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• Test organisms accumulated varying
concentration of heavy metals in their
tissues.

• Accumulated metals resulted to the low
activities ofmost antioxidants in the test
organisms.

• Earthworm indicated mutation due to
heavy metals. However, freshwater
prawns showed no variations.
⁎ Corresponding author.
E-mail addresses: gabriel.dedeke@covenantuniversity

princewill.chukwu@gmail.com (P.O. Iwuchukwu), aladesi
(A.A. Aladesida), opeyemi.ayanda@covenantuniversity.ed

https://doi.org/10.1016/j.scitotenv.2017.12.037
0048-9697/© 2017 Elsevier B.V. All rights reserved.
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 9 July 2017
Received in revised form 3 December 2017
Accepted 4 December 2017
Available online 27 December 2017

Editor: Daniel Wunderlin
The use of freshwater invertebrates as bioindicator of heavymetal pollution is an important tool for environmen-
tal biomonitoring. This study investigated antioxidant activities and DNA profile in two limicolous earthworms
(Almamillsoni and Libyodrilus violaceus) and freshwater prawns (Macrobrachium vollenhovenii) at selected points
of OgunRiver, Abeokuta. Heavymetal concentrations andDNAprofile in the earthworms and prawn tissueswere
measured using standard procedures. Zn concentrationwas higher than other heavymetals inA.millsoni (685.83
± 114.42mg/kg), L. violaceus (1913.3± 1098.7mg/kg) andM. vollenhovenii (134.7± 13.61mg/kg). Superoxide
dismutase activity ranged from 62.44± 7.16–79.82± 11.18 U/g tissues, 60.26± 11.18–71.07± 7.54 U/g tissues
and 74.07 ± 16.69–87.79 ± 8.50 U/g tissues in A. millsoni, L. violaceus and M. vollenhovenii respectively. RAPD-
PCR revealed varying DNA profile among the earthworms samples; the UPGMA dendrogram formed two distinct
clusters at genetic similarity coefficient of 0.15–0.2 with one cluster consisting of Alma millsoni and Libyodrilus
violaceus from Sokori, Enugada and Iberekodo sampling points and the second cluster forming two distinct
sub-clusters comprising Arakanga and Ago-ika's L. violaceus in one and A.millsoni in the other. High genetic var-
iability was recorded among the earthworm species while the freshwater prawn showed no variability. Antiox-
idant activities and genetic variability in earthworms could serve as biomarkers of heavy metal pollution in
freshwater environment.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

Heavy metals coming majorly from human activities (urbanization
and industrialization) are consideredmajor contaminants of freshwater
(Ubwa et al., 2013). Heavymetals such as Cu, Fe and Zn are regarded as
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essential metals, because of their biological role in respiration, cell
growth, protection and production of enzymes but when accumulated
at higher concentrations, they can be toxic. On the other hand, heavy
metals such as Cd, Hg and As are not needed even in a minute quantity.

Metal accumulation in living system is often associated with various
deleterious physiological effects such as low cast production by earth-
worms (Dittbrenner et al., 2010), impaired metabolic rate and energy
depletion (Fisker et al., 2011), histopathological damage (Tarasub
et al., 2011), ineffective burrowing activity (Pelosi et al., 2013), abnor-
mal behavioural activities (Mariappan and Karuppasamy, 2014) and
gonad maturation (Peranandam et al., 2014). The often ionic nature of
these metals enables them to penetrate body surfaces and phospho-
lipids of cell membranes, hence causing harm to the cell by producing
radicals cumulatively called reactive oxygen species (ROS) such as
perhydroxl radical (HO2), hydroxyl radical (•OH) (Pratviel, 2012).
These radicals results to imbalance between pro-oxidants and oxidants
otherwise known as oxidative stress (Metcalfe and Alfonso-Alvarez,
2010). Also, influx of metals can result to the degradation of macromol-
ecules such as lipids, protein and DNA (Joseph and Kafilat, 2012) thus
leading to deleterious conditions such as genotoxicity and lipid peroxi-
dation (Li et al., 2011).

Many freshwater macro-invertebrates respond to heavy metals pol-
lution either morphologically, behaviorally or physiologically (Pablo
et al., 2013), hence lowering the risk of the resulting negative effects.
The responses by these groups of animals to heavy metal pollution
could be exploited as early warning signals and could serve as powerful
tools for assessing anthropogenic influence on freshwater environment.
The antioxidant defense system readily eliminates any form of toxic ef-
fect or repair any form of damage caused by the ROS. Antioxidants such
as superoxide dismutase (SOD), peroxidase, glutathione-S-transferase
and glutathione are produced to reduce the destructive effects of ROS
in organisms (Azqueta et al., 2009). Superoxide dismutase is one of
the major antioxidants produced to counter superoxide anion by
dismutation, GST detoxify ROS by conjugating with these substances,
hence bringing to a halt the damage of ROS (Otitoloju and Olagoke,
2011).

