(GEORGIAN
VIEDICAL
INNEWS

ISSN 1512-0112 NO 7-8 (340-341) Urosn-ABrycr 2023

TBUJIMCHU - NEW YORK

EXEMECSUYHBIN HAYUHBIN )KYPHAJ

MennuuHckue HoBocTH I'py3uun
Logodmggmml Lsdgwoobm Losbemgbo



GEORGIAN MEDICAL NEWS

Monthly Georgia-US joint scientific journal published both in electronic and paper
formats of the Agency of Medical Information of the Georgian Association of Business Press.
Published since 1994. Distributed in NIS, EU and USA.

GMN: Georgian Medical News is peer-reviewed, published monthly journal committed to promoting
the science and art of medicine and the betterment of public health, published by the GMN Editorial
Board since 1994. GMN carries original scientific articles on medicine, biology and pharmacy, which
are of experimental, theoretical and practical character; publishes original research, reviews, commen-
taries, editorials, essays, medical news, and correspondence in English and Russian.

GMN is indexed in MEDLINE, SCOPUS, PubMed and VINITI Russian Academy of Sciences. The full
text content is available through EBSCO databases.

GMN: Meaununnckue HoBocTH I'py3un - exxeMecsuHbli pelieH3UpyEeMblil HayYHbIHN KypHal, U3AaéTcs
Penaxumonnoit komierueit ¢ 1994 roma Ha pPycCKOM W aHIJIMMCKOM SI3BIKaX B IIEJISIX TOIJEPIKKH
MEAMIIMHCKON HayKd M YIy4dlIeHHUs 30paBOOXpaHeHHs. B KypHase myOIMKYIOTCSI OpUTMHAJIbHBIE
Hay4HbIE CTaThbH B 00JIACTU MEIUIIMHBI, OMOJIOTUH U (papMaliy, CTaTbl 0030pHOT0 XapakTepa, HayuHbIe
cO0O011IeHNs, HOBOCTH METUIIMHBI U 3/ipaBooxpaHenus. XKypuan unnexkcupyercs B MEDLINE, orpaxén
B 0aze nanHbix SCOPUS, PubMed u BUHUTU PAH. IlonHOTEKCTOBBIE CTAThU KypHaia JTOCTYIHBI
yepe3 b/ EBSCO.

GMN: Georgian Medical News — Lo Jo®mggeoml bsdgoozobm Losbangbo — s@ols ymggemgoy@o
bodg(36096m LodgeoEobm M9396%0Mgdswo gy@bogno, aodmoigds 1994 Faowsb, [omdmswagbls
Lbodgosd@om gomagyoobs s 533-0l 39360909d0L, aobosmengdols, 0beyglE®ool, byermgbgdols
s 39bgd0ldgBYyggegdols Log@msdm@olim s3ogdool gOmmdaog godmgdsl. GMN-Fo Gyl
> 0baaoly® gbgody J3g9bwgds 9Jb3gM0dgbG o, mgm@oygmo s 3GsJBogyeo bobosmols
M®0y0bsayg®o  bsdgsbogdm LEsGogdo dgooi3obols, domamaools ©s @o®dsizool beyg®mdo,
dodmboagomo babosmol LEs@ogdo.

J9®bsao obpgdbodgdyamos MEDLINE-ol bsg@msdm@obem Lol gdsdo, sbsbygaos
SCOPUS-o0l;, PubMed-ols ws BUHUTH PAH-0ls dmbsgdms dobgddo. LRs@ogdols barygao @gjl@o
bgendolsfgmdos EBSCO-I dmbsigdms dsbgdowsb.

WEBSITE
www.geomednews.com



K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Abstract.

Fibrosis of the liver, which can be caused by either viral or
chemical chronic liver illnesses, is a serious issue for the world's
health. Collagen is crucial for the development of the illness and
the possibility of developing hepatocellular carcinoma (HCC),
which is linked to the progression of liver damage. Although
there are various mechanisms for acute liver injury and diseases-
specific cells response, almost all of fatty liver aetiologies share
similar trends in the development of fibrous liver damage. The
scientific community's knowledge of the fundamental causes
of fibrosis of the liver has undergone a significant shift during
the last ten years. It has been shown that the fundamental
trigger, such as the control or management of an infectious
disease, can be eradicated or eliminated in order to reverse liver
fibrosis. Reversing frequently occurs prematurely or too rarely,
particularly in severe fibrosis, to avoid possibly fatal effects.
Therefore, there is an urgent need for anti-fibrotic medications
to halt the progression of liver damage and the appearance of
HCC. Even though various anti-fibrotic medication options have
shown strong anti-fibrotic effects in lab animals, research studies
have only seen a small amount or none of these advantages.
There is not an approved remedy for the condition as a result.
In this article, we give a general overview of the physiological
and molecular origins of collagen in chronic liver disease and
investigate how these causes can impact the quickly developing
field of anti-fibrotic treatments.

