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Abstract: Chronic liver disease is a major global health concern, posing significant challenges due to its asymptomatic progression
and the limitations of conventional treatments. Effective therapeutic strategies remain a pressing need. Curcumin, a natural poly-
phenolic compound derived from turmeric rhizomes, has demonstrated diverse pharmacological properties. Beyond its well-known
antioxidant activity, curcumin exhibits anti-inflammatory, antiviral, and anti-fibrotic effects, along with the ability to regulate cellular
autophagy and apoptosis. Recent studies suggest its potential to inhibit the progression of chronic liver disease through multiple
molecular pathways. This review summarizes the latest research on curcumin’s therapeutic effects in chronic liver disease, focusing on
its mechanisms of action and clinical relevance. By integrating findings from experimental and clinical studies, we aim to provide
novel insights into curcumin as a promising therapeutic candidate for liver disease management.
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Introduction

Chronic liver disease (CLD) is a major global health challenge and one of the leading causes of mortality worldwide.
According to WHO data, liver disease is now the second leading cause of death after ischemic heart disease.' CLD is
a broad term encompassing various liver disorders, including alcoholic liver disease (ALD), non-alcoholic fatty liver
disease (NAFLD), viral hepatitis, drug-induced liver injury (DILI), hepatic fibrosis (HF), and hepatocellular carcinoma
(HCC).? The pathogenesis of CLD typically involves hepatic metabolic dysregulation, chronic inflammation, and cellular
damage, leading to abnormal extracellular matrix (ECM) deposition and liver fibrosis. As the disease progresses to
cirrhosis, dysplastic nodules form and gradually develop into precancerous lesions. With the accumulation of cytogenetic
and epigenetic abnormalities, HCC represents the ultimate stage of CLD.>”> The clinical diagnosis and treatment of
chronic liver diseases face significant challenges, including limited therapeutic efficacy, adverse effects, and the insidious
progression of the disease.® In response, natural products have gained increasing attention for liver disease treatment due
to their multi-targeted mechanisms and superior safety profiles compared to synthetic drugs.

Curcumin, a bioactive compound derived from the rhizome of turmeric, is often referred to as a “miracle nutraceu-
tical”. In addition to turmeric (Curcuma longa L.) from the Zingiberaceae family, curcumin is also found in Curcuma
aromatica Salish., C. zedoaria (Berg.) Rosc., and Acorus calamus L." Structurally, curcumin is a natural phenolic
antioxidant with a diketone moiety, featuring both unsaturated aliphatic and aromatic groups in its main chain and
a diarylheptanoid backbone. It has a molecular formula of C,;H,(Og, a molecular weight of 368.37 g/mol and a melting
point of 176—178°C. Curcumin appears as an orange-yellow crystalline powder, exhibiting poor solubility in water and
ether. It is commonly extracted using alcohol-based methods, as well as acid-base and enzymatic extraction techniques.®’
Curcumin is a pleiotropic modulator of multiple signaling pathways, capable of targeting cell surface molecules and
exerting protective effects across various organs and systems, including the digestive, nervous, and cardiovascular
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Figure | Curcumin chemical structure.

systems.'® With advancing research, curcumin has demonstrated significant therapeutic potential in CLD, exhibiting
antioxidant, anti-inflammatory, antiviral, and anti-fibrotic properties, as well as bidirectional regulation of cellular
autophagy and apoptosis. These pharmacological effects contribute to the inhibition of CLD progression.

Given its multifaceted biological activities, elucidating the mechanisms of curcumin in CLD holds great clinical
significance. This review provides a comprehensive summary of recent research advances on curcumin’s therapeutic
applications in CLD, aiming to offer novel insights and potential strategies for its clinical management Figure 1.

The Role of Curcumin in Chronic Liver Diseases

Alcoholic Liver Disease

Alcoholic liver disease (ALD) is a metabolic disorder caused by chronic excessive alcohol consumption.'' It initially
manifests as alcoholic fatty liver and may progress to alcoholic hepatitis, liver fibrosis, cirrhosis, and, in severe cases,
liver failure.'” Ethanol metabolism in the human body primarily relies on oxidative pathways, including alcohol
dehydrogenases (ADHs) and the microsomal ethanol oxidizing system (MEOS). Upon ingestion, ethanol is oxidized
to toxic acetaldehyde by ADHs, which is subsequently converted to less toxic acetic acid by acetaldehyde dehydro-
genases (ALDH). MEOS-mediated ethanol metabolism, predominantly involving cytochrome P450 enzymes (especially
CYP2E1), is significantly upregulated in response to high ethanol intake. However, CYP2E1-mediated ethanol metabo-
lism generates excessive ROS, depleting antioxidants such as GSH, triggering lipid peroxidation, and ultimately leading
to hepatocellular injury.'*'* Animal studies have demonstrated that curcumin (0.02% and 0.05% wt/wt for six weeks)
can reverse alcohol-induced suppression of ADH and ALDH activity, downregulate CYP2E1 expression, and enhance
the activities of SOD, CAT, and GSH-Px, thereby promoting ethanol catabolism and mitigating alcohol-induced liver
injury."> Similarly, Rong et al found that curcumin (75 mg/kg/day for six weeks) reduced ROS accumulation and
counteracted lipid peroxidation in ALD.'® Excessive ethanol intake also induces hepatic steatosis through multiple
pathways.'” Guo et al reported that curcumin (60 mg/kg for four weeks) ameliorated alcohol-induced hepatic steatosis by
modulating fatty acid metabolism, particularly inhibiting lipid biosynthesis and carbohydrate metabolic pathways such as
the pentose phosphate and pyruvate metabolism pathways.'® In a chronic alcohol consumption and high-fat diet-induced
liver injury model, curcumin upregulated AMPK expression, inhibited PAP and FAS activities, and reduced plasma
levels of leptin, FFA, TG, and the TC/HDL-C ratio, thereby regulating lipid metabolism.'> Moreover, curcumin (100,
200, and 400 mg/kg for four weeks) inhibited ethanol-induced necroptosis and apoptosis of hepatocytes by activating
Nrf2, downregulating p53 expression, and inhibiting JNK and MLKL phosphorylation in a dose-dependent manner.
Additionally, it reduced necroptosis markers, including HMGBI1, RIP1, and RIP3, further highlighting its hepatoprotec-
tive effects.'”

Non-Alcoholic Fatty Liver Disease
Non-alcoholic fatty liver disease (NAFLD) is a chronic liver disorder characterized by excessive fat accumulation in
hepatocytes, independent of alcohol consumption or other well-defined causes of liver damage. It is closely associated
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with metabolic syndromes such as obesity, type 2 diabetes, hyperlipidemia, and hypertension.”” NAFLD is a progressive
disease, with hepatic steatosis (affecting >5% of hepatocytes) as its initial stage, followed by non-alcoholic steatohepa-
titis (NASH), which is characterized by hepatocellular injury (marked by hepatocyte ballooning), inflammation, and
varying degrees of fibrosis.”' Emerging evidence suggests that curcumin, due to its lipid-lowering, insulin-sensitizing,
antioxidant, and anti-inflammatory properties, may reduce the incidence and severity of NAFLD.?” In a randomized
placebo-controlled trial, curcumin supplementation (70 mg/day for 8 weeks) significantly decreased hepatic fat content,
body mass index (BMI), serum TC, LDL, TG, AST, ALT, glucose, and glycated hemoglobin (HbAlc) levels.>® One of
the mechanisms underlying NAFLD progression involves the activation of 11beta-hydroxysteroid dehydrogenase 1
(11beta-HSD1), which locally regulates glucocorticoid (GC) activity in the liver and adipose tissue, exacerbating lipid
deposition. In a high-fat diet (HFD)-induced metabolic syndrome rat model, curcumin (200 mg/kg for two months)
selectively inhibited 11beta-HSD1, modulating GC levels and improving glycolipid metabolism.** Another key driver of
lipid accumulation is de novo lipogenesis (DNL), where SLC13AS5, mitochondrial citrate carrier (SLC25A1), and ATP-
citrate lyase (ACLY), determine acetyl-CoA availability—a central substrate for DNL. In OPA-induced and high-
fructose, high-fat diet (HFHFD)-fed NAFLD models, curcumin (50 or 150 mg/kg for 6 weeks) indirectly downregulated
SLC13A5 and ACLY expression by activating the AMPK-raptor-mTOR signaling pathway, thereby modulating hepatic
lipid synthesis.”> Additionally, AMPK activation by curcumin upregulated PPAR-alpha expression while inhibiting
SREBP-1, key regulators of lipid metabolism. SREBP-1¢ promotes fatty acid and TG synthesis, whereas PPAR-alpha
facilitates lipid homeostasis by reducing circulating TG and increasing HDL cholesterol levels.”® Notably, PPAR-alpha
and SREBP-1 expression were also modulated by the Notch signaling pathway, with curcumin (100 or 200 mg/kg/day for
8 weeks) inhibiting Notch-1 to regulate PPAR-alpha/gamma and SREBP-1 levels.?” Furthermore, curcumin administra-
tion decreased serum fetuin-A expression, a protein linked to adiposity and metabolic dysregulation.?®

