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Stimulation of nicotinic and muscarinic cholinoreceptors (nAChR, mAChR) in outbred albino
mice with nicotine and aceclidine, respectively, in single equilethal doses 0.5 DL, 6 h before
sepsis induction significantly reduced animal mortality due to a decrease in blood concentra-
tions of proinflammatory cytokines IL-1f, IL-6, and MIP-2. Stimulation of mAChR (injection
of aceclidine) stimulated the neutrophilic phagocytic and metabolic activity. Realization of
the cholinergic anti-inflammatory pathway (stimulation of the peripheral nicotinic cholino-
receptors (a7nAChR) and central muscarinic cholinoreceptors (mAChR) was modulated by
stimulation of the muscarinic cholinoreceptors of the phagocytic monocytic system cells.
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Cholinergic stimulation (subcutaneous injection of
armin, an irreversible cholinesterase inhibitor, to
mice in doses of 0.12, 0.25, and 0.5 DL,)) signifi-
cantly reduced mortality of albino mice from sepsis
caused by intraperitoneal injection of E. coli [1]. The
efficiency of cholinergic receptor agonists for urgent
stimulation of nonspecific antibacterial resistance in
infectious processes has been proven [2]. The para-
sympathetic pathway has been described in 2000;
the vagus nerve plays the key role in it: stimulation
of its afferent fibrils as a result of systemic inflam-
matory reactions to endotoxin eventually stimulates
the anti-inflammatory reactions [5]. Stimulation of
efferent fibers of the vagus nerve leads to reduction
of proinflammatory cytokine production by liver ma-
crophages (acetylcholine effect) [S]. Numerous recent
studies [3,7,10,12] have confirmed the contribution
of the cholinergic system stimulation to reduction of
animal mortality from sepsis [1,2] caused by various
infectious processes.
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Chronic treatment with organophosphorus com-
pounds can lead to realization of the cholinergic anti-
inflammatory pathway [9,11,14], including stimulation
of the brain muscarinic cholinoreceptors (mAChR),
modulating the immunoregulatory function of the
vagus nerve; stimulation of n. vagus efferent fibrils;
acetylcholine effect on the receptors; stimulation of
nicotonic cholinoreceptors (specifically, a7nAChR)
by the phagocytic monocytic system (PMS) cells. The
emergence of anti-inflammatory effect in the PMS
cells is supported by JAK2 kinase, STAT3 transcrip-
tion factor, and NF-kB transcription factor. Triggering
of these biochemical mechanisms under conditions
of cholinergic stimulation inhibits their production of
TNF-a, B1 protein (HMGB1), MIP-2 macrophage in-
flammatory protein-2, IL-1p, and IL-6 [6].

Cholinergic stimulation causes acetylcholine sti-
mulation of PMS cells (macrophages, monocytes,
neutrophils) a7nAChR, this leading to reduction of
mortality from experimental infection (during the early
phase of sepsis) [1,8,12] as a result of low production
of proinflammatory cytokines by PMS cells and lym-
phoid dendritic cells [9,10,11]. There are good grounds
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to suggest a similar effect for muscarinic receptor ago-
nists modulating mAChR in n. vagus nucleus in the
medulla oblongata and mAChR of PMS [2].

We studied the relationship between mAChR and
nAChR stimulation and mouse mortality from sepsis
induced by experimental peritonitis and evaluated the
phagocytic macrophage activity of neutrophils and
plasma levels of proinflammatory cytokines IL-1p,
IL-6, and MIP-2.

MATERIALS AND METHODS

Experiments were carried out on outbred albino mice of
both genders (18-22 g). Aceclidine (muscarinic receptor
agonist) penetrating through the blood-brain barrier)
and nicotine (nicotinic receptor agonist) were injected
subcutaneously in a single dose of 0.5 DL, (DL, for
these drugs for mice being 4.12+0.22 and 35+4 mg/kg,
respectively). Six hours after injections of cholinergic
drugs, sepsis was induced in mice by intraperitoneal
injection of 24-h culture of E. coli (2.5x10° microbial
bodies) [1,5]. Mortality of mice receiving no choli-
nergic receptor agonist (control group 1) and treated
with nicotine (group 2) or aceclidine (group 3) was eva-
luated 10 and 25 h after sepsis induction. These periods
for mortality evaluation were chosen because of rather
high mortality after 10 h, while after 25 h the mortality
of animals from sepsis reached the peak and was virtu-
ally over [1,4]. Plasma concentrations of IL-1f, IL-6,
and MIP-2 were measured in intact mice (control group
2), mice surviving 10 and 25 h after intraperitoneal
injection of E. coli without cholinergic receptor ago-
nists (control group 1), and mice injected with nicotine
(group 2) and aceclidine (group 3). The measurements
were carried out by ELISA with commercial kits. The
phagocytic and metabolic activities of neutrophils under
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TABLE 1. Effects of Nicotine and Aceclidine on Mouse
Mortality after Sepsis Induction (M+m, n=36)

