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Abstract

Liver fibrosis is known as a reversible wound healing process. It is defined 
as the collection of Extracellular Matrix (ECM) in the liver followed by liver injury 
where injured tissue displaced by the scar tissue. An advanced form of the liver 
fibrosis is known as liver cirrhosis. The cause for liver injury is heavy alcohol 
consumption, hepatitis B & C virus, and nonalcoholic fatty liver disease, etc. 
Liver cirrhosis, portal hypertension, ascites, and liver failure are some of the 
symptoms occurred due to liver fibrosis. Worldwide, liver disease is the 14th 
most common cause of death. Mortality due to liver diseases is approximately 
1.03 million per year worldwide. Liver diseases became the 12th leading cause 
of death up to 2020. Nanotechnology is the emerging technology in the field of 
medicine, which opens the new avenues for the treatment of liver diseases. The 
present review explains about etiology, pathogenesis, symptoms, conventional 
approaches, current therapeutic strategies, and the role of nanotechnology in 
the liver fibrosis treatment. Conventional approaches provide only symptomatic 
treatment, it is not enough and effective to deliver the desired quantity of 
therapeutic agent in the liver. Nanotechnology is the current therapeutic 
approach, which involves various nanoparticles systems such as inorganic, 
liposomal, polymeric, albumin and nanomicelles, etc. These nanoparticles 
have numerous advantages over conventional treatment in the delivering of a 
therapeutic agent at specific sites. Various small drug moieties encapsulated in 
nanocarriers with modified surface chemistry used for the successful targeted 
delivery into the liver. Inorganic and liposomal nanoparticles have been widely 
studied for liver fibrosis treatment. Currently, nanomedicine generates much 
attention towards liver-associated diseases due to its high therapeutic efficacy 
and less adverse effect; hence it may provide great scope in the future for the 
treatment of liver disease.
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Introduction
Fibrosis is the formation of scar tissue in the liver cells; it occurs 

when the liver tries to repair and displaces injured tissue by scar 
tissue [1]. Fibrosis itself does not cause any symptoms but cirrhosis 
is an advanced form of fibrosis leads to a variety of symptoms like 
portal hypertension and liver failure. Liver transplantation is the last 
therapeutic strategies adopted by the clinician when all injured tissues 
displaced by scar tissues [2]. There are various causes of liver fibrosis, 
but the major causes are heavy alcohol consumption, hepatitis B & C 
virus and nonalcoholic fatty liver disease [3].

Globally, the liver disease appeared as a major cause of global 
health burden. Worldwide, liver disease is the 14th most common 
cause of death. Liver diseases result in morbidity and mortality of 1.03 
million per year worldwide, according to the global burden of disease 
2010 study [4]. In India, the prevalence of liver disease was found to 
be around 9%-32% of the general population. A rural area is more 
prevalent for liver disease in India due to less awareness of health 
education and lack of medical facilities. Recently, WHO published 
its data in May 2014 that, in India, death due to liver disease reached 
216,865 or 2.44% of total deaths [5]. It is projected that a rise in the 

deaths from the liver disease became it the 12th leading cause of death 
in 2020 [6].

Till date, there is no cure for liver fibrosis has been reported yet. 
There is only symptomatic treatment available for liver diseases which 
are not much effective for delivering a sufficient amount of therapeutic 
agent into the liver, furthermore, conventional approaches lead to 
various adverse and toxic side effects. Nanotechnology opens new 
opportunities for drug delivery in the treatment of liver disease. 
Advancement in nanotechnology develops a carrier system which 
can help in delivering a drug/peptide/gene to a targeted specific 
organ. Targeted delivery into the liver is gaining further interest in 
nanomedicine towards liver-associated diseases. There are various 
types of Nanoparticles (NP) like inorganic nanoparticles, liposomal, 
polymeric, albumin and other surface modified nanoparticles 
currently investigated for the treatment of liver diseases [7].

In current years, approaches based on nanomedicine have been 
investigated for liver disease treatment. Hence, keeping in mind the 
current scenario of liver-associated problems, the present review 
article describes the different types of nanoparticles and various 
nanoformulations, which are used for the treatment of liver diseases.
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Etiology of Liver Fibrosis
Liver fibrosis has numerous possible causes; more than one cause 

can be even present in a single person. Overall, 57% of fibrosis is 
diagnostic for either hepatitis C (27%) or hepatitis B (30%). Another 
major cause is alcohol consumption, which accounts for at least 20% 
of the cases [8].

Virus
Infection by chronic hepatitis C virus and hepatitis B virus causes 

liver cell injury and inflammation in the liver, this inflammation and 
damage can lead to fibrosis (Figure 1). Among all the viral infected 
persons, 85% of persons infected with chronic hepatitis C [8] and 15% 
of persons infected with chronic hepatitis B virus will develop chronic 
hepatitis and lead to fibrosis. A viral infection is reported as the most 
common reasons for a liver transplant [9].

Parasitic
Developing countries are more prevalent in parasitic liver fibrosis. 

Out of many parasite groups, schistosomiasis group of the parasite 
is responsible for causing liver fibrosis. More than two hundred and 
twenty million people are suffering from this infection in Asia, Africa, 
and America [10].

Alcohol
Chronic intake of alcohol develops liver fibrosis in 10-20% 

of populations. Alcohol after entering in the body converted into 
acetaldehyde which is the reactive metabolite of alcohol, this 
metabolite blocks the normal metabolism of protein, fats, and 
carbohydrates. Presence of acetaldehyde accumulates other reactive 
product, which causes liver cell injury and inflammation and finally 
leads to liver fibrosis. Alcoholic liver fibrosis is found to be more 
prevalent in western countries mainly three times of hepatitis C due 
to the chronic intake of alcohol [11].

Autoimmune
Primary Biliary Hepatic Fibrosis (PBHF) and secondary biliary 

fibrosis both are an autoimmune disorder. It affects both males 
and females, but females of age 40-60 are more susceptible to this 
disease. In this disease antibodies produced against normal liver cells, 
causes inflammation, scar tissue formation, and fibrosis. Retention of 

bile acid in the liver takes place in Primary Biliary Hepatic Fibrosis 
(PBHF) while blocking of bile duct occurs in secondary biliary 
fibrosis. After blocking there is a gathering of serum globulins, mainly 
gamma globulins causing peri-portal inflammation and progressive 
fibrosis [12,13].

