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ARTICLE INFO ABSTRACT

Article History Many populations of amphibians are facing remarkable decline
Received:25/1/2021 throughout the world. The reason for the decline is a direct response to habitat
Accepted:7/3/2021  destruction and pollution including heavy metals. The blood of the toad is
vascular and very plastic tissue. In fact, a variation of several hematological

Keywords: parameters in response to natural changes in the environment has been widely
Sclerophrys described previously. Since hematological parameters are influenced by a
regularis, variety of environmental stressors, they have the potential to be used as
biomarker, biomarkers of aquatic pollution. Heavy metals are difficult to remove from the
ecosystem, environment and cannot be degraded biologically. The current study assessed

the impact of some heavy metals on hematological and serological parameters
in the Egyptian toad (Sclerophrys regularis) from two different localities
(North Giza and El Wahat regions). The current results have revealed a
reduction in the means of RBCs, hemoglobin, and hematocrit values in
addition to a remarkable increase in WBCs. In addition, the major serological
parameters including protein, albumin, AST, and ALT were also altered in
parallel with the deterioration that occurred between the two investigated
regions. The present findings have revealed and confirmed that the Abu
Rawash area is more impacted compared to El Bawiti.

hematology,
biochemistry

INTRODUCTION

Amphibians play a pivotal role in properly functioning ecosystems, sharing in
nutrient cycling, bio duration, energy flow, food webs, and other ecosystem dynamics
(Hocking and Babbitt, 2014; Cortés-Gomez et al., 2015). Indeed, these animals provide
additional ecosystem services valuable to humans, such as regulating pests, serving as a food
source, functioning as models for medical research, and giving enjoyment and intangible
contributions that vary across cultures (Warkentin et al., 2009). Amphibians, a unique group
of vertebrates containing over 7000 known species, are threatened worldwide and the number
of extinct and threatened species will probably continue to rise around the world (Pounds et
al., 1997; Stuart et al., 2004). There is little evidence for a single factor causing this decline,
but multiple factors as increased ultraviolet radiation, fungal and bacterial epidemics,
droughts, acid precipitation, climate changes, habitat destruction and fragmentation, exotic
species, heavy metals, acid rain, pesticides, fertilizers can act together to cause mortality or
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sublethal effects. Severe environmental degradation is a logical reason responsible for
declining (Blaustein and Johnson, 2003). Because of their central place in the food chain
(being both prey and predator), amphibians often utilize both terrestrial and aquatic habitats
and can have very different feeding ecologies at different stages of their life. Accordingly,
they are considered excellent bioindicators of environmental health (Tejedo, 2003; Said,
2013). The most important family of the class Amphibia is the Bufonidae, which is
distributed in all parts of the world except for Antarctica due to their wide distribution,
bufonids are frequently used as model organisms in experimental biology studies. The genus
Sclerophrys (previously part of the genus Bufo) is a widespread and well-known bufonid
including the African Common Toad. Recently, the name Sclerophrys regularis (Reuss,
1833) was applied (Borkin and Litvinchuk, 2013; Ohler and Dubois, 2016).

The African common is distributed across a wide geographic range and is abundant,
found in both moist and dry savanna, forest margins, Oases, montane grassland, and
agricultural habitats. Sclerophrys regularis have moist, permeable skin and unshelled eggs
that are directly exposed to soil, water and sunlight, and that can readily absorb toxic
substances such as chemical pollution including heavy metals (Donnelly and Crump, 1998).
Heavy metals represent a major environmental problem of increasing concern and their
monitoring has received significant attention in the field and under laboratory conditions
(Osman et al., 2010). Because of their high degree of toxicity, some heavy metals are of
public health significance. These metallic elements are considered systemic toxicants that are
known to induce multiple organ damage, even at lower levels of exposure(Tchounwou et al.,
2012). Heavy metals can be taken up into toads either from ingestion of contaminated food
via the alimentary tract or through the gills and skin (Fazio et al., 2014). Effectively, after the
absorption, metals in toads are then transported through the blood stream to the organs and
tissues where they are accumulated (Krishnani et al., 2003; Dupuy et al., 2015). In general,
metals can be categorized as biologically essential and non-essential. The nonessential metals
(e.g., cadmium (Cd) and lead (Pb) have no proven biological function (also called xenobiotic
or foreign elements), and their toxicity rises with increasing concentrations (Birungi et al.,
2007). Essential metals (e.g., chromium (Cr), and iron (Fe), manganese (MN)) on the other
hand, have a known important biological role (Vinodhini and Narayanan, 2008) and toxicity
occurs either at metabolic deficiencies or at high concentrations. The Impact of pollutants,
particularly heavy metals on the blood parameters of many aquatic faunas including
amphibian have received global attention. Recently, haematological variables have become
promising biomarkers in measuring the effects of pollution, because blood parameters
respond to low doses of pollutants. Blood parameters are important in diagnosing the
structural and functional status of animals exposed to environmental pollutants. This study
was conducted to investigate of the hemotoxic effect of some heavy metals using haemato-
serological parameters of Egyptian toad Sclerophrys regularis as biomarkers responses for
heavy metals impact.

