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The effect of atrial natriuretic peptide infusion on intestinal 
injury in septic shock
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Introduction

Severe trauma and major surgery frequently result in the 
development of inflammatory complications, including 
systemic inflammatory response syndrome, sepsis, and septic 
shock with subsequent splanchnic hypoperfusion. Intestinal 
cell damage developed within 1 h after shock induction.[1]

Tissue injury after ischemia is primarily caused by 
reduced oxygen supply and the injury may be worsened 
during reperfusion phase via formation of reactive oxygen 
radicals which can promote cell destruction and bowel 
necrosis through peroxidation of membrane lipid with 
subsequent increase in the intestinal mucosal level of 
malondialdehyde  (MDA).[2] In addition, membrane 
protein oxidation induces early increase in mucosal 
protein carbonyl  (PC) level owing to formation of 
reactive chlorinating species capable of oxidizing protein. 
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Background and Aims: The aim of this study is to assess the effect of atrial natriuretic peptide  (ANP) on intestinal 
ischemia‑reperfusion injury in septic shock.
Material and Methods: A prospective randomized controlled, observer‑blinded study was carried out in surgical Intensive 
Care Unit  (ICU), University Hospital. Forty adult patients in septic shock were randomly divided into two groups, control 
group (Group C) received normal saline and ANP group (Group A) patients received ANP in the form of 1.5 mg vial added 
to 250 ml solvent in plastic bag (1 ml = 6 micg) given at 2 mcg/kg intravenous bolus over 1 min followed by 0.01 mcg/kg/
min for 24 h. The primary outcome measurements were blood marker of intestinal hypoperfusion in form of intestinal fatty 
acid binding protein (I‑FABP), malondialdehyde (MDA), myloperoxidase enzyme activity (MPO), protein carbonyl (PC), and 
glutathione peroxidase activity (GPA) measured before start of ANP infusion, 6 h, 12 h, and 24 h after start of infusion. The 
secondary outcome measurements were the duration of noradrenaline infusion, duration of ICU stay, hospital mortality rate, 
and complications related to ANP.
Results: In comparison with Group C, Group A showed a significant decrease (P < 0.05) in serum level of MPO, MDA, PC, and 
I‑FABP, with a significant increase (P < 0.05) in serum level of GPA, 6 h, 12 h, and 24 h after the start of ANP infusion. There 
was significant decrease (P < 0.05) in mean duration of noradrenaline infusion, the length of ICU stay and mortality rate in 
Group A in comparison with Group C. In Group A, seven patients had mean arterial blood pressure <65 mmHg but respond to 
volume resuscitation, three patients serum sodium was 125–130 mmol/L.
Conclusion: In cases of septic shock, concomitant administration of ANP with noradrenaline may have a protective effect 
against intestinal injury through a decrease in the level of intestinal hypoperfusion owing to its anti‑inflammatory and 
antioxidant effect.

Key words: Atrial natriuretic peptide, chemical markers, Intensive Care Unit, ischemia‑reperfusion injury

Abstract

Original Article

How to cite this article: Elbaradey GF, Elshmaa NS, Hodeib H. The effect 
of atrial natriuretic peptide infusion on intestinal injury in septic shock. 
J Anaesthesiol Clin Pharmacol 2016;32:470-5.

This is an open access article distributed under the terms of the 
Creative Commons Attribution-NonCommercial-ShareAlike 3.0 
License, which allows others to remix, tweak, and build upon the 
work non-commercially, as long as the author is credited and the 
new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com



Elbaradey, et al.: Atrial natriuretic peptide infusion, septic shock

Journal of Anaesthesiology Clinical Pharmacology | October-December 2016 | Vol 32 | Issue 4 471

Moreover, the oxidative stress inhibit the endogenous 
antioxidant system which includes glutathione peroxidase 
and superoxide dismutase.[3]

Intestinal fatty acid binding protein  (I‑FABP), a cytosolic 
protein distributes in the small bowel mucosa from the 
duodenum to the distal segment of the ileum, and its serum 
level elevates rapidly at the early stages of small bowel ischemia. 
Hence, it is considered as an early biomarker for intestinal 
disease, ischemia, and damage.[4]

Ischemia stimulates localized infiltration of activated 
neutrophils which is manifested by significant increase in the 
mucosal level of myloperoxidase enzyme activity (MPO).[5]

