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Indomethacin reduces short-circuit current
and oxygen consumption in normal and
chronically hypoxic rat colon
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Summary

Chronic hypobaric hypoxia is a physiological environ-
mental stressor. While its effects on most major organ
systems have been extensively studied, few works have
addressed hypoxia-induced changes in intestinal trans-
port. The effects of cyclooxygenase blockade with indo-
methacin on short-circuit current (Isc) and oxygen con-
sumption (QO:) of the distal colonic epithelium of
control rats and rats submitted to hypoxia for 10 days
at 0.52 atm were studied. Isolated mucosae were
mounted in an Ussing chamber modified for measu-
ring QO: while preserving transepithelial vectorial
transport. Amiloride was added to the mucosal hemi-
chamber to block a sodium component of Isc present in
hypoxic rats. In this condition, basal Isc did not differ
between the hypoxic and the control group, but QO:
was higher in the former. Indomethacin (30 pmol/L)
reduced Isc to the same extent in both groups, but QO:
reduction was larger in the hypoxic group. Pharmaco-
logical blockade of chloride secretion and a low-chlori-
de solution abolished the indomethacin-induced reduc-
tions of Isc in both groups, and the reduction of QO:
in controls, and attenuated but did not suppress the
QO: reduction in the hypoxic group. Linear regression
analysis of QO: changes versus Isc changes yielded a
significant correlation for both groups, with regression
lines with the same slope, but a higher position in hy-

Area de Fisica Bioldgica, Departamento de Morfologia y
Fisiologia, Facultad de Ciencias Médicas de la Universidad
Nacional de Cuyo, Mendoza, Argentina.

Correspondence: Fernando D Saravi

Facultad de Ciencias Médicas, Universidad Nacional de Cuyo
Causilla de Correo 33, 5500 Mendoza, Argentina.

Teléfono: (0261) 413 5000 Internos 2644 y 2646

Fax: (0261) 420 3288

E-mail: fsaravi@fecm.uncu.edu.ar

poxic animals. Results suggest that spontaneously relea-
sed prostaglandins are equally important for maintai-
ning colonic chloride secretion in hypoxic as in normo-
xic rats, but that, in the former, indomethacin has an
additional effect on QO: which is unrelated to ion
transport.
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lon transport, Oxygen consumption.

La indometacina reduce la corriente de cortocir-
cuito y el consumo de oxigeno en elcolon distal de
ratas con hipoxia crénica

La hipoxia hipobdrica crénica es un estresante ambien-
tal fisioldgico. Aunque sus efectos se han estudiado en la
mayoria de los sistemas orgdnicos, hay pocos trabajos so-
bre su influencia en el transporte intestinal. Se estudié
el efecto del bloqueo de la ciclooxigenasa con indometa-
cina sobre la corriente de cortocircuito (Isc), el consumo
de oxigeno (QO:) del epitelio del colon distal de ratas
controles y fueron sometidas a hipoxia durante 10 dias
a 0,52 atm. Se montaron preparados de mucosa aisla-
da en una cdmara de Ussing modificada para medir
QO: preservando el transporte vectorial transepitelial.
Se anadié amilorida a la hemicimara mucosa para
bloquear un componente de la Isc debido al sodio pre-
sente en ratas hipoxicas. En esta condicion, la Isc basal
fue similar en ambos grupos, pero el QO: fue mayor en
los controles. La indometacina (30 mmol/L) redujo
igualmente la Isc en ambos grupos; siendo la disminu-
cion de QO: mayor en el hipéxico. El bloqueo de la se-
crecion de cloruro (farmacoldgico y por omision del ién)
suprimid la disminucion de Isc en ambos grupos y de
QO: en el control, y redujo, sin abolir, la disminucién
de QO: en el hipdxico. El andlisis de regresion lineal de

cambios en QO: versus cambios en Isc mostré en ambos
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grupos correlacion significativa con lineas de regresion
de igual pendiente, pero mds alta en el hipéxico. Los re-
sultados sugieren que las prostaglandinas liberadas es-
pontdneamente son igualmente importantes en mante-
ner la secrecion de cloruro en ratas hipéxicas y normé-
xicas, pero en las primeras la indometacina tiene ade-
mds un efecto depresor del QO: no relacionado con el
transporte ionico.

