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The immunostimulant activity of non-pyrogenic, sugar-free immunomodulator lipopeptide,
Ala-D-Glu(Gly-Lys-CO.CH;3)-NH, (comp. no 84/201), and its liposomized formulation
has been studied. Liposomization of this lipopeptide significantly enhanced its antigen spe-
cific as well as nonspecific immune responses, as compared to the free lipopeptide. The lipo-
somized formulation of lipopeptide significantly stimulated both the antibody and
delayed-type hypersensitivity responses in Balb/c mice, and also enhanced nonspecifically
the macrophage migration index, phagocytic activity and incorporation of C glucosamine in
peritoneal macrophages of the mice that received pretreatment with this preparation. Further,
the mice that received pretreatment with the liposomized preparation strongly resisted lethal
P. berghei infection and consequently survived for longer period of times. These results indi-
cate that liposomization of the compound no 84/201 significantly improves its ability to
enhance not only antigen-specific immune response but also the nonspesific host’s resistance

against infections.
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INTRODUCTION

Modulation of host’s immune system plays an impor-
tant role for the prophylactic effect and control of var-
ious diseases e.g., AIDS, cancer, parasitic, bacterial
and fungal infections. A number of agents have been
explored with promising immunostimulatory activity
but relatively few studies have been conducted on the
clinical applications, indicating the need to develop
devices to improve physiological effects, bioavaila-

bility to eliminate toxic manifestation of the potent
compounds to make them clinically acceptable
(Gianan ef al, 1998; Ten Hagen et al., 1998; Yip et al.,
2000; Scrip 2000). In the early 80s, our research
group embarked onto a project on the synthesis of
immunostimulatory peptides. Over the years we have
identified a number of potent immunostimulants in
our laboratory (Chaba et al., 1998; Sharma et al.,
1999; Agrawal and Gupta, 2000a) and demonstrated
that a non-pyrogenic lipopeptide

* Corresponding author: Principal Scientist, PolyMASC Pharmaceuticals Ple, Fleet Road, London NW3 2EZ, UK; Tel: (+44)
2072843145, Fax: (+44) 2072843107, E-mail: ajayagrawal @ polymasc.com



Ala-D-Glu(Gly-Lys-CO.Cy Hy3)-NH,  (comp. no
84/201), analogous to lauroyl tetrapeptide (Migl-
iore-samour et al., 1980; Jolles et al., 1981) stimu-
lated antibody and delayed type hypersensitivity
response to ovalbumin in guinea pigs and the stimula-
tion was comparable to that of the muramyl dipeptide
(MDP) which is pyrogenic (Puri e al., 1993), and
also inhibited the establishment and maturation of B.
malayi infection in mastomys. Further analysis of the
relative efficacy on percent recovery of adult filarial
worms indicated that at 500 pg dose level, both MDP
and the lipopeptide were more effective than the Fre-
und’s complete adjuvant (FCA) in suppressing the
worm recovery (Murthy ef al., 1992). Liposomization
of drugs including peptides has been shown to result
in significant enhancement of biological activity
(Basu, 1994; Gianan et al, 1998; Ito et al., 2000;
Agrawal et al., 2000; Agrawal and Gupta, 2000a,b).
In view of the lipopeptide’s promising strong immu-
nostimulant activities against leishmaniasis and
filariasis, liposomized preparation of this compound
was formulated and evaluated for the immunostimu-
lant activity. As suppression of host’s immune
response is a common feature in almost all the para-
sitic diseases (Clayton, 1979), which not only helps
the parasite to multiply but also adversely affects the
chemotherapy, we evaluated the efficacy of free and
liposomized formulations of the lipopeptide to
enhance the host’s non-specific resistance against P.
berghei infection in mice. Here, we present our results
on free and liposomized formulations of the lipopep-
tide in terms of both antigen specific and nonspecific
immune responses.

