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Aim: to provide data on the pathogenesis of functional biliary pain and provide rationale for the use of trimebutine
for this indication.

Key points. Biliary pain is one of the most frequent reasons for patients to see a doctor. The diagnosis of functional
disorder of the gallbladder and Oddi's sphincter is legitimate only after the exclusion of organic causes from both
the gastrointestinal tract and other organs and systems. The initial appeal to surgeons with a complaint of pain in
the epigastrium or right hypochondrium may lead to unjustified surgical intervention that does not bring relief to the
patient’s suffering. The consequences of cholecystectomy also have an anatomical and physiological justification
for the occurrence or preservation of biliary pain. Currently, two main hypotheses are being considered to explain
its cause: increased intraluminal pressure due to morphological and functional obstacles to bile outflow and visceral
hypersensitivity. In the multilevel system of regulation of the gallbladder and sphincter apparatus, the opioid system
occupies a special place. The agonist of peripheral receptors of the enkephalinergic system, trimebutine, in clinical
studies led to the relief of biliary pain in more than 80 % of patients with functional biliary disorders, while a significant
decrease in the severity of diarrhea, dyspeptic, and constipation syndromes was revealed.

Conclusion. The prescription of the peripheral receptor agonist of the enkephalinergic system, trimebutine, is patho-
genetically justified for functional biliary pain.
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NMaTtoreHe3 PyHKUMOHANbHOW OunuapHom 6onn u papmakonorua TpumeodyTUHa

E.J1. Byeeeposa*, O.10. 3onbHukoBa, H.J1. Ixaxasn, A.B. Cegora, B.T. MiBawukuH

®ra0yY BO «[lepsbiti MockoBCkuii rocyAapCTBEHHbI MEANLMHCKUI yHUBepcuTeT uMm. U.M. CeveHoBa»
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Llenb: npeacTaBuTh AaHHbIE O NATOreHe3e MyHKLMOHaNbHOM BunapHoi 6011 1 gaTb 060CHOBaHME NMPUMEHEHUS
TpUMEDBYTUHA NO JAHHOMY MOKa3aHMIo.

OCHOBHbIE MOJIOXEHUNA. bunnapHaa 605b CAyXUT OOHMM M3 CaMblX YaCTbiX MOBOAOB OOpalLLEHUs MALMEHTOB
K Bpayy. [narHo3 pyHKUNOHANBHOr0 PacCTPONCTBA XEMYHOro ny3bipsa 1 chuHkTepa Oaam npaBoOMEPEH TOSbKO
Nnocne UCKIOYEHNS OPraHNYECKMX NPUYMH CO CTOPOHbI KaK XeNnygo4yHO-KULLEeYHOro TpakTa, Tak U ApYyrux opraHoB
n cuctem. lNMepBuyHoe obpalleHne K xupypram ¢ xanobon Ha 60sb B anuUractpum nnv npasom nogpebepbe Mo-
XET NPUBECTN K HEOOOCHOBAHHOMY XMPYPrMYeckoMy BMELLATENBLCTBY, HE MPUHOCALLEMY 0BNErYeHNs CTpaaaHUaM
naumeHTa. lNocneacTemst XoNELMCTIKTOMUM Takke CO34aI0T aHaTOMO-dU3nonornieckoe 060CHOBaHME BO3HUKHO-
BEHMS UM COXPaHeHns bunuapHon 6onn. B HacTosiLLee BPEMS pacCMaTpMBaOTCS BE OCHOBHbIE rMMNoTE3bl, 00b-
SCHSIIOLLME €€ MPUHMHY: NOBbILLIEHNE BHYTPUNPOCBETHOIO AABAEHUS U3-3a MOPDONOrMYECKNX N PYHKLMNOHANBHBIX
NPEenaTCTBUIA OTTOKY XeNyn U BUCLEepanbHas rmnepYyyBCTBUTENLHOCTb. B MHOrOypOBHEBOW CUCTEME perynsunu
paboThl XXENYHOro Ny3bips U CPUHKTEPHOrO anmnapara ocoboe MeCTO 3aHMMAET 3HKedanMHeprnyeckas cmcrema.
AroHUCT NepndepUYHECKmX PELLENTOPOB 3HKEDANTMHEPTNYECKOM CUCTEMbI TPUMEDYTUH B KITIMHWUYECKUX UCCEO0BA-
HUSIX NPUBOAWI K KYyNMPOBaHWUio bunmapHoi 6onm 6onee yem y 80 % nauneHToB ¢ PyHKLMOHANbHBIMY GUIapHbIMK
paccTponcTBaMmn; OOGHOBPEMEHHO BbISIBIEHO LOCTOBEPHOE YMEHbLLEHME BbIPAXXEHHOCTU AVMAPENHOro, AMCNencu-
4eCKOro, KOHCTUNALMOHHOIO CUHOPOMOB.

