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Abstract. Analogues of 3-aminooxy-l-propanamine 
proved to be highly potent and selective inhibitors of or- 
nithine decarboxylase (ODC). The compounds competed 
with ornithine for the substrate binding site of ODC, but 
resulted in progressive and apparently irreversible inacti- 
vation of the enzyme. Diamine oxidase was inhibited by 
these compounds to a lesser extent than ODC; the com- 
pounds were not metabolized by this enzyme. Several 
derivatives were growth-inhibito13~ for human T24 cells 
and for other mammalian cells, the most active compound 
being 3-aminooxy-2-fluoro- 1-propanamine (AFPA). 
Growth-arrested cells were largely depleted of putrescine 
and spermidine. Cellular growth arrest could be antago- 
nized by supplementation with spermidine. Selection for 
resistance against AFPA led to cells with amplified ODC 
genes and overexpression of the message. Some of the 
derivatives were tumoristatic at well-tolerated doses in 
mice bearing solid T24 tumours. The antiproliferative ac- 
tivity of these compounds appears to be mediated by poly- 
amine depletion. 

Introduction 

Rapidly proliferating cells, like tumour cells, generally 
have much larger polyamine pools and higher specific 
activities of their biosynthetic enzymes than non-prolifer- 
ating or fully differentiated cells (for reviews see Pegg [22, 
23] and Seiler [32]). Cell growth appears to depend on 
cellular polyamine pools. Reduction of these pools by inhi- 
bition of polyamine biosynthesis has been shown to block 
cellular proliferation [18, 20, 24, 33]. However, the ulti- 
mate growth-regulatory function of the major polyamines 
putrescine, spermidine, and spermine is not yet fully under- 
stood. 
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Two polyamine antimetabolites, the ornithine decar- 
boxylase (ODC) inhibitor ~-difluoromethylornithine and 
the S-adenosylmethionine decarboxylase (AdoMetDC) in- 
hibitor methylglyoxal bis(guanylhydrazone), have already 
undergone clinical trials as antitumour agents [4, 6, 16, 17]. 
The results were rather unsatisfactory, mainly because of 
lack of potency (o~-difluoromethylornithine) and serious 
side-effects after administration of methylglyoxal 
bis(guanylhydrazone). 

The key enzymes in polyamine biosynthesis, ODC and 
AdoMetDC, are potential targets for new antiproliferative 
agents. Amongst the ODC inhibitors, c~-difluoromethylor- 
nithine and several other ornithine and putrescine deriva- 
tives have been tested as antiproliferative and/or anti- 
tumour agents [2, 11, 18, 26, 28]. The structurally rather 
simple putrescine analogue 3-aminooxy-l-propanamine 
(APA) was first described by Khomutov et al. [12]. Several 
publications (e. g. [7, 8, 12]) describe various properties of 
this compound: it is a potent, irreversible inhibitor of ODC, 
the Ki being in the nanomolar range. It also showed inhibi- 
tory activity against AdoMetDC (Ki = 50 gM [12] or 1-  
2 mS [7]) and spermidine synthase (Ki = 2.3 ~tM), but was 
not a substrate for the latter enzyme. Its antiproliferative 
activity was rather weak [29]; the compound was ap- 
parently metabolized to a significant extent by hamster 
cells [9]. 

We wanted to evaluate this class of compounds as po- 
tential candidates for therapy of human tumours. A series 
of derivatives of the basic APA structure was synthesized 
with the aim to increase (1) its selectivity for ODC in 
comparison to the other above-mentioned targets of APA, 
(2) its potency as an antiproliferative agent, and (3) its 
antitumour activity in animal tumour models. These aims 
were best reached with 2-halogenated derivatives of APA. 

