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The effect of azadirachtin, a triterpenoid derived from Azadirachta indica on the immune response was studied in the 

freshwater teleost, 0. 111ossambicus. Bovine serum albumin (BSA) and sheep erythrocytes (SRBC) were used as anti gens to 

evoke immune respon se. The immune responses in fish were measured by quantifying an tibodi es prod uced and counting the 

peripheral blood leucocytes in contro l and experimen tal fish. In general, azad irach tin significantly enh anced the antibody re­

sponse and leucocyte count in a dose dependant manner. An inverse relationship was observed between the dose of azadi­

rachtin and the degree of immunostimulation . Timing of azadirachtin administration in relation to immunization revealed 

that the maximum enhancemen t o f antibody response was observed when the stimul ant was given two days prior to immuni­

zation. The observed immunostimu latory property of azadirachtin has an implication in the maintenance of finfish health in 

freshwater intensive aquaculture practices. 

In intensive aquaculture farms, fish populations are 

continuously challenged by both natural (like tem­

perature, crowding etc.) and artificial ( like pollutants) 

stress factors . Such stressors often interfere with 

functions of innate (nonspecific) and adaptive arms of 

the immune system, which results in immunosuppres­

sion. Such compromise in the immunological status 

of the fish results in increased susceptibility to a wide 

variety of biological stressors, such as bacteria, vi­

ruses and parasites which could potentially lead to 

population reductions
1 

and were reported for sporadic 

episode of mass mortality . The accelerating pace at 

which man made changes are occurring in the aquatic 

environment seems to have channeled substantial in­

terest fo r immediate and efficacious so luti ons
1

• Prob­

lems with present antibiotics, drugs and chemical 

treatment to prevent disease in fish set the stage for 

the new concept in disease prevention- immu­

nostimulants . As far as fish are considered immu­

nostimulants seem to be more important as they de­

pend more heavily on nonspecific defense mecha­

nisms2. Though it has been shown that a variety of 

chemical and biological agents such as levamisole
3
.4, 

muramyldipeptide
5

, ~-glucans 6 , etc. could increase 

immune response, the present study is the first obser­

vation of its kind that a product from a medicinal 

plant Azadirachta indica produced a similar effect on 

both specific and nonspecific immunity in fish. 

Correspondent author 

Azadirachta indica (Neem) is a widely prevalent 

and highly esteemed wonder tree of the Indian sub­

continent and several of its beneficia l properties are 

reported
7

. The neem tree has been in use for ages and 

ayurveda regards this as sarvaroga nivarini, which 

means 'cure for all diseases'. The use of neem prod­

ucts has been reported in ancient medicine and mod­

ern medical applications are receiving widespread 

attention as its mammalian and environmental safety 

is well recognized
8 

. Biomedical research has shown 

that A. indica possess anti-HIV
9

, anti- tumour and 

anti-microbial
10 

activities. In an attempt to find the 

possible immunostimulatory effect of the extract of 

plants known for medicinal properties, the present 

study on the effect of azadirachtin-a triterpenoid 

derived from A. indica on the immune response of 

Oreochromis mossambicus has been undertaken. An­

tibody responses (primary and secondary) to a protein 

antigen, bovine serum albumin (BSA) are used as 

index to assess specific immunity while peripheral 

blood leucocyte count is used as a reference to ex­

amine both specific and nonspecific immunity. In ad­

dition, the timing of azadirachtin administration for 

immunization with BSA is also studied. 

Materials and Methods 

Experimental animals-Oreochromis mossambicus 

(Tilapia), of either sex weighing 25 g were used . The 

experiments were carried out in circular cement tanks 

(60 em diam.; vol 150 1) . The water temperature of 
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the fish holding tanks was not controlled as only mi­

nor daily fluctuations were (28.± 1.5°C) observed . 

lmmunostimulant - Azadirachtin (sonnet I 05/1 030), a 

triterpenoid derived from neem seed kernel was ob­

tained from Prof.Dr.H.Rembold, Institute for Bio­

chemistry, Martinsried, Germany. 

