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Abstract

In this research, the effect of different water tem-
perature on THC (Total hemocyte count), variety 
of hemocyte cells and histopathological differenc-
es  in Crayfish Astacus leptodactylus were studied. 
This study was designed in three groups in tripli-
cate with 20 Crayfish in each glass aquarium. The 
rate of temperature in three groups were 10,15, 20, 
and 25 °C, respectively. The results indicated that 
the differences of THC value between Group1 (69± 
19.00)  and Group 3 (18± 12.49) were significant 
after 48 h . After 168 h, also the differences of THC 
value between Group 3 (9± 6.24) with Groups 1 
& 2 (35.33± 7.02 &32.33± 8.73) were significant. 
The highest and lowest  density of  hemocyte cells 
were belong to semigranular cells (SGC), granular 
cells (GC) and hyaline cells (HC), with estimated 
values of 59-64%, 28-36% and 3-8% respective-
ly. The result of histopathology in heaptopancreas, 
gill and heart in Group 3 affecting of high tempera-
ture showed the distribution of hemocyte aggrega-
tion and pyknosis of nucleus within vaculation of 
hepatopancreas. In Groups 1 and 2 the differences 
of hepatopancreas and gill lamella were lower and 
no pathological changes of heart were observed. No 
significant changes of digestive tract were observed 
in all treatments.

Keywords: Astacus leptodactylus, total hemocyte 
count, histopathology.

Introduction

Crayfish are known to play a significant role in some 
freshwater systems. Some species may be used 
as bioindicators for ecosystem function, although 
a general applicability is still debated (Furdeer & 
Reynolds 2003). Crayfish have also been viewed as 
ecological engineers, as they are important actors 
in altering habitat conditions by digging and trans-
ferring substrate (Statzner, Fievet, Champagne, Mo-
rel & Herouin 2000). The narrow-clawed crayfish 
Astacus.leptodactylus is one of the five species of 
the Astacidae family that are endemic to the Euro-
pean continent (Perdikaris, Koutrakis, Saraglidou & 
Margaris 2007 ). In Iran, Aras dam reservoir as a 
natural habitat of A. leptodactylus has an important 
role in export of this species to European countries 
(Matinfar 2007). Crayfish has an open circulating 
system which is filled with hemolymph containing 
hemocytes. These hemocytes originate from the 
hematopoietic tissue and mature hemocytes can be 
divided into  the following three cell types based on 
their structural and functional features: hyaline cells 
(HCs), semigranular cells (SGCs), and granular cells 
(GCs) (Soderhall & Smith 1983). The hyaline cells 
are small, spherical and have no or few granules. 
These cells constitute ≤ 5℅ of all mature hemo-
cytes and they have important role  in  phagocytic 
removal of microbial pathogens and dead cells. The 
SGCs contain small granules and participate in en-
capsulation as well as phagocytosis. Both GCS and 
SGCs store the components of  prophenoloxidase 
activating system and participate in cytotoxic reac-
tion in addition to generate and store AMPs and oth-
er immune effectors (Soderhal, Wingren,  Jhansson 
& Bertheussen 1985). All three hemocytes contain 
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variable amount of antioxidant enzymes, which act 
in host defense mechanisms (Bell & Smith 1995). 
Hemocytes take part in prophenoloxidase activation 
system (Soderhal, Johansson & Smith 1988) and 
contain phenoloxidase (Po), bactericidins and lec-
tins (Takahashi, Itami & Kondo 1995). Crustacean 
hemocytes are normally produced in the hematopoi-
etic tissues. These are located in dorsal anterior part 
of thorax and on top of the cardiac stomach in lob-
sters (Hose, Martin, Tiu & Mckrell 1992). Crayfish 
hemocytes play important roles in the initiation of 
several immune responses and production of anti-
microbial peptides (Jiravanichpaisal, Lee, Kim, An-
dren & Soderhall 2007). Hemocytes also play a role 
in surveillance of healthy and damaged basement 
membranes and also to encapsulate and destroy ab-
errant tissue (Liu 2008). On the other hand, crayfish 
hemocyte  have importance role in cellular defense 
mechanisms as well as in release of humoralde-
fence molecule. Thereby the hemocyte will initiate 
several  immune response such as activation of the 
prophenoloxidase activating system, initiation of 
the coagulation system and production of antibacte-
rial peptides (AMPs) (Soderhall & Cerenius 1998). 
The research demonstrated that hemocytes play a 
major role in crustacean immune system. First, they 
eliminate foreign particles in the hemocoel though 
phagocytosis, encapsulation and nodular aggre-
gation. Secondly, hemocytes participate in wound 
healing by cellular clumping and begin coagulation 
processes though the release of factors required for 
plasma gelatination (Kakoolaki, Sharifpour, Sol-
tani, Mousavi,  Mirzargar & Rostami 2010). Several 
studies have showed that the cellular immune re-
sponse mainly  phagocytosis and encapsulation by 
hemocytes. Hemocytes can internalize various par-
ticles including bacteria, yeast, sephadex, and dsrna 
(Liu 2008). The number of circulating hemocytes in 
crayfish have shown to react to different stressors 
and diseases  and could be used as indicators either 
Crayfish condition or environmental stress. Hemo-
cyte counts may provide an indication of subacute 
physiological effect in crustaceans (Smith 1991), 
and changes in hemocyte count have been shown 
to be a suitable indicators of stress in some species 