In the advanced stage of NAFLD progression, curcumin continues to demonstrate significant therapeutic efficacy.
Studies have shown that curcumin mitigates fat accumulation, modulates inflammation, enhances antioxidant defense,
and prevents fibrosis, primarily through the inhibition of the Nrf2/ARE and NF-kB signaling pathways, thereby exerting
protective effects against NASH.?” In a NAFLD rat model, curcumin administration (50 mg/kg for 6 weeks) reduced
serum levels of inflammatory cytokines, TG, TC, and FFA by inhibiting the Nrf2-Keap! signaling pathway. Furthermore,
curcumin decreased MDA presence, increased GSH and HO-1 levels, and regulated oxidative stress by enhancing SOD
activity.>® In a methionine- and choline-deficient (MCD) diet-induced NASH mouse model, curcumin (100 mg/kg for
8 weeks) effectively suppressed M1 macrophage activation, leading to reduced expression of pro-inflammatory cytokines
IL-1beta and TNF-alpha, thereby attenuating hepatic inflammation and liver injury in NASH.”'

Viral Hepatitis

Viral hepatitis is a significant global health burden, characterized by chronic inflammation that predisposes patients to
hepatic fibrosis and HCC. Curcumin has demonstrated potential antiviral effects against both hepatitis B virus (HBV) and
hepatitis C virus (HCV). Notably, curcumin interferes with the binding of HBV to the hepatocyte plasma membrane,
thereby inhibiting viral entry, although the precise mechanism remains unclear.’>>* Among its antiviral properties,
curcumin has shown a more pronounced inhibitory effect on HBV infection. It reduces viral load by disrupting HBV
replication, suppressing viral protein expression, and modulating host immune responses to mitigate inflammation and
oxidative stress.>* Covalently closed circular DNA (cccDNA), a key template for HBV replication and mRNA synthesis,
serves as a major obstacle to HBV eradication. In HBV-infected HepG2.2.15 cells, curcumin (20 pmol/L) induced
deacetylation of histone H3/H4 bound to cccDNA, destabilizing the cccDNA strand and leading to the suppression of
HBYV mRNA transcription and viral protein expression. This effect was associated with a dose-dependent reduction in
HBsAg and HBeAg levels, suggesting curcumin’s role in HBV prevention and treatment.*> Furthermore, curcumin exerts
inhibitory effects at different stages of the HBV life cycle. During the early and replicative phases, curcumin significantly
reduces viral load, HBeAg, and HBV DNA levels. A dose-dependent study demonstrated that curcumin (10, 20, and
30 uM) effectively decreased HBV viral load, with the most pronounced effect at 30 uM. Additionally, in the early stages
of viral transport, curcumin modulates sodium taurocholate cotransporting polypeptide (NTCP) receptors, thereby
preventing HBV attachment and internalization into hepatocytes.®
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Drug-Induced Liver Injury

The liver plays a central role in drug metabolism and is therefore a major target for drug-induced injury.®’ Studies have
demonstrated that curcumin exerts hepatoprotective effects in various models of liver injury. Thioacetamide (TAA),
a classical hepatotoxin known to induce fulminant hepatic failure, causes degenerative changes in liver cells, including
vacuolization, fibrosis, inflammation, and moderate focal necrosis. However, curcumin treatment (50 mg/kg for 2 weeks)
significantly reversed these pathological alterations in a rat model. In the TAA and curcumin co-treated group, markers of
hepatic injury—including ALT, AST, ALP, and lactate dehydrogenase (LDH)—were significantly reduced, while
indicators of hepatic function and protein synthesis, such as albumin and total protein, were markedly increased.
Additionally, curcumin inhibited TNF-alpha expression, thereby exerting anti-inflammatory effects and preventing
hepatic fibrosis progression.”® Aflatoxins, highly toxic mycotoxins commonly found in food, pose a significant risk for
liver injury, with aflatoxin B1 (AFB1) being the most carcinogenic and a major risk factor for hepatocellular carcinoma
in the Asia-Pacific region.> Curcumin (200 mg/kg for 30 days) was found to counteract AFBl-induced hepatocyte
pyroptosis, likely through modulation of the NLRP3/Caspase-1/GSDMD pathway and restoration of the Nrf2 signaling
pathway. Furthermore, curcumin mitigated AFB1-induced hepatotoxicity and oxidative stress by scavenging MDA
accumulation and activating Nrf2 signaling, thereby enhancing antioxidant capacity and glutathione S-transferase (GST)-
mediated Phase II detoxification.*® Isoniazid, a first-line anti-tuberculosis drug, is associated with hepatotoxicity, which
significantly limits its clinical application. Studies have shown that curcumin (2 or 5 umol/L) alleviates isoniazid-induced
vacuolization and inflammatory responses in liver cells. In both in vitro (L-02 hepatocyte cells) and in vivo (BALB/c
mice) models, curcumin reduced isoniazid-induced hepatotoxicity by activating the SIRT1/PGC-1alpha/NRF1 pathway,
decreasing oxidative stress and inflammation, and thereby attenuating hepatic damage.*® Moreover, curcumin (1, 2.5, and
5 mg/kg/day for 10 days) was effective in mitigating liver damage caused by the agricultural insecticide cypermethrin
(Cyp). In a Cyp-induced hepatotoxicity rat model, curcumin reversed Cyp-induced ROS accumulation, decreased
oxidative stress by downregulating ROS levels, and reduced hepatic toxicity by decreasing inflammatory cytokine
expression and suppressing autophagy.*'

Hepatic Fibrosis
Hepatic fibrosis (HF) is a reversible compensatory response to liver injury and tissue repair following inflammation
induced by various pathogenic factors. It is characterized by the excessive accumulation of ECM and persistent chronic
inflammation. The regulation of ECM is influenced by multiple cellular pathways, including hepatocytes, liver sinusoidal
endothelial cells (LSECs), hepatic stellate cells (HSCs), and Kupffer cells (KCs).** In a rat model of TAA-induced
hepatic fibrosis, curcumin (400 mg/kg for 4 weeks) significantly downregulated beta-catenin protein expression and
activity in HSCs, thereby inhibiting HSC activation and preventing hepatic fibrosis.** Additionally, curcumin (100, 200,
and 300 mg/kg for 8 weeks) was found to accelerate HSC senescence via activation of the PPARgamma/P53 signaling
pathway, thereby reducing ECM accumulation and chronic inflammation.** RhoA, a key downstream molecule of the
CXCLI12/CXCR4 axis, is closely linked to HSC activation, migration, and adhesion. Curcumin (50, 100, and 200 mg/kg
for 8 weeks) inhibited HSC activation and migration by suppressing the CXCL12/CXCR4 bioaxis and its downstream
RhoA/ROCK signaling pathway.*> Furthermore, both in vitro and in vivo studies demonstrated that curcumin (400 mg/kg
for 4 weeks) inhibited the hepatic fibrosis process by targeting the p38MAPK pathway, thereby downregulating the
expression of methionine adenosyltransferase 2B in HSCs.*®