3aknioueHme. HazHayeHre aroHnUcTa NnepndepmnyHecKmx peLenTopoB aHKedaNTMHEPTNYECKO CUCTEMBI TPUMEDY-
TVHA NaToreHeTnYeck 060CHOBaHO Npu MYHKLMOHANBLHOW GunnapHom 6onu.

KnioueBbie cnoBa: GyHKLUMOHabHLIE PACCTPONCTBA, bunnapHas 60b, NaToreHes, TPUMEBYTUH

KoHdnukT uHTEepecoB: nybnnkauus nogrotosneHa npu nogaepxke AO «BaneHta @apm».
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The relevance of the problem of biliary pain

Biliary pain is one of the most pressing issues
in modern clinical practice. The prevalence of bil-
iary disorders, according to most authors, ranges
from 12 to 15 % [1—3], and the number of patients
tends to increase with age. In conjunction with
other functional disorders of the gastrointestinal
tract, functional biliary disorders adversely affect
the quality of life for patients. Currently, there
is a significant variation in the data from various
researchers, apparently due to the use of different
criteria and diagnostic methods, as well as the
heterogeneity of statistically processed groups.
For instance, domestic researchers have reported
the highest occurrence of functional biliary dis-
orders crossover with irritable bowel syndrome —
at 49 % [4].

There is no secret that biliary pain prompts
patients to seek surgical consultation, undergo
risky instrumental investigations, and sometimes
receive unjustified surgical interventions. Surgery,
especially in the absence of organic causes, does
not always provide complete relief from suffering
for the patient. For instance, out of 700,000 cho-
lecystectomies performed annually in the United
States, 280,000 patients continue to experience
complaints, with functional disorders due to the
sphincter of Oddi (SO) occupying the largest niche
at 3—40 % [5]. These data are comparable to an
approximate estimate for Russia: considering the
average frequency of cholecystectomies performed
at a rate of 1 per 500—700 people annually, the
incidence of SO dysfunction can approximately be
around 7—10 per 100,000 population per year [6].
Thus, SO dysfunction can be considered as one of
the main causes of biliary pain in patients who
have undergone gallbladder removal.

Functional biliary tract disorder

Functional biliary tract disorder is a complex
of clinical symptoms that develops as a result of
motor-tonic dysfunction of the gallbladder, bile
ducts, and sphincters [1]. According to the Rome
IV diagnostic criteria, the following variants of
functional disorders are identified [7]:

- E1. Biliary pain;

- E1a. Functional gallbladder disorder;

- E1b. Functional sphincter of Oddi disorder of
the biliary type;

- E2. Functional sphincter of Oddi disorder of
the pancreatic type.

In this classification, biliary pain is isolated
(E1) and can be used as a preliminary diagnosis.
Within the scope of this literature review, we will
examine functional disorders, the primary criteria
for which is biliary pain: Ela and E1b.

Signs of biliary pain

It is known that the primary and obligatory
manifestation of gallbladder dyskinesia and bili-
ary tract disorders is the occurrence of biliary pain
attacks which are localized in the epigastric region
or right hypochondrium. These attacks are charac-
terized by the following key features (all of which
should be present):

- duration of 30 minutes or more, persistent
(rapidly escalating to a plateau);

- it recurs at different intervals (not daily);

- severe, leads to a reduction in the patient’s
activity; immediate medical attention is often re-
quired;

- it is not clearly associated with the intake of
antacids or antisecretory agents (disappears in less
than 20 % of cases);

- it is not clearly associated with defecation and
gas passing;

- it is not clearly associated with the change
in body position.

