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The purpose of this study was to determine the total number of hemocytes, type of hemocytes, 
phenoloxidase enzyme activity and histochemistry of hepatopancreas cell types in prawn cultured in 
remote farm areas. Water quality was monitored during the period of this study in September 2020. The 
results showed no significant difference between total hemocytes in females (92.75x106 ± 19.55 
cells/mL) and males (58.48x106 ± 20.88 cells/mL). Three types of hemocytes were found in both sexes; 
hyaline cells, semigranular cells and large granular cells. The defense mechanism in females and males 
was determined in terms of concentration of phenoloxidase activating enzyme, which was not 
significantly disserent in males (0.70 ± 0.39 U/mL hemolymph) and females (0.72 ± 0.43 U/mL 
hemolymph). Moreover, this study showed that 4 cell types of hepatopancreas cells were identified as 
embryonic cells or E cells, Fivriller cells or F cells, absorbing cells or R cells and bladder-like cells or B 
cells. We found that almost all were R cells followed by E, B, and F cells. R cells were located in the 
proximal rather than distal part of the hepatopancreas duct. The number of R cells in females and males 
was 14.14 ± 0.50 cells/tubule section and 13.71 ± 1.15 cells/tubule section, respectively. The number of 
E cells was 12.16 ± 0.70 and 12.01 ± 1.73 cells/tubule section, respectively. E cells were found at the 
end of the ducts of hepatopancreas. Numbers of F cells were 5.78±0.13 and 5.69 ± 1.32 in females and 
males, respectively, and found to be distributed throughout the length of the tubes. Numbers of B cells 
were 10.70 ± 0.52 and 10.74 ± 0.11 in females and males, respectively. This study showed that the 
prawns in remote areas were healthy with the potential to produce hatchery material and provide data to 
improve factors causing low production. 
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INTRODUCTION 

Protein sources are becoming scarce in many 
countries, including Thailand, especially in remote 
areas that have fewer options in various respects. 
Foods, especially protein, can be used to indicate 
the healthy (Buda and Shafer, 2005). Therefore, 
the Thai government should encourage and 
support farmers in various occupations to earn 

more extra-income.  In the northeast of Thailand, 
it is a decade since the King Rama 9 introduced 
the culture of giant freshwater prawn in the rice 
fields along with paddle rice to increase the 
protein source for the Thai people. Therefore, 
some of today's farmers have two professions, 
one is paddy farmer and the other is fisherman 
and nowadays, they earned more income. Prawn 
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farming has become a new occupation not only in 
the northeastern but also in the central part of 
Thailand. Since prawn farming has been 
practiced, there are problems with management 
particularly, problems of productivity, low 
production yield, small size, diseases and size 
differences and production (Wang et al. 2014; 
Pakdeenarong, 2019). Prawns are not farmed in 
their original environment, but in a central part of 
Thailand, which is not near the sea. Because they 
live in brackish water and freshwater environment 
for development to maturity cycle. Their life cycle 
begins in tropical freshwater environments with 
turbid conditions caused by adjacent brackish 
water areas. Because their larval development 
must take place in brackish water, gravid females 
migrate downstream to estuaries where the eggs 
hatch as free-swimming larvae. From hatching 
from eggs to post-larvae, planktonic larvae 
undergo several zoeal stages. After 
metamorphosis, post-larvae adopt a more benthic 
lifestyle and begin to migrate upstream toward 
freshwater to become adults (Kautsky et al, 2000). 
Prawn cultivation occurs in central areas such as 
Chachoengsao Province. They have also been 

introduced to remote areas such as Kalasin 
Province to be raised and sold (Fig.1). 

Prawns are commercially valuable, and prawn 
farms in northeastern Thailand began to grow and 
process them. Prawns are highly valued in 
developed countries as a source of protein and 
are commercially important. They are used in 
almost all aspects of human health and nutrition. 
Therefore, management of shrimp farms is 
important to increase production yields (Dierberg 
and Kiattstmkul, 1996). The problem of 
transporting the juvenile prawns from one location 
to another remote area, introduces factors that 
may or may not damage the health of the prawns. 
In this study, the total hemocyte and hemolymph 
cell types were identified. Phenoloxidase enzyme 
activity and histochemistry of the hepatopancreas 
were studied along with water quality. This project 
aimed to measure the health of prawns reared in 
remote areas, distinguishing between male and 
females, to predict the potential of farming 
animals in remote areas. The production of 
farmed animals is needed. This study will provide 
indications for ecological, immunological, disease 
and breeding studies in the future. 

