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INTRODUCTION
Sepsis, septic shock, and multiple

organ failure continue to be the most
common causes of death in noncardiac
intensive care units (1-3). Despite ad-
vances in the management of trauma
victims, the incidence of sepsis and sep-
tic shock has increased significantly over
the past two decades (3-6). Human
adrenomedullin (AM) is a 52-amino acid
peptide which was first isolated from
pheochromocytomas by Kitamura et al.
and reported in 1993 (7). Rat AM has 50
amino acid residues, with two amino acid
deletions and six substitutions compared
with human AM (8). Circulating levels of
AM increase significantly in patients with
septic shock (9-11) and systemic inflam-
matory response syndrome (12), and after

major surgery (13). Upregulation of AM
can also be observed after administration
of endotoxin in vivo as well as in vitro in
vascular smooth muscle cells and
macrophages (14-20). Our recent studies
have demonstrated that the small intes-
tine is a major source of AM production
and release during sepsis (21). Studies by
Elsasser et al. (22) have demonstrated the
presence of a specific AM binding protein
(120 and/or 140 kDa) in mammalian
blood. Pio et al. purified the binding pro-
tein, which they named AMBP-1, and
discovered that AMBP-1 is identical to
human complement factor H (23). The
primary site of AMBP-1 (factor H)
biosynthesis is the liver (24-26), and the
only extrahepatic source of AMBP-1 in
humans under in vivo conditions is the

small amount produced in the lungs (27).
The finding that AMBP-1 potentiates
AM-induced cAMP accumulation in cul-
tured Rat-2 fibroblast cells (23) suggests
that AMBP-1 plays an important role in
AM-induced vascular relaxation. Thus,
circulating AMBP-1 can positively affect
the bioactivity of AM under normal as
well as disease conditions (23). To this
end, our results have indicated that
AMBP-1 improves vascular responsive-
ness to AM stimulation (28). Moreover,
we have shown that AMBP-1 production
is decreased in sepsis, and this reduction
in AMBP-1 appears to be responsible for
the vascular AM hyporesponsiveness
observed in the hypodynamic phase (28).
Moreover, coadministration of AM and
AMBP-1 downregulates proinflammatory
cytokines (29), maintains cardiovascular
stability (30), prevents endothelial cell
apoptosis (31) in sepsis and reduces
sepsis-induced mortality (30).

Studies have indicated that downregu-
lation of vascular endothelial constitutive
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Downregulation of vascular endothelial constitutive nitric oxide synthase (ecNOS) contributes to the vascular hyporesponsive-
ness in sepsis. Although coadministration of the potent vasodilatory peptide adrenomedulin (AM) and the newly discovered AM
binding protein (AMBP-1) maintains cardiovascular stability and reduces mortality in sepsis, it remains unknown whether
AM/AMBP-1 prevents endothelial cell dysfunction. To investigate this possibility, we subjected adult male rats to sepsis by cecal
ligation and puncture (CLP), with or without subsequent intravenous administration of the combination of AM (12 µg/kg) and
AMBP-1 (40 µg/kg). Thoracic aortae were harvested 20 h after CLP (i.e., the late stage of sepsis) and endothelium-dependent
vascular relaxation was determined by the addition of acetylcholine (ACh) in an organ bath system. In addition, ecNOS gene
and protein expression was assessed by RT-PCR and immunohistochemistry, respectively. The results indicate that ACh-induced
(i.e., endothelium-dependent) vascular relaxation was significantly reduced 20 h after CLP. Administration of AM/AMBP-1 pre-
vented the reduction of vascular relaxation. In addition, ecNOS gene expression in aortic and pulmonary tissues was downregu-
lated 20 h after CLP and AM/AMBP-1 attenuated such a reduction. Moreover, the decreased ecNOS staining in thoracic aortae
of septic animals was prevented by the treatment with AM/AMBP-1. These results, taken together, indicate that AM/AMBP-1 pre-
serves ecNOS and prevents reduced endothelium-dependent vascular relaxation (i.e., endothelial cell dysfunction) in sepsis. In
light of our recent finding that AM/AMBP-1 improves organ function and reduces mortality in sepsis, it is most likely that the pro-
tective effect of these compounds on ecNOS is a mechanism responsible for the salutary effect of AM/AMBP-1 in sepsis.
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nitric oxide synthase (ecNOS) contributes
to vascular hyporesponsiveness in sepsis
(32-34). Although administration of
AM/AMBP-1 is beneficial in sepsis,
whether AM/AMBP-1 prevents endothe-
lial cell dysfunction under such condi-
tions is not known. We therefore hypoth-
esized that AM/AMBP-1 preserves
endothelium-dependent vascular relax-
ation by preventing ecNOS downregula-
tion in sepsis. Endothelium-dependent
vascular relaxation was determined by
the addition of acetylcholine (ACh) in an
organ-bath system in aortas from septic
and sham-operated animals with or
without AM/AMBP-1 treatment. The
gene and protein expression of ecNOS in
aortic and pulmonary tissues was deter-
mined by RT-PCR and immunohisto-
chemical analysis, respectively, in those
animals with sepsis.

