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Effect of water temperature on haemocyte responses in the disk abalone

Haliotis discus hannai Ino, 1953
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ABSTRACT

Effects of gradual water temperature modulations on neutral red retention time (NRR time) of lysosomes in haemocytes
and haemocyte counts were studied in the disk abalone Haliotis discus hannai Ino, 1953. Experimental animals were
acclimated at 18°C for a period of one week before exposing to gradual water temperature modulations. After acclimation,
the water temperature was gradually increased/decreased @ 1°C every other day until the target temperature of 10°C/26°C
was reached. The temperatures were maintained for seven days before being brought back to 18°C from 10°C/26°C
(@ 1°C per day). Haemolymph samples were collected 48 h after each temperature change. The haemocyte density at 26°C
was significantly higher (p<0.05) than that at 18°C and 10°C, and the lowest haemocyte density was obtained at 10°C. The
NRR time of the abalone held at 26°C, 18°C and 10°C were 31.6+1.1min, 84.6+2.7 min and 41.3+1.7 min, respectively.
The temperature changes between17°C and 20°C did not significantly affect the NRR time suggesting that this is the optimal
water temperature range for maintaining lysosomal membrane integrity in this species.
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Abalones are thermoconformers, and their body
temperature changes according to environmental temperature
(Hahn, 1989; Prosser, 1991). Evidences indicate that
adaptation to gradual temperature changes in abalones
is weak, and abalones have limited ability to withstand
thermal shock (Paladino ef al, 1980; Jobling, 1981;
Gilroy and Edwards, 1998). Narrow thermal ranges and
relatively small differences in thermal preference have
been considered as a kind of evolutionary adaptation
(Gilchrist, 1995), however, such unique character may also
be disadvantageous in aquaculture production of abalones.
Unfavourable water temperatures can affect the growth
and survival in various abalone species (Winstanley, 1972;
Steinbeck et al., 1992; Cheng et al., 2004). For these
reasons, knowledge on the responses of abalone to water
temperature changes would help improving production
performance of abalone and in avoiding mortalities in
commercial production.

Haemocytes in molluscs play important roles as
they produce mediators for stress and immune responses
(Ottaviani and Franceschi, 1996; Ottaviani and Franceschi,
1997; Ottaviani et al., 1997). Evidences indicate that
haemocyte densities are sensitive to stresses and can
be affected by infection, wounding and temperature
fluctuations (Suresh and Mohandas, 1990; Mohandas
et al., 1992). Increase in haemocyte densities has been
considered as the result of proliferation or movement of

cells from tissues into the haemolymph, whereas decrease
in haemocyte densities are thought to be a consequence
of cell lysis or reduced cell movement from tissues to
haemolymph (Pipe and Coles, 1995). Therefore, in the
present study, haemocyte densities were used to evaluate
the response of the disk abalone Haliotis discus hannai to
changes in water temperature.

Neutral red is a cytotoxic weak base colourant, and
has been used in assessing the lysosomal membrane
integrities in molluscs (Fernley et al., 2000; Wang et al.,
2006; Zhang et al., 2006). Generally, the lysosomes in
unstressed cells can retain neutral red dye for a longer
period, and the retention time in stressed cell tends to
be shorter (Lowe ef al., 1992; Lowe and Pipe, 1994).
Therefore, the neutral red retention time (NRR time) and
stress condition of the animals can be correlated (Harding
et al., 2004). The NRR assay has been widely applied to
measure the lysosome membrane stability in molluscs
under different environmental stress conditions (Hauton
et al., 1998; Camus et al., 2000; Fernley ef al., 2000).

The disk abalone Haliotis discus hannai belonging
to the family Haliotidae, is endemic to the waters off
Japan and eastern Asia. Because of the high flesh quality
and unique flavour, disk abalone is very popular in Asian
market. Aquaculture of this species has been successfully
carried out. However, high mortality rate of disk abalone
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in summer has significantly hindered the commercial
production of this species. The present study was
undertaken in order to understand the temperature related
mortality in disk abalone and to explore the potential
solution in terms of temperature impaction. Haemocyte
density, haemocyte morality rate and NRR time were
used as bioindicators to investigate the influence of water
temperature on the immune responses in disk abalone
H. discus hannai.

