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ABSTRACT

The aim of the study. In recent years, non-alcoholic fatty liver disease (NAFLD)
has been considered a hepatic manifestation of the metabolic syndrome. The main
consequence of NAFLD is chronic hepatic inflammation, which leads to dyslipidemia,
inflammation, increased oxidative stress, and endothelial dysfunction. Inmune
activation in response to interaction with agents of a metabolic nature induces
the release of pro-inflammatory cytokines in the liver, which subsequently cause iron
homeostasis disorder. This leads to a frequent association of NAFLD with anemia
of various etiology. In this regard, we considered it important to assess the severity
of the systemic inflammatory response in NAFLD in the experiment in order to diag-
nose anemia of chronic inflammation.

Materials and methods. The study was carried out on 26 male Wistar rats,
which were divided into control and experimental groups. In animals of the experi-
mental group, NAFLD was modeled according to the generally accepted method.
In order to assess metabolic disorders, we determined the main biochemical param-
eters, a complete blood count with the calculation of erythrocyte indices, the concen-
tration of the main pro-inflammatory cytokines — interleukin (IL) 1, IL-6.

Results. In laboratory rats with NAFLD, a statistically significant increase of intra-
hepatic enzymes in blood serum was found. The state of the erythrocyte lineage
of hematopoiesis in the experimental group progressively worsened and caused
the development of anemic syndrome. Synchronously, a statistically significant
increase in serum levels of IL-1, IL.-6 was recorded, which confirms the correlation
of NAFLD with anemia of chronic inflammation.

Conclusions. A high concentration of IL-1, IL-6 cytokines in NAFLD inhibits iron
absorption in the duodenum, leads to the activation of macrophages, blocking
the release of iron processed from aging erythrocytes into plasma.

Further study of the mechanisms of anemia in NAFLD provides important therapeutic
targets in the treatment of both NAFLD and its comorbidities.
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PE3IOME

Lenb uccnedoeaHusa. B nocnedHue 200bl Heds1K020/1bHASA XUpo8ds 60s1e3Hb
nedyeHu (HAXBI1) cuumaemcs ne4éHoYHbIM nposeeHUeM Memabosiuyecko2o
cuHopoma. OcHosHbiM nociedcmeuem HAXKBIT sengaemcs xpoHu4eckoe 8ocna-
JleHue neveHu, KOmopoe npugooum K ouc/IuNUGemMuu, 80CNAIeHUIO, YCUIEHUIO
OKUC/IUMEIbHO20 cmpecca u oucyHKYuu SHOomenus. IMmyHHas akmusayus
8 omeem Ha e3aumodelicmgue ¢ aeeHMamu memabosudeckoli NpupoObl UHOY-
yupyem 8 neyeHu 8bIC8060XX0eHUE NPOBOCNAIUMESIbHBIX YUMOKUHO8, KOmopble
8nocsedcmauu NpusodsaM K HapyweHU 20Meocmasa xesesd. 5mo npugooum
K yacmou accoyuayuu HAXKBI ¢ aHemuamu pasnuyHol smuosoauu. B ceasu
C 3MUM Mbl NOCYUMAJIU BAXXHbIM OUEHUMb 8bIPAXEHHOCMb CUCMeMHO20 80C-
nanumenvbHo2o omeema npu HAXKBIT 8 s3kchepumeHme ¢ yesiblo OUd2HOCMUKU
aHeMUuU XpOHUYeCK020 80CNAIeHUH.

