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Abstract

Aim: We aimed to investigate the effect of the adrenergic system on oxidative stress and liver damage during mild systemic inflammation in rats.

Methods: For this purpose, Eschrechia coli lipopolysacchride (LPS; 300μg/kg) was intraperitoneally injected either alone or along with the α-2 
adrenoceptor antagonist yohimbine, the non-selective β adrenoceptor antagonist propranolol, the and β-adrenoceptor agonist adrenaline and rats 
euthanized 4h later. The effects of these drugs in saline-treated rats were also studied. Serum alanine aminotransferase (ALT), aspartate aminotrans-
ferase, and alkaline phosphatase activities were measured. Liver tissue levels of malondialdehyde (MDA), nitric oxide (NO), reduced glutathione 
(GSH) were determined and liver histology evaluated.

Results: In saline-treated rats (i) yohimbine caused significantly increased ALT, AST and ALP in serum. In addition, yohimbine increased MDA, 
NO and decreased GSH in liver tissue and caused cytoplasmic vacuolations and cellular infiltration: (ii) adrenaline treatment increased serum ALT, 
AST, liver MDA, decreased liver GSH and caused minute vacuolar degeneration and foci of necrosis; (iii) in contrast, there were no biochemical or 
histologic alterations after propranolol treatment. In endotoxaemic rats; (i) serum aminotransferases and alkaline phosphatase were significantly 
increased by yohimbine together with increased liver MDA, NO and decreased GSH content; (ii) serum ALT decreased by propranolol and adrenaline 
while serum ALP increased by adrenaline; (iii) liver GSH increased by propranolol; (iv) LPS administration caused acute liver damage in the form 
of foci of necrosis, vacuolar degeneration and aggregates of inflammatory cellular infiltration. Compared with the LPS only group, treatment with 
yohimbine increased while propranolol or adrenaline produced less liver damage.

Conclusions: Thus, blockade of α-2 adrenoceptors increased while β adrenoceptor antagonism decreased oxidative stress and liver damage 
following LPS administration in rats. Collectively, these results indicate a benefit from blockade of beta-adrenoceptors in protecting the liver during 
mild systemic inflammation in part by decreasing oxidative stress. 
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onist
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Introduction

Lipopolysaccharide, a structural component of the outer wall 
of Gram-ve bacteria, is the cause of septic shock and multi-organ 
failure.1 LPS is recognized by Toll-like receptor 4 (TLR4), a mem-
ber of transmembrane pattern recognition receptors on the outer 

membrane of immune cells, the activation of which acts to induce 
an innate immune response and inflammation. Consequent to their 
stimulation, immune cells eg., macrophages and neutrophils induc-
es the activation of the transcription factor nuclear factor kappa-B 
(NF-κB)) and the cellular expression of genes encoding proinflam-
matory cytokines such as tumour necrosis factor (TNF)-α, inter-
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leukin-1β (IL-1β) and IL-6, monocyte chemoattractant protein, cell 
adhesion molecules, with resultant systemic inflammatory syn-
drome manifested by tissue injury, increased vascular permeability, 
and, ultimately, multiple organ failure and shock.2,3 The peripheral 
administration of LPS in rodents induces the release of proinflam-
matory cytokines, lipid mediators of inflammation, reactive oxygen 
species (ROS) and nitric oxide both in periphery and brain.4,5 TLR4 
is expressed by hepatocytes, Kupffer cells, hepatic stellate cells, si-
nusoidal endothelial cells and dendritic cells in the liver. LPS ex-
erts hepatic injury by stimulating inflammatory cells and hepatic 
Kupffer cells, the resident macrophages of the liver, to produce 
various inflammatory cytokines and interferon-gamma (IFN-γ).6,7 
TNF-α is a major determinant of liver injury. It induces activation of 
caspases and apoptosis in hepatocytes prior to secondary necrosis 
and release of aminotransferases by activation of TNF receptor-1.8 
Recruited neutrophils and Kupffer cells in liver sinusoids also pro-
duce large amounts of reactive oxygen species (ROS) e.g. H2O2 and 
superoxide anion, causing oxidative stress which is also an import-
ant contributor to hepatocyte death via mechanisms that involve 
mitochondrial dysfunction, inhibit mitochondrial respiration and 
ATP depletion.9,10

