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Changes in the Structural and Functional
Albumin Properties in Patients
with Decompensated Liver Cirrhosis

Anastasia A. Turkina*, Marina V. Maevskaya, Maria S. Zharkova, Vladimir T. Ivashkin

1.M. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russian Federation

Aim: to conduct a comparative analysis of serum albumin's structural and functional properties in decompensated
cirrhotic patients by means of spin prob EPR spectroscopy.

Materials and methods. The main study group included 70 patients with decompensated liver cirrhosis and ascites.
The control group consisted of 12 healthy volunteers, comparable in gender and age, without liver diseases. To as-
sess the structural and functional ability, serum albumin was analyzed by EPR spectroscopy.

Results. Albumin levels within reference intervals were found in 37 patients (59.8 %). The native albumin index de-
crease in cirrhotic patients as the disease progressed with the lowest values in the Child — Pugh C group (p < 0.001).
The binding efficiency of albumin decreased in accordance with the severity of cirrhosis with minimal albumin binding
capacity in the Child — Pugh C (Me = 25.43 %; n = 30; p < 0.001). The transport activity of RTQ albumin decreased
in patients with decompensated cirrhosis, the lowest transport ability was observed in the Child — Pugh C group
(Me = 26.09 %). In patients with decompensated disease the detoxification potential was significantly reduced:
Child — Pugh B — Me = 44.03 %; Child — Pugh C — Me =17.16 %. Despite the normal values of serum albumin in
72.5% of patients with cirrhosis B and in 26.7% in the cirrhosis C group, only 12.3% in the cirrhosis B group had nor-
mal albumin function and in cirrhosis C no patients had normal aloumin function.

Conclusion. There were not only serum concentration depletion in cirrhotic patients, but also aloumin physiological
non-oncotic properties were violated. The severity of these changes increased with the progression of cirrhosis. Our
data allow us to raise the question of the need to use the EPR test to determine indications for albumin replacement
therapy in patients with cirrhosis and the presence of ascites, even at normal values of its serum concentration
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N3MeHeHns CTPYKTYPHbIX U PYHKLMOHAJIbHbIX CBOMCTB asibOyMunHa y naumeHToB

C AeKoOMNneHCnpoBaHHbIM LUPPO3OM NevYyeHun

A.A. TypknHa*, M.B. MaeBckasi, M.C. Xapkosa, B.T. MBalkuH

®rA0y BO «[llepsbii MockoBCkuii rocygapCTBeHHbIV MeauunMHCKuii yHuepcutet um. .M. CeveHoBa»

(CeyveHoBckuii YHUBEpcuTeT) MuHucTepcTBa 3apaBooxpaHeHns Poccurickori Peaepaumnmn, Mocksa, Poccuiickas denepadms

Llenb: NpoBECTV CPaBHUTESbHbIV aHaNn3 CTPYKTYPbl U GYHKLIMOHAMbHBIX CBOVICTB CbIBOPOTOYHOMO anbbyMunHa y na-
LIMEHTOB C AEKOMMNEHCNPOBAHHBIM LIMPPO30M NEYEHN METOAOM CMEKTPOCKOMNN CIIMHOBOIO 30HAA C MPUMEHEHNEM
3NEKTPOHHOIO NapamMarHUTHOro pe3oHaHca (3MNP-cnekTpockonun).

Martepuanbl u MeTogbl. B 0CHOBHYIO rpynny nccnegoBaHus Bownu 70 naumMeHToB ¢ AEKOMMAEHCUPOBAHHBIM LIMP-
po3oM neyenu (LIM) v acuytom. KOHTpONbHYO rpynny cocTtaBunn 12 300poBbIX 4OOPOBOJILLEB, CONOCTABUMbIX
no rnoJly 1 BO3pacTy, He MMeIOLLMX 3ab0oneBaHNin NneYeHun. [1ns oueHKN CTPYKTYPHOW 1 PYHKLIMOHAIbHOW CNOCOOHO-
CTW anbbyMnHa NPOBOAMAN aHaNIM3 CbIBOPOTOYHOrO anbbymmHa metogom IMP-cnekTpockonuu.

PesynbraThl. YpoBeHb anbbymMuHa B npenenax pedepeHcHbIX MHTEPBasioB 06HapyXeH y 37 naumneHToB (59,8 %).
Mpwu LIM nokasaTenu HaTMBHOIO anbbyMrHa CHMUXAKOTCS N0 Mepe NPOorpeccrupoBaHms 3ab0/1IeBaHUSA C HAVMEHbLLN-
MK 3HaveHusamu B rpynne LT knacca C no wkane Yannga — Meio (p < 0,001). CeasbiBaow,as abdeKTMBHOCTb alb-
OyMUHA TakXke CHuXanacb B COOTBETCTBUM C TaxecTbio LM (p < 0,001) ¢ MMHMManbHbIMKM NokasaTensMu B rpynne
naumeHToB ¢ LM knacca C (Me = 25,43 %; n = 30; p < 0,001). TpaHcnopTHas akTMBHOCTb afnbOyMUHA CHUXaNach
y NALUMEHTOB C AEKOMMEHCALMEN LMPPO3a C MUHUMasbHbIM Nokasatenem npu LM knacca C (Me = 26,09 %). Y na-
LIMEHTOB C AEKOMMNEHCUPOBAHHLIM 3200/1EBAaHNEM OETOKCUKALMOHHAS 3P DEKTUBHOCTb anbOyMUHA 3HAYUTENIBHO
cHmxeHa (LN knacca B Me = 44,03; LI knacca C Me = 17,16). HecmoTps Ha HOpMaJsibHblE 3HAYEHMS CbIBOPOTOY-
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Horo anbbymunHa 'y 72,5 % naumwenTtoB ¢ LM knacca B ny 26,7 % c LI knacca C ero HopmasibHas GyHKLMS 6bina
coxpaHHon nuwb y 12,3 % npwu LN knacca B, a npu LI knacca C wkane Yannga — MNbio He COOTBETCTBOBAIA HOPME
HW Yy O4HOr0 NauueHTa.