Effect of azadirachtin on primary and secondary 

antibody responses to BSA-Preliminary studies were 

conducted and the 96 hr median lethal dose (LD50) of 

azadirachtin in water was found to be 5260 ng. From 

this a range of sublethal doses of 526, 52.6, 5.26 or 

0.526 ng/fish which correspond to I 0, I, 0.1 or 0.0 I % 

LD50 of azadirachtin, respectively were administered 

to fish groups (n=8/group). After 2 days fish in all the 

groups were immunized with 5 mg soluble BSA (S­

BSA, bovine serum albumin, Fraction V-powder, 

Sigma Chemical Co, St. Louis, USA). An untreated 

immunized control group (n=8) was maintained . A 

booster injection was given on day 35 post immuni­

zation with the same dose of antigen to both the con­

trol and experimental groups. Azadirachtin and anti­

gen administration and serial bleeding were done 

between 1400 hrs and 1600 hrs throughout the inves­

tigation to avoid the possible influence of daily 

rhythmic variations
11

• Fish were bled serially from the 

common cardinal vein
12 

at a regular interval of 5 days 

and the serum was separated and decomplemented 

(classical pathway). The decomplemented sera were 

stored at -20°C for further use. Anti-BSA antibodies 

were titrated using passive haemagglutination assay . 

The highest dilution of the serum giving detectable 

macroscopic agglutination was recorded and ex­

pressed as log2 antibody titre of the serum. 

Effect of azadirachtin on primary antibody re­

sponse to SRBC-A range of sublethal doses of 526, 

52.6, 5.26 or 0.526 ng/fish which correspond to I 0, I, 

0.1 or 0.0 I % LD50 of azadirachtin, respectively were 

administered to fish groups (n=5/group). After 2 days 

fish in all the groups were immunized with 0.1 ml of 

5% SRBC and on the 5'
11 

day with 0.1 ml of 25 % 

SRBC (7 x 10 
8 

cells) . An untreated immunized con­

trol group (n=5) was maintained. Azadirachtin and 

antigen administration, serial bleeding, decomple­

mentation and storage of antisera were done as de­

scribed earlier. Anti-SRBC antibodies were titrated 

using direct haemagglutination assay. The highest 

dilution of the serum giving detectable macroscopic 

agglutination was recorded and expressed as log2 an­

tibody titre of the serum. 

Timing of azadirachtin administration to immuni­

zation-A dose of 0.526 ng azadirachtin which pro­

duced a maximal antibody response was injected to 

fish groups (n=8/group) two or four days before (-4 

days, -2 days), on (0 day) or after ( +2, +4 days) the 

day of antigen (5mg S-BSA/fish) administration. An 

untreated immunized control group (n=8) was main­

tained simultaneously. Anti-BSA antibodies were 

titrated using passive haemagglutination assay . 

Peripheral blood cell count-Two days prior to 

immunization with 5 mg S-BSA, fish were adminis­

tered with selected sublethal doses of azadirachtin. 

Fish were bled in a syringe rinsed with I % EDTA
1
', 

diluted eight times with Natt-Herrig's solution and the 

total leucocytes were counted using Neubauer's 

counting chamber. To count individual type of leuco­

cytes, blood smears were prepared on clean slides and 

stained with Leishman's stain. Monocytes, granulo­

cytes (nonspecific immunity) and lymphocytes (spe­

cific immunity) were counted using a cell counter 

(Systronics 191, Bombay, India) and expressed in 

percentage. 

Results and Discussion 

Azadirachtin in general enhanced significantly (P 

< 0.05) both the primary and secondary antibody re­

sponses to BSA compared to the control (Fig. I ) . In 

other such studies using levamisole
3

.4 and ascorbic 

acid
14 

lower doses of immunostimulants have been 

found to enhance the immune response and higher 

doses were found to be suppressive. However in the 

present study, the highest dose of 526 ng that did not 

produce any effect (P > 0.05) in the primary antibody 

response (Fig. 1 a) was found to evoke a minimal 

stimulatory effect ( P < 0.05) in the secondary anti­

body response (Fig. I b) when compared to other 

doses (P < 0.005). 

