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Abstract 
 

Eyestalk ablation is commonly inflicted upon crustacean is 
generally performed in captivity to induce ovarian maturation. 
The immunologic repercussions of the ablation have not been 
well understood and thus this study aims to analyze the effect 
of ablation on immunologic variables. Unilateral left eyestalk 
ablation was inflicted on shrimp samples. Shrimp immune 
responses were observed based on the Total Haemocyte Count 
(THC), Differential Haemocyte Count (DHC) composing of 
hyaline cell (HC) counts and granular cell (GC) counts, 
glucose and uric acid levels, along with the weight gains of 
shrimps. Observed parameters were taken twice from 10 
shrimps for each of the observed and control samples (i.e., on 
6 h and 5 d). The results show that the ablated shrimps’ group, 
after 6 hours, experienced a significant decrease in THC (3.12 
± 0.75 x 106 cells ml-1), but recovered after 5 days (3.89 ± 
0.96 x 106 cells ml-1) and were not significantly different from 
the control. Meanwhile, glucose levels show a significant 
decrease compared to the control (35-36 mg dL-1). Differences 
in DHC as well as uric acid in hemolymph were not significant. 
The ablated treatment did not affect the growth of vannamei. 
Changes occur in the physiological and immune parameters of 
shrimps due to the eye ablation treatment as shown by the 
decrease in the THC and glucose levels, especially within the 
early moments. However, at the end of the observation, 
shrimps exhibit signs of stress recovery indicated by an 
increase in THC close to normal. 

 
 

INTRODUCTION 
White shrimp (Litopenaeus 

vannamei) is one of the largest species of 
farmed shrimp in the world (Ackefors, 
2009). Intensive farming systems (rearing 
fish or stock in high density) are often 
practiced to obtain higher productions of 
shrimps. Efforts widely applied to increase 
production include high stocking density, 
maintaining water quality, disease control, 
feed management technique, 
immunostimulation, growth hormone, 

and reproduction control (Flegel et al., 
2008; Cobo, 2013; Ravuru and Mude, 
2014; Martínez et al., 2017; Nur et al., 
2019; Mulyadi et al., 2020).  

Growth and reproduction control in 
crustaceans are achieved through eye 
ablation.  The eyestalk ablation technique 
is a fast method to simultaneously acquire 
mature female gonads or ovaries in a short 
amount of time. Although the eye ablation 
technique is controversial, as it is 
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considered to violate animal rights, the 
technique is still being applied in the 
shrimp hatchery industry, driven by the 
existence of target productions of larvae 
needed to be produced. Studies revealed 
that the eye ablation technique can affect 
metabolic physiology, molting, growth 
and reproduction in crustaceans such as 
Charybdis lucifera, Chasmagnathus 
granulate, Eriocheir sinensis, Oziothelphusa 
senex senex, Portunus sanguinolentus, and 
P. pelagicus (Cobo, 2013; Pamuru et al. 
2016; Martínez et al. 2017; Ikhwanuddin 
et al., 2018). Eye ablation has also been 
applied in hatcheries of various shrimp 
species in cultures or enlargements 
including Macrobrachium rosenbergii, M. 
americanum, M. lanchesteri, M. dayanum, 
Astacus leptodactylus, Fenneropenaeus 
merguiensis, Penaeus indicus, P. monodon 
and L. vannamei (Pillai et al., 2010). 

The sinus gland regulates 
reproductive activities in crustaceans. It 
can trigger an increase in ovarian size and 
egg maturation. Earlier studies show that 
the Ovary Inhibiting Factor is secreted 
from the sinus gland, a factor now known 
as Gonad Inhibiting Hormone (GIH). The 
sinus gland is an organ that releases GIH, 
but the neurohormone itself originates 
from organ X lies near the ventral surface 
of the eye in the region of the medulla 
terminalis (Hongstrand, 1998). 

