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Inosine improves gut permeability and vascular reactivity in

endotoxic shock

Francisco Garcia Soriano, MD, PhD; Lucas Liaudet, MD; Anita Marton, MD; Gyorgy Hasko, MD, PhD;
Clara Batista Lorigados, MD; Edwin A. Deitch, MD; Csaba Szabo, MD, PhD

Objective: To investigate the effects of inosine administration
on vascular reactivity, gut permeability, neutrophil accumulation
and lipid peroxidation in tissues in murine endotoxin shock.

Design: Randomized, prospective laboratory study.

Setting: Research laboratory.

Subjects: BALB/c mice 6—-8 wks age.

Interventions: BALB/c mice were randomly assigned to one of
five groups: a) vehicle controls, which received saline intraperi-
toneally; b) inosine controls, which received inosine alone (100
mg/kg, ip); c) lipopolysaccharide (LPS)-treated animals, which
received LPS (40 and 100 mg/kg, ip, depending on the experi-
mental protocol); d) inosine pretreatment group, which received
inosine (100 mg/kg, ip) 30 mins before LPS; and finally, e) inosine
posttreatment group, which received inosine (100 mg/kg, ip) 60
mins after LPS.

Measurements and Main Results: The passage of fluorescein
isothiocyanate-conjugated dextran (4 kDa, FD4) was analyzed in
everted gut ileal sacs incubated ex vivo as an index of gut

permeability. LPS induced a significant intestinal hyperpermeabil-
ity, and inosine exerted protective effects both in pre- and post-
treatment regimens. Myeloperoxidase and malondialdehyde were
also measured to study neutrophil accumulation and lipid peroxi-
dation in selected tissues. Inosine, both in pre- and posttreatment
regimens ameliorated the increases in myeloperoxidase and mal-
ondialdehyde in the lung and gut. LPS-treated animals showed
decreased contractile and relaxant responses, and inosine pre-
treatment (but not posttreatment) partially improved these re-
sponses.

Conclusions: Taken together, inosine has organ protective
effects during shock. A significant portion of its protective action
is maintained even in the posttreatment scenario. (Crit Care Med
2001; 29:703-708)

Kev Worbs: inosine; shock; endotoxin; gut; vascular; endothe-
lial; permeability; reactivity; lung; liver; myeloperoxidase; malon-
dialdehyde

t is well recognized that certain
naturally occurring purines can
exert powerful effects on the im-
mune system. The nucleoside
adenosine is the best characterized of
these purines; both extracellular and in-
tracellular adenosine have been shown to
affect almost all aspects of an immune
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response (1-3). Adenosine and its analogs
can alter the course of a variety of im-
mune-mediated/inflammatory diseases,
such as endotoxin shock (4, 5), rheuma-
toid arthritis (6, 7), pleural inflammation
(8), nephritis (9), and uveitis (10). Aden-
osine is also recognized as one of the
most important endogenous molecules
able to prevent tissue injury in ischemia-
reperfusion (11). Its effect is partly medi-
ated by the inhibition of deleterious im-
mune-mediated processes, including the
release of proinflammatory cytokines and
free radicals (11).

Inosine is another endogenous purine
nucleoside, which is formed during the
breakdown of adenosine by adenosine
deaminase (12). This molecule is released
into the extracellular space from cells
upon metabolic stress (13-15) or from
the sympathetic nervous system (16). In
ischemic tissues, inosine concentration
can increase to levels as high as 1-3 mM
(17), and increased tissue inosine levels
are present in various inflammatory
states (17-20). In a recent study, we
showed that—contrary to the previous,

widely held belief that inosine is an inert
metabolite without biological effects—
inosine inhibits proinflammatory cyto-
kine and chemokine production in vitro
and in vivo, enhances the production of
the anti-inflammatory interleukin-10 via
a posttranscriptional mechanism, and re-
duces endotoxin-induced mortality in
mice (21).

