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Abstract

Ursolic acid, it is a pentacyclic triterpene abundantly present in various medicinal plants, has garnered extensive attention for 
its multifaceted bioactive properties. It is widely distributed in fruits, leaves, herbs, and flowers. It has demonstrated significant 
therapeutic potential against diverse ailments, including cancers, inflammation, aging, obesity, diabetes, dyslipidemia, and 
liver injuries. This review focuses on ursolic acid’s structural attributes, natural sources, biosynthesis, and pharmacological 
effects, particularly emphasizing its hepatoprotective and cardio protective mechanisms. Most studies have explored ursolic 
acid’s impacts on peroxisome proliferator activated receptors, liver X receptor, farnesoid X receptor, and pregnane X receptor, 
revealing potent anti-inflammatory, anti-hyperlipidemic, anti-cancer, cardio protective and hepato protective attributes. In vitro 
and in vivo investigations highlight ursolic acid’s efficacy in reducing accumulation of lipids in hepatic cells, mitigation of non-
alcoholic steatohepatitis, and preventing the progression of liver fibrosis. This comprehensive review provides valuable insights 
into ursolic acid’s diverse therapeutic applications, underscoring its potential as a promising natural compound for combating 
a spectrum of health challenges.
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Introduction

Ursolic acid (UA) has many different pharmacological 
properties. But in this review cardioprotective and 
hepatoprotective nature has been discussed here. UA itself 
has antioxidant and anti-inflammatory property [1]. It shows 
the effect on liver and heart mostly with these effects. It acts 
as Peroxisome proliferator activated receptor α (PPAR- α) 
agonist to alleviate the liver disorders and inhibits nuclear 
factor kappa-light-chain-enhancer of activated B cells (Nfκb/
Akt) mediated pathway [2]. It shows the effect on heart by 
its antioxidant effects [3]. Due to oxidative stress myocardial 
infarction occurs, but UA prevents the DNA damage in heart. 
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It protects heart by another mechanisms, it has vasorelaxant 
property as well. It has endogenous nitric oxide (NO) 
relaxant property via stimulation of endothelial nitric oxide 
synthase (eNOS) which is important for hypertension and 
atherosclerosis [4].

Ursolic Acid
This is 3β-hydroxy-12-urs-12-ene-28-oic acid (Figure 1) a 
naturally occurring pentacyclic triterpenoid carboxylic acid; 
is the main ingredient in many traditional medicinal herbs 
[5]. It is well known to have various of biological properties, 
which includes protection against inflammation, tumor, 
and having antioxidant properties that can counteract both 
endogenous and exogenous biological stimuli [6].
 
The pentacyclic triterpenoids (PCTs) are a class of C30 
isoprenoid compounds that are widely distributed in 
plants. They are produced biosynthetically by the help of 
folding and cyclization of squalene ring, by which it results 
in the dammarenyl ring system. This ring structure and 
stereochemistry differ slightly from that of major sterols. UA 
is found in a wide range of plants as an aglycone of triterpene 
saponins or as a free acid [7]. Triterpenoids are generated 
by the action of mevalonic acid and consist of six isoprene 
molecules [8].

They are frequently connected to polysaccharide gums 
and can be found in plant resin, cork, and waxy coatings. 
Triterpenoids, also referred to as saponins, are substances 
that either exist naturally unchanged or are modified by 
glycosylation. Non-glycosylated triterpenoids produce 
a lipophilic membrane that acts as a barrier to keep out 
water from leaves, stems, and fruits [9]. PCTs are the most 
prevalent and extensively dispersed type of triterpenoids. 
Four fundamental ring skeletons are used to classify PCTs: 
ursane, oleanane, friedelane, and lupine. In lupine , there 
are four six-member rings and one five-member rings, in 
olenane there are five six- members rings with two methyl 
groups each, in ursane there are five six-member rings with 
one methyl group each. UA, asiatic acid (AA, ursane group), 
oleanolic acid (OA), β-amyrin (oleanane group), and betulin 
(lupine group) are the terpenoids that have been studied the 
most [9,10].

Figure 1: Ursolic Acid Structure.

Structural Property
UA (3β-3-hydroxy-urs-12-ene-28-oic acid) is a PCT, having 
the chemical formula C3OH48O3 and a molecular mass of 
456.71 g/mol. UA completely dissolves in alcoholic sodium 
hydroxide and glacial acetic acid [7], but it doesn’t dissolve 
in water. It is typically produced by folding and cyclizing 
squalene, which lengthens the UA’sfifth ring and adds another 
ring. This process starts with the dammarenyl cation. The 
three oxygen atoms in the molecule activate double or triple 
neutral ligands and donate electron pairs to the transition 
metal atom [12,13].

Natural sources of URSOLIC Acid
Triterpenes can be extracted from a variety of therapeutic 
plants; the Lamiaceae family is one of the most well-
known sources, as leaves of Rosmarinus officinalis, a classic 
commercial source [14]. Additionally, UA has been found in 
a number of sources, namely in and in certain commercially 
dried fruits, leaves, and flowers. It has recently been discovered 
that wild edible mushrooms contain the triterpenic acids 
ursolic and oleanolic for the first time [15]. Triterpenoids 
found in cuticular waxes provide a protective effect against 
biotic stressors including infections and herbivores on the 
mechanical qualities of the fruit surface. These compounds 
are also partially responsible for the allelopathic potential of 
fruits. The main triterpene found in argan fruit and leaves is 
ursolic acid, which is produced as a byproduct of the argan 
oil industry [16]. It can be found in waste products like those 
used to make juice, apple peels, the leftovers from processing 
apples or persimmons, especially peels, unripe and overripe 
fruits that are harvested, like elderberries, and raffinates, 
like leftover rosemary that is used to extract carnosic acid. 
Another source might be forestry wastes, such as Eucalyptus 
sp. bark.

Numerous berries have been shown to contain UA and related 
PCTs, including Vaccinium macrocarpon (cranberries) and 
other Vaccinium species [17]. The fruit peel of the apple 
(Malus domestica) [18] the leaves of the thyme (Thymus 
vulgaris) [19], the bark and leaves of Eucalyptus, the leaves 
and barks of Sambucus nigra, the leaves of Origanum vulgare, 
the leaves of rosemary (Rosmarinus officinalis) [20], the leaves 
and flowers of hawthorn (Crataegus sp.) [21], the leaves and 
flowers of marjoram (Origanum majorana), the leaves and 
flowers of lavender (Lavandula angustifolia) [22], the leaves 
of coffee (Coffea arabica), the leaves of sage (Salvia officinalis), 
and the wax layer of a variety of edible fruits are also known to 
contain UA in relatively high concentration [23,24].

Different Natural Sources with their Parts
As previously indicated, UA may be obtained from a variety 
of natural sources by employing various extraction methods 
and shown in Table 1.
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Natural Sources Part of the Plant Scientific Name Method of Extraction and Solvents References

Apple Peels Malus domestica
Ultrasonic cleaner with hydrophobic 

deep eutectic solvents (Menthol: 
Thymol) (1: 1)

Li, et al. [25]

Eucalyptus Bark Teriticornis 
globulus

Soxhlet extraction with 
dichloromethane. Solid liquid 

extraction with natural deep eutectic 
solvents (NADES) (Menthol: Thymol) 

(1:2)

Silva, et al. [26]

Argan Fruits Argania spinosa Maceration with absolute ethanol. Khallouki, et al. [16] 

Thyme Leaves Thymus vulgaris

A series of chromatographic and 
extraction procedures using ethanol, 

n-hexane, ethyl acetate, n-butanol, and 
distilled water.

Shimada, et al. [27]

Rosemary Leaves Rosemary 
officinalis

Ultrasonic extraction with 90% 
ethanol at material/solvent ratio 1:15. Bernatoniene, et al. [28]

Tulsi Leaves Ocimum sanctum

Methanol, acetonitrile, acetone, and 
ethyl acetate are used in a batch 

extraction process. (1:120, solid to 
solvent ratio).

Vetal, et al. [29]

Table 1: The Natural Sources of UA and its Method of Extraction from them.

Biosynthesis of UA
Huge concentrations of UA and similar triterpene 
compounds, such as α and β-amyrin, betulinic acid, uvaol, and 
oleanolic acid, are found in plants. Because the enzymes that 
are responsible for their formation are present and active 
in different species, their amount and composition vary 
[24]. Fruit peels from apples (Malus domestica), marjoram 
(Origanum majorana), oregano (Origanum vulgare), 
rosemary (Rosmarinus officinalis), sage (Salvia officinalis), 
thyme (Thymus vulgaris), lavender (Lavandula angustifolia) 
leaves and flowers, eucalyptus (Eucalyptus teriticornis) leaves 
and bark, black elder (Sambucus nigra) leaves and flowers, 
hawthorn (Crataegus sp.) leaves and flowers, coffee (Coffea 
arabica) leaves, and the wax layer of many edible fruits are 
examples of plant matrices with a high content of ursolic 
acid [30,31]. The formation of UA along with associated 
compounds in plant tissues occurs in three stages. The 
first step involves making isopentenyl diphosphate (IPP), a 
building block with five carbons that is needed to make all 
terpenic compounds (Figure 2) [24]. It’s been long believed 
that this molecule can only be obtained by the mevalonate 
pathway (MVA). Through a six-step process, this cytosol-
carried metabolic route changes two molecules of Acetyl-
CoA (produced in the citric acid cycle) into one molecule of 

IPP [32]. A different procedure known as the deoxyxylulose/
methylerythritiol phosphate (DXP) pathway (Figure 2), has 
been identified by recent studies. By the help of pyruvate 
and glyceraldehyde-3-phosphate, IPP is produced in this 
plastid located mechanism [32]. The absence of the required 
enzymes prevents the plastid from synthesizing triterpenes 
none the less, the potential for overlap between the two 
options that are offered is taken into account [33].

The process of synthesising 2, 3-oxidosqualene and 
cyclizing it to create α-amyrin is the second step in the 
creation of UA (Figure 2). Squalene is produced from IPP 
molecules and their isomer dimethylallyl diphosphate 
(DMAPP) by way of the intermediates farnesyl and geranyl 
pyrophosphate. Next, this molecule is oxidized to 2, 
3-oxidosqualene by squalene epoxidase. Oxygen-squalene 
cyclases (OSCs) are a class of enzymes that catalyze the 
cyclization and reorganization of the terpenoid chain, 
resulting in the creation of several scaffolds, among them 
α-amyrin. α/β- amyrin 28-monooxygenases, a class of 
cytochrome P450 enzymes, modify α-amyrin in the final 
stage. The UA biosynthesis process ends when the methyl 
group-containing C-28 is changed into a carboxyl [34].
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Figure 2: Different steps of biosynthesis of UA: (A) Formation of IPP & DMAPP in plastid, (B) Formation of IPP & DMAPP in 
cytosol (DXP pathway), (C) Ultimate stage of UA formation.