Freshwater macro-invertebrates such as prawns and limicolous
earthworms, which thrive successfully in the freshwater environment
(Marioghae, 1990; Owa et al., 2010), occupy an important position in
the food chain feeding on detritus and still a good recipe for other higher
organisms. Studies have documented heavy metal bioaccumulation in
freshwater prawn (Omoigberale and Ikponmwosa-Eweka, 2010;
Manosathiyadevan et al., 2013) and limicolous earthworm such as
Alma millsoni and Libyodrilus violaceus (Ebenezer et al., 2013), hence
they are good biomonitoring agents for heavy metal pollution.

DNAdamage caused by heavymetal pollution has beenmeasured by
several authors using RAPD-PCR (Ilhan et al., 2016; Kumar et al., 2015
and El Assal et al., 2014). The method is less expensive, yet very sensi-
tive to identify DNA damage. For the DNA damage, we hypothesized
to detect genetic mutation in sampled population, which might have
been caused by heavy metal bioaccumulation resulting from the expo-
sure of the population to these pollutants.

The objective of this study is to measure the effects of heavy metal
bioaccumulation on antioxidant activities and DNA profile in two
limicolous earthworms (Alma millsoni and Libyodrilus violaceus) and
freshwater prawns (Macrobrachium vollenhovenii) collected from
Ogun River, Abeokuta.

2. Materials and methods

Natural occurring specimen of limicolous earthworms and freshwa-
ter prawns were collected at different five sampling sites (A-Arakanga,
B-Iberekodo, C-Ago-Ika, D-Sokori, E-Enugada) along Ogun River
shown in Fig. 1 with their respective co-ordinates. Adult limicolous
earthworms with well-developed clitella were collected at a depth of
0–2.0 cm in soil particles containing high humus along the bank of the
river using the procedure of Owa (1992). Freshwater prawn samples
were baited and trapped at the various sites in fishing baskets. Prawns
were transported in ice-chest to the laboratory for further analysis,
while, earthworm sampleswere transferred to the laboratory inwell la-
beled clean polyethene bags.

2.1. Identification of earthworm and prawn samples

The earthwormswere identified and described by an Animal Taxon-
omist in the Department Pure and Applied Zoology of the Federal Uni-
versity of Agriculture, Abeokuta while the prawn identification was
done using Marioghae (1990) as a guide.

2.2. Determination of heavy metal analysis in the water and tissue

Frozen prawns were thawed partially at room temperature before
opening. Shell and soft tissues were carefully separated from each
prawn sample. Both parts of the samples were dried in the oven at
105 °C for 24 h to obtain a constant dry weight (dw). Earthworm sam-
ples were separated based on its species in well labeled petri-dishes
after which they were oven dried at 60 °C for 24 h. The dried samples
were pulverized into powdery form. 1 g each of the dried powdered
samples were digested by heating with 21 mL of concentrated nitric
acid and 7 mL of concentrated hydrochloric acid according to the stan-
dard methods of the Association Of Analytical Chemist (AOAC, 2000).
Digested sample were diluted with little amount of distilled deionized
water. The solution was filtered using a Whatman No 1 filter paper.
Heavy metal concentrations were determined using atomic absorption
spectrophotometry.

2.3. Antioxidants assays

10% homogenate tissue sample was prepared in ice-cold homogeni-
zation buffer (125 mM sucrose, 125 mM mannitol, 1 mM EGTA and
5mMHEPES) (pH 7.2 0.25M)with 15 strokes in a Teflon pestle homog-
enizer centrifuged at 3000 rpm for 15 min at 4 °C. The supernatant was
kept at −20 °C until analysis.

Glutathione-S-transferase activity determined according to the
method of Habig et al. (1974). Two test tubes marked blank (B) and
test (T) were arranged in a test tube rack. Potassium phosphate buffer
(1.0 mL), 50 μL of glutathione and 50 μL of CDNB were pipeted into
each of the tubes. Erythrocyte (50 μL) was added to the mixture in the
tube marked T while 50 μL of buffer was added to the mixture in the
tubemarked B. Theyweremixed by inversion and the increase in absor-
bance was recorded for 5 min. The difference between the initial and
final absorbance and average absorbance difference was calculated
(ΔA 340/min). GST activity was calculated as

Units=mL enzyme ¼ ΔA 340nm= minTest−ΔA 340nm= minBlankð Þ 1:15ð Þ dfð Þ
0:05� 9:6

where 1.15 = Total volume (in milliliters) of assay

df = Dilution factor
9.6=Millimolar extinction coefficient of Glutathione-1-Chloro-2,4-
Dinitrobenzene conjugate at 340 nm
0.05 = Volume (in milliliter) of enzyme used

2.4. Determination of superoxide dismutase (SOD)

Superoxide dismutase activity was determined according to the
method of Marklund and Marklund (1974). Two test tubes marked
blank (B) and test (T)were arranged in a test tube rack. Potassiumphos-
phate buffer (100 μL), 830 μL of distilledwater and 50 μL of samplewere
pipetted into tube T while 150 μL of buffer and 830 μL of distilled water
were pipetted into tube B. The contents of the tubes were incubated for