Key words. Liver Fibrosis, Pathophysiology, Diagnosis,
chronic liver diseases, Cells.

Introduction.

Every year, almost 2 million people pass away from persistent
liver disorders, which place an enormous strain on global
health. The fundamental actiologies of chronic liver disease
include linked to long-term liver damage, autoimmune and
genetic diseases, non-alcoholic steatohepatitis (NAS), and
alcoholic steatohepatitis (AS). Vascular scarring is a hallmark
of the development of long-term inflammatory conditions and
accounts for 45% of global mortality from all causes. Similarly,
to this, the progression of cirrhosis in the liver mostly impacts
outcome as well as quality of life [1].

Disorders that are pathogenic, toxic, metabolic, or virus cause
damaged hepatocytes and immune system penetration, which
trigger the trans-differentiation of hepatic stellate tissues (ICs)
into myofibroblasts that produce gelatin Myofibroblasts are
physically involved in organ regeneration; however, after a
short-term insult, anti-fibrotic processes regulate this activity,
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resulting in myofibroblast deactivation or death and scarring
clearance [2].

Lymphocytes and macrophages are drawn to and stimulated
by hepatocyte mortality and the liver's creation of damage-
associated motifs (DAMPs), encouraging ICs trans-
differentiation and myofibroblast engagement [3]. On the
one hand, specific monocyte groups that produce matrix-
metalloproteinases (MMPs) are involved in wounding fibrosis.
On a molecular level, pro-fibrogenic cell interactions are
controlled by a complicated network of cytokine signals [4].
Ilustrates the broad, etiology-unrelated interactions between
cells that contribute to the growth of fibro depicted in Figure 1.

Stopping the growth of fibrogenesis is one method for
preventing liver-related death. Many Over-vivo and in-vitro
models have been created in the past few years to tackle the
medical gap by designing effective and secure anti-fibrotic
medications. Although we are learning more about the molecular
mechanisms behind liver fibrogenesis, there is still no licensed
medication for treating liver damage [5].

Study [6] evaluated to calculate the mediocre survival time
and combined survival rate and to look into the mortality
prognostic factors. To evaluate severity and distinguish between
therapeutic therapies options is to use the MELD-Na model for
severe liver disease, which includes serum sodium levels and
physiological indicators.

Study [7] mentions that suffering from “type 2 diabetes
mellitus, or T2DM, and non-alcoholic fatty liver disorder
(NAFLD)”, a potentially dangerous condition that may have
effects on the hepatic and extrahepatic levels need to be treated
by endocrinologist physicians. Endocrinologists should be
informed with the ADA's updated recommendations in order
to address the management of NAFLD in patients with T2DM.
These recommendations stress the significance of routinely
checking individuals with hyperglycemia or diabetes who have
steatosis or high plasma aminotransferases for progressive
fibrosis. Additionally, more research is required to create
fresh therapies that can effectively manage NAFLD in T2DM
patients. Study [8] investigated how the gut microbiota affects
the pathophysiologic causes of NAFLD and to evaluate the
possibility of NAFLD treatments that target the microbiome.
As a result, treating NAFLD patients with medications that
successfully target the gut flora may be advantageous.

Study [9] critically examined the most recent definitions
of hepatic encephalopathy (HE), investigate the causes and
pathophysiological paths that lead to neurological deterioration
in patients with end-stage liver disease, and assess management
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Figure 1. Examples of fibrosis in the liver mechanistic ideas Damage-
associated patterns (DAMPs) and apoptotic structures are released by
chronic hepatocyte harm.

techniques, diagnostic methods, currently accessible treatments,
and novel treatment techniques for HE. The search covered
scientific materials on hepatology and neurology as well as
databases like PubMed an in-depth understanding of HE, the data
that had been gathered was analysed, and the major assumptions
were summarised. Study [10] examined the most recent pertinent
literature and describe the current therapy options for NAFLD
that target intermediate metabolism, insulin resistance, and
T2DM. Numerous medications that are now recommended for
hyperglycemia have produced favourable outcomes on NASH
biomarkers because of the strong relationship between NAFLD
and T2DM.

The genetics, actiology, and pathology of mastocytosis are
discussed in the paper [11], with a focus on novel diagnostic
requirements and therapeutic approaches. Systemic mastocytosis
(SM) or cutaneous mastocytosis are two possible illness
manifestations. SM is classified into indolent, smouldering,
aggressive, and MC leukaemia based on histological and
molecular characteristics, clinical factors, and organ activation.
Study [12] examined MSCs' and MSC-related secreted factors'
therapeutic effects on ALD. Even while mounting data points to
the medicinal value of MSCs and associated elements in ALD,
the processes behind these elements' effects in this disease are
not fully understood. The article increases our comprehension
regarding the creation of efficient and secure treatments for ALD
by providing details about existing or potential ALD therapies.

