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THE ROLE OF PARASYMPATHETIC AUTONOMIC REGULATION
IN ENSURING OF RATS’ RESISTANCE IN THE MODEL OF
MULTIPLE ORGAN DYSFUNCTION SYNDROM

Khrypachenko I. A.
M. Gorky Donetsk National Medical University, Krasny Liman, Ukraine

To assess contribution of autonomic regulation in multiple organ dysfunction syndrome (MODS) survival
ensuring and to test hypothesis about possible correction of clinical course by modulating the activity of
parasympathetic influences we performed experiments on rats’ model of the MODS. It was determined that
nonresistant animals differentiated by less intensity of parasympathetic regulation response. It was revealed
that stimulation of cholinergic system decrease lethality in rats, and inhibits the power of high frequency
regulatory effects on the heart rate.
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POJIb IAPACUMIIATUYHOI BETETATUBHOI PEI'YJISILIT
Y 3ABE3NEYEHHI CTINKOCTI LI{YPIB B MOJIEJII CUHIPOMY
MOJIIOPIAHHOI HEJJOCTATHOCTI
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JloHeubKkuii HanioHaIBHUH MequyHui yHiBepcuteT iMeHi M. ['opbkoro, KpacHuii Jluman, Ykpaina

JIyisl OLiHKM BKJIaJly BEreTaTUBHOI peryssinii y 3a0e3nedeHHl BHKUBAHOCTI NPH CHHAPOMI IMONIOPTaHHOL
HEJOCTaTHOCTI Ta MJIs TEPEeBIpPKM TiMOTE3W MO0 MOXIIMBOI KOpEKIii KIiHIYHOrO Nepediry muIsixom
MO/IYJIIOBaHHSI aKTHBHOCTI IIApaCUMITATHYHUX BIUIMBIB, BUKOHAHI EKCIIEPUMEHTH Ha IIypax B YMOBax MOJEIi
MOJTIOPTaHHOI HETOCTATHOCTI. BCTaHORBIIEHO, 1110 HECTIMKKM TBAPHHH BiIPI3HAIOTHCS MEHIIIOI PEAKIII€I0 3 OOKY
napacuMnaTuyaHol peryssinii. [TokazaHo, 110 CTUMYJISIIIS XOJIIHEPTIYHOT CHCTEMU 3HIDKYE JIETATBHICTD IYpiB,
Ta MPU3BOAUTH JI0 MPUTHIYEHHS MOTYKHOCTI BUCOKOYACTOTHUX PEryJISTOPHUX BIUIUBIB Ha CEPLIEBHIA PUTM.

K/TIO4Y0BI CJIOBA: monens CUHAPOMY IIONIOPTaHHOI HEIOCTATHOCTI, BapiaOCNBHICTh CEPIIEBOTO
purmy, H-xomiHopenenropu

POJIb TAPACUMIIATUYECKOM BETETATUBHOM PETYJISIIIAA
B OBECINNEYEHUHA YCTOMYUBOCTHU KPbIC B MOJEJN CUHIPOMA
MOJIMOPT AHHOM HEJOCTATOYHOCTH

Xpunauenxo U. A.
JloHernkuil HaroOHABHBIN MeTUIIMHCKUH yHUBepcuTeT uMeHu M. ['oprkoro, Kpacuslii JIuman, Ykpanna