There is evidence for a neural reflex control of acute inflamma-
tion. Thus, there exists a cholinergic anti-inflammatory mechanism 
whereby vagus nerve efferent’s by the action of acetylcholine on 
nicotinic receptors on tissue macrophages act to inhibit the ex-
pression and release of TNF, IL-1, HMGB1 and other cytokines from 
macrophages.11,12 On the other hand, the role of the adrenergic sys-
tem in modulating the levels of cytokines and tissue damage during 
end toxaemia is less clear. For example, either stimulation of α-2 
adrenoceptors or their blockade was reported to attenuate tissue 
damage caused by LPS.13-15 In addition, chemical sympathectomy 
attenuated the LPS-induced increase in plasma cytokines.16 while 
bilateral sectioning of the greater splanchnic sympathetic nerves 
increased TNF-α levels in response to LPS.17 

The purpose of this study was therefore to examine the effect of 
adrenergic drugs on oxidative stress and liver damage during mild 
systemic inflammation.

Materials and Methods

Animals

Male Sprague–Dawley rats obtained from the Animal House 
Colony of the National Research Centre (NRC), weighing 150–160g 
of body weight were used in the study. Standard laboratory food 
and water were provided ad libitum. Animal procedures followed 
the recommendations of the Ethics Committee of the NRC and of 
the National Institutes of Health Guide for Care and Use of Labora-
tory Animals (Publication No. 85-23, revised 1985). Equal groups of 
six rats each were used in all experiments.

Drugs and chemicals

A purified lyophilized Escherichia coli end toxin (Serotype 
055:B5) purchased from Sigma Company (St Louis, MO, USA) was 
used and dissolved in sterile saline, aliquoted, and frozen at -20°C. 
Other drugs used were propranolol hydrochloride, yohimbine hy-
drochloride (Sigma USA), and adrenaline (Nile Pharmaceutical Co., 
Egypt). The remaining chemicals and reagents were of analytical 
grade and obtained from Sigma (Sigma, USA).

Experimental groups

Rats were randomly assigned to different treatment groups 
(6rats/group) as follows: 

Group 1 was treated with the vehicle (saline) and served as –ve 
control. 

Group 2 was treated with LPS intraperitoneally (i.p.) at a dose 
of 300µg/kg to induce endotoxemia and served as a +ve control. 

Group 3 received i.p. injection of propranolol at a dose of 2mg/
kg. 

Group 4 was treated with LPS and propranolol (2mg/kg, i.p.).

Group 5 was treated with yohimbine at a dose of 4mg/kg, i.p.

Group 6 received i.p. injection of LPS+yohimbine (4mg/kg, i.p).

Group 7 was treated with adrenaline at a dose of 1mg/kg, i.p.

Group 8 received i.p. injection of LPS+adrenaline (1mg/kg, i.p).

These drugs were given at the same time as LPS-challenge. Four 
hours after LPS injection, blood samples were taken from the or-
bital venous plexus under light ether anaesthesia, from which clear 
sera were obtained. Sera were used for the assessment of alanine 
aminotransferase (ALT), aspartate aminotransferase (AST), and 
alkaline phosphatase (ALP) activities. Rats were then euthanized 
by decapitation. Livers were collected and parts of the tissues were 
preserved in 10% formalin for further histopathological examina-
tion. Other parts were preserved at -80°C for further determination 
of malondialdehyde (MDA), reduced glutathione (GSH), and nitric 
oxide in tissues homogenate.