Limitations of using Natural UA
 UA has a low bioavailability and is practically insoluble 
in water. Because of its limited pharmacological 
effects resulting from its low water solubility and 
difficulty penetrating biological membranes [35].  
 
According to the biopharmaceutical classification system 
(BCS), UA is a class IV pharmaceutical product [36]. The oral 

bioavailability of these medications was low due to their 
delayed disintegration and limited penetration through 
the gastrointestinal mucosa [37]. Owing to these variables, 
novel approaches namely, drug delivery technologies have 
been created in an effort to enhance this UA molecule’s 
biopharmaceutical properties. Many UA delivery methods 
have been effectively employed to date, including liposomes 
[38], niossomal gels [39], nano-emulsions [40], mesoporous 
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silica nanoparticles, solid lipid nanoparticles [41], and 
solid dispersions [42]. These preparations will modify UA’s 
pharmacokinetic characteristics. 

Pharmacological Properties of UA
Natural terpene compound UA has a variety of medicinal 

uses. It has protective effect on liver, lung, kidney, brain, 
anti-inflammatory, antitumor, antidiabetic, antimicrobial, 
antifungal, antiviral properties [5,43]. Some of them are 
shown in Table 2.

Effects Animal Model Mechanism of Action Dosage and Routes of 
Administration References

Hepatoprotective

Wistar rats, 
4-6weeks, 180–230 g 

Hepatotoxicity induced 
by carbon tetra chloride

Inhibition of microsomal 
membranes’ liquid 

peroxidation, as 
indicated by the creation 

of malondialdehyde. 
Increase in mitochondrial 

glutathione and 
corresponding reduction 
in the amount of oxidized 

glutathione. Glutamate 
oxalate transaminase is 

reduced.

Used for five days as a 
pretreatment (1, 2.5, 

and 5 mmol/kg in olive 
oil). Administered 

intragastrically.

Martin-Aragón, et al. 
[44]

Cardioprotective

Adult male albino 
rats (120-140 gm) A 

subcutaneous injection 
of isoproterenol 

hydrochloride (ISO, 85 
mg kg−1 b.w.) dissolved 
in physiological saline 
for two days in a row 
to cause myocardial 

ischemia.

It prolongs the life of the 
cardiac cell membrane 

against necrotic 
damages by acting as 

a membrane stabilizer. 
By inactivating the 

enzyme cyclooxygenase 
and seemingly directly 

scavenging superoxides 
and hydroxyl radicals, 

it lowers the amount of 
cardiac lipid peroxides. 
Reduces the activity of 
myeloperoxidase and 

inhibits the infiltration 
of neutrophils into the 
damaged myocardium.

Used for seven days 
at doses of 20, 40, 
and 60 mg kg−1 

b.w. Administered 
subcutaneously.

Senthil, et al. [45]

Nephroprotective

Wistar albino rats of 
either sex, 150– 200 
g, Gentamicin sulfate 
(dissolved in isotonic 
saline) administered 
intraperitoneally at a 

dose of 80 mg/kg/day 
caused renal damage.

Prevents lipid 
peroxidation and guards 
against damage brought 

on by free radicals. 
Suppresses the excessive 
production of nitric oxide 
(NO) and uses its strong 
antioxidant properties 

to keep intracellular 
glutathione levels stable.

Used as a medication 
(2, 5 10 mg kg 1) 

and given for three 
days both before 

and after gentamicin 
sulphate treatment. 
Administered orally.

Pai, et al. [46]
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Neuroprotective

10-week-old male 
Kunming strain mice, 
30gms. D-galactose 
(D-gal) (50 mg/kg) 

was used to produce 
neurotoxicity for eight 
weeks. The prefrontal 

cortex has significantly 
higher amounts of 
advanced glycation 

end products (AGEs), 
protein carbonyl, and 

reactive oxygen species 
(ROS) when D-gal is 
injected. This causes 

neurodegeneration and 
aging of the brain.

 In mice treated with 
D-gal, it improves 

behavioral impairment in 
the prefrontal cortex and 

reduces AGEs, reactive 
oxygen species, or and 
protein carbonyl levels. 
The mice administered 

with D-gal, the prefrontal 
cortex of them, it lowers 
the expression of CD11b, 

glial fibrillar acidic 
protein (GFAP), and 

receptor for advanced 
glycation end products 
(RAGE) and decreases 

the amount of cells which 
are activated in microglia 

(CD11b stained cell), 
active glial (GFAP-stained 

cell), along with AGEs 
coupling to its receptor 
(RAGE-positive cells).

Utilized as a treatment 
(10 mg kg-1) by oral 

gavage in distilled 
water containing 0.1 

percent Tween-80 
(dH2O/0.1% 

Tween-80) for eight 
weeks.

Lu, et al. [47]

Anti-inflammatory

Male Sprague-Dawley 
rats weighing 200–250 
grams, 6–8 weeks old. 

Cecal ligature and 
puncture (CLP) caused 
inflammation similar to 
sepsis and its associated 
significant consequence 

(acute lung damage).

Decreased ratio 
of lung wet to dry 

weight, leukocyte and 
protein infiltration, 

myeloperoxidase activity, 
and malondialdehyde 

content are all effects of 
ursolic acid. Moreover, 

UA significantly 
decreased the serum 

concentrations of 
tumor necrosis 

factor-a, interleukin-
1b, and interleukin-6. 

Additionally, it inhibited 
the lung’s expression 

of inducible nitric 
oxide synthase and 

cyclooxygenase-2, that 
take part in the process 

of creating prostaglandin 
E2 and NO.

Used as treatment 
(10 mg kg-1) 

intraperitoneally 
24 hours after Cecal 

ligature and puncture 
(CLP).

Hu, et al. [48]

Table 2: Some pharmacolological activities of UA in different animal models and their mechanism of action.

UA as Hepatoprotective
One of the body’s most vital organs is the liver. Numerous 
metabolic processes are carried out by it, including as the 
breakdown of red blood cells, synthesis of hormone and 
enzymes for digestion, storage of fat-soluble and glycoside 

vitamins, and detoxification of xenobiotics [49]. Because of 
the liver’s strategic location and diverse range of tasks, it 
can be affected by a number of illnesses, including cirrhosis, 
cholelithiasis, drug-induced liver damage, and hepatitis. 
Thankfully, the liver is the only internal body part that can 
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regenerate; it can regain its entire size from as little as 25% 
of its initial mass [24]. Good protective activity of UA was 
shown against a variety of drugs that pose a hazard to the 
liver. UA extracted from Eucalyptus tereticornis extracts was 
tested against toxicity of alcohol in hepatocytes of rats that 
are isolated [50]. They found out that this triterpene could 
reduce hepatocyte viability loss by up to 76%. Also, for the 
comparative study an in-vivo study was done with rats that 
had been given alcohol [51]. They found that UA reduced 
the levels of lipid peroxidation indicators and total bilirubin 
while raising serum protein and circulatory antioxidants. 
Biochemical measurements and histopathological 
observations correlated. Medications that cause liver 
intoxication were examined including paracetamol and 
tetrachloride respectively [44,52]. In the UA-treated 
samples, both of these articles showed improved serum 
indicators and an increase in hepatocyte viability. It had been 
examined that how UA affected metabolic disorders in mice 
and rats fed a high-fat diet [53,54]. The first group focused on 
hepatic lipid build up and found that the thiazolidinedione 
family antidiabetic drug rosiglitazone, when combined 
with UA therapy significantly decreased hepatic marker 
enzyme activity as well as hepatic lipid accumulation.  
 
In addition, the combined medication raised the fatty acid 
oxidative genes and decreased the expression of lipogenic 
genes. The latter team found that by enhancing important 
enzymes involved in lipid metabolism, UA successfully 
reduced hepatic steatosis caused by high-fat diets through a 
pathway involving PPAR-α. Hepatic PPAR-α was considerably 
reduced in the non-alcoholic fatty liver disease (NAFLD) 
state. Steatosis development has been demonstrated to be 
prevented by activating PPAR-α. In line with the in vitro 
work, which suggested UA may be a possible PPAR-α agonist, 
our investigation clearly showed that UA restored the down-
regulation of PPAR-α caused by HFD at both the mRNA and 
protein levels. 
•	 During fasting and postprandial periods, the liver 

controls the body’s glucose and lipid balance as well 
as energy metabolism. The liver is the metabolic 
centre responsible for controlling blood glucose levels. 
It releases glucose from glycogenolysis as well as 
gluconeogenesis during fasting and primarily focuses 
on glucose in relation to postprandial glycolysis and 
glycogen synthesis [55-57]. Furthermore, by converting 
extra-fatty acids into ketone bodies and storing fats and 
cholesterol from the meal to power extra hepatic cells 
including the brain and muscular tissue in the skeleton 
during fasting, the liver maintains the control of lipid 
metabolism [56]. Several master regulators that track 
the movement of lipids and glucose throughout the 
body tightly control each of these metabolic processes 
[58,59]. This process involves a highly regulated 
transition among the production and breakdown of fatty 

acids. Several transcriptional regulators and the nuclear 
receptors control this process in the liver. PPAR-α 
functions as a nutritional sensor by controlling the rate 
of catabolization and biosynthesis of free fatty acids 
(FFAs), and it is the primary transcriptional regulator of 
genes involved in lipid metabolism.

•	 In the liver, PPARα raises the concentration of high-
density lipoprotein (HDL). The liver’s increased cellular 
uptake is caused by an accumulation of free fatty acids 
in the body. Hepatocyte transport protein binds to free 
fatty acids. Next, inflammation happens when the PPARα 
gene interacts to transport proteins within the nucleus. 
(Figure 3)

•	 Since there are currently no FDA-approved medications 
for treating nonalcoholic steatohepatitis (NASH), lifestyle 
modifications particularly weight loss are the mainstay 
of treatment [60]. Triggering inflammatory responses 
and regulating lipids are two important functions of 
transcription factors PPARs, which make them excellent 
candidates for NAFLD treatment. However, there hasn’t 
been much success focusing solely on PPAR-α thus far. 
Fibrate and gemfibrozil are examples of fibrates that 
function as PPARα agonists and ameliorate some of the 
symptoms of NASH, such as the functioning of the liver, 
lipid profile, and sensitivity to insulin, but they have 
a number of negative side effects and have no effect on 
histopathology. (e.g., decreased renal function, a rise in 
creatinine levels and homocysteine [61-65].

•	 Serum alanine aminotransferase, or ALT, levels in 
dyslipidaemia-affected NASH patients [66] and NASH 
histological characteristics in mice [67] are altered by 
pemafibrate, a new selective PPAR-αmodulator. According 
to a recently completed phase II trial (NCT03350165), 
which was double-blind, placebo-controlled, randomised 
and multicentre, pemafibrate dramatically lowers liver 
stiffness while having no effect on liver fat content [68].