Mamepuanei umemoosl. ViccriedosaHue nposedeHo HA 26 KpblCcax-CamyaxiuHuU
Wistar, komopele 6bl1u pasoesieHbl HA KOHMPOJIbHYIO U 3KCNepuMeHmMasbHyo
2pynnel. Y XusomHbix 3KcnepumeHmasneHol epynnsi modenuposanace HAXKBI1
no obwenpuHamot memooduke. C yesbio oyeHKU Memaboaudeckux HapyueHul
onpedesia/iu 0OCHOBHble bUOXUMUYECKUe nokazamesiu, obuwuli aHaaus Kpoeu
€ NOOCYEMOM 3pUMPOUUMAPHBLIX UHOEKCO8, KOHUEHMPAYU OCHOBHbIX NPOBOC-
nanumesnbHbIx YUMOKUHO8 — uHmepnetkuHa (UJ1) 1, NJ1-6.

Pesynemamel. Y nabopamopHsix Kpeic ¢ HAXKBI pecucmpuposanoce cma-
mucmuy4ecku 3Ha4umMoe nogbluieHUe 8 CbiIBOPOMKe KpO8U 8HYMPUNEYEHOYHbIX
epmeHmos. CocmosHue 3pumpoyumapHoO20 poCmKa 2eMono33a y XUBOMHbIX
3KCnepuMeHMasnbHOU 2pynnbl NPOPEeCccUsHO yXyowanock, Npusoos K pazgumuto
aHemuyecko2o cuHopomad. CUHXPOHHO pe2ucmpuposaaocs cmamucmuyecku
3Ha4yumoe nosbiuwieHue 8 cbisopomke yposHel WJi-1, U/1-6, ymo noomeepxdoaem
koppenayuto HAXKBI c aHemuel XxpoOHUYeCK020 80CNAJIEHUS.

Bb1800bI. Bbicokas KoHUeHmpayus yumokuHos W/1-1, WJ1-6 npu HAXKBIM uHaubupy-
em 8cacvi8aHue xesesd 8 08eHaoyamunepcmHoU KulliKe, npugooum K akmugayuu
Makpoazos, 6710Kupys 8bIcCBOOOXOEHUE Xene3d, nepepadbomaHHo20 U3 cmapero-
Wux 3pumpoyumos 8 nyiasmy.

HanvHeliwee usyyeHue mexaHuamos pazgumus aHemuu npu HAXKbIM npedocmas-
Jiem 8axkHble mepanesmuuyeckue MmuweHu 8 1e4eHuu kak HAXKBI1, mak u conym-
cmeyrowux 3a6o1esaHull.

Knroyessie cnosa: HeaJ1Ko20J/1bHaA xupoeas 60/1e3Hb NeYeHU, aHeMUusA XpoHu4ye-
CKO20 80CNaAJl1eHUA, KpblCbl
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Excessive consumption of foods containing fast-di-
gesting carbohydrates, such as fructose and sucrose, leads
to the development of metabolic disorders in the liver. Non-
alcoholic fatty liver disease (NAFLD) is a striking example
of such a disease [1, 2].

A 2016 meta-analysis withasamplesize of 8,515,431 peo-
ple from 22 countries found that 25 % of the world’s adult
population suffers from NAFLD. Thus, currently, NAFLD
is the most common liver disease and one of the main caus-
es of metabolic syndrome [1].

Theincreasing incidence of NAFLD leads to an increased
risk of mortality from associated cardiovascular disease,
obesity, type 2 diabetes mellitus and hepatocellular carci-
noma [1-3].

The increasing prevalence, especially in recent dec-
ades, has made NAFLD the second most common cause
of liver transplantation in the United States. The hall-
mark of NAFLD is primary hepatic steatosis, subsequent-
ly exacerbated by non-alcoholic steatohepatitis (NASH),
which is characterized by liver inflammation, hepatocyte
damage and fibrosis, highlighting the potentially pro-
gressive nature of the disease [4-6]. The severity of cir-
rhosis is the most reliable predictor of long-term clin-
ical outcomes, with marked fibrosis indicating a high
risk of hepatocellular carcinoma and death [2, 6]. Met-
abolic dysfunctions, such as insulin resistance, dyslipi-
demia, and cardiovascular disease, are directly correlat-
ed with hepatic steatosis and appear to be more relat-
ed to hepatic fat accumulation and NAFLD than to obe-
sity per se [4-6].

