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Summary 

Tumor drug uptake and antitumor effi- 
cacy of free and liposomal doxorubicin 
(DOX) were determined in the SC115 
Shionogi mouse mammary tumor. Liposo- 
ma1 DOX systems were prepared by pH 
gradient-drioen drug encapsulation in 170 nm 
egg phosphatidylcholine/cholesterol (55:45, 
mol ratio) vesicles. Intravenous injection of 
free DOX at 6.5 mg/kg, the maximum toler- 
ated dose for free drug in the multiple dose 
therapy regimen, resulted in tumor-associated 
drug levels of 2.0 /q/g tissue at 1 h which 
remained constant over 24 h. Liposomal DOX 
injected at 6.5 mg/kg led to an accumulation 
of drug in the tumor from 2.6 pg/g tissue to 
5.5 pg/g tissue between 1 h and 24 h, respec- 
tively. Increasing the dose of liposomal DOX 
to 13.0 mg/kg increased tumor drug uptake 
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EDTA, ethylenediaminetetraacetic acid. 

levels to 5.7 pg/g and 10.2 pg/g tissue at 1 h 
and 24 h, respectively. Administration of free 
or liposome encapsulated DOX every 7 days 
for 3 weeks resulted in a dose-dependent 
decrease in tumor growth rate. However, lipo- 
somal DOX injected at 6.5 mg/kg exhibited 
enhanced tumor growth inhibition compared 
to an equiualent dose of free drug. Further, the 
ability to administer increased doses of the less 
toxic liposomal DOX not only resulted in a 
greater inhibition of tumor growth but also sig- 
nificantly reduced tumor weight. Tumors 
weighing as much as 5 g were diminished to 
less than 0.5 g upon treatment with liposomal 
DOX at a dose of 13 mg/kg. In addition, 
groups receiving the highest liposomal DOX 
dose exhibited 25% complete tumor regres- 
sion which persisted over the 50-day study 
period. These results demonstrate the ability of 
appropriately designed liposomal DOX sys- 
tems to significantly enhance the delivery and 
retention of drug at solid tumor sites, resulting 
in increased therapeutic activity. 
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Introduction 

Numerous studies have addressed the use 
of liposome encapsulated DOX in the treat- 
ment of various tumor types. Results from sev- 
eral laboratories indicate that liposome 
encapsulation of DOX does not compromise 
drug potency while buffering toxic side effects 
[1,6,13,14,18,19,22], most notably cardi- 
otoxicity [ 1,5,6,13,18,22]. This ability of lipo- 
somes to enhance the therapeutic potential of 
DOX has been demonstrated in a variety of 
metastatic [6-8,151, ascitic leukemia 
[13,14,18-201 and solid tumor models 
[5,19,22]. 

Although the above studies clearly establish 
the potential utility of liposome encapsulation 
in improving the therapeutic activity of DOX, 
little is known about the mechanism whereby 
this effect is achieved. For example, recent 
reports have demonstrated that manipulation 
of liposome characteristics can result in 
enhanced vesicle accumulation in solid tumors 
[9]. However, it is unclear whether this capa- 
bility to improve delivery of entrapped drugs to 
tumor sites necessarily increases antitumor effi- 
cacy. Investigations by Gabizon et al. [7] 
employing a metastatic liver tumor model 
implied that such a relationship may be impor- 
tant in determining antitumor activity. The 
relevance of this implication to tumors residing 
at sites that do not inherently accumulate lipo- 
somes is still unresolved. 

