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Abstract: Globally, people are highly affected by Cadmium (Cd), the most hazardous heavy metal. It has
been implicated in various pathogeneses. Oxidative stress may be one the main reasons for Cd-induced
disorders in the body. This article investigates the protective ability of Catharanthus roseus (CR) extract
on oxidative stress in the kidney and liver of rats exposed to Cd. After 21 days, a significant increase
in MDA concentration (6.81 ± 0.05), (6.64 ± 0.03) was observed in Cd-treated groups compared to
the control (5.54 ± 0.02), (5.39 ± 0.04) for the kidney and liver, respectively, while significant changes
were observed in the haematological parameters. Antioxidant enzymes, GPx, CAT, and SOD showed
a significant decrease in their activity. We established that increasing the concentration of Cd in the
presence of H2O2 was able to cause stand scission in pBR322 plasmid DNA, which may be due to the
mediation of ROS generated in the process. The antioxidant ability of CR extract was tested in DPPH
and H2O2 scavenging assay, depicted by the increase in the percentage inhibition. Upon treatment
of CR extract to rats, MDA concentration was decreased for the kidney and liver compared to the
Cd-treated groups. This was again confirmed by comet assay of both tissues, where the degree of
cellular DNA breakage caused by Cd toxicity decreased significantly upon treatment with CR extract.
Overall, the results suggest that Cd plays a major role as an effector metal ion, causing a decrease in
the concentration and activity of AO enzymes and enhanced lipid peroxidation. ROS production
resulted in oxidative DNA damage within the cell, whereas CR extract showed potential antioxidant
activity against ROS-mediated DNA damage induced by Cd poisoning.

Keywords: cadmium; Catharanthus roseus; oxidative stress; comet assay; MDA; DPPH

1. Introduction

In recent years, there has been increasing interest in the ecological effects and global
population health concerns of environmental pollutants such as heavy metals. According to
UNEP/GPA [1], the WHO and the European Parliament of Council, the occurrence of such
metals in the ecosystem includes environmental sources such as agricultural, geogenic, and
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man-made sources such as electronic wastes, cosmetic products, pharmaceuticals and indus-
trial and domestic effluents [2–4], which are considered hazardous to human life because
they remain un-degraded [5,6]. According to Johnston [7], about 40,000–80,000 people
around the world are still impacted by mercury poisoning; 200 million people are affected
by lead poisoning; and approximately 250 million people are affected by cadmium (Cd)
poisoning. Exposure to specific chemicals was responsible for the loss of 2 million lives
and 53 million disability-adjusted life-years in 2019, according to the estimates that were
published in the 2021 data supplement by the WHO [8]. Cd is an abundant, ubiquitous,
nonessential, divalent, and most toxic industrial and environmental heavy metal that can
accumulate in animals and human beings [9]. According to the United States Poison and
Disease Registry, Cd is ranked sixth among toxic substances as being one of the most
serious health risks to humans. Environmental Cd contamination has been a major cause of
concern all over the world because of “itai-itai” disease, which was one of the first diseases
caused by environmental pollutant-Cd poisoning in Japan during the 1950’s. Many inter-
national organisations have developed a set of criteria and guidelines to direct research
into the harmful effects of Cd toxicity on human health [10]. In humans and animals, Cd
absorption is firstly through inhalation, oral, and dermal exposure, in decreasing order of
effectiveness [11]. Cd has been known to disrupt the endocrine and respiratory systems
in humans and animals and may act as an oxidative stress inducer in cells, leading to
nephrotoxicity and liver malfunction [12–14]. Reports suggest that Cd has a biological
half-life of more than 15 years, and it can be retained in the liver and kidney for decades,
causing deleterious effects on the cells [15,16]. According to Zhong [17] and Rafati [18],
studies conducted on various cell lines showed a decrease in total glutathione levels and
protein bound sulfhydryl groups by cadmium, which corresponds to the increased genera-
tion of reaction oxygen species (ROS) such as hydroxyl radicals, hydrogen peroxide, and
superoxide ions [19,20]. The high levels of reactive oxygen species repeatedly result in in-
creased lipid metabolism, more lipid peroxidation and modulation of intracellular oxidised
states; DNA damage; altered gene expression and apoptosis. Our work demonstrates that
Cd (a non-redox metal ion) induces DNA breakage in vitro and in vivo, similar to copper,
a redox metal ion found in the nucleus that shows a Fenton type reaction and causes
oxidative DNA breakage by generation of free radicals (ROS) under certain physiological
conditions [21,22]. Although Cd is a non-redox metal, it can still cause DNA breakage, but
the mechanism is not known. It would be significant to know whether Cd causes DNA
damage either directly or indirectly. Therefore, we hypothesised that Cd could induce DNA
breakage as a result of ROS production in the presence of H2O2 under certain conditions,
which may lead to DNA damage. Previously, it has been reported that Cd+2 ions can react
with nucleobases, nucleic metallothionein, and cause oxidative plasmid DNA breakage [23].

