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Abstract-lIezc~de~_y(/~u.~~h~~~h~iinP (HPC) d’jtf‘ ,f I us ram ether lipids u,ith known antitumor 
artivilr bll it, latk o/ the ,glyc.erol part. In the experiments described here HPC rer!ealrd out\tandiq 
antitumor activity in dimethvlbm;anthr-scene (D.ZIBrl)-induced rat mammary tumors. .I dew 
response relatiorrrhilr ~~11 ieen ajter daily oral treatment z&h complete .suppresrion oj tumor 
growth at doses of t(j:t mglkgldrg. There WI, no .srhedule dependente and the therapeutic 
eJJicac_y UYIJ mdependent o/ the tumor- abeight at the inztiation (j therafiy. .lnother au/mhthonous 
tumor, the ben;o[nl~~rene-znd~~ced sarcoma of the rat did not respond to IIPC treatment, 
indicating a highly trlectzz’e .spectrum of actir’itlj of the tejt compound. In comparison to an 
optimal ,in,qle dote qJ arc-loi)hoJphamide. a sirzgle hi%yh dose of HPC ~a.5 con~iderablr more 
active a,yaznst the I).llBL1 tumor. &It therapeutic dose 1er’el.s NO major toricitr oJ. HPC was 
obsewed. Bone marrozt .suIrpres tion was not emountered. on the contraty, at high dose, leukorr’to \is 
became apparent. The awilable pharma~olo~~iral and toxitolo,gic-al data suq,qe.~ t t/cot III’C mu> 

be useful in the treatment o/ human tamer. 

INTRODUCTION 
E:nfm t.wms ha\~ scrotal biological functions as 
important comporicnts of mammalian cells and 
considcrablc intcrcst has rrccntly fircusscd on the 
‘platclct acti\ sting factor’ (PAF; I-alkyl-2-acctyl- 
sn-glYccro-3-l~liosphocholinc), which apprars to bc 
of pathogenic significance in the mediation of 
inflammatory aiicl allergic reactions. Scvcral ana- 
logs of PXF. which do not have platclct aggrrgating 
activity. arc potrnt cytotoxic agents for a varirty of 
ccl1 ty pcs [ I 1. I~~sol~l~osphatid~l-cllolinc (LPC) is 
an important intcrmcdiatc in lipid metabolism and 

since ‘I role was postulated for I,PC: in the macro- 
phagc rncdiatcd immune rcsponsc, alkyl analogs 
of‘ I,P(: with ininiunon~odulator~ propertics \vcrc 
sy,nthcsizcd [ 2 1. In addition, thcsc compounds wcrc, 
similarly to the P;\F analogs. cytotoxic. Raccmic l- 
octad(.c).l-2-nlcth) I-gly ccro-3-phosphocholinc (Et- 
1%O(:H 0 was the first of the LPC analogs to 

undergo c.xtc‘nsi\.c prcclinical evaluation. It scr\cd 
as the prototype fi)r a nc\\ class ofanticanccr agents, 
\\ith activity in ‘1 \aricty of cxpcrimcntal tumor 
models [3]. ‘1’11~ prccisc mode of the tumor inhibi- 
tory action ol’alk~ll~sophospl~olipids is not yet fully 

uridcr-slootl. ‘l‘lic biological activities at the Icvcl 

of the malignant target cell may include direct 
cytotoxicity 141, induction of diffcrcntiation [5], 
inhibition ofinvasion [6] and activation ofcytotoxic 
macrophagcs [7]. Recently alkylphosphocholines 
were investigated for their antitumor activity and 
hcxadrcylphosphocholinc (HPC, D 18506, Fig. 1) 
was found to have rcmarkablc antincoplastic 
activity in citro and in z~ico [8, Y]. ‘I’hc prcsrnt com- 
munication describes some of the pharmacological 
and toxicological data of HPC obtained in our 
laboratories and it is hoped that they might bc a 
useful contribution for the dcvclopmcnt of trial 
stratcgics in the clinical c.\~aluation of this class of 
antiturnor agrnts. 

MATERIALS AND METHODS 

1. 9nirnnls and lumor induc/ion 
Virgin fcmalc Sprague-Dawlcy rats (iLloelle- 

gaards Breeding Ccntcr, Ejby. Dctlmark) wrrr used 
throughout the cxpcrimrnts. ‘l’hc anirnals wet-c kept 
under specific pathogen-free (SPF) conditions, wcrr 
fed with standard pcllct diet (~\ltromin8 1324) and 
had unrcstrictcd water supply- (ac-id&d to pH 3). 
Rlultiplr mammary carcinomas ~crc induced by 
20 mg dimcth~lbenzanthr;lccrlc (!&-\,a, Hcidel- 
berg), dissolvrd in 1 ml ofolivc oil and aclministcrcd 
by gavage as a single dose to 30-day-old rats. 
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Fig. 1. Chemical structure ofhexadecylphosphocholine (molecular weight 
407.6). 