Beyond its direct effects on HSCs, curcumin’s anti-inflammatory and antioxidant activities also contribute to the
reversal of hepatic fibrosis. In a carbon tetrachloride (CCly)-induced rat model of liver fibrosis, curcumin (200 mg/kg for
6 weeks) reduced Grlhi monocyte recruitment by downregulating MCP-1 expression. This, in turn, indirectly suppressed
the expression of pro-inflammatory and pro-fibrotic cytokines, including TNF-alpha, IL-lbeta, and TGF-beta.*’
Additionally, Abo-Zaid et al reported that curcumin (150, 200, and 250 mg/kg for 6 weeks) exerted anti-inflammatory
effects by upregulating IL-10, leading to the downregulation of TNF-alpha, IL-6, and TGF-beta, which ultimately
improved hepatic histology.*® In a bile duct ligation (BDL)-induced fibrosis model, curcumin (100 mg/kg daily for 28
days) significantly decreased oxidative stress by downregulating Racl-guanosine triphosphate, Rho-related C3 botulinum
toxin substrate, and NOX1, thereby alleviating liver injury and exerting antifibrotic effects.*
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Moreover, intrahepatic neovascularization and the formation of abnormal hepatic vasculature are closely linked to the
progression of fibrosis. In a CCls-induced rat liver fibrosis model, curcumin (200 mg/kg for 6 weeks) attenuated liver
injury by inhibiting pro-angiogenic factors, including HIF-1alpha, VEGFR-1, placental growth factor, and COX-2, thus
interfering with angiogenesis and hepatic sinusoidal capillarization.”® HIF has been identified as a critical regulator of
angiogenesis, inflammation, and metabolism.”’ Among its family members, HIF-lalpha is particularly involved in
promoting angiogenesis and inflammatory responses. In a rat model, curcumin (1200 mg/kg for 6 weeks) was found
to inhibit hepatic fibrosis by targeting the ERK/HIF-1alpha pathway, thereby suppressing the downstream expression of
fibrosis-related genes such as collagen type III and alpha-smooth muscle actin.’>

Hepatocellular Carcinoma

Hepatocellular carcinoma (HCC) is one of the most prevalent gastrointestinal malignancies worldwide, accounting for
approximately 830,000 deaths annually. It ranks as the third leading cause of cancer-related mortality, following lung and
colorectal cancers, and represents the most common subtype of primary liver cancer.”® Given the multifactorial nature of
HCC progression and the limited efficacy of current therapeutic strategies, bioactive compounds with diverse pharma-
cological properties have garnered significant attention.>* Curcumin has been shown to interfere with HCC progression
primarily by modulating key oncogenic signaling pathways, including the PI3K/AKT and Wnt/beta-catenin pathways,
both of which are closely associated with cell growth, proliferation, and tumor progression.>>>® Using the H22 murine
HCC cell line, Pan et al demonstrated that curcumin (40 and 80 uM) effectively inhibited the PI3K/AKT pathway,
leading to downregulation of vascular endothelial growth factor (VEGF) expression and suppression of HCC cell
proliferation.”” This was corroborated by another study in which curcumin (20 pM) inhibited the growth and induced
apoptosis of liver cancer stem cells (LCSCs) by suppressing the PI3K/AKT/mTOR pathway. Mechanistically, inhibition
of the PI3K/AKT/mTOR axis resulted in increased expression of pro-apoptotic proteins caspase-3, caspase-9, and Bax,
while reducing the expression of the anti-apoptotic protein Bcl-2, thereby accelerating apoptotic events in LCSCs.”®
Additionally, Bai et al reported that curcumin (20, 40, and 60 uM) suppressed PI3K/AKT signaling by downregulating
BCLAF]1 in a time- and concentration-dependent manner. This inhibition disrupted the PI3K/AKT/GSK-3beta signaling
cascade, triggering mitochondrial apoptotic pathways in HCC cells.”® In BEL-7402 and QGY-7703 hCC cell lines,
curcumin (80 puM) effectively suppressed tumor cell growth and proliferation by inhibiting beta-catenin activity and
downregulating the Wnt signaling pathway.®® Furthermore, curcumin (50 pM) was found to activate p38 MAPK in Huh-
7 cells, subsequently inducing the synthesis of FasL, which facilitated apoptosis.®' Another important molecular target of
curcumin in HCC treatment is NF-«B. In cancer stem-like cells (CSCs), curcumin (25 uM for 3 days) promoted apoptosis
by inhibiting the NF-kB signaling pathway and downregulating the expression of histone deacetylases.> Moreover, in
a streptozotocin (STZ) + HFD-induced NASH-HCC mouse model, curcumin (100 mg/kg/day for 4 weeks) prevented the
transition from NASH to HCC by decreasing oxidative stress and blood glucose levels. This effect was achieved via
downregulation of HMGBI1 and inhibition of NF-kB nuclear translocation®® Figure 2.

Combination of Drugs

In the treatment of chronic liver diseases, the use of single drugs often presents certain limitations, while combination
therapies with other substances have the potential to significantly enhance therapeutic outcomes. Studies have confirmed
that curcumin, when combined with other compounds or drugs (such as immunomodulators, glucose, or anticancer
agents), can produce synergistic effects and improve treatment efficacy. For example, the combination of salidroside and
curcumin has been shown to inhibit the inflammatory response, enhance antioxidant capacity, and alleviate liver injury
caused by a high-fat diet.°* The curcumin-berberine combination exerts anticancer effects by regulating the miR-221/
SOX11 axis and activating pro-apoptotic proteins, thereby inhibiting the growth and proliferation of hepatocellular
carcinoma cells.®” Kim et al demonstrated that combining curcumin with glucose significantly alkalized the tumor
microenvironment, which in turn inhibited the proliferation and migration of hepatocellular carcinoma cells, exerting
potent anticancer effects.’® In conclusion, combination therapy offers a more comprehensive approach, improving
pathological conditions while minimizing the side effects of individual drugs. (see Table 1 for details).

Drug Design, Development and Therapy 2025:19 heeps: 3399



Sun et al

GGs —— | WOAGs |—— NeaB | e @
= _caspase-3

Activation/upregulation —>

Inhibition/downregulation ——|

Figure 2 Mechanisms of Curcumin in the Treatment of Chronic Liver Diseases.

Conclusion

In summary, curcumin, as a dietary supplement, exerts its therapeutic potential in chronic liver diseases by directly or
indirectly modulating various enzymes, growth factors, inflammatory cytokines, and transcription factors at the mole-
cular level. Through its antioxidative, anti-inflammatory, hepatoprotective, glucose and lipid metabolism-regulating,
antifibrotic, antiviral, and bidirectional autophagy — and apoptosis-modulating properties, curcumin contributes to liver
disease prevention and treatment. Additionally, as a dietary ingredient, a single oral dose of 0.5-12 g of curcumin has
been shown to be safe and well-tolerated.®® Thus, curcumin is widely available in conventional food products, including
dietary nutrients, flavoring agents, and vitamin supplements.

Despite its therapeutic potential, curcumin’s clinical application is often hindered by its poor water solubility, rapid
metabolism, and short half-life.®> However, advancements in drug delivery systems have gradually addressed these
challenges. Various carrier systems, such as microencapsulation, phospholipid complex embedding, raw material
compounding, and nano-delivery technologies, have significantly improved curcumin’s bioavailability. Notably, micro-
nized curcumin formulations, especially liquid micellar preparations, have demonstrated enhanced absorption without
causing significant hepatic or renal toxicity.*® Additionally, structural modifications—including alterations to the
diketone moiety, carbonyl adsorption, and heterocyclic junctions—have further improved curcumin’s pharmacokinetic
properties.®’-5

Furthermore, curcumin analogues (eg, tetrahydrocurcumin [THC], hexahydrocurcumin [HHC], octahydrocurcumin
[OHC], and NL13%) exhibit superior therapeutic potential due to their structural optimizations. For instance, THC has

3400 https://doi.org/10.2147/DDDT.S5 18547 Drug Design, Development and Therapy 2025:19



