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Abstract 

The immunomodulatory properties of NIM-76 have been described in this paper. Pre-treatment of rats with a 
single i.p. injection of NIM-76 resulted in an increase in polymorphonuclear (PMN) leukocytes with a concomitant 
decrease in lymphocyte counts. The immunomodulatory activity of NIM-76 was found to be concentration-depen- 
dent. At 120 mg/kg body weight, there was an enhanced macrophage activity and lymphocyte proliferation response, 
while the humoral component of immunity was unaffected. At higher concentrations of NIM-76 (300 mg/kg body 
weight), there was a stimulation of mitogen-induced lymphocyte proliferation, while macrophage activity remained 
unaffected. However, a fall in primary and secondary antibody titres was observed. The study indicates that NIM-76 
acts through cell-mediated mechanisms by activating macrophages and lymphocytes. Copyright © 1997 Elsevier 
Science Ireland Ltd. 
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1. Introduction 

The use of  medicinal plants to cure human 
illnesses has been practiced from time immemo- 
rial. Some of these drugs are believed to enhance 
the natural resistance of the body to infection 
(Atal et al., 1986). In fact, one of the therapeutic 
strategies in Ayurvedic medicine is to provide 
protection by increasing body's  resistance to dis- 
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ease (Atal, 1985). The concept of  immunomodula-  
tion relates to a non-specific activation of the 
immune system. It implies primarily a non-anti- 
gen dependent stimulation of the function and 
efficiency of macrophages, granulocytes, comple- 
ment, natural killer cells, lymphocytes and also 
the production of various effector molecules by 
activated cells (paraimmunity). Being non-specific, 
it is expected to give protection against different 
pathogens including bacteria, fungi, viruses etc. 
and constitutes an alternative or adjunct to con- 
ventional chemotherapy. 
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Neem oil is pressure-extracted from the dried 
seed kernels of Azadirachta indica (family, Meli- 
aceae), a native tree of India growing m tropical 
climate. It has been widely used traditionally in 
the Indian system of Ayurvedic medicine for vari- 
ous therapeutic purposes such as curing ulcers, 
skin infections, asthma, rheumatism, diabetes etc. 
It has also spermicidal and abortifacient effects 
(Sinha et al., 1984; Upadhyay et al., 1992). In our 
laboratory, we have isolated a volatile fraction of 
neem oil, NIM-76, by hydro-distillation which 
possesses high spermicidal activity without having 
the abortifacient effect (Riar et al., 1990). In our 
preliminary studies it has been found that NIM- 
76 inhibited the growth of a wide variety of 
bacteria and fungi in vitro. 

The present study is aimed at studying the 
immunomodulatory properties of NIM-76 which 
may have different applications. In this paper, we 
report on the effect of NIM-76 on different as- 
pects of immunity such as macrophage activation, 
neutrophil activity, humoral responses and 
lymphocyte proliferation. 

2. Methodology 

2. I. Animals 

Locally bred colony of male Sprague-Dawley 
albino rats (200 g weight approximately) reared in 
our laboratory were used. The animals were main- 
tained at 25 +_ 2°C and fed with standard pellet 
diet and tap water ad libitum. 

2.2. Sheep red blood cells (SRBC) 

The cells were collected in Alsever's solution 
and washed three times with pyrogen-free normal 
saline and adjusted to 5 x 109 cells ml-  1 for im- 
munization and challenge. 

2.3. Emulsification of NIM-76 

The NIM-76 was emulsified in 5% gum accasia. 
The rats received 120 mg and 300 mg/kg body 
weight NIM-76 i.p. once. In control rats, paraffin 
oil emulsified in gum accasia was administered i.p. 

2.4. DiJJerential leukocytes counts (DLC) 

Five days after NIM-76 administration, the 
blood was collected by retro-orbital puncture; 
DLC were made after making blood smears and 
Leishman's staining. 

