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Mortality of embryos, developmental disorders and changes in biochemical
parameters in marsh frog (Rana ridibunda) tadpoles exposed to the
water-soluble fraction of Kazakhstan crude oil and O-Xylene
Leila Rakhmetullayevna Sutuyevaa, Vance Lionel Trudeaub, and Tamara Minazhevna Shalakhmetovaa

aFaculty of Biology and Biotechnology, al-Farabi Kazakh National University, Almaty, The Republic of Kazakhstan; bDepartment of Biology,
University of Ottawa, Ottawa, ON, Canada

ABSTRACT
The effects of different concentrations of water-soluble fraction of crude oil (WSFO) from the
Zhanazhol oil field (Aktobe region, Kazakhstan) and compared to o-xylene, prevalent in this oil, on
growth and development of marsh frog (Rana ridibunda) were assessed. In subchronic experi-
ments (7 d), a dose-related increase in mortality and incidence of deformities in embryos were
observed. In chronic experiments (60 d; starting from the Gosner stage 26), a dose-dependent
decrease in body weight, size and developmental delay by 3–4 stages were also detected. In
addition, the content of lipid hyperoxide (LHO) and malondialdehyde (MDA), as well as activities
of superoxide dismutase (SOD) and catalase (CAT) enzymes in liver of the tadpoles were deter-
mined at the end of chronic experiment. Exposure to 0.5 mg/L or 1.5 mg/L WSFO elevated the
content of LHO by 76% and 86%, and MDA by 47% and 58% but decreased SOD activity by 26%
and 49%, and CAT by 35% and 46%, respectively. A less pronounced adverse effect was found
after chronic exposure to the same concentrations of o-xylene. In tadpole liver exposed to
o-xylene levels of LHO was increased by 40% and 51%, MDA by 11% and 29%, while the activity
of SOD was lowered by 18% and 41%, and CAT – by 13% and 37% in the 0.5 mg/L and 1.5 mg/L
treatment groups, respectively. Data demonstrated the embryotoxic and teratogenic effects
attributed to WSFO and o-xylene exposure which may involve oxidative stress mechanisms.
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Introduction

The increasing global demand and growth of oil pro-
duction and processing lead to increased environ-
mental pollution by associated waste (Wu et al.
2014). Kazakhstan holds approximately 2% of the
world’s oil reserves, and oil production in recent
years was approximately 18% of the GDP (Akhmadi
Invest 2016). Thus, vast territories of the country are
under development for oil and gas production.
A consequence of this process is deterioration of the
ecosystems in oil-producing regions (Askarova and
Mussagaliyeva 2014). Intensive pollution of the envir-
onment by oil and petroleum products leads to the
reduction of natural animal populations and the
decrease in biodiversity (Kolesnikov et al. 2011;
Neuparth et al. 2014). According to national ecologi-
cal reports (Unified Environmental Internet Resource
2018), the content of petroleum products in waters of

the country may be up to 36-fold higher than the
maximum permissible concentrations in water
(MPCW) (Ministry of Fisheries of the USSR 1990).
Thus, assessment of toxicity of oil is highly relevant.

There are a number of toxicological studies of oil
and petroleum products in Kazakhstan (Mahmoud,
Shalakhmetova, and Umbayev 2012; Shalakhmetova,
Mahmoud, and Umbayev 2012; Shalakhmetova et al.
2015; Shametov et al. 2015; Suvorova et al. 2015), but
most of these investigations were conducted with
either lab rodents (rats, mice) or natural rodent popu-
lations inhabiting the oil-producing regions, such as
great gerbil (Rhombomys opimus) or yellow ground
squirrel (Spermophilus fulvus). Many oil-producing
regions in Kazakhstan contain numerous rivers and
small lakes, hence these waterways may be contami-
nated by oil hydrocarbons; however little is apparently
known regarding potential impacts on aquatic ecosys-
tems. Due to their biological characteristics, such as
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semi-permeable skin and life cycle involving water
and terrestrial stages, amphibians are a convenient
model system for assessing the state of both terrestrial
and aquatic ecosystems under conditions of anthro-
pogenic transformation and pollution of the environ-
ment (ENSR International 2004; Gardner et al. 2016;
Gutleb et al. 1999). The Eurasian marsh frog (Rana
ridibunda) is a reliable target species due to its
prevalence in most areas of Kazakhstan, including
oil-producing regions (Duysebaeva et al. 2005).
R. ridibunda is an integral link in food webs, serving
as both an important predator and prey species; there-
fore, reducing the number of individuals could disrupt
the balance within the ecosystem (Johari et al. 2015).

Exposure to oil and petroleum products results in
relatively high mortality, reduced growth, and inci-
dences of various malformations in amphibians
(Sparling 2010). The effects of petroleum on early
life stages were examined previously in many anuran
amphibians species, such as African clawed frog
(Xenopus laevis), wood frog (Lithobates sylvaticus),
leopard frog (Lithobates pipiens), American green
tree frog (Hyla cinerea) and others. Naphthenic
acids, present in Oil Sands Process Affected Water
(OSPW) exhibit acute toxic effects as evidenced by
high mortality rates and significant delay in growth
and development of L. sylvaticus (Melvin and
Trudeau 2012a). Polycyclic aromatic hydrocarbon
(PAH) fluoranthene induced severe malformations
in X. laevis and L. pipiens in addition to increased
mortality frequency (Hatch and Burton, Jr. 1998).
Previous studies using R. ridibunda have investigated
the effects of monochromatic light (Ruchin and
Lobachev 2005) and heavy metals (Loumbourdis,
Kyriakopoulou-Sklavounou, and Zachariadis 1999;
Shiyan 2011). However, to our knowledge, no studies
have examined the impacts of oil or petroleum pro-
ducts on this species. Further, no other apparent
research has been conducted to determine the effects
of oil from Kazakhstan.