Sun et al

Table | Interaction of Curcumin with Various Drugs and/or Nutraceutical

Interaction Subject Mechanisms Clinical/Pre-Clinical Outcome | Reference
Curcumin | +Salidroside Rat TG and FFA, | TNF-alpha and IL-1, | Amelioration of hepatic injury and | [64]
FINS, |FBG, HOMA-IR, MDA, lipid deposition in a rat model of
ACCase, pACCase, CoA; 1SOD, NAFLD induced by a high-fat diet
AMPKand CPT-1
Curcumin | + Berberine HEPG2 and Huh7 ImiR-221; 1SOXI 1, caspase-3/9 Combined action of CUR-BBR [65]
inhibits growth and induces
apoptosis in HCC cells
Taurine + Curcumin Rat IMDA; 1CAT, GST, GPx, SOD Mitigation of BPA-induced liver [67]
injury
Curcumin | +Berberine Rat |TG, TC, LDL-c and FFA, |LDL-c, Enhanced clinical efficacy of [68]
ALT, AST, ALP, MDA, LSP, |SREBP- | combined applications in the
Ic, pERK, TNF-alpha and pJNK; treatment of NAFLD by improving
1GSH-Px oxidative stress, hepatic
inflammation and lipid metabolism
Curcumin | +Oxaliplatin Mice |AST, MDA, |CXCLI, CXCL2 and | Curcumin attenuates OXA-induced | [69]
MCP-1, |PAI-1; tNrf2, 1SOD, CAT | hepatic pathology and
and GSH, tHO-I and NQOI splenomegaly
Curcumin | + Resveratrol Mouse and HepG2 | |HDL and LDL, TG and TCH, ALT, | Synergistic inhibition of lipid [70]
| TNF-alpha, IL-6, IL-Ibeta, and accumulation, hepatic injury,
COX-2, |ICAM-1, VCAM-1 and hepatic inflammation and fibrosis in
MCP-1, |F4/80, |Phosphorylation HFD-induced NAFLD mouse
level of ERK, alpha-SMA, COL-, model
COL-IV and TGF-beta
Curcumin | +Resveratrol HepG2 ltumor growth; T1ROS, caspase-3 Synergistic inhibition of liver cancer | [71]
Curcumin | +Ursodexycholic | Rat |TG and HDL-C, |Fatty Synergistic amelioration of [72]
acid degeneration, cellular necrosis, NAFLD-induced apoptosis,
edema and immune cell infiltration, | steatosis, and hepatic injury and
p53 and caspase lll, [iNOS, NO, inflammatory response
SGPT, SGOT; tbcl-2, TAC, GSH-Px
and SOD
Curcumin | + Sorafenib Mice LALT, MDA, AFP, Vim, |IL-Ibeta, Curcumin enhances the [73]
NF-xB, p-JAK1/2 and p-STAT3, hepatocellular carcinoma efficacy of
|HIF-lalpha, |LDH, TG, FASN, sorafenib by activating immune
CPTIA, |protein phosphorylation function, downregulating EMT, and
of AKT (Ser473); 1CD4+ T cells, modulating metabolic disorders
E-Cad, IL-4, THDL-C, apoAl, p53
Curcumin | + Dimethyl Rats |ALT and AST, MDA, |[MPO, TNF- | Both synergistically enhance anti- [74]
fumarate alpha; 1Nrf2/HO-I signaling inflammatory and antioxidant
pathway, GSH, SOD and TAC effects and attenuate hepatic
ischemia/reperfusion injury
Curcumin | + N-n-butyl SMMC-7721 and |EZH2, |cell proliferation, Bcl-2 Synergistic inhibition of malignant [75]
haloperidol Hep3B and BclxL, EZH2, H3K27me3, proliferation and induction of
iodide | Whnt/beta-catenin, |EZH2-HI9; apoptosis in hepatocellular
1Bax, Axin2 carcinoma
Curcumin | + Resveratrol HepG2 larea of fat droplets, |LDL-C, TG Synergistic treatment of steatosis [76]
and TC, |PI3K, AKT, mTOR and in MAFLD
STAT3, |HIF-1
Curcumin | +Sodium HepG2 and Hep3B | |growth of HCC cells Synergistically inhibits HCC cells [77]
pentaborate cells growth and promotes apoptosis
pentahydrate
+piperine
(Continued)
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Table 1 (Continued).

Interaction Subject Mechanisms Clinical/Pre-Clinical Outcome | Reference
Curcumin | +Ethanol Rats 1CD8+ T cell infiltration, CD8 Enhanced anticancer effect of [78]
+/Treg ratio; |PD-LI, STAT3, p-p65 | immuno-ethanol ablation
Curcumin | +Lenvatinib HCC cell lines |proliferation, invasion and colony | Curcumin reverses Lenvatinib [79]
of HCC cells, EGFR, PI3K-AKT resistance in HCC
Pathway; TROS
Curcumin | +Doxorubicin SMMC 7721 cells Tcytotoxicity and cell apoptosis in Synergistic inhibition of liver cancer | [80]
SMMC 7721 cells; |VEGF progression
Curcumin | + Capsaicin Mice and HepG2, |ECM, EMT, P-gp, the activation of | Synergistic inhibition aHSC- [81]
LX-2, H22 (mouse HSCs, vascular proliferation induced drug resistance and
hepatoma cell line), metastasis
and mHSCs (mouse
HSCs)
Curcumin | +Astragali Mice ltumor growth; TNG2, the Synergistically improves tumor [82]
Polysaccharide Morphological Structure of Tumor | vascular morphology and structure,
Vessels induces tumor vascular
normalization, and inhibits
hepatocellular carcinoma growth
Curcumin | +5-fluorouracil Bel-7402 and tapoptosis, G2/M cell cycle arrest, | Synergistic enhancement of [83]
HepG2 cells, Mice regulation of intestinal flora; anticancer effect
ltumor growth, PI3K/AKT
signalling pathway,

been reported to aid in breast cancer treatment,”® improve cardiac function,”’ and alleviate retinal diseases.”> OHC
possesses potent anti-inflammatory®® and antitumor’ activities, whereas HHC has demonstrated neuroprotective proper-
ties in cognitive disorders’® and ischemia-reperfusion injury. In addition, given the limitations of monotherapy, research-
ers are actively exploring combination strategies involving curcumin and other pharmacological agents to enhance
efficacy in chronic liver diseases, with promising preliminary results.

In conclusion, curcumin, as a natural multifunctional therapeutic compound, holds significant potential for clinical
application in chronic liver diseases. However, further large-scale clinical trials and dose optimization studies are
essential to validate its efficacy and safety in the prevention and treatment of chronic liver diseases.
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Extracellular signal-regulated kinase; EZH2, Enhancer of Zeste Homolog-2; EZH2-H19, Enhancer of zeste homolog
2-H19; EMT, Epithelial-mesenchymal transition; EGFR, Epidermal growth factor receptor; FAS(FASN), Fatty acid
synthase; FasL, Factor-related Apoptosis ligand; FBG, Fasting blood glucose; FFA, Free fatty acid; FINS, Fasting
insulin; GGT, Gamma Glutamyl Transferase; GSDMD, Gasdermin D; GSH, Glutathione; GSH-Px(GPx), Glutathione
peroxidase; GSK-3beta, Glycogen synthase kinase-3 beta; H3K27me3, Trimethylated of H3 on lysine 27; HBeAg,
Hepatitis Be antigen, HBsAg, Hepatitis B surface antigen; HDL-C, High density lipoprotein cholesterol, HIF-1,
Hypoxia-inducible factor-1; HIF-1alpha, Hypoxia-inducible factor-1alpha; HMGB1, High mobility group box 1 protein;
HO-1, Haeme oxygenase-1; HOMA-IR, Homeostasis model assessment of insulin resistance; ICAM, Intercellular cell
adhesion molecule; IFN-gamma, Interferon-gamma; IL-1, Interleukin-1; IL-1beta, Interleukin-1beta; IL-6, Interleukin-6;
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JNK, c-Jun N-terminal kinase; LDL, Low-Density Lipoprotein; LDL-c, Low-Density Lipoprotein Cholesterol; LSP,
Lipopolysaccharide; MAPK, Mitogen-activated protein kinase; MCP-1, Monocyte chemoattractant protein-1; MDA,
Malondialdehyde; MPO, Myeloperoxidase; NF-kB, Nuclear factor kappa B; NLRP3, Nucleotide-binding oligomerization
domain (NOD)-like receptor protein 3; NOX1, NADPH oxidase 1; NQO1, NAD(P)H:quinine oxidoreductase 1; NRF1,
Nuclear factor erythroid-derived 2-related factor 1; Nrf2, Nuclear factor erythroid 2-related factor 2; NG2, Neural/glial
antigen 2; p53, Tumor protein P53; pACCase, Phosphorylated acetyl-CoA carboxylase; PAI-1, Plasminogen activator
inhibitor-1; PGC-1alpha, Peroxisome proliferator-activated receptor gamma coactivator 1 alpha; P-gp, P-glycoprotein;
PI3K, Phosphoinositide 3-kinase; PPAR-alpha, Peroxisome proliferator-activated receptor-alpha; PPAR-gamma,
Peroxisome proliferator-activated receptor-gamma; ROCK, Rho-associated coiled-coil-containing protein kinase; ROS,
Reactive oxygen species; SGOT, Serum glutamic oxaloacetic transaminase; SGPT, Serum glutamic pyruvic transami-
nase; SIRT1, Silent information regulator 1; SLC13A5, Cytoplasmic citrate flux, mediated by plasma membrane citrate
transporter; SOD, Superoxide dismutase; SOX11, MiR-221/SRY-box transcription factor 11; SREBP-1, Sterol regulatory
element-binding protein 1; STAT3, Signal transducers and activators of transcription 3; TAC, Total antioxidant capacity;
TC, Total cholesterol; TG, Triglyceride; TGF-beta, Transforming growth factor-beta; TNF-alpha, Tumor necrosis factor
alpha; VCAM-1, Vascular cell adhesion molecule-1.