Fig. 1. A map showing the selected sampling points along Ogun River; A-Arakanga; B-Iberekodo; C-Ago-Ika; D-Sokori; E-Enugada.
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10 min at 25 °C and 20 μL of pyrogallol was added to both tubes. The
contents were mixed by inversion and absorbance at 420 nm was re-
corded for 3 min. The difference between the initial and final absor-
bance and average absorbance difference was calculated (ΔA 4200/
min). Superoxide dismutase activity was calculated as

%Inhibition ¼ ΔA 420nm= minblank−ΔA 420nm= mintestð Þ 100ð Þ
ΔA 420nm= minblank

Units of SOD ¼ %inhibition
100−%inhibitionð Þ

Units=mL ¼ Units� dilution factor

2.5. Determination of peroxidase

Peroxidase activity was determined according to the method of
Fergusson and Chance (1955). Two test tubes marked blank (B) and
test (T) were arranged in a test tube rack. Potassium phosphate
buffer (120 μL), 700 μL of distilled water, 50 μL of hydrogen peroxide
and 100 μL of pyrogallol were pipetted into tube T while 150 μL of buffer
and 700 μL of distilled, 50 μL of hydrogen peroxide and 100 μL of pyrogal-
lol water were pipetted into tube B. The tubes were incubated for 10min
at 25 °C and 20 μL of pyrogallol was added to both tubes. Incubation was
carried out for 3 min at room temperature then 30 μL of sample was
added to tube T. They were mixed by inversion and absorbance at
420 nm was recorded for 5 min. The difference between the initial and
final absorbance and average absorbance difference was calculated (ΔA
420 nm/20 s) for both test and blank. Peroxidase activity was calculated

as Units=mL enzyme ¼ ðΔA 420nm=20s test−ΔA 420nm=20s blankÞ ðdfÞ
12�0:03: .

where

df = Dilution factor
12 = Millimolar extinction coefficient of purpurogallin
0.03 mL = Volume of enzyme used

Units/mg protein = Units=mL
mg protein=mL

2.6. Determination of glutathione

Glutathione concentration was determined according to the method
of Ellman (1959). Sample (500 μL) was added to 0.5 mL of 10% TCA and
the mixture was centrifuged for 15 min at 3000 rpm following which
0.4 mL of the supernatant was withdrawn and added to 0.8 mL of
0.4 M Tris buffer pH 8.9 and 20 μL of freshly prepared DTNB. Absorbance
was readwithin 5min of addition of DTNBat 412 nmagainst a blank con-
taining ofwater instead of erythrocytes. The concentration of glutathione
was calculated as mM GSH = (Absorbance / 14.15) × 2.44 × dilution
factor.

Where (14.15 mM−1 cm−1) is the molar extinction coefficient of
NTB and 2.44 is the dilution factor of sample in 1.22 mL assay mixture.
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2.7. Extraction of DNA

Extraction of DNA from the organisms was carried out using the
Qiagen DNA extraction kit which uses the spin column method.
25 mg of tissue was cut into small pieces, placed in a microcentrifuge
tube and 180 μL of Buffer ATL and 20 μL of proteinase K were added.
The content was mixed thoroughly on a vortex mixer and incubated
at 56 °C overnight until the tissues were completely lysed. After com-
plete lysis of the tissue, 200 μL of buffer AL was added, mixed thor-
oughly followed by the addition of 200 μL of ethanol (96–100%).
The whole mixture (including any precipitate) was pipetted into
the DNeasy mini spin column placed in a 2 mL collection tube and
centrifuged at 6000 ×g for 1 min. The flow through was discarded
while the spin column was placed in a new 2 mL collection tube.
After this, 500 μL of buffer AW1 was added and centrifuged at 6000
×g for 1 min. The flow through was discarded while the spin column
was placed in a new 2 mL collection tube and 500 μL of buffer AW2
was added, centrifuged at 20000 ×g for 3 min to dry the DNeasy
membrane and flow through was discarded. The DNeasy mini spin
column was then placed in a clean 2 mL microcentrifuge tube and
200 μL of buffer AE was pipetted directly onto the DNeasy membrane
and incubation was carried out at room temperature for 1 min and
then centrifuged at 6000 ×g for 1 min to elute the DNA. The eluted
DNA was quantified using Fisher Scientific nanodrop spectropho-
tometer and kept at −20 °C until used (Ausubel et al., 2002).

2.8. Randomly amplified polymorphic DNA fingerprinting polymerase chain
reaction (RAPD PCR)

RAPD PCR was carried out as described by Seufi et al. (2009) using
the Qiagen PCR master mix kit. The program used for the PCR has
been previously validated/optimized in our laboratory. This optimiza-
tion involved checking several RAPD primers and circling conditions
for effectiveness in these organisms. All the bands that showed on aga-
rose gel were included in the dendrogram analysis.