Materials and methods 

Preparation of ODC and assay for ODC activity. The methods of Seely 
and Pegg [31] and Hayashi and Kameji [5] were used with minor modi- 
fications. In brief, ODC was extracted from livers of Wistm rats pre- 
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�9 Fig. 1. Chemical structures of 3-aminooxy- 1-propanamine 
(APA) analogues used in tiffs study. An ethyl core was 
substituted at one carbon with the residues R1 and Rz, at the 
other carbon with residue R3. R a, 2-methyl-3-hydroxy-5- 
hydroxymethyl-pyridyl(4); R b, o-hydroxyphenyt; R e, 
2-methyl-3-hydroxy-5- [(phosphonooxy)methyl]-pyridyl(4); 
AFPA, 3-aminooxy-2-fluoro- 1-propanamine; AHPA, 
3-aminooxy-2-hydroxy- l-pfopanamine 

treated with thioacetamide. The supernatant fraction of liver homogen- 
ates was dialysed against 25 mM Tris-HC1 pH 7.4, 0.1 mM EDTA, and 
1 rnM dithiothreitol and stored in aliquots at -70 ~ C. These preparations 
resulted in a specific ODC activity of 30_+ 1.7 pmol.min-l.mg -1 (see 
below). 

The assay mixture for determination of ODC activity consisted of 
(final concentrations) 100 mM Tris-HC1 pH 7.0, 4 ram EDTA, 4.4 mM 
dithiothreitol, 0.214 mM [1-14C]ornithine (Amersham; 0.2 btCi/assay), 
0.4 ram pyridoxal phosphate, and variable amounts of ODC in a total 
volume of 0.25 ml. After incubation for 15-60 min at 37 ~ C, reactions 
were stopped by the addition of 0.17 ml 2 N HC1 and incubated for 
20 min. CO2 trapped on Whatman 3MM filters humidified with 25 gl 
Soluene-100 (Packard) was counted in a toluene-based liquid scintilla- 
tion cocktail (Irgaszint; Ciba-Geigy). Control assays lacking ODC prep- 
aration were usually well below 100 cpm. 

The same assay with variable amounts of omithine was used for 
kinetic experiments. Unless stated otherwise, inhibitors were added si- 
multaneously with substrate, cofactor, and enzyme. The concentration of 
inhibitor inhibiting ODC by 50% (ICs0) under these experimental condi- 
tions was usually in the same order of magnitude as the Ki value. 

The concentration of pyridoxal phosphate was kept well above the 
Km (which was below 1 btM) in order to make the assay insensitive for the 
detection of pyridoxal phosphate analogues. 

Preparation oje other enzymes and assay for their activities. AdoMetDC 
was prepared from livers of Wistar rats and assayed essentially as de- 
scribed [25]. Aliquots of cell-free dialysed rat liver extracts were stored 
at -70  ~ C. Assay mixtures for determination of AdoMetDC activity con- 
sisted of (final concentrations) 100 rnM Tris.HC1 pH 7.0~ 0.7 mM EDTA, 
7.5 ~rea dithiothreitol, 3.3 m s  putrescine, 0.21 mM S-adenosyl[carboxyl- 
14C]methionine (Amersham; 0.1 gCi/assay), and variable amounts of 
AdoMetDC (specific activity 54 + 27 pmol.mg-~.miw 1) in a total volume 
of 150 gl. Reactions were stopped and processed as described for ODC. 

Rat small intestinal diamine oxidase (DAO) was prepared and as- 
sayed as described [34], and aliquots were stored at -70 ~ C. The assay 
mixture for determination of DAO activity contained (final concentra- 

tions) 112 mM potassium phosphate pH 7.4, 0.4 mM [1,4-14C]putrescine 
(Amersham; 40 nCi/assay), 0.02 mM EDTA, 2 mM mercaptoethanol, and 
various amounts of DAO in a total volume of 250 gl. After 30 min 
incubation at 37 ~ C, reactions were stopped by chilling to 0 ~ C and addi- 
tion of 0.5 ml 1 M sodium carbonate containing 1 mM aminoguanidine. 
Radiolabelled product was collected by three cycles of toluene extrac- 
tions (4 ml each, containing 5 g/1 of 2,5-diphenyloxazole). Combined 
extracts were counted in a liquid scintillation counter. Control assays 
lacking DAO resulted in 200-300 cpm. Commercial porcine kidney 
DAO (Sigma) was assayed exactly as the rat enzyme using 0.5 mg 
DAO/assay. 

