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Summary. Hexadecylphosphocholine (HPC) and oc- 
tadecylphosphocholine (OPC) show very potent antitumor 
activity against autochthonous methylnitrosourea-induced 
mammary carcinomas in rats. The longer-chain and unsat- 
urated homologue erucylphosphocholine (EPC) forms 
lamellar structures rather than micetles, but nonetheless 
exhibits antineoplastic activity. Methylnitrosourea was 
used in the present study to induce autochthonous mam- 
mary carcinomas in virgin Sprague-Dawley rats. At 6 and 
11 days following oral therapy, the biodistribution of HPC, 
OPC and EPC was analyzed in the serum, tumor, liver, 
kidney, lung, small intestine, brain and spleen of rats by 
high-performance thin-layer chromatography. In contrast 
to the almost identical tumor response noted, the distribu- 
tion of the three homologues differed markedly. The serum 
levels of 50 nmol/ml obtained for OPC and EPC were 
much lower than the value of 120 nmol/ml measured for 
HPC. Nevertheless, the quite different serum levels re- 
sulted in similar tumor concentrations of about 200 nmol/g 
for all three of the compounds. Whereas HPC preferably 
accumulated in the kidney (t gmol/g), OPC was found at 
increased concentrations (400 nmol/g) in the spleen, kid- 
ney and lung. In spite of the tfigh daily dose of 
120 gmol/kg EPC as compared with 51 gmol/kg HPC or 
OPC, EPC concentrations (100-200 nmol/g) were low in 
most tissues. High EPC concentrations were found in the 
small intestine (628 nmol/g). Values of 170 nmol/g were 
found for HPC and OPC in the brain, whereas the EPC 
concentration was 120 nmol/g. Obviously, structural mod- 
ifications in the alkyl chain strongly influence the distribu- 
tion pattern of alkylphosphocholines in animals. Since 
EPC yielded the highest tissue-to-serum concentration 
ratio in tumor tissue (5.1) and the lowest levels in other 
organs, we conclude that EPC is the most promising candi- 
date for drug development in cancer therapy. 
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Fig. 1 a - c .  Structures of the APes tested in this study: a HPC, b OPC, 
c EPC 

Introduction 

Alkylphosphocholines (APes) are a new group of biologi- 
cally active compounds with remarkable antineoplastic ac- 
tivity [9, 23] that were originally derived from alkylglycero 
phosphocholines and analogues. Due to their lack of glyc- 
erol, they show a completely different pattern of biological 
effects than does platelet-activating factor (PAF) [14, 29]. 
The first APe  intensively investigated was hexadecylphos- 
phocholine (HPC), (Fig. 1 a), which produces a selective 
and dose-dependent reduction of tumor-cell growth in vitro 
and in vivo [ 11, 24, 26]. A strong antitumor effect against 
methylnitrosourea (MNU)- and 7,12-dimethylbenzanthra- 
cene-induced autochthonous mammary carcinoma in rats 
has also been demonstrated [3, 12, 17], leading to intensive 
study of the antitumor effects of APCs in these models [2, 
30]. These results paved the way for the introduction of 
HPC into clinical phase I/II trials [22, 25]. 

The mode of action of HPC remains unknown. Re- 
cently, its ability to induce cellular differentiation in 
leukemic cell lines was shown [13]. The toxicity profile of 
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Table 1. Dosing scheme for the different APCs tested to induce the 
regression of MNU-induced mammary carcinomas in female rats 

Group Treatment a Number of Dose Administration 
animals route 

mg/kg p.mol/kg 

1 Control 6 - - - 
2 HPC 6 21 51 p.o. 
3 OPC 6 22 51 p.o. 
4 EPC 6 59 120 p.o. 

a Daily treatment 5 times a week. Subgroups of 3 rats were formed after 
6 and 11 applications, respectively 