•	 Saroglitazar which is a dual-PPARα/γ agonist, was studied 
in a randomized, double-blind, placebo-controlled trial 
(EVIDENCES IV, NCT03061721), dramatically improved 
insulin resistance, atherogenic dyslipidemia, serum 
ALT, and liver function [69]. Two clinical trials are now 
being conducted to estimate the safety, acceptability, 
and efficacy of saroglitazar in NAFLD patients who 
have received a liver transplant (NCT03639623) and 
in female patients suffering from polycystic ovarian 
syndrome (NCT03617263). According to a Phase IV 
trial (NCT02285205). Another dual-PPARα/γ agonist is 
lobeglitazone that can improve lipid profiles, glycaemic 
control, and liver enzymes in those who have NAFLD and 
type 2 diabetes (T2DM) [70].

•	 To sum up, treating NASH is a difficult undertaking. 
Thus, it appears that agonists that can activate PPARα in 
conjunction with additional PPAR members are a viable 
class of medications for the treatment of NASH.

https://academicstrive.com/CTPCT/
https://academicstrive.com/submit-manuscript.php
https://academicstrive.com/CTPCT/


8

https://academicstrive.com/CTPCT/ https://academicstrive.com/submit-manuscript.php

Current Trends in Pharmacology and Clinical Trials

The goal of some researchers was to determine whether 
administering UA could benefit individuals with hepatic 
fibrosis. They conducted experiments on rat liver stellate 
cells (HSCs) and discovered that UA causes these cells to 
undergo apoptosis, which somewhat improves fibrosis [71].

A regulatory sequence known as the antioxidant response 
element (ARE) is involved in the coordinated transcriptional 
activation of genes that code for several antioxidant enzymes 
and phase II detoxifying enzymes. These enzymes play a 
major role in protecting cells from oxidative stress, redox 
cycling, and neoplasia. The oxidative stress-induced nuclear 
translocation of Nuclear factor E2-related factor 2 (Nrf2), 
which is typically thought to be sequestered in the cytoplasm 
by the cytoskeleton-binding Kelch-like ECH-associated 
protein 1 (Keap1) protein, is a crucial regulatory step leading 

to ARE activation. However, Nrf2 separates from Keap 1 and 
moves into the nucleus in response to inducer activation, 
(Figure 3) where it dimerizes with a few cofactors and binds 
to ARE [72].

•	 Mice with hepatic injury exhibit decreased expression 
levels of quinone oxidoreductase-1 (NQO1), glutathione 
S-transferase (GST), and heme oxygenase-1 (HO-1). In 
the sick condition, Nrf2 expression levels in cytoplasma 
fractions are noticeably higher. The translocation 
of Nrf2 from the cytoplasm to the nucleus fraction 
was significantly enhanced by UA pretreatment. It’s 
interesting to note that UA treatment only markedly 
raised the liver’s nuclear Nrf2, HO-1, NQO1, and GST 
expression levels [72].

Figure 3: Schematic representation of UA as hepatoprotective (UA as selective PPARα agonist, as inhibitor in oxidative stress 
through Nrf2-ARE pathway) (FFA:Free fatty acid, TG: triglyceride, HDL: high density lipoprotein, VLDL: very low density 
lipoprotein, CD36: fatty acid transporter, FABP1: fatty acid binding protein 1, Nrf2: Nuclear factor E2-related factor 2, Keap1: 
Kelch-like ECH-associated protein 1, ARE: antioxidant response element, PPARα:Peroxisome proliferator activated receptor 
alpha, RXR: Retinoid X receptor, NFκb: Nuclear factor kappa-light-chain-enhancer of activated B cells).

•	 In summary, both in vitro and in vivo, UA selectively 
promotes apoptosis in activated HSCs. Further research 
is necessary to fully understand the molecular processes 
causing this cell-specific apoptosis induction, but it’s 
most likely that UA prevents the cell-survival signalling 
pathways mediated by Akt and NFκb (Figure 4), which 
in turn activates downstream caspases and causes 
mitochondrial permeability transition (MPT), which in 
turn causes apoptosis in activated HSCs. Prospective 
methodologies for clinical implementation appear 
to hold promise in establishing a novel therapeutic 
intervention for hepatic fibrosis across a range of 
persistent liver ailments [71].

•	 MPT and downstream caspase activation generated by 

UA suggest that, like gliotoxin, UA primarily induces 
conventional apoptotic cell death via mitochondria 
[73]. Furthermore, the anti-apoptotic impact of UA is 
probably largely dependent on the suppression of NFκB 
activation (Figure 4). It is hypothesised that one of the 
primary mechanisms serving as a cell-survival signal 
in activated HSCs is constitutive activation of NFκB 
[74]. It has been demonstrated that the majority of 
substances that cause HSCs to undergo apoptosis also 
prevent NFκB activation [73-76]. Additionally, it has 
been demonstrated that stimulation of the Akt-PI3K 
pathway in a variety of cell types is a crucial signal for 
cell survival. UA causes Akt phosphorylation levels in 
HSCs to drop, suggesting that inhibiting the PI3K-Akt 
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pathway might be a different strategy to cause HSCs to 
undergo apoptosis. It is postulated that in activated HSCs, 
concurrent suppression of NFκB and PI3K-Akt signals 
jointly triggers the apoptotic signal cascades and results 
in cell death. It appears that pharmacological blockage 
of the PI3K-Akt pathway with LY294002 is insufficient 
to induce apoptosis in HSCs because it did not trigger 
apoptosis in activated HSCs. They found that following a 
partial hepatectomy in mice, ursolic acid could improve 
liver regeneration [77]. There has been a notable rise in 
the ratio of liver to body weight when compared to the 
control group. Additionally, the generation of cyclins and 
C/EBP proteins has been stimulated [77].

 

Figure 4: Representaion of UA as hepatoprotective through 
NFκB pathway.

UA as Cardioprotective
•	 In developed nations, cardiovascular illnesses account 

for the majority of deaths and morbidities. They are to 
blame for roughly 30% of all fatalities globally. The most 
prevalent conditions affecting the cardiovascular system 
include varicose veins, atherosclerosis, hypertension, 
myocardial infarction, or heart attacks [78]. While not all 
cardiovascular disorders are fatal, they all cause severe 
reductions in life expectancy and involve high social and 
economic expenses [79]. At first the effects of UA on the 
heart and circulatory system were documented by some 
researchers [80]. It was found that UA therapy could 
cause a 32% reduction in the heart rates of genetically 
hypertensive rats. Numerous directions have been 
explored through more research. Aguirre-Crespo, et al. 
[4] conducted research on ursolic acid’s vasorelaxant 
[4].

•	 Vasorelaxant effects of UA are demonstrated. It has 
to do with changing the nitric oxide-cyclic guanosine mono 
phosphate (NO-cGMP) signaling pathway. By stimulating 
endothelial nitric oxide synthase (eNOS), UA has the ability 

to release NO, which is beneficial for treating hypertension 
and other cardiovascular conditions (Figure 5) [81]. 
 

Figure 5: UA as cardioprotective through generation of 
eNOS and stimulates vasorelaxation (eNOS: Endothelial 
nitric oxide synthase, FAD: flavin adenine dinucleotide, 
NADPH: nicotinamide adenine dinucleotide phosphate 
hydrogen, NO: nitric oxide, GTP: guanosine triphosphate, 
cGMP: cyclic guanosine monophosphate).

 
NO generation and release in an isolated thoracic aorta and 
in vivo on Wistar rats, respectively, were linked to the activity 
of UA [4,82]. Angiotensin I-converting enzyme (ACE), which 
is essential for controlling blood pressure, was the subject 
of Shimada and Inagaki’s study Shimada and Inagaki (2014).  
 
Additionally, ursolic acid has been employed as a chemical 
with a strong preventive effect in myocardial infarctions 
that are experimentally generated (by administering 
isoproterenol). The concentration of membrane-bound 
proteins, lipid profiles, lipid peroxidation products, and 
heart indicators in the serum of Wistar rats treated with 
isoproterenol was examined [45]. 

•	 The absence of adenosine triphosphatase (ATPase) 
activity during ischemia may produce irreversible 
necrotic changes in the impacted cardiac cell in addition 
to functional loss.

•	 Pretreatment with UA has the ability to increase the 
activity of membrane-bound ATPase, which isoprenaline 
has reduced. This may be because ursolic acid has 
antioxidant activity, antihyperlipedemic, and membrane-
stabilizing actions.

They discovered that UA exhibited cardioprotective properties 
by being able to stop changes and return enzyme activity to 
normal levels. Two investigations by Radhiga et al. expanded 
and corroborated these results [83,84]. According to reports, 
UA was able to stabilize the levels of many blood components 
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and indicators. Furthermore, research has demonstrated 
the anti-apoptotic action on cardiac muscle cells.  
 
Saravanan, et al. [85] work also revealed heart-protective 
characteristics of UA [85]. They looked into the oxidative 
stress that rats given ethanol experienced. Similar to the 
aforementioned studies, ursolic acid raised antioxidant levels 
and the activity of enzymes that scavenge free radicals while 
decreasing the amounts of products from lipid peroxidation 
in cardiac tissue. The administration of ursolic acid also 
guards against blood vessel damage. 
 
According to Pozo, et al [86] at a dose of 6 mg/kg body 
weight per day, UA can stop the development of neointima in 
the carotid artery of rats [86]. 
•	 Ursolic acid has been shown to compete with TGF-β1 

receptor (Growth factor of tranformation) binding 
recently [87]. This TGF-β1 pathway Inhibits this signaling 
pathway has been demonstrated to prevent neointima 
development and the start of various fibrotic diseases 
[88]. The TGF-β1 pathway is essential for constrictive 
remodeling associated with angioplasty. Therefore, it is 
reasonable to propose that ursolic acid’s “in vivo” effects 
may be somewhat accounted for by its ability to decrease 
TGF-β1 system activity.

•	 Pentacyclic triterpenes, including ursolic acid, show 
potential for treatment against vascular diseases by 
suppressing NF-κB and matrix metalloproteinase 
(MMPs). Particularly, UA decreases MMP-9, which is 
linked to cellular migration and proliferation following 
vascular damage [89,90] in addition, oleanolic, betulinic, 
and ursolic acids block NF-κB [89] while other research 
indicates that stopping neointimal development only by 
blocking vascular smooth muscle cells (VSMC) migration 
with MMP inhibitors is insufficient [91]. This is a crucial 
action because proinflammatory cytokines in cultured 
VSMCs activate [92] NF-κB in a rat carotid injury model 
[93].

The protective function of UA against C-reactive protein-
induced damage to human umbilical vein endothelial cells 
(HUVECs) is explained by the authors in their study [94]. 
According to their findings, UA reduced the negative effect in 
a way that was dose-dependent. Scientists disagree about the 
effect of ursolic acid on atherosclerosis since some research 
suggest positive effects while others suggest harmful effects. 
For instance, Ullevig et al discovered that giving diabetic 
mice UA prevented monocyte dysfunction and reduced the 
development of accelerated atherosclerosis [95], while 
Messner, et al. [96] showed that UA administration stimulated 
the formation of atherosclerotic plaque in mice [96]. Kim, 
et al. [98] have demonstrated the possible detrimental 
effect of UA ingestion [97]. They found that this triterpene 
can increase platelet aggregation susceptibility; therefore 

individuals who are prone to cardiovascular events should 
utilize it with caution [98].

