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Nuclear receptors (NRs) form a family of druggable transcription factors that are regulated by ligand binding to orchestrate

multifaceted physiological functions, including reproduction, immunity, metabolism, and growth. NRs represent attractive

and valid targets for the management and treatment of a vast array of ailments. Pentacyclic triterpenes (PTs) are

ubiquitously distributed natural products in medicinal and aromatic plants, of which ursolic acid (UA) is an extensively

studied member, due to its diverse bio-pertinent activities against different cancers, inflammation, aging, obesity, diabetes,

dyslipidemia, and liver injury.
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1. Modulation of Peroxisome-Proliferator-Activated Receptors (PPARs)

PPARs involve three subtypes (PPARα; NR1C1, PPARβ; NR1C2, and PPARγ; NR1C3) that control insulin sensitivity,

resistance, and lipid homeostasis, making them valid targets for alleviating metabolic syndrome, hyperlipidemia, and

diabetes . PPARα reduces the formation of blood lipids and plays a role in cancer , and PPARβ also plays a role

in managing blood lipid levels and insulin sensitivity . PPARγ controls insulin sensitivity, adipogenesis, neuroprotection

, and inflammation . Fibrates are PPARα modulators used for hyperlipidemia therapy and are represented by

fenofibrate and pemafibrate, whereas thiazolidinediones, such as pioglitazone and rosiglitazone, are used for the

treatment of diabetes through PPARγ agonism . Among different NRs, the UA effect on PPARs is the most explored

.

1.1. UA Effect on PPARα

The first report on PT modulation of PPARα and their potential pharmaceutical and cosmeceutical role in dermatology was

released in 2005 . Concomitantly, in 2007, Lim et al. showed that topical application of UA to hairless adult mice models

enhanced keratinocyte differentiation and led toa subsequent recovery of the epidermal permeability barrier. This effect

was clearly observed by examining a biopsy specimen using a light microscope and an electron microscope. The

enhanced recovery was hypothesized to be due to PPARα activation. This was validated by immunoblot analysis of

PPARα and the keratinocyte differentiation markers involucrin, loricrin, and filaggrin, in human skin keratinocyte cell line

HaCaT cells. The test confirmed that UA treatment upregulated the tested protein levels, leading to accelerated recovery.

It is worth noting that OA exhibited a similar therapeutic effect .

Interestingly, UA’s agonistic effect on PPARα played a pivotal role in its cytotoxic activity against skin cancer through the

AMPK pathway. In the mouse squamous carcinoma model, Ca3/7, UA enhanced AMPK phosphorylation at cytotoxic

levels, which was reversed by using an AMPK small molecule inhibitor or by AMPK knockdown. As PPARα upregulation

has a partial role in skin cancer therapy, the authors investigated this mechanism for UA . Indeed, using the PPARα

antagonist GW6471, or the less potent MK886, for one hour prior to adding UA, elevated IC  values of the latter against

Ca3/7 or mouse skin papilloma cells MT1/2, as shown by MTT assay. This suggests that the UA cytotoxic effect is partially

mediated by PPARα activation .

Likewise, Jia et al. confirmed UA-induced activation of PPARα in terms of alleviating hypertriglyceridemia. Having said

that, they could not confirm that UA directly binds to PPARα LBD using Biacore surface plasmon resonance (SPR)

analysis. However, UA treatment remarkably promoted PPARα mRNA concentration in cultured hepatocytes (HepG2), as

shown by qPCR. A luciferase reporter gene assay in the same cells revealed that UA is a PPARα activity upregulator.

Furthermore, a 20 µM concentration of UA enhanced PPARα binding to its response element in the responsive genes by

46% and promoted PPARα transactivation consequently. In a dose-dependent manner, UA treatment was significantly

proved to have significant hypolipidemic effects by reducing intracellular triglycerides (TGL) and cholesterol accumulation
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in HepG2 cells. This was accompanied by significant upregulation of the fatty acid transport protein 4 (FATP4) gene in

both mRNA and protein levels; FATP4 is a major fatty acid transporter in the liver and a known target gene PPARα. The

authors emphasized that UA promotes PPARα transactivation by indirect mechanisms, other than simply binding to its

LBD .