I[J'IH OLCHKH BKJIazga BEreTaTUBHOMI peryiaiauun B o0ecrieueHre BLEDKHBAEMOCTH Inpu CHUHIAPOMEC
HOJ'IPIOpFaHHOﬁ HEOOCTATOYHOCTU U JII MPOBCPKU THUIOTE3bI O BO3MOXHOCTHU KOPPEKIHU KIMHUYCCKOI'O
TCUCHHUA NIYTEM MOIAYJIHUPOBAHUA aKTUBHOCTU IMapaCUMIIATHUYCCKUX BJ'II/IHHI/If/i, BBITTOJTHEHBI OKCIICPUMCHTBLI Ha
KpbICax B YCJIOBUIAX MOACITU HOJTPIOpFaHHOﬁ HCIOCTAaTOYHOCTHU. YCTaHOBHeHO, 4qTo HeyCTOfI‘IPIBLIe KUBOTHBIC
OTJIIMYAIOTCS MEHBIIEH peaKuI/Ieﬁ CO CTOpPOHBLI HapaCPIMHaTI/IlIECKOﬁ peryinsaguu. HOKaSaHO, YTO CTUMYJIAIUA
XOHHHCpFH‘IeCKOﬁ CUCTEMBblI CHWXACT JICTAJIBHOCTb KpPbIC, W IMPUBOAUT K YrHCTCHUIO MOIIHOCTHU
BBICOKOYACTOTHBIX PETYJIATOPHBIX BJIMSHHUM Ha cepz[eqHHﬁ PUTM.

K/TIOYEBBIE CJIOBA: wMopenb CHHAPOMAa IOJUOPTaHHONM HEMOCTATOYHOCTH, BapHaOEIbHOCTh
ceplieuHoro purMa, H-xonuHopenenTopsl
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INTRODUCTION

Multiple organ dysfunction syndrome
(MODS) frequently described as consequences
of systemic inflammatory response (SIR) may
develop in the most different diseases, which
characterized by relatively high lethality [1].
The most different links take participation in
its formation, including autonomic nervous
system, which role remaining not studied
enough [2]. Previously findings about
influence of autonomic regulation on rats’
survival in the model of multiple organ
dysfunction syndrome, made us to investigate
the possibility of systemic inflammatory
response  correction by modulation of
autonomic circuits of regulation activity.

Considering recently appeared in the papers
data about possible involvement of N-
cholinoreceptors in regulation of functional
activity of lymphocytes, macrophages and
other cells participating in inflammation we
suppose that the parasympathetic activation
may decrease the systemic inflammation and
so decrease the lethality of rats in the
experimental model of multiple organ
dysfunction syndrome.

OBJECTIVE

The aim of the present study was
assessment of the parasympathetic autonomic
regulation role in survival of rats in MODS
model.

MATERIALS AND METHODS

Experiments were performed on the 78
Wistar lab male rats with 220-250 g body
weight, which kept in the standard vivarium
conditions.  Multiple organ dysfunction
syndrome was simulated by cecal ligation and
puncture (CLP) procedure [3]. It was
performed under combined anesthesia with
ether inhalation and intraperitoneal injection of
sodium thiopental (75 mg/kg).

The autonomic regulation was assessed by
heart rate variability (HRV) spectral analysis
with the wusing of the computer-based
cardiograph «Cardio Lab» (KhAI-Medica,
Ukraine) with signal discretization frequency
of 500 Hz. Spectral power of parasympathetic
influence (HF) was calculated in the range
from 0.6 to 3.0 Hz and compared with power
of sympathetic influence (LF) in the range
from 0.08 to 0.6 Hz.

In the 1% group of animals (34 rats) we
assess survival rate and association of survival

with individual changes of autonomic
regulation in response to single-dose
intramuscular  injection of phenylephrine

(2 mg/kg) and in response to development of
MODS after two hours of animal’s induction to
the model.

In the 2™ group of animals (44 rats) we
assess survival rate in condition of N-
cholinoreceptors stimulation. For this purpose,
animals expose to intravenously injections of
acetylcholinesterase inhibitor — neostigmine
(0.5 mg/kg) and M- cholinergic antagonist -
atropine (1 mg/kg). Such injections we
performed by caudal vein access at 30 min
before CLP and every 2 hours after induction
to MODS model. Total duration of
pharmacological exposure was § hours.

All statistical calculations were performed
using Statistica 6.0 (Stat Soft Inc., USA).
Spectral characteristics in tables and text are
presented as median (Me), minimal (Min) and
maximal values (Max), lower (Qi) and upper
(Qu) quartiles. Significance of differences
between spectral characteristics was assessed
by Mann-Whitney test.

