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Diethylcarbamazine Against Experimental Brugian Filariasis
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In the present study, we evaluated the potential of an immunomodulator tuftsin in increasing the
efficacy of liposomised diethylcarbamazine (DEC) against experimental filarial infection of Brugia
malayi. The liposomised form of DEC, when used at sub-optimal dose of 25mg/kg body weight,
successfully eliminated filarial parasite from systemic circulation in animals inflicted with B. malayi
infection. However, the formulation was effective upto 60 days post infection only, followed by
recurrence of the infection. In contrast, the co-administration of liposomal formulation of DEC along
with an immunomodulator tuftsin was found to be competent enough to suppress microfilarial stage of
parasite till 90 days post treatment. Interestingly, tuftsin bearing DEC liposomes were found to be

effective against adult parasite as well.
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INTRODUCTION

Despite new chemotherapy protocols, filariasis is still
considered a serious debilitating disease in the tropical and
sub tropical regions of the world (Otteson et al., 1997).
In fact, lymphatic filariasis has been recognized as one of
the leading cause of the disability, resulting into huge loss
of man-days (World Health Organization, 1994). Several
lines of evidences suggest that filarial parasite establishes
itself by interacting with the host’s immune system,
leading to the wide spread immunosuppression (Piessens
et al., 1980 a,b). Interestingly, some of the widely used
drugs, such as diethylcarbamazine (DEC), exert their
pharmacological action with the involvement of body’s
defense mechanisms and have been reported to inhibit
mainly the microfilarial stage of the parasite (Reuben
et al., 2001). Unfortunately, most of these drugs including
DEC have been reported to elicit several untoward effects,
such as fever, headache, myalgia, anorexia, abdominal
discomfort and hepatotoxicity etc. in dose dependent
manner (Maizels and Denham, 1992; Bunch, 1993).
Besides this, these drugs also induce inflammation as well
as cytokines mediated other complications (Else and
Finkelman, 1998).
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The laboratory models of intestinal nematode infection
have played an important role in developing our
understanding of the immune mechanisms that operate
against the infectious agents. The type of helper T cell
response that develops following the infection with
intestinal nematode parasites is critical to the out come
of the infection. Although the early events that mediate
polarization of helper T cell subsets towards either Th1 or
Th2 type response are not well characterized, but it is well
established that helper T cell response that develops
following helminths infection is critical to the establish-
ment of the infection (Finkelman et al., 1997; Urban et al.,
1998; Ravindran, 2001). On one hand, Th2 sub type cells,
gain ascendancy with the help of Th2 type cytokines
(cf. IL-4, IL-5 and IL-10) and the effector mechanism
controlled by them, and eventually ensue protective
response against the infection (Finkelman et al., 1997),
while on the other, if an inappropriate Th1l type response
predominates, the ability of an individual to expel
infection is compromised (Finkelman er al., 1997).
Keeping into consideration the consequence of the host
immune status on establishment of filarial infection, it
would be interesting to study the antifilarial properties of
DEC in combination with the immunomodulator that can



activate host’s immune response as this combination is
likely to prove more effective in elimination of the
invading parasites.

The tetrapeptide tuftsin (Thr-Lys-Pro-Arg) is a potent
immunomodulator, which resembles an integral
component of IgG (aa 289-292) and is released
physiologically as the free peptide fragment after the
enzymatic cleavage (Najjar et al., 1986). The peptide has
been shown to activate the monocytes/macrpophages for
their natural killer activity against various pathogens
including bacteria, protozoans and fungi (Gupta et al.,
1986; Owais et al., 1993; Agarwal et al., 1994; Agrawal
and Gupta, 2000). In the present study, tuftsin bearing
liposomes containing DEC have been evaluated for their
activity against the treatment of Brugia malayi (B. malayi)
infection in Mastomys coucha.

MATERIAL AND METHODS

All the reagents used in the study were of the highest
purity available. Egg PC was isolated and purified
according to published procedure (Singleton er al.,
1965). Cholesterol was bought from Centron Research
Laboratory, Mumbai, INDIA and used after crystallizing it
three times with methanol. Tuftsin was modified at the
C-terminus by attaching a lipophilic spacer that permits
almost quantitative incorporation into liposomes, follow-
ing the published procedure (Gupta et al., 1986).

