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Abstract : This work was carried out on the cytotoxic activity of semicarbazone and anilide derivatives of
ketoeicosanoic acids on canine mammary tumor cell line (CMT-U27). Five semicarbazone compounds (1-
5) and five anilide compounds (6-10) were used in this study. 8-Semicarbazone eicosanoic acid (3) was
shown to  be  cytotoxic.  In  contrast,  10-keto  eicosanoic  acid  anilide  (9)  has  been  shown to  be  less
cytotoxic towards CMT-U27 cell line.
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INTRODUCTION

In  recent  years,  pharmaceutical  industry  has
been  focused  on  the  development  of  new
innovative  drugs  for  cancer  therapy,  due  to
cancer represents an important health problem at
a  global  level.  Many  natural  and  synthetic
compounds are in charge of affecting selectively
specific  organs  and  tissues  within  a  biological
system. Particularly heterocyclic compounds are
being  studied  as  anticancer  reagents.  Among
such  compounds,  Schiff  bases  are  important
functional groups in terms of biological activities
as  antimicrobial  (1-3),  anti-inflammatory  (4,5),
analgesic (6,7), and pesticidal agents (8,9). 

Keto-fatty  acids  are  stable  compounds. High
molecular weight keto-fatty acids constitute the
structure  of  plant  waxes.  There  are  many
literature reports on the biological activity of fatty
acids. For example, antibacterial effects of C12-C18

saturated and unsaturated fatty acids have been
observed  (10).  As  another  one,  it  has  been
suggested  that  surfactants  prepared  from fatty
acids have a skin irritation-reducing effect. They
show good biodegradability and low toxicity,  so
they are defined as environmentally friendly (11).
Amides  and  anilides  are  also  important  in
pharmaceutical, agrochemical industries, and are
used  as  protecting  groups  in  organic  synthesis
(12,13).  It  has  been  proved that  some of  the
fatty acid amides and anilides synthesized have
good activity against gram-positive bacteria (14).
The  anticancer  activities  of  vanillin
semicarbazone  have  been  reported  against
Ehrlich Ascites Carcinoma (EAC) (15). 

In  this  study,  anilide  and  semicarbazone
derivatives  of  (4-12)  monoketo  C20 fatty  acids
were  examined as  anti-cancer  agent  on canine
mammary  tumor  cell  line  (CMT-U27)  and  the
effect of the position of the keto group were also,
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too. Canine mammary tumors (CMTs) are most
frequent  neoplasia  in  female  dogs,  as  well  as
considered as a suitable model for human breast
cancer. 

MATERIAL AND METHODS

(4-12)  Monoketo  eicosanoic  acid  anilides
and semicarbazones synthesis
In previous work, 4-, 6-, 8-,10- and 12-keto C20

esters were synthesized by Blaise reaction with
high  purity  by  Çelik  and  Özeriş.  These  esters
were hydrolyzed to the corresponding carboxylic
acids.  Then  semicarbazone  and  anilide
derivatives of keto acids were obtained (16). 

Cell line and reagents
The canine mammary  carcinoma cell  line  CMT-
U27 was kindly donated by Dr. Eva Hellmén from
Uppsala  University,  Sweden.  Cell  line  was
maintained in Dulbecco’s modified Eagles Medium
(DMEM-F12) (Invitrogen, CA) supplemented with
1% (v/v) L-glutamine (Gibco, USA), 10% (v/v)
heat-inactivated fetal  bovine serum (Invitrogen,
CA)  and  100  U/mL  penicillin  and  100 μg/mLg/mL
streptomycin (Gibco, Grand Island, NY, USA) at
37 °C in a humidified atmosphere of 5% CO2. The
cells  were  cultured  at  37  °C  in  a  humidified
atmosphere  with  5%  CO2.  Cells  were  sub-
cultured as they reached 80–90% confluence and
adherent cells were detached by incubation with
Trypsin/EDTA  solution.  Cell  number  was
determined using a 0.2% trypan blue dye with
the  Cedex  XS  cell  counter  system  (Innovatis,
Roche,  Germany).  Anilide  and  semicarbazone
derivatives of C20 keto fatty acids were dissolved
in dimethyl sulfoxide and then further diluted in
culture media. Doxorubicin was purchased from
Sigma-Aldrich (St Louis, MO, USA) and dissolved
in culture media.