BbiBOAbI. Y NaUMEHTOB C LIMUPPO30OM MEYEHU HE TOJIbKO CHUXAETCS YPOBEHb CbIBOPOTOYHOrO afibbyMuHa, HO U Ha-
pywarTcs ero Guanonorm4eckme HEOHKOTUYECKNE CBOWMCTBA. BbIpaXEHHOCTb OaHHbIX HapyLleHU BO3pacTaeT
no Mepe NporpeccrupoBaHns uMppo3a. Mony4yeHHble HaMu AaHHbIE NO3BOJISOT CTaBUThL BOMPOC 0 HE0H6X0AMMOCTH
vcnosb3oBaHus JlMP-TecTa ofis onpeaeneHns nokasaHuii K 3aMecTuTesIbHOW Tepanuu anbbyMMHOM Y NaumeHToB
¢ UM v acuytom gaxe npy HOPMaJIbHbIX 3HAYEHUAX EM0 CbIBOPOTOYHOM KOHLIEHTPALMN.

KnioueBbie cnoBa: anbbymuH, SMNP-cnekTpockonuvs, UuMppo3 nevyeHu, HatuBHas koHdopmaums (DR), ceoicTea
ansbymuHa

KoHdnukT HTEepecoB: aBTopbl 3as8BNSIOT 06 OTCYTCTBUN KOHMNNKTA UHTEPECOB.

Ana uutnpoBaHua: TypkuHa A.A., Maesckas M.B., XXapkosa M.C., NeawkuH B.T. MU3MeHeHUs1 CTPYKTYPHBbIX 1 PYHKLMOHABbHBIX
CBOWICTB anbbyMyHa y NaLMEHTOB C AEKOMIMEHCUPOBAHHLIM LIMPPO30M MeveHn. POCCUINCKIMIA XXypHaN racTPOSHTEPOSIOrm1, renartoso-

rvm, kononpokTtonorun. 2023;33(1):40-50. https://doi.org/10.22416/1382-4376-2023-33-1-40-50

Introduction

Albumin is the most abundant protein in the vas-
cular bed, accounting for more than half of all plas-
ma proteins [1]. Albumin is a heart-shaped molecule
with a half-life of about 19 days [2]. Due to the
negative charge and high molecular weight, albumin
is the main modulator of the distribution of fluids
between the intravascular and intercellular space
and is involved in the maintenance of oncotic pres-
sure [3].

Recently, more and more attention has been paid
to its non-oncotic properties. It binds and transports
various biological substances, participates in the
detoxification of endogenous and exogenous com-
pounds, and performs antioxidant, immunomodula-
tory, and endothelioprotective functions [4, 5].

However, the non-oncotic properties of albumin
depend on its molecular structure, which changes un-
der the influence of physiological and pathological
processes [6]. The albumin molecule consists of thir-
ty-five cysteine residues. They are involved in the
formation of disulfide bonds [7]. However, the only
cysteine residue at position 34 (Cys34) remained
free [8]. Albumin can exist in three states, depend-
ing on Cys34 status: mercaptalbumin with reduced
Cys34, reversibly oxidized non-mercaptalbumin-1;
irreversibly oxidized non-mercaptalbumin-2 [9, 10].
Reversible and irreversible oxidation of Cys34, the
main antioxidant site of the molecule, as well as
non-oxidative changes (glycation, cysteinylation,
sulfinylation, truncation of the C- and N-terminal
part of the molecule) increase in decompensated cir-
rhosis and correlate with the severity of the disease
and the patient’s prognosis [11, 12]. In hospital-
ized patients, oxidized and N-terminally truncated
isoforms have been independently associated with
ascites, renal failure, and bacterial infection [12].
The data obtained formed the basis of the concept
of “effective albumin concentration” (eAlb), which
implies that the global function of albumin is associ-
ated not only with its serum concentration but also
with the preservation of its structural integrity [13].
Therefore, in few modern works, it has been shown

that in decompensated liver cirrhosis, along with a
quantitative deficiency of circulating albumin, dam-
age to its molecular structure occurs. It is associated
with systemic inflammation and oxidative stress [12,
13]. Simultaneously, the singularity of such works
creates prerequisites for further research in this area.

Materials and methods

The research is based on data from a survey of 82
participants hospitalized at the University Clinical
Hospital N 2, Moscow, the Russian Federation. All
patients who have decompensated cirrhosis and asci-
tes (n = 70) made up the main group, divided into
two subgroups according to the severity of cirrhosis
(Child — Pugh B or C classes).

The control group included 12 healthy volunteers,
comparable in sex and age, without laboratory and
instrumental signs of liver disease and other pathol-
ogies that could affect the properties of albumin.
The study was conducted from December 2020 to
October 2022.

The inclusion criteria were: the patient’s informed
consent to participate in the clinical trial, the es-
tablished diagnosis of decompensated liver cirrhosis
based on clinical, instrumental and laboratory exam-
inations; the presence of edematous-ascitic syndrome.

