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or bile ducts [1]. Epidemiological data show that 
10% of the world’s population suffers from GSD 
and for every decade the number of patients 
increases by about 2 times [2–5]. At the same 
time, in  developed countries, the  number 
of patients with GSD is 10–40% of the adult pop-
ulation. In Russia, the number of patients with 
GSD is 5–20% [2,6]. Cholecystectomy, unfortu-
nately, remains to this day the “gold standard” 
of GSD treatment [3,7,8].

Currently, there is only one substance with 
a proven effect on various links of biliary litho-
genesis – ursodeoxycholic acid (UDCA) [9, 10], 
respectively, its use for dissolving cholesterol 
stones today is  an alternative to  cholecystec-
tomy [11,12].

Ursodeoxycholic acid is a  tertiary bile acid 
formed in hepatocytes and intestines. Unlike its 
predecessors – primary and secondary bile acids – 
this acid is hydrophilic and, therefore, non-toxic. 
The scope of its therapeutic use is very extensive 
and includes various diseases of the liver and bil-
iary tract such as chronic active hepatitis with 
cholestatic syndrome, acute hepatitis, toxic liver 
lesions of various genesis, primary biliary cirrhosis 
of the liver, primary sclerosing cholangitis, biliary 
dyskinesia, etc.

Normally, the content of UDCA in human bile 
is no more than 5% of the total pool of bile acids; 
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the  intestine, UDCA reduces the  lithogenicity 
of bile, reduces the cholato-cholesterol index, 
promotes the dissolution of cholesterol stones 
(macrolites) and prevents the formation of new 
crystals (microlites). UDCA is well absorbed in 
the  small intestine and is  almost completely 
bound to serum proteins. In the liver, UDCA is rap-
idly and actively conjugated with glycine, taurine, 
N-acetylglucosamine, glucuronic acid and sulfate, 
which specifies its low level in plasma. In conju-
gated form, UDCA is released into the bile, where 
its concentration specifies the effectiveness of 
the medicine [15].

The main active ingredient of the medicine 
Ursolab, to which this study is devoted, is urso-
deoxycholic acid. Ursolab is a reproduced medic-
inal product. The equivalence of the reproduced 
medicine to the reference medicine is usually 
proved in the  framework of a  bioequivalence 
study, which demonstrates that both medi-
cines have the same rate and degree of absorp-
tion [16]. Such studies are intended to confirm 
that the reproduced medicines have the same 
efficacy and safety as the reference medicine. 
In  this work, bioequivalence was studied for 
the medicine Ursolab (manufactured by ECOlab 
CJSC) relative to the medicine Ursofalk (Dr. Falk 
Pharma GmbH, Germany).

The  purpose of  this study is to  evaluate 
the pharmacokinetic parameters of bioequiva-
lence of the studied medicine Ursolab, oral sus-
pension 250  mg /5  ml (ECOlab CJSC, Russia), 
and the  medicine Ursofalk, oral suspension 
250 mg /5 ml (Dr. Falk Pharma GmbH, Germany), 
in healthy volunteers after an acute administra-
tion under fasting conditions.

MATERIALS AND METHODS

The study was planned as a randomized, open, 
comparative, cross-sectional, two-period bio-
equivalence study in healthy volunteers under 
fasting conditions.

cholic acid – 26–39%, deoxycholic – 16–33%, lito-
cholic – 0.5–5%. When administered at a dose 
of  13–15  mg/kg per day (orally), the  content 
of UDCA in bile approaches 50%, which makes it 
the main one among bile acids, and the content 
of toxic bile acids (cholic, deoxycholic, litocholic, 
etc.) decreases. The absence of toxicity of UDCA 
is explained by its higher polarity and, accord-
ingly, hydrophilicity [13,14].