Chronic hypobaric hypoxia is an environmental
stressor which triggers multiple physiological res-
ponses. Many studies have addressed cardiovascular,
respiratory, neural, endocrine and metabolic res-
ponses to chronic hypobaric hypoxia.'? There is al-
so a current surge of investigations aimed to unders-
tand the molecular biology of adaptation to chronic
hypoxia.> However, the effects of chronic hypoxia
on the gastrointestinal tract has been less well explo-
red. The effects of high altitude on the human di-
gestive system was reviewed some time ago.*

Several studies on the effect of chronic hypoxia
have been performed in the small bowel of experi-
mental animals. It has been reported that chronic
normobaric hypoxia modifies small intestinal
energy metabolism and disrupts gluthatione-depen-
dent detoxicating mechanisms.” Normobaric hypo-
xia reduced Na,K-ATPase activity and nutrient ab-
sorption of the rat jejunum 77 situ.® However, chro-
nic hypobaric hypoxia (10 % O: for 10 days) repor-
tedly increases duodenal iron uptake while impai-
ring sodium absorption.’

Some effects of chronic hypoxia on the epithe-
lium of the large intestine have been documented.
The colonic mucosa of rats submitted to chronic
hypoxia has a markedly increased endothelin-1 im-
munoreactivity in both endothelial and epithelial
cells.® In vitro, the distal colon epithelium of rats
submitted to chronic hypobaric hypoxia has higher
baseline transepithelial potential difference (PD),
resistivity (Rt), and short-circuit current (Isc) than
control rats; however, no evidence of improvement
in the tolerance to acute hypoxia was found in the
colonic epithelium of chronically hypoxic rats.” In
contrast with observations in the small intestine, in
the rat colon chronic hypoxia seems to induce an
improved coupling between aerobic metabolism
measured as oxygen consumption (QO:) and elec-
trogenic ion transport. Chronic hypobaric hypoxia

is also associated with the expression of amiloride-
sensitive sodium absorption despite very low serum
aldosterone levels, which may be an adaptive res-
ponse (Cincunegui et al., manuscript submitted).
The processes underlying intestinal electrolyte ab-
sorption and secretion are regulated by an interacti-
ve network of neural, immune, endocrine and para-
crine mechanisms.'*"* Neuroimmunoendocrine me-
chanisms play a role both in physiological adaptive
responses and in the pathophysiology of several di-
sorders of electrolyte transport.'*'*" Arachidonic
acid derivatives, among them prostaglandins, are
key players in mediating epithelial responses to nor-

10,13,14,17,20

mal and pathological stimuli. Prostaglan-

dins are locally synthesized in the intestinal wall,
both by the muscle layer and by the mucosa,*
where as a rule they inhibit absorption of sodium
and chloride, while stimulating chloride and fluid
secretion.' Prostaglandins are able to influence elec-
trolyte transport both by direct effects on enterocy-
tes, and indirectly through activation of enteric neu-
rons and mast cells.'*'** Continuous, spontaneous
release of prostaglandins seems to stimulate "basal”
chloride secretion,?? while the stimulation of their
release contributes to the increased intestinal secre-
tion observed as a response to physiological stimuli
like distension®? and contraction of the muscularis
mucosae.” Enhanced prostaglandin release also
plays a role in the epithelial response to a variety of
stimulants of intestinal secretion like histamine,?
serotonin,'®** neuropeptide Y,*' kinins,**** cytoki-

3839 oxidants, 4!

nes,”? laxatives, morphine withdra-
wal,” bacterial lipopolysaccharides,” enteroto-
xins,®* lysates of Entoameba histolytica, Salmone-
lla infection,* and cytostatic drugs.”

Prostaglandins are synthesized by the cyclooxige-
nases (COX), a family of enzymes whose molecular
biology has recently been reviewed.®* The COX
isozymes 1 and 2 are considered the main targets of
non-steroidal antiinflammatory drugs (NSAID),*
and cyclooxygenase inhibition plays a prominent ro-
le in the gastrointestinal effects of these agents.” In
the colonic epithelium, inhibition of COX reduces
basal and stimulated chloride secretion 234525 Both
COX-1 and COX-2 seem to have a role in this epit-
helium, although their relative contributions are still
unclear.”**** The NSAID, indomethacin (1-(p-chlo-
robenzoyl)-5-methoxy-2-methylindole 3-acetic acid)
is an arylalkanoic acid derivative®® which non-selec-
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tively inhibits both COX-1 and COX-2,%** and has
been widely employed for this purpose in studies of
intestinal electrolyte transport.?231341-4757.72