The same research group moved forward with in vivo validation of their previous in vitro results. They found out that UA

can regulate lipid and glucose metabolism in high-fat diet (HFD)-fed mice. UA intake reduced lipid accumulation in

adipose tissues and the liver, while increasing muscle mass. Biochemical analysis confirmed that plasma levels of TGL

and low- density lipoprotein (LDL) levels were reduced in contrast to high-density lipoprotein (HDL) levels. This was

accompanied by improved glucose tolerance and insulin sensitivity. In mice tissue, UA treatment resulted in the over-

expression of mRNA and protein levels of PPARα, the activation of its responsive genes that regulate fatty acids uptake

and β-oxidation, and the suppression of lipogenic genes . Additionally, UA induced the hepatic expression of the

autophagy marker LC3-II, which could partially participate in the hypoglycemic and hypolipidemic role of UA in HFD-fed

mice .

The anti-hyperlipidemic effect of UA (25 mg/kg) or artesunate (25 mg/kg) alone or in combination (12.5 + 12.5 mg/kg) was

assessed in a New Zealand rabbit model on a Western-style diet. UA administration for a couple of months significantly

reduced TGL and cholesterol levels in a comparable manner to atorvastatin without a significant effect on LDL level, which

was efficiently lowered in the case of UA/artesunate combination. UA alone alleviated hepatocyte steatosis; meanwhile,

the combination completely prevented it in the same way as atorvastatin, as displayed by histopathological examination

using hematoxylin and eosin (H&E) stains . In liver tissue, UA alone or in combination upregulated mRNA expression of

PPARα, which is in agreement with previous studies.

The potential role of UA in NASH therapy was further investigated by the Li group using the obese NASH Sprague Dawley

rat model. UA administration significantly reversed HFD-induced lipid accumulation, NASH, and liver injury and reduced

serum ALT, AST, TGL, FFA, and LDL levels in a dose-dependent manner, as revealed by hepatocyte morphologic,

histological, and serum biochemical examination. In the same context, UA promoted mRNA and protein levels of PPARα

whose knockdown interrupted UA-induced hepatoprotective effect. UA reduced the expression of hepatic inflammatory

cytokines, including different interleukins and the tumor necrosis factor α (TNFα). In this model, UA did not affect the

activity of PPARγ, farnesoid X receptor (FXR), or liver X receptor (LXR) . Meanwhile, the authors studied the beneficial

effect of UA in the human hepatic cell line (HL-7702) model, where it stimulates PPARα mRNA, showing an anti-steatosis

effect that was interrupted by PPARα knocking down .

Another research group studied the PPARα upregulation effect on alleviating peripheral inflammation and inflammatory

hyperalgesia in obese animals. Following the injection of carrageenan into obese Sprague Dawley rats, systemic UA

administration mitigated thermal hyperalgesia and paw edema, compared with the control group. At the molecular level,

UA lowered the expression of inflammatory mediators, including IL-1β, TNF-α, and NF-κB P65 in the spinal cord of the

rats, as shown by the Western blot test. Carrageenan injection into rats’ paws significantly reduced spinal cord PPARα

levels in the control HFD groups prior to UA administration, which reversed the process and restored PPARα levels. This

means that UA could restore PPARα levels in obese rats’ spinal cords and reduce the expression of inflammatory

mediators due to peripheral inflammatory stimulation .