The primers used for the polymerase chain reaction were:

• EZ: 5′-GCATCACAGACCTGTTATTGCCTC-3′
• OPA2: 5′-TGCCGAGCTG-3′
• OPA3: 5′-AGTCAGCCAC-3′

12.5 μL of 2× PCR master mix (PCR reaction buffer, dNTP's, and
amplitaq) and 0.5 μL of primer were pipetted into a DNAase and
RNAase free PCR tube. 50 μg of the DNA extracted was added and
the mixture was made up to 25 μL with sterilized, filtered distilled
water. The samples were placed in the thermal cycler and PCR was
carried out using the programs shown in Table 1. All the PCR reac-
tions were run with negative control. We also used many RAPD
primers in study; however, only primers that showed polymorphic
bands were reported.

2.9. Dendrogram construction

The RAPD fingerprints were used for cluster differentiation and
dendrogram construction using a simple agglomerative hierarchical
Table 1
Pattern of PCR operation for amplifying primers.

Stages

1 2 3 4 5

EZ 94 °C, 1:00 min 54.6 °C, 2:00 min 72 °C, 2:00 min Goto 1, 5× 94 °C, 0:15
OPA2 94 °C, 1:00 min 29 °C, 2:00 min 72 °C, 2:00 min Goto 1, 5× 94 °C, 1:00
OPA3 94 °C, 1 min 27 °C, 2 min 72 °C, 2 min Goto 1, 5× 94 °C, 1:00
clustering, the Unweighted Pair Group Method with Arithmetic
Mean (UPGMA).

2.10. Data analysis

Statistical analysis was done using one-way analysis of variance
(ANOVA); also, a post hoc test was done to compare the obtained
means for each sample. A significance level of 0.05 was used. Also,
the bio-concentration factor was determined as a ratio of heavy
metals in the tissue of the freshwater prawns and water samples as
follows:

3. Results

The varying concentrations of selected heavy metals in the sampled
earthworms and freshwater prawns are shown in Table 2. Cd concentra-
tion in A. millsoni was below detection limit at three sites, while it
ranged from (3.67± 1.53–6.7± 4.04)mg/kg in L. violaceus. The concen-
tration of Pb in A.millsoni and L. violaceus samples ranged from (0.75±
0.6–39.67 ± 2.25)mg/kg. Cu and Zn were detected in the earthworm
samples collected from all the sites. Cu concentration ranged from
(2.50 ± 1.20–27.0 ± 13.0) mg/kg and (34.0 ± 27–57.7 ± 1.25) mg/kg
for A. millsoni and L. violaceus respectively, while the concentration of
Zn was (287.83 ± 49.12–685.83 ± 114) mg/kg and (1285 ±
247.4–1913.3 ± 1098.7) mg/kg for A. millsoni and L. violaceus respec-
tively. Cd, Pb and Cr were observed to be below detection limits in soft
tissues and shell in prawns collected at Iberekodo and Enugada. Similar-
ly, Cd, Pb and Cr were not detected in shells of prawns collected at Ago-
Ika. Pb concentration in the soft tissue and shell of prawn collected Ago-
Ika and Sokori were 0.67 mg/L and 2.0 mg/L respectively. Cu and Zn
were detected in both tissues and shell of prawn collected at the select-
ed study sites. Cu varied from 48 to 67.67 mg/kg in the shell and
29.33–60.3mg/kg, furthermore significant difference (p b 0.05)was ob-
served in Cu concentration in soft tissues of prawn collected at Arakanga
and other sites. Similarly, significant difference (p b 0.05) was ob-
served in Zn concentration in both tissues of the prawns. Lowest Zn
concentration (21.3 mg/kg) was recorded for shells of prawns col-
lected at Sokori, and the highest was 85.67 mg/kg recorded for sam-
ples collected at Arakanga. Similarly, significant difference (p b 0.05)
was observed in the soft tissue of the prawn and it ranged from
59.33–1324.7 mg/kg.

3.1. Antioxidant concentration in the soft tissues of sampled organism

A.millsoni samples collected at Enugada recorded the highest SOD
(79.73 ± 6.37 U/g tissues), Peroxidase (0.15 ± 0.08 U/g tissues) and
GSH (3.68 ± 2.15 μM/g tissues), while samples obtained from
Arakanga elicited the highest activity of GST (0.56 ± 0.03 U/g
tissues). On the other hand, L. violaceus samples collected at Sokori
elicited highest activities for GST and GSH (0.076 ± 0.024 U/g tissues
and 1.79 ± 0.75 μM/g tissues respectively). Significant differences
were observed at p b 0.05. The varying activities of these
antioxidants in the sampled limicolous earthworms are presented
in Table 3.

