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Abstract. Andayani S, Dadiono MS, Elwira WT, Setyawan FH. 2020. Potency of aloe extract as immunostimulant for carp (Cyprinus
carpio) against Aeromonas salmonicida. Biodiversitas 21: 860-864. The objective of the study was to be able to know the cellular and
humoral non-specific immune response to Aeromonas salmonicida after aloe extract administration. This study employed Complete
Randomized Design with 3 treatments and 3 replications, control treatment (K), A =2 ppm of aloe extract application in the media, B =
16 ppm of aloe extract in the media, and C = 30 ppm of aloe extract in the media. The extract was given through one-hour soaking at
day 0 and day 7, and then challenge-tested to 107 cells.ml-1 of A. salmonicida into the media for one day. Results showed that
administration of aloe extract could raise plasma protein levels from 443.0 to 662.0 mg.Kg-1 antibody from 1.2576 to 3.3974, and
phagocytic activity from 30.61% to 45.94%. Similarly, the differential value of leucocyte (lymphocyte from 58.6% to 73.70%,
neutrophils from 6.09 to 8%, and monocyte from 5.70% to 7.72%). As conclusion, aloe extract at the dose of 2 ppm could raise the
cellular and humoral non-specific immune. Therefore, the use of aloe extract as immunostimulant at the dose of 2 ppm applied through
immersion could also apply other methods, such as oral and injection.
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INTRODUCTION
Carp Cyprinus carpio culture intensification has caused
a number of disease outbreaks with increase in causing
pathogens. Aeromonas salmonicida is one of the most
serious problems in various stages of carp culture that can
result in mortality of fish fry or fingerling up to 99% from
pathogenic bacterial infection (Harikrishnan et al. 2011).
The outbreak level of A. salmonicida in carp hatchery
can be known in several hours. According to Idowu et al.
(2017), A. salmonicida can singly infect fish and multiply
very fast so that it can kill fish in few days.
Infection of A. salmonicida can make damages to fish
organs and skin wounds (Moriarty 1997). To control the
disease, particularly from bacteria, various types of
antibiotics, such as chloramphenicol, oxytetracycline, and
erythromycin have been used (Kerry et al. 1997; Hameed et
al. 2003), but these utilizations are reported to result in
resistance of the new strains (Harikrishnan et al. 2010;
Hameed et al. 2003). Therefore, the use of natural
substances, that are still limited to saponin and rotenone,
needs new breakthrough by benefiting aloe plant Aloe vera
as
an
environmental
friendly immunostimulant
(Harikrishnan et al. 2010; Sakai 1999; Andayani 2007).
This plant, according to Sahu et al. (2013), contains amino
acid, enzyme, hormone, mineral, saponin, flavonoid,
polyphenol, and tannin. Quispe et al. (2018) added that
compounds of the aloe plant consist of phenols in the form
aloe-emodin, isoquercitrin, and chrysophanol. The
administration of aloe plant as immunostimulant given

through soaking can be done on 15 g-fish fries. Injection is
less efficient for fish fry and the fish safety cannot be
guaranteed.
Hence, a study is needed to explore the natural
resources in order to obtain benefit of bioactive compounds
of the aloe plant as immunostimulant for immune response
development, especially the carp baby fish, to increase
survivorship and prevent the fish infection in the carp
culture activities. Nevertheless, the use of the
immunostimulant advantages of aloe bioactive compounds
has been able to utilize and extensively apply in fish
culture, so that more serious and detail examination can be
very interesting and absolute to do. This study is directed to
know the cellular and humoral non-specific immune
response to the administration of aloe extract against A.
salmonicida.