We have previously shown a significant correla-
tion between Isc and QO: under baseline condi-
tions and upon stimulation of chloride secretion
with several agents.”””* We were unable to find any
report on the effect of indomethacin on electrogenic
transport in the colon of chronically hypoxic ani-
mals. Moreover, while the effect of indomethacin
on non-stimulated distal colon short-circuit current
has been documented, its action on epithelial oxy-
gen consumption under conditions which preserve
vectorial transport have not been reported. In the
present investigation, the effect of non-selective
COX blockade with indomethacin on Isc and QO:
was determined in the isolated colonic mucosa ob-
tained from rats breathing air at normal pressure
and rats submitted to chronic hypobaria. Results
show that indomethacin reduces Isc and QO: in
both groups, but in the epithelium of hypoxic ani-
mals, the decrease in QO: is not completely accoun-
ted by the reduction in electrogenic transport.

Methods

Animals. Adult male rats of the Wistar-Hokkaido
strain were used. The Committee for Animal Care
and Biosafety of our Medical School reviewed and
approved the experimental protocol. The animals
were fed ad libitum on a standard diet for rodents
(Cargill Co.) and tap water. All rats were brought
from the Medical School animal facility and housed
in the same room at 25 °C, with a 12 h light/dark
cycle. They were randomly assigned to the control
group or to the chronic hypoxia group. Control rats
were kept at the ambient pressure of Mendoza
(about 92 kPa, or 0.91 atm). Rats submitted to ch-
ronic hypoxia were placed for 10 days in individual
cages in a 150-L hypobaric chamber with an inner
pressure of 51 kPa (about 0.5 atm), roughly equiva-
lent to an altitude of 7,000 m above sea level. The
period of chronic hypoxia was selected on the basis
of previously reported work (7, 75). The hypobaric
chamber was slowly re-pressurized and opened du-
ring 30 min each day for cleaning and feeding pur-
poses.

Assessment of systemic response to hypoxia. All
animals had their body weight measured at the be-

ginning and at the end of the 10-day period. Food
consumption was recorded during the same period.
At the time of surgery, trunk blood was withdrawn
and treated with sodium heparin for packed red cell
volume determination according to a standard mi-
crotechnique.

Gas, solutions, and drugs. A mixture of 95% O:
and 5% CO: was employed. Its composition was
analyzed and certified by the provider (Air Liquide,
Inc.). The Ringer solution had the following com-
position (in mmol/L): 132.8 Na’, 4.5 K*, 1.25 Ca?,
1.00 Mg*, 114.0 CI, 24.0 HCOs, 1.0 SO+, 0.8
HPO, 0.2 H:POx, 10 D (+) glucose. Its osmola-
lity was 280 mOsm/kg H:O. The composition of
the low-chloride solution was (in mmol/L): 136.6
Na, 4.5 K+, 1.25 Ca*, 1.00 Mg*, 2.5 CI, 24.0
HCOs, 58.1 SO, 1.6 HPO+*, 0.4 H.POs«, 10 D
(+) glucose, 93.4 D (+) mannitol. In this solution,
sulfate replaced most of the chloride, while manni-
tol was added to yield the same osmolality of the
Ringer solution (280 mOsm/kg H:O). Both solu-
tions had a pH of 7.40 when gassed with 95% O:
and 5% CO: to saturation, as indicated by a high,
steady oxygen concentration.

Amiloride, bumetanide, and indomethacin were
purchased from Sigma-Aldrich. Diphenylamine-2-
carboxylate was purchased from ICN Flow, and
gentamicin from Schering-Plough. Gentamicin was
added to the Ringer solution for a final concentra-
tion of 91 mg/L to prevent bacterial overgrowth.
For each experiment drugs were freshly dissolved in
either absolute ethanol (amiloride and diphenylami-
ne-2-carboxylate) or dimethylsulfoxide (bumetani-
de and indomethacin). Neither ethanol nor di-
methylsulfoxide, alone or in combination, had any
effect on short-circuit current or oxygen consump-
tion at the added volumes, which were 0.5% or less
of the hemichamber volume. Amiloride and dip-
henylamine-2-carboxylate were added to the muco-
sal side, as indicated, for a final concentration of 0.1
mmol/L and 1 mmol/L, respectively. Bumetanide
was added to the serosal side, as indicated, for a fi-
nal concentration of 0.1 mmol/L. The use of widely
different concentrations of indomethacin, ranging
from 1 pmol/L” to 100 pmol/L,* has been reported
in studies of electrogenic intestinal transport. The-
refore, to assess the optimal inhibitory concentra-
tion a cumulative concentration-response curve was
constructed in epithelia from control rats (figura 1).
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Figure 1. Cumulative concentration-response for the
effect of indomethacin on the reduction of short-circuit
current (DN Isc) in distal colonic epithelium of normo-
xic rats . Values are mean + SEM for n = 4.
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A concentration of 30 pmol/L was chosen for all ex-
periments, as previously done for both rat and hu-
man colonic epithelium.”