Themean concentrations of the soft tissues ofM. vollenhovenii are
showed in the Table 3. SOD (U/g tissues) activities were the highest
6 7 8 9 10

min 59.6 °C, 0:30 min 72 °C, 1:00 min Goto 5, 45× 72 °C, 15:00 min 4 °C,∞
min 34 °C, 0:30 min 72 °C, 1:00 min Goto 5, 45× 72 °C, 15:00 min 4 °C,∞
min 32 °C, 0:30 min 72 °C, 1:00 min Goto 5, 45× 72 °C, 15:00 min 4 °C,∞



Table 2
Heavy metal concentrations (mg/kg) in Alma millsoni, Libyodrilus violaceus and M. vollenhovenii (soft tissues and shell) collected from different points of Ogun River.

Heavy metals/test organisms Sampling Points of Ogun River

Iberekodo Ago-ika Enugada Sokori Arakanga

Cd (mg/kg)
A. millsoni BDL BDL 4.3 ± 2.3a BDL 5.3 ± 1.5a

L. violaceus 4.7 ± 4.6a 6.3 ± 2.08a 5.67 ± 3.79a 3.67 ± 1.53a 6.7 ± 4.04a

M. vollenhovenii (soft tissue) BDL BDL BDL BDL BDL
M. vollenhovenii (shell) BDL BDL BDL BDL 3.33 ± 2.89

Pb (mg/kg)
A. millsoni 3.3 ± 3.1a BDL 38.5 ± 33.0a BDL 56.8 ± 42.8b

L. violaceus 39.3 ± 34.1a 70.7 ± 9.1b 85.7 ± 49.5b 60.0 ± 33.0b 25.2 ± 16.8a

M. vollenhovenii (soft tissue) BDL 0.7 ± 1.2a BDL BDL 1.3 ± 1.5a

M. vollenhovenii (shell) BDL BDL BDL 2.0 ± 3.46a 0.33 ± 0.6a

Cr (mg/kg)
A. millsoni BDL 26.3 ± 17.6b 3.7 ± 6.4a BDL 20.0 ± 18.3b

L. violaceus BDL 14.7 ± 4.9a 14.7 ± 4.7a 15.0 ± 5.3a 13.3 ± 12.2a

M. vollenhovenii (soft tissue) BDL BDL BDL 8.0 ± 13.9a 56.0 ± 49.7b

M. vollenhovenii (shell) BDL BDL BDL BDL BDL

Cu (mg/kg)
A. millsoni 13.7 ± 1.5a 10.0 ± 7.8a 44.7 ± 14.5b 12.0 ± 2.0a 53.3 ± 26.3b

L. violaceus 42.3 ± 6.5a 57.7 ± 1.2a 42.0 ± 15.5a 46.2 ± 15.8a 34.0 ± 27.6a

M. vollenhovenii (soft tissue) 29.3 ± 1.2a 30.0 ± 8.7a 36.7 ± 4.6ab 34.0 ± 2.3ab 60.3 ± 32.7b

M. vollenhovenii (shell) 62.3 ± 27.7b 60.3 ± 11.0b 65.7 ± 7.8b 48 ± 8.7a 67.7 ± 50.4b

Zn (mg/kg)
A. millsoni 1356.0 ± 249.5a 1151.3 ± 196.5a 1282.3 ± 877.0a 1420.0 ± 58.6 a 1770.7 ± 596.3b

L. violaceus 1809.3 ± 941.1b 1714.7 ± 738.9b 1285 ± 247.4a 1295.3 ± 92.1a 1913.3 ± 1098.7b

M. vollenhovenii (soft tissue) 78.0 ± 24.3a 76.0 ± 9.2a 59.3 ± 28.4a 84.7 ± 9.9a 134.7 ± 13.6b

M. vollenhovenii (shell) 52. 7 ± 20.5ab 49.7 ± 20.6ab 57.0 ± 12.8ab 21.3 ± 4.6a 85.7 ± 33.1b

Means with the same superscript in a row are not significantly different (p N 0.05).
BDL = below detection limit.
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among the selected antioxidant biomarkers. Furthermore, there was
no significant difference (p b 0.05) in SOD activities in the soft tissues
of M. vollenhovenii collected from the selected sites. Similarly,
Peroxidase and GSH activities also showed no significant difference
(p N 0.05) but had the highest mean 0.022 recorded for Enugada
and Sokori. On the other hand, significant difference (p b 0.05) was
observed in the GST production, as means varied from 0.035–0.078
(U/g tissues).

