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Targeting of drugs to lymphatic system is useful in many ways. Targeting to lymphatic system
may be done not only to treat certain pathological conditions like tumors, infections and inflammations
but also to detect tumor metastases. Controlled delivery of vaccines through oral route can also be
achieved with lymphatic targeting. Targeting to lymphatic system is also useful for per oral delivery of
the newer generation peptides and a protein that are currently being examined for their therapeutic
utility, and also for those drugs which undergo extensive hepatic first-pass metabolism. Considering the
wide range utility of lymphatic targeting, this article attempts to give an insight into various routes
through which this can be achieved, transportation of drugs through lymphatic system, carriers used in
lymphatic drug targeting and its various applications.
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Introduction

Lymphatic drug targeting refers to tar-
geting of drugs and therapeutic agents into
the lymphatic system for the drug action
in the lymphatic system itself or for their
transportation in the lymph to specific
tissues of interest. Targeting of drugs to
lymphatic system is usually attained by
utilising carries like microspheres (1),
nanoparticles (2) and liposomes(3). The
first objective of targeting is exemplified
by the targeting of certain anti-cancer
agents in some lymphomas and in tumor
detection in lymph nodes using radio la-
beled liposome(4) and the other objective
is exemplified by the transport of antiin-
flammatory agents to the site of inflam-
mation (1), the per oral uptake(2) and the
transport of certain macromolecules by
subcutaneous  administration(5).  Drug
targeting allows a substantial reduction in
the amount of drug needs to be adminis-
tered. It is of interest to point out that Koff
et al (6), while studying the effect of im-
munomodulators encapsulated in lipo-
somes on macrophages, found about 800
times lower dose of modulator encapsula-

*Correspondence

ted in liposomes in comparison to free
modulator. This order of magnitude
would reduce the dose of steroids in ar-
thritis treatment to safe levels. Moreover,
peroral delivery of macromolecules, if
they can be transported via lymphatics
into the systemic circulation would be
very advantageous where chronic ther-
apy is indicated. A brief anatomy of the
lymphatic system (7,8) is given below
for a better perspective. Lymph vessels
offer an alternative pathway for the re-
turn of the tissue fluid to blood stream
and they possess several distinguishing
characters: '

1) They .are small, delicate,. thin walled
vessels that tend to run side by side
as leashes of vessels rather than to
unite to form large trunks as do
blood vessels.

2) They are equipped with innumerable
valves.

'3) The flow of lymph is very sluggish

but is increased in activities which
massage the vessel walls.
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4) They are principally associated with
skin, membranes and glands.

5) They are absent where blood vessels
are absent and are not found in the
nervous system, including the eye.

6) Along their courses are found lymph
nodes (glands) through which the
lymph must pass. Lymph nodes re-
semble spleen in structure and are fil-
ters.

7) After passing through at least one and

" often through more than one node, the
lymph is finally emptied into the ve-
nous blood stream at the root of the
neck. Lymph nodes are extremely im-
portant as the main battlegrounds
where the body fights the infection or-
ganisms and they vary in size from
pinhead to a large bean. They are
found along the courses of the princi-
pal lymph vessels and are particularly
numerous at the roots of the limb-arm
pits and groin (axillary and inguinal
nodes), at the side of the neck (cervi-
cal nodes), and along the courses of
the abdominal aorta and its branches.
Lymph vessels or lymphatics enter a
node at several points on its periphery
as afferent vessels. The lymph col-
lected by the lymph capillaries of the
intestinal villi is known as chyle. The
lymph vessels from these villi empty
by intestinal trunks into a reservoir
known as cisterna chyli.

Lymphatic drug targeting through the oral
route

Oral route has been known since 1891
following Munk’s classical experiments
with a patient fitted with a lymph fistula at
the thigh(9) that triglycerides could be
absorbed in part appearing in the lymph as
chlylomicra and draining via the thoracic
duct into the circulation. The possibility of
uptake and absorption of nanoparticles
and microparticles by the gastrointestinal
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tract has been a controversial issue al-
though there is now accumulated evi-
dence that it can and does occur(10-15).

