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ABSTRAC-T 

Reduction in t h e  ancitabine hydro lys is  ra te  in an alkaline 

medium was achieved by liposome encapsulation o f  stable 

ancitabine solutions. The  degree of success was gauged us ing  

stabil ization rat ios which compare rates of hydro lys is  of f ree  and 

encapsulated ancitabine under  identical condit ions. Stabil ization 

rat ios as high as 22 were observed when the  phase t rans i t ion  
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2634 PEJAVER AND NOTARI 

temperature (PTT) values were 16 to 26OC higher than the 

storage temperature. Ciposomes composed of phospholipids with 

PTT values below storage temperatures were ineffective. 

Increased liposome permeability was evidenced by rapid, nearly 

complete. release of encapsulated ancitabine a t  temperatures above 

the PTT. The inclusion of cholesterol in the liposomes reduced 

the maximum stabilization ratios from 22 to  4. 

INTRODUCTION 

The pH range for  a prospective vehicle for  a liposome 

suspension may be limited by the need for  physiological 

compatibility with the site for  drug administration and/or by 

formulation considerations. However, this restricted pH range 

may be unfavorable fo r  the stability of the drug which is to  be 

encapsulated within the liposomes. The stabilization potential of 

Iiposomes. for  a drug which is subject t o  hydrolysis, is a 

function of their lipid composition (and hence their phase 

transition temperature) and the storage conditions. The 

formulator can influence the physical and chemical stability of a 

drug-liposome dosage form through the choice of lipids o r  by the 

addition of excipients such as cholesterol. Temperature can 

influence the chemical stability of the liposomes and the drug in 

addition to  altering the permeability of the Iiposomes. 

The purpose of this research was to  explore the influence of 

liposome formulation on the abi l i ty  of liposomes t o  protect a labile 
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LLPOSOME O N  T H E  S T A B I L I Z A T I O N  OF A N C I T A R I N E  2635 

drug. Temperature and hyd roxy l - i on  concentrat ion were used t o  

challenge the  system. 

Ancitabine was chosen as the model compound for. several 

reasons: 1. Con t ra ry  t o  resul ts f o r  indomethacin’ and p- 

n i t ropheny l  acetatel f2,  ancitabine showed no evidence f o r  

association w i th  liposomes o r  f o r  a change i n  hydro lys is  ra te  in 

the  presence o f  posi t ively charged, negat ively charged o r  neut ra l  

liposomes. ’ 2. Ancitabine can be  quant i ta t i ve ly  hydro lyzed t o  

cytarabine a t  a f i r s t - o r d e r  ra te  in a convenient time per iod  a t  

moderate  temperature^.^ 3. Ancitabine is re la t i ve ly  stable in t h e  

p H  range 4 t o  6, where the  ra te  is p H  independent, but is 

rap id l y  hydro lyzed under  alkaline conditions.’ 4. A t  p H  values 

greater than 7, t he  ancitabine hydro lys is  ra te  is proport ional  t o  

3 hydrox ide  concentrat ion and independent o f  b u f f e r  concentrat ion. 

5. The in v i v o  rate o f  conversion of ancitabine to cytarabine i s  

predictable f rom chemical k inet ics showing no evidence f o r  

metabolic catalysis. 4 

The a b i l i t y  of liposomes t o  p ro tec t  ancitabine f rom hydro lys is  

was tested by encapsulat ing an acidic solution o f  ancitabine and 

then suspending the  liposomes a t  an  alkaline p H  as i l l us t ra ted  in 

Fig.  1. The  ra te  constants f o r  hydro lys is  o f  ancitabine in these 

suspensions were compared t o  those in the  absence o f  liposomes. 

Signi f icant stabi l izat ion would b e  expected if the  inward  d i f fus ion  

o f  h y d r o x y l  ions and the  release of ancitabine were e f fec t i ve ly  

res t r i c ted  by the  liposome membrane ( inset, Fig. 1 ) .  
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2636 PEJAVER AND NOTARI 
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FIGURE 1 

Schematic representation i l lustrating liposomal encapsulation of a 
drug (D) dissolved in an acidic medium followed by dispersion o f  
the liposomes in an alkaline medium. The curve represents the 
pH-rate profi le fo r  ancitabine a t  2 5 O  (k in hr-'). The inset 
shows the processes which would reduce the abi l i ty  of the 
liposome t o  protect the drug from alkaline degradation. 

