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Introduction

Abstract

In this study, the immunostimulatory effect of dietary Aloe vera crude
extract was investigated in Cyprinus carpio. Three hundred fish were
randomly divided into four groups. The first group was immunized with
Aeromonas hydrophila bacterin (A.h) and was fed a diet contained 0.5%
Aloevera. The second group was immunized with A.h and fed a diet without
Aloe vera. The third group was not immunized and fed with a diet that
contained 0.5% Aloe vera. The fourth group remained as the control group
and was neither immunized nor fed with Aloe vera supplements. Blood
samples were taken every 14 d for eight weeks and samples were analyzed
for hematological and immunological parameters. White blood count
(WBCQ), red blood count (RBC), packed cell volume (PCV), lysozyme
activity, serum bactericidal activity, complement activity, total protein, [gM
concentration and specific A. hydrophila antibody were assessed. Atthe end
of treatment, 20 fish from each group were challenged with A. hydrophila.
WBC value, antibody level, lysozyme and bactericidal activity were
significantly increased in the serum of fish treated with Aloe vera (p<0.05).
No significant differences were seen in the RBC, PCV or complement
activity among the groups. The relative percent survival (RPS) was found to
be increased in fish fed with Aloe vera. This study indicates that the oral
administration of Aloe vera is able to enhance some specific and non-
specific immune responses in the common carp.

carpio, (Jian and Wu, 2004; Sheikhzadeh et al., 2009);
Oncorhynchus mykiss (Diigenci et al., 2003; Soltani et

Various immunomodulators have been reported to
enhance nonspecific immunity in fish. These include:
killed bacteria and bacterial products (Kodaina et al.,
1998); levamisole (Gopalakannan and Arul, 2006);
glucans (Santarem et al., 1997); certain vitamins
(Hardie et al., 1991); and hormones (Kitlen et al.,
1997). These products are generally regarded as
harmless and can be used as novel methods of
minimizing disease risk and as a good substitution for
antibiotics in aquaculture (Sakai, 1999; Gilliver ef al.,
1999; Salisbury et al., 2002). There is a growing
interest in the use of medicinal herbs as immune
stimulants in aquaculture (Raa, 1996) and the
immunostimulating effects of herbal medicines in
various fish species has been reported (Pugh er al.,
2001). Species in which this enhancement of the
immune response has been confirmed, include:
Pseudosciaena crocea (Jian and Wu, 2003); Cyprinus
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al., 2009); Oreochromis mossambicus (Logambal et
al., 2000); Oreochromis niloticus (Chansue et al.,
2000); and Carassius auratus gibelio (Chen et al.,
2003).

Aloe barbadensis Miller (Aloe vera), is a perennial
plant of the lily (Liliaceae) or Aloeaceae family, which
is a tropical or subtropical plant characterized by
lance-shaped leaves with jagged edges and sharp
points (Lawless, 2000). Aloe inner gel is the colorless
gel consisting primarily of water and polysaccharides,
including pectin, cellulose, hemi cellulose,
glucomannan, acemannan and mannose derivatives
(Lee et al., 2001). Acemannan is considered to be the
main functional component of Aloe vera and is
composed of a long chain of acetylated mannose (Lee
et al., 2001). The physiological activity of the
polysaccaharides in Aloe vera has been widely
reported. Glucomannan and acemannan from Aloe

189



Effects of dietary Aloe vera on specificand . . .

vera were found to accelerate wound healing, activate
macrophages, stimulate the immune system and have
antibacterial and antiviral effects in mammals (Choi,
2001; Pugh, 2001; Tan and Vanitha, 2004). Kim et al.
(1999) also reported that this plant increased the
resistance of rockfish against Vibrio alginoliticus.
Although the immunomodulatory potential of Aloe
vera on the human immune system is well established,
(Tan and Vanitha, 2004), there is to date no report on
the effect of Aloe vera on the immune system of fish.

In this study, the immunostimulatory effects of
dietary Aloe vera were investigated in Cyprinus
carpio in order to discover its effects on the immune
system and the resistance to bacterial infection.

Materials and Methods

Fish

Three hundred juvenile common carp, Cyprinus
carpio, weighing 108 + 11.4 g, were obtained from a
fish farm in Ahvaz, Khuzestan province, Iran. Fish
were transferred to fiberglass tanks and kept for one
week to acclimatize. Water quality factors were
recorded during the experiment as: temperature, 25 +
1°C; dissolved oxygen, 8-10 ppm; pH, 7.9 + 0.3; NO,,
<0.01 ppm and NH,, <0.1 ppm. The water exchange
rate was 10% of the water volume daily.