Table 4 showed the Pearson's product-moment correlation to assess
the relationships between the antioxidant enzymes and heavy metals;
SOD had a moderate negative correlation with Lead (r = −0.343, p b

0.05); and strong negative correlation with Zinc (r = −0.463, p b
Table 3
Antioxidant enzymes activities in Alma millsoni, Libyodrilus violaceus and M. vollenhovenii (soft

Antioxidants/test organisms Sampling Points

Iberekodo Ago-Ika

SOD (U/g tissue)
A. millsoni 62.44 ± 7.16a 74.91 ± 14.10a

L. violaceus 62.11 ± 13.89a 64.01 ± 6.24a

M. vollenhovenii 74.07 ± 16.69a 85.42 ± 2.87a

Peroxidase (U/g tissue)
A. millsoni 0.07 ± 0.03a 0.11 ± 0.06a

L. violaceus 0.05 ± 0.02a 0.11 ± 0.06a

M. vollenhovenii 0.01 ± 0.003a 0.019 ± 0.006a

GST (U/g tissue)
A. millsoni 0.05 ± 0.04a 0.06 ± 0.02a

L. violaceus 0.01 ± 0.004a 0.022 ± 0.018a

M. vollenhovenii 0.035 ± 0.016a 0.042 ± 0.011ab

GSH (U/g tissue)
A. millsoni 1.57 ± 0.26a 2.19 ± 0.63a

L. violaceus 0.51 ± 0.17a 0.91 ± 0.50b

M. vollenhovenii 0.77 ± 0.35a 1.00 ± 0.58a

Means with the same superscript in a row are not significantly different (p N 0.05)
0.05).The relationship between SOD and the other metals was negative
but not significant. Peroxidase correlates strongly positive with Cadmi-
um (r= 0.459, p b 0.01), Lead (r= 0.396, p b 0.01) and Zinc (r= 0.538,
p b 0.01); Cadmiumhad strong positive correlationwith Lead (r=0.881,
p b 0.01), Chromium (r = 0.394, p b 0.01), Copper (r = 0.816, p b 0.01)
and Zinc (r = 0.760, p b 0.01) while Lead had strong positive correlation
with Chromium (r = 0.627, p b 0.01), Copper (r = 0.820, p b 0.01) and
Zinc (r = 0.789, p b 0.01); Chromium also correlates strongly positive
with Copper (r = 0.433, p b 0.01) and Zinc (r = 0.544, p b 0.01) while
Copper had a strong positive correlation with Zinc (r = 0.646, p b 0.01).
A strong positive correlation was found between GST and GSH (r =
0.470, p b 0.01).
tissues and shell) collected from different points of Ogun River.

Enugada Sokori Arakanga

79.73 ± 6.37a 79.82 ± 11.18a 65.64 ± 8.86a

71.07 ± 7.54a 60.26 ± 11.18a 65.64 ± 8.86a

83.95 ± 8.04a 87.79 ± 8.50a 79.29 ± 4.14a

0.15 ± 0.08a 0.12 ± 0.05a 0.11 ± 0.10a

0.10 ± 0.11a 0.19 ± 0.18a 0.17 ± 0.14a

0.022 ± 0.018a 0.022 ± 0.11a 0.015 ± 0.11a

0.15 ± 0.12a 0.07 ± 0.04a 0.56 ± 0.03b

0.024 ± 0.032a 0.019 ± 0.009a 0.076 ± 0.024b

0.069 ± 0.007ab 0.048 ± 0.013ab 0.078 ± 0.04b

3.68 ± 2.15a 3.26 ± 2.12a 1.96 ± 2.53a

1.10 ± 0.51b 1.79 ± 0.75c 0.63 ± 2.53a

1.72 ± 1.64a 1.22 ± 0.51a 1.04 ± 0.24a



Table 4
Correlation co-efficient between concentration of heavy metals and activities of antioxidant enzymes in the tissues of selected test organism.

SOD
(U/g tissue)

Peroxidase
(U/g tissue)

GST
(U/g tissue)

GSH
(μM/g tissue)

Cadmium
(mg/kg)

Lead
(mg/kg)

Chromium
(mg/kg)

Copper
(mg/kg)

Zinc
(mg/kg)

SOD
(U/g tissue)

1

Peroxidase
(U/g tissue)

−0.166 1

GST
(U/g tissue)

0.265 0.203 1

GSH
(μM/g tissue)

0.214 0.172 0.470b 1

Cadmium
(mg/kg)

−0.275 0.459b −0.023 −0.082 1

Lead
(mg/kg)

−0.343a 0.396b −0.062 −0.080 0.881b 1

Chromium
(mg/kg)

−0.267 0.262 −0.219 0.125 0.394b 0.627b 1

Copper
(mg/kg)

−0.149 0.232 −0.104 −0.019 0.816b 0.820b 0.433b 1

Zinc
(mg/kg)

−0.463b 0.538b −0.043 0.106 0.760b 0.789b 0.544b 0.646b 1

a Correlation is significant at the 0.05 level (2-tailed).
b Correlation is significant at the 0.01 level (2-tailed).
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3.2. DNA profile