Research in this field has identified key molecular and 
signaling players that could modulate the tissue injury during 
this disease process. However, further elucidation of the 
molecular mechanisms should provide the rationale to identify 
much needed novel therapeutic options to ameliorate organ 
damage.[6]

Atrial natriuretic peptide  (ANP) besides its role in 
regulating volume homeostasis, has a protective effect during 
ischemia‑reperfusion injury (IRI) in many tissues. Recent 
research documented anti‑inflammatory, antifibrotic, and 
antimitogenic actions for NPs. Based on the multiple 
protective effects of NPs, it was approved for use in the 
United States in 2001 by the Food and Drug Administration 
for acute decompensated heart failure. A previous study 
demonstrated protective effect of NP in IRI in heart, lung, 
brain, and liver owing to the extracardiac expression for NP 
receptors.[7] Hence, in this work, we attempted to evaluate 
the role of ANP in attenuating intestinal injury in septic 
shock.

Material and Methods

This is a prospective observer‑blinded study carried out in 
surgical Intensive Care Unit  (ICU) from March 2013 to 
April 2014 on 40  patients in septic shock after approval 
by Hospital Ethical Committee. The CONSORT 2010 
statement was followed in reporting this study.

Inclusion criteria
•	 Patients in septic shock according to the American 

college of chest physicians/society of critical care medicine 
definitions,[8] which include strongly suspected infection 
or positive blood culture plus persistent hypotension 
despite adequate fluid resuscitation requiring vasopressors 
to maintain mean arterial blood pressure  (MAP) 
≥65 mmHg, and lactate ≥2 mmol/L

•	 Patients were treated with antibiotics according to blood 
culture and sensitivity test

•	 Patients on vasopressor noradrenaline intravenous (IV) 
infusion (0.05–0.2 micg/kg/min)

•	 MAP ≥65 mmHg.

Exclusion criteria
•	 Patients on noradrenaline dose >0.2 micg/kg/min
•	 Patients with electrolyte imbalance
•	 Patients with one or more organ failure
•	 Patients with renal dysfunction
•	 Patients with valvular stenosis, restrictive or obstructive 

cardiomyopathy, constrictive pericarditis, and pericardial 
tamponade.

R a n d o m i z a t i o n  w a s  p e r f o r m e d  t h r o u g h  a 
computer‑generated, random number list. The random 
number list was generated using the QuickCalcs (GraphPad 
Software Inc., La Jolla, CA, USA). The group assignment 
numbers were sealed in an envelope and kept by the study 
supervisor. After admission to ICU, a written informed 
consent was obtained from the nearest relatives. Patients 
were randomly divided into two groups of twenty patients 
each.

Group (C): Control group received normal saline.

Group  (E): patients received ANP (Natrecor Scios Inc., 
Titusville, NJ 08560, Austria)) supplied from Sigma 
company in form of 1.5 mg vial added to 250 ml plastic IV 
bag (1 ml = 6 mg) given at 2 mcg/kg IV bolus over 1 min 
followed by 0.01 mcg/kg/min for 24 h (the dose approved for 
acute decompensated heart failure).[7]

Pat ien t s  were  moni to red  fo r  mean ar t e r ia l 
pressure  (MAP)  (mmHg), heart rate  (HR)  (b/min), 
central venous pressure  (CVP)  (cmH2O), temperature, 
urine output  (UOP), total fluid balance and routine 
investigation  (complete blood count, arterial blood gases, 
serum electrolytes, liver, and kidney function).

Measurements
The primary outcome measurements were blood marker 
of intestinal hypoperfusion in the form of the following 
laboratory data which was measured before the start of 
ANP infusion, 6 h, 12 h and 24 h after the start of infusion. 
Blood sample (5 ml) was centrifuged and serum was used 
to measure:
•	 I‑FABP as a marker of intestinal ischemia using (ELISA) 
measured by spectrophotometer at wavelength 450 nm[9]

•	 MDA measured by spectrophotometer at wavelength 
535 nm[10]
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•	 PC level measured by spectrophotometer at wavelength 
366 nm[11]

•	 MPO measured by spectrophotometer at wavelength 
655 nm[12]

•	 Glutathione peroxidase activity (GPA) (lipid peroxide 
scavenger) was expressed as nanomols of reduced 
nicotinamide adenine dinucleotide phosphate oxidized to 
NADH measured by spectrophotometer at wavelength 
340 nm.[13]

The secondary outcome measurements were the duration of 
noradrenaline infusion (days), duration of ICU stay, hospital 
mortality rate and complications related to ANP such as 
hypotension, headache, nausea, and back pain.(if developed 
during time of the study, the drug infusion was stopped, and 
complication was recorded).