Biochemical assessments

Oxidative stress biomarkers 

Liver oxidative stress biomarkers were assessed in homog-
enates by determining malondialdehyde (MDA), reduced gluta-
thione (GSH) and nitric oxide (NO). MDA, an end product of lipid 
peroxidation was determined by measuring thiobarbituric reactive 
substances (TBAS) using the method by Nair and Turne18 in which 
TBAS reacts with thiobarbituric acid forming TBA-MDA adduct and 
the absorbance is read at 532nm using spectrophotometer. GSH was 
determined using Ellman´s reagent [DTNB (5,5’-dithiobis (2-nitro-
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benzoic acid)] which is reduced by the free sulfhydryl group on the 
GSH molecule generating 5-thio-2-nitrobenzoic acid. The latter 
has yellow colour and can be determined by reading absorbance 
at 412nm.19 NO estimated as nitrate/nitrite was determined by the 
method of Miranda et al 20

Serum liver enzymes

Serum activities of alanine aminotransferase (ALT) and aspar-
tate aminotransferase (AST) were determined according to Reit-
man–Frankel colorimetric transaminase procedure.21 using com-
mercially available kits from BioMérieux (France).

Liver histology

Liver tissues were fixed in freshly prepared 10% neutral buff-
ered formalin, processed routinely, and embedded in paraffin. Liver 
sections (5μm) were stained with hematoxylin-eosin and examined 
by light microscope.

Statistical analysis

All data were expressed as the mean±SEM. Data were analyzed 
by one-way analysis of variance (ANOVA) followed by followed by 
Tukey's multiple comparisons test. GraphPad Prism 6 for Windows 
(GraphPad Prism Software Inc., San Diego, CA, USA) was used. Sta-
tistical significance was considered at a probability value of less 
than 0.05.

Results
Oxidative stress

Saline-treated rats

Rats treated with yohimbine exhibited significantly increased 
MDA by 21.8% (26.8±1.02 vs. 22.0±0.98nmol/g.tissue) and NO by 
32.4% (63.03±4.2 vs. 47.6±2.5µmol/g.tissue) compared to the sa-
line control group. Meanwhile, GSH in liver tissue showed signif-
icant decrease by 35.7% (3.87±0.24 vs. 6.02±0.38µmol/g.tissue) 
after yohimbine administration. Significantly increased liver MDA 
by 36.4% (30.0±1.48 vs. 22.0±0.98nmol/g.tissue), and decreased 
GSH by 37.4% (3.77±013 vs. 6.02±0.38µmol/g.tissue) were also 
observed in adrenaline treated rats compared to saline control. The 
values for MDA, NO and GSH in the propranolol treated group were 
not different from the saline group.

LPS-treated rats

LPS administration induced a significant increase in MDA by 
64.5% (36.2±0.88 vs. 22.0±0.98nmol/g.tissue) and NO levels by 
46.7% (69.83±3.2 vs. 47.6±2.5µmol/g.tissue) whereas GSH de-
creased by 53.0% (2.83±017 vs. 6.02±0.38µmol/g.tissue) com-
pared to the saline control group. The LPS/yohimbine group exhib-
ited significantly higher MDA, NO and lower GSH values compared 
to the LPS only group. MDA increased by 34.0% (48.5±2.34 vs. 
36.2±0.88nmol/g.tissue) and NO increased by 20.6% (84.23±4.0 

vs. 69.83±3.2µmol/g.tissue), while GSH decreased by 17.7% 
(2.33±0.14 vs. 2.83±017µmol/g.tissue) compared to LPS control. In 
the LPS/adrenaline group no significant differences were observed 
as regards MDA, and GSH compared to the LPS control. The level 
of NO, however, significantly decreased by 19.1% (56.47±3.1 vs. 
69.83±3.2µmol/g.tissue) after adrenaline treatment. In contrast, 
liver GSH increased by propranolol by 40.3% compared to the LPS 
control value (3.97±0.17 vs. 2.83±017µmol/g.tissue).

Serum enzymes

Saline-treated rats

The treatment of rats with yohimbine caused significantly in-
creased activities of ALT, AST and ALP in serum compared to the 
saline control group. Serum ALT and AST increased by 29.7% 
(79.3±1.5 vs. 61.13±2.27 U/l) and 15.7% (88.83±2.4 vs. 76.75±2.22 
U/l) while ALP activity was increased by 27.3% (175.1±7.91 vs 
137.6±6.53 U/l). The treatment of rats with adrenaline increased 
serum ALT by 17.9% (72.1±2.14 vs. 61.13±2.27 U/l) and AST by 
33.4% (102.4±3.66 vs. 76.75±2.22 U/l) compared to the saline con-
trol.