Conclusion

Nowadays, cardiac disorders and liver diseases are very 
common in people due to their irregular lifestyles, but the 
synthetic drugs that are used have multiple adverse effects. 
Ursolic acid a which is plant derived natural compound is 
found in fruits, vegetables, easily available in natural sources  
like different fruits and vegetables and could be a the new 
therapeutic entity for these complications. This review 
specifically discusses the mechanistic pathway of ursolic 
acid as cardioprotective and hepatoprotective have been 
discussed here. This would allow the researchers to pave the 
way for more effective therapeutic interventions in diverse 
health conditions. 

References

1.	 Baricevic D, Sosa S, Della Loggia R, Tubaro A, Simonovska 
B, et al. (2001) Topical anti-inflammatory activity of 
Salvia officinalis L. leaves: the relevance of ursolic acid. J 
Ethnopharmacol 75: 125-132.

2.	 Zhang Y, Song C, Li H, Hou J, Li D (2016) Ursolic acid 
prevents augmented peripheral inflammation and 
inflammatory hyperalgesia in high-fat diet-induced 
obese rats by restoring downregulated spinal PPARα. 
Mol Med Rep 13(6): 5309-5316.

3.	 Do Nascimento PG, Lemos TL, Bizerra AM, Arriaga ÂM, 
Ferreira DA, et al. (2014) Antibacterial and antioxidant 
activities of ursolic acid and derivatives. Molecules 
19(1): 1317-1327.

4.	 Aguirre-Crespo F, Vergara-Galicia J, Villalobos-Molina 
R, Javier López-Guerrero J, Navarrete-Vázquez G, et al 
(2006) Ursolic acid mediates the vasorelaxant activity 
of Lepechinia caulescens via NO release in isolated rat 
thoracic aorta. Life Sci 79(11): 1062-1068.

5.	 Pironi AM, de Araújo PR, Fernandes MA, Salgado HRN, 
Chorilli M (2018) Characteristics, Biological Properties 
and Analytical Methods of Ursolic Acid: A Review. Crit 
Rev Anal Chem 48(1): 86-93.

6.	 Ikeda Y, Murakami A, Ohigashi H (2008) Ursolic acid: an 
anti- and pro-inflammatory triterpenoid. Mol Nutr Food 
Res 52(1): 26-42.

7.	 Mlala S, Oyedeji AO, Gondwe M, Oyedeji OO (2019) 
Ursolic Acid and Its Derivatives as Bioactive Agents. 
Molecules 24(15): 2751.

8.	 Noushahi HA, Khan AH, Noushahi UF, Hussain M, Javed T, 

https://academicstrive.com/CTPCT/
https://academicstrive.com/submit-manuscript.php
https://academicstrive.com/CTPCT/
https://www.sciencedirect.com/science/article/abs/pii/S0378874100003962?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0378874100003962?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0378874100003962?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0378874100003962?via%3Dihub
https://www.spandidos-publications.com/10.3892/mmr.2016.5172
https://www.spandidos-publications.com/10.3892/mmr.2016.5172
https://www.spandidos-publications.com/10.3892/mmr.2016.5172
https://www.spandidos-publications.com/10.3892/mmr.2016.5172
https://www.spandidos-publications.com/10.3892/mmr.2016.5172
https://www.mdpi.com/1420-3049/19/1/1317
https://www.mdpi.com/1420-3049/19/1/1317
https://www.mdpi.com/1420-3049/19/1/1317
https://www.mdpi.com/1420-3049/19/1/1317
https://www.sciencedirect.com/science/article/abs/pii/S0024320506002256?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0024320506002256?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0024320506002256?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0024320506002256?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0024320506002256?via%3Dihub
https://www.tandfonline.com/doi/full/10.1080/10408347.2017.1390425
https://www.tandfonline.com/doi/full/10.1080/10408347.2017.1390425
https://www.tandfonline.com/doi/full/10.1080/10408347.2017.1390425
https://www.tandfonline.com/doi/full/10.1080/10408347.2017.1390425
https://onlinelibrary.wiley.com/doi/10.1002/mnfr.200700389
https://onlinelibrary.wiley.com/doi/10.1002/mnfr.200700389
https://onlinelibrary.wiley.com/doi/10.1002/mnfr.200700389
https://www.mdpi.com/1420-3049/24/15/2751
https://www.mdpi.com/1420-3049/24/15/2751
https://www.mdpi.com/1420-3049/24/15/2751
https://link.springer.com/article/10.1007/s10725-022-00818-9


11

https://academicstrive.com/CTPCT/ https://academicstrive.com/submit-manuscript.php

Current Trends in Pharmacology and Clinical Trials

et al. (2022) Biosynthetic pathways of triterpenoids and 
strategies to improve their biosynthetic efficiency. Plant 
Growth Regul 97: 439-454.

9.	 Robinson T (1983) The organic constituents of higher 
plants: their chemistry and interrelationships. North 
Amherst, Massachusetts.

10.	 Isah MB, Ibrahim MA, Mohammed A, Aliyu AB, Masola 
B, et al. (2016) A systematic review of pentacyclic 
triterpenes and their derivatives as chemotherapeutic 
agents against tropical parasitic diseases. Parasitology 
143(10): 1219-1231.

11.	 Nguyen HN, Ullevig SL, Short JD, Wang L, Ahn YJ, 
et al. (2021) Ursolic Acid and Related Analogues: 
Triterpenoids with Broad Health Benefits. Antioxidants 
(Basel) 10(8): 1161.

12.	 Seo DY, Lee SR, Heo JW, No MH, Rhee BD, et al. (2018) 
Ursolic acid in health and disease. Korean J Physiol 
Pharmacol 22(3): 235-248.

13.	 Kashyap D, Tuli HS, Sharma AK (2016) Ursolic acid (UA): 
A metabolite with promising therapeutic potential. Life 
Sci 146: 201-213.

14.	 Borrás-Linares I, Stojanović Z, Quirantes-Piné R, Arráez-
Román D, Švarc-Gajić J, et al. (2014) Rosmarinus 
officinalis leaves as a natural source of bioactive 
compounds. Int J Mol Sci 15(11): 20585-20606.

15.	 Kalogeropoulos N, Yanni AE, Koutrotsios G, Aloupi M 
(2013) Bioactive microconstituents and antioxidant 
properties of wild edible mushrooms from the island of 
Lesvos, Greece. Food Chem Toxicol 55: 378-385.

16.	 Khallouki F, Eddouks M, Mourad A, Breuer A, Owen RW 
(2017) Ethnobotanic, Ethnopharmacologic Aspects and 
New Phytochemical Insights into Moroccan Argan Fruits. 
Int J Mol Sci 18(11): 2277.

17.	 Kondo M, MacKinnon SL, Craft CC, Matchett MD, Hurta 
RA, et al. (2011) Ursolic acid and its esters: occurrence 
in cranberries and other Vaccinium fruit and effects on 
matrix metalloproteinase activity in DU145 prostate 
tumor cells. J Sci Food Agric 91(5): 789-796.

18.	 Ma CM, Cai SQ, Cui JR, Wang RQ, Tu PF, et al. (2005) The 
cytotoxic activity of ursolic acid derivatives. Eur J Med 
Chem 40(6): 582-589.

19.	 Raudone L, Zymone K, Raudonis R, Vainoriene R, 
Motiekaityte V, et al. (2017) Phenological changes in 
triterpenic and phenolic composition of Thymus L. 
species. Ind Crops Prod 109: 445-451.

20.	 Abe F, Yamauchi T, Nagao T, Kinjo J, Okabe H, et al. (2002) 
Ursolic acid as a trypanocidal constituent in rosemary. 
Biol Pharm Bull 25(11): 1485-1487.

21.	 Cui T, Li JZ, Kayahara H, Ma L, Wu LX, et al. (2006) 
Quantification of the polyphenols and triterpene acids 
in chinese hawthorn fruit by high-performance liquid 
chromatography. J Agric Food Chem 54(13): 4574-4581.

22.	 Aydin T, Saglamtas R, Gumustas M, Genisel M, Kazaz C, et 
al. (2023) Lavandula stoechas L. subsp. stoechas, a New 
Herbal Source for Ursolic Acid: Quantitative Analysis, 
Purification and Bioactivity Studies. Chem Biodivers 
20(8): e202300414. 

23.	 Hussain H, Green IR, Ali I, Khan IA, Ali Z, et al. (2017) 
Ursolic acid derivatives for pharmaceutical use: a patent 
review (2012-2016). Expert Opin Ther Pat 27(9): 1061-
1072. 

24.	 Woźniak Ł, Skąpska S, Marszałek K (2015) Ursolic 
acid—a pentacyclic triterpenoid with a wide spectrum 
of pharmacological activities. Molecules 20(11): 20614-
20641. 

25.	 Li H, Liu Y, Guo S, Shi M, Qin S, et al. (2023) Extraction 
of Ursolic Acid from Apple Peel with Hydrophobic 
Deep Eutectic Solvents: Comparison between Response 
Surface Methodology and Artificial Neural Networks. 
Foods 12(2): 310.

26.	 Silva NHCS, Morais ES, Freire CSR, Freire MG, Silvestre 
AJD (2020) Extraction of High Value Triterpenic Acids 
from Eucalyptus globulus Biomass Using Hydrophobic 
Deep Eutectic Solvents. Molecules 25(1): 210.

27.	 Shimada A, Inagaki M (2014) Angiotensin I-Converting 
Enzyme (ACE) Inhibitory Activity of Ursolic Acid Isolated 
from Thymus vulgaris, L. Food Sci. Technol 20(3): 711-
714. 

28.	 Bernatoniene J, Cizauskaite U, Ivanauskas L, Jakstas V, 
Kalveniene Z, et al. (2016) Novel approaches to optimize 
extraction processes of ursolic, oleanolic and rosmarinic 
acids from Rosmarinus officinalis leaves. Ind Crops Prod 
84: 72-79. 

29.	 Vetal MD, Lade VG, Rathod VK (2012) Extraction of 
ursolic acid from Ocimum sanctum leaves: Kinetics and 
modeling. Food Bioprod. Process 90(4): 793-798. 

30.	 Jäger S, Trojan H, Kopp T, Laszczyk MN, Scheffler A 
(2009) Pentacyclic triterpene distribution in various 
plants–rich sources for a new group of multi-potent 
plant extracts. Molecules 14(6): 2016-2031. 