Period of mortality
evaluation after E. coli
Experimental series injection, h
10 25
Sepsis (control group 1) 58.3+8.2 88.9+5.2
Nicotine+sepsis (group 2) 25.0+£7.2* 52.8+8.3*
Aceclidine+sepsis (group 3) 33.3+£7.8* 69.4+7.7*

Note. *p<0.05 in comparison with the control.

the effects of cholinergic receptor agonists (phagocytic
index, phagocytic number, neutrophil activity index in
spontaneous and induced NBT tests) were evaluated
by the common methods [4]. Blood for analyses was
collected from the retro-orbital venous sinus. The data
were statistically processed by Student’s  test.

RESULTS

Nicotine and aceclidine reduced (p<0.05) the mortality
from sepsis in comparison with control group 1 (sep-
sis) by 2.33 and 1.75 times, respectively (by 33.3 and
25.0%), 10 h after E. coli injection and by 1.68 and
1.28 times (by 33.3 and 19.5%; p<0.05), respectively,
after 25 h. This indicated that stimulation of mAChR
and nAChR significantly improved the survival of ani-
mals during the early phase of sepsis (Table 1). Nico-
tine effect was slightly higher than that of aceclidine.

Plasma concentrations of cytokines IL-10, IL-6
and MIP-2 increased by 13.29, 17.53, and 6.07 times,

TABLE 2. Effects of Nicotine and Aceclidine on Blood Concentrations (pg/ml) of Proinflammatory Cytokines in Mice after

10 and 25 h of Sepsis

IL-1B IL-6 MIP-2
Experimental series

10 h 25 h 10 h 25 h 10 h 25 h
Intact mice (control group 2) 21+3 26+4 305 356 15+3 18+3

(n=7) (n=7) (n=T7) (n=T7) (n=T7) (n=T7)
Sepsis (control group 1) 279+32* 94+17*° 526+57* 332+60*° 91+£10* 68+12*°

(n=7) (n=4) (n=T7) (n=4) (n=T7) (n=4)
Nicotine+sepsis (group 2) 112+15** 51x6**° 282+30** 157+£17*° 45+6* 31x4*+°

(n=7) (n=7) (n=7) (n=7) (n=7) (n=7)
Aceclidinetsepsis (group 3) 185+17** 48+6*° 370+38** 178+18%**° B67+6%x 46+5%0x

(n=7) (n=7) (n=T7) (n=7) (n=7) (n=T7)

Note. p<0.05 in comparison with: *control, *sepsis, °after 10 h, *under the effect of nicotine.



702

Bulletin of Experimental Biology and Medicine, Vol. 153, No. 5, September, 2012 PHARMACOLOGY AND TOXICOLOGY

TABLE 3. Effects of Nicotine and Aceclidine (0.5 DL,) on Phagocytic and Metabolic Activity of Mouse Blood Neutrophils
and Serum Lysozyme Concentrations after 25 h of Experimental Sepsis (M+m, n=14)

Parameter Control group 2 Nicotine Aceclidine
Pl, % 26.1+2.2 34.2+3.4 49.0+4.0*
PN 1.75+0.18 1.97+0.24 2.94+0.31*
NAI NBT spontaneous 0.28+0.03 0.34+0.04 0.51+0.05*
NBT induced 0.50+0.06 0.65+0.08 0.82+0.09*
Lysozyme, mg/liter 6.5%0.6 8.0x0.7 9.9+0.8*

Note. PI, PN: phagocytic index and phagocytic number; NAI: neutrophil activity index. *p<0.05 in comparison with the control.

respectively (p<0.05), 10 h after sepsis induction in
comparison with control group 2 (Table 2). Nicotine
injection before E. coli resulted in a reduction of the
cytokine concentrations after 10 h of sepsis in compar-
ison with the values in sepsis without nicotine prein-
jection (control group 1) by 2.49, 1.87, and 2.02 times,
respectively (p<0.05), the values being significantly
(p<0.05) higher than in control group 2.