MATERIALS AND METHODS
Materials
The experimental fish were carp C. carpio of one
hatching taken from Aquaculture Center of Blitar that were
reared at the density of 10 ind.15 L-1, with mean total
length of ± 8 cm. Acclimation was done for 2 weeks, and
water replacement was conducted as much as 10-20% of
total volume once a week.
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Experiment
The study employed Complete Randomized Design
with 3 treatments and one negative control and one positive
control, each of which had 3 replications as follows:
A : treatment of 2 ppm aloe extract administration.
B : treatment of 16 ppm aloe extract administration.
C : treatment of 30 ppm aloe extract administration.
K : treatment of 0 ppm
1, 2, 3 : treatment replication.
The aloe extract was administered in day-1 and
boostered in day-7, with one-hour soaking. The aloe extract
was given through soaking in 3 different treatment
concentrations. Each tank contained 15 L of water
according to the treatment doses, then 10 individuals of fish
were soaked into each treatment tank. Bacterial A.
salmonicida infection was carried out after 7 days of the
aloe extract soaking. Bacterial density was set 107 cells.mL1
for 24 h (Andayani 2006). Water quality parameters, such
as pH, temperature, and DO, measurements were also
accomplished. Parameter observations included cellular
non-specific immune, such as differential leucocyte, and
phagocytic activity, and humoral non-specific immunes,
such as titer antibody and plasma proteins. Immune data
collection was done before infection, after aloe extract
administration (day-7), and after infected with A.
salmonicida (day-9).

Neutrophil (%)

Aloe vera dose

Monocyte (%)

Carp blood sampling
The fish blood was collected twice, before infected or
after immunostimulant administration for 7 days and one
day after infected with bacteria A. salmonicida.
Approximately 0.05 ml of blood was collected from caudal
vein of 10 fish at 7 and 1 days post-infection and were
allowed to coagulate overnight at 4°C. EDTA and an
aqueous solution of Na-citrate were used as anticoagulants.
Serum was obtained by centrifugation at 8000 rpm for 10
min (Harikrishnan et al. 2003; Kordon et al. 2018). The
parameters measured were differential leucocytes
following Biyanti (2005), the phagocytic activity isolation
based on Irianto and Budiono (2004), and plasma protein
and titer antibody using Harikrishnan et al. (2010).

Aloe vera dose

Aloe vera dose

Phagocytic activity (%)

Aloe extraction method
Aloe plant extract was obtained from Material Medica,
Batu, East Java, Indonesia. Extraction followed
Setyaningsih et al. (2017), in which it was accomplished
through maceration and evaporation. It employed three
different solvents, ethanol, ethyl acetate, and n-hexane. The
use of these three solvents was intended to examine the
phytochemical content in the aloe powder. The plant was
macerated in the solvent as 1:4 for 3 days and stirred each
24 h (Prahesti et al. 2015). Afterward, filtration was
conducted using filter cloth up to no deposit was left, then
dried in a rotary vacuum evaporator at 45oC up to pasta
was formed.

Lymphocyte (%)

Food material
The fish were fed with fresh chopped bonito and
sardines. Feeding was done ad libitum twice a day at 07.00
am and 16.00 pm.

Aloe vera dose

Figure 1. Relationship of Aloe vera dose with lymphocyte (%),
neutrophil (%), monocyte (%), and phagocytotic activity (%)
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Cellular non-specific immune
The relationship between the aloe extract dose and the
cellular non-specific immune parameter before infection
(after aloe extract immunostimulant administration) up to
infection period of the carp is demonstrated in Figure 1.
Humoral non-specific immune
The relationship between the aloe extract dose and the
humoral non-specific immune parameter before infection
(after aloe immunostimulant administration) up to the carp
infection period is presented in Figure 2.
Discussion
The differential lymphocytes ranged from 58.6 to
73.70%. This range occurs in the standard range of 60-80%
lymphocytes (Uribe et al. 2011). Our observations showed
that number of lymphocytes increased from that before
infection (after aloe extract administration) up to infection
period. Treatment C (30 ppm) gave lower number of
lymphocytes than B (16 ppm) and A (2 ppm) since the
active compound of phenolic content in the aloe was too
saturated so that it is toxic for the fish. These findings are
supported by the results of previous investigations
(Solatanian and Fereidoni 2016). Due to high doses, it can
cause physiological disorders in the form of stress
(Harikrishnan et al. 2010). Stress could cause problem in
the non-specific immune response, such as lymphocyte
proliferation (increase in number of cells and structural
change to T cells and B cells). Stress also pushes the
release of cortisol hormone that could press the immune
system after stimulated and could make depression of
lymphocyte, macrophage, and leucocyte (Galindo 2004;
Uribe et al. 2011). As a result, it could result in
physiological disturbance in the form of stress
(Harikrishnan et al. 2010).
Neutrophil standard ranges from 6 to 8% (Anderson
1974). The present study indicates that all the extracts and
doses could increase the number of neutrophils from the
first day to the infection period of 7.57 to 8%. Number of
neutrophils increased with dose of aloe extract
administration as response to increased bacterial invasion.
Neutrophils reflect phagocytotic activity that is able to
attack and kill the bacteria, viruses, and other deleterious or
hazardous agents attacking the body. Its major role is as
early defense of non-specific immune to bacterial infection
(Vadstein 1997). Activated neutrophils ingest pathogens
and produce reactive oxygen species, release toxic
substances from intracellular granules, thus becoming very
potent killers (Kordon et al. 2018).
Number of monocytes ranged from 5.70 to 7.72%
before and after A. salmonicida infection. Based on the
present study, the number of monocytes increased from the
first day to the infection period. The best treatment was
found at the dose of 2 ppm, followed by 16 ppm, and then
30 ppm (Figure 1). Giving high doses of
immunosuppressive, which can suppress immune action.
These findings are also supported by Sakai (1999) that
cytotoxic compounds such as phenols can have