The exclusion criteria include the following con-
ditions: age less than 18 years, hepatocellular can-
cer and other oncological conditions, exacerbation
of chronic diseases, COVID-19 infection within the
last 14 days, immunodeficiency (HIV, AIDS), de-
compensation of concomitant pathology, postopera-
tive period (up to 14 days), sepsis, and septic shock.

The study protocol was approved by the local eth-
ics committee, No. 31-20 of 11,/11,/2020.

All included patients underwent standard medi-
cal examinations. Disease severity was assessed using
the Child — Pugh severity scale.

To assess the structural and functional properties
of albumin, the method of spin probe spectroscopy
using electron paramagnetic resonance (EPR spec-
troscopy) was used.
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Measurements were made on an ESR-Analysator
MMS 01-08 analyzer manufactured by MedInnovation
GmbH, Germany. A set of reagents for in vitro de-
termination of the functionality of albumin in blood
serum using the MMS-kit-SAO1 spin probe, manu-
factured by MedInnovation GmbH, Germany.

During the study, the following indicators were
evaluated:

Determination Ratio (DR) — a parameter char-
acterizing the albumin molecule, its conformational
mobility, and the flexibility;

Binding Efficiency (BE) — physicochemical char-
acteristics of fatty acid binding sites;

Real Transport Quality (RTQ) — transport effi-
ciency;

Detoxification Efficiency (DTE) is a detoxifica-
tion ability that characterizes the efficiency of bind-
ing and evacuation of endotoxins by albumin.

The values of albumin functionality are expressed
as a percentage, and the indicator of native confor-
mation is expressed in arbitrary units.

Description of statistical analysis methods

Statistical analysis was carried out using the
StatTech v. 2.8.8 (developer — Stattech LLC,
Russia).

Quantitative indicators were assessed for compli-
ance with the normal distribution using the Shapiro —
Wilk test (with the number of subjects less than 50)
or the Kolmogorov — Smirnov criterion (with the
number of subjects more than 50).

Quantitative indicators having a normal distribu-
tion were described using arithmetic means (M) and
standard deviations (SD), boundaries of the 95 %
confidence interval (95 % CI).

In the absence of a normal distribution, quantita-
tive data were described using the median (Me) and
the lower and upper quartiles (Q1—Q3).

Categorical data were described with absolute
values and percentages.

A comparison of two groups in terms of a quan-
titative indicator having a normal distribution, pro-
vided that the variances were equal, was performed
using Student’s t-test.

A comparison of three or more groups in terms of
a quantitative indicator having a normal distribution
was performed using one-way analysis of variance,

and post hoc comparisons were carried out using
Tukey’s test (under the condition of equality of vari-
ances), and the Games — Howell test (with unequal
variances).

A comparison of two groups in terms of a quan-
titative indicator, the distribution of which dif-
fered from the normal one, was performed using the
Mann — Whitney U-test.

A comparison of three or more groups in terms of
a quantitative indicator, the distribution of which
differed from the normal one, was performed using
the Kruskal — Wallis test, and post hoc comparisons
were performed using Dunn’s test with Holm’s cor-
rection.

Comparison of percentages in the analysis of
four-field contingency tables was carried out using
Pearson’s chi-square test (with values of the expect-
ed phenomenon more than 10)

Comparison of percentages in the analysis of
multifield contingency tables was performed using
Pearson’s chi-square test.

Characteristics of the patients included
in the study

When analyzing the data we received, the groups
were comparable in terms of gender and age. The
groups were predominantly women (p = 0.090)
(method used: Pearson’s chi-square). The mean
age of patients with cirrhosis was 53 + 13 years, of
healthy individuals — 42 + 16 years. There were
no statistically significant differences (p = 0.082)
(method used: Fisher F-test).

The distribution by sex and age of the study par-
ticipants are presented in Table 1 and 2, respectively.

The predominant cause of liver cirrhosis was al-
coholic etiology (69.5 %), viral and mixed genesis
of the disease were less common (7.3 % and 6.1 %,
respectively). The etiology of cirrhosis did not affect
the severity of the disease according to the Child —
Pugh scale. There were no statistically significant
differences (p = 0.299) (method used: Pearson’s chi-
square).

IAC grade I ascites was recorded in 28 patients
(34.1 %), grade II in 26 (31.7 %), and grade III in 16
(19.5 %). In the group of Child—Pugh B, grade I as-
cites was observed in 25 (62.5 %) patients, grade II —
in 9(22.5 %), and grade 11T — in 6 (15.0 %) patients.

Table 1. Distribution by sex depending on the groups being studied

Tabauua 1. PacnpesenieHne y49aCTHUKOB UCCJIEOBAHKS 0 TIOJTY

Wccaenyemblie rpyibl P
Index Categories Study Groups
Iloxaszaresnn Kareropnit | Liver cirrhosis group n (%) Control group n (%)
Ipynma I 7 (%) Ipynma koutposs n (%)
Women
Sex T —— 45 (64.6) 8 (66.7)
[Ton o 0.090
en

My KB 25(35.4) 4 (33.3)
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Table 2. Age distribution depending on the groups under study

Tabauya 2. Pacupe/esieHre y4aCTHUKOB MCCJAE0BAHUS 110 BO3PACTY

Age
Index Categories Bospacr .
[Tokasarennb Kareropun 95% CI
M + SD 95% JIN n
Child — Pugh B
ITIT xsacca B o nikage 53 + 13 48—57 40
. Yaitnga — Ilbio
Groups being Child — Pugh C
" IIIT xracca C mo mikae 51 +£9 48—55 30 0.082
ceJieryeMbie aiinma — bio
IPYIIIBI
Healthy volunteers
Ipymma 310poBbIX 42 + 16 32—-353 12
JI06POBOJIBIIEB

In the Child—Pugh C: T degree — 3 (10.0 %), 1T de-
gree — 17 (56.7 %), 111 degree — 10 (33.3 %).

