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Abstract

Aim: The present study was conducted in an attempt to find possible direct mechanisms of action of Clostridium difficile toxins A and
B (TCdA and TCdB) on contractility of isolated rat intestinal smooth muscles, as the contractive pathways affected by the toxins and
responsible for motility disorders remain unclear.

Materials and methods: Adult male Wistar rats were used in our experiments. Longitudinal smooth muscle (SM) preparations of
proximal colon were isolated and their contractile activity was isometrically registered. The samples were mounted in tissue baths and
exogenously treated with acetylcholine (ACh), serotonin (5-HT), dopamine, norepinephrine, TCdA and TCdB. The potential of TCdA
and TCdB to affect the action of these mediators on SM activity was examined.

Results: The experiments have shown that exciting action of ACh and 5-HT on colonic contractility is enhanced by TCdA rather than
TCdB. Conversely, relaxing effect of dopamine and norepinephrine on contractile activity of colonic SM is under impact of TCdB but
not TcdA. TCdA has a stronger direct effect on in vitro SM sensitivity to ACh and 5-HT than TCdB.

Conclusions: TCdA and TCdB affect directly the contractile reactivity of isolated rat colon smooth muscle. TCdA has a stronger direct
effect on smooth muscle sensitivity to acetylcholine and 5-HT than TCdB. Such a trend has not been established for dopamine and
norepinephrine.
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present work are found in projects that impose current ideas
about changes in SM activity under the influence of toxins
produced by Clostridium difficile. Ex vivo experiments with

INTRODUCTION

The predominant sample of published experimental data
concerning in vitro studies on Clostridium difficile-targeted
tissues offers unclear hypotheses about the effect of TCdA
and TCdB on SM contractile apparatus. Numerous studies
apply an in vitro approach to elucidate the mechanisms of
action of TCdA and TCdB. Conceptual similarities with the

isolated intestinal muscle strips!!! have shown changes in
contractile activity after treatment with TCdA and TCdB.
Under such conditions, the autogenous regulation of
contractility (the stimulated contraction in areas with mus-
cle wall overstretching) is disrupted. It reflects on the su-
perposition of myogenically generated peristaltic rhythms.
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As expected, a consequence of this is the impaired intesti-
nal resorption. Such contractile changes of the colon lead to
impaired water metabolism and, accordingly, to impaired
formation of fecal masses and change in evacuation.?!

In such contractile disorders, it should be of some in-
terest to find out to what extent the intramural neuronal
regulation!® is able to compensate for them. We conducted
ex vivo experiments using some major mediators modulat-
ing tract functions. The concept of the experiments includ-
ed taking into account possible changes in the reactivity
of SM isolated from rat colon and treated with TCdA and
TCdB. The dominant modulator of the bioelectrical and
contractile activity of the gastrointestinal muscles is ACh!4),
released from the parasympathetic part of the autonomic
splanchnic innervation. Some authors!®! point to the cho-
linergic system as predominantly influenced by the action
of TCdA and TCdB.

AIM

The aim of the study was to clear up possible direct mecha-
nisms of action of TCdA and TCdB on contractility of iso-
lated rat intestinal smooth muscles.

MATERIALS AND METHODS

We used 38 adult male Wistar rats weighing 250-320 g
in the experiments. The requirements set out in Directive
86/609/EEC for accommodation and care of experimental
animals were fully met. The animals were housed under
standard living conditions: temperature 23+1°C, change of
light and dark - 12/12 hours, relative humidity about 45%.
Approximately 12 hours before the start of experiments,
the rats were separated from food.

We obtained permission for the study from the Bulgar-
ian Food Safety Agency: Permission No. 116 for the use of
animals in experiments. The experimental work was ap-
proved by the Commission for Scientific Ethics at the Med-
ical University of Plovdiv with protocol No. 2/13.06.2019.