immunosuppressive
effects
at
high
doses.
Immunosuppressive can inhibit the proliferation of immune
cells and T cell lymphokine production. Dügenci et al.
(2003), support the immunosuppressive substances can
affect the phagocytic system by suppressing the
myelopoiesis system will reduce the formation of oxidants
or bind oxidants. Emphasis on the myelopoiesis system
will reduce the number of differential leukocytes
(monocytes). Suppression of the myelopoiesis system can
be caused by toxic effects of immunosuppressive
compounds. Increase in percent monocyte during infection
of the bacteria A. salmonicida could result from monocytes
of the fish body that destroy the antigen (A. salmonicida).
The monocyte proportion is very low in the leucocyte, but
it can increase about 38% in a short time if infection
occurs. Monocyte is believed to function as macrophage
and destroy the antigen entering the body. The monocyte’s
phagocytosis is similar process to the neutrophil, and this
monocyte can possess durable phagocytotic activity (Abbas
and Lichman 2005; Scombes and Wang 2012; Kordon et
al. 2018).

Plasm protein content (mg.kg-1)

RESULTS AND DISCUSSION

Aloe vera dose

Titer antibody

862

Aloe vera dose

Figure 2. The relationship of Aloe vera dose with plasm protein
content and titer antibody
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The phagocytic activity (Figure 1) caused by the
macrophage not only occurs through direct interaction with
the invading antigen like microorganisms, but could also be
activated by lymphocyte product (lymphokine) stimulated
by the antigen of the phenolic compounds. Cytokines are
important mediator proteins in the immune system.
Cytokines can be produced by lymphocytes (lymphokines),
or monocytes (monokines) with pro-inflammatory and antiinflammatory effects.
The equilibrium
between
proinflammatory cytokines
and
anti-inflammatory
cytokines is considered an important parameter in the
homeostasis of immune and inflammatory responses in
disease attacks (Boshtam et al. 2017). In vivo and in vitro
studies show that polyphenols affect macrophages by
inhibiting several major regulators of the inflammatory
response (Gonzales et al. 2011). Once the macrophagic cell
is activated, it will show the metabolic activity and the
function development to phagocytize and kill the antigen
and process it (Abbas and Lichtman 2005). Phagocytosis is
followed by metabolism development as "Respiratory
burst" (Anderson and Siwicki 1995; Galindo 2004).
Phagocytosis starts from contact between cell membranes
and toxins. This will activate the flavoenzymatic system on
the NADP (Nicotinamide Adenine Dinucleotide
Phosphate) oxidase membrane, so that Reactive Oxygen
Intermediates (ROI) is formed and yields superoxide anion
(O-2). Superoxide dismutase is an enzyme that alternately
catalyzes the dismutation of the superoxide radical into
either ordinary molecular oxygen or hydrogen peroxide and
forms radical hydroxyl (OH-). Superoxide dismutase is an
enzyme that alternately catalyzes the dismutation of the
superoxide (O2−) radical into two less damaging species:
either molecular oxygen (O2) or hydrogen peroxide (H2O2).
Superoxide is produced as a by-product of oxygen
metabolism and, if not regulated, causes numerous types of
cell damage. SOD is an important antioxidant defense in
nearly all living cells exposed to oxygen (Ardό et al. 2010;
Fukai and Ushio-Fukai 2011; Desai and Bhilave 2018).
The ability of phagocytosis to kill microbial pathogens is a
very important process in the mechanism of disease
prevention. The phagocytic activity in the present study
before infection or after immunostimulant administration
and after infection increased from 36.61% to 45.94%.
Castro et al. (2004) also found that the administration of
seaweed extracts, such as Ulva rigida, Enteromorpha sp,
and Codium tomentosa, through one-hour soaking raised
the phagocytosis from 34% to 60%.
The increased phagocytosis is followed by increase in
protein content of the blood plasma at the control treatment
up to the immunostimulant administration or before
infection, from 442.67 to 661.0 mg.Kg-1. Because aloe
extract contains a protein that can increase blood plasma in
the body of the fish (Harikrishnan et al. 2009; Kiron 2012).
It is consistent with Magnadottir (2006) that blood plasma
is basically liquid solution containing 80-90% protein, such
as albumin, immunoglobin (antibody), and various
enzymes and other components, such as blood-freezing
agent, hormone, and various types of salts. Then, after
being infected plasma protein decreases from 661.0 to
506.00 mg.kg-1. Decrease in protein content causes the fish