Surgery, dissection, and mounting. Rats were
anaesthetized with diethyl ether. The abdomen was
cut open and the colon was dissected from the pel-
vic brim to the caecum, removed and rinsed free of
contents with Ringer solution at 4 °C. A 2.5 to 3-cm
segment was cut from the descending colon and a 5-
mm diameter polytetrafluoroethylene (Teflon ®)
rod was inserted into it for mechanical support. The
segment was placed in a dissecting bath at 4 °C con-
taining continuously gassed Ringer solution, and
stripped free of serosa and submucosal tissue by
blunt dissection under a stereomicroscope (Carl
Zeiss). The resulting isolated mucosa preparation
was cut open along its mesenteric border, gently
stretched and the adherent mucus gel layer was ca-
refully removed with a sterile cotton tip soaked in
Ringer solution. The mucosa was then mounted as
a flat sheet in the Ussing chamber. To minimize va-
riations in electrogenic transport caused by circa-
dian rhythms,” experiments were started between
7.00 AM and 8 AM.

Ussing chamber. The modified Ussing chamber
used in the present experiments has been previously
described.”?”* Each hemichamber had a volume of

21 mL. The chamber was airtight and had an ope-
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ning of 1 cm? Tight sealing was secured by threaded
stoppers and O-rings, which were smeared with si-
licon grease (Dow Corning 111). Each hemicham-
ber had a bubble trap through which fluid samples
may be withdrawn and drugs injected, and a port
for inserting a polarimetric oxygen probe (CellOx
325) connected to WTW Oxi 340 oxygen meter
(WTW GmbH). The probes allowed continuous
measurement of oxygen concentration and tempe-
rature in both hemichambers. Each hemichamber
had a small polytetrafluoroethylene-coated magne-
tic bar in its bottom, which provided continuous
mixing of each hemichamber contents when the
chamber was placed on a magnetic stirrer (HI
300N, Hannah Instruments). The chamber had an
inbuilt water jacket connected to a water termostat
(VTS13, Radiometer Inc.). The temperature was
kept at 37.0 + 0.5 °C throughout the experiments.

Oxygen consumption determination. Before
each experiment, both oxygen meters were calibra-
ted according to the user’s manual, and their slopes
were checked. Taking into account chamber volume
and oxygen solubility in Ringer at 37 °C, QO: was
calculated from the rate of change in oxygen con-
centration in both hemichambers. Blankruns per-
formed after each experiment replacing living tissue
with a polyethylene membrane showed a rate of de-
crease in oxygen concentration corresponding to
less than 10% of average QO: of the unstimulated
epithelium.

Electrical measurements. Calomel electrodes
connected to each hemichamber through 3% agar-
in Ringer bridges were used to record transepithelial
potential difference. An amplifier with correction
for bridge asymmetry and solution resistivity allo-
wed passing current through Ag/AgCl: electrodes
for clamping the transepithelial potential difference
at 0 mV. The experiments were performed with
continuous monitoring of the current in digital dis-
play and recording in a paper chart recorder under
the short-circuit condition, except for brief periodi-
cal releases to measure open circuit potential diffe-
rence. Transepithelial resistivity was calculated from
open-circuit potential difference and short-circuit
current according to Ohm’s law.

Experimental procedures. After the mucosa pre-
paration was mounted and the chamber filled with
Ringer solution or low-chloride solution, both hemi-

chambers were gassed with 95% O: and 5% CO: to
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saturation and afterwards closed. A 90-min period
was allowed for equilibration,” after which baseline
Isc and QO: were measured for 30 min. This was fo-
llowed by addition of drugs as indicated, and Isc and
QO: were measured by a second 30-min period.
Epithelia with Rt lower than 80 Q.cm2 after the
equilibration period were discarded. The values of
PD, Rt and Isc tabulated represent the averages du-
ring the corresponding QO: measurement interval.