Author Contributions

All authors made a significant contribution to the work reported, whether that is in the conception, study design,
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article
has been submitted; and agree to be accountable for all aspects of the work.

Funding

This study was supported by grants from the National Natural Science Foundation of China (81973601), the TCM
research projects of Heilongjiang Province (ZHY19-027), the TCM research projects of Heilongjiang Province
(ZYW2024-018), the Project of Natural Science Foundation of Heilongjiang Province (No. LH2023HO059).

Disclosure
The authors declare that they have no known competing financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

References

—_

. Mansouri A, Gattolliat CH, Asselah T. Mitochondrial dysfunction and signaling in chronic liver diseases. Gastroenterology. 2018;155:629-647.
doi:10.1053/j.gastro.2018.06.083

2. Karlsen TH, Sheron N, Zelber-Sagi S, et al. The EASL-Lancet Liver Commission: protecting the next generation of Europeans against liver disease
complications and premature mortality. Lancet. 2022;399:61-116. doi:10.1016/S0140-6736(21)01701-3

. Mak LY, Liu K, Chirapongsathorn S, et al. Liver diseases and hepatocellular carcinoma in the Asia-Pacific region: burden, trends, challenges and
future directions. Nat Rev Gastroenterol Hepatol. 2024;21:834-851. doi:10.1038/s41575-024-00967-4

4. Loomba R, Friedman SL, Shulman GI. Mechanisms and disease consequences of nonalcoholic fatty liver disease. Cell. 2021;184:2537-2564.

doi:10.1016/j.cell.2021.04.015

Villanueva A. Hepatocellular Carcinoma. New Engl J Med. 2019;380:1450—-1462. doi:10.1056/NEJMral713263

. Thursz M, Lingford-Hughes A. Advances in the understanding and management of alcohol-related liver disease. BMJ. 2023;383:e077090.
doi:10.1136/bmj-2023-077090

7. Aggarwal BB, Sundaram C, Malani N, Ichikawa H. Curcumin: the Indian solid gold. Adv Exp Med Biol. 2007;595:1-75. doi:10.1007/978-0-387-
46401-5_1

. Gupta NK, Dixit VK. Bioavailability enhancement of curcumin by complexation with phosphatidyl choline. J Pharm Sci. 2011;100:1987-1995.
doi:10.1002/jps.22393

. Akbik D, Ghadiri M, Chrzanowski W, Rohanizadeh R. Curcumin as a wound healing agent. Life Sci. 2014;116:1-7. do0i:10.1016/j.1fs.2014.08.016

10. Patel SS, Acharya A, Ray RS, Agrawal R, Raghuwanshi R, Jain P. Cellular and molecular mechanisms of curcumin in prevention and treatment of

disease. Crit Rev Food Sci. 2020;60:887-939. doi:10.1080/10408398.2018.1552244

11. Rehm J, Samokhvalov AV, Shield KD. Global burden of alcoholic liver diseases. J Hepatol. 2013;59:160—168. doi:10.1016/j.jhep.2013.03.007

12. Roerecke M, Vafaei A, Hasan OSM, et al. Alcohol consumption and risk of liver cirrhosis: a systematic review and meta-analysis. Am

J Gastroenterol. 2019;114:1574—1586. doi:10.14309/ajg.0000000000000340

w2

o w

oo

Nl

Drug Design, Development and Therapy 2025:19 hetps: 3403


https://doi.org/10.1053/j.gastro.2018.06.083
https://doi.org/10.1016/S0140-6736(21)01701-3
https://doi.org/10.1038/s41575-024-00967-4
https://doi.org/10.1016/j.cell.2021.04.015
https://doi.org/10.1056/NEJMra1713263
https://doi.org/10.1136/bmj-2023-077090
https://doi.org/10.1007/978-0-387-46401-5_1
https://doi.org/10.1007/978-0-387-46401-5_1
https://doi.org/10.1002/jps.22393
https://doi.org/10.1016/j.lfs.2014.08.016
https://doi.org/10.1080/10408398.2018.1552244
https://doi.org/10.1016/j.jhep.2013.03.007
https://doi.org/10.14309/ajg.0000000000000340

Sun et al

13.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

4

uay

42.

43.

44,

45.

Mello T, Ceni E, Surrenti C, Galli A. Alcohol induced hepatic fibrosis: role of acetaldehyde. Mol Aspects Med. 2008;29:17-21. doi:10.1016/].
mam.2007.10.001

.Wu X, Fan X, Miyata T, et al. Recent advances in understanding of pathogenesis of alcohol-associated liver disease. Annu Rev Pathol.

2023;18:411-438. doi:10.1146/annurev-pathmechdis-031521-030435

. Lee HI, McGregor RA, Choi MS, et al. Low doses of curcumin protect alcohol-induced liver damage by modulation of the alcohol metabolic

pathway, CYP2E1 and AMPK. Life Sci. 2013;93:693-699. doi:10.1016/j.15.2013.09.014

.Rong S, Zhao Y, Bao W, et al. Curcumin prevents chronic alcohol-induced liver disease involving decreasing ROS generation and enhancing

antioxidative capacity. Phytomedicine. 2012;19:545-550. doi:10.1016/j.phymed.2011.12.006

. Seitz HK, Bataller R, Cortez-Pinto H, et al. Alcoholic liver disease. Nat Rev Dis Primers. 2018;4:16. doi:10.1038/s41572-018-0014-7
. Guo C, Ma J, Zhong Q, et al. Curcumin improves alcoholic fatty liver by inhibiting fatty acid biosynthesis. Toxicol Appl Pharm. 2017;328:1-9.

doi:10.1016/j.taap.2017.05.001

. Lu C, Xu W, Zhang F, Shao J, Zheng S. Nrf2 knockdown disrupts the protective effect of curcumin on alcohol-induced hepatocyte necroptosis. Mol

Pharm. 2016;13:4043—4053. doi:10.1021/acs.molpharmaceut.6b00562

Powell EE, Wong VW, Rinella M. Non-alcoholic fatty liver disease. Lancet. 2021;397:2212-2224. do0i:10.1016/S0140-6736(20)32511-3
Friedman SL, Neuschwander-Tetri BA, Rinella M, Sanyal AJ. Mechanisms of NAFLD development and therapeutic strategies. Nat Med.
2018;24:908-922. doi:10.1038/s41591-018-0104-9

Li X, Chen W, Ren J, et al. Effects of curcumin on non-alcoholic fatty liver disease: a scientific metrogy study. Phytomedicine. 2024;123:155241.
doi:10.1016/j.phymed.2023.155241

Rahmani S, Asgary S, Askari G, et al. Treatment of non-alcoholic fatty liver disease with curcumin: a randomized placebo-controlled trial.
Phytother Res. 2016;30:1540—1548. doi:10.1002/ptr.5659

Hu GX, Lin H, Lian QQ, et al. Curcumin as a potent and selective inhibitor of 11B-hydroxysteroid dehydrogenase 1: improving lipid profiles in
high-fat-diet-treated rats. PLoS One. 2013;8:€49976. doi:10.1371/journal.pone.0049976

Sun Q, Niu Q, Guo Y, et al. Regulation on citrate influx and metabolism through inhibiting SLC13A5 and ACLY: a novel mechanism mediating the
therapeutic effects of curcumin on NAFLD. J Agr Food Chem. 2021;69:8714-8725. doi:10.1021/acs.jafc.1c03105

Kang OH, Kim SB, Seo YS, et al. Curcumin decreases oleic acid-induced lipid accumulation via AMPK phosphorylation in hepatocarcinoma cells.
Eur Rev Med Pharmaco. 2013;17:2578-2586.

