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Abstract
Hydraulic fracturing (fracking) chemicals are used to maximize the extraction of hard-to-reach underground energy resources.
Large amounts of fracking fluid could escape to the surrounding environments, including underground and surface water
resources, during the chemical mixing stage of the hydraulic fracturing water cycle due to equipment failure or human error.
However, the impact of pollution resulting from operational discharges is difficult to assess in aquatic ecosystems. In this study,
pathological investigations, chromosomal aberrations, DNA damage, and biochemical and hematological parameters were used
to evaluate the effects of such chemicals on Nile tilapia. Chromosomal aberrations are considered very sensitive genetic markers
of exposure to genotoxic chemicals and are used as indicators of DNA damage. The appearance of different types of chromo-
somal aberrations (gaps and breaks) due to chemical exposure was significantly reduced by treatment with spirulina. Various
deleterious findings in Nile tilapia, in the current study, could attributed to the presence of fracking chemicals in the aquatic
environment. However, the presence of spirulina in the diet reduced the hazards of such chemicals. In addition, cytogenetic
studies in the current work revealed the importance of spirulina in ameliorating the genotoxic effects of a mixture of some
chemicals used in fracking.
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Introduction

The hydraulic fracturing (fracking) technique is widely used dur-
ing drilling to open up fissures in rock for more efficient gas and
oil production in Egypt (Egyptian Initiative for Personal Rights
2012) and worldwide (Morgan 2012). About 1 million oil/gas
wells used hydraulic fracturing fractured in the USA since the

application of this process in 1940. Many of these wells may
existed near drinking water resources, consequently, its potential
contamination by hydraulic, flowback fluids, and additives spills
might took place and reached surface and groundwater.

Hydraulic fracturing fluids are mainly formed from 98–
99.5% water and proppants (i.e., sand and ceramics) with 2–
0.5% chemical additives. These chemical additives prevent
bacterial growth and minimize friction as well as stop scale
deposits in pipes and corrosion of well casing (Chen and
Carter 2017). Exact chemical components of fracturing fluids
remain unknown because chemicals and their concentrations
are classified as confidential business information. The num-
ber of chemicals used in fracking might reach 1021 sub-
stances, of which about 250 chemicals suggested to have po-
tential toxicity to human health (Kassotis et al. 2014; Kahrilas
et al. 2015; Elliott et al. 2017). Three to 12 additive chemicals,
depending on the characteristics of the water, could adopt
typical fracture treatment and shale formation being fractured
(Gawlik et al. 2017). About 15–30 million liters of fracking
fluid is usually used for each well, of which about 150,000–
600,000 L of chemical additives are included (Elliott et al.
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2017). Most of these chemicals exhibit potential environmen-
tal hazards to humans and animals, although reliable marine
toxicity data are scarce for the majority of them. Many
chemicals used in fracking are known to be poisonous
(Morgan 2012), and others (such as formaldehyde, benzene,
and naphthalene) are carcinogens (World Health Organization
2016).

Discharges of fracking fluids polluted rivers and water re-
sources (Greg et al. 2004) and considered as a possible cause
of groundwater contamination (Chen et al. 2017). Several
routes of potential hazardous water contamination include de-
teriorating of well casings, instrument failure, surface release
of fracturing fluid spills or wastewater on-site or during
transporting fracking liquids, movement of hazardous
chemicals from fractures to shallow aquifers, outflow from
flowback pits, and unauthorized discharge of untreated waste-
water into the environment (Elliott et al. 2017). Other reports
connect these discharges to animal diseases, deaths, and
second-generation birth anomalies (Goss 2013). Moreover,
contaminants from frack chemicals to the environment are
hazardous to human health (McKenzie et al. 2012). After
fracking is performed, a portion of the pumped fluids flow
back to the ground surface; this portion is termed the
Bflowback.^ Flowback can contain naturally occurring under-
ground toxic materials, like arsenic, lead, and mercury; radio-
active elements as radium (Bamberger and Oswald 2015;
Harkness et al. 2015); and geogenic organic compounds
(Luek and Gonsior 2017). Mall (2014) and Mahmoud et al.
(2016) mentioned that fish and fish-related assays are impor-
tant for the establishment of hazard identification and risk
assessment protocols. Pathological studies on fish exposed
to many chemicals have revealed several changes that are
considered as biomarkers for marine pollution (Au 2004).
Recently, Folkerts et al. (2017) observed different clinical
changes in fish embryos exposed to flowback fluids.

Additionally, fish chromosomes are one of the most impor-
tant bio-indicators of the presence of genotoxic materials in
water (Praveen and Shadab 2012). Changes in some hemato-
logical parameters provide important clues about the health
status of fish (Mazon et al. 2002; Tavares-Dias et al. 2002;
Vutukuru et al. 2005; Višnjić-Jeftić et al. 2010).