As reported, plant-based medicines and their constituents are being used rapidly in the
treatment of various toxic diseases in human beings, whether directly or indirectly [24,25].
Medicinal plants, vegetables, and fruits, which are rich in phytochemicals such as terpenoid
indole alkaloids, flavonoids, vitamins, and minerals, have many protective anti-oxidative
effects against ROS and may act as alternative medicine to counter the harmful effects of
heavy metal toxicity. However, the bioavailability of such plant-based constituents and their
properties play an important role in their protection. In this study, we have tried to establish
that exogenously supplemented CR extract can show protection against cadmium-induced
toxicity. Common sadabahar, or Madagascar periwinkle, (CR), is an incessant plant belonging
to the family Apocynaceae. Furthermore, it possesses a number of pharmaceutical roles
of great medicinal importance, such as anti-carcinogenic, antioxidant, anti-inflammatory,
anti-nephritic, and anti-bacterial properties [26–28]. Chemically, CR extract contains more
than a hundred different terpenoid indole alkaloids (TIAs), flavonoids and saponins [29],
among which vinblastine and vincristine are well-known, clinically used anti-carcinogenic
alkaloids [30,31]. They are also known to protect cells from various intracellular cytotoxicity
caused by heavy metal poisoning such as Cd [32]. The current in vitro/in vivo study aims
to evaluate the antioxidant effect of CR extract via focusing on its ability to prevent oxidative
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DNA breakage caused on by Cd toxicity. These are conducted with the goal of improving
our knowledge of the antioxidant effect of CR extract.

2. Materials and Methods

Eighty adult male albino rats (Rattus norvegicus) of the Wistar strain were selected from
inbred colonies. All the rats were almost the same age and weight (150 ± 10 gm). They
were acclimatised at room temperature with a 12 h dark/light cycle and fed a standard
diet and water ad-libitum. After acclimatization, rats were randomly divided into four
groups; one acute (1 day) and three sub-acute (7, 14 and 21 days). Each set has four groups
containing one control (group A) and three tests (groups B, C, and D). Untreated animals
in the control group received an equivalent volume of the vehicle by gavage. The doses
of metals used in the present work were selected based on the previously done studies by
Hashim [33]. The rats were maintained as per the latest guidelines of the committee for
the purpose of control and supervision of experiments on animals (714/02aCPCSEA). Rats
were anaesthetised after 24 h of the last dose, and organs were carefully removed from
each animal and immediately used for the preparation of homogenates. The kidney was
divided into cortex and medulla; both portions were homogenised separately in a glass
Teflon homogenizer to prepare diluted homogenates in buffer (2 mM Tris-HCl, 50 mM
mannitol, pH 7.5). Liver sections were similarly chopped, cleaned, and homogenised in
a 10 mM Tris-HCl buffer. All the homogenates were divided into aliquots; these samples
were either immediately used or stored at −80 ◦C for experiments.

2.1. Experimental Plant

CR was grown in a garden associated with our laboratory and ethanolic extract was
prepared from its leaves. The leaves were dried in the shade, ground up roughly, and
put in a soxhlet extractor at 55 ◦C with 70% ethanol as a solvent. The filtrate obtained
by vacuum filtration was concentrated and dried using a vacuum evaporator under a
controlled temperature (40–50 ◦C) [34]. Further safety trials were performed to determine
the dose of extract and it was set to be 500 mg/kg body weight.

2.2. Haematological Parameters

Haematological parameters performed by manual methods included red blood cell
count (RBC), white blood cell count (WBC), platelet count (PLT), haemoglobin concentra-
tion (Hb), packed cell volume (PCV), or haematocrit. PCV was measured by the micro-
haematocrit method using capillary tubes, while RBC and WBC were measured manually
using an improved Neubauer counting chamber. The platelet count was measured manu-
ally using a thin blood film stained with Leishman stain, and the haemoglobin concentration
was determined by Shali’s method. Mean corpuscular volume (MCV) and mean corpus-
cular haemoglobin (MCH) were calculated using RBC, PCV, and [Hb] standard formulae
from physiological and haematological textbooks [35].

The observations were analysed statistically using analysis of variance (ANOVA) fol-
lowed by the Student’s Newmann–Keul’s (SNK) test. The obtained values were compared
to the control and signified at the level of p < 0.01.

2.3. Hydrogen Peroxide Radical Scavenging Assay

The ability of the hydro-alcoholic extract of CR to reduce hydrogen peroxide was
assessed by the method described by Gulcin [36]. In phosphate buffer, 40 mM H2O2
was dissolved (pH 7.4). Plant extract and ascorbic acid were dissolved in distilled water
and added to a 40 mM hydrogen peroxide solution in increasing concentrations. Room
temperature incubation lasted 30 min. Hydrogen peroxide absorbance was measured at
230 nm using a UV spectrophotometer against a blank phosphate buffer solution to prevent
background. Ascorbic acid was a positive control for hydrogen peroxide in phosphate
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buffer. The experiment was performed in triplicate. The percentage scavenging of hydrogen
peroxide of samples and ascorbic acid was calculated using the following formula.

Percentage of Hydrogen peroxide scavenging activity =
Ao − Ai

Ao
× 100

where, Ao is the absorbance of the control and Ai is the absorbance of the plant extract and
ascorbic acid.