The first stage of NAFLD, hepatic steatosis, is the ear-
liest and most common response to excessive ethanol
consumption and/or high-calorie and high-carbohydrate
diet [4-6]. It is characterized by the accumulation of fat
(more than 5 %), mainly triglycerides (TG), in the liver.
Excessive lipid accumulation results in multiple paral-
lel blows to the liver: pro-inflammatory action of leptin,
release of inflammatory mediators, endoplasmic reticu-
lum stress, Kupffer cell activation, etc. Progressive fatty
dystrophy leads, among other things, to mitochondri-
al dysfunction due to disruption of mitochondrial mem-
brane integrity. The release of free oxygen radicals ex-
acerbates lipid peroxidation, activates liver cell inflam-
mation and apoptosis, which eventually progresses from
steatosis to NASH [4-71].

Thus, in addition to lipogenic effects, excessive con-
sumption of fast-digesting fructose triggers inflammatory
processes in hepatocytes due to mitochondrial dysfunc-
tion and oxidative stress [7].

According to many authors, chronic liver disease is of-
ten associated with hematologic abnormalities. Anemias
of diverse etiologies occur in approximately 75 % of pa-
tients with chronic liver disease [8, 9]. The frequent asso-
ciation of anemia with chronic liver disease provides a ra-
tionale for investigating the role of the liver in red blood
cell formation and destruction [2, 10], to find out wheth-
er the liver itself may indeed be involved in many differ-
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ent mechanisms that contribute to anemia in patients
with NAFLD [10].

In this regard, we considered it important to as-
sess the severity of the systemic inflammatory response
in NAFLD in the experiment in order to diagnose anemia
of chronic inflammation. The study results will provide
more information on the pathogenesis and therapeutic
strategies for NAFLD.

MATERIALS AND METHODS

The study was conducted on 26 male Wistar rats
with body weight of 250-300 g at the time of inclusion
in the study in the research laboratory of the Department
of Pathological Physiology with a Course of Immunopa-
thology, St. Petersburg State Pediatric Medical Universi-
ty. The animals were obtained from the Nursery for Labo-
ratory Animals of the Branch of the Institute of Biological
Chemistry of the Russian Academy of Sciences (IBCh RAS),
Pushchino (Moscow Region). Before starting the study,
animals were isolated in a special box to undergo
a 14-day quarantine.

The study design, standardized operating procedures,
and accompanying documentation underwent ethical re-
view by the Local Ethics Committee of the St. Petersburg
State Pediatric Medical University (Minutes No. 09/04 dat-
ed 11.02.2022).

A total of 2 groups of laboratory animals were formed:

1. “Control” (n = 13) — healthy intact rats in which meta-
bolic parameters were investigated to calculate background
reference values (“normal values”).

2. “NAFLD" (n = 13) - rats, which throughout the ex-
periment for 30 days as feed received briquettes contain-
ing food components in the following ratios (by weight):
26 % — protein, 10 % - animal fat, 50 % - fructose, 8 % -
cellulose, 5 % — minerals, 1 % — vitamins. This diet is stand-
ard for experimental modeling of NAFLD [11] and allows
to obtain morphological and metabolic changes in hepat-
ocytes of laboratory animals characteristic of this pathol-
ogy in a fairly short period of time.

Drinking restrictions, hypodynamic conditions
were not imposed. The duration of the experiment
was 30 days.

Blood was collected from the animals on the 30th day
of the experiment by percutaneous puncture of the rat
heart into 6 ml Monovette vacuum system (Germa-
ny). In the control group, blood collection from all rats
was performed on the first day of the experiment.

In order to assess metabolic disorders in experimen-
tal animals, the following biochemical parameters were
evaluated: biochemical parameters - activity of enzymes
alkaline phosphatase (ALP), aspartate aminotransferase
(AST), alanine aminotransferase (ALT).