Some plants and algae are helpful in reducing the hazards
of toxic substances (De-Bashan and Bashan 2010). In
humans, the use of Spirulina platensis improves the immune
system and decreases cancer development and viral infection
and its hot water extract activates innate immunity by enhanc-
ing interferon production and cytolysis in natural killer cells
(Hirahashi et al. 2002). In addition, it enhances nonspecific
immunity in channel catfish (Ictalurus punctatus) (Duncan
and Klesius 1996). Hironobu et al. (2006) suggested that die-
tary spirulina has immune-stimulatory effects on the innate
immune system in carp (Cyprinus carpio) and exhibits an
antioxidant effect (Haque and Gilani 2005). Spirulina is

extensively used for cleaning water polluted with different
heavy metals, petroleum hydrocarbons, pesticides, and some
estrogens from wastewater (Kurashvili et al. 2018).

Since hydraulic fracturing is widely practiced and the im-
pact of pollution resulting from operational discharges is dif-
ficult to assess in aquatic ecosystems, we aimed to simulate, in
part, changes in the water environment to determine the direct
effects of some fracking chemicals on Nile tilapia. Moreover,
we evaluated the pathological, cytogenetic, and hematological
changes in Nile tilapia and the possible beneficial effects of
Spirulina platensis on fish health status following fracking
fluid exposure.

Materials and methods

This experiment has been presented and approved by the
Department of Pathology Council, Faculty of Veterinary
Medicine, Cairo University, on 7 July 2015.

Chemicals

In this study, we used nine fracking chemicals (United States
House of Representatives. BUS House of Representative^
2011), including ethylene glycol, glutaraldehyde grade I
(25% in H2O), ammonium persulfate, xylene (histological
grade), EDTA (Sigma-Aldrich, USA), formalin (Horizon
Chemical for Special Chemicals, Alexandria, Egypt), naph-
thalene (Egypt Economic Centre, ECC), copper sulfate (El-
Gomhoria drug company, Cairo, Egypt), and commercial ben-
zene. The doses used were determined according to the 50%
lethal concentration (LC50); one-tenth of the LC50 for each
chemical was used (Table 1).

Fish

In our study, we use 60, clinically healthy, two-month-old
tilapia fish (Oreochromis niloticus), with an average body
weight of 100 g ± 5 g and known health records, from a
commercial fish farm. Fish were transported alive in a large
plastic container containing water with 5 mg/L lidocaine and
supplied with air via battery-operated aerators. Fish were kept
in an aquaria containing de-chlorinated tap water, with an
average temperature of 25 ± 3 °C and a pH of 7.17–8.19. It
were fed on a standard pelleted fish diet, containing 32%
protein (Joe Fid, Joe Trade Co., Cairo, Egypt), once per day,
at a rate of 3% body weight and kept for 1 week without any
treatment for acclimatization. Fish were divided into four
groups for each replicate, 15 fish each, in a separate aquaria.
Water in the aquaria was renewed with the calculated doses of
chemicals every 10 days to maintain the same levels of
chemicals during the 3-week experimental period.
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Spirulina

Spirulina platensis was obtained from VivaNutria GmbH,
Hohenberg, Germany, and given to the corresponding groups
as 0.5% of the pellet diet.

Experimental design

The 60 fish are divided into four groups of 15 fish each and
designated as follows: the control group (C) fed the standard
diet and kept without any treatment, the fracking chemical
group (FC) (see Table 1) fed standard diet and exposed to
chemicals added to the water. In addition, the fracking chem-
ical and spirulina (FC+SP) groups were exposed to chemicals
and fed a standard diet with spirulina; and the spirulina (SP)
group fed standard diet containing spirulina, without chemical
exposure. During the experimental study, we recorded any
clinical alterations and collected deceased fish for immediate
pathological examination. At the end of experimental period,
we collected two blood samples from the caudal vein of fish in
each group. The first sample was collected into a clean, dry
tube containing 10% EDTA (Sigma-Aldrich, USA) and used
for hematological studies and the other plain one for serum
preparation and biochemical analysis.

Pathological examination

Fish were euthanized via decapitation and tissue samples in-
cluding the gills, brain, skin, muscles, intestine, liver, kidneys,
and reproductive organs were taken after 1 week and at the
end of experimental period. The tissues were immediately
fixed in 10% neutral buffered formalin, washed in tap water,
passed through an ascending series of alcohol for dehydration,
cleared with xylene, embedded in paraffin, and sectioned into
5–7-μm sections with a microtome (microTec CUT 4050,
Germany). Sections were collected on glass slides, de-
paraffinized, stained with hematoxylin and eosin (HE)
(Bancroft et al. 2012), and examined using a light microscope
(Olympus BX50, Japan). Semi-quantitative analysis of lesions
was done according to Lovasoa (2014) with modified score
values.

Chromosomal preparation

A portion of the anterior kidney, of each fish, was taken for
chromosomal preparation (Al-Sabti 1986), and kept in a solu-
tion of 0.56% KCl at 24 °C for 20–25 min, to allow proper
swelling of cells. Tissue suspension was fixed in chilled
Cornoy’s fixative (3 parts of methanol and 1 part acetic acid)
and slides were air-dried and stained for 20 min in 5%
Giemsa. One hundred well-spread metaphases present in the
prepared chromosomal slides were examined to detect differ-
ent types of chromosomal aberrations.

