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Abstract. Hexadecylphosphochotine (HePC) shows re- 
markable antineoplastic efficacy in Sprague-Dawley rats 
bearing methylnitrosourea-induced mammary carcinoma. 
Unfortunately, this is accompanied by detrimental side ef- 
fects that include gastrointestinal damage, body weight 
loss, and thrombophlebitis after i.v. injection, which has 
precluded the use of the HePC in humans, where nausea 
and vomiting can occur at noneffective dose levels. We 
have developed small unilamellar vesicles (SUVs) com- 
posed of HePC, cholesterol, and 1,2-dipahnitoyl-sn-gly- 
cero-3-phosphoglycerol, which can be given p. o. and i.v. 
In contrast to the free drug, the toxicity of liposomal HePC 
is shown to be greatly reduced, and there is no risk of 
thrombophlebitis. Single administration of equimolar HePC 
doses results in differing pharmacokinetic values for free 
HePC (p. o.) and HePC-SUVs (19. o., i.v.). 
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Introduction 

Although the chemical structure and physical properties of 
hexadecylphosphocholine (HePC) are closely related to 

Abbreviations A UC area under the curve. BWC body weight change. 
c1~st last measured concentration �9 Cm~x peak concentration �9 Cltot total 
body clearance. ChoI cholesterol- DMBA dimethylbenz(a)anthracene �9 
HVD half-value duration �9 HePC hexadecylphosphocholine �9 HPLC 
high-performance liquid chromatography �9 HPTLC high-performance 
thin-layer chromatography �9 k elimination constant �9 MNU methylni- 
trosourea �9 PPG3PG 1,2-dipalmitoyl-sn-glycero-3-phosphoglycerol �9 
5-D Sprague-Dawley �9 SUV small unilamellar vesicle �9 ta distribution 
half-life" t~ terminal elimination half-life" tl/2 half-life, tmox peak time- 
T/C quotient of median tumor volumes of treated and control groups �9 
Vd relative volume of distribution 
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those of lysolecithins, the biological activities of the two 
differ greatly [15, 25]. In contrast to lysolecithins, HePC 
accumulates in tumors and other tissues [26, 28], and the 
absence of glycerol in its structure produces a variety of 
remarkable biological effects [7, 37, 40, 48], including re- 
duced metabolism [16, 17]. Complete remissions of tumors 
chemically induced by treatment with methylnitrosourea 
(MNU) and dimethylbenz(a)anthracene (DMBA) in rats 
have been shown following oral treatment with HePC 
[4-6 ,  14, 18, 32, 33, 39], in contrast to their resistance to 
conventional chemotherapy [3]. Because multiple i.v. in- 
jection produces thrombophlebitis [30], oral administration 
is preferred. HePC is almost completely resorbed in the 
gastrointestinal tract [28]. 

In the late 1980s, HePC was introduced into clinical 
trials [44], and topical treatment was found to be successful 
in breast cancer patients with skin metastases without side 
effects [42, 43, 45, 47]. Therefore, HePC was approved by 
the German Bundesgesundheitsamt in 1992 for topical 
treatment and represents the first medicament to be based 
on a phospholipid-like structure. 

In contrast, systemic treatment of patients has been 
found to produce side effects of nausea and vomiting at 
noneffective doses [41]. We now have developed a stable 
liposomal dispersion [21, 22] consisting of HePC, choles- 
terol (Chol), and 1,2-dipalmitoyl-sn-glycero-3-phospho- 
glycerol (PPG3PG) that overcomes gastrointestinal toxicity 
and can be given by i.v. injection. The physicochemical 
stability, hemolytic behavior, and uptake of liposomal 
HePC in cultured tumor cells have previously been de- 
scribed [23]. This report deals with the reduction in gas- 
trointestinal toxicity, the pharmacokinetic behavior, and the 
therapeutic efficacy of liposomal HePC following i.v. 
application in rats beating MNU-induced mammary carci- 
noma. 