Smooth muscle preparations

SM preparations were excised in situ, separating the muscle
tissue without mucosa as follows: a section with a length
of about 3-4 cm was previously isolated from a proximal
colon (2.5 cm after caecum). The longitudinal preparations
of the colon used to record the contractile activity were 15-
18 mm long and 1.0-1.1 mm wide. The circular intestinal
strips had a length equal to the circumference of the intes-
tinal wall in the respective region of the tract and a width
of 1.0-1.2 mm. During dissection, SM tissues were washed
with a preparation solution containing NaCl/ KCI/CaCl, in
the ratio of 27.2:1.1:1.

During the experiment, the SM preparations were fixed
in a tissue bath with Krebs solution (pH=7.4, t°=37°C) with
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the following content (mmol/L): NaCl - 120; KCI - 5.9;
CaCl, - 2.5; MgCl, - 1.2; NaH,PO, - 1.2; NaHCO - 15.4,
and glucose - 11.5. All chemicals used to make the solu-
tion are manufactured by Merck. The pH of the solution was
measured using a pH meter (HANNA). Krebs solution in
contact with the SM preparations was aerated continuously
during the experiment with a gas mixture O,/CO, in the
ratio of 19/1 (v/v).

Treatment of muscle preparations

Isolated SM were exogenously treated with ACh, 5-HT, do-
pamine, and norepinephrine by adding a precisely defined
volume of concentrated solution of the respective substance
necessary to achieve the desired concentration in the tissue
bath (1.10°® mol/L). The volume did not exceed 1/100 of
the volume of the solution in the tissue bath. The vitality
of SM tissue was tested by exposure to 1.10® mol/L ACh
at the beginning of each experiment twice, after adaptation
period of 60 minutes.

Assay of mechanical activity of smooth
muscle preparations

Mechanical activity was recorded isometrically quantifying
the contractile reactions in mN. The SM preparations were
fixed to a glass holder at one end and to Swema strain gaug-
es (Stockholm, Sweden) at the other by surgical sutures,
with the gauges converting the mechanical deformation
produced by contractile activity into a proportional elec-
trical signal.

The initial mechanical stress for the preparations
achieved by tensioning had a value corresponding to a
force of 10 mN. The adaptation period to establish a base-
line level of tone and regular spontaneous contractile activ-
ity was 60 minutes during which time the Krebs solution
was changed two or three times. Changes in spontaneous
mechanical activity and tone caused by exposure to vari-
ous substances were reported relative to the corresponding
baseline. Strength and frequency of phasic activity were
defined as the mean of a large number of consecutive con-
tractions (about 10).

The electrical signal from the strain gauges was ampli-
fied by K. Tesar-D 486 (Germany). The recording of me-
chanical activity on paper tape was performed using a Lin-
seis recorder (Selb, Germany).

Assay of smooth muscle tissue response
to Clostridium difficile toxins

Pre-dissolved in distilled water, the toxins were added to
the Krebs solution (at standard conditions) in the tissue
bath at the appropriate volume ratio to achieve the re-
quired concentration of TcdA - 1.10°8 mol/L and TCdB
- 1.10°® mol/L. After that, the incubation lasted 3 hours,
and the incubation medium was replaced with fresh Krebs
solution.
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Presentation of results and statistical
processing

The results obtained from the experiments were statistically
analyzed using STATISTICA 12.0 (StatSoft, Tulsa, Oklaho-
ma). The analysis was performed on groups of independent
or dependent variables determined by the type of experi-
ment. The final values were presented as mean + standard
error. The value of Student’s coeflicient p<0.05 is accepted
as criterion for significant difference.

RESULTS

Effects of ACh (1.10°¢ mol/L) on the
contractile activity of isolated smooth
muscle preparations from colon
circulum and colon longitudinalis.

Colon circulum

In control preparations, administration of ACh elicited a
contractile response of 2.04+0.34 mN (n=20) without sig-
nificant changes in the amplitude of the phase contractions
(n-number of SM strips used in a given group) (Fig. 1).