Experimental food preparation

The diets used in the experiment were prepared by
mixing commercial carp food (Chineh Company,
Iran), with the crude extract of Aloe vera (Baridj
essence product) in ratio 5 g of Aloe vera per kilogram
of food (i.e. 0.5% Aloe vera). For better
homogenization, one volume of the crude extract of
Aloe vera was dissolved in 5 volume water and the
homogenized solution was then sprayed onto a thin
layer of food. The Aloe-free diet was sprayed by the
same method with water.

Grouping

Fish were then distributed into 300 L tanks, (75
fish, per tank) equipped with a thermostatic heater
(Athman, China), suitable aeration, and external
biofilters (Athman, China). Two groups of fish in
were intraperitonealy immunized with 100 pl of
Aeromonas hydrophila (A.h) at concentration of
9x10° cell/ml (Baba et al., 1993) on days zero and 14
(Immunized treatments). Non- immunized fish were
injected with 100 ul of sterile phosphate buffered
saline (PBS).

One group from each immunized and non-
immunized groups fed with an Aloe vera-treated diet,
and the others were fed with an Aloe vera-free diet. All
treatments were fed 5% of their body weight twice a
day standard feed based on during the experimental
period (six weeks).
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Blood sampling and assays

Blood samples (2 ml/fish) were taken from ten fish
in each group via caudal vein every 2 week intervals for
eight week. Blood sample (500 pl) was taken for
hematological analysis on the same day and the
remaining blood (1.5 ml) was immediately
refrigerated. For 12 h, the sera were separated and
stored at -20°C until needed. Then at the end of trial, 20
fish in each group were randomly selected to evaluate
the relative percentage survival (RPS).

RPS

A. hydrophila (AHO04, Kindly received by Prof.
Mehdi Soltani Department of Aquatic Animal Health,
Faculty of Veterinary Medicine, University of Tehran,
Iran) was inoculated in a tryptone soy broth and was
incubated at 30°C. After centrifugation at 800 x g for 15
min, the packed cells were washed and prepared in
PBS. At the end of treatment, twenty fish in each of the
groups were injected intraperitoneally with 0.1 ml/ of
2xLD,, suspension of the bacteria 1.6 x 10'colony
cfu/fish in PBS. Daily mortality was recorded for 14
days and the cause of death was ascertained by re-
isolating the bacteria from the kidney and liver of dead
fish (Misra et al., 2006). Relative percentage survival
(RPS) was calculated as follows:

Mortality (%) of untreated controls - Mortality (%) of treated , 100

RPS(%)=
(%) Mortality (%) of untreated controls

Lysozyme activity assay

Serum lysozyme activity was measured as described
by Ellis (1990). Briefly, 10 1 of serum was mixed with
200 1 of a Micrococcus lisodeichticus (Sigma)
suspension at 0.2 mg ml™ in 0.05 M sodium phosphate
buffer (pH 6.2). The mixture was incubated at 27°C, and
its OD was detected after 1 and 6 min at 530 nm using an
ELISA (enzyme-linked immunosorbent assay) plate
reader. One unit of lysozyme activity was defined as the
amount of enzyme that produced a decrease in absorbance
of 0.001 min/ml serum. Lysozyme concentrations were
calculated using a standard curve of lysozyme from
chicken egg white (Sigma) concentrations.

Serum bactericidal activity

The method used for serum bactericidal activity
was followed a modified version of that adopted by
Kajita et al. (1990). The serum samples were diluted
three times with 0.1% gelatin-veronal buffer (GVB*;
pH 7.5, containing 0.5 mM ml" Mg* and 0.15 mM ml"
Ca™). A. hydrophila (live washed cells) were suspended
in the same buffer to make a concentration of 1 x10’ cfu
ml". The diluted sera and bacteria were mixed at a ratio
of 1:1 and incubated for 90 min at 25°C and
continuously agitated. The number of viable bacteria
was then calculated by counting the resultant colonies
from the incubated mixture on TSA (tryptic soy agar)
plates after incubation for 24 h in duplicate.
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Total serum protein and globulin

Samples were analyzed for total protein using the
method outlined by Lowry et al. (1951). Albumin content
was measured using a standard albumin estimation kit
(Zistchem Diagnostics, Iran) and the globulin content
was estimated by subtracting albumin from total protein.

