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Abstract

Glutaraldehyde cross-linked chitosan microspheres containing the antineoplastic agent mitoxantrone were
prepared and the antitumour activity was evaluated against Ehrlich ascites carcinoma in mice by intraperitoneal
injections. The tumour inhibitory effect was followed by monitoring animal survival time and change in body
weight for a period of 60 days.

While the mean survival time of animals which received 2 mg and 1 mg of free mitoxantrone intraperi-
toneally was 2.1 and 4-6 days, respectively, animals which received 2 mg mitoxantrone via microspheres
showed a mean survival time of 50 days. Five out of 8 animals treated using microspheres lived beyond 60
days. The percentage ratio mean survival time of the treated group divided by the mean survival time of the
untreated group for animals treated using mitoxantrone-loaded chitosan microspheres containing 2 mg of the
drug was 290 compared with 12-2 for those which received 2 mg of the free drug.

The antitumour effect of mitoxantrone-loaded microspheres against Ehrlich ascites carcinoma was much
higher than that of doxorubicin-loaded microspheres reported by previous workers. Our data demonstrate the
potential of mitoxantrone-loaded chitosan microspheres for sustained drug delivery to minimize drug toxicity

© 1996 1. Pharm. Pharmacol.

and maximize therapeutic efficacy.

Anticancer drugs are often limited in their use by high sys-
temic toxicity, poor stability and short biological half-life
(Balis et al 1983), Hence, selective efficient and targeted
delivery of drugs to the desired site of action assumes impor-
tance in cancer chemotherapy (McLaughlin & Goldberg 1983).
Among various drug delivery systems investigated to achieve
this goal, biodegradable polymeric microspheres have received
much attention (Davis et al 1984). Thus, many protein and
polysaccharide based microspheres have been evaluated for
sustained and targeted delivery of cytotoxic drugs (Guiot &
Couvreur 1986; Puisieux et al 1994).

Chitosan is a deacetylated derivative of chitin, a biode-
gradable natural polysaccharide second only in abundance to
cellulose in nature. It is reported to be suitable for a number of
biomedical applications (Allan et al 1984; Muzzarelli et al
1986). In recent years, there has been considerable interest in
chitosan as a drug carrier (Zikakis 1984; Ouchi et al 1989;
Thanoo et al 1992; Ohya et al 1993; Shiraishi et al 1993). The
polysaccharide per se and some of its derivatives have been
reported to possess antitumour properties. In recent studies, we
have shown that the biodegradability of the chitosan matrix
and the release profiles of many drugs incorporated therein
could be effectively controlled by glutaraldehyde crosslinking
of the polysaccharide (Thanoo et al 1992; Jameela et al 1994;
Jameela & Jayakrishnan 1995). Thus, sustained release of the
antineoplastic agent mitoxantrone, and a model protein such as
bovine serum albumin were demonstrated in-vitro for several
weeks from glutaraldehyde crosslinked chitosan microspheres.

Since our in-vitro studies have already shown that glutar-
aldehyde cross-linked chitosan microspheres could function as
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a long-acting drug-delivery vehicle for the anticancer drug
mitoxantrone, this study was undertaken to evaluate the anti-
tumour activity of mitoxantrone-loaded chitosan microspheres
in a tumour model such as Ehrlich ascites carcinoma in mice.

Materials and Methods

Materials

Chitosan having 74% deacetylation and a molecular weight of
3-15 x 10° Da was from a Central Institute of Fisheries and
Technology, Cochin, India and was used without further pur-
ification. Glutaraldehyde, (25% solution) and sorbitan ses-
quioleate were from Sigma Chemical Co., USA. Mitoxantrone
was from American Cyanamid Co., New York. Liquid paraffin
having a viscosity of 18 cPs at 30°C, petroleum ether and other
chemicals were from SD Fine Chemicals, Bombay, India.