Materials and methods 

Chemicals. HePC was prepared according to Eibl and Engel [13] and 
was supplied by Asta Medica (Frankfurt, Germany). Chol was ob- 
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tained from Fluka Chemie AG (Buchs, Switzerland), and PPG3PG was 
supplied by Sygena (Liesthal, Switzerland). Solvents were purchased 
from Baker Chemicals (Deventer, The Netherlands). 

Liposomes  

The liposomal molar lipid ratio was 4 : 5 : 1 for HePC/Chol/PPG3PG. 
Small unilamellar vesicles (SUVs) were prepared in 154 mM NaC1 
(pH 6.0-7.0) using the French pressure cell [2]. HePC-SUVs were 
separated by centrifugation at 20,000 g (J2-21M/E; Beckman Instru- 
ments GmbH, Mtinchen, Germany), sterile-f'dtered, and stored at 
4~  ~ C under nitrogen. SUVs showed a mean diameter of 70 ___ 30 nm 
as determined by dynamic light-scattering analysis with a Nicomp 
C370 particle sizer (Pacific Scientific, Silver Spring, USA) [21]. The 
chemical stability and the molar ratio of the lipid compounds before 
and after preparation of the liposomes as well as after storage under 
different conditions were examined by high-performance thin-layer 
chromatography (HPTLC) as described by Rustenbeck and Lenzen 
[35] with modifications as described by K6tfing et al. [27]. 

Animals. Female Wistar rats and female Sprague-Dawley (S-D) rats 
(age, 40 • 1 days) were obtained from the Zentralinstitut fiir Ver- 
suchstierzucht (Harmover, Germany). They were kept under conven- 
tional controlled conditions (temperature, 22 ~ + 2 ~ C; relative humid- 
ity, 55%_+ 10%; dark-light rhythm, 12 h). Altromin pellets and tap 
water were given ad libitum. The body weight change (BWC) was 
determined as the mean weight change expressed as a percentage of 
the initial body weight for each group. 

Treatment with HePC. Oral administration of free and liposomal HePC 
was carried out by gastric intubation once a week at weekly doses of 
70, 100, or 150 mg/kg. An oral pulse dose of 150 mg/kg given once a 
week was tolerated better than an eqnimolar dose delivered five times 
a week [6, 18]. Injections of HePC-SUVs were given i. v. twice a week 
into the tall veins at weekly doses of 80 or 160 mg/kg HePC. 

Analysis of HePC in serum. At various time points, blood was obtained 
by cardiac puncture from animals under anesthesia. After being cen- 
trifuged, the serum samples were frozen until the time of analysis. The 
HePC concentration was determined by HPTLC as previously de- 
scribed [27]. Total lipid extraction with CHC13/CH3OH (2 : 1, v/v) was 
repeated twice. The combined organic extracts were dried under ni- 
trogen. Lipids were dissolved in CHC13/CH3OH/H20 (30:60: 8, by 
vol.) and applied to HPTLC plates (silica gel 60; Merck, Darmstadt, 
Germany), which were developed in CHC13/CH3OH/triethylamine/ 
H20 (30:35:34:8, by vol.). The plates were dried at 180 ~ C, stained 
by dipping in a 10% solution of CuSO4 in 8% I-I3PO4, heated to 180 ~ C 
within 7 rain, and quantitated in a CD60 densitometer (Desaga, Hei- 
delberg, Germany). 

Pharmacokinetics. Blood samples from healthy female Wistar rats were 
drawn at 0.17, 0.5, 1, 3, 6, 24, 48, 115, and 170 h post administration. 
The maximal peak concentration (Cmax) and peak time (tmax) were ob- 
tained from semilogarithmic concentration-time profiles (Fig. 1). The 
half-life (tl/z) was calculated as ln2/k for oral application from the same 
profile. For i.v. injection, the distribution half-life (tc~) and the terminal 
elimination half-life (t~) were obtained from the semilogarithmic con- 
centrafion-fime profiles by application of the residual method. The half- 
value duration (HVD) is the period during which the serum con- 
centration is greater than 50% of the maximal concentration. The area 
under the serum concentration-time curve (AUC) was calculated using 
the trapezoidal ride and extrapolated to infinity. The terminal part of the 
AUC beyond the last measured data point (Clast) was estimated as the 
product of tf~ and Clast divided by ln2 for i.v. data and as the product of 
tl12 and Clast divided by ln2 for oral data. Free HePC is nearly completely 
resorbed from the intestine [28]. The total body clearance (Cltot) was 
calculated as the delivered dose (in micromoles of HePC per kilogram of 
body weight) divided by the AUC. For oral administration, the relative 
distribution volume (Va) was determined as the product of the dose and 