Comet assay (single cell gel electrophoresis, SCGE)

A comet assay was carried out on peripheral blood lympho-
cytes from each fish, isolated by centrifugation (15 min, 280g)
in a density gradient of Gradisol L (Aqua Medica, Lodz,
Poland). The concentration of cells was adjusted to 2 × 105

cells/mL of RPMI 1640 medium (Sigma Chemicals, USA)
without glutamine to produce a single-cell suspension. A
freshly prepared suspension of cells in 0.75% low-melting-
point agarose (Sigma Chemicals, USA) dissolved in
phosphate-buffered saline (PBS, Sigma Chemicals, USA)
was cast onto microscope slides pre-coated with 0.5%
normal-melting-point agarose. Cells were then lysed for 1 h
at 4 °C in buffer consisting of 2.5 M NaCl, 100 mM EDTA,
1% Triton X-100, and 10 mM Tris at pH 10. After lysis, DNA
was allowed to denature for 40 min in electrophoretic solution
consisting of 300 mM NaOH and 1 mM EDTA, pH > 13.
Electrophoresis was conducted at 4 °C for 30 min with an
electric field strength of 0.73 V/cm (30 mA). The slides were
then neutralized with 0.4 M Tris, pH 7.5, stained with 2 μg/
mL ethidium bromide (Sigma Chemicals, USA), and covered
with cover slips. The slides were examined by fluorescence
microscopy at × 200 magnification (Nikon, Tokyo, Japan)
using a Cohu 4910 video camera (Cohu, Inc., San Diego,
CA, USA) equipped with a UV filter block consisting of an
excitation filter (359 nm) and a barrier filter (461 nm). The
equipment was connected to a personal computer–based im-
age analysis system, Lucia-Comet v.4.51. To quantify DNA
damage, tail length (TL) and tail moment (TM) were evaluat-
ed. TL (the length of DNA migration) is directly related to
DNA fragment size; it is presented in micrometers and was
estimated from the cell center. TM was calculated as the prod-
uct of TL and the fraction of DNA in the comet tail (Belpaeme
et al. 1998). TL was measured and specified as a class from
zero to three. Class zero indicates no tail; class one indicates a
TL < the diameter of the nucleus; class two indicates a TL
between 1× and 2× the diameter of the nucleus; and class three
indicates a TL > 2× the diameter of the nucleus.

Quantitative analysis of DNA fragmentation

Apoptotic DNA fragmentation was qualitatively analyzed by
detecting the laddering pattern of nuclear DNA as described
according to Ray et al. (1993). Briefly, liver tissues were ho-
mogenized, washed in PBS, and lysed in 0.5 mL of DNA
extraction buffer (50 mM Tris–HCl, 10 mM EDTA. 0.5%
Triton, and 100 μg/mL proteinase K, pH 8.0) overnight at
37 °C. The lysate was then incubated with 100 μg/mL
DNase-free RNase for 2 h at 37 °C, followed by three extrac-
tions of an equal volume of phenol/chloroform (1:1 v/v) and a
subsequent re-extraction with chloroform by centrifuging at
15,000 rpm for 5 min at 4 °C. The extracted DNA was pre-
cipitated in two volume of ice-cold 100% ethanol with 1/10
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volume of 3 M sodium acetate, pH 5.2 at − 20 °C for 1 h,
followed by centrifuging at 15,000 rpm for 15 min at 4 °C.
After washing with 70% ethanol, the DNA pellet was air-dried
and dissolved in 10 mM Tris–HCl/1 mM EDTA, pH 8.0. The
DNA was then electrophoresed on 1.5% agarose gel and
stained with ethidium bromide in Tris/acetate/EDTA (TAE)
buffer (pH 8.5, 2 mM EDTA, and 40 mM Tris–acetate). A
100-bp DNA ladder (Invitrogen, USA) was included as a mo-
lecular size marker and DNA fragments were visualized and
photographed by exposing the gels to ultraviolet trans-
illumination.

Hematological and biochemical analysis

Hematological parameters including packed cell volume
(PCV), hemoglobin concentration (Hb), erythrocyte count
(RBCs), total leucocyte count (TLC), and differential
leucocytic count (DLC) were done after Feldman et al.
(2000). Serum samples were used for determination of the
activities of alanine (ALT) and aspartate (AST) amino trans-
ferases, serum creatinine, serum total proteins, and serum al-
bumin. The above-mentioned serum biochemical parameters
were assayed using commercial diagnostic reagent kits sup-
plied by Bio-diagnostic Company, Egypt.

Statistical analysis

Statistical analysis was performed with SPSS software (IBM
SPSS Statistics Version 25, https:/www.ibm.com) using one-
way analysis of variance (ANOVA) followed by Duncan’s
multiple comparisons tests (Duncan and Klesius 1996) to
judge the differences between various groups and values of
P < 0.05 were considered to indicate statistical significance.

