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Abstract. Octadecyl- [2-(N-methylpiperidinio)ethyl]- 
phosphate (OMPEP, D-20133), a heterocyclic analogue of 
hexadecylphosphocholine (MIL), has been synthesized in 
an attempt to increase the therapeutic range of the parent 
compound. The antineoplastic activity of the novel alkyl- 
phospholipid was compared with that of MIL in dimethyl- 
benz(a)anthracene-induced mammary carcinoma of the rat. 
Using tumors of different sizes and repeated daily doses as 
well as high single doses, we achieved marked remissions 
with either compound. However, the therapeutic range of 
OMPEP was broader than that of the parent drug. Further- 
more, the emetic potential of OMPEP tested on ferrets was 
distinctly less pronounced than that ef MIL. In vitro the 
new alkylphospholipid proved to be more active than MIL 
in all cell lines tested, and its differentiation-inducing ca- 
pacity turned out to be superior to that of MIL. No hemato- 
logical toxicity was observed at various OMPEP doses 
during a 3-week treatment period. 

Introduction 

Like the etherphospholipids (e.g., 1-0-octadecyl-2-0-methyl- 
rac-glycero-3-phosphocholine, ET-18-OCH3), their con- 
geners the alkylphosphocholines have recently shown in- 
teresting antineoplastic properties [2, 12]. Among them, 
hexadecylphosphocholine (miltefosine, MIL; Fig. 1), one 
of the most active compounds in this series, proved to be 
very active in methylnitrosourea- and dimethylbenz(a)an- 
thracene (DMBA)-induced autochtonous carcinomas of 
the rat [2, 5]. Moreover, in the latter tumor, MIL was more 
effective than cyclophosphamide [5]. The lack of hemato- 
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logical toxicity was another outstanding property of this 
compound; contrary to conventional cytostatics, during 
treatment with MIL, neutrophil granulocytosis was ob- 
served in rats [5]. After repeated administration of oral 
MIL doses in rats, the gastrointestinal tract was shown to 
be the specific target organ for toxicity [12]. Besides, in- 
tense salivation was observed in treated animals, pointing 
to the possibility that this parasympathomimetic effect was 
due to the stimulation of cholinergic receptors by some 
low-molecular-weight derivative(s) of choline formed 
during MIL metabolism. Such degradation products could 
also be at least partly responsible for the gastrointestinal 
toxicity observed in rats. Therefore, in preparing novel 
MIL congeners, we concentrated on the replacement of 
choline by other appropriate structures; several heterocy- 
clic nitrogen compounds were used for this purpose. The 
new alkylphospholipids should be less toxic than the parent 
compound yet should possess similar antineoplastic activi- 
ty. Among the resulting compounds, octadecyl-[2-(N- 
methyl-piperidinio)-ethyl]phosphate (OMPEP, D-20133; 
Fig. 1) showed outstanding properties in pilot experiments 
on rats with DMBA-induced tumors and was therefore 
selected for in-depth investigation. 

In the present study, a comparison was made between 
MIL and its new analogue in regard to toxicity and antineo- 
plastic activity using DMBA-induced tumors of different 
sizes as well as several in vitro systems for testing. Prelim- 
inary experiments showed that the MIL-induced damage to 
the intestine was associated with diminished food intake 
and a loss in net body weight; the latter parameter served as 
the basis for comparing the tolerability of the two alkyl- 
phospholipids with reference to the doses exerting equal 
antineoplastic activity in rats bearing DMBA-induced 
tumors. Since vomiting has been observed in clinical 
phase I trials of oral MIL [3], we also tested the emetic 
potential of OMPEP in comparison with that of the parent 
compound. Finally, MIL has been shown to be a differen- 
tiation inducer in vitro [10] and in vivo [6]. These findings 
prompted us to compare the differentiation-inducing ca- 
pacity of MIL and OMPEP using leukemic cell lines in 
vitro. 
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Fig. 1. Chemical structures of hexadecylphosphocholine (MIL; molecu- 
lar weight, 407.6 Da) and octadecyl-[2-(N-methyl-piperidinio)- 
ethyl]phosphate (OMPEP; molecular weight, 475.7 Da) 

Table 1. Toxic deaths observed in healthy adult female Sprague-Dawley 
rats treated with daily repeated oral doses of MIL or OMPEP 

Compound Dose a Toxic deaths/total 

mg kg -1 gmol kg -1 
day -1 day-1 

MIL 46.4 113.8 5/6 
68.1 167.1 5/6 

100.0 245.3 6/6 

OMPEP 68.1 143.2 0/6 
100.0 210.2 416 
147.0 309.0 6/6 

a Treatment was conducted for 11 days; 6 animals were used in each 
treatment group 

Materials and methods 

Synthesis of OMPEP. The novel alkylphospholipid was synthesized as 
described previously [14]. 