Table 1, Pharmacokinetic parameters of HePC in different formula- 
tions. A single dose of 20 mg/kg HePC (50 gmol/kg) was given to 
healthy female Wistar rats in the free form as an aqueous solution 
(p. o.) and as SUVs (p. o. versus i. v. bolus). The SUVs consisted of 
HePC/Chol/PPG3PG in the molar ratio of 4:5:1 .  Parameters were 
obtained by fitting serum concentration-time data to equations as de- 
scribed in Materials and methods. Data represent mean values to 3 
animals. (tl/2 half-life, t,~ distribution half-life, t9 terminal half-life, c,~ox 
peak serum concentration, HVD half-value duration, AUCo-24 h area 
under the curve for 24 h, AUC area under the curve extrapolated to 
infinity, Cltot total body clearance, Vd relative distribution volume) 

Free HePC SUVs SUVs 
p.o. p.o. i .v.  

ta/2 (h) 48 120 tc~ 0.5, t~ 16 
Kinetics 1 st order 1 st order Biphasic 
Cmax (mg/1) 22 14 73 
tmax (1"1) 24 24 0 
HVD (h) 62 142 0.6 
AUC0-24 ~ (rag r~-l) 304 254 258 
AUC (rag h/ l l )  1947 2659 358 
Cltot (ml/min) 0.2 0.1 1.0 
Vd (1/kg) 0.7 1.3 0.3 

the half-life divided by the product of ln2 and the AUC. For i.v. in- 
jection, the relative distribution volume (Va) was calculated as the dose 
divided by the peak concentration (Cm~). 

Tumor induction. Autochthonous, hormone-dependent mammary car- 
cinomas were induced by three i.v. injections of 50 mg/kg MNU into 
the tail vein of female S-D rats [3]. 

Evaluation of tumor development. Individual tumor volumes were 
measured using Vernier calipers. The rats were weighed and palpated 
twice weekly. Rats showing a total tumor volume of more than 0.8 cm 3 
were randomly allocated to experimental groups. Therapy was started 
immediately. The tumor volume in treated and untreated control rats 
was recorded during the entire experimental period. Antitumor activity 
was assessed by recording the number of discrete tumors and the mean 
tumor volume per rat until the end of the therapy. The median tumor 
volume determined for each group was expressed as a percentage of 
the untreated control value (T/C, %). 

Results 

Table  1 g ives  a s u m m a r y  of  the pha rmacok ine t i c  param-  
eters for  H e P C  in d i f ferent  fo rmula t ions  after  s ingle p. o. 
and i .v.  adminis t ra t ion  o f  equ imo la r  drug doses  in hea l thy  
Wis tar  rats. The  se rum concen t ra t ion - t ime  prof i les  are 
shown in Fig. 1. The  best  results were  ob ta ined  wi th  a two-  
c o m p a r t m e n t  m o d e l  for  i .v.  data, whereas  for  oral data a 
o n e - c o m p a r t m e n t  m o d e l  was  satisfactory. Af te r  i .v .  in jec-  
t ion o f  H e P C - S U V s ,  the e l imina t ion  f r o m  se rum occur red  
biphasical ly ,  wi th  the init ial  d is t r ibut ion hal f - l i fe  (ta) be ing  
0.5 h and the s lower  e l imina t ion  hal f - l i fe  (t~) be ing  16 h. 

