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ABSTRACT

Pterostilbene is a natural compound that can be found in various 
food plants such as blueberries, grapes, and peanuts. It has also been 
reported to be extracted from Pterocarpus indicus, a tree species 
native to India and Southeast Asia. Pterostilbene exhibits various 
pharmacological activities such as antioxidants, anti-proliferation, 
anti-microbial, and anti-inflammatory activities with favorable 
pharmacokinetic properties, such as high oral bioavailability and 
longer half-life. The anti-inflammatory effect of pterostilbene has 
been reported to contribute to its therapeutic effects in many chronic 
inflammatory diseases. Besides, pterostilbene has anti-cancer 
activity on various types of cancers due to its ability to induce cell 
cycle arrest and apoptosis. Hence, in this review, we discuss the anti-
inflammatory and anti-cancer activities of pterostilbene in preclinical 
studies. 
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1. Introduction

  Polyphenols are naturally occurring compounds that can be found 
widely in plants and are further divided into a few polyphenol 
subtypes, including stilbenes, lignans, flavonoids, hydroxybenzoic 
acids, and hydroxycinnamic acids[1]. Resveratrol and pterostilbene 
are the two crucial polyphenol stilbenes that have attracted the 
interest of medical researchers in recent years[2]. One of the 
important medicinal benefits is to reduce the risk of or slow down 
the development of various diseases, as pterostilbene has been 
proven to exhibit protective effects against cardiovascular disease, 
cancer, and neurodegenerative disease[3-5].

2. Pterostilbene 

  Pterostilbene was first isolated from the deciduous tree of 
Pterocarpus marsupium in 1940, which is native to India[6]. Other 
than Pterocarpus marsupium, pterostilbene also can be found in 
other Pterocarpus tree species such as Pterocarpus indicus (narra), 
which is native to Southeast Asia, including Malaysia, Indonesia, 
and Thailand[7,8]. Pterostilbene or its chemical name trans-3,5-
dimethoxy-4ʹ-hydroxystilbene with the molecular structure of 
C16H16O3 of 256.3 g/mol molecular weight is a dimethyl ether analog 
of the well-studied compound of resveratrol[9,10]. Resveratrol and 
pterostilbene were classified under the same family polyphenolic 
secondary metabolite of stilbenes. This is because these two 
compounds share the common chemical structure properties of 
the stilbene family, where both compounds consist of a 14-carbon 
skeleton with two benzene rings, and these two benzene rings 
are connected through an ethylene bridge[11]. Resveratrol and 
pterostilbene have been proven to exhibit various pharmacological 
properties that benefit human health, such as anti-inflammation 
and antioxidants[12,13]. Interestingly, pterostilbene has better 
pharmacokinetic properties regarding half-life as it has a longer half-
life of 105 min, but resveratrol has only a 14 min half-life[14,15]. In 
addition, pterostilbene has a better bioavailability than other stilbene 
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compounds such as resveratrol[16]. 
  The differences in the pharmacokinetics of resveratrol and 
pterostilbene are due to the distinction in their chemical structures as 
resveratrol consists of three hydroxyl groups (-OH), but pterostilbene 
has one hydroxyl group and two methoxy groups (-OCH3) as 
shown in Figure 1[2]. The existence of the two methoxy groups on 
the chemical structure of pterostilbene increases the compound’s 
lipophilicity, thus enhancing the oral absorption of pharmacokinetics 
(oral bioavailability). This makes pterostilbene more favorable 
for cellular uptake, protects it from degradation, and increases its 
stability[14,17]. The toxicological profile of pterostilbene documented 
that it is safe even at a high dose of up to 3 000 mg/kg in mice for 28 
d[18]. In addition, a clinical study on the toxic effect of pterostilbene 
consumption in 80 healthy volunteers proved that consuming 
pterostilbene up to 250 mg/kg for 6-8 weeks was safe. The study 
findings based on biochemical analysis showed that pterostilbene did 
not cause any adverse reactions and no abnormalities in the liver or 
kidneys[19]. Moreover, the anti-inflammatory effect of pterostilbene 
is one of its medicinal benefits that should be explored to prevent 
or treat various inflammation-related diseases[20,21]. Our review 
will focus on the anti-inflammatory and anti-cancer properties of 
pterostilbene.
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Resveratrol Pterostilbene

Figure 1. The chemical structures of pterostilbene and resveratrol (created 
with ChemDraw Professional 15.0.).