Animals and tumor induction. Female Sprague-Dawley rats (Moelle- 
gaards Breeding Center, Ejby, Denmark) were used throughout the ex- 
periments; adult animals (weighing 220-270 g) were used for toxi- 
cology and hematology studies and 50-day-old rats, for experiments with 
DMBA-induced tumors. Ferrets for emesis experiments were obtained 
from Grayston Guinea-Pigs (Ringwood, England). For the induction of 
tumors, a single dose of 20 mg DMBA (Serva, Heidelberg) dissolved in 
1 ml olive oil was given by gavage to 50-day-old rats. Approximately 
1 month later the first tumors appeared. The tumor weight was estimated 
by palpation and by comparison of its volume with that of the pre- 
fabricated plasticine models as described previously [5]. 

Treatments and evaluation of toxicity and therapeutic effectiveness. 
OMPEP and MIL (manufactured by ASTA Medica AG) were dissolved 
in 0.9% saline and given to animals through a stomach tube; both sub- 
stances were of a chemical purity of greater than 98%. The oral dose 
acutely lethal to 50% of the population (LDs0) was estimated in several 
groups of six animals; the evaluation was done by means of probit 
analysis. For a comparison of the tolerability of the two alkylphos- 
pholipids, three dose groups consisting of six animals each were used; the 
rats were treated by gavage once daily for 11 days. For experiments on 
hematological toxicity, three groups of five animals were injected with 
daily oral doses of OMPEP (ranging from 21.5 to 46.6 mg/kg) for 
3 weeks. Red cell counts, platelet counts, leukocyte counts, and blood 
smears were performed using standard techniques. Blood was taken from 
the sublingual vein of the rat. For assessment of the emetic potential of 
either compound in ferrets [4], three groups of six animals were treated 
orally with logarithmically spaced single doses. These studies were per- 
formed at the Huntingdon Research Centre Ltd. (England). The animals 
were observed for 4 h posting, and both the number of animals vomiting 
and the latency period (time to the onset of vomiting) were recorded. 

Rats with large (weight, 4 - 6  g) or small (0.8-2 g) tumors were 
randomly allocated to control and test groups (consisting of 6 - 7  animals 
each), thus ensuring an approximately equal distribution of tumors with 
different latencies, total tumor weights and numbers of tumor nodes 
among the experimental animals. The therapy started immediately there- 
after. The doses were logarithmically spaced. After dosing, the animals 
were observed for an additional 7 or 14 days, depending on the experi- 
ment, and the tumor weights were registered. Controls were given 0.9% 
saline. For assessment of the net body weight (NBW), the tumor 
weight was subtracted from the total body weight of the rat. To quantify 
the effect of the treatment on tumor growth, we used the usual formula 
T ~- x 100% (T and C referring to the median tumor weight in the 

treated and control groups respectively). However, for a clear description 
of the experimental results it was necessary to introduce an additional 
index, discriminating between the inhibition of growth and the regression 

of the tumors. This was done by calculating m--!t x 100%, i. e. the ratio of 
mo 

the median tumor weight observed at a specified time (mt) and that 
registered at the beginning of treatment (mo). Thus, values lower than 
100% represent tumor regression and those of 100% and more indicate 
static and progressive tumors, respectively. 

Statistical analysis. Student's t-test was used for statistical analysis of 
differences between the NBW changes registered in MIL- and OMPEP- 
treated groups, respectively. 