2.4. DPPH (1,1-Diphenyl-2-picrylhydrazyl) Radical Scavenging Assay

In this assay, the assay is designed to determine the bleaching of a purple-coloured
methanol solution by the DPPH radical. The radical scavenging activity was determined
using method described by Abe with slight modification [37]. The hydrogen atom donating
ability of the plant extractives was determined by the decolourization of a methanol solution
of 2,2-diphenyl-1-picrylhydrazyl (DPPH). In the presence of antioxidants, DPPH produces
a violet/purple colour in methanol solution and fades to shades of yellow. A total of
1 mL of 0.5 mM DPPH radical soluble methanol was added to the sample 500 µg/mL at
increasing concentrations, followed by a phosphate buffer (pH 5.5). The mixtures were
well shaken and kept at room temperature in the dark for 30 min. The absorbance was
measured at 517 nm using a double beam UV spectrophotometer. Ethanol was used as a
negative control; ascorbic acid was used as a standard antioxidant. The radical scavenging
activity was calculated as a percentage of DPPH radical discoloration, using the equation:

Percentage of DPPH scavenging activity =
Ao − Ai

Ao
× 100

where, Ao is the absorbance of the control and Ai is the absorbance of the test compound.

2.5. Lipid Peroxidation Assay

The TBARS were measured as per the method adopted by Tappel and Zalkin [38] with
slight modification. Rats (Rattus norvegicus) were decapitated and the tissues were removed.
Samples were blended for 3 min with 25 mL of 20% TCA. Slurry was kept for 10 min. It
was filtered through whatman no. 42 filter paper. Then, 5 mL of TBA reagent was added to
5 mL of sample aliquot (filtrate). After mixing the contents, tubes were kept in a boiling
water bath for 35 min. O.D was measured by spectrophotometer at 532 nm. Blank was run
simultaneously.

The MDA concentration of the sample was calculated using an extinction coefficient
of 1.56 × 105 M−1 cm−1.

2.6. Detection of DNA Strand Breaks

Using the method described by Muiras [39], DNA single-strand breaks were detected
by converting double-stranded CCC DNA to double-stranded open circular DNA (OC).
Eppendorf polypropylene tubes of 1.5 mL capacity were used for the tests. Next, 0.5 µg of
plasmid pBR322 DNA was incubated with increasing concentrations of CdCl2 (10–50 µM)
and 10 mM H2O2 at 37 ◦C for 1 h. Total reaction mixture volume was 30 µL, containing
10 mM Tris HCl (pH 7.5). Then, 0.05% bromophenol blue and 50% (v/v) glycerol was
added as a tracking dye. After incubation, samples were run on 0.9% Agarose gel in 1X
TAE buffer in the presence of ethidium bromide (0.25 g/mL) at 90 V for 30 min. At the end,
the gel was photographed under UV illuminator. All studies were repeated at least three
times under identical conditions.

2.7. DNA Protection Assay

The DNA nicking assay, proposed by Lee [40] with some minor modifications, was
used to assess the ability of various concentrations of plant extract to protect the pBR322
plasmid DNA from the damaging effects of reactive oxygen species generated via Fenton’s
reagent. The 30 µL reaction mixture contained, in the presence of different concentrations
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of CR extract mixture with other components as indicated in legends at 37 ◦C for 1 h. after
incubation, 0.05% bromophenol blue and 50% (v/v) glycerol was added as a tracking dye.
The samples were run on 0.9% Agarose gel in a 1X TAE buffer in the presence of ethidium
bromide (0.25 g/mL) at 90 V for 30 min. At the end of the run, the gel was photographed
with a camera under a UV illuminator. All studies were repeated at least three times under
identical conditions [22].

2.8. Antioxidant Enzyme Activity Assay

Protein estimation was carried out for all the homogenates using method described by
Lowry [41]; appropriately diluted samples were used for antioxidant activity determination.
The activity of Cu, Zn-superoxide dismutase (SOD) was determined from the inhibition
of autoxidation of pyrogallol [42] and catalase (CAT) was determined from its ability to
convert H2O2 into H2O [43]. Glutathione peroxidase (GPx) was assayed by the method
of [44].

2.9. Comet Assay

Comet assay was performed under alkaline conditions essentially according to the
procedure of Singh [45] with slight modifications. Fully frosted microscopic slides pre-
coated with 0.5% normal melting agarose at about 50 ◦C (dissolved in Ca++ and Mg++

free PBS) were used. The slide coated by NMPA and dry 30 µL cells were mixed with
30 µL of 1.5% LMPA to form a cell suspension and pipetted over the first layer and covered
immediately by a coverslip. The agarose layer was allowed to solidify by placing the slides
on a flat tray and keeping it on ice for 10 min. The coverslips were removed and a third
layer of 1.5% LMPA (30 µL) was pipetted with coverslips placed over it and kept on ice for
5 min for proper solidification of the layer. The coverslips were removed and the slides
were immersed in cold lysing solution containing 2.5 M NaCl, 100 mM EDTA, 10 mM
Tris, pH 10, and 1% Triton X-100 added just prior to use for a minimum of 2–5 h at 4 ◦C.
After lysis, DNA was allowed to unwind for 30 min in an alkaline electrophoretic solution
consisting of 300 mM EDTA, 14 M NAOH, pH > 13. Electrophoresis was performed at 4 ◦C
in field strength of 0.7 V/cm and 300 mA current. The slides were then neutralised with
cold 0.4 M Tris, pH 7.5, stained with 75 µL Ethidium Bromide (20 µg/mL) and covered
with a coverslip. The slides were placed in a humidified chamber to prevent drying of
the gel and analysed the same day. Slides were scored using an image analysis system
(Komet 5.5, Kinetic Imaging, Liverpool, UK) attached to an Olympus (CX41) fluorescent
microscope and a COHU 4910 (equipped with a 510–560 nm excitation and 590 nm barrier
filters) integrated CC camera. Comets were scored at 100× magnification. Images from
50 cells (25 from each replicate slide) were analysed. The parameter taken to assess lym-
phocytes DNA damage was tail length (migration of DNA from the nucleus, µm) and was
automatically generated by comet 5.5 image analysis system.