In addition to accelerating molting 
and gonadal maturation, eye ablation is 
also thought to have a negative impact in 
instigating an increase of stress, in which 
stress is described as the disruption of 
individual homeostasis that is outside the 
normal limit of the shrimp (L. vannamei) 
(Adams, 1990). The stress response can be 
evaluated by behavioral observations or 
measuring changes in several 
physiological variables such as oxygen 
consumption, blood profile, pH, 
hormones, ions, and hemocytes (Lorenzon 
et al., 2008) that may affect the 
performance of the juvenile vannamei 
shrimp hemolymph response. Changes in 
the number of hemocytes to a certain 
extent are usually followed by changes in 
the composition of the different hemocyte 

cells (Jussila, 1997; Hartinah et al., 2014). 
The parameters that can be used as an 
indicator of stress in crustaceans is the 
number of hemocytes. 

Stress responses caused by changes 
in environmental conditions can be 
characterized by physiological changes in 
the short or long term. These responses 
can cause the transfer of energy resources 
for endocrine response, and physiologic 
and metabolic pathways that may damage 
or threaten the condition of homeostasis 
(Buchanan, 2000; Harper and Wolf, 
2009). Under stress conditions, the fish 
allocate metabolic energy mainly to 
maintain the homeostatic state rather than 
growth and reproduction. Homeostatic 
activities, such as respiration, movement, 
and tissue repair. The energy needed to 
improve homeostasis during stress is 
obtained through the processes of 
glycogenolysis and gluconeogenesis that 
produce glucose (Hastuti et al., 2004). 

Hemolymph has a hemocyte-cellular 
component and a plasma-constituted 
liquid component comprising various 
humoral factors (macromolecules of the 
circulatory system). The cellular immune 
and humoral reactions function in an 
integrated manner producing defensive 
mechanisms such as hemolymph 
coagulation; prophenoloxidase (ProPO) 
melanization system (a primary innate 
defense system in invertebrates), 
production of reactive forms of oxygen, 
phagocytosis and encapsulation, in which 
the latter two are mainly performed by 
hemocytes (Iwanaga and Lee, 2005). 
Hemocytes have an important role in the 
crustacean immune system and can be 
used to assess health based on its 
characteristics and defense activities 
against infectious agents (Jussila, 1997; 
Chakraborty and Ghosh, 2014). In 
addition, metabolic products such as 
glucose and uric acid in blood or body 
fluids can be used to determine the level 
of stress in crustaceans due to treatments 
endured during maintenance, pollutants, 
handling, environmental changes, and 
post-transportation (Jussila, 1997; 
Lorenzon et al., 2008; Gulec and Aksu, 
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2012; Bislimi et al., 2013; Arifin et al., 
2014). Therefore, in this study, the effect 
of eyestalk ablation on the physiological 
status of shrimps through observation of 
the hemolymph profile was done. 
Moreover, the possibility of stress recovery 
due to ablation was examined at the two 
different elapsed time post ablations. 

 
METHODOLOGY 
Place and Time 

The study was carried out from July-
October 2016 at the Laboratory of Fish 
Health at the Faculty of Fisheries and 
Marine Science, Halu Oleo University, 
Kendari, South East Sulawesi, Indonesia. 
 
Research Material 
 Tools used in this study were 
aquariums (30 × 30 × 30 cm), siphons, 
aerators, DO meter, salinity meter, 
thermometer, electronic blood glucose-
uric acid (GCU) meter (Nesco), 1.0-ml 
disposable syringe (gauge 26G x ½"), 
hemocytometer (Marienfeld), hand tally 
counter light microscope (Olympus).  
 While materials used in this study 
were white shrimps (L. vannamei), 
Artemia salina, commercial feed, KMnO4 
solution, anticoagulant Na-citrate 3.8% 
and Giemsa solution (10%). 
 
Research Design 

This study is an experimental 
quantitative study. This study used five 
treatments that are the percentage of red 
paprika in fish food. The diet treatments 
were 0%, 2%, 4%, 6%, and 8%. The fed 
was given once a day with the satiety 
method. 