LPS-treated rats

After LPS challenge the serum enzyme activities of ALT and 
AST activities increased significantly by 69.0% (103.3±4.52 vs. 
61.13±2.27U/l) and 74.1% (133.6±8.8 vs. 76.75±2.22U/l) in LPS 
treated rats compared to control saline group. Meanwhile, se-
rum ALP was significantly increased by 95.1% by LPS injection 
(268.4±6.7 vs. 137.6±6.53U/l). Serum aminotransferases and 
ALP were significantly increased by yohimbine. Compared to the 
LPS only control, serum ALT and AST activities were increased by 
17.0% (120.9±3.8 vs. 103.3±4.52U/l) and 22.7% (163.9±7.53 vs. 
133.6±8.8U/l) in the LPS/yohimbine treated group. Serum ALP was 
also increased by 43.3% (384.5±12.3 vs. 268.4±6.7U/l) following 
yohimbine treatment. In contrast, serum ALT was significantly de-
creased by propranolol and adrenaline by 24.4% and 16.6% from 
control value of 103.3±4.52 to 78.08±3.1 and 86.1±4.0U/l , respec-
tively. On the other hand, significantly increased serum ALP activity 
by 60% was observed in the LPS/adrenaline treated group com-
pared to the LPS control (429.2±13.1 vs. 268.4±6.7U/l). (Figure 1 
& Figure 2)

Histological results of liver

The liver of normal rats revealed normal characteristic hepat-
ic architecture (Figure 3A). The liver of rats treated with LPS only 
showed dilated, congested portal vein and cellular infiltration 
around. Aggregate area of cellular infiltration and foci of necrosis 
were seen (Figure 3B, Figure 3C, Figure 3D & Figure 3E). The liver 
from rats treated with yohimbine only showed severe cytoplasm 
vacuolations, dilated, and congested portal vein and cellular infil-
tration around (Figure 4A). Liver sections from rats treated with 
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LPS along with yohimbine showed dilated and congested portal 
tract, dilated bile duct and massive cellular infiltration were seen. 

Minute vacuolar degeneration and cellular infiltration in sinusoidal 
space could be observed (Figure 4B & Figure 4C).

 4

Figure 1: Effect of propranolol, yohimbine or adrenaline on liver malondialdehyde (MDA), nitric oxide (NO) and reduced glutathione (GSH) in 
LPS-treated rats. *p<0.05 vs. saline and between different groups as shown on the graph. @: p<0.05 vs. saline/propranolol. +: p<0.05 vs. LPS 
control. #: p<0.05 vs. lPS/propranolol.

Figure 2: Effect of propranolol, yohimbine or adrenaline on serum alanine aminotransferase (ALT), aspartate aminotransferase (AST) and alka-
line phosphatase (ALP) in LPS-treated rats. *p<0.05 vs. saline and between different groups as shown on the graph. @: p<0.05 vs. saline/propran-
olol. +: p<0.05 vs. LPS control. #: p<0.05 vs. lPS/propranolol.
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Figure 3: H&E staining of the liver after treatment with: (A) Saline: normal hepatic architecture. (B) LPS only: dilated, congested portal vein (star) 
and cellular infiltration around (arrow). (C) LPS only: aggregate area of cellular infiltration (arrow), foci of necrosis, edema in liver tissue (star), 
destruction with sinusoidal architecture. (D) LPS only: minute vacuolar degeneration (arrow), dilated and congested central vein (white arrow). 
(E) LPS only: dilated, congested portal vein (star) and cellular infiltration around (arrow) ( Hx&Ex100).