31.	 Szakiel A, Pączkowski C, Pensec F, Bertsch C (2012) 

https://academicstrive.com/CTPCT/
https://academicstrive.com/submit-manuscript.php
https://academicstrive.com/CTPCT/
https://link.springer.com/article/10.1007/s10725-022-00818-9
https://link.springer.com/article/10.1007/s10725-022-00818-9
https://link.springer.com/article/10.1007/s10725-022-00818-9
https://www.scirp.org/reference/referencespapers?referenceid=2613559
https://www.scirp.org/reference/referencespapers?referenceid=2613559
https://www.scirp.org/reference/referencespapers?referenceid=2613559
https://www.cambridge.org/core/journals/parasitology/article/systematic-review-of-pentacyclic-triterpenes-and-their-derivatives-as-chemotherapeutic-agents-against-tropical-parasitic-diseases/382F4E6361755913A198C9B1AE8D9B26
https://www.cambridge.org/core/journals/parasitology/article/systematic-review-of-pentacyclic-triterpenes-and-their-derivatives-as-chemotherapeutic-agents-against-tropical-parasitic-diseases/382F4E6361755913A198C9B1AE8D9B26
https://www.cambridge.org/core/journals/parasitology/article/systematic-review-of-pentacyclic-triterpenes-and-their-derivatives-as-chemotherapeutic-agents-against-tropical-parasitic-diseases/382F4E6361755913A198C9B1AE8D9B26
https://www.cambridge.org/core/journals/parasitology/article/systematic-review-of-pentacyclic-triterpenes-and-their-derivatives-as-chemotherapeutic-agents-against-tropical-parasitic-diseases/382F4E6361755913A198C9B1AE8D9B26
https://www.cambridge.org/core/journals/parasitology/article/systematic-review-of-pentacyclic-triterpenes-and-their-derivatives-as-chemotherapeutic-agents-against-tropical-parasitic-diseases/382F4E6361755913A198C9B1AE8D9B26
https://www.mdpi.com/2076-3921/10/8/1161
https://www.mdpi.com/2076-3921/10/8/1161
https://www.mdpi.com/2076-3921/10/8/1161
https://www.mdpi.com/2076-3921/10/8/1161
https://synapse.koreamed.org/articles/1026244
https://synapse.koreamed.org/articles/1026244
https://synapse.koreamed.org/articles/1026244
https://www.sciencedirect.com/science/article/abs/pii/S0024320516300170?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0024320516300170?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0024320516300170?via%3Dihub
https://www.mdpi.com/1422-0067/15/11/20585
https://www.mdpi.com/1422-0067/15/11/20585
https://www.mdpi.com/1422-0067/15/11/20585
https://www.mdpi.com/1422-0067/15/11/20585
https://www.sciencedirect.com/science/article/abs/pii/S027869151300032X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S027869151300032X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S027869151300032X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S027869151300032X?via%3Dihub
https://www.mdpi.com/1422-0067/18/11/2277
https://www.mdpi.com/1422-0067/18/11/2277
https://www.mdpi.com/1422-0067/18/11/2277
https://www.mdpi.com/1422-0067/18/11/2277
https://onlinelibrary.wiley.com/doi/10.1002/jsfa.4330
https://onlinelibrary.wiley.com/doi/10.1002/jsfa.4330
https://onlinelibrary.wiley.com/doi/10.1002/jsfa.4330
https://onlinelibrary.wiley.com/doi/10.1002/jsfa.4330
https://onlinelibrary.wiley.com/doi/10.1002/jsfa.4330
https://pubmed.ncbi.nlm.nih.gov/15922841/
https://pubmed.ncbi.nlm.nih.gov/15922841/
https://pubmed.ncbi.nlm.nih.gov/15922841/
https://www.sciencedirect.com/science/article/abs/pii/S092666901730585X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S092666901730585X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S092666901730585X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S092666901730585X?via%3Dihub
https://www.jstage.jst.go.jp/article/bpb/25/11/25_11_1485/_article
https://www.jstage.jst.go.jp/article/bpb/25/11/25_11_1485/_article
https://www.jstage.jst.go.jp/article/bpb/25/11/25_11_1485/_article
https://pubs.acs.org/doi/10.1021/jf060310m
https://pubs.acs.org/doi/10.1021/jf060310m
https://pubs.acs.org/doi/10.1021/jf060310m
https://pubs.acs.org/doi/10.1021/jf060310m
https://onlinelibrary.wiley.com/doi/10.1002/cbdv.202300414
https://onlinelibrary.wiley.com/doi/10.1002/cbdv.202300414
https://onlinelibrary.wiley.com/doi/10.1002/cbdv.202300414
https://onlinelibrary.wiley.com/doi/10.1002/cbdv.202300414
https://onlinelibrary.wiley.com/doi/10.1002/cbdv.202300414
https://www.tandfonline.com/doi/full/10.1080/13543776.2017.1344219
https://www.tandfonline.com/doi/full/10.1080/13543776.2017.1344219
https://www.tandfonline.com/doi/full/10.1080/13543776.2017.1344219
https://www.tandfonline.com/doi/full/10.1080/13543776.2017.1344219
https://www.mdpi.com/1420-3049/20/11/19721
https://www.mdpi.com/1420-3049/20/11/19721
https://www.mdpi.com/1420-3049/20/11/19721
https://www.mdpi.com/1420-3049/20/11/19721
https://www.mdpi.com/2304-8158/12/2/310
https://www.mdpi.com/2304-8158/12/2/310
https://www.mdpi.com/2304-8158/12/2/310
https://www.mdpi.com/2304-8158/12/2/310
https://www.mdpi.com/2304-8158/12/2/310
https://www.mdpi.com/1420-3049/25/1/210
https://www.mdpi.com/1420-3049/25/1/210
https://www.mdpi.com/1420-3049/25/1/210
https://www.mdpi.com/1420-3049/25/1/210
https://www.jstage.jst.go.jp/article/fstr/20/3/20_711/_pdf
https://www.jstage.jst.go.jp/article/fstr/20/3/20_711/_pdf
https://www.jstage.jst.go.jp/article/fstr/20/3/20_711/_pdf
https://www.jstage.jst.go.jp/article/fstr/20/3/20_711/_pdf
https://europepmc.org/article/agr/ind605265151
https://europepmc.org/article/agr/ind605265151
https://europepmc.org/article/agr/ind605265151
https://europepmc.org/article/agr/ind605265151
https://europepmc.org/article/agr/ind605265151
https://www.cabidigitallibrary.org/doi/full/10.5555/20123351267
https://www.cabidigitallibrary.org/doi/full/10.5555/20123351267
https://www.cabidigitallibrary.org/doi/full/10.5555/20123351267
https://pubmed.ncbi.nlm.nih.gov/19513002/
https://pubmed.ncbi.nlm.nih.gov/19513002/
https://pubmed.ncbi.nlm.nih.gov/19513002/
https://pubmed.ncbi.nlm.nih.gov/19513002/
https://pubmed.ncbi.nlm.nih.gov/23519009/


12

https://academicstrive.com/CTPCT/ https://academicstrive.com/submit-manuscript.php

Current Trends in Pharmacology and Clinical Trials

Fruit cuticular waxes as a source of biologically active 
triterpenoids. Phytochem Rev 11(2): 263-284. 

32.	 Swiezewska E, Danikiewicz W (2005) Polyisoprenoids: 
structure, biosynthesis and function. Prog Lipid Res 
44(4): 235-258. 

33.	 Hemmerlin A, Harwood JL, Bach TJ (2012) A raison 
d’être for two distinct pathways in the early steps of 
plant isoprenoid biosynthesis. Prog Lipid Res 51(2): 95-
148. 

34.	 Thimmappa R, Geisler K, Louveau T, O’Maille P, Osbourn 
A (2014) Triterpene biosynthesis in plants. Annu Rev 
Plant Biol 65: 225-257. 

35.	 Yang L, Sun Z, Zu Y, Zhao C, Sun X, et al. (2012) 
Physicochemical properties and oral bioavailability 
of ursolic acid nanoparticles using supercritical anti-
solvent (SAS) process. Food Chem 132(1): 319-325. 

36.	 Khwaza V, Oyedeji OO, Aderibigbe BA (2020) Ursolic 
Acid-Based Derivatives as Potential Anti-Cancer Agents: 
An Update. Int J Mol Sci 21(16): 5920. 

37.	 Wang L, Yin Q, Liu C, Tang Y, Sun C, et al. (2021) 
Nanoformulations of Ursolic Acid: A Modern Natural 
Anticancer Molecule. Front Pharmacol 12: 706121. 

38.	 Yang G, Yang T, Zhang W, Lu M, Ma X, et al. (2014) In vitro 
and in vivo antitumor effects of folate-targeted ursolic 
acid stealth liposome. J Agric Food Chem 62(10): 2207-
2215. 

39.	 Jamal M, Imam SS, Aqil M, Amir M, Mir SR, et al. 
(2015) Transdermal potential and anti-arthritic 
efficacy of ursolic acid from niosomal gel systems. Int 
Immunopharmacol 29(2): 361-369. 

40.	 Alvarado HL, Abrego G, Souto EB, Garduño-Ramirez 
ML, Clares B, et al. (2015) Nanoemulsions for dermal 
controlled release of oleanolic and ursolic acids: In 
vitro, ex vivo and in vivo characterization. Colloids Surf B 
Biointerfaces 130: 40-47. 

41.	 Zhou XJ, Hu XM, Yi YM, Wan J (2009) Preparation and 
body distribution of freeze-dried powder of ursolic acid 
phospholipid nanoparticles. Drug Development and 
Industrial Pharmacy 35(3): 305-310. 

42.	 Eloy JO, Marchetti JM (2014) Solid dispersions 
containing ursolic acid in Poloxamer 407 and PEG 6000: 
A comparative study of fusion and solvent methods. 
Powder Technology 253: 98-106. 

43.	 Sun Q, He M, Zhang M, Zeng S, Chen L, et al. (2020) 
Ursolic acid: A systematic review of its pharmacology, 

toxicity and rethink on its pharmacokinetics based on 
PK-PD model. Fitoterapia 147: 104735. 

44.	 Martin-Aragón S, Heras BDL, Sanchez-Reus MI, Benedi 
J (2001) Pharmacological modification of endogenous 
antioxidant enzymes by ursolic acid on tetrachloride-
induced liver damage in rats and primary cultures of rat 
hepatocytes. Experimental and Toxicologic Pathology 
53(2-3): 199-206. 

45.	 Senthil S, Sridevi M, Pugalendi KV (2007) Protective 
effect of ursolic Acid against myocardial ischemia 
induced by isoproterenol in rats. Toxicology Mechanisms 
and Methods 17(1): 57-65.

46.	 Pai PG, Nawarathna SC, Kulkarni A, Habeeba U, Reddy 
CS, et al. (2012) Nephroprotective effect of ursolic Acid 
in a murine model of gentamicin-induced renal damage. 
International Scholarly Research Notices 2012: 1-6.

