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Following numerous experimental observations
that various non-steroidal anti-inflammatory drugs
have antitumor potentials, a series of fenoprofena-
mides (1a-g) and ketoprofenamides (2a-c) was tes-
ted on proliferation of different human tumor cell
lines and normal human fibroblasts in vitro. Feno-
profen and ketoprofen showed modest antiprolif-
erative activity, whereas the growth inhibitory
activity of the tested amides clearly demonstrates
that the substituents linked by an amide bond are
essential for the significantly stronger cytostatic
activity, probably because of a greater lipophilici-
ty and/or better cell uptake. Additionally, it was
shown that the most active derivatives (1d and 2a)
induced cell cycle arrest at the G1 phase, as well
as apoptosis.
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Numerous experimental, epidemiological and clinical studies suggest
that non-steroidal anti-inflammatory drugs (NSAIDs) are promising
anticancer drugs (1) and may be associated with reduced risk of
colon, lung, liver and other types of cancers (2). Although the mech-
anism responsible for the antitumor activity of NSAIDs is still
unknown, it is commonly attributed to the inhibition of the inducible
cyclooxygenase isoenzyme COX-2, which is overexpressed in many
epithelial tumors (3). However, antineoplastic effects of NSAIDs may
also include activation of apoptosis, inhibition of angiogenesis, or
direct inhibition of cancer cell growth by blocking signal transduction

222

pathways responsible for cell proliferation (4,5). Moreover, both non-
selective COX-1/2 inhibitors (e.g. aspirin, sulindac, piroxicam, ibupro-
fen and indomethacin), as well as COX-2 selective ones (e.g. celec-
oxib and NS 398) have been shown to exert substantial
antiproliferative effects, mainly inducing G1 cell cycle arrest or apop-
tosis, in various tumor cell lines regardless of COX-2 expression
(6,7). Taken together, these findings suggest that NSAIDs may medi-
ate their growth-inhibitory effects at least in part through COX-inde-
pendent mechanisms.

Fenoprofen (Fen) and ketoprofen (Ket) are well-known analgesic
and NSAIDs which are used in the management of mild to mod-
erate pain, fever and inflammation processes, whereas their anti-
tumor potential has acquired limited attention to date (8,9). Both
drugs, especially Ket, have rather short plasma half-lives, there-
fore, repeated doses must be given to maintain the therapeutic
effect (10). To minimize side-effects, prolong plasma half-life and
increase water solubility or lipophilicity numerous derivates of var-
jious NSAIDs have been synthesized, which serve as potential pro-
drugs. For example, a number of NSAIDs derivatives such as
aliphatic and aromatic esters and amides, along with amide deriv-
atives with covalently linked anti-oxidant moieties (11-13) were
prepared as potential prodrugs. Furthermore, it has been shown
that a series of phenalic ester and amide derivatives of the
NSAID naproxen had both antioxidative and antiproliferative activ-
ity. Besides, they were all more potent inhibitors of cell prolifer-
ation than naproxen itself and the amide derivatives tended to be
more potent as antiproliferative agents than the corresponding
esters (14).

In our previous papers, synthesis of Fen and Ket prodrugs of
amide type was described (11,12). The present study reports the
effect of fenoprofenamides and ketoprofenamides on proliferation
of different human tumor cell lines, as well as normal human
fibroblasts in vitro, compared with the activity of the parent com-
pounds.

Results and Discussion

Chemistry

A series of fenoprofenamides 1a—g and ketoprofenamides 2a-c,
investigated in present study, (Figure 1) were synthesized by
aminolysis of Fen or Ket benzotriazolides with corresponding amine,
hydroxylamine or amino acid (11,12), whereas the starting benzotri-
azolides were prepared from 1-benzotriazole carboxylic acid chloride
and Fen or Ket, respectively (15,16).
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Table 1: /n vitro inhibition of

the growth of tumor cell lines and IC8o (M)

normal human fibroblasts (Wl 38) Compounds  Hep-2 Hela MiaPaCa-2 SW620 MCF-7 Wi 38
Fenoprofen >100 >100 >100 >100 >100 >100
1a 43 +2 44 + 9 > 100 78 £ 21 38 +18 >100
1b 41 +10 58 +9 40 + 0.7 44 + 7 22+7 48 + 50
1c 21+03 15+07 19+5 30+5 21 1 16+ 0.3
1d 16 + 0.1 19+2 18+3 16+8 13+8 21+6
1e 3b+14 18+3 17+3 25+7 27 +2 27+ 6
1f >100 >100 >100 >100 >100 >100
19 95 + 50 58 + 46 >100 70 £ 16 >100 36 +15
Ketoprofen >100 >100 >100 >100 >100 >100
2a 15+17 17+6 16 +2 2002 131 34 +728
2b 6+18 69 + 26 >100 >100 81+ 20 >100
2c >100 54 + 42 >100 >100 >100 22+ 6