Figure 4: H&E staining of the liver after treatment with: (A) Yohimbine only: dilated and congested of portal vein (star) and cellular infiltration 
around (arrow) (Hx&Ex200). (B) LPS+yohimbine: severe cytoplamic vacuolation (white arrow) (Hx&E 200). (E) LPS+yohimbine (another field): 
dilated and congested portal tract with thickening of portal vein vascular wall, fibrotic (two stars), dilated bile duct (star) and massive cellular 
infiltration (arrow), (Hx&Ex200).
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Rats treated with adrenaline only exhibited dilated and con-
gested central vein, cellular infiltration around and in sinusoidal 
space. Minute vacuolar degeneration and foci of necrosis could 
be observed. Sings of degeneration in the form of pyknosis and 
karyolysis were noticed (Figure 5A & Figure B). Rats treated with 
LPS and adrenaline showed improvement in pathological chang-
es compared with the group treated with LPS only in the form of 
normal hepatic architecture but dilated, congested portal vein and 
dilated bile duct could be observed. Minute vacuolar degeneration 

and cellular infiltration around, dilated and congested central vein 
were seen. Foci of necrosis and karyolysis of some hepatocytes 
could be observed (Figure 5C, Figure 5D, Figure 5E & Figure 5F).

No pathological changes could be observed in the case of rats 
treated with propranolol only (Figure 6A & Figure 6B). Rats treated 
with LPS and propranolol showed some improvement in patholog-
ical changes in the form of no massive areas of necrosis, but foci of 
necrosis, hepatocytes appeared with variable size and some exhib-
ited karyolysis (Figure 6C & Figure 6D).

Figure 5: H&E staining of the liver after treatment with: (A) Propranolol only: normal histological appearance. (B) Propranolol only: normal 
hepatocytes and central vein (Hx&Ex200). (C) LPS+propranolol: some improvement in pathological changes in the form of no massive areas 
of necrosis, some hepatocytes appeared normal but dilated and congested portal vein (star) and cellular infiltration (arrow) (Hx&Ex100).(D) 
LPS+propranolol:, foci of necrosis (star), karyolysis in some hepatocyte (arrow) still present (Hx&eX400).

Discussion

In this study, we attempt to delineate the role of adrenergic 
mechanisms on the development of liver tissue damage during 
mild systemic inflammation. We administered the α-2 adrenocep-
tor antagonist yohimbine, the non-selective β adrenoceptor an-
tagonist propranolol the and β-adrenoceptor agonist adrenaline 
under basal conditions and during LPS endotoxaemia. Our findings 
can be summarized as follows: (i) in saline-treated rats, yohim-
bine and adrenaline were associated with the development of liver 
damage; (ii) propranolol did not induce any pathological changes 
in saline-treated rats; (iii) after LPS injection, liver damage was 
increased by yohimbine with increased serum liver enzymes and 

oxidative stress; (iv) LPS-induced liver damage showed some im-
provement by propranolol (together with reduced release of ami-
notransferases, and oxidative stress) and also by adrenaline. 

After LPS injection, a significant rise in the level of the lipid 
peroxidation end product malondialdehyde was observed in liver 
tissue, indicative of an increase in ROS and consequent attack on 
membrane lipids. Meanwhile, the level of the antioxidant molecule 
and free radical scavenger reduced glutathione (GSH) fell which 
might be due to inhibition of biosynthesis and/or failure of replen-
ishing the GSH stores during systemic inflammation. There was also 
significant increase in liver nitric oxide by LPS which is consistent 
with previous studies in which LPS was i.p. given at doses of 200-

 6

https://www.stephypublishers.com/
https://www.stephypublishers.com/sojdec/


 Stephy Publishers | http://stephypublishers.com Volume 1 - Issue 2  

 SOJ Diabetes and Endocrinology Care | SOJ Diabet Endoc

300µg/kg.22,23 In response to LPS the inducible form of nitric oxide 
synthase (iNOS) is rapidly upregulated within hours in hepatocytes 
and in resident hepatic macrophages (Kupffer cells).24 iNOS releas-
es excessive amounts of nitric oxide for longer time which is asso-

ciated with cell injury.24-26 Our histopathological study showed that 
LPS induced necrotic foci, hypertrophy of Kupffer cells, sings of de-
generation dilated, congested blood vessels and cellular infiltration 
which is in agreement with previous studies.5,22