Thirty to sixty-five days after induction the first 
tumors appeared along the lactic line. Bcnzo[a]- 
pyrene-sarcomas were induced by the subcutaneous 
injection of 5 mg benzo[a]pyrene (Serva, Heidel- 
berg), dissolved in 1 ml olive oil, into the back of 
female rats (12&150 g). Rapidly growing solid 
tumors appeared at the injection site around day 
95 after induction. 

Tumor measurements were performed in weekly 
intervals according to the method described by 
Druckrey et al. [lo]. In short, the tumor weight was 
estimated by palpation and by comparison of its 
volume with that ofprefabricated plasticine models. 
The weight of the models was determined and 
converted into tumor weight by a factor which 
reflected the differences in the specific weight of 
tumor tissue and plasticine. In a large series of 
comparative measurements the standard deviation 
of this method was 5%. 

2. Treatments 
HPC, manufactured by Asta Pharma AG, with a 

chemical purity of greater than 98% was dissolved 
and diluted with distilled water. All control animals 
received 0.9% saline. Each animal was trcatcd 
by administration of 2.15 ml solution/kg body wt 
through a stomach tube. Commercial grade cyclo- 
phosphamide (Asta Pharma AG) was dissolved in 
saline. In each of the experimental groups the body 
weight of the animals was determined before and 
twice weekly during treatment. In order to assess 
the true body weight the tumor weight was sub- 
tracted from the measured value.. All deaths and 
clinical symptoms during treatment and the follow- 
ing 2 weeks period were recorded. 
(a) Dose finding studies for the daily treatment 

with HPC were carried out in normal rats. 
(b) Hemoglobin red cell count, platelet count, leu- 

(cl 

kocyte count and blood smears were performed 
in a separate treatment experiment using stan- 
dard techniques. Blood was taken from the 
sublingual vein of the rat. 
Studies of the dose-response relationship to 
HPC and its schedule dependence were begun 
when the tumor weight in an individual animal 
had reached 0.8-l .5 g. After discontinuation of 
the treatment the additional observation period 
was 2 weeks. 

(d) To assess the efficacy of HPC therapy in small 
vs. large tumors, DMBA tumor-bearing 
animals were individually randomized into two 

(e) 

treatment and two corresponding control 
groups. Treatment was started either at a tumor 
weight between 0.8 and 1.2 g or between 5.0 
and 8.0 g. 
To compare the therapeutic efficacy of HPC 
with that of a standard drug, maximally toler- 
ated single doses of HPC (215 mg/kg orally) 
and cyclophosphamide (147 mg/kg i.v.) were 
administered by the route which was previously 
established to give the optimal thcrapcutic 
results. 
When a tumor nodule became palpable at the 
site of bcnzo[a]pyrcne injection, it grew 
extremely rapidly (average weight after 3 weeks 
79 + 12 g), and therefore the range of tumor 
weights for inclusion into a therapy experiment 
had to be extended to l-6 g. 

3. Statistical analy5es 
All test results were given as the median of 

individual data or as arithmetic means as indicated. 
The significance of the pairwise comparisons of 
treatment in each experiment versus control groups 
was established by the Mann-Whitney rank-sum 
test. Differences between tumor growth curves were 
analyzed by the distribution-free, multivariatc rank 
test described by Koziol et al. [ 111. 

RESULTS 
In a five week daily oral treatment with HPC 
(six rats 230-270 g body wt per dose group) the 
maximally tolerated dose was 46.4 mg/kg/day, 
whereas 68.1 mg/kg resulted in several deaths (two 
out of six animals) already after 10 days of trcat- 
ment. A frequent finding in animals on higher doses 
(46.4-68.1 mg/kg) was hair loss, in particular on 
the head. A transient reduction in body weight 
during the first week of treatment was observed 
at doses from 10 to 46.4 mg/kg (P < 0.01). At 
68.1 mg/kg all animals experienced progressive 
weight loss under therapy. 

No hematological toxicity was cncountcred after 
various doses of HPC during a 5 week treatment 
and an additional 1 week observation period. 
Hemoglobin, hcmatocrit and platclct count 
remained unchanged. In the highest dosage group 
(46.4 mg/kg) a significant increase in the total white 
blood cell count occurred during the treatment 
(Fig. 2). This was mainly due to an increase in the 
absolute numbers ofmaturc granulocytes; the WBC 
count turned back to normal within a week after 
cessation of therapy. 