Amphibian larvae possess a low level of tolerance
and are susceptible to low concentrations of chemical
compounds (Gardner et al. 2018). The effect of these
substances is expressed not only in the appearance of
developmental defects but also in the modification of
a number of cytological,morphological, and biochem-
ical parameters (Falfushynska et al. 2015; Salin et al.
2012; Salvaterra et al. 2013). Melvin et al. (2013)
demonstrated that sub-lethal concentrations of

a commercial naphthenic acids preparation disrupted
normalmetabolic function (glycogen and triglycerides
storage in liver) in L. pipiens. It was also shown that
presence of petroleum products leads to morphologi-
cal deformities in tadpoles, accompanied by changes
in the functioning of the antioxidant system (Amaeze,
Onadeko, andNwosu 2014;Wu et al. 2017). Although
alterations in enzymes involved in the antioxidant
system are not a specific response to the action of
specific toxicants, the use of these biomarkers helps
to confirm the effects of anthropogenic action at the
biochemical level (Falfushinska et al. 2008; Venturino
and Pechen de D’Angelo 2005).

The aim of this study was to examine the
growth and development of R. ridibunda in con-
ditions of water polluted with oil and oil products.
Subchronic and chronic exposure to various con-
centrations of a water-soluble fraction of crude oil
were compared to the effect of o-xylene.

Materials and methods

Preparation of water-soluble fraction of oil

Preparation of water-soluble fraction of oil
(WSFO) was carried out according to Anderson
et al. (1974), taking into account the recommenda-
tions of Singer et al. (2000). Crude oil from the
Zhanazhol oil field (Aktobe region of the western
part of the Republic of Kazakhstan) was mixed
with water in a 1:9 ratio (100 ml oil per 900 ml
distilled water). The resulting mixture was placed
in a 1 L flask with a tightly closed stopper and
stirred on a magnetic stirrer in the dark for 18
h avoiding deterioration of the oil film integrity
and emulsification (Singer et al. 2000). After stir-
ring, the resulting mixture was allowed to stand at
room temperature for 6 h. Further, the water-
soluble fraction was extracted using a separatory
funnel and stored at 4оС. Before use in exposure
experiments, the water-soluble fraction was accli-
mated to room temperature (21–23°C).

The prepared WSFO was analyzed by gas chroma-
tography-mass spectrometry (GC/MS) method for
hydrocarbon content (according to Holowenko,
MacKinnon, and Fedorak 2002) (Figure 1).
Preparation ofWSFO samples for analysis was carried
out as follows: 500 ml of a sample were extracted with
50 ml of hexane using liquid-liquid extraction for 30
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min. After extraction, the organic phase was separated
using a separatory funnel, the total volume of the
extract was measured with a measuring cylinder. All
the obtained extracts of 1.5 ml were transferred to
2 ml glass vials with plastic screw caps and ultra-clean
Teflon/silicone gaskets. Next, the samples were ana-
lyzed by GC/MS. Using a microsyringe for an auto-
sampler Combi-PAL (CTC Analytics, Switzerland), 1
μl sample was injected into a gas chromatograph
coupled to the 6890N/5973N mass spectrometry
detector (Agilent, USA) in Splitless mode.
Chromatography was performed using a DB-5MS
capillary column with a length of 30 m, an inner
diameter of 0.25 mm and a film thickness of 0.25
μm. The AgilentMSDChemStation software (version
1701EA) was used to control the entire gas chromato-
graphic system and to record and process the chro-
matographic data. Data processing included the
determination of retention times, heights, and peak
areas, as well as the processing of spectral information
obtained using a mass spectrometric detector. The
Wiley 7th edition and NIST’02 libraries were used to
decipher the mass spectra obtained (the total number
of spectra in the libraries is more than 550 thousand).

The WSFO contained a total of 1.72 mg/L pet-
roleum hydrocarbons. The major component was
o-xylene (Table 1). Therefore, additional experi-
ments were conducted to determine the effects of
o-xylene alone on R. ridibunda embryos and tad-
poles. The o-xylene was purchased from Sigma–
Aldrich (Cat No. 294780).

Obtaining R. ridibunda eggs

Fifteen mature specimens of R. ridibunda (nine
males and six females) were caught in April 2017
from the river Emba (Aktobe region, the Republic
of Kazakhstan) and brought to the Ecotoxicology
Laboratory of the Faculty of Biology and
Biotechnology of the Al-Farabi Kazakh National
University. Adult males and females were placed
separately in 100 L aquaria with algae and
branches to create conditions similar to natural

Figure 1. Chromatogram of the sample of water-soluble fraction of oil from the Zhanazhol oil field.

