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Abstract 

Tiger grouper (Epinephelus fuscoguttatus) was very susceptible to the poor environment and 
therefore, it was weak against infection. A solution to this problem was by increasing 
immune response of the fish. The objective of research was to understand the effect of 
Alstonia acuminata on the hematology change in order to increase the survival rate of tiger 
grouper fish. Research was experimental and conducted at laboratory for 3 months. 
Parameters observed were the hematology of tiger grouper fish (including leukocyte total, 
monocyte, neutrophile, and lymphocyte) and the survival rate. Result of research indicated 
that leukocyte total had increased from day-1 to day-5, but decreased at day-7. The highest 
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level of leukocyte total, monocyte, neutrophile, and lymphocyte was obtained at 200 ppm 
dose. The highest leukocyte total was found at day-5 precisely for 72,666 cells/mL, while the 
lowest was obtained at 0 ppm (control) dose exactly for 24,433 cells/mL. The highest 
monocyte percentage was attained at day-5 with 8.67 %, while the lowest was obtained at 0 
ppm (control) dose with 2.33 %. The highest neutrophile was achieved in 200 ppm dose with 
11.67%. The highest lymphocyte rate of tiger grouper was known at day-5 with 83.33 %, 
while the lowest was recognized at 0 ppm (control) dose. The highest survival rate was 
94.44 % and obtained at 200 ppm dose. Result of research concluded that the treatment of 
Alstonia acuminate crude extract could influence the hematology and increase the survival 
rate to 94.44%.  

Keywords: Alstonia acuminata active compound, tiger grouper (Ehinephelus fuscoguttatus), 
hematology 

1. Introduction 

Tiger grouper (Epinephelus fuscoguttatus) was widely distributed in tropical and sub-tropical 
areas. It was the most favorite seafood with good marketability in the domestic and 
international markets. It was reasonable to say that the sale value of this seafood was high. 
Market demand for this commodity was very stable and even increasing from year to year. It 
was not surprising to say that the cultivation work of tiger grouper was indeed a good 
prospect. However, main barrier of the cultivation of tiger grouper was its high mortality 
from rearing stage to harvesting stage. Main causes of high mortality in the cultivation were 
the high cannibalism and the attack of a certain disease but causing massive death (Ninawe, 
2006; Badrelin et al., 2008; Karthupandi et al., 2010). 

Fish might be easily susceptible to disease when the water quality was decreased. As a 
consequence, poor health was experienced among fishes. Intensive cultivation system might 
cause this risk especially when the seed exceeded the carrying capacity of the environment. 
One serious disease in cultivation of tiger grouper was the infection from Vibrio pathogen 
bacteria, mainly V. harveyi. During the peak of epidemic, fish immune was deprived, and fish 
was easily stressed, infected and then dead. 

The medication against this fish disease so far had involved medicines and antibiotics, such 
as oxytetracycline, cananycine, chloramphenicol and terramycin. One earlier research had 
used other agent, such as tetracycline, for this fish disease (Jun et al., 2010). However, the use 
of chemicals was instead triggering new problem, respectively environmental pollution 
(Hameed et al., 2003; Kerry et al,, 1997; Khachatryan, 2006; Rairakhwada et al., 2007). The 
accumulation of antibiotic residuals in the fish tissue would influence the growth of the fish 
and its resistance to the agents, and might trigger the presence of immunosuppression 
(Maqsood et al., 2009).  

The natural material of land-based plant was an environmental-friendly alternative to 
eradicate V. harveyi. Research attempted to figure out the effect of A. acuminata methanol 
extract on the hematology change and the survival rate of tiger grouper infected by V. harveyi. 
Hematology was one effective and sensitive indicator to monitor physiological and 
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pathological changes in the fish (Kori-Siakpere et al., 2005).  

2. Method  

2.1 The Extraction of Active Substance, and the Experiment of Treating A. acuminata Crude 
Extract into Tiger Grouper and Infecting Fish with V. harveyi  

Fresh bark of A. acuminata was taken from the research site at Southeast Maluku District. It 
was dried, cut into small pieces, ground into fine dust, and macerated at room temperature 
with methanol solvent for 3 x 24 hours. This extract was then partitioned with n-hexane and 
ethyl acetate solvents by the ratio of solvent to material of 4:1.  