Hematology

Total leukocyte count (TLC) and red blood cell count
(RBC) were determined as described by Schaperclaus et
al. (1991). The packed cell volume (PCV) was
determined by centrifugation at 2000 rpm for 20 min.

Bacterial microagglutination titer (MAT)

The agglutination test was conducted in 'U'
shaped microtiter plates. Two-fold serial dilution of
the 25 ml serum of fish was made with an equal
volume of PBS in each well, to which 25 ml of
formalin-killed Aeromonas hydrophila (10 cells/ml)
suspension was added. The plates were incubated
overnight at room temperature. The titer was
calculated as the reciprocal of the highest dilution
(based on log,) of serum showing complete
agglutination of the bacterial cells (Swain et al.,
20006).

Alternative complement pathway (ACP) activity
ACP activity was assayed according to the method
adopted by Selvaraj et al. (2005). Briefly, 0.5 ml of
serially diluted serum in ethylene glycol tetra acetic
acid (EGTA)-Mg-gelatin veronol buffer (GVB;
Sigma) was placed in a set of test tubes and 0.2 ml of a
sheep RBC suspension (2x10° cells/ml) was added.
This mixture was incubated at 15°C for 90 min. The
addition of 2.8 ml of 10 mM EDTA GVB buffer
stopped the hemolytic reaction. After centrifugation,
the value (percent hemolysis/100) was calculated from
the optical density (OD) at 414 nm of the supernatant.
The value y/ (1-y) and the reciprocal of the serum
dilution were plotted on semi-log graph paper and the
ACH,, (units m1"), the reciprocal dilution giving 50%
hemolysis (y (1-y) =1), was calculated from the graph.

Statistical analysis

SPSS version 13 software was used for statistical
analysis of data. Analysis of Variance (ANOVA) was
used for comparison of means among all groups and the
student's t-test was used for comparison of data between
the groups treated with Aloe vera and the control groups
in both immunized and non-immunized arms of the
study. A p-value of <0.05 was accepted as significant.

Results
Lysozyme activity

The results of lysozyme activity are showed in
Figure 1. Lysozyme activity was enhanced in both the
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Aloe vera-treated groups when compared to the
controls, but these enhancements were significant only
in week two in the non-immunized treatment group and
in weeks two and four in the immunized treatment
groups (p<0.05).

Figure 1: The effect of Aloe vera crude extract on serum lysozyme
activity of immunized and non-immunized common carp. Significant
differences (p<0.05) are marked by different letters
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Bacterial agglutination titer

The result of the agglutination titer is showed in
Figure 2. Immunization plus Aloe vera treatment
showed a significant increase in the anti-A. hydrophila
antibody titer (p<0.05) during weeks two and four
compared with the non-immunized carp that received
Aloe vera treatment. No significant difference was seen
in the antibody titer between the non-immunized
groups.

Figure 2: The effect of Aloe vera crude extract on anti A. hydrophila
antibody in immunized and non-immunized fish. Parameters with
significant differences (p<0.05) are marked by different letters.
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Alternative complement pathway

No significant difference was seen in the
complement activity between Aloe vera treated and
Aloe vera-free treatments. This was not only in the
immunized but also in the non-immunized groups.

Serum proteins

The levels of total protein and IgM showed
significant differences between Aloe treated and Aloe
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free groups in immune treatments in weeks two, four
and six. Such differences were seen in non-immunized
fish justin weeks four and six (Table 1).

Hematology

The hematological parameters after treatment are
shown in Table 1. Non—immunized Aloe treated group
showed a significantly increased TLC compare to
control (p<0.05). The RBC and PCV did not show any
significant difference among the control and
experimental groups (Table 1).

Post-challenge protection

The mortality patterns of all groups during the
two-week post-challenge period are shown in Figure
3. The highest relative percentage survival (RPS)
were recorded in immunized group that also received
Aloe vera (75%) and the lowest RPS was observed in
the non-immunized non-Aloe vera-treated group
(20%). The RPS value was increased in both Aloe
vera-treated groups, as compared to the control
groups (p<0.05).