MTT assay
Cell  viability  was  assessed  using  a  commercial
cell  proliferation  MTT  [3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltrazolium  bromide]  kit  (Roche
Applied  Science,  Germany)  according  to  the
manufacturer’s  instructions.  Briefly,  cells  were
seeded at a density of 1×104 cells/well in 96-well
plates  (Jet  Biofil,  Canada)  and then allowed to
settle and attach overnight in culture media and
incubated at 37 °C in a humidified atmosphere of
5% CO2  for 24h and then treated with  varying
concentrations  of  anilide  and  semicarbazone
derivatives  of  C20 keto  fatty  acids  (3.25 – 100
µM) and doxorubicin (0.2-8 µM) for 72h. At the
end of incubation period 10 μg/mLL of MTT solution [5
mg/mL in phosphate buffered saline (PBS)] were
added to each well. The plates were incubated for
4 h in a humidified atmosphere at 37 °C with 5%
CO2. The purple water- insoluble formazan salt
was then dissolved with 10% SDS in 0.01M HCl
and the plates were incubated overnight in a cell
culture  incubator.  The  optical  densities  of  the
wells were measured at 595 nm using a Multi-
Mode microplate reader (FilterMax F5, Molecular
Devices, USA). The effect of each compound on
growth  inhibition  was  assessed  as  percent  cell
viability where vehicle (DMSO)-treated cells were
taken  as  100%  viable.  The  mean  of  triplicate
experiments for each dose was used to calculate
the concentration of compounds required for 50%
inhibition  of  cell  viability  (IC50)  as  determined
using  the  Biosoft  CalcuSyn  software  (Biosoft,
UK).

RESULTS AND DISCUSSION

This  work  was  carried  out  on  the  cytotoxic
activity of semicarbazone and anilide derivatives
of  keto  eicosanoic  acids  on  canine  mammary
tumor  cell  line  (CMT-U27).  Five  semicarbazone
compounds (1-5) and five anilide compounds (6-
10) were used in this study (Scheme 1). 

CH3(CH2)nCO(CH2)mCONHC6H5CH3(CH2)nC(CH2)mCOOH

NNHCONH2

1-5 6-10

1 (n:15,  m:2)                                                 6  (n:15,  m:2)
2 (n:13, m:4)                                                  7  (n:13,  m:4)
3 (n:11, m:6)                                                  8  (n:11, m:6)
4 (n:9,  m:8)                                                   9  (n:9,  m:8)
5 (n:7, m:10)                                                  10 (n:7,  m:10)

    Scheme 1. Semicarbazone and anilide derivatives of keto eicosanoic acids.

The  cytotoxicity  was  determined  using  3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

bromide (MTT) assay. The half maximal inhibitory
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concentrations  (IC50)  were  calculated  by  using
Calcusyn software. 

At  the  end  of  the  72  hour  treatment,  only
compounds, 8-semicarbazone eicosanoic acid (3)
and 10-keto eicosanoic acid anilide (9) inhibited
cell growth towards CMT-U27 cell line. The other
compounds did not show appreciable activity in
the  experiments  performed  (Table  1).  Among

these  compounds,  8-semicarbazone  eicosanoic
acid (3) and 10-keto eicosanoic acid anilide (9)
displayed  effective  cytotoxic  potential  against
CMT-U27 and IC50 concentrations were recorded
at 1.952 µM and 54.01 µM, respectively. The IC50

of  doxorubicin  as  a  positive  control
(chemotherapeutic  agent)  was  founded  as  0.8
µM.

Table 1. Cytotoxic activity of keto eicosanoic acid anilides and semicarbazone eicosanoic acids
Compound Cytotoxicity (%)

100 µM 75 µM 50 µM 25 µM 12.5 µM 6.25 µM 3.125 µM
1 - - - - - - -
2 - - - - - - -
3 65.77 75.26 70.32 57.95 60.32 60.75 54.27
4 - - - - - - -
5 - - - - - - -
6 - - - - - - -
7 - - - - - - -
8 - - - - - - -
9 61.72 56.45 53.45 31.39 27.43 22.79 26.45

10 - - - - - - -
3: 8-Semicarbazone eicosanoic acid    9: 10-Keto eicosanoic acid anilide  

Cytotoxic  activity  was  not  detected  in
4-,6-,10-,12-semicarbazone eicosanoic acids and
4-, 6-, 8-, 12-keto eicosanoic acid anilides and,
when the keto group is evaluated in terms of its
location,  it  has  been  found  that  the  keto
functional group has a better cytotoxic activity if
it  is  in  the  middle  of  the  chain.  Anilide  and
semicarbazone  containing  a  keto  group  at  the
beginning or at the end of the chain did not show
cytotoxic activity against the CMTU 27 tumor.

8-Semicarbazone eicosanoic acid (3) was shown
to be cytotoxic.  In contrast,  10-keto eicosanoic
acid  anilide  (9)  has  been  shown  to  be  less
cytotoxic towards CMT-U27 cell line.

Our  results  indicate  that  8-semicarbazone
eicosanoic  acid  (3) may  benefit  as  a  novel
chemopreventive  compounds  for  anticancer
therapy.
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