It was found that the cytoprotective effect 
of  UDCA on cholangiocytes and  hepato-
cytes is  due to the  prevention of the  release 
of cytochrome C from mitochondria, which, in 
turn, blocks the activation of caspases and apop-
tosis (programmed cell death). UDCA, embedded 
in the hepatocyte membrane, improves the flu-
idity of the  phospholipid bilayer, stabilizing 
the  cell structure and  protecting them from 
damage.

In addition, UDCA has an immunomodulatory 
effect, reducing the  production of  proinflam-
matory cytokines (interleukins 1, 2, 6, gamma 
interferon, etc.), the level of the immune com-
plexes of IdM and autoantibodies, the expression 
of histocompatibility antigens on hepatocytes 
(HLA I and  II classes), which, in  turn, prevents 
the activation of cytotoxic T-lymphocytes, nor-
malizes the ratio of CD4/CD8 immunocompetent 
cells and promotes the suppression of immuno-
pathological reactions. Stimulating exocytosis 
in hepatocytes during cholestasis by activating 
Ca++-dependent alpha-protein kinase, UDCA 
reduces the concentration of bile acids (cholic, 
litocholic, deoxycholic, etc.) which are toxic to 
the liver cell.

UDCA inhibits the absorption of lipophilic bile 
acids in the intestine, induces bicarbonates-rich 
choleresis, which leads to  increase in bile pas-
sage and stimulates the excretion of toxic bile 
acids through the intestine. Replacing nonpolar 
bile acids, UDCA forms nontoxic mixed micelles 
(liquid crystals with cholesterol molecules). By 
reducing the synthesis of cholesterol in the liver, 
its secretion into bile, as well as absorption in 
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The volunteers, after signing a written form 
of informed consent, were examined at the clin-
ical center of Clinic “Bessalar” LLC.

The  volunteers included in the  study were 
randomized into two groups in a  ratio of  1:1. 
The study plan is presented in Table 1.

The study consisted of screening, two study 
periods and a “cleaning” period. The  duration 

The  study determined the  concentration 
of  ursodeoxycholic acid in the  blood plasma 
of  volunteers after acute administration of 
250 mg (1 dose-measuring cup of 5 ml) of each 
of the medicines under fasting conditions. Based 
on the data on the concentration of ursodeoxy-
cholic acid in blood plasma, the pharmacokinetic 
parameters were calculated.

Table 1

STUDY PLAN

Study stages/procedures Screening
Study periods Final 

evaluationI “cleaning” II

Period duration (days) up to 10 4 14 4

Informed consent Х

Inclusion criteria Х

Exclusion criteria Х Х Х

Demographic and anthropometric data Х

Medical history Х

Physical examination Х Х Х Х

Laboratory examination (clinical blood analysis, 
biochemical blood test, clinical urinalysis) 

Х Х Х

Serology (HIV blood test, syphilis, hepatitis B 
and C markers) 

Х

Urine test for pregnancy Х Х Х

Breath test for alcohol Х Х Х

Urine test for narcotic drugs and psychotropic 
substances, psychoactive drugs

Х Х Х

hospitalization Х Х

Blood pressure, heart rate, body temperature Х Х Х Х

ECG Х Х Х

Randomization Х

Administration of the studied medicinal product 
or the reference medicinal product

Х Х

Blood sampling for PK Х Х

Registration AEs (adverse events) or SAEs 
(serious adverse events) 

Х Х Х Х
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FIG. 1. Averaged pharmacokinetic profiles: R – 
Ursofalk, oral suspension, 250 mg / 5 ml (Dr. Falk 

Pharma GmbH, Germany); T – Ursolab, oral 
suspension 250 mg /5 ml (ECOlab CJSC, Russia) 
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RESULTS AND DISCUSSION

