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Abstract

The present study was designed to investigate the gas-
trointestinal side effects of cycloxygenase (COX) inhibi-
tor with varying selectivity, called the non-steroidal anti-
inflammatory drugs (NSAIDs) viz., non-selective COX-1
& 2 inhibitor —aspirin, prefentially selective COX-2
inhibitor— nimesulide and highly selective COX-2 inhi-
bitor-celecoxib. Treatment with NSAIDs exhibited a
decrease in the activity of rat intestinal brush border
membrane associated enzymes such as sucrase, lactase,
maltase and alkaline phosphatase as compared to the
control in the duodenum, jejunum and ileum. The uptake
of D-glucose and L-histidine in the everted intestinal sac
was found to be decreased. Also the decease of glucose
and histidine uptake was found to be dependent on the
substrate concentration, temperature and the time inter-
val of incubation. The physical state and composition of
brush border membrane was found to be altered as evi-
dent in the FTIR spectrum, by appearance of new peaks
while disappearance of certain peaks occurred which
were characteristics of the control membrane. The chan-
ges in wave number as well as peaks height were also noti-
ced. Alterations in protein profile of the membrane were
demonstrated using SDS-PAGE analysis where disappea-
rance of few bands and change in the relative intensities
of the bands were noticed and correlated with the altera-
tions that have taken place at the molecular level. Histolo-
gical studies have depicted a marked decrease in the
absorption surface area such as the villi height of the
intestinal segment. In addition, crypt number also decea-
sed in the treated animals, an indication that such chan-
ges also correlate well with the changes in the transport of
the end product nutrients.

(Nutr Hosp. 2007;22:528-37)
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TOXICIDAD INTESTINAL DE LOS FÁRMACOS
ANTIINFLAMATORIOS NO ESTEROIDEOS
CON UNA SELECTIVIDAD DIFERENCIADA

EN LA INHIBICIÓN DE LA CICLOOXIGENASA

Resumen

Se diseñó este estudio para investigar los efectos
adversos gastrointestinales de los inhibidores de la ciclo-
oxigenasa (COX) con selectividad variable, denomina-
dos fármacos antiinflamatorios no esteroideos (AINE),
inhibidores no selectivos de la COX-1 y la COX-2 —aspi-
rina, los inhibidores predominantemente selectivos de la
COX-2— nimesulida, y los inhibidores muy selectivos de
la COX-2 —celecoxib. El tratamiento con AINE mostró
un descenso de la actividad de las enzimas asociadas a la
membrana en cepillo intestinal de la rata, tales como
sucrasa, lactasa, maltasa y fosfatasa alcalina, en compa-
ración con el control, en el duodeno, yeyuno e íleon. Se
halló que la captación de D-glucosa y L-histidina en el
saco intestinal revertido estaba disminuida. También se
encontró que la captación de glucosa e histidina dependía
de la concentración de sustrato, la temperatura y el inter-
valo de tiempo de incubación. El estado físico y la compo-
sición de la membrana en borde en cepillo estaban altera-
dos como se evidenció en el espectro FTIR, con aparición
de nuevas picos y desaparición de ciertos picos
característicos de la membrana control. También se
apreciaron cambios en el número de ondas así como la
altura de los picos. Se demostraron cambios en el perfil
de proteínas de membrana mediante el análisis SDS-
PAGE, apreciándose desaparición de algunas pocas ban-
das y cambio en las intensidades relativas de las bandas,
correlacionándose con las alteraciones que ocurrían a
nivel molecular. Los estudios histológicos han mostrado
un descenso marcado de la superficie de absorción, como
por ejemplo la altura de las vellosidades del segmento
intestinal. Además, el número de criptas también dismi-
nuyó en los animales tratados, un indicador de que tales
cambios también se correlacionan bien con los cambios
en el transporte de los nutrientes finales. 
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Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs)
are the most common class of over the counter medica-
tion used world wide.1 NSAIDs range from the classic
“miracle drug” aspirin to the latest creation “super
aspirin” commonly known as coxibs.2 The therapeutic
benefits of NSAIDs are alleviation of pain, inflamma-
tion and fever.3 They act by inhibiting the cycloxygene-
ase (COX) enzymes which form prostaglandins from
the arachidonic acids.4 Recently, two isoforms of
cycloxygenase have been identified; COX-1 is belie-
ved to have gestroprotective role, while COX-2 is res-
ponsible for the production of proinflammatory media-
tors.5 The various NSAIDs can be classified depending
on the selectivity to inhibit one isoform of COX over
the other. Different NSAIDs vary in their relative
COX-1 and COX-2 specific selectivity.6 The capacity
of any NSAID to inhibit prostaglandin production by
these enzymes is expressed as the inhibitory concentra-
tion of 50% of an enzyme (IC

