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Introduction
 Carvedilol is a nonselective beta-adrenoceptor and 
selective alpha 1-adrenoceptor blocker that is widely 
used in hypertensive and/or chronic heart failure 
patients. Unlike classic beta-blockers, carvedilol has 
additional endothelium-dependent vasodilatory 
effects1)~3). Several recent studies have reported that 
carvedilol has beneficial effects in patients with 
cardiogenic failure and shock4)~6). The carvedilol or 
metoprolol European trial demonstrated that carvedilol 
protected better against vascular events such as 

myocardial infarction and stroke than metoprolol in 
patients with chronic heart failure5). The findings of the 
carvedilol post-infarct survival control trial indicated 
that carvedilol treatment offers an early benefit in 
clinically stabilized patients with post-myocardial 
infarction left ventricular dysfunction6). Furthermore, 
beta-blocker therapy during the perioperative period 
may improve morbidity and mortality rates in high-risk 
patients with ischemic heart disease7)8). 
 Several studies have shown that carvedilol and 
beta-blockers generally suppress lipopolysaccharide 
(LPS)-induced cytokine and tissue factor production 

Effects of carvedilol pretreatment on mortality and inflammatory responses 
to septic shock induced by cecal ligation and puncture in rats 

Department of Anesthesiology and Intensive Care Medicine, Graduate School of Medical Sciences, Kanazawa University 
Midori Yuki

Abstract
 Purpose: Carvedilol, a nonselective beta-adrenoceptor and selective alpha 1-adrenoceptor blocker, has 
high efficacy and is widely used in hypertensive and/or cardiac failure patients. However, few studies 
have examined the effects of carvedilol on septic shock. The present study evaluated the effects of 
carvedilol pretreatment in cecal ligation and puncture (CLP)-induced septic shock in rats. 
 Methods: Male Sprague Dawley rats (n = 90) were randomly assigned to one of the following three 
groups (n = 30 per group): control group (no medication), high-dose carvedilol group (10 mg/kg/day, 
orally administered for 5 days), and low-dose carvedilol group (2 mg/kg/day, orally administered for 5 
days). Septic shock was induced by CLP, and the animals received no other therapies. Mortality was 
calculated for 5 days after CLP. Arterial blood gases and plasma cytokine concentrations were measured 
in 36 additional male rats 12 hr after CLP. 
 Results: Mortality rates 5 days after CLP were 76.7%, 86.7%, and 86.7% in the control, high-dose, and 
low-dose groups, respectively; there were no significant differences among the three groups. Furthermore, 
observed decreases in base excess, increases in lactate concentrations, and increases in cytokine 
concentrations in the carvedilol-treated groups did not differ from those in the control group. 
 Conclusions: The present findings indicate that orally administered carvedilol has no beneficial effects 
on mortality and inflammatory responses in CLP-induced septic shock in rats, suggesting that carvedilol 
may not contribute to recovery from septic shock. 
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in vitro and attenuate myocardial dysfunction in 
septic animals9)~11). An open-label randomized phase 2 
study in clinical practice indicated that in patients 
with septic shock, administration of the short-acting 
beta-blocker esmolol helped in maintaining the heart 
rate and decreased the risk of death significantly 
(esmolol group: 49.4%; control group: 80.5%; p < 
0.01)12). Moreover, the study suggested that the use of 
esmolol in patients with septic shock might improve 
myocardial movement and oxygen consumption 
efficiency. However, few studies have investigated 
the effect of beta-blockers on septic shock in patients 
who were previously treated with a beta-blocker. 
Therefore, in the present study, we aimed to evaluate 
the effects of carvedilol pretreatment on mortality and 
inflammatory responses in rats with cecal ligation and 
puncture (CLP)-induced sepsis. 

Materials and Methods
 The experimental protocol in this study was 
approved by the Animal Care Committee of our 
institute (#143309), and the animals were cared for 
and handled in accordance with the National 
Institutes of Health guidelines. 
Effect of carvedilol on mortality in septic shock rats 
 Ninety male Sprague Dawley rats were randomly 
allocated to one of the following three groups (n = 30 
each): control (no medication), high-dose carvedilol 
(10 mg/kg/day) for 5 days, or low-dose carvedilol (2 
mg/kg/day) for 5 days. These doses were determined 
according to the findings of the past studies13). In our 
preliminary study, the animals received carvedilol 
with either food or water, and its administration with 
food was shown to decrease heart rate markedly. 
Therefore, in the present study, carvedilol was 
administered with food by crushing and mixing it 
well into the rat chow. The rats were bred freely in 
cages, and water and food were freely available. The 
rats ate 25 mg of food per day, and carvedilol was 
administered at doses of 4 mg/day (high-dose group) 
or 0.8 mg/day (low-dose group). Each rat ate all of 
the allowed food during the 5-day period.
 After pretreatment with carvedilol for 5 days, all 
rats were anesthetized by the intraperitoneal injection 
of pentobarbital 40 mg/kg. Then, a laparotomy was 
performed, and the cecum immediately distal to the 
ileocecal valve was ligated. An appendix ligation 
puncture model in which two punctures were made 
with an 18-gauge needle was used in this study. The 
mortality up to 5 days post-CLP was observed. 