Incubated with 1.10® mol/L TCdA SM preparations
(n=18) responded to exogenously administered ACh with
a contraction of 2.63£0.44 mN, significantly increased
compared to the control (p<0.05), without changes in the
amplitude of phase contractions (Fig. 1).

Incubated with 1.10® mol/L TCdB SM preparations
(n=10) responded to exogenously administered ACh with
a contraction of 2.01+0.71 mN without changes in the am-
plitude of phase contractions (Fig. 1).

Colon longitudinalis

In the control preparations, the application of acetylcholine
elicited a contractile response of 3.71+0.8 mN (n=20) with-

out significant changes in the amplitude of phase contrac-
tions (Fig. 1).

The SM preparations (n=15) incubated with 1.10" mol/L
TCdA responded to exogenously administered ACh with
a contraction of 5.96+0.7 mN significantly increased com-
pared to the control (p<0.05) without changes in the ampli-
tude of phase contractions (Fig. 1).

The SM preparations (n=10) incubated with 1.10"8 mol/L
TCdB responded to exogenously administered ACh with a
contraction of 3.59+0.71 mN without changes in the ampli-
tude of phase contractions (Fig. 1).

Effects of 5-HT (1.10°° mol/L) on the
contractile activity of isolated smooth
muscle preparations from colon
circulum and colon longitudinalis.

Colon circulum

In control preparations, administration of 5-HT elicited
a contractile response of 2.41+0.436 mN (n=20) without
significant changes in the amplitude of phase contractions
(Fig. 2).

The SM preparations (n=18) incubated with 1.10"8 mol/L
TCdA responded to exogenously administered 5-HT with
a contraction of 1.25+0.64 mN without changes in the am-
plitude of phase contractions (Fig. 2).

The SM preparations (n=10) incubated with 1.10"8 mol/L
TCdB responded to exogenously administered 5-HT with a
contraction of 2.02+0.92 mN without changes in the ampli-
tude of phase reductions (Fig. 2).

Colon longitudinalis

In control preparations, administration of 5-HT elicited a
contractile response of 1.89+0.46 mN (n=20) without sig-
nificant changes in the amplitude of phase contractions
(Fig. 2).

The SM preparations (n=15) incubated with 1.10"® mol/
LTCdA responded to exogenously administered 5-HT with

Effects of ACh (1.10° mol/L) on isolated SM contractility
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Figure 1. Contractile responses of isolated SM preparations to exogenously administered ACh (1.10°° mol/L). CCC: circular column -

control; CCA: circular column incubated with TCdA; CCB: circular column incubated with TCdB; CLC: longitudinal column - control;

CLA: longitudinal column incubated with TCdA; CLB: longitudinal column with TCdB. Significant differences compared to the control

responses were indicated by * (p<0.05).
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Effects of 5-HT (1.10° mol/L) on isolated SM contractility
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Figure 2. Contractile responses of isolated SM preparations to exogenously administered 5-HT (1.10°° mol/L). CCC: circular column

- control; CCA: circular column incubated with TCdA; CCB: circular column incubated with TCdB; CLC: longitudinal colon - control;

CLA: longitudinal colon incubated with TCdA; CLB: longitudinal colon incubated with TCdB. Significant differences in reactions com-

pared to the control were indicated by * (p<0.05).

a contraction of 3.24+0.61 mN, significantly increased
compared to the control (p<0.05) without changes in the
amplitude of phase reductions (Fig. 2).

The SM preparations (n=10) incubated with 1.10"8 mol/L
TCdB responded to exogenously administered 5-HT with a
contraction of 3.88+1.97 mN without changes in the ampli-
tude of phase reductions (Fig. 2).

Effects of dopamine (1.10°° mol/L)

on contractile activity of isolated
smooth muscle preparations from colon
circulum and colon longitudinalis.