--- MATERIALS 

L-a-phosphatidylcholine (PC), from frozen egg yolk, in 

ch1oroform:methanol (9: 1) solution; cholesterol (CHOL), and 

ancitabine were obtained from Sigma Chemical Co. Dimyristoyl 

phosphatidylcholine (DMPC) , dipelmitoyl phosphatidylcholine 

(DPPC), dipalmitoyl phosphatidylglycerol (DPPG) and distearoyl 

phosphatidylcholine (DSPC) were obtained from Avanti Polar 

Lipids and cytarabine was obtained from The Upjohn Co. 
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LIPOSOME ON THE STABILIZATION OF ANCITABINE 2637  

METHODS 

_ _  Preparation of Iiposomes. Liposomes were prepared by reverse 

phase evaporation us ing  methods described by Szoka and 

P a p a h a d j o p o ~ l o s ~ .  The  amount o f  phospholipid (PC, DMPC, 

DPPC, DSPC) used f o r  liposome formulation was 66 umoles p e r  mL 

o f  acetate bu f fe r .  Where specified, e i ther  33 pmoles of cholesterol 

or 14 pmoles DPPG were also incorporated. The  lipid was placed 

in a 50 mL round  bottom f lask.  When PC was used, t h e  

chloroform solvent was removed us ing  a r o t a r y  evaporator. 

D ie thy l  e ther  (3 mL) was added t o  dissolve the  l ip ids.  When 

DPPC o r  DSPC was employed, 1.5 mL o f  chloroform was 

introduced t o  ensure dissolut ion p r i o r  t o  addit ion o f  e ther .  One 

mi l l i l i ter  o f  aqueous 0.15 M sodium acetate b u f f e r  (pH = 4.7) 

containing 3 . 8 ~ 1 0 - ~  M (unless otherwise specified) ancitabine was 

added. 

The round  bottom f lask was f lushed w i th  ni t rogen during 

preparat ion.  The m ix tu re  was sonicated t o  fo rm a n  emulsion 

(Model W-375; Heat Systems-Ultrasonics Inc . )  f o r  3-5 min a t  

temperatures s l i gh t l y  above the  phase t rans i t ion  temperature 

( P T T )  of  the  phosphol ip id followed by r o t a r y  evaporation a t  3OoC 

f o r  PC a n d  DMPC, 41OC f o r  DPPC and 55°C f o r  DSPC. The  

organic phase was removed by vacuum. 

A f t e r  analyzing t h e  remaining aqueous phase f o r  total  

ancitabine concentrat ion, the  suspension was dialyzed against 
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2630 PEJAVER AND NOTARI 

100 times i ts  volume of 0.15 M acetate buffer (300 mOsm/L), a t  

4OC, fo r  24 h with two changes of dialysis fluid a t  approximately 

equal intervals. 

In selected studies a 1 mL aliquot of the liposome suspension 

was diluted with 7 mL of isoosmolar buffer and ultracentrifuged a t  

41,000 rpm for  15 minutes a t  4OC (Beckman L5-5OB 

Ultracentrifuge). The supernatant was analyzed for free 

ancitabine. The liposome pellet was redispersed in fresh buffer 

and centrifuged again. Free prodrug was absent after this was 

repeated three times. 

In studies where rapid preparation of liposomes was 

necessary, unencapsulated ancitabine was removed using 

ultracentrifugation. The overall time involved to  obtain final 

liposomal preparations using this method was -1 hour. 

The percent ancitabine encapsulated was calculated from 

% encapsulated = 100 ca/cb (1) 

where cb and Ca are the concentrations of ancitabine before and 

after dialysis and/or centrifugation. Encapsulation was relatively 

constant a t  26-31% except fo r  DPPC:DPPG:CHOL (60%), 

DSPC:CHOL (a%), and DSPC (10%). 

ANALYTICAL. Spectrophotometric (Gilford Model 250 

spectrophotometer) analyses of ancitabine and cytarabine in 

solutions and following encapsulation were carried out as follows. 
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LIPOSOME ON THE STABILIZATION OF ANCLTABINE 2639 

A 0.3-0.5 mL al iquot o f  t he  reaction was added t o  5.0 mL o f  0.2 

M HCI i n  methanol t o  quench hydro lys is  a n d  dissolve t h e  

liposomes. Samples were then stored i n  the  re f r igera tor .  