Zhao NJ, Liao MJ, Wu JJ, Chu KX. Curcumin suppresses Notch-1 signaling: improvements in fatty liver and insulin resistance in rats. Mol Med
Rep. 2018;17:819-826. doi:10.3892/mmr.2017.7980

Oner-lyidogan Y, Kogak H, Seyidhanoglu M, et al. Curcumin prevents liver fat accumulation and serum fetuin-A increase in rats fed a high-fat diet.
J Physiol Biochem. 2013;69:677-686. doi:10.1007/s13105-013-0244-9

El-Hameed NMA, El-Aleem SAA, Khattab MA, Ali AH, Mohammed HH. Corrigendum to “Curcumin activation of nuclear factor E2-related
factor 2 gene (Nrf2): prophylactic and therapeutic effect in nonalcoholic steatohepatitis (NASH)” [Life Sci. 285 (2021) 119983]. Life Sci.
2022;292:120348. doi:10.1016/5.1f5.2022.120348

Li B, Wang L, Lu Q, Da W. Liver injury attenuation by curcumin in a rat NASH model: an Nrf2 activation-mediated effect? Irish J Med Sci.
2016;185:93-100. doi:10.1007/s11845-014-1226-9

Tong C, Wu H, Gu D, et al. Effect of curcumin on the non-alcoholic steatohepatitis via inhibiting the M1 polarization of macrophages. Hum Exp
Toxicol. 2021;40:S310—s317. doi:10.1177/09603271211038741

Pécheur EI. Curcumin against hepatitis C virus infection: spicing up antiviral therapies with ‘nutraceuticals’? Gut. 2014;63:1035-1037.
doi:10.1136/gutjnl-2013-305646

Anggakusuma, Colpitts CC, Schang LM, et al. Turmeric curcumin inhibits entry of all hepatitis C virus genotypes into human liver cells. Gut.
2014;63:1137-1149. doi:10.1136/gutjnl-2012-304299

Ailioaie LM, Litscher G. Curcumin and photobiomodulation in chronic viral hepatitis and hepatocellular carcinoma. Int J Mol Sci. 2020;21:7150.
doi:10.3390/ijms21197150

Wei ZQ, Zhang YH, Ke CZ, et al. Curcumin inhibits hepatitis B virus infection by down-regulating cccDNA-bound histone acetylation. World
J Gastroenterol. 2017;23:6252—-6260. doi:10.3748/wjg.v23.i134.6252

Thongsri P, Pewkliang Y, Borwornpinyo S, Wongkajornsilp A, Hongeng S, Sa-Ngiamsuntorn K. Curcumin inhibited hepatitis B viral entry through
NTCP binding. Sci Rep. 2021;11:19125. doi:10.1038/s41598-021-98243-x

Devarbhavi H, Choudhury AK, Sharma MK, et al. Drug-induced acute-on-chronic liver failure in Asian patients. Am J Gastroenterol.
2019;114:929-937. doi:10.14309/ajg.0000000000000201

Radwan AM, Fatoh SA, Massoud A, Tousson E. Effectiveness of curcumin nanoparticles in rat liver fibrosis caused by thioacetamide. Environ
Toxicol. 2024;39:388-397. doi:10.1002/tox.23984

Wang Y, Liu F, Liu M, et al. Curcumin mitigates aflatoxin Bl-induced liver injury via regulating the NLRP3 inflammasome and Nrf2 signaling
pathway. Food Chem Toxicol. 2022;161:112823. doi:10.1016/j.fct.2022.112823

Li Y, Luo WW, Cheng X, et al. Curcumin attenuates isoniazid-induced hepatotoxicity by upregulating the SIRT1/PGC-1a/NRF1 pathway. J App!
Toxicol. 2022;42:1192—1204. doi:10.1002/jat.4288

. Hussain S, Ashafaq M, Alshahrani S, et al. Hepatoprotective effect of curcumin nano-lipid carrier against cypermethrin toxicity by countering the

oxidative, inflammatory, and apoptotic changes in wistar rats. Molecules. 2023;28:881. doi:10.3390/molecules28020881

McQuitty CE, Williams R, Chokshi S, Urbani L. Immunomodulatory role of the extracellular matrix within the liver disease microenvironment.
Front Immunol. 2020;11:574276. doi:10.3389/fimmu.2020.574276

Cui L, Jia X, Zhou Q, Zhai X, Zhou Y, Zhu H. Curcumin affects $-catenin pathway in hepatic stellate cell in vitro and in vivo. J Pharm Pharmacol.
2014;66:1615-1622. doi:10.1111/jphp.12283

Jin H, Lian N, Zhang F, et al. Activation of PPARY/P53 signaling is required for curcumin to induce hepatic stellate cell senescence. Cell Death Dis.
2016;7:€2189. doi:10.1038/cddis.2016.92

Qin L, Qin J, Zhen X, Yang Q, Huang L. Curcumin protects against hepatic stellate cells activation and migration by inhibiting the CXCL12/
CXCR4 biological axis in liver fibrosis: a study in vitro and in vivo. Biomed Pharmacother. 2018;101:599—607. doi:10.1016/j.biopha.2018.02.091

3404 https: Drug Design, Development and Therapy 2025:19


https://doi.org/10.1016/j.mam.2007.10.001
https://doi.org/10.1016/j.mam.2007.10.001
https://doi.org/10.1146/annurev-pathmechdis-031521-030435
https://doi.org/10.1016/j.lfs.2013.09.014
https://doi.org/10.1016/j.phymed.2011.12.006
https://doi.org/10.1038/s41572-018-0014-7
https://doi.org/10.1016/j.taap.2017.05.001
https://doi.org/10.1021/acs.molpharmaceut.6b00562
https://doi.org/10.1016/S0140-6736(20)32511-3
https://doi.org/10.1038/s41591-018-0104-9
https://doi.org/10.1016/j.phymed.2023.155241
https://doi.org/10.1002/ptr.5659
https://doi.org/10.1371/journal.pone.0049976
https://doi.org/10.1021/acs.jafc.1c03105
https://doi.org/10.3892/mmr.2017.7980
https://doi.org/10.1007/s13105-013-0244-9
https://doi.org/10.1016/j.lfs.2022.120348
https://doi.org/10.1007/s11845-014-1226-9
https://doi.org/10.1177/09603271211038741
https://doi.org/10.1136/gutjnl-2013-305646
https://doi.org/10.1136/gutjnl-2012-304299
https://doi.org/10.3390/ijms21197150
https://doi.org/10.3748/wjg.v23.i34.6252
https://doi.org/10.1038/s41598-021-98243-x
https://doi.org/10.14309/ajg.0000000000000201
https://doi.org/10.1002/tox.23984
https://doi.org/10.1016/j.fct.2022.112823
https://doi.org/10.1002/jat.4288
https://doi.org/10.3390/molecules28020881
https://doi.org/10.3389/fimmu.2020.574276
https://doi.org/10.1111/jphp.12283
https://doi.org/10.1038/cddis.2016.92
https://doi.org/10.1016/j.biopha.2018.02.091

Sun et al

46.

47.

48.

49.

50.

51.
52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Hu X, Zhou Y. Curcumin reduces methionine adenosyltransferase 2B expression by interrupting phosphorylation of p38 MAPK in hepatic stellate
cells. Eur J Pharmacol. 2020;886:173424. doi:10.1016/j.ejphar.2020.173424

Huang R, Liu Y, Xiong Y, et al. Curcumin protects against liver fibrosis by attenuating infiltration of Grlhi monocytes through inhibition of
monocyte chemoattractant protein-1. Discov Med. 2016;21:447-457.

