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Intrahepatic Cholestasis in Non-Alcoholic
Fatty Liver Disease: Pathogenesis and Role
of Ademetionine in Treatment
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Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russian Federation

Aim: to evaluate features of intrahepatic cholestasis (IHC) pathogenesis in non-alcoholic fatty liver disease (NAFLD),
as well as role of ademetionine in treatment of this condition.

Key statements. NAFLD is the most frequent chronic diffuse liver disease. Increase in proportion of people with
excess weight, obesity, and metabolic dysregulation leads to higher rates of NAFLD. Concomitant IHC is present in
30 % of NAFLD patients, while it is associated with more active disease course and possible worsening of prognosis.
Impairment of adipocyte and hepatocyte metabolism, gut dysbiosis, and inherent factors are recognized as signifi-
cant factors for NAFLD development. In NAFLD patients most of IHC cases are related to functional cholestasis. IHC
in NAFLD is associated with increased risks of fibrosis and all-cause death. Ademetionine may restore transmeth-
ylation and improve rheologic properties of hepatocyte membranes in liver disease. In IHC patients treatment with
ademetionine led to decreased serum bilirubin concentrations, as well as lowering of the liver transaminases’ and
alkaline phosphatase activities. At the same time improvement of symptoms severity, including itching, was noted.
Taking into account the efficacy of ademetionine in IHC in NAFLD patients, its’ use was included in the national clin-
ical guidelines.

Conclusion. Use of ademetionine in NAFLD with concomitant IHC is feasible from pathogenesis perspective and
may be effective in clinical practice.
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BHyTpune4yeHo4YHbI X0NecTas Nnpu HeasnKoroJsibHOW XXMPOBOMW 00JIe3HU NeYEeHu:
naTtoreHe3 U poJib aAeMeTUOHNHA B Tepanuu

E.H. LUnpokosa*

®rAQyYy BO «[llepsbii MockoBCkuii rocyapCTBeHHbI MeauunHCckmii yHueepcutet um. .M. CeveHoBa»
(CeyeHoBckuii YHuBepcuteT) MuHucTepcTBa 3apaBooxpaHeHns Poccurickori deaepaummn, Mocksa, Poccuiickass denepadiysi

Llenb uccnepoBaHus: pacCMOTPETb OCOOEHHOCTM MAaTOreHe3a BHYTPMNEYEHOYHOro xonectasa (BIMX) npu Hean-
KOrosIbHOW X1poBon 6o5e3Hn neveHn (HAXKBI), a Takke MecTo ageMeTUoHrHa B Tepanmmn AaHHON0 COCTOSIHUS.
OcHoBHble nonoxeHus. HAXKBIT — camoe yactoe xpoHuyeckoe anddysHoe 3abosieBaHne NeYeHn ¢ HeYKJIOHHOW
TEHAEHUMEN K POCTY B CBSI3W C YBEJIMYEHNEM YUCNA NIIOAEN C 3ObITOYHON MacCOi Tena, OXMPEHNEM N MeTabo-
nunyeckon gmncperynsaumein. B 30 % cnyyaeB y 605bHbIx HAXBI BbISBASIOT COMYTCTBYIOLWMIA BHYTPUNEYEHOYHbI
xonectas (BlX), koTopbli accoummpoBaH ¢ 60onee akTUBHbIM TEHEHMEM O0SIE3HM U BOSMOXHbBIM YXYOLLIEHVNEM MPO-
rHO3a aTux naumeHToB. CyliecTBeHHyO ponb B pa3sutum HAXBI B HacTosiLLee BpeMs OTBOOAT HAPYLLUEHWNIO Me-
Tabonmama B XMPOBOW TKaHW 1 renaToumTax, AMcOmosy KMLIEYHNKA N HACNEACTBEHHbIM (akTopam. Y nauneHToB
¢ HAXKBIM 6onblimnHcTBO crydaeB BIMX cBsi3aHO ¢ dyHKLMOHaNbHBIM xonecta3dom. BMX npu HAXKBI accouuvpoBaH
C NOBbILLEHNEM pUCKa GMOPO3a NEYEHN N CMEPTU OT BCEX MPUYNH. ADEMETVNOHUH NPY 3a00NEBAHUSAX MEYEHWN CMO-
co6eH BOCCTaHaBNMBaTb akTMBHOCTb MPOLLECCOB TPAHCMETUIMPOBAHUS, a TakXe yNyylliaTe PEONIOrMYeckmne CBo-
CcTBa MeMbpaH renatoumToB. Tepanusa aaeMeTMoOHMHOM Y nauneHToB ¢ BIMX 6bina accoummpoBaHa C yMeHbLLIEHNEM
KOHLEHTpaLmy 6unmpybrnHa B CbIBOPOTKE, a Tak)Xe aKTUBHOCTM MEYEHOYHbIX TPAHCAMMHA3 1 LenoyYHon docdaTa-
3bl, HA 3TOM (POHE OTMEYANN CHUXEHNE BbIPAKEHHOCTU KJIMHUYECKNX MPU3HAKOB, BKIOYAs KOXHBIM 3yA. Y4nTbiBas
KJTIMHNYECKYI0 9P DEKTUBHOCTb agemeTmnoHuHa npu BINX Ha poHe HAXEBI, npMmeHeHne npenapara BKIOYEHO B Ha-
LMOHaNbHbIE KIIMHNYECKME PEKOMEHOALNN.