Metabolic diseases
Two metabolic diseases i.e. Wilson’s disease and hemochromatosis 

both cause liver fibrosis. Wilson’s disease is a genetic autosomal 
recessive disorder, which occurs due to the decrease in serum 
ceruloplasmin level and disturbance in copper metabolism in the 
liver [14], whereas hemochromatosis is a hereditary disorder, in 
which transfer of a gene from one generation to another generation 
takes place. In hemochromatosis iron does not metabolize properly, 
iron content increases inside the body and synthesis of hemoglobin 
get increased. The high concentration of hemoglobin deposits in the 
liver, which can lead to the generation of inflammatory signals and 
cause liver fibrosis [15].

Toxicants
Toxic substances such as carbon-tetrachloride, toluene, xylene, 

dimethylformamide, trichloroethylene, and thioacetamide are 
reported as well-known toxicants which cause liver cell injury. This 
toxic substance after entering in the body activates and releases 
various inflammatory mediators, which accumulates extracellular 
matrix in the liver and causes liver fibrosis [16].

Drugs
Liver cells can also be injured by the use of high concentration of 

some drugs like Isoniazid, this oxidizing, methotrexate, amiodarone, 
pyrimidine, tetracycline, and acetaminophen. Upon high 
concentration, these drugs can cause toxicity in the liver, which leads 
to cell injury, inflammation which activates various inflammatory 
mediators and liver fibrosis [17].

Nonalcoholic Fatty Liver Disease (NAFLD)
This disease seems similar in its signs to those, which occur by 

alcoholic liver disease, but in this case, patients do not have any 
alcohol history. It is mainly Non-Alcoholic Steatohepatitis (NASH) 
where fat deposits in the liver and cause liver scar tissue. The main 
cause of non-alcoholic steatohepatitis is obesity (40%), diabetes, 
coronary artery disorder, malnutrition, and steroids [18].

Liver Fibrosis Pathogenesis and Symptoms
Injury to liver cells causes scarring of tissue and cells which leads 

to fibrosis. In liver fibrosis Extracellular Matrix (ECM) proteins get 
the deposit (Figure 2) [1]. After an injury to the liver, injured tissues 
were replaced by the scar tissue. The mechanism by which this whole 
process takes place is the activation of quiescent Hepatic Stellate Cells 
(HSC) with the increase in different proteins such as, 𝛼-Smooth 
Muscle Actin (𝛼-SMA), elastin, glycoproteins, proteoglycans and 
collagen [19].

There are numerous possible causes, even more than one 
cause will act simultaneously in the pathogenesis of disease at a 
time. Major etiological causes are hepatitis B, C virus and alcohol 
consumption. Other than major causes there is various other 
cause such as parasites, cholestasis, cryptogenic, metabolic disease, 
autoimmune, nonalcoholic fatty liver disease, drugs, and toxins [3]. 

Figure 1: Etiology of liver fibrosis.
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All the etiological factor leads to liver cell injury and inflammation. 
Subsequently, there is activation of different inflammatory cells in the 
liver, those cells are hepatocytes, biliary epithelial cells, kupffer cells, 
pro-fibrogenic macrophages and Liver Sinusoidal Endothelial Cells 
(LSEC’s). Activated inflammatory cells release various inflammatory 
mediators, such as cytokines (interleukin, IFN, Transforming 
Growth Factor (TGF), Tumor Necrosis Factor (TNF), etc.), Reactive 
Oxygen Species (ROS), Nitric Oxide Synthetase (NOS), etc. all these 
factors are known as profibrogenic factors. Inflammatory mediators 
mainly cytokines are the key components in quiescent hepatic stellate 
cells activation, whereas reactive oxygen species responsible for the 
apoptosis and necrosis of hepatocytes.

Hepatic stellate cells are present as an inactive form in liver cells. 
After an injury to liver different inflammatory mediators, activates 
the inactive form of HSC into an active form. Activation of HSC is 
the main key step in the generation of liver fibrosis. Activated hepatic 
stellate cells differentiated into myofibroblast-like cells having 
fibrogenic and proinflammatory properties [20,21]. Myofibroblast-
like cells and hepatic stellate cells after activation migrates at tissue 
injury sites, where they secrete a large amount of extracellular matrix 

along with various proteins, such as collagen, elastin, proteoglycans, 
and glycoproteins. All these factors ultimately change the composition 
of the extracellular matrix and regulate its degradation. Change in the 
composition of extracellular matrix leads to fibrogenesis, which is the 
normal wound healing response. But during chronic liver injury, this 
normal healing response gets deregulated and normal parenchymal 
cell removed by the scar tissue leads to liver fibrosis.

Different symptoms are occurred due to liver fibrosis (Figure 3). 
Cirrhosis is one of the symptoms of a fibrotic liver, it is known as the 
advanced form of liver fibrosis, where most of the liver tissue become 
scared. It is the irreversible process, causes many complications like 
swelling in lower legs, yellowing of skin, tiredness, weakness, and 
itching [22]. Hepatocytes are the main cell which is responsible for 
the metabolism of ammonia or waste product in the liver and portal 
vein help in excretion of waste material from liver into intestine, but 
due to liver injury or fibrosis hepatocyte gets degraded and portal 
vein injured, due to this accumulation of ammonia occur inside the 
liver which leads to hepatic encephalopathy. Hepatic encephalopathy 
causes movement problems, alteration in sleep, foul breath, 
respiratory acidosis, mood change and coma in higher stages [23].