Effects of carvedilol on inflammatory responses in 
rats with septic shock 
 An additional 36 male Sprague Dawley rats were 
randomly assigned to one of the following three 
groups: control (no medication, n = 15), high-dose 
carvedilol (10 mg/kg/day orally administered for 5 
days, n = 10), and low-dose carvedilol (2 mg/kg/day, 
orally administered for 5 days, n = 11). All animals 
were anesthetized with an intraperitoneal injection of 
pentobarbital, and CLP was performed as described 
above. 
 At 12 hr after CLP, arterial blood samples (0.25 
ml) were collected to measure pH, arterial carbon 
dioxide tension (PaCO2), arterial oxygen tension 
(PaO2), and base excess (BE) and lactate (Lac) 
concentrations. Additional arterial blood samples 
(1.5 ml) were collected to measure plasma cytokine 
levels, including tumor necrosis factor (TNF)-alpha, 
interleukin (IL)-1beta, and IL-6, at 12 hr after CLP. 
All of the cytokine concentrations were measured 
using enzyme-linked-immunosorbent assay kits 
(BioSource, Camarillo, CA, USA). 
Statistical analysis
 Statistical power calculated14) using a one-sided 
design with a significance level of 5% and a 
probability of 80% showed that a minimum of 30 rats 
was needed in each group to detect a difference of at 
least 30% between the control and treatment groups13). 
 Data are presented as mean ± standard deviation. 
Mortality rates among the groups were compared 
using the Kaplan-Meier and Mantel-Cox tests. 
Differences between groups were analyzed by 
unpaired t test. Significance was defined as values of 
p < 0.05. The statistical analysis was performed using 
StatView software (version 5.0 for Macintosh; 
Abacus Concepts, Berkeley, CA, USA). 

Results
Mortality rates 
 A total of 30 rats received high-dose carvedilol, 
another 30 received low-dose carvedilol, and the 
remaining 30 received no medication (control group). 
Thereafter, CLP was performed and the survival 
status for 5 days was observed. As shown in Fig. 1, 
the first death occurred the next day in the control 
group, and 23 of 30 rats died by the fifth day; hence, 
the mortality rate was 76.7%. On the other hand, in 
the high- and low-dose groups, 26 of 30 rats died by 
the fifth day, and the mortality rates were 86.7% in 
both conditions. The statistical analysis of these 
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survival rates using the Kaplan-Meier and Mantel-
Cox tests revealed that the p value was 0.5434 (i.e., 
no statistically significant difference).
Blood gases
 Ten rats received high-dose carvedilol and another 
11 rats received low-dose carvedilol for 5 days. The 
remaining 15 animals were included in the control 
group. CLP was performed in these rats and BE and 
Lac concentrations were measured 12 hr later. As 
shown in Fig.2, BE concentrations were -4.07 ± 5.38 
mmol/l, -2.39 ± 2.97 mmol/l, and -1.57 ± 1.7 mmol/
l in the control, high-dose, and low-dose groups, 
respectively. There were no significant differences 
among the three groups (p = 0.3786, control versus 
high-dose group; p = 0.1518, control versus low-dose 
group; and p = 0.4432, high-dose versus low-dose 
group). Similarly, Lac concentrations were 4.85 ± 
3.96 mmol/l, 7.40 ± 6.15 mmol/l, and 2.57 ± 1.03 
mmol/l for the control, high-dose, and low-dose 
groups, respectively. There were no significant 
differences among the three groups (p = 0.2269 
control versus high-dose group, p = 0.2502 control 
versus low-dose group, and p = 0.1018 high-dose 
versus low-dose group). In other words, there were no 
significant differences in BE and Lac concentrations in 
all the groups at 12 hr after CLP, regardless of the dose 
of carvedilol. 
Plasma cytokine concentrations 
 TNF-alpha, IL-1 beta, and IL-6 levels were 
measured in the rats described above. As shown in 
Fig.3, TNF-alpha levels were 7.0 ± 3.9 pg/ml, 5.8 