HPC is comple te ly  different  f rom that o f  classic carcino-  
static agents,  espec ia l ly  with regard  to myelosuppress ion ,  
the mos t  not iceable  and consis tent  toxic i ty  p roduced  by  
chemotherapeut ic  agents [4], in that HPC has a s t imulatory  
effect  on hematopoies i s  [12]. The  first informat ion  on the 
pharmacokine t ics  of  HPC and its organ dis t r ibut ion was 
obta ined  us ing rad io labe led  HPC [5]. Radioac t iv i ty  was 
found main ly  in k idney,  lung and l iver  tissues, but  the 
chemica l  integr i ty  o f  HPC was not  conf i rmed in these 
exper iments .  Subsequent ly ,  serum concentra t ions  of  HPC 
in rats were  de te rmined  using h igh-per fo rmance  l iquid 
ch romatography  [27]. Pr ior  to the in t roduct ion of  HPC into 
cl inical  phase  I /II  trials, it  was impor tan t  to improve  our 
knowledge  about  the dis t r ibut ion of  this drug in the differ-  
ent t issues and to unders tand poss ib le  correlat ions be tween  
its eff icacy and its side effects.  W e  successful ly  deve loped  
a method  for  quanti ta t ive de terminat ion  o f  HPC and its 
analogues  using h igh-pe r fo rmance  th in- layer  chromatog-  
raphy  (HPTLC)  as based  on a previous  p rocedure  [21]. The 
lower  l imit  of  detect ion for APCs  in t issues is about  
1 nmol /g  [16]. 

This is the first  repor t  to p rov ide  a compar i son  of  serum 
levels  o f  different  APCs  with their  concentra t ions  in or- 
gans and tumor  tissue. Rats bear ing M N U - i n d u c e d  mam-  
mary  carc inomas  were  t reated with HPC,  oc tadecylphos-  
phochol ine  (OPC, Fig.  l b) and e rucylphosphochol ine  
(EPC, Fig.  1 c). Serum and tissue concentrat ions were de- 
t e rmined  us ing H P T L C  in animals  that showed marked  
tumor  regress ion as early as after 6 and 11 days of  therapy.  

Materials and methods 

Alkylphosphocholines. Synthetic routes for the preparation of these com- 
pounds (Fig. 1) have been described elsewhere [10, 28]. 

Animals and tumor induction. Female virgin Sprague-Dawley rats (Insti- 
tut ftir Versuchstierkunde, Hannover, FRG) supplied at the age of 
40--+ 1 days were kept under conventional controlled conditions (three 
animals per size III Makrolon cage during the tumor-induction period 
and, subsequently, one animal per size II Makrolon cage during therapy; 
22 ~ -+2 ~ C; relative humidity, 55%-+ t0%). Altromin pellets and tap 
water were given ad libitum. Mammary carcinomas were induced ac- 
cording to Berger et al. [1] by three i. v. injections of 50 mg/kg MNU into 
the tail vein of rats aged 50, 71 and 92 days. At 6 weeks following the 
first injection of MNU, rats were weighed and palpated twice weekly 
throughout the experimental period to evaluate tumor development. Indi- 
vidual tumor volumes were estimated as the product of two vertical axes 
(a x b2)/2 as measured using Vernier calipers (a>b). Rats showing a total 

tumor volume of greater than 0.8 cm 3 were randomly allocated to experi- 
mental groups and immediately underwent the first application of the 
different APCs. 

Therapy and dosage. APCs were dissolved in distilled water and given 
orally by gastric intubation. The experimental design is shown in 
Table 1. On the basis of preliminary studies, doses were chosen that 
resulted in similar antitumor responses to the three APCs. The respective 
doses were given on 5 consecutive days a week, weekends being omitted. 
Therapy was terminated in 3 animals from each group at 24 h after the 
6th or 1 lth application, respectively. Antitumor activity was assessed by 
recording the number of discrete tumors and the mean tumor volume per 
rat until the end of the study. For determinations of tumor, serum and 
organ levels of APCs, animals under ether anesthesia were killed by 
exsanguination. Serum was obtained from blood by centrifugation. 
Tumor, liver, spleen, kidney, lung, brain, and small-intestine tissues were 
excised and shock-frozen in liquid nitrogen; all samples were stored at 
-70~ 