Af t e r  p. o. adminis t ra t ion,  a change  in the pha rmacok i -  
net ic  parameters  was obse rved  for  f ree  and l iposomal  
HePC,  wi th  peak  concent ra t ions  occur r ing  at 24 h after  
appl icat ion,  an indica t ion  o f  a re la t ive ly  s low process  o f  
absorpt ion.  Interest ingly,  the peak  concent ra t ion  measu red  
in se rum after  oral  adminis t ra t ion  o f  f ree  H e P C  exceeded  
that  found  for  l i posomal  HePC.  The  A U C  va lues  ca lcu la ted  
for l i posoma l ly  encapsula ted  H e P C  sl ight ly exceeded  those  
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Fig. 1. Concentration-time profile of HePC in serum after the 
administration of a single dose of 20 mg/kg (50 gmol/kg) HePC to 
healthy Wistar rats. HePC was given in the free form (p. o.) and as 
SUVs (p. o., i.v.). The SUVs consisted of HePC/Chol/PPG3PG in the 
molar ratio of 4 : 5 : 1 

determined for HePC given in the free form. Surprisingly, 
these AUC values were considerably higher than those 
resulting from i.v. injection of liposomal HePC. After oral 
use, the serum half-life of liposomal HePC (120 h) ex- 
ceeded the half-life of free HePC (48 h). The Va and Cltot 
values obtained for orally given free HePC and HePC- 
SUVs were low and showed no significant difference 
(Table 1). 

Figure 2 shows the BWC observed in healthy Wistar rats 
following multiple oral dosing with free and liposomal 
HePC (weekly dose, 20 mg/kg; 4 weeks of treatment). 
Animals fed with free HePC showed an approximately 10% 
reduction in body weight, substantial gastrointestinal 
macroscopic damage, and slightly ruffled skin (data not 
shown). After 10 days, the food pellets were pulverized for 
all animals to facilitate ingestion. Over a period of 4 weeks 
following the oral administration of liposomal HePC, there 
was little change in body weight, no gastrointestinal lesion, 
and no ruffled skin. During the same period, untreated 
healthy control animals normally showed a weekly BWC of 
about +2%. 
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Fig. 2. BWC estimated as the difference in weight observed after the 
oral administration of HePC at a weekly dose of 50 gmol/kg to healthy 
Wistar rats and expressed as a percentage of the initial body weight. 
Data represent mean values (SD, _+ 10%) for 3 animals. HePC was 
given in the free form as an aqueous solution or as SUVs five times a 
week. The SUVs consisted of HePC/Chol/PPG3PG in the molar ratio 
of 4 : 5 : 1. Untreated control animals normally showed a weekly BWC 
of around +2% (Arrow change to pulverized feed) 

S-D rats bearing autochthonous, MNU-induced mam- 
mary carcinoma were used for evaluation of the antineo- 
plastic efficacy of free and liposomal HePC. Therapy was 
stopped after 5 weeks, and the total observation period lasted 
for 10 weeks. A significant dose-response relationship in 
terms of tumor growth inhibition was obtained for orally 
given free HePC (Fig. 3). A weekly dose of about 
100-150 mg/kg was found to be effective, and the T/C value 
was markedly reduced to 16% and 7% without therapy-re- 
lated mortality. As compared with an oral dose of 150 mg/kg 
free HePC, the optimal i.v. dose of liposomal HePC (i. e. 
that producing significant tumor growth inhibition with no 
sign of toxicity or mortality) was only 80 mg/kg (Figs. 3, 4). 
A weekly i.v. dose of 160 mg/kg liposomal HePC led to an 
even more extensive tumor reduction, with complete re- 
missions being observed in some animals (Fig. 3), but was 

100~ 100~ 

~"  10 

3 
E 

.~ o.1. 

0.01 
0 

Free HePC (p.o.) 
�9 ~ontrol 
oHeP~ .aT._mg/ko 
& HqPC 100 mg/kg 
o . . ~ ~  

" /  / 
OQ~ 

I 

End of therapy 
+ 

Time (weeks) 

10 �84 

0.1! 

0.01 j 
0 

HePC-SUVs (i.v.) 