2.5. Macrophage activation 

Five days after NIM-76 administration, the rats 
were killed by cervical dislocation and 15 ml of 
cold Hank's balanced salt saline (HBSS) was in- 
jected into the abdomen. After a brief abdominal 
massage, the peritoneal fluid was collected, 
washed three times with fresh HBSS and the 
counts were determined. Later, 100 /~1 of cells 
were plated into 96-well tissue culture plates and 
incubated for 2 h at 37°C in a CO2 incubator for 
macrophages to adsorb to the bottom of the 
plates, The cells were then washed three times 
with cold HBSS to remove non-adherent cells 
followed by the addition of 200 #1 of RPMI-1640 
medium to the wells. The activity of macrophages 
was later determined by phagocytosis and NBT 
reduction. 

2.5.1. Phagocytos& 
Phagocytosis was determined by the method of 

Oda and Maeda (1986). The macrophages were 
challenged with heat-killed, fluorescent yeast cells 
after opsonization (1:50 and 1:100 ratio) for 60 
min. Later, the unphagocytosed yeast cells were 
removed by washing the wells five times with cold 
HBSS. The macrophages were then solubilized by 
adding 250 #1 of 25 mM Tris HCI buffer, pH 8.5, 
containing 0.5% SDS. The solubilized solution 
was then transferred to a cuvette and fluorescence 
intensity was measured by a fluorimeter with exci- 
tation and emission wavelengths of 490 and 520 
nm, respectively. To quantize the adherent cell 
numbers in the wells, the protein content in the 
solubilized solution was measured and the extent 
of phagocytosis was expressed in terms of number 
of yeast particles per cell. 

2.5.2. NBT reduction 
After plating the macrophages in the wells, 25 

ttl of nitroblue tetrazolium chloride (NBT, 10 mg 
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ml ~) was added to 200 /tl of  RPMI-1640 
medium and the cells were incubated in a CO2 
incubator at 37°C for 1 h. Later, the cells were 
washed three times with HBSS and the NBT 
reduced was solubilized in 200/~1 of DMSO and 
25 /11 of Sorenson's buffer, pH 10.5. The blue 
color obtained was measured at 600 nm using an 
ELISA reader. 

0.1% SRBC were added. After mixing, the ery- 
throcytes were allowed to settle down at 37°C 
until the control wells showed a negative pattern 
(small button). The value of the highest serum 
dilution causing visible haemagglutination was 
taken as antibody titre. 

2. 8. Lymphocyte proliferation 

2.6. Determination of  P M N  leukocyte activity 

PMNs were separated from blood of control 
and NIM-76-treated animals by means of double- 
gradient (1.077 and 1.119; Sigma) Histopaque 
centrifugation of 1:2 diluted blood samples in 
HBSS at 1500 revs./min for 30 min. The PMNs 
form a distinct ring at the interface between the 
two gradients. The cells were then washed three 
times with HBSS and finally suspended in RPMI- 
1640 medium at a concentration of 1 × 1 0  6 cells 
ml -  i. Later, the PMNs were challenged with 
heat-killed, fluorescein-labelled, opsonized bacte- 
rial (Staphylococcus aureus) cells at 1:50 or 1:100 
(PMNs vs. bacterial cells) ratio. After 30 rain, the 
PMNs were pelleted by centrifugation at 1500 
revs./min for 5 min. The PMNs were washed with 
HBSS five times to remove nonphagocytosed bac- 
terial cells. The PMNs were then solubilized in 
Tris HC1 buffer and fluorescence was measured 
as described earlier. 

2. 7. Humoral immune response (HIR) 

Separate groups of eight rats were immunized 
by injecting 20 ~l of 5 x 1 0  9 SRBC ml 1 s.c. into 
the right hind foot pad. Seven days later, the rats 
were challenged with the same number of SRBC 
i.d. into the left hind foot pad. Blood samples 
were collected from individual rats by retro-or- 
bital puncture on day 7 for primary antibody titre 
and on day 14 for secondary antibody titre. Anti- 
body levels were determined by haemagglutina- 
tion as described earlier (Nelson and Mildenhall, 
1967). Briefly, equal volumes of  individual serum 
samples of  distinct groups were pooled. To serial 
2-fold dilutions of pooled serum samples made in 
normal saline containing 0.1% BSA in V-bot- 
tomed Takasty microtitration plates, 25 /L1 of" 