 
Figure 1: The map shows the remote area (Kalasin Province), which is about 513 km from the 
original location of the prawn (Chachoengsao Province). The site was sampled in Buaban Sub-
district in Kalasin Province, Thailand. 
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MATERIALS AND METHODS 

Selection of samples 
Six ponds were selected in Kalasin province, 
Thailand. They were selected based on the 
criteria of juvenile origin, age of prawn, prawn 
farming operation, age and experience of farmers, 
equipment and water supply. Water was sampled 
at three points in each pond and examined at 
three replicate points as follows. Water inlet, pond 
center and water outlet. Temperature, pH, 
dissolved oxygen, hardness, salinity and 
conductivity were then measured using the 
OAKTON PCD 650 (OAKTON Instruments, USA). 
A total of 30 adults, 15 females and 15 males, 
were randomly sampled from each pond farm in 
September 2020. They were taken to the Faculty 
of Science, Mahasarakham University. They were 
weighed and length determined and then 
anesthetized in MS-222 for 15-20 minutes. 
Hemocytes were collected by inserting a 26-gage 
needle attached to a 1-mL syringe containing 0.4 
mL of fixative (3% glutaraldehyde in 0.1 sodium 
cacodylate with 12% glucose, pH 7.8) into the 
ventral sinus and then 0.1 mL of hemolymph was 
withdrawn. The hemolymph was transferred to a 
glass vial for mixing. Then the total number of 
hemocytes of hemolymph was examined under a 
light microscope to determine the number of 
hemocytes. The total number of hemocytes was 
counted under the microscope using a counter 
hemocytometer. The total number of hemocytes  
was calculated.  

Histochemical Studies 
After the hemolymph was preserved, dissection 
and excision of the cephalo-thorax was performed 
for collection of the hepatopancreas. Three 
prawns were randomly selected from each 
replicate. The hepatopancreas from each prawn 
was dissected at the tip of the distal portion. The 
hepatopancreas samples were fixed in Davidson's 
fixative and then subjected to standard 
histological processing (Thompson, 1966). 
Paraffin blocks of hepatopancreas were sectioned 

to a thickness of 5 µm using a rotary microtome. 
Five slides from each replication of randomly 
selected sections were viewed under a Ziss Ch 30 
light microscope. Cells inside tubules were 
classified E/R/F/B cells. Types of cells were 
identified and counted according to Vicentini, 
2009; Ribeiro, 2014; Nunes, 2014 and converted 
to percentage. Ten tubules from each section 
were photographed using LAS V4.5 program 
software. The microphotographs were compared 
with cell descriptions of the hepatopancreas of 
other prawn species, such as Macrobrachium 
amazonicum (Vicentini et al. 2009; Ribeiro et al. 
2014) and Farfantepenaeus brasiliensis (Nunes et 
al. 2014). 

Phenoloxidase activating enzyme test 
In all prawns, a needle was inserted into the base 
of the fifth pair of pereiopods on each leg along 
the prawn body. Blood was stored at -20°C. Fifty 
microliters of prawn hemolymp was collected, 
placed in cacodylate - citrate buffer 1:1 and then 
centrifuged at 13,000 × g for 20 minutes. Then the 
centrifuged prawn blood was aspirated into 50 µL 
of well plate (96 well plate). Fifty μL of L- DOPA 
(L-3,4-dihydroxyphenylalanine) was aspirated into 
the 96-well plate. Light absorbance was measured 
at 490 nm using a microplate reader.  

Statistical analysis 
One-way analysis of variance (ANOVA) was used 
to determine significant differences between 
treatment groups and comparison between 
treatments was performed using Duncan’s 
multiple range test (DMRT) at 95 % reliability level 
by using SPSS Statistics software version 22.  
 
RESULTS  
The results showed that temperature was 30.30-

31.50 C, pH was 8.50-9.63, dissolved oxygen 
(DO) was 47.60-54.90 ppm, hardness was 4.10-
5.50 ppm, salinity was 3.65-4.30 ppt and 
conductivity was 6.45-8.50 µs/cm (Table 1).  