The treatment of cirrhosis of the liver, Study [13] suggested
remodeling the microenvironment of the liver research. As a new
ROS-responsive active targeted nanomedicine for the therapy
of liver disease and hypertension at the portal vein in mice, the
pPB-modified PEGylated hollow polydopamine nanoparticles
packed with L-Argwere developed. The outcomes demonstrated
that pPB peptides treatment may effectively direct nanoparticle
distribution to HSCs, to prevent. Study [14] described Liver
Diseases guidelines fibrosis score (NFS) and fibrosis-4 score
(FIB4) for NAFLD as indicators of mortality and comorbidities
in a sample of type 2 diabetics. All-cause mortality was
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predicted by the NFS and FIB4, especially in women and for
categories other than heart disease. Negative renal events were
anticipated by the NFS. These ratings for liver damage may help
with classification of risk in people with diabetes and NAFLD.
Study [15] discussed the macrovascular issues that have been
linked to liver fibrosis, NAFLD and T2DM are closely related.
Considering that severe fibrosis, as assessed by FibroScan, is
individually related with a higher prevalence of macrovascular
and microvascular difficulties, was instrument can now be used
to thoroughly evaluate hepatic and vascular issues in patients
with T2DM.

The mechanisms of fibrosis regression and the cytokines and
chemokines that play a role in it are the primary topics of this
study [16]. Here, they look at the role that mitochondria and
metabolic alterations play in hepatic stellate cells' ability to
fibrogenize.

Study [17] discussed many potential natural and synthetic
activators of SIRT1 as a therapeutic therapy for liver disorders.
NF-B is the primary regulator of the inflammatory response,
and the metabolic sensor SIRT1, a class III histone deacetylase
highly expressed in metabolic organs like the liver, has an
inverse connection with it. Thus, targeting SIRT1 is gaining
traction as a possible method of treating metabolic and/or
inflammatory diseases.

In this article [18], we highlight recent developments in our
knowledge of the physiological and molecular triggers of
hepatic fibrosis in significant persistent liver disease aetiologies.
In addition, clinically developing anti-fibrotic methods and
medicines are covered.

Actiology includes factors including intestinal dysbiosis,
low-grade inflammation, elevated oxidative stress, and
dysfunctional mitochondria. In addition to issues in the liver,
patients with MAFLD are also at increased risk for developing
cardiometabolic consequences [19].

Mechanistic concepts of liver fibrosis.

Liver fibrosis is exacerbated when free cholesterol accumulates
in immune cells, specifically Kupffer cells. Elevated free
cholesterol levels in hepatocytes of patients with non-alcoholic
steatohepatitis (NASH) lead to cholesterol crystallization.
KCs are attracted to hepatocytes containing cholesterol
crystals, forming "crown-like structures." These activated
KCsphagocytose the dead hepatocytes, transforming them into
foam cells.

Kupffer cell activation causes a flow of cytokines that are pro-
inflammatory throughout this procedure, which subsequently
activates immune cells. The accumulation of free cholesterol
in KCsactivates the TLR4 pathway, initiating the NF-kB and
INK pathways. Consequently, inflammatory and chemotactic
cytokines are released, contributing to the growth of liver fibrosis.
This highlights the role of cholesterol metabolism disruption and
immune cell activation in promoting liver fibrosis, emphasizing
the importance of managing lipid homeostasis to prevent fibrotic
progression. Figure 2 depicts the Liver fibrosis score. This
parameter measures the rate at which fibrosis progresses over
time. By dividing the difference in fibrosis stage by the length
of the gap, it may be estimated. It indicates a higher progression
rate, meaning fibrosis is advancing more rapidly.
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Figure 2. Liver fibrosis score (Source: https://www.spandidos-
publications.com/10.3892/etm.2019.8355).

Liver fibrosis.

Liver fibrosis is a process that develops in response to a variety
of liver ailments, including chronic viral hepatitis, alcoholic
liver disease, and non-alcoholic fatty liver disease (NAFLD),
autoimmune hepatitis, and more. In the liver, there is an
overabundance of fibrous connective tissue (scar tissue). This
buildup may be the consequence of prolonged liver cell injury
and persistent inflammation.

Although the liver has a remarkable capacity for regeneration,
chronic and ongoing injury may cause an unbalanced healing
process that results in the deposition of scar tissue. The buildup
of scar tissue may disturb the liver's natural design and affect
how well it functions. Liver fibrosis is the term for this process.

Cirrhosis, a more serious illness, may ultimately result from
liver fibrosis as itadvances. Large-scale liver scarring, which may
lead to decreased blood flow through the liver and diminished
liver function, is a hallmark of cirrhosis. Ascites (fluid buildup
in the abdomen), variceal haemorrhage (bleeding from dilated
veins in the oesophagus or stomach), portal hypertension (raised
pressure in the blood arteries of the liver), and an elevated risk
of liver cancer are just a few of the consequences that may result
from cirrhosis.

Using imaging methods like ultrasound, CT scans, or MRI, as
well as blood tests that gauge liver function and the presence
of certain enzymes and proteins, liver fibrosis and cirrhosis are
often identified.