Tiger grouper was maintained in the 40 liters volume batch with clean water and 150 ppm 
chlorine. It was neutralized by 75 ppm chemical-grade natrium tiosulfate. Fish was 
acclimated for 7 days, with adjusted temperature and salinity. Fish was removed into 
submersion batch and given with immunostimulant of A. acuminata crude extract at various 
doses, such as 0 ppm (normal control), 50 ppm, 100 ppm, 150 ppm, and 200 ppm for 1 hour 
(based on period length in the result of toxicity test). After submersion, fish was returned to 
maintenance batch and incubated for 3 days. At day-3, fish was placed again in the extract 
submersion batch and re-submerged for 1 hour. After this, the challenge test against the 
density of bacteria V. harveyi at 107 cells/mL was conducted. Observation and measurement 
were carried out for 7 days to acknowledge leukocyte total, monocyte, lymphocyte, and the 
survival rate of tiger grouper fish.  

2.2 Parameters Observed  

The procedure of counting leukocyte total was based on Bijanti (2005) and Harikrisnan et al. 
(2010). The procedure of counting leukocyte differential rate (monocyte, neutrophile, and 
lymphocyte) was based on Bijanti (2005). The survival rate of tiger grouper was calculated 
through an equation = [Nt / No ] x 100 %, where Nt = the number of fish in the end of rearing, 
and No = the number of fish in the beginning of rearing.  

3. Result and Discussion  

3.1 Leukocyte Total 

Leukocyte was a component of blood cells which functioned as a non-specific defense to 
localize and to eliminate pathogen through phagocytosis process (Andayani, 2007). The 
change of leukocyte total in tiger grouper based on A. acuminata crude extract was shown in 
Figure 1.  

Figure 1 showed that leukocyte total was increased at day-5 to 72,666 cells/mL but decreased 
at day-7 to 71,100 cells/mL. It changed because appropriate immunostimulant dose could 
increase the activity of complement substances, opsonine macrophage, phagocytosis, and 
PMn leukocyte. It also facilitated the elimination of incoming antigens, thus preventing the 
fatalism of infection. The increased leukocyte total meant that there were humoral and 
cellular responses of leukocyte in dealing with the bacteria (Erlinger, 2004; Finlay et al., 
2006). 
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Figure 1. The change of tiger grouper leukocyte total based on                         
A. acuminata crude extract doses 

 

Leukocyte was delivered to the infected part of the body, and it stimulated the fish body to 
produce defense. At day-7, leukocyte was decreased and it meant that fish body was only 
sustained until day-5. It was then followed by leukocyte decrease as shown by histological 
damage in fish body at treatment of extract doses of 50 ppm, 100 ppm, 150 ppm and 200 
ppm.  

The treatment of A. acuminata extract influenced the increase of leukocyte total, where 200 
ppm dose produced higher leukocyte total if it was compared to 0 ppm (control), 50 ppm, 100 
ppm and 150 ppm doses. It meant that the higher dose of A. acuminata crude extract given to 
tiger grouper was producing higher leukocyte total in the fish. Indeed, 200 ppm dose was the 
effective dose of A. acuminata crude extract because it could eliminate bacteria V. harveyi. It 
was supported by the fact that body histology of the fish given with 200 ppm dose was only 
experiencing minor damage of body organ if it was compared to 0 ppm (control), 50 ppm, 
100 ppm and 150 ppm doses, which these doses were followed by the damage of body 
organs. 

Leukocyte played important role in the fish defense system against pathogen infection 
(Anderson, 1995). During infection, leukocyte was delivered into the infection system to 
manufacture fast defense against infectious genetic (Selvaraj, 2009; Buentello et al., 2011). 
The treatment of A. acuminata crude extract definitely helped the defense system of the fish 
to challenge bacteria infection. Coumaric compound in the A. acuminata crude extract could 
damage bacterial membrane cells and bind bacterial DNA such that DNA was not expressed, 
then causing bacteria to death (Lou et al., 2012). Hereby, leukocyte cells were not produced 
anymore in greater number. 

The increased leukocyte population was caused by the increased rate of activities of the 
cellular division and the production of mitogenic immunostimulant. Mitogenic compounds 
would activate defense cells for differentiation, and it caused DNA in the lymphocyte cells to 
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produce synthesis, thus triggering the increase of leukocyte population (Abbas et al., 2010).  