Table 1. Proportions of the oil hydrocarbons detected in the
sample of WSFO from the Zhanazhol oil field.
Compounds Content Compounds Content

Nonane 3.0% 3,5-dimethyl-octane 2.4%
Decane 4.2% 4-methyl-hexadecane 1.6%
Dodecane 4.7% 2-ethyl-1,4-dimethyl-

benzene
3.9%

Tridecane 1.8% 1,2,4,5-tetramethyl-
benzene

2.8%

Pentadecane 2.5% n-nonylcyclohexane 5.1%
Hexadecane 1.1% Pentyl-cyclohexane 2.5%
Heptadecane 0.8% Decyl-cyclohexane 1.3%
Octadecane 0.7% 1,4-dimethyl-, cis-

cyclohexane
3.4%

Nonadecane 1.2% 1,2-dimethyl-, trans-
cyclohexane

1.4%

Eicosane 0.4% 4-ethyl- cyclohexanone 3.3%
Heneicosane 1.6% 2-propenyl-

сyclohexane
1.9%

Tetracosane 0.9% Benz(o)pyrene 9.2%
Pentacosane 1.1% o-Xylene 26.3%
Octacosane 0.8% p-Xylene 8.1%
Pentatriacontane 0.3% Mesitylene 1.0%
2,6,10,14-tetramethyl-
pentadecane

0.7%
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spawning substrate. The water temperature was
maintained at 20 ± 2°C. Frogs were fed crickets
and kept for two weeks to acclimatize before
induction of spawning.

For the production of eggs, both males and
females were injected (5 μl/g body weight) with
a mixture of a gonadotropin-releasing hormone
agonist (0.4 µg/g) and metoclopramide (10 µg/g)
according to the AMPHIPLEX method described
by Trudeau et al. (2010) except drugs were dis-
solved in saline. Adult frogs were divided into
groups of five individuals (three males and two
females) into separate aquaria (three aquaria in
total). After 2–3 d, three clutches of fertilized
eggs were obtained. For experiments on embryo-
toxicity, eggs were taken randomly from each of
the clutches and placed in Petri dishes after they
reached the Gosner stage (Gs) 8–11 (Gosner 1960).
The residual eggs were transferred into 100
L aquaria with clean dechlorinated aerated water
at 23 ± 2°C for further development. Once tad-
poles reached Gs 26, when they all began to feed
and swim independently, they were randomly
caught and allocated to 18 L aquaria (15 per
tank) filled with 15 L of dechlorinated water for
conducting a chronic experiment.

Effect of the WSFO and O-Xylene on embryonic
development

Early development of R. ridibunda was investi-
gated under the conditions of exposure of eggs to
three concentrations of WSFO or o-xylene (0.05,
0.5 or 1.5 mg/L) in separate experiments. The
concentrations for WSFO treatments were selected
according to maximum permissible concentrations
of oil hydrocarbons in water (MPCW) accepted in
the Republic of Kazakhstan (Ministry of Fisheries
of the USSR 1990). In our study, concentrations
employed were equal to the MPCW (0.05 mg/L),
and were exceeded by 10 fold (0.5 mg/L) and 30
fold (1.5 mg/L). The highest concentration was
selected as 30 fold MPCW as it was not possible
to obtain 100 fold MPCW from our WSFO sam-
ples which contained 1.72 mg/L oil hydrocarbons.
R. ridibunda embryos were divided into four
groups: control (aerated dechlorinated water),
0.05, 0.5, and 1.5 mg/L WSFO. Each group con-
sisted of 15 eggs at the Gs 8–11 stage in an 80 mm

Petri dish containing 15 ml of corresponding med-
ium: dechlorinated water (control), ethanol (sol-
vent control), WSFO or o-xylene. Four replicates
were set for each group (60 embryos in total for
each group of the experiment). Embryos in each
group were incubated at 22 ± 2°C for 7 d. The
dishes were examined every 24 hr to identify and
remove dead embryos and larvae, and replace the
water and add the appropriate concentrations of
WSFO or o-xylene. On day 7, the surviving larvae
were euthanized in a buffered solution of the MS-
222 anesthetic (Tricaine Methane Sulfonate;
Sigma–Aldrich) and fixed in formalin, and subse-
quently examined for developmental disorders
using a stereoscopic microscope (Motic DM 143,
China).

The o-xylene only exposures were conducted
the same way as the WSFO treatments except the
solvent control (ethanol, final concentration
0.005%) was used instead of water control.

Chronic exposure experiments

For the experiment, Gs 26 stage tadpoles of a similar
size capable of independent swimming and feeding
were selected which corresponds to the Gs 26 stage.
Tadpoles were exposed to control (dechlorinated
water), 0.05, 0.5, and 1.5 mg/L WSFO for 60
d. There were three replicates for each treatment
group, each containing 15 tadpoles. The tadpoles
were placed into 18 L aquaria filled with 15 L of
aerated dechlorinated water (t = 23 ± 2°C), and the
appropriate concentrations of ethanol, WSFO or
o-xylene added. The tadpoles were fed boiled lettuce
and seaweed each day, ad libitum, and feces and
food waste was removed daily. Eighty % of the
water was replaced every two days, followed by the
addition of appropriate concentrations of WSFO and
o-xylene. At the end of the experiment (60 d), tad-
poles were euthanized in a buffered solution of the
MS-222 anesthetic (Tricaine Methane Sulfonate;
Sigma–Aldrich), wet weight was measured, photo-
graphs were made using a stereoscopic microscope
(Motic DM 143, China) to measure the morpho-
metric parameters (snout-vent length (SVL) and
total body length) and liver samples were flash fro-
zen and stored at −80°C for further biochemical
analysis. In addition, the presence of morphological
abnormalities was also noted.
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Chronic effects of o-xylene on R. ridibunda tad-
poles were studied the same way as the WSFO
treatments except the solvent control (ethanol,
final concentration 0.005%) was used instead of
water control.

