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Abstract:

The present study was designed to evaluate the effect of two commonly prescribed non-steroidal anti-inflammatory drugs (NSAIDs)

with varying cyclooxygenase-2 (Cox-2) selectivities on enzyme activities and transport properties of rat intestinal brush border

membrane (BBM). Female Wistar rats were divided into three different groups, viz: Group I (Control), Group II (aspirin-treated,

50 mg/kg) and Group III (nimesulide-treated, 10 mg/kg). At the end of 28 days of treatment, membranes were isolated from different

intestinal segments of all the groups and changes in BBM-associated enzymes such as sucrase, lactase, maltase, alkaline phosphatase

and the transport properties of D-glucose and its kinetics were studied. The results indicated a significant decrease in the activities of

enzymes and transport of glucose in both the treatment groups as compared to the controls. Changes in Michaelis-Menten

parameters, viz: – K� and V��� and the thermodynamic parameters T� and E� were also seen which are indicative of adverse effects of

these two NSAIDs in the intestinal membrane such as the membrane integrity.
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Introduction

Aspirin and nimesulide represent the two most com-

monly prescribed non-steroidal anti-inflammatory

drugs (NSAIDs). These drugs belong to two different

groups of NSAIDs with difference in cyclooxygenase

(COX) inhibition particularly, in relation to COX-2

selective inhibition. These differences in selectivity to

different degrees lead to a variety of side effects and

thus limit their use. Gastrointestinal side effects are

the most common and predominant ones that are ob-

served with the use of the NSAIDs [24, 28].

Clinical and epidemiological data suggest that aspi-

rin, a non-selective COX inhibitor, produces a dose-

related gastrointestinal toxicity [11, 23] whereas ni-

mesulide has very low incidence of such side effects

[7], although lesions have been observed in this case

also. Nimesulide also inhibits inflammation and also

reduces the vascular permeability [34]. At higher dose

the ability to inhibit COX-2 by nimesulide is lost [36].

These side effects in intestine may be attributed to the

initial biochemical modifications in the brush border

membrane (BBM), the mucosal lining of the intestine

that separates the luminal environment from the

epithelial tissue. The BBM comes into direct contact
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with the material present in the intestine to be ab-

sorbed and thus is most likely to be affected by the

drugs. Also, the BBM is essentially important for di-

gestion and transport of nutrients and other substrates

by virtue of its unique biochemical composition. It

contains digestive enzymes such as disaccharidases,

viz: sucrase, lactase and maltase, and binds the alka-

line phosphatase, dipeptidases, enterokinases etc. [16,

17]. Moreover, it also contains the transport proteins

as well as the Na+/K+ ATPase responsible for main-

taining Na+ ion gradient required for active inward

transport of products of digestion such as glucose and

amino acids [5, 33].

It has been hypothesized that these drugs may pose

intestinal toxicity by initial biochemical modifications

in the BBM at different levels. These alterations in the

biochemical composition of the BBM can then lead to

activation of a variety of inhibitory responses and

hence cause various intestinal side effects. Reports are

already available that suggest certain degree of inhibi-

tion of glucose transport [25] following aspirin treat-

ment but no such data are available in case of nimesu-

lide to the best of our knowledge.

Keeping this background, the present study was de-

signed to evaluate the toxicities of a classical NSAID

i.e. aspirin and a known COX-2 selective inhibitor, ni-

mesulide on BBM in terms of changes in the intestinal

marker enzymes, transport phenomenon and its kinetics.

Materials and Methods

Animals and treatment

The female Wistar rats (175–200 g) were maintained

on rat pellet diet and water ad libitum and experi-

ments were carried out on these rats obtained from the

central animal house of the Panjab University, strictly

in conformation with the guidelines as outlined by the

institutional ethics committee. After acclimatization

for one week, the animals were divided into three

groups, Group I (control), Group II (aspirin-treated)

and Group III (nimesulide-treated). The Group II and

III received the drug, i.e. aspirin at a dose of 50 mg/kg

and nimesulide at a dose of 10 mg/kg, respectively,

while the group I animals received equal amount of

water as vehicle. The treatment was discontinued af-

ter 28 days and on the 29th day after overnight fast-

ing, animals were sacrificed under an overdose of

ether anesthesia. In order to avoid diurnal variation in

the different parameters, animals were sacrificed uni-

formly around 8.00 a.m. throughout the study. From

each animal intestine was removed, divided into duo-

denum, jejunum, ileum and colon, washed with pre-

cooled physiological saline by flushing, weighed and

then the BBM was isolated from these segments as

follows.