3. Inflammation 

  Inflammation is an ancient biological process that is required 
to maintain homeostasis by protecting the host from pathogens 
and tissue injury and involving tissue repair, regeneration, and 
remodeling[22]. 

3.1. Acute inflammation 

  Acute inflammation is the inflammation response that is responsible 
for protecting our body from harmful conditions, including exposure 
to pathogens or injury. It is a self-limiting response in which once the 
infection or injury has been successfully controlled or eliminated, the 
inflammation response resolves, followed by restoring affected tissue 
to its normal structural and functional state[23]. In the physiological 
state, there are several mechanisms to control the inflammation 
by the immune system, such as inhibition of the pro-inflammatory 

signaling, and failure to manage or resolve inflammation response 
results in the pathological condition of chronic inflammation[24]. The 
failure of acute inflammation to resolve during the physiological 
process can lead to the uncontrollable and persistent inflammatory 
response known as chronic inflammation, which is responsible for 
various pathological processes or disease development[25,26]. 

3.2. Chronic inflammation
	
  Chronic inflammation is a pathological condition where the active 
inflammation process persists for an extended period, resulting 
in fibrosis, tissue destruction, and the arrival of mononuclear 
inflammatory cells such as macrophages, lymphocytes, and 
plasma cells to the site of inflammation[27]. Cancer is one of 
the diseases that have a strong association with unresolved or 
chronic inflammation[28]. The link between inflammation and 
carcinogenesis can be seen clearly as inflammatory cells and 
mediators are crucial components of tumor microenvironments. The 
tumor microenvironment consists of the cellular and noncellular 
components surrounding and nourishing the tumor cells, including 
adipose cells, immune cells, blood, and lymphatic vessels[29]. Many 
types of immune cells comprise the non-malignant components of 
tumor environments, including T cells, mast cells, macrophages, 
natural killer cells, dendritic cells, and others[30]. Among all these 
immune cells, the macrophage is dominant, present abundantly, 
and is involved in all stages of tumor development known as 
tumor-associated macrophages. Most inflammatory mediators 
in the tumor microenvironment, including growth factors, 
cytokines, and chemokines, are produced mainly by tumor-
associated macrophages[31]. Hence this further supported the fact 
that uncontrolled or chronic inflammation can lead to pathological 
processes such as malignant growth and tumor initiation, as well 
as chronic inflammation causes the continuous production of 
growth factors and oxidative stress, which cause damage to the 
deoxyribonucleic acid (DNA) of proliferating cells that will result in 
irreversible genomic changes[32,33]. In addition to tumor initiation, 
inflammation also is known to be involved in other stages of 
carcinogenesis, such as tumor promotion, malignant transformation, 
and metastasis as inflammatory mediators such as chemokines, 
prostaglandins, proteolytic enzymes, cytokines, and free radicals can 
stimulate cancer development[34]. 
  Carcinogenesis and inflammation conditions share common 
developmental pathways characterized by increased cell 
proliferation, migration, survival, and angiogenesis[35,36]. The 
risk of colorectal cancer is ten times higher in people who have 
inflammation diseases, including chronic ulcerative colitis and 
Crohn’s disease[37]. Therefore, a better understanding of the 
biological pathways that link inflammation with carcinogenesis 
is crucial for developing specific and effective targeted therapies 
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or preventing cancer that focuses on inflammation. For this 
reason, the molecular mechanisms of inflammation linked to 
carcinogenesis have gained increasing attention from researchers 
in cancer studies[38]. One of the most widely studied inflammatory 
pathways in cancer studies is the NF-κB inflammatory pathway, as 
the abnormalities in this pathway have been reported in numerous 
types of human cancer, such as lung, pancreatic, skin, and liver 
cancer[39-42]. The NF-κB is a protein complex that is involved in 
many important events like innate and adaptive immune responses 
to promote cell proliferation, angiogenesis, metastasis, and the 
suppression of cell death via apoptosis[43]. 