To detect signs of an impaired red hematopoietic lin-
eage, the hematocrit (HCT), red blood count (RBCQ), retic-
ulocytes (RTC), hemoglobin level (HGB) were determined



in rats of the tested groups using an Automatic Abbott
| Stat Blood Analyzer (Abbott Laboratories, USA) and i-
STAT CG8+ cartridges.

The content of the main pro-inflammatory cytokines:
interleukin (IL) 1, IL-6 was determined in the blood serum
of experimental animals by enzyme immunoassay (EIA) us-
ing ELISA diagnostic kits (Cloud-Clone Corp., USA).

To assess morphologic changes and make a final
diagnosis, animals were decapitated to collect autop-
sy material for histologic verification of liver damage
in the studied groups of animals. Histologic exami-
nation was performed using hematoxylin and eosin
staining by light microscopy at x20 and x40 magnifi-
cation.

Statistical processing of the study results was per-
formed using Prism 8 software (GraphPad, USA)
and MS Excel 2016 (Microsoft Office Corp., USA). Results
are reported as arithmetic mean + arithmetic mean error
(M £ SE). The Kolmogorov — Smirnov test was used to de-
termine the nature of data distribution. The Mann — Whit-
ney U test was used to compare the mean data of in-
dependent sample populations (in case of variant dis-
tribution other than normal). A statistically significant
level of difference was taken as p < 0.05 (probability
not less than 95 %), which is standard for biomedical
experiments.

RESULTS

In the group of animals with NAFLD, the results
of biochemical markers of liver damage revealed a sta-
tistically significant increase in ALT (46.23 + 1.19 U/L)
and AST (123.3 £ 7.691 U/L) compared to the con-
trol (30.96 + 1.16 U/L, p = 0.005 and 101.5 + 2.404 U/L,
p = 0.005, respectively). Increased AST and ALT are con-
sidered the two most important indicators of liver hepat-
ocyte damage characterizing the development of cytolyt-
ic syndrome (Fig. 1).

a
FIG. 2.

There was also a statistically significant difference
in the level of alkaline phosphorus (p = 0.005) in the exper-
imental (22.99 + 1.092 U/L) and control (14.51 + 0.81 U/L)
groups (Fig. 1).
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FIG. 1.

Change in the concentration of hepatic biochemical markers

in the blood serum of rats with experimental NAFLD and in control
group: * - p < 0.05; *** - p < 0.0003 in comparison with the intact
control group

The histological study of liver autoptates from animals
of control and experimental groups revealed morpholog-
ical changes of various severity degrees. In rats of the ex-
perimental group, marked hyperemia of sinusoids, viola-
tion of the beam structure and infiltration by mononu-
clear cells were registered (Fig. 2a, b).

b

Non-alcoholic fatty liver disease (liver autopsy, hematoxylin and eosin staining): lobular lymphocytic infiltration, small droplet fatty degen-

eration of hepatocytes. Magnification x40 (a), x20 (b)

212



In rats’ liver autoptates with reproduced NAFLD,
large droplet fatty degeneration of hepatocytes was
observed: large lipid droplets in the cytoplasm, the nu-
cleus was displaced to the periphery of the cell. Fibrosis
of different localization and degree is observed: in some
loci — pericellular, pericentral and even in some places
bridging portal veins with central veins. All these struc-
tural changes indicate a powerful inflammatory pro-
cess, which may lead to activation of various extrahepat-
ic functions of hepatocytes, such as synthesis of acute
phase inflammatory proteins such as ferritin, C-reactive
protein, and hepcidin.

Assessment results of erythrocytic hematopoietic lin-
eage in animals with NAFLD confirm the development
of anemic syndrome of mild severity by the end of the ex-
periment. A statistically significant decrease in hematocrit
(p = 0.016), RBC (p = 0.021) and reticulocytes (p = 0.038)
as well as hemoglobin concentration (p = 0.041) per unit
of blood volume was registered compared to the control
group (Table 1).