Colon circulum

In control preparations, administration of dopamine elicit-
ed a relaxation response of —2.41+0.43 mN (n=20) without
significant changes in the amplitude of phase contractions
(Fig. 3).

The SM preparations (n=18) incubated with 1.10"8 mol/L
TCdA responded to exogenously administered do-
pamine with a relaxation of —-1.25+0.64 mN (p>0.05)
without changes in the amplitude of phase contractions
(Fig. 3).

The SM preparations (n=10) incubated with 1.108 mol/L
TCdB responded to exogenously administered dopamine
with a relaxation of —3.88+1.97 mN without changes in the
amplitude of phase contractions (Fig. 3).

Colon longitudinalis

In control preparations, administration of dopamine elicit-
ed a relaxation response of —0.87+0.1 mN (n=20) without
significant changes in the amplitude of phase contractions
(Fig. 3).

The SM preparations (n=15) incubated with 1.108 mol/L
TCdA responded to exogenously administered dopamine
with a relaxation of —0.35+0.45 mN without changes in the
amplitude of phase contractions (Fig. 3).

Effects of Dopamine (10 mol/L) on isolated SM contractility
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Figure 3. Reduction responses of isolated SM preparations to exogenously administered dopamine (1.10° mol/L). CCC: circular

column - control; CCA: circular column incubated with TCdA; CCB: circular column incubated with TCdB; CLC: longitudinal colon

- control; CLA: longitudinal colon incubated with TCdA; CLB: longitudinal colon incubated with TCdB. Significant differences in reac-

tions compared to the control were indicated by * (p<0.05).
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The SM preparations (n=10) incubated with 1.10"8 mol/L
TCdB responded to exogenously administered dopamine
with a relaxation of —1.09+0.3 mN without changes in the
amplitude of phase contractions (Fig. 3).

Effects of norepinephrine (1.10°° mol/L)
on contractile activity of isolated
smooth muscle preparations from the
colon circulum and colon longitudinalis

Colon circulum

In control preparations, administration of norepinephrine
elicited a relaxation response of —0.68+0.03 mN (n=20)
without significant changes in the amplitude of phase con-
tractions (Fig. 4).

The SM preparations (n=18) incubated with 1.10® mol/L
TCdA responded to exogenously administered norepi-
nephrine with a relaxation of —0.6+1.01 mN without
changes in the amplitude of phase contractions (Fig. 4).

The SM preparations (n=10) incubated with 1.10® mol/L
TCdB responded to exogenously administered norepineph-
rine with a relaxation of —0.88+0.9 mN without changes in
the amplitude of phase contractions (Fig. 4).

Colon longitudinalis

In control preparations, administration of norepinephrine
elicited a relaxation response of —0.96+0.05 mN (n=20)
without significant changes in the amplitude of phase con-
tractions (Fig. 4).

The SM preparations (n=15) incubated with 1.10® mol/L
TCdA responded to exogenously administered norepi-
nephrine with a relaxation of —-0.63£0.14 mN without
changes in the amplitude of phase contractions (Fig. 4).

The SM preparations (n=10) incubated with 1.10%
mol/L TCdB did not respond to exogenously administered
norepinephrine (Fig. 4).

DISCUSSION

Because the effects of Clostridium difficile toxins on smooth
muscle contractility are a component of their overall im-
pact on clinical phenomena, the possible mechanisms of
affecting the gastrointestinal tract are of critical importance.
The effects on intestinal muscle involved in the formation
of segments along the small intestine (assuming that the
contractility of the longitudinal muscles is not affected)
should cause a change in the frequency and amplitude of
segmentation. The above would lead to some disruption
of the synchrony of movement of intestinal contents. This
would inevitably cause atypical retention of intestinal con-
tents in some areas and premature evacuation of others,
combined with difficulty in homogenizing the masses in
the intestinal lumen.[®!