MATERIALS AND METHODS
Experimental animals. Male adult

Sprague-Dawley rats (275-315 g), pur-
chased from Charles River Laboratories
(Wilmington, MA, USA), were used in
this study. All surgical procedures were
performed using aseptic technique with
the exception of induction of sepsis by
cecal ligation and puncture (CLP). The
experiments described below were per-
formed in adherence to the National In-
stitutes of Health (NIH) guidelines for
the use of experimental animals. This
project was approved by the Institutional
Animal Care and Use Committee of the
Feinstein Institute for Medical Research.

Animal model of sepsis. Polymicro-
bial sepsis was induced in rats by CLP as
described previously (35). Briefly, rats
were fasted overnight prior to the induc-
tion of sepsis, but allowed water ad libi-
tum. The animals were anesthetized with
isoflurane inhalation, and a 2-cm ventral
midline abdominal incision was made.
The cecum was then exposed, ligated
with 3-0 silk suture just distal to the ileo-
cecal valve to avoid intestinal obstruc-
tion, punctured twice with an 18-gauge
needle, and returned to the abdominal
cavity. The punctured cecum was
squeezed to expel a small amount of

fecal material. The incision was then
closed in layers, and fluid resuscitation
by subcutaneous administration of 
3 mL/100 g body wt. normal saline was
performed immediately after CLP. Sham-
operated animals underwent the same
surgical procedure except that the cecum
was neither ligated nor punctured. Stud-
ies were then conducted 20 h after the
induction of sepsis or sham-operation.
It should be noted that 20 h after CLP
represents the late, hypodynamic stage
of polymicrobial sepsis (35,36).

Administration of AM/AMBP-1. The
fasted animals were anesthetized with
isoflurane inhalation, and a 1.0-cm inci-
sion was made in the neck. A 200-µL
Alzet mini-osmotic pump (infusion at a
constant rate of 8 µL/h) was prefilled
with synthetic rat AM solution (20 µg/
mL sterile normal saline; Pheonix Phar-
maceuticals, Belmont, CA, USA) and in-
serted into the right jugular vein through
a silastic catheter. After closure of the
neck incision, CLP was performed after
the implantation of the pump. Human
AMBP-1 (40 µg/kg body wt; Cortex, San
Leandro, CA, USA) was then infused via
the femoral vein using a Harvard pump
at a rate of 50 µL/min for a period of 
20 min. The selected dosages of AM and
AMBP-1 were previously found to signif-
icantly reduce circulating concentrations
of TNF-α, IL-1β, and IL-6 (29), and de-
creased sepsis-induced mortality (30).
Vehicle-treated animals received an equal
amount of sterile normal saline instead
of AM/AMBP-1. Twenty hours after CLP
or sham-operation the thoracic aortae
and lungs were harvested for various
measurements, as described below.