3akn4yeHue. [NNpumeHeHne ageMeTnoHrHa y naumeHToB ¢ HAXKBI n conyTtcTytowmm BIMX natoreHeTnyeckn o60-
CHOBAHO 1 MOXET ObITb 9DdEKTUBHBIM B KIIMHNYECKOW NPAKTUKE.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is a
chronic disease closely associated with metabolic
syndrome (obesity, type 2 diabetes mellitus, dys-
lipidemia and hypertension) in the absence of oth-
er reasons for liver injury. NAFLD is attributed
to lipids accumulation in liver parenchymal cells
and can be manifested as steatosis, steatohepatitis
with or without fibrosis, cirrhosis [1]. In cases
of NAFLD, even in the absence of liver cirrhosis,
especially in case of obesity and type 2 diabetes
mellitus, hepatocellular carcinoma may develop.

NAFLD is the most common chronic liver dis-
eases and the scale of the problem is increasing
worldwide. For instance, in the population-based
study performed in the USA the prevalence of
NAFLD accounted for 30 % to 32 % [2]. In the
Asia-Pacific region, the prevalence varies from 5 %
to 30 % depending on the population [3].

In Russia, according to study DIREG2 conduct-
ed in 2014, 37.3 % of patients in general population
suffered from NAFLD [4], and this value increased
by more than 10 % from 2007 [5]. NAFLD is typical
for patients aged over 40—50 [4].

Significant growth of NAFLD prevalence was
reported in the last 20 years, herewith the disease
remains the most common liver disorder; at the
same time, the proportion of patients with oth-
er metabolic syndrome component also increases,
namely: obesity, type 2 diabetes mellitus and in-
sulin resistance [6].

NAFLD can have significant impact on clini-
cal outcomes in patients: in case of NASH, the
incidence of progressing to liver cirrhosis is up to
20 % [7]. In patients with NAFLD, secondary in-
trahepatic cholestasis (IHC) associated with more
active disease and possible worsening of prognosis
is found in 30 % of cases [8].

This article covers the specific features of
pathogenesis and management of IHC in patients
with NAFLD, and the place of ademetionine in
treating this condition at the present stage.

Pathogenesis of intrahepatic cholestasis
in NAFLD
NAFLD pathogenesis

It was previously considered that early forms
of NAFLD, i.e. isolated steatosis and NASH can

be separate conditions possibly resulting in com-
mon consequences. Nowadays, views on NAFLD
have undergone a significant transformation.
Modern theories offer to consider pathophysiolog-
ical aspects of the disease from the point of view
of “steatosis-NASH-cirrhosis” continuum, thus most
patients must have previous steatosis for NASH de-
velopment [9].

Fatty tissue dysfunction

A number of endogenous and exogenous factors
presented in Figure [10—12] play a leading role
in steatosis development. Fatty tissue dysfunction
appears long before the first signs of liver steato-
sis, most commonly as a result of increased fatty
acids intake and overweight/obesity development
[13]. In case of obesity free fatty acids (FFA) not
digested by the fatty tissue are delivered to the
liver, moreover in case of adipocyte dysfunction
lipolysis can be increased significantly [14].

Increased circulating FFA concentrations due
to competition with carbohydrates for metabolic
niches results in enhancement of insulin resis-
tance [15].

On the other hand, fatty tissue dysfunction is
manifested by impaired adipokine homeostasis. In
particular, increased fatty tissue weight produces
more chemokines and cytokines that are able to
potentiate insulin resistance, namely: monocyte
chemotactic protein 1 (MCP-1), tumor necrosis
factor a (TNF-0), interleukin (IL) -6 and -8 [16].