Antiproliferative activity of ODC inhibitors. Antiproliferative effects on 
mouse L1210 ceils, human T24 bladder carcinoma cells, and X63 cells 
were determined as described previously [19, 28]. Cell numbers were 
measured by staining with methylene blue. 

Spermidine (10 gM) was added to the cells together with the anti- 
proliferative agent to test whether antiproliferative effects could be re- 
versed by polyamines. 

Selection for resistance to 3-aminooxy-2-fluo ro- l-propanamine. L1210 
ceils were exposed to concentrations of 3-aminooxy-2-fluoro-l-propan- 
amine (AFPA) starting with 40 ~tM (3 weeks), then I00 gM (5 weeks), 
200 ~tM (9 weeks), and 500 gM (6 months). Sultan cells [15] were first 
exposed to 10 ~tM, then 20 gM for 4 weeks each, and  subsequently to 
40 gM for 4 months and 100 gM for 6 months. Southern and Northern 
blot analysis were done as described elsewhere [15]. 

Cellular spermidine uptake. Possible interference of putrescine ana- 
logues with spermidine uptake was measured as described elsewhere 
[27]. T24 cells were grown to confluence in 24-well tissue-culture plates, 
washed once with phosphate-buffered saline, and supplied with serum- 
free culture medium. Unlabelled spermidine (0 .2-2  ~M) was added to- 
gether with 1 ~Ci/well of [G-3H]spermidine (Amersham, 21 Ci/mmol), 
and cells were incubated for 20 min at 37 ~ C or at 4 ~ C (controls). Ceils 
were then washed with serum-free, ice-cold medium containing 10 m s  
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Table 1. Inhibition of ODC and DAO by APA derivatives 

Compound no. 50% inhibitory concentration [p~M] 

ODC Rat DAO Porcine DAO 

Putrescine a 300 - - 

APA b 0.035 0.69 0.01 

1 (AFPA) 0.014 5.9 2.3 
2 0.039 8.3 2.2 
3 0.093 94 22 
4 >50 >100 >100 
5 23 >100 >100 
6 11 >100 >100 
7 5.2 >100 >100 
8 670 24 9.0 
9 60 1.7 0.73 

10 3.3 0.19 0.19 

Values are averages of at least three independent determinations. For 
structures of the compounds, see Fig. 1 
a Putrescine is the substrate for DAO 
b APA is 3-aminooxy-l-propanamine 

Table 2. Kinetic analysis of ODC inhibition by APA analogues 

Compound no. app. Km app. Vm~x Inhibition 
[ t i M ]  pmol.mg-t.min -1 Ki [riM] 

Control 210 67 - 
APA 1710 73 2.8_+ 1.1 
1 (AFPA) a 1340 76 4.6 + 3.3 
2 (AHPA) b 1710 45 31. • 13 

ODC (3.5 mg protein, specific activity 7.1 pmol.mg-l-min -1) was incu- 
bated for 30 min at 37 ~ C with various amounts of substrate ornithine in 
the absence (Control) or presence of 10-fold ICs0 of inhibitor. Data were 
analysed according to Eady-Hofstee by plotting v versus v/[S]. The 
apparent Km and Vmax values of one individual experiment are given. Ki 
values are the averages of three to five independent determinations 
a 3-Aminooxy-2-fluoro- 1 -propanamine 
b 3-Aminooxy-2-hydroxy- 1-propanamine 

spermidine, dissolved by incubation with 1 N NaOH for 30 rain at 60 ~ C, 
and neutralized with an equal amount of 1 NHC1. Samples were analysed 
by liquid scintillation counting; the Km of spermidine uptake was 
0.23 • p.M, and the Vma~ was 156 pmol.h-M0 -6 cells -1. 