Fibrosis also causes portal hypertension, increased blood 
pressure in the portal vein due to hepatic stellate cells and hepatocyte 
activation, which increases endogenous vasodilator amount in the 
system [24]. Vasodilator dilates the portal vein and blood pressure 
rises. Nitric oxide also has vasodilator properties, it is synthesized 
during liver injury and causes hypertension. In the case of ascites, 
there is fluid accumulation in the peritoneal cavity due to liver fibrosis 
and have some symptoms like shortness of breath, weight gain, and 
spontaneous bacterial peritonitis [25]. After fibrosis, there is a decrease 
in the metabolism of carbohydrates, fats and other product causes 
metabolic disorders such as hypoglycemia, hypercholesterolemia, 
etc. Bleeding tendencies elevated due to dropping in vitamin K 
absorption in the liver. Some other symptoms are splenomegaly [26] 
and jaundice etc.

Figure 2: Schematic diagram of the pathogenesis of liver fibrosis.
Abbreviations: HBV & HCV: Hepatitis B Virus & Hepatitis C Virus; LESC’s: 
Liver Sinusoidal Endothelial Cells; ROS: Reactive Oxygen Species; VEGF: 
Vascular Endothelial Growth Factor; IGF1: Insulin Growth Factor1; IL6: 
Interleukin-6; PDG F: Platelets Derived Growth Factor Receptor; FGF1: 
Fibroblast growth factor; TGFβ: Transforming Growth Factor-β; NOS: Nitric 
oxide synthetase; ET1: Endothelin-1; HSC’s: Hepatic Stellate Cells; MFB’s: 
Myofibroblast.

Figure 3: Schematic overview of symptoms in liver fibrosis.
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Role of Epithelial-Mesenchymal Transition 
(EMT) and Endothelial-Mesenchymal 
Transition (EndMT) in Liver Fibrosis

The Epithelial-Mesenchymal Transition (EMT) is a mechanism 
for differentiating the cells found in complex tissues. Transition 
causes a decrease in polarity of epithelial cell and reduces adhesion 
of cells with each other’s, and get invasive properties to become 
mesenchymal cells [27]. EMT was first observed in embryogenesis 
and was crucial for the development of tissues and organs. It plays 
critical roles in wound healing, and organ fibrosis [28]. EMT are 
further classified as three types Type 1, Type 2 and Type 3 [29]. 
Type 1 EMT contributed in embryogenesis and organ development, 
whereas type 2 involved in the healing of wound, tissue regeneration 
and in organ fibrosis and type 3 EMT contributes in cancer cells 
to generate metastasis [30]. It has been reported that hepatocytes 
and cholangiocytes are two cells of the liver which contributes to 
liver fibrosis via EMT formation. Main signaling pathway involved 
in EMT has been explored by scientists, one of them is Hedgehog 
(Hh) signaling pathway. It has a role in organogenesis and tissue 
remodeling. It has been studied that Hh signaling was activated to 
guide remodeling of the biliary epithelia and stroma after cholestatic 
injury induced by bile duct ligation. Transforming Growth Factor 
(TGF) signaling pathway is another pathway involved in EMT. This 
pathway stimulates collagen and ECM production in HSCs during 
hepatic fibrogenesis. Extracellular Signal-Regulated Kinases (ERKs), 
namely the classical Mitogen-Activated Protein (MAP) kinases, are 
serine/threonine kinases that play crucial roles in the modulation of 
cell growth and differentiation. Evidence suggests that ERK signaling 
contributes to repression of EMT [28].

Endothelial-Mesenchymal Transition (EndMT), is another type of 
cellular transition, appeared as a possible mechanism in pathological 
fibrosis. In this transition, endothelial cells lose their specific 
endothelial cell markers, such as Vascular Endothelial cadherin (VE-
cadherin), and get a mesenchymal phenotype starting expression of 
mesenchymal cell products such as 𝛼-SMA and type I collagen. These 
cells have motile property due to which they are capable of migrating 
into surrounding tissues. TGF-β and Smad signaling pathways are the 
main pathways involved in EndMT transition during fibrosis [31].

Liver Cells and Different Types of Receptors
Liver is basically made up of two types of cells mainly parenchymal 

and non-parenchymal cells. Parenchymal cells contain hepatocytes 
whereas non- parenchymal cells lining the wall of the liver contain 
kupffer cells, liver sinusoidal endothelial cells, and hepatic stellate 
cells. These four cells are involved in the pathogenesis of liver fibrosis. 
Also, these cells contain different types of the receptor (Table 1) which 
are triggered by acute or chronic injury and increases the release of 
various profibrogenic molecules, induces fibrogenesis [3].

Therapeutic Strategies Involved in Liver 
Fibrosis

Standard treatment for liver fibrosis is still not yet available, despite 
having many efforts by scientists and clinicians. Various therapeutic 
strategies investigated to prevent the advancement of the disease. 
Most of the studies do not have translational potential from bench to 
bedside this may be ascribed as humans are probably not as much as 

sensitive to hepatic antifibrotic treatments as animals [45]. However, 
various preclinical studies in animal data showed good results. Serial 
liver biopsies with long-term follow up is carried out in human 
studies, this may result in the high therapeutic output. The effective 
antifibrotic treatment is those, which are target specific and not cause 
any harmful effect after administration for a prolonged period of time 
[2]. There are several strategies explored by the researcher for better 
treatment of liver fibrosis. Some of them are elucidated below:

•	 Eliminating the primary cause of injury, for example, 
reduce alcohol intake in alcoholic liver diseases, various etiological 
factors.

•	 Inhibit Hepatic Stellate Cells (HSCs) activation.

•	 Inhibition of inflammation or hepatocyte injury.

•	 Inhibition of scar tissue formation increases matrix 
degradation and stimulating hepatic stellate cells apoptosis.

•	 Another important strategy in the treatment of liver fibrosis 
is the blocking of Renin angiotensin aldosterone system, which used 

Figure 4: Schematic representation of different nanoparticles.

Figure 5: Folic acid targeted Janus nanoplatform with the NIR irradiation-
triggered release behavior of ICG and silver ions for synergistic liver cancer 
chemo/photothermal therapy [70].
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in liver fibrosis patients with renal and cardiac failure. 

•	 Inhibition of extracellular and intracellular signaling 
pathways which is responsible for activation of HSCs [46].

Conventional Treatment
Self-care

Intake of sodium should be lower in the case of ascites. Sodium 
intake should not be more than 2000mg per day in those patients, 
because more than this concentration salt increases water retention in 
the body accumulates fluids in the peritoneal cavity. Reduce alcohol 
intake, daily intake of alcohol should be reduced in alcoholic liver 
disease.