MATERIALS AND METHODS

Study Area:

Two areas were selected (Fig. 1) for the current study (1) Abu Rawash area, located
about 8 kilometers north of Giza, Egypt. This area receives a variety of pollutants from the
point and non-point sources including municipal wastes, fertilizers, chemical wastes, in
addition to the wastewater treatment plants. (2) El Bawiti area, northern Bahariya Oases,
western desert, Egypt. The Bahariya Oases (EI Wahat) located in the mid of the western
desert at about 370 km to the southwest of Cairo. On the other hand, springs and wells are the
main two-groundwater resources of water there. The Egyptian toad Sclerophrys regularis
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(Reuss, 1833) a species of toad in the family: Bufonidae, Order: Anura was selected as study
animals.

Navy, NGA. GEBCO, Imagery ©2021 TerraMetrics, Map data ©2021 Mapa GiSrael  Egypt  Terms  Send feedback 100 kM b

Fig. 1: Map showing the two studied regions, site 1 (Abu Rawash) and site 2 (EI-Bawiti).

Sampling:

The sampling protocol starts during the breeding season of Scleropherus regularis.
Toads were collected around 2 km from each site. For metal analysis, water samples were
collected by acid-washed polyvinyl chloride Van Dorn bottle. Total Fe, Pb, Cd and Cr were
measured after digestion using Graphite Furnace AA (GFAA) spectroscopy. Soil samples
were transported in clean plastic pages. For the digestion of soil samples, 1 gram sieved
sediment is digested with repeated addition of nitric acid and hydrogen peroxide according to
(Jackwerth and Wirfels, 1994). For metal analysis in tissue, the liver was selected. One gram
of toad liver is digested by means of a microwave after the addition of nitric acid and
hydrogen peroxide as mentioned above. The metal concentration was calculated in pg/g wet
weight for tissue, pg/g for sediment and pg/l for water. Some physicochemical parameters
including water pH, electrical conductivity of the water (uS/cm), Total solids (TS) (mg/dl),

Sulfate (SO4) (mg/dl), phosphate (PO437) (mg/dl), ammonia (NH3) (mg/dl), Nitrate (NO3)

(mg/dl), Alkalinity (mg/dl) and Soil pH were measured. Water pH and electrical conductivity
of the water (uS/cm) were measured routinely using a water checker, soil pH according to
(Alban and Kellogg, 1959) and the rest of the parameters were measured according to the
traditional manual methods (APHA, 2005).

Hematological Analysis:

Blood samples were collected from the heart ventricle of individuals. Blood was
collected using syringes in test tubes containing 1 mg of the anticoagulant for CBC count, for
biochemical analysis blood was centrifuged. Red blood cells and white blood cells were
counted manually using a hemocytometer (Shah and Altindag, 2005). Red blood cells
(RBCs) were counted in duplicate in an improved Neubauer chamber, after a 1:200 dilution
of entire blood in Natt and Herrick’s Solution (Natt and Herrick, 1952). Hemoglobin (Hb)
concentrations were determined by the cyanmethemoglobin method using a 1:200 dilution of
entire blood in Drabkin’s solution (Drabkin and Austin, 1935).To estimate hematocrit or
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packed cell volume (PCV), blood was collected in heparinized capillary tubes that were
centrifuged at 10,000 g for 5 min. Mean corpuscular volume (MCV), which represents an
estimate of RBCs’ volume, was calculated as:

MCV (fL)= (PCV (L/L)/RBC (1012cells/L)

Mean corpuscular haemoglobin (MCH), the average concentration of Hb per RBC, was
calculated as: MCH (pg)= [Hb (g/dL) x10]/RBC (1012cells/L).

Serological Analysis:

Biochemical analysis was done on serum samples in both Giza and El Wahat group
toad by collecting the blood in small glass tubes and put in a centrifuge at 2000 rounds per
minute to obtain the serum. Biochemical parameters were analyzed for total protein, albumin,
bilirubin alanine aminotransferase (ALT), aspartic aminotransferase (AST) and creatinine.
Colorimetric determinations of the selected biochemical parameters were performed using a
spectrophotometer (Jasco-V530). The absorbency of the detected sample was examined at an
appropriate wavelength ranging from 340 to 546 nm according to the parameter tested.
Commercial diagnostic kits from Bio-Merieux chemicals were used. Serum total protein
(g/dl), albumin(mg/dl), and bilirubin(mg/dl) was determined using a biuret test according to
(Henry et al., 1974). Serum creatinine (mg/dl) was estimated according to the method of
(Friedewald et al., 1972). Activities of alanine aminotransferase (ALT, U/l) and aspartate
aminotransferase (AST, U/l) were determined calorimetrically according to (Reitman and
Frankel, 1957). All data were processed as five replicates for each variable and tabulated as
Mean + Standard Deviation. The statistical package SPSS (v20) software was used to process
the current data. Probability values <0.05 and <0.01 were defined as significant throughout
the current work. However, the values > 0.05 were considered non-significant. Probability
values between 0.05 and 0.01 (both are included) were evaluated as significant.