3. Results
3.1. CR Extract Reduce Cd Toxicity in Albino Rats (Rattus norvegicus)

The cadmium toxicity significantly increased several haematological parameters such
as WBC, PLT, PCV, MCV, and MCH while a decrease in the RBC and Hb content was
observed in sub-acute groups with an increasing number of days (Table 1). These altered
haematological parameters are brought back to normalcy by pre-treatment of groups with
CR extract; a non-significant result was observed for the CR group when compared to
the control group, showing CR extract itself does not produce any harmful effects. All
the values in the table have been shown as means ± SEM and the values are signified at
(p < 0.01) compared to control. Significant values indicate a significant difference from
the control, whereas non-significant values indicate similarity to the control. The non-
significant values obtained from the CR extract group and the CR + Cd group indicate
that CR pre-treatment prior to cadmium overload significantly protects the kidney against
cadmium stress, while it itself does not produce any ill-effects.
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Table 1. The different haematological parameter of the experimental groups and that of the negative
control, WBC, White blood cells (×103/µL); RBC, red blood cells (×106/µL); PLT, platelets (×103/µL);
PCV, packed cell volume (%); MCH, mean corpuscular haemoglobin (pg); MCV, mean corpuscular
volume (fL); All the values in the table has been shown as means ± SEM. p < 0.01, when compared
to control. All values show significant and non-significant difference when compared to control
(* = significant; ns = Non-significant).

7 days

Parameters Control Cadmium Cadmium + CR CR

RBC 8.42 ± 3.19 5.87 ± 2.23 * 6.98 ± 2.64 ns 8.61 ± 3.26 ns

WBC 12.26 ± 0.001 14.98 ± 0.153 * 12.98 ± 0.053 ns 12.07 ± 0.022 ns

PLT 625.25 ± 15.58 961.05 ± 156.49 * 612.04 ± 14.89 * 621.78± 13.45 ns

Hb 158.01 ± 7.58 115.98 ± 6.08 * 148.54 ± 6.98 * 155.06 ± 7.35 ns

PCV 42.05 ± 0.81 45.05 ± 0.02 * 41.91 ± 0.66 ns 42.01 ± 0.54 ns

MCV 59.29 ± 1.78 62.01 ± 2.45 * 58.97 ± 1.49 * 58.79 ± 1.66 ns

MCH 18.79 ± 0.56 19.17 ± 1.45 * 18.69 ± 0.43 ns 16.28 ± 0.73 ns

21 days

RBC 8.73 ± 3.30 5.67 ± 2.14 * 7.25 ± 2.74 ns 8.58 ± 3.25 ns

WBC 11.77 ± 0.009 13.78 ± 1.29 * 12.59 ± 0.034 ns 11.98 ± 0.01 ns

PLT 624.29 ± 14.88 923.50 ± 186.66 * 619.14 ± 13.99 ns 621.68 ± 12.45 ns

Hb 156.98 ± 7.56 118.02 ± 6.57 * 157.08 ± 7.54 ns 142.58 ± 6.57 ns

PCV 43.03 ± 089 44.58 ± 0.03 * 42.88 ± 0.65 ns 42.98 ± 0.52 ns

MCV 60.01 ± 1.97 63.47 ± 0.71 * 60.96 ± 1.73 ns 60.00 ± 1.49 ns

MCH 18.49 ± 1.24 22.03 ± 0.66 * 19.46 ± 1.78 * 18.20 ± 1.59 ns

3.2. CR Extract Showed Antioxidant Effects

Next to check whether the CR extract has any antioxidant effects, we performed an
H2O2 scavenging assay. H2O2, is a weak oxidising agent that inactivates various enzymes
directly, generally by oxidation of thiol
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groups, which can enter cell membranes
rapidly. Once it is inside the cell, Cu+2 and Fe+2 ions react with peroxide, generating
hydroxyl radicals, which may be a major reason for the origin of numerous toxic effects [46].
Thus, the removal of hydrogen peroxide as well as oxygen becomes inevitable for the
protection of biological systems from oxidative damage. The scavenging efficiency of the
hydro-alcoholic CR extract at increasing concentrations (200, 400, 600, and 800 µg/mL) of
hydrogen peroxide was denoted as percentage inhibition and compared with standard
ascorbic acid. As evident from the inhibition graph, the CR extract was also able to scavenge
hydrogen peroxide radical significantly as compared to standard ascorbic acid (Figure 1a).

The study of DPPH activity assay plays a prominent role for screening plant extract,
since samples can be adapted in a short period of time and are sensitive even at remarkably
low concentrations of active ingredients [47]. In the assay, DPPH behaves as a free radical
which reacts with antioxidants. In turn, the antioxidant reduces DPPH to DPPH2 due to
electron transfer. As a result, the absorbance decreases. The degree of discoloration indicates
the scavenging potential of the antioxidant compounds in terms of hydrogen donating
ability. Therefore, to further confirm the antioxidant activities of CR extract, we performed
a DPPH radical scavenging assay. The antioxidant capacities of CR extract and Ascorbic
acid at different concentrations (50, 100, 200 and 300 µg/mL) showed a gradual dose-
dependent increase in the percentage inhibition of free radical formation with the increase
in the concentration of the test and standard (Ascorbic Acid) compound (Figure 1b). It is
evident from the graph that CR showed a significant amount of DPPH radical scavenging
effects compared to the standard. Previously, most studies have reported a positive relation
between phenolics, Terpenoid Indole Alkaloids (TIAs), flavonoids content and DPPH
radical scavenging activity of plant extracts [48,49].
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Figure 1. Free Radical inhibition assay of hydroalcoholic extract of CR against standard antioxidant
ascorbic acid in the presence of H2O2 (a) and DPPH free radical (b). The absorbance of only H2O2

solution was taken at 230 nm and DPPH free radical scavenging absorbance was taken at 517 nm.
Each point denotes the mean ± SEM and value of significance p < 0.01 when compared to control.