Addressing the underlying cause of liver damage is necessary
for both preventing and controlling hepatic fibrosis. For instance,
controlling viral hepatitis with antiviral drugs, establishing a
healthy lifestyle to treat disorders like NAFLD, and limiting
alcohol intake may all help to stop or decrease the development
of liver fibrosis. In certain circumstances, medical procedures
could be advised to control problems and enhance liver function.

ICs activation and myofibroblast progenitor cells

The control of fibrogenic responses in the liver is largely
dependent on activated hepatic stellate cells (HSCs), often
referred to as myofibroblast precursors or Ito cells (ICs). HSCs
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have a star-like appearance and a profusion of cytoplasmic lipid
droplets while dormant. However, in response to liver damage,
HSCs are activated and transdifferentiated into myofibroblasts,
which can divide and contract. During this process, they lose
their lipid droplets and develop a myofibroblastic phenotype
that is characterized by the production of “tissue inhibitors of
metalloproteinase 1 (TIMP1) and alpha-smooth muscle actin
(a-SMA)”.

Extracellular matrix (ECM) components and inflammatory
mediators are produced by activated HSCs, aiding the fibrotic
process. After a liver injury has healed, myofibroblasts typically
undergo apoptosis or become inactive. However, in cases of
chronic liver injury, the continued activation of HSCs upsets
the equilibrium between the creation and breakdown of ECM,
causing hepatic fibrosis to advance. Additionally, the buildup of
HSCs and myofibroblasts that have been activated can restrict
the liver sinusoids, obstruct blood flow and nutrient exchange,
and ultimately lead to liver failure.

Initiation and persistence are the two phases of HSC
activation. Reactive oxygen species (ROS), lipid peroxides,
and signals from KCsand endothelial cells are all involved
in the ecarly alterations in gene activity caused by damaged
hepatocyte products. As a result of paracrine stimulation,
increased proliferation, the generation of pro-inflammatory
and chemoattractant chemicals, and ECM remodeling, the
perpetuation stage entails the maintenance of a functional
phenotype and the beginning of fibrosis. Cytokines that promote
HSC activation and proliferation contain platelet-derived growth
factor (PDGF) and transforming growth factor beta (TGF-). In
addition, matrix-degrading enzymes secreted by HSCs, such as
matrix metalloproteinases (MMPs), aid in the remodeling of the
ECM. The development of fibrosis is aided by the buildup of
ECM elements in the liver.

Further enhancing the pro-fibrogenic environment and
maintaining HSC activation is the pro-inflammatory milieu
and activation of other cell’s types, including Kupffer cell’s,
invading immune cell’s, vascular cell’s, and platelets. In
conclusion, by creating inflammatory mediators, remodeling the
ECM, and assisting in the emergence of a pro-fibrogenic milieu,
activated HSCs play a critical role in liver fibrosis. In fact, due to
a disorder of constituent creation, the ECM remodeling entails
modifications to the matrix's rigidity, flexibility, and density
(Figure 3). The ECM is also not inert and may retain growth
factors and cytokines generated by physiological processes,
which further promotes fibrogenesis, hepatocyte proliferation,
and carcinogenesis.

Although turned on ICs account for the majority of the
collagen-producing tissues in the fibrous liver (> 90%),
mounting evidence indicates that myofibroblasts can also
originate from cells in the bone marrow, site fibroblasts, or
“epithelial-to-mesenchymal tissue transition (EMT)” from liver
cells or choanocytes. For instance, periportal fibrosis may be
started by portal vein fibroblasts, which are primarily stimulated
by cholestatic injury. In fact, after hepatic damage, observed
that gateway cells make up more than 70% of myofibroblasts.
Fibrocytes and Mesenchymal Stem Cells (MSCs) are possible
origins of bone marrow-derived myofibroblasts. As they
accumulate in the wounded tissues over time and have the
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Figure 3. Stimulation of ICs and subsequent pro-fibrogenic reactions.

ability to develop into myofibroblasts, the fibrocytes may play a
role in advanced illnesses.

Hepatocyte cell death and apoptosis

Hepatocyte loss is an essential early event in developing liver
injury in various aetiologies. Dead hepatocytes' production of
damaged-associated molecular patterns (DAMPs) is a warning
signal, inducing inflammatory and fibrotic reactions in nearby
KCsand immune cells (ICs). High-mobility group box 1
(HMGBI), a nuclear protein produced by necrotic hepatocytes
capable of interacting with Toll-like receptors (TLRs) to
trigger inflammatory and immunological responses, is one
DAMP in liver illness that has been intensively researched.
Additionally, HMGBI has been observed to activate ICs and
draw pro-inflammatory neutrophils to areas of necrosis in liver
cells. Apoptotic structures, on the other hand, can encourage
pro-fibrogenic responses and collagen synthesis, in part by
activating Fas death receptors and TLR9 on ICs.