The stomach, intestines and related
organs of the gastrointestinal tract (git)
are drained along the lymphatics and
through nodes lying in the mesenteries
and omenta with the vessels supplying
these organs. These nodes are finally
drained into the cisterma chyli. There are
regions in the git, especially in small
intestine, called Payer’s Patches and Gut
Associated Lymphoid Tissue (GALT)
which drain into the lymph vessels.
These are useful for the transport of par-
ticulates from git into the lymphatic
system. Alpar et al.(l) claimed that
about 39% of administered polystyrene
latex particles in the size range of 100
nm to 3 mm were taken up by the rat git
via the GALT and the particles, with the
exception of 3 mm size, were subse-
quently transported into the liver, albeit
in low numbers. The polystyrene parti-
cles were seen in discrete anatomical
compartments and structures such as the
Payer’s patches. Absorbed microspheres
then traversed the mesentery via the
mesenteric lymph nodes and were trans-
ported from the lymphatic circulation
into the venous circulation and subse-
quently into the liver.

The “porosity” of the epithelial mem-
brane to particulates could be due to the
macrophagic and pinocytic activity of
M-cells overlying the Payer’s Patches
(16,17). Dange et al.(18,19) reported that
insulin administered through polyalkyl
cyanoarylate nanoparticles (220 nm)
resulted in decreased blood glucose lev-
els. Recently(20) prodrug approach was
also utilized to promote drug (zi-
dovudine) . transport . through. intestinal
lymph in rats after intraduodenal admini-
stration of 15 mg/kg drug as a micellar
lipid solution.
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Fig. Schematic diagram for drug absorption from the peritoneal cavity. Key: I and II represent the
lymphatic system and III represent splenic blood capillaries.

Lymphatic drug targeting through paren-
teral routes _

Various parental routes like subcutane-
ous (sc), intramuscular (im) and intra-
peritoneal (ip) have been tried for lym-
phatic targeting. Fig depicts a schematic
diagram showing the movement of an
intraperitoneally administered drug. Most
compounds of relatively small molecular
weight are exclusively absorbed via sple-
nic blood capillaries(II) into the portral
vein. In contrast, the lymphatic system (I
and II) can be a major absorption route for
compounds impermeable to capillary
membranes because of their large mo-
lecular size. Several lymphatic networks
originate from the peritoneal cavity. These
have been grouped into two major net-
works: one is the thoracic duct(I) which
drains the retroperitoneal region and
which enters the left subclavian vein; the
other is the right lymphatic duct (IT) which
collects lymph from parasternal and inter-
coarstal paravertebral lymph ducts, which
drain mainly through the diaphragm, fi-
nally flowing into the right subclavian
vein (21,22). ‘

A detailed discussion of the mecha-
nisms and factors affecting drug absorp-
tion after sc and im drug administration
was given by Ballard(23). From a macro-
scopic point of view, many drugs in solu-

tion injected into sc or im sites behave as
if their absorptions were taking place
passively by diffusion. For most drugs it
has not been determined whether it is
through capillaries, lymphatics, or both.
Although there are other factors such as
area of the drug depot formed after in-
jection, volume of the injection, drug
concentration, pH and biological factors
such as body movements, disease condi-
tions, age, anatomical region and the
tissue condition at the site of injection
affect the rate of diffusion, the molecular
size of the drug or the particle size of the
carrier determines whether it will be
absorbed via the capillaries or the lym-
phatics.

Supersaxo et al.(24) reported a linear
relationship between the molecular
weight of a drug and the proportion of
the dose absorbed by the lymphatics
which drain the site of sc application in
the investigated MW range. Molecules,
with MW>16,000 are absorbed mainly
by the lymphatics but compounds with
MW<1000 are hardly absorbed at all by
the lymphatic vessels. An increasing
tendency towards lymphatic absorption
was determined for molecules with a
MW between 1000 and 16000.

