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In vitro Effect of Aloe on the Respiratory Burst Activity
of Olive Flounder (Paralichthys olivaceus) Leucocytes
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The immunostimulating effect of aloe on respiratory burst activity was investigated by measurements
of the chemiluminescent responses (CL) of olive flounder (Paralichthys olivaceus) kidney phagocytes in
vitro. The phagocytes incubated with 0.5 and | pg/ml of aloe for 24 hours showed significantly increased
respiratory burst activities compared to control. The result of this study suggests that aloe can be used

as an immunostimulant for olive flounder culture.
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An interest in the use of immunostimulants in fish
farming for enhancing the activity of non-specific
defence mechanisms and conferring protection
against disease has increased in recent years. As
antibiotics and other chemotherapeutics may induce
resistant microbial strains and environmental pollu-
tion, and commercial vaccines are expensive for fish
producers and are not efficacious at present against
many commercially important bacterial and viral
diseases (Raa et al., 1992), immunostimulants are
presented as an attractive alternative way of control-
ling fish diseases (Anderson, 1992; Secombes, 1994;
Dalmo and Seljelid, 1995).

Various immunomodulators have been reported to
enhance the non-specific immunity in fish, including
killed bacteria and bacterial products (Anderson,
1992; Kodaina et al., 1993), chitin (Sakai er al.,
1992; Anderson and Siwicki, 1994), levamisole
(Siwicki, 1987, 1989; Siwicki et al., 1990; Kajita et
al., 1990; Baba er al., 1993; Mulero et al., 1998a, b;
Kim ez al., 1998), glucans (Yano et al., 1989; Nikl
et al., 1993; Duncan and Klesius, 1996; Ogier de
Baulny et al., 1996; Santarem et al., 1997), saponin
(Ninomiya et al., 1995), glycyrrhizin (Jang er al.,
1995), certain vitamins (Blazer, 1992) and hormones
(Kajita et al., 1992; Kitlen et al., 1997).
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Aloe vera leaf has been claimed to have several
important therapeutic properties including accelera-
tion of wound healing, immune stimulation, anfi-
cancer and anti-viral effects in mammals (Kahlon et
al., 1991; Zhang and Tizard, 1996; Stuart et al.,
1997). At present, however, no information is avail-
able on the effects of aloe on stimulation of fish leu-
cocytes. '

In vitro technique used to assess immunomodula-
tion in fish is an efficacious method of carrying out
a preliminary screening of different immunostimu-
lants before performing more expensive in vivo
experiments, and other advantages of using in vitro
techniques are that they utilize fewer fish and less
time than in vivo assays of this kind (Jeney and
Anderson, 1993).

Therefore, this study was undertaken to investi-
gate the in vitro effect of aloe on olive flounder's
phagocyte activation using the chemiluminescence
(CL) assay.

Materials and Methods

Fish

Olive flounders (Paralichthys olivaceus) with an
average body weight of 460 g were purchased from
a local fish market and maintained in sea water
aquaria at 20 £ 1°C prior to experiment.
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Isolation of Kidney Leucocytes

Kidneys were removed aseptically from flounders
and passed through a 100 um nylon mesh using
minimum essential medium (MEM, Sigma) contain-
ing heparin (10 units/ml, Sigma), penicillin (100 pg/
ml Sigma) and streptomycin (100 U/ml, Sigma).
The resulting cell suspension was placed on a 34/
51% Percoll density gradient and centrifuged at 400
xg for 30 min at 4°C. The interphase was collected
and the cells were washed twice at 400xg for 5 min
in MEM containing heparin and antibiotics. The cell
viability was examined with trypan blue exclusion
and was evaluated to be greater than 95%. The leu-
cocytes, including neutrophils and macrophages,
were adjusted to 3.5x10° cells/ml MEM in experi-
ment I, and 4x10° cells/ml MEM in experiment IL

Opsonization of Zymosan

Blood samples were collected with syringes from
the caudal vein of the flounders before dissection.
Serum was separated by centrifugation and pooled.
Zymosan (Sigma) was mixed with the fresh serum
and incubated at 30°C for 30 min. Zymosan was
separated from the serum by centrifugation, washed
three times and suspended in Hank's balanced salt
solution (HBSS, Sigma).