Precipitat ion occur red  on  cold storage of DSPC samples but 

warming restored clear solutions. No loss of ancitabine o r  

cytarabine was observed d u r i n g  storage per iods o f  48 hours .  

The absorbances due t o  ancitabine and cytarabine were 

measured a t  t he i r  U V  maxima, o f  260 and 285 nm respect ively.  

Beer's law plots i n  0 .2  M HCI in methanol gave molar ex t inc t ion  

coeff icients of 10.2 x 1 s  a t  260 nm and 3.17 x 1s a t  285 nm for 

ancitabine and 4.28 x 1 s  and 14.0 x 1 s  f o r  cytarabine. 

total  absorbances a t  the  two wavelengths were used t o  der ive  

105c1 = 10.8 A260 - 3.31 A285 

105C2 = 7.91 A285 - 2.44 A260 

f rom which the  molar concentrat ion of ancitabine (C,) 

cytarabine (C2) in t h e  final di lut ions were calculated. 

accuracy of the  method was tested by determining 

concentrat ions of ancitabine and cytarabine i n  known mixtures.  

The  

(2)  

(3) 

and 

The  

the 

Ancitabine hydro lys is  k inet ics.  The  suspension o f  liposomes 

containing encapsulated ancitabine in acetate b u f f e r  (pH 4.7) was 

d i lu ted  w i th  9 pa r t s  of isoosmolar bicarbonate b u f f e r  (pH 9.54) 

and t h i s  reaction was maintained a t  constant temperature. 

Al iquots were removed as a func t ion  o f  time a n d  analyzed f o r  

ancitabine and cytarabine. The f lask was f lushed w i th  n i t rogen 
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2640 PEJAVER AND NOTARI 

after withdrawing each sample. 

was studied in the absence of Iiposomes. 

The hydrolysis i n  control buffers 

--- Release gf 3ncitabine from l ipos-m2. The suspension of liposomes 

containing encapsulated ancitabine was diluted with 9 parts of 

isoosmolar 0.15 M sodium acetate buf fer  and maintained a t  the 

desired temperature. Aliquots, removed a t  5 and 15 minutes, 

were divided into two portions. One p a r t  was assayed fo r  total 

ancitabine and the other was added to  an equal volume of ice cold 

isoosmolar 0.15 M sodium acetate buffer and centrifuged a t  20,000 

rpm fo r  30 minutes. An aliquot of the supernatant was diluted 

with 0.2 M HCI in methanol and analyzed for  ancitabine. The 

percent released a t  the end of 5 and 15 minutes was calculated 

from X released = looX (Cs/Ct) where Cs i s  the concentration of 

ancitabine in the supernatant and Ct is the total concentration in 

the liposomal suspension. 

-- RESULTS AND -- - ~ _ _ _ _ _ _  DISCUSSION 

- Ancitabine hydro1ysj.s kinetics. The rate of ancitabine hydrolysis 

was measured after liposomes containing acidic ancitabine solution 

(pH -4.7) were suspended in an alkaline environment (pH -9.5). 

Rates were genera I I y described by 

In F = - k t  ( 6 )  

where F is the ancitabine fraction a t  time t and k is  the observed 

f irst-order rate constant denoted as kB fo r  control buffers and 

kL for liposomal suspensions. 
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LIPOSOME ON THE STABILIZATION OF ANCITABINE 2641 

Biphasic rates, observed in liposomes containing PC, were 

descr ibed by 

F = fAe-at  + f B e-Bt (5) 

where F is t he  f rac t ion  remaining a t  time t; fA and fB are  the  

ancitabine fract ions lost  in accordance w i th  the  rapid (a) and t h e  

slow ( a )  ra te  constants respect ively.  The values f o r  fA, fB, Q 

and B were obtained us ing  nonlinear regression. The  sum o f  t h e  

ancitabine and cytarabine concentrat ions th roughout  a l l  reactions 

was equal t o  t h e  in i t ia l  concentrat ion. 

