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Abstract: Ginger rhizomes have been reportedly used in folk medicine for the management of various
ailments. This study, therefore, investigates the ameliorative effect of the ethanolic extract of ginger
(Zingiber officinale) rhizomes against DNA damage in rats induced with different carcinogens. Fifteen
Wistar rats grouped into 3 of 5 rats per group were used for the study. The first set of blood samples
was first collected before the animals were orally treated with heavy metals. After 14 days of induction,
the second set of blood was collected. The third phase of blood collection was done after administering
an ethanolic extract of Z. officinale for 14 days. The UV wavelength absorption spectrum and
conventional PCR analysis were carried out on DNA extracts of all the animals. Cluster analysis of
optical density (OD) and PCR data were carried out as well as genomic instability, similarity, and
diversity using the best 3 Random Amplified Polymorphic DNA (RAPD) primers. The PCR —DNA
concentration analysis showed the Z. officinale extract's ameliorative effect against lead acetate,
cadmium chloride, and arsenic trioxide-induced DNA damage with a significant (p < 0.05) reduction in
DNA concentration of the treated rats when compared with induced rats. The cluster analysis of optical
density values revealed close similarity between the control animals' DNA, a slight similarity with
treated animals' DNA, and a significant difference with the induced animal DNA. These results
indicated the ameliorative properties of Z. officinale against these heavy metals induced DNA damage
in rats.
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1. Introduction

Deoxyribonucleic acid (DNA) is an essential molecule that maintains the genetic
information of all living organisms [1]; hence, maintaining healthy DNA is paramount to the
proper functioning of all metabolic processes occurring in the living system. Several studies
involved heavy metals as one of the foremost cause of DNA damage due to the generation of
reactive oxygen species, which causes changes in metabolism leading to lipid peroxidation,
depletion of sulphydryls, a break in DNA strand, a base missing from the backbone of DNA,
or a chemically changed base, such as 8-hydrodeoxyguanosine (8-OHdG), which is a
significant marker of oxidative stress [2, 3, 4]. Thus damaged DNA may induce several cellular
adverse responses on the cell such as triggering apoptotic pathways, cardiovascular disease,
and necrosis [5, 6, 7]. Rajkumar et al. [8] revealed that heavy metals are unavoidable because
of man's anthropogenic activity that can increase its content in the air, water, soil, and tissues
of living organisms leading to health implications in the human system. According to Oyinloye
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et al. [9] and Ojo et al. [4], cadmium, lead, and arsenic are the most commonly found heavy
metals in the surroundings, which cause risks for human health and the environment. The
findings of [10] revealed that exposure to DMBA (7, 12, -dimethyl benz[a] anthracene) is a
major cause of pulmonary injury due to oxidative stress induced by this compound in
experimental rats. Research conducted by Skipper et al. [11] showed that cadmium produces
various genotoxic effects such as DNA damage and chromosomal aberrations. Ebmeyer et al.
[12] revealed the toxicity of arsenic by inducing superoxide (Oz), a hindrance to various cell
signaling pathways resulting in the subsequent production of H202 and OH radicals causing
DNA damage, altering of the antioxidant enzymes' capacity, and generation of lipid peroxide.
However, the ginger solution at 160 mg/kg body weight was administered orally to rats induced
with cadmium to ameliorate this effect.

In the same way, [13] emphasized the potent value of ginger for various ailments in
different parts of the world to treat diarrhea, stomach upset, nausea, and indigestion.
Furthermore, [14] reported ginger and turmeric as a protective measure in preventing male
infertility. Okesola et al. [15] reported the neuromodulatory effects of ethyl acetate fraction of
Zingiber officinale Roscoe to extract in rats with lead-induced oxidative stress as well as the
protective role of Zingiber officinal on selected biochemical indices and cytogenic studies in
rats induced with lead [16]. However, many researchers have been carried out on the hazardous
effect of these three metals. Its damaging effect on DNA and ameliorative potential of ginger
rhizome on the damaged DNA by these metals employing PCR analysis has not been
extensively reviewed.

2. Materials and Methods
2.1. Chemicals used.

Chemicals used were of analytical grades and prepared via sterilized distilled water.
The lead was obtained as lead acetate, arsenic as arsenic trioxide, and cadmium as cadmium
chloride. These three metals were obtained from Sigma and were used as a toxicant to induced
DNA damage in experimental animals.