UA-induced activation of PPARα is not only beneficial in skin diseases and metabolic disorders, but also in right ventricle

hypertrophy (RVH) and remodeling . In a Sprague Dawley monocrotaline-induced RV dysfunction rat model, UA

significantly reduced RVH and RV fibrosis, promoted ventricle function, and lowered the increase in cardiomyocyte size

and mRNA level of hypertrophic genes and apoptotic cells. From a metabolic aspect, monocrotaline injection remarkably

decreased PPARα and PPARγ gene expression; however, UA pretreatment only reversed the abnormal PPARα

expression in RV tissue. This opens the way for harnessing UA in the alleviation of RV disorders through the PPARα

pathway .

1.2. UA Effect on PPARγ

The UA effect on PPARγ was described in different aspects of biological activities. PPARγ agonism is well-known to

alleviate inflammations in asthmatic animal models . In the BALB/c mice model of allergic bronchial asthma facing

methacholine challenge, UA nebulization mitigated methacholine-induced airway hypersensitivity and alleviated airway

inflammation. In the ovalbumin-challenged asthma model, ursolic acid (20 mg/kg) reduced eosinophilia bronchoalveolar

lavage fluid, neutrophils, and eosinophils, within peripheral blood mononuclear cells (PBMC). Furthermore, it suppressed

cytokine, IL-5, IL-13, and IL-17 release, and reduced the level of anti-ovalbumin IgE, in comparison to untreated cells. The
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authors showed that UA significantly upregulated PPARγ mRNA expression in lung tissue. PPARγ activation was further

validated in EL4 T cells and RAW 264.7 macrophages, via qPCR and Western blotting .

Wang et al. explored UA neuroprotection effects through the PPARγ pathway in a model of male Sprague Dawley rats

with middle cerebral artery occlusion and reperfusion. UA treatment improved the neurological deficit score, promoted the

number of intact healthy neurons, and minimized the infarct size compared to the control animals in a dose-dependent

manner. This is accompanied by the upregulation of PPARγ, the downregulation of the inflammatory mediators, matrix

metalloproteinase-2/9 (MMP2 and MMP9), the increment of the anti-inflammatory factor tissue inhibitor matrix

metalloproteinase (1TIMP1), and the interruption of MAPK signaling pathways in brain tissue, as revealed by Western blot

and qRT-PCR. Hence, UA can serve as a neuroprotective therapeutic agent, acting via PPARγ agonism, and optimizing

the metalloprotease/anti-metalloprotease balance .

Another confirmatory report on UA anti-inflammatory activity in the central nervous system (CNS) via PPARγ activation

has been recently published. UA enhanced the phenotypic switch of BV2 cells (murine microglia) from M1 polarization, the

pro-inflammatory, to M2 polarization, the anti-inflammatory, through the promotion of PPARγ protein expression.

Meanwhile, PPARγ activation resulted in the suppression of MMP2 and MMP9 secretion and the increment of 1TIMP1

secretion, which supports the previous results . Notably, those effects were not observed in the case of the co-addition

of UA and the potent selective PPARγ antagonist GW9662. In a word, UA protects against neuro-inflammation through the

PPARγ pathway, opening the way for its application in ischemic stroke therapy .

A potential dual role of UA in the treatment of multiple sclerosis (MS) through immunomodulation and neuroregeneration

via PPARγ agonism was disclosed by Zhang et al. . In MS mice model using experimental autoimmune

encephalomyelitis (EAE), a 25 mg/kg/d of UA reduced CNS inflammation and demyelination; furthermore, in Th1- and

Th17-polarizing cultures, UA reduced their differentiation, implying an immunomodulatory effect. At the chronic stage of

EAE, UA intake not only hinders further spinal cord myelin damage, but also supports myelin recovery, and protects

neurons and axons by promoting oligodendrocyte progenitor cell maturation in CNS lesions. The remyelination-enhancer

effect was consistent incuprizone-induced demyelination model in a completely PPARγ-agonistic pathway that disappears

incase of PPARγ knockout. In an ex vivo model of lysophosphatidylcholine (LPC)-induced demyelination in organotypic

cerebellar slices, UA reduced the expression of inflammatory factors and upregulated anti-inflammatory cytokines and

neurotrophins, especially mRNA and the protein level of ciliary neurotrophic factor (CNTF), which, in turn, promoted

remyelination. CNTF expression was significantly promoted in astrocytes by UA, and this induction was highly opposed by

the PPARγ antagonist GW-9662 .