Diuretics
Loop diuretics, thiazides diuretics mainly used in symptomatic 

treatment, always used in combination with spironolactone to prevent 
hypokalemia (decreasing potassium level). Diuretics increase urine 
production and reduce salt and water intake. Due to this effect, they 
are useful in the treatment of cirrhotic ascites. Ascites caused by the 
accumulation of fluid within the peritoneal cavity owing to multiple 
circulatory, vascular, functional, biochemical, and neurohormonal 
abnormalities. Diuretics help in removing fluid from the body and 
prevent ascites.

Antihypertensive agents
Various antihypertensive agents like Angiotensin II (AT-II) 

receptor blocker, Angiotensin-Converting Enzyme (ACE) inhibitor, 
𝛼- blocker, β- blocker, dilators, etc. mainly used to treat portal 
hypertension occur due to liver fibrosis.

Beta-blockers
Beta blockers are widely used in symptomatic treatment. Mainly 

nonselective beta-blockers are used to treat symptoms like high portal 
pressures, spontaneous bacterial peritonitis [47] and ascites [48]. 
Sometimes, nonselective beta-blockers are useful in the prophylaxis 
treatment of variceal hemorrhage [49].

Statins
Lovastatin, Simvastatin, Atorvastatin, etc. are the inhibitor of 

3-Hydroxy-3-methylglutaryl coenzyme-A reductase enzyme, this 
enzyme performs the rate-limiting step in cholesterol synthesis and 
increases fat deposition in the liver. Statins are used safely in the 
treatment of nonalcoholic fatty liver disease [50].

Antibiotics
Many antibiotics are used in the treatment of various symptoms 

of liver fibrosis. Antibiotics like norfloxacin, ciprofloxacin, 
trimethoprim, and sulfamethoxazole used in the treatment of 
Spontaneous Bacterial Peritonitis (SBP), whereas antibiotics like 
rifaximin used in the treatment of hepatic encephalopathy. Rifaximin 
is a broad spectrum antibiotic active against both gram-positive and 
gram-negative aerobes and anaerobes.

Small molecule drugs
Small molecule drugs have a molecular weight less than 1000 

Daltons. They mainly administered intravenously or orally. Due 
to their small size, they enter the target cells by crossing the cell 
membrane, also they are able to penetrate the blood-brain barrier 
[51,52].

Nuclear receptors
Hepatic stellate cells upon activation express various groups 

of nuclear receptors (Farnesoid X receptor (FXR) and peroxisome 
Proliferator-Activated Receptor ϒ (PPARϒ)) which act as 
transcription factors and play an important role in HSC regulation 
[53]. PPARϒ receptors are highly expressed in the quiescent HSCs 
and upon HSCs activation its expression diminishes [54]. Treatment 
with PPARϒ agonists restored PPARϒ expression and reduce HSC 
activation [55], whereas, FXR receptor mostly present in the liver 
and small intestine. It regulates transcription of multiple genes which 
are involved in bile acids synthesis and transport and maintaining 
homeostasis of bile acids and cholesterol [56]. In HSCs, activation of 
FXR decreases the collagen production. FXR agonists may be useful 

Cells Receptor Reference

Hepatocytes

Asialoglycoprotein Receptor (ASGP-R) [32]

Glycyrrhizin/Glycyrrhetinic acid receptor [33] 

Scavenger receptor [34]

IL-6 receptor [33]

IgA receptor [35]

Hepatic Stellate Cells (HSC)

Manose-6-phosphate Receptor(M6P-R) [36]

PDGF-β receptor  

Retinol Binding receptor [37]

Integrin [38]

Type VI collagen receptor [39]

Kupffer Cell (KC)

Mannose receptor [40]

Galactose receptor [41]

Scavenger Receptor [34]

Liver Sinusoidal Endothelial Cells (LSEC’S)
CD105 receptor [42]

HA receptor [43,44]

Table 1: Liver cells and different types of receptors.
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in decreasing collagen production [57]. 

Renin-Angiotensin-Aldosterone System (RAAS)
RAAS system is an important hormonal regulatory mechanism. 

It regulates the blood pressure and fluid homeostasis in the body. In 
RAAS the angiotensin I converted into Angiotensin II (Ang II) by 
the action of enzyme Angiotensin I Converting Enzyme (ACE) [58]. 
Ang II directly binds to the Ang II Type 1 Receptor (AT1-R) and 
induces HSC activation, it also increased TGFβ, TIMP1 expression, 
and collagen deposition [59]. This interaction with AT1-R has an 
important role in liver fibrosis. Use of ACE inhibitors (ACEi) and 
AT1-R Blockers (ARBs) may be a good therapeutic option for the 
reatment of liver fibrosis [46].

Endocannabinoid system
Endocannabinoid system has a role in liver diseases which 

includes viral hepatitis, NAFLD, and alcoholic liver disease. 
Cannabinoid receptors CB1 and CB2 are up-regulated in chronic 
liver diseases and several studies have convincingly demonstrated 
antagonism between CB1 and CB2, that is, CB1 increases while CB2 
decreases liver damage [60,61]. CB1 antagonists and CB2 agonists 
may be useful therapeutic approaches for liver diseases [46]. Table 
2 represents the various drugs which are under clinical trial used by 
different receptors.

Inflammation and oxidative stress
One of the major causes of liver fibrosis is Inflammation. There 

are different types of inflammatory response generated during 
fibrosis which affects the normal function of HSCs, and use of 
anti-inflammatory drugs provides rationale therapeutic approach, 
for examples, Corticosteroids (e.g., prednisone, prednisolone, 
methylprednisone, and triamcinolone) are useful in the treatment 
of liver diseases or even used in preventing liver rejection after liver 
transplantation. These corticosteroids work by inhibiting the release 
of inflammatory cytokines or neutralize released cytokine by acting 
on their receptor and antagonize them. Liver injury by various 

agents produces/generate oxidative stress or Reactive Oxygen Species 
(ROS) in the liver which is one of the factors responsible for the 
activation of HSCs. Therefore, inhibition of oxidative stress or ROS 
inhibits inflammation resulting in amelioration of liver fibrogenesis. 
Antioxidants can attenuate ROS generation and therefore emerge as 
potential antifibrotic therapies [46].