Liposome Preparation

Unilamellar liposomes were prepared from egg PC
(49 wmol) and cholesterol (21 wmol) with or without
tuftsin (7—-8% by PC weight) as described earlier (Owais
et al., 1993). Briefly, the mixture of lipids and DEC (in a
ratio of 20:1 w/w) along with tuftsin was dissolved in
chloroform, and the solvent was evaporated to get a thin
lipid film, deposited on wall of the tube. The dried lipid
film was hydrated with sterile 150-mM saline followed by
sonication for 1h at 4°C under N, atmosphere in a bath
type sonicator. The sonicated preparation was extensively
dialyzed against saline in dark for 24 h at 4°C. Finally,
it was centrifuged at 10,000g for 1h at 4°C to remove
the undispersed lipids.

DEC and Tuftsin Estimation

The amount of DEC associated with liposomes was
estimated by slight modification of the published
procedure (Rao and Subrahmanyam, 1970). Briefly, the
yellow colored complex formed by interaction of DEC
with bromophenol blue dye in the presence of
dichloromethane was read at 440 nm. The intercalation
efficiency of DEC in both the tuftsin bearing and tuftsin-
free liposomes was >90%. The amount of tuftsin
incorporated into the liposomes was determined following
the published procedure, and found to be about 98% of

the total tuftsin used in the liposome preparation (Owais
et al., 1993).

In Vivo Studies
Infection

Sub periodic strain of B. malayi was transmitted to
M. coucha, the rodent host by sub-cutaneous inoculation
of ~100 infective larvae of the parasite (B. malayi)
recovered from mosquito vector Aedes aegypti after
10 =1 day of infective blood feeding on heavily
microfilaraemic mastomys (Ash and Riley, 1970; Singh
et al., 1997).

Drug Therapy

The efficacy of both liposomised as well as free form of the
DEC against B. malayi in mastomys was determined on the
basis of parasite load in systemic circulation as well as
different vital organs of the animals. The animals were
challenged with the parasite as described in previous
section and divided (10 animals in each group) as follows:
Group I, treatment with normal saline only (no drug
treatment); Group II, tuftsin bearing plain liposomes with
no active drug (Sham — Tuft — Lip); Group III, free form
of the drug (Free DEC); Group IV, physical mixture of
plain liposomes + tuftsin + free drug (Tuft + Lip +
DEC); Group V, liposomised DEC (Lip — DEC); Group
VI, tuftsin bearing DEC liposomes (Tuft — Lip — DEC).
A multiple dosage regimen was followed for the
chemotherapy. The animals were treated with total three
doses of 25 mg/kg body weight of DEC sub-cutaneously on
alternate day spread over a week. The concentration of the
drug present in different dosage forms was adjusted in such
a way that each animal received 400 p.l of the respective
formulation. In control groups, the animals were treated
with empty liposomal suspension and received equivalent
amount of lipid as that of the test groups.

Assessment of Antifilarial Activity
Microfilaricidal Efficacy

The efficacy of various formulations of DEC was
determined on the basis of microfilaraemic load in
systemic circulation of the drug treated animals. An
aliquot of 10 .1 blood sample was collected from tail vein
of each animal on day 0, 8 and 15 post infection and
thereafter every fortnight till day 90 post infection. Percent
change in microfilaremic density as compared to the pre-
treatment count was used as parameter to determine the
microfilaricidal efficacy of the various formulations of
DEC (Misra et al., 1981).

Macrofilaricidal Efficacy

The animals belonging to various groups were autopsied
after day 90 post infection to assess the effect of DEC on



adult stage of the B. malayi. The animals were sacrificed
and various vital organs viz. heart, lung and testes etc.,
were taken out and teased to isolate adult parasites.
The parasites were examined microscopically for their
number, sex and general condition. The female parasites
(5-6) were dissected and further examined to observe the
effect of drug on female reproductive system. Any death,
abnormality or distortion of embryonic stages was used to
evaluate the percentage of female worms showing embryo
static / sterilization effect (Misra et al., 1981).