Analysis of APCs in sera and t&sues. The quantitative determination of 
different APCs in rat serum and tissues was performed using the HPTLC 
method described elsewhere [16]. In short, tissue samples (0.1-0.5 g) 
were homogenized with H20/CHC13 (1 : 1, v/v) in a motor-driven Potter- 
Elvehjem homogenizer (3000 rpm); subsequently, total lipid extraction 
with 2 ml CHC13/CH3OH (2: 1, v/v) was performed and repeated twice. 
The combined organic extracts were dried under a gently stream of 
nitrogen. The lipids were dissolved in CHC13/CH3OH/H20 (30 : 60 : 8, by 
vol.) and spotted onto HPTLC plates (silica gel 60, Merck, Darmstadt, 
FRG). They were developed in CHC13/CH3OH/triethylamine/HzO for 
analysis of HPC/OPC (30:35 : 34 : 8, by vol.) and for EPC (30 : 50: 34: 8, 
by vol.). The plates were dried at 180~ stained by dipping in a 10% 
solution of CuSO4 in 8% H3PO4, and quantitated in a CD60 densitometer 
(Desaga, Heidelberg, FRG) [211. Pure APCs were used as quantitative 
standards on each plate. 

Results 

Inhibition o f  tumor growth 

The total observat ion  per iod  compr i sed  11 days.  Wi th in  
this t ime, the tumor  vo lume  and the number  o f  tumors  in 
untreated rats increased f rom 0.8 c m  3 and two to four 
tumors  per  rat  to 3 - 9  c m  3 and five to nine lesions per  rat, 
respect ive ly  (Fig. 2 a). On  the basis  of  pre l iminary  exper i -  
ments,  doses  of  HPC, OPC and EPC were  chosen that 
would  cause at least  par t ia l  arrest  or  part ia l  regress ion of  
tumor  growth  in M N U - i n d u c e d  m a m m a r y  carc inomas.  At  
the doses shown in Table  1, this si tuation was achieved 
after 11 days of  treatment;  at this point,  enough tumor  
mater ia l  r emained  avai lable  for analysis  of  APC concentra-  
tions in tumor  tissue. HPC (Fig. 2b) ,  OPC (Fig. 3 a) and 
EPC (Fig.  3b)  were  s imilar ly  effect ive at these doses,  
showing increas ing eff icacy in a compar i son  o f  s ingle rats 
after 6 and 11 applicat ions.  HPC,  OPC and EPC also 
comple te ly  inhibi ted the manifes ta t ion  o f  new tumors.  

A P C  analysis  in tissues 

Rats with M N U - i n d u c e d  tumors  were  treated with the 
three different  APCs  according to the schedule  descr ibed  
in Mater ia ls  and methods.  Af te r  6 days o f  treatment,  each 
animal  had rece ived  a total dose  o f  96 ~tmol HPC or OPC 
but  231 g m o l  EPC (also see Table  1). Af te r  11 days,  
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animal were estimated before therapy with HPC (top), after 6 days of 
treatment (middle) and after 11 days (bottom) as described in Materials 
and methods. Note the different scales for the ordinates of a) and b) 

176 gmol HPC or OPC but 424 ~xmol EPC had been given 
in total. The biodistribution of the compounds in the serum, 
liver, kidney, lung, small intestine, brain and spleen of rats 
is shown in Figs. 4 - 7 .  The remaining organs did not con- 
tain significant amounts of APCs and are not included. The 
overall recoveries for the respective APCs ranged between 
20% (6 days) and 8% (11 days) as calculated from the sum 
of the organ contents. 

