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Abstract

Hypoxia is one of the key threats to most of the marine environment. Although motile organisms have the
potential to avoid the low oxygen conditions, they can suffer indirect and sub lethal impacts as aresult. Littleis
known of how acute hypoxia affects physiology in crustaceans. The present study assesses the effect of hypoxia
on the heart rate, hemolymph glucose levels and lysosomal membrane stability on Mediterranean crab, Carcinus
aestuarii. The adult crabs C.aestuarii, were kept in hypoxic waters for 24 hours. Hypoxic conditions (50-60 mm
Hg O,) were induced by allowing the crabs to consume their oxygen supply. The hemolymph glucose levels, the
heart rate and neutral red retention time (NRRT) as a biomarker of lysosomal membrane stability have been
assayed in both treatment (intact and eyestalk-ablated animals) and control groups. The hemolymph glucose
level inintact animals were significantly increased (from 38.2 £ 3.2 to 141.2 + 15.8 mg/dL, F=9.984, df =1, 11,
p=0.010 so p<0.05), while in eyestalk-ablated animals has been dightly decreased (from 27+2.4 to 24+1.8
mg/dL, F=0.993, df=1, 10, p=0.343 so p>0.05). Heart rate were significantly increased by 30 % in treatment
group after exposure to hypoxic water for 2 hours. NRRT has been significantly reduced in treatment group
(from 120+25.2 to 42.3+11.4 min, p<0.05) after exposure to hypoxia. Our findings highlight the importance of
understanding how environmental disturbances modify the physiological stress responses of crustaceans to
survival hypoxia. Quantifying the relationship between physiological responses and environmental stressors, is
crucia for developing mechanistic models that can predict how changes in disturbances over time in coastal
ecosystems will impact ecological processes, particularly in the context of global climate change.
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1. Introduction

Nowadays, global climate change is becoming
a real concern al over the World. The continuous
accumulation of CO, and temperature increasing over
the average values are factors that cause global
climate change [1]. Changes of environmenta CO,
and temperature may normally be concomitant of
environmental hypoxia development, which can be
caused in the minimum layers of oxygen in the
intermediate depths, found in bottom waters which
areisolated, at night in tide pools, and also in marine
sediments [2, 3, 4].Oxygen depletion or hypoxia is
one of the environmenta stressors which effect the
animals which live in aguatic ecosystems worldwide.
When animals are exposed to different factors, which
can affect their physiological systems, they use
different stress responses in order to establish the

homeostasis and when the homeostatic response is
partialy or completely failure, than it increases the
physiological response disturbance which may lead
into death of the animal [5]. Tolerance against stress
by animals can effect it distribution and abundance [6,
7], which can also change disturbance probability
[89], the population growth rate[10,11], and
interaction with other specieg12, 13]. Benthic
invertebrates response by stressin low level of oxygen
in some aguatic ecosystems [14]. The level of
dissolved oxygen in water column of 2 mg O,/L or
lower,is considered hypoxic and may lead into
harmful effects in animas [15]. Hypoxia may be
present in different ecosystems such as coastd areas,
lakes and estuaries [16].The effects of hypoxia on
biotic ecosystems depends on 2 factors. how long
hypoxia will durate and how much the concentration
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of dissolved oxygen will decrease [17]. When hypoxia
lasts for many weeks or is so close to anoxia, than the
migration of motile animals may occur [18] and even
the mortality of animals [19, 20].Many studies report
about the mortality caused in motile animals by
[21]. When the dissolved oxygen
concentration is above anoxic level or hypoxic
episodes are short,

hypoxia

hypoxia may result in change
species composition [22, 23]
biomasg[24].
tolerance values against hypoxia [25]. Species which
show a relatively tolerance level are polychagetes,
bivalves, platyhedminths and cnidarians,

and decrease the
Different species experience different

while
crustaceans and vertebrates have relatively low
hypoxia tolerance [26, 27].0n our study we have been
focused on the hyperglycemia induced by hypoxiain
green crab,
aestuarii,which is found in Narta Lagoon, Albania.
Hyperglycemia is a typical
observed under different stress conditions in decapods
[28]. If the animal is exposed to hypoxiaimmediately,
than the glucose level will change immediately too
[29]. Crustacean Hyperglycemic Hormone (CHH)
which is found in crustaceans, is produced by the
eyestalk X-organ and stored in sinus glands, and it
regul ates the haemolymph glucose level of the animal
[30].This study evauates the effects of hypoxia on
heart rate, haemolymph glucose level and lysosomal
membrane stability. In Albania, few studies are done
in these species in order to evaluate the environmental
pollution by using them as biomarker [31,32].