47.	 Lu J, Wu DM, Zheng YL, Hu B, Zhang ZF, et al. (2010) Ursolic 
acid attenuates D-galactose-induced inflammatory 
response in mouse prefrontal cortex through inhibiting 
AGEs/RAGE/NF-κB pathway activation. Cereb Cortex 
20(11): 2540-2548. 

48.	 Hu Z, Gu Z, Sun M, Zhang K, Gao P, et al. (2015) Ursolic 
acid improves survival and attenuates lung injury in 
septic rats induced by cecal ligation and puncture. J Surg 
Res 194(2): 528-536. 

49.	 Liu X, Wang H, Liang X, Roberts MS (2017) Hepatic 
metabolism in liver health and disease. In: Muriel P 
(Ed.), Liver Pathophysiology. 1st(Edn.), Academic Press, 
Mexico, pp: 391-400. 

50.	 Saraswat B, Visen PKS, Agarwal DP (2000) Ursolic acid 
isolated from Eucalyptus tereticornis protects against 
ethanol toxicity in isolated rat hepatocytes. Phytotherapy 
Research 14(3): 163-166. 

51.	 Saravanan R, Pugalendi V (2006) Impact of ursolic acid 
on chronic ethanol-induced oxidative stress in the rat 
heart. Pharmacol Rep 58(1): 41-47. 

52.	 Shukla B, Visen PK, Patnaik GK, Tripathi SC, Srimal RC, et 
al. (1992) Hepatoprotective activity in the rat of ursolic 
acid isolated from Eucalyptus hybrid. Phytotherapy 
Research 6(2): 74-79. 

53.	 Sundaresan A, Radhiga T, Pugalendi KV (2014) Effect of 
ursolic acid and Rosiglitazone combination on hepatic 
lipid accumulation in high fat diet-fed C57BL/6J mice. 
European Journal of Pharmacology 741: 297-303. 

54.	 Li S, Meng F, Liao X, Wang Y, Sun Z, et al. (2014) 
Therapeutic role of ursolic acid on ameliorating hepatic 

https://academicstrive.com/CTPCT/
https://academicstrive.com/submit-manuscript.php
https://academicstrive.com/CTPCT/
https://pubmed.ncbi.nlm.nih.gov/23519009/
https://pubmed.ncbi.nlm.nih.gov/23519009/
https://pubmed.ncbi.nlm.nih.gov/16019076/
https://pubmed.ncbi.nlm.nih.gov/16019076/
https://pubmed.ncbi.nlm.nih.gov/16019076/
https://pubmed.ncbi.nlm.nih.gov/22197147/
https://pubmed.ncbi.nlm.nih.gov/22197147/
https://pubmed.ncbi.nlm.nih.gov/22197147/
https://pubmed.ncbi.nlm.nih.gov/22197147/
https://pubmed.ncbi.nlm.nih.gov/24498976/
https://pubmed.ncbi.nlm.nih.gov/24498976/
https://pubmed.ncbi.nlm.nih.gov/24498976/
https://pubmed.ncbi.nlm.nih.gov/26434296/
https://pubmed.ncbi.nlm.nih.gov/26434296/
https://pubmed.ncbi.nlm.nih.gov/26434296/
https://pubmed.ncbi.nlm.nih.gov/26434296/
https://pubmed.ncbi.nlm.nih.gov/32824664/
https://pubmed.ncbi.nlm.nih.gov/32824664/
https://pubmed.ncbi.nlm.nih.gov/32824664/
https://pubmed.ncbi.nlm.nih.gov/34295253/
https://pubmed.ncbi.nlm.nih.gov/34295253/
https://pubmed.ncbi.nlm.nih.gov/34295253/
https://pubmed.ncbi.nlm.nih.gov/24528163/
https://pubmed.ncbi.nlm.nih.gov/24528163/
https://pubmed.ncbi.nlm.nih.gov/24528163/
https://pubmed.ncbi.nlm.nih.gov/24528163/
https://pubmed.ncbi.nlm.nih.gov/26545446/
https://pubmed.ncbi.nlm.nih.gov/26545446/
https://pubmed.ncbi.nlm.nih.gov/26545446/
https://pubmed.ncbi.nlm.nih.gov/26545446/
https://pubmed.ncbi.nlm.nih.gov/25899842/
https://pubmed.ncbi.nlm.nih.gov/25899842/
https://pubmed.ncbi.nlm.nih.gov/25899842/
https://pubmed.ncbi.nlm.nih.gov/25899842/
https://pubmed.ncbi.nlm.nih.gov/25899842/
https://www.tandfonline.com/doi/full/10.1080/03639040802302165
https://www.tandfonline.com/doi/full/10.1080/03639040802302165
https://www.tandfonline.com/doi/full/10.1080/03639040802302165
https://www.tandfonline.com/doi/full/10.1080/03639040802302165
https://sciencedirect.com/science/article/abs/pii/S003259101300692X?via%3Dihub
https://sciencedirect.com/science/article/abs/pii/S003259101300692X?via%3Dihub
https://sciencedirect.com/science/article/abs/pii/S003259101300692X?via%3Dihub
https://sciencedirect.com/science/article/abs/pii/S003259101300692X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0367326X20303178?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0367326X20303178?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0367326X20303178?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0367326X20303178?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0940299304700299?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0940299304700299?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0940299304700299?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0940299304700299?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0940299304700299?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0940299304700299?via%3Dihub
https://www.tandfonline.com/doi/full/10.1080/15376510600822649
https://www.tandfonline.com/doi/full/10.1080/15376510600822649
https://www.tandfonline.com/doi/full/10.1080/15376510600822649
https://www.tandfonline.com/doi/full/10.1080/15376510600822649
https://www.hindawi.com/journals/isrn/2012/410902/
https://www.hindawi.com/journals/isrn/2012/410902/
https://www.hindawi.com/journals/isrn/2012/410902/
https://www.hindawi.com/journals/isrn/2012/410902/
https://academic.oup.com/cercor/article/20/11/2540/335026
https://academic.oup.com/cercor/article/20/11/2540/335026
https://academic.oup.com/cercor/article/20/11/2540/335026
https://academic.oup.com/cercor/article/20/11/2540/335026
https://academic.oup.com/cercor/article/20/11/2540/335026
https://www.journalofsurgicalresearch.com/article/S0022-4804(14)00967-6/abstract
https://www.journalofsurgicalresearch.com/article/S0022-4804(14)00967-6/abstract
https://www.journalofsurgicalresearch.com/article/S0022-4804(14)00967-6/abstract
https://www.journalofsurgicalresearch.com/article/S0022-4804(14)00967-6/abstract
https://onlinelibrary.wiley.com/doi/10.1002/(SICI)1099-1573(200005)14:3%3C163::AID-PTR588%3E3.0.CO;2-D
https://onlinelibrary.wiley.com/doi/10.1002/(SICI)1099-1573(200005)14:3%3C163::AID-PTR588%3E3.0.CO;2-D
https://onlinelibrary.wiley.com/doi/10.1002/(SICI)1099-1573(200005)14:3%3C163::AID-PTR588%3E3.0.CO;2-D
https://onlinelibrary.wiley.com/doi/10.1002/(SICI)1099-1573(200005)14:3%3C163::AID-PTR588%3E3.0.CO;2-D
https://pubmed.ncbi.nlm.nih.gov/16531629/
https://pubmed.ncbi.nlm.nih.gov/16531629/
https://pubmed.ncbi.nlm.nih.gov/16531629/
https://onlinelibrary.wiley.com/doi/10.1002/ptr.2650060205
https://onlinelibrary.wiley.com/doi/10.1002/ptr.2650060205
https://onlinelibrary.wiley.com/doi/10.1002/ptr.2650060205
https://onlinelibrary.wiley.com/doi/10.1002/ptr.2650060205
https://www.sciencedirect.com/science/article/abs/pii/S001429991400569X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S001429991400569X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S001429991400569X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S001429991400569X?via%3Dihub
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0086724
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0086724


13

https://academicstrive.com/CTPCT/ https://academicstrive.com/submit-manuscript.php

Current Trends in Pharmacology and Clinical Trials

steatosis and improving metabolic disorders in high-fat 
diet-induced non-alcoholic fatty liver disease rats. PLoS 
One 9(3): e86724. 

55.	 Todisco S, Santarsiero A, Convertini P, De Stefano G, Gilio 
M, et al. (2022) PPAR alpha as a metabolic modulator 
of the liver: role in the pathogenesis of nonalcoholic 
steatohepatitis (NASH). Biology 11(5): 792. 

56.	 Mitra V, Metcalf J (2009) Metabolic functions of the liver. 
Anaesth Intensive Care Med 10: 334-335. 

57.	 Infantino V, Dituri F, Convertini P, Santarsiero A, Palmieri 
F, et al. (2019) Epigenetic upregulation and functional 
role of the mitochondrial aspartate/glutamate carrier 
isoform 1 in hepatocellular carcinoma. Biochim Biophys 
Acta Mol Basis Dis 1865(1): 38-47. 

58.	 Infantino V, Santarsiero A, Convertini P, Todisco S, 
Iacobazzi V (2021) Cancer Cell Metabolism in Hypoxia: 
Role of HIF-1 as Key Regulator and Therapeutic Target. 
Int J Mol Sci 22(11): 5703. 

59.	 Todisco S, Convertini P, Iacobazzi V, Infantino V (2019) 
TCA cycle rewiring as emerging metabolic signature of 
hepatocellular carcinoma. Cancers 12(1): 68. 

60.	 Liss KH, Finck BN (2017) PPARs and nonalcoholic fatty 
liver disease. Biochimie 136: 65-74. 

61.	 Basaranoglu M, Acbay O, Sonsuz A (1999) A controlled 
trial of gemfibrozil in the treatment of patients with 
nonalcoholic steatohepatitis. J Hepatol 31(2): 384. 

62.	 Fernández-Miranda C, Pérez-Carreras M, Colina F, López-
Alonso G, Vargas C, Solís-Herruzo JA (2008) A pilot trial 
of fenofibrate for the treatment of non-alcoholic fatty 
liver disease. Dig Liver Dis 40(3): 200-205. 

63.	 Fabbrini E, Mohammed BS, Korenblat KM, Magkos F, 
McCrea J, et al. (2010) Effect of fenofibrate and niacin 
on intrahepatic triglyceride content, very low-density 
lipoprotein kinetics, and insulin action in obese subjects 
with nonalcoholic fatty liver disease. J Clin Endocrinol 
Metab 95(6): 2727-2735. 

64.	 Davidson MH, Armani A, McKenney JM, Jacobson TA 
(2007) Safety considerations with fibrate therapy. Am J 
Cardiol 99(S1): S3-S18. 

65.	 Kim S, Ko K, Park S, Lee DR, Lee J (2017) Effect of 
Fenofibrate Medication on Renal Function. Korean J Fam 
Med 38(4): 192-198. 

66.	 Seko Y, Yamaguchi K, Umemura A, Yano K, Takahashi A, 
et al. (2020) Effect of pemafibrate on fatty acid levels 
and liver enzymes in non‐alcoholic fatty liver disease 

patients with dyslipidemia: a single‐arm, pilot study. 
Hepatol Res 50(12): 1328-1336. 