TABLE 1

THE STATE OF THE ERYTHROCYTE LINEAGE
OF HEMATOPOIESIS IN RATS WITH EXPERIMENTAL NAFLD
AND IN THE CONTROL GROUP

Test item Control group Experimental group
HCT, % 47.3+£0.94 39.1+1.08*
RBC, x 10'%/L 7.8+0.18 6,7 £0,20*

RTC, %/RBC 15.5+0.85 11.1 £1.02%
HGB, g/L 1273 £1.31 95.6 +4.77*

Note. *—p < 0.05in comparison with the intact control group

During EIA of concentrations of pro-inflammatory cy-
tokines IL-1 and IL-6 in blood serum of animals belong-
ing to the control and experimental groups, statistically
significant differences between these groups were ob-
served, which confirms the important role of cytokines
in the response of the liver to pathological effects.

For example, the IL-1 content on the 30th day
of the experiment in the group of animals with NAFLD
(5.27 £0.20 pg/ml) significantly exceeded the initial con-
trol (0.84 + 0.06 pg/ml) (p = 0.011); even more significant
differences on the 30th day of the study were observed
in the dynamics of IL-6 (12.04 + 0.4 pg/ml) compared
to the animals of the control group (1.54 £+ 0.07 pg/ml;
p =0.012) (Fig. 3).
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FIG. 3.

Change in the concentration of pro-inflammatory cytokines
in the blood serum of rats with experimental NAFLD and in control
group: **** — p < 0.0001 compared with intact control

DISCUSSION

Chronicliver diseases are often associated with hema-
tologic abnormalities. Anemias of various etiologies occur
in approximately 75 % of these patients [12].

The underlying causes of anemia associated
with chronic liver disease are: gastrointestinal bleeding
due to portal hypertension; clotting factor deficiencies
[13]; immune-mediated aplasia of red bone marrow [14];
and pharmacological effects of drugs used to treat viral
hepatitis [15, 16].

It is well known that one of the leading functions
of the liver is protein-synthetic. All blood protein fractions,
acute phase proteins, clotting factors, transport proteins,
in particular proteins transporting and storing iron (ferri-
tin, transferrin) are formed in the liver [8, 17].

Based on the results of this study, the anemia de-
veloped by modeling of NAFLD is hyporegenera-
tive (RTC -= 11.1 = 1.02 % vs. control = 15.5 + 0.85 %
(p = 0.038)), hypochromic (HGB - 95.6 + 4.77 g/l vs. con-
trol - 127.3 £ 1.31 g/l (p = 0.041)), which confirms the fact
of iron deficiency development.

Immune activation in response to interaction
with agents of microbial, immune, tumor, and metabolic
nature induces the release of pro-inflammatory cytokines
that subsequently lead to disruption of iron homeostasis.
Although itisimpossible to fully disentangle the iron-reg-
ulatory influences of multiple cytokine networks, IL-6 ap-
pears to be the most important, at least in animal mod-
els [18]. One of the effects of IL-6 associated with iron me-
tabolism in laboratory animals and humans is its stimula-
tory effect on increased hepcidin production by hepat-



ocytes [19, 20]. Hepcidin, a major systemic regulatory
factor of iron metabolism, binds to the protein ferropor-
tin 1 and induces its lysosomal degradation. This reduces
circulating iron concentration by decreasing the release
of recycled iron from macrophages and deposited iron
in hepatocytes [8, 17, 19, 21].

It is known that most iron is deposited in hepatocytes
and macrophages of the reticuloendothelial system as part
of ferritin, while hepatocytes obtain iron mainly by ab-
sorption of transferrin. Hemosiderin, another iron-storage
protein, is formed when ferritin is depleted and is mainly
found in cells with iron overload and mobilizes iron irreg-
ularly and slowly [10, 18].

