
710

0007­-4888/17/16360710  © 2017  Springer Science+Business Media New York

Bulletin  of  Experimental  Biology  and  Medicine,  Vol.  163,  No.  6,  October,  2017

GENERAL PATHOLOGY AND PATHOPHYSIOLOGY

Role of β2-Adrenoreceptors in Adrenergic Anti-Inflammatory 
Mechanism in Sepsis
P. F. Zabrodskii, M. S. Gromov, and V. V. Maslyakov

Translated from Byulleten’ Eksperimental’noi Biologii i Meditsiny, Vol. 163, No. 6, pp. 674-677, June, 2017
Original article submitted January 11, 2017

Experiments on random-bred albino mice showed that of β2-adrenoreceptor agonist hexa-
prenaline sulfate significantly reduced mortality of mice from experimental sepsis (intra-
peritoneal administration of E. coli) in 4 and 24 h after modeling by reducing blood levels 
of proinflammatory cytokines TNFα, IL-1β, and IL-6. The antagonist of β2AR ICI-118,551 
eliminated this effect.
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Mortality from sepsis constitute 12 to 60% lethal out-
comes associated with diseases and their complications 
[8] and this parameter continues to increase [3,10]. In 
1987, a cholinergic anti-inflammatory mechanism was 
discovered [1] that after the study of its realization at 
the organism, cellular, and subcellular levels [2,4,6] 
in 2002 was called the “cholinergic anti-inflammatory 
pathway” [4]. It should be noted that in 1995 the pos-
sibility of administration of cholinergic agonists for 
immediate activation of antimicrobial resistance dur-
ing sepsis was proved [2]. A number of works were 
devoted to the analysis of the cholinergic anti-inflam-
matory pathway related to the action of acetylcholine 
on α7n-acetylcholine receptors (α7nAChRs) on the 
monocyte-macrophage system cells with subsequent 
inhibition of the production of pro-inflammatory cy-
tokines TNFα, IL-1β, and IL-6 by these cells and a 
decrease in mortality from sepsis [3-5,7, 11.15]. The 
decrease in TNFα, IL-1β, and IL-6 production (onset 
of anti-inflammatory effect) at the cholinergic anti-
inflammatory pathway (mechanism) is provided by 
kinase JAK2, transcription factor STAT3, transcription 

factor NF-κB [3,6]. We can hypothesize that along 
with cholinergic anti-inflammatory mechanism, an ad-
renergic anti-inflammatory mechanism associated with 
activation of nicotinic receptors of the adrenal medulla 
and sympathetic ganglia, is activated in sepsis, inflam-
matory bowel diseases, and other infectious processes. 
Activation of nicotinic receptors induces production of 
epinephrine and norepinephrine that probably stimu-
late adrenoreceptors of the monocyte-macrophage sys-
tem cells (direct effect) [12] and β2-adrenoreceptors 
(β2AR) of T cells in the spleen (indirect effect) [5] 
produce the same effect as activation of α7nAChRs 
that leads to a reduction in the synthesis of proinflam-
matory cytokines by cells of the monocyte-macro-
phage system [3,4,7].

We studied the role of β2-adrenoreceptors in the 
realization of the adrenergic anti-inflammatory mecha-
nism in sepsis.