Assessment of biochemical indicators

For all assays, data on the liver were expressed
per mg protein. The content of lipid peroxidation
products (lipid hydroperoxides (LHO) and MDA)
was determined using the Lipid Hydroperoxide
(LPO) Assay Kit (Cat No. 437639, Merck) and
Lipid Peroxidation (MDA) Assay Kit (Cat No.
MAK085, Sigma-Aldrich). The LPO assay is
based on detection of ferric ions produced as
a result of the reaction of LHO with ferrous ions.
In this method, thiocyanate ion is used as chromo-
gen. The LHO were extracted from homogenized
liver samples with deoxygenated chloroform. For
LHO assay 500 µL chloroform extract, 450 µL
chloroform:methanol mixture and 50 µL chromo-
gen were mixed in test tubes and incubated at
room temperature for 5 min. The absorbance of
each tube was measured at 500 nm using quartz
cuvettes against chloroform:methanol mixture as
a blank. MDA assay is based on its reaction with
thiobarbituric acid (TBA). Tissue samples were
homogenized in 300 µl of the MDA Lysis Buffer
containing 3 µl of butylated hydroxytoluene, fol-
lowed by centrifugation at 13,000 g for 10 min.
TBA was added to homogenate followed by incu-
bation at 95°C for 60 min, then cooling to room
temperature on an ice bath. The absorbance was
measured colorimetrically at 532 nm.

The activity of antioxidant enzymes was deter-
mined using superoxide dismutase (SOD) Assay
Kit (Cat No. 19160, Sigma-Aldrich) and Catalase
(CAT) Assay Kit (Cat No. CAT100, Sigma-Aldrich)
. The SOD assay is based on the quantitative mea-
surement of red formazan. It is formed as a result of
the reduction of Dojindo’s highly water-soluble tet-
razolium salt (WST), which are generated by
xanthine oxidase. Fifty percent inhibition of this
system corresponds to one conventional unit of
activity of SOD. Homogenated liver samples were
centrifuged at 12000 g for 10 min. The SOD activity
was determined by adding 20 µL supernatant and 20
µL enzyme working solution to 200 µLWST solution

followed by 20 min incubation at 37°C. The absor-
bance was read at 450 nm using a microplate reader.
CAT assay method is based on the measurement of
the hydrogen peroxide substrate remaining after the
action of catalase. The reaction was initiated by add-
ing 25 µL 3% H2O2 to 20 µL liver lysate diluted in 55
µL 500 mM potassium phosphate buffer (pH 7.0)
and stopped in 5 min by adding 900 µL 15 mM
sodium azide. Then, 10 µL of the obtained aliquot
was mixed with 1 mL color reagent (150 mM potas-
sium phosphate buffer, pH 7.0, containing 0.25 mM
4-aminoantipyrine and 2 mM 3,5-dichloro-2-hydro-
xybenzenesulfonic acid). The absorbance was mea-
sured in 15 min at 520 nm.

Statistical analyses

Data were analyzed for statistical significance with
Fisher’s exact test and one-way ANOVA using
SPSS version 23 (IBM Inc., Chicago, USA), with
α set as 0.05. To compare the mortality levels in
control and experimental groups the Fisher’s exact
test was used. The morphometric measurements
(SVL, total body length), developmental stage
(Gs), and biochemical analyses results (LHO and
MDA content, and SOD and CAT activity) at the
time of sampling (day 60) Levene’s tests indicated
homogeneity of variance so the data were analyzed
using one-way ANOVA followed by Tukey’s post-
hoc test. In all tests, WSFO treatments were com-
pared to water control, whereas the o-xylene treat-
ments were compared to the solvent control. Data
on SVL, total body length, developmental stage,
LHO, and MDA content, and SOD and CAT
activity are presented as mean ± SEM.

Results

Subchronic exposure to WSFO or O-Xylene

Exposure to the increasing levels of WSFO resulted
in significantly higher mortality rate (Table 2), as
well as developmental delay (Figure 2) of larvae
compared to control and solvent control. Mortality
of embryos at the end of the experiment (168 hr)
(Table 2) in control group was 8%, whereas in
groups incubated in water containing 0.05, 0.5, and
1.5 mg/L WSFO it was 15%, 28%, and 37%, respec-
tively. Almost the same increase in embryo mortality
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Table 2. Ratio of dead and surviving R. ridibunda embryos exposed to 0 (control), 0.05 mg/L, 0.5 mg/L, and 1.5 mg/L of WSFO for
168-h post-fertilization.

Concentration (mg/L)

Duration of exposure (h)
Mortality (dead/alive ratio)

0 24 48 72 96 120 144 168

0 0/60 0/60 2/52 3/57 4/56 4/56 5/55 5/55
0.05 0/60 0/60 2/58 3/57 5/55 6/54 9/51 9/51
0.5 0/60 2/58 5/55 8/52 11/49 16/44 17/43 17/43**
1.5 0/60 3/57 6/54 12/48 17/43 22/38 22/38 22/38**

Note: significance was analyzed by Fisher’s exact test.
**p < 0.01.