 
Work Procedures 
Experimental Shrimp  

Female white shrimps aged about 3 
months, weighing 10-17 g, were acquired 
from a mini shrimp hatchery or farm in 
Bororo village, South Konawe, South East 
Sulawesi, Indonesia and were raised in a 
pond to acclimate to the experiment 
conditions at the laboratory of Faculty of 

Fisheries and Marine Science, Kendari, 
South East Sulawesi, Indonesia until they 
reached juvenile length size of 4-5 cm. The 
shrimps were fed twice a day (morning 
and afternoon) with Artemia salina and 
commercial feed combination at 5% of the 
shrimp body weights. A screening test on 
the shrimps was done before treatment to 
inspect their health. Healthy shrimps were 
later randomly distributed into two 
experimental group aquariums with 10 
shrimps per aquarium. The condition set 
up refers to the optimal density in 
intensive cultivation ponds between 100-
300 shrimps per square meter. Continuous 
aeration, siphoning of wastes and debris, 
and saline water renewal were applied to 
maintain clean and dissolved oxygen. 
During the experiment, water quality 
parameters were maintained at a normal 
level (temperature range was 28-30°C; DO 
> 5 ppm and salinity was 33-35 ppt), (Van 
Wyk and Scarpa, 1999). 
 
Eyestalk Ablation Method 

Unilateral eyestalk ablation was 
done after one-week post aquarium 
assignment to allow the process of 
adaptation to a new environment. It was 
conducted to maintain the vannamei 
shrimps to be healthy, nimble, and have a 
good appetite. The left eyestalk was 
removed with sterile sharp scissors. The 
risk of injury occurring due to ablation 
immediately dried and did not release a lot 
of liquid after the vannamei shrimps were 
soaked in a bucket filled with 5 ppm 
KMnO4 solution for 15 minutes to prevent 
infection (Robi and Erlangga, 2014). The 
shrimps were later transferred into 
another aquarium. 
 
Rearing Activity 

Rearing was carried out for 2 weeks 
(from adaptation to treatment). As many 
as 10 shrimps from the ablated treatment 
group and 10 shrimps from the unablated 
treatment group were maintained in 
separate aquariums. Hemolymph was 
taken at six hours and 5 days after 
ablation. The growth rate was measured 
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by weighing individual shrimp at the 
beginning of treatment and the end of the 
rearing period. 
 
Sampling of Hemolymph 

Hemolymph retrieval was carried 
out twice, at six hours and 5 days (5x24 
hours) after ablation. Shrimp hemolymph 
samples were taken individually by 
inserting a syringe with 3.8% Na-citrate 
anticoagulant, fitted with a needle into the 
base of the fifth pereiopod. Hemolymph 
was allowed to undergo capillary action 
and was then slowly withdrawn. 
Hemolymph from each treatment shrimps 
was taken individually for the observation 
of Total Hemocyte Count (THC) and the 
Differential Hemocyte Count (DHC), 
glucose, and uric acid. 
 
Observed Parameters 

The parameters of immune and 
stress response were measured and 
observed include the THC and the DHC, 
the hemolymph glucose, the hemolymph 
uric acid, as well as growth. The THC was 
calculated to discover the number of the 
shrimp’s hemocyte referring to the method 
of Blaxhall and Daishley (1973), whereas 
DHC calculation was based on Martin and 
Graves (1995).  

 
Observation of Total Hemocyte 
Count (THC) and Differential 
Hemocyte Count (DHC) 

Hemolymph was diluted with 
anticoagulant Na-citrate (ratio 1:1) and 
the total hemocytes were counted using a 
hemocytometer (Marienfeld) and a hand 
tally counter using a microscope at 100x. 
A drop of fixed hemolymph was smeared 
on a slide and stained with Giemsa 
solution for 10 min. Differential 
hemocytes were examined from 100 cells 
for hyaline cells (HC), granular cells (GC), 
and semi granular cells (SGC). They were 
characterized according to Tsing et al. 
(1989) using a microscope with a 
magnification of 1000x. 