50
). The ratio of IC

50
of

COX-2 to COX-1 defines the COX selectivity. The
non-selective inhibition of COX isoform by traditional
NSAIDs (salicylates) is responsible for various toxic
effects, especially the gastric ulceration and bleeding,
inhibition of renal blood flow, inhibition of platelet
aggregration and gastrointestinal perforations or obs-
truction.7

The COX-2 inhibitors (coxibs) are the latest addition
of the growing armamentarium of the anti-inflammatory
drugs.8 Their ability to selectivly block the formation of
pro-inflammatory prostaglandins while sparing those
that guard the gastrointestinal tract makes them an
attractive choice for long term use.9 Since COX-2 inhi-
bitors have a theoretically more favorable side effect
profile than traditional NSAIDs, the present study has
been undertaken to compare the intestinal toxicity and
tolerability of classic non-selective NSAID (aspirin), a
preferentially COX-2 selective (nimesulide) and a
highly COX-2 selective NSAID (celecoxib). The
investigation has been conducted on the structure and
function of rat intestinal segment, the uptake of end-
product nutrients like D-glucose and L-histidine, the
analysis of the intestinal brush border membrane
intrinsic proteins, enzymatic activities of the intestinal
marker enzymes, analysis of the functional groups in
the membrane by Fourier Transform Infra Red Spec-
troscopy (FTIR) and qualitative and quantitative histo-
logical changes by morphometric analysis.

Material and methods 

Animal and drug treatment

Wistar rats weighing between 150-175 g were taken
for the experimental procedure from the central animal
house of the Panjab University. They were housed in
the polypropylene cages embedded with rice husks and

maintained on rat pellet chow and also had free access
to water.

After acclimatization for one week, the animals were
divided into four groups; Control (vehicle treated, phy-
siological saline), aspirin, nimesulide and celecoxib,
each 40 mg/kg body weight given orally. The drug tre-
atment was continued for 28 days and on day 29, the
animals after overnight fasting were given an overdose
of ether anesthesia and sacrificed by rapid decapita-
tion. In order to avoid diurnal variation in the parame-
ters studied, the animals were sacrificed uniformly
around 8.00 AM throughout the study.

From each animal, the intestine was removed, was-
hed by flushing with ice-cold physiological saline,
divided into duodenum, jejunum and ileum segments,
weighed and proceeded for the analyses reported here.

Preparation of brush border membrane (BBM)

BBM from the intestinal segments was purified
following the procedure of Schmitz et al.10 A known
weight of each portion of the intestine was cut into
small pieces in chilled 1 mM tris-50 mM mannitol buf-
fer (pH 7.4) and homogenized in a motor driven homo-
genizer at 4 oC. The resultant 10% homogenate was
passed through two layers of cheese cloth and to the fil-
trate, anhydrous dry CaCl

2
added slowly with conti-

nued stirring on a magnetic stirrer, to a final concentra-
tion of 10 mM and left for 10 min in cold. It was
centrifuged at 2,000 g for 10 min at 4 oC. Pellet obtai-
ned was discarded while the supernatant was centrifu-
ged at 42,000 g for 20 min. The supernatant obtained
ftom the later spin was discarded while the pellet resus-
pended in the same buffer which also contained 0.02%
sodium azide (NaN

3
). The BBM prepared as above was

essentially free from mitochondria, microsomes, lyso-
somes, basolateral membrane and others as assessed by
the estimation of the marker enzymes. 

