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Effects of Cholinergic Agonists and Antagonists
under Conditions of Spleen Denervation in Rats

with Endotoxic Shock
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Model experiments on rats with endotoxic shock induced by intraperitoneal injection of
LPS Salmonella Typhi strain ty-4441 (20 mg/kg) showed that crossing of the vagus nerve
innervating the spleen increased HR, stimulated production of antibodies, and moderated se-
rotonergic activity of splenocytes. Pharmacological correction of the shock with muscarinic
receptor antagonist atropine and its combinations with anticholinesterase agent galantamine
or muscarinic and nicotinic cholinoreceptor agonist choline alfoscerate 30 min before shock
modeling moderated HR and normalized B cell functions and serotonin level in the spleen.
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The cholinergic system is an integrating component
in the regulation of systemic inflammatory reaction
and development of polyorganic insufficiency during
endotoxemia [3]. Activation of the cholinergic branch
of CNS controlling the efferent pathways of the sym-
pathetic and parasympathetic subdivisions of the au-
tonomic nervous system plays an important role in
moderation of inflammation [4,14]. Moreover, stimula-
tion of a7 nicotinic acetylcholine receptors [8] in cells
of macrophage-monocyte lineage with acetylcholine or
its precursor choline down-regulates the synthesis of
pro-inflammatory cytokines (TNF-a, IL-1P, IL-6, IL-
18) [5]. The specific role of B cells in these processes
was not examined, although they are transformed into
plasma cells without proliferation upon contact with
LPS, thereby providing LPS-neutralizing IgM-antibod-
ies, which is noteworthy because the development of
shock is mainly determined by production of IgM and
IgG immunoglobulin series [9]. The content of sero-
tonin in the spleen was not studied, although serotonin
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can play a role of a protective paracrine transmitter in
elimination of the antigen substance [10].

Our aim was to study the effects of nicotinic and
muscarinic agonists and antagonists on the heart rate
(HR), production of antibodies, and serotonin concen-
tration in denervated spleen in the rats with experi-
mental endotoxic shock.

MATERIALS AND METHODS

The experiments were carried out on male Wistar rats
(n=180) weighing 180-200 g obtained from Rappo-
lovo Animal Breeding Department (Russian Academy
of Sciences). The animals were maintained under vi-
varium (23°C) conditions under a 12-hour day-night
cycle with food and water ad libitum.

The endotoxic shock was provoked by intraperi-
toneal injection of LPS Salmonella Typhi strain ty-
4441 (St. Petersburg Institute of Vaccines and Sera)
in a sublethal dose (20 mg/kg dissolved in 0.5 physi-
ological saline) [13]. The spleen was denervated by
excision of the anterior and posterior branches of the
vagus nerve (3-5 mm) [5]. Sham-operated rats served
as the control.
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The preparations of atropine sulfate (0.09 mg/
kg), galantamine hydrobromide (0.45 mg/kg), cho-
line alfoscerate (90 mg/kg), and ipratropium bromide
(7.2 pg/kg) were dissolved in physiological saline and
injected intraperitoneally 30 min before LPS. The ef-
fects of these agents were assessed 2 h postinjection
according to HR changes [15]. HR was determined
by the mean value of R-R interval using the formula
HR (bpm)=60/(duration of R-R interval in seconds).
The control HR values were measured before injection
of the preparations in the experimental rats and in the
rats with shock “treated” with physiological saline.

The number of antibody-producing cells (APC)
per 10° splenocytes was determined according to [7]
in rats immunized with sheep erythrocytes in a dose of
10® per rat performed 2 h after the surgery. The choli-
notropic drugs were injected on postimmunization day
4 and 30 min before LPS. The content of APC was de-
termined after 24 h. The controls were splenectomized
rats not treated with the drugs and sham-operated rats.

Serotonin level (ng/mg protein) in deproteinized
spleen specimens [10] was measured with HPLC
(Beckman System Gold) employing LC-4C detector,
SphereClone 5 p ODS 2 (250%4.60 mm) column, and
SecurityGuard precolumn (ODS 4 mm Lx3.0 mm ID;
Phenomenex).

The data are presented as parameter value+SEM.
The results were analyzed statistically using Statistica
6.0 software and Student’s ¢ test.