Figure 6: H&E staining of the liver after treatment with: (A) Adrenaline only: dilated and congested central vein (star) and cellular infiltration 
around (arrow) (Hx&Ex100). (B) Adrenaline only: minute vacuolar degeneration (arrow), foci of necrosis (star) (Hx&Ex400). (C) LPS+adrenaline: 
improvement in pathological changes that most of hepatocytes appeared normal and there is restoration of hepatic architecture (D) LPS+adren-
aline (another filed): minute vacuolar degeneration (arrow) and karyolysis of some hepatocytes (arrow head) (Hx&Ex400). (E) LPS+adrenaline: 
dilated and congested portal vein (two stars), dilated bile duct (star), minute vacuolar degeneration (arrow) and cellular infiltration (double ar-
row) (Hx&Ex200). (F) LPS+adrenaline (another filed): dilated and congested central vein (star), mononuclear cell infiltration in sinusoidal space 
still present (arrow) (Hx&Ex200).

Yohimbine, an indole alkaloid extracted from the bark of the 
Pausinystalia yohimbe tree, is a potent selective antagonist at α2-ad-
renoceptors that produces adrenergic activation via an action on 
presynaptic α2-adrenergic autoreceptors.27-29 We showed that yo-
himbine resulted in an increase in serum aminotransferases in both 
saline and LPS-treated rats and increased lipid peroxidation in en-
dotoxaemia. The drug induced severe cytoplasmic vacuolation, di-
lated, congested portal vein and cellular infiltration in saline-treat-

ed rats. When given to LPS-treated rats, yohimbine did not change 
the histopathological picture, and even massive inflammatory cel-
lular infiltration was observed. Other researchers also reported 
enhancement of LPS-induced liver injury in rats given yohimbine 
(250µg/kg, i.p.) prior to endotoxin administration with marked 
increments in lipid peroxidation, proinflammatory cytokines and 
amino transferases in plasma and liver tissue and increased histo-
logical damage.13 In contrast, yohimbine given at a dose of 2mg/kg 
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prior to restraint stress decreased ALT and AST activities in plasma 
and apoptosis (caspase activation in hepatocytes).30 α2-adrenocep-
tors are widely distributed in the central nervous system and pe-
riphery and modulate noradrenergic nervous system outflow from 
the brain. Their inhibition by yohimbine increases central sympa-
thetic outflow.29 The drug also increases venous plasma and tissue 
concentrations of noradrenaline.27 Yohimbine by increasing sympa-
thetic tone and nor adrenaline release and indirectly resulting in 
vasoconstriction is thus likely to exacerbate the toxin-induced liver 
damage.

The catecholamine’s adrenaline and noradrenalin are widely 
used in clinical practice in the management of septic shock in Gram 
–ve septicaemia to restore adequate blood pressure and tissue per-
fusion.31 Our results showed that adrenaline, an α and β-adrener-
gic agonist, given to saline treated rats induced minute vacuolar 
degeneration and foci of necrosis as well as dilated and congested 
central vein and cellular infiltration. There was however, some im-
provement in histopathological changes in endotoxaemic rats giv-
en adrenaline compared to their controls. In these rats, adrenaline 
treatment decreased serum ALT and AST but increased ALP. In their 
study, von Montfort et al.32 demonstrated that adrenaline enhanced 
LPS-induced liver damage with some necro-inflammatory foci and 
enhanced neutrophil infiltration. In LPS-treated rats, adrenaline 
also increased plasma AST levels. In vitro experiments suggested 
that adrenaline is able to modulate the immune response to LPS. In 
human mononuclear cells stimulated with LPS, adrenaline induced 
IL-10 synthesis while suppressing TNF-α.33 It increased LPS-stim-
ulated IL-8 production in human whole blood via β-adrenergic 
receptors.34 Rough et al.35 however, reported that adrenaline pre-
treatment significantly increased LPS-induced TNF-α production in 
RAW 264.7 cells. Adrenaline was also reported to suppress nitric 
oxide production by LPS-stimulated macrophages.36 By virtue of its 
effects on the synthesis of inflammatory cytokines, chemokines and 
nitric oxide; adrenaline might thus be able to modulate the extent of 
organ damage during endotoxaemia. Stimulation of the sympathet-
ic supply to blood vessels of the liver, however, will result in vaso-
constriction and reduced blood flow.37 Pure β-adrenergic agonists 
dilate hepatic arterioles, and increase hepatic artery flow in con-
trast to pure α-adrenergic agonists that reduce blood flow through 
the hepatic artery.38 Clearly, the effect of adrenaline on liver injury 
during endotoxaemia would be the net result of both α- and β-ad-
renoceptor stimulation on the vasculature and the inflammatory 
response.