4. NF-κB inflammatory signaling pathway 

  The NF-κB is a significant transcription factor that can regulate 
the expression of various essential genes in biological processes. 
Transcription factors are a family of proteins that can bind to 
specific targeted DNA sequences and control the translation process 
of that DNA into the messenger RNA (mRNA)[44]. The NF-κB 
plays a major role in the regulation of genes that are responsible for 
inflammatory responses such as inducible nitric oxide synthetase 
(iNOS), cyclooxygenase-2 (COX-2), tumor necrosis factor-α 
(TNF-α) and many interleukins (IL-1, IL-2, IL-6, IL-8, IL-12)[45,46]. 
It is also a Rel family transcription factor and mammalian cells 
express five types of NF-κB protein subunits, namely p65 (RelA), 
RelB, c-Rel, NF-κB1 (p105/50), and NF-κB2 (p100/52)[47,48]. 
The activation process of NF-κB can be divided into two main 
signaling pathways: the canonical, also known as classical, and non-
canonical (or alternative) pathways[49,50]. The canonical pathway 
involves the activation of three subunits of NF-κB, including NF-
κB1 p50, RelA, and cRel, hence, these three subunits of NF-ҡB are 
also known as canonical NF-κB family members[51]. In contrast to 
the canonical pathway, the non-canonical NF-κB pathway targets 
the activation of p52/RelB NF-κB with the involvement of NF-κB2 
p100 processing[52]. 

5. Anti-cancer effects of pterostilbene  

  Numerous studies have investigated the anti-cancer and 
chemopreventive effects of pterostilbene on various types of cancer 

via its anti-inflammation and other pharmacological properties. An 

in vitro study reported that pterostilbene exerts anti-cancer effects 
on human oral squamous cell carcinoma SCC-9 by inhibiting 
cell migration and invasion. Its further investigation showed that 
pterostilbene reduced the phosphorylation of IκBα, thus suppressing 
the ability of NF-κB to bind to its targeted genes of DNA or DNA 
binding activity. Pterostilbene also inhibited the upstream regulators 

of the NF-κB pathway of MAPKs family including ERK, JNK, and 
p38 in the SCC-9 cell line[53]. 
  The in vivo investigation of the azoxymethane-induced colon 
cancer rat model revealed that the dietary intake of pterostilbene 
could downregulate the NF-κB pathway. In addition to that, 
pterostilbene also reduced the production and expression of pro-
inflammatory cytokines and enzymes of the NF-κB-related signaling 
pathway, including TNF-α, IL-1β, iNOS, IL-4, and COX-2 in rats. 
Other than the anti-inflammatory action, pterostilbene also exerts 
chemopreventive effects by suppressing the development of colon 
cancer and reducing the incidence and multiplicity of tumors 
compared to the control group. Cell proliferation was inhibited 
by the downregulation of proliferating cell nuclear antigen and 
cyclin D1 protein expression[54]. Another recent study showed that 
pterostilbene exhibited antitumor activity in both in vitro and in vivo 
models. The in vitro results showed that pterostilbene caused cell 
cycle arrest at the G2/M phase and induced apoptosis by upregulating 
the protein expression of apoptosis-related protein p53 in human 
colorectal cancer cell line CL187. Moreover, the in vivo results 
revealed that pterostilbene reduced tumor volume and tumor weight 
and increased tumor inhibition rate in a dose-dependent manner 
in a CL187 xenograft nude mouse model. This study concluded 
that pterostilbene inhibits the cell proliferation of CL187 by the 
downregulation of gene and protein expression and activity of 
Tyrosyl-DNA phosphodiesterase 1 and topoisomerase 1 enzymes[55]. 
  Other than the modulation of the inflammation pathway, pterostilbene 
has been proven to exert anti-cancer or chemopreventive effects via 
regulation of other pathways including the cell cycle and cell death. 
Pterostilbene caused cytotoxic effects on the human lung squamous 
cell carcinoma cell line (H520) by inducing cell cycle arrest and cell 
death through apoptosis. Pterostilbene downregulated the protein 
expression of cell cycle regulators such as cyclin A and E which 
are essential for cell cycle progression, and upregulated cell cycle 
inhibitors of p21 and p27 to induce cell cycle arrest. Moreover, 
the protein expression of pro-apoptotic proteins such as Bax and 
cytochrome-c was upregulated, while the anti-apoptotic protein 
Bcl-2 was downregulated in pterostilbene-treated cells. These 
results indicate that pterostilbene suppresses H520 cell growth by 
inducing apoptosis and cell cycle arrest. Intraperitoneal injection 
of pterostilbene at 50 mg/kg also significantly reduced tumor 
volume and weight in a xenograft mouse model of H520 cells[56]. 
Pterostilbene promoted cell cycle arrest to disrupt and delay the 
development of lung squamous cell carcinoma in an N-nitroso-tris-
chloroethylurea-induced lung cancer mouse model. In addition, 
it downregulated the protein expression of cyclin E2 and D1 and 
upregulated the protein expression of cell cycle inhibitors including 
p53, p21, and p27[57]. Moreover, the histopathological findings also 
revealed that pterostilbene could inhibit the development of lung 
squamous cell carcinoma. The pterostilbene treated mice mostly 