Aceclidine injection 6 h before sepsis induc-
tion reduced plasma concentrations of IL-1p, IL-6,
and MIP-2 10 h after E. coli injection by 1.51, 1.42
(p<0.05), and 1.34 times (p>0.05), respectively, in
comparison with the values in sepsis without preinjec-
tion of cholinergic receptor agonists (control group 1).

Similar, but less pronounced changes in blood
levels of proinflammatory cytokines were detected
25 h after sepsis induction without preinjection of
cholinergic receptor agonists (control group 1). Blood
levels of IL-1B, IL-6, and MIP-2 cytokines were sig-
nificantly (p<0.05) lower 25 h after sepsis induction in
all experimental series in comparison with the concen-
trations recorded 10 h after E. coli injection.

Plasma concentrations of proinflammatory cyto-
kines were significantly lower after 10 and 25 h of
experimental peritonitis induced after preinjection
of nicotine than after aceclidine preinjection, except
IL-1B concentration after 25 h of peritonitis; the most
significant (p<0.05) reduction was recorded for IL-1§
after 10 h of sepsis and for MIP-2. The levels of the
studied cytokines were significantly (p<0.05) higher
than in the control (control group 2).

The data indicate that not only nAChR stimula-
tion, but also exposure of mAChR (presumably, of the
dorsal autonomic nucleus of n. vagus of the medulla
oblongata) lead to reduction of animal mortality from
sepsis as a result of reduction of blood concentrations
of proinflammatory cytokines. Mortality reduction
could also be caused by stimulation of mAChR of
neutrophils and other PMS cells.

Analysis of nicotine and aceclidine effects on the
phagocytic and metabolic activities showed (Table

3) that aceclidine increased the phagocytic index,
phagocytic number, and neutrophil activity index in
spontaneous and induced NBT test (p<0.05). Nicotine
slightly increased all the studied parameters, presum-
ably, as a result of stimulation of nAChR in the sym-
pathetic ganglia and renal medulla and the subsequent
norepinephrine and epinephrine effects on the PMS
cell B-adrenoreceptors [4] against the background of
the suppressive effect of nicotine. This hypothesis
is supported by the previous study [13] proving that
stimulation of the PMS cells and lymphocyte nAChR
and mAChR leads to opposite effects (stimulation of
nAChR reduces the functions of leukocytes, macro-
phages, and monocytes). Aceclidine treatment led to
a significant increase of the phagocytic index, phago-
cytic number, and neutrophil activity index in sponta-
neous and induced NBT test — 1.88, 1.51, 1.82, and
1.64 times, respectively (p<0.05) in comparison with
the control (control group 2). In addition, aceclidine
stimulation of mAChR led to an increase of serum
lysozyme concentration in mice (1.52 times; p<0.05).

These changes in the blood levels of proinflam-
matory cytokines in mice indicate that the cholinergic
anti-inflammatory pathway [1-3,9,11], reducing animal
mortality from sepsis, is realized not only as a result
of monocyte, macrophage, and neutrophil a7nAChR
stimulation [8], but also as a result of acetylcholine
effect on the medulla oblongata n. vagus dorsal au-
tonomic nucleus mAChR. In addition, the animal
survival in sepsis may be due to stimulation of the
PMS cell mAChR in the liver, gastrointestinal tract,
and spleen, leading to increase of the phagocytic and
metabolic activity.

Hence, stimulation of muscarinic and nicotinic
cholinergic receptors by nicotine and aceclidine, in-
jected in single doses equivalent to 0.5 DL, 6 h be-
fore sepsis induction, caused a significant reduction of
mouse mortality from experimental infectious process
as a result of reduction of blood concentrations of pro-
inflammatory cytokines IL-1p, IL-6, and MIP-2 and
increase of the neutrophil phagocytic and metabolic



P. F. Zabrodskii, V. G. Lim, et al.

activity. Realization of the cholinergic anti-inflamma-
tory pathway (stimulation of the peripheral a7nAChR
and central mAChR) was modulated by stimulation of
the PMS cell mAChR.
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