 
Table 1: Water quality during the period of this study on September 2020 

Sampling 
point 

Temperature 
(◦C) 

pH 
Dissolve oxygen 

(ppm) 
Hardness 

(ppm) 
Salinity 

(ppt) 
Conductivity 

(µs/cm) 

Water Inlet 30.30-31.50 8.85 -9.30 47.60-52.85 4.65-5.50 3.65-4.30 6.45-8.50 

Middle pond 30.70-31.30 8.50 -9.10 48.30-52.75 4.95-5.40 3.80-4.00 5.45-8.40 

Water Outlet 30.40-31.30 9.35 -9.63 52.80-54.90 4.10-5.00 3.90-4.00 5.35-8.00 
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There were 3 types of hemocytes: hyaline, 
semigranular and granular (Fig.2). The hemocyte 
count was studied. The level of hemocyte count 
was not significantly different between females 
and males (Fig. 2). The number of female 
hemocytes was 92.75x106 ± 19.55 cells/mL, while 
that of male was 58.48x106 ± 20.88 cells/mL 
(Table 2). Phenoloxidase activity in females and 
males was 0.70±0.39 and 0.72±0.43 U/mL of 
hemolymph espectively (Table 2). This study 
showed 4 cell types of hepatopancreas: R, E, B 
and F cells. Embryonic cells or E cells were found 
at the end of the ducts formed at the embryonic 
stage. Fivriller cells or dark cells or F cells were 
found with distributed functions and mechanisms 
used for digestion. Arcellular cells or absorptive 
cells or photosensitive cells or R cells were found 
at the initial viscera, resorption tubes and fibrous 

food cells. Vesicular cells or B cells   found large 
vacouoles which contain enzyme. 

Moreover, the results showed 3 types of 
hematocytes namely hyaline, semigranular and 
granular cells (Fig 2). The hyaline cells have a 
condensed nucleus and stained with eosin. The 
semigranular cells are more basidiophilic cells 
staining with hematoxylin and have fewer 
granules in the cytoplasm and the granular cells 
are basidiophilic cells with large granules in the 
cytoplasm. The total number of hemocytes of 
females and males was not significant. They were 
92.75x106 ± 19.55 cells/mL and 58.48x106 ± 20.88 
cells/mL in females and males respectively (Fig. 
2). Phenoloxidase activity was also not 
significantly different between females and males 
(Fig. 3). 
 

 
Figure 2: shows 3 types of hemocytes, hyaline (A). semigranular (B) , granular (C).Scale bar=10µm 
 
Table 2: Total number of hemocytes, hemocyte types, phenoloxidase and hepatopancreatic cells. 

 Female Male 

Total hemocyte 92.75x106±19.55 cells/mL 58.48x106   ± 20.88 cells/mL 

Hemocyte types 3 types:hyaline, semigranular, large granular 3 types:hyaline, semigranular, large granular 

Phenoloxidase  0.70±0.39 U/mL hemolymph  0.72±0.43 U/mL hemolymph 

Hepatopancreas cell types   R,E,B,F cell R,E,B,F cell 

 

 
 

Figure 3: comparison of Total haemocyte between female and male. 
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We found that different cells of hepatopancreas 
can indicate   by  R cells which were cell storage 
lipid and glycogen. E cells were initial cells to 
produce the others. B cell was the largest cell with 
a large vacuole that contained lipid at the side and 
the last was F cells that function as digestion cell 
or reabsorption cells.  When males and females 
were compared, it was found that the difference in 
number of most cells was not significant (Fig 5). 
This study showed that 4 cell types of the 
hepatopancreas were embryonic cells or E cells 
located in the proximal and middle part of the 
ducts. Fivriller cells or F cells were found with 
distributed functions and mechanisms used for 
digestion in the proximal part of the ducts. In 
addition, absorptive cells or R cells were found at 
the inner sides and at the end of the ducts, 
Vesicular cells or B cells were found at the 

proximal, middle and end of the ducts of the 
hepatopancreas. We found that almost all were R 
cells with gradually reduced in number of E, B and 
F cells, respectively (Fig. 5).  Most of R cells were 
located in the proximal rather than distal part in 
the female. But, in male that were found in the 
middle part of the ducts of the hepatopancreas 
(Fig 6). The function of the hepatopancreas is the 
production and storage of digestive enzymes, 
absorption and storage of nutrients. In addition, it 
also plays a role in detoxification. There are 
several cell types 1) embryonic cells (E cells) 2) 
vesicular cells or vacuolated cells (B cells) 3) 
fibrillar cells or dark cells (F cells) 4) reabsorptive 
cells or light cells (R cells) whose main function is 
absorption (Fig 6). 
 

 
 

Figure 4: Comparison of phenoloxidase between females and males. 
 