The obtained results showed significant differences in
the magnitude of the contractile responses to ACh (main
parasympathetic regulator and major testing agent for mus-
cle contractile vitality) in SM preparations incubated with
TCdA compared to the control ones, while no differenc-
es were found in the reactions of the preparations treated
with TCdB compared to the control ones. The contractile
effects caused by ACh in the SM of gastrointestinal tract are
mainly the result of activation of the M,-cholinergic recep-
tors.l”) Thus, the increase in SM tone is due to the release of
Ca”* from intracellular depots.[#! The observed increase in
contractile response in colon preparations incubated with
TCdA could be a consequence of the SM membrane depo-
larization observed by Gilbert upon action with TcdA. 1%
In the causal aspect, this is related to the enhancement of
Ca?* influx, provoked indirectly by exogenously applied
ACh. An argument in favor of our hypothesis is the re-
ported increase in carbachol-induced contractions in SM
treated with TCdA.!'" The above data suggest the presence
of prerequisites for enhanced sensitivity of the muscles of
the gastrointestinal tract to the regulatory function of ACh.

Effects of Norepinephrine (10 mol/L) on isolated SM contractility
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Figure 4. Reduction responses of isolated SM preparations to exogenously administered norepinephrine (1.10°¢ mol/L). CCC: circular

column - control; CCA: circular column incubated with TCdA; CCB: circular column incubated with TCdB; CLC: longitudinal colon

- control; CLA: longitudinal colon incubated with TCdA; CLB: longitudinal colon incubated with TCdB. Significant differences in reac-

tions compared to the control were indicated by * (p<0.05).
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The lack of significant changes in ACh-induced respons-
es in TCdB-incubated preparations should be analyzed on
the background of data existing!!!l, namely: significant
likelihood of TcdB inactivating Rho proteins involved in
modulation of the contractile apparatus; regulating the ac-
tivity of phospholipase D, with a negligible effect on the ac-
tivity of protein kinase C as well as pronounced inhibitory
effect on muscarinic receptor activity.!!?!

The tests to determine the effect of TCdA and TCdB on
5-HT mediation were performed according to the same
scheme as in the experiments with ACh. It was established
that circular SM colon preparations demonstrated resis-
tance to 5-HT-induced reactions in the presence of TCdA
and TCdB. Rise of contractile reaction in the presence of
TCdA was observed in longitudinal preparations.

Enteroendocrine cells are known to act as pressure sen-
sors secreting 5-HT that initiates peristaltic reflexes.!!?]
The contraction-relaxation processes provoked by 5-HT
through interneuronal interactions involve acetylcholine,
substance P, nitric oxide (NO), vasoactive intestinal pep-
tide (VIP), and calcitonin gene-regulating peptide.!'* The
activation of Rho-protein and Rho-kinase is most prob-
ably a leading factor in the generation of 5-HT-induced
contractions.!'>) Meanwhile, a major regulatory link in the
contractility chain - protein kinase C, plays a minor role in
the development of these processes.!'>! Our observations in
this aspect contradict Lucius” hypothesis about the negative
effect of 5-HT on the contractile activity of the longitudinal
intestinal muscles in experimental animals.['¢)

Gastrointestinal expression and function of 5-HT recep-
tors are specific on different levels of the gastrointestinal tract
in rats. 5-HT -receptor activation causes relaxation of SM
probably through activation of cyclic nucleotides, whereas
5-HT,;-receptors mediate the contractions. The other ex-
pressed type — 5-HT ,-receptor is likely to participate in both
inhibition and activation of SM. Parallel neural and myogen-
ic processes are involved in above mentioned effects.!'”!

It remains unclear why the contractile reactivity of the
longitudinal muscles in the area of the proximal colon is af-
fected by TCdA intoxication while the contractile reactivity
of the circular ones is not. It is likely that there are differenc-
es in the interneuronal interactions of serotonergic media-
tion leading to the release of ACh, substance P, NO, and VIP
in the submucosal, and myenteric intramural plexuses.!*!

