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EVALUACIÓN DE LA RESPUESTA
QUIMIOPREVENTIVA DE DOS INHIBIDORES

DE LA CICLOOXIGENASA 2, ETORICOXIB
Y DICLOFENACO EN EL CÁNCER DE COLON

MURINO EMPLEANDO LAS TÉCNICAS
ESPECTROSCÓPICAS FTIR Y NMR

Resumen

Los fármacos antiinflamatorios no esteroideos (AINE)
son eficaces en la prevención del cáncer colorrectal. Por lo
tanto, la capacidad potencial de Etoricoxib, un inhibidor
selectivo de la ciclooxigenasa-2(COX-2), y de Diclofe-
naco, un inhibidor preferencial de la COX-2, se considera
en la quimioprevención de la carcinogénesis de colon
inducida por 1, 2-dimetilhidracina (DMH) en el modelo
murino. Se inyectó s.c. DMH durante 6 semanas a la vez
que se administraban diariamente por vía oral Etoricoxib
y Diclofenaco solos y en combinación con una inyección
s.c. semanal de dihidrocloruro de 1,2-dimetilhidracina
(DMH) a las ratas. Después del período de tratamiento de
6 semanas, se sacrificó a los animales mediante una sobre-
dosis de anestesia con éter y se extirpó el tejido colónico
para estudio con las técnicas espectroscópicas FTIR y
NMR para evaluar los cambios que ocurrieron en la
bicapa lipídica de las membranas lipídicas colónicas. Se
registraron las alteraciones en el número de onda del
espectro FTIR así como las desviaciones químicas del
espectro NMR, lo que significa la modulación de los lípi-
dos de membrana durante la carcinogénesis colónica y la
posible prevención del cáncer mediante la administración
de AINE por vía oral en un modelo experimental de carci-
nogénesis colónica inducida por un agente químico.
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Abstract

Non steroidal anti inflammatory drugs (NSAIDs) are
efficacious in chemoprevention of colorectal cancer.
Therefore, the potential ability of Etoricoxib, a selective
cycloxygenase-2(COX-2) inhibitor and Diclofenac, a
preferential COX-2 inhibitor are considered in the
chemoprevention of 1, 2-dimethylhydrazine (DMH)
induced colon carcinogenesis in rat model. DMH was
injected s.c. for six weeks while Etoricoxib and Diclofenac
were fed daily orally alone and also in combination with
an weekly subcutaneous injection of 1,2-dimethylhy-
drazine dihydrochloride (DMH) to the rats. After the
treatment period of 6 weeks the animals were sacrificed
by an overdose of ether anesthesia and the colonic tissues
were removed and studied by the FTIR and NMR Spec-
troscopic techniques to evaluate the changes occurring in
the lipid bilayer of colonic membrane lipids. The alter-
ations in wave number of FTIR spectra as well as the
chemical shifts of NMR spectra were recorded which sig-
nify the modulation of membrane lipids during colon car-
cinogenesis and possible cancer prevention by the oral
administration of NSAIDs in an experimental model of
chemical induced colon carcinogenesis.
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Introduction

Recent evidences indicate that cycloxygenase-
2(COX-2) is a main pharmacological target for anti-
cancer therapy for which the use of non-steroidal anti-
inflammatory drugs (NSAIDs) had been suggested.1,2

The use of NSAIDs was particularly linked to the
chemoprevention of colorectal cancer3. Anti-inflam-
matory actions of the NSAIDs rest on their ability to
inhibit the activity of COX enzyme, which in turn
results in diminished synthesis of primarily the proin-
flammatory prostaglandins, PGE

2
.4-7 Their therapeutic

effects may partly be due to their ability to induce mod-
ification on physical characteristics of the membrane
lipid bilayer.8 There are two COX isoforms; while
COX-1 is constitutively expressed in almost all tissues,
COX-2 is inducible and results due to the expression of
an early immediate response gene. Expression of
COX-2 is increasingly induced by growth factors,
cytokines, pharmacological agents and also during the
consecutive stages of colon and other cancer. The role
of this enzyme in colorectal carcinogenesis is particu-
larly well established by Oshima and Taketo (2002)
showing that COX-2 deficiency partly suppressed the
familial adenomatous polyposis as well as the colon
cancer.9 

In the present study, experimental colon carcino-
genesis is produced by subjecting the rats to 1, 2 -
dimethylhydrazine (DMH) which is a colon specific
carcinogen and metabolically active in the liver and
then delivered to the colon via the blood stream or bile
as glucuronide conjugate10. After further activation, it
methylates DNA mainly at the N’ and O6 positions of
guanine.11 DNA adduct formation is considered to be
the initiating step in the formation of tumerogenesis.12