MATERIALS AND METHODS

Experiments were conducted on random-bred white 
mice of both sexes weighing 18-22 g. Group 1 mice 
(control 1, n=8) received intraperitoneal injection of 
2 ml isotonic NaCl (physiological saline, PS) 2 h af-
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ter its subcutaneous injection (0.5 ml). Group 2 mice 
(control 2, n=55) received single subcutaneous injec-
tion of 0.5 ml PS followed in 2 h by intraperitoneal 
injection of 24-h culture of E. coli (2.5×109 microbial 
bodies in 2 ml PS; sepsis modeling) [1-3]. In group 3 
(n=32), a selective β2AR agonist hexaprenaline sul-
fate (Nycomed) was administered subcutaneously in a 
single dose of 1.5 μg/kg in 0.5 ml PS (group 3, n=32). 
Group 4 mice (n=30) received single subcutaneous in-
jection of β2AR selective antagonist ICI-118,551 (Sig-
ma-Aldrich) in a dose of 3 mg/kg in 0.5 ml PS. β2AR 
agonist hexaprenaline sulfate in combination with se-
lective antagonist β2AR ICI-118,551 was administered 
to mice of the group 5 (n=32). β2AR antagonist was 
administered subcutaneously in 10-20 min before ad-
ministration of β2AR agonist hexaprenaline sulfate. 
In groups 3 and 5, sepsis was modeled 2 h after the 
administration of the drugs. To assess the role of β2AR 
in the realization of an adrenergic anti-inflammatory 
mechanism, mortality of mice was recorded in groups 
2-4 at 4 and 24 h after sepsis modeling. In all groups, 
the blood concentration of TNFα, IL-1β, and IL-6 was 
studied by ELISA using ELISA Kits (MyBioSoure) 
according to manufacturer’s instructions. Monoclonal 
antibodies MBS494184, MBS494492, MBS335516 
to TNFα, IL-1β, and IL-6 (MyBioSoure) were used 
to determine the concentration of proinflammatory 
cytokines. The blood for the study was taken from the 
retroorbital sinus.

The data were statistically processed using Stu-
dent’s t test.

RESULTS

Administration of β2AR agonist hexaprenaline sulfate 
reduced animal mortality by 2.33 times in comparison 
with group 2 (i.e. by 20.8%, p<0.05) in 4 h after sepsis 
modeling and by 1.8 times (by 49.9%; p<0.05) in 24 h. 
Administration of β2AR antagonist ICI-118,551 sepa-
rately and in combination with β2AR agonist did not 

significantly affect mortality of mice in comparison 
with control group 2 (Table 1).

The results indicate that β2AR agonist significantly 
reduced mortality in sepsis, while its administration 
in combination with β2AR antagonist eliminates this 
effect. The effect of β2AR agonist of hexaprenaline 
sulfate is mediated by activation of β2AR in monocyte-
macrophage system cells due to activation of the sym-
pathetic nervous system ganglia [3,5]. It is possible that 
β2AR agonist acts on β2AR of T cells in the spleen 
producing acetylcholine and block the synthesis of pro-
inflammatory cytokines via activation of α7nAChRs 
cells of monocytic-macrophage system [5,6,15]. It 
should be noted that this effect also belongs to the 
adrenergic anti-inflammatory mechanism, but, appar-
ently, is not the main and decisive in the realization 
of the anti-inflammatory action of the β2AR agonist.

In control group 2, the concentrations of cytokines 
TNFα, IL-1β, and IL-6 in mouse blood in 4 h after 
sepsis modeling increased in comparison with those 
in the control group 1 by 17.8, 19.5, and 57.7 times 
(p<0.05), respectively; in 24 h, the concentrations of 
IL-1β and IL-6 decreased in comparison with those in 
4 h and exceeded the parameters in control group 1 by 
4.5 and 8.2 times (p<0.05), respectively (Table 2). The 
concentrations of TNFα in both control groups did not 
differ significantly.

β2AR agonist hexaprenaline sulfate reduced blood 
concentrations of TNFα, IL-1β, and IL-6 by 3.8, 3.3, 
and 11.2 times in comparison with the control group 
2, respectively (p<0.05) in 4 h after sepsis modeling 
(group 3). At the same time, the content of proinflam-
matory cytokines in the blood significantly (p<0.05) 
exceeded the corresponding parameters of the control 
group 1. In 24 h after sepsis modeling, the concentra-
tions of proinflammatory cytokines significantly de-
creased in comparison with the previous term. In this 
case, the concentration of TNFα did not differ from 
that in control group 2, and IL-1β and IL-6 remained 
reduced by 2.6 and 3.0 times (p<0.05), respectively.