Experiments in vitro. The soft-agar tumor stem-cell assay was performed 
according to Salmon et al. [13]. The test compound was added on day 0. 
Results were expressed as the concentration that reduced the number of 
colonies to 10% of the control value after 6 days of incubation (IC90 
values). The following cell lines were used (the colony-forming effi- 
ciency is given in parentheses): L1210 (>95%), KB (>55%), and NK- 
lymphoma (>40%). Clonogenic microassays using agar-containing glass 
capillaries were performed as previously described in detail [9, 11]. 
Differentiation assays with HL-60 myeloid leukemic cells were carried 
out according to Maurer et al. [11]. 

Results 

Acute  oral toxicity 

T h e  oral  LDs0  for  O M P E P  in rats was  f o u n d  to be  
631 m g / k g  (1326.5  g m o l N g ) ;  in a cco rdance  wi th  p r ev ious  
resul ts ,  that  for  M I L  was  e s t ima ted  to 296 m g / k g  
(726.2 g m o l / k g ) .  

Study o f  l l - d a y  tolerability 

T h e  d i f f e r ences  in the  to le rab i l i ty  o f  the  two  a lky lphos -  
pho l ip ids  af ter  r epea t ed  oral  admin i s t r a t i on  are  i l lus t ra ted  
in Tab l e  1. A dose  o f  68.1 m g / k g  (143.2 g m o l / k g )  O M P E P  
cou ld  be  g i v e n  for  11 days  runn ing  w i thou t  b e i n g  as- 

soc ia ted  wi th  mor ta l i ty ;  the  b o d y  w e i g h t  loss  was  r eve r s -  
ible,  a m o u n t i n g  to about  10 g (3 .6%) at the end  o f  treat-  
ment .  In  contrast ,  an e x t r e m e  e m a c i a t i o n  o f  m o r e  than 70 g 
(26%)  was  reg i s t e red  in the g roup  t reated wi th  46.4  m g / k g  
M I L  (113.8 btmol/kg),  and f ive  o f  six an imals  d ied  due  to 
the  t rea tment .  A drop  in f o o d  in take  w e n t  hand  in hand  w i t h  
the  loss  in b o d y  w e i g h  t . In  the  g roup  t rea ted  wi th  
46.4  m g / k g  M I L ,  c o m p l e t e  a n o r e x i a  d e v e l o p e d ,  whe rea s  in 
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Table 2. Vomiting induced in ferrets by sinNe oral doses of MIL or 
OMPEP 

Compound Dose a Number of Mean time 
animals to onset of 

mg/kg gmol/kg vomiting/total vomiting (rain) 

MIL 30 73.6 1/6 210 
42.4 104.0 2/6 171 
60.0 147.2 6/6 74 

OMPEP 45.0 94.6 0/6 - 
63,6 133.7 1/6 188 
90.0 189.2 3/6 132 

Hematological observations 

No hematological toxicity was registered in groups receiv- 
ing various doses of OMPEP during the 21-day treatment 
or the additional 1-week observation period. In contrast to 
the significant increase observed in the total WBC in rats 
during daily treatment with MIL [5], even animals receiv- 
ing the highest dose of  OMPEP (46.4 mg/kg, correspond- 
ing to 97.5 gmol/kg) showed only a marginal elevation in 
WBC (results not shown). 

a Each treatment group consisted of 6 animals Antineoplastic activity in vitro 

Table 3. Effect of MIL and OMPEP on the clonogenicity of three tumor 
cell lines in the soft-agar stem-cell assay 

Cell line IC90(gM) a 

MR, OMPEP 

L 1210 10.0_+2.7 5.0+_2.1 
KB 7.6_+3.2 0.6_+0.1 
NK-lymphoma 211 _+24 65, 67 

Mean values _+ SD (n = 3-6); for n = 2, individual values are given 

Table 4. Effect of MR, and OMPEP on the differentiation markers of 
HL-60 human promyelocytic leukemia cells cultured with various con- 
centrations of inducing agent for 5 days 

Alkyl- Concen- M o r p h o -  Nitroblue Non- 
phospho- t r a t i o n  l o g i c a l l y  te t razol ium specific 
lipid differentiated reduction esterase- 

cells positive 
( ~ 3  (%)a (%)a (%)a 

MIL 

OMPEP 

0 4 + 1  9 + 4  4+_1 
1.0 12+9  13 + 6  7 + 3  
2.5 14 + 5 ND ND 
5.0 17 _+ 8 8 _+ 3 14 _+ 6 

0 4+_I 9+_4 4_+1 
1.0 19 +_ 9 29 _+ 15 35 +_ 1" 
2.5 49 +_ 2* ND ND 
5.0 71 _+ 6* 76 _+ 10" 59 + 2* 

a Mean values +_ SD for triplicate analyses; ND, not done 
* Values significantly higher (P <0.05, Student's t-test) than those ob- 
tained for MIL at the same concentration 

rats given 68.1 mg/kg OMPEP the initially reduced food 
uptake had returned to nearly normal values by the end of 
the experiment. On postmortem examination, swelling of 
the intestinal wall and inflammation of the mucosa were 
found, particularly in MIL-treated animals. 