Preparation of intestinal brush border membrane

Intestinal BBM was isolated following the method of

Schmitz et al. [29]. A known weight of each portion

of the intestine was flushed with ice-cold saline,

minced and then homogenized in chilled 1 mM Tris-

50 mM mannitol buffer (pH 7.4) in a motor driven ho-

mogenizer at 4°C. The 10% (w/v) homogenate was

passed through two layers of cheese cloth. To the

above filtrate, anhydrous CaCl2 was added with con-

stant stirring on a magnetic stirrer to a final concentra-

tion of 10 mM and left for 10–15 min in cold. Later it

was centrifuged at 2,000 × g for 10 min at 4°C. The

pellet thus obtained was discarded and the supernatant

was recentrifuged at 42,000 × g for 20 min. The su-

pernatant obtained in the above step was discarded,

while the pellet was suspended in 20 vol. of 50 mM

sodium maleate buffer (pH 6.5–6.8) and recentrifuged

at 42,000 × g for 20 min. The supernatant was again

discarded and the pellet was suspended in 50 mM so-

dium maleate buffer (pH 6.5–6.8) containing 0.02%

sodium azide. The final membrane preparation ob-

tained was similar to the P2 fraction of Schmitz et al.

[29] and used for various biochemical studies.

Intestinal enzyme assays

Assay of disaccharidases

The activities of sucrase, lactase and maltase were de-

termined by measuring D-glucose liberated from the

respective disaccharide sugar substrate using a glu-

cose oxidase-peroxidase enzymatic system (GOD-

POD) of Dahlqvist [6].

Assay of alkaline phosphatase

Alkaline phosphatase activity was assayed according

to the method of Bergmeyer [1] by measuring the lib-
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erated inorganic phosphate from the phosphate

monoester substrate, p-nitrophenyl phosphate.

Transport studies

Everted sac technique [25] was selected as one of the

methods to study the intestinal absorption. A section

of small intestine (jejunum) is turned inside out and

tied at each end. This everted sac is immersed in buff-

ered ionic medium containing the metabolite and

changes in the concentration of the molecule are

measured after incubation. By turning the intestine in-

side out, transport is now from a large volume of the

incubation medium into a small volume inside the

everted gut [20]. This thus magnifies the absorption

that occurs and is a more sensitive preparation than

using the intestine as such, e.g. the intestinal ring

preparation.

1) Preparation of everted sac

After dissecting the rat, abdomen was opened by

a midline incision. Jejunum was removed and flushed

with saline to remove blood or residual fecal matter

and undigested food, etc. Everted sac was prepared as

described by Plummer [20]. One end of the everted

sac was ligated carefully, a syringe filled with Krebs-

Ringer phosphate (KRP) buffer was inserted into the

sac and this solution was injected into the sac. The sy-

ringe was withdrawn and the open end was tightened

with the thread. Care was taken so that all the liga-

tures were firm and tight enough to prevent leakage

but not too tight to damage the tissue.

2) Glucose transport and estimation

An increase in the rate of appearance of glucose from

the medium in the sac is taken as an indication of glu-

cose transport across the membrane, which can be

measured spectrophotometrically using the glucose

oxidase-peroxidase system [20]. One ml of KRP

buffer was injected into all the sacs and they were

placed in KRP containing 20, 40, 60, 80 and 100 mM

of glucose for 30 min. The solution was taken out

from the sacs and 2 ml of acetic acid were added. It

was kept in boiling water bath for 10 min to deprotei-

nize the solution and then centrifuged to obtain the

clear supernatant solution. Four ml of GOD-POD rea-
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Tab. 1b. Effect of aspirin and nimesulide on maltase and alkaline phosphatase on intestinal brush border membrane

Intestinal Segment Enzyme activity [µmoles/mg protein/min]

Maltase Alkaline Phosphatase

Control Aspirin-treated Nimesulide-treated Control Aspirin-treated Nimesulide-treated

Duodenum 0.87 ± 0.09 0.15 ± 0.02*** 0.32 ± 0.03*** 6.55 ± 0.63 1.89 ± 0.141*** 1.66 ± 0.04***

Jejunum 0.36 ± 0.09 0.15 ± 0.04** 0.35 ± 0.08 0.85 ± 0.05 1.18 ± 0.34 0.87 ± 0.04

Ileum 1.91 ± 0.55 0.15 ± 0.03** 0.32 ± 0.07** 1.75 ± 0.15 1.37 ± 0.11** 1.13 ± 0.33**

Colon 0.13 ± 0.01 0.18 ± 0.09 0.30 ± 0.07** 0.89 ± 0.20 1.93 ± 0.68* 1.39 ± 0.19**

Values are the mean ± SD of four observations; * p < 0.05, ** p < 0.01, *** p < 0.001