In the present study, we investigated
whether inosine can affect the deteriora-
tion in vascular reactivity, intestinal
function, neutrophil infiltration, and in-
traorgan oxidant production, pivotal
events of the septic multiple organ dys-
function syndrome. Furthermore, we
tested whether inosine maintains its pro-
tective effects in the posttreatment regi-
men. Our hypothesis was that inosine
suppresses intraorgan oxidant production
and neutrophil accumulation in endotox-
emia and prevents the deterioration of
vascular responsiveness. Furthermore,
because of the posttranscriptional mech-
anism of its anti-inflammatory action, we
hypothesized that some of the protective
effects of inosine may be sustained, even
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in the posttreatment therapeutic regi-
men.

MATERIALS AND METHODS

In vivo studies were performed in accor-
dance with National Institutes of Health
Guidelines and with the approval of the local
Institutional Animal Care and Use Committee.

Reagents and Drugs. Lipopolysaccharide
(LPS; from Escherichia coli, serotye 0127:B8),
inosine, sodium dodecyl sulfate, 3-[N-morpho-
lino]propane sulfonic acid, 2-thiobarbituric
acid  (4,6-dihydroxypyrimidine-2-thiol),
a-phenylephrine, acetylcholine chloride,
hexadecyltrimethylammonium bromide, tet-
ramethylbenzidine, hydrogen peroxide, acetic
acid, malondialdehyde bis(dimethyl acetal),
and graded compound were purchased from
Sigma-Aldrich (St. Louis, MO).

Mice. Male BALB/c mice (8 wks old) were
purchased from Taconic Laboratories (MA).

Animal Preparation. Animals were injected
intraperitoneally with LPS or saline. Mice for
gut permeability measurements had the gut
harvested after 16 hrs of 40 mg/kg LPS. For all
other measurements, the tissues were har-
vested after 8 hrs of 100 mg/kg LPS. The two
different doses of LPS for the different parts of
the study were selected based on studies in the
literature and preliminary dose-response and
time-course work. We observed that 40 mg/kg
LPS produced between 70% and 80% mortal-
ity in 24 hrs and induced significant increases
in tumor necrosis factor-a, interleukin-1p3,
and nitrite/nitrate (peaking at 2, 4, and 8 hrs,
respectively; not shown). LPS, at a dose of 100
mg/kg, produced 100% mortality at 24 hrs,
i.e., initiates a very severe endotoxic shock
state. We, therefore, selected a dose of 100
mg/kg for the majority of the studies to inves-
tigate whether treatment of a very severe
shock state with inosine is able to improve
vascular function and attenuate tissue dam-
ages. Similar doses of LPS have previously
been used by other investigators (22, 23). Both
doses of LPS used in the studies provided
significant and reproducible changes in the
respective variables studied. For inosine treat-
ment, animals were injected intraperitoneally
with saline or inosine (100 mg/kg) in a volume
of 0.1 mL/10 g of body weight; inosine was
injected 30 mins before LPS (INO-pre) or 60
mins after LPS (INO-post).

Treatment Protocols. Mice were divided
into five experimental groups: control, inosine
control, LPS, INO-pre, and INO-post: a) con-
trol—animals received physiologic saline
only; b) inosine control—animals were treated
with inosine and did not receive LPS; ¢) LPS—
mice in this group received intraperitoneal
LPS and physiologic saline; d) INO-pre—mice
were treated with inosine (100 mg/kg, ip) 30
mins before LPS injection; e) INO-post—mice
were treated with inosine (100 mg/kg, ip) 60
mins after LPS injection.