�9 contro! 
o HePC 80 mg/ko 

o%P~l~'r"g/kO , I 1 I o 
............ / o  

�9 c~....a., o o o "* .... k 

k 

== ; 

End of therapy N + 

Time (weeks) 

Fig. 3. Antineoplastic efficacy of HePC in 
rats bearing MNU-induced mammary 
carcinoma after 5 weeks of treatment. 
HePC was given in the free form (p. o.) 
and as SUVs (i. v.) at different weekly 
doses. The SUVs consisted of HePC/Chol/ 
PPG3PG in the molar ratio of 4 : 5 : 1 
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Fig. 4, Influence of HePC on the median 
body weight of rats bearing MNU-induced 
mammary carcinoma after 5 weeks of treat- 
ment. HePC was given in the free form 
(p. o.) and as SUVs (i. v.) at different weekly 
doses. The SUVs consisted of HePC/Chol/ 
PPG3PG in the molar ratio of 4: 5 : 1 

poorly tolerated because it led to a decrease in body weight 
(Fig. 4) and increased the mortality to 20%. Cessation of 
therapy with free as well as liposomal HePC led to a re- 
growth of mammary carcinoma within 1 week (Fig. 3). The 
time course of the tumor-volume increase in treated rats was 
found to be similar to that in controls in both cases. 

Discussion 

Oral administration of liposomes has often been criticized 
because low pH values and digestive degradation can de- 
stroy the liposomal structure. A great deal of controversy 
exists concerning the oral use of liposomal drugs [1, 8-10 ,  
12, 19, 24, 31, 34, 36, 38, 49]. Proper evaluation is difficult 
because of different absorption models, methods, and lipid 
compositions. We cannot determine from our experiments 
the fate of liposomes made from HePC, Chol, and PPG3PG. 
In the case of oral administration of HePC, the decreased 
loss of body weight and reduced gastrointestinal toxicity in 
healthy rats demonstrates that the liposomal drug was su- 
perior to the free drug. After oral administration of liposo- 
mal HePC, the concentration of non-lamellar-bound HePC 
seemed to be reduced in comparison with that of free HePC. 

When given orally in the free form to healthy animals, 
HePC is almost completely resorbed from the intestine 
[28], most likely by a process of passive diffusion. Via 
chylomicrons and lymphatic capillaries, HePC might reach 
the blood mainly by way of the thoracic duct under bypass 
of the liver. In the blood, HePC is 90% bound to serum 
albumin [28] and shows a long half-life [46]. After oral 
application the bioavailability of liposomal HePC was even 
better than that of free HePC. In addition, we found a 
longer half-life and lower peak concentration for the lipo- 
somal drug. It seems that orally delivered liposomal HePC 
not only reduces the most common side effects but, because 
of the prolonged residence time at the site of absorption, 
also may serve as a depot. In contrast, i.v. liposomal HePC 
was eliminated rapidly from the circulation. We suspect 
that HePC-SUVs are not destroyed in the bloodstream but 
rather are eliminated as liposomes by macrophages in the 
liver. This behavior may account for the observation of 

lower AUCi.v. values relative to the AUC values deter- 
mined after oral administration of free and liposomal 
HePC. 

Independent of the mode of application or formulation, 
the relative distribution volumes for HePC are low, in- 
dicating distribution in the body water [30]. The pharma- 
cokinetic values summarized in this publication for oral 
application differ from those described earlier [11, 46]. In 
this study we used a modified HPTLC method that pro- 
duced a more sensitive and specific determination of al- 
kylphosphocholines in tissues [27]. Additionally, a much 
smaller HePC dose was used, resulting in differing serum 
concentration-time profiles. 

The effective oral dose of free HePC for antineoplastic 
efficacy has been given as 150 mg/kg per week [6], 
whereas the optimal i.v. dose for liposomal HePC is lower 
(80 mg/kg per week). Tumor regrowth after the end of the 
therapy probably results not from resistance but rather from 
newly arising tumors that develop continuously from the 
mammary chains after the original induction. Even after 
multiple i.v. injections of HePC-SUVs, neither throm- 
bophlebitis, hemoglobinurea, nor hemolysis was observed. 
We propose that the liposomal formulation is a suitable i.v. 
delivery system for HePC. On the basis of these encour- 
aging in vivo findings it would seem that oral administra- 
tion of liposomes is superior to that of free HePC. We feel 
that these considerations may be important for other 
structurally related compounds and other areas of therapy 
such as treatment of protozoan diseases [29]. 
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