The rats were killed by cervical dislocation after 
5 days of NIM-76 treatment and the spleen was 
taken aseptically in RPMI-1640 medium. The 
spleen cells were isolated, haemolyzed, washed, 
and suspended in fresh RPMI-1640 medium con- 
taining 10% foetal calf serum at a concentration 
of 5 × 106 cell ml ~. One-hundred ¢tl of the cells 
were plated into 96-well tissue culture plates in 
triplicate and cultured for 72 h with different 
dilutions of phytohaemagglutinin (0, 1:20, 1:40, 
1:80, 1:160, 1:320). [3H]Thymidine was later 
added to each well and the cells were harvested 
after 18 h and thymidine incorporation into the 
cells was measured by a beta-counter. To deter- 
mine the effect of NIM-76 in vitro, the spleno- 
cytes were isolated from untreated rats and plated 
in 96-well tissue culture plates. Different concen- 
trations of NIM-76 (0-1 mg m l -  1) were added to 
each well in triplicate and lymphocyte proliferata- 
rive responses were determined as described ear- 
lier. 

All the experiments were performed on eight 
rats at two different occasions and the statistical 
analyses were made using Student's t-test. 

3. Results 

3.1. DLC counts 

The effect of NIM-76 pretreatment on differen- 
tial leukocyte counts is shown in Fig. 1. There was 
a significant increase in percentages of polymor- 
phonuclear leukocytes (PMNs) in the blood of 
rats exposed to NIM-76 treatment (120 mg/kg 
body weight) over controls. Increasing the con- 
centration of  NIM-76, i.e. 300 mg/kg body weight 
further enhanced the neutrophil counts. However, 
a decrease in lymphocytes numbers in NIM-76- 
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treated rats was observed over controls. There 
was no significant change in total leukocyte, 
monocyte, eosinophil or basophil counts in con- 
trol or NIM76-treated animals whatsoever. This 
trend remained stable even upto 15 days of NIM- 
76 administration. Although there was an abso- 
lute increase in percentages of neutrophils in 
blood, there was no increase in phagocytic activ- 
ity/cell when PMN were challenged with floures- 
cein labelled bacterial cells as compared with 
control and test rats (data not shown). 

3.2. Macrophage activation 

Intraperitoneal administration of NIM-76 (120 
mg/kg) decreased peritoneal leukocyte counts 
which further decreased with increasing NIM-76 
concentration to 300 mg/kg body weight (Fig. 2). 
However, the peritoneal macrophages isolated 
from NIM-76 (120 mg/kg)-treated rats exhibited 
enhanced activity as evidenced by the increased 
uptake of yeast cells and higher NBT reduction. 
However, at higher dose of NIM-76 seemed to be 
supra-optimal in the sense that no significant re- 
sults were obtained (Fig. 3). 
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Fig. 2. Effect of intraperitoneal administration of NIM-76 on 
the peritoneal leukocyte counts. 

weight did not alter the primary antibody levels. 
More or less similar results were observed for 
with secondary antibody titres. However, there 
was a slight decrease in primary and secondary 
antibody responses in rats exposed to 300 mg/kg 
body weight (Fig. 4). 

3.4. Lymphocyte proliferation test 

3.3. Humoral response 

The results of this experiment demonstrated 
that NIM-76 administration at 120 mg/kg body 
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Fig. l. Effect of  intraperitoneal administration of  NIM-76 on 
blood polymorphonuclear leukocyte (neutrophils) and 
lymphocyte counts. 

The effect of NIM-76 pre-treatment on 
lymphocyte proliferation is shown in Fig. 5. In 
unstimulated cells, there was a significant prolifer- 
ation in cells isolated from animals exposed to 120 
mg/kg body weight NIM-76 compared with the 
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Fig. 3. Effect of  NIM-76 on the peritoneal macrophage activ- 
ity. 
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Fig. 4. Effect of single intraperitoneal administration of NIM- 
76 on humoral response. 
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Fig. 6. Effect of NIM-76 in vitro on lymphocyte proliferation. 

control. However, lymphocytes isolated from rats 
treated with higher concentrations of NIM-76 (300 
mg/kg body weight) did not show this phe- 
nomenon. In contrast, when the cells were stimu- 
lated with the mitogen phytohaemagglutinin 
(PHA), there was a two-fold increase in lymphocyte 
proliferation in NIM-76 administered animals at 
both concentrations over control animals. When 
tested in vitro, NIM-76 by itself had no stimulatory 
effect on lymphocyte proliferation (data not 
shown). However, in the presence of PHA, NIM-76 
promoted the lymphocyte-proliferative response, 
the optimum being 1 /~g ml-~ (Fig. 6). 
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Fig. 5. Effect of intraperitioneal administration of NIM-76 on 
lymphocyte proliferation. 