Abo-Zaid MA, Shaheen ES, Ismail AH. Immunomodulatory effect of curcumin on hepatic cirrhosis in experimental rats. J Food Biochem. 2020;44:
e13219. doi:10.1111/jfbe.13219

Ghoreshi ZA, Kabirifar R, Safari F, Karimollah A, Moradi A, Eskandari-Nasab E. Hepatoprotective effects of curcumin in rats after bile duct
ligation via downregulation of Racl and NOX1. Nutrition. 2017;36:72-78. doi:10.1016/j.nut.2016.06.006

Yao Q, Lin Y, Li X, Shen X, Wang J, Tu C. Curcumin ameliorates intrahepatic angiogenesis and capillarization of the sinusoids in carbon
tetrachloride-induced rat liver fibrosis. Toxicol Lett. 2013;222:72-82. doi:10.1016/j.toxlet.2013.06.240

Nath B, Szabo G. Hypoxia and hypoxia inducible factors: diverse roles in liver diseases. Hepatology. 2012;55:622—633. doi:10.1002/hep.25497
Zhao Y, Ma X, Wang J, et al. Curcumin protects against CCl4-induced liver fibrosis in rats by inhibiting HIF-1o through an ERK-dependent
pathway. Molecules. 2014;19:18767-18780. doi:10.3390/molecules191118767

Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in
185 countries. CA Cancer J Clin. 2021;71:209-249. doi:10.3322/caac.21660

Kumar S, Fayaz F, Pottoo FH, Bajaj S, Manchanda S, Bansal H. Nanophytomedicine based novel therapeutic strategies in liver cancer. Curr Top
Med Chem. 2020;20:1999-2024. doi:10.2174/1568026619666191114113048

Vasan N, Cantley LC. At a crossroads: how to translate the roles of PI3K in oncogenic and metabolic signalling into improvements in cancer
therapy. Nat Rev Clin Oncol. 2022;19:471-485. doi:10.1038/s41571-022-00633-1

Bugter JM, Fenderico N, Maurice MM. Mutations and mechanisms of WNT pathway tumour suppressors in cancer. Nat Rev Cancer. 2021;21:5-21.
doi:10.1038/541568-020-00307-z

Pan Z, Zhuang J, Ji C, Cai Z, Liao W, Huang Z. Curcumin inhibits hepatocellular carcinoma growth by targeting VEGF expression. Oncol Lett.
2018;15:4821-4826. doi:10.3892/01.2018.7988

Wang J, Wang C, Bu G. Curcumin inhibits the growth of liver cancer stem cells through the phosphatidylinositol 3-kinase/protein kinase B/
mammalian target of rapamycin signaling pathway. Exp Ther Med. 2018;15:3650-3658. doi:10.3892/etm.2018.5805

Bai C, Zhao J, Su J, et al. Curcumin induces mitochondrial apoptosis in human hepatoma cells through BCLAF1-mediated modulation of PI3K/
AKT/GSK-3p signaling. Life Sci. 2022;306:120804. doi:10.1016/j.1f5.2022.120804

Xu MX, Zhao L, Deng C, et al. Curcumin suppresses proliferation and induces apoptosis of human hepatocellular carcinoma cells via the wnt
signaling pathway. Int J Oncol. 2013;43:1951-1959. doi:10.3892/ij0.2013.2107

Wang WZ, Li L, Liu MY, et al. Curcumin induces FasL-related apoptosis through p38 activation in human hepatocellular carcinoma Huh7 cells.
Life Sci. 2013;92:352-358. doi:10.1016/j.15.2013.01.013

Marquardt JU, Gomez-Quiroz L, Arreguin Camacho LO, et al. Curcumin effectively inhibits oncogenic NF-«xB signaling and restrains stemness
features in liver cancer. J Hepatol. 2015;63:661-669. doi:10.1016/j.jhep.2015.04.018

Afrin R, Arumugam S, Rahman A, et al. Curcumin ameliorates liver damage and progression of NASH in NASH-HCC mouse model possibly by
modulating HMGB1-NF-«B translocation. Int Immunopharmacol. 2017;44:174-182. doi:10.1016/j.intimp.2017.01.016

Li HS. Salidroside and curcumin formula prevents liver injury in nonalcoholic fatty liver disease in rats. Ann Hepatol. 2018;17:769-778.
doi:10.5604/01.3001.0012.3135

Li S, Cai X, Chen L, et al. Inhibition of hepatocellular carcinoma growth via modulation of the miR-221/SOX11 axis by curcumin and berberine.
PeerJ. 2023;11:¢16593. doi:10.7717/peerj.16593

Kim SW, Cha MJ, Lee SK, et al. Curcumin treatment in combination with glucose restriction inhibits intracellular alkalinization and tumor growth
in hepatoma cells. Int J Mol Sci. 2019;20:2375. doi:10.3390/ijms20102375

Uzunhisarcikli M, Aslanturk A. Hepatoprotective effects of curcumin and taurine against bisphenol A-induced liver injury in rats. Environ Sci
Pollut Res. 2019;26:37242-37253. doi:10.1007/s11356-019-06615-8

Feng WW, Kuang SY, Tu C, et al. Natural products berberine and curcumin exhibited better ameliorative effects on rats with non-alcohol fatty liver
disease than lovastatin. Biomed Pharmacother. 2018;99:325-333. doi:10.1016/j.biopha.2018.01.071

Lu Y, Wu S, Xiang B, Li L, Lin Y. Curcumin attenuates oxaliplatin-induced liver injury and oxidative stress by activating the Nrf2 pathway. Drug
Des Devel Ther. 2020;14:73-85. doi:10.2147/DDDT.S224318

Wu B, Xiao Z, Zhang W, et al. A novel resveratrol-curcumin hybrid, al9, attenuates high fat diet-induced nonalcoholic fatty liver disease. Biomed
Pharmacother. 2019;110:951-960. doi:10.1016/j.biopha.2018.11.088

Zheng Y, Jia R, Li J, Tian X, Qian Y. Curcumin- and resveratrol-co-loaded nanoparticles in synergistic treatment of hepatocellular carcinoma.
J Nanobiotechnology. 2022;20:339. doi:10.1186/s12951-022-01554-y

Gheibi S, Gouvarchin Ghaleh HE, Motlagh BM, Azarbayjani AF, Zarei L. Therapeutic effects of curcumin and ursodexycholic acid on
non-alcoholic fatty liver disease. Biomed Pharmacother. 2019;115:108938. doi:10.1016/j.biopha.2019.108938

Man S, Yao J, Lv P, Liu Y, Yang L, Ma L. Curcumin-enhanced antitumor effects of sorafenib via regulating the metabolism and tumor
microenvironment. Food Funct. 2020;11:6422—-6432. doi:10.1039/c9f001901d

Ibrahim SG, ElI-Emam SZ, Mohamed EA, Abd Ellah MF. Dimethyl fumarate and curcumin attenuate hepatic ischemia/reperfusion injury via Nrf2/
HO-1 activation and anti-inflammatory properties. Int Immunopharmacol. 2020;80:106131. doi:10.1016/j.intimp.2019.106131

Khan H, Ni Z, Feng H, et al. Combination of curcumin with N-n-butyl haloperidol iodide inhibits hepatocellular carcinoma malignant proliferation
by downregulating enhancer of zeste homolog 2 (EZH2) - IncRNA H19 to silence Wnt/B-catenin signaling. Phytomedicine. 2021;91:153706.
doi:10.1016/j.phymed.2021.153706

He Y, Wang H, Lin S, et al. Advanced effect of curcumin and resveratrol on mitigating hepatic steatosis in metabolic associated fatty liver disease
via the PI3K/AKT/mTOR and HIF-1/VEGF cascade. Biomed Pharmacother. 2023;165:115279. doi:10.1016/j.biopha.2023.115279

Omeroglu Ulu Z, Degirmenci NS, Bolat ZB, Sahin F. Synergistic anti-cancer effect of sodium pentaborate pentahydrate, curcumin and piperine on
hepatocellular carcinoma cells. Sci Rep. 2023;13:14404. doi:10.1038/s41598-023-40809-y

Yu B, Kwak K, Lewandowski RJ, Kim DH. Integration of ethanol and the immune modulator curcumin for immunoablation of hepatocellular
carcinoma. J Vasc Interv Radiol. 2024;35:1033-1042.¢1011. doi:10.1016/j.jvir.2024.03.014