2.2. Plant material.

Zingiber officinale tuber was obtained from Oja Oba in Ado EKkiti, EKkiti State, Nigeria.
After authentication and documentation at the herbarium section of the EKkiti State University,
the tuber's peeling was done, sliced, rinsed, and air-dried by spreading in a well-ventilated
environment. It was then pulverized into powdered form and kept in a closed jar.

2.3. Preparation of ethanolic extract of Zingiber officinale.

80 grams of powdered Zingiber officinale was macerated in a solution of 600 ml of
95% ethanol. This was allowed to stand for 72 hours with intermittent shaking. The mixture
was separated using Whatman’s paper. After that, it dried completely using a rotary evaporator.
The residue obtained was kept for further analysis. The extract obtained was prepared at a 50
mg/ml concentration and administered via oral gavage at a dosage of 200 mg/kg body weight
following the procedure described in the studies reported by [17, 18, 19].
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2.4. Animals and experimental protocol.

Fifteen Wistar rats weighing between 180-240 g were purchased from the central
animal house of Afe Babalola University, Ado-EKiti. The animals were housed in cages in the
Departmental animal house at room temperature with free access to clean water and standard
pelleted feed. Following the rule and regulation of the animal ethical committee with approval
number ABUADSCI/1009. They were acclimatized for 2 weeks, after which the first blood
sample was collected.

2.5. Grouping of the animals and induction of the metals.

The fifteen Wistar rats were divided into three groups consisting of five rats in each
group. Lead acetate, arsenic trioxide, and cadmium chloride were dissolved separately in
distilled water at a concentration of 50 mg/ml, and animals in each group were induced daily
for 14 days by oral gavage via cannula with the same dose (10 mg/kg) following the method
of [20]. Group 1, 2, and 3 were induced with lead acetate, arsenic trioxide, and cadmium
chloride, respectively, and the second set of blood samples was collected after 14day
administration of these three metals.

2.6. Administration of plant extract.

The administration of Zingiber officinale extract commences immediately after the
second blood collection, and the extract was administered at a dose of 200 mg/kg body weight
following the method of [17, 18, 19]. After 14 days of treatment, the final blood sample was
collected for further analysis.

2.7. DNA extraction and purification.

DNA extraction and purification from the fresh frozen blood samples of the
experimental animals before induction, after induction, and after treatment was achieved via
Zymo research Kits supplied by Ingaba Biotec, South Africa. The set of primers selected and
used are (OPB-8, OPB-12, and OPT-16) for PCR fingerprint analysis on the extracted DNA.
PCR reactions were done in a 12.5 pl reaction volume containing 2.5 pl of template DNA
solution in which 0.2 pl of DNA Taq polymerase, 1.25 pl Taq buffer, 1.0 ul MgCI2, 1.25 ul
diluted dATP, dGTP, dCTP, dTTP (deoxynucleotides) was added after the dilution of dNTP
with deionized water, and 1.25 pl Tween 20 (5%), 0.5 ul of each of diluted primers, and 4.05
ul of double distilled water respectively. This was followed by a PCR amplification reaction
via Masteral Thermal Cycler (Corbett Research Canada). The cycling parameters were 94 °C,
for 3 min and 35 cycles to denature the DNA at 94°C, 1 min; annealed at 55 °C for 1 min and
extend at 72 °C, for 2 min. The amplification products were separated on the 0.8% agarose gel
for 1 - 2 h at 100 V, and recorded with the Alpha digital imager gel documentation system
(Alpha Innotech, Canada) after staining with G-green dye (0.5 pug/ml). All tests were carried
out in duplicates [21].

2.8. PCR (DNA) product solution preparation for UV spectrophotometer.

PCR (DNA) product (10 pl) was added to 990 pul distilled water, mixed. The absorbance
value was taken from A200-A960 UV wavelengths via Spectronic 20 spectrophotometer. The
results obtained were expressed as the concentration of RAPD —PCR values.
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2.9. Generation of clusters using optical density (OD) data values.

The OD data were first converted to pairwise distance matrices using the Jaccard
coefficient of similarity (Ivchenko and Honov, 1998) present in NTSYS-PC 2.1, and the
dendrogram cluster was created by Unweighted Pair Group Method with Arithmetic mean
(UPGMA) [22].