Determination of vascular relaxation.
Immediately after the death of the ani-
mals by an overdose of isoflurane inhala-
tion, the thoracic cavity was rapidly
opened and the thoracic aorta was re-
moved. The blood vessels were im-
mersed in ice-cold Krebs-Ringer bicar-
bonate solution (composition in mM:
NaCl, 118.3; KCl, 4.7; CaCl2, 2.5; MgSO4,
1.2; KH2PO4, 1.2; NaHCO3, 25.0; Ca-
EDTA, 0.026; glucose, 11.1, Na pyruvate,
1.0) that was aerated with 95% O2: 5%

CO2 (pH 7.4; PO2 580 mmHg). The tho-
racic aorta was cut into approximately
2-mm rings. The aortic rings were then
mounted on specimen holders and
placed in a glass organ chamber contain-
ing 5-mL aerated Krebs-Ringer bicarbon-
ate solution at 37 °C. One holder was sta-
tionary and the other was connected to
an isometric force-displacement trans-
ducer coupled to a polygraph. The vas-
cular rings were incubated in the aerated
Krebs-Ringer bicarbonate solution about
30-60 min. When the basal tension was
stable, a contraction of approximately 1-g
was induced by 2×10-7 M norepineph-
rine. An endothelium-dependent va-
sodilator, acetylcholine (ACh, concentra-
tion range from 10-8 to 5×10-6 M) or an
endothelium-independent vasodilator,
nitroglycerine (NTG, concentration range
from 5×10-9 to 10-6 M) was added to the
organ bath, and the percentage of vascu-
lar relaxation was then determined. At
the end of the experiment, the viability
of the vascular ring preparations was
checked by the addition of norepineph-
rine. There was no significant decrease
in vascular contraction induced by this
reagent.

Determination of ecNOS gene expres-
sion. The thoracic aortae and lungs (rep-
resenting blood vessel–rich tissues) were
harvested from the sham and septic ani-
mals with or without AM/AMBP-1 treat-
ment. Total RNA was extracted and 4 µg
RNA was reverse-transcribed. The result-
ing cDNAs were amplified by PCR reac-
tion using specific primers for rat ecNOS
(forward: GGG CCA GGG TGA TGA
GCT CTG; reverse: CCC TCC TGG CTT
CCA GTG TCC; NM_021838). The PCR
reaction was conducted at 35 cycles.
Each cycle consisted of 1 min at 94 °C, 1
min at 65 °C, and 2 min at 72 °C. Rat
glyceraldehyde 3-phosphate dehydroge-
nase (G3PDH) served as a housekeeping
gene (Clontech). After the RT-PCR proce-
dure, the reaction products were elec-
trophoresed in 1.6% TBE-agarose gel
containing 0.22 μg/mL ethidium bro-
mide. The gel was then photographed on
Polaroid film and a digital image system
was used to determine the band density.
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The ratio of ecNOS/G3PDH was then
calculated.

Determination of ecNOS gene expres-
sion in pulmonary tissues using real-
time PCR. Total RNA extracted from
pulmonary tissues was reverse-tran-
scribed to cDNA as described above.
ecNOS gene expression was determined
with a real-time PCR technique. The
primers specific for rat ecNOS were se-
lected by a real-time PCR primer design
software (Primer Express Software Ver-
sion 3; Applied Biosystems, Foster City,
CA, USA) from mRNA sequences re-
trieved from GenBank (accession #:NM_
021838; forward primer: CCG GCG CTA
CGA AGA ATG; reverse primer: AGT
GCC ACG GAT GGA AAT TG). G3PDH
was used as a reference gene (accession
#M17701; forward primer: ATG ACT
CTA CCC ACG GCA AG; reverse primer:
CTG GAA GAT GGT GAT GGG TT).
Real-time PCR was performed using the
7300 Real-Time PCR system (Applied
Biosystems) with SYBR Green as the de-
tection dye. The reaction was carried in
a 24 µL final reaction volume containing
0.08 µmol concentrations of each forward
and reverse primer, 2 µL cDNA, 9.2 µL
H2O and 12 µL SYBR Green PCR Mast
Mix (Applied Biosystems). The thermal
profile for the real-time PCR was 50 °C
for 2 min and 95 °C for 10 min, followed
by 40 cycles of 95 °C for 15 s and 60 °C
for 1 min. The gene expression was ex-
pressed as fold change according to the
formula for real-time PCR data analysis.
In addition, melting curve analysis was
performed to confirm the specificity of
the PCR product in this experiment.