Statistical analysis. A standard commercial softwa-
re (Prism 3.0 for Windows; GraphPad Software, Inc.,
San Diego, CA, USA) was employed for statistical
analysis of the data. Two-sided Student's t tests for
paired or non-paired data were used respectively For
comparison of the effect of a treatment in one group
a two-sided Student’s t test for paired data was emplo-
yed. To compare the effect of the same treatment in
different groups, a two-sided Student’s t test for non-
paired data was used. Linear regression analysis, with
a check for significant deviation from linearity, was
employed for assessment of the relationship between
Isc and QO.. Unless otherwise stated, results are ex-
pressed as mean + SEM. Differences were deemed
statistically significant at p < 0.05.

Results

Systemic response to chronic hypoxia. There was
no significant difference in the body weigh of rats
assigned to each group when they were brought
from the School animal house. During the 10-day
period, the body weight of control rats (n = 30)
increased by about 10%, while the body weight of
rats submitted to hypoxia (n = 24) decreased by
about 15% (p < 0.0001; figura 2, A). Food intake in
the hypoxic group was on average about 20% lower
than in the control group (p < 0.0001; figura 2, B),
resulting in a proportional decrease in sodium inta-
ke. In the hypoxic group, water intake was 89 + 6
mL/day/kg of body weight, while in controls it was
119 + 5 mL/day/kg of body weight (p = 0.0004). At
the time of surgery, the packed red cell volume
(hematocrit) of control rats was 42.8 + 0.7%, while
that of hypoxic rats was 62.0 + 1.1% (p < 0.0001).

Effect of amiloride. We previously reported that
the Isc of the isolated colonic mucosa from chroni-
cally hypoxic rats has an amiloride-sensitive com-
ponent, which is lacking in tissues from controls.”
Amiloride reduces Isc and QO: in samples from

Figure 2. (A) Changes in body weight in control rats
and rats submitted to hypobaric hypoxia (0.52 atm)
during 10 days. (B) Food consumption during the 10-
day period of control rats and rats submitted to hypo-
baric hypoxia. Values are means + SEM; * p < 0.0001
versus day 1; § p < 0.0001 versus control.
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hypoxic rats but not in those from controls
(Cincunegui et al., manuscript submitted). In tissues
from hypoxic rats, amiloride caused a significant
increase in Rt, from 125.5 + 3.0 Q.cm? to 129.7 +
2.5 Q.cm? (n = 6; p = 0.016). This increase was not
observed in mucosal samples from control rats, in
which Rt was 95.3 + 2.6 Q.cm? before adding ami-
loride and 95.2 + 3.0 Q.cm? after addition (n = 6;
2 =0.905). As can be seen in figura 3, the effect of
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Figure 3. Representative traces of Isc of isolated mu-
cosa preparations from control rats (continuous line)
or from hypoxic rats (dashed line), showing the effect
of addition of A) indomethacin (30 mmol/L) to the
serosal hemichamber, followed by amiloride (0,1
mmol/L) to the mucosal hemichamber, and B) amilo-
ride (0,1 mmol/L) to the mucosal hemichamber follo-
wed by indomethacin (30 mmol/L) to the serosal he-

michamber.
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indomethacin on the Isc persists both when it is
added before amiloride or after it. Since the effect
of indomethacin on Isc is due mainly to reduction
of chloride secretion,”**% all subsequent experi-
ments were performed with previous addition of
amiloride (0.1 mmol/L) to the mucosal hemicham-
ber in order to compare the response of both
groups to indomethacin.

1184

Effect of indomethacin. Indomethacin increased
Rt in samples from both groups. The baseline Rt
was 97.7 £ 2.1 Q.cm? in samples from control rats
and 130.3 + 3.1 Q.cm? in samples from hypoxic
rats (n = 15 for each group; p < 0.0001). It increa-
sed, respectively, to 102.7 + 2.4 Q.cm? (p = 0.011)
and to 135.3 + 2.0 Q.cm? (p = 0.02) after addition
of indomethacin. There was no difference between
the Rt increase of both groups (control 5.0 + 1.7
Q.cm? versus hypoxic 5.0 + 1.9 Q.cm?). Baseline
Isc did not differ significantly between both
groups, but QO: was significantly lower in the
hypoxic group (p = 0.022) because of the blocka-
de of amiloride-sensitive channels (see above).
Indomethacin reduced Isc and QO: in epithelial
samples from both groups of rats when the tissues
were bathed in Ringer solution (Table 1). There
was no significant difference in the reduction of
Isc, but the reduction in QO: was larger in the
hypoxic group (p = 0.0014). To assess whether the
observed change in QO: was accounted by the
reduction in Isc in both groups, indomethacin was
added to mucosal samples in normal Ringer in
which chloride secretion was blocked with bume-
tanide and diphenylamine-2-carboxylate, and to
mucosal samples in low-chloride solution. When
chloride secretion was impaired by either procedu-
re, indomethacin reduced neither Isc nor QO: in
mucosal preparations from control rats. However,
in preparations from chronically hypoxic rats,
blockade of chloride secretion by either method
abolished the change in Isc, but still caused a sig-
nificant reduction in QQ.. (Table 2)