Albumin levels within reference intervals were
found in 37 patients (59.8 %). Child — Pugh B was
diagnosed in 29 patients (72.5 %), Child — Pugh C
in 8 patients (26.7 %), p < 0.001.

During the EPR test, we obtained the following
results.

Native conformation of serum albumin (DR)

In the group of volunteers, the DR index was
higher than that in the groups of patients with liver
cirrhosis (Me = 3.31). When analyzing data from
patients with cirrhosis, attention was drawn to the
decrease in the native albumin index as the disease

Table 3. Native conformation of albumin (DR)
healthy volunteers

progressed. Thus, the lowest values were recorded in
the Child — Pugh C group. The median DR in the
Child — Pugh B group was -0.89 (p < 0.001), and
in Child — Pugh C group it was -2.42 (p < 0.001).
The results of the analysis are presented in Table 3
and Figure 1.

The revealed differences between the groups be-
ing studied in the native albumin conformation were
statistically significant (p < 0.001) (method used:
Kruskal — Wallis test).

In our opinion, this fact, as well as a high degree
of significance of differences, can convincingly testi-
fy in favor of the concept of violation of the normal
conformation and functional properties of the albumin
molecule in patients with cirrhosis. This fact is also

in patients with decompensated liver cirrhosis and

Tabauya 3. Haruhas xoHopmaius anbOymuaa (DR) y nanmeHToB ¢ €KOMIEHCUPOBAHHBIM IIHPPO-

30M I€YeHH U 30POBBIX 10O6POBOJIbIIEB

. DR (native albumin conformation )
Horlcgggxe }%gtgggr 165 DR (HaruBHOCTb KOH(MOPManuu aabOyMuHa) p
TeJb TEropuu Me 01-03 p
Child — Pugh B .
HII knacca B mo mikase -0.89 -1.74: -0.19 40 p Child — Pugh C
Yaiinga — [Ibio — Child — Pugh B
< 0.001 < 0.001*
pIIIIC — I B
< 0.001
Child — Pugh C health
Groups being | I kracca C no mxare -2.42 -2.54: -2.26 30 Cﬁ'ldea th E 5
studied Yaitnga — Ilnio ild — Pug
< 0.001
— LT B
Wccnemgyembie p 3noposble — I
TPYIIIIbI < 0.001
' healthy —
Healthy volunteers © 11d< 6 (1)30111gh C
I'pynma 310poBBIX 3.31 2.19-3.80 12 P 3110p03£ﬂe — Ul
06POBOJIBIIEB C < 0.001

Note.* differences are statistically significant (p < 0.05).

[Ipumeyanmue.* pasinyus nokasaresneii craructuyeckn suadnmbl (p < 0,05).
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Fig. 1. Native albumin conformation (DR) in patients with decompensated liver cirrhosis and healthy controls

Puc. 1. Hatusnas koudopmanus anb6ymuna (DR) y HaluenToB ¢ AeKOMIEHCHPOBAHHBIM IIUPPO3OM HEeYeHH

1 Y 3J0POBBIX JOOPOBOBIIEB.

confirmed in the work of Italian authors [13]. However,
their study was limited in terms of the number of param-
eters studied. This gap was filled in our work.

Binding efficiency of serum albumin (BE)

According to our data, the binding efficiency
of albumin decreased in accordance with the severity
of cirrhosis (p < 0.001). Minimal albumin binding
capacity was found in the Child — Pugh C group

(Me = 25.43 %; n = 30; p < 0.001) In the Child —
Pugh B group, the albumin binding capacity was also
significantly reduced (Me = 51.08 %) compared
with the group of healthy individuals (p < 0.05).
In a group of healthy volunteers, BE was within
normal limits.

Analysis of the binding activity of BE albumin
in the study groups is presented in Table 4 and
Figure 2.

Table 4. Analysis of the binding efficacy of albumin (BE) in the studied groups
Tabauya 4. Ananus csspiBaonieil addextusroctn anbbymutna (BE) y ncciseyeMpix rpyrin

BE (binding efficacy) (%)

Yaitnga — [Ibro

I Index IC<ategories BE (cBaspBatomas addextuHoCcTh) (%) P
OKa3aTeJib aTeropmnmn Me Q1—Q3 "
Child — Pugh B ,
LI kaacca B mo mkane 51.08 40.27—61.68 40 p Child — Pugh C —

Child — Pugh B

T06POBOJIBIIEB

< 0.001
<0.001*
pHIIC — III B
Child — Pugh C < 0.001
Groups being IIT xmacca C no nikase 25.43 20.40—32.18 30 -
studied Yaitaga — IIbio c il}zlea—ltlgﬁgh 5
< 0.001
Uccaenyembie
p snoposble — IIIT B
TPYIIIBI < 0.001
healthy —
Healthy volunteers g
I'pynma 370poBbIX 107.05 86.91—125.87 12 Cﬁlli O.E&gh C

p 3noposbie — IIII C
< 0.001

Note.* differences are statistically significant (p < 0.05).