± 5.3 pg/ml, and 10.3 ± 6.8 pg/ml for the control, 
high-dose, and low-dose groups, respectively. There 
were no significant differences among the three 
groups (p = 0.3336, control versus high-dose group; 
p = 0.4066, control versus low-dose group; and p = 
0.1965, high-dose versus low-dose group). Similarly, 
IL-1 beta levels were 135 ± 29 pg/ml, 146 ± 16 pg/
ml and 149 ± 13 pg/ml for the control, high-dose, 
and low-dose groups, respectively. There were no 
significant differences among the three groups (p = 
0.3054, control versus high-dose group; p = 0.1543, 
control versus low-dose group; and p = 0.6124, high-
dose versus low-dose group). Furthermore IL-6 levels 
were 44.5 ± 6.9 pg/ml, 44.1 ± 3.4 pg/ml and 44.4 
± 2.6 pg/ml for the control, high-dose, and low-dose 
groups, respectively. There were no significant 
differences among the three groups (p = 0.8532, 
control versus high-dose group; p = 0.9686, control 
versus low-dose group; and p = 0.7880, high-dose 
versus low-dose group).

Fig. 1. Survival curves for the control, high-dose carvedilol, and 
low-dose carvedilol groups after cecal ligation and puncture.

     High-dose group, 
     Low-dose group, 
     Control group

Fig. 2.  Base excess (BE)(top) and plasma lactate (Lac)(bottom) 
concentrations 12 hr after the cecal ligation and puncture. The 
mean BE levels were -4.07 ± 5.38, -2.39 ± 2.97, and -1.57 ± 1.7 
mmol/l in the control, high-dose, and low-dose groups, 
respectively, while the mean Lac levels were 4.85 ± 3.96, 7.40 
± 6.15, and 2.57 ± 1.03 mmol/l in the control, high-dose, and 
low-dose groups, respectively.
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Discussion 
 CLP in rats is associated with hypotension and 
metabolic acidosis as well as elevated plasma 
cytokine concentrations. The mortality rate 5 days 
after CLP was extremely high in the control and 
carvedilol-treated groups. Carvedilol administration 
did not alleviate CLP-induced metabolic acidosis or 
elevate Lac concentrations. Thus, CLP-induced 
mortality and inflammation remained the same after 
the oral administration of carvedilol as that in the 
control group.

 Numerous recent studies have demonstrated the 
efficacy of carvedilol for treating chronic heart 
failure1)2)4)5). In addition, many studies have reported 
that carvedilol has beneficial effects in patients soon 
after a myocardial infarction, and beta-blocker 
therapy during the perioperative period showed 
improved morbidity and mortality rates in high-risk 
patients with ischemic heart disease6)~8). These 
studies suggested that early and continuous 
administration of carvedilol might have beneficial 
effects in patients with ischemic heart disease. 
Recently, the number of patients receiving oral 
carvedilol has increased owing to its beneficial 
effects of carvedilol; however, some of these patients 
developed septic shock. On the other hand, few 
studies have examined the effects of oral ly 
administered carvedilol on septic shock. Therefore, 
in the present study, we aimed to evaluate the effects 
of orally administered carvedilol on mortality and 
inflammatory responses in rats with CLP-induced 
septic shock. The results of this study indicate that 
the oral administration of carvedilol after CLP-
induced septic shock in rats has no beneficial effects 
on mortality and inflammatory responses. These 
findings suggest that carvedilol therapy may have no 
beneficial effects on the recovery of patients with 
septic shock. 
 The mechanisms underlying the beneficial effects 
of beta-blockers on sepsis and septic shock have 
been reported in several studies. Sasao et al. showed 
that landiolol, a beta-blocker, has potent negative 
chronotropic effects in rabbits15). Hagiwara et al. also 
showed that landiolol has protective effects against 
acute lung injury and cardiac dysfunction in a rat 
sep t ic model16). Seps i s causes sympathe t ic 
hypertonia. The above studies suggested that a 
possible mechanism underlying the effects of beta-
b lockers could be i t s inh ib i tory e ffec ts on 
sympathetic hypertonia. However, in the present 
study, the effect of carvedilol pretreatment was not 
observed in rats with septic shock, suggesting that 
pretreatment with beta-blockers may disturb the 
sympathetic nerve tone when sepsis becomes under 
sympathetic nerve tone suppressed condition. In 
addition, because carvedilol has both alpha and beta 
blocking agents, the alpha-blocker may inhibit to 
protect against organ dysfunctions. 
 T h e p r e s e n t  f i n d i n g s s h o w t h a t  o r a l l y 
administered carvedilol increases Lac and cytokine 
concentrations after CLP, and Lac response in 