MATERIAL AND METHODS

All the materials used were of the analytical grade.
Egg phosphatidylcholine was isolated from egg yolk
(Agrawal et al., 1987). Cholesterol was obtained from
Centron Research Laboratory (Mumbai, India) and
was used after recrystalizing it three times from meth-
anol. Sephadex G-50 was from Pharmacia (Uppsala,
Sweden). IHCj-Leucine labelled E. coli and
[14CI—GIucman1ine were procured from BRIT (Mum-

bai, India). TNBS and Triton X-100 were bought
from Sigma (St. Louis, USA). Amicon Centriflo
CF-25 was purchased from Millipore (Watford UK).
RPMI-1640 and reagents for cell culture were from
Gibco (Grand Island, USA).

Animals

Male Balb/c mice, obtained from the animal house of
our Institute, weighing 20 +2 g were used in the study.
The animals had access to food pellet at the standard
diet (Lipton, Mumbai) and water ad libitum.

Parasite

Plasmodium berghei parasite was obtained from
National Institute of Communicable Diseases, New
Delhi and maintained in mice through serial blood
passage at weekly intervals.

Synthesis of Lipopeptide

The lipopeptide 84/201 (Figure 1) was synthesised
according to the procedure reported earlier (Murthy et
al., 1992; Puri et al., 1993). The purity of lipopeptide
was >95%.

Liposomes

Liposomes were prepared from egg phosphatidylcho-
line (24 pmol) and cholesterol (12 pmol) in 1.0 ml
phosphate-buffed saline (PBS:10 mM phosphate
buffer containing 15 mM NaCl, pH 6.8) by probe son-
ication and fractionated by centrifugation (Agrawal et
al, 1987). The lipopeptide 84/201 was entrapped in
liposomes by including it in the sonication buffer.
Free and liposomized 84/201 were separated by gel
filtration of the sonicated preparation over Sephadex
G-50 column (20 x 1.5 em) using PBS as the eluant.
The liposomized lipopeptide was eluted in the void
volume. The liposomes-containing fractions were
pooled together and then concentrated in an Amicon
Centriflo CF-25 Cone. The outer diameter of the lipo-
somes, as determined by electron microscopy, was
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FIGURE 1 Structure of lipopeptide, Ala-D-Glu(Gly-Lys-CO.C,H,3)-NH,

circa 70 nm (Agrawal et al, 1987). The amount of
liposome-encapsulated lipopeptide was determined as
follows: To measured aliquots (20 pl to 50 pl) of lipo-
somized lipopeptide were added 10 mM phosphate
buffer (pH 8.5) to make up the final volume to 600 pl,
20 pl TNBS (1.5% in 0.8 M NaHCOs, pH 8.5) and
200 pl Triton X-100 (1 % in 0.8 M NaHCOj5, pH 8.5).
It was mixed and incubated in dark at 18-20° C for 1
hr. After completing incubation, the reaction was
stopped by adding 400 pl of 0.4% Triton X-100in 1.5
M HCI, The absorbance for yellow colour was meas-
ured at 410 nm. The quantity of the liposomized
lipopeptide was calculated by using the standard
curve which was drawn by reacting varying amounts
of lipopeptide with TNBS under identical conditions.
The absorbance at 410 nm was linear with concentra-
tion to at least 0.7 absorbance units.

Animal experiments

Liposomized lipopeptide (LD) or free lipopeptide
(FD) in PBS (0.2 ml) was administered intraperito-
neally or intravenously to Balb/c mice prior to or after
the infection. The animals were challenged intraperi-
toneally with P. berghei-infected mouse RBC (1 x 100
RBCs/animal) and the course of parasitaemia and
mortality was recorded from day 3 post infection. Par-
asitaemia was determined by counting 10* red cells in
a thin blood smear stained with Giemsa, and
expressed as the number of parasitized cells/100
RBCs. The untreated normal animals were used as
controls. The day of challenge with parasite was
referred to as day zero while other days as minus or

plus (before and after challenge, respectively) to indi-
cate the day of treatment with drug (Gupta et al.,
1986; Agrawal et al., 1987).

Treatment for immunological studies

Free lipopeptide (FD) or liposomized lipopeptide
(LD) at the dose of 100 pg/animal was administered
intraperitoneally (0.5 ml in PBS) five days prior to
taking out macrophages. Untreated normal animals
were used as controls.