Discussion

Application of immunostimulators, particularly herbal
immunostimulants in the aquaculture industry, can be
considered a remarkable advantage because of their
safety and the fact that they are considered
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environmentally friendly (Diigenci et al., 2003; Jian and
Wu, 2004). Aloe vera has been found to stimulate the
immune responses significantly in both in vitro and in
vivo in mammals (Tan and Vanitha, 2004). Inthe present
study, oral administration of Aloe vera increased serum
lysozyme activity in both the immunized and non-
immunized groups compared to both the immune and
normal control groups. It has been observed that
immunostimulants, vaccines and probiotics can enhance
the plasma lysozyme activity (Swain ez al., 2006; Yuan et
al., 2007). Lysozymal activity is an important defense
mechanism in fish, which causes lysis of bacteria and
activation of the complement system and phagocytes by

Figure 3: Effect of Aloe vera extract on cumulative mortality pattern
during 14 days post challenge with A. hydrophila. Twenty fish from each
group were used for the challenge test.
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Table 1: The effect of Aloe veracrude extract on some immunological and blood indices of common carp

Parameters Group Treatment Zero day Week 2 Week 4 Week 6 Week 8
i biniiie +Aloe 183.3+13.1° 172.4+18.1° 179.6+16.3° 176.5+19.9° 176.8+19.8°
E:;“:ici ol free Aloe 172.8+21.0° 168.9419.9° 174.5+22.2° 180.917.1° 184.5436.7°
actvity Fomuiied +Aloe 175.8£15.3° 137 4135.6° 120.7+27.5° 145.2431.3% 161.3231.8°
free Aloe 189.6+19.5" 140.1£34.5" 131.8+31.6° 150.4£30.3% 168.1223.9"
Normmurized +Aloe 567+94° 552+146° 539+120° 570£125 564+114°
ACH 5 free Aloe 52341357 540+97° 514496° 5474847 51841177
{unit mi™") Fomutiied +Aloe 528+1357 50441437 544£1187 533+108° 49541327
free Aloe 54441637 570+125° 512481° 5644114 ° 547+69°
ot Honimmunitzsd +Aloe 3.2£0.5° 3.7620.5% 3.98:0.3" 372406 3.61041%
pf;f‘e;e'“m free Aloe 3.08+06° 2.86£0.5° 3.0240.6° 274105 3.4640.65*
(gdr i +Aloe 3.36£08° 4.26:06° 4.4210.7" 3.860.8% 3.740.62%
free Aloe 2.86£0.77 3.5:0.5° 3.46+0.87 3.5840.6° 2.740.33°
N imamuriiced +Aloe 2.3#0.5° 2864057 3.0440.2" 284067 2.724042%
Serum globulin free Aloe 214407° 1.9420.7° 2.1240.7¢ 1.82406° 2.5240.85%
(gdr’) —— +hloe 252408° 3.4:0.5" 3.5:0.8" 2984098 28240 BT
free Alos 2.04£08° 262:05° 2.5640.7° 2.6410.8° 1.7820.43°
R +Aloe 4095+2549° 656026567 7740£2109° 80452089 ° 7400£2863°
WEC count free Alos 5025£2950° 509528797 5640£2804 ° 488020167 5010£1827°
{/ mm?) — +Aloe 4440+2640° 5040426607 7830422707 8270+1540° 79404054 7
free Aloe 389042411 5370+2416° 752041850 * 7690+3817 68803772
Non mmunized +Aloe 1.3240.35* 1.37+0.34° 1224033 1.33+0.28% 1.1940.19
RBC count free Aloe 1.287£0.21° 1.33420.31° 1.34240.34 2 1.315¢0.11° 1.167£0,08°
(10 celimm’) immunized +Aloe 1.317+0.29° 1.29:0.25° 1.28940.27 * 1.185£0.14 1.271£0.17°
free Aloe 1.17640.25° 1.339+0.25° 1.32140.28° 1.23+015° 1.362+0.35°
T +Aloe 254857 28.1£89° 2634227 25.1476° 27.7483°
POV (%) free Aloe 26.546.7 1 242767 25.347.5° 26.9455° 2482627
0
s +Aloe 26.9:6.8° 27.6£5.3° 24.7:8.9° 25.547.5° 26.243°
free Alos 24.9:7.2° 27.684.1° 27.2£1.9° 27 5164 ° 25£2.8°
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acting as an opsonin. Elevated lysozyme level was
measured in crucian carp (Chen et al., 2003), large
yellow croaker (Jian and Wu, 2003) and the common
carp (Jian and Wu, 2004) after the fish were fed with
various herbal extracts that included Eclipta alba, Radix
astragalin seu Hedysari and Radix angelicae sinensis.