The colon cancer chemoprevention has been sought
by administering Etoricoxib [5-chloro-6-methyl3-(4-
methyl sulphonyl)-phenyl]-2-3 bipyridine which
belongs to a new generation of NSAIDs that selec-
tively blocks the action of COX-2, while sparing the
action of COX-1. This has the therapeutic advantage
of decreasing inflammation at tissues sites, while
sparing the erosion of gastrointestinal mucosa due to
the cytoprotective function and continued production
of prostaglandins via the COX-1 isoform.13 Further,
the study employs Diclofenac [2-(2, 6-dicloranilino)
phenyl acetic acid] which is a highly effective NSAID
in reducing inflammation and also there is some evi-
dence to show that Diclofenac is a dual inhibitor of
COX-1 and 2.14 In view of the reported damage of the
gastric mucosa and bleeding due to the antiplatelet
effects caused by the inhibition of COX-115 and also
the unexpected cardiovascular side effects due to the
COX-2 inhibition alone16, it may be an attractive
option to use a dual COX-1 and 2 inhibitor like
Diclofenac, which could be an as effective agent in
the cancer regression as the traditional NSAIDs
(COX-1 inhibitor) or specific COX-2 inhibitor (cox-
ibs), but does not overtly manifest the specific patho-

physiology of inhibition of either of the two enzyme
isoforms. The present study therefore seeks to clarify
the relative effectiveness of the two NSAIDs, one
specific COX-2 inhibitor (Etoricoxib) while the other
a preferential COX-2 inhibitor (Diclofenac) in colon
carcinogenesis in elucidating the membrane alter-
ation by using the spectroscopic techniques like FT-
IR and NMR. In our earlier studies, we have shown
the chemopreventive effectiveness of NSAIDs in
colon carcinogenesis with different cyclooxygenase
selectivity.17-22

Materials and methods

Animals

Six to eight week-old male Sprague-Dawley rats of
body weight in the range of 80-100 g were obtained
from Central Animal House of Panjab University,
Chandigarh. The animals were housed in polypropy-
lene cages, embedded with rice husk and maintained
under hygienic conditions on standard animal feed and
free access to water. The body weight of rats was
recorded every week and any change between the dif-
ferent groups in body weight gain could not be found.
Animals were maintained as per the principles and
guidelines of the Ethics Committee of Animal care of
Panjab University for the use of experimental animals
for biomedical research.

Experimental design

Rats were randomly assorted and bodily marked for
identification. Sixty rats were divided into the six
experimental groups having ten animals in each group
as follows: 

Group 1: Control (vehicle treated); Group 2: DMH
treated; Group 3: DMH + Etoricoxib; Group 4:
DMH+ Diclofenac; Group 5: Etoricoxib only; Group
6: Diclofenac only. DMH was given in weekly subcu-
taneous doses of 30 mg/kg body weight for 6 weeks23.
1, 2-dimethyl hydrazine was obtained from Sigma
Chemicals Co. (St. Louis, MO, USA) and prepared
fresh every week in 1 mM EDTA saline, pH being
adjusted to 7.0 using NaOH solution, immediately
before subcutaneous injection. Etoricoxib and
diclofenac were obtained from Ranbaxy Research
Lab (Gurgaon, India) and freshly prepared in the
reported anti-inflammatory dose in 0.5% sodium car-
boxymethyl cellulose.

The route of administration for NSAIDs was by oral
intubation daily alone as well as along with DMH as
mentioned above. The dose of the NSAIDs was chosen
within the therapeutic anti-inflammatory range as
based on the reported ED

50 
value for the rats; 0.6 mg/kg

body weight and 8 mg/kg body weight for Etoricoxib
and Diclofenac, respectively24,25. At the end of six week
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duration the animals of each group were over anaes-
thetized with ether and sacrificed.

Extraction of lipids

The colonic segment starting from the caecum to
the rectal ampulla were removed and flushed clear
with chilled physiological saline (NaCl solution,
9g/L). For extraction of lipids by the method of Folch
et al, the tissue samples collected were hand homoge-
nized with acid washed sand in chloroform: methanol
(2:1)26. To the extract obtained, 0.2 vol KCL (0.9%)
was added (20% of the total volume). The contents
were mixed thoroughly and allowed to stand
overnight so as to separate upper aqueous and lower
lipid layers. The lower layer was washed with 2ml
chloroform: methanol: 0.9% KCL (3:48:47v/v) and
evaporated to dryness at temp below 450C. The dried
lipid was redissolved in a known volume of chloro-
form: methanol (2:1v/v). The lipid extract thus
obtained was stored at -20 0C.

