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Received 10 Aug 2001; first review completed 24 Oct 2001; accepted in final form 14 Feb 2002 ABSTRACT—The gut is considered a central organ in the pathogenesis of sepsis and multiple organ failure, where several mediators, including endothelin (ET) and nitric oxide (NO), are involved. The aim of the current study was to characterize, by direct measurements, the intestinal NO production in the anesthetized pig during normal and endotoxemic conditions. In pigs subjected to endotoxin infusion, there was a progressive decrease in jejunal luminal NO levels, as well as portal venous blood flow and blood pressure. The ET- blocker 4-tert-butyl-N-[6-(2-hydroxy-ethoxy)-5-(2-methoxyphenoxy)-2,2⬘-bipyrimidin-4-yl]-benzenesulfonamide (bosentan) completely reversed the reduction in portal venous blood flow without affecting intestinal NO levels. In control pigs, the NO synthase inhibitor N-nitro-L-arginine methyl ester dose-dependently decreased intestinal NO levels and mesenteric blood flow—effects that were reversed by L-arginine. We conclude that intestinal NO is a product of mucosal NO synthase activity, and is profoundly decreased during endotoxemia in the pig. KEYWORDS—Endothelin, gut, nitric oxide synthase, sepsis, shock



INTRODUCTION



local NO release rather than total systemic production. In inflammatory conditions such as ulcerative colitis and infective gastroenteritis, luminal NO is highly increased (13–15). Direct measurements of airborne NO in the gut or in the airways are currently being validated for use in the clinic in monitoring of disease activity during inflammation. The aim of the current study was to characterize, by direct measurements, the intestinal NO production in normal pigs and during endotoxemia. Alterations in intestinal NO levels were investigated upon endotoxemia in the pig, as well as a possible correlation between NO levels and changes in local blood flow.



Septic shock is characterized by loss of vascular tone, reduced cardiac performance, and maldistribution of blood flow (1). Several vasoactive mediators have been suggested to participate in the complex hemodynamic alterations of sepsis such as the vasodilators prostacyclin (2) and nitric oxide (NO) (3), and the vasoconstrictor endothelin (ET) (4). The wellknown loss of vasoconstrictor activity upon sepsis has been attributed elevated levels of NO (3), causing excessive vasodilatation and counteraction of sympathomimetic vasoconstrictor responses (5). Apart from the vasoactive effects of NO, it may also be cytotoxic (6) when produced in large amounts, e.g., by the inducible NO synthase (iNOS) (7). The gut is considered to be a central organ and a “motor” of sepsis and multiple organ failure (8). It is very sensitive to disturbances in perfusion with subsequent loss of barrier function, allowing bacterial translocation and release of endotoxin to the systemic circulation (8). Both ET and NO have been implicated to be involved in intestinal dysfunction in sepsis; increased production of these mediators has been shown during sepsis (3, 4), as well as effects of blockers of the ET and NO systems (9, 10). However, direct measurements of NO in biological systems are hard to achieve because this molecule is highly reactive with iron-containing proteins such as hemoglobin (11). Therefore, one often has to rely on indirect evaluation such as enzyme activity or measurements of the stable end products nitrite and nitrate. In contrast, NO in the gaseous phase is fairly stable and it is possible to measure this gas directly by chemiluminescence in a luminal structure such as the gut (12). These measurements allows for estimation of the



MATERIALS AND METHODS In vivo study The experiments described in this paper were performed according to regulations issued by the Swedish National Board for Laboratory Animals, and the experiments were approved by the Local Ethics Committee for animal research.



Anesthesia and surgical preparation Domestic pigs of either sex (18–22 kg) were premedicated with ketamine (20 mg/kg i.m.) and atropine (0.02 mg/kg i.m.), and thereafter were anesthetised with sodium pentobarbital (20 mg/kg i.v.), tracheotomized, and artificially ventilated by a respirator (Servo ventilator 900, Siemens-Elema, Solna, Sweden). Skeletal muscle relaxation was induced with pancuronium (0.5 mg/kg i.v.) after the anesthesial depth was checked by pinching the interdigital skin. A catheter was inserted into the left femoral vein for infusion of drugs. For measurement of mean arterial pressure (MAP), a catheter connected to a Statham P23 AC pressure transducer was inserted into the left femoral artery. Heart rate (HR) was recorded by a tachograph unit triggered by the blood pressure. The blood flow (BF) of the superior mesenteric artery was measured by an ultrasonic flow probe (2RB) connected to a Transonic flowmeter (T206; Transonic Instruments, Ithaca, NY). All parameters were recorded on a Grass Polygraph. Throughout the experiments, the pigs were given drugs to maintain anesthesia (fentanyl 10 g/kg/h and midazolam 0.2 mg/kg/h), skeletal muscle relaxation (pancuronium, 0.5 mg/kg/h), fluid balance (154 mM sodium chloride and 28 mM glucose, 6 mL/kg/h), and to prevent intravascular coagulation (250 heparin iu/kg/h). The abdomen was closed and the pigs were allowed to stabilize for 1 h before experiments were undertaken. The pigs in the endotoxemia series were prepared as above with some exceptions: anesthesia was induced by an intravenous bolus injection of pentobarbital 12 mg/kg, was maintained by a continuous infusion of 3 to 6 mg/kg/h, and incremental doses were given when needed; fluid balance was maintained with a continuous infusion of Ringer’s glucose (2.5 mg/mL) at a rate of 20 mL/kg/h throughout the experiment; and the BF
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SHOCK NOVEMBER 2002 of the portal vein was measured by an ultrasonic flow probe (2RB) placed around the vessel.