Relationship between change in Isc and QO..
The reductions in Isc and QO: after addition of
indomethacin in normal Ringer were analyzed by
linear regression, and the results are presented in
figura 4. In this figure, reductions in Isc are expres-
sed in pEq.h'.cm? to facilitate comparison (1
pEq.h'. ecm? = 26.8 pA.cm?). In both groups, a
significant correlation between the reduction of Isc
and the reduction of QO: was found, with corre-
lation coefficients of r = 0.854 for the control
group and r = 0.892 for the hypoxic group. There
was no significant difference between the slopes of
both lines, but the regression line was significantly
higher (p < 0.0001) for the samples of the hypoxic

group.
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Table 1. Effect of indomethacin on short-circuit current and oxygen consumption of rat distal colon epithelial pre-
parations bathed in normal Ringer solution.

Group Control Chronic Hypoxia
(n=15) (n=15)
Variable Short-circuit Oxygen Short-circuit Oxygen
current consumption current consumption
(uA.cm?) (umol.h".cm?) (uA.cm?) (umol.h".cm?)
Baseline 73.9+50 3.053 £ 0.119 749+ 3.6 2.671 £ 0.104
Indomethacin 419+6.9" 2.591 + 0.112* 35.5+4.5* 1.882 + 0.087*

All experiments were carried out in the presence of amiloride (0.1 mmol/L) in the mucosal hemichamber. Indomethacin was added to the serosal
hemichamber for a final concentration of 30 pmol/L. Data are expressed as mean + SEM; * p < 0.0001 versus the respective baseline (two-sided
Student’s t test for paired data); " p = 0.003 versus the reduction in oxygen consumption in control preparations (two-sided Student’s £ test for
non-paired data).

Table 2. Effect of indomethacin on short-circuit current and oxygen consumption of rat distal colon epithelial prepa-
rations bathed in normal Ringer solution in the presence of chloride secretion blockers, and in low-chloride solution.

Group Control Chronic Hypoxia
(n = 6 for each treatment) (n = 6 for each treatment)
Variable Short-circuit Oxygen Short-circuit Oxygen
current consumption current consumption
(uA.cm?) (umol.h.cm?) (uA.cm?) (umol.h".cm?)

Chloride secretion

blockade’

Baseline 123 1.7 2.525 + 0.111 142 +1.3 2.530 + 0.090
Indomethacin 124 +£1.6 2.500 + 0.137 13.7£1.1 2.375 £ 0.088 *
Low chloride

solution

Baseline 125+£22 2.477 £0.100 11.2+£1.9 2.387 £ 0.079
Indomethacin 127 +1.8 2.515 + 0.082 108 +1.6 2997 +0.072 1

All experiments were carried out in the presence of amiloride (0.1 mmol/L) in the mucosal hemichamber.

Indomethacin was added to the serosal hemichamber for a final concentration of 30 pmol/L.

$ Blockade was accomplished with addition of bumetanide (0.1 mmol/L) and diphenylamine-2- carboxylate (1 mmol/L) to the serosal and muco-
sal hemichamber, respectively.