FTIR spectroscopy

Lipids were extracted by the above mentioned
method, dried at 37 0C and then redissolved in KBr in
the ratio of 5:95. The mixture of lipid and KBr was
grounded and pelleted at a pressure of 10-15 tons with
the help of a hydraulic pressure machine. The pellets
obtained were transferred in a spectrophotometer sam-
ple holder and the FTIR spectra recorded in the range
of 450-4,000 cm-1 in a Perkin Elmer instrument.

NMR spectroscopy

The dried lipid powder was dissolved in CDCl
3

and
was taken for analysis by NMR.1H NMR spectroscopy
was performed on a Bruker Avance ll 400 MHz spec-
trometer having a magnetic field strength of 9.4 Tesla.

Results and discussion

Spectroscopy is the technique of using the absorp-
tion and emission or scattering of electromagnetic radi-
ation for qualitative and quantitative study of the mat-
ter. It has attracted the attention of scientists as one of
the methods for the identification and characterization
of biological samples such as the membranes. The
vibrational spectra of a molecule can provide highly
resolved vibrational frequency of various functional
groups, which can be obtained by either IR or Raman
spectroscopy.27 On the other hand the use of 1H NMR
spectroscopic techniques for determining the relative
amount of biomolecules (in the membranes) had been
reported in normal tissues,28 although very little work

had been carried out in the cancerous tissues. In view of
the fact that many pathological conditions are caused
by defects in lipid metabolism, membrane biosynthesis
and assembly, lipid protein interaction in the mem-
brane and the alteration of the functional groups assumes
critical significance,29 which however had not been
reported before. The present report may therefore consti-
tute an important observation of changes in membrane
functional groups as studied by FT-IR and NMR spec-
troscopy in the process of colon carcinogenesis.

FTIR Spectroscopy

The FT-IR spectra of different treated groups of rat
colon are shown in figure 1 (a-f) which table I summa-
rizes the physical characteristics of the spectra which
shows considerable changes, also a shift in the wave
numbers and peak heights was observed. Groups corre-
sponding to wave number ~3398 are R-OH (OH stretch-
ing), R-NH

2
(NH

2
stretching), R

2
NH (NH stretching), and

also corresponding to wave number ~2922, (-CH
2
-)

n
anti

symmetric stretching was present in the control group. (-
CH

2
-)

n
symmetric stretching corresponding to wave

number ~2852 was present in all the treated groups. R-
CO-OR (C = O double bond stretching), C-CH

3
anti sym-

metric bending, and (-CH
2
-)

n
CH

2
bending were present

in all the groups which correspond to the ~1741 and
~1463 wave number, respectively. C-CH

3
symmetric

bending, RCOO anti symmetric and symmetric C = O
double bond stretching, and R-OH (OH- bending) were
noticed in all the groups which correspond to the wave
number ~1377. C-H rocking of > CH

2
corresponding to

wave number ~721 was also present in all the groups.
C = X stretching corresponds to wave number ~2364

and observed in DMH and Etoricoxib only. R-CO-OH C
= O double bond stretching was present in all the groups
except DMH, DMH+ Diclofenac and Diclofenac only
which corresponds to the wave number ~1710. RHC =
CHR’ C = C stretching, RNH

2
bending, R

2
NH (NH bend-

ing amide I bond ) was present in Control and Etoricoxib
and absent in all other groups corresponding to wave no
~1653. RCOO anti symmetric and symmetric C = O dou-
ble bond stretching and R

2
NH (NH bending amide-III

bond) were present in DMH+ Diclofenac treated group
only corresponding to wave no ~1560. RCOO anti sym-
metric and symmetric C = O double bond stretching, N
(CH

3
)

3
+ symmetric CH

3
bending and ROH (OH bending)

were present in Control and Etoricoxib groups only
which corresponds to wave no ~1404. ROH (C-O stretch-
ing), RNH

2
(C-N stretching), (-CH

2
-)n (C-C stretching)

and -H
2
C-COOR (C-O single bond stretching) corre-

spond to wave no ~1163 which were present in all the
treated groups except Etoricoxib. (-CH

2
-)

n
(C-C stretch-

ing), R-NH
2

(C-N stretching) and (R-O)
3
-P = O (C-O

stretching) were present in Control and Etoricoxib group
only which correspond to wave no ~1062.(-CH

2
-)

n
(C-C

stretching), R-NH
2

(C-N stretching), R-NH
3

+ (C-N
stretching), R

2
PO

4
symmetric PO

2
- double bond stretching
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and (R-O)
3
-P = O (C-O stretching) were present in DMH

and DMH + Etoricoxib groups and absent in all other
groups, corresponding to wave number ~1094 (-CH

2
-)

n
. 