Fig. 3.  Plasma tumor necrosis factor (TNF)-alpha (top), 
inter leukin (IL) -1 beta (middle) , and IL-6 (bottom) 
concentrations at 12 hr after cecal ligation and puncture. The 
mean TNF-alpha levels were 7.0 ± 3.9, 5.8 ± 5.3, and 10.3 ± 
6.8 pg/ml in the control, high-dose, and low-dose groups, 
respectively. The mean IL-1beta levels were 135 ± 29, 146 ± 16, 
and 149 ± 13 pg/ml in the control, high-dose, and low-dose 
groups, respectively. The mean IL-6 levels were 44.5 ± 6.9, 
44.1 ± 3.4, and 44.4 ± 2.6 pg/ml in the control, high-dose, 
and low-dose groups, respectively.
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carvedilol-treated rats deteriorated in a manner 
similar to that observed in control rats. Several 
studies have examined the relationship among beta-
blockers and cytokine and Lac concentrations9)~11). 
Mizuochi et al.9) showed that carvedilol inhibits LPS-
induced production of TNF-alpha and tissue factors 
in human monocytes in vitro. Suzuki et al.10) reported 
that esmolol, a beta-blocker, attenuated the elevation 
of TNF-alpha and Lac concentrations in septic rats. 
The findings of the present study differ from those of 
previous studies possibly due to a decrease in cardiac 
performance induced by carvedilol and failure to 
improve peripheral circulation systemically. We 
previously showed that the oral administration of 
carvedi lo l increases the morta l i ty ra te and 
exacerbates the inflammatory responses to severe 
hemorrhagic shock in rats13). These differences 
suggest that administration of beta-blockers inhibits 
sepsis-induced increase in cardiac performance and 
improves the survival rate after septic shock in rats; 
however, further investigations are required to clarify 
this point. 
 Determining whether a dose-response relationship 
exists between carvedilol and outcomes is important. 
Therefore, the present study evaluated the effects of 
two different carvedilol doses (2 and 10 mg/kg/day) 
on mortality and the inflammatory responses after 
septic shock in rats. The results indicate that 
carvedilol has no beneficial effects on CLP-induced 
mortality and inflammatory responses to septic shock 
in rats regardless of dose. Thus, it can be suggested 
that dose-response carvedilol therapy may have no 
beneficial effects on the recovery of patients with 
septic shock. 
 Clinically, it is important to understand whether 
carvedilol has beneficial effects in patients who 
received treatment before the onset of septic shock. 
We previously showed that the oral administration of 
carvedilol increases the mortality rate and exacerbates 
the inflammatory responses to severe hemorrhagic 
shock in rats13), indicating that carvedilol may worsen 
the recovery of severe hemorrhagic shock in patients. 
Nevertheless, the present study showed that carvedilol 
does not impair the recovery from CLP-induced septic 
shock in rats. 
 There may be several important explanations for 
the differences in results between the present study 
and previous studies. First, the extent of disability 
caused by CLP in this study may be relatively severe. 
The mortality rate in all the groups 5 days after CLP 

was extremely high. Further studies using models 
with low or moderate mortality rates for the control 
group may be needed. Second, it is possible that the 
duration of carvedilol administration was relatively 
short. Further investigations are needed to clarify the 
importance of duration of carvedilol administration. 
Finally, the present study used normal Sprague 
Dawley rats. Clinically, carvedilol is generally 
administered to hypertensive patients; therefore, 
further studies are needed in hypertensive rats. 
 In conclusion, the present study shows that the 
oral administration of carvedilol increased the 
mortality rate and exacerbated the inflammatory 
responses to CLP-induced septic shock in rats in a 
manner similar to that observed without carvedilol 
administration. Although further investigations are 
required, the current findings suggest that carvedilol 
may have no beneficial effects on the recovery of 
patients with septic shock. 

References
 1 ) Packer M, Coats AJ, Fowler MB, Katus HA, Krum H, 

Mohacsi P, Rouleau JL, Tendera M, Castaigne A, Roecker EB, 

Schultz MK, DeMets DL. Carvedilol Prospective Randomized 

Cumulative Survival Study Group. Effect of carvedilol on survival 

in severe chronic heart failure. N Eng J Med. 344; 1651-1658, 

2001 

 2 ) Packer M, Bristow MR, Cohn JN, Colucci WS, Fowler MB, 

Gilber t EM, Shusterman NH. The ef fect of car vedilol on 

morbidity and mortality in patients with chronic heart failure. 