Immunohistochemistry. The aortic
tissues were collected 20 h after CLP or
sham-operation (n = 4 rats/group) and
immediately fixed in the neutralized 4%
paraformaldehyde solution overnight.
The tissues were then dehydrated and
embedded into the paraffin through the
standard histology procedure. The paraf-
fin sections were dewaxed and rehy-
drated, then microwave antigen retrieval
was performed. To retrieve the antigen,
slides were soaked in 20% citric acid
buffer, pH 6.0 (Vector Labs, Burlingame,

CA, USA) and kept at 95 °C for 15 min.
The slides were cooled at room tempera-
ture for 5 min, rinsed with TBS, then in-
cubated in 3% bovine serum albumin for
30 min to block nonspecific binding fol-
lowed by incubation in 1:50 rabbit anti-
ecNOS polyclonal antibodies (BD Bio-
sciences, San Diego, CA, USA) for two
hours at room temperature. After wash-
ing, the sections were reacted with 1:200
biotinylated anti-rabbit IgG secondary
antibodies (Vector Labs, Burlingame,
CA, USA). Vectastain ABC and DAB sub-
strate kits (Vector Labs) were used to re-
veal the immunohistochemical reaction.
Normal rabbit IgG was substituted to
primary antibody as a negative control.

Statistical analyses. Data are pre-
sented as means ± SE. One-way analysis
of variance (ANOVA) and Tukey’s test
were used for the comparison among
different groups. The difference was
considered significant at P ≤ 0.05.

RESULTS
Effects of AM/AMBP-1 on ACh-induced

vascular relaxation. As indicated in Figure 1,
vascular relaxation increased to 76-82% at
ACh concentrations of 5×10-7 to 5×10-6 M
in sham-operated animals. However,
ACh-induced vascular relaxation de-
creased to 38%-48% at the above-men-
tioned concentrations of ACh in septic
animals (P < 0.05). Administration of
AM/AMBP-1, however, maintained ACh-
induced vascular relaxation to the level
similar to sham-operated animals (see
Figure 1A). In contrast to ACh, vascular
relaxation induced by the endothelium-
independent vasodilating agent NTG did
not change significantly in septic nor in
AM/AMBP-1–treated septic animals com-
pared with sham-operated animals (see
Figure 1B). Thus, endothelium-dependent
but not endothelium-independent vascu-
lar relaxation is reduced in sepsis, and
this reduction can be prevented by ad-
ministration of AM/AMBP-1.

Effects of AM/AMBP-1 on ecNOS
gene expression. Because ACh-induced
vascular relaxation is mediated by NO
produced by the activated ecNOS, we
decided to determine ecNOS gene 

expression. In the aortic tissues, ecNOS
gene expression decreased by 27% after
the onset of sepsis (Figures 2A and 3).
However, administration of AM/AMBP-
1 prevented the downregulation of
ecNOS gene expression in the aortic 
tissues (Figures 2A and 3). Similarly, 