Figure 2. Larvae of R. ridibunda after 7 d of exposure to WSFO or o-xylene. a and b – lateral and dorsal view of a tadpole
from the control group; c – axial curvature (1), edema (2) and eye malformation (3) in the tadpole from the group 0.05 mg/L
of the WSFO, d – axial curvature (1) and edema (2) in the tadpole from the 0.05 mg/L o-xylene group; e – eye malformation
(1), mouth malformation (2), and gut malformation (3), and visceral edema (4) in tadpole from the 0.5 mg/L WSFO group, f –
axial curvature (1), head malformation (2) in tadpoles from the 0.5 mg/L o-xylene group; g – microphthalmia (1), edema (2),
gut malformation (3) in tadpole from the 1.5 mg/L WSFO group, h – microphthalmia (1), gut malformation (2) in tadpoles
from 1.5 mg/L o-xylene group; i – a normally twisted gut in a tadpole from a control group; j – diverted gut (1), edema (2)
in the tadpole from the group 0.5 mg/L of WSFO group; k – gut uncoiling (1), edema (2) in the tadpole from the 1.5 mg/L of
WSFO group; l – gut uncoiling in a tadpole from the group 1.5 mg/L of o-xylene group. The scales indicate 1 mm.
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was observed in o-xylene-treated groups: mortality
rates were 5% in solvent control, 12% at 0.05 mg/L,
22% at 0.5 mg/L, and 30% at 1.5 mg/L (Table 3).

The effect of WSFO or o-xylene exerted a marked
teratogenic action on R. ridibunda larvae. Photos of
the larvae after 7 d of exposure toWSFO or o-xylene
are illustrated in Figure 2. Table 4 presents the num-
ber of various abnormalities observed in tadpoles
from WSFO and o-xylene treatments. By day 7 lar-
vae in 0.05 mg/L WSFO or 0.05 mg/L o-xylene
groups reached the stage Gs 23–25 and, on average,
did not differ markedly from control or solvent
control. The larvae exhibited only a few cases of
axial curvatures and small visceral edema, which is
comparable to the incidence of the same abnormal-
ities in control or solvent control (Figure 2c–d).
With an increase in concentration of toxicants
(0.5 mg/L WSFO and 1.5 mg/L o-xylene), various
developmental anomalies and morphological distur-
bances such as developmental delay, abnormal gut
coiling, axial curvature, microphthalmia, edema,
hemorrhages were noted (Figure 2e–h, j–l).

In all experimental groups, an increase in mor-
phological deformities was observed relative to
control (Table 4). In tadpoles exposed to 0.5 mg/
L WSFO, abnormalities such as axial curvature,

diverted guts, and gut uncoiling accompanied by
visceral edema, occurred most frequently (Table
4). In addition, there were various disorders in
the development of the head including microce-
phaly and eye and mouth malformations. In the
1.5 mg/L group, 47% of surviving tadpoles experi-
enced delayed development, reaching only Gs
17–19 by day 7(Figure 4c). In this as well as the
0.5 mg/L group, common disorders included axial
curvature, gut malformations, and edema, but the
incidence of these alterations was higher (74%,
54%, and 52%, respectively) (Table 4). When
exposed to o-xylene developmental delay and
axial curvatures were also often detected in tad-
poles. In groups exposed to o-xylene concentra-
tions of 0.5 mg/L and 1.5 mg/L, the incidence of
gut uncoiling and edema was the highest (39% and
42%, respectively) (Table 4).

Chronic effects of WSFO or O-Xylene

In contrast to the subchronic experiment, there
was no significant difference in survival rate
between control and treated in chronic experiment
(60 d). The rate of mortality did not exceed 5% in
control and solvent control, 8% in WSFO and 7%

Table 3. Ratio of dead and surviving R. ridibunda embryos exposed to 0 (control), 0.05 mg/L, 0.5 mg/L, and 1.5 mg/L of o-xylene for
168-h post-fertilization.

Concentration (mg/L)

Duration of exposure (h)
Mortality (dead/alive ratio)

0 24 48 72 96 120 144 168

0 (control, EtOH 0.005%) 0/60 0/60 0/60 1/59 1/59 3/57 3/57 3/57
0.05 0/60 0/60 0/60 2/58 3/57 5/55 6/54 7/53*
0.5 0/60 4/56 7/53 7/53 9/51 10/50 12/48 13/47*
1.5 0/60 5/55 8/52 11/49 13/47 15/45 18/42 18/42**

Note: significance was analyzed by Fisher’s exact test.
*p < 0.05.
**p < 0.01.

Table 4. Total number and percentage of incidence of malformations observed in surviving tadpoles at the end (day 7) of the sub-
chronic experiment.

Treatment

WSFO O-xylene

Type of malformation Control 0.05 mg/L 0.5 mg/L 1.5 mg/L Solvent control 0.05 mg/L 0.5 mg/L 1.5 mg/L

Stuntedness - 1 (2%) 8 (18%) 18 (47%) - - 7 (14%) 15 (35%)
Axial malformations 2 (3%) 1(2%) 10 (24%) 28 (74%) 1 (2%) 1 (2%) 8 (17%) 13 (32%)
Microcephaly - - 5 (11%) 8 (21%) - - 3 (6%) 5 (12%)
Eye malformation 1 (2%) - 6 (13%) 13 (33%) - 1 (2%) 3 (6%) 5 (12%)
Gut malformation 1 (2%) 1 (2%) 7 (17%) 21 (54%) 2 (4%) 1 (2%) 8 (17%) 16 (39%)
Edema 2 (3%) 1 (2%) 7(17%) 20 (52%) 2 (4%) 2 (4%) 10 (21%) 18 (42%)
Total number of surviving tadpoles 55 51 43 38 57 53 47 42
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in o-xylene groups. However, other measured
parameters such as weight, SVL, total body length,
developmental stage differed between experimen-
tal groups and control, especially when exposed to
higher concentrations of WSFO or o-xylene.

