Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/21/12

For personal use only.

DRUG DEVELOPMENT AND INDUSTRIAL PHARMACY, 11(1), 31-40 (1985)

Effect of Polycation Complexation on
Methotrexate-LIposome Cytotoxicity
Aranya WanlchslrlroJ1, Yatindra M. Joshi’,
LInda Jacobsen2 and Dane O. Klldslgl
1Depar‘l‘menf of Industrial and Physical Pharmacy
2Deparfmen'r of Medicinal Chemistry and Toxlcology
Purdue University

West Lafayette, Indlana 47907

ABSTRACT
Methotrexate and methotrexate~-DEAE dexiran complex were
microencapsulated In positively charged |iposomes. Thelr
cytotoxicity was determined and compared with the cytotoxicity of
control systems against L1210 mouse leukemia cells at 37° C In
acetate buffer of pH 7.40 *+ 0.05. The control systems used were
acetate buffer, blank liposome, DEAE-dextran |Ilposome and
methotrexate solution. The methotrexate and methotrexate-DEAE
dextran |lposomes were |yophilized and the iInfluence of
lyophillzation on thelir cytotoxiclty was also examined. The
methotrexate-DEAE dextran |iposomes resulted In slightly higher

mean growth ratios than the free methotrexate liposomes In
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noniyophilized as well as lyophilized systems, The EDgy values

for methotrexate and methotrexate-DEAE dextran |lposomes were

similar to that for the free methotrexate solution. This

observation indicated that microencapsulation of methotrexate In

| Iposomes elther as a free drug or a complex has no effect on the

cytotoxicity of the drug. In addition, |yophilization of

| iposome products does not seem to change thelr effectiveness.
ANTRODUCT |ON

One of the major problems of cancer chemotherapy with
cytotoxic drugs Is the Indiscriminate action of the drug on both
dliseased and normal cells. Conslderable effort has therefore
been directed towards Increasing target speciflicity. Among the
several vehlcles suggested for the selective dellvery of
cytotoxic drugs to malignant cells, |iposomes have apparently
received the most attentlion.

Methotrexate (MTX), which falls In the cytotoxic drug
category, has been clinlically used for over twenty years In the
treatment of acute leukemia and a varliety of other mallgnancles1.
Liposomes have been utilized as vehicles for MTX In several

invesfiga#lonsz's.

In a previous communication we reported that
the efficiency of entrapment and consequent retention of MTX In
I1posomes was enhanced by encapsulating the MTX-DEAE dextran
complex Instead of the free MTX8, The object of this research Is

to examine the cytotoxicity of a MTX-DEAE dextran complex,

encapsulated In L-a =dipalmitolyl phosphatidyl choline (DPPC),
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agalnst L1210 mouse leukemia cells In comparison with the
cytotoxclity of plain MTX |iposomes and MTX solution. The
Influence of lyophilization on the cytotoxicity of |lposome
products was examined also,
EXPERIMENTAL

Methotrexate, USP (M.W. 454,44, Lederle Laboratories), DEAE-
dextran (M>W, 500,000, Pharmaclia Fine Chemicals), L-a -
dipalmitoyl phosphatidyl choline (synthetic, amorphous 98%,
anhydrous M.W., 734,10, Sigma Chemlical Company), cholesterol
(Eastman Kodak Co.), and stearylamine (anhydrous, M.W. 269.50,
Sigma Chemical Company) were used as recelved. Liposomes were
prepared by the chloroform film me+h0d7. The detalls of the

preparation and storage have been descrlbed ear! ierd,

The Cytotoxicity Study Procedures

The drug systems used In the cytotoxiclty study were MTX
solution, MTX |lposomes and MTX-DEAE dextran complex |iposomes
both non-lyophillzed and reconstituted solid powder from the
Iyophilizatlion process. The control systems were acetate buffer,
blank |iposomes and DEAE-dextran |iposomes.

Fisher's medium (Gibco H=11) with 10% horse serum (KC
Biologic) was used In cell culture studies. To one 5-liter
package of Fisher's concentrate, 4,500 m| of triple distilled,
500 ml of horse serum and 5.62 gms NaHCO; were added. The medium
was sterillized by filtration and stored In a refrigerator. Prilor

to use, 100 units per ml of peniclilliin and 100 ug per mil of
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streptomycin were added to the medium.