RESULTS AND DISCUSSION

As it was expected, in spite of strictly
standardized conditions of experiment, rats
were characterized by different resistance to
the induction of the experimental model of
MODS. On the basis of findings about animals
survival rate in the 1% group we subdivided
animals into group of highly resistant rats
(survived during 10 days - 3 animals) and low
resistant rats (died within 3 days - 32 animals).

The power spectral indexes changes in
response to pharmacologic  sympathetic
stimulation in the subgroups of high- and low
resistant rats are presented below (table).

In the subgroup of highly resistant animals
adrenoreceptors stimulation by phenylephrine
lead to increase of the autonomic regulative
influences power. In the selected by us range of
the low frequencies (LF) the value of spectral
power is increasing in 5-fold and of the high
frequencies (HF-range) this value is increasing
in 4.4 fold. As a result, in highly resistant rats,
pharmacologic adrenoreceptors stimulation did
not change significantly the values of
sympathovagal balance - relation of spectral
powers in the low and high frequencies range.
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Table
Power spectral indexes of rats’ HRV before and after stimulation of a- adrenoreceptors
Power spectral indexes highly resistant rats (n=3) low resistant rats (n=31)
before after before after
Me 0.11 0.54* 0.10 0.50%
LF, ms’ Min- Max 0.01-0.53 0.09 -2.02 0.01-0.50 0.03-2.13
Q- Q, 0.06-0.20 0.32-1.24 0.07-0.19 0.41-1.17
Me 1.35 5.92% 1.54 4.50%*
HF, ms® Min- Max 0.32-3.23 0.28-7.83 0.46 - 4.50 0.43 - 6.95
Q- Q, 0.99 - 1.89 3.47-6.35 1.01-2.09 3.82-4.93

Note: * - intragroup differences are significant at p < 0.05.

In the subgroup of low resistant animals, the
response of sympathetic regulation to
stimulation of a-adrenoreceptors corresponds
with so in rats of compared subgroup - the
power of influences in the low frequency range
made increase in 5-fold. However, the HF
spectral power of HRV in the succumbed rats
in response to injection of phenylephrine made
increase only in 2.9-fold. At the same time as
in the group of survived rats the value of
sympathovagal balance is not changed after
phenylephrine injection — 0.10 (0.01-0.33)
before phenylephrine and 0.11 (0.01-0.60) after
pharmacologic stimulation.

The group of low resistant rats
demonstrated 2-fold increase in the power of
sympathetic influences as compared with
initial values - up to 0.20 ms” (0.11-0.42), after
2 hours of CLP (p < 0.05). Nevertheless, the
value of spectral power in the range of high
frequencies, reflective mainly of parasym-
pathetic influences, had tendency to decrease —
1.12 ms® (0.50-2.73). As a result the sympa-
thovagal balance in this subgroup has mount to
0.28 (0.10-2.73), which was significantly more
than initial values (p < 0.05).

Thus, analysis of survival demonstrated that
resistance of rats in the model of MODS was
related to properties of their autonomic
response. Highly resistant animals
characterizes by more pronounced response of
parasympathetic regulation to pharmacologic
stimulation as compared with low resistant
rats.

In response to CLP (development of an
acute bacterial inflammation in the abdominal
cavity and organ dysfunction), the highly
resistant rats respond with balanced increase of
HRV spectral power in both investigated

ranges, sympathetic and parasympathetic links
of autonomic regulation.

Subgroup of low resistant animals in
response to the MODS model characterized by
less pronounced activation of sympathetic
influences in the absence thereof significant
changes in the tone of parasympathetic link of
regulation. In the total, we find marked shift of
sympathovagal balance toward domination of
sympathetic influences in the low resistant
animals.

The results of experiment in the 1% group of
rats confirm presumption about possible
suppression of systemic inflammatory response
through ~ N-cholinergic  anti-inflammatory
pathway during parasympathetic activation [4].
These results was the basis to perform
experiments on the animals of 2™ group with
purpose to investigate the possibility of
increasing resistance of rats in the MODS
model by modulating the activity of different
links of autonomic regulation.

