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Salt tolerance’s toll: prolonged exposure to saline water
inflicts damage to the blood cells of dice shakes
(Natrix tessellata)
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Abstract. Dice snakes (Natrix tessellata, Laurenti, 1768) inhabit oligohaline and brackish waters along the
Bulgarian Black Sea coast, where they often forage at sea. Under these conditions, this species should tolerate
highly variable blood plasma sodium concentrations for extended time periods, but the effect of high sodium
concentrations to blood cell morphology and physiology is largely unknown. In this experiment, we placed adult
dice snakes in waters with different salinity for 84 h, representing the three typical saline concentrations in which
dice snakes live and forage: 0.2 %0 NaCl, fresh water, 16 %0 NaCl, Black Sea water and 36 %¢ NaCl, World Ocean
water. We collected blood through cardiocentesis after exposure to each treatment and used Giemsa’s solution
for staining the formed elements. We registered numerous nuclear abnormalities (nuclear buds, lobes and blebs)
in the blood cells of all investigated specimens. In the snakes placed in the waters with high saline concentration
(16 and 36 %0 NaCl) we found numerous cells with ruptured membranes. These snakes also showed increased
mitochondrial activity compared to those in fresh water (1.85 and 2.53 times higher, respectively). Our data
suggest that even though dice snakes show a remarkable tolerance to waters with increased salinity, prolonged
exposure to it induces significant physiological stress in N. tessellata, which poses a clear limit for their ability
to stay in the sea for a long time.
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1 Introduction

Aquatic environments play a vital role in the sustainable
functioning of ecosystems (Walia et al., 2013). Elevated
concentrations of salt in water is a recognized issue for
the conservation of aquatic habitats (Crowther and Hynes,
1977; Dickman and Gochnauer, 1978; Martem’yanov, 1989;
Howard and Haynes, 1993; Kjensmo, 1997; Williams et al.,
2000). Some amphibians and cold-blooded amniotes can tol-
erate increased water salinity and some even reproduce in
brackish water and seawater (Neill, 1958; Chakko, 1968;
Christman, 1974; Dunson, 1977; Sillero and Ribeiro, 2010;
Natchev et al., 2011). However, the effects of increased wa-
ter conductivity on the populations of aquatic ectothermic
tetrapods are not fully understood (Bentley and Schmidt-
Nielsen, 1971; Spotila and Berman, 1976; Shoemaker et
al., 1992; Gomez-Meste et al., 2004; Karraker, 2007; Ortiz-
Santaliestra et al., 2010).

Some snake species live and reproduce in near-brackish
and euryhaline waters (Neill, 1958), but the information
concerning the extent of their water salinity tolerance is
somewhat limited. Dice snakes (Natrix tessellata) are semi-
aquatic natricines, widely spread in the Palearctic and fish
foragers in waters ranging from fresh to saline. Accord-
ing to Ahmadzadeh et al. (2011), N. tessellata in south-
eastern Iran thrives in waters with salinity between 1.3
and 28 %o. Brischoux and Kornilev (2014) demonstrated
that free-ranging N. tessellata from a coastal population in
Bulgaria display highly variable plasma sodium concentra-
tions ranging from normonatremia to hypernatremia with-
out any apparent effect on several physiological and be-
havioural traits (e.g. hematocrit, body condition, foraging).
Those snakes inhabit the Black Sea coast and regularly hunt
at sea (Naumov et al., 2011; Stojanov et al., 2011; Brischoux
and Kornilev, 2014). However, the physiological mecha-
nisms responsible for this tolerance are poorly known. Con-
sequently, the main aim of the present study is to provide
assessment of the effects of osmotic changes on the morphol-
ogy and the mitochondrial activity of the blood cells in V. fes-
sellata. We expect that both the morphology of the formed el-
ements, as well as the mitochondrial activity, will be affected
in dehydrated snakes.