Under these conditions, the serum concentrations of 
HPC reached a constant level of 120 nmol/ml over the 
whole observation period (Fig. 4 a). This is the steady-state 
level of HPC as estimated in previous 4-week studies 
[15, 27]. Pronounced tumor recess ion (Fig. 2b) was ob- 

served along with a HPC concentration in the tumor 
(Fig. 4b) of about 180 mnol/g. Additional application of 
HPC for 5 further days did not lead to alterations in the 
HPC content of the tumor, although tumor regression con- 
tinued (Fig. 2b). In contrast, HPC uptake in the liver con- 
tinuously increased from 272 nmol/g after 6 days to 
410 nmol/g (Fig. 5a) after 11 days. By far, the highest 
concentration of  HPC was found in the kidney (Fig. 5 b); 
after 6 days, a level of about i300 nmol/g was detected. 
This dropped to 850 nmol/g after 11 days. Lung tissue was 
another main target of HPC, with concentrations of greater 
than 500 nmol/g being measured after 11 days (Fig. 6 a). In 
the small intestine (Fig. 6b) and in the brain (Fig. 7a), 
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therapy with the compounds (top), after 6 days of treatment (middle) and 
after 11 days (bottom) as described in Materials and methods 

HPC concentrations increased by a factor of 3 (from day 6 
to day 11). 

The organ distribution of OPC was somewhat different 
from that of HPC. The OPC concentration in serum was 
only one-third that of HPC (Fig. 4 a). The tumor concentra- 
tions of these two agents did barely change from week 1 to 
week 2 as shown in Fig. 4b. Tumor regression was also 
observed using OPC (Fig. 3 a). The level of OPC in liver 
tissue (Fig. 5 a) was one-third lower than that of HPC after 
11 days. In general, OPC concentrations in all tissues did 
not vary greatly; however, in the spleen (Fig. 7b), the 
concentration of OPC (424 nmol/g) was higher than that of 

HPC or EPC and reached the highest peak of all three 
APCs. 

The EPC serum concentration of 45 nmol/ml was com- 
parably as low as that observed for OPC (Fig. 4a). This 
value was sufficient to supply the MNU-induced tumor 
with a concentration of 230 nmol/g (Fig. 4b) over the pe- 
riod studied. To reach this concentration of EPC in tissues, 
higher doses had been given to the animals (Table 1). 
However, with the exception of the tumor, the lung and the 
small intestine, the levels of EPC in all tissues were signif- 
icantly lower than those of HPC or OPC after 11 days of 
treatment. 
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Table 2. Enrichment factors in tissues of the APCs HPC, OPC and EPC 
in the organs of rats bearing MNU-induced tumors as compared with 
serum concentrations after 11 days of oral treatment with the respective 
compound 

APC Tissue 

Tumor Liver Kidney Lung Brain Small Spleen 
intestine 

HPC 1.4 3.2 6.6 4.3 1.3 2.3 1.3 
OPC 5.0 6.3 8.6 8.6 3.5 8.2 9.0 
EPC 5.1 2.7 1.8 9.0 2.7 4.8 5.9 

The average tissue-to-serum ratios following treatment 
with APCs are shown in Table 2. For instance, a value of 
1.6 for EPC in the kidney indicates that the concentration 
in the organ was 1.6 times higher than that in serum. The 
highest ratios between tumor and serum were observed for 
EPC and OPC at values of 4.6 and 4.4, respectively, where- 
as the value of 1.5 obtained for HPC after 11 days was low. 
Generally, the transfer of EPC from serum to tissue and 
especially to tumor was more highly favoured than that of 
HPC. OPC showed the highest enrichment factor in all 
tissues, but that of EPC was similar, if not slightly higher, 
in the tumor. However, apart from its low ratio, the abso- 
lute quantity of HPC in the tumor did not differ from that 
of OPC or EPC. 

Discussion 

APCs represent a new group of antitumor drugs that were 
originally introduced by Eibl and Unger [7, 8, 22]. Berger 
et al. [3] and Muschiol et al. [17] demonstrated that these 
compounds show strong and selective antineoplastic activ- 
ity in vivo in the treatment of MNU-induced mammary 
carcinomas. HPC and OPC caused complete tumor regres- 