the Mediterranean Carcinus

response which is

2.Materials and methods

2.1. Collection of animals and the experiment
design

Animals were collected by a fisherman during
April 2015, in Narta Laggon, in Vlora city, Albania
and were placed into buckets. In order to avoid stress,
animals were immediately brought in the Laboratory
of Physiology and Biochemistry in the Faculty of
Natural Sciences, Tirana University. Animals were

acclimated for 3 daysin the lab and during this period
they were maintained in aquaria of 30 L filled with
sea water which was continuously aerated (SNSW,
Nutri-Sea Water® Aquarium Saltwater, pH: 8 + 0.1,
salinity: 36x1 ppt; and temperature of 17 + 1°C).
Animals were fed with fish once a day and alga
slurry. After three days of acclimatization, 20 adult
animals were choice for the experiment. Animals were
placed into two containers and divided into 2 groups
of 10 animals each: an intact group and eye-stalk
ablated animals.Before being exposed to the low
levels of oxygen, the haemolymph glucose level, the
Neutral Red Retention Time and heart rate of each
group were measured, in order to compare the
physiological response of animals against hypoxia
before and after the experiment. After that, animals
were kept into close containers in order to reduce the
amount of oxygen inside of it for 24 h. After 24 h the
glucose level was measured again.

2.2. Collection of
measurement of the glucose level

haemolymph  and

The haemolymph was collected at the base of
the fourth moving leg.The haemolymph was with
drawn very carefully through the arthrodial membrane
into a 2.5 mL hypodermic syringe fitted with a 25
gauge needle and having 0.5 mL of physiological
Ringer solution for crustaceans: [20 mM (4.77Q)
Hepes, 436 mM (25.48g) NaCl, 53 mM (13.069)
MgSO4, 10 mM (0.75g) KClI, 10 mM (1.47g) CaCl2),
pH 7.4]. The obtained solution was discarded into a
2.0 mL siliconised (Sigmacote) Eppendorf tube held
in ice water. In order to avoid excessive stress,
mani pul ated carefully.
M easurement of the haemolymph glucose levelsin the

animals were very
crabs was done enzimatically and by using a portable
glucometer (One  Touch-Ultra).The lysosomal
membrane stability was evaluated by measuring the
neutral red retention time (NRRT).The cran heart rate
was measured by using electromyogram (EMG)

electrodes.
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2.3. Neutral Red Retention Assay

Neutral Red Retention Assay was redized
according to Standard Operative Procedure (SOP)
proposed by Lowe et al. (1995) [33], prescribed from
Martinez-Gomez et a. (2008) [34] and adopted for the
specimen taken under the study. The physiological
saline and neutral red stock solutions were prepared
prior to the beginning of the assay. Initially, 0.5 mL
haemolymph from each crab was collected with the
syringes containing 0.5 mL of physiological saline
solution and transferred to an Eppendorph tube.
Immediately, 50 uL haemocyte cells solution was
pipette and dropped onto a glass dide. The slides were
placed into a dark and humid chamber and incubated
for 15 min. Then, the neutral red stock solution was
prepared by the dilution of 20 mg Neutra Red dyein
1.0 mL dimetilsulphoxid (DM SO). Working solution
was prepared by the dilution of 5.0 pyL of stock
solution in 995 pL physiological solutions. After
incubation, 50 yL NR working solution was dropped
onto each dide. At the end of 15 min, the slides were
quickly examined by microscopy. The cells were
observed for the structural abnormalities and for the
retention time of the neutral red dye. The slides were
observed every 15 min until 50 % of the haemocytes
lost the dye in the cytosol. A mean of neutral red time
and glucose concentrations were calculated for each

group.
2.4. Satistical Analysis

The results of each parameter obtained for
each experimental group were compared among the
treatment groups using either the parametric analysis
of variance (ANOVA), or the nonparametric analysis
(Kruskal Wallis test) based on the data distribution

(normality and homogeneity of variance). When an
indication of a significant difference (p<0.05) was
observed, differences were analyzed by the post-hoc
Dunn's test. Smple linear correlation (Pearson test)
conducted with the mean values, was used to establish
the significant relationships between the biological
responses.