In contrast to the contractile character of effects caused
by ACh and 5-HT, exogenously administered dopamine
relaxes the SM of the colon. The magnitude of the effect is
different in circular and longitudinal preparations; it is sig-
nificantly weaker reaction in the latter. Applied to isolated
SM from rat colon, dopamine induces a relaxation, which
at high concentrations (10 mol/L) is accompanied by a
complete loss of spontaneous contractile activity.['%! The ef-
fect is not related to direct activation of dopamine receptors
but is probably mediated by p-adrenoceptors.

According to other evidence of a noncholinergic neu-
ronal origin of its relaxation effect, dopamine inhibits SM
contractions in the rat colon by activating ,-adrenoceptors

Clostridium Difficile Toxins and Smooth Muscles

on intramural plexuses and by {,-receptors expressed on
SM itself.'8) Analogous experiments have shown that the
inhibitory action of dopamine involves inhibition of ACh
release from enteric neurons mediated by D, and D,-recep-
tors, as well as influencing NO activity and purinergic me-
diation. ") Probably the dominant role in these processes
is played by activation of adenylate cyclase and consequent
increase in cyclic adenosine monophosphate concentration.

The lack of influence of TCdA and TCdB on dopa-
mine-induced relaxations in our experiments allows some
speculations: on the one hand, pronounced “non-competi-
tiveness” in the involvement of the adenylate cyclase mech-
anism of toxins and catecholamines, and on the other, in-
ability to stop relaxing SM processes due to the wide range
of receptor and interneuronal interactions that have been
described, dopamine activates at the enteric plexus.

We do not rule out that preservation of the relaxation
effect caused by dopamine is the result of membrane hy-
perpolarization?°! of SM cells of the colon (concomitant
enhanced K* current), which in itself turns the effect inde-
pendent of specific intracellular contractile mechanisms. It
was commented above that activation of -adrenoceptors is
one of the pathways leading to suppression of SM activity
in the colon wall. The effect is due to increased synthesis
of cyclic adenosine monophosphate, activation of protein
kinase A, and blocking the ability of myosin light-chain ki-
nase to initiate contractions.

As a neuronal regulator of enteric contractile activity,
the sympathetic part of the autonomic nervous system in-
teracts in a complex pattern, both with the parasympathetic
part and with the structures of the nonadrenergic and non-
cholinergic innervating systems. An important element of
that interaction at the rat colon level is the antagonism of
noradrenaline and VIP activity.?! In addition, noradren-
aline and adrenaline have been shown to significantly re-
duce the effectiveness of ACh in the longitudinal intestinal
layer excitation. The effect is receptor-mediated (a-adreno-
ceptors), and it does not involve dopamine, the other cate-
cholamine that is important for the motility.??!

As commented above, conditions such as colitis, dysbac-
teremia, gastrointestinal intoxications (including Clostridi-
um difficile intoxication), and infections affect in a similar
way certain units and agents of the SM contractile system
of the tract, such as VIP and ACh. A study using a model
of chemically-induced colitis!?*) demonstrated a significant
increase in acetylcholinesterase and VIP levels in the SM
wall of the colon in rats.

Our experimental data related to the effect of exogenous
norepinephrine on isolated SMs show a weak relaxation
effect in both circular and longitudinal preparations. Pre-
liminary treatment with TcdA and TcdB did not result in
changes in responses, except in the case of a longitudinal
colon preparation treated with TcdB in which no reaction
at all was present.

An acceptable explanation for this is the above-men-
tioned complex intraplex interactions of sympathetic inner-
vation, as well as the fact that the presence of norepinephrine
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is associated with a decrease in VIP efficacy, while when the
intestinal function is impaired, the peptide levels are signifi-
cantly elevated. Such antagonism of influences can serve to
extrapolate the direction of development of contraction and
relaxation processes. In purely quantitative terms, it should
be noted that exogenously administered norepinephrine is
about four times less active than adrenaline.??!