Gut Permeability Measurements. Intesti-
nal mucosal barrier function was assessed by
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the mucosal-to-serosal clearance of fluores-
cein isothiocyanate-conjugated dextran (4
kDa, FD4) in everted gut ileal sacs incubated
ex vivo (24). The everted gut sacs were pre-
pared in ice-cold modified Krebs-Henseleit bi-
carbonate buffer (KHBB contained in mM:
HEPES 10, NaCl 137, KCl 5.5, NaHCO; 4.2,
Na,HPO, 0.3, KHPO, 0.4, MgSO, 0.4, MgCl,
0.5, CaCl, 1.3, glucose 19.5). The ileal seg-
ment was first lavaged with 3 mL of isotonic
saline to remove fecal material and was then
closed at one end with a 4-0 silk ligature. The
gut sac was everted onto a thin plastic rod,
then connected to a 3-mL syringe containing
0.4 mL of the KHBB solution, via a male luer
fitting for 1/16-inch (approximately, 1.5 mm)
internal diameter tubing (World Precision In-
strument, Sarasota, FL), and secured with a
4-0 silk ligature. The everted gut sac was then
gently distended with 0.4 mL of KHBB, then
suspended in a 50-mL beaker containing FD4
(20 pwg/mL) in KHBB, continuously gassed
with 95% oxygen and 5% CO,, and maintained
at 37°C in a water bath.

At the beginning of the incubation, a 1-mL
sample was withdrawn from the beaker to de-
termine the initial external (i.e., mucosal) FD4
concentration (FD4,,,,.). After a 30-min incu-
bation period, the gut sac was removed from
the beaker, its diameter (D) and length (L)
were measured, and the KHBB solution (0.4
mL) was withdrawn from within the sac to
determine the internal (i.e., serosal) FD4 con-
centration (FD4,.,). After centrifugation (1000
X g, 10 mins), 300 wL of the clear superna-
tants were diluted with 3 mL of phosphate-
buffered saline (10 mM; pH 7.4) and fluores-
cence was measured (Aex = 492 nm, slit width
= 1.5 nm; A\em = 515 nm, slit width = 10
nm) in a spectrofluorometer (model RF 5301,
Shimadzu, Columbia, MD). The mucosal-to-
serosal clearance of FD4 was calculated using
the following equations:

Mucosal surface area (A) = wLD

Mass of FD4 in the gut sac after 30-min

incubation (M) = (FD4,,,) X 0.4.

Mucosal-to-serosal permeation
rate of FD4 (PR, ng/min) = M/30 min

Mucosal-to-serosal clearance

of FD4 (C, nL/min/cm?) = (PR/FD4,..)/A

muc

Vascular Reactivity in Isolated Aortic
Rings. The thoracic aortae were harvested af-
ter 8 hrs of LPS injection, cleared from peri-
advential fat, and mounted in organ baths
filled with warmed (37°C) and gas-equilibrated
(95% oxygen, 5% CO,) Krebs’ solution (mM):
CaCl, 1.6, MgSO, 1.17, EDTA 0.026, NaCl 130,
NaHCO, 14.9, KCl 4.7, KH,PO, 1.18, glucose
11. Isometric tension was measured with iso-

metric transducers (Kent Scientific, Litch-
field, CT), digitized using a MacLab A/D con-
verter and stored and displayed on a
Macintosh computer. The preload was 1 g. The
rings were equilibrated for 60 mins, and the
solution was changed every 15 mins. Dose-
response curves to phenylephrine (107 to
3x10° M) and acetylcholine (10 to 3x10*
M) were obtained.

Myeloperoxidase Assay (MPO). Samples
from gut, liver, and lung were harvested, snap
frozen in liquid nitrogen, and stored at —70°C
for further biochemical measurements. Tissues
were homogenized (50 mg/mL) in 0.5% hexade-
cyltrimethylammonium bromide in 10 mM
3-[N-morpholino]propane sulfonic acid and cen-
trifuged at 15,000 X g for 40 mins. The suspen-
sion was then sonicated three times for 30 secs.
An aliquot of supernatant was mixed with a so-
lution of 1.6 mM tetramethylbenzidine and 1
mM hydrogen peroxide. Activity was measured
spectrophotometrically as the change in absor-
bance at 650 nm at 37°C, using a Spectramax
microplate reader (Molecular Devices, Sunny-
vale, CA). Results are expressed as milliunits of
MPO activity per mg of protein, which were
determined with the Bio-Rad assay (Bio-Rad,
Hercules, CA).