(Lorenzon, Francese, Smith & Ferrero 2001 ). Ac-
cordingly, this research determined the effect of 
temperature on total hemocyte count and hemocyte 
cells as well as histopoathology changes in freshwa-
ter  A. leptodactylus.

Materials and Methods

Management and Collection of samples
One – hundred and eighty freshwater crayfish, A. 
leptodactylus (weight range of 25-40g) were col-
lected  from Aras dam reservoir in West Azerbai-
jan province and transported to National  Artemia 
Research Center (Urmia)  in October 2010. The  
samples were acclimated in two tanks containing 
chlorinated and well-aerated freshwater at 10-15 °C 
in the laboratory for two days. During the acclima-
tion and experiment time, they  were fed once per 
day with commercial diet (trout, Biomar and Blood 
worm). Water of  aquariums were  exchanged once 
per day and the uneaten food was cleaned up regu-
larly. Three water temperature groups were select-
ed as  15±1°C (Group 1), 20±1 °C  (Group 2) and 
25±1°C  (Group 3). Also the measured values of pH 
and dissolved oxygen were  7-8 and 5.0- 5.5 ppm, 
respectively. A total of nine glass aquariums (three 
groups in triplicate) were prepared and each contain 
20 specimens of crayfish.
Before experiment, the crayfishes were  disinfect-
ed by oxytetracyclin antibiotic at concentration of 
100ppm for 24 h and then washed with chlorinated 
and disinfected water. Then all transferred to glass 
aquariums.

Haemolymph Sampling
Haemolymph was obtained from the haemocoel 
in the second abdominal segment.  For preventing 
coagulation, haemolymph sample were mixed 1:1  
with an anticoagulant solution (Smith & Soderh-
all 1983) (26 mm Citric Acid, 30 mm Trisodium 
Citrate, 10 mm EDTA (Ethylene Diamine Tetra 
– Acetic acid) (pH = 5.4). Haemolymph samples 
were transported in differential gamma plastic tubes 
for further  THC measurement and maintained in 
icebox in period  of analysis. The haemolymph 
samples (one sample from  each  aquarium)  were 
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withdrawn from crayfish for measuring of THC and 
variety of hemocyte cells within interval hours of 2, 
6, 12, 24, 48, 96, 192 and 240 h, after affecting of 
temperature. In this study, implementation of mori-
bund and diseased crayfish was mostly sampled and 
the number of samples were 12 at each time.

Total Hemocyte Count and variety of cell hemo-
cyte
Hemocytometer was used for counting  of hemo-
cytes. A drop of the anticoagulant - haemolymph 
mixture were  transferred on a hemocytometer and 
the rate of THC (total hemocyte count) measured by 
the light microscope (Jiang, Yu & Zhou 2004). Also 
the different types of hemocytes and their relative 
ratios were calculated .

Histopathology
Tissue samples (3 specimens  of crayfish from  each  
aquarium) including heart, gill and hepatopancre-
as were also collected at 2, 6, 12, 24, 48, 96, 168, 
and 240 h  under  affecting of selected temperature. 
Then their  tissues were  fixed in Davidsons fixative 
for 48 h  and at the end transferred to 70% ethylic 
alcohol. In following, the tissue samples were pro-
cessed for histhopathological study according to  
Bell & Lighthner (1988) method, and sections were 
prepared for H&E staining and viewed under light 
microscopy.

Statistical analysis
A one way ANOVA test was used to compare the 
differences of THC values  in different temperature 
at 95% confidence interval (P<0.05). Multiple com-
parisons along with the Tukey test was conducted 
to find any  significant difference among  Groups.  
All statistical tests were evaluated using the  SPSS 
18.0  software.