Studies on timing of azadirachtin administration in 

relation to immunization revealed that irrespective of 

the day of administration, azadirachtin caused a sig­

nificant enhancement ( P < 0.0 I) of antibody response 

on all days tested (Fig. 2) compared to control. A 

similar enhancement in rainbow trout was observed 

when the immunostimulant was injected before im­

munization3. It has been suggested that such an ele­

vation in immune response may prepare the fish for 

exposure to any immunogen
3

. In the fish administered 

with azadirachtin 4 days prior to immunization the 

peak antibody response occurred 5 days earlier than 

the control. An earlier increase in the rate of prolif-
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Fig. 1-Effect of azadi rachtin on (a) primary and (b) secondary 

antibody response to S-BSA ( Each point represents the mean ± 
SE of 8 fish). 

eration of antibody producing cells may be the reason 

for the advancement of peak antibody response. 

Azadirachtin when administered 4 days after or on 

the day of immunization was found to have less im­

munostimulatory effect. This may be due to the rea­

son that administering some immunostimulants after 

the antigen exposure may be suppressive sometimes 

by interfering with some of the delicate communica­

tions needed between cell populations in the physio­

logical pathwal. 
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Fig. 2-Temporal rel ationship between the admini stration of 

azadirachtin and immunization (Each point represents the mean ± 
SE of 8 fish). 

Leucocyte response in fish appears to provide a 

rapid, sensitive and quantitative method for deter­

mining stressful/healthy status of fish
1
). The total leu­

cocyte count increased in the azadirachtin-treated fish 

compared to the control. Maximal enhancement (P < 

0.0 I) was observed in the group administered with 

0.526 ng of azadirachtin (Fig. 3). The significant in­

crease in the total peripheral blood leucocyte count 

substantiates the increase in antibody response. 

Among the different leucocyte populations, mono­

cytes and granulocytes exhibited an apparent increase 

in the earlier phase (Fig. 4a and b) while the lympho­

cyte count (Fig. 4c) showed a marked increase in cell 

counts in the later phase. This may be attributed to 

the fact that during the initial stages of the immune 

response, the granulocytes and monocytes are the first 

line of defence and will be involved in antigen proc­

essing and presentation , whereas lymphocytes will be 

involved in antibody production which takes place 

later. The increase in lymphocyte count during the 

later phase (Fig. 4c) is well correlated with the peak 

in the primary antibody response (Fig. I a). An inverse 

relationship between the dose of azadirachtin admin­

istered and the degree of stimulation of antibody re­

sponse was observed when sheep erythrocytes 

(SRBC) was used as the antigen (Fig. 5) . Antibody 

response to many antigens requ ires cooperation 
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among two types of lymphocytes (T and B cells and 

macrophages) for optimal expression. Modulation of 

the functions of any of these two cell types would 

influence the immune response
16

. A. indica is known 
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Fig. 3-Effect of dose of azadirachtin on total peripheral blood 

leucocyte count (Each point represents the mean ± SE of 5 fi sh) . 

. b 

to increase humoral and cell mediated immune re­

sponses in hen
17

. In the present study the proliferation 

of lymphocytes (Fig. 4c) may have increased antibody 

production to S-BSA in 0 . mossambicus. 

One intention of studying the immunostimulatory 

capacity of azadi rachtin was for future uses as an ad­

juvant in vaccines, administered ei ther intraperito­

neally or orally. However, the enhancement of the 

immune parameters assessed in the present study 

should be correlated with an increased protection 

against virulent pathogens. Further in vitro experi­

ments will address on the actual mechanism (T and/or 

B cell stimulator) of azadirachtin at the cellul ar level. 

Earlier studies reported the reversal of immunosup­

pressed rat by A.indica. Hence, the encouragi ng re­

sults of the present investigation suggest the possibil­

ity of using azadirachtin in immunocompromised 

fi shes raised in intensive aquaculture farms. How­

ever, the effective use of immunost imulants apart 

from the timing and dosage, also rely on the method 

of admjnistration and physiological status of the fi sh. 

Natural compounds like azadirachtin may have an 

advantage over chemical drugs because being con­

stituents of living systems they may be less toxic and 

more acceptable. Thus the present study indicates the 

use of azadirachtin and possibly such other plant 
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Fig. 4--Effect of dose of azadirachtin on a) monocyte b) granu locyte and c) lymphocyte count (Each point represents the mean± SE of 5 

fish). 
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Fig. 5-Effect of azadirachtin on the primary ant ibody response to sheep erythrocytes (S RBC) (Each poi nt represents the mean± SE of 5 
fish). 

products to enhance overal l resistance/immunity in 

fish and reduce the loss caused by disease rn aquac­

ulture. 
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