Figure 1. (A) Effects of AM/AMBP-1 on
acetylcholine (ACh)-induced vascular re-
laxation in aortic rings 20 h after cecal lig-
ation and puncture (CLP). The data are
expressed as percentage (%) of the vascu-
lar relaxation from the initial tension in-
duced by 2×10-7 M norepinephrine. Values
(n = 6/group) are presented as means ± SE
and compared by one-way ANOVA and
Tukey’s test: *P < 0.05 versus sham-oper-
ated animals; #P < 0.05 versus septic ani-
mals. (B) Effects of AM/AMBP-1 on nitro-
glycerine (NTG)-induced vascular
relaxation in the aortic ring 20 h after
cecal ligation and puncture (CLP). The
data are expressed as percentage (%) of
the vascular relaxation from the initial ten-
sion induced by 2 ×10-7 M norepinephrine.
Values (n = 6/group) are presented as
means ± SE. There was no significant differ-
ence between sham and septic animals
with or without AM/AMBP-1 treatment.
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pulmonary ecNOS gene expression de-
creased by 36% in 20 h after CLP, and
AM/AMBP-1 treatment maintained its
expression to a level similar to that of
sham-operated animals (Figures 2B and 4).
In addition, real-time PCR results indi-
cate a decrease of 42% in pulmonary
ecNOS gene expression at 20 h after CLP,
and an increase of 67% in ecNOS gene
expression following AM/AMBP-1 treat-
ment (Figure 5).

Effects of AM/AMBP-1 on ecNOS
protein levels. Immunohistochemistry
was used to determine the effect of AM/
AMBP-1 on ecNOS protein levels in the
aorta. As indicated in Figure 6, ecNOS-

positive staining is limited on the top
layer of the aortic tissues, indicating aor-
tic endothelial cells (see Figure 6A). At 20
h after the onset of sepsis, ecNOS stain-
ing decreased (see Figure 6B), and ad-
ministration of AM/AMBP-1 prevented
such a decrease in ecNOS protein (see
Figure 6C).

DISCUSSION
We have previously demonstrated that

AMBP-1 improves AM-induced vascular
relaxation in aortic tissues from septic
animals and that vascular levels of
AMBP-1 decreases significantly during
the late stage of sepsis (28). Our results
suggested that AMBP-1 plays an impor-
tant role in modulating vascular respon-
siveness to AM during sepsis and circu-
lating AM-AMBP-1 complexes should be
considered as an important factor in the
transition from hyperdynamic to hypo-
dynamic circulation during the progres-
sion of polymicrobial sepsis (28). In the
present study, we investigated whether
AM/AMBP-1 preserves endothelium-
dependent vascular relaxation by pre-
venting ecNOS downregulation in sepsis.

Plasma levels of AM begin to rise as
early as two hours after CLP and pro-
gressively increases to 30 h after the
onset of sepsis (37). Elevated levels of
AM play a major role in producing the

hyperdynamic phase of sepsis, but tran-
sition to the late, hypodynamic phase
occurs despite continued high circulating
levels of AM. Decreased vascular respon-
siveness to AM appears to explain this
paradox and may be responsible for in-
ducing the phase change. Studies of AM-
induced vascular relaxation in thoracic
aortic rings showed no change at either
5 or 10 h after CLP, but a significant de-
crease occurred at 20 h after the onset of
sepsis (38). These results therefore sug-
gest that vascular AM hyporesponsive-
ness contributes to the transition from
the early, hyperdynamic phase to the
late, hypodynamic phase during the 

Figure 2. Representative gels of the gene expression of ecNOS (324 bp) and housekeep-
ing gene G3PDH (983 bp) in the aortic (A) and pulmonary tissues (B) 20 h after sham-op-
eration or cecal ligation and puncture (CLP) with or without AM/AMBP-1 treatment.

Figure 3. The ratio of ecNOS versus G3PDH
PCR products in the aortic tissues is pre-
sented as means ± SE (n = 7/group) and
compared by one-way ANOVA and Tukey’s
test: *P < 0.05 versus sham-operated ani-
mals; #P < 0.05 versus septic animals.

Figure 4. The ratio of ecNOS versus G3PDH
PCR products in the pulmonary tissues is
presented as means ± SE (n = 5/group) and
compared by one-way ANOVA and
Tukey’s test: *P < 0.05 versus sham-operated
animals; #P < 0.05 versus septic animals.