Preparation and characterization of mltoxantrone-loaded
chitosan microspheres

Mitoxantrone-loaded chitosan microspheres were prepared
essentially as reported before except that microspheres of
smaller size were prepared using sonication (Jameela &
Jayakrishnan 1995). Briefly, 24 mg of the drug was mixed with
6 g of a 4% solution of chitosan in 5% acetic acid containing
2% NaCl and dispersed in a mixture of 35 mL liquid paraffin
and 25 mL petroleum ether containing 0-85% sorbitan ses-
quioleate as stabilizer in a beaker using a probe-type sonicator
(Cole-Parmer 4710, USA) for three min. The mixture was then
transferred into a 100-mL round-bottomed flask and stirred
using a paddle stirrer at 2000 rev min~' for 5 min. Toluene
saturated with glutaraldehyde (10 mL) was then added fol-
lowed by 1 mL 25% aqueous glutaraldehyde after 15 min.
After stirring for 2 h, the hardened spheres were centrifuged,
washed several times with petroleum ether, twice with 5%



686 S. R. JAMEELA ET AL

sodium bisulphite, followed by water and finally with acetone
and dried. Particle-size analysis of the microspheres was car-
ried out by laser diffraction using a particle size analyser
(Galai, CIS-1. Israel). The distribution was plotted using a
computer program supplied by the manufacturer. Scanning
electron microscopy (SEM) of the microspheres was per-
formed using a Hitachi instrument (Model S 2400, Japan).
Mitoxantrone content in the microspheres was determined as
reported previously (Jameela & Jayakrishnan 1995).

Antitumour activity in mice

Male Swiss albino mice, 25 to 35 g, were inoculated with
2 x 10° Ehrlich ascites carcinoma cells. On the second day
after inoculation, one group of animals (n=8) was adminis-
tered mitoxantrone-loaded microspheres equivalent to 2 mg of
drug dispersed in 2 mL phosphate-buffered saline containing
0-05% Tween 80 using a 23 G needle intraperitoneally. A
second group (n=5) was injected with an equivalent amount
of placebo chitosan microspheres in the same vehicle, and the
third and the fourth groups (n = 8) were given 2 and 1 mg of
mitoxantrone in the same vehicle; a control group (n = 8) was
left untreated. Therapeutic efficacy was determined by
recording the change in body weight and survival time of each
animal for 60 days.

Results and Discussion

Mitoxantrone, an anthracenedione is a novel anticancer agent
with a wide spectrum of antitumour activity. Anticancer
activity of mitoxantrone is comparable with that of doxor-
ubicin, methotrexate, cyclophosphamide and cytosine arabi-
noside against P388 and L1210 leukaemias and B16 melanoma
and colon tumour in mice. Compared with doxorubicin,,
mitoxantrone has much reduced cardiotoxicity (Cheng et al
1979). The pharmacokinetics of mitoxantrone in man and
laboratory animals has been reviewed by Batra et al (1986).
Microspheres prepared were smooth and spherical in shape
as evidenced by SEM (Fig. 1). Particle-size analysis showed a
volume average particle size of 37 = 13 um and mitoxantrone
analysis showed a drug loading of approximately 4%. In-vitro
release studies in 0-1 M phosphate buffer (pH 7-4) at 37°C
showed a slow diffusion profile for the entrapped drug mole-
cule reaching only approximately 30% in 2 weeks. The anti-
tumour effect of the mitoxantrone-loaded microspheres was
evaluated by following the animal survival data. The percen-
tage mice survived is plotted against time in Fig. 2. Animals

FIG. 1. Scanning electron micrograph of 4% mitoxantrone-loaded
chitosan microsphere.

o

£ 6ol x
kel
2
:
a
8
5 40 g

20/

4 j
0 ‘ L ! |
0 10 20 30 40 50 6C

Time (days)

FIG. 2. Percentage survival of mice receiving mitoxantrone therapy
plotted against time. (A) Mice receiving 2 mg, mitoxantrone encapsu-
lated in chitosan microspheres, () mice receiving no therapy, (+)
mice receiving 2 mg mitoxantrone as free drug, (X) mice receiving
| mg mitoxantrone as free drug.

which received Ehrlich ascites carcinoma cells but no therapy
showed a survival time of 17.2+ 113 (mean + s.e.) days. All
animals died within 25 days. The mean survival time of ani-
mals (n=35) which received placebo chitosan spheres was
19-5 £ 1-1 days (data not shown) which was not significantly
different from the value for the untreated group. All animals in
this group died within 22 days. The mean survival time of
animals which received therapy via mitoxantrone-loaded
chitosan microspheres was 50+4.6 days which was sig-
nificantly different from the value of 2-1 £0-67 days for those
which received 2 mg of the free drug (P < 0-001) or 4.6 + 0-67
days for those which received 1 mg of the free drug
(P <0-001). Five out of eight animals which received mitox-
antrone-loaded chitosan microspheres were still alive at 60
days. In the case of animals which received 2 mg free drug,
seven out of eight died within 5 days and the other died on the
7th day. In the case of animals which were given 1 mg free
drug, all animals died within 6 days. Drug toxicity was
apparent in the groups which received free mitoxantrone. The
percent T/C ratio (mean survival time of treated group divided
by the mean survival time of untreated control) for the group
treated using microspheres as the vehicle was 290 compared
with 27 for those which received 1 mg free drug or 12-2 for
those which received 2 mg free drug. The LD50 of mitoxan-
trone administered intraperitoneally in mice and rats ranges
from 80 to 19-7 mg kg~ ' (American Cyanamid Co., 1991) It
is remarkable that even at a dose of 4 to 8 times the LD50 of
the drug, the therapeutic efficacy of the microsphere prepara-
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FIG. 3. Average body weight of animals bearing Ehrlich ascites
carcinoma and receiving mitoxantrone therapy. (M) Mice receiving
placebo chitosan microspheres, (X) mice receiving no therapy, (A)
mice receiving chitosan microspheres containing 2 mg mitoxantrone.