Data are expressed as mean + SEM; * p=0.011 and ' p = 0.007 versus the respective control (two-sided Student’s ¢ test for paired data).
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Figure 4. Linear regression of reduction in oxygen con-
sumption (DQO:) as a function of reduction in short
circuit current (DNsc) caused by indomethacin (30
umol/L) in the isolated colonic mucosa of control rats
(squares) and hypoxic rats (triangles); the correlation is
significant for both groups, with v = 0.7297 and r’ =
0.7953, respectively. The lines do not significantly dif-
fer in slope (pooled slope = 0.2782), but the elevation
of the line is higher for the hypoxic group (p < 0.0001).
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Discussion

It is well known that at altitudes above about
3,000 m above sea level both food intake and body
weight decrease.” In the rat, transfusion polycythe-
mia does not change the anorexic response.” As pre-
viously reported by other authors,* during the expe-
rimental period the control rats continued to gain
weight, while actually a decrease in body weight was
found in hypoxic animals. Although changes in
physical activity and energy utilization cannot be
ruled out in the present experimental conditions,
most of the reduction in body weight can be explai-
ned by the hypoxia-induced hypophagia. The in-
crease in packed cell volume indicates an adaptive

* since plasma volume is not

response to hypoxia,
decreased® and both plasma sodium and plasma os-
molality remain within the normal sea level range.”

Amiloride did not reduce Isc or QO: in epithelial
samples from control rats, but it decreased both va-

1204

riables in tissues from hypoxic rats. However, ami-
loride did not change the response to indomethacin
in either group. To avoid the potential confounding
effect of a sodium-dependent Isc component in the
hypoxic group, amiloride was routinely added at the
apical side of the epithelium. In this condition, the-
re was no significant difference in the mean Isc of
both groups, but QO: was lower in the hypoxic
group. The decrease in Isc upon addition of indo-
methacin (40 to 50%) did not significantly differ
between both groups, suggesting that local produc-
tion of prostaglandins are equally important in
maintaining Isc in the unstimulated epithelium in
chronically hypoxic as they are in controls. Howe-
ver, the indomethacin-induced reduction in QO:
was larger in colonic epithelia from hypoxic rats
(about 30% versus 15% in controls). In principle,
this difference may be explained by a less efficient
coupling between aerobic energy metabolism and
electrogenic transport, an effect in QO: unrelated to
ion transport, or a combination of both. Previous
work from our laboratory actually suggested a more
efficient coupling between QO: and Isc, (Cingune-
gui et al, manuscript submitted). Although in those
experiments the amiloride-sensitive component was
taken into account, present data do not favor a less
efficient coupling either. In the first place, while the
regression line between Isc and QO: was at a higher
level in the hypoxic group, reflecting a larger chan-
ge in QO: for a given change in Isc, its slope did not
show a significant difference from that of the con-
trol group. This indicates the same proportionality
for both groups between the changes in each varia-
ble. Second, experiments with the low-chloride so-
lution, whose effects, as previously shown® are
pharmacologically best mimicked by the simulta-
neous use of two chloride secretion blockers, must
be taken into account. In the control group both
the decrease in Isc and the reduction in QO: caused
by indomethacin were completely suppressed by
blockade of chloride secretion by both low-chloride
solution and pharmacological blockade. In the hy-
poxic group the change in Isc was equally suppres-
sed, but indomethacin still caused a significant re-
duction in QO.. This difference suggests that in the
colonic epithelium of chronically hypoxic rats indo-
methacin has an additional effect on QO: which is
not related to the decrease in Isc.

While COX inhibition is responsible for many of
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the effects of NSAID, several actions unrelated to
COX inhibition have been documented for these
drugs.* Some of these actions are relevant, for
example, for non-steroidal anti-inflammatory drug-
induced enteropathy.®* In particular, acidic
NSAID, like aspirin and indomethacin, are known
to have concentration-dependent biphasic effects on
cellular respiration, uncoupling oxidative phosp-
horylation at relatively low concentrations and de-
pressing respiration at higher concentrations.”” In-
domethacin administered iz vivo at a dose of 40
mg/kg reduces oxygen uptake of villus enterocytes.®
It also decreases oxygen uptake in isolated rat and
human jejunal enterocytes,” but at concentrations
about 20- to 80-fold higher than that used in the
present study. However, the Isc-independent de-
pression of oxygen consumption here reported was
only present in the colonic epithelium of hypoxic
rats, and chronic hypoxia is known to induce a host
of changes in enzymes related to energy metabolism
and the respiratory chain.”** Thus, it is possible that
hypoxia-induced proteomic changes render the
epithelium more susceptible to indomethacin-indu-
ced respiratory depression.

In summary, results here reported show that indo-
methacin causes a significantly correlated depres-
sion of Isc and QO: in the colonic epithelium of
both normal and chronically hypoxic rats, but that
in the latter there is an additional reduction of QO:
which may be dependent on hypoxia-induced chan-
ges in cell metabolism.
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