Figure 5. Alteration in pulmonary ecNOS
gene expression at 20 h after cecal liga-
tion and puncture (CLP) or sham-opera-
tion, measured by real-time PCR tech-
nique. The data (fold change) are
presented as means ± SE (n = 5) and com-
pared by one-way ANOVA and Tukey’s
test. *P < 0.05 versus sham-operated ani-
mals; #P < 0.05 versus septic animals.
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progression of sepsis (39). Further study
shows that pentoxifylline (PTX) adminis-
tered after CLP preserved the vascular
response to AM in late sepsis (40). PTX
treatment did not alter the increase in
blood AM concentration following CLP,
but it did decrease the elevated levels of
TNF-α, IL-1β and IL-6 seen in the late
phase (40). In addition to its well known
vasodilatory effects, AM also modulates
production of inflammatory cytokines.
Kaomi et al. (41) reported that AM inhib-
ited secretion of cytokine-induced neu-
trophil chemoattractant, belonging to
IL-8 superfamily in rat alveolar
macrophages stimulated with endotoxin.
AM also can suppress IL-1β-induced
TNF-α production in Swiss 3T3 cells (42).

The novel specific AM binding protein
AMBP-1 was first reported by Elsasser et
al. (22). AMBP-1 is present in plasma, and
the liver is considered to be the main
source (29). Our recent studies have

demonstrated that coadministration of
AM and AMBP-1 prevents the transition
from the hyperdynamic phase to the hy-
podynamic phase, attenuates tissue in-
jury and hemoconcentration during the
late hypodynamic stage of sepsis, and
decreases sepsis-induced mortality (30).
Neither AM nor AMBP-1 alone was suffi-
cient to achieve these beneficial effects
(30). Although our recent studies have
indicated that increased levels of plasma
TNF-α in septic animals were signifi-
cantly attenuated after the administra-
tion of AM/AMBP-1 (29), it remains
unknown whether AM/AMBP-1 directly
downregulates the proinflammatory cy-
tokines. Kupffer cells are the main
source of proinflammatory cytokines in
sepsis (43), and we have shown that AM/
AMBP-1 have a direct downregulatory
effect on TNF-α from isolated Kupffer
cells, as well as from macrophage cell
line RAW 264.7 cells (44).

The potential roles of vasoactive medi-
ators other than AM have been evaluated
in the pathophysiology of sepsis. Nitric
oxide (NO) is a potent vasodilator pro-
duced by several isoforms of the enzyme
NO synthase (NOS), including endothe-
lial constitutive NOS (ecNOS) and in-
ducible NOS (iNOS). NO derived from
ecNOS has been shown to decrease in
the early, hyperdynamic phase of sepsis
(33,45). Downregulation of ecNOS con-
tributes to vascular hyporesponsiveness
in sepsis (32-34). In the present study,
ecNOS gene expression decreased by
27%-36% after the onset of sepsis. Two
specific mechanisms are responsible for
the vasodilatory effect of AM, a direct 
effect on vascular smooth muscle cells to
increase intracellular cAMP levels by
stimulating AM receptors and adenylate
cyclase activity (39,46,47) and an indirect
effect on vascular endothelial cells by
stimulating Ca2+ mobilization to increase
endothelium-derived NO release via the
activation of ecNOS (39,48). Activation of
ecNOS was observed to lead to the acti-
vation of the NO-cGMP pathway (49,50).
In the present study, we observed that
the decreased ACh-induced vascular re-
laxation (reflecting ecNOS-derived NO)
at 20 h after CLP was prevented by intra-
venous administration of AM/AMBP-1.
Moreover, the reduced gene expression
of endothelial ecNOS observed at 20 h
after CLP was prevented after adminis-
tration of AM/AMBP-1 in aortic (see
Figure 3A) and pulmonary (see Figure 3B)
tissues. Furthermore, the results also
show that the ecNOS-immunoreactive
positive area in endothelial cells was
significantly reduced in CLP animals,
but was restored to normal levels in
AM/AMBP-1-treated animals (see Figure 6).
It is interesting to note that the endothe-
lium-independent vasodilating agent
NTG was not effective in reducing vas-
cular relaxation in septic animals (see
Figure 2). This finding suggests that the
NO-cGMP pathway is indeed important
in mediating the beneficial effects of
AM/AMBP-1 in sepsis.