Emetic potential of MIL and OMPEP in ferrets 

The rate of  vomiting and the latency period were found to 
be dose-dependent for both compounds. However, as 
shown in Table 2, the emetic potential of OMPEP was 
clearly lower than that of MIL. 

Table 3 displays the results of  the comparative evaluation 
of OMPEP and MIL for in vitro activity against some cell 
lines. As can be seen, in all of the cell lines, OMPEP was 
more active than MIL, i.e., the IC90 value was lower. It is 
noteworthy that in the NK-lymphoma cell line, which is 
very resistant to MIL, OMPEP was about 3 times more 
active than the parent drug. The remarkable sensitivity of  
KB cells to OMPEP was confirmed by the result of  the 
clonogenic microassay, which showed a 10-fold lower 
ICs0 value for OMPEP (0.35 gM) than for MIL (3.5 gM). 
The differentiation-inducing effect of  OMPEP in HL-60 
human promyelocytic leukemia was concentration-related; 
at 5.0 pM OMPEP the percentage of morphologically 
differentiated cells (monocytes) was about 4 times higher 
than that observed at the same MIL concentration 
(Table 4). OMPEP induced differentiation even at a con- 
centration as low as 1.0 gM, which did not inhibit the 
proliferation of HL-60 cells. 

Antineoplastic activity in vivo 

Small DMBA-induced tumors, daily doses. Both MIL and 
OMPEP induced regressions in only the groups receiving 
the two highest doses; in rats treated with 46.4 mg/kg 
(97.5 p~mol/kg) OMPEP the tumors were hardly palpable at 
the end of the observation period (Fig 2); thus, the antineo- 
plastic effect of this dose was slightly stronger than that of 
31.6 mg/kg (77.5 gmol/kg) MIL (Table 5). Furthermore, 
there was a major difference with respect to the tolerability 
of the two compounds: treatment with 31.6 mg/kg MIL 
was associated with a substantial loss of body substance, 
whereas in rats given 46.4 mg/kg OMPEP a distinct gain in 
NBW was registered (Fig. 3). Similarly, 14.7 mg/kg 
(36.1 p~mol/kg) MIL and 21.5 mg/kg (45.2 ~tmol/kg) 
OMPEP had about the same antineoplastic activity but 
exerted opposing effects on the NBW of treated animals 
(Table 5). 

Large DMBA-induced tumors, daily doses. As can be seen 
in Fig. 4, for either the parent compound or its analogue a 
clear dose-response relationship was observed in mam- 
mary tumors weighing 4 - 6  g. Except at the lowest doses, 
marked remissions of tumors were attained. Under the 
conditions of this experiment, the better tolerability of 
OMPEP was again clearly demonstrated. The strong anti- 
neoplastic effect of 31.6 mg/kg MIL was achieved at the 
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Fig. 2. (A) Antineoplastic action of a 14-day oral treatment (begun at 
t = 0) with various daily doses ofMIL ( IV, 6.81 mg/kg; O, 14.7 mg/kg; 
It, 31.6 mg/kg; 0, tumor-bearing controls given 0.9% saline according to 
the same schedule) in Sprague-Dawley rats (n = 6-7)  bearing small 
DMBA-induced mammary carcinomas. The median tumor weight is 
plotted versus the time in days before and after the start of the therapy. 
(B) Antineoplastic action of a 14-day oral treatment (begun at t = 0) with 
various daily doses of OMPEP ( � 9  10.0 mg/kg; 4~, 21.5 mg/kg; It, 
46.4 mg/kg; 0, tumor-bearing controls given 0.9% saline according to the 
same schedule) in Sprague-Dawley rats (n = 6 -  7) bearing small DMBA- 
induced manamary carcinomas. The median tumor weight is plotted as a 
function of the time in days before and after the start of the therapy 
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Fig. 3. Change in net body weight during a 14-day oral treatment of 
Sprague-Dawley rats (n = 6-7)  bearing small DMBA-induced mam- 
mary carcinomas with 31.6 mg/kg MIL ( �9 ) or 46.4 mg/kg OMPEP (0) .  
0, tumor-beating controls given 0.9% saline according to the same 
schedule. Mean deviations (%) from the net body weight registered at the 
start of the treatment (t = 0) are plotted versus the time in days on therapy 