RESULTS

Physicochemical Parameters and Heavy Metals Distribution:

The selected physicochemical parameters of the two investigated sites are presented
in (Table 1). The mean value of water and soil pH sampled from Abu Rawash (Giza) were
slightly acidic than that of EI Bawiti (EI-Wahat Oases). Contrarily, the rest of the parameters,
namely conductivity, total solids, sulfate, phosphate, ammonia, nitrate, and alkalinity are
higher at Abu Rawash (Giza) than ElI Bawiti (EI-Wahat Oases). Regarding the mean
concentrations of heavy metals in water, Iron (Fe) exhibited tremendous concentration in
water sampled from EI-Wahat Oases (515.14+120.43) when compared to Giza
(314.05+101.75). Also, the mean value of manganese of Abu Rawash (11.23+1.86) was
twice that of EI Bawiti (5.86+£2.14). The rest of the heavy metals were higher incomparable
values (Table 1). To verify the presence of significant differences (or not) between these
means, the statistical T-test was applied (Table 2). The mean values of water pH,
conductivity, total solid differed significantly between the two investigated regions (p<0.05).
In addition, the mean values of phosphate, ammonia, nitrate and alkalinity of water gave a
higher level of different significance (p<0.01). The distribution of heavy metals in the water
of two areas (Table 2) showed remarkable variations of differed means in the terms of Fe
(p=0.02), Mn(p=0.003), Cd(p=0.04), and Cr(p=0.03). The means of the concentration of the
five heavy metals in soil are presented in (Table 3). As well as water, heavy metals
concentration in soil was higher at site 1 in comparison to the second site. The highest mean
was Fe (2122.81+£722.63) at Abu Rawash and (2104.64+639.28) at El Bawiti. Other metals
exhibited sharp differences between the two sites. The T-test (Table 4) has clarified these
differences, whereas all means of heave metals differed significantly between the two sites
(0.05>p<0.01). Also, the five metals were assessed in the liver (Table 3) and were in
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accordance with their concentrations in habitat (water — soil) and ranked as Fe> Mn >Pb>
Cd> Cr at both sites. On the other hand, the T-test following Levene's Test for Equality of
Variances has indicated the presence of different levels of significance (Table 4) between the
means of liver-accumulated metals when the two sites compared each other (0.05>p<0.01).

Table 1: Means £SD of water physicochemical parameters and soil pH at the investigated

sites.

Parameters (unit) El Giza El Wahat
Water pH 6.3620.56 7.17 +£0.30
Conductivity (uS/cm) 0.99+0.46 0.40 +0.54
Total solids (mg/l) 589.40 £136.72 233.40 £14.92
SO4(mg/l) 40.92+1.46 31.88+11.05
(PO:_] (mg/l) 6.27+1.35 3.34+0.48
NHs (mg/l) 11.30£2.58 0.46 £0.12
NOs (mg/l) 3.09+1.17 0.84 +£0.95
Alkalinity (mg/l) 148.00 +22.82 86.36 +9.74
Soil pH 6.67+0.57 7.05 +0.45
Fe (ug/l) 515.14+120.43 314.05+101.75
Mn (ug/l) 11.23+1.86 5.86x2.14
Pb (ng/l) 0.28+0.37 0.15+0.25
Cd (pg/l) 0.784+0.56 0.170+0.16
Cr (ug/l) 0.274+0.22 0.012+0.00

Table 2: T-test showing for the means of water physicochemical parameters and soil pH
between the two investigated sites.