Exposure to the 0.05 mg/L of WSFO or o-xylene
exerted no significant effect on R. ridibunda tad-
poles wet weight (Figure 4). Tadpoles chronically
exposed to 0.5 or 1.5 mg/L of WSFO displayed
a significantly (28% and 43%) lower weight com-
pared to control groups (Figure 3a). Similarly, the
body weight of the tadpoles exposed to 0.5 or
1.5 mg/L o-xylene was found to be significantly
(28% and 48%) lower (Figure 3b).

Measurements of SVL (Figure 4a) and total body
length (Figure 4b) showed a marked decrease in the
WSFO compared to with control. Treatment with
0.05, 0.5 or 1.5 mg/L resulted in 5%, 21%, and 42%
shorter SVL compared to control, respectively. The
total body length was decreased by 2%, 23%, and
37% in 0.05, 0.5 or 1.5 mg/L WSFO groups com-
pared to control, respectively. At the time of mea-
surement, most animals in the control group
reached Gs 36–37, which are characterized by
separation of toes in the hindlimbs (Figure 4c).
There were no significant delays in the develop-
ment of tadpoles in the 0.05 mg/L group but the
development of tadpoles in 0.5 and 1.5 mg/L ani-
mals was delayed on average by approximately 3
and 4 stages compared to control, respectively
(Figure 4c). For example, many animals in 1.5 mg/
. were at Gs 31–32, when the hindlimbs are at the
foot paddle stage of development (Gosner 1960).

Similar results were obtained for SVL (Figure 5a)
and total body length (Figure 5b) in tadpoles exposed
to o-xylene. The SVL and total body length of solvent
control and 0.05 mg/L o-xylene group did not differ
markedly. In treatment groups 0.5 and 1.5 mg/L
o-xylene, these parameters were decreased, respec-
tively, by 17% and 33% compared to the solvent con-
trol. At the time of measurement, most animals in the
control group reachedGs 37,which is characterized by
complete separation of toes in the hindlimbs. There
was also a significant developmental delay on average
by approximately four stages in the 1.5 mg/L o-xylene
group (Figure 5c) and many tadpoles were at Gs 33,
which is typified by indentations of the developing
foot paddle becoming evident (Gosner 1960).

Hepatic antioxidant system after chronic
exposure to WSFO or O-Xylene

The hepatic concentrations of primary and secondary
products of LPO (LHO and MDA) and activity of
antioxidant defense enzymes (SOD and CAT)
exposed to WSFO are shown in Figure 6. Differences
in the levels of LHO and MDA between tadpoles
exposed to 0.05 mg/L WSFO and those of control
were not s significant (Figure 6a–b). The levels of
primary product of LPO – LHO in tadpoles treated
with WSFO at a concentration of 0.5 or 1.5 mg/L
WSFO was significantly increased by 76% and 86%,
respectively, in comparison with control (Figure 6a).
In the liver of tadpoles of the same experimental
groups, a statistically significant rise in concentrations
of secondary LPOproduct:MDAwas found to be 47%

Figure 3. Body weight of R. ridibunda tadpoles after 60 d of exposure to WSFO (a) and o-xylene (b). Bars represent mean ± SEM (n = 3).
Asterisk indicates data statistically different from control (p < 0.05).
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and 58% higher than control, respectively (Figure 6b).
The activity of hepatic antioxidant enzymes SOD and
CAT exposed to 0.05 mg/L WSFO did not differ
markedly from control (Figure 6c–d). A similar
trend was observed in CAT activity with decreased
by 35% in tadpoles exposed to 0.5mg/L ofWSFO, and
by 46% in tadpoles exposed to 1.5 mg/L compared to
the control (Figure 6d).

Data on the content of LPO products and activity
of antioxidant defense enzymes in liver of tadpoles
exposed to o-xylene are presented in Figure 7. The
levels of LHO and MDA after chronic exposure to
0.05 mg/L o-xylene did not differ markedly from
solvent control. The effect of 0.5 or 1.5 mg/L of
o-xylene produced a significant elevation in levels
of LHO by 40% and 51%, respectively (Figure 7a).
Similarly, exposure to 0.5 or 1.5 mg/L o-xylene
resulted in significantly increased MDA levels by
11% and 29% compared to solvent control, respec-
tively (Figure 7b). Hepatic SOD activity of tadpoles

exposed to 0.5 or 1.5 mg/L o-xylene was markedly
reduced by 18% and 40%, respectively (Figure 7c).
CAT activity in liver of tadpoles exposed to 0.5 or
1.5 mg/L o-xylene was also significantly lower com-
pared to solvent control by 13% and 37%, respec-
tively (Figure 7d).