2.10. Data analysis.

Data analyses were carried out with the one-way analysis of variance (ANOVA) using
the SPSS software package for Windows (version 20.0). Whenever a significant difference was
detected, post-hoc testing was performed for inter-group comparisons using Tukey’s multiple
comparisons test. Results are expressed as mean + standard deviation (SD) for five
determinations (n = 5), and p values < 0.05 were considered statistically significant.

3. Results and Discussion

3.1. Effect of heavy metals on body weight.

There were variations in the rats' body weights before induction of heavy metals
compared with the weight after induction and after administration of Zingiber officinale (Figure
1). There was a significant reduction (p < 0.05) in the body weight of rats induced with
cadmium chloride when compared to the rat’s weight before induction (control) and after
treatment. The changes in weight of rats induced with lead acetate and arsenic trioxide are not
statistically significant compared with that of cadmium chloride.
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Figure 1. Body weights (g) of rats before and after heavy metal administration and after treatment with
ethanolic extract of Zingiber officinale.

Values are expressed as Mean + SD, n=5.
4n<0.05 when compared to the control group

3.2. Effect of heavy metals on DNA fingerprints of the rats as revealed by PCR analysis.

The results of the best three primers (OPB-08, OPB-12 & OPT-16) of RAPD PCR
fingerprinting analysis amplification for the control induced and treated RAPD-PCR revealed
the appearance and disappearance of the band patterns. The gel photograph showed different
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band patterns in each rat sample compared to the band obtained before induction with heavy
metals, after induction, and after treatment with Zingiber officinale. Appearances of new bands
were observed in heavy metal-induced rat samples. Some of these newly formed bands
disappeared while some faded when it was treated with Zingiber officinale (Figures 2, 3 and
4). Primer OPB — 12 displayed more visible and reproducible bands than the other primers.

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 M

M 21 22 23 24 2526 27 28 29 30 31 32 33 34 35 36 37 38 39 40 4142 43 44 45 M

Figure 2. OPB-08 RAPD PCR fingerprint differentiating control induced and treated rats DNA. M = Marker,
1to 45 represent the fifteen albino rats used for the analysis at three different treated stages (control induced and
treated). Numbers 1, 4, 7, 10, 13, 16, 19, 22, 25, 28, 31, 34, 37, 40 and 43 represent control DNA samples of the

fifteen Rats (From rat 1 to 15); Numbers 2, 5, 8, 11, 14, 17, 20, 23, 26, 29, 32, 35, 38, 41, and 44 represent

induced DNA samples of all the fifteen rats; Numbers 3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33, 36, 39, 42 and 45

represent treated DNA samples of all the fifteen rats.

Mz 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 M

M 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 ™M

Figure 3. OPB-12 RAPD PCR fingerprint differentiating control, induced, and treated rat DNA. M = Marker, 1
to 45 represent the fifteen albino rats used for the analysis. Numbers 1, 4, 7, 10, 13, 16, 19, 22, 25, 28, 31, 34,
37, 40 and 43 represent control DNA samples of the fifteen Rats (From rat 1 to 15); Numbers 2, 5, 8, 11, 14, 17,
20, 23, 26, 29, 32, 35, 38, 41, and 44 represent induced DNA samples of all the fifteen rats; Numbers 3, 6, 9, 12,
15, 18, 21, 24, 27, 30, 33, 36, 39, 42 and 45 represent treated DNA samples of all the fifteen rats.

3.3. Cluster analysis and phylogenetic relationship.

Phylogenetic relationship was established from the cluster analysis of the optical
density (OD). From the Gel photograph analysis, the band's presence was scored 1, whereas
the absence of the band was scored 0. The scored markers were converted into a binomial (0/1)
matrix. Based on the matrices dendrogram, clusters were created by Unweighted Pair Group
Method with Arithmetic mean (UPGMA). The dendrogram was constructed for each PCR
DNA product of each primer. Then a pooled dendrogram was also constructed to show the
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relationship between controls, induced, and treated DNA (Figures 5, 6, 7, and 8). The three
dendrograms generated from the three primers used revealed a similar correlation between the
control PCR-DNA samples and treated samples while the induced PCR-DNA samples bunched
together in a group differentiating themselves from the control and treated PCR-DNA samples.
This was also the case in the results obtained from pooled RAPD—PCR in the three
dendrograms generated.