Levene's Test for Equality of Variances 95% Confidence
Interval of the
Difference
F Sig. 1 df Sig. | Lower Upper
Water pH EVA 265 |.142 | -2.80 8 023 | -147 -.14
EVNA -2.80 | 617 | 030 | -150 -.10
Conductivity | EVA 466 |.063| 284 8 022 A1 1.07
EVNA 284 | 410 | 045 01 1.17
Total sohids EVA 923 |.016| 578 8 000 | 21416 497.83
EVNA 578 | 409 | 004 |186.78 52521
504 EVA 3.12 [.115 97 8 357 | -12.27 30.35
EVNA 97 676 | 362 |-12.97 31.05
(PO 3_) EVA 6.66 |.033 | 454 8 002 1.44 442
4 EVNA 454 | 501 | .006 1.27 4.59
NHs EVA 2421 (.001 [ 5.37 8 .000 8.17 13.50
EVNA 537 | 402 | .001 7.63 14.04
NOs EVA 469 |.062 | 427 8 003 1.03 3.46
EVNA 427 | 405 | 013 N 3.70
Alkalinity EVA 8.01 | .022) 5.55 8 001 | 36.04 87.23
EVNA 555 | 541 | 002 | 3374 85953
Soil pH EVA .04 ] 831 -1.15 8 283 | -1.13 38
EVNA -1.15 | 762 | 285 | -1.14 38
Fe EVA 17 | 691 | 285 8 021 | 3849 363.68
EVNA 285 | 778 | 022 [ 37.70 364.47
Mn EVA .03 | .855| 422 8 .003 243 8.30
EVNA 422 | 7.84 | 003 242 8.31
Pb EVA 995 1.013| 158 8 152 -.12 66
EVNA 1.58 | 4.03 [ .188 -2 74
Cd EVA 999 |.013 | 231 8 .049 00 122
EVNA 2531 | 465 | 072 -.00 13
Cr EVA 3644 | .000 | 2.58 8 .033 02 49
EVNA 258 | 400 | 061 -01 54
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Table 3: Means + SD of heavy metals concentrations of soil and liver of toads from the two
investigated sites.

Soil Liver
Heavy metals (unit) El Giza El Wahat El Giza El Wahat
Fe (ug/g) 6784.23=1285.21 505.14=151.91 2122.81£722.63 | 2104.64+639.28
Mn (ug/g) 93.01+34.86 12.62+2.83 66.02=17.05 3.66+8.23
Pb (ug/g) 7.67+1.28 0.12+0.08 9.13%1.12 1.43+0.25
Cd (ng/g) 1.02+0.49 0.27+0.35 4.54+1.42 1.20+0.39
Cr (ug/g) 6.11=0.80 0.59+0.31 3.02+1.52 0.97+0.42

Table 4: T-test showing for the means of heavy metals concentrations in soil and liver of
Sclerophrys regularis between the two investigated sites.

95% Confidence
Levene's Test for Equality of Variances Interval of the
Difference
F Sig. t df Sig Lower Upper
Fe soil EVA 4.91 .05 10.84 8 000 4944.03 7614.14
EVNA 10.84 [4.11] .000 4688.75 7869.42
Mn soil EVA 5.62 .04 5.13 8 001 44.31 116.46
EVNA 5.13 4.05| .007 37.17 123.60
Pb soil EVA 16.88 | .00 13.13 8 000 6.22 8.88
EVNA 13.13 [4.03]| .000 5.96 9.14
Cd soil EVA .36 56 2.75 8 025 12 1.37
EVNA 2.75 7.21| .028 .10 1.39
Cr soil EVA 3.77 .08 14.28 8 000 4.62 6.40
EVNA 1428 [5.17] .000 4.53 6.49
Fe liver EVA 76 40 .04 8 967 -976.81 1013.17
EVNA .04 7.88 | .967 -979.39 1015.75
Mn liver EVA 15.30 | .00 3.34 8 010 8.82 47.89
EVNA 3.34 5.76 | .016 7.43 49.28
Pb liver EVA 2.80 13 14.97 8 000 6.51 8.88
EVNA 1497 [4.42] .000 6.32 9.07
Cd liver EVA 14.23 | .00 5.06 8 001 1.82 4.86
EVNA 506 |4.60] .005 1.60 5.08
Cr liver EVA 0.34 01 2.89 8 020 41 3.67
EVNA 2.89 [4.62] .037 18 3.91

Hemato—-Serology Investigations:

The means of some hematological and serological parameters were tabulated (Table
5). The scored mean of erythrocytes of the amphibian Sclerophrys regularis inhabiting El
Wahat (5.09+077) x10%yul is almost twice their count at El Giza (3.15+.594) x10%/pl. in
parallel, the means of hemoglobin, hematocrit, mean cell hemoglobin and mean cell volume
are higher in the blood of animals of ElI Wahat than those of El Giza. Furthermore, the
immune indication, namely white blood cells WBCs increased dramatically in the blood of
toads collected from Abu Rawash (7620.00£618.06) in contrast to the scored means
(3700.00£651.92) from EIl Bawiti toads. In addition, the biochemical parameters including
total protein, albumin, bilirubin, AST, ALT and creatinine were compared between the two
sites (Table 5). Total protein was slightly lower at site 1 (4.54+1.07) compared to the second
one (5.99+.22). AST and ALT recorded huge values at site 1 in contrast to the second site.
Taking into account the tabulated results of the T-test (Table 6), except for MCH and
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creatine, the hematological and serological parameters differ significantly between the two
assessed regions (0.05>p=<0.01).