Statistical analysis
Sample size of forty patients was calculated for 90% power, 
α =0.05, β =0.1, and anticipated effect size = 0.40 using 
sample size software (G * Power Version 3.00.10, Germany). 
Analytic statistics was performed on IBM compatible 
computer using SPSS 11.5 (SPSS Inc., Chicago, IL, USA) 
under Windows XP operating system. All results presented 
in the form of mean ± standard deviation. Data compared 
using unpaired Student’s t‑test; P < 0.05 was considered as 
statistically significant.

Results

Figure 1 shows the flow diagram for this study, in which 52 patients 
were assessed for eligibility and 40 adult patients were included in 
the study. The results of 40 adult patients were analyzed.

There was no significant difference between both groups as 
regard patients characteristics and disease severity [Table 1].

In comparison with Group C, Group A showed a significant 
decrease  (P <  0.05) in serum level of MPO, MDA, 
PC, and I‑FABP, with a significant increase (P < 0.05) 
in serum level of GPA 6  h, 12  h and 24  h after the 
start of ANP infusion [Table 2]. There was significant 
decrease  (P < 0.05) in mean duration of noradrenaline 
infusion, the length of ICU stay and hospital mortality rate 
in group  A in comparison with Group  C  [Table  3]. In 
Group A, after 12 h of ANP infusion, there was significant 

Figure 1: The trial flow diagram, including enrollment, intervention allocation, and analysis

Table 1: Patients characteristics

Variables Group A (n=20) Group C (n=20) P
Age (years) 46.7±3.9 43.5±4.7 0.4
Sex (male:female) 3:2 2:1
SOFA score 7.8±2.6 7.5±1.9 0.6
APACHE II 4.5±2.8 3.9±3.4 0.15
SOFA=Sequential Organ Failure Assessment, APACHE=Acute Physiology 
and Chronic Health Evaluation. The values are mean±standard deviation or 
numbers
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decrease  (P <  0.05) in MAP, CVP, HR, and serum 
sodium with a significant increase  (P < 0.05) in UOP 
[Table 4]. Seven patients had MAP <65 mmHg but 
respond to volume resuscitation with insignificant change 
in noradrenaline dose, three patients serum sodium was 
125–130 mmol/L.

Discussion

Tissue perfusion following a period of hypoperfusion 
represents complex series of events during shock. In this 
study, before administration of ANP, there was a significant 
increase in serum level of MDA, PC, MPO, and I‑FABP 
with a significant decrease in serum GP activity. These results 
could be attributed to the generation of reactive oxygen species 
which are generated when oxygen is reintroduced to xanthine 
oxidase enzyme activation during ischemia. These potentially 
toxic reactive oxygen species can promote cell destruction and 
bowel necrosis through peroxidation of membrane lipid and 
protein manifested in this study by a significant increase in 
serum level of MDA and PC.[14]

The intestine is one of the richest sources in the body of xanthine 
oxidase enzyme that exhibit a gradient of increasing activity 
which play a major role in the generation of toxic superoxide 
radicals. Under normal condition xanthine dehydrogenase form 
is predominant but during ischemia xanthine dehydrogenase 
will be oxidized into xanthine oxidase which becomes a major 
source for toxic superoxide radical production once the tissues 
are reperfused and oxygen is reintroduced.[15]

Moreover, the reactive oxygen species could stimulate localized 
infiltration of activated neutrophils which is demonstrated in this 

work by a significant increase in serum level of MPO which in turn 
is a potential source for further release of reactive oxygen radicals 
with enhanced secretion of proinflammatory cytokines by mast 
cells and macrophages. The inflammatory cytokines leading to 
the formation of reactive chlorinating species capable of oxidizing 
protein with a subsequent increase in plasma PC level.[16]

This work demonstrated that IV infusion of ANP for 24 h 
recorded a significant decrease in serum level of MDA, PC, 
MPO, and IFAP with a significant increase in serum GP 
activity in comparison with control group.