Tab. 1a. Effect of aspirin and nimesulide on sucrase and lactase on intestinal brush border membrane

Intestinal Segment Enzyme activity [µmoles/mg protein/min]

Sucrase Lactase

Control Aspirin-treated Nimesulide-treated Control Aspirin-treated Nimesulide-treated

Duodenum 0.74 ± 0.10 0.12 ± 0.006*** 0.13 ± 0.009*** 0.72 ± 0.08 0.12 ± 0.01*** 0.09 ± 0.01***

Jejunum 0.22 ± 0.02 0.07 ± 0.02*** 0.13 ± 0.02*** 0.16 ± 0.01 0.06 ± 0.01*** 0.06 ± 0.01***

Ileum 1.59 ± 0.42 0.08 ± 0.01** 0.10 ± 0.01** 1.38 ± 0.17 0.08 ± 0.01*** 0.06 ± 0.01***

Colon 0.19 ± 0.04 0.14 ± 0.07 0.11 ± 0.02** 0.19 ± 0.03 0.12 ± 0.05* 0.06 ± 0.007**



gent was added into all the tubes and after 30 min the

O.D. was taken. Blank and standard glucose samples

were also run simultaneously. To study the effect of

temperature, sacs were immersed in KRP containing

5 mM glucose for 30 min at 4, 20, 37 and 50°C, re-

spectively. At the end of the incubation time, the sacs

were punctured and analyzed for glucose.

Results

Table 1a, b shows the alterations in the activities of in-

testinal marker enzymes, viz. sucrase, lactase, maltase

and alkaline phosphatase in the various intestinal seg-

ments following the treatment of aspirin and nimesu-

lide. A highly significant decrease in the sucrase, lac-

tase and maltase activities was observed in all seg-

ments of the BBM i.e. duodenum, jejunum, ileum and

colon of aspirin-treated and nimesulide-treated group.

Similarly, a significant decrease in the alkaline phos-

phatase activity of the duodenal and ileal BBM was also

seen. However, the jejunal and colonic BBM showed

that treatment with both the drugs has increased the ac-

tivity of alkaline phosphatase. The above-mentioned al-

terations in the enzyme activities showed the similar pat-

terns but the levels of significance varied among differ-

ent segments and with different treatments.

Figure 1A, B demonstrates that both aspirin and ni-

mesulide decreased the uptake of D-glucose in the in-

testinal sac preparation. The movement of this sub-

strate particularly across the BBM depends heavily

upon the carrier molecules (transport proteins). The

experiment was also performed at different substrate

concentrations to study the Michaelis-Menten parame-

ters of the uptake of glucose (Tab. 2). Lineweaver-

Burk plot obtained clearly demonstrated an increase
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Fig. 1A. Effect of aspirin and nimesulide on the D-glucose transport
across the intestine. A significant decrease in the absorption of D-
glucose following aspirin and nimesulide can be seen. � – Control,
�– Nimesulide, � – Aspirin
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Fig. 1B. Lineweaver-Burk plot demonstrating the kinetic parameters
of D-glucose transport. Significant alterations in the K

�
of aspirin and

nimesulide treated groups can be seen which is indicative of
changes in substrate affinity following the treatments. � – Control,
� – Nimesulide,� – Aspirin

Tab. 2. Effect of aspirin and nimesulide on Michaelis-Menten pa-
rameters of D-glucose uptake in rat small intestine

D-Glucose Transport Control Aspirin Nimesulide

K� 52.631 71.428 78.74

Kinetic Parameters

V��� 3.70 1.33 1.33

K
�

– substrate affinity constant; V
���

– maximum apparent initial ve-
locity calculated from double reciprocal plot (Lineweaver-Burk plot)
and expressed in µmoles

Tab. 3. Effect of aspirin and nimesulide on the thermodynamic pa-
rameters of D-glucose uptake in rat small intestine

D-Glucose Transport Control Aspirin Nimesulide

T� 310 310 310

Thermodynamic
Parameters

E� 0.354 0.924 0.618

T
�

– transition temperature recorded from the Arrhenius plot in Kelvin;
E
�

– energy of activation calculated from the slope of the respective
curves and expressed in kCal/mol following the equation, Slope
= –E

�
/2.303R, where E

�
represents energy of activation and R the gas

constant



in the substrate affinity constant (Km) values of

treated animals with respect to the controls. The ap-

parent initial maximum velocity (Vmax) of glucose

transport demonstrated a decrease in both the treat-

ment groups with respect to the control.

Also, the effect of temperature of glucose uptake

was studied and no change in transition temperature

(Tc) (Tab. 3) and non-linearity in the Arrhenius plot

were seen. In addition, the increase in activation ener-

gies following aspirin and nimesulide treatments were

observed although the increase was more prominent

in case of aspirin.