Biliary pain is often accompanied by nausea
and vomiting, which provides no relief; irradiation
is possible; the pain may be associated with dis-
turbances in sleep patterns (additional non-oblig-
atory signs). Importantly, the diagnosis of typical
biliary pain is established under the condition of
excluding organic pathology, through careful dif-
ferential diagnosis of abdominal pain [1, 6, 7].

The signs of functional gallbladder disorder

The presence of typical biliary pain in the
absence of gallstones in the gallbladder (or its
other organic changes) is a necessary condition
for diagnosis of functional gallbladder disorders.
Additional confirming signs of this disorder in-
clude:

- the reduction in ejection fraction during gall-
bladder scintigraphy (< 40 %);

- the normal level of liver enzymes, direct bili-
rubin, amylase, and lipase.

The pathogenesis of functional biliary pain

Currently, two main hypotheses are being con-
sidered to explain the cause of biliary pain in gall-
bladder dysfunction: an increase of intraluminal
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pressure due to morphological and functional ob-
stacles to bile outflow, and a visceral hypersensi-
tivity. The primary cause of gallbladder dysfunc-
tion is considered to be the presence of the bile
oversaturated with cholesterol, due to both irratio-
nal nutrition and genetic predisposition. Changes
in the state of smooth muscle cells (SMC) and
the response to cholecystokinin (CCK) interfere
with the relaxation of the gallbladder’s neck, hin-
dering the evacuation of its contents. Functional
obstruction develops, accompanied by an increase
in intraluminal pressure and the onset of biliary
pain. The mechanisms of visceral hypersensitivity
development and impaired sphincter reactivity are
associated, in part, with the effects of lithogenic
bile, the influence of low-grade inflammation, and
a decrease in sensitivity to CCK. Each stimulus
from visceral afferents passes through the enteral
nervous system (ENS), is received in the dorsal
horns of the spinal cord and is transmitted via su-
praspinal pathways to the final pain perception in
the cerebral cortex. Visceral hypersensitivity man-
ifests as hyperalgesia (increased pain sensitivity)
and allodynia (the occurrence of pain in response to
stimuli that normally do not cause pain) [1, 7, 8].

In addition to genetic predisposition, an im-
portant role in the development of dyskinesia is
attributed to lithogenic bile, influenced by dietary
habits. In conditions of cholesterol oversaturation,
multiple defects in the contractility of the gall-
bladder are observed. Thus, in a study involving
mice on a lithogenic diet, minor hyperplasia of
gallbladder’s SMC was identified after 2 weeks,
more significant morphological changes such as
epithelial hyperplasia, pronounced hypertrophy,
and thickening of the muscular layer with in-
flammatory cell infiltration were observed after
4 weeks. After 8 weeks from the start of the study,
significant morphological changes, inflammatory
infiltration and hypertrophy were noticeable. By
the end of the laboratory experiment, spontaneous
activity, and asynchrony of gallbladder contrac-
tions were predominant [9].

In addition to the above, the literature discuss-
es the role of subtle defects in the bile composi-
tion, determining disturbances in the sensitivity of
the gallbladder to regulatory hormones (especial-
ly to CCK, which normally induces gallbladder
contraction and SO relaxation) and the develop-
ment of its sensory-motor dysfunction. It has been
proven that bile oversaturation can initiate mi-
croinflammation and disruptions in the so-called
mucosal homeostasis’ of gallbladder. This concept
encompasses the structural-functional complex of
the mucous membrane, including epithelial cells,
including secretory and immune-competent cells,
myocytes, blood and lymphatic vessels, nerve

¢

endings, and ENS plexuses. There are experimen-
tal pieces of evidence implicating several mole-
cules that can link inflammation with motility,
with prostaglandin E2 being the most crucial
among them [10].

Experimental data on apoptosis of Cajal cells
in conditions of bile oversaturation are conspicu-
ous. These cells, present in the gallbladder’s SMC,
also play a signaling role [11]. This may contrib-
ute to an additional disruption in motility. An
essential condition for the functioning of the bil-
iary tract is the synchrony and coordination not
only of the gallbladder but also of the sphincter
apparatus and the duodenum. This coordination is
influenced, among other factors, by the functional
activity of the migrating motor complex, induced
by motilin, a regulatory hormone secreted by en-
terochromaffin cells of the mucous membrane du-
odenum and jejunum.