Protein kinases/kinase receptors
Activation of HSCs during liver fibrosis up-regulated a number 

of receptor tyrosine kinases, that was, Epidermal Growth Factor 
(EGFR), Platelet-Derived Growth Factor Receptor (PDGFR), 
Fibroblast Growth Factor Receptor (FGFR), Vascular Endothelial 
Growth Factor Receptor (VEGFR). These receptors produce different 
inflammatory signals resulted in differentiation and proliferation of 
quiescent HSCs. Antagonism of these pathways via tyrosine kinase 
inhibitors prevents liver fibrosis [46,62].

Nanomedicines in Liver Disorders
Nanotechnology is a branch of science and technology, it deals 

with the study and application of small particle mainly those are 
less than 100nm. Nanoparticles are very small and spherical in 
shape showing very unique surface properties. Nanoparticles which 
are used in nanomedicine are synthesized using biocompatible 
materials, having compatibility with living tissue. These materials 
should be nontoxic, non-injurious and harmless without causing 
any immunological response in the biological system. Nanoparticles 
are successfully designed for the delivering of therapeutic agents in 
a specific manner to a particular site in the system. Nanoparticles 
deliver the drugs either passively or actively. For the passive delivery 
of the nanoparticles, physicochemical properties of drugs should be 
properly optimized, whereas for active delivery cell-specific homing 
devices are used which provide the specific targeting at disease site 
and reduce the other adverse effect. By use of these technologies, we 
overcome our major pharmacological and clinical problems like less 
solubility of drug, organ toxicity non-specific, and short half-life of 
the drug molecule in systemic circulation and resistance of drugs 

Sr.No Therapeutic target Drugs Mechanism Therapeutic use Clinical Phase 
trial

1

Nuclear receptor:     
FXR receptor Obeticholic acid FXR receptor agonist Primary biliary cirrhosis, 3

   NASH fibrosis  
 Obeticholic acid +    

 ursodeoxycholic acid 
(URSO) FXR receptor agonist Primary biliary cirrhosis 2

PPARγ receptor
Pioglitazone PPARγ receptor agonist NASH 2

Pioglitazone + vitamin E PPARγ receptor agonist NAFLD with diabetes mellitus 
type 2 (T2DM) 4

2

RAS system:     
Angiotensin II type 1 

receptor Losartan Angiotensin II type 1 receptor Antagonist Liver fibrosis with 4

 Irbesartan  Chronic HCV infection 3
  Angiotensin II type 1 receptor Antagonist NASH  
 Candesartan  Alcoholic liver fibrosis 2

Angiotensin1 converting 
enzyme Moexipril Angiotensin1 converting enzyme 

inhibitor/antagonist Primary biliary cirrhosis 2

3 Antioxidant Glycyrrhizin Antioxidant action, inhibit ROS 
generation

Chronic hepatitis C and 3liver fibrosis

4 Tumor necrosis factor α 
production Pentoxifylline TNF α suppressing Primary biliary cirrhosis 2phosphodiesterase inhibitor

5 Inflammatory cytokines Cenicriviroc CCR2 and CCR5 antagonist NASH 2

6 Protein kinase receptor
Sorafenib Tyrosine kinase inhibitor Liver cirrhosis with portal 

hypertension 2

  Liver cirrhosis  
Erlotinib EGFR TK inhibitor  2

Table 2: Summary of the registered clinical trials.
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with conventional therapy. Nanomedicine is the branch of medicine 
that deals with the biomaterials having nano dimensions through 
applications in numerous medical problems or issues via different 
nanoparticles like inorganic, polymeric, liposomal, albumin and 
others. Nanomedicine based on nanoparticles approach has been 
investigated by the researcher for liver disease treatment [63,64].

Advantages of Using Nanoparticles Delivery 
Systems

Nanoformulations are the current thrust in the systemic delivery 
of therapeutic agents at a specific site in a precise manner. Henceforth, 
they have an advantage over the conventional drug treatment options 
such as 1) Release of the drug in a controlled fashion; 2) Nanoparticles 
form a barrier around the core substance and thus prevents 
inactivation of therapeutic agents before it reaches to the site of 
action. This barrier protects the nucleic acids or biomacromolecules 
inside their core from enzymatic degradation in extracellular spaces; 
3) Useful for delivering both hydrophilic and hydrophobic drugs at 
same time via different surface chemistry; 4) Increases bioavailability; 
5) Minimize the toxicity and other adverse effects of drug; 6) It can be 
administered by various route external, oral, ophthalmic, parenteral 
and dermal, etc.; 7) Target-specific drug delivery.

Nano Therapeutic Strategies for Liver 
Fibrosis

Nanoparticles for liver fibrosis are primarily developed 
using liposomes, polymers, albumins and inorganic molecule. 
Nanoparticles enhances transport of various drug molecules, 
nucleic acids, antibodies and different moieties for targeted drug 
delivery [65]. Different nanotherapeutics has been investigated by 

researchers for liver fibrosis treatment, in the current review article 
we categorize the nanoparticles according to their chemical structure 
and components present in them: 1) Inorganic nanoparticles; 2) 
Liposomal nanoparticles; 3) Polymeric nanoparticles; 4) Albumin 
nanoparticles and 5) other Nanoparticles like nano micelles (Figure 
4).

Inorganic nanoparticles
Inorganic nanoparticles are considered as an acceptable 

therapeutic choice, with its specific structure to take drugs for the 
treatment. They are nontoxic in nature, nanoparticles are made up 
of two layers one is the core membrane and the other is the outer 
surface. In inorganic nanoparticles, core is made up of metal or metal 
oxide and outer membrane is made up of an organic layer. Optical, 
electrical and magnetic properties are some of the unique properties 
of metalcore. The main advantage of these types of nanoparticles is 
that we can incorporate different types of drugs into them. Nowadays 
inorganic nanoparticles are extensively used for the treatment of 
liver fibrosis. Some nanoparticles-like Cerium Oxide (CeO2NPs) 
nanoparticles, gold (Au), silver and silica NPs [66] are commonly 
used in liver fibrosis treatment. Physical and chemical modification 
in the structure of NPs can be exploited for delivering drugs in liver 
disease treatment, for example, cisplatin, doxorubicin (DOX) and 
capecitabine [67]. 