The agarose gel photographs for the randomly amplified poly-
morphic genomic DNA (RAPD) performed on the limicolous
Plate 1. Amplified polymorphic genomic DNA (RAPD-PCR) of two limicolous earthworms (Alm
Keys: 1. Ago-Ika Alma millsoni 2. Ago-Ika Libyodrilus violaceus 3. Sokori Libyodrilus violaceus 4. S
Libyodrilus violaceus 8. Iberekodo Alma millsoni 9. Arakanga Alma millsoni 10. Arakanga Libyodr
earthworms and freshwater prawns collected at five sampling sites
of Ogun River is shown in Plates 1 and 2. Results showed that molec-
ular weight used ranged from (1000–10,000) bp. Agarose gel photo-
graphs for freshwater prawns abdominal tissues showed similar
a millsoni and Libyodrilus violaceus) collected from five sampling points along Ogun River.
okori Alma millsoni 5. Enugada Alma millsoni 6. Enugada Libyodrilus violaceus 7. Iberekodo
ilus violaceus.
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DNA band patterns and hence having similar molecular weight
marker. In the limicolous earthworms, molecular weight marker at
4000 bp was consistent in most of the genome in the test
earthworms except in the genome of lane 3, 5 and 7.

3.3. Dendrogram clustering

The dendrogram obtained from cluster analysis by UPGMA is shown
in Fig. 2. Two clusters A and B were obtained at about genetic similarity
coefficient of 0.15–0.2. Cluster A diverged earlier at coefficient 0.2 and
consist of Alma millsoni and Libyodrilus violaceus from Sokori, Enugada
and Iberekodo sampling points. Cluster B diverged later than A forming
two distinct sub-clusters comprising Arakanga and Ago-Ika L. violaceus
in one and A. millsoni in the other.

4. Discussion

Freshwater macro-invertebrates such as freshwater prawns and
limicolous earthworms inhabiting heavy metal polluted aquatic en-
vironment could serve as sentinel species of freshwater system
(Suarez-Serrano et al., 2010). Table 2 reflects varied concentration
Plate 2. Electrogram of agarose gel showing DNA bands based on RAPD-PCR analysis for fresh
of heavy metals in the test organisms, the choice for these metals
was because, the two essential metals (Cu and Zn) that are relevant
for body metabolism but which become toxic at higher concentra-
tions and two non-essential metals (Cr and Cd), that are not needed
in biological systems. Furthermore, other researcher works such as
Dedeke et al. (2016) have shown that these metal have a question-
able characteristics (such pro-oxidants with potentials for inducing ox-
idative DNA damage) when bioaccumulated in living biological systems.
Furthermore, the positive relationship betweenmetals depicts a synergic
effect in the living tissues, this findings supported that suggestion of
Ubwa et al. (2013) who stated that the metal were from the same
environment.

Among the selected heavy metals; tissue loads of Cu and Zn in A.
millsoni, L. violaceus and M. vollenhovenii collected from all sampling
points were higher than other selected metals. This is similar to the
study of Nannoni et al. (2011), Heidarieh et al. (2013) and
Abdel-Salam and Hamdi (2014, 2015) that reported higher concentra-
tions of similar metals in earthworm species (Nicodrilus caliginosus),
swimmer crabs and (shrimps) Penaeus semisulcatus respectively. High
concentration of thesemetals (Cu and Zn) can be linked to the essential
roles they play in enzymatic activities and cell protection growth in a
water prawns (Macrobrachium vollenhovenii) collected from various points of Ogun River.



Fig. 2.Dendrogram showing the relationship in the DNA bands of the earthworms collected from all sampling points, where Enu LV-Enugada L. violaceus, Ibe AM-Iberekodo A.millsoni, Ibe
LV-Iberekodo L. violaceus, Enu AM-Enugada L. violaceus, Sok LV-Sokori L. violaceus, SokAM-Sokori A. millsoni, AgoAM-Agoka A. millsoni, AraAM-Arakanga A. millsoni, AgoLV-Agoka L.
violaceus, AraLV-Arakanga L. violaceus.

583G.A. Dedeke et al. / Science of the Total Environment 624 (2018) 576–585
living biological system. Also, as reported by Mitra et al. (2010), these
metals easily diffuse across the membrane surface as a soluble complex
surface.

The test organisms (limicolous earthworms and freshwater
prawns) utilize varieties of sequestration mechanisms to tolerate
heavy metal bioaccumulation. The freshwater prawn can maintain
homeostasis, detoxify heavy metals in their hepatopancreas and
bind metals to low molecular weight proteins like metallothioneins,
store metals in lysosome, shell or metal granules in the cells in the
freshwater prawns (Abdolahpur et al., 2013 and Meshram et al.,
2014). Andre et al. (2009) reported that, metals are mostly accumu-
lated at the posterior end of the alimentary canal in the earthworm,
this part is made up of pedunculated cells (chloragogenous tissue)
whose role is to synthesize haemoglobin, maintain homeostasis
and pH level, store nutrients and waste, uptake and detoxification
of toxic cations (Morgan et al., 2002).