TABLE 1. Effect of β2AR Agonist (Hexaprenaline Sulphate, 1.5 μg/kg), β2AR Antagonist (ICI-118,551, 3 mg/kg) and Their 
Combination on Mortality of Mice from Sepsis (%; M±m)

Group

Time after administration of E. coli

4 h 24 h

Control 2 (sepsis, n=55) 36.4±6.5 90.9±3.9

Group 3 (β2AR agonist hexaprenaline sulfate; n=32) 15.6±6.6* 50.0±9.0*

Group 4 (β2AR antagonist ICI-118,551; n=30) 50.0±9.3 83.3±7.0

Group 5 (β2AR agonist+β2AR antagonist; n=32) 40.6±8.8 78.1±7.4

Note. *p<0.05 in comparison with group 2.
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After administration of β2AR antagonist ICI-
118,551, the concentrations of TNFα, IL-1β and IL-6 
in the blood (group 4) in 4 and 24 h after sepsis mod-
eling did not differ significantly from the parameters 
of the control group 2.

Similar data were obtained after combined admin-
istration of β2AR agonist hexaprenaline sulfate and 
β2AR antagonist ICI-118,551 (group 5), which proves 
reduction of mouse mortality from sepsis due to sup-
pression of the synthesis of proinflammatory cytokines 
as a result of direct and indirect (though activation 
of β2AR of splenic T cells) activation of monocyte-
macrophage system cells with β2AR agonist [3,5]. It 
should be noted that parameters of proinflammatory 
cytokines in 4 and 24 h after sepsis modeling in group 
4 (β2AR antagonist) are by 1.25 times higher than in 
group 5 (agonist+antagonist of β2AR), which indicates 
that β2AR antagonist eliminates this anti-inflammatory 
mechanism via inhibition of β2AR of T cells in the 
spleen [3.5], which is associated with the subsequent 
attenuation of acetylcholine effect on α7nAChRs of 
monocytes and macrophages of the spleen and elimi-
nation of TNFα, IL-1β, and IL-6 synthesis reduction.

The blood concentrations of IL-1β and IL-6 in 
groups 3, 4, and 5 were significantly higher (p<0.05) 
that in the control group 1.

It is known that monocytes and macrophages have 
βAR and their activation usually leads to anti-inflam-
matory effect [12] due to inhibition of the nuclear 

transcription factor NF-κB [14]. The mechanisms un-
derlying reduction of the synthesis of proinflammatory 
cytokines under the action of β2AR agonist have not 
been studied sufficiently, and the results of the studies 
are inconsistent [9,12,13].

Thus, β2 adrenoceptor agonists reduce mortality 
of mice with sepsis and decrease the content of pro-
inflammatory cytokines TNFα, IL-1β, and IL-6 in the 
blood by the adrenergic anti-inflammatory mechanism.

REFERENCES

	 1.	Zabrodskii PF. Effect of armin on nonspecific resistance 
factors and primary humoral response. Farmakol. Toksikol. 
1987;50(1):57-60. Russian.

	 2.	Zabrodskii PF. Variation in antiinfectious nonspecific resis-
tance of the organism caused by cholinergic stimulation. Bull. 
Exp. Biol. Med. 1995;120(2):809-811.

	 3.	Zabrodskii PF, Gromov MS, Maslyakov VV. Combined Effects 
of M1 Muscarinic Acetylcholine Receptor Agonist TBPB and 
α7n-Acetylcholine Receptor Activator GTS-21 on Mouse Mor-
tality and Blood Concentration of Proinflammatory Cytokines 
in Sepsis. Bull. Exp. Biol. Med. 2017;162(6):750-753.

	 4.	Bernik TR, Friedman SG, Ochani M, DiRaimo R, Ulloa L, 
Yang H, Sudan S, Czura CJ, Ivanova SM, Tracey KJ. Phar-
macological stimulation of the cholinergic antiinflammatory 
pathway. J. Exp. Med. 2002;195(6):781-788.

	 5.	Bonaz BL, Bernstein CN. Brain-gut interactions in inflamma-
tory bowel disease. Gastroenterology. 2013;144(1):36-49.

	 6.	Borovikova LV, Ivanova S, Zhang M, Yang H, Botchkina GI, 
Watkins LR, Wang H, Abumrad N, Eaton JW, Tracey KJ. Va-

TABLE 2. Effect of β2AR Agonist (Hexaprenaline Sulphate, 1.5 μg/kg), β2AR Antagonist (ICI-118,551, 3 mg/kg) and Their 
Combination on the Concentration of Proinflammatory Cytokines in the Blood of Mice in 4 and 24 h after Sepsis Modeling 
(pg/ml, M±m)