The experimental animals (mean body weight
14.1+0.3 g) were obtained from a commercial farm located
in Shandong Province, P. R. China, and were transferred
to the wet lab in Qingdao Agriculture University, Qingdao.
Upon arrival, the abalones were tagged individually
using plastic tags adhered to individual shell with an
identification number and acclimated in 18°C water for
7 days prior to initiation of the experiment. The salinity
was maintained at 32%o. During the acclimation and
experimental period, the abalones were held in 400 1 tanks
and fed with a formulated diet (Haida, P. R. China).

Two experiments were conducted to assess the effect
of gradual water temperature change on the haemocytes.
In the first experiment, experimental animals acclimated at
18°C were divided into three groups with three replicates
in each group. The first two groups were subjected to
gradual increase/decrease in water temperature, while
the third group was maintained at 18°C as control. The
temperature was changed at the rate of 1°C every other
day until the final temperature of 10°C/26°C was reached.
In the second experiment also, experimental animals were
divided into three groups with three replicates in each
group. The first two groups were acclimated at 10°C or
26°C initially, and then subjected to gradual increase or
decrease in water temperature @ 1°C per day until 18°C
was reached. The third group was maintained at 18°C as
control.

In each experiment, hemolymph was sampled 1 h
prior to water temperature changed to the next level.
Once the target temperatures were reached, the abalones
were maintained for a further period of seven days,
with hemolymph samples being taken at every 48 h.
Haemolymph samples were also collected from control
animals at each sampling time, from the 18°C tanks directly.

The haemocyte density was determined according
to the method described by Suresh et al. (1994) with
slight modification. After acclimation at 10°C, 18°C or
26°C for 7 days, 0.1 ml haemolymph per individual was
collected from the cephalic arterial sinus at the anterior
end of the foot using a sterile syringe. After collection, the
haemolymph was immediately placed in a 1 ml siliconised
Eppendorf tube containing 0.2 ml of 0.38% sodium citrate
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(Sigma) in 0.45 pm filtered seawater (FSW), pH 7.5, to
prevent clotting. Haemocyte density was then determined
using a haemocytometer and expressed as the number of
haemocytes per milliliter haemolymph. At each target
temperature, eight animals were assessed. Haemocyte
mortalities were also examined at each target temperatures.
A total of 0.1 ml haemolymph from each animal was
placed in a 1 ml siliconised Eppendorf tube containing
0.2 ml of 0.1% trypan blue (Sigma) solution and gently
mixed. After 5 min, 0.1 ml hemolymph was placed on a
slide and examined using a compound microscope under
x600 magnification. Two hundred haemocytes per slide
were examined, and the haemocytes stained in blue were
recorded as dead. The percentage of mortality was then
calculated individually. A total of eight abalones were
examined at each target temperature.

Neutral red retention assay used in this study was based
on the methods developed by Hauton et al. (1998). Neutral
red stock solution was prepared by dissolving 2.28 mg
of neutral red powder (Sigma) in 10 ml of dimethyl
sulphoxide (DMSO). Working solution was prepared by
diluting 17 pl of the stock solution with 2 ml of FSW.
Heamolymph was collected individually following
the same method as described in the previous section
and placed in a siliconised Eppendorf tube containing
0.2 ml of FSW and then mixed gently. A total of 30 pl
of the mixed sample was placed on a microscope slide.
The slide was then placed in a 10°C light-proof humidity
chamber to allow the cells to adhere to the slide. After
10 min, the slide was removed from the chamber, the
excess hemolymph was removed, 20 pl of neutral red
working solution (10°C) was added to the cell layer and
incubated in the chamber for another 15 min. A cover slide
was then placed onto the slide, and the hemocytes were
examined using a compound microscope at x600 times
magnification. The slide was examined at 10 min interval
for the first 60 min and subsequently at every 15 min.
A total of 30 granulocytes were examined at each time
interval. Once >50% of the haemocytes lost neutral red
dye from their lysosomes, the time was recorded as the
NRR time.