Lack of basal lamina around lym-
phatic capillaries may be of major func-
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tional importance in facilitating access of
interstitial macromolecules to the lym-
phatic system(25). In addition, adjacent
endothelial cells of terminal lymphatic
may have gaps from 20 to more than 100
nm. These gaps make it possible that mac-
romolecules and even large particles of up
to perhaps 1 mm diameter may enter the
lymphatics(26,27).

Although passive diffusion is an im-
portant mechanism for drug absorption,
the process of endocytosis may also be
involved in drug absorption from sc and
im sites. Rees and co-workers(28) studied
the systemic distribution of dimethyl
polysiloxane, following sc administration,
in mice. Authors suggest that mechanism
of absorption is most likely by the process
of endocytosis by histocytes. Weinstein
also confirmed cellular uptake within one
hour of dosing using fluorescence micros-
copy(29). Images were seen that were
consistent with endocytosis of the fluores-
cent lipid vesicles administered.

Beresford and co-workers(30) showed
that most of the absorption of iron-
polysaccharide complexes injected into
the rabbit muscle tissue occurred during
the initial 72 hours. The absorption during
this time was mediated in part by lym-
phatic transport of the iron complexes.

Prodrug concept in lymphatic targeting
Prodrugs, by definition, are the inactive
derivatives of the active drug molecules.
They are inactive per se, but are converted
into the active form once inside the body.
Recently, the use of macro-molecular car-
riers for the selective targeting of antitu-
mor agents has been advocated with in-
creasing frequency. Numerous reports on
the conjugation of agents such as anthra-
cyclines (31-33), alkylating agents (34)
and methotrexate (33,34) with carriers
such as DNA(31), polypeptides (32,34,35)
or polysaccharides (33,36) are available.
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In a series of investigations, Hashida et
al. synthesized the conjugates of Mito-
mycin-C (MMC) with agarose beads
(37), dextran (38-40) and polypeptides
(53), and obtained enhanced anti-tumor
activity. The absorption of these pro-
drugs into capillaries or lymphatics is
governed by factors that affect the ab-
sorption of other drugs and -carriers.
Since these prodrugs, such as Mitomy-
cin-C dextran (MMC-D), are high mo-
lecular weight compounds, they have a
high chance of getting -absorbed through
lymphatics. Design of prodrugs which
liberate the drug spontaneously in the
chemical environment of the lymphatics
or otherwise would be useful in treating
various lymphomas, tumor metastases
and other inflammatory conditions of the
lymphatics.

Drug delivery systems used in [ymphatic
targeting

As far as the drug delivery to the
lymphatics is concerned, three main de-
livery systems have been used: micro-
spheres or microcapsules; nanospheres
or nanocapsules or nanoparticles or na-
nosomes and liposomes (all collectively
known as colloidal drug delivery sys-
tems)(41). While microspheres and na-
nospheres have been tried for both oral
and parenteral delivery, liposomes have
been tried mainly for parenteral target-
ing. The methods of preparation of lipo-
somes has been referred to in our re-
cently published article(42). Preparation
of microspheres(43) and nanoparti-
cles(41) have been referred to elsewhere.

Applications of lymphatic drug targeting
1) Controlled delivery of vaccines
Oral immunisation has obvious
advantages if absorption of the col-
loidal carriers for vaccines could be
achieved in useful quantities. There
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is a pressing need to develop effective

~ single dose vaccines that would reduce

the cost by eliminating the booster
shoots while broadening the coverage.
Polymeric controlled release technol-
ogy combined with lymphatic target-
ing offers the potential of meeting this
need.