Chemiluminescence (CL) Assay

The reactive oxygen intermediates (ROIs) pro-
duced by stimulated phagocytes was quantified using
an automatic photoluminometer (Bio-Orbit 1251,
Sweden). Each test cuvette (4 ml) contained 0.7 ml
luminol (Sigma) made according to the method of
Scott and Klesius (1981), 0.5 ml cell suspension,
and 0.3 ml opsonized zymosan, which was added
just prior to measurement. Blank cuvette contained
luminol and cell suspension, but opsonized zymosan
was replaced with MEM. The measurements were
made for 100 minutes and the light emission was
recorded as mV.

Priming of the Respiratory Burst Activity by
Aloe

The isolated phagocytes were incubated in the
presence of 0.001, 0.01, 0.1, 0.5, 1 and 10 pg/ml
aloe (KIM JEONG MOON ALOE Co. Ltd.) sus-
pended in MEM at 17°C. A control group was incu-
bated in the absence of aloe. Respiratory burst

activity was measured using the CL assay at 3, 6,
12, 24, 48 hours after aloe treatment.

Three replicates, which were originated from 3
different flounders, were used in the CL assay, and
the experiment was conducted in twice (Experiment
I and II) altering only cell number.

Statistics

The paired Student's r-test was used to determine
the statistical probability, p < 0.05 being the lowest
significance level.

Results

The effect of aloe on the respiratory burst activity
of flounder kidney phagocytes is shown in Fig. 1
and 2. Aloe did not significantly increase the respi-
ratory burst activity when assayed 3, 6 and 12 hours
after incubation in all groups of cells of both exper-
iment I and II, except a group of cells incubated
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Fig. 1. The chemiluminescent response of olive flounder's
kidney phagocytes which were co-incubated for 24 (A)
and 48 hours (B) with the various concentrations of aloe
in Experiment 1. Results are means+SE. % Significant
difference (p<0.05 using a paired Student's r-test to
compare between each aloe concentration and control).
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Fig. 2. The chemiluminescent response of olive flounder’s
kidney phagocytes which were co-incubated for 24 (A)
and 48 hours (B) with the various concentrations of aloe
in Experiment II. Results are means+SE. % Significant
difference (p<0.05 using a paired Students r-test to
compare between each aloe concentration and control).

with aloe 0.01 pug/ml for 3 hours in experiment. At
24 hours after incubation, the phagocytes showed
significantly increased (p< 0.05) respiratory burst
activity for the 0.5 and I pg/ml concentrations in the
both trials. At 48 hours later, however, there were no
significant differences in all experimental groups of
cells compared to the controls.

Discussion

Fish, like other vertebrates, respond to infectious
pathogens in specific and non-specific ways. How-
ever, the non-specific defences are the first a patho-
gen encounters, and it has been suggested that they
are very important in the resistance of fish to infec-
tious agents (Blazer, 1991). Granulocytes and mac-
rophages possess a phagocytic activity which is the
initial step in the immune response in fish, and is
the major line of defence for all foreign material,
including pathogenic agents (Olivier et al., 1986).

During phagocytosis, fish macrophages increase
their oxygen consumption as well as the production
of reactive oxygen intermediates (ROIs) (Chung and
Secombes, 1988) such as the superoxide (O;),
hydrogen peroxide (H,0,), and the hydroxy! radical
(OH). These ROIs play an important role in the
antimicrobial activity of phagocytic cells (Allen et
al., 1972; Babior, 1984). Chemiluminescent response
(CL) measures the respiratory burst activity of
phagocytic cells in which oxygen is converted into
reactive oxygen intermediates.

The result of this study suggests that aloe can be
used as an immunostimulant for olive flounder cul-
ture. The phagocytes incubated with 0.5 and 1 pg/ml
of aloe for 24 hours showed significantly increased
respiratory burst activities. However, there were no
significant ditferences compared to control when
assayed after 48 hours incubation with the same
concentrations. This result indicates that to get the
most efficient immunostimulating effect of cultured
flounder in vivo, an appropriate dose of aloe should
be administered every day.

In conclusion, aloe was shown to be immuno-
modulating on olive flounder leucocytes in vitro.
Phagocyte activation is important in the host non-
specific defence against infectious pathogens, there-
fore, aloe has the potential to serve as an immuno-
stimulant in olive flounder culture. Further experiments
are required to examine whether administration of
aloe to olive flounder in vive can enhance non-spe-
cific immunity and resistance against harmful patho-
gens.
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