 
Figure 5: Comparison of the number of hepatopancreatic cells between females and males. 
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Figure 6: Hepato pancreatic cells of the female in the proximal, middle and distal regions (A, B and 
C) and those of the male (D, E and F).  
 

Table 3: Number of hepatopancreatic cells between females and males. 

Hepatopancreas cell types cells/tubule in female cells/tubule in male 

R cell 14.14 ± 0.50 a 13.71 ± 1.15 a 

E cell 12.16 ± 0.70 b 12.01 ± 1.73 ab 

B cell 10.70 ± 0.52 c 10.74 ± 0.11 abc 

F cell 5.78 ± 0.13 d 5.69 ± 1.32  d 

 
: Values with different superscript letters in each row/column are significantly different (p<0.05). 
 

DISCUSSION 
  The water quality was quite good and 

suitable for prawn rearing at this site, given its 
proximity to Lompoaw Dam. In global aquaculture,  
hemocytes are believed to be produced at 

temperatures greater than 30 C (Cheng et al. 
2005). Similarly, the total number of hemocytes in 
this study was quite high. The concentration of 
dissolved oxygen, a very important parameters in 
prawn culture, was 47.60 to 52.85 ppm. This high 
level was reached because the plankton 
production was small, and excess   organic matter 
accumulated on the pond’s bottom. Oxygen can 
affect prawn survival, growth and mortality, 
resulting in a large number of hemocytes   at   
oxygen concentrations at which prawns have total 
hemocytes (Lu-Qing et al. 2005).  At high oxygen 
concentrations, both the survival rate and the 
number of hemocytes were relatively high. Li et al. 
(2008) showed that pH affects final survival rate. 
The survival rate was found to be lowest at pH 6.5 
and greatest at pH 10.1 (Christopher et al. 2006; 

Li et al. 2008), and the pH in this study (8.50 - 
9.30 was within that range.  Salinity, hardness, 
and conductivity were within the recommended 
ranges  (Lu-Qing et al. 2005).   

Three types of circulating hemocytes are 
involved in cellular immune responses: the hyaline 
cells, semigranular cells, and the granular cells. 
The total number of hemocytes was not 
significantly different between males ,whereas, 
females (92.75 ± 19.55 x106 cells/mL and 58.48 ± 
20.88 x106cells/mL, respectively).  Females do 
have a significantly greater number of hemocytes, 
however (14.2 ± 8.2 x106 cells/mL), as reported by 
Cheng and Chen (2001). Phagocytosis in hyaline 
cells is the first line of action to remove   small but 
subtle foreign bodies such as protozoa, bacteria, 
and fungi as well as viruses that penetrate  the 
skin layer of the prawns.   Hyaline cells engulf   
the foreign bodies, and the lysosome secretes a 
digestive aid. After phagocytosis, the blood cells 
expel  the waste to the outside. Encapsulation is a 
function of semigranular cells.  This process 
removes large foreign bodies such as parasites 
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(Kakoolaki et al. 2010). Large amounts of foreign 
bodies are removed to the center of   blood cells. 
Many cells appear to contain a wall to isolate the 
foreign bodies, preventing destruction of the 
prawns (Sritunyalucksana et al. 1999). 
Prophenoloxidase, another important component 
of immunity, is stimulated to produce the     
phenoloxidase when foreign bodies invade. 
Phenol oxidase works with melanin to prevent and 
inhibit the growth of bacteria (Sritunyalucksana et 
al. 1999). 

  The immune system in the prawn is 
characterized by a non-specific response; a 
mechanism to eliminate foreign matter entering 
the body. The ability to prevent or destroy 
microorganisms or foreign matter is not great, 
given that only a certain level of microbes can be 
controlled. This non-specific immune system will 
change, given that it lacks the antibody that can 
recognize foreign bodies and build future 
immunity, as seen in humans and large animals 
(Lee and Söderhäll, 2002). The immune response 
(total hemocyte count and prophenoloxidase 
activity) was also investigated. Hemocyanins 
reportedly possess phenoloxidase activity after 
proteolytic cleavage in the horseshoe crab, 
Tachypleus tridentatus (Nagai and Kawabata, 
2000), and the crayfish, P. leniusculus (Lee et al. 
2004). However, hemocyanin can function as an 
oxygen transporter. Though prophenoloxidase is 
synthesized in hemocytes, hemocyanin is 
produced in the hepatopancreas. Similarly, in the 
penaeid prawn, prophenoloxidases are localized 
in the semigranular cells and the granular cells. 
(Perazzolo and Barracco, 1997; Vargas-Albores 
et al. 1996), and it has been shown that 
prophenoloxidase mRNA is expressed in 
hemocytes (Sritunyalucksana et al. 1999). In 
insects, some prophenoloxidases can be found in 
the plasma. Certain hemato-immunological 
parameters of giant freshwater prawn infected 
with L. garvieae were reduced: total hemocyte 
count, phenoloxidase activity, oxyhemocyanin-to-
protein ratio, and glucose level. Cell types in the 
hepatopancreas in each tube were identified by 
cutting and dyeing process. Histochemical 
examination of the hepatopancreas of the reared 
prawns showed that these cells were more likely 
to be healthy compared to others. Histological 
tissues varied based on cell types in the 
hepatopancreas. Most were R cells, and most of 
the remainder were E cells, which have been 
shown to provide reabsorption. The R cells in this 
study were normally located in the distal areas 
rather than the proximal areas, and they provided 