Inf luence of t&e phase t rans i t ion  temperature. The  stabil ization 

rat io, which ref lects liposomal protect ion f rom the  external  

environment, was def ined as 

stabil ization ra t io  = kB/kL o r  kB/B ( 6 )  

Table I l is ts hydro lys is  ra te  constants and stabi l izat ion rat ios f o r  

ancitabine encapsulated in var ious liposomes. The  phase 

t rans i t ion  temperature f o r  each o f  t he  phospholipids is ("C): -4" 

(PC); -23' (DMPC); -41" (DPPC); -41" (DPPG); -55" (DSPC).6r7 

The  alkaline suspension o f  liposomes containing ancitabine 

encapsulated in an acidic solut ion showed t h a t  DPPC and DSPC 

signi f icant ly increased s tab i l i t y  as indicated by the i r  stabi l izat ion 

rat ios o f  22. In contrast, stabi l izat ion was no t  exh ib i ted  by 

liposomes with PTT values below t h e  ambient temperature o f  25" 

such as PC and DMPC. 
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2642 

TABLE 1 

P E J A V E R  AND NOTARI  

Ancitabine Hydro lys is  Rate Constants (rnin--’) Fol lowing Dispersion 
o f  Liposomes Containing Acidic Solutions (0.15 M Acetate B u f f e r  
a t  p H  4.7) in Bicarbonate B u f f e r  (0.1 M a t  p H  9.5) and 
Stabil ization Ratios (kB/kL o r  kB/f5) a t  25OC. 

Liposome I d k L  
Component 

DMPC 14.1 

DPPC 0.647 

DSPC 0.677 

DMPC:CHOL 7.85 

DRPC: CHOL 3.80 

DPPC:DPPG:CHOL 5.10 

DSPC : CHOL 2.40 

10% 1038 

P c: 132 10.5 

PC: : CHOL 55.0 8.70 

- -___ 

1.03 

22.4 

2!1 .4 

1.85 

3.82 

12 .84 

6 .04  

k 

1.38 

1.67 

A t  temperatures below the  P T T  values, t he  interact ions 

between hydrophobic acyl  chains of adjacent phospholipids 

produce tightly ordered pack ing  in the  lipid b i layer .  7-10 A t  

temperatures h igher  than  the P T T  values, these Lnteractions are 

g rea t l y  reduced thus  increasing b i layer  mobil i ty, decreasing 

b i layer  th ickness and increasing t h e  hyd ra t i on  p e r  phosphol ip id 
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LIPOSOME ON THE STABILIZATION OF ANCITABINE 2643  

molecule. 8-11 T h i s  enhanced movement of t he  mat r ix  increases 

permeabil i ty. Deamer and Bramhall" have shown t h a t  t he  ra te  o f  

collapse o f  a p H  grad ien t  across DPPC b i layers  increases w i th  

temperature showing a sharp ra te  o f  increase a t  t h e  PTT.  They  

note t h a t  t he  membrane thickness o f  DPPC bi layers decreases by 

a t  least 50% upon passing above the  PTT.  

Al though suspensions o f  DPPC liposomes containing T r i s -  

bu f fe red  solutions (pH 8.62) showed biphasic kinetics, t he  

cont r ibu t ion  of the  a phase t o  the  total  area under  the  c u r v e  was 

less than  5 percent.  Us ing  t h e  fi value for comparison, t h i s  

change in t h e  in te rna l  p H  f rom 4.7 t o  8.6 reduced t h e  

stabi l izat ion ra t io  f rom -22 t o  -3. Th is  s tudy  simulates the  

behavior t h a t  would b e  expected if ins tan t  decay of  the  p H  

grad ien t  t o  w i th in  one unit o f  t he  external  p H  occur red  when the  

liposomes were challenged. Therefore, t he  or ig ina l  22-fold 

increase must b e  due in p a r t  t o  successful maintenance o f  a p H  

grad ien t  ra the r  than a d i rec t  interact ion w i th  the  Iiposomal 

s t ruc tu re .  

inf luence @ cholesterol. F igure  2 compares the  stabi l izat ion 

rat ios in the  presence o f  33 mol% cholesterol to  those in i t s  

absence. The  rat ios in t h e  presence o f  cholesterol increase less 

dramatical ly w i th  an increase in the  P T T  values o f  t he  

phospholipids than do  those in the  absence o f  cholesterol. For 

example, the  22-fold increase in stabi l izat ion w i th  DPPC and DSPC 

liposomes were reduced t o  a 4- t o  6 - fo ld  increase in the  presence 

o f  cholesterol. 
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FIGURE 2 

Stabil ization rat ios (equation 6) a t  25' f o r  anlcitabine encapsulated 
in PC (A), DMPC (B ) ,  DPPC (C), and DSPC (D) liposomes w i th  
(shaded histogram) and w i thout  (open histogram) 33 mol% 
cholesterol as a func t ion  of t h e  phase t rans i t ion  temperature o f  
t he  phosphol ip id i n  each t y p e  of  vesicle. 