3.3. CR Extract Protects against Lipid Peroxidation of Rat Tissue

MDA concentration, an end product of lipid peroxidation, is a classical marker of
oxidative stress in cells. Therefore, to check whether CR extract can provide protection
against lipid peroxidation, we performed a lipid peroxidation assay. We have observed
that treatment with Cd resulted in a 23% increase in overall lipid peroxidation as compared
to control in both kidney and liver. As evident from (Figure 2), the Cd group were given a
dose of CR over a period of 7 to 21 days. As a result, there was a considerable reduction
in MDA content, with up to 35% protection against lipid peroxidation in the kidneys and
44% protection in the liver. This demonstrates that active ingredients present in CR extract
play a major role in decreasing the rate of lipid peroxidation in the membrane caused by
Cd toxicity.

3.4. CR Extract Showed Protection against Cd Induced Oxidative DNA Damage

Reactive oxygen species generated by Fenton-like reactions are known to cause
oxidatively-induced breaks in DNA strands to yield their open, circular or relaxed forms.
Exposure of plasmid DNA to Fenton’s reagent ultimately results in strand breaks, mainly
due to the generation of ROS and the subsequent free radical-induced reaction on plasmid
DNA. Reactive oxygen species react with the nitrogenous bases of DNA producing base
radicals and sugar radicals. However, base radicals in turn react with the sugar moiety,
causing breakage of the sugar phosphate backbone of DNA, resulting in a DNA strand
breaking [50]. It was reported that hydroxyl radicals are also produced from H2O2 through
Fenton-like reactions [39]. Thus, in order to evaluate whether cadmium is capable of induc-
ing oxidative DNA damage, an in vitro experimental strategy was designed where pBR322
plasmid DNA was exposed to various concentrations of Cd+2 and H2O2. Therefore, 0.5 µg
of pBR322 plasmid DNA was incubated with increasing concentrations (10, 20, 30 50 µM)
of CdCl2 in the presence of H2O2 for 1 h at 37 ◦C, showing a significant dose-dependent
increase in plasmid DNA breakage, resulting in the conversion of DNA from the CCC
form to an open circular (OC) and linear (L) form (Figure 3a). Thus, it is evident that
more reactive oxygen species were produced in the presence of hydrogen peroxide in the
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presence of an increasing concentration of CdCl2, causing single and double-stranded DNA
breaks, showing Cd as an effector molecule in this reaction. However, there seems to be a
very slight change in the SC structures on increasing hydrogen peroxide concentration in
the presence of CdCl2 (Figure 3b).
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Figure 2. Effect of cadmium and CR extract on lipid peroxidation in rat liver and kidney with increas-
ing number of days, as determined by the concentrations of malondialdehyde (MDA), absorbance
was measured at 532 nm and MDA concentration was recorded in nmoles for Cd, CR extract, Cd + CR
extract, each column shows the mean ± SEM and value of significance p < 0.01 when compared
to control.

Next, to check the DNA protection capabilities of the CR extract, we performed a
DNA protection assay. Figure 3c shows the results for DNA protection, performed in
the presence of increasing concentrations (5 µg/mL, 10 µg/mL, 20 µg/mL, 30 µg/mL,
50 µg/mL, 75 µg/mL, and 100 µg/mL) of CR extract. A dose-dependent increase in the
formation of SC was observed, which suggests that the CR extract can protect the DNA
from damage caused by oxidative stress.