Discussion

Data demonstrated that environmentally relevant
concentrations of WSFO or o-xylene caused a dose-
dependent increase in mortality rate in R.ridibunda
embryos. The increasedmortality is a general response
of exposure of embryos and larvae to toxicants, which
indicates an adverse effect attributed to contaminants
(Peltzer et al. 2013). An increased mortality rate was
observed in L. sylvaticus tadpoles exposed to low con-
centrations of commercial naphthenic acids (Melvin
and Trudeau 2012b), and in X. laevis, L. pipiens and
A. maculatum tadpoles exposed to fluoranthene

Figure 4. SVL (a), total body length (b), and development (Gosner stage) (c) of R. ridibunda tadpoles after 60 d of exposure to WSFO.
Bars represent mean ± SEM (n = 3). Asterisk indicates data statistically different from control (p < 0.05).
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(Hatch and Burton 1998). The findings of these and
our researches demonstrate that the presence of pet-
roleum-related products in water may be a significant
risk factor for developing amphibians. Thus, petro-
leum contamination may contribute to amphibian
populations decline in areaswith active oil production.
The toxicity of various pollutants, including oil and
petroleum products, has also been observed for other
aquatic organisms, for example, fish (Marentette et al.
2015; Pampanin et al. 2016), amphipods (Neuparth
et al. 2014); mollusks (Wessel et al. 2007), crustaceans
(Hansen et al. 2016, 2015). The risk of exposure of
embryos to contaminants from oil spill film is higher
for those species of amphibians and fish that lay eggs
close to the water surface in the immediate vicinity of
the oil film (Mahaney 1994), where the concentrations
of water-soluble hydrocarbons are the highest. The
types of the morphological deformities of
R. ridibunda larvae that were observed in the present
study are similar to the developmental anomalies that

arise in other species of amphibians, exposed to var-
ious chemicals, such as benzo[a]pyrene (Saka 2004),
endosulfan (Brunelli et al. 2009), cetylpyridinium
chloride (Park et al. 2016), or in amphibians from
polluted natural sites (Peltzer et al. 2013). It should
be noted that the incidence of abnormalities, as well as
mortality, rose with increasing concentrations of oil
and o-xylene. Probably, the presence of 1.5 mg/L
WSFO or 1.5 mg/L o-xylene caused appearance of
anomalies in R. ridibunda embryos incompatible
with further development. There are data according
towhich the sensitivity of fish to the action of toxicants
is the highest in the early stages of development
(embryos and larvae) and decreases in juvenile and
adult individuals (McIntosh et al. 2010). Similar
results were noted in amphibians (Gulteb A. et al.
1999; Marquis et al. 2006b; Salin et al. 2012). In our
study a relatively high rate of mortality was found
when R. ridibunda embryos were exposed to medium
(0.5 mg/L) and high (1.5 mg/L) concentrations of

Figure 5. SVL (a), total body length (b), and development (Gosner stage) (c) of R. ridibunda tadpoles after 60 d of exposure to
o-xylene. Bars represent mean ± SEM (n = 3). Asterisk indicates data statistically different from control (p < 0.05).
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Figure 7. LHO (a) and MDA (b) content, SOD (c) and CAT (d) activity in liver of tadpoles after 60 d of exposure to o-xylene. Bars
represent ± SEM (n = 3). Asterisk indicates data statistically different from control (p < 0.05).

Figure 6. LHO (a) and MDA (b) content, SOD (c) and CAT (d) activity in liver of tadpoles after 60 d of exposure to WSFO. Bars
represent mean ± SEM (n = 3). Asterisk indicates data statistically different from control (p < 0.05).
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WSFO or o-xylene, while these toxicants did not
markedly affect the survival when treated as tadpoles.
Similarly, a higher mortality rate of embryos in com-
parison to larvae was reported by Marquis et al.
(2006b) who examined the toxicity of various solvents
to early life stages of Rana temporaria. The authors
suggested a hypothesis that some components of jelly
coat might react with solvents becoming toxic to the
embryos. However, the same group of researchers
reported a protective role of the jelly against three
PAHs (naphthalene, phenanthrene, and pyrene) dis-
solved in water (Marquis et al. 2006a). Taking into
account that composition and thickness of the jelly
coat differ among amphibian species (Duellman and
Trueb 1994), embryonic sensitivity to pollutants may
vary among species. Another important factor is the
content of dissolved oxygen (DO) which is essential
for embryos and larvae development (Seymour et al.
2000). Mills and Barnhart (1999) reported no lethal
effect of hypoxia in two Ambystoma (A. maculatum,
A. annulatum) and two Rana (R. sphenocephala,
R. palustris) species, however, in Ambystoma slowed
development and delayed hatching were observed,
whereas Rana hatched sooner. In other study
(Seymour et al. 2000) eggs of Australian frog, Crinia
georgiana were incubated at a range of oxygen partial
pressure (Po2) between 2 and 25 kPa. Development
rate to stage 26 between 5 and 2 kPa was not affected,
but hatching occurred earlier at lower Po2. Also at 2
kPa, there was a delay in growth and development of
embryos, and morphological anomalies appeared. In
our study, the difference between chronic and acute
experiments was that aquaria with tadpoles were aer-
ated and Petri dishes with embryos were not. This
difference may account for the higher mortality rate
in acute compared to chronic experiment. The inci-
dences of malformations also may indicate low DO
level. However, it should be noted that the dishes were
filled with aerated water, which was refreshed daily,
and hence embryos presumably did not suffer acute
hypoxia. Moreover, there are many studies showing
various tolerance to hypoxia among amphibian spe-
cies, such as study of Seymour (1995) reporting no
obvious developmental retardation in R. sylvatica
below 5 kPa, and study of Bradford and Seymour
(1988) showing developmental retardation in
P. bibronii at 12.2 kPa, and death at 6.9 kPa and
below. Thus, it would be incorrect to state unequivo-
cally that the changes we observed were due solely to

the action of petroleum products or hypoxia. This
question requires further study.