sion in about 30% of animals after oral application. As 
expected from previous studies using dodecylphosphocho- 
line, tetradecylphosphocholine and HPC [3], the antineo- 
plastic activity of APCs correlated with the chain length of 
the alkyl moiety. No effect was observed for dodecylphos- 
phocholine and marginal activity for tetradecylphospho- 
choline, but HPC and OPC strongly reduced the tumor 
burden of the animals [3]. It should be emphasized that in 
these early studies, HPC caused less toxicity in the animals 
than did OPC; therefore, the former is the favoured candi- 
date for clinical investigations. The therapeutic efficacy of 
EPC (Fig. 3 b) was comparable with that of HPC and OPC. 
However, a higher oral dose of EPC was necessary to 
obtain tumor regression similar to that achieved using HPC 
or OPC, thus prompting interest in the fate of the drug with 
respect to absorption and metabolism. Phospholipids are 
absorbed by the gastrointestinal tract as lysolipids [6, 19]. 
HPC and OPC are similar to lysolecithins in their physical 
properties, forming micelles at critical micellar concentra- 
tions of 8 x 10-6 (HPC) and 3.4 x 10-6M (OPC) [18]. EPC 
differs from HPC and OPC in that it forms lamellar struc- 
tures rather than micelles. 

A 4-week study of the subacute toxicity of APCs in rats 
following their intragastric application revealed that the 
absorption of HPC and OPC was almost complete [15]. 
However, only 90% uptake was measured for EPC [20]. 
The true bioavailability of HPC and OPC cannot be esti- 
mated by comparing p.o. and i. v. concentrations, since i. v. 
administration of HPC and OPC is possible only using 
liposomal carriers. No saturation of absorption was ob- 
served over the 4-week study period. The different time 
courses observed for HPC, OPC and EPC accumulation in 
the small intestine during our 6- and l l-day study suggest 
that the compounds show different absorption behavior. 
For HPC, a 3-fold enrichment in the small intestine was 
observed between day 6 (107 nmol/g) and day 11 
(293 nmol/g). OPC was incorporated into the small in- 
testine much faster than was HPC, with a large increase in 
concentration being observed after day 6 (314 nmol/g) and 



111 

a further increase up to day 11 being marginal 
(384 nmol/g). The behavior o f  EPC was completely differ- 
ent. High initial concentrations in the small intestine after 
day 6 (826 nmol/g) indicated slow tralsport  into the other 
tissues. Surprisingly, after 11 days of  treatment, the EPC 
concentration in the small intestine was markedly reduced 
(214 nmol/g). At  present, this finding is not understood and 
needs further examination. As shown in Figs. 4 - 7 ,  almost 
no increase in EPC concentration occurred f rom day 6 to 
day 11. This would be the result o f  rapid degradation of  
EPC in the gastrointestinal tract, which would also explain 
the high EPC dose required to induce tumor  regression. 
However ,  the metabolism of  HPC (half-life, 96 h) is usu- 
ally remarkably slow [27]. 

The aim of  this study was to analyze the organ distribu- 
tion of  APCs  exhibiting different alkyl chains under ex- 
perimental conditions that result in very similar antineo- 
plastic effects in rats bearing MNU-induced  mammary  
carcinoma. This goal was achieved perfectly as shown in 
Figs. 4 - 7 ,  since the observed effects on the size o f  the 
tumors were quite similar for all three o f  the compounds  
and the HPC, OPC and EPC concentrations achieved in the 
tumor were just about the same (200 nmol/g). Since the 
same amount  o f  the different APCs in tumor tissue led to 
an almost identical response, the micellar or lamellar su- 
perstructure of  the compounds  does not seem to be impor- 
tant for the in vivo anti tumor effect of these agents. How-  
ever, the length of  the alkyl chain seemed to be important 
for the quite differing tissue distribution of  the three APCs. 

In summary,  the distribution of  the; three APCs in rats 
shows that HPC is preferentially enriched in the kidney, 
lung and liver, whereas OPC accumulates in the lung, 
kidney, and small intestine. Finally, EPC differs f rom HPC 
and OPC in that its only potential taxget tissue was the 
lung. Surprisingly, this compound  concen t ra t e s  in the 
MNU-induced  tumor. Therefore, two important questions 
have to be answered. First, do models of  other primary 
tumors also concentrate EPC and is such a concentration 
reflected in the tumor response. Second, do different tissue 
levels o f  structurally modif ied APCs also lead to an accept- 
able toxicity profile? 
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