3. Resultsand discussions

Research done in Libinia [35] have been
shown that if biologist transfer animals from sea water
to the land and stay there even after one hour, their
haemolymph glucose level increases drastically. This
fact suggests that sinus glands are maybe involved on
the glucose level regulation in haemolymph [36].If
eyestalk ablated crab animals are exposed to the
hypoxic conditions, there is noticed a non-significant
change on the haemolymph glucose level because of
the removed eyestalks which
glands.When Carcinus aestuarii are exposed for 24
hours to hypoxic water, a significant increasing of
their haemolymph glucose level were noticed. Further
more,after 2 h of hypoxic exposure, the heart rate of
crab were increased by 30 % and the NRRT decreased
significantly from 120+25.2 to 42.3+11.4 min. The
experimental

contain snus

results show a significant typica
hyperglycemic response on the control group (from
382 + 3.2 to 1412 £ 158 mg/dL haemolymph,
F=9.984, df =1, 11, p=0.010 so p<0.05), while into
eyestalk ablated animals, hyperglycemia doesn’t occur
but it was noticed a non-significant decreasing of the
glucose level (from 27124 to 24+1.8 mg/d
haemolymph, F=0.993, df=1, 10, p=0.343 so p>0.05).
The crab haemolymph glucose levels and shown in
Table 1 and Figure 1.

Table 1: Results of hyperglycemia before and after exposure to hypoxic water

Animals No. animals  Before After exposure
exposure

Eyestalk ablated | 10 27+2.4 24+1.8"°

Intact 10 38.2+32 141.2 £ 158 **
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Figure 1: Glucose level in crab haemolymph (mg/dl) observed in intact and eyestalk ablated animals before
and after exposure to hypoxia . The values + SD and the results are significant (p< 0.5).

Hyperglycemia is not the only effect which
hypoxia causes. It affects aso the lysosomal
membrane stability. In order to define the effects of
hypoxia in the membrane stability of lysosomes,
Neutral Red Retention Time was measured. One of
the most important functions of lysosomes is that they
serve as autophagic centers of several components of
cytoplasm such as proteins and organelles [37, 38].
This process is not well known but is reported that
both micro-autophagy and macro-autophagy are
involved [39, 40]. Actualy many factors such as
membrane permeability and aso hydrolases in
collaboration with structural components affects the
structure-linked latency of lysosomal enzymes [41]. It
iswell reported that many agents such drugs, diseases,
hormones and stressor cause destabilization in
lysosomes which causes a reduction of hydrolases
latency [42, 43]. This is why this research has been
focused on the dterations caused in crabs by the
hypoxia as a stressor. Figure 2, shows a significant
change of Neutral Red Retention Time (NRRT) into
the eyestalk-ablated group after a hypoxic water
exposurefor 24 h.
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Figure 2. NRRT observed in intact and
eyestalk ablated animals. The vaues are
means + SD and the results are significant (p
<0.05)

These results indicates an alteration into
membrane  stability. Anyway the
relationship between pathologica or physiologica
conditions and lower performance of hydrolases

lysosome

latency and the catabolism of proteins is not clear
enough and this make difficult to define if the
functional changes occurred in lysosomes, results
from dysfunction of the cell [444].
experimental conditions such as hypoxia, temperature,

In vivo
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and salinity affects the lysosomal membrane stability
[45]. A lot of biochemica procedures used in different
experiments have been proved that before mentioned
experimental treatment conditions caused a decrease
in cytochemically determined stability of lysosomes,
closely related with hydrolases latency [46]. It is
reported that maybe these factors are involved in the
increasing permeability of the lysosomal membrane,
since that they are periodically reversible by treatment
of cortisol, which is well known as a membrane
stabilizer [47, 48]. Other studies should till be done
in order to elucidate in more detail this process.

4.Conclusions

Nowadays, many climate changes are a red
concern for al living organisms and sometimes they
cause drastic changes in their physiological responses
by considering them detectors of what is happening in
their environment. In some species they cause even
death. Hypoxia, which result by decreasing the O,
level in oceans, in estuaries, rivers or lakes is a factor
which affects animal metabolism. It causes drastic
changes in the haemolymph glucose level in the
Mediterranean green crab Carcinus aestuarii, which
means that this stressor affects their carbohydrate
metabolism by increasing their glucose
drastically. It also affects the lysosomal membrane
stability and heart rate, which indicates that the effects
of hypoxia into crustaceans are deeper than our
expectations which make these species a biomarker of
an early stage of hypoxia. Our findings highlight the
importance of understanding how environmental

level

disturbances modify the physiological stress responses
of crustaceans to survival hypoxia. Quantifying the
relationship between physiological responses and
environmental stressors, is crucial for developing
mechanistic models that can predict how changes in
disturbances over time in coastal ecosystems will
impact ecological processes, particularly in the
context of global climate change.
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