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Interaction of Drugs with Liposomes
— A Treatment of DSC Data Based on Ideal Solution Theory —

Shinichi Kitamura™* and Yasushi Nakata*
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Fig. 2. Variation of excess heat capacity with tem-

perature during the main transition of
DMPC liposome in water containing 1-
butanol at different concentrations. The
solid curve is the experimentally observed
DSC output and the dashed curve is theo-
retical data calculated using the parameters
listed in Table I. The lipid concentration
was 0.4922mgcm™3. The butanol con-
centrations: 1, DMPC only; 2, 1.353 mg
em3:3, 2,705 mgem=3; 4, 4.058 mgem™3,
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Table 1. Thermodynamic parameters for fitting DSC curves of DMPC
containing 1-butanol.
Butanol tm AH ., AH,y AH.y SD°
conce, - - » K K; _—
mg e C kJ mol M J mol AH . % Crmax
0 2398 198 883 450 — - 4.3
0.676 23.56 21.6 10.17 470 0.395 0.55 5.1
1.353 23.33 21.6 8.04 370 0.545 0.55 4.3
2.029 22,98 229 8.29 360 0.481 0.55 5.1
2.705 22.58 217 7.83 360 0.484 0.55 6.3
3.381 22.35 234 68.11 260 0.483 0.55 7.1
4058 22.06 230 6.78 310 0.499 0.55 6.8

3 Value reported by Katz and Diamond'® at 25°C, converted from a weight basis to a

mole-fraction basis.

® Standard deviation at maximum Cp of 20-25 calculated points from the experimental

curve,
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Fig. 3. Variation of excess heat capacity with tem-

perature during the main transition of
DMPC liposome at a concentration of
1.37 mg cm™3 containing n-hexadecane at
an overall concentration of 0.022 mg cm~3.
The solid curve is the experimentally ob-
served DSC output and dashed curve is
the theoretical data calculated using To=
297.12 K, AHy=21.86 k] mol™", AH =
7.28 MJ mol™1!, X,=0.02 and K=3.908.
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Variation of excess heat capacity with tem-
perature during the main transition of
DPPC liposome in phosphate buffer solu-
tion (pH=7.4) containing AD199 and
AD?288. The solid curve is the experi-
mentally observed DSC output and dashed
curve is the theoretical data calculated
using T5=314.87 K, AH,;=31.52 k] mol™',
AH,p =12.98 MJ mol~!, K=0.17 and K4 =
45000 for AD199, and AH.y=27.71k]
mol=Y, AH,y =11.76 M] mol™!, K=0.70
and K4 =82000 for AD288. The lipid
concentration was 2.5 mg cm™>, The drug
concentrations: AD199, 0.087 mgcm™3;
AD288, 0.083 mg cm™3. The circles repre-
sent the X ;. values during the transition.

Table II.  Molecular structures of anthracylines and the thermodynamic parameters
for fitting DSC curves of DPPC containing anthracylines.?
Anth i Ky AH .y Structures®

prracycines T 107 J mol ™" Y R, R,
None — 1.28
AD280 0008 014 122 CH,OH CH, CH,
AD 199 045 017 131 CH,0CO( CH,),CH, CH, CH,
AD48 147 019 147 CH;OCO(CH,),CH, q "
AD201 ND 0.30 1.88 CH,OCO(CH,);CH, (CH,),CH; (CH,),CHs
AD202 ND 0.33 1.93 CH,0OCO(CH,);CH; (CH,)sCH; (CH;)3CH,
AD284 0.045 034 0.93 CH,0H (CH,),CH, H
AD 194 3.26 0.34 118 CH;OCO(CH,);CH; (CH,);CH; H
AD32 ND 0.39 1.58 CH,OCO(CH,);CH, COCF, H
AD198 ND 0.39 1.36 CH,0OCO (CH,);CH,4 CH,Cg¢H, H
AD143 0.065 043 1.16 CH,0OCO(CH,),COOH COCF, H
ADR 0016 052 1.16 CH,0OH H H
AD 288 0.82 0.68 1.27 CH,OH CH,C¢Hsg H
AD41 071 0.73 1.31 CH,0OH COCF, H

a Listed values are the means of two or three individual determinations at different drug concentrations.

b See Fig. 5.
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Fig. 5 Molecular structures of adriamycin deriva-
tives. (See also Table 11.)
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