In contrast, apoptotic hepatocytes release fewer DAMPs.
Lipotoxicity and hepatocellular apoptosis are brought on by
hepatocyte lipid excess, notably the buildup of damaging lipid
intermediates like saturated free fatty acids (FFAs). FFAs cause
the production of ATP, which attracts monocytes, and the death
of hepatocytes via the “Tumour Necrosis Factor-Related death-
Inducing Ligand Receptor (TRAIL-R2)”. FFAs also cause
cytokine release and inflammation by activating the TLR4
pathway in ICs and Kupffer cells. Hepatocyte apoptosis and
necroptosis can be accelerated by disrupting the metabolism of
cholesterol in hepatocytes, particularly higher free cholesterol
levels. Hepatocyte cholesterol crystallization worsens liver
fibrosis by recruiting KCsto create "crown-like structures,"
increasing the cytokines and activating IC. In conclusion,
the buildup of lipids and cholesterol in hepatocytes causes
hepatotoxicity, inflammation, and fibrosis.

Lymphocytes
Chronic liver damage causes the synthesis of inflammatory
mediators and an invasion of leukocytes, especially lymphoid
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cells in the sub-endothelial region, as previously mentioned.
Several chemokines are involved in relationships with vascular
cells, further promoting the attraction of lymphocytes from
circulation. Importantly, lymphocytes can interact with vascular
cells and ECM elements via cell surface integrins, which support
fibrogenic reactions and cell proliferation and development.
Chemoattractant chemicals drive cells to the site of damage
after moving through the endothelium via a complicated
procedure. The stimulation of CXCR3 due to its ligands being,
such as CXCL9, CXCL10, and CXCL11, generated by ICs and
vascular cells, has been demonstrated to facilitate lymphocyte
transendothelial motility. Additionally, myofibroblasts release
cytokines encouraging lymphocyte migration, such as TGF-,
IL-6, and hepatocyte growth factors.

Liver macrophages

The largest NC species in the liver, macrophages are crucial
in starting liver failure and scarring. Hepatic macrophages
comprise bone marrow-derived monocytes and persistent KCs
from the liver. The ejection of DAMPs, the creation of ROS,
the anti-viral response, and metabolic signaling brought on by
fat accumulation all contribute to the stimulation of and the
attraction of monocyte-derived tissues. From conventionally
engaged pro-inflammatory macrophages (M1) to selectively
engaged immunoregulatory monocytes (M2), monocytes can be
categorized into a wide variety of distinct phenotypes. These
subtypes have unique biomarkers and functional activities
caused by various controllers. Tumor necrosis factor-alpha
(TNF-alpha) interleukins are pro-inflammatory cytokines
expressed by M1, whereas M2 produces anti-inflammatory
cytokines. In reaction to many factors in their surroundings,
hepatic macrophages show extraordinary flexibility and can
transition to distinct phenotypes, occasionally exhibiting both
hallmarks of M1 and M2 development. Numerous studies show
that diverse intracellular divisions of macrophages reside in
liver’s tissue and contribute to various fibrosis stages. However,
it is hard to activities. It was shown that macrophage reduction
during the initial stages of damage diminishes the inflammatory
reaction, injury, and myofibroblast numbers. Conversely, the
failure of ECM disintegration and a less effective repair result
from macrophage reduction during healing.

Dysbiosis

The liver-gut axis is a two-way, close connection between
the liver and the bacteria in the gut. As a result, the portal vein
receives 75% of its blood from the soul with carries intestinal
materials. The mucosal barrier, which is made up of the
Dysbiosis vasculature barrier and gut epithelium barrier, shapes
the interaction between the Dysbiosis microbiota and the liver.
For the liver-gut axis to remain in equilibrium, the integrity of
the intestine mucous barrier in addition to physiologic makeup
of the intestinal microbiota is essential. By raising permeability
in the intestines and changing the microbiota, body toxins,
particularly alcohol misuse or a NAFLD low-fiber, high-fat diet,
have been shown to disturb the equilibrium of the gut.

Consequently, the altered microbiome causes digestive bile
acid deconjugation, which leads to the production of other BA
that inhibit Farnesoid-X Receptor (FXR) signaling. Hepatic
inflamed immune reactions and ICs activation are consequently



triggered by the overgrowth of possibly pathogenic bacteria. Bile
acid activated nuclear receptor FXR controls the metabolism of
BA, lipids, and glucoses.

Molecules and molecular signalling mechanisms in liv-
er fibro genesis

Wnt/p-catenin signaling.

The "Wnt/-catenin" route is an important one in the field of
medicine since it plays an important role in the development
of organs. However, "Wnt/-catenin" signals have also been
linked to the fibrosis of other organs, most notably the liver.
The protein known as beta-catenin serves as the transcription
factor and an adhesion molecule. The Wnt protein controls how
it is expressed. Glycogen synthase and casein kinase constitute
a component of destruction complicated that controls beta-
catenin levels in the cytoplasm when the process is inactive.
Instead, when the process is active, Wnt creates an arrangement
with the proteins Frizzled and the protein linked to the lower-
density lipoprotein receptors that stops catenin from being
broken down. Catenin then manoeuvres within the cell's nucleus
to start the transcription of relevant genes.