Table 5: Means + SD of haemato-serological parameters of Sclerophrys regularis collected
from the investigated sites.

Parameter (unit) El Giza El Wahat
RBCs (x<10%ul) 3.15+.594 5.09£077
Hb (g/dl) 9.39+.62 14.59+1.83
HCT (%) 27.85=1.80 46.88+1.73
MCH (pg/cell) 88.762.12 90.14+.86
MCV (fL) 27.80=1.94 32.37£2.12
WBCs (>10%/ul) 7620.00=618.06 3700.00+£651.92
Protein (g/dl) 4.54+1.07 5.99+.22
Albumin (g/dl) 1.92+.20 2.20x.41
Bilirubin(g/dl) .61+.08 A2+.09
AST (U/T) 48.84+4.11 13.80+2.16
ALT (U/T) 43.30+£2.69 12.00+2 .44
Creatinine (mg/dl) A4+.13 A40+£.07

Table 6: T-test showing for the means of haemato-serological parameters of Sclerophrys

regularis between the two investigated sites.

959% Confidence
Levene's Test for Equality of Variances Interval of the
Difference
F Sig. t df Sig Lower Upper
RBCs EVA .16 .69 -4.43 8 .00 -2.94 -.93
EVNA -4.43 | 7.50 | .00 -2.95 -.91
Hb EVA 2.05 19 -6.01 8 .000 -7.19 -3.20
EVNA -6.01 | 4.92 | .00 -7.43 -2.96
Hert EVA .00 98 |-17.00| 8 .00 -21.60 -16.44
EVNA -17.00| 7.98 | .00 -21.60 -16.44
MCH EVA 3.26 .10 -1.34 8 21 -3.74 .98
EVNA -1.34 | 5.28 | .23 -3.97 1.21
MCV EVA .30 .59 -3.55 8 .00 -7.54 -1.60
EVNA -3.55 1794 | .00 -7.54 -1.60
WBCs EVA .18 .67 9.75 8 .00 2993.57 4846.47
EVNA 9.75 | 7.97 | .00 2093.11 4846.41
AST EVA 1.67 23 16.85 8 .00 30.25 39.84
EVNA 16.85 | 6.06 | .00 29.97 40.12
ALT EVA 12 13 19.20 8 .00 27.54 35.06
EVNA 19.20 | 7.92 | .00 27.53 35.06
Albumin |EVA 7.10 .02 -1.37 8 .20 -.76 .19
EVNA -1.37 | 5.89 | .21 -.80 22
Bilirubin |EVA .00 .95 3.18 8 .01 .05 .32
EVNA 3.18 | 791 | .01 .05 32
Protein EVA 8.40 .02 -2.94 8 .01 -2.58 -.31
EVNA -2.94 | 435 ] .03 -2.77 -.12
Creatinine | EVA 95 .35 .61 8 55 -.11 .19
EVNA .61 | 6.36 | .55 -.12 .20
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DISCUSSION

Amphibian declines may ultimately cause secondary impacts on ecosystems as
amphibians are both predator and prey and therefore play a key role in energy flow and
nutrient cycling (Campbell Grant et al., 2016). Globally, biomonitoring constitutes a
valuable assessment tool to provide critical up-to-date information on the status and health of
amphibians worldwide(Brodeur et al., 2020). Most environmental pollutants are threatening
initially human and environmental health but also the integrity and function of ecosystems.
As a sequence of increasing human activities, chemical pollution increased and adversely
affected terrestrial and aquatic environments. Six major threats have been traditionally
linked to amphibian declines: habitat loss and fragmentation, commercial overexploitation,
introduced species, environmental contaminants, global climate change, and emerging
infectious diseases (Bishop et al., 2012). Recent evidence however suggests that the causes of
the amphibian declines are probably more variable and locally-driven than previously
assumed (Campbell Grant et al., 2016). It is well known that many heavy metals pose toxic
and carcinogenic effects in humans and animals (Sharma et al., 2014). Most often highest
concentrations of heavy metals are found in the site of detoxification liver (Javed and
Usmani, 2011) and can potentially accumulate in higher amounts responding to their
environmental distribution (Said, 2013; Said et al., 2015; Said et al., 2016; Said et al., 2017,
Osman et al., 2018). Even at very low concentration heavy metals (Cu, Ni, Fe, Co, Mn, Cr,
Zn, Hg, Cd, Pb) induce changes in morphology, physiological and biochemical indices in
fish. Such effects besides including decrease in immunity (Mikrjakov et al., 2001), affect
carbohydrate metabolism and biochemical parameters (Bhatkar et al., 2004), alteration in
hematological indices(Javed and Usmani, 2015) . The capability of Abu Rawash wastewater
treatment plant in Cairo is 1.2 million m® /day, which does not meet the legal requirements.
consequently, excess sewage amounts are discharged without treatment causing water
pollution in drains (El-fakharany, 2020). The groundwater resources in the Bahariya Oases
are the dominant water resource for all purposes. The average TDS content determined in
aquifer waters from Bahariya Oases was 286 mg/l (Sharaky and Abdoun, 2020). Also, they
recorded the electric conductivity range of groundwater in the ranges between 0.21 and 2.24
dS/m with an average value of 0.48 dS/m. (Sharaky and Abdoun, 2020) attributed water
acidity in El Wahat to the dissociation of H2.CO3 formed from the dissolution of CO>. Nitrate
and phosphate are the major nutrients in ecosystems, but their higher amounts cause the
growth of algal blooms (Eutrophication). The phenomenon of eutrophication alters aquatic
ecosystems at all trophic levels. Moreover, acidity plays a direct role in the environment,
where the chelated pollutants such as metals are release as water acidity (pH) increase. The
current data of Fe and Mn in water (Table 1) of El Wahat are higher than those of (Sharaky
and Abdoun, 2020) for the same region (1.34 ppm to 2.26ppm) and (0.27 ppm to — 0.71 ppm)
respectively. It has been stated that the elevated iron may damage the irrigation system (FAO,
2017).The mean values of the electric conductivity, TDS, and water pH of El Wahat are still
in the recommended ranges for drinking water by the World Health Organization in
2011(WHO, 2011). To some extent, it can be said that El Wahat area is still virgin with slight
human impact in comparison with Abu Rawash.