NO measurements NO was measured with a chemiluminescence analyser (CLD 700; Eco Physics, Du¨ rnten, Switzerland). The detection limit for NO was 1 part per billion (ppb) of NO in nitrogen administered via an electromagnetic flow controller (Environics, Middletown, CT). The chemiluminescence assay is highly specific for NO, and there is no interference from other nitrogen oxides (16). Rectal and jejunal NO were sampled using urinary Foley catheters made in 100% silicone (Argyle; Sherwood Medical, Tullamore, Ireland) known to have a high recovery rate (14). The catheters were either inserted approximately 10 cm into the rectum or were placed in the jejunum after a small incision of the jejunal wall, which was closed with a pouch suture. The cuff was inflated with 10 mL of NO-free air. After a 5-min incubation time, the cuff was deflated and the sample was injected directly into the analyzer where the peak levels of NO were monitored.



INTESTINAL NO



Control protocol NO levels were measured for 1 h, and when a steady baseline was obtained, basal NO levels were calculated as the average of three consecutive measurements. N-nitro-L-arginine methyl ester (L-NAME) was given as i.v. bolus injections at 1, 3, 10, and 30 mg/kg (n ⳱ 5–11). Each dose was followed by three NO measurements during 30 min, the average of which was calculated. In one series (n ⳱ 4), L-arginine (0.1 g/kg/min during 10 min) was given i.v. after L-NAME (10 mg/kg). In two experiments, phenylephrine (1 g/kg/min) was infused i.v., the dose of which was chosen to reduce mesenteric blood flow to a similar extent as L-NAME (30 mg/kg), and rectal NO levels were measured in order to investigate the effects of local blood flow reduction per se on intestinal NO levels. In one series (n ⳱ 4), fecal samples were collected in order to measure NO levels in both undissolved and dissolved (saline) feces, to investigate a possible NO production by bacteria. In one series (n ⳱ 3), rectal NO levels were measured before and up to 1 h after bosentan was given i.v. (10 mg/kg) in order to study the effects of bosentan per se on intestinal NO levels. In another series (n ⳱ 5), rectal and jejunal NO levels were measured every 30th min during 4.5 h in order to investigate basal variations in NO levels. In both the endotoxemia and control series, at the end of experiments, animals were sacrificed by injection of a lethal dose of sodium pentobarbital.
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examined for the presence of L-[U-14C]arginine by liquid scintillation counting. The amount of citrulline formed is expressed as picomoles per grams per minute (wet weight).



Calculations and statistics Data in the text are given as means ± SEM, and statistical significance was calculated with multiple analysis of variance (ANOVA) followed by the post-test of Tukey, or with the Student’s t test (paired samples) where applicable.



Drugs The following drugs were used: ketamine (Parke-Davis, Sacramento, CA), sodium pentobarbitone (NordVacc, Sweden), atropine and sodium heparin (KabiVitrum, Umea, Sweden), pancuronium bromide (Organon, Oss, The Netherlands), fentanyl (Pharmalink, Stockholm, Sweden), midazolam and sodium nitroprusside (Roche, Stockholm, Sweden), E. coli LPS, phenylephrine hydrochloride and L-NAME (Sigma, St. Louis, MO), and bosentan (La Roche, Basel, Switzerland).



