the adverse effects upon lipid profile in a study designed to overload
rabbits with methionine and monitor the probable effects against lipid profile and other physiological
aspects. Apigenin; extracted from parsley was used to measure the interaction effects between
methionine and apigenin on lipid profile. Total cholesterol was decreased from 141.0 mg/dl in
methionine group to 102.0 mg/dl in methionine+apigenin group. Triglycerides decreased from 110.0-
135.0 mg/dl in methionine and methionine+ apigenin group respectively. The same ameliorating effects
of apigenin were observed with HDL and LDL mean values [34].

Effect of parsley on MDA levels in the liver and kidney of mice treated with cadmium:

Figure-5 shows that the administration of parsley with cadmium decreased MDA levels at the
concentration of 0.75 mg Cd/kg b.w. significantly (P<0.05) from 0.497 nmol/mg in cadmium treated
mice to 0.410 nmol/mg in cadmium and parsley treated mice. Also, parsley significantly (P<0.05)
decreased MDA levels at the concentration 7.5 mg Cd/kg b.w. compared with cadmium alone.
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Figure 5- Effect of parsley on MDA levels in the liver of mice treated with cadmium .Different letters over
columns refer to significant (P<0.05) differences

The effect of parsley on MDA levels in kidney are shown in figure-6. Parsley caused a significant
(P<0.05) decrease in MDA levels in mice treated with 0.75 and 7.5 mg Cd/kg b.w. compared with
cadmium alone.
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Figure 6- Effect of parsley on MDA levels in the kidney of mice treated with cadmium. Different letters over
columns refer to significant (P<0.05) differences

Oxidative damage induced by long-term cadmium intoxication has been demonstrated by the
increased lipid peroxidation and/or inhibition of antioxidant enzymes that are required to prevent such
oxidative damage [35].

Cadmium induces oxidative damage due to its ability to indirect production of ROS such as
hydrogen peroxide, superoxide radicals, hydroxyl radicals and lipid peroxides [36]. The exposure of
male wistar rats to 50 and 100 ppm of cadmium chloride in their drinking water for 7 weeks revealed
significant increases in MDA levels in the liver compared with the control [32]. Excessive production
of free radicals or ROS is mainly responsible for peroxidation of cell membrane lipids and other
unsaturated lipids (especially LDL) which are the chief mechanisms of cell damage leading to necrosis
or apoptosis; the terminal product of lipid peroxidation is MDA. The determination of MDA levels is
usually the most practical and reliable method for detecting and screening for oxidative stress [37].

In the present study, MDA levels in liver and kidney tissues increased proportionally with cadmium
concentration. Such increment in lipid peroxidation has been attributed to alterations in the antioxidant
defense system that normally protects the body against free radical toxicity. [24].

Parsley is known for its rich components of vit.C, B-carotene, essential oils and flavonoids which
could bring its protective role against lipid peroxidation induced by cadmium. Flavonoids are
suggested to scavenge free radicals or increase the production of glutathione S-transferase [38]; they
also protect LDL and o-tocopherol (vit.E) from being oxidized [39]; While vitamin C which is
considered as the most important water-soluble antioxidant in extracellular fluids due to its
hydrophilic properties is capable of neutralizing ROS in the aqueous phase before the initiation of
lipid peroxidation. At the same time vit.E is the major lipid soluble antioxidant and the most effective
chain-breaking antioxidant within the cell membrane where it protects membrane fatty acids from
lipid peroxidation and LDL from oxidative attack. Vitamin C has been cited for its capability in
regenerating vit.E and thus restores its original function in the "antioxidant network" [36, 40].

Serum MDA concentrations were significantly (P<0.05) elevated from 0.37 umol/dl at zero time to
0.99 pmol/dl after 60 days of cadmium administration, while administration of parsley flavonoids
extract showed a significant (P<0.05) decrease in serum MDA concentrations (0.36 pmol/dl)
compared with cadmium alone [33].

The antioxidants activities of parsley leave and stem phenolic extract were estimated in vitro by
determining of free radical scavenging capacity of the extracts. Parsley leaves extract antioxidant
capacity was 30.35 % while it reached more than 18 % in parsley stems extract [41]. The antioxidant
capacities of ethanolic leaf extract of parsley at the dose of 0.5 mg/day for 20 days were studied by
using brain stressed mice; the study revealed that leaves of parsley have many phytochemical
constituents that may be responsible for many antioxidant activities especially the presence of flavonol
glycoside [42].
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Effect of parsley on catalase activity in the liver and kidney of mice treated with cadmium:

The effect of parsley on liver's catalase activity is shown in figure-7.

After intoxication with 0.75 mg Cd/kg b.w.; catalase activity reached 121.19 nmol/min/ml, while
co-treatment with parsley significantly (P<0.05) raised the activity of catalase to 125.06 nmol/min/ml.
Parsley significantly (P<0.05) increased catalase activity to 95.66 nmol/min/ml when co-administered
with cadmium at the concentration of 7.5 mg Cd/kg b.w., while cadmium alone significantly (P<0.05)
decreased catalase activity to 88.54.
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Figure 7- Effect of parsley on catalase activity in the liver of mice treated with cadmium. Different letters over
columns refer to significant (P<0.05) differences

The effects of parsley on catalase activity in kidney of mice treated with cadmium are shown in
figure-8. Significant (P<0.05) increase in kidney catalase activity observed due to the co-
administration of parsley with 0.75 and 7.5 mg Cd/kg b.w. compared with the corresponding
concentration of cadmium alone.
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Figure 8- Effect of parsley on catalase activity in the kidney of mice treated with cadmium .Different letters over
columns refer to significant (P<0.05) differences

According to the oxidative damage resulted from cadmium intoxication, catalase activity disturbs;
sometimes it is increased while in others decreased.It was found that the increment of catalase activity
in tissues is related to acute cadmium intoxication which may be attributed to the response to cadmium
toxicity as a defense mechanism [43].In the present study, the results showed a decrease in catalase
activity due to cadmium intoxication which was concentration-dependent.
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There are many suggested mechanisms behind the inhibition of catalase activity; one of them is
attributed to the possibility of high production of ROS and their increased intracellular accumulation
which exceed the detoxification capacity of antioxidant enzymes with subsequent development of liver
and kidney injury [44]. An interaction between cadmium and catalase subunits which contain iron as a
composing element was suggested [45]. The presence of cadmium in the organism is well known to
decrease the levels of iron in the blood, so the decreased activity of catalase could be resulted from
iron deficiency [46].

The increase in catalase activity is due to the concomitant treatment of parsley with cadmium could
be a result of vit.C, that parsley contains, properties as a potent scavenger of free oxygen radicals
especially hydroxyl radical, superoxide radical and hydrogen peroxide where the latter is the substrate
of catalase [47,36]. One of the possible mechanisms by which parsley can effectively enhance catalase
activity suggests that parsley is a good source of iron (Fe) [48]. Cadmium decreases iron levels in the
blood [49] which may stands behind decreased catalase activity because of iron demand in catalase
composition; so that the administration of parsley may increase iron levels in the blood and, as a
result, increase the activity of catalase. The chronic effects of cadmium on antioxidant defense system
in rat's liver and kidney were studied, after 4 weeks of treatment at the dose 15 mg Cd/kg b.w. catalase
activity was decreased in treated groups compared with the control [50].
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