Stock cultures of the L1210 cell 1lne, which were obtalned
from EG & G Mason Research Institute, a suppllier for the NCI,
were grown In Blake bottles at 379C. The medium was prewarmed to
37°C and the cultures were split on Monday and Friday the week of
the experiment. One hundred fifty five milliliters of culture
was Inltially Inoculated with 6 x 104 cells per ml., After 3-4
days growth, a concentration of 0.8 x 106 cells per ml was
attained.

Cells for the cytotoxlcity assay (L1210 cells) were obtalned
from a spinner culture (cells in logarithmic growth phase). The
spinner cultures were grown In screw-capped Erlenmeyer flasks
stirred by a magnetic stirrer. An allquot containing 3 x 102
cells per ml was added to the pre-warmed (37°C) Fisher's medium a
day prlor to the assay. The splinner culture size was 200 ml.
After 24 hours, the cell concentration was 0.8 x 106 - 1.5 x 106
cells per ml.

Prewarmed 37°C medium contalning 6.6 x 104 cells per ml|
was prepared minutes before cells were dispersed Iinto
Individual growth tfubes. The growth tubes contalned 3 ml of
cells and 1 ml| diluted test sample. The flnal cell concentration
was 5.1 x 104 cells per ml which was the number of cells per ml
at the baseline In the cytotoxic experiment.

The samples were diluted In series with Fisher's medium

containing 10% horse serum; each sample was diluted Into five to
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six dllutlion levels from 1:4 to 1:4 x 108. Two tubes were

prepared at each dilution level. The control tubes, which were
the tubes without any test samples but containing 3 ml of cells
and 1 ml of medium, varled In numbers according to the formula 2
Yy where n was the number of test samples. The resulting
exper Iment tubes were then stoppered with gum rubber stoppers and
Incubated at 37°C for 48 hours. The number of ce!ls per ml In
each tube was determined by a hemocytometer and a coulter
counter. The EDg5q values and the percent mean growth ratio were
used to evaluate the results, Mean values were utilized [n all
of the calculations.
The percent mean growth ratio was calculated as

% mean growth ratio (3Y) =

mean no. of cells/ml In the test tube-mean baseline

100
mean no. of cells/ml in the control tube-mean baseline X

(1
The basel ine was the mean cell Inoculum on initiation of
control. The effective dliluted concentration that inhibited
growth by 50% of the growth (EDgp), was calculated from the slope
(B) and intercept (A) of the linear relationship between % mean
growth ratio (3Y) and log concentration (X). The calculated EDsgg

values can be obtalined from the following equations:

Y = A +B X (2)
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50% = A + B (Log EDgp) (3)
50-A
EDgy = 10 2 meg/ml (4)
RESULTS AND DISCUSSION

The percent mean growth values for the Iyophilized and non-
Iyophilized form of the two |iposome systems are listed In Table
1. At high concentrations, the percent mean growth ratios
obtalned from coulter counter were higher than those obtained
from the hemocytometer. This Is due to the fact that the coulter
counter counts every single particle Including both the dead
cells and the |lve cells whereas the hemocytometer counts only
the live cells. At low concentrations, however, this problem Is
not evident and, except for one case, there is good agreement
between the two methods.

In the non-lyophilized |iposome system, the MTX-DEAE dextran
| Tposome system gave higher values of the percent mean growth
ratio than the MTX-llposome system at similar concentration
levels. This probably indicates that MTX was retalned longer In
the complexed |lposome system than In the free-MTX-|[Iposome.

For the Iyophilized |lposomes, differences In the percent
mean grown ratio values are not easlly seen. For example, at a
concentration level of 2.5 x 1072 mcg per ml of MTX, MTX-

| iposomes show a higher percent mean growth ratio than the MTX-
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Table 1. Comparison of Percent Mean Growth Ratio of MTX Solution and Liposome Systems.