 
Measurements of Hemolymph 
Glucose and Uric Acid Levels 

Hemolymph glucose and uric acid in 
the hemolymph were analyzed through 
the application of a drop of hemolymph to 
a chemically treated disposable ʻtest-stripʼ 
which was then placed into an electronic 
blood GCU meter. The glucose and uric 
acid levels were detected based on the 
reaction that occurs between the test strip 
and the hemolymph (Caldari-Torres et al., 
2018). Their values are presented in mg 
dL-1 unit by the GCU meter (Nesco). 
 
Shrimp Growth 

Weight gain rate was measured 
based on the formula of Lugert et al. 
(2014). The absolute increase was 
expressed as: 
∆w = wt - wi 
Note:  
wt = final weight/length  
wi = weight/length 
 
Data Analysis 

The data were calculated with T-test 
(SPSS 23.0). 
 
RESULTS AND DISCUSSION 
Hemolymph Response Parameters 

Hemolymph response observations 
were carried out 2 times i.e. 6 hours and 5 
days (5x24 hours) post eye ablation 
treatment. The THC level of ablated 
shrimp was significantly down-regulated 
at 6 h, while The THC level of ablated 
shrimp was up-regulated gradually at 5 d, 
but still lower than the control (Fig. 1). 
THC of ablated shrimps had a lower 
significance at the 6 h post-ablation (3.12 
± 0.75 x 106 cells ml-1) than unablated 
control group (5.86 ± 0.98 x 106 cells ml-

1). However, they were recovered to be 
normal (3.89 ± 0.96 x 106 cells ml-1), this 
group was not different from the control 
group (5.16 ± 2.20 x 106 cells ml-1). 
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Figure 1.  Total hemocytes (mean ± SD) of shrimp (L. vannamei) post-ablation, N = 10. 

The results show that lower data found in the eye ablation shrimp group than 
without eye ablation treatment in both measurement time, at first (6 hours) and 
the second observation (5x24 hours). Superscript indicated a significant 
difference (p < 0.05) between treatments at 6 h post-ablation. 

 
Three main types of circulating 

hemocytes were identified in shrimps test, 
i.e. HC, SGC, and GC hemocytes. This 
classification is based primarily on the cell 
size and presence of cytoplasmic granules 
in hemocytes that could be observed 
through staining techniques. The HC is 
characterized by the absence of granules, 
the smallest and fine cell, SGC contains a 

variable number of small granules, while, 
the granular cell is filled with fairly large 
granules. Overall, the DHC of ablated and 
unablated shrimps were not different 
significantly. Similarly, there was no 
significant difference in the HC, GC, and 
SGC count for any of the shrimp after 6 h 
and 5 d (Figure 2). 

 

 
Figure 2.  Three types of hemocytes, i.e. the hyaline cell (HC), the granular cell (GC) and 

the semigranular cell (SGC) hemocytes. There was no significant difference (p 
> 0.05) in the DHC for any of the ablated/unablated shrimp. 

 
Changes in the level of hemolymph 

glucose in vannamei shrimp treated with 
eye ablation based on the results of the 
study are presented in Fig. 3. At time 6 h, 
the glucose level of ablated shrimp (108 
mg dL-1) was significantly higher than 
unablated one (36 mg dL-1). However, the 

glucose level of ablated shrimp decreased 
from 108 to 93 mg dL-1  approaching the 
normal level at 5 d post-ablation. Again, 
the glucose level of ablated shrimp (93 mg 
dL-1) was significantly higher than 
unablated one (35 mg dL-1) at time 5 d 
elapsed (Figure 3). 
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Figure 3. Glucose level (mean ± SD) of ablated and unablated vannamei shrimp. 

Superscript indicated a significant difference (p < 0.05) between treatments at 
6 h and 5 d post-ablation. 

 

 
Figure 4. Uric acid level (mean ± SD) of ablated and unablated vannamei shrimp. There 

is no significant difference (p > 0.05) among treatments. 
 