67.	 Sasaki Y, Asahiyama M, Tanaka T, Yamamoto S, Murakami 
K, Kamiya W, Matsumura Y, Osawa T, Anai M, Fruchart 
JC, Aburatani H (2020) Pemafibrate, a selective PPARα 
modulator, prevents non-alcoholic steatohepatitis 
development without reducing the hepatic triglyceride 
content. Sci Rep 10: 7818. 

68.	 Nakajima A, Eguchi Y, Yoneda M, Imajo K, Tamaki N, et 
al. (2021) Randomised clinical trial: pemafibrate, a novel 
selective peroxisome proliferator‐activated receptor α 
modulator (SPPARMα), versus placebo in patients with 
non‐alcoholic fatty liver disease. Aliment Pharmacol 
Ther 54(10): 1263-1277. 

69.	 Gawrieh S, Noureddin M, Loo N, Mohseni R, Awasty V, et 
al. (2021) Saroglitazar, a PPAR‐α/γ agonist, for treatment 
of nafld: a randomized controlled double‐blind phase 2 
trial. Hepatology 74(4): 1809-1824. 

70.	 Lee YH, Kim JH, Kim SR, Jin HY, Rhee EJ, et al. (2017) 
Lobeglitazone, a novel thiazolidinedione, improves 
non-alcoholic fatty liver disease in type 2 diabetes: its 
efficacy and predictive factors related to responsiveness. 
J Korean Med Sci 32(1): 60-69. 

71.	 Wang X, Ikejima K, Kon K, Arai K, Aoyama T, et al. (2011) 
Ursolic acid ameliorates hepatic fibrosis in the rat by 
specific induction of apoptosis in hepatic stellate cells. J 
Hepatol 55(2): 379-387.

72.	 Ma JQ, Ding J, Zhang L, Liu CM (2015) Protective 
effects of ursolic acid in an experimental model of liver 
fibrosis through Nrf2/ARE pathway. Clin Res Hepatol 
Gastroenterol 39(2): 188-197.

73.	 Kweon YO, Paik YH, Schnabl B, Qian T, Lemasters JJ, et al. 
(2003) Gliotoxin-mediated apoptosis of activated human 
hepatic stellate cells. J Hepatol 39(1): 38-46.

74.	 Elsharkawy AM, Wright MC, Hay RT, Arthur MJ, Hughes 
T, et al. (1999) Persistent activation of nuclear factor‐ 
kappaB in cultured rat hepatic stellate cells involves 
the induction of potentially novel rel‐like factors and 
prolonged changes in the expression of IκB family 
proteins. Hepatology 30(3): 761-769.

75.	 Anan A, Bey BES, Bronk SF, Werneburg NW, Shah VH, et 
al. (2006) Proteasome inhibition induces hepatic stellate 
cell apoptosis. Hepatology 43(2): 335-344.

76.	 Oakley F, Meso M, Iredale JP, Green K, Marek CJ, et 
al. (2005) Inhibition of inhibitor of kappaB kinases 
stimulates hepatic stellate cell apoptosis and accelerated 

https://academicstrive.com/CTPCT/
https://academicstrive.com/submit-manuscript.php
https://academicstrive.com/CTPCT/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0086724
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0086724
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0086724
https://www.mdpi.com/2079-7737/11/5/792
https://www.mdpi.com/2079-7737/11/5/792
https://www.mdpi.com/2079-7737/11/5/792
https://www.mdpi.com/2079-7737/11/5/792
https://www.anaesthesiajournal.co.uk/article/S1472-0299(09)00071-X/abstract
https://www.anaesthesiajournal.co.uk/article/S1472-0299(09)00071-X/abstract
https://www.sciencedirect.com/science/article/pii/S0925443918303958?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0925443918303958?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0925443918303958?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0925443918303958?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0925443918303958?via%3Dihub
https://doi.org/10.3390/ijms22115703
https://doi.org/10.3390/ijms22115703
https://doi.org/10.3390/ijms22115703
https://doi.org/10.3390/ijms22115703
https://doi.org/10.3390/cancers12010068
https://doi.org/10.3390/cancers12010068
https://doi.org/10.3390/cancers12010068
https://www.sciencedirect.com/science/article/abs/pii/S0300908416302929?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0300908416302929?via%3Dihub
https://www.journal-of-hepatology.eu/article/S0168-8278(99)80243-8/abstract
https://www.journal-of-hepatology.eu/article/S0168-8278(99)80243-8/abstract
https://www.journal-of-hepatology.eu/article/S0168-8278(99)80243-8/abstract
https://www.dldjournalonline.com/article/S1590-8658(07)00550-6/abstract
https://www.dldjournalonline.com/article/S1590-8658(07)00550-6/abstract
https://www.dldjournalonline.com/article/S1590-8658(07)00550-6/abstract
https://www.dldjournalonline.com/article/S1590-8658(07)00550-6/abstract
https://academic.oup.com/jcem/article/95/6/2727/2598338
https://academic.oup.com/jcem/article/95/6/2727/2598338
https://academic.oup.com/jcem/article/95/6/2727/2598338
https://academic.oup.com/jcem/article/95/6/2727/2598338
https://academic.oup.com/jcem/article/95/6/2727/2598338
https://academic.oup.com/jcem/article/95/6/2727/2598338
https://www.ajconline.org/article/S0002-9149(06)02234-X/abstract
https://www.ajconline.org/article/S0002-9149(06)02234-X/abstract
https://www.ajconline.org/article/S0002-9149(06)02234-X/abstract
https://www.kjfm.or.kr/journal/view.php?doi=10.4082/kjfm.2017.38.4.192
https://www.kjfm.or.kr/journal/view.php?doi=10.4082/kjfm.2017.38.4.192
https://www.kjfm.or.kr/journal/view.php?doi=10.4082/kjfm.2017.38.4.192
https://onlinelibrary.wiley.com/doi/full/10.1111/hepr.13571
https://onlinelibrary.wiley.com/doi/full/10.1111/hepr.13571
https://onlinelibrary.wiley.com/doi/full/10.1111/hepr.13571
https://onlinelibrary.wiley.com/doi/full/10.1111/hepr.13571
https://onlinelibrary.wiley.com/doi/full/10.1111/hepr.13571
https://www.nature.com/articles/s41598-020-64902-8
https://www.nature.com/articles/s41598-020-64902-8
https://www.nature.com/articles/s41598-020-64902-8
https://www.nature.com/articles/s41598-020-64902-8
https://www.nature.com/articles/s41598-020-64902-8
https://www.nature.com/articles/s41598-020-64902-8
https://onlinelibrary.wiley.com/doi/10.1111/apt.16596
https://onlinelibrary.wiley.com/doi/10.1111/apt.16596
https://onlinelibrary.wiley.com/doi/10.1111/apt.16596
https://onlinelibrary.wiley.com/doi/10.1111/apt.16596
https://onlinelibrary.wiley.com/doi/10.1111/apt.16596
https://onlinelibrary.wiley.com/doi/10.1111/apt.16596
https://journals.lww.com/hep/abstract/2021/10000/saroglitazar,_a_ppar_____agonist,_for_treatment_of.13.aspx
https://journals.lww.com/hep/abstract/2021/10000/saroglitazar,_a_ppar_____agonist,_for_treatment_of.13.aspx
https://journals.lww.com/hep/abstract/2021/10000/saroglitazar,_a_ppar_____agonist,_for_treatment_of.13.aspx
https://journals.lww.com/hep/abstract/2021/10000/saroglitazar,_a_ppar_____agonist,_for_treatment_of.13.aspx
https://jkms.org/DOIx.php?id=10.3346/jkms.2017.32.1.60
https://jkms.org/DOIx.php?id=10.3346/jkms.2017.32.1.60
https://jkms.org/DOIx.php?id=10.3346/jkms.2017.32.1.60
https://jkms.org/DOIx.php?id=10.3346/jkms.2017.32.1.60
https://jkms.org/DOIx.php?id=10.3346/jkms.2017.32.1.60
https://pubmed.ncbi.nlm.nih.gov/21168456/
https://pubmed.ncbi.nlm.nih.gov/21168456/
https://pubmed.ncbi.nlm.nih.gov/21168456/
https://pubmed.ncbi.nlm.nih.gov/21168456/
https://pubmed.ncbi.nlm.nih.gov/25459994/
https://pubmed.ncbi.nlm.nih.gov/25459994/
https://pubmed.ncbi.nlm.nih.gov/25459994/
https://pubmed.ncbi.nlm.nih.gov/25459994/
https://pubmed.ncbi.nlm.nih.gov/12821042/
https://pubmed.ncbi.nlm.nih.gov/12821042/
https://pubmed.ncbi.nlm.nih.gov/12821042/
https://pubmed.ncbi.nlm.nih.gov/10462383/
https://pubmed.ncbi.nlm.nih.gov/10462383/
https://pubmed.ncbi.nlm.nih.gov/10462383/
https://pubmed.ncbi.nlm.nih.gov/10462383/
https://pubmed.ncbi.nlm.nih.gov/10462383/
https://pubmed.ncbi.nlm.nih.gov/10462383/
https://pubmed.ncbi.nlm.nih.gov/16440346/
https://pubmed.ncbi.nlm.nih.gov/16440346/
https://pubmed.ncbi.nlm.nih.gov/16440346/
https://pubmed.ncbi.nlm.nih.gov/15633128/
https://pubmed.ncbi.nlm.nih.gov/15633128/
https://pubmed.ncbi.nlm.nih.gov/15633128/


14

https://academicstrive.com/CTPCT/ https://academicstrive.com/submit-manuscript.php

Current Trends in Pharmacology and Clinical Trials

recovery from rat liver fibrosis. Gastroenterology 128(1): 
108-120.

77.	 Jin YR, Jin JL, Li CH, Piao XX, Jin NG (2012) Ursolic 
acid enhances mouse liver regeneration after partial 
hepatectomy. Pharm Biol 50(4): 523-528.

78.	 Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati 
E, et al. (2020) Global burden of cardiovascular diseases 
and risk factors, 1990–2019: update from the GBD 2019 
study. J Am Coll Cardiol 76(25): 2982-3021.

79.	 Ness AR, Powles JW (1997) Fruit and vegetables, and 
cardiovascular disease: a review. Int J Epidemiol 26(1): 
1-13.

80.	 Somova LO, Nadar A, Rammanan P, Shode FO (2003) 
Cardiovascular, antihyperlipidemic and antioxidant 
effects of oleanolic and ursolic acids in experimental 
hypertension. Phytomedicine 10(2-3): 115-121.

81.	 Crespo AF, Espana CP, Molina VR, Guerrero LJJ, Soto ES 
(2005) Vasorelaxant effect of Mexican medicinal plants 
on isolated rat aorta. Pharmaceutical biology 43(6): 
540-546.