Results

THC and Hemocytes cell changes 
The results obtained revealed  (Table 1) that the 
value of THC in Group 1(T= 10-15°C ) at 48 h  ef-
fecting by temperature in comparison  with Group 
3 (T= 25°C ) significantly increased (P<0.05). Also 

there was significant difference in THC  between 
Group 3 (T=25°C) and Group 1(T= 10-15°C ) and 
the value of THC in Group 3 significantly decreased 
in comparison with Group1 (P< 0.05). Also the val-
ue of THC in Group 3  comparing to  Group 1 sig-
nificantly decreased at 168 h  (P< 0.05). In other 
durations , no significant difference in THC was 
observed between different groups (P>0.05). Also  
the highest and the lowest value of hemocyte cells 
were semigranolocyte cells (SGC), granulocyte 
cells (GC) and hyaline cells (HC), respectively. 
There was no significant differences between mea-
sured same treatment replicates too.SGC cells were 
round, ovoid or fusiform  with high percent of gran-
ules in the cytoplasm. Granular cells were round or 
ovoid with many  granules in the cytoplasm and hy-
aline cells were spherical or ovoid cells without or 
with few granules. The rough estimated values  for 
semigranular , granular  and hyaline cells were 58-
65, 29-37 and 3-8%, respectively.

Histhopatology findings
In histopathology observations, distributed and ag-
gregated hemocytes  were observed in haepatopan-
creas, excluding the Group 3. (Fig 5). Also distrib-
uted orlow aggregated hemocyte  were observed in 
Group 2 (T=20°C )  (Fig7), with lower amount of 
aggregated hemocytes  comparing to Group 3. But  
no differences were  observed in Group 1  (Fig 8). 
As well as vaculation and decreasing of hemocyte 
cells in haepatopancreas were observed by passing 
time in crayfish specimens under effect of higher 
temperature (Fig 6), but these appearance was not  
observed in haepatopancreas tissue in Groups 1 and 
2 (Fig 8). 
According to histopathological observations of 
gills, the rate of hemocyte cells show a descending 
trend in time passes. In  crayfishes  affecting by high 
temperature (T=25°C) aggregated hemocyte  along 
with the low normal  cells of gill lamella were seen 
(Fig 9). Also distribution of low hemocyte cells in 
Groups 1 & 2 were observed, but with lower  chang-
es in comparison  with Group 3.
Histopathological finding of heart showed that in 
crayfish affecting to high temperature (T=25°C ),  
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aggregated and distributed hemocytes in myocardi-
um were observed (Fig 11), but no differences ob-
served in hearts of Groups 1 and 2 (Fig 12). Also 
no differences observed in digestive system of all 
3 Groups of crayfishes, and digestive system was 
completely healthy  (Fig 13).

Discussion

Hemocytes in crayfish, similar to the  other crusta-
ceans, play an important role in the host immune re-
sponse (Jiravanichpaisal, Lee & Soderhall 2006a), 
such as early non-self recognition, phagocytosis, 
encapsulation, melanization and cytotoxicity. In 
crustaceans, the number of freely circulating hemo-
cytes varies in response to environmental stress, 
endocrine activity during the moulting cycle, and 
infection. Exposure to non-self molecules can cause 
a dramatic in total hemocyte count and the animals 

may die of an infection that they otherwise usual-
ly resist (Johansson, Keyser, Sritunyalucksana & 
Soderhall 2000; Jiravanichpaisal, Lee & Soderhall 
2006a). In our study, there was no significant dif-
ferences between three Groups of crayfishes affect-
ing by temperature in early time (2,6,12,24 h) after 
experiment. It can  be concluded that the crayfish 
immune system to resist with stressor agents caused 
by temperature and the  mean of THC could not be 
changed before 24 h  after affecting of crayfishes to 
temperature. But the mean of THC showed  signifi-
cant differences between crayfish affecting to high 
temperature (Group 3, T=25°C) with Group 1(T=10-
15°C ) at 48 h after experiment time. This finding 
showed that the high temperature as a stressor factor 
due to decrease of hemocyte cells and destruction 
of immunological system function and finally will 
lead to death of crayfish. Also there was significant 
differences between Group 3  with Groups 1 and 2   
at 168 h after affecting of temperature. This implies 

Table 1 The mean±SD  of THC at difference hours after affecting by temperature

 (*)  show significantly differences of THC in similar times.