Malondialdehyde Assay (MDA). Malondial-
dehyde formation was used to quantify the
lipid peroxidation in tissues and measured
as thiobarbituric acid-reactive. Tissues were
homogenized (100 mg/mL) in 1.15% KCI
buffer. A total of 200 wL of the homogenates
were then added to a reaction mixture con-
sisting of 1.5 mL of 0.8% thiobarbituric
acid, 200 pL of 8.1% sodium dodecyl sulfate,
1.5 mL of 20% acetic acid (pH 3.5), and
600 pL of distilled water. The mixture was
then heated at 90°C for 45 mins. After cool-
ing to room temperature, the samples were
cleared by centrifugation (10,000 X g, 10
mins) and their absorbance was measured at
532 nm, using 1,1,3,3-tetramethoxypropane
as an external standard. The level of lipid
peroxides was expressed as nmol MDA/mg of
protein.

Statistical Evaluation. Values in the fig-
ures and text are expressed as mean * sgm of
n observations. Statistical analysis of the data
was performed by analysis of variance, fol-
lowed by the Tukey’s test, as appropriate. The
number of experimental determinations used
was n = 8 per group and is specified in the
figure legends.

RESULTS

Effect of Inosine on Gut
Permeability

We first determined whether inosine
pretreatment or posttreatment can in-
fluence the endotoxin-induced gut hy-
perpermeability. The mucosal-to-sero-
sal passage of FD4 was low in control
and inosine control animals, the calcu-
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Figure 1. Gut mucosal permeability to isothio-
cyanate fluorescein dextran (FD4) in everted
gut sacs incubated ex vivo. A segment of ileum
was harvested after 16 hrs of lipopolysaccha-
ride (LPS) injection to measure the mucosal-
to-serosal passage of FD4. Inosine was given in
the LPS-treated group as a pretreatment (INO-
pre) or as a posttreatment (/NO-post) (mean =+
SEM of 9—12 determinations in each experimen-
tal group). *p < .05 control vs. LPS: significant
alteration in response to LPS, compared with
vehicle-treated control animals in the absence
of LPS. #p < .05 LPS vs. LPS plus INO-pre or
LPS vs. INO-post: significant improvement by
inosine (pre- or posttreatment) in the presence
of LPS vs. LPS alone.

lated clearance being 16.4 + 2.4 and
19.7 = 1.4 nL/min/cm?, respectively
(Fig. 1). LPS (40 mg/kg, ip)-treated an-
imals demonstrated an increase in gut
permeability, the calculated clearance
reaching 31.9 = 2.8 nL/min/cm? In
inosine-treated animals, there was a
significantly reduction of permeability.
The calculated clearance was 19.4 *+ 3.0
and 24.3 = 2.6 nL/min/cm? INO-pre
and INO-post respectively (Fig. 1).

Effect of Inosine on Vascular
Reactivity

The aortic rings taken from LPS-
treated animals (100 mg/kg, ip) showed a
significantly reduced peak response to
phenylephrine (0.792 = 0.109 g) com-
pared with controls. INO-pre animals
showed improved contractility (1.162 =+
0.079 g) (Fig. 2). However, inosine 60
mins after LPS failed to protect against
the endotoxin-induced loss of vascular
contractility (data not shown).