expense of a considerable loss in NBW, whereas in rats 
injected with an equieffective OMPEP dose of 46.4 mg/kg 
(Table 6), no decrease in body weight was registered at the 
end of the treatment (Fig. 5). Correspondingly, in the group 
treated with 21.5 mg/kg OMPEP the gain in NBW con- 
trasted with the NBW loss observed in rats given 
14.7 mg/kg MIL, exhibiting about the same antineoplastic 
activity (Table 6). 

Large DMBA-induced tumors, high single doses. MIL at a 
dose of 237 mg/kg (581.4 gmol/kg) induced rapid regres- 
sions of tumors to about one-third of the value registered at 
the time of injection (Fig. 6A). In the groups receiving the 
two lower doses the antineoplastic effect was distinctly 
weaker; surprisingly, 110 mg/kg (269.9 gmol/kg) was 
more effective than 162 mg/kg (397.4 gmol/kg); 
(Fig. 6 A). The tumors of all MIL-treated animals resumed 
growing 7 days after the dosing (Fig. 6 A). Figure 6 B il- 
lustrates the dose dependency of the antitumor action of 

Table 5. Antineoplastic effects and changes in net body weight observed in rats bearing small DMBA-induced mammary carcinomas following a 14-day 
oral treatment with various daily doses of MIL or OMPEP 

T m t  x 1 0 0 %  b B W D  Compound Dose ~- x 100% a m-~ (%)c 

mg/kg gmol/kg 14 days 21 days 14 days 21 days 

Controls 0 0 - - 693.9 908.2 4).04 

MIL 6.81 16.7 33.8 25.3 219.0 214.3 -1.6 
14.7 36.1 14.7 12.4 47.6 52.4 -3.6 
31.6 77.5 5.9 6.7 44.4 66.7 -6.1 

OMPEP 10.0 21.0 88.9 104.5 355.9 547.1 -0.12 
21.5 45.2 7.4 6.7 50.0 60.0 +2.6* 
46.4 97.5 4.4 1.1 30.0 10.0 +2.5** 

a T ~- • 100% = quotient of the median rumor mass of the treated and control groups x 100, evaluated at a specified day after the start of the treatment 

b m__! t • 100% = quotient of the median rumor mass at a specified day of the treatment and at the start of administration (t -- o), respectively, • 100 
mo 

c Mean net body-weight difference (end of the treatment - start of the treatment) expressed as a percentage of the value at t = 0 
* P <0.05 vs 14.7 mg/kg MIL; **P <0.05 vs 31.6 mg/kg MIL 
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Fig. 4. (A) Antineoplastic effect of a 14-day oral treatment (begun at 
t = 0) with various daily doses of  MIL (V) ,  6.81 mg/kg; O ,  14.7 mg/kg; 
I I ,  31.6 mg/kg; 0, tumor-bearing controls given 0.9% saline according to 
the same schedule) in Sprague-Dawley rats (n = 6 - 7 )  bearing large 
DMBA-induced mammary carcinomas. The median tumor weight is 
plotted as a function of the time in days before and after the start of the 
therapy. (B) Antineoplastic effect of  a 14-day oral treatment (begun at 
t = 0) with various daily doses of  OMPEP (V ,  10.0 mg/kg; @, 
21.5 mg/kg; III, 46.4 mg/kg; 0, controls given 0.9% saline according to 
the same schedule) in Sprague-Dawley rats (n = 6 - 7 )  bearing large 
DMBA-induced mammary carcinomas. The median tumor weight is 
plotted versus the time in days before and after the start of the therapy 
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Fig. 5. Change in net body weight during a 14-day oral treatment of 
Sprague-Dawley rats (n = 6 - 7) bearing large DMBA-induced mammary 
carcinomas with 31.6 mg/kg MIL (A)  or 46.4 mg/kg OMPEP (11). 0, 
tumor-bearing controls given 0.9% saline according to the same 
schedule. Mean deviations (%) from the net body weight registered at the 
start of the treatment (t = 0) are plotted versus the time in days on therapy 

OMPEP. At all three doses regressions of the neoplasms 
were attained, but only the tumors treated with 511 mg/kg 
(1074.2 gmol/kg) did not start to regrow during the 14-day 
observation period following the injection. 