The dose-response relationship of DMBA- 
induced tumors to HPC administcrcd over 5 weeks 
is demonstrated in Fig. 3. By comparison of the 
tumor growth curves at the various dose lcvcls it 
can be seen that the therapeutic effect is clearly 
related to the daily dose administcrcd. Alrrady 
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Table 1. Effect of HPC (da+ treatment p.o., 5 weeks) on the 
number of tumor nodulesfonned in DMBA-treated rats 

1 
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Fig. 2. Leukocyte count (arithmetic means) in rats treated daily with 
HPCfor 5 weeks. Test groups consisted ofjue animals. The normal range 
(arithmetic means t S.D.) is indicated by the dashed lines (*P < 0.05; 
**P < 0.01). -+- 4.64 mglkglday; -O- 14.7 mglkglday; 

-*- 46.4 mglkglday (2 S.D.). 
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Ag. 3. Growth curues of DMBA-induced mammary tumors in rats under 
da+ treatment with HPC in 5 weeks. Test groups consisted of 10 
animalr. __ control; -+- 2.15 mglkglday; -*- 4.64 mglkgl 
dq -O- 10 mglkgldq; -X- 21.5 mglkglday; -E+ 46.4 mg/ 

kgldq 

4.64 mg/kg resulted in a marked inhibition 
(P < 0.01) and complete growth retardation was 
seen at doses between 10 and 21.5 mg, whereas 
46.4 mg consistently induced the regression of all 
tumors to below the level ofpalpability. The average 
numbers of tumors within the treatment groups arc 
summarized in Table 1. As can be seen the reduction 
in numbers parallels the growth inhibition and 
reaches statistical significance at a dose level of 
10 mg/kg (P < 0.01). Within 2 weeks after cess- 
ation of the therapy all tumors, including those in 
complete remission, started to regrow. 

A single high dose of 200 mg/kg HPC given 
in weekly intervals proved to bc as cffcctive in 
suppressing tumor growth as five repeated daily 
low doses of 40 mg/kg or intermediate doses of 
2 X 100 mg/kg per week. The tumor growth curves 
of the various groups arc shown in Fig. 4. There 
was no significant difference between the tumor 
growth curves of any of the three treatment 
schedules. 

The influence ofthe tumor size on the therapeutic 
effect of HPC is shown in Table 2. As can be seen, 

Dose(mg/kg) 
Median number of 

tumor nodules 

0 10.5 
2.15 15.0 
4.64 13.5 
10.0 5.0** 
21.5 2.5** 
46.4 o.o** 

**p < 0.01 

14 

time Id] 

Fig. 4. Growth curues of DMBA-induced mammary tumors treatedfor 4 
weeks with different dose schedules for HPC (200 mglkglweek). Tut 
groups consisted of 10 animals. __ control; -O- 5 weekly doses; 

-‘- 2 weekly doses; -+- 1 weekly dose. 

Table 2. Effect of a single dose of HPC (2 15 mglkg) on tumor 
weight in DMBA-treated rats. The treatment started when the 
tumor weight was in the range of W-1.2 g (small tumors) or 

greater than 5 g (large tumors) 

D0X Median tumorweight (g) 
(mg/kg) day 0 day 7 day 14 

Small tumors 0 1.0 3.0 6.9 
215 0.8 0.4** 0.5** 

Large tumors 0 6.9 11.2 17.4 
215 6.2 3.1** 3.5** 

**p < 0.01 vs. control. 

the response for a given dose of HPC was similar in 
large and small tumors. 

Figure 5 shows the DMBA tumor growth curves 
of animals treated with optimal therapeutic single 
doses of HPC and cyclophosphamide. It is obvious 
that HPC induces a significantly better tumor 
response in this particular experimental model. 

Benzo[a]pyrene induced tumors wcrc only mar- 
ginally influenced by HPC. The growth curves 
during the daily treatment with 46.4 mg/kg were 
almost identical to those of the controls. No statisti- 
cally significant effect of the treatment could be 
established. 
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Fig. 5. Growth cwm of DMBA-induced mammay tumors treated 
with (A) HPC (215 mg/kg p.0.) (X-X) and controls (-); (B) 
cyclophosphamide (147 mg/kg i.v.) (X-X) and controls (-). Test 

groups consisted of 10 animals. (*P < 0.05; **P < 0.01). 