Statistical Analysis

Statistical analysis was carried out using multiple
comparisons after one way analysis of variance for total
worm recovery and female worm sterilization. For
multiple comparison Newman Keuls test was applied.

RESULTS

Microfilaricidal Effect of Tuftsin Bearing DEC
Liposomes

Table I shows that incorporation of DEC in liposomes
significantly increases its microfilaricidal efficacy in
mastomys. Among various formulations of the drug
evaluated, the tuftsin bearing DEC liposome was found to
possess the maximum efficacy in terms of the degree and
duration of the antifilarial activity of the formulation.
The microfilariae counts fell to a minimum on day 8 post
infection and never exceeded the pretreatment micro-
filarial load till the conclusion of the study (day 90 post
infection), whereas the Lip — DEC formulation could
suppress filarial infection effectively only up to day 60 post
infection, after which the infection recurred. In contrast,
the free drug imparted such suppression upto 30 days only
and the parasite density started increasing after day 30 post
infection, finally crossing the pretreatment level of
parasite load. Also, the percent decrease in parasite
count was much less in free drug as compared to the
liposomised DEC. The physical mixture of DEC, plain
liposomes and tuftsin was also not much effective and
behaved just like the free form of the drug. However, the
microfilaricidal effect when determined on day 8-post
infection was much higher as compared to the free form of
the drug. The control groups (normal saline as well as
plain tuftsin treated) followed a continuous increase in the
parasite load in the systemic circulation of the host.

Macrofilaricidal Effect of Tuftsin Bearing DEC
Liposomes

Results given in Table II indicate that Lip — DEC,
Tuft — Lip — DEC and a physical mixture of Tuft +
Lip + DEC formulations exhibit better adulticidal activity
against filarial parasite at the dose of 25mg/kg
body weight as compared to the free form of the drug,

TABLE 1 Microfilaricidal efficacy of various formulations of diethylcarbamazine against B. malayi in M. coucha

Percent change (mean £ SD) in microfilaraemia counts/10 pl blood on days (post infection)

75
+ 314 £ 213.2

+ 551.6  521.7

60
+202.2 = 1150

30 45

15

Treatment

254.1 = 129.8

+496.8 £ 350.2
+ 1504 £ 200.3

+251.0 £ 2225

+99.0 £ 166.7
+ 1354 £ 159.2

+ 260.2 = 168.6
+23.6 £ 704
+203£744

+61.4 = 80.5

+ 117.0 £ 51.1
+ 3458 £ 1724
+ 62.5 = 58.7

—18.5 = 456
—382+423

+93.7 £ 36.5
+ 120 = 313

—=27.3 =385
—39.6 = 52.0

+ 77.3 £ 60.7
+95.2 %+ 1403

—540+29.2
=70.1 £ 18.6

+42.8 = 68.2
+46.0 £ 73.2

Sham — Tuft — Lip

Free DEC
Tuft + Lip + DEC

Normal Saline only
Lip — DEC

Animal groups

Group III
Group IV

Group I
Group II

+ 102 £ 258
—31.1 £ 385

+ 0.7 £ 205
—353 705

—19.3 =403 -4.6 =402
—48.2 +55.6 —=50.1 = 41.0

—-538+30
—-69.6 =322

—~53.2 £:20.5
-772+ 228

—81.8 £ 44
Tuft — Lip — DEC —84.3 £ 208

Group V
Group VI




TABLE Il Recovery of adult parasite from filaria infected host after treatment with different formulation of diethylcarbamazine

Adult worm recovery (mean * SD)

Female parasites Total parasites Sterilized females

Animal groups Treatment Male parasites
Group I Normal saline only 8135
Group II Sham — Tuft — Lip 40=*26
Group III Free DEC 29 %26
Group IV Tuft + Lip 4+ DEC 15+ 1.6
GroupV Lip — DEC 24 £ 1.7
Group VI Tuft — Lip — DEC 1.0 £ 1.1

147 = 8.6 229 £ 6.5 23.1 £ 19.0
107 £173 16.1 = 6.6 654 + 27.5
95382 124+ 103 64.7 £ 36.6
7347 8850 713 =354
6.4+ 21 8933 44.4 £ 263
8462 94 +121 749 £ 23.2