The endothelial function was analyzed
by relaxant responsiveness of precon-
tracted vascular rings to the endotheli-
um-dependent vasodilator, nitric oxide-
liberating hormone, acetylcholine. LPS
animals developed a greater endothelial
dysfunction with a reduced relaxant re-
sponse (30.9% = 10.1%) than controls,
and inosine (applied as a pretreatment)
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Figure 2. Vascular rings experiments. Thoracic aortae were harvested after 8 hrs of lipopolysaccharide
(LPS) injection to measure their contraction (4) to phenylephrine or relaxation (C) to acetylcholine.
In panels B and D, the values are percentage of corresponding maximum effect. Mean = SEM of 10-12
determinations in each experimental group. #p < .05 control vs. LPS: significant alteration in
response to LPS compared with vehicle-treated control animals in the absence of LPS. *p < .05 LPS
vs. pretreatment (INO-pre): significant improvement by inosine pretreatment in the presence of LPS

vs. LPS alone.

improved endothelial function (55.0% =
5.6%) (Fig. 2). The data were also plotted
as a percentage of the maximum devel-
oped tension or relaxation to determine
the sensitivity of rings to phenylephrine
or acetylcholine. The percentage maxi-
mum developed tension and relaxation
curves were nearly identical for LPS,
INO-pre, control, and inosine control
groups (Fig. 2, B and D).

Inosine Reduces the LPS-
Induced Intraorgan Inflammatory
Processes

Tissue Myeloperoxidase. The activity
of MPO in selected tissues is demon-
strated in Figure 3. In the lung, there is
an increase in MPO levels in LPS (100
mg/kg, ip)-treated animals and both pre-
and posttreatment with inosine protected
against this alteration. Also, in the gut,
MPO activity was reduced in the presence

of inosine, both in pre- and posttreat-
ment regimens (for example, respective
MPO values were 5.7 = 1.1, 3.5 = 0.6,
and 3.8 = 0.7 mU/mg for LPS, INO-pre,
and INO-post) (Fig. 34). In the liver,
there was a slight increase in MPO levels
in response to LPS, and there were no
significant differences among the groups
studied (Fig. 3C).

Tissue Levels of MDA. In gut and
lung, there were significant increases in
the levels of MDA in response to LPS
(gut, 1.45 += 0.09 nmol/mg of protein;
lung, 14.41 *= 1.36 nmol/mg of protein).
Inosine pretreatment (gut, 1.13 = 0.07
nmol/mg of protein; lung, 3.66 * 0.32
nmol/mg of protein) and inosine post-
treatment (gut, 0.88 * 0.21 nmol/mg of
protein; lung, 4.79 + 0.46 nmol/mg of
protein) both reduced the tissue MDA lev-
els, as shown in Figure 4. In the liver,
LPS significantly increased MDA genera-
tion, and inosine did not have any signif-
icant effects (Fig. 4, bottom).
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Figure 3. Myeloperoxidase (MPO) activity in the
gut (4), lung (B), and liver (C) obtained from
mice after lipopolysaccharide (LPS) injection.
The tissues were harvested after 8 hrs. Mean +
SEM of 8 determinations in each experimental
group. *p < .05 control vs. LPS: significant al-
teration in response to LPS compared with vehi-
cle-treated control animals in the absence of LPS.
#p < .05 LPS vs. LPS plus pretreatment (INO-
pre) or LPS vs. posttreatment (INO-post): signif-
icant improvement by inosine (pre- or posttreat-
ment) in the presence of LPS vs. LPS alone.

DISCUSSION

Until recently, inosine was considered
an inactive purine metabolite in most bi-
ological systems. However, evidence from
our laboratory, as well as other groups of
investigators, indicates that extracellular
inosine has powerful cellular protective
effects. In addition to the already men-
tioned modulation of pro- and anti-
inflammatory chemokine and cytokine
production (see Introduction and Refer-
ence 21), it prevents glial cell death dur-
ing glucose deprivation (25), decreases
the release of intracellular enzymes from
hypoxic lymphocytes (26), improves renal
function during ischemia (27, 28), and
removes the harmful effects of total he-
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Figure 4. Concentrations of malondialdehyde
(MDA) measured in the gut (fop) lung (middle),
and liver (boftom) obtained from mice after lipo-
polysaccharide (LPS) injection. The tissues were
harvested after 8 hrs. Mean * SEM of 8 determi-
nations in each experimental group. *» < .05
control vs. LPS: significant alteration in response
to LPS compared with vehicle-treated control
animals in the absence of LPS. #p < .05 LPS vs.
LPS plus pretreatment (INO-pre) or LPS vs. post-
treatment (/NO-post): significant improvement
by inosine (pre- or posttreatment) in the pres-
ence of LPS vs. LPS alone.