The results of the chronic experiments demon-
strated a dose-dependent delay in growth and
development of R. ridibunda as evidenced by
reduced weight, decreased SVL and total body
length with increasing concentration of WSFO
and o-xylene from 0.05 to 1.5 mg/L. In addition,
the tadpoles in groups 0.5 and 1.5 mg/L exhibited
developmental delay by 3–4 stages. Suppression of
growth is not a specific indicator for the impact of
oil and oil products, but several researchers sug-
gested, that this is one of the most sensitive mar-
kers of toxic effects (Brunelli et al. 2009;
Eriyamremu et al. 2008; Richards and Kendall
2003). Our data are consistent with the results of
researches on the effects of naphthenic acids on
anuran amphibians tadpoles (Hersikorn,
Ciborowski, and Smits 2010; Melvin et al. 2013).
It should be noted that the sensitivity of different
types of amphibians to oil may not be equal, and
may also depend upon the composition of the
particular oil under study due to variations in
content of hydrocarbons in different types of oil
and so further work is needed to investigate the
effects of different types of oil on amphibians
development not only in laboratory experiments
but in petroleum-contaminated natural sites.

In nature in addition to a high death rate of
embryos due to intoxication with petroleum pro-
ducts, tadpoles able to successfully undergo meta-
morphosis may be affected due to their small size,
where large tadpoles find it easier to compete for
food and avoid predator attacks (Bacon et al.
2006). In addition, if the size of the frogs after
metamorphosis is less than the natural rate, it
becomes more difficult for them to find and
catch food of suitable size, which may lead to
death from hunger. A similar negative effect may
also be manifested in other species of amphibians,
contributing to the reduction of their populations.

The main structural components of cell mem-
branes are lipids, which are easily oxidized by
reactive oxygen species (ROS). One of the main
indicators of the status of cell membranes is the
level of lipid peroxidation (LPO). This is
a physiological process, and an imbalance in radi-
cals and ROS generation lead to a disruption in the
integrity of cell membranes (Adeyemi 2014;
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Georgieva 2005; Oruç and Usta 2007). The degree
of LPO is determined from the levels of primary
and secondary lipid peroxidation products in the
tissues, lipid hydroperoxides (LHO) and malon-
dialdehyde (MDA). Our observations noted that
WSFO or o-xylene elevated hepatic LPO products
indicative of an enhanced formation of ROS in the
long-term presence of petroleum hydrocarbons in
water. Our data are consistent with those of
Eriyamremu et al. (2008), who investigated the
influence of Bonny light crude oil on X. laevis
tadpoles and found that prolonged exposure to
crude oil resulted in increased accumulation of
MDA and inhibition of SOD and glutathione
reductase activity.

In our studies, the chronic effect of WSFO on
R. ridibunda tadpoles produced a dose-dependent
suppression of SOD and CAT activity. In the case
of o-xylene, similar changes were observed. The
decrease in SOD and CAT activity during chronic
exposure to high concentrations of WSFO or
o-xylene indicates the damage and death of liver
cells of treated tadpoles. This assumption was put
forward by many researchers in the studies of
oxidative stress induced by xenobiotics (Burraco
and Gomez-Mestre 2016; Ferrari et al. 2011; Kalra,
Mantha, and Prasad 1994; Neuparth et al. 2014;
Stefani Margarido et al. 2013).

The effect of o-xylene on growth and develop-
ment of R. ridibunda was similar to that of WSFO.
Since the main composition of the fraction is aro-
matic hydrocarbons, including the prevailing
o-xylene, our results indicate that aromatic hydro-
carbons exposure produced a disturbance in devel-
opment. It should be noted that the medium
concentration of o-xylene used in the study
(0.5 mg/L) corresponds to the drinking water
limit concentration according to WHO (Gorchev
and Ozolins 2011). Both 0.5 and 1.5 mg/L o-xylene
concentrations exerted a negative effect which may
be due to an enhanced sensitivity of this species
R. ridibunda. At the same time, although o-xylene
was the most abundant component in the samples
of WSFO from Zhanazhol oil field, this does not
indicate its higher toxicity compared to other com-
ponents. Presumably, its prevalence may account
for similar trends in the observed effects in WSFO
and o-xylene experiments. Analysis of literature
revealed a paucity of information regarding the

effects of xylenes on any species of amphibians
which makes it difficult to draw any conclusion
at this point.

Conclusions

Data showed that both the WSFO from the
Zhanazhol oil field (Aktobe region, the Republic
of Kazakhstan) and aromatic compound o-xylene
exert embryotoxic and teratogenic effects on
R. ridibunda in subchronic (7 d) experiments.
Chronic exposure to WSFO and o-xylene (60 d)
induced developmental delay and oxidative stress
in liver of tadpoles as evidenced by increased lipid
peroxidation and inhibition of SOD and CAT
activities, the antioxidant defense mechanism.
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