There are different animal studies carried out for checking the 
effect of nanoparticles. According to one study, liver fibrosis in an 
animal model was induced by carbon tetrachloride (CCl4) and 
treatment was done with the cerium oxide (CeO2 NPs) nanoparticles. 
Systemic and hepatic effects of CeO2 NP were checked in rats after 
induction of liver fibrosis. All the function was checked properly after 

Sr.No Nanoparticle system Nanoparticle formulation Targeting cells and Action References

1 Inorganic nanoparticle

Cerium oxide nanoparticle 
(CeO2NPs) Target HSC, [76]

 Action through: decreasing macrophage infiltration, inhibition of α-SMA 
and caspase-3, decreasing inflammatory cytokines  

Gold nanoparticle Inhibition of α-SMA by targeting HSC  

  [67]

2 Liposomal nanoparticle

Dexamethasone–liposome Target liver Macrophages, and decreases T cells production [71]

 HSC, suppression of collagen secretion  

Vitamin A-coupled liposomes HSC, inhibition of collagen production  

HSA-M6P-liposomes HSC, decreases collagen synthesis and α-SMA levels [46]

Cationic liposome microRNA  [77]

3 Polymeric nanoparticle

PEG-PLGA sorafenib Tyrosine kinase inhibitor decreases collagen production and 
microvascular density [74]

 Targeting HSC, inhibition of collagen I  
POEGMA-b-VDM-vitamin A 

nanoparticles
 

 
 [69]

4 Albumin nanoparticle

Berberine-BSA nanoparticles HSC, antiproliferative action [75]
Dexamethasone-mannosylated 

albumin  

M6P-HSA-DOX Kupffer cells (TNF-α), reduced intrahepatic ROS [71]

 HSC, antifibrotic effect [36]

5 Other nanoparticle (Nano 
micelles)

HA micelles
 

HA-PLA-curcumin

HSC, inhibition of HSC activation
HSC, antioxidant and anti-inflammatory action 

[44]
 

[43]

Table 3: Nanoformulation for liver fibrosis.
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nanoparticles treatment. The effect of nanoparticles on liver fibrosis 
was confirmed by checking a decrease in inflammatory cytokines 
mRNA expression and oxidative stress mRNA expression. Further, 
from the histopathological study of the liver section, it has been 
observed that reduction in liver fibrosis was reported to a greater 
extent after giving nanoparticles treatment [68].

In another study, silymarin-coated gold nanoparticles are used 
in the treatment of liver fibrosis induced by carbon tetrachloride 
(CCl4). Gold nanoparticles work through downregulating hepatic 
stellate cells and kupffer cells. In animal model after treatment with 
silymarin - coated gold nanoparticles, there is a decrease in different 
inflammatory markers which are supposed to be the key markers for 
inducing fibrosis. A decrease in the level of alpha-smooth muscle 
actin (α-SMA) gives the exact result in decreasing fibrogenesis and 
liver fibrosis [69]. In another study, the silver/silica nanoparticles 
were used to target folic acid in case of radiation-induced liver 
cancer (Figure 5). Silver/silica nanoparticles were loaded with the 
indocyanine green. This nanoparticle released two molecules at 
a time, silver as well as indocyanine green which has the potential 
properties against folic acid, thus preventing liver cancer [70].

Liposomal nanoparticles
A liposome is the smallest spherical vesicle produced by the 

natural non-toxic phospholipid and cholesterol. It is a microscopic 
vesicle inside core is made up of the aqueous layer and this core is 
enclosed within another one or more phospholipid bilayer. Liposomes 
are used to deliver vaccines, enzymes, both hydrophilic and 
hydrophobic drugs at particular targeted sites. The main advantages 
of liposomal nanoparticles are its biodegradability, biocompatibility, 
low antigenicity, and their low toxic nature. Liposomes mainly 
prepared by thin film hydration, Dehydrated-Rehydrated Vesicles 
(DRV) freeze-thawing and detergent methods, etc. they are two 
types Small Unilamellar Vesicles (SUV) have 15-30 nm diameter 
and Large Unilamellar Vesicles (LUV) have 500-3000 nm diameter. 
Recently, liposomal nanoparticle-based drug therapy such as vitamin 
A-conjugated siRNA, dexamethasone loaded liposomes, INF-α 
loaded liposomes, etc. for liver fibrosis is reported under clinical trial, 
which shows its higher efficiency than other nanoparticles in clinical 
practice.

In the case of vitamin A-conjugated siRNA, it is a type of lipid 
nanoparticle mainly used for gene delivery. Currently, it is under 
clinical phase trial 1 for therapy of liver fibrosis. Delivery of these 
nanoparticles in the system occurs through targeting PLK-1 lipid 
particle or in the form of encapsulated liposomes. In this particular 
study, the researcher study effect of vitamin A-conjugated siRNA 
in CCL4 and bile duct ligated fibrosis in a mouse model. A study 
concludes that siRNA is delivered properly at a specific target in the 
hepatic stellate cell by conjugating with vitamin-A liposomes. They 
bind to the gp46 gene present in hepatic stellate cells and reduces 
collagen secretion and decreases liver fibrosis in the mouse model 
[46].

In another study dexamethasone are used, it is a corticosteroid 
medication and having anti-inflammatory activity. Therefore, 
dexamethasone loaded liposome is prepared to show anti-
inflammatory activity and used in the treatment of liver fibrosis. 
They target liver macrophages and decreases helper T cells in the 

liver through an immune reaction, finally helps in decreasing 
inflammatory mediator, inflammation, and fibrosis [71]. Some 
researcher study on PPAR-ϒ ligand-loaded Mannose-6-Phosphate 
(M6P)-Human Serum Albumin (HSA)-conjugated liposomes in 
CCL4 induced fibrosis mouse model and showed the therapeutic effect 
of these nanoparticles in liver fibrosis. These nanoparticles specifically 
target the mannose-6-phosphate receptor present in hepatic stellate 
cells. Inhibit the conversion of inactivated HSC in activated HSC 
and thus prevent further activation of fibro genetic pathway. These 
conjugated liposomes are useful in both in-vitro and in-vivo study for 
the treatment of liver fibrosis [72].