?|Csp, the concentration that causes a 50% reduction of the cell growth.

O
WS
Compound X R ClogP?®
fenaprofen 0 OH 3.820
Ta 0 NH(CH,),CH3 4150
b 0 N(CH,CHs), 4.430
Tc 0 NHCH,CgHs 5.125
1d 0 NHCgH1 5.128
e 0 NH(CH,),CeHs 5.194
1f 0 NH(CH,),0H 2.710
19 0 NH(CH,);0H 2.990
ketoprofen co OH 2.760
2a co NHCgH1 4.068
2b co NH(CH,);0H 1.938
2c co NH(CH,),CO0H 2.080

CgHs - phenyl; CgHy - cyclohexyl; calculated partition coefficient

Figure 1: Structural formula of fenoprofenamides 1a-g and
ketoprofenamides 2a—c.

Biological results and discussion

The tested compounds showed different antiproliferative effect on
the presented panel cell lines (Table 1, Figure 2). Fen and Ket
showed low growth inhibitory activity at the tested concentration
range, which is in agreement with the tumor cell growth-inhibitory
effective concentrations of other NSAIDs in various tumor cell types
published so far; the 50% inhibitory concentrations reported usually
vary between 0.1 and 5 mm, with some exceptions (e.g. celecoxib)
(4,17,18). However, it is clearly demonstrated that all amide deriva-
tives of both Fen and Ket show stronger antiproliferative effect.
The compounds bearing hydrophilic hydroxyl or carboxylic substitu-
ents (1f and 2¢, respectively) showed little or no growth inhibition,
whereas compounds 1g and 2b, both with hydroxypropyl group
showed similar, slightly stronger, but still weak inhibitory activity.
On the contrary, compounds 1b-e and 2a strongly and/or differ-
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ently and dose-dependently inhibited the growth of all tested cell
lines. Moreover, the most active ones were cyclohexyl-bearing com-
pounds 1d and 2a (Figure 2). Comparison of all ICsy values for
tumor cells and normal fibroblasts (WI38) indicates that compounds
1a, 2a and 2b showed the best selectivity — they inhibited more
strongly the growth of tumor cells than the growth of normal fibro-
blasts. As Fen and Ket did not show any marked inhibition of cell
growth at the tested concentration range, it could be concluded
that the substituents are crucial for more pronounced antiprolifera-
tive activity of their amide derivatives. Given that there is obvious
correlation between the biological activity and calculated lipophilici-
ty (Clog P), one could assume that the membrane affinity/permeabil-
ity may represent an important requirement for their activity. This is
in correlation with other studies that showed strong correlation
between the lipophilicity of various NSAIDs and their biological
activity (19). Moreover, Barbato et al. showed that the lipophilicity
of NSAIDs is an important prerequisite for the specific binding with
COX-2, and not with COX-1 (20), which is recognized as one of the
potential mechanisms of their antitumor activity.

As compounds 1d and 2a showed the most outstanding activity,
we tested them additionally, along with Fen and Ket, to check whe-
ther these compounds could induce any cell cycle perturbations
and/or apoptosis in colon (SW620) and laryngeal (Hep-2) tumor cell
lines. Namely, various studies thus far have reported that NSAIDs
inhibit growth of human tumor cells mainly via GO/G1 cell-cycle
arrest (18,21) and can also induce apoptotic cell death after a pro-
longed period of incubation and/or by treatment with higher con-
centrations (22). The treatment with Fen and Ket did not induce any
difference in the distribution of cell cycle phases; neither there was
an increase of the percentage of dead cells after the treatment
with above mentioned compounds at ¢ = 50 um (data not shown).
On the contrary, the treatment with compounds 1d and 2a at the
same concentration, which is slightly above the ICsy concentration,
had reasonable effect on the cell cycle, demonstrating the cell
growth arrest in GO/G1 phase and reduction of cells in S phase of
the cell cycle (Table 2). Although this effect is not spectacular, it
should be stressed out that the concentration is quite low compar-
ing to published data on cell cycle changes induced by various
NSAIDs. For example, Shiff et al. have shown that the treatment
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Table 2: Flow cytometric analysis of Hep-2 and SW620 cells
treated with 1d and 2a