Endotoxemia protocol Escherichia coli lipopolysaccharide (LPS, serotype 0111:B4) was used. Prior to infusion, the endotoxin was dissolved in saline and was heated in order to dissolve any precipitate. The animals were allowed 1 h of rest after surgery; thereafter, baseline measurements were made at 1 h and at 30 min prior to onset of endotoxin challenge. Endotoxin infusion was started at a rate of 2.5 g/kg/h and was increased stepwise until reaching 20 g/kg/h after 30 min. The infusion was discontinued after 3 h. In one series (n ⳱ 8), 4-tert-butyl-N-[6-(2-hydroxy-ethoxy)-5-(2-methoxyphenoxy)-2,2⬘-bipyrimidin-4-yl]-benzenesulfonamide (bosentan) was injected i.v. (10 mg/kg) after 2 h of endotoxin challenge, followed by a continuous infusion (5 mg/kg/h) maintained throughout the experiment. Another series (n ⳱ 15) receiving only endotoxin served as control group. In three pigs, L-arginine (0.1 g/kg/min during 10 min) was given i.v. after 4 h of endotoxin challenge. Acetylcholine (1 g/kg, i.v.) was given to five pigs before and 4 h after endotoxin challenge. Every 30 min HR, MAP, blood flow in the portal vein, and jejunal NO levels were recorded/sampled. The experiments were terminated after 5 h.



IN THE



RESULTS Endotoxemia series



In the endotoxemia control series, the basal jejunal NO concentrations were 4600 ± 1300 ppb. Basal MAP and portal vein blood flow were 127 ± 4 mmHg and 360 ± 20 mL/min, respectively. These parameters all gradually decreased upon prolonged LPS challenge. Jejunal NO levels were significantly decreased after 1.5 h of LPS challenge (to 60% ±10% of basal levels, P < 0.001, n ⳱ 7), and were maximally decreased after 4.5 h to 16% ± 4% of control (Figs. 1 and 2a). MAP was significantly lowered after 1 h of LPS challenge (to 74% ± 5% of basal, P < 0.001, n ⳱ 7), and was maximally decreased after 4 h to 42% ± 2% of control. Portal venous BF was significantly lowered after 0.5 h of LPS challenge (to 73% ± 6% of basal, P < 0.001, n ⳱ 7), reaching a minimum of 51% ± 6% of basal at 3 h, whereafter the BF slightly increased again to maximally 67% ± 7% of basal at 4.5 h (Fig. 2a). L-arginine (0.1 g/kg/min i.v. during 10 min, n ⳱ 3) did not affect jejunal NO levels or MAP, whereas it partially restored portal venous BF (data not shown). The lowering of MAP (43% ± 8%) evoked by acetylcholine was reduced to 21% ± 3% after 4 h of endotoxin challenge (P < 0.05, n ⳱ 5). In the endotoxemia series receiving bosentan treatment, basal jejunal NO concentrations were 6200 ± 3100 ppb. Basal



NOS activity in biopsies In a separate series of experiments, biopsies were taken from the large or small intestine in 10 control pigs, 6 endotoxemic pigs, and from 6 endotoxemic pigs receiving bosentan treatment (see above). NOS activity was measured as the conversion of L-[U-14C]arginine to L-[U-14C]citrulline. For the citrulline formation assay, tissues were homogenized in ice-cold homogenization buffer containing 320 mM sucrose, 0.1 mM EDTA, 1 mM DL-dithiothreitol, 10 g/mL trypsin inhibitor, 10 g/mL leupeptin, 100 g/mL phenylmethylsulfonyl fluoride, and 2 mg/L aprotinin (adjusted to pH 7.0 at 20°C with 1 M HCl). The homogenate was centrifuged at 12,000g for 30 min at 4°C, and the soluble fraction was used for measurements of NOS activity. The tissue extract (20 L) was added to tubes prewarmed to 37°C containing 100 L of a buffer consisting of 50 mM potassium phosphate (pH 7.0), 60 mM valine, 5 M tetrahydrobiopterin, 100 M NADPH, 1 mM L-citrulline, 1.2 mM MgCl2, 20 M L-arginine, and L-[U-14C]arginine (specific activity 11.7 Gbq/mM; Amersham, Buckinghamshire, UK; 150,000 dpm). Duplicate incubations for 10 min at 37°C were performed for each sample in the presence or absence of either EDTA or N-monomethyl-L-arginine (2 mM each) to determine the level of Ca2+-dependent and Ca2+-independent NOS activity, respectively. The reaction was terminated by removal of substrate and dilution by the addition of 1.5 mL of 1:1 (v/v) H2O:Dowex AF 50W-X8, pH 7.5. Five milliliters of H2O was added to the incubation mix, and after sedimentation, 2 mL of the supernatant was removed and