Stabil ization rat ios f o r  ancitabine in DPPC liposomes 

containing v a r y i n g  amounts o f  cholesterol a re  shown in F ig .  3. 

Ancitabine encapsulation is constant a t  32%. Add i t ion  o f  16.6 mol% 

cholesterol resul ts in a sharp decrease in t h e  stabi l izat ion ra t i o  

f rom 22 t o  4. Increasing cholesterol content does no t  p roduce 

f u r t h e r  reduct ion.  

Interfacial  phospholipid-cholesterol interactionls reduce the  

hydrophobic interact ions between adjacent phosphol ip id molecules 
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LIPOSOME ON THE STABILIZATION OF ANCLTABINE 2645  
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FIGURE 3 

Stabil ization rat ios a t  25" f o r  ancitabine encapsulated in 
DPPC:CHOL liposomes as a func t ion  o f  the  molar content (mol%) of 
cholesterol. 

t hus  increasing the  fluidity o f  t he  lipid bi layer.  l2, l3 Although 

the  exact na ture  o f  t h i s  interact ion is no t  understood, t h i s  

d i s rup t i ve  ef fect  could increase permeabil i ty. T h i s  is consistent 

w i th  the  greater release o f  ancitabine f rom t h e  DPPC:CHOL 

liposomes a t  lower temperatures relat ive t o  vesicles containing 

DPPC alone (F ig .  4) .  

E f fec t  of temperature. The  ra te  constants for hydro lys is  in DPPC 

liposomes converge w i th  those in cont ro l  b u f f e r s  a t  approximately 

the  P T T  when p lo t ted  as a func t ion  o f  temperature (F ig .  5A). 

The  stabil ization rat ios therefore decrease f rom -22 a t  25°C to 

unity a t  t h e  PTT. In contrast, hydro lys is  ra te  constants f o r  

ancitabine encapsulated in DPPC: DPPG: CHOL liposomes do  no t  
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FIGURE 4 

The percentage o f  ancitabine released during 5 minutes f rom ( A )  
DPPC liposomes and ( B )  DPPC:CHOL liposomes as a func t ion  of 
temperature. 
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TEMPERATURE 

FIGURE 5 

Semilogarithmic p lo t  o f  ra te  constants (min-- ’ l  f o r  t h e  hydro lys is  
o f  ancitabine as a func t ion  o f  temperature fo l lowing acidic 
encapsulation in (A) DPPC liposomes (CI) and  (B) 
DPPC : DPPG : CHOL liposomes ( A )  wi th  subselquent dispersion in 
b u f f e r  t o  p rov ide  p H  9.4. The  cont ro l  solutioln (0) is  bicarbonate 
(0.1 M.):acetate (0.15 M.) a t  a 9 : l  ra t io  w i th  a pH = 9.4. 
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converge with those in the  control  b u f f e r s  when p lo t ted  as a 

func t ion  o f  temperature (F ig .  5 8 )  and the  stabi l izat ion rat ios 

remain constant a t  -3.7. Hydro lys is  studies were conducted 

a t  -1-5OC above and below the  PTT f o r  th ree  o f  t he  liposome 

preparations. The stabi l izat ion ra t io  f o r  DPPC above i t s  PTT is 

1.6 whereas it is -6 below the  PTT.  DMPC liposomes had a ra t io  

of -1 above and 2.3 below while DPPC:DPPG:CHOL had near ly  

equal rat ios o f  3.5 and 4.7. 

The percentage o f  ancitabine released in 5 minutes as a 

funct ion o f  temperature is presented in Fig.  4. The percentage 

released f rom DPPC liposomes shows a sharp increase a t  the  P T T  

value (41OC). Similar resul ts were obtained f o r  15 minute release 

studies. T h e  addit ion o f  33 mol% cholesterol resu l ted  in greater 

release a t  lower temperatures w i th  a moderate increase over  the  

temperature range and a maximum o f  25% release a t  50°C. 