It was suggested that hemolymph 
could be used to indicate the difference in 
stress level or health status of vannamei 
shrimp after eyestalk ablation. Female 
shrimps after only having one eyestalk had 
significantly lower THC at the beginning 
than did normal shrimps or healthy 
shrimps (Fig 1). The difference in THC 
between ablated and unablated shrimp 
group could be due to stress in dying and 
a new atmosphere with imperfect 
eyesight. Meanwhile, the higher mean 
THC in the ablated shrimp group after 5 d 
post-ablation could have reflected stress 
become recovery cause the trauma has 
healed. There is a possibility that THC will 
be at a normal level if the observation is 
extended. 

Eyestalk ablation is a significant 
effort to control reproduction, although it 
affects the physiology of shrimp 
(Kamaruding et al., 2018) and even 
broodstock survival (Magaña-Gallegos et 
al., 2018). Therefore, this study examined 

several hemolymph parameters that 
indicate the homeostasis of vannamei 
shrimp after receiving ablation. Hemocyte 
homeostasis is of great importance for the 
health of crustaceans, owing to its 
important role in the innate immune 
system (Liu et al., 2020). Crustacean 
hemocytes play a significant role in the 
immune response of the host including 
recognition, phagocytosis, melanization, 
cytotoxicity, and cell communication 
(Johansson et al., 2000). In this study, the 
mean of THC of ablated shrimp was 
decreased by 88% in 6 h elapsed time of 
ablation. Furthermore, at 5 d after 
ablation, THC was lower than control 
shrimp. Hence stress caused ablation 
might influence the homeostasis of the 
shrimp. Similar observations of depletion 
of hemocytes (haemocytopenia) were 
reported in other decapod crustaceans like 
lobster and crab that was caused by 
several things including stress, endocrine 
activity, environmental factors, handling, 
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and bacterial infections (Matozzo and 
Marin, 2010; Lorenzon et al., 2008; Djai et 
al., 2017). The results, following the 
present study, that a dramatic decrease in 
THC can be considered as an indication of 
hormonal changes of the condition for the 
first time of ablation. This is reinforced by 
the statement that the endocrine system 
regulates the hemocyte populations in 
crustacean (Xu et al., 2019). 

The recovery of circulating 
hemocytes was observed in 5 d elapsed 
time after ablation, even though it is still 
higher than control. It is suspected that at 
that time the percentage of proliferating 
hemocytes has gradually increased. The 
recovery time depends on many factors 
including the cause of stress, the host 
species, and its health status. In an 
experiment by Sequeira et al. (1996) with 
kuruma shrimp P. japonicus injected with 
LPS, it was observed a significantly 
increased percentage of proliferating 
hemocytes 72 h post-injection.  

Three distinct types of hemocytes in 
decapod crustaceans are primarily based 
on the presence of cytoplasmic granules 
into hyaline cells, semigranular cells, and 
granular cells. Each cell type has a 
different function in immunity, however, 
each species of crustaceans exhibited 
variable immune activities. In crayfish and 
crab, for example, the hyaline cells are 
mostly involved in phagocytosis, the 
semigranular cells are active in 
encapsulation, while the granular cells 
participate in storage and release of the 
prophenoloxidase proPO system and 
cytotoxicity mechanism (Johansson et al., 
2000). Meanwhile, the main phagocytic 
capabilities of granular and semigranular 
cells were observed in Macrobrachium 
rosenbergii, and Penaeus monodon (Sung et 
al., 2000; Chai et al., 2012). 

HC levels were lower at 6 h than at 
5 d elapsed time of ablation but did not 
differ significantly (Fig 2). The slight 
decrease in HC of ablated shrimp at 6 h 
post-ablation is thought to be associated 
with phagocytosis. The injured eye allows 
the entrance of foreign material into the 
shrimp body. The migration of hemocytes 

to the injection site to phagocytize 
antigens and aggregation of cells is a form 
of defense response of crustacean (Van de 
Braak et al., 2002). DHC values at the two-
time measurements did not show 
significant differences in both ablated and 
unablated shrimps, this seems to be 
following the results of the study of Van de 
Braak et al. (2002) that high variations in 
THC after shrimps treatment, are not 
accompanied by significant changes in 
DHC. DHC is more frequently defined as a 
less useful stress indicator or the health 
status of crustaceans. 