Hep-2 SW620
Treatment®  Cell cycle phase® 24 h 48h 72h 24h 48h 72h
Control SubG1 10 8 13 4 5 5
G0/G1 45 52 54 49 42 48
S 23 28 31 37 46 37
G2/M 32 20 15 13 12 15
1d SubG1 14 15%  29* 6 5 6
GO/G1 46 b5*  59*  BH*  B2*  H4*
S 24 28 26 30 38* 32¢
G2/M 30 17 15 15 10 14
2a SubG1 " 15%  30* 5 5 4
GO/G1 46 b4*  66* B3* 57" 48
S 28 26 19 32¢ 3¢ 40
G2/M 26 20 15 15 11 12
% =50 um.

®The results are shown as percentages of cell population in each cell cycle
phase. The experiment was repeated three times, and the results were
within 10%.

*Statistically significant at p < 0.05.

with 400-1 500-um aspirin, piroxicam, naproxen and indomethacin
caused a concentration-dependant increase in the percentage of
cells in GO/G1 phase and a decrease in the proportion of cells in S
phase, which were noted as early as 48 h after the treatment (18).
This study is entirely in accordance with ours, except that we used
much lower concentration range. Higher concentrations would cer-
tainly induce more prominent effect, but as mentioned in the Intro-
duction, it is our main goal to prepare potential antitumor
compounds which should be used at as low as possible concentra-
tions and thus induce minimal side-effects. The effects on SW620
tumor cells were visible already 24 h after the treatment with both
compounds, being most drastic after 48 h, somewhat stronger for
2a than 1d. After 72 h of incubation with 1d this effect dimin-
ished, probably because a certain number of cells survived and con-
tinue to divide, whereas compound was either exhausted or
metabolized by the cells during this time period. Similar observation
was reported by Shiff et al, who found that the effect of piroxicam
and naproxen dissipated after the first 48 h of incubation with
these compounds, which could be because of the emergence of a
resistant subpopulation of cells (18). The treatment of Hep-2 cells
exhibited no cell cycle changes 24 h after incubation with both
compounds, but cells were arrested in G1 phase during the next
48 h. Besides, 2a displayed the strongest effect (G1 arrest and S
phase reduction) after 3 days of incubation. Moreover, the treat-
ment of Hep-2 tumor cells with 1d and 2a yielded a similar and

Table 3: Percentages of apoptotic cells in Hep-2 cell line after
incubation with compounds1d and 2a

Time (h)
Treatment® 24 48 72
Control 19+18 09+04 20+17
1d 2105 35+06 47 £05
2a 0.7 +0.1 53+22 58+05
% =50 um.
224

prominent increase in the percentage of dead/apoptotic cells (the
subG1 population) during the 72-h period (about two times more
dead cells comparing to the non-treated cells), whereas the subG1
population of SW620 cells did not differ significantly from control
samples. This fact obligated us to verify the potential activation of
apoptosis in Hep-2 cells by more specific test. Indeed, the Annexin
V-assay confirmed that about two to four times more cells entered
apoptosis after 48 and 72 h, when compared with control samples
(Table 3). However, these results suggest that the G1 arrest is the
major growth-inhibitory mechanism of these NSAID amides at the
50 um concentration and that apoptosis is activated to a lesser
extent and after a prolonged period of treatment. These results are
in a clear accordance with the previously reported potentials of var-
ious NSAIDs to inhibit tumor cell proliferation by inducing the G1
arrest in the cell cycle and/or apoptosis (6,7,18).