In this study, administration of Aloe vera in both the
immunized and non-immunized groups enhanced the
survival rate after a challenge with live A. hydrophila. The
highest survival rate (75%) was observed in the
immunized group that also received Aloe vera versus zero
survival in the non- immunized control group. The present
findings are in agreement with the results of Kim ez al.
(1999), who showed resistance against Vibrio
alginolyticus in rockfish fed with an Aloe vera-enriched
diet. Similar results have also been reported in tilapia
following the oral administration of Rosmarinus
officinalis leaf powder (Abutbul et al., 2004), Eclipta alba
leaf aqueous extract (Christybapita et al., 2007), extract of
Solanum trilobatum (Divyagnaneswari et al., 2007), and
Zataria multiflora essential oil (Soltani et al., 2009).
Serum total protein and globulin are considered as good
indicators for determining immune system activation
(Siwicki et al., 1994). Certain herbal immunostimulants
have been reported to increase total protein as well as
total globulin in fish (Vasudeva et al., 2004) However,
other reports indicate a lack of immunostimulant
influence on serum proteins in such populations (Ispir &
Mustafa, 2005; Misra et al., 2006). In this study in carp,
total serum protein and globulin content were markedly
increased after oral administration of Aloe vera
compared to controls (p<0.05). The increase in serum
protein content might be in part due to an increase in the
WBC, which is a major source of serum protein
production such as lysozyme, complement factors and
bactericidal peptides (Misra et al., 2006). This is
supported by an enhancement in WBC level in the
immunized group that received Aloe vera treatment.
Additionally, the serum bactericidal activity in the fish
was increased in both the immunized groups compared
to the non-immunized groups (p<0.05). However,
because the administration of Aloe vera resulted in an
insignificant effect on serum bactericidal activity in both
the immunized and non-immunized groups, the presence
of anti-A. hydrophila antibody in the immunized fish
could be the cause for the increased bactericidal activity.
This finding is in contrast to the work of
Divyagnaneswari et al. (2007) and Kajita et al. (1990)
who studied such an effect in tilapia and rainbow trout,
respectively. These differences could be explained by the
different species of fish, the route of administration, the
dosage of immunostimulant used or the water quality.
The fact that administration of immunostimulants in
immunized fish leading to a rise in antibody titer
proved in many fish species including: cat fish,
(Clarias batrachus; Kumari and Sahoo, 2006), salmon
(Salmo solar; Aakre et al., 1994), Indian major carp
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(Catla catla; Vasudeva et al., 2004); and the common
carp (Cyprinus carpio, Selvaraj et al., 2005). In this
study, the incorporation of Aloe vera into the diet
enhanced the serum antibody level against A.h in the
immunized group at four and eight weeks post-
immunization (p<0.05). There was also an
insignificant difference between the fish that received
Aloe vera supplementation and the normal controls.
Therefore, it appears that the use of Aloe vera in fish
may act as an adjuvant to enhance specific immunity.
There was no significant difference in the alternative
complement activity (ACHS50) between the Aloe vera-
treated or Aloe vera-free groups. Although complement
activity has been found to increase following
administration of immunostimulants such as levamisole
(Kajita, 1990) and chitosan (Gopalakannan et al., 2006)
similar studies have found that oral administration of
other immunostimulants including B-glucan do not
induce a change in the alternative complement pathway
in carp (Selvaraj et al., 2005) and turbot (Baulny et al.,
1996). The results of this study, mmunostimulatory
effects of administration of Aloe vera in common carp,
are in agreement with the findings of latter work in
which various immunostimulants used in other fish
species.

A significant increase was observed in the WBC count
in the non-immunized fish that received Aloe vera
treatment in comparison to the control group. However,
Aloe vera did not induce any significant change in the
WBC count of the immunized groups. Similar results
have been found in other studies (Jeney et al., 1993;
Siwicki, 1994; Ispir and Mustafa 2005; Sheikhzadeh et
al., 2009). Therefore Aloe vera can be considered
capable of improving non-specific immunity in carp by
enhancing the population of immunocompetent cells,
as observed in this study.

In this study, there were no significant differences in
either the PCV and RBC values of the Aloe vera-treated
or control fish. It therefore seems that the administration
of Aloe at 0.5% per feed does not have a negative impact
on hematopoiesis in these carp.

In conclusion, the present results have demonstrated
that the oral administration of Aloe vera in common
carp can enhance some of the specific and non-specific
immune responses. This appears to be achieved
primarily by increasing lysozyme activity, serum
bactericidal power and the total protein and IgM levels.
Furthermore, the data reported in this study shows that
a 0.5% Aloe vera supplementation per feed can
increase the resistance to Aeromonas hydrophila
septicemia. However, the precise mechanism of this
immunostimulatory effect remains unclear.
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