[IpuMeyanue.* pasinuus nokasareseil crarucruueckn sHaunmbl (p < 0,05).
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L B3 Child-Pugh B
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BE (Binding efficacy) (%)
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Fig. 2. Albumin binding efficacy (BE) in the groups under study

Puc. 2. Ananus cessbiBaiomeil sadggexrusioctn anp6ymuna (BE) y ucciesyeMpix rpyi.

When assessing differences in albumin binding Apparently, this phenomenon can be clinically mani-
capacity, we also obtained statistically significant fested by a decrease in the binding ability of albumin
differences (p < 0.001) between the study groups to a number of drugs and bilirubin.

(method used: Kruskal — Wallis test). This result . .

is fully consistent with our findings regarding oth- Albumin transport quality (RTQ)

er non-oncotic properties of albumin and indicates The transport activity of RTQ albumin also sig-
the complex nature of the violation of its properties. nificantly depended on the severity of the underlying

Table 5. Analysis of albumin transport quality (RTQ) in patients with decompensated liver cirrhosis
and in healthy individuals

Tabauya 5. Ananus TpaHcopTHON akTuBHOCTH anbbymMuHa (RTQ) y manmeHToB ¢ JEeKOMIEHCHPOBAH-
HBIM IIUPPO30M TI€YeHH U Y 3/I0POBBIX JIHIL

RTQ (rpancnoprhas aktusHocTb) (%)
RTQ (transport activity) (%) p

Me 01—03 n

Index Categories
[Tokazarennb Kareropun

Child — Pugh B )
IIIT knacca B 1o mkase 52.30 40.94—64.50 40 < 0.001

Yaitnga — [Ibio p Child — Pugh C —
Child — Pugh B

< 0.001*
p I C — I B
Child — Pugh C < 0.001
Groups being | HII kaacca C o mkase 26.09 21.20—-33.45 30 health
o o _ y —
studied Haitga — Ibio child — Pugh B
= 0.005
Uccaenyemblie
p 3noposbie — IIII B
IPYIIIIBI 2 0.005
Healthy volunteers  healthy —
I'pynma 310poBbIX 8217 79 73—87.09 12 Child — Pugh C
JI06POBOJIBIIEB < 0.001

p 3noposbie — 11T C
< 0.001

Note.* differences are statistically significant (p < 0.05).
[IpuMeyanue.* pasanyus nokasareseii crarucrindeckn snaunmbl (p < 0,05).
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Fig. 3. Albumin transport quality (RTQ) in patients with decompensated liver cirrhosis and healthy volunteers

Puc. 3. Ananus tpancnoprioil aktusroctu aabOymuta (RTQ) y naiueHToB ¢ JeKOMIEHCUPOBAHHBIM IIUPPO3OM

neyeHn n 'y 3/10pOBbIX JINIT.

disease. RTQ did not change in the control group
(Me = 82.17 %). At the same time, a significant
decrease in this indicator was recorded in patients
with decompensated cirrhosis, and the lowest
transport ability was observed in the Child — Pugh
C group (Me = 26.09 %).

Analysis of the transport activity of albumin
RTQ is presented in the table 5 and in figure 3.

Differences in transport function between groups
were also statistically significant (p < 0.001) (meth-
od used: Kruskal — Wallis test).

The identified violations of the transport func-
tion can explain the decrease in the ability of al-
bumin to transport unconjugated bilirubin, as well
as a number of toxins, which is combined with a
decrease in the detoxification efficiency of albu-
min, which will be discussed below.

Albumin Detoxification Efficiency (DTE)

We analyzed data from patients with cirrho-
sis and healthy study participants. According to
the data obtained, the ability to detoxify did not
change in the group of healthy individuals, Me =
92.50 %. In patients with decompensated disease
the detoxification potential was significantly re-
duced: Child — Pugh B, Me = 44.03 %; Child —
Pugh C, Me =17.16 %. The results of the analysis
are presented in Table 6 and Figure 4.

The observed differences between the groups
were significant and significant (p < 0.001) (meth-
od used: Kruskal — Wallis test). Such dynamics of
a pronounced decrease in the detoxification ability
of albumin clearly reflects the severity of systemic

intoxication processes in patients with decompen-
sated liver cirrhosis.

Taking into account the revealed significant
changes in the functional properties of albumin in
patients with cirrhosis, we also decided to analyze
to what extent these changes are a consequence of
hypoalbuminemia, or whether they are associated
with the underlying disease. For this purpose, we
correlated the prevalence of these phenomena in
the study groups and obtained the following re-
sults.

An analysis of the level of serum albumin in de-
compensated patients with ascites and in a healthy
population is presented in Table 7 and in Figure 5.

It was found that despite the preservation of
normal values of serum albumin in 72.5 % of pa-
tients with cirrhosis B and in 26.7 % in the cir-
rhosis C group, only 12.3 % of those examined in
the cirrhosis B group had normal function and in
cirrhosis C did not correspond to the norm in any
patient (see Fig. 5, 6).

Our results convincingly show that, in addition
to a decrease in albumin concentration, patients
with liver cirrhosis develop a significant functional
inferiority of circulating albumin itself. This cer-
tainly aggravates the course of the disease, disrupt-
ing the transport, detoxification and other functions
of this molecule. The results obtained during the
study are unique and, according to our data, have
not been previously described in the literature in the
study category of patients.