In order to better understand the compara- 
tive antitumor activities of free and liposome 
encapsulated DOX, we have investigated 
tumor drug uptake characteristics and efficacy 
behaviour of these systems in the transplanta- 
ble androgen-responsive Shionogi mouse 
mammary carcinoma (SC115). This tumor 
arose spontaneously in a female mouse of the 
DD/S strain. After 19 passages in male mice, 
an androgen-responsive variant was isolated 
[16]. Although this tumor grows in males, 
selection of this tumor model was based on the 
observations that this mouse mammary tumor 
is similar to many human breast cancers in its 
sensitivity to different classes of steroid hor- 

mones, including androgens [2, lo], estrogens 
[17] and glucocorticoids [23]. In addition, we 
have previously shown that free DOX adminis- 
tered for three weeks at 7 day intervals is effec- 
tive in causing growth delay of the SC115 
tumor [4]. It is demonstrated here that appro- 
priately designed liposomal DOX systems 
permit the use of higher DOX doses and 
increases delivery of drug to the tumor, result- 
ing in improved antitumour activity over free 
DOX. 

Materials and methods 

DOX was obtained from Adria Laboratories 
(Mississauga, Ont.). Egg PC was obtained 
from Avanti Polar Lipids (Birmingham, Al). 
Cholesterol salts were obtained from Sigma 
Chemical Co. (St. Louis, MO). 

Liposomes were prepared by hydrating a 
thin film of EPC/chol (55:45 mol ratio) in 300 
mM citric acid buffer (pH 4.0) at a concentra- 
tion of 100 mg lipid/ml buffer with vortex mix- 
ing. After freezing and thawing the 
multilamellar vesicles 5 times, the liposomes 
were extruded 10 times through 2 stacked 0.2 
pm pore size polycarbonate filters 1121. The 
resulting vesicles had a mean diameter of 170 
nm as determined by quasielastic light scatter- 
ing. The vesicles were then titrated to pH 7.8 
with 0.5 M NazCO,. These vesicles were then 
heated at 60°C for 5 min and added to solid 
DOX (Adriamycine from Adria Labs) to 
achieve a drug-to-lipid ratio of 0.27: 1 (w/w). 
The mixture was subsequently heated at 60°C 
for 10 min. Under these conditions, greater 
than 98% of the drug was sequestered into the 
liposomes as determined by column chroma- 
tography [ 111. Liposomal DOX solutions were 
diluted with sterile saline to achieve drug con- 
centrations appropriate for administering 
proper drug doses to mice in 0.2 ml. 

The Class I SC1 15 subline was used in these 
experiments [3]. It was maintained by serial 
transplantation in male mice of the DD/S 
strain as previously described [4]. Tumors 
weighing approximately 2 g were dissociated 
in 0.05% trypsin (1:250) and 0.025% EDTA 
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(Sigma Chemical Co., St. Louis, MO) in Ca*+- 
and Mg2+-free saline A (pH 7.3) and the cell 
suspension centrifuged at 80 x g for 4 min to 
enrich the epithelial cell population. The pellet 
was resuspended in Dulbecco’s modified 
Eagle’s medium (DME; Terry Fox Laboratory, 
Vancouver, B.C.) and passed through a 150 
pm Nitex filter (Tetko, Inc., Elmsford, NY) to 
collect single cells and small cell aggregates. 
Viable cells, determined by Trypan blue exclu- 
sion, were counted on a hemacytometer. Sus- 
pensions of 3 x lo6 cells in 0.1 ml of DME 
were injected S.C. into the interscapular region 
of male mice 2-4 months old. Mice were ran- 
domly distributed to the different treatment 
groups (n = 9) immediately following tumor 
cell injection. 

Tumor uptake of DOX was determined for 
free and liposomal DOX at the maximum tol- 
erated dose (MTD) of free drug (6.5 mg/kg, 3 
x weekly regimen) as well as for the MTD of 
liposomal drug (13.0 mg/kg, 3 x weekly regi- 
men). Mice bearing the SC115 subcutaneous 
tumor (0.5-1.0 g) were injected i.v. with the 
indicated dose of free DOX or liposomal DOX 
containing [3H]cholesterol hexadecylether as a 
lipid marker (200 dpm/pg lipid). At the indi- 
cated times mice, (4 per group) were anesthe- 
tized with ether and plasma was recovered 
from blood collected via heart puncture into 
‘Microtainer’ tubes (Becton-Dickenson, Rich- 
mond, B.C.) containing EDTA beads. Tumors 
were removed and stored frozen at - 7OOC. 
Tumor liposomal lipid levels were determined 
by preparing a 10% tissue homogenate and 
determining the radioactivty in an aliquot of 
solubilized (employing Protosol, NEN Nuclear, 
Mississauga, Ont.) tumor by scintillation count- 
ing. Plasma and tumor DOX levels were deter- 
mined by monitoring the fluorescence of 
extracted samples [2] at 550 nm. Tumor drug 
and liposomal lipid levels were corrected for 
endogenous plasma volume contributions in 
individual mice on the basis of 14C-containing 
100 nm distearoylphosphatidylcholine/cho- 
lesterol liposome levels in the tumor 5 min 
after their injection i.v. at a dose of 100 mg 
lipid/kg. Under the conditions employed, 