Determination of polyamine pools and other biochemical tests. Poly- 
amines were quantified by reversed-phase HPLC after pre-column 
derivatization essentially as already described [ 10]. Proteins were deter- 
mined according to Bradford [3], using bovine serum albumin as a 
standard. 

Chemicals. The ODC inhibitors mentioned in this study (Fig. 1, Table l) 
were synthesized in the Ciba-Geigy Chemistry Department [35]. All 
other chemicals were from commercial sources and of the highest purity 
available. 

Results and discussion 

Inhibit ion o f  O D C  

As shown in Table 1 and Fig. 1, all compounds with the 
basic structure of APA [ 12], irrespective of  the substituent 
at carbon 2, were highly active as ODC inhibitors, with 
ICs0 values below 100 nM; compounds nos. 1 (AFPA), 2, 
and 3 belonged to this group. Upon derivatization of the 

aminooxy group, compounds lost some two orders of  
potency as ODC inhibitors; this group included com- 
pounds 4, 5, 6, and 7. Replacement of the aminooxy group 
by a hydrazine group (compound 10) or the aminomethyl 
group by a hydrazine group (compound 9) caused a drop in 
ODC inhibitory potency to ICs0 values of  3.3 gM and 
60 gM, respectively. Changing the aminomethyl group to 
an aminooxymethyl group (compound 8) caused an almost 
complete loss of ODC-inhibitory potential. 

All putrescine derivatives appeared to inhibit ODC 
competitively with respect to its substrate ornithine 
(Table 2). However, a more careful analysis showed that 
AFPA - like the ornithine analogue ~-difluoromethylor- 
nithine [18] - progressively inactivated ODC. Preincuba- 
tion Of the enzyme with the compound prior to the addition 
of ornithine significantly changed the sensitivity of  the 
enzyme for the compound and altered the mechanism of 
inhibition into a complex, rather non-competitive type: the 
apparent Km for ornithine was increased by a factor of  5 
and the apparent Vmax was reduced 3-fold upon preincuba- 
tion of ODC for 15 min with 45 nM AFPA. The inhibition 
by AFPA, once bound to the enzyme, was hardly reversible 
(Table 3), since compound-pretreated ODC did not regain 
much activity upon dialysis, similar to the other APA 
derivatives and o~-difluoromethylornithine. Unbound com- 
pounds were completely removed b y  dialysis as tested by 
the addition of fresh ODC to dialysed samples: the fresh 
enzyme was not inhibited, and the activities of added ODC 
and dialysed preincubated ODC were additive (data not 
shown). The referrnce compound o,~-methylornithine has 
been described to inhibit ODC in a reversible manner [1]. 
This was the only compound allowing complete reactiva- 
tion of ODC upon dialysis (Table 3). 

APA has been shown to react spontaneously with py- 
ridoxal phosphate [14]. We have preincubated APA and 
several derivatives in the presence or absence of pyridoxal 
phosphate: a time-dependent change of the UV spectrum of 
pyridoxal phosphate was observed parallel to a reduction 
of the ODC-inhibitory potency of the compounds 
(Table 4). The UV spectrum indicated the formation of an 
oxime between the aminooxy group of the compounds and 
the carbonyl group of pyridoxal phosphate (comparison 
with the spectrum of reference substance ) . This reaction 
product (compound 7) was a reversible ODC inhibitor with 
low affinity (ICs0 = 5.2 gM). Kinetic experiments using 
ODC purified to over 50% homogeneity by affinity chro- 
matography on a pyridoxamine-Affigel column [13] 
showed that the Ki value of AFPA did not differ from that 
obtained with crude ODC (H. Mett et al., manuscript in 
preparation). A detailed study of the mode of interaction of 
AFPA and of compound 7 with ODC is required for show- 
ing whether these compounds interact primarily with the 
ornithine-binding site or the pyridoxal-phosphate-binding 
site of  ODC. Under our experimental conditions, with a 
large excess of  pyridoxal phosphate, ODC inhibition by 
our compounds is primarily due to interaction with the 
ornithine-binding site. In contrast to our compounds, a-di-  
fluoromethylornithine was covalently bound to lysine-69 
or to cysteine-360 of  ODC after going through a three- 
component complex involving ODC, its cofactor pyridoxal 
phosphate, and the inhibitor [30]. 