Iron sequestration in macrophages also plays a sig-
nificant role, as recycling of iron from aging erythrocytes
by macrophages accounts for > 90 % of the daily iron re-
quirement for hemoglobin synthesis and erythropoie-
sis [8, 22].

Liver disease is often associated with hematologic ab-
normalities. A large number of patients with NAFLD have
anemia of varying severity, and its pathogenesis is com-
plex. Timely diagnosis and therapy of anemic syndrome
in NAFLD can prevent complications of the underlying
disease.

CONCLUSIONS

Thus, there is reason to believe that the increased
concentration of pro-inflammatory cytokines IL-1, IL-6
in NAFLD inhibits iron absorption in the duodenum,
where ferroportin is required for absorption of dietary iron
into the bloodstream, and they also act on macrophages
to block the release of iron recycled from aging erythro-
cytes into plasma.

Further study of anemia development mechanisms
as one of the links in the pathogenesis of NAFLD may pro-
vide important therapeutic targets in the treatment of both
NAFLD and comorbidities.

Financing

The study was supported by the grant of the Rec-
tor of the St. Petersburg State Pediatric Medical Universi-
ty in 2022.

Conflict of interest
The authors declare no conflict of interest.

REFERENCES

1. Cobbina E, Akhlaghi F. Non-alcoholic fatty liver disease
(NAFLD) - pathogenesis, classification, and effect on drug me-
tabolizing enzymes and transporters. Drug Metab Rev.2017; 49(2):
197-211.doi: 10.1080/03602532.2017.1293683

2. Weiss G, Ganz T, Goodnough LT. Anemia of inflammation.
Blood. 2019; 133(1): 40-50. doi: 10.1182/blood-2018-06-856500

3. Theurl |, Theurl M, Seifert M, Mair S, Nairz M, Rumpold H,
etal. Autocrine formation of hepcidin induces iron retention in hu-

man monocytes. Blood. 2008; 111(4): 2392-2399. doi: 10.1182/
blood-2007-05-090019

4. Gonzalez-Dominguez A, Visiedo-Garcia FM, Dominguez-
RiscartJ, Gonzalez-Dominguez R, Mateos RM, Lechuga-Sancho AM.
Iron metabolism in obesity and metabolic syndrome. Int J Mol Sci.
2020; 21(15): 5529. doi: 10.3390/ijms21155529

5. Stein J,Connor S, Virgin G, Ong DE, Pereyra L. Anemia and iron
deficiency in gastrointestinal and liver conditions. World J Gastroen-
terol. 2016; 22(35): 7908-7925. doi: 10.3748/wjg.v22.i35.7908

6. Theurll, Aigner E, Theurl M, Nairz M, Seifert M, Schroll A, et al.
Regulation of iron homeostasis in anemia of chronic disease and iron
deficiency anemia: diagnostic and therapeutic implications. Blood.
2009; 113(21): 5277-5286. doi: 10.1182/blood-2008-12-195651

7. BrusTV, Pyurveev SS, Vasil'eva AV, Zabezhinskiy MM, Kravt-
sova AA, Pakhomova MA, et al. Morphological liver changes in case
of various ethiology fatty distrophy. Russian Biomedical Research.
2021; 6(3): 21-26. (In Russ.). [Bpyc T.B., Mopsees C.C., Bacunbe-
Ba A.B., 3ab6exunHcknin M.M., KpaBuoBa A.A., Maxomosa M.A., n ap.
Mopdonornueckme nsMeHeHUs NeYeHN NP KNUPOBO ANCTPobUN
pasnuyHow aTronorum. Poccutickue 6uoMedUUUHCKUE UCC/1e008AHUS.
2021; 6(3): 21-26].