Among the discussed causes of protein dam-
age in cirrhosis, a number of studies indicate such
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Table 6. Analysis of detoxification efficacy (DTE) in patients with decompensated liver cirrhosis and
in healthy individuals

Tabauya 6. Anamus gerokcukannonnoi a¢pdexkrusroctn (DTE) y nanueHToB ¢ 1€KOMIEHCHPOBAHHBIM
[PPO30M TI€YeHU U Y 3[[0POBbIX JIHUIL

. DTE (Detoxification Efficiency) (%)
HOIICIEIISS;(GJII) }(é:;g?gr 1;; DTE (merokcukarmonnas sdgdexrusnocts) (%) p
a Me 01-03 n
Child — Pugh B < 0.001*
IIIT xmacca B mo mkase 44.03 25.94—62.07 40 P Chl,ld — Pugh C
Yaitnga — [Isio — Child — Pugh B
< 0.001
<0.001*
Child — Pugh C N
Groups being | ILII knacca C mo mkase 17.16 10.35—25.00 30 :
studied Yaiinga — Ibo  healthy —
Wcenemyemble C lli 6 é’oulgh B
IPYTIIIBI p 3noposbre — 1111
B = 0.001
Healthy volunteers -
I'pynma 310poBBIX 92.50 81.86—156.59 12 C ﬂlzlea_ltlﬁﬁgh C
JT00POBOTBIIEB <0.001
p snoposble — IIIT
C < 0.001

Note.* differences are statistically significant (p < 0.05).
[Ipumeyanmue.* pasinyust nokasareseii crarucrnyeckn suadnmbl (p < 0,05).

200,00-
150,00-
Groups under study
E3 Child-Pugh B
E3 Child-Pugh C

100,00-
‘ B3 Healthy controls

50,00- .
| '

DTE (Detoxification efficacy) (%)

DTE (nmeTokcukarjonHas 3¢ dekTrBHOCTS) (%)

0,00-

Fig. 4. Detoxification efficacy (DTE) in decompensated cirrhotic patients and in healthy controls

Puc. 4. Ananus getokcnkanmoHHoi aktupHoctn anbOymuna (DTE) y manueHToB ¢ 1€KOMIIEHCUPOBAHHBIM TINPPO-
30M TIEYeHH U Y 3I0POBBIX JIUII.

post-translational changes as oxidation, nitration, irreversible oxidation of the cysteine-34 residue
glycosylation, acetylation, and ubiquitination. (Cys-34), the main antioxidant site of the mol-
Modified proteins with altered function contribute ecule, as well as non-oxidative changes, includ-
to the further progression of liver pathology [14]. ing C- and N-terminal truncation or glycation.

In liver cirrhosis, the most common post-trans- — these changes increase with the progression of
lational changes in albumin include reversible and
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Table 7. Serum albumin levels in decompensated patients with ascites and in healthy volunteers
Tabauya 7. YpoBeHb CHIBOPOTOUHOIO ajbOyMUHA Y JEKOMIIEHCHPOBAHHBIX MAIMEHTOB ¢ HAJMYKMEM ac-

ouTa n'y 310pOBbIX ,E[OépOBOJIbI_[eB

Wccnemyemble TPyIIIbI

Index Categories Study Groups P
[ToxasaTesnb Kareropun . . Healthy
Child — Pugh B | Child — Pugh C volunteers
<0.001*
p Child — Pugh C
— Child — Pugh B
Normal < 0.001
Hopma 29 (72.5) 8 (26.7) 12 (100,0) <0.001*
p LII C — III B
< 0.001
Serum albumin
level (g/1) healthy —
Child — Pugh B
YposeHnb = 0.041
CBIBOPOTOYHOTO p 3noposble — IIII
anpGymuna (r/.1) B = 0.041
Hypoalbuminemia 1 =44 ()7 5) 22 (73.3) 0(0,0) healthy —
Tunoanb6yMuHeMust Cﬁild — Pugh C
< 0.001
p 3noposble — IIIT
C < 0.001

Note.* differences are statistically significant (p < 0.05).
[Ipumeyanue. * pasmmaust mokasareseil craTucrTideckn 3HadnMsl (p < 0,05).

100,0 -

75,0«

Percentages (%)
IpouenTHas goms, %

0,0-

Child-Pugh B

Child-Pugh C

Healthy controls

Serum albumin level (g/L)

Normal
Hypoalbuminemia

Fig. 5. Serum albumin levels depending on the study groups (Liver cirrhosis Child — Pugh C and B classes and

healthy volunteers)

Puc. 5. YpoBeHb CbIBOPOTOYHOIO adbOyMHHA B 3aBUCHMOCTH OT MCCJELYEMbIX TPYIIIL.

liver cirrhosis and correlate with the severity of

the disease [12].

Our data are confirmed by single work, which
also describe changes in the properties of albumin
in patients with liver cirrhosis [13, 14]. However,

in the abovementioned works, the analysis of all

four indicators and the interpretation of the effect

of Child-Pugh on changes in the properties of al-
bumin were not carried out. This data gap is filled
in our work.
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Fig. 6. The proportion of subjects in groups of patients and healthy volunteers with an impaired molecular

structure of albumin

Puc. 6. HOJISI HUCIIbITYEMbIX B I'PpYyIIIax MMalieHTOB 1 3/I0POBbIX lIOépOBOI[I)HeB C HapylmeHmuem MO]IeKyIIHpHOfI CTPYK-

TYpbI aabOyMuHa.