4. Discussion and conclusions 

There is growing interest in identifying and 
characterizing natural compounds with im- 
munomodulatory activity ever since their possi- 
ble use in modern medicine has been suggested 
(Atal et al., 1986; Wang et al., 1991; Sharma et 
al., 1994; Lee et al., 1995). They include com- 
pounds such as polysaccharides, phenols, alka- 
loids etc. (Engels et al., 1992; 't Hart and 
Simons, 1992; Ingolfsdottir et al., 1994). The 
chemical constituents of NIM-76 have been par- 
tially identified and characterized (about 24 
components) and consist primarily of fatty acid 
esters and sulfur-containing compounds (Riar 
et al., 1990). 

The results of this study reveal that NIM-76, a 
fraction isolated from Neem oil, has lm- 
munomodulatory properties. The initial response 
of NIM-76 treatment appears to be a stimu- 
lation of PMN counts, activation of macrophages 
(increased phagocytosis and NBT reduction), 
and promotion of T-lymphocyte proliferative 
responses. Upadhyay et al. (1992) reported that 
the administration of crude neem oil i.p. into 
the mice stimulated the T cells to produce 
gamma-IFN which in turn stimulate macrophage 
activity. 

The increase in percentage of neutrophils in the 
blood upon pre-treatment with NIM-76 may be 
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interesting. This may help in increasing the gen- 
eral resistance of the body (as PMNs are the 
primary cells which engulf and eliminate invading 
microorganism) against microbial infections. In- 
terestingly, there was a significant fall in antibody 
titres in the blood of  rats exposed to the high 
concentration of NIM-76 (300 mg/kg body 
weight). This may be due to the decrease in 
lymphocyte numbers in the blood. However, no 
change in antibody titres was seen in animals 
treated with 120 mg/kg body weight NIM-76, 
though there was a reduction of lymphocytes in 
these animals. The reason for this anomaly is not 
known at present. 

Many plant products used in traditional 
medicine have been reported to have im- 
munomodulat ing activities. While some of these 
stimulate both humoral  and cell-mediated immu- 
nity (CMI), others activate only the cellular com- 
ponents of  the immune system, i.e. phagocytic 
function without affecting the humoral  or CM1. 
Some suppress both humoral  and CMI  (Atal et 
al., 1986). Sharma et al. (1994) reported that the 
leaf extract of  P i c r o r h i z a  k u r r o a  stimulated the 
D T H  response, the humoral response, and the 
phagocytic function of the reticuloendothelial sys- 
tem. The protective effects of  Xiao-Chai-Hu-Tang 
against bacterial infections had been found to be 
due to its ability to stimulate the phagocytic cells 
(Kawakita  et al., 1987). It had been reported that 
the aqueous extract from stem bark of Neem tree 
showed inhibitory influence on complement acti- 
vation and superoxide anion production by P M N  
leukocytes and stimulatory effects on macrophage 
migration inhibition factor. These changes corre- 
lated with anti-inflammatory and antirheumatic 
effects of  Neem oil (Labadie et al., 1989). Other 
workers reported that the polysaccharide isolated 
from stem bark of Neem to be an inducer of  
gamma-interferon which could explain the antitu- 
mour  and antiviral effects of  Neem oil (Fugiwara 
et al., 1982). 

The present investigations reveal that NIM-76 
has immunomodulat ing properties, acts via cell- 
mediated mechanisms in a concentration-depen- 
dent fashion. At low concentrations of NIM-76 
(120 mg/kg body weight), there is a stimulation of 
macrophage activation and lymphocyte prolifera- 

tion without affecting primary or secondary anti- 
body responses. However, at higher concentration 
(300 mg/kg body weight), there is a stimulation in 
lymphocyte proliferation and a marginal increase 
in macrophage activation with significant inhibi- 
tion in pr imary and secondary antibody levels. 
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