Non-lyophilized MTX-1liposome Non-1lyophilized NTX-DEAE-dextran liposome

mo/ml Coulter

ma/ml Coulter
Conc. ( il counter llemocytometer Conc. m counter Hemocytometer
1.9 x 107? 1} 0 2.6 x 107 0 0
1.9 x 107* 4.5 0 2.6 x 107" 26.8 0
1.9 x 10°% 3.1 0.4 2.6 x 107° 6.5 2.1
1.9 x 1076 26.1 24.3 2.6 x 1076 81.6 106.7
1.9 x 1077 99.4 98.4 2.6 x 1077 99.3 100.6
1.9 x 1078 94.5 93.2 2.6 x 1078 91.0 81.8
Lyophilized MTX-1liposome Lyophilized MTX-DEAE-dextran liposome
ma/ml Coulter mg/m} Coulter
Conc, ¢ mr ) counter Hemocytometer Conc.{ m ) counter Hemocytometer
2.5 x 107 ¢ 0 0 2.5 x 1073 0 0
2.5 x 107" 27.1 0 2.5 x 107 24.9 0
2.5 x 1078 6.0. 4} 2.5 x 1078 3.5 0
2.5 x 1078 17.1 15.2 2.8 x 1076 58.6 54.4
2.5 x 1077 91.6 68.8 2.5 x 1077 97.0 -
2.5 x 1078 82.0 78.4 2.5 x 1078 92.8 -
2.5 x 107¢ 96.3 101.9 2.5 x 1079 90,9 -
MTX Solution
Conc.(mgéml) Coulter Hemocytometer
m counter
2.5 x 1073 0 )
2.5 x 1074 1.2 0
2.5 x 107° 2.1 0
2.5 x 1078 75.2 53.1
2.5 x 1077 85.7 73.2
2.5 x 1078 91.1 80.6
2.5 x 1077 84.4 83.6
2.5 x 10710 85.7 93.2

DEAE dextran Iiposome while the reverse is true at a MTX
concentration of 2.5 x 10~° mcg per ml.

The EDgg values obtalned from the coulter counter and the
hemocytometer are shown In Table 2. WIithlin the Jimits of
experimental error, the EDgy values obtained from the two
instruments were simlilar and for this reason an average of the

two values Is also shown In Table 2, The control systems, which
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Table 2. Comparison of ED50 from Coulter Counter and lHemocytometer.

System Coulter counter Hemoeytometer Average values
Acetate buffer 0.11 mmoles/m} 0.42 mmoles/ml 0.27 mmoles/ml
Blank liposome 0.07 mg PL/ml 0.03 mg PL/ml 0.05 mg PL/ml
DEAE-~dextran 2.8 % 107 ’mg DEAE- 2.1 % 107> ng DEAE- 2.4 x 1073 mg DEAE-

liposome dextran/ml dextran/ml dextran/ml

MTX solution 1.8 x10 % mg MX 506 x10%mg YIX 12 4 1078 g MTX

ml ml ml
~ R -6 NTX -6 MTX -6 UTX
NTX-1lipo-pellet 1.7 x 10 m 1.1 x 10 - 1.4 x 10 mg 5
MTX-DEAE-dextran- 6.2x10%me XX 44100 MX 53 43076 g MIX

lipo-pellet ml ml

- R -6 UTX -6 MTX -6 MTX
MTX-1ipo-lyo. 1.4 x 10 ° ma e 0.3 x 10 mooSs 0.8 x 10 " mg e
MTX-DEAE-dextran- 2.4 x 107% mq :;% 3.5 x10 ¢ mg ;—'T—“ 2.9 x 10 " mg %

lipo-lyo.

Include acetate buffer, blank |lposomes and DEAE-dextran
| Tposomes, gave an EDgp value about 1000 times higher than the
drug systems which Include MTX solution, MTX-|Iposomes, and MTX-
DEAE dextran |iposomes both [In lyophllized and non-lyophilized
form. Therefore, any effect observed In the drug systems was due
to the drug itself. The MTX-]lposome system and the MTX-DEAE
dextran |iposome system, both In the Iyophillzed and the non-
lyophilized form, exhibited ED5y values very similar to that of
the MTX solution; therefore, they were consldered to have the
same effectiveness as the free drug. The ED5O values, which
range from 0.85 x 1073 mcg per ml to 5.3 x 1073 mcg per ml, are
considered to be simllar since a speciflic EDgg value cannot be
obtained for a single test system. For example, the positive
control compound, NSC 9544, gives an EDSO value in the range of

1.7 mcg per ml| to 7.7 mcg per mi8. Moreover, a higher
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variability of the cell behavior In cell growth always occurs
during the experlmenfg'l‘.

The cytotoxiclty studies indicated that the lyophillzation
process did not appear to change the effectiveness of the drug
agalnst L1210 cells. Perhaps of greater signiflicance was the
observatlion that when MTX was complexed with DEAE~dextran polymer
and entrapped in the lipsome system, the drug still had the same

effectlveness as the free drug.
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