CONCLUSIONS

The developed experimental model provides data suggest-
ing that TCdA and TCdB affect directly the contractile
reactivity of isolated rat colon smooth muscle. TCdA exerts
a stronger direct effect on smooth muscle sensitivity to ace-
tylcholine and 5-HT than TCdB does. Such a trend has not
been established for dopamine and norepinephrine.

For better understanding of the above and in order to
clear some cellular mechanisms of the effects obtained,
future experiments will include investigations with Real
Time Cell Analyzer, which provides direct measurement of
cell culture electric impedance, as well as measure of reac-
tion of isolated smooth muscles to electrostimulation.
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Pe3tome

Uenb: Hacrosimee nccefoBaime GbUIO IPOBEICHO B IONBITKE HAMTV BO3MOXKHbIE IPSIMble MEXaHM3MBI JICICTBMA TOKCUHOB
Clostridium difficile A u B (TCdA n TCdB) Ha COKpaTUTeNbHYIO CIIOCOOHOCTD M30/IMPOBAHHBIX IMIAJKMX MBIIIL KUIIEYHIKA KPbIC,
IIOCKOJIBKY IyTH COKpAIeHMs, HA KOTOPbIe BO3MIENCTBYIOT TOKCUMHBI I KOTOPbIe OTBEYAIT 3a MOTOPUKY PaCCTPOICTBA OCTAOTCS

HEBbIACHCHHDBIMIU.

Matepuanbl 1 MeTOAbI: B sxcriepuMeHTax MCIIOIB30BAIN B3POCIBIX KPBIC-CAMIOB /IMHNM Bucrtap. Boigensm nmpemaparst IpOxob-
HbIX MIagKux Mpir (I'M) IpOKCUMaTbHOTO OT/e/Ia TOJICTOM KUILIKM M M30METPUYECKU PErMCTPUPOBA/IN UX COKPATUTEIbHYIO aKTVB-
HoCTb. O6pasipl HOMeELa/IM B BAHHBI /IS TKAHEN 1 9K30reHHO o6pabareiBany anetnnxomiom (ACh), cepororntom (5-HT), noda-
MMHOM, HOpagpenamHoM, TCdA 1 TCdB. Beina nccnegosana crioco6rocts TCAA n TCdB BmATh Ha AefICTBIE 9TVX MEANATOPOB Ha
aKTUBHOCTb 'M.

Pesynbratbl: OkcreprMeHThI 1MOKasany, 4to Bos36yxpawiiee aericteie AX u 5-HT Ha COKpaTUTENbHYIO CIIOCOOHOCTD TONCTON
kniky yeunbaercss TCdA, a ue TCdB. U nao6opor, paccmabnsitouit adpdexT gopammHa 1 HoOpagpeHaIHa Ha COKPATUTENbHYIO
akTuBHOCTH I'M Toscroit kuiuku Haxopurcs nop sausiHeM TCdB, Ho He TCdA. TCdA oxkasbiBaet 6oree CUIbHOE MIPSIMOE BIUSHIE
Ha yyBcTBUTeNbHOCTH I'M in vitro k ACh n 5-HT, yem TCdB.

3aknoueHne: TCdA u TCdB HemocpencTBEHHO BIUAIOT Ha COKPATUTENbHYIO PEaKTYBHOCTD M30/IMPOBAHHBIX I/IaIKMX MBILII] TOJ-
croit kumky Kpeic. TCdA okaspiBaeT 60J1ee CuIbHOE IIPsAMOE BIMAHME Ha 9yBCTBUTETBHOCTD I7IaJKMX MBIIII] K anje Tvxonuuy u 5-HT,
yem TCdB. Ina nodamyHa 1 HOpaJipeHaIMHA TAKOV TeH[IeHLIUI He YCTaHOBJICHO.

KnioueBble cnoBa

Clostridium difficile, kpsica, ITafikast MyCKy/IaTypa
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