M 1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 M

M 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 M

Figure 4. OPT-16 RAPD PCR fingerprint differentiating control, induced and treated rat DNA. M = Marker,
1to 45 represents the fifteen albino rats used for the analysis. Numbers 1, 4, 7, 10, 13, 16, 19, 22, 25, 28, 31, 34,
37, 40 and 43 represent control DNA samples of the fifteen Rats (From rat 1 to 15); Numbers 2, 5, 8,11, 14, 17,
20, 23, 26, 29, 32, 35, 38, 41, and 44 represent induced DNA samples of all the fifteen rats; Numbers 3, 6, 9, 12,

15, 18, 21, 24, 27, 30, 33, 36, 39, 42 and 45 represent treated DNA samples of all the fifteen rats.

DNA damage is characterized by the appearance and disappearance of bands, an
elevated level of oxidative stress, a decrease in the level of antioxidant defenses, and the
generation of high lipid peroxides [23]. This study evaluates the ameliorative effect of ethanolic
extract of Zingiber officinale against heavy metal-induced DNA damage. The relatively lower
final body weight of induced rats may result from imbalance metabolism produced by
impairment of zinc status in zinc-dependent enzymes, which are essential for many metabolic
processes. This finding agrees with the finding of Seddik et al. [24] on the effect of lead acetate
on body weight gain, food intake, and feed efficiency of the experimental rat.

Polymerase chain reactions are powerful tools for phylogenetic studies and in surveying
genomic DNA to detect various types of damages [25]. In this study, damage induced by heavy
metals on DNA was reflected by changes in PCR profile of the three primers used (OPB-08,
OPB-12 & OPT-16). This was reflected by genomic instability, similarity, and diversity that
occurred after induction of heavy metals and after treatment with Zingiber officinale, which
corroborates with that of Omar et al. [26] and Osman et al. [27]. In the amplification power of
RAPD-PCR in detecting the genetic effect of the three heavy metals damage as reflected in
DNA fingerprint bands, the interaction of lead acetate, arsenic trioxide, and cadmium chloride
with DNA could be the reason for alteration in the structure and function of DNA including
DNA adducts and breakage which was translated into appearance or disappearance of bands as
well as variations in band intensities in the fingerprinting profile which was in line with the
study of Noel and Rath [28] in which appearance and disappearance of bands represent damage
in the DNA profile.

The genotoxic effects of these three heavy metals on rat’s DNA were further evaluated
using cluster analysis compared to DNA samples and the PCR product in each rat among
control, induced, and treated DNA samples. The phylogenetic tree revealed polymorphism in
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forming clusters among the control of DNA extracts, induced, and treated DNA group.
However, some differences in some induced rats' positioning were observed, corroborating that
of [29]. There was a similarity between the control groups and the treated groups with a
significant difference compared with the induced groups.
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Figure 5. OPB-8 RAPD PCR dendrogram cluster showing the relationship between controls, induced, and
treated rats DNA.
Legend: RatT= Rats treated with Zingiber officinale, RatC= Control rats, RatPb IND= Rats induced with lead
acetate, Rat As= Rats induce with arsenic trioxide, and RatCd= Rats induced with cadmium chloride.
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Legend: RatT= Rats treated with Zingiber officinale, RatC= Control rats, RatPb IND= Rats induced with lead
acetate, Rat As= Rats induce with Arsenic trioxide, and RatCd= Rats induced with Cadmium chloride.
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Figure 7. OPT-16 RAPD PCR dendrogram cluster showing the relationship between controls induced and
treated rat’s DNA.

Legend: RatT= Rats treated with Zingiber officinale, RatC= Control rats, RatPb IND= Rats induced with lead
acetate, Rat As= Rats induce with Arsenic trioxide, and RatCd= Rats induced with Cadmium chloride.
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4. Conclusions

This study showed the damaging effect of heavy metals on DNA of the experimental
rats. It revealed the potential of ethanolic extract of Zingiber officinale in ameliorating the
adverse effect of these heavy metals as shown by PCR- DNA profiles, RAPD-PCR results, and
phylogenic tree.
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