Collectively, UA has a highly promising PPARγ-agonistic character that can be employed for the management of a

multitude of diseases, including bronchial asthma, CNS ischemia, and neuro-inflammatory diseases such as MS. Table 1
summarizes the mentioned effects of UA on PPARs and the other NRs in this study and the related bioactivity.

Table 1. Summary of ursolic acid (UA) pharmacodynamic effect on nuclear receptors (NRs) and the resulting

corresponding therapeutic effect.
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Nuclear Receptor Type, UA
Pharmacodynamic Effect Pathology Type of Study

PPARα (NR1C1), agonist

Epidermal permeability barrier

malfunction In vivo, hairless adult mice 

Skin cancer In vitro, Ca3/7 

Hyperlipidemia In vitro, HepG2 cells  and in vivo, HFD fed mice
and New Zealand rabbit model on a Western-style diet

NASH In vitro, HL-7702 and in vivo, obese NASH Sprague
Dawley rats 

Peripheral inflammation and

inflammatory hyperalgesia
In vivo, carrageenan-induced paw edema in obese
Sprague Dawley rats 

Right ventricle hypertrophy

(RVH)
In vivo, Sprague Dawley monocrotaline-induced RV
dysfunction rats 

PPARγ (NR1C3), agonist

Bronchial asthma In vivo, BALB/c mice model 

Neural inflammation and

cerebral ischemia
In vitro, BV2 cells  and in vivo, male Sprague
Dawley rats with middle cerebral artery occlusion and
reperfusion 

Multiple sclerosis (MS) In vivo, EAE mice and ex vivo, LPC-induced
demyelination mice 

LXRα (NR1H3), antagonist

Hepatic lipid accumulation

and NASH
In vitro, 3T3-L1  and in vivo, C57BL/6 HFD-mice

Valproate-induced hepatic

steatosis In vitro, HepaRG cells 

PXR (NR1I2)/CAR (NR1I3),
antagonist

Rifampicin-induced hepatic

steatosis In vitro, HepaRG cells 

RORγ (NR1F3),
antagonist/inverse agonist

Autoimmune encephalitis In vivo, EAE mice 

Autoimmune arthritis
In vivo, collagen-induced autoimmune arthritis 

Breast and prostate cancer In vitro, HCC70 cells for breast cancer, C4-2B, and
22Rv1 cells for prostate cancer 

FXRα (NR1H4), agonist
NASH

In vivo, rats with alcoholic liver injury

2. Modulation of Liver X Receptors (LXRs)

The hydrophobic oxysterols are the endogenous ligands of LXRs, which have two subtypes (LXRα; NR1H3 and LXRβ;

NR1H2). Both have shared approximately 70% homology with PPARs. They play a paramount role in lipid and glucose

homeostasis, atherosclerosis, and NASH development by regulating hepatic de novo lipogenesis . Activation of

LXRα transactivates hepatic lipogenic genes and LXRα is found to be upregulated in the case of non-alcoholic fatty liver

disease (NAFLD); thus, LXR antagonists might be useful for NASH therapy . On the contrary, LXRα agonists
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alleviate the atherosclerotic effect, which is accompanied by severe adverse effects such as hepatic steatosis; this hinders

the development of the potent LXRα agonist T090.