Stress is an animal disorder due to 
adverse conditions. If the glucose level in 
shrimp exceeds 150 mg dL-1, this indicates 
that the shrimp is stressed and requires 
higher energy (Cuzon et al., 2004). 
Mulyadi et al. (2020) found that the 
glucose in hemolymph rose up to 107 mg 
dL-1 due to infection with vibriosis. In this 
study, at the moment of stress caused 
eyestalk ablation, there is a rise in the 
glucose of hemolymph (Fig 3). These 
mechanisms revealed that the ablated 
shrimp group was vulnerable to stress, in 
line with the statement of Cui et al. (2017) 
that eyestalk removal has also induced a 
significant decrease in glucose levels, 
indicating that the eyestalk hormone is 
involved in glucose metabolism to fulfill 
energy requirements under stress 
conditions. Blood glucose levels are set to 
always be in a stable condition in the body 
through the homeostatic process 
(Adisuwirjo et al., 2001). Excessive 
deviation from the normal either too high 
or too low indicating the disruption of 
homeostasis, lead to tissue damage such as 
tissue dehydration, and loss of essential 
ions, besides its effect on growth (Utari et 
al., 2013).   

The concentration of uric acid in the 
hemolymph is a reliable indicator of the 
physiological events occurring after 
molting. An increase in uric acid 
concentration after molting in a species of 
insect was correlated with the 
degeneration of the molting, muscle 
breakdown is causing the concentration of 
uric acid in the hemolymph to increase at 



Journal of Aquaculture and Fish Health Vol. 10(1) - February 2021 
DOI : 10.20473/jafh. v10i1.18926 

https://e-journal.unair.ac.id/JAFH  Nur et al. (2021) 41 

this time (Barrett and Friend, 1966). It can 
be explained that uric acid can be derived 
from autolysis proteins. Nitrogen 
metabolism end products are found in 
small concentrations in the hemolymph. 
(Cheng et al., 2004). Moreover, it was 
found that uric acid, and urea are related 
to the excretion of shrimp due to higher 
salinity levels (Lee and Chen, 2003). In 
this study, the uric acid level found in 
hemolymph statistically was not 
significantly different between ablated 
and unablated shrimps. However, 
descriptively, the data showed a higher 

level in the ablated shrimp group 
compared to the unablated one both in 6 
h and 5 d. This might be due to the small 
sample sizes, larger sample sizes give 
more reliable results that there is a 
difference (or effect) in the population 
(Alwi, 2012). 

 
Weight Gain Rate 

A higher weight increase was found 
in those that were unablated shrimp group 
compared to ablated one. 

 

 
Figure 5.  Weight increase of ablated and unablated vannamei shrimp. There was no 

significant difference (p > 0.05) in the growth for any of the ablated/unablated 
shrimp. 

 
The average growth results of 

vannamei shrimp weight during this study 
show that vannamei shrimp growth in eye 
ablation treatment is lower (0.6 g) 
compared to treatment without eye 
ablation namely (1.2 g) (Fig 5). It is 
suspected that shrimp in the eye ablation 
treatment is still in a stress period that 
disrupts the metabolic process so that the 
energy obtained from the feed is used to 
improve the physiological conditions or 
for maintenance. This is in line with the 
statement of Zarain-Herzberg et al. 
(2010), that stress will affect the growth 
of vannamei shrimp. In addition, 
Ponnuchamy et al. (1981) argued that 
high stress results in mortality. They found 
that bilateral eyestalk ablation results in 
high mortality in the freshwater prawn M. 
lanchesteri, whereas unilateral eyestalk 
ablated prawns showed a high survival 
rate. 

 
CONCLUSION 

In conclusion, decreased THC and 
increased glucose levels could be an 
indication of either increasing stress or 
adverse health effects of the female 
broodstock shrimp under eyestalk 
ablation. On the other hand, DHC and uric 
acid levels were less useful as indicators of 
stress or health status. Hemocytes and 
glucose levels may therefore be useful 
tools for assessing the immune response of 
vannamei shrimp. 
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