Enzyme assays

The activity of the BBM-associated disaccharida-
ses, such as sucrase, lactase and maltase were deter-
mined by measuring the D-glucose liberated from the
respective disaccharide substrate and using a glucose
oxidase-peroxidase enzymatic system of Dahlqvist,11

where the resultant pink color was being measured at
560 nm. 

The activity of alkaline phosphatase was assayed
according to the method of Bergmeyer,12 where p-
nitrophenyl phosphate was used as the substrate which
was hydrolyzed by the enzyme to yield p-nitrophenol
to be measured at 410 nm.

Protein concentration in the membrane was determi-
ned by the method of Lowry et al.13 using bovine serum
albumin as the standard and the optical density measu-
red at 660 nm.

Intestinal toxicity of NSAIDs 529Nutr Hosp. 2007;22(5):528-37



Transport of glucose and histidine in jejunum

Preparation of intestinal sacs. After dissecting the rat,
the abdomen was opened by a midline incision, jejunum
removed and flushed with physiological saline for clea-
ning. The everted sac was prepared by inserting a narrow
glass rod with thickening at one end into the lumen and
eversion of the gut is done carefully by reaching to the
end and folded over it carefully and then pushing the rod
through the evrted end of the emerging intestinal seg-
ment. One end of the everted sac was ligated carefully,
glass rod removed and the sac placed in the saline solu-
tion. A syringe filled with Kreb’s Ringer phosphate buf-
fer (KRP)- glucose was inserted into the sac in a small
vol. The syringe was removed and the sac once again
tied with the thread at the open end. Care was taken to
ligate the sacs at both ends firm and tight enough to pre-
vent any leakage but not too tight to damage the tissue.
The method is based on the work of Mizuma et al.14

L-histidine uptake. The sacs were immersed in a
solution of KRP in small reaction vessels in the presen-
ce of different concentrations of histidine and incuba-
ted for different time interval and temp. The vessels
were put in shaking water bath and at the end of the
incubation the sacs were removed, exterior washed,
punctured with a needle and the contents taken in test
tubes to which a weak acetic acid solution (0.35 mol/L)
added to deproteinize the solution. The tubes were
covered with aluminium foil and placed in boiling
water bath for 10 min. After cooling, an aliquot of the
deproteinized solution taken and to it added sodium
nitrite (50 g/L prepared fresh). The tubes were left for 5

min with occasional stiring and added sodium carbona-
te solution (75 g/L) with vigorus shaking. To it was
added ethanol and distilled water, mixed thoroughly
and after 30 min the OD read at 498 nm. The standard
used was L-histidine at a concentration of 0.15 mol/L.
The method was based on as described by Plummer.15

D-glucose uptake. To the deproteinized solution as
above after incubation in the presence of KRP glucose
and after centrifugation to obtaine a clear supernatant,
the glucose oxidase-peroxidase enzyme system (GOD-
POD) was added11. The OD was taken at 590 nm after
30 min of incubation at room temp using different con-
centrations of D-glucose as standard.

Polyacrylamide gel electrophoresis

Membrane proteins were separated and analyzed by
SDS-PAGE system following the method of Laemmli16

in a 10% separating gel and 3% stacking gel using a
discontinuous buffer system. The protein sample and
the SDS sample buffer (100 mM tris HCl, pH 6.8, con-
taining 2% SDS, 0.15% bromophonel blue, 10% glyce-
rol and beta-mercaptoethnol) were mixed in the ratio of
1:6, incubated at 37 oC for 1 hr, centrifuged at 3,000 g
for 15 min and the clear supernatant containing 60 µg
of protein loaded into each well and electrophoresed at
100 volts. The protein bands were visualized by stai-
ning with Coomassi brilliant blue R-250 and the excess
stain being removed in the destaining solution of acetic
acid —methanol— water for 6-8 hr with frequent chan-
ge. The gels were photographed in a gel documentation
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Table I
The effect of non-steroidal anti-inflammatory drug (NSAID) administration to rat small intestinal

brush border membrane enzymes

Specific activity (µmol/min/mg of protein)