2 Material and methods

2.1 Study animals

We used nine Natrix tessellata (snout-vent length, SVL:
66.5-75 cm; body mass: 124—180 g). We sampled only large
adult individuals to avoid potential detrimental effects of
the procedure on smaller individuals. Since females of this
species are significantly larger than the males, only females
were included for this preliminary study. Consequently, in-
terpretation of results will be restricted to female individuals
of this species. The snakes were collected from the south-
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ern Bulgarian Black Sea coast, around Poda, a protected
site (PS) (42.445706 N, 27.462928 E, Datum: WGS84) and
the neighbouring Foros Bay and Mandra Lake (map in
Brischoux and Kornilev, 2014). The site ( ~ 1.5km?) en-
compasses shallow (0-2m) aquatic habitats, widely rang-
ing in salinity from fresh (< 0.5 %o) and brackish (0.5-30 %o)
to saline water (> 30 %o). Snakes were captured by hand in
June—July and were housed in individual plastic containers
48(L) x 36(W) x 24(H) cm with ample ventilation and wa-
ter ad libitum. After the termination of the study, the snakes
were allowed to return to normonatremia and were released
at their capture locations.

2.2 Treatment

Initially, all snakes were kept in fresh water for 72h to es-
tablish normonatremia (Yurii Kornilev and Nikolay Natcheyv,
personal observation, 2015). Then, each animal was ran-
domly assigned to one of three experimental groups and ex-
posed to 0.2 %0 NaCl (fresh water), 16 %o NaCl (Black Sea
water) or 36 %0 NaCl (World Ocean water) for 84 h. Wa-
ter of the respective salinity was added to each container
(48 x 36 x 24 cm), reaching depths of about 3—4 cm in or-
der to expose snakes to the different salinities. Every single
specimen was housed in a separate container. A small clay
island (2 x 8 x 8 cm) was also provided for snakes to be able
to rest without drowning, while always maintaining sufficient
contact with the water.

Waters were prepared by adding solid NaCl to freshwater;
the NaCl was obtained from the Black Sea at a salt extraction
facility, located 10 km from Poda PS. Salinity was measured
using a calibrated, hand-held, real-time conductivity measur-
ing instrument (Testo 240, Testo AG). After the treatment,
the snakes were moved in containers with fresh water for the
period of 10 min prior to blood sampling.

2.3 Blood collection

Blood samples of 0.3-0.4 mL were obtained by cardiocen-
tesis using a heparinized 30 G-needle and syringe (see
Brischoux and Kornilev, 2014). The collected blood was
transferred immediately into heparinized Eppendorf vials.
Samples were placed in a cooler with ice and within 1 h the
critical laboratory manipulations were performed.

2.4 Preparing blood smears

Ten microlitres of blood were placed onto a clean micro-
scope slide and a smear was created using the bevel-edge
slide technique. The slides were air-dried at room tempera-
ture and fixed in methanol for 20 min at 4 °C. Nuclei were
stained in a 5 % Giemsa’s solution for 45 min. Three blood
smears per snake were prepared.

www.web-ecol.net/17/1/2017/



V. Koleva et al.: Prolonged exposure to saline water

2.5 Morphological analysis of the blood cells

The monolayer cells were analysed under 1000x oil immer-
sion. Only fields of view with > 15 erythrocytes clearly iso-
lated from the surrounding cells were counted (see Bell and
Gregory, 2014). The assessed erythrocytes per snake were
at least 2000. Erythrocytes nucleus with the correct oval
shape, or with only a slight deviation from the oval shape
was counted as normal nucleus. The following cell morpho-
logical changes were analysed: presence of nuclear buds, nu-
clear blebs, lobed nuclei, notched nuclei, plasma membrane
disruptions, cytoplasmic retraction and morphological abnor-
mal shape of the erythrocytes. Normal distribution was ver-
ified by the Shapiro—Wilk test and statistically tested using
an analysis of variance (ANOVA) with salinity as a group-
ing variable and percentage of normal nuclei and damaged
erythrocytes (erythrocytes with ruptured cell membrane, but
still recognizable as a cell unit) as dependent variables (aver-
age values of the three replicates from each individual). An
least significant difference (LSD) post-hoc test was used to
determine differences between treatments.