It should be pointed out that the drug-
control group (sham-operated animals

Figure 6. The immunohistochemical stainings of ecNOS in the thoracic aortae 20 h after
cecal ligation puncture (CLP) with or without AM/AMBP-1 treatment. ecNOS immunoreac-
tion products were observed in aortic endothelial cells (A–C). No immunostaining was seen
in vascular smooth muscle or connective tissues. ecNOS immunohistochemical staining in
the vascular endothelial cells was reduced in septic animals (B) compared with sham-
operated animals (A). Administration of AM/AMBP-1 attenuated the decreased ecNOS
staining (C). There were no immunoreaction products in the negative control section (D).
(A), sham 20 h; (B), CLP 20 h; (C), CLP 20 h plus AM/AMBP-1 treatment; (D), negative control.
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with AM/AMBP-1 administration) was
not included in this study. In this regard,
we have previously demonstrated that ad-
ministration of AM/AMBP-1 in sham-op-
erated rats did not alter circulating levels
of liver enzymes (AST, ALT), lactate, creati-
nine, or inflammatory cytokines (TNF-α,
IL-10, HMGB-1) (51). Because it is unlikely
that administration of AM/AMBP-1 in
shome rats would change ACh-induced
vascular relaxation and ecNOS expression,
to save animals resources we did not in-
clude the drug-control group in the current
study. Our previous study clearly showed
that AMBP-1 increases AM-induced vascu-
lar relaxation in sham-operated animals in
a dose-response manner under in vitro
conditions (28). Moreover, in vitro addition
of AMBP-1 can completely restore AM hy-
poresponsiveness in the isolated blood ves-
sels in a dose-response fashion (28). Al-
though plasma levels of AM increase in
sepsis (37), the levels of AMBP-1 decreased
significantly in the blood and tissues under
such conditions (28,52). The AM hypore-
sponsiveness observed in sepsis may be
caused by the reduced AMBP-1 produc-
tion. In addition, the effect of AM/AMBP-1
in sepsis is physiological because
AM/AMBP-1 has no adverse effect on
sham-operated rats (51). Regarding the po-
tential effects of AM/AMBP-1 on iNOS ex-
pression, it is well recognized that iNOS
expression and iNOS-derived NO produc-
tion increase in severe sepsis. While we
have clearly shown that administration of
AM/AMBP-1 in sepsis improves ecNOS
expression and ACh-induced vascular re-
laxation (ecNOS-mediated), one would ex-
pect that AM/AMBP-1 may have suppres-
sive effects on iNOS under such
conditions. However, the precise effect of
AM/AMBP-1 on iNOS expression and ac-
tivity in sepsis remains to be determined.

Studies have shown that vascular en-
dothelial cells play an important role in
regulation of tissue perfusion by the re-
lease of various vasoactive mediators,
such as NO, under normal as well as
various adverse circulatory conditions
(53,54). Endothelium-derived NO is 
synthesized from L-arginine by Ca2+-de-
pendent, constitutive NO synthase (48).

A number of studies have shown that 
endothelium-derived NO is depressed
following endotoxic shock (54,55) as well
as during sepsis (33,53). However, the
mechanism responsible for the decreased
release of endothelial-derived NO during
sepsis remains unknown. In the present
study, we have provided a clue to the
finding that ecNOS gene expression is
depressed during sepsis and the protec-
tive effect of AM/AMBP-1 in sepsis is to
preserve ecNOS gene expression, thereby
preventing endothelial cell dysfunction.
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