Enzyme Intestinal segment Control Aspirin Nimesulide Celecoxib

Sucrase Duodenum 0.36 ± 0.02 0.12 ± 0.006** 0.57 ± 0.026* 0.22 ± 0.015*
Jejunum 0.32 ± 0.02 0.16 ± 0. 007** 0.15 ± 0.04** 0.20 ± 0.016*
Ileum 0.17 ± 0.007 0.07 ± 0.004*** 0.37 ± 0.04** 0.11 ± 0.01**

Maltase Duodenum 1.08 ± 0.02 0.82 ± 0.02** 1.6 ± 0.03*** 0.89 ± 0.01**
Jejunum 0.38 ± 0.01 0.25 ± 0.006** 0.24 ± 0.006** 0.23 ± 0.006**
Ileum 0.29 ± 0.012 0.20 ± 0.006** 0.58 ± 0.03** 0.35 ± 0.02

Lactase Duodenum 0.12 ± 0.007 0.04 ± 0.004** 0.16 ± 0.002*** 0.04 ± 0.002**
Jejunum 0.08 ± 0.006 0.07 ± 0.009* 0.06 ± 0.003 0.07 ± 0.01*
Ileum 0.04 ± 0.004 0.02 ± 0.002 0.17 ± 0.02** 0.05 ± 0.007

Alkaline phosphatase Duodenum 2.72 ± 0.028 0.53 ± 0.026** 1.48 ± 0.04* 0.78 ± 0.03**
Jejunum 0.65 ± 0.04 0.15 ± 0.004*** 0.37 ± 0.032** 0.34 ± 0.013**
Ileum 0.70 ± 0.03 0.12 ± 0.006** 0.50 ± 0.02* 0.78 ± 0.03*

Values are mean ± SEM of four independent observations.
*, **, ***, represent a p-value of p < 0.05, p < 0.01, p < 0.001, respectively.



system image analyser with the appropriate software as
provided by the company.

FTIR studies 

A known amount of membrane preparation was
washed with different grades of alcohol till the absolute
alcohol and then mixed with KBr in the ratio of 5:95.
The KBr powder taken was of spectroscopic grade and
absolutely dry. The mixture was grounded in a homo-
geneous dispersion and processed to form a pellet at a
pressure of 10-15 tonnes with the help of a hydraulic
pressure machine. The pellet was transferred to the
spectrophotometer sample holder and the FTIR spectra
recorded in the range of 450-4,000 cm-1.17

Histological studies

Small pieces of intestinal segments were washed in
ice cold saline and fixed in Bouin’s fixative (picric
acid, glacial acetic acid and formaldehyde) for 24 hr.
After fixation, the tissues were carefully processed in
alcohol, xylene and embedded in paraffin wax (58-60 oC).
Paraffin sections were cut at 5-7 µm thickness and then
subjected to Delafield haematoxylin —eosin histologi-
cal staining technique.18

Statistical analysis

The data was subjected to Student’s “t” test and a “p”
value of at least 0.05 or less than that was considered
significant.