3.2 Monocyte  

Monocyte played important role in the defense system of fish body. Therefore, research 
attempted to calculate monocyte rate in tiger grouper fishes. The change of monocyte rate of 
tiger grouper with A. acuminata crude extract doses was indicated in Figure 2. 

 

Figure 2. The change of tiger grouper monocyte based on A. acuminata crude extract doses 

 

Figure 2 indicated that 200 ppm dose produced the highest monocyte at day-5 with 8.67%, 
but decreased at day-7 to 3.0%. Fishes treated with A. acuminata extracts had higher 
monocyte rate than 0 ppm (control) dose treatment. It was estimated that after the entry of 
bacteria to infect the fish, monocyte moved fast to leave blood vessel and went to the infected 
area to activate phagocytosis. 

Selvaraj et al. (2005) said that the increase of monocyte during infection might facilitate the 
monocyte in destructing bacteria. Monocyte represented a cell in the blood flow that was 
developed into macrophage. After being activated, macrophage had stronger phagocyte 
capacity than neutrophile, but this capacity was still lower than granulocyte. Maftuch (2007) 
admitted that the infection might cause inflammation or trigger an antigen-antibody reaction, 
and all of these would increase the production of monocyte to become a double. 

According to Bijanti (2005), monocyte circulation in blood was shorter (1-2 days). This cell 
(monocyte) migrated into tissues where the cell differentiated further into macrophage. 
Anderson (1996), Secombes (1996), Bastami et al. (2009), and Harikrishnan et al. (2010) 
added that the proportion of low monocyte in the leukocyte population could increase to 38% 
at shorter term during infection.  

3.3 Neutrophile  

Neutrophile was a phagocyte cell in the polymorphonuclear system. It was a cell that worked 
fast in the phagocytosis but it did not take long. The change of neutrophile in tiger grouper 
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based on A. acuminata crude extract doses was shown in Figure 3.  

 

Figure 3. The change of tiger grouper neutrophile based on A. acuminata crude extract doses 

 

Figure 3 showed that 200 ppm dose had produced the highest neutrophile at day-5, which was 
11.67%, but it decreased at day-7 to 11.33%. The neutrophile rate of healthy fish was 
assessed as 6.67 % which remained in the normal range of neutrophile rate from 6 to 8%, as 
stated by Smith (2007), Neutrophile percentage was increasing during the challenge test. 
According to Harikrishnan et al. (2010), the neutrophile rate was increased during bacteria 
infection because neutrophile was coming out from blood vessel and going toward infection 
region. Main function of neutrophile was destroying the foreign material through phagocytic 
process. The phagocytosis process involved chemotaxis, the adherence of cell onto infectious 
particle, the swallowing of this particle by the cell, and the destruction of particle by lysozom 
enzyme in the phagocom (Tizard, 1989). The exiting of neutrophile from blood vessel during 
infection was caused by the effect of external chemical stimulation or chemotaxis (Sahan et 
al., 2007). 

This compound was direct immune (killing the bacteria) and stimulant (stimulating the 
granulocyte). The extract treatment was able to stimulate the increase of granulocyte, and it 
was proved by the increased number of neutrophile in tiger grouper (Lou et al., 2012). In the 
neutrophile cytoplasm, there was a granule called lysozom, that was a structure with a density 
of electron and enzymes such as phosphatase, alkali, lysozym, and aminopeptidase (Abbas et 
al, 2010). Neutrophile in the blood would increase in number if there was infection and 
played important role in the first defense of the body (Harikrishnan et al., 2010). 

3.4 Lymphocyte  

Lymphocyte was a cell that functioned to produce antibody, to acknowledge and respond the 
antigen, and to be a mediator of cellular and humoral immunes (Abbas et al., 2010). The 
change of lymphocyte in tiger grouper based on A. acuminata crude extract doses was 
displayed in Figure 4. 
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Figure 4. The change of tiger grouper lymphocyte based on A. acuminata crude extract doses 

 

Figure 4 indicated that 200 ppm dose had the highest lymphocyte rate at day-5 with 83.33%, 
but it decreased at day-7 to 80.32%. The lymphocyte rate in healthy fish was 60.00%, and it 
was still in normal range of 60-85% as suggested by Galindo-Vilegas and Hosokawa (2004), 
but lower than > 80% as normal range proposed by Smith (2007). 