ANP and its receptors were demonstrated to be expressed 
in diverse tissues beside the cardiovascular and renal system. 
Many previous studies recorded significant antioxidant and 
anti‑inflammatory effects of ANP in many tissues.[7]

The initial signaling events responsible for the protective 
potential of ANP are still unknown. Some studies reported 
ANP could attenuate activation of nuclear factor kappa 
B in macrophages. The reduced binding activity of this 
redox‑sensitive transcription factor was accompanied by 
diminished m RNA expression of tumor necrotizing factor 
alpha chemokines and cell adhesion molecules thereby 

Table 2: Primary outcomes variables

Variables Groups Before start of 
ANP infusion

6 h after 
ANP infusion

12 h after 
ANP infusion

24 h after 
ANP infusion

MPO (µ/ml) Group C (n=20) 2.3±0.01 2.7±0.04 3.2±0.02 3.1±0.05
Group A (n=20) 2.1±0.02 1.6±0.01 1.2±0.02 0.6±0.03
P 0.2 0.004 0.001 0.000

MDA (nmol/ml) Group C (n=20) 19.5±0.2 20.8±0.7 22.4±1.3 21.9±1.1
Group A (n=20) 20.6±0.4 15.3±0.6 10.8±0.3 7.7±0.4
P 0.12 0.002 0.000 0.000

PC (nmol/ml) Group C (n=20) 26.8±0.6 28.5±0.9 30.2±1.2 30.4±1.1
Group A (n=20) 28.9±0.3 16.7±0.6 12.5±0.2 10.3±0.1
P 0.23 0.000 0.000 0.000

GPA (%) Group C (n=20) 34.3±2.9 24.5±4.1 21.9±4.3 21.3±3.2
Group A (n=20) 35.7±3.7 46.4±5.3 52.6±3.9 59.9±6.7
P 0.4 0.003 0.005 0.002

I‑FABP (ng/ml) Group C (n=20) 8.1±0.08 13.2±0.05 16.7±0.04 16.3±0.09
Group A (n=20) 7.8±0.06 6.4±0.06 4.8±0.08 3.5±0.02
P 0.5 0.002 0.000 0.000

MPO=Myloperoxidase, ANP=Atrial natriuretic peptide, MDA=Malondialdehyde, I‑FABP=Intestinal‑fatty acid binding protein, PC=Protein carbonyl, GPA=Glutathione 
peroxidase activity. The values are mean±standard deviation

Table 3: Secondary outcome variables

Groups Duration of 
noradrenaline 
infusion (days)

Duration 
of ICU stay 

(days)

Hospital 
mortality 
rate (%)

Group C (n=20) 3.6±0.3 10.4±1.5 6/20 (30%)
Group A (n=20) 2.2±0.6 8.2±1.1 2/20 (10%)
P 0.01 0.04 0.005
The values are mean±standard deviation, ICU=Intensive Care Unit
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reducing leukocytes infiltration manifested in this study by a 
significant decrease in the serum level of MPO.[5]

FABP is one of the intracellular proteins that plays important 
role in transportation and metabolism of long‑chain fatty 
acids which is rapidly released into circulation just after small 
intestinal mucosal injury.[4]

Alexandra et al.[17] stated that ANP could inhibit the activity 
of inducible NO synthetase  (iNOS) in macrophages via 
destabilization of iNOS mRNA and this protective effects 
of ANP are mediated by cyclic guanosine monophosphate. 
Inhibition of NO formation will inhibit the reactive oxygen species 
and hence inhibit lipid and protein peroxidation manifested in this 
work by a significant decrease in serum level of MDA and PC.

In addition, this study shows that ANP induces significant 
increase in serum GP activity. Chujo et al.[18] stated that ANP 
could stimulate the antioxidant defense system or may induce 
antioxidant activity by itself.

Aoyama et al.[19] revealed that administration of ANP infusion 
at the onset of lung reperfusion attenuates reperfusion injury.

Chujo et  al. and Moriyama et  al.[20,21] found that ANP 
attenuates ischemia‑reperfusion in induced renal failure 
through inhibition of inflammatory mediators, MPO and 
neutrophils activation when given as IV infusion for 2 h after 
reperfusion injury.

Yamada et al.[22] found the protective effect to ANP in hepatic 
ischemia‑reperfusion.

Conclusion

In cases of septic shock, concomitant administration of ANP 
with noradrenaline may have a protective effect against 
intestinal injury through a decrease in the level of intestinal 
hypoperfusion markers owing to its anti‑inflammatory and 
antioxidant effect.
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