Result and discussion

BBM associated enzymes: Table I shows the results
of the effects of an oral administration of aspirin, nime-
sulide, and celecoxib on the various intestinal marker
enzyme in the BBM isolated from duodenum, jejunum
and ileum segments of rat intestine. The administration
of NSAIDs resulted in a significant decrease in gene-
ral, in the activity of sucrase, lactase, maltase and alka-
line phosphatase in the different intestinal tissue. Such
decreased enzyme activity might have resulted due to
either the reduced substrate affinity (kinetic effect) or
modulation of protein molecular number or activity
(metabolic effect), which needs further experimenta-
tion to elucidate the mechanism. In the treatment of
natural steroids, Gray and Greenwood, 1982 have spe-
culated that the reduction in the digestive enzyme acti-
vities might be due to the decreased food intake and
hence, decreased protein content.19 Moreover, it is well
documented that components of diet present in the
intestinal lumen have a direct effect on the activities of
BBM enzymes.20, 21 Kinetic evidence too suggests a
close functional link between the carrier mediated
sugar transport system and the disaccharide hydrolase
in the intestine.22 The alkaline phosphatase activity is
also coupled to the phosphate transport system.23

Uptake of D-glucose and L-histidine: The uptake
studies of the end product nutrients of digestion such as
glucose and histidine was carried out and the results
show that the administration of NSAIDs produced a
reduction in the uptake, hence, the transport of these
metabolites in the intestinal segment (figs.1a,b). The
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Fig. 1a.—Effect of substrate concentration on D-glucose uptake
by small intestine in control and NSAID treated rats.

Fig. 1b.—Effect of substrate concentration on L-histidine upta-
ke by small intestine in control and NSAID treated rats.

Fig. 2a.—Lineweaver Burk plot of D-glucose uptake by small
intestine in control and NSAID treated rats.

Fig. 2b.—Lineweaver Burk –plot of L-histidine uptake by small
intestine in control and NSAID treated rats.



movement of the substrate molecules, particularly
across the BBM of the epithelial absorptive cells
depends upon the carrier molecules (transport pro-
teins).24 Such mediated transport depends on the cou-
pled movement of Na+ across the membrane using the
steep concentration gradient of the ion and thereby
called the “secondary active transport system”.25 Thus,
the decrease in the uptake of nutrients after NSAID tre-
atment could be attributed to the changes either in
maximum absorption affinity of the transport protein
(km) or in the maximum uptake velocity (V

max
). To

probe into such possibilities, experiment was carried
out at different substrate concentrations and study the
Michaelis-Menten kinetic parameters of the uptake of
glucose and histidine. Lineweaver-Burk plot obtained
of the double reciprocal of substrate (nutrient) and
uptake velocity clearly demonstrats a decrease in the

V
max

values of the treated animals with respect to the
control (figs. 2a, b). The Km of the uptake of histidine
did not show any change while the glucose uptake
exhibited only a marginal increase (table II), thereby
supporting the contention that the NSAID treatment
does not significantly contribute to the alteration in the
binding and transport of nutrient but may actually redu-
ce the process by metabolically deactivating the pro-
tein. Ducis and Kaepsell (1983) however, concentrated
on the lipid compositions required for optimum sodium
dependent D-glucose transport in an experiment in
reconstituted liposomes and concluded that in addition
to cholesterol and phosphatidyl serine, the presence of
phosphatidyl ethanolamine and sphingomyeline enhan-
ced the transport activity further.26 Moreover, studies
have suggested that alteration of membrane fluidity
may influence the uptake of sodium dependent D-glu-
cose transport in rat small intestine.27 The decrease in
transport can also be attributed to the decease in cell
number or ability of the NSAIDs to suppress the
absorptive capacity of the enterocytes by suppression
of specific carrier proteins. The effect of different tem-
perature on the D-glucose and L-histidine transport has
been studied and the data had been transformed to the
Arrhenius plots of log 10 velocity of transport versus
the reciprocal of absolute temperature. The transition
temp (Tc) was directly taken from such plot while the
energy of activation (Ea) was calculated from the slope
of the Arrhenius line and presented in the table III. 