Due to their toxicity and accumulation, heavy metals have gained great ecological
consideration (Burridge, 1978). One of the presumptions concerning the bioaccumulation of
metals in amphibians is that the only significant route of metal uptake for terrestrial stage
individuals is through diet and gaseous absorption of volatilized metals (Linder and
Grillitsch, 2000). In some respects this assumption makes sense, metals tend to bind tightly to
soil constituents and the skin of every vertebrate is a specialized barrier that only selectively
allows the transfer of elements and compounds from one side to the other (Bryer, 2008). On
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the other hand, (Gill and Epple, 1993) concluded that heavy metals potentially posed anemia
due to impaired erythropoiesis as the alter hematopoietic centers (kidney /spleen). Also, the
previous study (Said et al., 2016) on Amietophrynus regularis exposed to lead has resulted in
a significant decrease in hemoglobin, indicating that lead could cause anemia. The observed
reduction in the RBCs count, hemoglobin and hematocrit values may be attributed to the
decreased rate of production of red blood cells or an increased loss of these cells(Said et al.,
2016). On the other hand, the observed deterioration in biochemical parameters such as
protein, albumin, bilirubin could be attributed to the change in the water quality particularly
at Abu Rawash as a result of the discharged effluents from different sources. The decrease in
total protein may be due to the inhibition of RNA synthesis that controls protein metabolism
(Thoker, 2015).Protein, alanine aminotransferase (ALT) and aspartic aminotransferase (AST)
were altered in the blood of fish exposed to copper nanoparticles and penconazole (Osman,
2019). Increased levels of ALT and AST indicate an adaptive response to the leakage of these
enzymes into the bloodstream due to the tissue accumulated metals.
Conclusion

Based on the current findings, the patterns of alteration in hematological and
serological parameters can be used as potential biomarkers for environmental biomonitoring.
This approach helps us to compare the degrees of environmental impact on associated fauna
from one extreme and to provide a database for decision-makers toward natural resources and
their sustainable use on the other extreme.

REFERENCES

Alban LA, Kellogg M. (1959). Methods of soil analysis as used in the OSC Soil Testing Laboratory.

APHA. (2005). Standard methods for the examination of water and wastewater. American Public
Health Association (APHA): Washington, DC, USA.

Bhatkar N., Vankhede G., Dhande R. (2004). Heavy metal induced biochemical alterations in the
fresh water fish Labeo rohita. Journal of Ecotoxicology & Environmental Monitoring, 14:1-7.

Birungi Z., Masola B., Zaranyika MF., Naigaga |., Marshall B. (2007). Active biomonitoring of trace
heavy metals using fish ( Oreochromis niloticus) as bioindicator species. The case of
Nakivubo wetland along Lake Victoria. Physics and Chemistry of the Earth, 32:1350.

Bishop P., Angulo A., Lewis J., Moore R., Rabb G., Moreno J.G. (2012). The Amphibian Extinction
Crisis-what will it take to put the action into the Amphibian Conservation Action Plan? SAPI
EN S Surveys and Perspectives Integrating Environment and Society.

Blaustein A.R., Johnson P.T. (2003). The complexity of deformed amphibians. Frontiers in Ecology
and the Environment, 1:87-94.