8. BrusTV, Pyurveev SS, Kravtsova AA, Balashov LD. Compara-
tive characteristics of models of fatty degeneration of the liver of
various origins. Children’s Medicine of North-West. 2021; 9(1): 66-67.
(In Russ.). [bpyc T.B., Miopsees C.C., Kpasuosa A.A., banawos J1.[1.
CpaBHWTENbHasA XapaKTepUCTUKA MOZENen XNpoBol anctpodum
neyeHn pasnMyHoro reHesa. JJemckas meouyuHa Cesepo-3anaoa.
2021;9(1): 66-671.

9. Brus TV, Vasiliev AG, Trashkov AP. The main biochemical
markers of non-alcoholic fatty liver disease of various severity
(experimental study). Pathological Physiology and Experimental
Therapy, Russian Journal. 2022; 66(1): 44-51. (In Russ.). [Bpyc T.B.,
Bacunbes A.l, Tpawkos A.M. OCHOBHble GUOXNMUYECKIME MapKe-
pbl NPV HEaNKorosibHOW »KMPOBOW 60Ne3HM NeYeHn PasInYyHoON
CTeneHn TAaXecTn (3KCneprMeHTanbHoe nccnegoBaHue). llamo-
J102UYecKas ¢u3uoo2us U 3KkcnepumeHmasneHas mepanus. 2022;
66(1): 44-51]. doi: 10.25557/0031-2991.2022.01.44-51

10. Dicheva DT, Andreev DN, Partsvania-Vinogradova EV,
Umyarova RM. Steatohepatitises: Etiological variants, principles
of diagnosis and management. Medical Council. 2022; 16(6): 74-82.
(In Russ.). [Ouuesa [.T., AHgpees [.H., NapuBaHuna-BuHorpago-
Ba E.B., YmapoBa P.M. CreatorenatuTbl: 3TMONOrMYeCKMe BapUaHThl,
NPUHLUMMbI ANArHOCTUKIK U nedyeHuns. MeduyuHckuli coeem. 2022;
16(6): 74-82]. doi: 10.21518/2079-701X-2022-16-6-74-82

11. Ackerman Z, Oron-Herman M, Grozovski M, Rosenthal T,
Pappo O, Link G, et al. Fructose-induced fatty liver disease hepatic ef-
fects of blood pressure and plasma triglyceride reduction. Hyperten-
sion.2005;45:1012-1018.doi: 10.1161/01.HYP.0000164570.20420.67

12. McHutchison JG, Manns MP, Longo DL. Definition and ma-
nagement of anemia in patients infected with hepatitis C virus.
Liver Int. 2006; 26: 389-398. doi: 10.1111/j.1478-3231.2006.01228.x

13. Amitrano L, Guardascione MA, Brancaccio V, Balzano A.
Coagulation disorders in liver disease. Semin Liver Dis. 2002; 22(1):
83-96. doi: 10.1055/5-2002-23205

14. Gonzalez-Casas R, Garcia-Buey L, Jones EA, Gisbert JP,
Moreno-Otero R. Systematic review: Hepatitis-associated aplastic
anaemia - A syndrome associated with abnormal immuno-
logical function. Aliment Pharmacol Ther. 2009; 30(5): 436-443.
doi: 10.1111/j.1365-2036.2009.04060.x

214



15. Ong JP, Younossi ZM. Managing the hematologic side
effects of antiviral therapy for chronic hepatitis C: Anemia, neutro-
penia, and thrombocytopenia. Cleve Clin J Med. 2004; 71(Suppl 3):
S17-S21. doi: 10.3949/ccjm.71.suppl_3.517

16. Caldwell SH, Hoffman M, Lisman T, Macik BG, North-
up PG, Reddy KR, et al. Coagulation disorders and hemostasis
in liver disease: Pathophysiology and critical assessment of cur-
rent management. Hepatology. 2006; 44: 1039-1046. doi: 10.1002/
hep.21303