NMR Spectroscopy

Analytical NMR spectroscopy yields a spectrum of
peaks at different chemical shifts. These peaks arise
from individual chemical functional groups and thus
can be used to determine the identity of an isolated

unknown compound. Casu et al. (1992) reported the
NMR analysis of lipids extracted from the erythrocytes
and plasma of humans.30 Furthermore, 1H NMR spec-
troscopy has also been applied successfully in the diag-
nosis of Smith-Lemli-Opitz syndrome (SLOS).31,32 In
the present study we used 1H NMR spectroscopy for
detecting the changes occurring at lipid composition
level during the neoplastic transformations in colon
and the NSAIDs induced regression of such tissues.
The 400 MHz proton NMR spectra revealed the pres-
ence of various metabolites at different chemical shifts

Fig. 1 (a-f).—FTIR spectra of colonic lipids of control and treated groups. FTIR spectra were recorded in the range of 450-4,000 cm-1

in Perkin Elmer instrument. a) control, b) DMH, c) DMH + Diclofenac, d) DMH + Etoricoxib, e) Diclofenac, f) Etoricoxib.

a) b)
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e) f)
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Table I
Data analysis of FTIR spectra of colonic lipid of control and treated rats

Wave number (cm-1)
Groups identified

Control DMH DMH + DICLO DMH + ETO DICLO ETO

3398.8 3398.3 3398.1 - - - R-OH OH stretching
R-NH

2
NH

2
stretching 

R
\
NH NH stretching
/
R

2922.9 2923.6 2923.5 2922.9 2923.7 2923.3 (-CH
2
-) Antisym. stretching 

2852.2 2853.2 2853.2 2853.1 2853.3 2852.8 (-CH
2
-)

n
Sym. stretching 

- 2364.4 - - - 2365.2 C = X Stretching (X = C or N)

1741.3 1745.5 1746.2 1743.7 1744.6 1741.9 O
// 
-C-C-O-R C=O double bond stretching

1710.8 - - 1711.0 - 1710.4 O
// 
R-C-OH C=O double bond stretching

1653.1 - - - - 1654.1 R    R’ 
\    /
C = C C = C stretching
/    \ RNH

2
bending

H   H 
R
\
NH NH bending
/
R amide-I bond

- - 1560.3 - - - O
// Anti symmetric & 
R-C-O sym. C=O double bond stretching
R
\
NH NH bending
/ 
R amide-III bond

1404.4 - - - - 1405.4 O
// Anti symmetric &
R-C-O sym. C=O double bond stretching
-N(CH3)

3

+
Sym. CH

3
bending

R-OH OH- bending
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Table I (continuation)
Data analysis of FTIR spectra of colonic lipid of control and treated rats

Wave number (cm-1)
Groups identified

Control DMH DMH + DICLO DMH + ETO DICLO ETO

1463.8 1461.2 1461.4 1461.9 1461.5 1464.3 C-CH
3

Anti sym. Bending 
(-CH

2
-) CH

2
bending

1377.3 1376.7 1367.7 1376.7 1376.6 1376.8 C-CH
3

sym. Bending 
O 
// Anti symmetric & 
R-C-O sym. C=O double bond stretching
R-OH OH- bending

1163.0 1162.0 1161.0 1162.2 1162.2 - R-OH C-O stretching 
R-NH

2
C-N stretching 

(-CH
2
-)

n
C-C stretching 

O 
// 
H

2
C-C-O-R C-O single bond stretching

1062.7 - - - - 1061.3 (-CH
2
-)

n
C-C stretching 

R-NH
2

C-N stretching 
(R-O)

3
-P = O C-O stretching

- 10940 - 1081.8 - - (-CH
2
-)

n
C-C stretching 

R-NH
2 

C-N stretching 
R-NH3 C-N stretching 
O 
|| 
R-O - P-OR sym. PO

2

- 
double 

|| bond stretching 
O 
(R-O)

3
-P = O C-O stretching

721.4 722.2 722.2 722.3 722.3 721.7 C-H rocking of > CH
2

453.5 - - - - - O H 
|| | 
C-C-NH C-C = O bond 
| 
R

values (fig. 2 a-f) (table II). The metabolite peaks
observed in our experiment were compared with the
peaks obtained in the work done by Oostendorp et a,
2006 on lipid extract from blood plasma of humans.33

The chemical shifts for the groups corresponding to
0.68, 0.86, 0.88, 0.91 and 1.01ppm were found to be
similar as reported by these authors with no major
alterations. Further, disappearances of peaks were
noted corresponding to 1.42-1.55, 1.79-1.88, 1.98-
2.09, 2.24-2.35, 2.77-2.87, 4.15/4.29 and 5.26 ppm.