The non-linearity of the Arrhenius plots indicates
that the proteins involved in the transport process expe-
rience temperature induced changes in the membra-
nes.28 However, the discontinuity in the Arrhenius plots
of both the control and the treated membrane was also
observed at the identical temperature which rules out
the possibility of any effective denatutation of the
transport proteins between the fluid and ordered lipid
domain of the membranes.29 There was no change in
the transition temperature observed which evades any
chance of the NSAIDs binding to the membrane lipid
bilayer and possibly alter the phase transition or mel-
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Table II
The effect of non-steroidal anti-inflammatory drug (NSAID) administration on the Michaelis-menton kinetic parameters

of D-glucose and L-histidine transport in the rat small intestine

NSAID Treatment

Substrate Kinetic parameter Control Aspirin Nimesulide Celecoxib

D-glucose K
m

30.4 47.3 41.6 35.7
V

max
3.84 2.0 0.74 1.92

L-histidine K
m

10.8 10.8 10.8 10.8
V

max
1.34 0.45 0.5 0.25

K
m

= Substrate affinity constant in mM.
V

max
= Maximum apparent initial velocity calculated from the double reciprocal plots of substrate and enzyme velocity (Lineweaver-Burk plot),

and expressed in µ moles/min/mg protein.

Fig. 3a.—Effect of time on the uptake of D-glucose by small in-
testine in control and NSAID treated rats.

Fig. 3b.—Effect of time on the uptake of L-histidine by small in-
testine in control and NSAID treated rats.
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Table III
The effect of non-steroidal anti-inflammatory drug (NSAID) administration on the thermodynamic parameters as calculated

from the Arrhenius plot of D-glucose and L-histidine transport in the rat small intestine

NSAID Treatment

Substrate Thermodynamic parameter Control Aspirin Nimesulide Celecoxib

D-glucose Energy of activation (Ea) 0.12 0.12 0.225 0.163
Transition of temperature (Tc) 310 310 310 310

L-histidine Energy of activation (Ea) 3.34 2.59 0.18 0.252
Transition of temperature (Tc) 310 310 310 310

Tc = Transition temperature as recorded from the Arrhenius plot in Kelvin.
Ea = Energy of activation as calculated from the slope of the respective cruves and expressed in kcal.mol-1.

ting of the membrane lipids.30 In addition, the changes
in the activation energy following the NSAIDs treat-
ments reflect the significant alterations in the energy
requirement of the carrier proteins for the binding of
the substrate molecules. 

D-glucose and L-histidine uptake was also studied at
different time intervals which showed an initial rapid
burst of both the nutrients and then showed down con-
siderably after about 60 min of incubation, thereby rea-
ching the equilibrium (figs. 3a, b). The saturation at
longer time duration shows that the transport protein
involved in the uptake become fully saturated with the
substrate and no unoccupied binding sites left. The
effect of aspirin and phenylbutazone on the intestinal
absorption of glucose in vitro has been studied where
incubation of the rat everted intestine in a modified
Kreb’s bicarbonate solution containing either aspirin
or phenylbutazone resulted in an inhibition of the acti-
ve glucose transport.31

SDS-PAGE of membrane protein: SDS-PAGE
analysis was carried out with BBM associated protein
samples under reducing conditions. An overnight stai-
ning with Commasie blue revealed the major protein
bands in the molecular weight range of 14-97 kDa (fig.

4). The BBM of the control animals showed the presen-
ce of 8 major bands among which the proteins of the
molecular weight 68, 43 and 29 kDa were the most
abundant one. The aspirin, nimesulide, and celecoxib
treatment demonstrated the presence of 5, 6 and 7
major bands, respectively. The observed changes in the
number of protein bands in the NSAIDs treated groups
as compared to the control can be related with the alte-
ration that might have taken place at the molecular
level such as that of the gene transcription, as recently
there had been reports of the increased expression of
NSAIDs activated gene (NAG-1) in colorectal cancer,
oral cavity cancer and cancer of other tissues which had
been associated with cycloxygenase inhibition and
induction of apoptosis.32

FTIR-spectroscopy of BBM: FTIR has proved to be
particularly useful as a physicochemical technique to
study the structure and organization of biomolecules,33

and therefore employed here to probe the dynamics of
the BBM. FTIR spectra of BBM of different intestinal
segments have been shown in figures 5 a-d and their
physical characteristics summarized in table IV. Admi-
nistration of aspirin, nimesulide and celecoxib caused
the appearance of a few new peaks while same peaks
already present in the control, have disappeared. More-
over, changes in the peak heights and a shift in the
wave number has also been observed. 