Eldridge et al. (44) studied the
controlled release of vaccines in the
GALT. They found that orally admin-
istered biodegradable microspheres
targeted the Peyer’s Patches and good
control over the release rate was ob-
tained. They demonstrated that the
particle size of Staphylococal entero-
foxin B(SEB) toxoid has a significant
impact on the onset and intensity of
antibody production. In a recent study
(45) enhanced lymph node delivery
and immunogenicity of hepatitis B
surface antigen was found when anti-
gen entrapped in galactosylated lipo-
somes was administered im in rats as
compared to nonliposomal antigen.

2) Treatment of inflammation

Inflammation accompanies a range
of pathological disorders such as in-
fections and rheumatic diseases. A
characteristic feature of inflammation
is oedema. With infiltration of leuko-
cytes from the vascular compartment
into tissues and exudates, leukocytes
enter the synovial fluid through gaps
that open between epithelial cells in
blood vessels under the influence of
inflammatory mediators. Alpar et
al.(1) studied the distribution of latex
microspheres in vivo, as a potential
passive targeted system for the treat-
ment of inflammation. Microspheres
administered orally were found in the
circulation and in inflamed tissues and
exudates of inflammatory air pouches
in rats. Oral absorption was also found
in a rabbit. Particles administered di-

rectly into the circulation also pene-
trated the air pouch tissues and flu-
ids. ‘ :

3) Detection of tumor metastases

One of the major problems of
neoplastic diseases is the metasta-
sising of the neoplastic cells. Metas-
tases refers to the dislodgment of the
neoplastic cells from their originat-
ing site, circulating in the body and

. finally getting lodged at a different -

place in the body to create secondary
growth in the organ or tissue. Lym-
phatic circulation is one of the major
routes of movement for metastases.
Liposomes can be used to detect
metastases in lymph nodes(4). It was
shown.that®™ Tc labeled liposomes
could be used for regional lymph
node imaging and that nodes in-
volved in metastatic spread showed a
suppression of uptake of labeled
liposomes made from phosphatidly
choline and cholesterol (46).

4) Cancer therapy

One of the major disadvantages
of chemotherapy of cancer is the
non-specific action of the potent
chemotherapeutic agents used. This
leads to severe side effects and a
huge wastage of the dose. To over-
come these defects, it would be bene-
ficial to concentrate their cytotoxic-
ity at the tumor site and ‘to minimise -
the burden to other tissues by modi-
fying the biological and pharmacoki-
netic properties.

One possible approach to alter
the  biopharmaceutical  behavior
would be the derivatisation into a
latent form with a high molecular
weight (47). This was exploited by
Hashida et al. (38,39) who developed
a macromolecular derivative of
MMC, MMC-D conjugate and ex-
amined its pharmacodynamic prop-
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erties. They found that MMC-D ex-
hibited improved antitumor activity in
the ip-ip system against murine tumors
thriving mostly in the peritoneal cavity
such as B16 melanoma and Ehrlich
ascites carcinoma. Free MMC was
detected for several days in plasma
and urine of mice given ip administra-
tion of MMC-D, and it was suggested
that persistent retention of this com-
pound in a specific locality as a po-
tential source of free MMC was re-
sponsible for its therapeutic efficiency
(38).

Another approach to treat tumors
involves the use of endogenous pro-
teins, the so-called biological response
modifiers (48). These agents affect the
patient’s biological response to a neo-
plasm benefically. Recombinant DNA
technology has greatly facilitated the
identification and production of a
number of human proteins like inter-
ferons, interleukins and erythro-
poeitins etc. with potent effects on the
function and growth of both normal
and neoplastic cells.