tion is very significant. Thus, as seen in the in-vitro studies, the
very slow diffusion of the drug from the matrix is believed to
be responsible for the excellent therapeutic effect seen in-vivo.

The antitumour effect was also evaluated by foilowing the
change in body weight of animals with time (Fig. 3). In the
case of animals untreated as well as those which received
placebo microspheres, progressive growth of tumour is
observed as evidenced by the increase in the body weight.
Animals which received mitoxantrone therapy via micro-
spheres showed a more or less constant body weight with
respect to time. Therefore, it was evident that mitoxantrone-
loaded microspheres were not imparting any toxicity during
the period of study. Drug toxicity was apparent in the case of
animals which received 1 or 2 mg of the free drug.

There are very few reports in the literature on the antitumour
effect of sustained polymeric formulations of antineoplastic
agents against Ehrlich ascites carcinoma. Miyazaki et al (1985,
1986) investigated the antitumour effect of 5-fluorouracil-
loaded ethylene-vinyl alcohol (EVA) copolymer discs and
doxorubicin-loaded fibrinogen microspheres against Ehrlich
ascites carcinoma intraperitoneally in mice. Given at a dose
roughly corresponding to the LD50 of 5-fluorouracil, the per-
cent T/C ratio observed with EVA discs was approximately
twice that of the free drug. With fibrinogen microspheres,
however, the percent T/C ratio observed was approximately
three times that of free doxorubicin administered at a dose
corresponding to 25 times the LD50 of the drug. Although 5-

fluorouracil is reported to be active against Ehrlich ascites
carcinoma, it is not very effective due to rapid elimination. The
antitumour activity of doxorubicin and mitoxantrone on the
other hand are comparable against many neoplastic diseases. In
the present study, it can be seen that the percent T/C ratio of
chitosan microspheres containing 2 mg mitoxantrone 1is
approximately 23 times that of the free drug at the same dose.
Also noteworthy is the fact that the mean survival time of mice
treated via microspheres was 50 days and survival at 60 days
was 62-5%. On the other hand, with doxorubicin-containing
fibrinogen microspheres administered intraperitoneally against
Ehrlich ascites carcinoma, Miyazaki et al (1986) found a mean
survival time of 40 days with only one out of six mice sur-
viving at the end of 60 days. It is possible that the much
reduced cardiotoxicity of mitoxantrone coupled with its slow
sustained release is responsible for the higher survival rate seen
in the present investigation.

The data obtained in this preliminary study conclusively
demonstrate that intraperitoneal administration of mitoxan-
trone-loaded chitosan microspheres is an effective means of
therapy against Ehrlich ascites carcinoma. The formulation
minimizes drug toxicity and enhances the therapeutic efficacy.
The biocompatible and biodegradable nature of glutaraldehyde
cross-linked chitosan microspheres have already been
demonstrated (Jameela et al 1994; Jameela & Jayakrishnan
1995). Therefore, glutaraldehyde cross-linked chitosan
microspheres loaded with antineoplastic agents appear to have
good potential as a sustained drug delivery system in the
treatment of cancer.

Acknowledgements

S. R. Jameela thanks the CSIR, New Delhi for a Senior
Research Fellowship. A. Jayakrishnan thanks the Director of
the Tropical Botanical Garden and Research Institute for col-
laboration and Professor E. P. Goldberg of the University of
Florida, USA for a generous gift of mitoxantrone.

References

Allan, C. G., Altman, L. C., Bensinger R. E., Ghosh, D. K,
Hirabayashi, Y., Neogi, A. N., Neogi, S. (1984) Biomedical appli-
cations of chitin and chitosan. In: Zikakis, J. P. (ed.) Chitin,
Chitosan and Related Enzymes. Academic Press, New York, pp
119-133

American Cyanamid Co., Gosport, UK (1991) Material Safety Data
Sheet of Mitoxantrone Hydrochloride.