Humoral Response

Haemagglutination (HA) titre and plaque forming
cells (PFC)

Four animals from each group of mice were injected
intraperitoneally with 1 x 108 sheep red blood cells
(SRBC) in 0.1 ml of PBS. Blood and spleen were
taken out on day 4 post treatment. Haemagglutination
antibody titre was determined by microtitration
method of the RBC. PFC were counted according to
the method of Jerne and Nordin, 1963.

Cell-mediated Immune Response

Macrophage migration index (MMI)

Peritoneal cells were obtained by injecting mice intra-
peritoneally with 2.5 ml of RPMI-1640 medium con-
taining 10 IU/ml heparin, 5 days after administration
of free or liposomized lipopeptide, and aseptically
removing the exudate essentially according to the
method of Beamer et al., 1983. The cells were washed
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FIGURE 2 Survival times of mice that received different doses of
free (solid bars), liposomized lipopeptide (hatched bars), 5 days
prior to challenge with P. bergheiinfection. A, Control animals
(empty bars); B\B,, mice treated with 50 pg/animal; C,C,, mice
treated with 100 pg/animal; D, D5, mice treated with 200 pg/animal
dose of free and liposomized lipopeptide respectively. Values are
mean = SD

and resuspended in the RPMI-1640 medium to a con-
centration of circa 50 x 10° cells/ml and then filled in
microhaematocrit capillaries of uniform diameter
(7.5 cm length and 1.0-1.2 mm internal diameter).
After sealing their one end, the capillaries were spun
at (500 g) for 3 min. The capallaries were cut at the
cell-liquid interface and then put in a migration cham-
ber filled with the complete RPMI-1640 medium.
Migration chambers were incubated for 18-20 h at
37°C and the area of migration of the cells into the
medium was marked on Whatman No. | filter paper
with the help of Camera Lucida. The marked area was
cut out and weighed. Peritoneal exudate cells from
control mice were similarly treated. The ratio of the
area of migration of the cells that were taken out from
the lipopeptide-treated animals (W) to that of the
cells that were taken out from control animals (W)
was termed as Macrophage Migration Index and cal-
culated as follows: MMI = W /W,

Phagocytic activity (PA)

The phagocytic activity was measured following the
method of Leigh ef al., 1977 with some minor modifi-
cations. Peritoneal exudate cells were harvested

from the lipopeptide-treated and control animals,
washed 3 times, and suspended to a concentration of
about 1 x 10° cells/ml. 1.0 ml cell suspension was
cultured in triplicate in 16 well cluster plates for 60
min at 37°C under 5% CO,. The cell monolayer was
washed until it was free of the non-adherent cells and
then incubated with 100 pl suspension of 14CLeucine
labelled E. coli (sp. Act.-190 mCi/mmol) for 90 min.
The residual radioactivity was measured in the aspi-
rate of each well in a liquid scintillation counter (LKB
Wallac 1209, Rackbeta, Finland). Phagocytosis was
expressed in terms of 4C-Leucine incorporation and
calculated as follows.

%Phagocytosis =
cpm of aspirate
from wells having
macrophage monolayer
cpm of total labelled E.coli

cpm of total

labelled E.coli
x 100

Glucosamine incorporation in vitro

Glucosamine incorporation was measured according
to the method of Takada et al., 1979. Monolayer of
adherent cells was prepared as described above in
triplicate in 16 well cluster plate and pulsed with 0.25
nCi of D—[MCI—Glucosamine in 1.0 ml of complete
medium in each well. After 2.0 h incubation at 37°C,
the cells were washed three times with PBS and incu-
bated with 0.5 ml of 4% sodium lauryl sulphate at
60°C for circa 35 min. The contents of each well were
mixed and transferred to scintillation vials for count-

ing.
Delayed type of hypersensitivity (DTH) response

Mice were injected subcutaneously (s.c.) in right
hind foot pad with 1 x 10% washed SRBCs in 50 ul
PBS four days after immunization with SRBC (i.p).
Left foot-pad injected with 50 pl PBS served as con-
trol. The DTH response was measured according to
Saiki et al., 1981 using Schnell tester (Germany) and
expressed as difference in the reading between the
foot-pad injected with SRBC and PBS.