The signs of functional biliary
type sphincter of Oddi disorder

The diagnosis of functional biliary type SO dis-
order is currently justified when the patient pres-
ents, as main criteria in addition to typical biliary
pain, an elevated level of liver enzymes or dilation
of the common bile duct (but not both simulta-
neously), as well as the absence of stones or oth-
er changes in the common bile duct. Additional
signs include a normal level of amylase in blood
and urine, altered findings in SO manometry and
hepatobiliary scintigraphy. The preliminary term
‘functional biliary pain’ in the algorithm for diag-
nosing SO dysfunction is acceptable only during
the search phase [1, 7]. According to the Rome IV
criteria of 2016, the only clinical manifestations
which arise after cholecystectomy are now clas-
sified as functional disorders of the biliary part
of SO. Of the three existing subtypes of SO’s bil-
iary part dysfunction that existed previously, only
subtype II has been retained, corresponding to an
increase in liver enzyme levels or dilation of the
common bile duct by more than 10 mm.

Anatomical and physiological
consequences of cholecystectomy

The development of SO dysfunction in patients
who have undergone this surgical procedure is
likely associated with an increase in the volumet-
ric load on the common bile duct (bile deposi-
tion) and the SO due to the loss of the reservoir
function of the gallbladder. There is evidence that
sphincter motility changes after cholecystectomy
due to the disruption of the cholecysto-sphincter-
ic reflex. The disruption of this reflex leads to a
direct contractile effect of CCK on muscle cells,
causing SO obstruction. The cyclic flow of bile
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into duodenum is a result of the interaction of
all contracting structures in this area, and there
is a close reflex and neurohumoral connection be-
tween bile-excreting structures and organs in the
duodenal zone. Additionally, the role of changes
in the rhythm of bile flow into the duodenum is
being discussed in relation to the development of
duodenogastric reflux [1, 12, 13].

The pathogenesis of functional biliary

type sphincter of Oddi disorder

Factors contributing to the development of
functional SO disorders include an increase in
baseline pressure in the sphincter, leading to im-
paired bile outflow, intraductal hypertension, and
the onset of biliary pain. Even a slight increase
in biliary pressure within the physiological range,
under conditions of nociceptive sensitization, can
enhance nociceptive activity and the perception
of pain. The next pathogenetic link is damage to
neural regulatory pathways. It has been shown
that the relaxing effect of CCK on the SO is sup-
pressed during the immediate postoperative peri-
od. This implies a prolonged SO spasm. An im-
portant role in the development of dyskinesia is
attributed to lithogenic bile. In conditions of cho-
lesterol oversaturation, the contractility of muscle
fibers and the perception of signals from the CCK
receptor are disrupted (especially with reduced
content of hydrophilic fatty acids). Additionally,
the passage of bile crystals and microliths can
cause repeated trauma to the sphincters, leading
to prolonged reflex spasm and the development
of chronic subclinical inflammation, under which
the response of myocytes to regulatory hormones
(CCK, motilin, etc.) is impaired [1, 7].

Enkephalinergic receptors

in the regulation system of the biliary tract

Summarizing the above, it can be stated that
the ENS is the central element responsible for
the formation and transmission of neurohormonal
impulses mediating the influence of the central
nervous system (CNS) on the gallbladder and SO
(Fig. 1). The enkephalinergic system plays a role
in regulating the motility and functioning of the
ENS.

The ENS serves as a central element ensuring
the formation and transmission of neurohormonal
impulses mediating the influence of the CNS on
the gallbladder and SO. The close neurohumoral
interaction between the biliary tract and duode-
num determines the motor function of this gas-
trointestinal tract zone. Multiple factors (genetic,
psychosocial, immune-inflammatory, dysmetabol-
ic, hormonal, as well as disruptions in microbiota
and “brain — gut” interactions) not only disturb

the synchronization of the physiological process,
but also distort sensory information, sending these
impulses to central structures. Thus, it turns out
to be a vicious circle. In this regulatory system
of the gallbladder and sphincter apparatus, the
enkephalinergic system holds a special place, with
its receptors present in both the CNS and the gan-
glia of the ANS, ENS, and directly in the SMC of
the biliary tract.