> 95% of these liposomes were recovered in 
the plasma and tissue blood volume correc- 
tions can consequently be made for each 
tumor drug level determination. The validity of 
such corrections were confirmed by determin- 
ing tumor blood volumes for representative 
mice injected with 51Cr-labelled red blood cells. 

For efficacy experiments, tumor-bearing 
mice were palpated 3 times/week until tumors 
were measurable, after which caliper measure- 
ments were made. Tumor weights were calcu- 
lated according to the formula (211: 

length (cm) x [width (cm)12 = g 

2 

Comparisons of calculated and actual (meas- 
ured) tumor weights indicated that calculated 
tumor weights were accurate within + 10%. 
Upon growth of the tumor to 0.3-2.5 g mice 
were administered saline, empty liposomes 
(administered at a dose equivalent to that 
given for a liposomal DOX dose of 13 mg/kg) , 
free DOX and liposomal DOX i.v. at the indi- 
cated doses at 7 day intervals (3 injections of 
the indicated dose). Mice whose tumors did 
not reach a size of 0.5 g by day 25 post tumor 
transplant were characterized as ‘no takes’ 
and were removed from the study. Treatment 
doses were based on the initial animal weights 
prior to tumor inoculation. Tumor growth was 
monitored 50 days post first treatment. Statisti- 
cal significance of differences in the group 
means of tumor weights were determined 
employing Student’s t-test (2 sided). 

Results 

The liposomal DOX preparation employed 
here demonstrated reduced toxicity compared 
to the free drug. The MTD for free and liposo- 
ma1 DOX was 6.5 mg/kg per injection and 
13.0 mg/kg per injection, respectively, for the 
day 1, 8, 15 i.v. dose regimen utilized in ther- 
apy evaluations. At the 13.0 mg/kg liposomal 
DOX dose, no deaths could be directly related 
to drug toxicity. In contrast, administration of 



186 

free DOX at a dose of 6.5 mg/kg resulted in 
one toxic related death and a dose of 13.0 
mg/kg per injection caused a 70% mortality 
rate (data not shown). This Z-fold increase in 
MTD compares well with our previous studies 
employing similar liposomal DOX systems in 
other mouse strains [13]. Plasma and tumor 
drug uptake levels were therefore determined 
over 24 h post injection for free DOX at 6.5 
mg/kg and liposomal DOX at 6.5 mg/kg and 
13.0 mg/kg (Table 1). Low plasma DOX lev- 
els were observed between 1 h and 24 h after 
administration of free DOX. The l-h value of 
0.8 pg/ml corresponded to 0.5% of the 
injected dose being present in the plasma 
compartment. This value decreased to 0.03 
pg/ml plasma at 24 h. Free DOX accumula- 
tion in tumor tissue occurred within the first 
hour after drug injection, yielding approxi- 
mately 2 pg/g tissue which was maintained 
over the 24 h time course. 