This research determined that the lymphocyte rate was high during challenge test. The normal 
lymphocyte rate was 60.00%, but it increased to 83.33%. It meant that the humoral immune 
response of the fish was in good condition such that it always challenged any alien matters 
and then, established antibody. The mechanism of increasing lymphocyte begun when the 
lymphocyte in the blood migrated into many lymphs or into spleen. When it met alien matter, 
lymphocyte developed and conducted a plasmatic cell mytosis to become antibody producer 
(Mishra et al., 2009).  

Provision treatment a dose of 200 ppm can enhance immune system (total leukocytes, 
monocytes, neutrophyls and lymphocytes). Increasing number of total leukocytes, monocytes, 
neutrophyls and lymphocytes continues along with the increasing given dose and duration of 
the infection process. Dominant compound from crude extract of A. acuminata is one of 
phenolic compounds containing dominant compound p-coumaric acid as basic former of 
flavonoid compound achieved by substance formation between chalcon and flavon. Enzyme 
involved in chalcon formation lasted through p-coumaric acid condensation, co-enzyme A 
with 3 units of malonil co A, so P-coumaric compound take a part as an immunomodulator in 
stimulating immune respond and direct immune in bacteria killing. This finding corresponds 
to (Kusmardi et al., 2006) said that flavonoid in the leaf extract of Cassia siamea Lamk and 
Cassia alata L. act as immunomodulator. It shows that the ability of phenolic compounds to 
enhance phagocytosis can be influenced by other components of the extract that are 
synergistic to phenolic in enhancing the immune response. 

A. acuminata extract helps enhance immune system in fighting bacterial infection in fish. The 
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nature of coumaric compound contained in the A. acuminata extract can be destructive to 
bacterial membrane cells and bind bacterial DNA so that the DNA can not be expressed 
which in turn leads to bacteria killing (Lou et al., 2012). Therefore total leukocytes, 
monocytes, neutrophyls dan limphocytes are not reproduced in a large number.  

200 ppm was a high dose treatment in the time of the research conducted and it could 
increase the total of leukocytes, monocytes, neutrophyls and limphocytes. It is supported by 
the results of the survival rates at the time of treatment, a dose of 200 ppm appears to produce 
the highest survival rates 94%. However, provision of a larger dose than 200 ppm will be able 
to increase total leukocytes, monocytes, neutrophyls and lymphocytes. This is reinforced by 
Anderson (1992) that the accuracy of the dose provision is a measure of the success for 
immunostimulant provision. A high dosage can suppress the body immune system 
mechanisms and low dosage is ineffective. Similarly, (Li & Galtin, 2006) said that the length 
accuracy of the immunostimulatory provision is also very important to enhance optimum 
immune response because provision of immunostimulant in prolonged periods can suppress 
the disease resistance and growth of fish. 

3.5 Histopatology of Tiger Grouper’s Gill 

Changes in fish tissue due to bacterial attack and the effect of crude extract of A. acuminata 
as immunostimulant towards control and recovery process of tiger grouper, then performed 
histological analysis for healthy fish (control) and that has been soaked with crude extract A. 
acuminata. 

Condition of Tiger grouper’s gill shows histological shape 0 ppm (control) in the feature of 
filamen and lamella, while gill condition in the bacteria infected fish shows major damage in 
the lamella indicated by swollen cells and change in the lamella structure. Dosage provision 
of A. acuminata crude extract 50 ppm, 100 ppm and 150 ppm experience different gill 
damage. Treatment with crude extract dose of 200 ppm to the gill tissue looks like normal gill 
(Figure 5). Data of gill tissue damage can be found in Table 1. 