U.S. Carvedilol Heart Failure Study Group. N Eng J Med. 334; 

1349-1355, 1996 

 3 ) Noguchi N, Nishino K, Niki E. Antioxidant action of the 

antihypertensive drug, carvedilol, against lipid peroxidation. 

Biochem Pharmacol. 59; 1069-1076, 2000 

 4 ) Cleland JG, Charlesworth A, Lubsen J, Swedberg K, Remme 

WJ, Erhardt L, Di Lenarda A, Komajda M, Metra M, Torp-

Pedersen C, Poole-Wilson PA; COMET Investigators. A 

comparison of the effects of carvedilol and metoprolol on well-

being, morbidity, and mortality (the “patient journey”) in patients 

with heart failure: a report from the Carvedilol or Metoprolol 

European Trial (COMET). J Am Coll Cardiol. 47; 1603-1611, 2006 

 5 ) Remme WJ, Torp-Pedersen C, Cleland JG, Poole-Wilson PA, 

Metra M, Komajda M, Swedberg K, Di Lenarda A, Spark P, 

Scherhag A, Moullet C, Lukas MA. Carvedilol protects better 

against vascular events than metoprolol in heart failure: results 

from COMET. J Am Coll Cardiol. 49; 963-971, 2007 

 6 ) Fonarow GC, Lukas MA, Robertson M, Colucci WS, Dargie 

HJ. Ef fects of car vedilol early after myocardial infarction: 

analysis of the first 30 days in Carvedilol Post-Infarct Survival 

Control in Left Ventricular Dysfunction (CAPRICORN). Am 

Heart J. 154; 637-644, 2007 



  Effects of carvedilol to septic shock 15

 7 ) Mangano DT, Layug EI, Wallace A, Tateo I. Effect of atenolol 

on mortality and cardiovascular morbidity after noncardiac 

surgery: Multicenter study of perioperative ischemia research 

group. N Eng J Med. 335; 1713-1720, 1996 

 8 ) Poldermans D, Boersma E, Bax JJ, Thomson IR, van de Ven 

LL, Blankensteijn JD, Baars HF, Yo TI, Trocino G, Vigna C, 

Roelandt JR, van Urk H. The effect of bisoprolol on perioperative 

mor tality and myocardial infarction in high-risk patients 

undergoing vascular surgery. N Eng J Med. 341; 1789-1794, 1999   

 9 ) Mizuochi Y, Okajima K, Harada N. Carvedilol, a nonselective 

beta-blocker, suppresses the production of tumor necrosis factor 

and tissue factor by inhibiting early growth response factor-1 

expression in human monocytes in vitro. Transl Res. 149; 223-

230, 2007 

10) Suzuki T, Morisaki H, Uchiba M, Komura H, Tsuda T, 

Katsuya H. Infusion of the beta-adrenergic blocker esmolol 

attenuates myocardial dysfunction in septic rats. Crit Care Med. 

33; 2294-2301, 2005 

11) Schmitz D, Wilsenack K, Lendemanns S, Schedlowski M, 

Oberbeck R. Beta-adrenergic blockade during systemic 

inflammation: Impact on cellular immune functions and survival 

in a murine model of sepsis. Resuscitation. 72; 286-294, 2007 

12) Morreli A, Ertmer C, Westphal M, Rehberg S, Kampmeier T, 

Ligges S, Orecchioni A, D’Egidio A, D’lppoliti F, Raffone C, 

Venditti M, Guarrancino F, Girardis M, Tritapepe L, Pietropaoli P, 

Mebazaa A, Singer M. Effect of heart rate control with esmolol 

can hemodynamic and clinical outcomes in patients with septic 

shock. JAMA. 310; 1683-1691, 2013

13) Taniguchi T, Kurita A, Yamamoto K, Inaba H. Ef fects of 

carvedilol on mortality and inflammatory responses to severe 

hemorrhagic shock in rats. Shock. 32; 272-275, 2009 

14) Machin D, Cambel M, Fayers P, Pinol A. Sample size tables 

for clinical studies. 2nd edition, pp18-253, Blackwell Science, 

Oxford, UK, 1997

15) Sasao J, Tarver SD, Kindscher JD, Taneyama C, Benson KT, 

Goto H. In rabbits, landiolol, a new ultra-shor t-acting beta-

blocker, exerts a more potent negative chronotropic effect and 

less effect on blood pressure than esmolol. Can J Anaesth. 48; 

985-989, 2001

16) Hagiwara S, Iwasaka H, Maeda H, Noguchi T. Landiolol, an 

ultrashort-acting beta1-adrenoceptor antagonist, has protective 

effects in an LPS-induced systemic inflammation model. Shock. 

31; 515-520, 2009