INF-ϒ has a beneficiary role in the treatment of liver disease. The 
researcher suggested that Platelets Derived Growth Factor (PDGF) 
have some role in the activation of hepatic stellate cells in the liver. So 
in this particular study researcher induces fibrosis in a mouse model 
using Thioacetamide (TAA) and liposomes loaded with interferon 
(INF-ϒ) are checked for their effect on TAA-induced liver fibrosis. 
Liposomes loaded with interferon (INF-ϒ) act through targeting the 
PDGF receptor and inhibit these receptors, which further prevent 
activation of HSC and prevent liver fibrosis [37].

Polymeric nanoparticles
A polymeric nanoparticle is colloidal in nature and has particles 

size in the nano range. It is mainly used for the Targeted Drug 
Delivery System (TDDS) to target particular sites. Drug of choice 
is either adsorbed or encapsulated or conjugated on or within the 
polymer nanoparticles. These polymeric nanoparticles prepared by 
solvent evaporation, emulsification and salting out phenomenon. 
They are used for the delivery of different drugs, such as nucleic 
acid, sorafenib, and nitric oxide. These nanoparticles deliver drugs to 
different liver cells for therapy of liver fibrosis [73]. Tyrosine kinase 
is an enzyme which is responsible for the production of collagen in 
a liver. Sorafenib is the antifibrotic agent and it is tyrosine kinase 
enzyme inhibitor. In CCL4 induced fibrosis mouse model sorafenib 
is delivered using polymer conjugation using Poly (Ethylene Glycol)-
b-poly (Lactic-co-Glycolic Acid) (PEG-PLGA) copolymers with 
PLGA. It delivers sorafenib in systemic circulation where it inhibits 
tyrosine kinase enzyme and decreases collagen production with 
shrinking of blood vessels and microvascular density, finally reduced 
liver fibrosis [74]. It was found that nitric oxide has some potential 
properties in the treatment of liver fibrosis so for this researcher uses 
a copolymer, poly (oligo ethylene glycol)-methyl ether-methacrylate-
block- 2-vinyl-4,4-dimethyl-5-oxazolone which was coated with the 
vitamin-A nanoparticle. This combined form of nanoparticle was a 
good carrier for the nitric oxide in hepatic stellate cells. Nitric oxide 
in HSC act through decreasing collagen I level in the injured liver.

Albumin nanoparticles
Albumin is a protein which abundantly presents in the body and 

it is obtained either from humans or animals. Protein aggregates 
such as Human Serum Albumin (HSA) and Bovine Serum Albumin 
(BSA) obtained from human and animal uses in liver fibrosis 
therapy. Biodegradable nanoformulations are most preferable in 
nanomedicine due to their properties like non-toxic, low cost, non-
immunogenic nature; it is a vital factor in designing nanotechnology-
based drug delivery protocol. In one study, a drug moiety Berberine 
was coupled with the bovine serum albumin to prepare nanoparticles. 
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Berberine shows antiproliferative properties against CCL4 induced 
liver fibrosis in a mouse model both in-vivo and in-vitro. Berberine 
BSA nanoparticle target hepatic stellate cells in the liver and inhibit 
the activation of hepatic stellate cells thus prevent further fibrogenesis 
[75]. In another study, a mouse model was used to study liver 
fibrosis and it was induced using bile duct ligation. A corticosteroid 
medicine dexamethasone is injected into the mouse model in the 
form of nanoparticle which was coupled with the mannosylated 
albumin. These nanoparticles deliver drugs to a specific target kupffer 
cell in the liver and show their anti-inflammatory effect. In an in-
vitro study, it inhibits Tumor Necrosis Factor (TNF) and in-vivo it 
decreases Reactive Oxygen Species (ROS) [71]. Another target found 
by the researcher was Transforming Growth Factor (TGFβ) which 
was targeted using MP6/IG II receptor. TGFβ is cytokines which get 
activated after the injury to the liver and induces liver fibrogenesis. 
Human serum albumin is altered with Mannose-6-Phosphate (M6P) 
nanoparticle, particularly used for targeting M6P/IG II receptors 
which inhibit TGFβ cytokines signals and decreases collagen 
production or liver inflammation in a rat model.

Many other drugs, such as cisplatin, chlorambucil, and 
doxorubicin are studied for their therapeutic potential in liver diseases 
by targeting particularly mannose-6-phosphate receptor. They are 
altered using human serum albumin nanoparticles for delivering the 
drug to targeted sites due to their antiproliferative and antifibrotic 
action, they are used in the treatment of liver fibrosis. Table 3 showing 
various nanoformulations which are used for liver fibrosis.

Other nanoparticulate systems: nano micelles
Nano micelle is the form of a micelle formed at Critical Micelles 

Concentration (CMC). They are the current novel approach in 
nanomedicine. Nano micelles are nano-size range colloidal particle, 
it is made up of the hydrophobic core and hydrophilic shell but in 
reverse nano micelles core is made up of hydrophilic tail and shell 
made up of the hydrophobic head. Normal micelles are used for 
delivering hydrophobic drugs to increases their concentration 
in systemic circulation whereas reverse micelles are delivered 
hydrophilic drugs to a particular site [65].

Liver Sinusoidal Endothelial Cells (LSEC’S) and hepatic stellate 
cells are targeted by targeting Hyaluronic Acid (HA) receptor. 
Losartan is the Angiotensin Receptor Type 1 (AT1) receptor blocker 
conjugated with Hyaluronic Acid (HA) micelles used in therapy of 
advanced liver fibrosis in a C3H/HeN mouse model. During liver 
injury, CD44 receptor gets over expressed which activated HA 
receptor-mediated HSC activation. They deliver drugs to HSC and 
decreases the level of α-SMA and fibrogenesis [44]. There are various 
natural substances currently under study for liver fibrosis therapy.