nutrient storage, absorption and reservation, each 
of which occurs under starvation conditions 
(Taylor and Anstiss, 1999).  The R cells correlate   
cell functions, with intracellular digestion by B 
cells and absorption by R cells. According to 
studies by Wang et al. (2014), the main function of 
R cells in Litopenaeus vannamei is to store 
nutrients, which may be in the form of lipid or 
glycogen   (Silva et al. 2018). This related to the 
coloration difference between eosin and 
hematoxylin staining, as lipid droplets are 
acidophilic and glycogen droplets are basophilic, 
respectively. Thus, R cells have absorptive and 
reserve cells (Al-Mohanna and Nott, 1987). The 
glycogen and lipid reserves stored in the R cells 
can be mobilized to provide energy to the animal 
during the period of physiological abstinence that 
occurs at times of molting and reproduction cycles 
(Vicentini et al. 2009). However, the function of 
this cell during the digestive cycle has not yet 
been clarified for all decapods. Moreover, this 
study showed more than 3 cell types such as E, F 
and B cells, B cells are mainly for absorption, 
intracellular digestion, storage nutrient by 
absorption from hepatopancreatic lumen (Silva et 
al. 2018).  B cells in the mid and proximal sections 
can prove these claims, as the differentiation 
order would be E cells into F cells and only then 
into B cells. E cells deliver the other cells. The E 
cells were observed in proximal and the middle 
section of the tubules, which is an interesting 
results in M. amozonicum. Thus, E cells have the 
function of supplying other cells and performing 
tubule growth, which occurs from the proximal end 
(Ribeiro et al. 2014). While the F cell has a 
function of nutrient storage with high protein 
synthesis and production of digestive enzymes. 
Thus, the area where more E cells is found would 
be the area with the fewest B cells. B cells have 
been observed most frequently in the 
hepatopancreatic tubules, mainly in the proximal 
and distal regions of the tubule. B cells are 
functions for intracellular digestion, and therefore 
the absorbed material is accumulated within the 
large cytoplasmic vacuoles (Ribeiro et al. 2014). It 
has been described that the pinocytic vacuoles of 
the B-cell cytoplasm store nutrients absorbed from 
the hepatopancreatic lumen (Al-Mohanna and 
Nott, 1989). Besides, shrimp fed starch produced 
more B cells in hepatopancreas tubules than 
those fed glucose or sucrose (Wang et al. 2014).. 
They were defined by pinocytotic vacuoles located 
at apical of the cells. Large cells contain large 
cytoplasmic vacuoles to accumulate materials in 
the cells. At the apical of B cells presents the 
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microvilli indicated functions of the absorption. 
Apparently, the product of intracellular digestion 
was exocytosis of a substance into the 
hepatopancreatic lumen. F-cells produced 
extracellular digestion enzymes to nourish the 
animals. This cell has a high rate of protein 
synthesis and is responsible for the production of 
digestive enzymes (Vicentini et al. 2009), 
performing a function similar to that of the 
exocrine pancreas in this species. 
 
CONCLUSION 

Remote areas were suitable for raising shrimp 
as they require good water quality, which leads to 
damaged health as measured by two innate 
immunity activities such as hemocyte count and 
phenoloxidase activating system, which were 
normal. Inside the hepatopancreas, when health 
was measured, it was found that R cells were 
prominent followed by E, B and F cells, which 
means that the cells serve as storage cells as 
they prepare for growth and develop into B cells 
for lipid storage and F cells for digestive activity. 
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