FIG. 1. Jejunal (䊉 and 䊊) and rectal (䊏) luminal NO levels in anesthetized pigs plotted against time. NO levels were measured in both control pigs (䊉 and 䊏) and pigs (䊊) subjected to E. coli LPS challenge (i.v. infusion of LPS started on T = 0 h and continued to T = 3 h). Data are compared with basal values seen before administration of LPS and are given as means ± SEM, n = 6–8. Significant differences compared with basal values are indicated by ***P < 0.001.
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after 4 h at 42% ± 3% of basal. Portal venous BF was significantly lowered after 0.5 h of LPS challenge (to 73% ± 10% of basal, P < 0.001, n ⳱ 7), reaching a minimum at 43% ± 6% of basal at 1 h, whereafter the BF slightly increased again to maximally 52% ± 8% of basal at 2 h (Fig. 2b). Bosentan markedly increased portal venous BF, already 30 min after administration of which the BF had reached 78% ± 13% of basal (P < 0.01 vs. the 2-h value, n ⳱ 7). Ninety minutes after bosentan was given, the portal venous BF had reached basal values (100% ± 16% of basal; Fig. 2b). Control series



FIG. 2. Portal venous blood flow (䊊) and jejunal luminal NO levels (䊉) in anesthetized pigs subjected to E. coli LPS challenge (i.v. infusion of LPS started on T = 0 h and continued to T = 3 h) plotted against time. Values are shown for pigs only given endotoxin (a) and pigs also given the non-peptide, non-selective endothelin receptor antagonist bosentan (b). Bosentan was injected i.v. (10 mg/kg) after 2 h of endotoxin challenge, followed by a continuous infusion (5 mg/kg/h) maintained throughout the experiment. Data are compared with basal values seen before administration of LPS and are given as means ± SEM, n = 7–15. Significant differences compared with basal values are indicated by ***P < 0.001 (blood flow values) and by #P < 0.05 and ###P < 0.001 (NO level values), respectively. Note the marked effect on portal venous blood flow seen upon bosentan (b), whereas NO levels gradually declined as in the control group (a).



MAP and portal vein blood flow were 140 ± 7 mmHg and 380 ± 60 mL/min, respectively. These values were not significantly different from basal parameters in the sepsis control series. Like in the endotoxemia control series, these parameters all gradually decreased upon prolonged LPS challenge. Jejunal NO levels were significantly decreased after 1.5 h of LPS challenge (to 72% ± 10% of basal levels, P < 0.05, n ⳱ 7), and were maximally decreased to 26% ± 7% of control after 4.5 h (Fig. 2b), and this was not significantly different from the control sepsis group. As in the control endotoxemia group, MAP was significantly lowered after 1 h of LPS challenge (to 78% ± 5% of basal, P < 0.001, n ⳱ 7), reaching a minimum



Basal rectal and jejunal NO concentrations were 2100 ± 200 ppb and 2200 ± 100 ppb, respectively. Basal MAP and mesenteric artery blood flow were 116 ± 4 mmHg and 550 ± 40 mL/min, respectively. These parameters were not significantly altered during a 4.5-h period in control pigs (Fig. 1). L-NAME dose dependently decreased luminal NO levels in rectum and jejunum, the effect reaching significance at 3 mg/kg (Fig. 3). At 30 mg/kg of L-NAME, rectal and jejunal NO levels were both decreased to 8% ± 1% of basal. MAP was dose dependently elevated upon L-NAME (Fig. 3), the effect of which reached significance at 1 mg/kg when MAP was increased to 115% ± 3% of basal (P < 0.01, n ⳱ 5). Mesenteric artery blood flow was dose dependently decreased upon L-NAME (Fig. 3), the effect of which reached significance at 3 mg/kg when the blood flow was lowered to 74% ± 9% of basal (P < 0.05, n ⳱ 5). At 30 mg/kg of L-NAME, mesenteric blood flow was decreased to 50% ± 10% of basal, and MAP was increased to 130% ± 5% of basal, respectively. L-arginine (0.1 g/kg/min during 10 min, n ⳱ 4) restored the effects of L-NAME (10 mg/kg) on jejunal NO levels (to 115% ± 10% of basal), portal BF (to 98% ± 12% of basal), and MAP (to 97% ± 4% of basal). In two experiments, phenylephrine (1  g/kg/min, i.v.) decreased mesenteric blood flow to 50% ± 10% of basal, and rectal NO levels to 90% ±10%, respectively. Bosentan (10 mg/kg) did not alter (101% ± 1% of basal, n ⳱ 3) basal rectal



FIG. 3. Jejunal (䊉) and rectal (䊊) luminal NO levels, mesenteric artery blood flow (䊏), and MAP (□) are shown upon increasing doses of the NOS inhibitor L-NAME (1–30 mg/kg, i.v.) in the anesthetized pig. Data are compared with basal values seen before administration of L-NAME and are given as means ± SEM, n = 5–10. Significant differences compared with basal values are indicated by *P < 0.05, **P < 0.01, and ***P < 0.001.