Poste (49) proposed that effective
therapy with these proteins requires a
delivery system that leads to a distri-
bution of the drug in the body ap-
proximating the natural distribution. In
this regard one has to distinguish be-
tween endocrine and paracrine mole-
cules(24). Endocrine agents are re-
leased into the blood stream at the site
of production and are then distributed
within the blood to reach their target
tissues at distant sites. Therefore, sys-
temic administration such as iv appli-
cation is a suitable way to administer
such drugs. In contrast, most paracrine
mediators act only over limited re-
gions and are often rapidly inactivated
to prevent their action at distant sites.
In addition, many of paracine media-

tors act in a cascade with compli-

cated interaction between mediators,

leading to positive and negative feed -
back regulations. As a result, site di-

rected delivery with a release profile

which mimics the complex chrono-

pharmacological behavior of such

cascades should be used. for optimal
therapy. Interferons and IL-2, can be
considered as paracrine agents. Their
physiological action is limited
mostly to lymphoid system. There-
fore, Bocci(50,51) has proposed that
lymphatic delivery of lymphokines
might improve their therapeutic effi-
ciency. Supersaxo et al.(24) sug-
gested that the sc administration of
endogenous mediators with MW
above 16000 and whose targets are
lymphoid cells may represent a suit-
able delivery strategy.

5) Treatment of infections

Lymphatic targeting -or transpor- -
tation can be used beneficially to
treat infections of the lymphatics and
reticuloendothelial system. This has
been widely used for treatment of
parasitic diseases of the liver. Lipo-
somal encapsulated antimonial drugs
have been used to treat leishmania-
sis, a parasitic infection that affects

the macrophages (52). Similarly,
liposome  encapsulated immuno
modulators have been wused to

stimulate macrophages(6).

6) Peroral delivery of macromolecules

Macromolecules such as peptides
and proteins are being ‘used exten-
sively in therapeutics(53). Oral ad-
minstration is the preferred route for
most drugs. However, due to their
size, susceptibility to enzymatic deg-
radation, and in most cases, low
lipophilicity, peptides and proteins
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are prevented from entering the blood
circulation in significant amounts. One
way of improving the peptide absorp-
tion in git would be to target the drug
to regions where enzymatic activity is
low or to regions where macromole-
cules can be absorbed in spite of their
large mw. Colon-specific delivery is
an example of the former while tar-
geting of peptides or their carries to
Payer’s patches is an example of the
latter. Cyclosporin, a cyclic peptide
(MW 1203) is lipophilic and normally
administered in an oil-based vehicle or
as a microemulsion and the bioavail-
ability of the drug in- such formula-
tions is approximately 30% which
may, in part, be due to lymphatic ab-
sorption(54). Aprahanian et al. (14)
reported transmucosal absorption of
100-200 nm diameter polyalkyl cya-
noacylate nanoparticles containing in-
sulin which decreased the glucose lev-
els significantly.

Conclusions

It can now be appreciated that lym-
phatic drug targeting and transportation
can be an important phenomenon for the
absorption and delivery of drugs. While
lymphatic targeting and transportation
may be aimed at specifically as in the case
of carriers for peptides for avoiding he-
patic first pass metabolism, for tumor de-
tection and its treatment or for the treat-
ment of inflammations, it may also be
normal route of absorption even when not
aimed at. Some conventional drugs with
high lipophilicity may be incorporated
into chylomicrons inside the intestinal
epithelial cells and be absorbed into the
systemic circulation via the lymphatic
system. The use of carrier systems such as
microspheres and nanoparticles to target
specific areas of git such as Payer’s

Patches have been tried so that peroral
delivery systems can be developed for
therapeutic molecules, which are used
for chronic treatment in conditions like
diabetes, rheumatic disorders and others.
Oral immunisation is another incentive
for developing peroral formulations that
target the lymphatics. Parental routes
such as sc, im and ip offer the alternative
routes for lympatic targeting. Liposomes
have been the mainstay of targeting
through this route although microspheres
and nanocapsules have also been tried.
Thus, the selection of the route and the -
carrier for lymphatic targeting depends
on various factors such as the drug’s
physicochemical nature, intended final
target and the application for which it is
being developed. The option of using
prodrugs must also be kept in mind when
a particular system is being developed.
Although good deal of work has been
done since 1960s and some systems have
achieved a good amount of success,
more research is needed in the area of
lymphatic targeting for developing prac-
tical systems that can be used clinically.
This is especially true for the latest
therapeutic molecules produced by re-
combinant DNA technology. '