Liposomal DOX administered at a dose 
equal to free DOX displayed significantly dif- 
ferent pharmacological properties. Plasma 

drug levels at 1 h and 4 h were 20-25-fold 
higher than observed for free DOX and 2.3- 
fold higher at 24 h. More importantly, whereas 
free DOX tumor levels remained constant over 
24 h, tumor drug levels increased from 2.6 pg/ 
g to 5.5 pg/g between 1 h and 24 h for lipo- 
some encapsulated DOX. It should be noted 
that the drug to liposomal lipid ratio present in 
tumor tissue decreased with increasing time. 
This is due to the fact that the liposomes 
employed in this study release entrapped DOX 
while in the circulation (see plasma drug and 
lipid levels, Table 1). Hence, liposome accu- 
mulation in the tumor at later time points 
resulted in relatively smaller increases in tumor 
drug levels. Increasing the dose of liposomal 
DOX to the MTD (13.0 mg/kg) increased both 
plasma and tumor DOX levels compared to 
the 6.5 mg/kg dose. The magnitude of the 
increase in tumor DOX uptake was compara- 
ble to the 2-fold increase in liposomal DOX 
dose. 

Figure 1 shows the rate of tumor growth in 
individual mice treated with saline, free DOX 

Table 1. Plasma and tumor doxorubicin levels after i.v. injection of free and liposomal doxorubicin to Shionogi mice 

bearing SC1 15 tumors”. 

Sample Drug dose Time 

(mgkg) (h) 

Plasma Turnorb 

Free Dox 6.5 1 
4 

24 

Dox Lipid Dox Lipid 

(Ccg/mJ) kg/ml) (pg/g tissue) (pg/g tissue) 

0.8-cO.13 - 2.0 + 0.7 - 
0.4 f 0.06 - 2.1kO.8 - 

0.03 + 0.01 - 1.9 -+ 0.8 - 

Lipodox 6.5 1 19.8 f 1.2 290 f 35 2.6 + 0.4 4.6 + 1.3 
4 8.2 -+ 1.1 143 + 27 4.2 + 0.5 23.3 + 3.1 

24 0.07 + 0.01 14.7 + 1.4 5.5 + 1.1 47.1 + 16.3 

Lipodox 13.0 1 47.5 f 7.4 421 f 31 5.7 AZ 1.1 19.3 f 4.5 
4 37.0 + 5.9 369 + 41 12.1 f 2.7 65.0 + 12.0 

24 1.4 f 0.4 44.5 + 19.2 10.2 + 3.6 102.6 + 26.3 

“Mice (4 per group) were injected with free or liposomal doxorubicin via a lateral tail vein. Drug levels represent the mean 
and standard deviation. 

bTumor drug and liposomal lipid levels were corrected for tumor plasma volume contributions as described in Materials 
and methods. For liposomal doxorubicin groups, drug and liposomal lipid levels were determined by monitoring fluores- 
cence at 550 nm and radioactivity, respectively as described in Materials and methods. 
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SALINE 

FREE DOX 6.5 mg/kg I 

LIP0 DOX 6.5 mg/kg 

P 
FREE DOX 3.25 mg/kg 

LIP0 DOX 3.25 mg/kg 

LIP0 DOX 13.0 mg/kg 

-5 0 5 10 15 20 25 30 35 40 45 50 -5 0 5 10 15 20 25 30 35 40 45 50 55 
DAYS DAYS 

Fig. 1. Tumor growth curves of individual mice receiving the indicated treatments of saline and DOX in free and 

liposomal form. Experimental conditions are as described in Materials and methods. The indicated drug doses were 
administered on days 1,8 and 15. The solid and dotted lines represent separate experiments. 

at 3.25 mg/kg per injection and 6.5 mg/kg 
per injection and liposomal DOX at 3.25 mg/ 
kg per injection, 6.5 mg/kg per injection and 
13.0 mg/kg per injection. Mice receiving 
saline exhibited rapid tumor growth and all 
animals either died or had to be killed due to 
debilitating tumor growth within 20 days of the 
first treatment. Comparable results were 

obtained for mice administered empty lipo- 
somes (prepared identically to drug-containing 
liposomes) at a dose equivalent to the highest 
liposomal DOX dose (data not shown). In con- 
trast, administration of DOX in either free or 
liposomal form caused a dose-dependent 
decrease in the tumor growth rate. 