SHOCK NOVEMBER 2002 levels of NO. No significant NO levels could be detected in fecal samples (n ⳱ 4). NOS activity



Ca2+-dependent activity was found in all biopsies and was approximately 10-fold higher compared with Ca 2 + independent activity (P < 0.05, Fig. 4). In seven of the control pigs (n ⳱ 10), three of the endotoxemic pigs (n ⳱ 6), and four of the bosentan pigs (n ⳱ 6), no Ca2+-independent activity could be detected. The differences in Ca2+-dependent activity between the three groups of pigs were not statistically significant (P > 0.05). DISCUSSION Here, we demonstrate a profound and progressive decrease in intestinal luminal NO upon administration of endotoxin in the pig. The decrease in NO seems not directly related to alterations in local blood flow. Porcine intestinal NO derives from enzymatic production as shown by dose-dependent and reversible effects of NOS inhibition in control animals as well as the presence of NOS activity in intestinal biopsies. In general, systemic NO production has been shown to increase due to induction of NOS during septic shock (3), although Mailman et al. (17) recently delivered data showing unaltered NO production in the gut during endotoxemia in the rat. Therefore, our findings of a dramatic suppression in intestinal NO was somewhat unexpected. This decrease may be explained either by an inhibited production or by an increased degradation of NO. The lowered production may in turn be caused by alterations in mucosal blood flow and/or an inhibited substrate (arginine and oxygen) delivery. However, we showed that the ET receptor antagonist bosentan, while restoring intestinal blood flow during endotoxemia, did not affect luminal NO. In addition, bosentan does not affect basal rectal NO levels per se. Thus, the possible effects of a restored blood flow on luminal NO by bosentan seems to not be counteracted by a direct inhibitory effect of bosentan on NO production. Furthermore, phenylephrine administration in control pigs, which



FIG. 4. NOS activity in porcine intestinal biopsies as measured with a citrulline assay. Ca2+-dependent NOS activity (open bars) and Ca2+independent activity (grey bars) was measured in control pigs, endotoxemic pigs, and in bosentan-treated endotoxemic pigs. Data are given as means ± SEM. Significant differences between Ca 2+ -dependent and Ca 2+ independent NOS activity are indicated by *P < 0.05 (n = 6–10). The differences in Ca2+-dependent activity between the three groups of pigs were not statistically significant (P > 0.05).
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reduced blood flow to a similar degree as endotoxin, had only minor effects on luminal NO. Hence, intestinal blood flow seems not to be the most important factor regulating luminal NO, although the mucosal microcirculation was not studied in the current study. Therefore, it is reasonable to assume that endotoxin per se affects either the activity of NOS or perhaps the transport of substrates for NO synthesis. Indeed, there was a trend, although not statistically significant, toward lower NOS activity in mucosal samples from endotoxemic pigs. It is possible that endotoxin in this model caused acute and irreversible damage to the gut mucosal cells, the course of which in prolonged endotoxemia was not studied here. This would explain the failure of L-arginine to reverse the decrease in luminal NO in endotoxemic pigs in this study. Indeed, in the same porcine model, we have previously shown that intestinal histological damage occurs already after 5 h of endotoxin challenge (18). Alternatively, an increased removal of NO could explain our findings. Endotoxin-induced superoxide formation has been demonstrated elsewhere (19), and this radical reacts rapidly with NO, yielding peroxynitrite, a potentially harmful oxidizing compound (20). Thus, it could be speculated that the observed reduction in luminal NO could reflect an increased breakdown of NO upon reaction with other unstable substances. Initial levels of NO were high in all pigs and remained at such levels throughout the experiment in the control pigs. These levels were much higher than those earlier described in healthy humans and are in fact similar to what is seen in patients with active inflammation, e.g., ulcerative colitis (21). It is not clear whether this reflects an active ongoing inflammation in the pig that might be part of a response to chronic environmental exposure to various NO-inducing agents, or if different species vary in normal intestinal NO output. Also, the cellular source and the NOS isoform responsible for production of intestinal NO in the pig needs to be pinpointed. The NOS activity in intestinal biopsies was predominantly Ca2+ dependent, which would indicate that constitutive NOS’s are the major sources of NO rather than iNOS. Mucosal iNOS activity was also low in the endotoxemic pigs, indicating that this isoform is not induced during the experiment. This was not surprising considering the fact that significant iNOS induction may take longer than 5 h. Immunohistochemical studies and functional experiments using isoform-specific NOS inhibitors would be useful to further elucidate this issue. One might argue that a fecal contribution to luminal NO occurs because certain anaerobic bacteria are known to produce NO by reduction of nitrite and nitrate (22). However, this is unlikely because fecal samples did not yield any significant NO levels in this study, as is also shown with human feces (23). Moreover, the clear-cut dose-response inhibition of luminal NO by L-NAME and the finding of NOS activity in biopsies may favor the mucosa as the major source of NO. Snygg et al. (24) have shown that jejunal NO production in the pig is more readily inhibited by intraluminal than by systemic administration of L-NAME, indicating NOS activity in luminal structures, probably the mucosa (24). Nevertheless, the luminal NO emancipates from enzymatic production, which can be dose dependently inhibited, whereas the reduction of mesenteric blood flow exerted
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by L-NAME seems to only marginally contribute to its NO-reducing effects. In accord, phenylephrine that lowered mesenteric blood flow to a similar extent as did the maximum dose of L-NAME merely exerted a marginal reduction in luminal NO. NO is suggested to have several regulatory functions in the gut. Apart from regulating blood flow and intestinal motility in general, in the gut mucosa NO may also be important in maintaining low paracellular permeability and in modulating epithelial electrolyte transport (25, 26). Gut epithelial permeability increases in sepsis and may cause systemic distribution of intestinal toxic substances, which may further advance the pathology to multiple organ failure (8). The present findings of severely disturbed luminal levels of NO in endotoxemia need to be further investigated with regard to the importance it may have on intestinal permeability and the course of pathogenesis. In summary, we have demonstrated a profound and progressive decrease in intestinal NO levels during endotoxemia in the pig. Alterations in local blood flow seem not to directly influence the decrease in NO. Porcine intestinal NO derives from enzymatic production as shown by dose-dependent effects of NOS inhibition in control animals, as well as NOS activity studies in biopsies. Considering the easy access to the intestines with the balloon sampling technique, it is suggested that this method could be used to monitor intestinal NO generation in disease models, as well as effects of pharmacological manipulation with the L-arginine/NO pathway, in vivo. ACKNOWLEDGMENTS