patic ischemia (29). Inosine administra-
tion has also been shown to improve
myocardial function during acute left
ventricular failure (28, 29) and decrease
infarct size after coronary occlusion (30—
32). Most of these actions were previously
ascribed to the potential vasodilatory ef-
fects of this purine.

In the current study, we present evi-
dence that inosine exerts potent organ
protective effects in vivo. Part of these
actions is related to inosine’s ability to
decrease polymorphonuclear accumula-
tion and lipid peroxidation in lung and
gut. Gut and lung are pivotal organs af-
fected in multiple organ dysfunction. A

number of studies have highlighted the
central role of the gut in the pathophys-
iology of shock of various origins. The
gut is particularly prone to develop both
ischemic and reperfusion injuries be-
cause of the countercurrent shunting of
blood in the villi (33), as well as the
abundant content of xanthine dehydroge-
nase/xanthine oxidase in the gut mucosa
(34). In line with these concepts, we
found that animals subjected to endo-
toxin shock developed a significant gut
mucosal barrier failure, as evidenced by a
marked increase of gut permeability to
FD4 (Fig. 1). Our current results demon-
strate that inosine reduces the inflamma-
tory response in the gut and preserves the
intestinal permeability function. Recent
data have indicated that gut adenosine
triphosphate content is directly corre-
lated to the severity of mucosal barrier
failure (35). Reactive oxidant species are
known to activate futile cellular adeno-
sine triphosphate consuming pathways,
such as the one triggered by poly(ADP-
ribose) synthetase (36—38). The reduc-
tion by inosine of malondialdehyde for-
mation (an index of lipid peroxidation
and reactive oxidant production) indi-
cates that the site of inosine’s action is
proximal to free radical generation and
the above-mentioned energy-consuming
processes.

We also analyzed certain indicators of
vascular failure in the current model of
endotoxin shock. Inosine treatment im-
proved vascular reactivity, as evidenced
by a higher developed tension of the tho-
racic aorta to phenylephrine (Fig. 2). The
endothelial function was also improved
by inosine, with better endothelium-
dependent relaxant responses elicited by
acetylcholine. A normal vascular reactiv-
ity is a crucial factor in maintaining ad-
equate blood perfusion regulation, and its
impairment is associated with end-organ
damage (39-42). The endothelial dys-
function is initiated, at least in part, by
leukocyte adherence to the blood vessels
(39). In hemorrhagic shock, an early mi-
crovascular dysfunction has been shown
to contribute to the late sequelae of in-
testinal ischemia and can alter microvas-
cular responses to subsequent systemic
insults (40). It is conceivable that also in
our current model, an early endothelial
dysfunction is followed by leukocyte ac-
cumulation and eventual increases in gut
permeability. In this sequence of events,
intestinal damage will subsequently trig-
ger additional, late multiple organ dys-
function. The vascular dysfunction is, at
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e propose the
potential use
of inosine for
the experimental therapy of

circulatory shock.

least in part, dependent on the produc-
tion of proinflammatory cytokines, such
as tumor necrosis factor-a: its neutraliza-
tion can partially protect against the de-
velopment of vascular hyporeactivity
(43). Because inosine can suppress proin-
flammatory cytokine production (21), it
is possible that its protective effects are,
at least in part, related to reduced proin-
flammatory cytokine levels. Taken to-
gether, we propose that the protective
effects of inosine on the vascular respon-
siveness may, at least partly, be attribut-
able to its effects on inflammatory medi-
ator production.