2.6 Mitochondrial activity assay

The assay principle is based upon the reduction of the tetra-
zolium salt WST-1 (Roche Applied Science) to formazan in
the mitochondria of living cells. For each individual sam-
ple, 50 uL of blood was added to a 450 uL complete culture
medium (MEM with 10 % PBS, gentamicin and penicillin)
and gently suspended. In 96 well flat-bottomed microplates,
100 uL well~! of media/blood mixture and 10 uL well~! of
WST-1 were placed. The microplate was further incubated
for 4h at 20°C. The absorbance of formazan product was
quantified at 450 nm using an enzyme-linked immunosor-
bent assay (ELISA) reader. The assay was carried out in three
replicate wells. As in the analysis of the blood cells, the nor-
mality of the data was inspected and confirmed by a Shapiro—
Wilk test, followed by ANOVA with salinity as a grouping
variable and absorbance as a dependent variable (average val-
ues for each individual). An LSD post-hoc test was used to
determine differences between treatments.

All statistical tests were performed using the Statistica
v.7.0 software (StatSoft, Inc. 2004). The chosen alpha level
for statistical significance was p < 0.05.

3 Results and discussion

Various abnormalities in the form of the erythrocyte nuclei
are used as effective indicators of the negative influence of
the environment on the cells of many aquatic animals (Ateeq
et al., 2002; Jiraungkoorskul et al., 2007; Ali et al., 2008; An-
bumani and Mohankumar, 2011; Walia et al., 2013; Hayret-
dag et al., 2014; Furnus et al., 2014; Asker et al., 2015).
The sublingual salt gland is the primary site of salt excre-
tion in sea snakes (Babonis et al., 2009), but dice snakes
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Figure 1. Natrix tessellata: Nuclear buds and lobed nuclei
(black arrowheads) from (a) 0.2 %0 NaCl (fresh water) treatment,
(¢) 16 %0 NaCl (Black Sea water) treatment and (e) 36 %o NaCl
(World Ocean water) treatment. Nuclear blebs (white arrowheads)
from (b) 0.2 %0 NaCl (fresh water) treatment, (d) 16 %0 NaCl (Black
Sea water) treatment and (f) 36 %o NaCl (World Ocean water) treat-
ment.

lack salt glands. However, these snakes can spend long pe-
riods of time in brackish and saline waters (see Brischoux
and Kornilev, 2014). The authors measured hypernatremia
up to 195.5mmolL~" in some specimens. It could be ex-
pected that the morphology of the blood cells would be af-
fected in specimens that spent prolonged periods in water
with increased salinity compared to specimens exposed to
fresh water.

In our experiments, the presence of lobed and notched nu-
clei, as well as nuclear buds and blebs, was detected in the
blood cells of the snakes from all three treatments, albeit in
very different proportions (Fig. 1, Table 1). Erythrocytes nu-
clei with the correct oval shape or with slight shape devia-
tions were 10.2 % for the control freshwater group, 11.11 %
for Black Sea water and 20.21 % for World Ocean water.
The ANOVA test revealed marginally significant differences
(F=4.14,df =2, p=0.074). Post-hoc tests demonstrated
significant differences between fresh and World Ocean water
(p = 0.035); no statistically significant differences between
fresh and Black Sea water (p = 0.616) and only marginally
significant differences between Black Sea and World Ocean
water (p = 0.072).
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Table 1. Morphological changes of erythrocyte membranes or erythrocyte nuclei after treatment with waters of different salinities. Values
represent the percentage of normal nuclei from all counted nuclei per treatment group, or the percentage of damaged membranes from all

counted erythrocytes per treatment group.

Analysed erythrocytes Damaged cell
Salinity (total number) Normal nuclei membranes
% n(mean+SD) | % n (mean & SD)
0.2 %o 6280 10.2 640 (190 + 18.48)° 0.37 23 (7.67+1.15)°
16 %o 6374 11.11 708 (236 +72.08)% | 71.16 4536 (1512 £421.03)?
36 %o 6284 2021 1270 (423 +£165.9)* | 45.96 2888 (963 +413.96)*

a.b Different superscript letters indicate significant differences among treatments (p < 0.05).