Results

Clinical observations

Fish that received only chemical mixture (FC group) showed
anorexia and signs of asphyxia, manifested by surfacing, in-
creasing opercular movement, and aggregation around the
aerator. This abnormal behavior was also noticed after chang-
ing the old water, at which times the fish were motionless and
rested at the tank bottom, with a few fish demonstrating pale
and bright whitish discoloration. In addition, three fish died
after 1 week, and another three died during the last week.
Moreover, the weight of these fish gradually decreased from
an average of 100 g ± 5 g to be with an average of 89 g ± 1.2 g
at the end of the experiment. Before death, these fish showed
sluggish movement, general darkness in color, lethargy, and
erected fins.

Fish treated with both chemicals and spirulina (FC+SP
group) showed temporary anorexia; however, on the second
day of exposure, the fish began to consume the diet with
spirulina. The fish demonstrated higher activity levels than
those exposed to the chemicals alone; two fish died shortly
before the end of experiment, with an average weight of 98 g ±
0.3 g. The water in the aquaria of the two groups receiving
spirulina with the diet showed slight greenish turbidity. The
control fish (C group) and those fed the diet containing spiru-
lina (SP group) reached an average weight of 110 g ± 6.5 g and
showed no behavioral or clinical abnormalities.

Pathological findings

Gross lesions

External examination revealed the presence of pale red discol-
oration on the fish in aquaria containing water mixed with
fracking chemicals, while the fish treated with spirulina ap-
peared similar to the controls. Upon necropsy, an enlarged,
dark-brown spleen was a constant finding in spirulina-
treated fish throughout the experimental period.

Fish exposed to fracturing chemicals for 1 week showed
subcapsular petechial and ecchymotic hemorrhages in the liv-
er with distention of the gall bladder, and after 3 weeks, the
liver was enlarged, pale, and friable. In the group treated with
both chemicals and spirulina, the liver showed few petechial
hemorrhages without hepatomegaly at the end of the
experiment.

Histopathological findings

Microscopic alterations observed in fish that died naturally
were more severe and pronounced than those observed in
sacrificed fish. Gills, kidneys, liver, spleen, gonads, and brain
tissues were the most affected tissue. Changes in branchial
tissue were variable and ranged from lamellar necrosis and
hyperplasia to mild lamellar edema. The branchial tissue of
the fish treated only with chemicals showed lamellar edema
and thrombosis in the lamellar capillaries after 1 week (Fig. 1 I
and II). In the fish treated with both chemicals and spirulina,
histopathological findings were far milder; however, capillary
thrombi still existed (Fig. 1 III and IV). After 3 weeks, the
lesions were similar to those at 1 week; lamellar hyperplasia,
necrosis, and fusion of gill lamellae were observed in both
groups exposed to chemicals, with or without spirulina (Fig.
1 Vand VI). Control fish and those treated only with spirulina
showed no obvious histopathological changes (Fig. 1 VII and
VIII).

Pathological changes in the kidneys involved excretory and
hemopoietic elements. Degenerative changes were found in
the excretory portion of the kidneys in fish treated with
chemicals. In addition, cystic dilatation of some glandular
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tissue in the area of the stannous corpuscle was observed (Fig.
2 I). Mild to moderate degenerative changes were noticed in
the epithelial lining of some renal tubules, but the glomeruli
appeared normal in the excretory portion of the kidney.

The hemopoietic tissue in the kidneys and spleen showed
variable degrees of necrosis, especially in the splenic subcap-
sular region after 1 week (Fig. 2 II). This involved sometimes
both melanomacrophage centers and/or splenic ellipsoids
(Fig. 2 III). After 3 weeks, vascular thrombosis (Fig. 2 IV)
and hemorrhages in the spleen (Fig. 2 V) were also detected.
Improvements in hemopoietic lesions were observed in the
fish treated with both chemicals and spirulina, which exhibit
no evidence of necrosis; however, small vascular thrombi
were detected (Fig. 2 VI).

In the group exposed to chemicals, the liver exhibited con-
gestion of the hepatoportal blood vessels after 1 week of ex-
posure. After 3 weeks, advanced lesions involving degenera-
tive and necrotic changes in the hepato-pancreas were a com-
mon finding. Fish exposed to both chemicals and spirulina
showed mild degenerative changes in hepatocytes but had
normal pancreatic tissue.

Examination of gonads revealed mild degenerative chang-
es with reduced numbers of spermatids in the testes of the FC
group male fish (Fig. 2 VII). Similarly, in the ovaries, different
stages of oocyte maturation were found; the cortical alveolar
stage of oocytes appeared irregular, and both vitellogenic and

mature oocytes were scarce (Fig. 2 VIII). However, few ab-
normalities in the shape of oocytes were observed in the ova-
ries of FC+SP fish.

In the brain, the main findings in fish treated with
chemicals only after 1 week included some scattered neuronal
damage, edema of glial cells and some neurons, and focal
gliosis. Mild focal and scattered neuronal necrosis, degenera-
tion, and multifocal gliosis were noticed at the end of the
experiment.

An overall summary of major pathologic lesion scores of
organs was illustrated and demonstrated in graphic form (Fig.
3).