3.5. Cd Causes Oxidative Stress Independent of Copper

Copper (Cu) is an abundant trace metal ion found in all living cells in the oxidised
Cu(II) and reduced Cu(I) states. It is an important catalytic cofactor in redox chemistry
and is required by many proteins that carry out fundamental biological functions [51,52].
The role of copper has been reported to cause oxidative stress. Therefore, to rule out the
possibility that the oxidative stress caused by Cd is dependent on Cu, we have studied the
role of Cu along with Cd in different scenarios and checked the activities of antioxidant
enzymes in the presence of three metal-treated groups (Cd, Cu, and Cd + Cu) for an
increasing number of days. In the livers of Cd, Cu, and Cd + Cu treated rats, 19.1%, 21%, and
40% reductions in catalase activity were observed, respectively. A similar pattern of catalase
activity was observed in kidneys’ of Cd, Cu, Cd + Cu treated rats (Cortex: Cd, 21.01%;
Cu, 40.08%; Cd + Cu, 49.18% and Medulla: Cd, 26.78%; Cu, 24.53%; Cd + Cu, 48.57%),
Figure 4a. The SOD activity showed a contrary pattern depending on the organ assayed.
We observed an increase in the overall SOD activity in the liver while comparing the metal-
treated group with control values (Cd, 98.69%; Cu, 148.3%; Cd + Cu, 452.5%). Possible
reasons for the enhanced activity of SOD in the liver may be due to the compensatory
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mechanism for the conversion of more damaging ROS to the less damaging H2O2 and
glutathione conjugates [53,54], In contrast to the liver, SOD activity was evidently reduced
in the kidneys of the treated rats (Cortex: Cd, 20.8%; Cu, 42.71%; Cd + Cu, 75.21%; and
Medulla: Cd, 29.5%; Cu, 37.7%; Cd + Cu, 81.7%) Figure 4b. Glutathione peroxidase
activity was also reduced significantly in the liver (Cd, 26.8%; Cu, 21.8%; Cd + Cu, 50.6%)
and kidney (Cortex: Cd, 25.7%; Cu, 60.9%; Cd + Cu, 62.8% and Medulla: Cd, 46.4%;
Cu, 37.2%; Cd + Cu, 67.3%) in comparison to the control, as shown in Figure 4c. In a
broader perspective, the enzymatic alterations were slightly higher in Cu-treated rats when
compared with Cd-treated groups. Moreover, alterations due to the combination of Cd and
Cu were specifically additive in nature, showing a higher degree of damage to antioxidant
enzymes compared to individually treated groups.
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Figure 3. (a): Agarose gel electrophoretic pattern of EtBr stained pBR322 Plasmid DNA after treat-
ment with Cadmium in presence and absence of H2O2. The reaction mixture (30 µL) contained
0.5 µg PBR322 plasmid DNA; 10 mM Tris HCl (pH7.5) indicated concentration of Cadmium and
hydrogen peroxide. Incubation of the sample was carried out at 37 ◦C for 30 min. Lane 1: DNA
alone; Lane 2: DNA + Cadmium 20 µM; Lane 3: DNA + H2O2 20 mM; Lane 4: DNA + Cadmium
10 µM + H2O2 10 mM; Lane 5: DNA + Cadmium 20 µM + H2O2 10 mM; Lane 6: DNA + Cad-
mium 30 µM + H2O2 10 mM; Lane 7: DNA + Cadmium 50 µM + H2O2 10 mM. (b): Each well
contained sample as follows; Lane 1: DNA alone; Lane 2: DNA + cadmium 10 µM + H2O2 1 mM;
Lane 3: DNA + cadmium 10 µM + H2O2 10 mM; Lane 4: DNA + cadmium 10 µM + H2O2 20 mM;
Lane 5: DNA + cadmium 10 µM + H2O2 30 mM; Lane 6: DNA + cadmium 10 µM + H2O2 50 mM.
(c): EtBr stained pBR322 Plasmid DNA after treatment with Cadmium with H2O2 in the presence of
the CR extract. All the reaction conditions were maintained as above with indicated concentration
of cadmium and hydrogen peroxide with increasing concentration of CR extract. Lane 1: DNA
alone; Lane 2: DNA + cadmium 20 µM + H2O2 20 mM + extract 5 µg/mL; Lane 3: DNA +
cadmium 20 µM + H2O2 20 mM + extract 10 µg/mL; Lane 4: DNA + cadmium 20 µM + H2O2

20 mM + extract 20 µg/mL; Lane 5: DNA + cadmium 20 µM + H2O2 20mM + extract 30 µg/mL;
Lane 6: DNA + cadmium 20 µM + H2O2 20 mM + extract 50 µg/mL; Lane 7: DNA + cadmium
20 µM + H2O2 20 mM + extract 75 µg/mL; Lane 8: DNA + cadmium 20 µM + H2O2 20 mM + extract
100 µg/mL.

In the liver and kidney, concentrations of antioxidant enzymes such as CAT, GPx, and
SOD were significantly reduced upon treatment with cadmium as compared to the control
group, while CR + Cd rescued antioxidant enzymes when compared to the Cd-treated
group (Tables 2–4). It is well known that oxidation of biological substrates leads to various
diseases [55]. Antioxidants, flavonoids, alkaloids, and phytochemicals from CR are now
being used to counteract oxidation at the biological level, which is a safer approach than
using pharmaceutical drugs to reduce oxidation [56]. The plant investigated is used in
traditional medicine for various medicinal and pharmacological effects. Furthermore, our
study shows that CR exhibits good antioxidant activity in vivo.
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Figure 4. Effect on antioxidant enzymes activities of treated groups. Represented graphs for the time
course of the three-enzyme assay. Activity of CAT (a), SOD (b) and GPx (c) in the presence of Cu,
Cd and Cu + Cd was tested for 7 and 21 days (treated groups) compared to untreated control. Each
column shows the mean ± SEM and value of significance p < 0.01 when compared to the control.

3.6. CR Extract Protects against Cellular DNA Damage Caused by Cd in Rat Tissues

As shown earlier, Cd, being a toxic metal ion, causes DNA breakage, which was
significantly decreased in the presence of CR extract. Therefore, for further validation,
we have tested the effects of Cd and CR extract in treated groups of kidney and liver of
rat tissues in a slightly modified comet assay. Figure 6a,b clearly indicate that in all Cd-
treated groups (8.8 mg/kg body weight, for 1, 14, and 21 days), there is a gradual increase
in cellular DNA breakage with an increasing number of days compared to the control,
depicted by enhanced tail formation. On the other hand, the extent of DNA breakage seems
to significantly decrease in response to CR extract in treated groups. These results clearly
indicate the protective role of CR extract against Cd-induced cellular DNA breakage in the
liver and kidney.
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Table 2. GPx (IU/L) of Rattus norvegicus after acute and sub-acute treatment with CR followed by
cadmium chloride, All the values in the table has been shown as means ± SEM. p < 0.01, when
compared to control. All values show significant and non-significant difference when compared to
control (* = significant; ns = Non-significant).