Oxidative stress

One of the main aspects causing liver’s damage and the start of
hepatic fibrosis is oxidation stress (OS). The generation of “ROS
and reactive nitrogen species (RNS)” is related to a disturbed
equilibrium between cellular pro-oxidant and protective
components. ROS, which includes superoxide, hydrogen
peroxide (H,0,), and hydroxyl radicals, are a family of pro-
fibrotic facilitators. Particularly, the processes of Hepatocytes,
ICs, and phagocytes exhibit oxidative phosphorylation and lipid
peroxidation produce them during normal cell metabolism.
ROS can operate as further communications to initiate various
cell’s' reactions at low concentrations. However, in high
concentrations, they cause lipids, proteins, and DNA in cells
to be disrupted, which causes hepatocyte necrosis and death.
Activated ICs, KCs, and other pro-inflammatory tissues are
also stimulated to produce pro-inflammatory and pro-fibrogenic
factors by ROS. Ethanol, FFA buildup, iron buildup, and
persistent infection by viruses all increase ROS generation.

NLRP3inflammasome -caspasel signaling.

Hepatic injury and liver fibrosis are caused by liver
inflammation, which is a common etiology. Hepatocytes and
NCs, including ICs and KCs, exhibit internal complexes of
multiple proteins called inflammatory tissues. The “NOD-like
receptor (NLR) NLRP3 inflammasome” is the most well-known
among the many inflammasomes. It has been shown to be crucial
in transforming NAFLD into NASH. Pro-IL1 and pro-IL18 are
converted into their mature forms by an internal multiprotein
complex known as the NLRP3 inflammasome before caspase
1 is activated. The progression of liver’s fibrosis is accelerated
by important innate inflammatory response molecules including
IL1 and IL18, which start and sustain an abnormal wound-
healing response.

PDGEF signaling.

PDGEF is produced by platelets when the organism is healthy.
When the liver is damaged, KCs contribute to the intrahepatic
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recruiting of platelet. Activated ICs, KCS, and endothelium
tissues can all generate PDGF. Finally, because they are found on
the surface of ICs, PDGF receptors (PDGFR) have the ability to
initiate ICs in an autocrine manner. The division and stimulation
of the PDGF-binding receptor causes phosphorylation of
tyrosine residues on a variety of internal targets.

TGF- signaling.

The ability of “PSMAD3L” to quickly translocate into the
nucleus promotes the development of ICs and results in a pro-
fibrogenic reaction. Due to its significance in activating ECM
synthesis, this non-canonical pathway is increasingly considered
a promising therapeutic target. TGF-non-canonical pathways
like those for “mitogen-activated protein kinase (MAPK),
mammalian target of rapamycin (mTOR)”, and Rho GTPase have
also been discovered in other investigations. The conventional and
non-canonical routes each have a role in activating phagocytes,
ICs, and both. Figure 4 shows TGF-f signaling.

Chronic liver disease-related pro-fibrogenic mechanisms

Chronic hepatitis B

Approximately 260 million individuals today have chronic
HBV infection, primarily in Africa and Asia, despite the
availability of effective vaccination. Vertical spread typically
leads to persistent sickness, but horizontal transfer in adults
frequently causes self-limiting acute infections. Interferon-
based medicines and several nucleons (t)ide analogs are
currently available as medicinal therapies for individuals with
chronic conditions. Although nucleos(t)ide analogs seldom cure
viral infections, they do slow down the disease's course, which
can direct to liver’s cirrhosis and HCC. Like chronic hepatitis C,
hepatitis B causes persistent inflammation by releasing DAMPs
and inducing the body's antiviral immune response. The precise
role of HBV infection in ICs activation is still unclear, in contrast
to HCV Higher values on the y-axis suggest a more favourable
response to treatment, as seen in the higher reduction of the
fibrosis stage, improved liver’s function, or decreased levels of
particular biomarkers.
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Chronic hepatitis C

According to reports, human myofibroblasts express HCV host
factors and are HCV-permissive. Enhanced collagen formation
and multiplication in those tissues point to further possible acute
pro-fibrogenic effects of HCV on this population of fibrosis-
causing tissues. Although it has been demonstrated that curing
HCYV infection reduces the risks of liver disease and the chance
of developing HCC, severe fibrosis still carries a sizable risk of
HCC. According to various researches, chronic HCV infection
causes ongoing genetic and transcriptional modifications related
to the state of fibrosis and the risk of developing HCC.