Metabolism of hepatocytes

Increased FFA circulating levels result in their
enhanced uptake by hepatocytes [17]. Herewith,
hepatic impairment with altered metabolic regu-
lation including hepatic insulin resistance and a
number of hereditary factors results in marked
stimulation of de novo synthesis of triglycerides
which can be potentiated 5-fold in patients with
NAFLD [18].

The influence of increased fructose consump-
tion is important to note in the context of the
role of insulin resistance in NAFLD pathogene-
sis. Apart from enhancing insulin resistance of he-
patocytes [18], fructose increases the expression of
enzymes participating in de novo lipogenesis and
acts as a substrate for this process [19].

The abovementioned factors contribute to sig-
nificant accumulation and enhanced synthesis of
fatty acids and triglycerides in the liver which
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Fig. Main aspects of non-alcoholic isolated steatosis pathogenesis [10—12]
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participate in steatosis development. Under nor-
mal condition, there are two main liver elimina-
tion pathways for triglycerides: formation and
secretion of low-density lipoproteins (LDL) and
FFA oxidation. With high LDL concentrations
in hepatocytes, membrane transporters cannot
cope with the load, and thus, steatosis develops.
Moreover, certain phenotypes of Kupffer cells in
patients with developing steatosis cause inhibition
of FFA oxidation [20].

Gut microbiota

A number of changes in the gut microbiome is
detected in patients with NAFLD. For patients
with NAFLD, excessive bacterial growth in the
small intestine [21] is typical, which can result
in increased intestinal wall permeability [22]. A
certain role in NAFLD development is assigned to
waste products of gut microbiome: in mice with
experimental NAFLD increased concentrations of
circulating N,N,N-trimethyl-5-aminovaleric acid
which inhibits FFA oxidation were detected [23].

Another microbial metabolite synthesizing bacte-
roides and proteobacteria — 3-(4-hydroxyphenyl)
lactate can worsen liver fibrosis [24].

Hereditary factors

According to the results of a recent study con-
ducted using the twin method (2015), both steato-
sis development and liver fibrosis are directly asso-
ciated with hereditary factors [25]. High NAFLD
risk is associated with certain gene variants coding
synthesis of proteins regulating lipid metabolism
[26, 27], and regulators of signal transduction via
insulin receptors [26].

Pathogenesis of intrahepatic cholestasis
in NAFLD

As it was noted above, THC is reported in one-
third of patients with NAFLD [8]. It is important
to note that THC can develop in patients with any
liver diseases regardless of etiology [28]. In contrast
to extrahepatic cholestasis which develops due to ex-
ternal block for bile outflow in case of chololithia-
sis, biliary strictures, neoplasms in adjacent organs
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or sclerosing cholangitis, the so-called functional
cholestasis is mainly observed in patients with THC,
which is associated with impaired synthesis and/or
secretion by hepatocytes or with impaired intrahe-
patic duct obstruction [29].

Due to the below clinical features and the impact
on the prognosis for the patients, a number of au-
thors define NAFLD with THC as a clinical variant
of the disease [30]. Herewith, increased bile acids
liver concentrations were detected in patients with
NAFLD without signs of cholestasis [31], which is
indicative of the change of bile acids metabolism due
to the impact of NAFLD pathogenesis components.

A study in patients with obesity and NAFLD
showed that NAFLD activity index directly cor-
relates with bile acids serum levels and inversely
correlates with adiponectin levels. Upon that, in
the study population the potentiation of activity of
sodium-taurocholate cotransporter of hepatocyte ba-
solateral membrane bile acids and cholesterol-7-al-
pha-hydroxylase participating in their synthesis was
noted. Authors concluded that the identified changes
indicate at impaired activation of small heterodimer
partner via stimulation of farnesoid X receptor un-
der the influence of high concentrations of bile acids
which can be one of the reasons for IHC in patients
with NAFLD [32].

Oxidative stress and increased cholesterol con-
centrations in hepatocytes of patients with NAFLD
additionally contribute to impaired metabolism and
enterohepatic circulation of bile acids in patients
with NAFLD [8].

Thus, patients with non-alcoholic steatosis or
NASH are predisposed to IHC development due to
metabolic disorder associated with bile acids synthe-
sis, transport and secretion by hepatocytes.

Peculiarities of intrahepatic cholestasis

in NAFLD

IHC can have significant impact on disease pro-
gression and prognosis of the patients with NAFLD
[30]. In the presence of NAFLD and IHC vs. pa-
tients without cholestasis, statistically significant
greater liver fibrosis events accompanied by portal
tract involvement, increased focal necrosis inci-
dence, intrahepatic ducts edema and proliferation
were noted [33].