Liver

Sets
Groups

Control Cadmium Treated Cadmium + CR CR

Set I:
Acute (1d) 5.23 ± 0.003 3.40 ± 0.006 * 5.347 ± 0.003 * 4.18 ± 0.008 ns

Set II:
Sub-acute (7ds) 5.31 ± 0.004 3.03 ± 0.001 * 5.38 ± 0.007 * 5.22 ± 0.008 ns

Set III:
Sub-acute (14ds) 5.29 ± 0.005 3.02 ± 0.003 * 5.35 ± 0.004 * 4.98 ± 0.007 ns

Set IV:
Sub-acute (21ds) 5.38 ± 0.003 2.66 ± 0.006 * 5.37 ± 0.004 ns 5.42 ± 0.006 ns

Kidney

Set I:
Acute (1d) 6.42 ± 0.003 4.58 ± 0.006 * 6.47 ± 0.003 * 5.88 ± 0.008 ns

Set II:
Sub-acute (7ds) 6.53 ± 0.004 4.08 ± 0.001 * 6.68 ± 0.007 * 6.49 ± 0.008 ns

Set III:
Sub-acute (14ds) 6.41 ± 0.005 4.09 ± 0.003 * 6.40 ± 0.004 ns 6.27± 0.007 ns

Set IV:
Sub-acute (21ds) 6.57 ± 0.003 3.71 ± 0.006 * 6.56 ± 0.004 ns 6.25 ± 0.006 ns

Table 3. SOD (IU/L) of Rattus norvegicus after acute and sub-acute treatment with CR followed by
cadmium chloride, All the values in the table has been shown as means ± SEM. p < 0.01, when
compared to control. All values show significant and non-significant difference when compared to
control (* = significant; ns = Non-significant).

Liver

Sets
Groups

Control Cadmium Treated Cadmium + CR CR

Set I:
Acute (1d) 9.04 ± 0.004 4.82 ± 0.024 * 10.01 ± 0.003 * 7.85 ± 0.004 ns

Set II:
Sub-acute (7ds) 9.13 ± 0.005 4.24 ± 0.010 * 9.80 ± 0.078 * 7.06 ± 0.012 ns

Set III:
Sub-acute (14ds) 9.11 ± 0.004 4.05 ± 0.003 * 10.13 ± 0.093 * 8.98 ± 0.007 ns

Set IV:
Sub-acute (21ds) 9.25 ± 0.009 3.96 ± 0.006 * 9.94 ± 0.066 * 9.03 ± 0.006 ns

Kidney

Set I:
Acute (1d) 16.01 ± 0.004 10.79 ± 0.004 * 18.29 ± 0.003 * 9.35 ± 0.004 ns

Set II:
Sub-acute (7ds) 16.13 ± 0.005 11.09 ± 0.003 * 14.59 ± 0.018 * 10.46 ± 0.002 ns

Set III:
Sub-acute (14ds) 16.51 ± 0.004 9.09 ± 0.003 * 12.13 ± 0.023 * 11.98 ± 0.007 ns

Set IV:
Sub-acute (21ds) 16.51 ± 0.009 8.86 ± 0.006 * 13.94± 0.046 * 15.93 ± 0.003 ns
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Table 4. Catalase (IU/L) of Rattus norvegicus after acute and sub-acute treatment with CR followed
by cadmium chloride, All the values in the table has been shown as means ± SEM. p < 0.01, when
compared to control. All values show significant and non-significant difference when compared to
control (* = significant; ns = Non-significant).

Liver

Sets
Groups

Control Cadmium Treated Cadmium + CR CR

Set I:
Acute (1d) 42.14 ± 0.004 24.82 ± 0.024 * 43.01 ± 0.003 * 37.26 ± 0.004 ns

Set II:
Sub-acute (7ds) 42.17 ± 0.005 24.24 ± 0.010 * 41.60 ± 0.078 * 37.36 ± 0.012 ns

Set III:
Sub-acute (14ds) 42.15 ± 0.004 24.05 ± 0.003 * 40.13 ± 0.093 * 38.98 ± 0.004 ns

Set IV:
Sub-acute (21ds) 43.55 ± 0.009 23.96 ± 0.002 * 39.94 ± 0.006 * 39.23 ± 0.003 ns

Kidney

Set I:
Acute (1d) 52.43 ± 0.010 34.31 ± 0.002 * 53.24 ± 0.103 * 39.56 ± 0.005 ns

Set II:
Sub-acute (7ds) 52 ± 0.004 31.78 ± 0.002 * 52.68 ± 0.003 * 41.98 ± 0.002 ns

Set III:
Sub-acute (14ds) 51.88 ± 0.004 29.66 ± 0.003 * 52.28 ± 0.007 * 49.36 ± 0.003 ns

Set IV:
Sub-acute (21ds) 52.30 ± 0.042 27.03 ± 0.014 * 53.17 ± 0.005 * 51.96 ± 0.014 nsMetabolites 2022, 12, x FOR PEER REVIEW 14 of 19 
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Figure 6. Comet assay-DNA tail length formations of Liver cells (a) and Kidney cells (b) of rats
exposed to cadmium and CR extract doses for 21 days. Comet tail length (µm) plotted against number
of days as a parameter of DNA breakage in presence of 8.8 mg/kg body weight and 500 mg/kg body
weight CR extract. Each column represents the mean ± SEM of three independent experiments, value
of significance p < 0.05 when compared to the control.