THC (Hemocyte× 104)
Sampling times (h)

2401689648241262
Mean± SDMean± SDMean± SDMean± SDMean± SDMean± SDMean± SDMean± SDGroups
75.33± 20.4235.33± 7.02 34.33± 

14.01
69.00± 
19.00*

42.67± 
22.59

 117.33±
71.28

 86.67±
45.54

 17.34
36.00±

 Group1
T=10- 15°C

71.33± 8.3232.33± 8.7324.33± 8.5045.67± 
14.57

34.33± 
11.71

 42.85
85.67±

 29.54
77.00±

 10.01
31.76±

 Group
2T=20°C

61.67± 4.169.00± 6.24*22.00± 
11.35

*18.00± 
12.49

19.33± 
10.40

 11.59
86.33±

82.33± 8.6218± 5.29 Group
3T=25°C

Figure 1 The effect of different water temperature on THC. Figure 2 Hemocytes in  haemolymph of A. leptodactylus 
(Mag.220). 
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that the high temperature in Group 3  comparing 
to Groups 2 & 1  due to decrease  of circulating 
hemocyte cells and weakness of immune system by 

passing time. The number of circulating hemocytes 
in crayfish have shown to react to different stressors 
and diseases (Soderhall, Johansson & Smith  1988) 

Figures 5 & 6 Hepatopancreas of crayfish affecting by higher temperature (T=25°C ),  distribution of aggregated hemocyte  (5) (long 
arrow) and vaculation and low hemocyte cells (long arrow) with  many of pyknotic nuclei by passing time were observed (6) (short 
arrow)(H&E/Mag.440).

Figures 3 & 4. Semigranular cell (SG),  Granular cell (G) and Hyaline cell (H) in the haemolymph of A. leptodactylus (Mag.440 and 
880, respectively).

Figure 7 Hepatopancreas of crayfish Group 2, Distribution of 
low hemocyte cells are observed (short arrow) (H&E/Mag.440).

Figure 8 Hepatopancreas of Group 1 crayfish, without any 
significant changes and all hepatopancreas cells are healthy   
(H&E/Mag.220). 
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and could be used as indicators of either crayfish 
condition or environmental stress. Several studies 
indicated that the decline in THC under the normal 

THC range could be taken as indication of worsen-
ing condition in crayfish (Jussila 1997). Some stud-
ies indicated that various environmental factors, 
such as fluctuations in temperature and dissolved 
oxygen, influence the crustacean immune system on 
a daily basis (LeMoullac, Soyez, Saulnier, Ansquer, 
Avarre & Levy 1998; Lemollac & Haffner 2000), 
whereas captive crustaceans are typically subjected 
to constant ambient conditions. The  present study 
indicated that there were no significant differences 
observed in THC between Groups 1 and 2 during 
of experiment . This finding showed that the rate 
of temperature couldn’t affect on the immune sys-
tem of crayfish in  treatment groups, and differenc-
es of THC were not  significant in Groups 1 and 2 
. These facts suggest that stress inducing the high 
temperature by passing time of experiment  leading 

Figure 9 Aggregated hemocytes (short arrows) with decreasing 
of normal  cells of gill lamella in Crayfish affected to high tem-
perature (T=25ċ) (H&E/Mag.440).

Figure 11 Aggregated hemocyte  in the myocardium in crayfish 
affecting to high  temperature (T=25°C ) (H&E/Mag.220).

Figure 10 Distribution of  high amount of hemocytes in gill 
lamellas (short arrows) in Groups 1 & 2 of crayfish (H&E/
Mag.220).

Figure 12  Healthy heart in Groups 1 & 2 of crayfishes (H&E/
Mag.220).

Figure 13 Healthy digestive system in all three Groups of cray-
fishes under affecting to  temperature (H&E/Mag.220).