The secondary structure of the proteins can be distin-
guished by using a combination of amide I frequency
and the intensity of amide II and III region.33 The peaks
in the range of 1,650-1,653 cm-1 corresponding to α-
helices and near 1,632 cm-1 correspond to β-sheets
while near 1,655 cm-1 represent to the disordered state.
The present data show a marked shift in the wave num-
ber from α-helical region towards the disordered state
in jejunum BBM of all the treatment groups and also in
the duodenal BBM of aspirin and celecoxib groups.
This conformational change of protein can finally lead
to the changes in the biological functions. From the
shift in the wave number that has taken place in the
jejunal segment of the intestine in particular, it can pos-

Fig. 4.—SDS-PAGE protein profile of brush border membrane
in control and NSAID treated rat small intestine.
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Table IV
Data analysis of FTIR spectra of jejunal BBM in control and treated group

Wave number (cm-1) Peak height (Div)

Groups identified
Control Aspirin Nimesulide Celecoxib Control Aspirin Nimesulide Celecoxib

treated treated treated treated treated treated

3,377.2 – – – 113 – – – R-NH
2

NH
2
-stretching

R
NH NH-stretching

R
R-OH OH-stretching

– 3,293.4 3,289.0 3,290.6 – 111 86 113 R-NH
2

NH
2
-stretching

R-OH OH-stretching

2,921.9 1,920.2 2,918.4 2,918.8 29 33 54 39 (-CH
2
-)

n
Antisym-stretching

2,855.1 2,851.2 2,850.0 2,850.3 4 8 25 14 (-CH
2
-)

n
Sym-stretching

2,360.3 2,362.6 2,362.1 – 26 28 20 – C X X = C or N stretching

– – 2,342.2 – – 4 – – C X X = C or N stretching

1,654.3 1,655.8 1,655.7 1,655.3 98 106 119 109 R R
C C

R H C = C stretching
R-NH

2
NH

2
-bending

R
NH NH stretching

R

1,542.3 1,541.7 1,541.0 1,540.6 19 22 34 27 R
NH NH stretching

R

– 1,461.4 1,468.3 1,466.8 – 9 18 12 (C-CH
3
) Antisym. Bending

– 1,397.5 – 1,399.0 – 7 – 8 (-CH
2
-)

n
CH

2
bending

– 1,397.5 – 1,399.0 – 7 – 8 R-C-O Antisym&sym.
C = O double bond stretching
C-CH

3
Sym Bending

R-OH OH-stretching

1,237.6 1,237.5 1,235.8 1,238.1 6 9 7 7 (-CH
2
-)

n
CH

2
wagging & twisting

R-C-OH OH bending

R-O-P-O-R Antisym PO-2

Double bond stretching
O

R-O-H bond stretching
OH-bending

– – 1,163.5 1,165.4 – – 8 5 R-OH C-O stretching
R-NH

2
C-N-stretching

(-CH
2
-)

n
C-C stretching

-H
2
C-C = OR  C-O single

C-O single bond stretching

1,065.0 1,075.0 1,074.0 1,077.4 22 28 18 14 (-CH
2
-)

n
C-C stretching

R-OH C-O stretching
R-NH

2
C-N-stretching

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

1,676.6 1,671.9 1,668.7 1,699.5 54 58 49 51 Total sym. C-N stretching
Gauch dq-isotope
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Fig. 5a.—FTIR-spectrum of jejunum brush border membrane of
control rats.

Fig. 5c.—FTIR-spectrum of jejunum brush border membrane of
nimesulide treated rats.