In patients with NAFLD, two-fold increase in
liver-related causes mortality with serum bilirubin
increase by every 10 uMol/L (relative risk [RR] =
2.14 [95 %, confidence interval (CI) 1.09 to 4.22])
was identified [34].

As a result, IHC in a patient with NAFLD in-
dicates at more severe disease course and increased
risk of unfavorable clinical outcome for the pa-
tient. Therefore, the main tasks of THC therapy
should include improvement of the disease sever-
ity and its clinical and laboratory manifestations,
including restoration of bile acids synthesis and

transport from hepatocytes to the bile ducts, as
well as improvement in enterohepatic circulation
of bile acids. Additionally, an important goal of
the therapy is elimination of toxicity of hydropho-
bic bile acids [28].

Ademetionine mechanism of action
Physiological role of S-adenosylmethionine

S-adenosylmethionine (SAMe) participates in
biochemical reactions of three main types: trans-
methylation, transsulfuration and aminopropyla-
tion [35]. SAMe is the main methyl-group donor
in methylation reactions of histones, phospholip-
ids, nucleic acids, amines and proteins. The main
transmethylation reactions in the liver are due
to glycine-N-methyltransferase resulting in for-
mation of S-adenosylmethionine form SAMe.
Herewith, S-adenosylmethionine limits transmeth-
ylation reactions rate, thus hydrolases function and
S-adenosylmethionine remethylation reactions in-
volving methyl adenosyl transferase T and III are
highly important to ensure physiological function-
ing of the cell [36].

S-adenosylmethionine in liver diseases

Significant decrease of SMAe depo in the liver
of patients with liver diseases was demonstrated
over 70 years ago [37]. Suppression of methyl ad-
enosyl transferase genes expression is observed in
patients with cirrhosis irrespectively of its etiolo-
gy. Plus, exogenous and endogenous factors which
stimulate oxidative stress in hepatocytes inhibit
methyl adenosyl transferases [38,39]. In trans-
genic methyl adenosyl transferase knockout mice,
among other liver disorders, steatohepatitis devel-
opment was observed by the age of 8 months [40].

It is also important to highlight the role of
SAMe in the glutathione metabolism as the main
oxidation-reduction system in the hepatocytes.
SMAe metabolite homocysteine is one of the main
sources of cysteine needed for reduced glutathione
synthesis [39]. Simultaneously, in patients with
NAFLD administered with SMAe increased gluta-
thione levels in the liver were reported [41], while
the oxidative stress and glutathione reserves are
considered to be one of the most important com-
ponents of cholestasis pathogenesis [42].

SMAe can influence hepatocytes apoptosis.
Non-clinical studies demonstrated that SAMe
presence in the culture medium can prevent he-
patocytes apoptosis in vitro due to exogenous
stimuli [43, 44].

The role of SAMe metabolism disorder in THC
is worth noting. One of hepatocytes abnormalities
during THC development is attributed to decreased
cellular membrane flow at which delayed bile ac-
ids secretion from the cells is observed [45—47].
SAMe participates in supporting physiological
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cellular membrane flow due to inclusion of phos-
pholipids methylation in this process, while de-
crease in SMAe depo results in decreased activity
of membrane transporter of bile acids [48, 49].

In this regard, SAMe and its metabolism dis-
order play an important role in liver diseases,
including development of steatohepatitis and in-
trahepatic cholestasis due to decreased molecule
participation in methylation reactions, including
membrane phospholipids methylation, inhibition
of glutathione synthesis and the absence of impact
on hepatocytes apoptosis in case of SAMe resource
depletion. The above data allow to conclude that
restoration of SAMe reserves and metabolism is
one of the therapeutic targets for patients with
NAFLD accompanied by THC.

Ademetionine clinical performance

One of the first SAMe efficacy studies in pa-
tients with IHC was performed by Frezza et al.
(1990). The study included 220 patients with con-
firmed chronic non-infectious liver disease accom-
panied by the signs of IHC: not less than two-
fold increase in serum alkaline phosphatase (AP)
activity and total and conjugated bilirubin levels.
Patients with viral hepatitis or alcohol-induced
hepatitis, as well as with drug-induced liver inju-
ry were not included in the study. Following the
randomization, the patients received SAMe at the
dose of 1600 mg/day or placebo for 2 weeks [50].