Cytogenetic analysis

The frequencies of chromosomal aberrations induced by
fracking chemicals as estimated by cytogenetic analysis of
fish kidneys are shown in Table 2. This analysis revealed
several kinds of aberrations, such as gaps, breaks, deletions,
fragments, centromeric attenuations, and polyploidy. Our re-
sults showed that the hydraulic fracturing chemicals induced a
significant increase (P < 0.05) in the mean frequency of chro-
mosomal aberrations compared with the vehicle control. This
was especially apparent with regard to the total aberrations
(6.20 ± 0.74), breaks (1.60 ± 0.25), and centromeric attenua-
tions (1.80 ± 0.20). Gaps were also present at high frequencies

Fig. 1 Gills of O. niloticus fish. I,
lamellar edema (o); II, thrombus
formation (th) (FC group, 1
week), and III and IV (FC+SP),
mild edema and thrombus (th). V
(FC group), VI, (FC+SP group)
after 3 weeks, focal lamellar hy-
perplasia (h). VII, (SP group) and
VIII (control group), nearly nor-
mal branchial tissues (HE stain; I,
III, IV, VI × 400; II, V, VII, VIII ×
200)
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Fig. 2 I, Kidney: degenerated
renal tubules (rt) and cystic dila-
tation in corpuscle of stannous
(cs). II, spleen: diffuse area of
subcapsular necrosis (n), and III,
depletion of hemopoietic tissue
and necrosis of
melanomacrophage centers (n)
(all: FC group, 1 week). IV, spleen
with marked thrombosis in the
blood vessels (th); and V, areas of
hemorrhage (h); VI, kidney: small
thrombus (th) at the peritubular
capillaries (FC+SP group, 3
weeks); VII, testes: testicular tu-
bular degeneration (s) (FC
group); VIII, ovary: abnormal
shape of cortical alveolar stage
oocyte (ca) between perinuclear
(p) and chromatin nuclear stage
(c), (HE stain; I-II-III × 100; -IV-
V-VI-VII x200; VIII × 400)

Fig. 3 Lesion scoring in different organs (means ± SD) of the examined fishes at the end of experiment: in gills (a), (b) in kidneys, in liver (c), in spleen
(d). Score 1–5: 1 non/negligible, 2 mild, 3 moderate, 4 moderate to severe, 5 severe
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(2.40 ± 0.25) (P < 0.01) in the FC group compared with the
control group. Spirulina supplementation slightly but non-
significantly elevated the mean frequencies of chromosomal
aberrations compared with vehicle. However, compared with
fracking chemical treatment alone, co-administration of spiru-
lina with chemicals significantly decreased frequencies of ab-
errations nearly to those in the untreated group.

Analysis of DNA fragmentation

DNA fragmentation, which is considered to be a quantitative
measure of chromatin damage (McCullough et al. 2017), was
evaluated in liver tissue of all fish at various times in this
experiment. The results of DNA fragmentation analysis are
illustrated in Figs. 4 and 5, showed significant differences
between frack chemical-exposed and control groups. Fish

received diet with spirulina had a significantly lower ratio of
DNA fragmentation of hepatocytes than fracking chemical–
exposed group.

DNA damage as assessed by comet assay

In the present study, DNA damage (Table 3) was evident
in the DNA from the untreated control, spirulina-treated,
fracking chemical–treated and spirulina-treated, and
fracking chemical–treated groups. Treatment with
fracking chemicals resulted in significantly (P < 0.01)
higher levels DNA damage than control or spirulina-
containing diet treatment. In addition, DNA damage was
significantly lower (P < 0.05) in fish fed diets containing
spirulina and exposed to fracking chemicals than in fish
exposed to fracturing chemicals only (Table 3).

Table 2 Chromosomal aberrations in the kidneys at the end of experimental period

Treatment group Total aberrations
without gaps

Chromosomal breaks Centromeric attenuation Polyploidy Gaps

Fragment Deletion Break

Control 2.33 ± 0.96b 0.33 ± 0.21a 0.33 ± 0.21a 0.50 ± 0.34b 0.67 ± 0.21b 0.0 ± 0.0 0.67 ± 0.28c

Spirulina 2.40 ± 0.51b 0.40 ± 0.25a 0.80 ± 0.20a 0.60 ± 0.40a&b 0.60 ± 0.25b 0.0 ± 0.0 0.80 ± 0.2c

Frack chemicals 6.20 ± 0.74a 0.60 ± 0.25a 1.0 ± 0.32a 1.60 ± 0.25a 1.80 ± 0.20a 1.20 ± 0.74a 2.40 ± 0.25a

Frack chemicals and spirulina 2.75 ± 0.48b 0.25 ± 0.25a 1.00 ± 0.0a 0.50 ± 0.29b 1.0 ± 0.41b 0 ± 0.0 1.75 ± 0.25b

Data were expressed as mean ± S.E.; means with different superscript letters (a, b, c) are significantly different (P < 0.05)

Fig. 4 DNA fragmentation of DNA extracted from the liver after 1 and 3 weeks. a, b, c Mean values in the same column with different superscript differ
significantly (P < 0.05)
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Hematological and biochemical studies

Mean values of packed cell volume (PCV%), hemoglobin
concentration (Hb), and erythrocytic count (RBCs) were sig-
nificantly decreased (P < 0.05) in fracking chemical–exposed
fish compared with the control group (Fig. 6) with increased
MCV and decreased MCHC values. Administration of spiru-
lina to chemical-exposed fish induced improvement in
erythrogram values compared with chemical-exposed fish.