MALMSTRO¨ M



6.



7.



8. 9.



10.



11. 12. 13. 14.



15.



16. 17.



18.



19.



We thank Ms. M. Stensdotter for expert technical assistance. 20.



REFERENCES 1. Parrillo JE, Parker MM, Natanson C, Suffredini AF, Danner RL, Cunnion RE, Ognibene FP: Septic shock in humans: advances in the understanding of pathogenesis, cardiovascular dysfunction, and therapy. Ann Intern Med 113:227–242, 1990. 2. Carmona RH, Tsao TC, Trunkey DD: The role of prostacyclin and thromboxane in sepsis and septic shock. Arch Surg 119:189–192, 1984. 3. Thiemermann C: Nitric oxide and septic shock. Gen Pharmacol 29:159–166, 1997. 4. Weitzberg E, Lundberg JM, Rudehill A: Elevated plasma levels of endothelin in patients with sepsis syndrome. Circ Shock 33:222–227, 1991. 5. Malmstro¨ m RE, Bjo¨ rne H, Alving K, Weitzberg E, Lundberg JON: Nitric oxide



21. 22. 23. 24. 25. 26.



ET AL.



inhibition of renal vasoconstrictor responses to sympathetic cotransmitters in the pig in vivo. Nitric Oxide Biol Chem 5:98–104, 2001. Lopez-Belmonte J, Whittle BJ, Moncada S: The actions of nitric oxide donors in the prevention or induction of injury to the rat gastric mucosa. Br J Pharmacol 108:73–78, 1993. Wong JM, Billiar TR: Regulation and function of inducible nitric oxide synthase during sepsis and acute inflammation. Adv Pharmacol 34:155–170, 1995. Carrico CJ, Meakins JL, Marshall JC, Fry D, Maier RV: Multiple-organ failure syndrome. Arch Surg 121:196–208, 1986. Oldner A, Wanecek M, Goiny M, Weitzberg E, Rudehill A, Alving K, Sollevi A: The endothelin receptor antagonist bosentan restores gut oxygen delivery and reverses intestinal mucosal acidosis in porcine endotoxin shock. Gut 42: 696–702, 1998. Kiehl MG, Ostermann H, Meyer J, Kienast J: Nitric oxide synthase inhibition by L-NAME in leukocytopenic patients with severe septic shock. Intensive Care Med 23:561–566, 1997. Moncada S, Palmer RMJ, Higgs EA: Nitric oxide: physiology, pathophysiology, and pharmacology. Pharmacol Rev 43:109–141, 1991. Lundberg JON: Airborne nitric oxide: inflammatory marker and aerocrine messenger in man. Acta Physiol Scand 157:1–27, 1996. Lundberg JON, Hellstrom PM, Lundberg JM, Alving K: Greatly increased luminal nitric oxide in ulcerative colitis. Lancet 344:1673–1674, 1994. Herulf M, Svenungsson B, Lagergren A, Ljung T, Morcos E, Wiklund NP, Lundberg JON, Weitzberg E: Increased nitric oxide in infective gastroenteritis. J Infect Dis 180:542–545, 1999. Herulf M, Ljung T, Hellstrom PM, Weitzberg E, Lundberg JON: Increased luminal nitric oxide in inflammatory bowel disease as shown with a novel minimally invasive method. Scand J Gastroenterol 33:164–169, 1998. Archer S: Measurement of nitric oxide in biological models. FASEB J 7:349– 360, 1993. Mailman D, Guntuku S, Bhuiyan MBA, Murad F: Organ sites of lipopolysaccharide-induced nitric oxide production in the anaesthetized rat. Nitric Oxide Biol Chem 5:243–251, 2001. Oldner A, Wanecek M, Weitzberg E, Sundin P, Sollevi A, Rubio C, Hellstrom PM, Alving K, Rudehill A: Differentiated effects on