Despite of the long-continued cholinergic
stimulation of 2™ group rats by combination of
neostigmine and atropine injections the index
of 3-day lethality in the MODS model didn’t
differ significantly from 1% group of rats —
93.2 % u 91.2 %, accordingly (p = 0.371). At
the same time, the comparative analysis of time
curves of rat’s deaths in these groups
demonstrates following features (fig. 1).

Under cholinergic stimulation, there were
no any deaths during the first 15 hours after
induction rats to the model. In the compared
group almost 12 % of animals died. On the
background of the neostigmine almost 32 % of
rats survived 34 hours, whereas until this term
in the compared group died 88.2 % of animals
(p <0.001).
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The results are the evidence of long-
continued pharmacological stimulation of the
cholinergic system affects status and character
of response of different parts of autonomic
nervous system. All spectral indices of HRV in
rats of this experimental group were lower than
in other one. Intensity of these effects not equal

for sympathetic and parasympathetic parts of
regulation Thus, after 2 hours of induction of
animals to the MODS model the indices of
spectral power of HRV in the range of low
frequencies (sympathetic influences) were
about equal in rats of 1* and 2™ experimental
groups.
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Fig. 1 Kaplan-Meier cumulative proportion of survival in rats’ MODS model
without (1* group, n=34) and with pharmacologic stimulation of cholinergic system (2"* group, n=44)

Neostigmine has more pronounced effects
on the power of high frequencies of heart
rhythm regulations (fig. 2). Mean values of
spectral power index in rats with pharma-
cological stimulation of cholinergic nervous
system were significantly (p < 0.01) lower
(4.72 + 1.61 ms?), then in rats of compared
group of investigation (5.89 + 1.77 ms®).

Our findings about ability of acetyl-
cholinesterase inhibitor to decrease intra-
experimental lethality of rats in MODS model
is matched with results of other investigators,
which were gained in other diseases models.
Thus, it is known that stimulation of choline-
receptors increases survival of rats after
intraperitoneal injection of bacteria [4]. Experi-
ments on the guinea pigs proved the ability of
N-cholinoblockers to intensify of anaphylactic
shock and, conversely, inhibition of

acetylcholinesterase prevent from development
of shock [5].

With no relation to intensity and direction
of effects of stimulation of the parasympathetic
regulation demonstrated in different studies it
is noteworthy that unity of settled opinion
about the cause-and-effect relations between
factors of systemic and local inflammation on
the one hand and the status of different parts of
the autonomic nervous system on the other.

Applied scheme of long-continued selective
pharmacologic stimulation of N-cholinorecep-
tors, in our experiments, leads to significant
inhibition of the power of high frequency
regulatory influences on the heart rate. The
same direction but less pronounced influences
on the index of the spectral power of regulation
in low frequency range (that reflect as is well
known  sympathotonic  influences) was
registered by us.



Series «Mediciney. Issue 29

2

Spe ¢ tralpowe r of HF doneun, ne

0 Mean

[] Mean=S

4,0

" Mean=1,96*<

Fig. 2. HF spectral power of HRYV in rats after 2 hours of induction to MODS model,
without (1) and under (2) pharmacological stimulation of cholinergic system.

Our findings allow us to suggest that
revealed influence of the cholinergic stimu-
lation on the animals’ survival in the experi-
mental MODS realizes through the cytokine
system. Thus, it is well known ability of cyto-
kines to cause not only local but also distant
effects on almost all organs and systems
including tissues of central nervous system.
This respectively would accompany with alte-
rations in intensity and character of reflective
responses, hormone and other biologic
regulators synthesis [6]. On the other hand,
electrical stimulation of vagal nerve inhibits
synthesis of tumor necrosis factor in mice [4].

It must be underlined that revealed relations
of the autonomic regulation status with factors
of inflammation, is not specific for multiple
organ dysfunction syndrome. Similar on direc-
tion but different in intensity patterns was de-
scrybed in studies of toxic injuries [7], in onco-
logy clinics [8], in diabetes [9], and others.
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