The value of each variable was expressed as mean+SD
and compared by one-way ANOVA (PASW Statistics
18.0, Chicago, USA). All the data were tested on their
normality and showed normal distribution. A probability
level of p<0.05 was defined as statistically significant.

The haemocyte density of the abalones held at 26°C
(8.07x10° cells ml'") were significantly higher than those held
at 18°C (3.55x10°cells ml'") and 10°C (3.05%10° cells ml")
(p<0.05, Fig. 1), and no significant difference was found
between 18 and 10°C (p>0.05, Fig. 1). Similar results
have also been reported in other molluscs and crustaceans
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Fig. 1. Haemocyte density (a) and haemocyte mortality (b) rates of

disk abalone Haliotis discus hannai at different temperatures

(Truscott and White, 1990; Paillard et al., 2004; Monari
et al., 2007). The haemocyte density in both molluscs
and crustaceans tends to fluctuate with environmental
temperature and higher environmental temperature
normally results in higher haemocyte density (Truscott and
White, 1990; Le Moullac and Haffner, 2000). Galloway
and Depledge (2001) opined that haemocytes can move
from tissue to haemolymph to adapt to environmental stress
when water temperature is increased, and haemocytes
can also be transferred/reserved to tissue when the water
temperature is reduced. In the present study, haemocyte
mortality rate at 26°C was significantly higher than
the results obtained at 18 and 10°C (p<0.05, Fig. 1). As
invertebrates rely primarily on innate immune defences
implemented through a non-lymphoid system (Galloway
and Depledge, 2001), and haemocytes are involved in
most of the physiological and pathological functions
(Cheng, 1981; Bayne, 1983; Fisher, 1986). Reduction in
haemocytes density and increase in haemocytes mortality
may suggest reduced immunosurveillance in stressed
animals.
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In the present study, the NRR time of abalones held at
26,18 and 10°C were 31.6+1.1,84.6+2.7 and 41.3+1.7 min,
respectively. In the first experiment, the NRR time did not
change significantly (p>0.05) when water temperature
changed from 18 to 17°C (Fig. 2a) and from 18 to 21°C
(Fig. 2b). When the water temperature reduced from 18 to
10°C, the NRR time dropped significantly from 84.6£2.7
to 41.3+1.7 min (p<0.05). When water temperature
increased from 18 to 26°C, significant NRR time drop
was noticed between 22 and 23°C (p<0.05, Fig. 2b). When
water temperature reached 24°C, the NRR time decreased
to 33.7+1.7 min and then remained at same level until the
experiment was completed.

In the second experiment, when the water temperature
was gradually increased from 10 to 18°C, the NRR time
increased with increase of temperature (Fig. 2¢). When
the temperature reached 17°C, the NRR time reached a
level that was not significantly different from the control
(p >0.05, Fig. 2c). When the water temperature decreased
from 25 to 18°C, the NRR time increased with decrease
in temperature, and the NRR time was not significantly
different between the control and treated group when the
temperature reached 20°C (p>0.05, Fig. 2d). Subsequently,
the NRR time remained at similar level until the experiment
was completed.

Based on the results obtained in this study, the
temperature range between 17 and 20°C was found
optimal for maintaining lysosomal membrane stability in
disk abalone H. discus hannai. This range is comparable
with the finding reported by Zhang et al. (2005). In this
study, the lowest NRR times were recorded at 10 and
26°C, suggesting a significant impact on the lysosomal
stability under these temperatures. However, no mortalities
were recorded at 10 and 26°C, indicating that H. discus
hannai could stand gradual water temperature changes at
these temperature levels.
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Fig. 2. Neutral red retention time (NRR time) of disk abalone Haliotis discus hannai in response to water temperature changes,
a: reduction in water temperature from 18 to 10°C; b: increase in water temperature from 18 to 26°C; c: increase in water
temperature from 10 to 18°C; d: reduction in water temperature from 26 to 18°C
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