References

1. Alpar, H.O,, Field, W.N., Hyde, R., Lewis,
D.A.:J. Pharm. Pharmacol. 41, 194 (1989)

. Jani, P., Halbert, C.W., Langridge, J., Flor-
ence, A.T.:Ibid. 42, 821 (1990)

3. Kochiro, H. Anthony, H.C.: J.Pharm. Sci. 74,
915 (1985)

4. Rayman, B.E., Gillman, M.B.: Liposomes-
Further considerations of their possible role
as carriers of therapeutic agents (In) Grego-
riadis, G., Senior, J., Trout, A. (Eds) Tar-
geting of Drugs, Plenum Press, London
1981

5. Supersaxo, A., Mein, W., Gallati, H. Steffen,
H.: Pharm. Res. 5, 472 (1988)

6. Koff, .W.C, Fidler, -1.J., Showalter, S.D., .

- Chakrabarty, M.K., Hamper, B., Ceccorulli,

137

N



Acta Pharmaceutica Turcica
XLI(3)(131-139) 1999

L., Kleineiman, E.S.: Science 224, 1007
(1984)

7. Best, C.H., Taylor, N.B.: The Living Body 4®
edn. pp 52 Chapmans Hall Ltd., London 1952

8. Charles, M.C.: Gray’s Anatomy 29" edn. 731
Leaf and Febeger, Philadelphia, 1973

9. White A., Handles, P., Smith, E.C.: Principles
of Biochemistry 3™ edn. pp 431 Mc Graw
Hill/Kogakusha Co. Ltd. London/Tokyo 1964

10. Thompson, A.R., Payne, J.M., Sansom, F.B.,
Garner, R.J.,, Miles, B.J.: Nature 186, 586
(1960)

11. Volkheimer, G.: Ann. N.Y. Acad. Sci. 246, 164
(1975)

12. Leferve, M.E., Vanderhoff, J.JW., Laisue, J.A.,
Joel, D.D.: Experimentia 34, 120 (1978)

13. Leferve, M.E., Boccio, A.M. Joel, D.D.: Proc.
Soc. Exp. Med. 190, 23 (1989)

14. Aprahanian, M., Michel, C., Humber, W,
Devissaguet, J.P., Dange, C.: Biol. Cell 61, 69
(1987)

15. Kreuter, J., Muller, U., Munz, K.: Int. J. Pharm.
5,39 (1989)

16. McClugage, S.G., Low, F.N., Zimmy, M.L.:
Gastroenterology 91, 1128 (1986)

17. Wolf, J.L., Bye, W.A.: Ann. Rev. Med. 35, 95
(1984)

18. Dange, C., Aprahamian, M., Balboni, G,
Hokltrel, A., Andrien, V., and Devissageut,
J.P.: Int. J. Pharm. 36, 121 (1987)

19.Dange, G., Michel, C., Aprahamian, M.

- Couraeua, P.: Diabetes 37, 246 (1988)

20.Bibby, D.C., Charman, W.N., Charman, S.A.,
Iskander, M.N., Porter, C.: Int. J. Pharm. 144,
61 (1996)

21. Tilney, N.L.: J. Ant. 109, 369 (1971)

22.0lin, T. Saldeen, T.: Cancer Res. 24, 1700
(1965)

23.Ballard, B.E.: J.Pharm. Sci. 57, 357 (1968)

24. Supersaxo, A., Hein, R.W., Steffen, H.: Pharm.
Res. 7, 167 (1990)

25.0’Morchoe, C.C., O’Morchoe, P.J.: Lympha-
logy 20, 205 (1987)

26. Tomlinson, E.: Adv. Drug Deliv. Rev. 1, 127
(1987)

27.Leak, L.V.: J.Cell Biol. 50, 300 (1971)

28.Rees, T.D., Ballontyne, D.L., Jr. Seielman, S.,
Howthorme, G.A.: Plastic Reconstruc. Surg.
39, 421 (1967)