Our results show in addition that rats treated with LPS/pro-
pranolol exhibited less liver damage compared with the group 
treated with only LPS. The drug reduced serum ALT activity, liver 
MDA and increased liver GSH in endotoxaemic rats. Several stud-
ies have focused on the role of adrenoceptors in endotoxaemia but 

with controversial results being reported. It has been shown that 
β-adrenoceptor stimulation modulates the inflammatory response 
during end toxemia. For example, terbutaline was reported to sup-
press the increase in plasma TNF-α and IL-6 and TNF- α mRNA in 
kidney, spleen and thymus after LPS injection in rats; effects that 
were blocked by propranolol.39 In lung tissue, isoproterenol re-
duced TNF-α production and lipid peroxidation induced by LPS.40 
Protective effects were also reported for the β2-adrenoceptor ag-
onist clenbuterol in liver tissue as opposed to propranolol (25µg/
kg) which increased damage in clenbuterol/LPS-treated rats.41 On 
the other hand, pretreatment with the selective β1-adrenoceptor 
blockers atenolol and metoprolol conferred protection against le-
thal endotoxemia in rats. β1 blockade decreased hepatic expres-
sion of proinflammatory cytokines and plasma IL-6.42 In RAW 264.7 
cells, β2 blockade attenuated LPS stimulated TNF-alpha produc-
tion.35 Moreover, Özyılmaz et al.43 reported beneficial effects for 
propranolol (10 mg/kg) pretreatment on endothelial lung injury 
in sepsis. Other researchers provided data that in mice with op-
erative injury, propranolol significantly decreased TNF-α and IL-6 
production from splenic macrophages stimulated with LPS.35 The 
administration of propranolol also attenuated the ethanol-induced 
sensitization of LPS-induced liver damage.32 It has been suggested 
that in sepsis, β2 activation as well as β1 blockade down regulate 
proinflammatory response and improve the alterations in immune, 
cardiovascular and coagulation systems.44 Evidence for a benefi-
cial effect from beta adrenoceptor blockade in sepsis also derives 
from several randomized clinical trials and systematic reviews that 
demonstrated favorable effects for the use of beta blockers on heart 
rate without decrementing blood pressure and reduced mortali-
ty.45-49 For example, In patients with severe sepsis, Gadallah et al. re-
ported 28-day mortality and ICU stay and control of heart rate after 
treatment with the beta blocker esmolol.46 It has also been shown 
that combining both metoprolol and milrinone led to improved 
hemodynamic in patients with sepsis.48 Our results support these 
studies and do suggest a hepatoprotective effect for propranolol 
during mild systemic inflammation. Rats treated with LPS and pro-
pranolol did not show massive areas of necrosis as their LPS only 
counterparts. 

In conclusion, in an experimental model of mild systemic in-
flammatory illness caused by i.p. injection of LPS end toxin, the con-
current administration of the beta adrenoceptor blocker proprano-
lol was associated with reduced liver injury. This effect involved at 
least in part decreased hepatic oxidative stress. 

Strength and limitation of the study 

The study focused on oxidative stress as a principal mechanism 
underlying liver tissue injury and the biochemical results were con-
firmed by the histological study which added strength to the work. 
Inflammatory mediators, were however, not assessed.
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Future research perspectives

Further research is necessary to delineate the benefit of using 
beta blockers in sepsis, the underlying mechanisms as well as dif-
ferences between clinically used beta-blockers.
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