1.42-1.55 ppm proton shift was observed in all the
groups except DMH + Diclofenac while 1.79-1.88 ppm
proton shift was observed in Diclofenac only and
absent in all other groups. Proton shift corresponding
to 1.98-2.09 ppm was observed in Control, DMH,
DMH + Diclofenac whereas in control, DMH +
Diclofenac and Diclofenac only groups, 2.24-2.35 ppm
shifts was observed. Unlike the Etoricoxib group
which showed the shifts in 2.77-2.87 ppm and Control,
the groups of DMH, DMH + Diclofenac and DMH +
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Etoricoxib observed the shift of 4.15/4.29 ppm.
Diclofenac group showed a 5.26 ppm proton shift. 

In conclusion the present study was designed to
evaluate the anti-inflammatory efficacy of COX-2
preferentially selective NSAID, Diclofenac and
COX-2 selective NSAID Etoricoxib, and their possi-
ble role in the chemoprevention of colon cancer in
DMH induced carcinogenesis where spectroscopic
techniques like FTIR and NMR were used to evaluate

the changes occurring in the lipid bilayer of colonic
membranes under the influence of colon specific car-
cinogen DMH. FT-IR spectroscopy which is a
method of physicochemical analysis, has been
employed here to study the macromolecular composi-
tion and organization in the biomembranes. The inter-
action which may exist between membrane lipids and
intrinsic proteins and the degree to which intrinsic
proteins can perturb a lipid bilayer structure have

Fig. 2 (a-f).—NMR spectra of colonic lipids of control and treated groups. 1H NMR spectroscopy was performed on a Bruker Avance ll
400 MHz spectrometer having a magnetic field strength of 9.4 Tesla. a) control, b) DMH, c) DMH + Diclofenac, d) DMH + Etoricoxib,
e) Diclofenac, f) Etoricoxib.

a) b)

c) d)

e) f)
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been the subject of many studies and the present result
of changes in the vibration and stretching of func-
tional groups (both symmetric and asymmetric) may
support the variations in the structure of membranes
at the molecular level due to drug action. Also, the
400 MHz Proton NMR spectra of rat colon revealed
the presence of various metabolites and their alter-
ations at different chemical shift values, which may
signify the modulation of membrane lipids during the
process of carcinogenesis and possible prevention by
the NSAIDs. Thus, DMH induced colon carcinogene-
sis in rat accompanies modification of lipid structures
and their functional groups which is corrected by
NSAIDs through chemopreventive mechanisms and
as such may influence the events leading to the pro-

grammed cell death or apoptosis of the cancer cells
which may be a COX-2 dependent pathway. 
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Table II
Data analysis of NMR spectra of colonic lipid of control and treated rats

Chemical shift Chemical shift Observed (Test)
Observed Assignment Control DMH DMH + DICLO DMH + ETO DICLO ETO
(Reference)

0.68 Total Cholesterol 0.67 - - - 0.67 0.67
C-18H

3

0.86/0.87 Total Cholesterol 0.86, 0.87 0.86, 0.87 0.86, 0.87 0.86, 0.87 0.86, 0.87 0.86, 0.87 
C-18H3/C-27 H

3

0.88 Fatty acyl chain  0.88, 0.89 0.88, 0.89 0.88, 0.89 0.88, 0.89 0.88, 0.89 0.88, 0.89 
CH

3
(CH

2
)n

0.91 Total cholesterol 0.90, 0.92 0.92, 0.93, 0.92, 0.93, 0.92, 0.93, 0.92, 0.93, 0.92, 0.93, 
C-21 H

3
0.95 0.94, 0.95 0.95 0.95 0.95

1.01 Free cholesterol 1.00, 1.01 1.01 1.00 1.01 1.01 1.01
C-19 H

3

1.05-1.19 Multiple cholesterol Protons 1.07-1.18 1.08-1.16 1.07-1.15 1.07-1.16 1.04-1.16 1.04-1.16
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