Balis, F. M., Holcenberg, J. S., Bleyer, W. A. (1983) Clinical
pharmacokinetics of commonly used anticancer drugs. Clin. Phar-
macokinet. 8: 202-232

Batra, V.K., Morrison, J. A., Woodward, D. L., Siverd, N. S., Yakobi,
A. (1986) Pharmacokinetics of mitoxantrone in man and laboratory
animals. Drug Metabol. Rev. 17: 311-329

Cheng, C. C., Zbinden, G., Zee-Cheng, R. (1979) Comparison of anti-
neoplastic activity of amino-ethylamino anthraguinones and anthra-
cycline antibiotics. J. Pharm. Sci. 68: 393-396

Davis, S. S., Ilum, L., McVie, J. G., Tomlinson, E. (eds) (1984)
Microspheres and Drug Therapy, Pharmaceutical, Immunological
and Medical Aspects, Elsevier, Amsterdam

Guiot, P., Couvreur, P. (eds) (1986) Polymeric Nanoparticles and
Microspheres, CRC Press, Boca Raton

Jameela, S. R., Jayakrishnan, A. (1995) Glutaraldehyde crosslinked
chitosan microspheres as a long acting biodegradable drug delivery
vehicle: studies on the in vitro release of mitoxantrone and in
vivo degradation of microspheres in rat muscle. Biomaterials 16:
769775



688 S. R. JAMEELA ET AL

Jameela, S. R., Misra, A., Jayakrishnan, A. (1994) Crosslinked chit-
osan microspheres as carriers for prolonged delivery of macromo-
lecular drugs. J. Biomat. Sci. Polym. Ed. 6: 621-632

McLaughlin, C. A., Goldberg, E. P. (1983) Local chemo and immu-
motherapy by intratumoral drug injection: opportunities for polymer
compositions. In: Goldberg, E. P. (ed.) Targeted Drugs, Wiley, New
York, pp 231-268

Miyazaki, S., Takeuchi, S., Sugiyama, M., Takada, M., Hosokawa, M.,
Koga, Y., Kobayashi, H. (1985) Effect of implanted ethylene-vinyl
alcohol, copolymer matrices containing 5-fluorouracil on Ehrlich
ascites carcinoma. J. Pharm. Pharmacol. 37: 6466

Miyazaki, S., Hashiguchi, N., Yokouchi, C., Takada, M., Hou, W. N.
(1986) Antitumour effect of fibrinogen microspheres containing
doxorubicin on Ehrlich ascites carcinoma. J. Pharm. Pharmacol.
38: 618-620

Mugzzarelli, R., Jeuniaux, C., Gooday, G. W. (eds) (1986) Chitin in
Nature and Technology, Plenum, New York, pp 435-507

Ohya, Y., Takei, T., Kobayashi, H., Ouchi, T. (1993) Release beha-
viour of 5-fluorouracil from chitosan-gel microspheres immobiliz-

ing S-fluorouracil derivative coated with polysaccharides and their
cell specific recognition. J. Microencapsulation 10: 1-9

Ouchi, T., Bamba, T., Fujimoto, M., Hamamoto, S. (1989) Synthesis
and antitumour activity of chitosan carrying 5-fluorouracils. Mak-
romol. Chem. 190: 1817-1825

Puisieux, F., Barratt, G., Couarraze, P., Couvreur, P., Devissaguet, J. P_,
Duberont, C., Fattal, F., Fessi, H., Vauthier, C., Benita, S. (1994)
Polymeric micro and nanoparticles as drug carriers. In: Dumitriu, S.
(ed.) Polymeric Biomaterials. Marcel Dekker, New York, pp 749—
795

Shiraishi, S., Imai, T., Otagiri, M. (1993) Controlled release of
indomethacin by chitosan-polyelectrolyte complex: optimization
and in vivo/in vitro evaluation. J. Contr. Rel. 25: 217225

Thanoo, B. C., Sunny, M. C., Jayakrishnan, A. (1992) Crosslinked
chitosan microspheres: preparation and evaluation as a matrix for
the controlled release of pharmaceuticals. J. Pharm. Pharmacol. 44:
283-286

Zikakis, J. P, (ed.) (1984) Chitin, Chitosan and Related Enzymes.
Academic Press, New York, pp 3-53