4. Discussion

We have recently demonstrated the Cd-induced stress parameters and their damaging
effects on rats’ kidneys and their bioremediation by CR extract [33]. The present study,
however, deals with the molecular aspect of Cd-induced toxicity in cells and demonstrates
the significant role of Cd as an effector molecule, while significant protection against
toxicity is shown by CR extract in the process. First, to assess the detrimental effects of Cd
in living cells, rats were fed with an 8.8 mg/kg dose of Cd over a period of 21 days, and
further studies were carried out on the harvested kidney and liver tissues. Haematological
parameters show a dose-dependent decrease in the total Hb content with an increase in
the MCV and MCH values (Table 1). Mostly, MCV and MCH values are often consistent
with the Hb value. However, our results show low Hb and high MCH values, which may
be due to the folate deficiency caused by heavy metal toxicity. These results clearly show
that overall RBC count is decreased, which may be due to the decreased concentration of
folate, as folate is important for making RBCs and thus affects the overall Hb content under
stress conditions [57,58]. Furthermore, these results are consistent with the increase in lipid
peroxidation in the presence of Cd (Figure 2). In this context, we should not forget that as
lipid peroxidation increases, RBCs tend to release more and more Hb due to the formation
of MDA-TBA adducts in the membrane [59,60]. This may be a leading cause of haemolytic
anaemia, which may result in increased haemoglobin breakdown, causing it to release Fe
that reacts with H2O2 to form hydroxyl-like species [61]. To further confirm the fact that
Cd exerts oxidative stress, which may lead to DNA breakage, we studied the effects of
Cd in the presence and absence of H2O2, on pBR322 plasmid DNA. As reports suggest,
Cd alone is unable to cause any DNA breakage in the plasmid DNA [20]. However, we
observed that Cd in the presence of H2O2 was able to change the SC structure of plasmid
to OC and linear forms and no such breakage was observed in the presence of H2O2 alone
(Figure 3a) [62]. DNA breakage was significantly enhanced when Cd was incubated with
DNA at an increasing concentration and H2O2 was held constant. On the other hand,
the degree of such DNA breakage was not found to be very significant when Cd was
supplemented in the presence of gradually increasing H2O2 concentration (Figure 3b).
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Since, Cd does not belong to a redox-active or transition metal ion group, it may not directly
cause the generation of ROS in the system but may trigger an assembly of Fenton-type
reactions in the living system, leading to the generation of ROS, which may cause DNA
breakage by exerting oxidative stress [20,63]. In order to prevent this oxidative DNA
breakage, the ability of CR extract was demonstrated in Figure 3c, which clearly showed
the gradual dose-dependent conversion of OC and linear forms back to the native form.
These results are in consonance with the results presented in Figure 1a,b, which showed a
significant increase in the scavenging activity of the extract in a dose dependent-manner
when compared to the standard. The DNA damaging and protective ability of Cd and CR
extract, respectively, is also confirmed by the results obtained from the comet assay of rat
liver and kidney tissues (Figure 6a,b). The comet assay showed increasing cellular DNA
breakage with an increasing number of days in the presence of Cd, while the degree of
such DNA breakage was decreased when tissues were subjected to CR extract, showing the
protective role of CR.

Since copper is an important redox metal ion found in the cell, which is required
to carry out various biological functions, there is a possibility that it may increase the
generation of ROS under stress conditions and act as one of the main effector metal ions
and may affect the role of Cd in ROS generation [64]. Thus, to assess the role of copper in
this process, various antioxidant enzyme activities were tested in the presence and absence
of Cu and Cd. The results obtained in (Figure 4a–c) showed an additive effect in the overall
decrease in AO enzyme activity in kidney cells. Similar results were obtained in the liver,
except for SOD concentration, which was observed to be increased ~4.5 folds, which may
be due to a compensatory mechanism for the conversion of more damaging ROS to the less
damaging H2O2 and glutathione conjugates [53,54]. The bioremediation of AO enzymes
by CR extract can be clearly seen in (Tables 2–4), where AO enzyme concentrations were
increased when compared to Cd-treated groups.

5. Conclusions

The findings that are given here show the excellent antioxidant potential of CR ex-
tract, as confirmed by the H2O2/DPPH free radical scavenging assay, which significantly
protected cells against oxidative membrane damage caused by Cd toxicity, which was
confirmed by the decrease in MDA concentration. It is important to note that Cd ions are
able of promoting significant ROS formation in the presence of H2O2 in a dose-dependent
manner. This is not the case in the absence of H2O2 or with rising concentrations of H2O2.
This will trigger the disruption of a variety of different intracellular activities, as well as
induce ROS-mediated oxidative/cellular DNA breakage in addition to enhanced lipid
peroxidation, which will ultimately result in cell death. The toxicity that was caused by
the presence of Cd was significantly reduced in the cells that were treated with the CR
extract, which includes a number of phyto-ingredients that are known to be active. By
demonstrating its potential role in phytoremediation against such toxins, it is implied that
the use of CR-based extracts might have some biological significance and could be a topic
of interest for future research directions.
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