P values

Statistical significance

Adult worm recovery

Gp [ vs Gp III
GplvsGpV
GpIvs Gp VI
GplvsGpIV
GplvsGpll

Sterile females

<0.01 <0.01
<0.01 =0.05
<0.01 <0.01
<0.01 <0.01
=0.05 <0.01

Further, Tuft — Lip — DEC as well as a physical mixture
of Tuft + Lip 4+ DEC effectively sterilized the female
parasites (statistically non-significant, P > 0.05 as
compared to free DEC). Interestingly, plain tuftsin
(liposomised form) was found to exert significant adverse
effect on female embryogenesis (P < 0.01) when
compared with normal saline control group.

DISCUSSION

The presently available antifilarial agents are effective
against microfilarial stage predominantly with little or no
action against adult parasite. For example, one of the most
widely used antifilarial agents DEC possesses strong
microfilaricidal activity while suppression of adult stage
of the parasite is achieved at relatively higher doses
(Chatterjee et al., 1988). Paradoxically, antifilarial activity
of DEC is often associated with untoward effects like,
inflammation and hepatotoxicity (Sutanto er al., 1985;
Vaden et al., 1988; Haarbrink et al., 2000). Therefore, the
targeted delivery of DEC at the site of infection can prove
highly effective with least side effects.

The present study demonstrates that encapsulation of
DEC in liposomes results in considerable improvement
upon the efficacy of the drug against the filarial infection.
While free form of the drug could suppress parasite load
only up to day 30 post infection, the liposomised form
effectively suppressed parasite load upto day 60 post
treatment. Since, DEC has been reported to unmask the
surface of microfilariae thereby exposing certain antigenic
determinants that facilitates the attachment and
subsequent killing of parasites by the kupffer cells of
reticuloendothelial system (Piessens and Beldekas, 1979),
liposomisation of the drug should facilitate this process by
passive targeting to this system, which possibly forms the
basis of better efficacy of Lip — DEC.

The grafting of immunomodulator tuftsin on the surface
of DEC containing liposomes resulted in virtually

complete elimination of the microfilariae, even at the
sub-optimal drug dose (25 mg/kg body weight). The effect
of tuftsin bearing DEC liposomes against filaria parasite
may be explained on the premise that antifilarial activity
of DEC is augmented by the immunomodulator tuftsin,
which has the ability to stimulate the immune system of
the host. Besides, tuftsin bearing liposomes are specifi-
cally recognized by the macrophages and neutrophils, and
may help in targeting of the drug to these cells, which
subsequently may act as the secondary depot for the drug
(Kubo et al., 1994; Nishioka et al., 1994). These drug
loaded macrophages may then fix at the site of infection
(chemotaxis) and help in selective targeting of the
antifilarial agent.

Interestingly, the treatment of animals with drug-free
tuftsin containing liposomes affected the embryogenesis
in female B. malayi. This may be attributed to the tuftsin
mediated activation of the host immune system that
involves respiratory burst phenomenon in macrophages
leading to the release of superoxide anion (O, ), hydroxyl
radical (OH ") and production of NO (Cillari et al., 1994).
We speculate that tuftsin induced NO/superoxide
formation might be responsible for killing of adult
parasites. However, further studies are needed to
completely delineate the role of tuftsin in elimination of
the adult parasites. The role of immunomodulators, such
as tuftsin, in containing other infections, such as malaria,
leishmania, fungal etc. has been reported by us earlier
(Agrawal and Gupta, 2000). Further, it has been shown
that prophylactic treatment with immunomodulators, such
as muramyl dipeptide, results in a significant suppression
of filaria as well as other systemic infections (Reeta et al.,
1985; Misra et al., 1991). Similar observations have been
made on the prophylactic use of immunomodulator PGG
glucan in treatment of drug-resistant bacterial infections
with antibiotics (Tziananabos and Cisneros, 1996).
However, in these studies the enhancement of therapeutic
efficacy of the drug was achieved only after prior priming
of the immune system with the immunomodulator,