تصویر شماره ٩ در فایل وورد باز نمیشود
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to destruction of immune system and differentiation  
and decreasing of THC in  A. leptodactylus, respec-
tively. The Crayfishes finally will die due to high 
temperature and decreasing of hemocyte cells. The 
variations in number of hemocytes are mainly regu-
lated by release from the hematopoietic tissue, per-
haps complemented by storage and release of hemo-
cytes at other sites. Several workers have attempted 
to find proliferation of circulating hemocytes. Some 
reserachers have reported evidence for this, where-
as others have not detected it (Johansson, Keyser, 
Sritunyalucksana & Soderhall 2000). Some studies 
indicated that three groups of hemocytes includ-
ing hyaline cells (HC), small granular cells (SGC) 
and large granular cells (LGC) were  identified in 
shrimp Fenneropenaeus indicus that the highest and 
the lowest value of hemocyte cells were detected as 
SGC and HC, respectively. In our study three types 
of hemocyte cell including SGC, GC and HC were 
determined in agreement with the previous crusta-
cean hemocyte (Bauchau 1981; Hose,  Martin & 
Gerard 1990; Johansson, Keyser, Sritunyalucksana, 
& Soderhall  2000; Taylor & landman 2009), that 
the highest and the lowest value of hemocyte cells 
were semigranular SGC, GC and HC, respective-
ly. Our finding showed that the hyaline cells were 
comprised the lowest value of hemocyte cells in  
A. leptodactylus that it probably showed that these 
cells have low participation on immune system of 
crayfish in normal  condition of temperature (T=10-
15°C ). But the value of this cells had no significant 
differences with other hyaline cells in normal con-
dition of temperature in   A. leptodactylus. But our 
research demonstrated that the SGC had the highest 
value of hemocyte cells.   These cells probably were 
the main defense cells in crayfish . It is suggested 
that the rate of high temperature caused stressing  
condition and hemocyte aggregation in these or-
gans. But the rate of hemocytes were  lower and 
vaculation of hepatopancreas was seen by passing 
time that it probably can cause the  decreasing of 
immune system of crayfish due to high temperature. 
Also low aggregation of hemocytes in hepatopa-
ncreas in Group 2 and in gill lamella in Groups 1 
and 2 were seen but it wasn’t significant comparing 

to Group 3 affecting to high temperature  of which 
the low temperature can be the reason of this oc-
currence. n this research the rate of mortality due to 
high temperature in Group 3 was higher in compar-
ison with Groups 2 and 1, that it can be considered 
as  stress  of high temperature in this group.
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تأثیرات درجھ حرارت آب بر روی ھموسیت ھا و یافتھ ھای ھیستوپاتولوژی در شاه 
(Astacus leptodactylus) میگوی آب شیرین

آرش سام نژاد1*، محمد افشارنسب2، شاپور کاکولکى2 
1 فارغ التحصیل بهداشت و بیماریهاى آبزیان، دانشکده تخصصى دامپزشکى دانشگاه آزاد اسلامى واحد علوم و تحقیقات تهران، تهران 

2 موئسسه تحقیقات علوم شیلاتى کشور، صندوق پستى 6116-14155 تهران

 چکیده  
در تحقیق حاضر تأثیرات مختلف درجه حرارت آب بر تعداد، تنوع ســلول های هموســیت و تغییرات هیستوپاتولوژی در شاه میگوی آب شیرین مورد 
بررسی قرار گرفت. این مطالعه در ٣ گروه با ٣ تکرار و ٢٠ عدد شاه میگو در هر آکواریوم مورد طراحی قرار گرفت. میزان درجه حرارت در ٣ گروه به ترتیب 
١۵-١٠، ٢٠و C° ٢۵ بود. نتایج نشان می دهد که تغییرات هموسیت های کل بین گروه ١ (١٩± ۶٩) و گروه ٣ (۴٩٫١٢± ١٨)، بعد از ۴٨ ساعت از آزمایش 
معنی دار بود. همچنین بعد از ١۶٨ ساعت از آزمایش، تغییرات هموسیت های کل بین گروه ٣ (۶٫٢۴ ± ٩) با گروه ١ (٢/٧± ٣٣٫٣۵) و ٢ (٨٫٧٣ ±٣٣٫٣٢) 
معنی دار بود. بالاترین و پایین ترین میزان سلول های هموسیت به ترتیب سلول های نیمه دانه دار، سلول های دانه دار و سلول های هیالین بودند. سلول های 
نیمه دانه دار ℅۶۴-۵٩، ســلول های دانه دار ℅٣۶-٢٨ و ســلول های هیالین ℅٨-٣ از کل ســلول های هموسیت را تشکیل دادند. نتایج هیستوپاتولوژی 
در گروه ٣ مواجه  شــده با درجه حرارت بالا در ارگانهای هپاتوپانکراس، آبشــش و قلب، تجمعات هموســیت ها و پیکنوزه شــدن هسته ها با واکوئله شدن 
هپاتوپانکراس را نشان داد. در گروه های ١و٢ تغییرات هپاتوپانکراس و تیغه های آبشش پایین تر بوده و هیچ تغییر آسیب شناسی در قلب مشاهده نشد. هیچ 

تغییر آسیب شناسی در دستگاه گوارش درهر ٣ گروه در طول زمان های مختلف مشاهده نشد.
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