Snakes exposed to 16 and 36 %o salinity presented erythro-
cytes with ruptured and damaged membranes of 71.16 and
45.96 % compared to only 0.37 % in the freshwater control
group (Table 1). This difference was statistically significant
- F=1496,df =2, p=0.005. The post-hoc test revealed
statistically significant differences between the control and
both treatments — 16 %o (p = 0.002) and 36 %o (p = 0.013),
but not between the two saline treatments (p = 0.096). It
should be noted that in Table 1 only the number of the
erythrocytes which were detectable as a cell unit (with cell
membrane) is given. In the sample from the animals treated
with 36 %o water, we observed large fields with chromatin
remains. This indicates that the number of disintegrated ery-
throcytes might be much higher than counted. Hence, the to-
tal percentage of erythrocytes with normal nuclei from the
specimens treated with oceanic water might be actually much
lower than that of the other two samples. For the three speci-
mens from the 36 %o water group, we were only able to count
blood cells with intact (or nearly intact) membranes in or-
der to reach the amount of 2000 cells per specimen (see Bell
and Gregory, 2014) — a large amount of erythrocytes were
destroyed and the cell elements were unrecognizable. This
distortion may explain the higher percentage of normal nu-
clei in the sample of specimens treated with oceanic water
compared to the sample of fresh water.

It is possible that the occurrence of most nuclear anomalies
from the fresh water group observed in this study is related
to the prolonged erythrocyte lifespan, as the average lifes-
pan of these cells in cold-blooded amniotes is 600-800 days
(Stacy et al., 2011; Strunjak-Perovic et al., 2010). Therefore,
abnormal morphological forms of erythrocyte nuclei are not
effective indicators for assessment of the negative influence
of environment onto the formed elements of the blood in N.
tessellata.

The numerous cells with ruptured membranes (Fig. 2),
found in blood smears of snakes exposed for a prolonged
time to 16 and 36 %o salinity, indicate hemolysis and osmotic
stress (see Madden et al., 2014). A fundamental challenge
for the cell is a change in the osmolarity of the surround-
ing medium (Pastor et al., 2009). Osmoregulation is a ma-
jor physiological challenge for numerous vertebrates that are
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Figure 2. Blood cells of dice snakes after treatment with
(a) 0.2 %o NaCl (fresh water), (b) 16 %0 NaCl (Black Sea water) and
(¢) 36 %o NaCl (World Ocean water) for 84 h. White arrowheads in-
dicate the ruptured cell membranes. Note the lack of ruptured cells
in the snakes resident in fresh water.

subject to extensive changes in the salinity of their environ-
ment (Gutiérrez et al., 2011). Our data suggest that disinte-
gration of the cell membranes was a result of the osmotic
pressure gradient following prolonged dwelling in waters
with increased conductivity.
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Figure 3. Mitochondrial activity of blood cells (mean 4 SD)
in wild-caught animals exposed to 0.2%. NaCl (fresh water),
16 %0 NaCl (Black Sea water) and 36 %0 NaCl (World Ocean wa-
ter) for 84 h. Different letters indicate significant differences among
groups (p < 0.057).

The mitochondrial activity of the blood cells was esti-
mated based on the reduction of the tetrazolium compound
(WST1) by intracellular dehydrogenases to formazan, re-
leased in the culture medium. The mean mitochondrial ac-
tivities after removing the snakes from solutions of 16 and
36 %o NaCl increased by 1.85 and 2.53 times compared to
those of snakes resident in fresh water (Fig. 3). These differ-
ences in absorbance were statistically significant (F = 14.66,
df =2, p=0.005), and the post-hoc test revealed that all
three groups were significantly different from each other
as follows: a-b, p =0.023; a—, p = 0.002; b—c, p =0.056
(see Fig. 3). Pastor et al. (2009) identified the raised mito-
chondrial function as an important physiological determinant
of the efficient adaptive response to osmotic stress. The pres-
ence of morphologically damaged cells, the increased mito-
chondrial activity of the blood cells, as well as the hyperna-
tremia established by Brischoux and Kornilev (2014), is ev-
idence that the prolonged residence in waters with increased
conductivity induce physiological stress in N. tessellata.

4 Conclusions

Our results demonstrate that the presence of abnormal mor-
phological features of the blood cell nuclei cannot be re-
garded as effective indicators for an assessment of the influ-
ence of defined environmental factors in short-term studies
in dice snakes. The abnormalities were found in all speci-
mens and may be result of the pre-exposure of some physi-
cal/chemical contaminants from the sampling location — the
erythrocyte turnover rate in cold-blooded amniotes is rather
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slow (see Stacy et al., 2011). The presence of destroyed blood
cells and the increased mitochondrial activity detected in two
of the snake groups used in our experiments suggest poten-
tial change in the osmotic pressure of the blood plasma and
impact on the general performance and fitness of the dice
snakes.
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