splanchnic homeostasis by selective and non-selective endothelin receptor antagonism in porcine endotoxaemia. Br J Pharmacol 127:1793–1804, 1999. Proctor RA: Endotoxin in vitro interactions with human neutrophils: depression of chemiluminescence, oxygen consumption, superoxide production, and killing. Infect Immun 25:912–921, 1979. Radi R, Beckman JS, Bush KM, Freeman BA: Peroxynitrite oxidation of sulfhydryls: the cytotoxic potential of superoxide and nitric oxide. J Biol Chem 266:4244–4250, 1991. Lundberg JON, Hellstro¨ m PM, Lundberg JM, Alving K: Greatly increased luminal nitric oxide in ulcerative colitis. Lancet 344:1673–1674, 1994. Ji X, Hollocher TC: Nitrate reductase of Escherichia coli as a NO-producing nitrite reductase. Biochem Arch 5:61–66, 1989. Lundberg JON, Hellstro¨ m PM, Lundberg JM, Alving K: Nitric oxide in ulcerative colitis. Lancet 345:449, 1995. Snygg J: Nitric oxide production by the intestinal mucosa during hypoperfusion. PhD Thesis, University of Gothenburg, 2000. Alican I, Kubes P: A critical role for nitric oxide in intestinal barrier function and dysfunction. Am J Physiol 270:G225–G237, 1996. Salzman AL: Nitric oxide in the gut. New Horiz 3:33–45, 1995.



























des documents recommandant







[image: alt]





Nitric Oxide in Liver Diseases 

inhibition of NO synthesis causes a marked increase in perfusion pressure.7 Admin- istration of both non-selective and selective inhibitors of NOS into ischemic ...










 


[image: alt]





Nitric oxide in shock .fr 

May 30, 2007 - Nevertheless, although inhibition of NO synthesis restores blood pressure, NO ...... hyporesponsiveness to phenylephrine in endotoxemic rats.










 


[image: alt]





Macrophage Nitric Oxide Synthase Subunits 

biopterin, and stoichiometric amounts of heme and correlated with formation ... led to speculation that the NOS flavins may mediate a similar electron transfer to.










 


[image: alt]





Investigation of Vascular Responses in Endothelial Nitric Oxide 

Feb 7, 2005 - Endothelium-Derived Hyperpolarizing Factor in the Regulation of Blood ... Similarly, the endothelium-dependent vasodilator bradykinin ...










 


[image: alt]





Selective inducible nitric oxide synthase inhibition attenuates 

NO is a free radical product generated through the oxidation of. L-arginine to L-citrulline by .... thiourea sulfate, a potent and selective inhibitor of inducible nitric.










 


[image: alt]





Oxide Oxide - Arte wallcovering 

s ma y differ from reality . Les coloris reprÃ©sentÃ©s peuv ent diffÃ©rer de la rÃ©alitÃ©. Width / Largeur: 90 cm (35.43â€�). Sold by cut length / LivrÃ© au dÃ©coupage. # 23000.










 


[image: alt]





inhibition of inducible nitric oxide synthase reduces ... .fr 

solution to 19 mL ethanol, vortex mixed and stored at room temperature for up to 5 days. The BHT ... randomly into four groups: (i) control, which received normal saline; (ii) .... oxide synthase activity following endotoxin administration in dogs.