Leukopenia with lymphopenia was found in fish exposed
to fracking chemicals. However, significant increase in the
lymphocytic count was observed in fish concurrently exposed
to chemicals and spirulina in comparison with those fish ex-
posed to chemicals only (Fig. 6). Non-significant changes
were recorded in the values of neutrophilic or monocytic
count of chemical-exposed fish compared with the control
group.

Statistical analysis data of serum biochemical parameters
(P < 0.05) clarified the adverse effects of fracking chemicals
on hepatic and renal function in fish (Fig. 7). Fracking
chemical–exposed fish exhibited marked increases in the
ALT and AST activities, creatinine value, and significant de-
creases in serum total protein levels together with albumin.

Administration of spirulina to chemical-exposed fish de-
creases significantly the elevated activities of hepatic enzymes
(ALT and AST), in comparison with chemical-exposed fish
alone. Values of serum total proteins, albumin, globulins, and
creatinine were slightly improved in-group of fish supple-
mentedwith spirulina and exposed to chemical comparedwith
fish exposed to chemicals.

Discussion

Rapid expansion of gas production via drilling and the con-
siderable use of hydraulic fracturing have increased gas ex-
traction and oil resources in the USA. This increase due to the

technique of fracking has elicited strong public arguments
regarding possible ecological and human health hazards
(Wattenberg et al. 2015). Research into the magnitude of hy-
draulic fracturing practices in Egypt has shown their applica-
tion by two companies. One of these companies, Apache
(USA), operates in the East Bahariya wells in the Western
Desert. Important groundwater aquifer systems are present in
the area, on which the inhabitants and the agriculture of the
western oases depend. Agiba Petroleum (a joint venture of the
Italian company Eni, the Russian company LUKOIL, and the
International Finance Corporation (IFC)) is also using similar
technology in the BFalak^ and BDorra^ fields near the same
region. In addition, Dana Gas (UAE) began fracking in
June 2011 in the West Al Baraka-2 well near Aswan, South
Egypt, which raises fears that toxic chemicals could leak into
the Nile, threatening those living downstream (Egyptian
Initiative for Personal Rights 2012).

In our study, relatively low mortality and morbidity oc-
curred in fish exposed to fracturing chemicals, which may
be attributed to the use of only 10% of the LC50 (1/10
LC50) of each chemical of fracking components. The emaci-
ation observed might be a result of anorexia. Although the
dose used was relatively low, the pathological changes were
devastating to some fish. In practice, these chemicals are used
under massive pressure, and the possibility that they could
react with other naturally occurring elements must be consid-
ered. Fish deaths after some hydraulic fracturing chemical
spills have been reported due to environmental exposure to
fracking substances (Goss 2013). Searches for studies on the
toxicity of some fracturing chemicals, such as ammonium
persulfate, on fish, especially using doses similar to those in
our experiment, yielded no results.

Fish are considered to be a bio-indicator species of envi-
ronmental pollution, and histopathological changes in fish can
indicate exposure to many toxic substances. In the present
experiment, exposure of fish to several fracking chemicals
induced pathological lesions in different organs, especially

Fig. 5 DNA fragmentation detected with agarose gel of DNA extracted
from the liver, after 1 and 3 weeks, by DNA gel electrophoresis laddering
assay Lane 1 represents control explaining no DNA bands, 2 spirulina

explaining noDNA bands, 3 spirulina + frack chemicals explaining DNA
damage as more bands revealed, and Lane 4 represents fracfocus
chemicals group explaining DNA damage as highest bands revealed
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Fig. 6 Effect of spirulina and/or
hydraulic fracking chemicals on
hematological parameters of Nile
tilapia; PCV cell volume, Hb
(hemoglobin concentration),
RBCs(erythrocytic count), TLC
(total leukocytic count), Lymp.
(lymphocytic count) and Neut.
(neutrophil count). Values repre-
sent means ± SD

Table 3 Visual score of DNA damage in the liver of different groups after 1 and 3 weeks

Treatment group Time in weeks Number of examined cells (N 300) DNA-damaged cells (%)

Comets* Class**

0 1 2 3

Control One 16 284 12 4 0 5.3
Three 15 285 11 4 0 5

Spirulina One 17 283 12 4 1 5.7
Three 18 282 13 5 0 6

Frack chemicals One 74 226 24 26 24 24.7
Three 82 218 22 31 29 27.3

Frack chemicals + spirulina One 27 273 14 7 6 9
Three 23 277 13 6 4 7.7

**Class 0 = no tail; 1 = tail length < diameter of nucleus; 2 = tail length between 1 and twice the diameter of nucleus; and 3 = tail length > twice the
diameter of nucleus
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in the gills. Flores-Lopes and Thomaz (2011) reported as that
gills are useful for monitoring changes in the aquatic environ-
ment. Our findings agree with those of Papoulias and Velasco
(2013) who attributed gill lesions to post-fracking deleterious
effects on the branchial tissue because of the changes in water
quality, including low pH and the presence of toxic metals.