RESULTS

Application of cholinotropic agents to sham-operated
rats subjected to endotoxic shock induced changes in
HR: muscarinic antagonist atropine or anticholines-
terase agent galantamine decreased HR; muscarinic
and nicotinic receptor agonist choline alfoscerate also
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produced a negative chronotropic effect in comparison
with the control sham-operated rats (Table 1). The ef-
fects of atropine can be explained by the fact that it
blocks presynaptic muscarinic receptors in central cho-
linergic synapses, thereby increasing secretion of ace-
tylcholine and potentiating neurotransmission with the
involvement of postsynaptic nicotinic cholinorecep-
tors, which leads to moderation of LPS-caused tachy-
cardia [2]. This hypothesis is indirectly corroborated
by inefficiency of ipratropium, which probably blocks
the peripheral postsynaptic muscarinic cholinorecep-
tors. Bradycardia caused by intraperitoneal injection of
choline alfoscerate (choline ester subjected to metabo-
lism) results from up-regulation of acetylcholine syn-
thesis in the atrium by choline followed by potentia-
tion of the cholinergic transmission in parasympathetic
nerve fibers [11]. In addition, choline exerts an agonis-
tic effect on M, muscarinic cholinoreceptors of cardiac
pacemakers [6]. It cannot be excluded that the effects
of galantamine are related to elevation of acetylcholine
concentration. In splenectomized rats, the employed
preparations of atropine, ipratropium, galantamine, or
choline alfoscerate moderated HR to the end of a 2-h
observation period in comparison with experimental
control rats with denervated spleen. Probably, distur-
bance of vagus nerve integrity can modify the effect
of some cardiac chronotropic agents.

The parasympathetic denervation of the spleen
did not change the intensity of antibody genesis in
response to administration of sheep erythrocytes in
comparison to the animals with intact innervations of
the spleen. However, the effects of cholinergic prepa-
rations were different in intact and splenectomized rats
(Table 2). Injection of atropine decreased the content
of APC, while choline alfoscerate or ipratropium in-
creased it. These data corroborate the view on the
control of the immune function of the spleen during

TABLE 1. Effect of Splenic Denervation on HR in Rats with Endotoxic Shock Treated with Cholinergic Preparations (M+SEM)

Initial HR before LPS injection

2 h after injection of the preparations*

Preparation
sham-operated
rats

splenectomized

sham-operated splenectomized
rats rats rats

Control 428+12
Atropine, 0.09 mg/kg 389+10
Galantamine, 0.45 mg/kg 363+9
Choline alfoscerate, 90 mg/kg 339+10
Ipratropium, 7.2 ug/kg 423%10

469+17 +76+4 +114+8%
38314 +343*** +26+7**
37712 +QE2* +26:£8%*#0x
374%14 -16+3*** +19£6* 0
406+13 +66+7 +54:+8**

Note. *Difference in HR in rats treated with the corresponding agent and HR before its injection. **p<0.01, ***p<0.001 compared to
experimental control rats subjected to endotoxic shock treated preventively with physiological saline; **p<0.001 compared to sham-operated

rats.
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TABLE 2. Effect of Splenic Denervation on APC (per 108 cells) and Serotonin (ng/mg protein) in Rats with Endotoxic Shock
(M+SEM)
Sham-operated rats Splenectomized rats
Preparation
APC’ serotonin? APC'! serotonin?
Control 452+13 5.318+0.005° 345+13% 1.564%0.005
Without preparations 824+37*** 56.588+0.006*** 1676+52*** 0.060+0.005***
Atropine, 0.09 mg/kg 113216 **+++ 3.413+0.005****++* 41664 9.338+0.004****+*
Galantamine, 0.45 mg/kg 163£24***+++ 5.441+0.005***+*+ 51177+ 5.743+0.004***++
Choline alfoscerate, 90 mg/kg 165£19***+++ 5.250+0.004****++* 36661 5.451+0.005****+*
Ipratropium, 7.2 pg/kg 468+35* 2.307+0.006***** 500+58*** 6.19+0.006***+*+

Note. 'In 5 days after denervation of the spleen, immunization with sheep erythrocytes, injection of cholinotropic preparations and LPS (1
day before examination); *the number of APC in non-operated rats was 350+82/10° splenocytes; 2in 24 h after sham surgery and vagotomy

followed by injection of the preparations and LPS; °baseline serotonin level was 5.465+0.005 ng/mg protein.

*okk

p<0.001 compared to intact

control rats; +*p<0.001 compared to rats with spleen denervation and endotoxic shock not treated with the cholinotropic agents.
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