The difference in metal bioaccumulation between the different tests
organismsmay be due to their varyingmetabolic pathways, habitat use
and behavioural responses. Furthermore, lesser accumulation of heavy
metals in the M. vollenhovenii in this study as opposed to the
earthworms could also be attributed to the constant shedding of its
chitinous exoskeletal shell which occurs in M. vollenhovenii as it
grows. This finding is consistent with an earlier report pointing to
lower concentration of heavy metals in shrimp due to molting
behaviour (Soundarapandian et al., 2010).

Oxidative stress and production of reactive oxygen species have
been reported to be positively correlated with heavy metal accumula-
tion in organisms (Orebiyi et al., 2010; Tumminello and Fuller-Espie,
2013). Production of antioxidants is a biochemical means by which or-
ganisms responds to metal accumulation; this reduces or repairs the
damages caused by the free radicals. The differential metal accumula-
tion observed in the test organisms influenced the activities of antioxi-
dants produced. These findings are similar to the study of Atli and
Canli (2010), Cataldo et al. (2011) and Owagboriaye (2014).

SOD activities appeared to be higher than other antioxidants mea-
sured in the test organisms. This may be attributed to the fact that
SOD can also be produced naturally during metabolic process such as
mitochondria electron transport chain, cytochrome p450 mono-
oxygenases, however, a yet higher concentration would be produced
or a higher activity of the enzyme will occur in response to pollution
challenge such as heavy metal bioaccumulation. For the present study,
heavy metal concentration in the environment and living tissues could
have elicited the production of more superoxide anion. This result was
also observed in freshwater teleost exposed to mercury (Moriom and
Mahuya, 2014). This level of activity implies that SOD is a vital protec-
tive antioxidant used by freshwater organisms against the toxic effects
of free radicals produced as a result of heavy metal bioaccumulation.
On the other hand, peroxidase and GST activities were observed to be
low and all sampled tissues showed a depletion of GSH activities. Simi-
lar report was recorded for Orechromis niloticus exposed to copper tox-
icity (Saglam et al., 2014). Lopez-Lopez et al. (2011) pointed out that
acute heavy metal toxicity has the tendency to impair the formation of
these protective antioxidants. It is vital to note that reactive oxygen spe-
cies (ROS) such as superoxide ion generated as a result of influx of ionic
metals, attacksmacromolecules such as DNA, hence, may cause its DNA
damage (Valko et al., 2005), but antioxidants serve to eliminate or re-
pair the damage caused by ROS. Hence we could say, antioxidant acts
as protective agents for macromolecules such as the nucleic acid.

RAPD-PCR band pattern of the limicolous earthworms showed that
some band consistently appeared at a particular base pair and, this
was comparable to the findings of Galindo et al. (2010) who used the
same technique on gills and liver exposed to different doses of Alumi-
num. Usually the information of a pattern is based on the generated
number of bands, allowing a variability due to artifacts that has to be
considered and if possible measured.

The number of generated bands for each group (the DNA
fingerprint) was used in scoring the level of polymorphism and the
scores were used for cluster analysis and generation of the
dendrogram.

The interaction between genotoxic agents and DNA can result in
modification of its structure, appearance and functions as suggested
by Noel and Rath (2006). This was further confirmed by the dendro-
gram inwhichdissimilar limicolous species (A.millisoni and L. violaceus)
collected from the same environment (Sokori) clustered together.
EarthwormCluster A from the result showed higher level of genetic var-
iability among them probably as a result of mutation due to exposure to
higher doses of heavy metals. On the hand, those in Cluster B are more
genetically stable and closely similar probably indicating that Arakanga
and Ago-Ika points of Ogun River are less polluted with heavy metal.
The DNA band pattern of the freshwater prawn, M. vollenhovenii, col-
lected at the various sampling points of OgunRiver indicated no adverse
mutagenic effect of exposure to this environment.
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This result agrees with the reports of Cambier et al. (2010) which
stated that all genomes are not equally sensitive to the impact of
genotoxic substances such as heavy metals. Hence, inactive chromatin
may be protected and less prone to genetic modifications. This may
also be due to differences in sensitivity depending on primer sequence
(Zohra et al., 2014). The observed difference between the DNA profile
of the limicolous earthworms and freshwater prawns may also be due
to duration of exposure and concentration of heavy metals (Mohamed
et al., 2012). The earthworms unlike the prawnswere burrowers by na-
ture and are found partly buried in the marshy soil at the river bank
which is known to act as sink for the heavymetals hence, weremore ex-
posed to higher concentration of the heavy metals for longer period of
time whereas the prawns swim actively about and are less exposed to
the heavy metal pollution.

5. Conclusion

Our study demonstrated,firstly, that the two earthworm species and
freshwater prawn bio-accumulated heavy metals; however, earth-
worms could be a better predictor of heavy metals pollution in
limicolous environment owing to the level of heavymetal accumulation
in them. Secondly, the synergistic effects of bioaccumulatedmetals, elic-
ited the production of varying concentrations of antioxidants, among
which SOD remains the frontline protective mechanism for cells. Lastly,
the RAPD-PCR established that heavy metal accumulation caused mu-
tated changes in the DNA of the earthworms.
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