The relative antitumor activities of the var- 



Table 2. Effect of free and liposomal doxorubicin on SC1 15 tumor growth”. 

Treatment group Day 1 
Tumor wt. (g) 

Mean -C S.D. 

Day 8 
Percent increase in mean 

tumor weight & S.D. 
(Compared to day 1) 

30-Day Complete tumor 
survivorsb regression’ 

Saline 0.7 + 0.6 1283 -+ 621 O/16 O/16 
Free Dox 3.25 mg/kg 0.4 + 0.3 1178 f 740 l/14 o/14 

Free Dox 6.5 mg/kg 0.9 f 0.4 307 + 201d 2/8 O/8 
Lipodox 3.2 mg/kg 0.6 + 0.5 743 + 705 3/16 O/16 
Lipodox 6.5 mg/kg 1.3 + 0.6 135 + 132d,e 6/9 l/9 
Lipodox 13.0 mg/kg 0.9 k 0.8 143 -c 150d 13/ 16’ 4/16 

“Mice bearing solid SC1 15 tumors were treated i.v. with the indicated doses of doxorubicin on days 1,8 and 15. 
bNon surviving animals either died or were terminated due to debilitating tumor growth (tumor weight > 7 g) 
‘Complete tumor regression was defined as a non-palpable tumor. 

dStatistically different from saline control group (P < 0.01). 
eStatistically different from free drug group at the equivalent dose (P < 0.05). 
Two mice were killed on day 22 due to severe ulceration at the tumor site even though the tumor was less than 1 g. 

ious treatment groups were evaluated on the 
basis of percent increase in mean tumor 
weight, 30-day survival and complete tumor 
remission (Table 2). A DOX dose of 3.25 mg/ 
kg per injection in free or liposomal form 
yielded tumor weight increases that were sta- 
tistically comparable to control groups and no 
occurrence of complete tumor remission. 
However, 7% and 19% 30-day survival was 
observed for free and liposomal DOX, respec- 
tively, at this dose level. Increasing the dose of 
free DOX to 6.5 mg/kg per injection resulted 
in an increase in antitumor activity as evi- 
denced by a 76% reduction in the tumor 
growth on day 8 as well as 25% 30-day sur- 
vival. In comparison, liposomal DOX adminis- 
tered at 6.5 mg/kg per injection effected an 
89% decrease in the tumor growth on day 8, 
67% 30-day survival and 11% complete 
tumor remission. Statistical analysis indicated 
that inhibition of tumor growth for liposomal 
DOX was superior to equivalent doses of free 
drug (Table 2). 

The ability to increase the DOX dose from 
the MTD of 6.5 mg/kg per injection for free 
drug to 13.0 mg/kg per injection in the less 
toxic liposomal form resulted in a dramatic 
inhibition of the tumor growth (Fig. 1 and 

Table 2). In addition, this treatment yielded a 
significant debulking of tumor load. For exam- 
ple, tumors reaching 3.4 g to 5.7 g within 8 
days post first injection were reduced to less 
than 0.5 g over the full course of treatment 
(Fig. 1). Furthermore, 81% 30-day survival 
and 25% complete tumor regression indicated 
a substantial improvement of antitumor effi- 
cacy . 

Discussion 

The utility of carrier systems to enhance the 
therapeutic activity of anticancer agents can be 
accomplished by reducing drug-related toxici- 
ties to normal tissues, thereby allowing 
increased drug doses to be employed and/or 
by enhancing the antitumor potency of the 
drug. The present study suggests that the 
enhanced antitumor activity observed for lipo- 
somal DOX preparations utilized here is 
related to the ability of these carrier systems to 
increase tumor drug levels over an extended 
period of time. This improved delivery of DOX 
to the tumor occurs at doses equivalent to free 
drug as well as at doses greater than free drug. 
The former result contrasts another study 
employing a rat immunocytoma solid tumor 



model [22] which demonstrated that liposome 
encapsulation results in reduced or equivalent 
DOX tumor uptake. One previous investiga- 
tion has shown that increased antitumor activ- 
ity of small (< 100 nm) liposomal DOX 
preparations correlates with increased drug 
levels in tumor cells [7]. However, in this 
tumor model the disease site resides in the 
liver, a known site of liposome accumulation. 
The results reported here provide clear indica- 
tions that appropriately designed liposomal 
DOX systems [13] can be utilized to increase 
drug delivery to and activity against peripheral 
solid tumors. 