TABLE I Effect of lipopeptide on antigen specific and nonspecific immune responses of BALB/c mice

Parameters of immune response

Untreated

Peptide-treated (100 pg/animal)

Free peptide Liposomized peptide
Antigen-specific
Reciprocal HA titre 426 +147 1280 £512° 1792+512%
PFCs/10° spleen cells 625 £ 35 750 = 70° 965 + 21%
DTH Response (mm) 0.30+0.14 0.56 + 0.05° 0.63 +0.15"
Nonspecific
Macrophage migration index 1.78 £ 0.31¢ 2.60£0.16"
Phagocytosis of labelled E. coli (%) 49.60 £ 5.0 54.60 + 3.0 66.33x 5.5¢
Glucosamine incorporation 865 £51 1291 + 58* 2948 +77°

" Data based on two separate experiments with 4 animals each; the values are mean + SD

a. p<0.001
b. p<0.005
c. p<0.05

TABLE II Nonspecific protection of mice against P. berghei infection (Animals were treated on day -5, lipopeptide dose 100 pg/animal)

Animal Groups Total no. of Animals S0 survival on day +14 Mean survival time §D
Control 20 0 82+24
Free peptide 10 20 120+ 4.8*

Liposomized peptide 10 40 17.6 + 10.4°
a. p<0.01
and
b, p<0.001
RESULTS and LD treated animals were significantly greater

Data on the antigen (SRBC) specific and non-specific
immune responses of mice pretreated with lipopep-
tide in the form of liposomized preparation or free
drug are presented in Tables I-II.

Antigenic Specific immune response

The geometrical mean reciprocal titres of haemagglu-
tinin antibody in the sera of FD and LD treated groups
were 1280+512 and 1792 +£512 respectively as com-
pared to 426 +147 for the sera of control animals. The
difference was statistically significant in both the
cases (p<0.001). Moreover, the difference of antibody
titre between FD and LD treated groups was also sig-
nificant (P<0.001). In addition, the PFC counts for FD

(p<0.005 for FD treated group; p<0.001 for LD
treated group) than that of the control animals; the
mean values being 750+70 and 965+21 respectively
in the FD and LD treated groups, as compared to
625+35 in the control groups. The DTH responses to
SRBC were 86% and 110% higher in the FD and LD
treated animals, respectively, as compared to the
mean values of 0.300 £0.14 mm in the control ani-
mals, indicating a significant difference in the LD
treated animals and FD treated animals.

Non-specific Immune response

The macrophages from FD and LD treated mice
showed 1.5 and 2.7 fold increase in MMI respectively
as compared to controls. Also, there was a significant
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FIGURE 3 Parasitaemias in P. berghei infected mice, treated with a dose of 100 pg/animal of free (@) and liposomized () lipopeptide, 5
days prior to challenge with P. berghei infections; Control animals (l). Values are mean + SD and the figures shown on each point represent

the number of mice surviving on that day

difference (p<0.001) between the MMI for the LD
and FD treated groups. Moreover, phagocytosis of
['C] labelled E. coli in macrophage of LD treated
animals was about 40% higher than that of the macro-
phage of control animals. However, change in percent
phagocytosis in the FD treated animals was not sig-
nificant, with a marginal increase of 5% only. Incor-
poration of ['4C] glucosamine in terms of mean cpm
was about 50% greater in the FD treated animals
(p<0.001) and 2409% greater in the LD treated animals

(p<0.001) as compared to the control group. As lipo-
somes are known to localize primarily in the phago-
cytic cells, i.e. macrophages (Agrawal and Gupta,
2000a), the higher values of MMI and significant
increase in phagocytosis and glucosamine incorpora-
tion clearly indicate the advantages of liposomization
of the lipopeptide over the free form in effectively
activating the macrophages which are the main
organelle to modulate the non-specific immune
response of the host.