Alcoholic liver disease

Globally, liver fibrosis is primarily caused by alcoholic
liver damage. Prolonged alcohol consumption activates pro-
fibrogenic processes: the conversion of alcohol to acetone in
the liver results in the generation of ROS, which can paracrine
stimulate ICs. Additionally, the alcohol molecule acetaldehyde
is fibrogenic and stimulates TGF- release. Fibroblast to be
expressed in ICs in response to acetaldehyde during hours.
Several studies also point to alcohol-induced hepatocyte
apoptotic as a cause of fibrosis in the livers. Fibrosis is caused
by the removal or deactivation of ICs, which may be why the
physiological equilibrium between pro- and anti-fibrogenic
pathways in persistent ASH has been upset.

Non-alcoholic liver disease

It has been proposed that the name "metabolic-associated fatty
liver disease (MAFLD)" be used to refer to the diverse group of
patients with this condition. Rather, careful patient classification
should be done following current risks and long-term contributors
to enable preventative and therapeutic suggestions that treat the
root cause of the illness in the complex. Since NAFLD is the
cause of persistent liver disease spreading rapidly, it presently
impacts 15-30% of adults worldwide and is predicted to
develop exponentially over the coming years. NASH refers to
the inflamed subtype of NAFLD that is at present characterized
by the progression of the disease and elevated HCC risk. For a
long time, other possible causes of persistent liver disease, such
as drinking alcohol, had to be ruled out before NASH could be
diagnosed. There is a connection, nevertheless, as a result of the
diversity of aetiologies and diseases. For the diverse range of
individuals with this condition, the phrase "metabolic associated
fatty liver disease (MAFLD)" was recently proposed as a more
relevant and characterizing terminology.

Resolution of liver fibrosis

High mortality and morbidity among those with chronic
liver illnesses are caused by the development of liver fibrosis
and cirrhosis, placing an enormous financial strain on society.
Hepato complications and HCC development are risks that
patients with recovered liver disease face on an annual basis
of 2-7% and 1-7%, respectively. Collagen is the only histology
characteristic in NASH patients independently corresponding
with clinical results. At the time, tissue from liver fibrosis is
the main cause deaths globally, emphasizing the urgent need for
potent anti-fibrotic drugs.

Molecular mechanisms of fibrosis regression

ICs and myofibroblast deactivation or death are linked to fibrosis
regression. Therefore, the end of tissues in ICs is a key process
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in resolving liver fibrosis, whereas enhanced cell mortality in
hepatocytes causes’ fibrosis. The matrix-degrading enzymes
collagenase enzyme and MMPs, secreted by macrophages,
play a major role in the fibrotic scar's disintegration. “Scar-
associated macrophages (SAMs)”, which display a phenotype
not classified as M1/M2, have been linked to the resolution of
hepatic fibrosis.

Therapeutic intervention

Phytomedicines with multidimensional liver fibrosis effects

During ancient times, patients with cirrhosis, chronic
inflammatory conditions, and cytotoxic liver conditions
have used silymarin. Due to studies suggesting that the
primary ingredient, silibinin, may potentially reduce liver’s
injury caused by poisons and slow the course of fibrosis, the
substance is considered a hepatoprotective drug. Additionally,
silymarin has a long history of use in clinical settings to reduce
hepatotoxicity caused by alpha-amanitin. As a result, silibinin
is thought to be an exact antidote to amanitin. Regarding its
medicinal applications, silymarin possesses antiviral properties,
antioxidative, anti-inflammatory, and insulin-sensitizing
properties in investigations on ALD, NASH, and viral hepatitis,
among other actiologies of persistent liver disease. In a CCl4-
based rat model of liver fibrosis, silymarin treatment for twenty-
eight days decreased antioxidant Activation, fibro score, and
strain of ICs and KCs.

Immune modulation

Galectins bind carbohydrates and are released by various cell
types in response to liver injury. They interact with the ECM or
receptors located on tissues extracellularly. Elevated amounts of
galectin have been seen in inflamed, fibrotic, or malignant liver
tissue, according to multiple studies. Gal-3, which is mostly
released by stimulated macrophages and has anti-apoptotic, cell
distinguishing, and chemotactic capabilities, is entailed in the
pathogenesis of Hepatic fibrosis. Patients with NASH tolerated
the drug well. The majority of the time reported mild-moderate
adverse events were connected-tissue problems, digestive tract,
and musculoskeletal diseases.