Borkin L., Litvinchuk S. (2013). Amphibians of the Palearctic: taxonomic composition. Tr Zool Inst
RAN, 317:494-541.

Brodeur J.C., Bahl M.F., Natale G.S., Poliserpi M.B. (2020). Biomarker and hematological fieldwork
with amphibians: is it necessary to sample all night? Environmental Science and Pollution
Research, 27:17152-17161.

Bryer P.J. (2008). Bioaccumulation and effects of metal contaminated soil on Great Plains toads,
Bufo cognatus. In: Texas Tech University.

Burridge J. (1978). D. Purves, trace-element contamination of the environment: Elsevier, Amsterdam,
1977, xi+ 260 pp., price Dfl. 85, US $34.75. In: Elsevier.

Campbell Grant E., Miller D., Schmidt B., Adams M., Amburgey S., Chambert T., Cruickshank S.,
Fisher R., Green D., Hossack B. (2016). Quantitative evidence for the effects of multiple
drivers on continental-scale amphibian declines. Sci Rep. In.

Cortés-Gomez A., Ruiz C., Valencia-Aguilar A., Ladle R. (2015). Ecological functions of neotropical
amphibians and reptiles: A review. Universitas Scientiarum, 20:229-245.

Donnelly M.A., Crump M.L. (1998). Potential Effects of Climate Change on Two Neotropical
Amphibian Assemblages. Climatic Change, 39:541-561.



100 Noura M. A. Khattab et al.

Drabkin D.L., Austin J.H. (1935). Spectrophotometric studies: Il. Preparations from washed blood
cells; nitric oxide hemoglobin and sulfhemoglobin. Journal of Biological Chemistry, 112:51-
65.

Dupuy C., Galland C., Pichereau V., Sanchez W., Riso R., Labonne M., Amara R., Charrier G.,
Fournier M., Laroche J. (2015). Assessment of the European flounder responses to chemical
stress in the English Channel, considering biomarkers and life history traits. Marine Pollution
Bulletin, 95:634-645.

El-fakharany Z. (2020). Impact of Groundwater Quality Status on its Sustainable Use Case study:
Northwest of Giza, Egypt.

FAO. (2017). Miscellaneous Problems : Water Quality for Agriculture. Food and Agriculture
Organization, Retrieved April 12, 2017, from www.fao.org: http://www. fao.org/ docrep/ 003/
T0234E/T0234E06.htm.

Fazio F., Piccione G., Tribulato K., Ferrantelli V., Giangrosso G., Arfuso F., Faggio C. (2014).
Bioaccumulation of heavy metals in blood and tissue of striped mullet in two Italian lakes.
Journal of aquatic animal health, 26:278-284.

Friedewald W.T., Levy R.l., Fredrickson D.S. (1972). Estimation of the Concentration of Low-
Density Lipoprotein Cholesterol in Plasma, Without Use of the Preparative Ultracentrifuge.
Clinical Chemistry, 18:499-502.

Gill T.S.., Epple A. (1993). Stress-related changes in the hematological profile of the American eel
(Anguilla rostrata). Ecotoxicology and Environmental Safety, 25:227-235.

Henry R.J., Winkelman JW., Cannon D.C. (1974). Clinical Chemistry : Principles and Technics:
Harper & Row.

Hocking D., Babbitt K. (2014). Amphibian contributions to ecosystem services. Herpetological
Conservation and Biology, 9:1-17.

Jackwerth E., Wirfels M. (1994). Der Druckaufschlu—apparative Mdglichkeiten, Probleme und
Anwendungen. In: Probennahme und Aufschlu3: Springer. p 121-138.

Javed M., Usmani N. (2011). Accumulation of heavy metals in fishes: a human health concern.
International journal of environmental sciences, 2:659.

Javed M., Usmani N. (2015). Impact of heavy metal toxicity on hematology and glycogen status of
fish: a review. Proceedings of the National Academy of Sciences, India Section B: Biological
Sciences, 85:889-900.

Krishnani K.K, Azad 1.S., Kailasam M., Thirunavukkarasu A.R., Gupta B.P., Joseph K.O.,
Muralidhar M., Abraham M. (2003). Acute toxicity of some heavy metals to Lates calcarifer
fry with a note on its histopathological manifestations. Journal of environmental science and
health Part A, Toxic/hazardous substances & environmental engineering, 38:645-655.

Linder G., Grillitsch B. (2000). Ecotoxicology of metals. Ecotoxicology of Amphibians and Reptiles
SETAC, Pensacola, FL, USA:325-459.

Mikrjakov V., Balabanova L., Zabotkina E., Lapirova T., Popov A., Silkina N. (2001). Reakcija
immunnoj systemy ryb na zagrjaznenie vody toksikantami i zakislenie sredy.(Reaction of
fishes' immune system to water acidification and pollution by toxicants.). M: Nauka 126.