Although we have now provided evi-
dence that inosine improves multiple
constituents of multiple organ failure in-
duced by endotoxin, we have not pre-
sented data in the current manuscript for
endotoxin-induced alterations in hemo-
dynamic variables or tissue acidosis. Nev-
ertheless, previous studies, using LPS
doses similar to the ones used in the
current manuscript, have indeed re-
ported significant hemodynamic and
metabolic alterations. Based on the cur-
rent data and our recent work (21) dem-
onstrating that inosine reduced LPS-
induced mortality in mice, it is possible
that inosine also improves additional (he-
modynamic or metabolic) aspects of the
shock syndrome. However, the effects of
inosine on the hemodynamic and meta-
bolic alterations in various forms of cir-
culatory shock remain to be further char-
acterized.

We have previously demonstrated that
the in vitro inhibitory effect of inosine on
proinflammatory mediator production is
maintained when the purine is given later
than the stimulus of the inflammatory
mediator production (e.g., LPS). We have
also demonstrated that the mode of in-
osine’s action is not related to activation
of the p38 and p42/p44 mitogen-activated
protein kinases, phosphorylation of the
c-Jun terminal kinase, degradation of in-
hibitory factor kB, or elevation of intra-
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cellular cAMP, and it was found to be
posttranscriptional or pretranslational
(21). This delayed mode of action encour-
aged us to perform the comparison of
pre- and posttreatment effects in the cur-
rent series of experiments. In line with
the in vitro studies, in fact, the in vivo
results also confirmed that a significant
portion of inosine’s beneficial effects is
maintained, even in the posttreatment
regimen. Although the current experi-
mental model cannot be directly com-
pared with a clinical situation, the find-
ings are nevertheless encouraging and
may indicate a significant window of op-
portunity for future therapy of shock with
inosine.

There was a significant interorgan
variability in the degree of neutrophil in-
filtration and lipid peroxidation in our
study. This interorgan variability has pre-
viously been shown in the literature: in
rodents, LPS was found to induce signif-
icantly higher levels of MPO in lung than
liver, and these changes are associated
with different degree of the expression of
the transcription factor nuclear factor kB
(44, 45). This difference between the se-
verity of inflammation between various
organs may be related to the fact that the
expression of adhesion molecules and the
infiltration of inflamed organs by mono-
nuclear cells exhibit an organ-specific
pattern after LPS challenge (46, 47). Al-
though the exact reasons why the degree
of neutrophil infiltration and the degree
of oxidant generation show marked or-
gan-specific differences are not com-
pletely understood, our work clearly
shows that inosine is able to down-
regulate these processes in all affected
organs tested.

Inosine has been, in fact, sporadically
used in clinical practice for various forms
of cardiovascular disorders, including
certain ischemic events (17). The daily
tolerated doses of inosine in humans are
extremely high, up to levels of 5-6 g/day
(48-50) (which is comparable with the
100-mg/kg dose used in our current ro-
dent studies). Based on our data, coupled
with the excellent safety profile of ino-
sine, the concept of testing inosine in
patients with circulatory shock may be
not at all far fetched.

In vivo, inosine is metabolized to
urate. In fact, humans taking high doses
of inosine orally have significant in-
creases in plasma urate levels (48). Urate
is a potent scavenger of peroxynitrite or
peroxynitrite-derived reactive nitrogen
species (51, 52). Therefore, the possibility

exists that urate-mediated antioxidant ef-
fects also contribute to the protection
seen with inosine. It is noteworthy, in
this context, that a recent study demon-
strated that urate treatment exerts potent
hepatoprotective effects in a rodent
model of hemorrhagic shock (53).

In summary, our study demonstrated
that inosine reduces a variety of features
of multiple organ dysfunction associated
with LPS, as demonstrated in the lung,
gut, endothelium, and vascular smooth
muscle. A significant proportion of the
protective effects of inosine is maintained
in the posttreatment scenario. We pro-
pose the potential use of inosine for the
experimental therapy of circulatory
shock.
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