Reports containing X - r a y  d i f f rac t ion  and NMR d a t a  

indicated that  molecular motion of t he  acyl chains in t h e  

b i layer  g radua l ly  increases w i th  increasing temperature 

s igni f icant molecular movement occurs a t  t he  P T T . 7  

have 

lipid 

unti l 

A t  

temperatures below the  PTT, increasing mobi l i ty  would increase 

permeabil i ty. Th i s  is consistent w i th  the  observed temperature- 

dependence f o r  release and f o r  stabi l izat ion. 

A t  temperatures above the  PTT, the  absence o f  stabi l izat ion 

is p robab ly  due t o  increased membrane permeabil i ty. Th i s  is 

evidenced by the  fac t  that during a 5 minute period, 70-80% o f  
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t h e  ancitabine was released f rom t h e  DPPC liposomes. T h e  

h y d r o x y l  ion, be ing  smaller in size, would be  (expected t o  have 

even greater permeabi l i ty .  Previous repor ts  concur t h a t  passage 

of var ious molecules t h r o u g h  t h e  b i layer  is dramatical ly increased 

near t h e  PTT..l4,l5 

In contrast ,  liposomes containing 33 moR cholesterol exh ib i t  

modest stabi l izat ion rat ios (-3.7) which remain constant 

1:hroughout the  temperature range of t he  s t u d y  (F ig .  56) .  No 

signi f icant di f ferences were observed above and below t h e  

phosphol ip id PTT.  Cholesterol repor ted ly  has been descr ibed as 

hav ing  a 'modulatory'  inf luence on the  lipid b i layer .  8r12 Below 

the  P T T  o f  t he  p u r e  phospholipid, cholesterol has a l i que fy ing  

e f fec t  on  the  b i layer  by reduc ing  interact ions between adjacent 

lipid molecules. T h e  b i layer  there fore  remains in a so-called 

' intermediate fluid' condi t ion bo th  below and above t h e  P T T  and 

the  permeabil i ty is  there fore  less sensit ive t o  temperature 

changes. 

___ REFERENCES ~ 

1.. J. D'Silva a n d  R.E. Notari ,  J. Pharm. Sci., 7'1, 1394 (1982). 

2. S.K. Pejaver and R.E. Notari ,  J. Pharm. Sci . ,  74, 1167 
(1985). 

3. L.E. K i r sch  and R.E. Notari ,  J. Pharm. Sci., 73, 896 (1984). 

4. L.E. K i rsch  and R . E .  Notari ,  J. Pharm. Sci., 73, 728 (1984). 

5. F. Szoka and D. Papahadjopoulos, Proc:. Nat l .  Acad. Sci., 
- 75, 4194 ('1978). 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



LIPOSOME ON THE STABILIZATION OF ANCITABINE 2649 

6. H.J.  Hinz and J.M. Sturtevant,  J. Biol.  Chern., 247, 6071 
(1972). 

7. G. Gregoriadis, Ed., "Liposome Technology", Vol. 1 ,  CRC 
Press, Florida, 1984, Chap. 1. 

8. M.J. Ostro, Ed.,  "Lipsomes", Marcel Dekker Inc. ,  New York, 
Chap. 2. 

9. D. Chapman, Quat. Rev. Biophys.,  8, 185-235 (1975) 

10. A.G. Lee, Biochirn. Biophys. Acta., 472, 235-281; 285-344 
(1977). 

11. D.W. Dearner and J. Brarnhall, Chem. and Phys. Lipids, 3, 
167 (1986). 

12. R . A .  Dernel and B. DeKruy f f ,  Biochim. Biophys. Acta., 453, 
109-132 (1976). 

13. D. Papahadjopoulos, M. Cowden and H.K .  Kirnelberg, 
Biochim. Biophys. Acta., 330, 8 (1973). 

14. R.L .  Magin and M.R. Niesman, Cancer D r u g  Delivery, 1, 
109-117 (1984). 

15. M.B. Yatvin,  J .N.  Weinstein, W.H. Dennis and R. 
Blumenthal, Science, 202, 1290 (1978). 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