After the injection a rapid decrease in NBW was seen in 
all rats. With the exception of the groups receiving the 
highest doses (237 mg/kg MIL and 511 mg/kg OMPEP), it 
began to rise 3 days following the treatment. At the end of 
the experiment, the NBW of all injected animals was con- 
siderably higher than that of controls (Table 7). However, 
since 237 mg/kg MIL represents the approximate LD10 one 
of seven rats in this group died 3 days after the treatment. 
In contrast, 348 mg/kg (731.6 gmol/kg) OMPEP, although 
exhibiting the same antitumor activity as 237 mg/kg MIL 
(Table 7), lay far outside the lethal portion of the toxic 
dose-response curve; besides, the recovery from the mean 
nadir of body weight commenced earlier and the increase 
in NBW was twice as high as that observed in the corre- 
sponding MIL-treated group at the end of the experiment 

Table 6. Andneoplastic effects and changes in net body weight observed following a 14-day oral treatment of rats bearing large DMBA-induced 
mammary carcinomas with various daily doses of MIL or OMPEP 

T m t BWD Compound ]Dose ~- • 100% a x 100% b 
mo (%)~ 

mg/kg ~tmol/kg 14 days 21 days 14 days 21 days 

Controls 0 0 - - 239 258.8 -3.8 

MIL 6.81 16.7 71.7 72.0 165.1 179.2 -5.4 
14.7 36.1 30.3 31.3 70.0 75.0 -2.9 
31.6 77.5 15.6 7.2 34.0 17.1 -7.6 

OMPEP 10.0 21.0 44.3 38.6 104.0 98.1 -1.6 
21.5 45.2 27.5 19.7 63.0 49.1 + 1.7* 
46.4 97.5 11.5 8.4 26.0 20.3 +0.3** 

a T 
~- • 100% = quotient of  the median tumor mass of the treated and control groups • 100, evaluated at a specified day after the start of the treatment 

b m_!t 
x 100% = quotient of  the median tumor mass at a specified day of  the treatment and at the start of administration (t = 0), respectively, x 100 

m o  

c Mean net body-weight difference (end of the treatment - start of the treatment) expressed as a percentage of the value at t = 0 
* P = 0.05 vs 14.7 mg/kg MIL; **P <0.05 vs 31.6 mg/kg MIL 
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Fig. 6. (A) Antineoplastic activity of  high single oral doses of MIL given 
at t = 0 ( V, 110 mg/kg; 0 ,  162 mg/kg; I ,  237 mg/kg; 0, tumor-bearing 
controls given 0.9% saline) in Sprague-Dawley rats (n = 6 - 7 )  bearing 
large DMBA-induced mammary carcinomas. The median tumor weight 
is plotted versus the time in days before and after the MIL injection. (B) 
Antineoplastic activity of  high single oral doses of OMPEP given at t = 0 
(Iv, 237 mg/kg; O, 348 mg/kg; I ,  511 mg/kg; 0, tumor-bearing con- 
trols given 0.9% saline) in Sprague-Dawley rats (n = 6 - 7 )  bearing large 
DMBA-induced mammary carcinomas. The median tumor weight is 
plotted versus the time in days before and after the OMPEP injection 

(Fig. 7). Even in the group treated with the highest OMPEP 
dose (511 mg/kg), none of the rats died; moreover, the 
therapeutic effect was greater that than seen at any other 
single dose of the two alkylphospholipids (Table 7). 
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Fig. 7. Change in net body weight (following the oral administration (at 
t = 0) of a single dose of MIL ( A, 237 mg/kg; n = 7) or OMPEP ( I ,  
348 mg/kg; n = 7) in Sprague-Dawley rats bearing large DMBA-induced 
mammary carcinomas. 0, tumor-bearing controls (n = 7) given 0.9% 
saline only. Mean deviations (%) from the net body weight registered at 
t = 0 are plotted versus the time in days after the treatment 