Pharmacology of trimebutine (Trimedat®)

in functional biliary pain

Treating patients with biliary pain is a chal-
lenging task for a physician. This is due to the
diversity and insufficient understanding of the
causes leading to disturbances in the function of
the gallbladder and SO, the presence of associated
digestive organ diseases in most cases, and the fre-
quent overlap of biliary disorders with functional
dyspepsia and/or irritable bowel syndrome, neces-
sitating the simultaneous prescription of multiple
medications. Considering that the current prov-
en factors in the onset of symptoms of functional
disorders of the gallbladder and SO are visceral
hypersensitivity and motor disturbances, the use
of trimebutine (Trimedat®) for treating patients
with biliary pain is pathogenetically justified.
The drug is included in the list of antispasmod-
ic agents in the recommendations of the Russian
Gastroenterological Association and in the Rome
Consensus for managing such patients.

Being an agonist of peripheral p-, k-, 3-recep-
tors of the enkephalinergic system in the SMC
of the gastrointestinal tract and ENS, the drug
exerts a comprehensive effect (Fig. 2).

The drug regulates gastrointestinal motility due
to an antispasmodic mechanism (blocks the Na*
and Ca?" channels of the gastrointestinal tract’s
SMC, providing a direct spasmolytic effect me-
diated by normalization of gastrointestinal tract
motility and visceral sensitivity). It reduces vis-
ceral hypersensitivity by normalizing the expres-
sion of ‘painful’ neurotransmitters in the ENS and
blocking the conduction of excessive nociceptive
and sensory impulses. Trimebutine also influenc-
es the humoral regulation of gastrointestinal tract
motility by activating the ENS, promoting the re-
lease of gastrointestinal hormones with prokinetic
potential (stimulating motilin release, inducing
the third phase of the migrating motor complex)
[14—17].

Considering the role of inflammation in the
pathogenesis of functional disorders of the gall-
bladder and SO, it is important to note the anti-in-
flammatory activity of trimebutine (Trimedat®).
In 2021, N. Ogawa et al. demonstrated that mac-
rophages pre-treated with trimebutine produced
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Figure 1. Scheme of multi-level regulation of the work of the gallbladder and sphincter apparatus: ANS —
autonomic nervous system; CNS — central nervous system; ENS — enteric nervous system; SMC — smooth
muscle cells; CCK— cholecystokinin
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Figure 2. Scheme of the pharmacological action of trimebutine (Trimedat®) for functional biliary pain

Pucynox 2. Cxema dapmaxosorndeckoro jeiictsust tpumebyrina (Tpumenar®) npu GyHKIMOHATBbHOI GuimuapHoii Gotu
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fewer proinflammatory cytokines in response to
endotoxin contact. The second part of the exper-
iment demonstrated that administration of trime-
butine to mice with endotoxin-induced sepsis led
to increased survival rates [18].

The data presented above allows us to consider
trimebutine (Trimedat®) not only in the treatment
of functional gastrointestinal tract disorders, but
also in the comprehensive therapy of other biliary
system diseases associated with the presence of an
inflammatory component.

The results of some studies confirming the need
for the use of trimebutine (Trimedat®) in patients
with functional biliary pain are of interest. All
these studies were conducted in accordance with
the Rome IV criteria, and the main clinical mani-
festation, pain, persisted for at least the last three
months, with a duration of the condition being
at least six months. Thus, a domestic study on
the efficacy of the medication in 85 patients had
demonstrated that a treatment course at a daily
dose of 600 mg led to a statistically significant
normalization of the motility of the gallblad-
der and SO, regardless of the initial disorder.
Resolution of biliary pain was achieved in 81.2 %
of patients with gallbladder and SO disorders and
in 98.8 % of patients, the therapeutic effect of
trimebutine (Trimedat®) persisted for the subse-
quent three weeks. Moreover, patients with these
functional disorders initially showed a decrease in
motilin levels, followed by its significant increase
as a result of treatment. A correlation was found
between this effect and the normalization of the
motor function in the gallbladder and SO, as well
as the elimination of duodenogastric reflux [10].

At the Clinic of Propaedeutics of Internal
Diseases, Gastroenterology and Hepatology
of Sechenov University, an observational pro-
gram named TRIBUNE (Trimedat® for Biliary
Functional diseases patients) was implemented to
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