DISCUSSION 
The cytotoxic properties of PAF and other alkyl- 

lysophospholipids were originally explained by 
interference of these compounds with the renewal 
of the tumor cell membrane phospholipid bilayer 
[ 121. This hypothesis was supplemented by the 
work of Soodsma et al. [ 131 who demonstrated that 
transplantable tumors were deficient of O-alkyl- 
cleavage enzymes suggesting that they were unable 
to degrade toxic ether lipids. Since normal liver cells 
were rich in these enzymes, the finding indicated a 
certain selectivity of the cytotoxic action of ether 
lipids for tumor cells. 

Studies with Et-18-OCH, (I-O-octadecyl-2-0- 
methyl-rat-glycero-3-phosphocholine) later revealed 
that, although this compound was a potent and 
selective cytotoxic agent, it was not a substrate 
for alkylglyccromonooxygenase, the major 0-alkyl 
cleavage enzyme [14]. Subsequent investigations 
identified phosphatidylcholine as a major metabolite 
of Et-18-OCH,, indicating a role of phospholipase 
C in the in vivo degradation of alkyllysophospho- 
lipids. Since the amount of phosphatidylcholine 
formed was strictly correlated to the in viho cytotox- 
icity of the compound, the authors started to look 
for simpler molecular structures which would also 
be a substrate for phospholipase C [8]. The alkyl- 
phosphocholines fulfilled these requirements and 
HPC was soon discovered to be one of the most 
potent antitumor compounds in this series, having 
strong antineoplastic activity in MNU-induced 
mammary carcinoma of the rat [9]. 

The above findings motivated us to further inves- 
tigate the antineoplastic activity of HPC in another 
carcinogen-induced mammary tumor of the rat. In 
DMBA rat mammary tumors a classical 
dose-response relationship was seen with complete 
responses constantly observed at the highest dose 
levels. Interestingly, all animals in which a complete 
disappearance ofmacroscopic tumors had occurred, 
relapsed within a short time after cessation of ther- 
apy. Preliminary pharmacokinetic data using a 

compound in which the choline was “H-labelled, 
demonstrated, as expected, that the substance was 
metabolized and that its half-life or that of one of its 
metabolites was rather long [ 151. This would be 
consistent with the apparent lack of schedule dcpen- 
dence demonstrated in our experiments. If substan- 
tiated in humans, this observation may be of con- 
siderable clinical importance since it suggests that 
a high flexibility can be applied in finding the 
therapeutically optimal and best tolerated dose 
schedule. 

In all therapeutic experiments described here 
HPC was extremely well tolerated. However, the 5 
week tolerance study in rats indicated that there 
was a critical dose level at which major toxicities 
rapidly appeared. Since the therapeutic efficacy on 
the other hand is evident over a wide dose range, it 
was never necessary to treat at maximally tolerated 
doses in order to achieve significant antitumor 
activity. Compared to conventional chemotherapy, 
HPC appears to have a reasonably broad thcra- 
pcutic range. In the autochthonous DMBA tumor 
model cyclophosphamidc at its optimal dose level 
was rather ineffective if compared to HPC, and this 
finding might indeed suggest a spectrum of activity 
different from conventional cytostatics. In addition, 
no evidence for hematological toxicity was found in 
our studies. An intriguing and hitherto unexplained 
finding was the increase in the granulocytc count 
during treatment with the highest dose. The lack 
of bone marrow suppression in therapeutic doses 
makes HPC an interesting candidate for combi- 
nation with cytotoxic chemotherapy. 

Finally it must be stressed that the activity of 
HPC against experimental tumors appeared to be 
extremely selective. The transplantable rat tumors 
such as the DS-carcinosarcoma, AH 13s sarcoma, 
and the L5222 leukemia, as well as mouse tumors 
(L1210, P388, Lewis lung, B16 melanoma) main- 

tained in our laboratories were not sensitive to any 
of the dose schedules described here [ 161. The 
autochthonous benzo[a]pyrene-induced sarcoma of 
the rat was equally insensitive to HPC and therefore 
one can probably exclude a unique responsiveness 
of immunogenic carcinogen-induced tumors. Rille- 
ma’s recent finding of high levels of phospholipase 
C activity in DMBA-induced rat mammary tumor 
tissue [ 171 is consistent with the above-mentioned 
hypothesis for a role of phospholipasc C in the 
generation of cytotoxic metabolites from hcxadecyl- 
phosphocholine. The fact that the classical tumor 
systems normally employed in drug development 
for the characterization of cytotoxic compounds do 
not reveal the antitumor activity of HPC, makes it 
an interesting candidate for further experimental 
and clinical evaluation. It remains to be seen, 
however, whether or not carcinogen-induced mam- 
mary cancers of the rat are predictive models for 
human malignant disease. 
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