42 

Table 3. Irreversible inhibition of ODC by APA derivatives 

Compound no. [gM]a ODC activity (% of control) 

before dialysis after dialysis 

Activation by 
dialysis (-fold) 

ConU-ol 
c~-Methylornithine 52,000 
c~-Diflnoromethylornithine 60 
APA 0.69 
1 (AFPA) 0.14 
2 (AHPA) 3.3 

100.(34) 100.(27) 0.8 
1.3 106 82 
3.6 16 4.4 

25 71 2.8 
10 40 4.0 
21 83 4.0 

ODC was preincubated for 15 rain at 37~ in the presence of the indi- 
cated compound concentrations. An aliquot was used for immediate 
testing of ODC activity, and the remainder dialysed twice against a 
1000-fold volume each of Tris-EDTA-dithiothreitol (see ODC prepara- 
tion) before testing 

Figures in brackets give specific ODC activity (pmol.min-mg -1) 
a Compound concentration during preincubation; the final concentration 
in the ODC assay was 40% of this value 

Table 4. Loss of ODC-inhibitory potency of APA derivatives upon prein- 
cubation with pyridoxal phosphate 

Compound no. ICso [riM] 

Without PLP With PLP 

APA 33 >10,000 
1 (AFPA) 6 3,700 
2 (AHPA) 160 > 10,000 
7 5,200 4,000 

Compounds were preincubated for 60 rain at 37~ in the presence or 
absence of 1 mM pyridoxal phosphate (PLP); then enzyme and substrate 
were added, and after 15 rain the reactions were terminated as usual. 
During enzymatic decarboxylation, all assays contained 0.4 rr~ PLP 

Selectivity: inhibition of AdoMetDC and DA O 

None of the compounds used in this study inhibited 
AdoMetDC by more than 15% at 50 gM, which is in line 
with data published recently [7] showing that APA has 
only a low affinity to AdoMetDC (Ki = 1.5-2 mM). 

Rat small intestinal DAO was inhibited with ICs0 values 
ranging from 0.6 to 9 ~tM, and porcine DAO was even more 
sensitive (Table 1). APA and compound 10 appeared to be 
the most potent inhibitors of DAO, thus exerting the lowest 
degree of selectivity amongst the ODC inhibitors tested. 
Preincubation of  these compounds with DAO did not 
change the ICs0, indicating that the compounds were not 
metabolized by DAO, nor did they inactivate rat or porcine 
DAO in a progressive manner. Kinetic studies indicated 
that AFPA inhibited porcine DAO competitively with re- 
spect to its substrate putrescine (Ki = 1.6 ~tM). 

It is interesting to note that, in addition to APA, only the 
two hydrazine derivatives, compounds 9 and 10, belonged 
to  the highly potent group of DAO inhibitors with ICs0 
below 2 gM. Compounds 9 and 10, in contrast to APA, had 
low inhibitory activity against ODC; thus, ODC inhibition 
and DAO inhibition are not necessarily based on the same 
structural features of  the inhibitor. 

nor form new polyamines from precursors other than 
putrescine and would grow in a polyamine-depleted me- 
dium, total inhibition of  ODC should block putrescine 
formation and thus cause a 50% reduction in overall poly- 
amine pools per cell generation. Since polyamine pools 
need to be reduced to a large extent before cell growth 
stops, a compound exclusively interfering with polyamine 
biosynthesis may not block cellular growth in the first one 
or two generations after addition to the culture. Therefore, 
we tested the antiproliferative potency of our compounds 
in 120-h growth incubations, allowing some five cell divi- 
sions to take place in control cultures. 