Kuding tea or Ku-Ding-Cha leaves are mainly from Ilex latifolia Thunb and Ilex kudingcha C.J. Tseng, of the family

Aquifoliaceae. This bitter-tasting tea contains high amounts of ursolic acid and has been widely used in China for more

than 2000 years as a healthy beverage for the management of obesity, cardiovascular disease, hypertension, and

hyperlipidemia . Fan et al. explored the mechanism of action of Kuding tea alcoholic extract . In cell culture, it could

interrupt the later stages of 3T3-L1 adipocyte differentiation. Indeed, in the high-fat diet C57BL/6 mice model, the extract

reduced weight gain, blood glucose level, and lipid accumulation in hepatocytes. The authors found that the resulting

benefits were partially attributed to LXR antagonism. However, they did not figure out which components in the extract

were responsible for the activity.

Later on, Lin et al. identified UA as an LXRα antagonist, in a similar fashion to its oleanane-type analog OA . In a

dose-dependent manner, UA opposed T090-induced transactivation of LXRα in human hepatocarcinoma cells, as shown

by a luciferase reporter assay using an LX response element and SREBP-1c promoter. Consistently, co-treatment with UA

attenuated T090-inducedupregulation of LXRα lipogenic target genes, including SREBP-1c, SCD, and FAS. Microscopic

examination of Oil Red O stained hepatocytes showed a reduction in TGL and cholesterol accumulation by UA. To

validate the present data, the authors went through further in vivo tests using male C57BL/6 mice. Histopathologic

examination of the mice liver section, using H&E staining and Oil Red O staining, showed elevated lipid and TG

accumulation accompanied by microsteatosis due to T090. This was significantly reversed by the co-administration of UA.

In mice hepatocytes, UA showed a similar downregulation effect on lipogenic genesto that in human hepatocytes .

Molecular docking calculations of UA and T090 into the LXRα ligand binding site (Protein Data Bank ID:1UHL)  using

the CDOCKER module of Discovery Studio (DS) revealed useful theoretical information on the potential binding pattern.

The CDOCKER binding energy of T090, the co-crystalized ligand, was −45.7965 kcal/mol, whereas UA also fitted snugly

in the same hydrophobic pocket, with a comparable energy parameter of −37.5211 kcal/mol, reflecting an optimal

interaction. UA displayed strong hydrophobic interactions with Phe326, Phe257, Leu331, Trp443, Leu439, Phe254, and

Ala261, with a different binding mode from T090.

UA activity was assessed in human intestinal cells LS174T, and surprisingly, it upregulated ABCA1 and ABCG1

expression instead of the anticipated downregulation. It is worth noting that ABCG1 gene expression decreased upon co-

treatment with UA and T090 in HepaRG cells, confirming the cellular-context paradox. This is further confirmed by the lack

of UA effect on cellular contents of TG in LS174T cells. It can be deduced that UA suppressed LXRα activation in

hepatocytes but not in intestinal cells, suggesting that UA controls LXRα signaling in a cell- and tissue-specific manner

due to differential effects on the recruitment of coregulators .

The possible clinical application of UA to mitigate the lipogenic side effects of the ani-epileptic drug valproate was tested.

De facto, UA significantly opposed valproate induced LXRα transactivation, lipogenic gene expression, and lipid

accumulation in HepaRG cells.

3. Modulation of Pregnane X Receptors (PXR) and Constitutive
Androstane Receptors (CAR)

Alongside CAR (NR1I3), PXR (NR1I2) is mainly responsible for xenobiotic detoxification by regulating the expression of

the metabolic enzyme cytochrome P450 (CYP 450), including the two main types, CYP3A4 and CYP2B6 . PXR can

be modulated by numerous exogenous and endogenous ligands such as bile acids, steroids, antibiotics like rifampicin,

and antimycotics like clotrimazole . Dysregulation of PXR/CAR leads to drug-induced hepatotoxicity, as in the cases of

acetaminophen- and isoniazid-induced hepatic injury.