Ursodeoxycholic acid was absorbed into 
the blood with a Tmax value of 1.5 [1.0; 2.125] 
hours (Me [Q25; Q75]) for the tested medicine 
Ursolab, oral suspension 250 mg / 5 ml (ECOlab 
CJSC, Russia), and  2.0  [1.0; 3.5] for the  refer-
ence medicinal product Ursofalk, oral suspen-
sion 250  mg /5  ml (Dr. Falk Pharma GmbH, 
Germany). The average (Mean) maximum con-
centration of the studied medicines (Cmax) was 
4184.59±1974.53 ng/ml (Mean±SD) for the tested 
medicinal product and  4025.77±1768.49 
ng/ml for the  reference medicinal product. 
The  average AUC0‑t for the  tested medic-
inal product was 16070.7=7220.96  h·ng/ml 
and 14155.2=4273.44 h·ng/ml for the reference 
medicinal product. The average pharmacokinetic 
profiles of the  studied medicinal product are 
shown in Fig. 1.

Safety parameters included physical and sys-
temic examinations, measurements of  basic 
vital signs, clinical laboratory tests and control 
of adverse events.

of  screening was up to  10 days. The  duration 
of each period was 4 days, the “cleaning” period 
was 14 days. The  total duration of the  study 
for one volunteer was no more than 28 days.

The study was planned to include no more 
than 32 healthy volunteers. As a result, 31 healthy 
volunteers were included in the study, of which 
28 volunteers underwent all screening proce-
dures, were randomized and completed the study 
in accordance with the protocol

The studied medications were taken by 28 vol-
unteers, 21 of them were men and 7 were women. 
The average age of the volunteers was 30.82±6.42 
years (M±SD). The average height of volunteers 
was 175.29±6.33 cm. The average weight of vol-
unteers was 72.05±10.13 kg.

Blood sampling to  determine the  concen-
tration of ursodeoxycholic acid from a cubital 
catheter or by direct venipuncture was carried 
out during the  periods of  administration of 
the studied medicines according to the schedule: 
before administration of the medicine a sample 
of 12.0 h and a sample of 0 (15 minutes before 
administration of the medicine) will be taken, 
then in 0,25, 0,5, 0,75, 1,0, 1,5, 2,0, 2,5, 3,0, 3,5, 4,0, 
5,0, 6,0, 8,0, 12,0, 24,0, 48,0 and 72.0 h.

Since ursodeoxycholic acid is  an endoge-
nous compound, the protocol provides for taking 
two blood samples 12 hours and  immediately 
before administration of the medicine to assess 
the  endogenous concentration. In  this study, 
the duration of observation of the concentration 
of the active ingredient was 72 hours, since such 
a time interval overlaps 4 T1/2 for ursodeoxycholic 
acid from blood plasma, the value of the param-
eter T1/2 was about 13–14 hours.

Analytical procedures were carried out in 
a specialized analytical laboratory.

All blood plasma samples were subject to ana-
lytical study. To determine the  concentration 
of ursodeoxycholic acid in blood plasma, a bio-
analytical method was developed and validated 
using HPLC–MS/MS of the Agilent 1260 Infinity 
system with a mass-selective detector G6125B.
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(ECOlab CJSC, Russia), is recognized as bioequiv-
alent to the reference medicinal product Ursofalk, 
oral suspension 250 mg /5 ml (Dr. Falk Pharma 
GmbH, Germany).

CONCLUSIONS

As part of the  registration of the medicine 
“Ursolab”, its bioequivalence relative to the ref-
erence medicine “Ursofalk” was studied with 
an acute administration by healthy volunteers 
under fasting conditions. Based on the  data 
obtained, it can be affirmed that the  studied 
medicines are characterized by a high degree 
of similarity in pharmacokinetics. The individual 
and averaged profiles of the pharmacokinetic 
curves of the studied and reference medicines 
have the same forms. The confidence intervals 
for the ratios of the geometric mean values of 
the estimated parameters of the studied and ref-
erence medicines fully correspond to the estab-
lished limits.

Thus, the performed study allows us to state 
the bioequivalence of the medicine Ursolab, oral 
suspension 250 mg /5 ml (ECOlab CJSC, Russia), 
relative to the medicine Ursofalk, oral suspension 
250 mg /5 ml (Dr. Falk Pharma GmbH, Germany). 
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