The two cell lines T24 and L1210 showed similar sensi- 
tivities to the compounds; IC50 values of  the four most 
active compounds gave the same ranking, headed by 
AFPA. The most potent ODC inhibitors (Table 1; com- 
pounds with ICs0 values below 100 nM) were 55- to 330- 
fold less active against growing cells, whereas the weaker 
ODC inhibitors (ICs0 > 3 gM) showed comparable or 
higher antiproliferative activity. Thus, ODC-inhibitory 
potency apparently could not be directly translated into 
antiproliferative activity. The weaker ODC inhibitors 
probably blocked cell growth by mechanisms different 
from polyamine depletion, since growth inhibition by these 
compounds was hardly reversed by spermidine. However, 
incubation of the cells in the presence of spermidine could 
completely protect them from the antiproliferative effect of 
the highly potent ODC inhibitors APA, AFPA, and com- 
pounds 2 and 3 (Table 5). 

Both the rate of uptake of compounds and their intra- 
cellular accumulation might also contribute to their anti- 
proliferative potency. APA has been shown to be degraded 
in cells at a considerable rate [9]. We have not studied the 
metabolic fate of  our compounds in detail; preliminary 
experiments indicated that homogenates from T24 cells 
degraded AFPA rather slowly. 

Interference with cellular spermidine uptake 

Antiproliferative effects 

Assuming that cells would not catabolize intracellular 
polyamines or release them into the surrounding medium 

Eukaryotic cells have at least one specific polyamine up- 
take system [23]. We have studied the interference of some 
of our compounds with spermidine uptake by T24 cells as 
a model system for functional analogy of our compounds 
to natural polyamines. None of the compounds significant- 
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Fig. 2 A, B. ODC gene amplification and ODC mRNA overexpression 
by AFPA-resistant L1210 and Sultan cells. Cells underwent several 
rounds of selection for resistance against AFPA as described in the 
experimental section and were finally exposed to 100 gM AFPA (Sultan 
cells) or 500 gM AFPA (L1210 cells) for 6 months. A Left half: For 
Northern blot analysis, 10 Bg of total RNA was fractionated by electro- 

phoresis on formaldehyde-containing agarose gels and probed with a 
nick-translated ODC-probe [15]; molecular size markers are shown in 
the centre. B For Southern blot analysis (B) right half: 10 gg of EcoRI- 
digested DNA was fractionated by electrophoresis and probed with the 
same ODC probe; molecular size markers are shown in the middle 

ly inhibited spermidine uptake at growth-inhibitory con- 
centrations indicating that the compounds were not recog- 
nized by the cellular spermidine uptake system. Hyv6nen 
et al. [8] have also shown that APA does not interfere with 
polyamine uptake in BHK cells. These compounds may 
enter the cells via a different uptake route. From rat cell 
culture experiments published by Nicolet et al. [21 ], one 
would have postulated that putrescine analogues would at 
least partly antagonize the uptake of spermidine. 

Table 5. Antiproliferative activities of APA derivatives against T24 and 
L1210 cells 

Compound Cell growth inhibition (ICs0, gM _+ SD) Protection by 
no. spermidine a 

T24 L1210 

APA 5.1 + 4.4 9.6+0.49 + 
1 (AFPA) 0.79___ 0.5 2.0_+0.31 + 
2 13. _+ 7.4 14. _+1.2 + 
3 10. + 4.9 89. +0.92 + 
4 35. _+20 25. _+1.9 n.d. 
5 0.83_+ 0.3 2.9_+0.57 n.d. 
6 8.0 _+ 4.7 22. +0.68 n.d. 
7 1.4 _+ 0.6 3.2_+0.65 n.d. 
8 156. +34 <256 n.d. 
9 178. _+32 202. _+2.3 n.d. 