Fig. 5d.—FTIR-spectrum of jejunum brush border membrane of
celecoxib treated rats.

Fig. 5b.—FTIR-spectrum of jejunum brush border membrane of
aspirin treated rats.

Table V
The effect of non-steroidal anti-inflammatory drug (NSAID) administration on rat small intestinal villi number, villi height

and crypt number by micrometric anlysis of the histological slides

NSAID Treatment

Micrometrie
Intestinal segment Control Aspirin Nimesulide Celecoxib

Perameter

Villi Number Duodenum 6.8 ± 0.47 4.3 ± 0.25* 3.75 ± 0.478* 5.8 ± 0.25
(No. per 500 µm) Jejunum 7.75 ± 0.62 5.75 ± 0.63 4.25 ± 0.62* 6.25 ± 0.25

Ileum 5.5 ± 0.64 3.3 ± 0.25* 2.8 ± 0.25** 3.0 ± 0.29

Villi height (µm) Duodenum 419.58 ± 12.1 452.7 ± 19.4 465.6 ± 16.2 392.59 ± 12.6
Jejunum 576.9 ± 13.26 412.16 ± 9.63** 395.25 ± 16.26** 463.01 ± 18.4*
Ileum 366.69 ± 8.9 325.43 ± 9.9* 288.95 ± 11.6* 295.56 ± 11.83*

Crypt number Duodenum 39.19 ± 1.95 29.25 ± 2.0* 13.75 ± 2.3** 26.75 ± 1.93*
(No per 450 µm) Jejunum 56.0 ± 2.9 39.75 ± 2.9* 15.0 ± 2.3** 24.25 ± 2.8**

Ileum 27.5 ± 2.1 22.0 ± 1.5 19.3 ± 2.3 20.25 ± 2.4

Values are mean ± SEM of four independent observations.
*, **, ***, represent a p-value of p < 0.05, p < 0.01, p < 0.001, respectively.

sibly be predicted that the NSAID treatment might
have altered the transmembrane helical domains of
various transporter proteins.

The complex amide II bands in the range of 1,480-
1,575 cm-1 are difficult to differentiate for membrane

proteins since the frequency differences are small or
non-existent between various structural components.
The amide III band arising in the region of 1,330-1,200
cm-1 has a broader range of absorbance, and therefore
the bands associated with the various structures are bet-



ter separated. The absorbances arising between 1,295
and 1,260 cm-1 are due to helical structure, bands bet-
ween 1,245 and 1,230 cm-1 are attributed to β-sheet
structure, and fairly broad medium- intensity bands
from 1,260 and 1,240 cm-1 arise from the random con-
formation. The present data showed that most of the
amide III bands in all segments of control and treated
groups have α-helical structure. Apart from the shift in
wave number, notable alteration in the peak heights has
been depicted which may correspond to the changes in
the lipid bilayer and hence are of great biological
importance because it can lead to abnormal cellular
function.

Histological analysis: The morphological changes
induced in the different segments of the intestine follo-
wing NSAID administration can be measured by quali-
tative and quantitative histological analysis. The chan-
ges that take place in the abnormal surface can be
correlated well with the changes in the absorption and
transport of various nutrients. The table V shows the
results in villi number, villi height and crypt number in
various intestinal segements upon treatment with the
NSAIDs. A fairly significant decrease in villi number
and villi height of the treated group was noted where the
crypt number did not register any significant change.

Figure 6 a-d shows the disruption in the columner
cell lining along with the shrinkage of lamina propria

and shrinking of the villi. The crypts of Liberkühn were
highly disorganized in the treated group. Along with
the disrupted columnar cell lining, the broken tips of
the villi cells were also observed. The decrease that is
observed in the villi number, villi height and the disor-
ganization of the villi surfaces may be correlated well
with the decrease in absorption and transport of various
nutrients following the NSAID treatment. Such chan-
ges are similar to the earlier findings as observed in dif-
ferent pathophysiological states.34
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