Discussion

In general, the observed decrease in the sucrase, lac-

tase and maltase activities in the BBM of all the seg-

ments in both treatment groups might be due to either

the reduced substrate affinity or specific enzyme

modulations in terms of protein molecule number. It

may be suggested that the enzymatic changes may

modulate the D-glucose transport activity. Kinetic

evidence too suggests a close functional link between

carrier-mediated sugar transport system and the disac-

charide hydrolases in the intestine [22]. Also, the en-

zymatic changes may be related to the cellular

changes in intestinal villous due to the drug, and the

inhibition of COX enzyme. Many workers have

speculated that reduction in digestive enzyme activity

might be due to the decreased food intake and hence

decreased protein content [12, 14]. The diminution in

the activity of disaccharidases and alkaline phos-

phatase has also been reported by a number of work-

ers [18] in protein-deficient animals. Moreover, it is

well documented that components of diet present in

the intestinal lumen have a direct effect on the activi-

ties of BBM enzymes [8, 10]. Other factors such as

chronic smoking and ethanol which affect the intes-

tine also cause decrease in the activities of these di-

saccharidases [13, 15]. Recently, Ramachandra [21]

reported that drugs such as quercetin also lead to di-

minished activtites of intestinal disaccharide hydro-

lases. A previous study [31] reported an increase in

the activity of serum alkaline phosphatase after aspi-

rin treatment and linked this increase with the hepato-

toxic effects caused by aspirin. Nimesulide has also

been found to be highly hepatotoxic and this effect of

nimesulide can also be due to its ability to increase the

activity of alkaline phosphatase.

Crane and coworkers [4] made a definite proposal

that monosaccharides such as glucose and galactose

and a wide variety of other substances including

amino acids, bile salts and vitamins are carried across

the intestinal BBM via a sodium-dependent transport

system maintained by Na+/K+-ATPase pump in the

basolateral membranes. Numerous reports have tried

to establish the identity of Na+-D-glucose co-

transporter as a specific protein embedded in the lipid

bilayer [30]. Thus, the decrease in the uptake of nutri-

ents after aspirin and nimesulide treatments could be

attributed to the changes in the maximum absorptive

affinity (Km) of the transport proteins. The decrease in

the Vmax of treatment groups with respect to the con-

trol in case of glucose transport also indicates the pos-

sibility that both the drugs affect the substrate binding

of glucose. The effect of aspirin and phenylbutazone,

two well-known NSAIDs, on the intestinal absorption

of glucose in vitro has been studied where incubation

of the rat everted intestine in a modified Kreb’s bicar-

bonate solution containing either aspirin or phenylbu-

tazone, resulted in an inhibition of active glucose

transport [25] whereas the newly found safer COX-2

selective inhibitors such as celecoxib do not affect the

intestinal permeability significantly [35].

Ducis and Koepsell [9] concentrated on the lipid

composition required for optimum sodium-dependent

D-glucose transport in reconstituted liposomes and

concluded that in addition to cholesterol and phospha-

tidyl serine, the presence of phosphatidyl ethanola-

mine and sphingomyelin enhanced the transport activ-

ity further. Moreover, some studies have suggested

that alterations of membrane fluidity may influence

the uptake of sodium-dependent D-glucose into rat

small intestine [3]. This observation seems to be in

tandem with our results, as both aspirin and nimesu-

lide have decreased the fluidity in the jejunal seg-

ments causing decreased uptake of glucose. Numer-

ous reports exist which show that NSAIDs reduce the

gastric permeability at different concentrations [19,

32]. The decrease in the transport can also be attrib-

uted to the decrease in the cell number or ability of

these NSAIDs to suppress the absorptive capacity of

the enterocytes by suppression of specific carrier pro-

teins.

It has been established that a temperature-

dependent change in the physical state of lipids can

influence certain membrane activities carried out by
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the proteins [27]. Non-linearity in the Arrhenius plots

indicates that the proteins involved in both kinds of

transport experience temperature-induced changes in

the membrane, namely fluidity and, therefore, may be

termed as membrane intrinsic protein [2]. However,

breaks in the Arrhenius plots were observed at the

same temperature in both control and drug-treated

group, which rules out the possibility of any effective

denaturation of the enzymes involved between the

fluid and ordered lipid domain of the membrane [26].

Also, no change in Tc evades any chance of aspirin

and nimesulide binding to membrane lipid bilayer and

possibly altering the phase transition or melting of

membrane lipids. In addition, the increase in activa-

tion energies following aspirin and nimesulide treat-

ments reflects the significant alterations in the energy

requirements of the carrier proteins for binding of

substrate molecules.
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