10 6.5 _+ 5.4 20. _+0.33 n.d. 

Values give averages of at least three individual determinations 4- stan- 
dard deviation. For experimental conditions, see "Materials and 
methods". Growth inhibition was recorded after 48 h (L1210 cells) or 
120 h (T24 cells). 
Increase in ICs0: +, >10-fold; _+, 3- to 10-fold; -, _<2-fold; n. d., not 
determined 
a Spermidine (10 gM) was added together with the ODC inhibitor 

Influence on intracellular polyamine pools 

The well-studied specific ODC inhibitor o~-difluoro- 
methylornithine caused significant depletion of cells of 
putrescine and spermidine, but not of spermine [18]. 
The effect of AFPA and APA on polyamine pools of 
L1210 cells and of T24 cells was similar; putrescine and 
spermidine, but not spermine were depleted after 4 8 - 9 6  h 
exposure of the ceils to the compound (Table 6). 

ODC inhibitors of lower potency, e. g. compound 7, did 
not significantly affect cellular polyamine pools at concen- 
trations inhibiting cell growth by 50% (data not shown). 

Mechanism of cellular AFPA resistance 

Both mouse L1210 cells and human Sultan cells could be 
adapted to growth in the presence of 100 p,M AFPA by 
stepwise increase of drug concentration in the medium. 
After extended times of culture in the presence of high drug 
concentration, the cells apparently had amplified their 
ODC gene(s), as shown by Southern blot analysis 
(Fig. 2B) using the same probe as described previously 
[15]. Also the cellular content of ODC mRNA was clearly 
elevated compared with that of  untreated cells (Fig. 2A). 
Since overexpression of ODC message (and probably also 
of the ODC protein) appeared to protect the cells from the 
growth-inhibitory action of AFPA, this drug seems to af- 
fect proliferation primarily by interference with cellular 
ODC. These results are pretty much the same as those 
described for cells resistant to ~-difluoromethylornithine, 
which also had amplified ODC genes and overexpressed 
the ODC mRNA [15]. 
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Fig. 3. Antitumour activity of AFPA in comparison with a-difluoro- 
methylornithine (DFMO) in female CD-1 nude mice bearing human 
bladder carcinoma T24. Tumour cells (107/mouse) were injected at 
day 0, and starting at day 13 AFPA was given orally once dally for 
10 days at a dose of 25 mg/kg (1/20 of the MTD; [3) or 50 mg/kg (1/10 
of the MTD; �9 ). Control animals received saline treatment instead ( � 9  
and the reference compound DFMO was given at a dose of 1000 mg/kg 
(1/5 of the MTD; x). Mean tumor volumes were measured at days 13 
(onset of treatment), 17, 22 (last treatment) and 25 as described [19] 

Antitumour activity 

AFPA was tested for antitumour activity in female CD-1 
nude mice bearing transplantable human bladder carcino- 
ma T-24. As shown in Fig. 3, AFPA was active in this 

tumour model following oral administration when given 
once daily at 25 or 50 mg/kg (1/20 or 1/10 of the maximal- 
ly tolerated dose) for 10 days. The compound had a mmori- 
static action, blocking tumour growth by some 90% by the 
end of treatment; tumour regrowth was obserVed after the 
end of antitumour treatment. The antitumour activity of 
AFPA was much higher than that of the reference ODC 
inhibitor (z-difluoromethylornithine, which had to be giv- 
en at a 20-fold higher dosage for any antitumour effect to 
be seen in this model. 

It thus appears that potent ODC inhibitors such as the 
APA derivatives used in this study are potential antitumour 
agents. Further studies investigating the mechanism of an- 
titumour action in experimental animals are in progress. If 
the therapeutic window between toxic effects of these com- 
pounds and their antitumour activity turns out to be broad 
enough, compounds of this class should be investigated in 
clinical trials. 
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