Conclusions and Future Directions

Following numerous experimental observations that various
NSAIDs have antitumor potentials, a series of Fen and Ket amide
derivatives was tested on proliferation of different human tumor
cell lines and normal human fibroblasts in vitro. Fen and Ket
showed modest antiproliferative activity, whereas the growth
inhibitory activity of the tested amides clearly demonstrates that
the substituents linked by an amide bond are essential for the
significantly stronger cytostatic activity, probably because of a
greater lipophilicity and/or better cell uptake. Additionally, it was
shown that the most active derivatives (1d and 2a) induced cell
cycle arrest at the G1 phase, as well as apoptosis, which are
major mechanisms of NSAIDs antitumor activity. We believe that
these investigations should form the basis for further research
and synthetic optimization of novel NSAID amides as potential
prodrugs for antitumor therapy or chemopreventive applications
with less-toxic side effects. Currently, studies are in progress to
assess the anti-inflammatory activity of these compounds, as well
as COX selectivity.

Experimental Section

Chemistry

Fenoprofenamides 1a—-g and ketoprofenamides 2a-c were syn-
thesized following previously published procedures (11,12). The
structural formula of the prepared amides is given in Figure 2. All
analytical and spectral data were in agreement with the previously
published results. Fen was purchased from Eli Lilly Company, (India-
napolis, IN, USA), Ket was kindly obtained from Belupo (Croatia)
and all amines were purchased from Aldrich (St.Louis, MO, USA).
The octanol-water partition coefficients (log A were calculated by
ChemDraw Ultra 6.0 (CambridgeSoft Corporation, Cambridge, MA, USA).

Biological studies
Proliferation assay
The Hela, MiaPaCa-2, SW620, MCF-7, Hep-2 and WI 38 cell

lines were seeded into a series of standard 96-well microtiter

Chem Biol Drug Des 2007; 69: 222-226
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Figure 2: Dose-response profiles for fenoprofen, ketoprofen, 1d and 2a tested on various human tumor cell lines and normal fibroblasts
in vitro. The cells were treated with the compounds at different concentrations, and percentage of growth (PG) was calculated. Each point
represents a mean value of four parallel samples in three individual experiments.

plates on day 0, at 1x 10* to 3 x 10* cells/mL, depending on
the doubling times of the specific cell lines. Test compounds
were then added in five, 10-fold dilutions (1078=107* wm) and
incubated for a further 72 h. Stock solutions were prepared in
DMSO0, (¢ = 0.1 m), whereas working dilutions were freshly pre-
pared on the day of testing. The solvent (DMSQ) was also tes-
ted for eventual inhibitory activity by adjusting its concentration
to be the same as in working concentrations (DMSO concentra-
tion never exceeded 0.1%). After 72 h of incubation, the cell
growth rate was evaluated by performing the MTT assay, as
described previously (9).

Cell cycle analysis

Cells were seeded (2 x 10° per well) in a 6-well plate. After 24 h
the tested compounds were added at concentration of 50 um. The
attached cells were trypsinized, combined with floating cells,
washed with phosphate buffer saline (PBS) and fixed in 70% eth-
anol for 24, 48 and 72 h after the treatment with compounds.
Immediately before the analysis, the cells were washed with PBS
and stained with 2.5 ug/mL of propidium iodide (PI) with the addi-
tion of 0.2 ug/uL of RNAse A. The stained cells were then ana-
lyzed with FACSCalibur™ (Becton Dickinson, Immunocytochemistry
Systems, San Jose, CA, USA) flow cytometer (20 000 counts were
measured). The percentage of the cells in each cell cycle phase
was determined using moorT T™ software (Verity Software House
Inc, Topsham, ME, USA) based on the DNA histograms. As a mini-
mum, three experiments were carried out in triplicates, and Stu-
dent's ttest (p<0.05) was used to measure the statistical
significance.
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Annexin-V test

Detection and quantification of apoptotic cells at single cell level
were performed using Annexin-V-FLUQS staining kit (Roche Diagnos-
tic GmbH, Mannheim, Germany), according to the manufacturer's
recommendations. After a desired length of time, both floating and
attached cells were collected. The cells were then washed with
PBS, pelleted and resuspended in staining-solution [annexin-V-fluo-
rescein labeling reagent and Pl in Hepes buffer]. The cells were
then analyzed under a fluorescence microscope. Annexin-V (green
fluorescent) cells were determined to be apoptotic. Percentage of
apoptotic cells was expressed as a number of fluorescent cells in
relation to the total cell number (fluorescent and non-fluorescent
cells), which was expressed as 100%.
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