Many organic compounds and toxic chemicals are sup-
posed to have individual effects on fish or to exert effects
due to the formation of new compounds. Different chemicals
exhibit various hazards for animals including fish; for exam-
ple, benzene, mercury, and toluene induce leukemia, brain,
and kidney damage, while ethyl-benzene caused cancer

(Fermanagh Fracking Awareness Network (FFAN) 2012).
Similar alterations were obvious in our experiment; however,
cancerous lesions were not noticed, as these require extended
durations of chemical exposure. However, lamellar hyperpla-
sia is considered to be a sign of pollution in wild fish as well as
a precancerous state (Nascimento et al. 2012).

A negative impact of fracking chemicals on reproductive
tissues was reported in our study, and Elliott et al. (2017)
support these results recently. Moreover, androgenic, anti-an-
drogenic, estrogenic, and anti-estrogenic chemicals have been
found during analyses of water in the vicinity and/or in broad
areas around gas plants (Kassotis et al. 2014). Furthermore,

Fig. 7 Effect of spirulina and/or
hydraulic fracking chemicals on
some serum biochemical parame-
ters of Nile tilapia; total proteins,
albumin, globulins, creatinine,
ALT (alanine amino transferase),
and AST (aspartate amino trans-
ferase). Values represent means ±
SD
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hazards of long-term exposure to some hydraulic chemicals
were reported in mice (Kassotis et al. 2015).

The use of spirulina in our study provided substantial pro-
tection against the toxic effects of the chemicals used. This
effect manifested as reductions in the severity and distribution
of pathological lesions among all organs of fish treated with
both chemicals and spirulina, indicating increased tolerance of
the fish to the toxic substances. In this concern, marked path-
ological alterations, such as necrosis and hemorrhages in he-
mopoietic tissue, were not observed in fish treated with both
fracturing chemicals and spirulina. Abdel-Daim et al. (2013)
and Shelke and Wani (2015), who revealed the protective
effects of Spirulina platensis against some toxic materials,
support our findings.

Fish are often used to analyze harmful cytogenetic ef-
fects of chemicals due to their capacity for bioaccumula-
tion of toxic materials and their sensitivity to low doses of
mutagens (Višnjić-Jeftić et al. 2010). Cytogenetic analysis
of chromosomes can be used to assess the biological ef-
fects of any genotoxic substance on fish (Frenzilli et al.
2009). The present study demonstrated that several
fracking chemicals caused chromosomal aberrations in
the anterior kidneys of the fish, and the major structural
changes in chromosomes were gaps, breaks, deletions,
fragments, centromeric attenuations, and polyploidy. Our
results are in agreement with those of Yadav and Trivedi
(2009), who found that kidney cells of Channa punctatus
exposed to copper sulfate (a fracking chemical) for 1
week showed chromatid and chromosome breaks and
gaps. Another fracking chemical, naphthalene, has a pow-
erful oxidizing effect that persists for many years (Haque
and Gilani 2005). No cytogenetic effects are reported in
the data sheet of the National Institute of health (NIH)
(2016) based on current information regarding the toxicity
and hazards of ammonium persulfate. Our results are in
accordance with those of Tao et al. (2004), who found that
formaldehyde exposure increases levels of cytogenetic
damage in mice. The presence of chromosomal aberra-
tions is consistent with the occurrence of DNA damage
due to the accumulation of these chemicals in tissue,
which inhibits electron transport into the mitochondria.
Under such circumstances, marked reductions in the re-
spiratory chain lead to the direct transfer of electrons to
existing oxygen molecules, which results in the formation
and accumulation of reactive oxygen species (ROS) (Xu
et al. 2008). When the production of ROS exceeds the
antioxidant capacity of cells, oxidative stress arises, and
the resulting accumulation of these radicals causes cellular
DNA damage, including aberrations in base pairs
(Conklin 2000; He et al. 2017; He et al. 2018; Kassotis
et al. 2018), and peroxidative damage in the kidneys
(Martine et al. 2003). Our results are also in agreement
with the findings of Wannee and Somphong (2007), who

found that heavy metals, such as those present in fracking
chemicals, caused chromosomal aberrations and DNA
damage in fish and that the aberrations reached the
greatest frequencies after 21 days of exposure.