Discussion 

The toxic effects of oral MIL in rats primarily involve the 
gastrointestinal tract [ 12]. Macroscopical and microscopi- 
cal examination of treated animals revealed, above all, 
severe enterocolitis, accounting for the diarrhea and weight 
loss. Correspondingly, in clinical phase I studies of oral 
MIL, the dose-limiting gastrointestinal side effects were 
nausea, vomiting, and diarrhea [3]. In an attempt to in- 
crease the therapeutic range, new analogues of MIL have 
been synthesized, assuming that the replacement of choline 
by a suitable saturated ring containing a tetracoordinate 
nitrogen atom would lead to alkylphospholipids less toxic 
than the parent compound without substantially reducing 
the antineoplastic potency. With the substitution of N- 
methylpiperidine for choline in the hydrophilic portion and 
that of an octadecyl group for the hexadecyl group in the 
apolar region of the molecule, these suppositions have 
been met to a large extent. The acute oral LDs0 of OMPEP 

Table 7. Antineoplastic effects and changes in net body weight observed in rats with large DMBA-induced mammary carcinomas following the 
administration of high single doses of MIL or OMPEP 

T mv x 100% b BWD Compound Dose ~- x 100% a m--~ (%)~ 

mgNg gmolNg 

Controls 0 0 - 160 -1.7 

MIL 110 269.9 29.5 54.0 +0.3 
162 397.4 43.2 78.0 +2.6 
237 581.4 23.9 35.0 +2.4 

OMPEP 237 498.2 31.3 41.0 +4.8 
348 731.6 19.3 30.0 +5.7* 
511 1074.2 13.6 23.0 +1.8 

a T • 100% = quotient of the median tumor mass of the treated and control groups x 100 (evaluated at day 7 after dosing) 

b m___7 • 100% = quotient of the median tumor mass at t = 7 days and at the day of injection (t = 0), respectively, • 100 
m o  

c Mean net body-weight difference (14 days after dosing - the day of treatment) expressed as a percentage of the value at t = 0 
* P = 0.05 vs 237 mg/kg MIL 
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in rats was twice as high as that of MIL. In the 11-day 
tolerability study, 46.4 mg&g MIL proved to be clearly 
more toxic than the 1.5-fold higher dose of 68.1 mg/kg 
OMPEP. Furthermore, the emetic potential of OMPEP in 
ferrets was distinctly lower than that of MIL. In vitro, 
OMPEP turned out to be superior to MIL in several cell 
lines. Generally, to attain the same antineoplastic effect in 
DMBA-induced tumors, the OMPEP doses had to be 
1.5 times higher than those of MIL. However, treatment 
with such equieffective daily doses of the novel analogue 
was substantially better tolerated than that with the parent 
compound, as evidenced by the gain in NBW noted follow- 
ing therapy with appropriate OMPEP doses and the loss of 
body substance registered in the corresponding MIL 
groups. Furthermore, the highest dose of MIL given in this 
study (1 x237 mg&g) was associated with mortality, 
whereas an OMPEP dose as high as 1 x 511 mg&g not 
only exerted a stronger antitumor activity than could be 
achieved by MIL but was also free of lethal effects. 

It follows from these experiments that choline cannot be 
regarded as an essential constituent of chemotherapeuti- 
cally active alkylphospholipid molecules. Moreover, the 
therapeutic range of the N-methylpiperidine analogue of 
MIL proved to be broader than that of the parent compound 
in rats bearing DMBA-induced tumors. Consequently, the 
toxic and antineoplastic properties of alkylphospholipids 
can be separated to some extent, which implies that the 
mechanism of their antineoplastic action may be different 
from that responsible for their toxicity. Taken together, our 
findings support the introductory hypothesis assuming a 
causal connection between the toxicity of alkylphos- 
pholipids and the parasympathomimetic activity of the 
nitrogenous base forming their hydrophilic heads. In this 
context, it may be of significance that methylpiperidinium 
analogues of acetylcholine exert a much weaker parasym- 
pathomimetic activity than acetylcholine itself [1]. 