 

Table 1. Gill Tissue Damage caused by provision of A. acuminata crude extract 

No Type of issue Damage 
Treatment  

50 ppm 100 ppm 150 ppm 200 ppm Bacteria Normal
1 Edema 3,2cd 2,8d 2,1c 1,3a 3,7d 1.0 
2 Hyperplasia 3,2cd 2,8bc 2,4c 1,3a 3,7d 1.0 
3 Hypertrophy 3,3cd 3,0cd 2,3c 1,3a 3,7d 1.0 

Description:  
Score 1= minor damage (0-5%), 2= moderate damage (6-25%),  
3 = heavy damage (26-50%), 4 = severe damage ( >50%). 
Letter notation in the score shows real difference at α = 0.05 
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Figure 5. Histopathology of tiger grouper’s gill with provision of A. acuminata crude extract 
Description: (A). Dose of 0 ppm (control), 1. Primary lamella; 2. Secondary lamella 3. Pillar 
cells, (B). Bacterial control. Arrow no 1. Lamella experience hyperplasia, 2. erythrocyte cells 
and unification of secondary lamella (C) dose of 50 ppm; 1. Hyperplasia of secondary lamella 
2. Pillar cells experience edema (D) dose of 100 ppm 1. Hyperplasia of secondary lamella, 2. 
Merging secondary lamella, 3. Filamentary edema, 4. Lamella fusion (E) dose of 150 ppm; 1. 
Hypertrophy, 2. Filamentary edema (F) dose of 200 ppm. 1. Filamentary edema, 2. 
Erythrocyte Enlargement 400 X 



Journal of Applied Biotechnology 
ISSN 2327-0640 

2013, Vol. 1, No. 1 

www.macrothink.org/jab 20

Based on the level of gill tissue damage, bacterial control treatment and dose of 50 ppm 
experience gill damage of the highest level such as edema, hyperplasia, hypertrophy, while 
the lowest damage is in the dose of 200 ppm, tend to be similar to the treatment of 0 ppm 
(control). Gill damage as a result of inappropriate immunostimulantt provision, causing 
non-specific immune system can not work optimally. It leads to tissue damage caused by 
bacterial infection. The result is consistent with the report Jawetz et al. (1996) stating that too 
low immunostimulant dosage will influence immune system which in turn can change to 
toxin. 

Dose of 50 ppm and 100 ppm show a heavy tissue damage. Dosage treatment of 150 ppm 
shows moderate damage. This is proved by scoring in every tissue criteria which is not so 
high. Gill experience epithelial change can not filter fine particles potential of causing 
hyperplasia in the secondary lamella and will decrease oxygen uptake in the water (Oluri et 
al., 2006).  

Edema is accumulation of excessive liquid in the intracellular space, while hyperplasia is 
increase in cell size that causes the merging gill lamella (Mahardika et al., 2004). Price and 
Wilson (2006) added, increasing hydrostatic pressure tend to force the fluid into the 
interstitial space so that congestion and edema will possibly to occur simultaneously. Another 
factor causing edema is the low intravascular osmotic pressure. Plasma cell balance depends 
on the nature of serum protein osmotic, edema will appear in the low concentration of protein. 
Edema will lead to tissue enlargement if it attack tissue with inflammation because of the 
fluid accumulation.  

Lamella hyperplasia is usually related to the increasing number and migration of malphigian 
cells in primary lamella. Gill damage caused by the low water pH which related to the acid 
rain and increase in the soil aluminum absorption. Secondary lamella hyperplasia is also 
related to lamella edema and epithelial hypertrophy. Pillar cell shape changes occur, but the 
main factor is the increasing number of chloride cells that extends up to the surface of the 
secondary lamella resulting in thickening of the secondary lamella (Roberts, 2001).  

Hypertrophy occurs during fish treatment caused by enlargement in some epithelial cells so 
as to change the size of the secondary lamella. Further explained by Saloso (2011), gill 
hypertrophy is caused by the growth and collection of virion in the nucleus. Enlarged nucleus 
will suppress cytoplasm, huge pressure to the cell membrane exceed cellmembrane elasticity 
level then caused cellular explosion and lysis. 

4. Conclusion  

Provision of A. acuminata can enhance hematological parameter between total leukocytes, 
monocytes, neuthropyls, limphosytes. A dose of 200 ppm A. acuminata is the highest dose in 
the treatment and it can enhance hematologycal parameter and survival rate of grouper fish 
(Epinephelus fuscoguttatus). It is suggested to conduct further research by providing higher 
dose of A. acuminata 200 ppm towards hematological and hispatologycal condition of tiger 
grouper fish. 
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