Drug Design, Development and Therapy 2025:19 hetps: 3405


https://doi.org/10.1016/j.ejphar.2020.173424
https://doi.org/10.1111/jfbc.13219
https://doi.org/10.1016/j.nut.2016.06.006
https://doi.org/10.1016/j.toxlet.2013.06.240
https://doi.org/10.1002/hep.25497
https://doi.org/10.3390/molecules191118767
https://doi.org/10.3322/caac.21660
https://doi.org/10.2174/1568026619666191114113048
https://doi.org/10.1038/s41571-022-00633-1
https://doi.org/10.1038/s41568-020-00307-z
https://doi.org/10.3892/ol.2018.7988
https://doi.org/10.3892/etm.2018.5805
https://doi.org/10.1016/j.lfs.2022.120804
https://doi.org/10.3892/ijo.2013.2107
https://doi.org/10.1016/j.lfs.2013.01.013
https://doi.org/10.1016/j.jhep.2015.04.018
https://doi.org/10.1016/j.intimp.2017.01.016
https://doi.org/10.5604/01.3001.0012.3135
https://doi.org/10.7717/peerj.16593
https://doi.org/10.3390/ijms20102375
https://doi.org/10.1007/s11356-019-06615-8
https://doi.org/10.1016/j.biopha.2018.01.071
https://doi.org/10.2147/DDDT.S224318
https://doi.org/10.1016/j.biopha.2018.11.088
https://doi.org/10.1186/s12951-022-01554-y
https://doi.org/10.1016/j.biopha.2019.108938
https://doi.org/10.1039/c9fo01901d
https://doi.org/10.1016/j.intimp.2019.106131
https://doi.org/10.1016/j.phymed.2021.153706
https://doi.org/10.1016/j.biopha.2023.115279
https://doi.org/10.1038/s41598-023-40809-y
https://doi.org/10.1016/j.jvir.2024.03.014

Sun et al

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Miyazaki K, Morine Y, Xu C, et al. Curcumin-mediated resistance to Lenvatinib via EGFR signaling pathway in hepatocellular carcinoma. Cells.
2023;12:612. doi:10.3390/cells 12040612

Zhang J, Li J, Shi Z, et al. pH-sensitive polymeric nanoparticles for co-delivery of doxorubicin and curcumin to treat cancer via enhanced
pro-apoptotic and anti-angiogenic activities. Acta Biomater. 2017;58:349-364. doi:10.1016/j.actbio.2017.04.029

Qi C, Wang D, Gong X, et al. Co-delivery of curcumin and capsaicin by dual-targeting liposomes for inhibition of ahsc-induced drug resistance and
metastasis. ACS Appl Mater Inter. 2021;13:16019—16035. doi:10.1021/acsami.0c23137

Tang D, Zhang S, Shi X, et al. Combination of astragali polysaccharide and curcumin improves the morphological structure of tumor vessels and
induces tumor vascular normalization to inhibit the growth of hepatocellular carcinoma. Integr Cancer Ther. 2019;18:1534735418824408.
doi:10.1177/1534735418824408

Jin M, Kong L, Han Y, Zhang S. Gut microbiota enhances the chemosensitivity of hepatocellular carcinoma to 5-fluorouracil in vivo by increasing
curcumin bioavailability. Phytother Res. 2021;35:5823-5837. doi:10.1002/ptr.7240

Lao CD, Ruffin MT, Normolle D, et al. Dose escalation of a curcuminoid formulation. BMC Complement Altern Med. 2006;6:10. doi:10.1186/
1472-6882-6-10

Momtazi AA, Sahebkar A. Difluorinated curcumin: a promising curcumin analogue with improved anti-tumor activity and pharmacokinetic profile.
Curr Pharm Design. 2016;22:4386-4397. doi:10.2174/1381612822666160527113501

Schiborr C, Kocher A, Behnam D, Jandasek J, Toelstede S, Frank J. The oral bioavailability of curcumin from micronized powder and liquid
micelles is significantly increased in healthy humans and differs between sexes. Mol Nutr Food Res. 2014;58:516-527. doi:10.1002/
mnfr.201300724

Rodrigues FC, Kumar NA, Thakur G. The potency of heterocyclic curcumin analogues: an evidence-based review. Pharmacol Res.
2021;166:105489. doi:10.1016/j.phrs.2021.105489

Kumar B, Singh V, Shankar R, Kumar K, Rawal R. Synthetic and medicinal prospective of structurally modified curcumins. Curr Top Med Chem.
2016;16:1-2. doi:10.2174/1568026616666160605112757

Qiao X, Zheng K, Ye L, et al. NL13, a novel curcumin analogue and polo like kinase 4 inhibitor, induces cell cycle arrest and apoptosis in prostate
cancer models. Brit J Pharmacol. 2024;181:4658-4676. doi:10.1111/bph.16501

Truong TH, Alcantara KP, Bulatao BPI, et al. Chitosan-coated nanostructured lipid carriers for transdermal delivery of tetrahydrocurcumin for
breast cancer therapy. Carbohyd Polym. 2022;288:119401. doi:10.1016/j.carbpol.2022.119401

Zhang B, Yang J, Li X, et al. Tetrahydrocurcumin ameliorates postinfarction cardiac dysfunction and remodeling by inhibiting oxidative stress and
preserving mitochondrial function via SIRT3 signaling pathway. Phytomedicine. 2023;121:155127. doi:10.1016/j.phymed.2023.155127

Kao YW, Hsu SK, Chen JY, et al. Curcumin metabolite tetrahydrocurcumin in the treatment of eye diseases. Int J Mol Sci. 2020;22:212.
doi:10.3390/ijms22010212

Zhang ZB, Luo DD, Xie JH, et al. Curcumin’s metabolites, tetrahydrocurcumin and octahydrocurcumin, possess superior anti-inflammatory effects
in vivo through suppression of TAK1-NF-kB pathway. Front Pharmacol. 2018;9:1181. doi:10.3389/fphar.2018.01181

Zhang Z, Luo D, Xie J, et al. Octahydrocurcumin, a final hydrogenated metabolite of curcumin, possesses superior anti-tumor activity through
induction of cellular apoptosis. Food Funct. 2018;9:2005-2014. doi:10.1039/c7f002048a

Jearjaroen P, Thangwong P, Tocharus C, et al. Hexahydrocurcumin attenuates neuronal injury and modulates synaptic plasticity in chronic cerebral
hypoperfusion in rats. Mol Neurobiol. 2024;61:4304—4317. doi:10.1007/s12035-023-03821-x

Drug Design, Development and Therapy DOVepI'eSS
Taylor & Francis Group

Publish your work in this journal

Drug Design, Development and Therapy is an international, peer-reviewed open-access journal that spans the spectrum of drug design and development
through to clinical applications. Clinical outcomes, patient safety, and programs for the development and effective, safe, and sustained use of medicines
are a feature of the journal, which has also been accepted for indexing on PubMed Central. The manuscript management system is completely online
and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes
from published authors.

Submit your manuscript here: https://www.dovepress.com/drug-design-development-and-therapy-journal

. Drug Design, Development and Therapy 2025:19
3406 n X in u g g P PY


https://doi.org/10.3390/cells12040612
https://doi.org/10.1016/j.actbio.2017.04.029
https://doi.org/10.1021/acsami.0c23137
https://doi.org/10.1177/1534735418824408
https://doi.org/10.1002/ptr.7240
https://doi.org/10.1186/1472-6882-6-10
https://doi.org/10.1186/1472-6882-6-10
https://doi.org/10.2174/1381612822666160527113501
https://doi.org/10.1002/mnfr.201300724
https://doi.org/10.1002/mnfr.201300724
https://doi.org/10.1016/j.phrs.2021.105489
https://doi.org/10.2174/1568026616666160605112757
https://doi.org/10.1111/bph.16501
https://doi.org/10.1016/j.carbpol.2022.119401
https://doi.org/10.1016/j.phymed.2023.155127
https://doi.org/10.3390/ijms22010212
https://doi.org/10.3389/fphar.2018.01181
https://doi.org/10.1039/c7fo02048a
https://doi.org/10.1007/s12035-023-03821-x
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	The Role of Curcumin in Chronic Liver Diseases
	Alcoholic Liver Disease
	Non-Alcoholic Fatty Liver Disease
	Viral Hepatitis
	Drug-Induced Liver Injury
	Hepatic Fibrosis
	Hepatocellular Carcinoma

	Combination of Drugs
	Conclusion
	Abbreviations
	Author Contributions
	Funding
	Disclosure