863

to use protein to fight bacterial infections A. salmonicida in
the form of hemorrhagic, necrosis, of the liver, lymph,
kidney, and other tissues. These findings are supported by
(Irianto 2005; Marentek et al. 2013), a bacteria can cause
damage to blood cells, it can even cause the cessation of
host cell macromolecular synthesis to prevent the synthesis
of proteins and nucleic acids.
One of the protein functions, according to Anderson
(1974), is to maintain the carp to fight against various bacterial
infections. Protein in the blood plasma will push the fishspecific and non-specific immune. The increase in plasma
protein level could be affected by several factors, but
according to Scombes and Wang (2012) and Sakai (1999),
the main one is compound concentration. Harikrishnan et al.
(2010) also claimed that tremendously high dose
administered could not raise the immune, since the fish
body is not capable of responding to the cellular and
humoral response working mechanism, so that the antibody
is not formed.
The presence of antigen or immunogen in the test fish
body will stimulate the formation of specific and nonspecific immune responses. The antigen of the present
study is phenolic compound of the aloe extract and the
bacterium A. salmonicida. In this case, B cells work in the
immune system that will eventually develop to be plasma
cells. Plasma cells have cytoplasm with very basophilic
properties and are rich in ribosomes that produce the
antibody (Magnadottir 2006). The plasma cells are capable
of producing as many as 300 antibody molecules every
second and sometimes the antibody molecules gather in the
cell before release.
Besides plasma protein in the blood plasma, there is
also antibody. The highest titer antibody was recorded in
treatment A (2 ppm). Fish exposed to the antigen (A.
salmonisida) will create antibody. According to Abbas and
Lichman 2005), if serum contains an antibody, when the
serum is exposed to antigen, complex agglutination will
occur between the antigen and the antibody, and immersion
treatment is very effective to the antibody because the aloe
extract as immunostimulant passes the gill, skin, and the
lateral line.
The extent of the antibody is affected by the ability of
the macrophage to give the response to the lymphocytes to
produce specific antibody with the entering antigens
(Harikrishnan et al. 2011). High number of titer antibody is
influenced by optimal dose administration. The antigen
entering the fish body will be firstly responded by APC
cells (antigen-presenting cells) that consist of
macrophages, lymphocyte B, and dendritic cells. Then, the
macrophages will break the antigen into smaller fragments
(epitope) and presented to T cells through class II-major
histocompatibility complex (MHC). Afterward, the T cells
will catch the antigen through TCR (T-cell receptor), and
the activated T cells will secrete cytokine, such as IL-2, IL4, IL-6, dan IL-10 (Scombes and Wang 2012; Sari et al.
2013; Uribe et al. 2011).
Aloe extract containing phenolic compounds could
raise the protein level of the blood plasma, the titer
antibody after aloe extract administration and infected with
bacteria, increase the phagocytic activity from 30.61% to

B I OD I V E R S ITA S 21 (3): 860-864, March 2020

864

45.94%, the differential leucocytes (lymphocyte from
58.6% to 73.70%, neutrophils from 6.09 to 8%, and
monocyte from 5.70% to 7.72%). Therefore, the aloe
extract of 2 ppm could enlarge the cellular and humoral
non-specific immune and could be used as
immunostimulant through immersion. Other methods of
administration could be tried as well, such as oral supply
and injection.
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