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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 aetiologies 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, 

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]. 
Illustrates 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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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, aetiology, 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 

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. 

Aetiology 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 
JNK 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.

Figure 1. Examples of fibrosis in the liver mechanistic ideas Damage-
associated patterns (DAMPs) and apoptotic structures are released by 
chronic hepatocyte harm.
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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 it advances. 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 

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 
(α-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 early 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 

Figure 2. Liver fibrosis score (Source: https://www.spandidos-
publications.com/10.3892/etm.2019.8355).
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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 

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 
(HMGB1), 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, HMGB1 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 

Figure 3. Stimulation of ICs and subsequent pro-fibrogenic reactions.
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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/β-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 (H2O2), 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 -caspase1 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.
PDGF signaling.

PDGF is produced by platelets when the organism is healthy. 
When the liver is damaged, KCs contribute to the intrahepatic 

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-β 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-β 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. 

Figure 4. TGF-β signaling (Score: https://www.spandidos-publications.
com/10.3892/etm.2019.8355).
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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 
HCV 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 

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 aetiologies 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 (Col1) is the most prevalent. In 
mouse models of hepatic were found selective suppression of 
Col1A1 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 Col1 knockdown. Col1 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.

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 aetiologies 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.

Figure 5. Fibrosis stage (Source: https://www.researchgate.net/figure/
Liver-stiffness-measurement-values-according-to-the-fibrosis-stage-
in-patients-who_fig2_344353952).
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