Using a dual-luciferase reporter gene assay in HepaRG cells, UA, alongside carnosol from Rosmarinus officinalis,

activated mouse, rat, and human PXR. In terms of human PXR activation, the EC  values of UA and carnosol were 10.77

and 2.22 µM, respectively. UA was confirmed to bind within PXR LBD and activate luciferase activity in cells transfected

with a plasmid expressing human PXR LBD. In human colon adenocarcinoma cells, LS180, UA promoted the mRNA

expression of the major metabolizing enzyme CYP3A4 and a multi-drug resistance protein 1called ATP binding cassette

B1 (ABCB1). In the intestine, this effect enhanced the first-pass metabolism and reduced the oral bioavailability of

chemicals metabolized by CYP3A4 and transported by ABCB1 .

In 2017, two different reports came out, reporting the promising role of UA and OA in attenuating rifampicin/isoniazid-

induced cytotoxicity viamodulation of PXR and its sister NR CAR . The presented results were in discrepancy with
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the above-mentioned outcome of PXR activation. Herein, in human PXR-expressing and CYP3A4 reporter plasmid-

transfected HepaRG cells, UA antagonized PXR activity and significantly attenuated the transactivation of the CYP3A4

promoter in a concentration-dependent manner. This inhibitory effect was remarkable incase of co-treatment with the

activator rifampicin. Indeed, UA inhibited CYP3A4 mRNA and protein expression. Likewise, UA, through a CAR-

dependent mechanism, was involved in the downregulation of the target gene CYP2B6 on both mRNA and protein levels

. The catalytic activity of CYP3A4 and CYP2B6 under only UA, or under rifampicin co-treatment, was significantly

attenuated. Interestingly, the well-known rifampin-mediated and isoniazid-induced cytotoxicity was reduced by UA co-

treatment, as shown by the HepaRG cell viability test. Additionally, UA elevated the intracellular glutathione levels and

regeneration capacity in a concentration-dependent manner .

A supporting claim for the outcome for PXR antagonism by UA was introduced by the same research group in 2018; they

evaluated the UA effect on PXR transactivation of lipogenic genes, including S14, SCD, FAS, and FAE. It was revealed

that UA could effectively oppose the transient activation of promoters S14 and SCD by rifampicin, as shown by reporter

assay. In the presence of rifampicin, UA reduced the mRNA and protein expression of S14, SCD, FAS, and FAE genes.

Histopathological examination of stained HepaRG cells by phase-contrast microscope showed rifampicin-induced lipid

accumulation and steatosis, which was significantly interrupted by UA . Therefore, UA could serve to lessen the

unwanted interactions between transcriptional inducers of CYP450 enzymes and drugs .

4. Modulation of Retinoic Acid Receptor-Related Orphan Receptors (ROR)

ROR has three subtypes that possess indispensable roles in immunity, development, and metabolic homeostasis. It is

worth noting that the RORγt type is only expressed in immune cells, especially Th17 lymphocytes, where it controls their

development and differentiation from CD4  cells . Th17 cells secrete different inflammatory interleukins (ILs), like IL-17

and IL-21, that fight against pathogenic invaders. Nevertheless, its upregulation is linked to autoimmune diseases such as

systemic lupus erythematosus, lupus nephritis, psoriasis, rheumatoid arthritis, and MS; thereby, RORγt is a potential

target for managing such obstinate diseases . Recently, RORγ overexpression was related to the progress of

different types of advanced cancers of breast, prostate, and lung . Endogenous hydroxycholesterols, which have

structural similarity to PTs, can bind and modulate RORγt-dependent biological processes .

Indeed, methyl corosolate, uvaol, and OA are three triterpenes found in loquat leaves with in vitro inhibitory effects against

RORγt, accompanied by an interruption of Th17 differentiation, with a potential application in lupus nephritis .

Furthermore, the titled PTs ameliorated skin inflammation, epidermal hyperplasia, and aberrant keratinocyte proliferation

in an imiquimod-induced psoriasis animal model . Digoxin, with its similar structure to hydroxycholesterols, is a well-

established RORγt inverse agonist that was co-crystalized with it (Protein Data Bank ID: 3B0W) .