The lower toxicity of OMPEP as compared with MIL is 
even more noteworthy, since octadecylphosphocholine, 
despite its containing the same alkyl group as OMPEP, 
turned out to be distinctly more toxic than MIL [2]. Thus, 
the observation that OMPEP is better tolerated than both 
C16- and C18-phosphocholine must be ascribed solely to 
the N-methylpiperidine forming the polar region of the 
novel analogue and not to the substitution of the octadecyl 
group for the hexadecyl group in the hydrophobic portion 
of the molecule. Furthermore, again in contrast to the re- 
sults obtained with the two alkylphosphocholines, OMPEP 
was less toxic than its hexadecyl homologue (Stekar, un- 
published results), i.e., the dependence of the toxicity on 
the length of the alkyl group was inverted when choline 
was replaced by N-methylpiperidine. Similarly, hexadecyl 
and oleyl analogues of OMPEP turned out to be inactive or 
only weakly active in DMBA-induced tumors (Stekar, un- 
published results), which contrasts with the finding that in 
this tumor model, oleylphosphocholine had strong antineo- 
plastic activity comparable with that of MIL (Eibl and 
Berger, personal communication; Stekar, unpublished re- 
sults). Thus, the substitution of N--methylpiperidine for 
choline led to alkylphospholipids whose antineoplastic and 
toxic properties differed in an unexpected way from those 
of alkylphosphocholines. The new head group modulated 

the dependence of the biological effects on the length of the 
alkyl chain and its degree of saturation in its own specific 
way, which could not be anticipated on the basis of results 
obtained in the series of alkylphosphocholines. These un- 
predictable findings could indicate that both the toxic and 
the antineoplastic effects of alkylphospholipids may at 
least in part be due to the intact molecule and not to some 
degradation products; a concerted action of the hydrophilic 
and hydrophobic regions of the OMPEP molecule on some 
putative target structure may be required for a marked 
antineoplastic effect. 

In all experimental groups a characteristic pattern for 
the change in NBW was observed. In control animals the 
registered decrease in body mass was directly proportional 
to the tumor size, i.e., the larger the tumor, the higher its 
toxicity for the host. This is a clinically well-known yet 
unexplained phenomenon. The NBW change observed in 
OMPEP-treated animals was probably the result of two 
opposing effects. On the one hand, by virtue of its antineo- 
plastic activity the heterocyclic alkylphospholipid presum- 
ably reduced the toxicity of the tumor for the host, thus 
counteracting or even neutralizing its negative influence on 
NBW. On the other hand, the toxicity of OMPEP or MIL 
may have added to that of the tumor, thus intensifying 
NBW loss. Depending on the dose and the size of the 
tumor, the result of these two opposite effects should be 
different. This assumption would account for the observa- 
tion that in rats injected with the lowest daily dose of 
OMPEP a loss in NBW was observed, whereas treatment 
with the two higher doses (small tumors) or the interme- 
diate dose (large tumors) resulted in an increase in NBW at 
the end of the treatment. The same explanation might also 
apply for the experiments with high single OMPEP doses 
and for the observation that in MIL-treated animals bearing 
large tumors, the smallest loss in NBW was observed in the 
group injected with the intermediate daily dose. 

The mode of action of alkylphospholipids remains a 
matter of conjecture (for a review see [7]). Additionally, 
two recent aspects must be considered in discussions of 
this topic. The first involves the lack of cytotoxicity ob- 
served at concentrations that induce differentiation, indi- 
cating programmed cell death (apoptosis) as a factor in the 
antineoplastic action of alkylphospholipids (Maurer et al., 
manuscript in preparation). The second aspect is the high 
sensitivity of KB tumors [15] and DMBA-induced breast 
carcinomas to alkylphospholipids, which goes hand in 
hand with high levels of epidermal growth factor (EGF) 
receptors on the cell membrane of these neoplasms [10]; 
this finding suggests that the antineoplastic action of alkyl- 
phospholipids might at least partly be due to their interfer- 
ence with EGF binding to receptors [8]. On the basis of the 
high antineoplastic activity as well as the considerably 
better tolerability of OMPEP in comparison with MIL, 
clinical trials of this interesting new antitumor agent will 
be started in the near future. 
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