Group

TNFα IL-1β IL-6

4 h 24 h 4 h 24 h 4 h 24 h

Control 1 34±5 38±6 26±4 28±5 33±6 25±4

(n=8) (n=9) (n=8) (n=8) (n=8) (n=8)

Group2 (sepsis) 606±84* 55±8о 507±68* 125±21*о 1905±243* 205±34*о

(n=8) (n=5) (n=8) (n=5) (n=7) (n=5)

Group 3 (β2AR agonist  
of hexaprenaline sulfate) 160±28*+ 48±8о 155±30*+ 48±8*+о 170±29*+ 69±12*+о

(n=7) (n=7) (n=7) (n=7) (n=7) (n=5) 

Group 4 (β2AR antagonist  
of ICI-118,551) 620±107* 50±8о 510±87о 96±18*о 1611±250* 184±35*о

(n=6) (n=5) (n=6) (n=5) (n=6) (n=5)

Group 5 (β2AR agonist+ 
β2AR antagonist) 568±99* 32±7о 445±80* 136±29*о 1405±262 160±28*о

(n=7) (n=7) (n=7) (n=7) (n=7) (n=7)

Note. Number of animals is shown in parentheses. p<0.05 in comparison with *control group 1, +control group 2, owith parameter in 4 h.

Bulletin  of  Experimental  Biology  and  Medicine,  Vol.  163,  No.  6,  October,  2017 GENERAL PATHOLOGY AND PATHOPHYSIOLOGY



713

gus nerve stimulation attenuates the systemic inflammatory 
response to endotoxin. Nature. 2000;405:458-462.

	 7.	Fernandez R, Nardocci G, Navarro C, Reyes EP, Acuña-Cas-
tillo C, Cortes PP. Neural reflex regulation of systemic inflam-
mation: potential new targets for sepsis therapy. Front. Physiol. 
2014;5:489. doi: 10.3389/fphys.2014.00489.

	 8.	Lin JN, Tsai YS, Lai CH, Chen YH, Tsai SS, Lin HL, Huang 
CK, Lin HH. Risk factors for mortality of bacteremic pa-
tients in the emergency department. Acad. Emerg. Med. 
2009;16(8):749-755.

	 9.	Link A, Selejan S, Maack C, Lenz M, Böhm M. Phosphodi-
esterase 4 inhibition but not beta-adrenergic stimulation sup-
presses tumor necrosis factor-alpha release in peripheral blood 
mononuclear cells in septic shock. Crit. Care. 2008;12(6):R159. 
doi: 10.1186/cc7158.

10.	Martin GS. Sepsis, severe sepsis and septic shock: changes in 
incidence, pathogens and outcomes. Expert Rev. Anti Infect. 
Ther. 2012;10(6):701-706.

11.	Reardon C. Neuro-immune interactions in the cholinergic anti-
inflammatory reflex. Immunol. Lett. 2016;178:92-96.

12.	Scanzano A, Cosentino M. Adrenergic regulation of innate im-
munity: a review. Front. Pharmacol. 2015;6:171. doi: 10.3389/
fphar.2015.00171.

13.	Schaible HG, Straub RH. Function of the sympathetic supply 
in acute and chronic experimental joint inflammation. Auton. 
Neurosci. 2014;182:55-64.

14.	Tan KS, Nackley AG, Satterfield K, Maixner W, Diatchenko 
L, Flood PM. Beta2 adrenergic receptor activation stimulates 
pro-inflammatory cytokine production in macrophages via 
PKA- and NF-kappaB-independent mechanisms. Cell. Signal. 
2007;19(2):251-260.

15.	Wang H, Yu M, Ochani M, Amella CA, Tanovic M, Susarla S, 
Li JH, Wang H, Yang H, Ulloa L, Al-Abed Y, Czura CJ, Tracey 
KJ. Nicotinic acetylcholine receptor alpha7 subunit is an es-
sential regulator of inflammation. Nature. 2003;421:384-388.

P. F. Zabrodskii, M. S. Gromov, and V. V. Maslyakov


	ABSTRACT

	MATERIALS AND METHODS
	RESULTS
	REFERENCES