Natt M.P., Herrick C.A. (1952). A new blood diluent for counting the erythrocytes and leucocytes of
the chicken. Poultry Science, 31:735-738.

Ohler A., Dubois A. (2016). The identity of the South African toad Sclerophrys capensis Tschudi,
1838 (Amphibia, Anura). Peer J. 4:e1553.

Osman A., Al-Awadhi R., Harabawy A., Mahmoud U. (2010). Evaluation of the use of protein
electrophoresis of the African catfish Clarias gariepinus (Burchell, 1822) for biomonitoring
aquatic pollution. Environmental Research Journal, 4:235-243.

Osman A.G. (2019). Haematological, Serological and Genotoxic Findings in the African Catfish
Clarias gariepinus after the Administration of Copper Nanoparticles and Penconazole. EC
Veterinary Science, 4:01-14.

Osman A.G., AbouelFadl K.Y., Abd El Baset M., Mahmoud U.M., Kloas W., Moustafa M.A. (2018).
Blood biomarkers in Nile tilapia Oreochromis niloticus niloticus and African catfish Clarias
gariepinus to evaluate water quality of the river Nile. Journal of FisheriesSciences com, 12:1-
15.


file:///C:/Users/user/Downloads/www.fao.org

The Efficiency of Sclerophrys regularis As a Bioindicator 101

Pounds J.A., Michael P.L.F., Savage J.M., Gorman G.C. (1997). Tests of null models for amphibian
declines on a tropical mountain. Conservation Biology, 11:1307-1322.

Reitman S., Frankel S. (1957). A colorimetric method for the determination of serum glutamic
oxalacetic and glutamic pyruvic transaminases. American journal of clinical pathology,
28:56-63.

Said R., Saber S., Rab A., AbouelFadl K.Y. (2015). Hepatic alteration of the Egyptian toad
Amietophrynus regularis, as biomarker to environmental deterioration. International Journal
of Environmental Monitoring and Analysis, 3:22-29.

Said R.E., Saber S.A., Osman A.G. (2016). Haemotoxic and Genotoxic Potential of Lead on the
Egyptian Toad Amietophrynus regularis. International Journal of Ecotoxicology and
Ecobiology. International Journal of Ecotoxicology and Ecobiology, 1:94-102.

Said R.E.M. (2013). Using of some amphibians as bioindicator of aquatic pollution of Egyptian river
Nile. PhD thesis Thesis, Al-Azhar university , Faculty of science, Assiut branch. Egypt, pp
284.

Said R.E.S.M., AbdAllah A.T., Mostafa M.A., EI-Shimy N.A. (2017). Efficiency of Polychaete
Nereis (Neanthes) Succinea as Biomonitor for Heavy Metals Pollution in the Red Sea, Egypt.
Advances in Bioscience and Bioengineering, 5:86-91.

Shah S.L., Altindag A. (2005). Alterations in the immunological parameters of Tench (Tinca tinca L.
1758) after acute and chronic exposure to lethal and sublethal treatments with mercury,
cadmium and lead. Turkish Journal of Veterinary and Animal Sciences, 29:1163-1168.

Sharaky A.M., Abdoun S.H. (2020). Assessment of groundwater quality in Bahariya Oasis, Western
Desert, Egypt. Environmental Earth Sciences, 79:1-14.

Sharma B., Singh S., Siddigi N.J. 2(014). Biomedical Implications of Heavy Metals Induced
Imbalances in Redox Systems. BioMed Research International, 2014:640754.

Stuart SN, Chanson J.S., Cox N.A., Young B.E., Rodrigues A.S., Fischman D.L., Waller R.W.
(2004). Status and trends of amphibian declines and extinctions worldwide. Science,
306:1783-1786.

Tchounwou P.B., Yedjou C.G., Patlolla A K., Sutton D.J. (2012). Heavy metal toxicity and the
environment. Experientia supplementum, 101:133-164.

Tejedo M. (2003). EI declive de los anfibios. La dificultad de separar las variaciones naturales del
cambio global. La conservacién de los Anfibios en Europa, 16:19-41.

Thoker M.A. (2015). Comparative study of biochemical alterations induced by carbofuran and
malathion on Channa punctatus (Bloch.). International Research Journal of Biological
Sciences, 4:61-65.

Vinodhini R., Narayanan M. (2008). Bioaccumulation of heavy metals in organs of fresh water fish
Cyprinus carpio (Common carp). International Journal of Environmental Science &
Technology, 5:179-182.

Warkentin 1.G., Bickford D., Sodhi N.S., Bradshaw C.J. (2009). Eating frogs to extinction.
Conservation Biology, 23:1056-1059.

WHO G. (2011). Guidelines for drinking-water quality. World Health Organization, 216:303-304.