 


[image: alt]





Agreement and Discrepancy in the Evaluation of Normal and Diabetic 

1712. 6. 7. 8. 9 la. 8. 1,3. (1) 0 = fasting value,2 = 2hrs after glucose load value . h. (2) SUA = serum uric acid, CI = Corpulence Index: 100 (log ~1i!' SBP = systolic ...










 


[image: alt]





Quantifying Salmonella Contamination in Pig 

5 Institute of Meat Hygiene and Technology, Freie UniversitÃ¤t Berlin, ... using sterilized gauze during the processing. .... SH A, B, C: Slaughterhouse A, B and C .... J Appl. Microbiol 105:1209-1219. 15. Fosse J, Seegers H, Magras C. 2009.










 


[image: alt]





Andrews (1997) Similarities in normal and 

tinually, observers begin to experience fluctuations in percep- tion that range from the ... quality of the set elements by changing their orientation and color; the purpose was .... Sloane, M. E. (1985) in Models of the Visual Cortex, eds. Rose, D.










 


[image: alt]





Effects of nitric oxide on blood flow distribution and O2 ... .fr 

We conclude that NO is not implicated in the alterations in O2 extraction capabilities observed early after endotoxin admin- istration. cardiac output; hypotension ...










 


[image: alt]





Oxide Oxide - Arte wallcovering 

23305 Iron Flower. Oxide. Fact sheet www.arte-international.com. Oxidised, metallised, crushed and mosaic wallcovering on non-woven backing with weathered ...










 


[image: alt]





Microreview Dendritic cells in the recognition of intestinal 

Feb 24, 2006 - overcome the host's immune system, which is illustrated for Salmonella ..... dritic cells in the physiology and pathology of the gas- trointestinal ...










 


[image: alt]





Dendritic cells in intestinal immune regulation 

It has been appreciated for some time that admin- istration of retinoic acid has beneficial effects in autoimmune disease settings. It is possible that some of these ...










 


[image: alt]





INTESTINAL AND PULMONARY MUCOSAL T CELLS: Local 

Jan 16, 2006 - anatomical constraints in turn regulate the nature of .... the exception of the trachea) under normal conditions (45, 46). ...... in the pig. Int. J. Exp.










 


[image: alt]





Pig welfare: the animal point of view, biological and behavioural 

for pig meat produced with improved welfare conditions. ... By J.-Y. Dourmad, A. Carpentier, B. Lebret an M.-C. Meunier-SalaÃ¼n (communication p.213).










 


[image: alt]





"Ethylene Oxide Polymers". In: Encyclopedia of Polymer 

Solution viscosity vs concentration for ethylene oxide polymers (7). ... Solution viscosity vs temperature: (a) 1.0 wt% solution and (b) 5.0 wt% ..... 4,500â€“8,800.










 


[image: alt]





Normal Faulting during the August 1989 Earthquakes in Central Afar 

followed in the next 50 hr by 17 events with 5:0 










 


[image: alt]





Chorioretinopathy and microcephaly with normal 

Abstract New abundance tables have been compiled for Cl chondrites and the solar photosphere and corona, based on a critical review of the literature to mid-1988. The meteorite data are generally accurate toÂ±5â€“10%. Significant discrepancies betwee










 


[image: alt]





Deformation induced by ethanol substitution in normal and tension 

May 1, 2009 - Abstract Wood deformation in the longitudinal and tangential directions induced by ethanol substitution and oven-drying was measured in ...










 


[image: alt]





Delusions of alien control in the normal brain 

by an external object or agent, and distinguishes it from sen- ..... that represent a statistical assessment of condition-specific effects [17]. ..... A similar theory that attempts ... a review of brain imaging data and single-neuron responses. Jour










 


[image: alt]





A model of duration in normal and perturbed ... - Research 

a nominal reaching movement can predict the duration of related movements, specifically reaching movements subject to perturbation of the target during their ...










 


[image: alt]





pig pigger piggest pdf 

We have many PDF Ebook and user guide is also associated with pig pigger piggest PDF Ebook, include : Physics Concept Development Practice Page 8 1 Answers, Pltw Training Answers, Po Tique. Fran Oise Lusage Des Dames Avec Des Exemples, Poetry India V










 


[image: alt]





pig pigger piggest pdf 

... Training Answers, Po Tique Fran Oise Lusage Des Dames Avec Des. Exemples, Poetry India Voices Of Silence , and many more in our library PDF Ebook.










 














×
Report INTESTINAL NITRIC OXIDE IN THE NORMAL AND ENDOTOXEMIC PIG





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