Previous studies have demonstrated that 
small liposomes composed of suitable lipids 
exhibit extended circulation times and 
increased uptake into solid tumors [9]. This 
compares favorably with observations here 
where tumor liposome levels increased over 
24 h, leading to approximately 5% of the 
administered liposome dose accumulating in 
the tumor. The results presented here suggest 
that such ‘passive targeting’ may lead to 
increased drug tumor levels. It should be 
noted, however, that plasma and tumor drug 
to lipid ratios indicate that a portion of initial 
tumor drug levels arises from DOX which has 
been released from liposomes in the circula- 
tion. 

In summary, this study has demonstrated 
that liposomes exhibiting suitable physical 
properties can be used to increase the delivery 
of DOX to solid tumors. More importantly, 
such increases result in enhanced antitumor 
efficacy compared to that achievable with free 
DOX. The combination of increased tumor 
drug delivery and increased tolerated drug 
doses for liposomal DOX results in decreased 
tumor growth rate and reduction of tumor bur- 
den. 

Acknowledgements 

The authors wish to thank Gerry Rowse and 
Dana Masin for their excellent technical assis- 
tance and Dr. Lawrence Reinish for his insight- 
ful discussions. This research was supported by 

189 

the National Cancer Institute of Canada and 
The Liposome Company, Inc. (Princeton, 
N. J.) . PRC is a Canadian Medical Research 
Scientist. 

References 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Balazsovits, J.A.E., Mayer, L.D., Bally, M.B., Cullis, 

P.R., Ginsberg, R.S. and Falk, R.E. (1989) Analysis of the 

effect of liposomes encapsulation on the vesicant proper- 

ties, acute and cardiac toxicity and antitumor efficacy of 

doxorubicin. Cancer Chemother. Pharmacol., 23, 81. 

Bally, M.B., Nayar, N., Masin, D., Hope, M.J., Cullis, 

P.R. and Mayer, L.D. (1990) Liposomes with entrapped 

doxorubicin exhibit extended blood residence times. 

Biochim. Biophys. Acta, 1023, 133-139. 

Bruchovsky, N. and Rennie, P.S. (1978) Classification of 

dependent and autonomous variants of Shionogi mam- 

mary carcinoma based on heterogenous patterns of andro- 

gen binding. Cell, 13, 273. 

Emerman, J.T. and Siemiatkowski, J. (1984) Effects of 

endocrine regulation of growth of a mouse mammary 

tumor on its sensitivity to chemotherapy. Cancer Res., 44, 
1327. 

Forssen, E.A. and Tokes, Z.A. (1981) Use of anionic lipo- 

somes for the reduction of chronic doxorubicin-induced 

cardiotoxicity. Proc. Natl. Acad. Sci. USA, 78, 1873. 

Gabizon, A., Dagan, A., Goren, D., Branholz, Y. and 

Fuks, 2. (1982) Liposomes as in vivo carriers of adriamy- 

tin: Reduced cardiac uptake and preserved antitumor 

activity in mice. Cancer Res., 42,4734. 

Gabizon, A., Goren, D., Fuks, Z., Barenholz, Y., Dagan, 

A. and Meshoren, A. (1983) Enhancement of adriamycin 

delivery to liver metastatic cells with increased tumoricidal 

effect using liposomes as drug carriers, Cancer Res., 43, 

4730. 

Gabizon, A., Goren, D., Fuks, Z., Moshoren, A. and Bar- 

enholz, Y. (198.5) Superior therapeutic activity of lipo- 

some-associated adriamycin in a murine metastatic tumour 

model. Br. J. Cancer, 51,681. 