The first report claiming that UA acts as a strong and selective inhibitor of RORγt function came out in 2011 by Xu et al. A

preliminary high throughput screening of 2000 compounds identified UA as a human and mouse Th17 development and

differentiation inhibitor in a dose-dependent manner. At 2 µM, UA inhibited RORγt-mediated, but not RORαt-mediated, IL-

17 and IL-17 expression to almost background level in Th17 cells. UA, in a dose-dependent manner, interrupted the

binding of RORγt-LBD, but not RORαt-LBD, to its co-activator peptide. Further experiments led to the conclusion that UA

exclusively antagonizes RORγt function with IC  of 0.68 µM, while its IC  on Th17 cells was determined to be 0.56 µM.

As a result, UA abrogated IL-17 secretion from differentiated Th17 cells of both mouse and human origin. In experimental

autoimmune encephalomyelitis mice as an MS model, UA treatment slowed the onset of disease in mice and significantly

alleviated the symptoms in comparison with the control group. The CNS of UA-treated mice contained fewer IL-17  and

IFN-γ  cells, and their spleen showed less IL-17 production. The study paved the way for UA application in autoimmune

disorders and Th17-mediated inflammatory diseases .

In addition, UA administration significantly reduced the incidence and severity of collagen-induced autoimmune arthritis in

mice models, partially via the inhibition of Th17 differentiation, as shown by flow cytometry. In a dose-dependent manner,

mRNA expression of IL-17, IL-21, and RORγt was downregulated in the splenocytes . Owing to its pronounced RORγt

antagonism, UA was used as a positive control when testing new inverse agonists .

A recent interesting report by Zou et al. emphasized the RORγ-dependent anti- proliferative role of UA against triple

negative breast cancer (TNBC) cells, HCC70, and prostate cancer (PCa) cell lines C4-2B and 22Rv1 . In the test cell

lines, UA lowered RORγ activation, as shown by a luciferase reporter assay, in a dose-dependent manner. In PCa, UA

interrupted RORγ-mediated androgen receptors’ (AR) expression and signaling; this was also observed for the variant AR-

V7 in C4-2B and 22RV1 cells. The strong anticancer effect of UA was more remarkable in the AR-positive PCa cell line

LNCaP but not in the AR-negative PCa cell lines PC3 and DU145. In TNBC, RNA-seq, qRT-PCR, and Western blot
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analysis showed that UA treatment suppressed the RORγ-mediated mRNA and protein expression of most of the genes

controlling cholesterol biosynthesis. Concomitantly, UA disrupted RORγ-controlled apoptosis/cell cycle genes. In

conclusion, UA elicits its antiproliferative effect against PCa and TNBC, in part, via targeting RORγ .

5. Modulation of Farnesoid X Receptors FXRs

FXRs are involved in lipid and bile acid homeostasis, with a significant role in hepatic inflammation and fibrosis, and are

widely distributed in organs such as the liver, kidney, intestinal tract, and adrenal gland . Bile acids, the natural

ligands of FXR, were identified as potential promoters of colon cancer . FXRα; NR1H4 represents a valid target for

mitigating primary biliary cirrhosis (PBC), NASH, diabetes , and atherosclerosis . An FXR modulator,

obeticholic acid, was approved for PBC therapy, and further clinical trials are underway to assess it against NASH .

A recent report revealed that UA can modulate FXR in rat models with alcoholic liver injury. UA intervention reduced the

pathological changes in hepatocytes when examined by hematoxylin–eosin staining. The reduced hepatic steatosis was

accompanied by improved cell inflammation and infiltration. In biochemical terms, alanine aminotransferase (ALT),

aspartate transaminase (AST), alkaline phosphatase (ALP), and total bile acid (TBA) levels in serum were significantly

lessened in comparison to the untreated group. Concomitantly, UA upregulated FXR protein expression and

downregulated CYP7A1 and SREBP-1c expression .
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