82.	 Rios MY, Martínez LS, Vallejo LF, Franco MJL, Molina VR, 
et al. (2012) Vasorelaxant activity of some structurally 
related triterpenic acids from Phoradendron 
reichenbachianum (Viscaceae) mainly by NO production: 
Ex vivo and in silico studies. Fitoterapia 83(6): 1023-
1029.

83.	 Radhiga T, Rajamanickam C, Senthil S, Pugalendi KV 
(2012) Effect of ursolic acid on cardiac marker enzymes, 
lipid profile and macroscopic enzyme mapping assay in 
isoproterenol-induced myocardial ischemic rats. Food 
Chem Toxicol 50(11): 3971-3977.

84.	 Radhiga T, Rajamanickam C, Sundaresan A, Ezhumalai 
M, Pugalendi KV (2012) Effect of ursolic acid treatment 
on apoptosis and DNA damage in isoproterenol-induced 
myocardial infarction. Biochimie 94(5): 1135-1142.

85.	 Saravanan R, Viswanathan P, Pugalendi KV (2006) 
Protective effect of ursolic acid on ethanol-mediated 
experimental liver damage in rats. Life Sci 78(7): 713-
718.

86.	 Pozo M, Castilla V, Gutierrez C, de Nicolás R, Egido J, et al. 
(2006) Ursolic acid inhibits neointima formation in the 
rat carotid artery injury model. Atherosclerosis 184(1): 
53-62.

87.	 Murakami S, Takashima H, Watanabe SM, Chonan S, 
Yamamoto K, et al. (2004) Ursolic acid, an antagonist 
for transforming growth factor (TGF)-β1. FEBS letters 

566(1-3): 55-59.

88.	 Agrotis A, Kalinina N, Bobik A (2005) Transforming 
growth factor-beta, cell signaling and cardiovascular 
disorders. Curr Vasc Pharmacol 3(1): 55-61.

89.	 Shishodia S, Majumdar S, Banerjee S, Aggarwal BB (2003) 
Ursolic acid inhibits nuclear factor-kappaB activation 
induced by carcinogenic agents through suppression 
of IkappaBalpha kinase and p65 phosphorylation: 
correlation with down-regulation of cyclooxygenase 2, 
matrix metalloproteinase 9, and cyclin D1. Cancer Res 
63(15): 4375-4383.

90.	 Zempo N, Kenagy RD, Au YT, Bendeck M, Clowes MM, et 
al. (1994) Matrix metalloproteinases of vascular wall 
cells are increased in balloon-injured rat carotid artery. J 
Vasc Surg 20(2): 209-217. 

91.	 Bendeck MP, Irvin C, Reidy MA (1996) Inhibition of 
matrix metalloproteinase activity inhibits smooth 
muscle cell migration but not neointimal thickening 
after arterial injury. Circ Res 78(1): 38-43.

92.	 Obata H, Biro S, Arima N, Kaieda H, Kihara T, et al. (1996) 
NF-κB is induced in the nuclei of cultured rat aortic 
smooth muscle cells by stimulation of various growth 
factors. Biochem Biophys Res Commun 224(1): 27-32.

93.	 Cercek B, Yamashita M, Dimayuga P, Zhu J, Fishbein 
MC, et al. (1997) Nuclear factor-κB activity and arterial 
response to balloon injury. Atherosclerosis 131(1): 59-
66.

94.	 Lv YY, Jin Y, Han GZ, Liu YX, Wu T, et al. (2012) Ursolic acid 
suppresses IL-6 induced C-reactive protein expression 
in HepG2 and protects HUVECs from injury induced by 
CRP. Eur J Pharm Sci 45(1-2): 190-194.

95.	 Ullevig SL, Zhao Q, Zamora D, Asmis R (2011) Ursolic acid 
protects diabetic mice against monocyte dysfunction 
and accelerated atherosclerosis. Atherosclerosis 219(2): 
409-416.

96.	 Messner B, Zeller I, Ploner C, Frotschnig S, Ringer T, 
et al. (2011) Ursolic acid causes DNA-damage, p53-
mediated, mitochondria-and caspase-dependent 
human endothelial cell apoptosis, and accelerates 
atherosclerotic plaque formation in vivo. Atherosclerosis 
219(2): 402-408.

97.	 Kim M, Han CH, Lee MY (2014) Enhancement of platelet 
aggregation by ursolic acid and oleanolic acid. Biomol 
Ther 22(3): 254-259.

98.	 Buhaescu I, Izzedine H (2007) Mevalonate pathway: 
a review of clinical and therapeutical implications. 

https://academicstrive.com/CTPCT/
https://academicstrive.com/submit-manuscript.php
https://academicstrive.com/CTPCT/
https://pubmed.ncbi.nlm.nih.gov/15633128/
https://pubmed.ncbi.nlm.nih.gov/15633128/
https://pubmed.ncbi.nlm.nih.gov/22136205/
https://pubmed.ncbi.nlm.nih.gov/22136205/
https://pubmed.ncbi.nlm.nih.gov/22136205/
https://pubmed.ncbi.nlm.nih.gov/33309175/
https://pubmed.ncbi.nlm.nih.gov/33309175/
https://pubmed.ncbi.nlm.nih.gov/33309175/
https://pubmed.ncbi.nlm.nih.gov/33309175/
https://pubmed.ncbi.nlm.nih.gov/9126498/
https://pubmed.ncbi.nlm.nih.gov/9126498/
https://pubmed.ncbi.nlm.nih.gov/9126498/
https://pubmed.ncbi.nlm.nih.gov/12725563/
https://pubmed.ncbi.nlm.nih.gov/12725563/
https://pubmed.ncbi.nlm.nih.gov/12725563/
https://pubmed.ncbi.nlm.nih.gov/12725563/
https://www.tandfonline.com/doi/full/10.1080/13880200500220839
https://www.tandfonline.com/doi/full/10.1080/13880200500220839
https://www.tandfonline.com/doi/full/10.1080/13880200500220839
https://www.tandfonline.com/doi/full/10.1080/13880200500220839
https://pubmed.ncbi.nlm.nih.gov/22659049/
https://pubmed.ncbi.nlm.nih.gov/22659049/
https://pubmed.ncbi.nlm.nih.gov/22659049/
https://pubmed.ncbi.nlm.nih.gov/22659049/
https://pubmed.ncbi.nlm.nih.gov/22659049/
https://pubmed.ncbi.nlm.nih.gov/22659049/
https://pubmed.ncbi.nlm.nih.gov/22898613/
https://pubmed.ncbi.nlm.nih.gov/22898613/
https://pubmed.ncbi.nlm.nih.gov/22898613/
https://pubmed.ncbi.nlm.nih.gov/22898613/
https://pubmed.ncbi.nlm.nih.gov/22898613/
https://pubmed.ncbi.nlm.nih.gov/22289617/
https://pubmed.ncbi.nlm.nih.gov/22289617/
https://pubmed.ncbi.nlm.nih.gov/22289617/
https://pubmed.ncbi.nlm.nih.gov/22289617/
https://pubmed.ncbi.nlm.nih.gov/16137716/
https://pubmed.ncbi.nlm.nih.gov/16137716/
https://pubmed.ncbi.nlm.nih.gov/16137716/
https://pubmed.ncbi.nlm.nih.gov/16137716/
https://pubmed.ncbi.nlm.nih.gov/15922347/
https://pubmed.ncbi.nlm.nih.gov/15922347/
https://pubmed.ncbi.nlm.nih.gov/15922347/
https://pubmed.ncbi.nlm.nih.gov/15922347/
https://pubmed.ncbi.nlm.nih.gov/15147868/
https://pubmed.ncbi.nlm.nih.gov/15147868/
https://pubmed.ncbi.nlm.nih.gov/15147868/
https://pubmed.ncbi.nlm.nih.gov/15147868/
https://pubmed.ncbi.nlm.nih.gov/15638782/
https://pubmed.ncbi.nlm.nih.gov/15638782/
https://pubmed.ncbi.nlm.nih.gov/15638782/
https://pubmed.ncbi.nlm.nih.gov/12907607/
https://pubmed.ncbi.nlm.nih.gov/12907607/
https://pubmed.ncbi.nlm.nih.gov/12907607/
https://pubmed.ncbi.nlm.nih.gov/12907607/
https://pubmed.ncbi.nlm.nih.gov/12907607/
https://pubmed.ncbi.nlm.nih.gov/12907607/
https://pubmed.ncbi.nlm.nih.gov/12907607/
https://pubmed.ncbi.nlm.nih.gov/8040944/
https://pubmed.ncbi.nlm.nih.gov/8040944/
https://pubmed.ncbi.nlm.nih.gov/8040944/
https://pubmed.ncbi.nlm.nih.gov/8040944/
https://pubmed.ncbi.nlm.nih.gov/8603503/
https://pubmed.ncbi.nlm.nih.gov/8603503/
https://pubmed.ncbi.nlm.nih.gov/8603503/
https://pubmed.ncbi.nlm.nih.gov/8603503/
https://pubmed.ncbi.nlm.nih.gov/8694825/
https://pubmed.ncbi.nlm.nih.gov/8694825/
https://pubmed.ncbi.nlm.nih.gov/8694825/
https://pubmed.ncbi.nlm.nih.gov/8694825/
https://pubmed.ncbi.nlm.nih.gov/9180245/
https://pubmed.ncbi.nlm.nih.gov/9180245/
https://pubmed.ncbi.nlm.nih.gov/9180245/
https://pubmed.ncbi.nlm.nih.gov/9180245/
https://pubmed.ncbi.nlm.nih.gov/22108347/
https://pubmed.ncbi.nlm.nih.gov/22108347/
https://pubmed.ncbi.nlm.nih.gov/22108347/
https://pubmed.ncbi.nlm.nih.gov/22108347/
https://pubmed.ncbi.nlm.nih.gov/21752377/
https://pubmed.ncbi.nlm.nih.gov/21752377/
https://pubmed.ncbi.nlm.nih.gov/21752377/
https://pubmed.ncbi.nlm.nih.gov/21752377/
https://pubmed.ncbi.nlm.nih.gov/21703625/
https://pubmed.ncbi.nlm.nih.gov/21703625/
https://pubmed.ncbi.nlm.nih.gov/21703625/
https://pubmed.ncbi.nlm.nih.gov/21703625/
https://pubmed.ncbi.nlm.nih.gov/21703625/
https://pubmed.ncbi.nlm.nih.gov/21703625/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4060080/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4060080/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4060080/
https://pubmed.ncbi.nlm.nih.gov/17467679/
https://pubmed.ncbi.nlm.nih.gov/17467679/

	Abstract
	Introduction
	Ursolic Acid
	Structural Property
	Natural sources of URSOLIC Acid
	Different Natural Sources with their Parts
	Biosynthesis of UA
	Limitations of using Natural UA
	Pharmacological Properties of UA
	UA as Hepatoprotective
	UA as Cardioprotective

	Conclusion
	References