Studies suggested that Spirulina platensis protective effect
might due to its antioxidant activity (Haque and Gilani 2005).
Administration of antioxidants to reduce complications asso-
ciated with aging and various diseases by decreasing oxidative
stress levels has been reported (Rahman 2007). In our study,
administration of a diet containing spirulina to fish exposed to
fracturing chemicals significantly reduced the chemical-
induced chromosomal abnormalities. Spirulina contains phe-
nolic acid, tocopherol, and β-carotene (Prahalathan et al.
2006) as well as phycocyanin and polysaccharides (Ray
et al. 2007), which are known to exhibit antioxidant properties
and to neutralize ROS. Our findings are in agreement with
those of Premkumar et al. (2001), who reported antioxidant
activity of spirulina under different oxidative conditions asso-
ciated with tissue damage. Comet assays can be used to detect
DNA damage in aquatic animal cells after exposure to phys-
ical or chemical irritants (Lee and Steinert 2003; De-Andrade
et al. 2004). Our study showed statistically significant in-
creases in nuclear damage by means of a comet assay after 1
and 3 weeks of exposure to fracking chemicals. The damage
levels also tended to increase with the exposure time; similarly
to Eigenmannia virescens exposed to benzene (Buecker et al.
2006). Benzene and its metabolites can prompt clastogenic
and aneugenic effects in animal cells, generating micronuclei,
chromosomal aberrations, sister-chromatid exchanges, and
DNA strand breaks (Whysner et al. 2004). Furthermore,
Buecker et al. (2012) found that the DNA strand breaks ob-
served in a comet assay began within 48 h for 10 ppm and
within 24 h for 25 ppm benzene, persisting until 96 h. They
suggested that benzene induced mild irreparable damage in
cells at a concentration of 10 ppm, whereas at 25 ppm, obvi-
ous genotoxic effects occurred based on the increases in
comets.

A time- and dose-dependent increase in DNA damage was
observed, with significant differences among various types of
chemicals and physical materials, followed by a reduction at
the end of the exposure, which could be attributed to DNA
repair (Frenzilli and Lyons 2013).

It is worth mentioning that the present pathological and
cytogenetic data were difficult to verify with previous reports,
since few reports describe the toxic effects of exposure to
some of these chemicals via multiple routes in humans and
animals National Institute of health (NIH) (2016). In addition,
the possible interactions of such chemicals under high pres-
sures with natural toxic elements present in the earth are rather
complex.

Reduction of hematologic values with increased MCVand
decreased MCHC denotes the developing of macrocytic hy-
pochromic anemia. This anemia may be due to erythropoietic
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and osmoregulatory dysfunction or to an increased rate of
erythrocyte destruction in hematopoietic organs (Yesudass
et al. 2014). It may be due also to the oxidative effects of
copper sulfate and formalin (fracturing chemicals) on erythro-
cytes (Vutukuru et al. 2005). Depletion of hematopoietic tis-
sue in kidneys and spleen confirms these findings found dur-
ing histopathological examination. Our results are consistent
with Singh et al. (2008), who reported that copper induced
significant decreases in Hb, RBCs, and PCV values of fish.
It agreed also with Srivastava et al. (2009), who found signif-
icant decreases in RBCs, Hb, PCV, MCHC, and MCH values
in catfish (Heteropneustes fossilis) exposed to formalin. The
observed leukopenia with lymphopenia reflects the immuno-
suppressive effect of hydraulic fracking chemicals (Mazon
et al. 2002). Tavares-Dias et al. (2002) reported the occurrence
of lymphopenia in Piaractus mesopotamicus fish exposed to
copper.

Statistical analysis of serum biochemical parameters clari-
fied the adverse effects of hydraulic fracking chemicals on
hepatic and renal function of fish. Fish exposed to fracturing
chemicals exhibited marked increase in ALT and AST
activities and creatinine value, with significant decreases in
serum total proteins and albumin concentration. Increased
activities of hepatotoxic biomarker enzymes, ALT and AST,
are correlated with leakage of these specific enzymes from
damaged hepatocytes into the blood, reflecting its disruption
via fracking chemicals. Our results are in accordance with
Girish and Bijoy (2014) who recorded marked increases in
the activity of the ALT and AST in fish exposed to copper.
Increase of creatinine level may referred to renal damage in-
duced by the chemical as evidenced by histopathological find-
ing in our study. The recorded hypoproteinemia reflects the
hepato-renal dysfunction induced by fracking chemicals. Roja
et al. (2013) found significant hypoproteinemia in common
carp exposed to a sub-lethal concentration of copper sulfate (2
mg/L). Co-administration of spirulina to fish exposed to
fracking chemicals reduced the altered hematological and bio-
chemical parameters in comparison with values of fish ex-
posed to chemicals alone. These may be due to the presence
of active components in spirulina, B-carotene, linolenic acid,
vitamins (C and E), and selenium, which provoke the activity
of free radical scavenging processes (Adel et al. 2016).

Conclusion

The results of the present work indicate that some hydraulic
fracturing chemicals have the potential to induce irreversible
pathological and cytogenetic changes in fish. Previous studies
on some of these chemicals have shownminor changes; there-
fore, the end metabolic products of chemicals mixture could
lead to the development of serious changes in aquatic animals
and possibly humans. In addition, blood examination can

provide clues to evaluate possible chemical pollutants in spe-
cific region. Moreover, this study supports the disadvantages
of the use of such chemicals, showing evidence that they exert
harmful toxic and genotoxic effects in aquatic animals and
most likely in humans. In addition, the results suggest that
Spirulina platensis has the potential to repair and/or reduce
pathological lesions and chromosomal aberrations and to de-
crease DNA damage in fish. The use of spirulina, as an agent
to reduce environmental hazards in areas where some fracking
chemicals are used, has to be considered.
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