2 weeks after the SAMe therapy, significant
decrease in total bilirubin levels was observed:
the value deceased by more than two-fold, from
76.7 + 4.6 to 37.6 = 3.7 uMol /L, while in placebo
group the value changed from 77.2 + 4.7 to 57.9
+ 5.6 uMol/L (p < 0.01 for intergroup compar-
ison). Moreover, by the end of Week 2 decrease
in serum AP and alanine aminotransferase (ALT)
levels was noted vs. values in the placebo group
(p < 0.05 in both cases). Baseline itching scores
according to 10 cm Visual Analog Scale (VAS) ac-
counted for 5.3 £ 0.3 and 5.3 £ 0.2 cm in patients
from SAMe and placebo groups, respectively. By
the end of therapy, the values decreased to 2.7 +
0.2 and 4.1 + 0.2 cm, respectively (p < 0.05).
Similar changes were noted for weakness severity
(p < 0.05 for intergroup comparison). Thus, in
case of IHC with chronic non-infectious non-toxic
liver disease, SAMe administration was associated
with decrease in total bilirubin levels, AP and ALT
activity, as well as with improvement of weakness
and itching [50]. Later on, the same group of au-
thors noted in the publication by Manzillo et al.
(1992) that intravenous administration of SAMe
at the dose of 800 mg/day for 2 weeks in patients
with THC and chronic liver disease was associated
with significantly higher response rate compared

to placebo therapy [51]. Podymova et al. (1998)
obtained similar results for intravenous therapy
with SMAe at the dose of 800 mg/day IV for the
first 16 days, then at the dose of 1600 mg/day
orally for another 16 days in patients with chronic
diffuse liver diseases [52].

Early meta-analysis of placebo-controlled stud-
ies of SAMe in patients with THC and chronic
liver diseases performed by Frezza et al. (1993)
established that the use of the drug product for
15 to 30 days was more effective than placebo in
terms of itching relief, normalization or two-fold
decrease of baseline bilirubin, ALT, AP and y-glu-
tamyltransferase (y-GT) levels [53].

Virukalpattigopalratnam et al. (2013) stud-
ied the efficacy of using ademetionine origina-
tor product for treating NAFLD with concomi-
tant THC (n = 250) in routine clinical practice
in India. When using ademetionine, improvement
in biochemical abnormalities and IHC signs were
noted in patients based on the blood tests. With
clinical and laboratory improvement, significant
decrease in the number of business days spent on
the sick leave and the number of visits to doctors
were noted [54].

N.V. Kharchenko (2013) conducted a post-mar-
ket observational study of efficacy of using ade-
metionine originator product in treating IHC with
chronic liver diseases (n = 447). Pregnant patients
with THC and patients administered with hepa-
toprotectors before ademetionine prescription did
not participate in the study. Severity of clinical
symptoms and laboratory parameters were as-
sessed 2 weeks and 2 months after the treatment
initiation. By the end of the study, icterus of skin
or mucosa resolved in 67 % of patients (n/N =
205/306), itching resolved in 71.4 % of patients
(n/N = 187,/262), fatigue resolved in 42.4 % of
patients (n/N = 154,/363) [55].

After 2 months of therapy, total bilirubin lev-
el normalized in half of the patients, normalized
ALT, aspartate aminotransferase (AST) and AP se-
rum activity were noted in about 40 % of patients
[55]. Stel’makh et al. (2021) obtained similar
results when using ademetionine originator drug
product in a group of patients with different liver
diseases and concomitant THC [56].

Discussion

IHC is a serious complication of NAFLD asso-
ciated with more severe course of the disease, ac-
celerated fibrosis development increased mortality
risk. A number of non-clinical and clinical studies
demonstrated that in case of IHC SAMe metabo-
lism disorder in the hepatocytes resulting in abnor-
mal methylation processes is observed, including
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membrane phospholipids methylation, hepatocytes
tendency towards apoptosis is increased and neg-
ative impact on the glutathione oxidation-reduc-
tion system is reported. This makes restoration of
SAMe metabolism and improvement in oxidative
severity via glutathione metabolism improvement
one of clinical targets of conducting therapy in
patients with THC accompanying NAFLD.

A number of controlled clinical studies and
routine clinical practice studies were performed,
in which efficacy of using oral and parenter-
al ademetionine medicinal products was studied.
When receiving short-term therapy lasting up to
2 months, decreased severity or complete relief of
such THC symptoms as icterus, fatigue and itching
were reported.

At the same time, hepatic transaminases, AP,
v-GT serum activity and total bilirubin concentra-
tions decreased.

Positive impact of ademetionine both on
symptoms severity and laboratory abnormalities
intensity in patients with THC accompanying
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