Gabizon, A. and Papahadjopoulos, D. (1988) Liposome 

formulations with prolonged circulation time in blood and 

enhanced uptake by tumors. Proc. Natl. Acad. Sci., USA 

85,6949-6953. 

King, R.B.J. and Yates, J. (1980) The use of cultured 

mammary tumor cells to study effects of steroid hormones, 

In: Tissue Culture in Medical Research II, p. 221. Editors: 

R.J. Richards and K.T. Rajan. Pergamon Press, New 

York. 

Mayer, L.D., Bally, M.B. and Cullis, P.R. (1985) Uptake 

of adriamycin into large unilamellar vesicles in response to 

a pH gradient. Biochim. Biophys. Acta, 851, 123. 

Mayer, L.D., Hope, M.J. and Cullis, P.R. (1986) Vesicles 

of variable size produced by a rapid extrusion procedure. 

Biochim. Biophys. Acta, 858, 161. 

Mayer, L.D., Tai, L.C.L., Ko. D.S.C., Masin. D., Gins- 



190 

14 

15 

16 

17 

18 

berg, R.S., Cullis, P.R. and Bally, M.B. (1989) Influence 

of vesicle size, lipid composition and drug-to-lipid ratio on 

the biological activity of liposomal doxorubicin. Cancer 

Res., 49,5922-5930. 

Mayhew, E. and Rustum, Y.M. (1985) The use of lipo- 

somes as carriers of therapeutic agents. In: Molecular Basis 

of Cancer, pp. 301-310. Part B. Alan R. Liss, Inc. New 

York. 

Mayhew, E.G., Goldrosen, M.H., Vaage, J. and Rustum, 

Y.M. (1987) Effects of liposome-entrapped doxorubicin on 

liver metastases of mouse colon carcionomas 26 and 28. J. 

Nat). Cancer Inst., 78, 707. 

Minesita, T. and Yamaguchi, K. (1965) An androgen- 

dependent mouse mammary tumor. Cancer Res., 25, 

1168. 

Nohno, T., Omokai, Y., Watanabe, S., Saito, T. and 

Senoo, T. (1982) Effects of estrogens and antiestrogens on 

androgen-dependent growth of Shionogi carcinoma 115: 

role of estrogen receptor. Cancer Lett., 15,237. 

Olson, F., Mayhew, E., Maslow, D., Rustum, Y. and 

Szoka, F. (1982) Characterization, toxicity and therapeutic 

efficacy of adriamycin encapsulated in liposomes. Eur. J. 

Cancer Clin. Oncol., 18, 167. 

19 

20 

21 

22 

23 

Rahman, A., Fumagalli, A., Barbieri, B., Schein, P.S. and 

Casazza, A.M. (1986) Antitumor and toxicity evaluation of 

free doxorubicin and doxorubicin entrapped in cardiolipin 

liposomes. Chemother. Pharmacol., 16, 22-27. 

Rahman, A., White, G., More, N. and Schein, P.S. 

(1985) Pharmacological, toxicological and therapeutic 

evaluation in mice of doxorubicin entrapped jiposomes. 

Cancer Res., 45,796. 

Simpson-Herren, L. and Lloyd, H.H. (1970) Kinetic para- 

meters and growth curves for experimental tumor systems. 

Cancer Chemother. Rep., 54, 143. 

van Ho&, Q.G.C.M., Steerenberg, P.A., Crommelin, 

D.J.A., van Dijk, A., van Oost, W., Klein, S. Douse, 

J.M.C., de Wildt, D.J. and Hillen, F.C. (1984) Reduced 

cardiotoxicity and nephrotoxicity with preservation of anti- 

tumor activity of doxorubicin entrapped in stable liposomes 

in the LOU/M Wsl Rat. Cancer Res., 44,3698. 

Watanabe, S., Nohno, T., Omukai, Y., Saito, T. and 

Senoo, T. (1982) Stimulatory effects of dexamethasone 

and indomethacin on growth of androgen-dependent 

Shionogi carcinoma 115 in the mouse. Cancer Lett., 16, 

261. 