29. Chabner, B.: Rational Basis Of Chemotherapy
pp 441 Alan R Liss Inc., New York 1983

30, Beresford, C.R., Golberg, L., Smith, J.P.: Brit.
J. Pharmacol. 12, 107 (1957)

31. Trouet A., Campenere, D., Smedt, M., Altassi,
G.: Eur. J. Cancer 10, 405 (1974)

138

32.Trouet, A., Masqueliet, M., Baurain, R,
Campeneere, D.: Proc. Natl. Acad. Sci. USA
79, 626 (1982)

33.Berstein, A., Hurwitz, E., Maron, R., Aron,
M., Sela, W.M.: J. Natl. Cancer Inst. 60, 379
(1978)

34.Ghose, T., Norwell, S.T., Guchu, A., Mac-
donold, A.S.: Eur. J. Cancer 11, 321 (1975)

35.Shen, W., Ryser, H.J.: Molec. Pharmacol. 16,
614 (1979)

36.Marding, M.G.: Ann. N.Y. Acad. Sci. 186,
270 (1971)

37.Kojima, .T., Hashida, -M.;, Muranishi, S.,
Sezaki, H.: Chem. Pharm. Bull. 26, 1818
(1978)

38.Kojima, T., Hashida, M., Muranishi, S,
Sezaki, H.: J. Pharm. Pramacol. 32, 30
(1980)

39.Hashida, M., Kato, A., Kojima, T., Mu-
ranishi, S., Sezaki, H., Tanigawa, N., Sato-
mura, K., Hibasa, Y.: Gann. 72, 226 (1981)

40.Kato, A., Takakura, Y., Hashida, M., Kinura,
T., Sezaki, H.: Chem. Pharm. Bull. 30, 2951
(1982)

41. Gennaro, A.R.: Remington’s Pharmaceutical
Sciences pp 1691 Mack Publishing Co.
London 1990

42.Chandran, S., Roy, A., Mishra, B.: Ind. J.
Exp. Biol. 35, 801 (1997)

43. Juliano, R.L.: Nanoparticles In Drug Delivery
Systems, pp 177 Oxford University Press,
New York 1980

44 Eldridge, J.H., Hammon, C.J., Meulbrook,
J.A., Stass, J.K., Culley, RM., Tice, T.R.: J.
Controlled Release 11, 205 (1990)

45.Kin, C.K., Jeong, E.J.: Int. J. Pharm. 147, 143
(1997)

46. Richardson, V.J., Osborne, M.P., Jeyasingh,
K., Rayman, B.E., Burn, J.S.: Br. J. Cancer
38, 177 (1980)

47. Juliano, R.L.: Drug Delivery Systems, pp 253
Oxford University Press, New York 1980
48.Paul, C.: Goodman and Gilman’s-The Phar-
macological Basis Of Therapeutics, Gilman,
A.G.,, Rall, T.W,, Nies, A.S., Taylor, P.
(Eds) Vol. 11 8" ed.,, pp 1202 Peigamon

Press, Singapore 1991

49.Poste, G.: Proc. Int. Sym. Control Res. Bio-
act. Mater. 15, 1 (1988)

50.Bocci, V.: Immunol. Today 6,7 (1985)

51.Bocci,-V.: Immunology 64, 1 (1988)

52.Chien, Y.W., : Novel Drug Delivery Systems
2™ ed.,, pp 631 Marcel Dekker Inc. New
York 1991



Acta Pharmaceutica Turcica
XLI(3) (131-139) 1999

53.Reynolds, J.G.F.: Martindale, The Extra Phar-
macopoeia 31* ed., pp 1279 Royal Pharma-
ceutical Society, London 1996

54.Smith, P.L., Wall, D.A., Gochoco, C.H,,
Wilson, G.: Adv. Drug DelRev. 8, 253
(1992)

"Accepted: 17.05.1999

139