Curcumin is among one of them, it exhibits antioxidant and anti-
inflammatory effects. Curcumin is a non-toxic natural compound 
easily available around the world but their low bioavailability limits 
their therapeutic potential. For this, curcumin nanoparticle was 
encapsulated using HA-polylactic acid micelles which deliver the 
drug to HSC and have potential to minimize the toxic effect of TAA 
upon HSC in a TAA-induced liver fibrosis mouse model [43].

Role of Kupffer Cells in Nanoparticles Drug 
Delivery

Kupffer cells are one of the macrophages present in the liver 

which were used for homeostasis of tissues. Macrophages have high 
phagocytic activity, due to which they easily respond to danger 
signal and maintain immune homeostasis. In a healthy person, 
kupffer cells function as an immune protector that activates other 
cells upon pathogenic threats. Phagocytosis phenomena occur in 
kupffer cell when a nano or other delivery system enters into the 
liver. Macrophages recognize the nanoparticles as opsonins via 
interaction with receptors present on kupffer cells [78]. There are 
many factors which are helpful for understating the role of kupffer 
cells in nanoparticles drug delivery. The contact between the kupffer 
cells and drug delivery system depend upon the size and radius 
of nanoparticles. Mainly, a diameter of 1-3 µm is sufficient for 
interaction with cells. If size and radius of nanoparticles are very 
small, in that case, they are not easily entered into the cell membrane 
but they enter into cells via either pinocytosis or endocytosis whereas 
large size particles does not get contact with the cell membrane 
[79]. Shape of nanomaterials also plays an important role in drug 
delivery. It has great impact on the interaction of the delivery system 
and macrophages. Large particles, elongated shapes stimulate 
interaction between them and smaller particle shape influences the 
speed of internalization into cells. Some studies have shown that, 
in comparison to their spherical shape, nonspherical particles are 
distributed more in different tissue by hydrodynamic forces in the 
bloodstream [80]. Also, there are other parameters that influences 
the interaction and distribution of nanoparticles. The flexibility of 
the smaller hydrophilic delivery system was found to affect in vitro 
kinetics and internalization pathways in macrophages [81] and other 
nonphagocytic cells [82]. In vivo, the flexibility and deformability of 
delivery systems have great impact on their tissue distribution and 
retention, for example, RBC. These properties influence interaction 
in a complex manner. Positive charges on the surface of the delivery 
system have a deleterious effect on circulation time, whereas different 
findings are reported regarding the impact of negative charge. It have 
been studied that effects of particle size and surface charge on cellular 
uptake/bio distribution and concluded that in vivo bio distribution of 
Nanoparticles (NPs) with slight negative charges and particle size of 
150nm tended to accumulate in tumor more efficiently, while it was 
reported that negatively charged liposomes have a shorter half-life in 
the blood [83]. Thus, macrophages have major role in fibrosis due 
to their unspecific nanoparticle uptake and also for the recognition 
of associated antigens. Therefore, macrophages represent as an 
attractive targets for nanomedicine in liver disease, but it should also 
be considered as particle scavenging cells in nanoparticle mediated 
drug delivery.

Future Directions
Scientists explore numerous therapeutic agents for the treatment 

of disease related to the liver, but the translational potential of these 
agents from bench to bedside is still very poor. From the current 
review, we understood the pathogenesis of liver fibrosis, conventional 
and nanomedicine treatment approaches. In the future, there is a 
need to identify the molecular mechanism, genetic modification 
and different molecular pathways responsible for causing liver 
fibrosis to investigate new therapeutic targets. Recently, the field of 
nanomedicine developed as an encouraging area of research for liver 
diseases treatment. Biodegradable, multifunctional nanocarriers, 
conjugated with a number of drug molecules, having efficacy and 
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safety properties will provide infinite opportunities in targeted 
delivery for treatment of liver disease, this should be one of the 
important strategies for future in nano theranostic approach. The 
urge for developing simple and harmless noninvasive indicators for 
liver fibrosis is the main objective in clinical hepatology that will 
simplify the design of clinical trials. Comprehensive epidemiological 
genetic studies data are markedly required for an epidemiological 
survey, which are very useful for identifying high-risk patients 
with the liver fibrosis and cirrhosis. Mechanism and effect of stem 
cell therapy in liver fibrosis treatment is not clearly understood yet, 
therefore, a systematic study on stem cell therapy should be required 
for a better understanding of its delivery and therapeutic effect. It may 
provide the potential approach for liver fibrosis regeneration therapy 
in the future.

Conclusions
Liver fibrosis is a wound healing process. Injury to liver cells 

accumulates Extracellular Matrix (ECM) proteins in the liver. 
During the wound healing process liver form scar tissues by 
removing injured tissue. Majorly fibrosis caused by heavy alcohol 
consumption, hepatitis B & C virus, and nonalcoholic fatty liver 
disease. Conventional treatment is available only for the symptomatic 
treatment but due to its low concentration in the systemic circulation, 
it does not provide sufficient treatment for liver therapy.

Currently, treatment available on the basis of nanotechnology 
is come up as the inventive and promising approach in treatment 
for liver fibrosis as an alternative to conventional therapy. Different 
nanoparticles have been developed for the treatment of liver fibrosis, 
such as inorganic, liposomal, polymeric, albumin, and nanomicelles 
nanoparticles. Available conventional drugs and new drug moieties 
are modified by conjugation/coupling with these nanoparticles 
for targeted drug delivery, increasing systemic bioavailability, 
controlled release of drug and less adverse effect. Currently, among 
all nanoparticle formulations explored by scientists, liposomes, and 
nanomicelles were considered as first generation nanoparticles with 
minimum toxicity and having the flexibility for further chemical 
and physical modifications. Now, these current therapies with 
nanoparticles can be helpful in the prevention and cure of liver 
fibrosis. Currently, there are varieties of drugs with nanoparticles 
under preclinical and clinical trials. Nanoparticles provide great scope 
in the future for the treatment of liver disease and other diseases. 
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