Conclusion

In our work, we have shown that liver cirrhosis
leads not only to a decrease in the concentration of
albumin, but also to a significant violation of its
functional properties. The prevalence of functional
disorders of albumin occurs significantly more of-
ten than hypoalbuminemia per se in patients with
cirrhosis. In class B, it can reach almost 90 %, and
in class C it occurs in 100 % of patients. The pres-
ence of a normal concentration of serum albumin
can create the effect of false well-being, which
does not reflect the functional inferiority of the

References / Jluteparypa /

1. Maesckas M.B., Kapxosa M.C. Ponp uenoBeuecko-
ro aabOyMUHA B BEJEHUH MAIMEHTOB C IMPPO3OM IEYECHHU.
Meduyuncxuii Cosem. 2020;5:62—9. [Maevskaya M.V.,
Zharkova M.S. Role of human albumin in the manage-
ment of liver cirrhosis. Meditsinskiy sovet = Medical
Council. 2020;5:62—9 (In Russ.)]. DOI: 10.21518,/2079-
701X-2020-5-62-69

2. Karimia M., Bahramia S.B., Ravaric S.B., Zangab-
add P.S., Mirshekarie H., Bozorgomidf M., et al. Al-
bumin nanostructures as advanced drug delivery systems.
Expert Opin Drug Deliv. 2016;13(11):1609—23. DOI: 10.
1080,/17425247.2016.1193149

3. Tufoni M., Baldassarre M., Zaccherini G., Antognoli
A., Caraceni P. Hemodynamic and Systemic Effects of
Albumin in Patients with Advanced Liver Disease. Curr
Hepatol Rep. 2020;1—12. DOIL: 10.1007/s11901-020-
00521-1

4. Garcia-Martinez R., Caraceni P., Bernardi M., Gines P.,
Arroyo V., Jalan R. Albumin: pathophysiologic basis of
its role in the treatment of cirrhosis and its complications.
Hepatology. 2013;58:1836—46. DOI: 10.1002,/hep.26338

5. Casulleras M., Alcaraz-Quiles J., Duran-Giiell M.,
Flores-Costa R., Titos E, Lépez-Vicario C., Horrillo R.,
et al. FRI-111-albumin modulates endosomal TLR9 signal-

circulating molecule from the standpoint of de-
toxification, transport ability and other critical
properties. In patients with decompensated liver
cirrhosis and the presence of ascites, the structur-
al configuration of the albumin molecule and its
physiological functions are disturbed. Our data
allow us to raise the question of the need to use
the EPR test to determine indications for albumin
replacement therapy in patients with cirrhosis and
the presence of ascites, even at normal values of its
serum concentration. Also of great interest is the use
of this test for a more precise assessment of the se-
verity of cirrhosis.

ing in human peripheral leukocytes: a mechanism for its
anti-inflammatory role in ACLF. J Hepatol. 2019;70:e436.
DOI: 10.1016,/s0618-8278(19)30856-4

6. Naldi M., Baldassarre M., Domenicali M., Bartoli-
ni M., Caraceni P. Structural and functional integrity of
human serum albumin: analytical approaches and clinical
relevance in patients with liver cirrhosis. J Pharm Biomed
Anal. 2017;144:138—53. DOI: 10.1016,/j.jpba.2017.04.023

7. Zunszain P.A., Ghuman J., McDonagh A.F., Cur-
ry S. Crystallographic analysis of human serum albumin
complexed with 4Z,15E-bilirubin-IXalpha. J Mol Biol.
2008;381(2):394—406. DOI: 10.1016,/j.jmb.2008.06.016

8. Quinlan G.J., Martin G.S., Evans T.W. Albumin: bio-
chemical properties and therapeutic potential. Hepatology.
2005;41:1211—9. DOI: 10.1002/hep.20720

9. Hayashi T., Suda K., Imai H., Era S. Simple and sensi-
tive high-performance liquid chromatographic method for
the investigation of dynamic changes in the redox state
of rat serum albumin. J Chromatogr B Analyt Technol
Biomed Life Sci. 2002;772(1):139—46. DOIL: 10.1016/
$1570-0232(02)00068-5

10. Lotosh N.Y., Savelyev S.V., Selishcheva A.A. Glycation
of albumin in vitro at normal and elevated glucose concen-
trations. Pathogenesis. 2015;13(2):42—6

Poc ypH ractposutepoJt rematon koaonpokros 2023; 33(1) / Rus J Gastroenterol Hepatol Coloproctol 2023; 33(1)

49



Original articles/OpurnHasbHbIE HCCTEIOBAHNS

www.gastro-j.ru

11. Baldassarre M., Domenicali M., Naldi M., Laggetta M.,
Giannone F.A., Biselli M., et al. Albumin homodimers in
patients with cirrhosis: clinical and prognostic relevance of
a novel identified structural alteration of the molecule. Sci
Rep. 2016;6:35987. DOI: 10.1038/srep35987

12. Domenicali M., Baldassarre M., Giannone F.A., Nal-
di M., Mastroroberto M., Biselli M., et al. Posttranscrip-
tional changes of serum albumin: clinical and prognostic
significance in hospitalized patients with cirrhosis. Hepa-
tology. 2014;60(6):1851—60. DOI: 10.1002/hep.27322

Information about the authors

Anastasia A. Turkina* — PhD student, Department of
Propaedeutics of Internal Diseases, I.M. Sechenov First
Moscow State Medical University (Sechenov University).
Contact information: turkina_a_a@student.sechenov.ru;
119435, Moscow, Pogodinskaya str., 1, bld. 1.

ORCID: https://orcid.org,/0000-0001-9991-3691

Marina V. Mayevskaya — Dr. Sci. (Med.), Professor,
I.M. Sechenov First Moscow State Medical University (Se-
chenov University).