17. Kuzmina YuB. Non-alcoholic fatty liver disease and associ-
ated pathology of the cardiovascular system: Clinical and ultrasound
picture. Modern Science: Actual Problems of Theory and Practice.
Series “Natural & Technical Sciences” 2022; 1: 177-181. (In Russ.).
[Ky3bmuHa 0.5. HeankoronbHas xupoBas 6one3Hb neyeHn v ac-
COLMMPOBaHHaA C Hell MaToNorvA cepAevHO-COCYANCTON CUCTEMbI:
KNMHMYeCcKaa 1 ynbTpasBykoBaa KapTuHa. CospemeHHAA Hayka:
akmyaneHble npobnemsl meopuu u npakmuku. Cepus: Ecmecmeen-
Hble U mexHu4eckue Hayku. 2022; 1: 177-181]. doi: 10.37882/2223-
2966.2022.01.19

Information about the authors

18. Nemeth E, Tuttle MS, Powelson J, Vaughn MB, Donovan A,
Ward DM, Ganz T, Kaplan J. Hepcidin regulates cellular iron efflux
by binding to ferroportin and inducing its internalization. Science.
2004; 306(5704): 2090-2093. doi: 10.1126/science.1104742

19. Ipsen DH, Lykkesfeldt J, Tveden-Nyborg P. Molecular
mechanisms of hepatic lipid accumulation in non-alcoholic fatty
liver disease. Cell Mol Life Sci.2018; 75(18): 3313-3327.doi: 10.1007/
s00018-018-2860-6

20. Lee YG, Chang, Kang J, Koo DH, Lee SS, Ryu S, et al. Risk
factors for incident anemia of chronic diseases: A cohort study. PLoS
One. 2019; 14(5): €0216062. doi: 10.1371/journal.pone.0216062

21. Maccio A, Madeddu C, Gramignano G, Mulas C, Tanca L,
Cherchi MC, et al. The role of inflammation, iron, and nutritional
status in cancer-related anemia: Results of a large, prospective,
observational study. Haematologica. 2015; 100(1): 124-132.
doi: 10.3324/haematol.2014.112813

22. Gonzalez-Casas R, Jones EA, Moreno-Otero R. Spectrum
of anemia associated with chronic liver disease. World J Gastroen-
terol. 2009; 15(37): 4653-4658. doi: 10.3748/wjg.15.4653

Tatiana V. Brus — Cand. Sc. (Med.), Associate Professor at the Department of Pathological Physiology with the Course of Inmunopathology, St. Petersburg State Pediatric Medical University,

e-mail: bant.90@mail.ru, https://orcid.org/0000-0001-7468-8563

Andrei G. Vasiliev — Dr. Sc. (Med.), Professor, Head of the Department of Pathological Physiology with the Course of Immunopathology, St. Petersburg State Pediatric Medical University,

e-mail: avas7@mail.ru, https://orcid.org/0000-0002-8539-7128

Sarng S. Pyurveev — Teaching Assistant at the Department of Pathological Physiology with the Course of Immunopathology, St. Petersburg State Pediatric Medical University,

e-mail: dr.purveev@gmail.com, https://orcid.org/0000-0002-4467-2269

AleftinaA. Kravtsova— Cand. Sc. (Biol.), Associate Professor at the Department of Pathological Physiology with the Course of Inmunopathology, St. Petersburg State Pediatric Medical University,

e-mail: aleftinakravcova@mail.ru

German S. Veber — Pathologist, Granov Russian Research Center of Radiology and Surgical Technologies, e-mail: med.st.veber@gmail.com, https://orcid.org/0000-0003-2882-4733

Authors’ contributions

Tatiana V. Brus — concept and design of the study, material collection and processing, text writing, approval of the final version of the article.

Andrei G. Vasiliev. — material collection and processing, editing, approval of the final version of the article.

Sarng S. Pyurveev — concept and design of the study, material collection and processing, statistical processing, text writing, approval of the final version of the article.

Aleftina A. Kravtsova — material collection and processing, approval of the final version of the article.

German S. Veber — material collection and processing, statistical processing, approval of the final version of the article.

215