Reduction of contractility and fibrotic scar evolution

In fibrotic livers, collagen 1 (Coll) is the most prevalent. In
mouse models of hepatic were found selective suppression of
CollAl siRNA, including lipoplexes. As a result, injections
reduced collagen production by 90% and total collagen
accumulation by 50%. Similar anti-inflammatory properties
were also shown by another investigation using mice transgenic
with inducible Coll knockdown. Coll chaperone Hsp47 can be
knocked down by siRNA to stop collagen production. Employed
Hsp47 siRNA-coupled liposomes, which are primarily taken
up by ICs, to target principally cirrhosis-effector tissues and
obtained substantial anti-fibrotic benefits in Three in-vivo
models of fibrosis of the liver. Higher values on the y-axis
suggest a more favourable response to treatment, as seen in the
higher reduction of the fibrosis stage, improved liver function,
or decreased levels of particular biomarkers, for example for
figure 5 liver stage. This parameter measures the rate at which
fibrosis progresses over time. Higher rate of advancement,
which indicates that the fibrosis progression rate.
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Inhibition of ICs activation

FXR ligands were initially created to treat secondary biliary
cirrhosis, a kind of cholestatic liver disorder. The retinoid X
receptor and FXR heterodimerize due to main BAbinding to
FXR, activating the gene transcription function of the latter
receptors. BA synthesis, export, as well as enteral and liver
absorption are all down regulated as a result of FXR activity
in hepatocytes and enterocytes. Additionally, it safeguards the
gastrointestinal mucosal barrier, which contributes to preserving
the healthy gut flora and, eventually, the liver-gut axis balance.
Obeticholic acid (OCA), an FXR agonist, may help to restore the
composition of the gut microbiome and lessen the translocation
of bacteria and inflammation.

OCA, a synthetic FXR agonist, was developed and approved
for use as a second-line therapy in PBC due to its effectiveness
over cholestatic and other side effects. These compounds
interfere with the physiologic feedback control system of bile
acid synthesis. Current research investigations also show that
long-term OCA medication improves patients with PBC's
histological characteristics, particularly scarring.

Hepatic defense using lipid-lowering substances.

Statins are said to have favorable impacts on cardiovascular
morbidity and death, which is particularly important for NASH
patients. The reliability of this research is constrained by their
retrospective methodology and the absence of strict clinical
objectives, such as histologic evaluation of fibrosis, despite
consistent evidence suggesting possible anti-fibrotic benefits.
Further, the safety record of the drugs for individuals Having
fibrosis and chronic liver failure need to be thoroughly assessed
due to drug-induced liver damage, a rare but well- stated adverse
effect of statins, as well as a higher likelihood of the breakdown
of individuals with persistent liver disease due to compromised
digestion in the organ.
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Hepatic protection via restoration of gut microbiome

Transferring a fecal solution into a patient's body from a
healthy donor gut is known as fecal microbiota transplantation
or FMT. Fascinatingly, FMT lessened liver damage in a
Chronic liver disease in a mouse model brought on by alcohol.
Additionally, FMT outperformed probiotics in preventing liver
damage because it had a protective impact on the function of
the intestinal mucosal barriers. A few minor clinical studies
have also shown possible preventive effects of FMT on the
development of chronic hepatic disease.

Hepatic Protection Via Reduction of OX

Oxygenative Stress is a foremost contributor causing the
onset of liver fibrosis, particularly in NASH. In order to reduce
oxidative stress and fibrosis, numerous techniques have been
developed and evaluated. Superoxides radicals are formed
when bound to the membrane enzyme complexes called NOXs
catalyze the reduction of NADH. In hepatic fibro genesis, NOX
1 plays an important role in IC activation, and NOX4 is also
engaged in hepatocyte death. Studies conducted both in animal
and vitro, the dual inhibitor dramatically reduced liver fibrosis
in mouse strains of liver fibrosis based on CCl4 and bile duct
closure.

Anti-Fibrotic Compounds Clinical Development: Challenges
from Mice to Men

The active ingredient in turmeric, curcumin, has been studied in
treating several medical conditions and has been shown to have
anti-inflammatory, antiviral, and tumor-preventing properties.
Therefore, in NASH in-vivo models, curcumin treatment
decreased the onset and progression of liver steatosis, fibrosis,
and inflammatory. Concerning the potentially beneficial effects
of curcumin in chronic liver illnesses, there aren't many studies
underway. Curcumin exhibits limited oral accessibility, similar
to silymarin.

Conclusion.

Although there are many different causes of basic liver damage,
the primary liver disease actiologies share common patterns in
the progression of fibrous fibrosis. Hepatic fibrosis is brought
on by damage to hepatocytes or cholangiocytes regardless of
the underlying cause, and the sickness advances predominantly
as a result of dysregulated inflammatory responses. Because of
this, a prolonged viral infection results in potent immunological
reactions that continue to inflame the liver and promote
hepatocyte death. A buildup of fatty in the hepatocytes which
causes hepatocyte death and oxidative damage, is a hallmark
of the evolution of ALD and NASH. The overabundance of
ECM, the cellular counterpart of tissue fibrosis, is caused by
collagen-producing myofibroblasts activated by recurrent Peak
inflammatory responses followed. by antibacterial, repairing
immune reactions. While many anti-fibrotic applicant drugs
have demonstrated strong anti-fibrotic benefits in animal
studies, these results are less certain in human clinical trials. It
is conceivable to concentrate on liver fibrosis with medication
because some anti-fibrotic drugs have demonstrated possible
impacts on the progression of fibrosis in clinical studies.
However, more clinical research is required to confirm the
durability and long-term relevance of these results.
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