Contact information: maevskaya_m_v@staff.sechenov.ru;
119435, Moscow, Pogodinskaya str., 1, bld. 1.

ORCID: https://orcid.org/0000-0001-8913-140X

Maria S. Zharkova — Cand. Sci. (Med.), Head of the
Department of Hepatology, Vasilenko Clinic of Internal
Disease Propaedeutics, Gastroenterology and Hepatology,
Sechenov First Moscow State Medical University (Sechenov
University).

Contact information: zharkova maria_s@staff.sechenov.ru;
119435, Moscow, Pogodinskaya str., 1, bld. 1.

ORCID: https://orcid.org,/0000-0001-5939-1032

Vladimir T. Ivashkin — Dr. Sci. (Med.), RAS Academician,
Prof., Head of Department, Department of Propaedeutics of
Internal Diseases, I.M. Sechenov First Moscow State Medical
University (Sechenov University).

Contact information: ivashkin_v_t@staff.sechenov.ru;

119435, Moscow, Pogodinskaya str., 1, bld. 1.

ORCID: https://orcid.org,/0000-0002-6815-6015

13. Baldassarre M., Naldi M., Zaccherini G., Bartoletti M.,
Antognoli A., Laggetta M., et al. Determination of Ef-
fective Albumin in Patients With Decompensated Cirrho-
sis: Clinical and Prognostic Implications. Hepatology.
2021;74(4):2058—73. DOI: 10.1002/hep.31798

14. Gligorijevi¢ N., Mini¢ S., Nedi¢ O. Structural changes
of proteins in liver cirrhosis and consequential changes in
their function. World J Gastroenterol. 2022;28(29):3780—
92. DOI: 10.3748/wjg.v28.i29.3780

Caenenusi 06 aBTOpax

Typkuna Auacracusi AnzpeeBna® — acrpant Kadeapbl mpore-
JIEBTUKI BHYTPEHHIX GOJIE3HEll, racTPOIHTEPOJIOINH, IeTaTOJIOTHI
DIrAOY BO «Ilepsobiit MockoBckuil rocyiapcTBeHHbI MeUIMH-
cknii yuuepcuter uM. V.M. Ceuenoa» (CeueHOBCKuil yHIBEp-
curer) Munncrepcrsa 3paBooxpanenusi Poccniickoit (Degeparum.
Konrakrast nndopmanns: turkina_a_a@student.sechenov.ru;
119435, r. Mocksa, ya. [oroaunckas, a. 1, crp. 1.

ORCID: https://orcid.org,/0000-0001-9991-3691

MaeBckasi Mapuna BukropoBHa — [IOKTOP MEIUIIMHCKIX
Hayk, npodeccop @ITAOY BO «Ilepsbiit MockoBckuii rocy-
JlapcTBeHHbIil MeunuHckuit yausepeurer uM. M.M. CeuenoBa»
(CeuenoBckuii yHupepcurer) MUHHCTEPCTBA 3/[PABOOXPAHEHHST
Poccutickoit Denepariii.

KontakThas mHbopMarist: maevskaya_m_v@staff.sechenov.ru;
119435, r. Mocksa, ya. [loroaunckas, a. 1, crp. 1.

ORCID: https://orcid.org,/0000-0001-8913-140X

JKaproBa Mapusi CepreeBHa — KaHAWJAT MEIUIIMHCKUX HAYK,
3aBeylonas OT/eJIeHIeM remaroorni KINMHUKH IporeeBTH-
K BHYTPEHHUX G6o0Jie3Hel, TacTPOSHTEPOJIOTHH, TelaTOJIOTHH
nM. B.X. Bacuneaxko MTAOY BO «Ilepsorit MockoBcknii rocy-
napcteennbiil yausepcuter uM. V.M. Ceuenosa» (CeueHOBCKHI
Vuusepcurer) MunncrepctBa 3apaBooxpanenuss Poccuiickoii
Depepannn.

Konrakrnast nugopmarpst: zharkova_maria_s@staff.sechenov.ru;
119435, r. Mocksa, ya. [loroanuckas, 1, crp. 1.

ORCID: https://orcid.org/0000-0001-5939-1032

NBamkun Baagumup TpodumoBud — [TOKTOp MEAMIIHHCKIX
Hayk, akagemuk PAH, mpodeccop, saBemyiomuii kadeapoii mpo-
Ie/IeBTHKY BHYTPEHHNX Gosie3Hell eqe6Horo akyaprera DITAOY
BO «Ilepsbiii MockoBckuil ToCyapCTBEHHBIN  MEAMIIMHCKUI
yausepcuter uM. V.M. CeueHoBa» (CeueHOBCKHIT yHUBEpCHTET)
Munncrepcersa 3paBooxpanenust Poccniickoit Menepanni.
Konrakruast nadopmanus: ivashkin_v_t@staff.sechenov.ru;
119435, r. Mocksa, ya. Iloroanuckas, a. 1, crp. 1.

ORCID: https://orcid.org/0000-0002-6815-6015

Submitted: 22.11.2022 Accepted: 10.02.2023 Published: 27.02.2023
Moctymma: 22.11.2022 Ilpunara: 10.02.2023 Ony6aukosana: 27.02.2023

* Corresponding author/ ABTOp, OTBETCTBEHHBII 3a MEPENUCKY

Poc xypu ractposurepoJ rematon koaonpokros 2023; 33(1) / Rus J Gastroenterol Hepatol Coloproctol 2023; 33(1)