500 Omchit Surien et al./ Asian Pacific Journal of Tropical Biomedicine 2023; 13(12): 497-506

developed pre-malignant lesions of lung squamous cell carcinoma 
including hyperplasia and dysplasia compared to the cancer 
control group that displayed histological features of squamous 
cell carcinoma such as formation of keratin pearls and increased 
nucleas:cytoplasm ratio[58].   
  Pterostilbene suppressed the growth and colony formation of a 
few cervical cancer cell lines including the HeLa, CaSki, and SiHa. 
Further study on molecular mechanisms of the inhibitory action of 
pterostilbene against the HeLa cell line revealed that pterostilbene 
promoted cell cycle arrest and apoptosis. Pterostilbene induced cell 
cycle arrest on HeLa cells by the downregulation of the expression 
of cyclin B1 and E1 and upregulation of p53 and p21 expression. 
Pterostilbene induced cell apoptosis by the upregulation of apoptosis 
caspases including activated caspase-9 and-3 in HeLa cells. In 
contrast, the anti-apoptotic proteins of Bcl-2 and Bcl-XL were 
downregulated in HeLa cells treated with pterostilbene. Moreover, 
pterostilbene reduced the invasiveness of HeLa cells, as evidenced 
by the reduced percentage of migrated and invaded cells. The protein 
expression of metalloproteinases-2 and -9 that participate in tumor 
invasion and metastasis was also downregulated by pterostilbene[16].  
  The anti-cancer effects of pterostilbene have also been reported 
in gallbladder cancer. Pterostilbene inhibited cell proliferation and 
induced apoptosis of various gallbladder cell lines including GBC-
SD, SGC-996, and NOZ cells. The in vivo results indicated that 
pterostilbene inhibited tumor growth by reducing the tumor weight 
of GBC-SD cells in the xenograft mouse model. The molecular 
investigations on both in vitro and in vivo models revealed that 
pterostilbene reduced the migration and invasiveness of gallbladder 
cancer through the downregulation of the expression of epithelial-
mesenchymal transition-related proteins including vimentin, 
β-catenin, and N-adherin and upregulation of zonula occludens 
protein-1 expression. Pterostilbene also inhibited the activation 
of PI3K/Akt via the downregulation of phosphorylated PI3K/Akt 
protein expression[59]. Pterostilbene reduced the average number and 
volume of tumors per mouse in 7,12-dimethylbenz(a)anthracene/ 
12-O-tetradecanoylphorbol-13-acetate (DMBA/TPA) induced skin 
squamous cell carcinoma mouse model. The histopathological 
observations revealed that pterostilbene prevented invasion of the 
basement membrane of the epidermis layer of skin and decreased 
nuclear pleomorphism, and reduced the thickness of the epidermis 
layer compared to cancer control mice without pterostilbene 
treatment. The protein expression of Ki-67 as a cell proliferation 
marker was reduced in tumors of mice treated with pterostilbene[60]. 
  Pterostilbene also exhibited anti-cancer effects against human 
cholangiocarcinoma cell line (HCCC-9810) by reducing cell 
viability and colony formation. Further investigations revealed 
that pterostilbene could induce cell cycle arrest at the S phase and 
apoptosis, and upregulated the expression of cyclin A2 and E1. It 
also induced autophagy in HCCC-9810 cells by the upregulation of 

the expression of autophagy-related 5 and Beclin-1. However, due 
to the dual roles of autophagy as a tumor suppressor or promoter, 
further investigation is needed to prove that autophagy-inducing 
effects of pterostilbene can lead to inhibition of cell proliferation,  
not promotion of cancer cell survival. The in vivo xenograft mouse 
model results showed that pterostilbene could suppress the growth 
of HCCC-9810 cells by reducing tumor weight, size, and volume[61]. 
Wawszczyk et al. reported that pterostilbene reduced the proliferation 
of both amelanotic (C32) and melanotic (A2508) melanoma cancer 
cells in a dose-dependent manner. The cycle arrest at the S phase was 
induced in pterostilbene-treated C32 and A2508 cells, as confirmed 
by the downregulation of gene expression of cyclin D1 and the 
upregulation of gene expression of p21. Pterostilbene also promoted 
apoptosis in C32 cell line by upregulating the pro-apoptotic gene 
expression of Bax and increasing caspase-3 activity[62]. Table 1 
summarizes the anti-cancer effects of pterostilbene via various 
molecular mechanisms including anti-inflammation, cell cycle arrest, 
and apoptosis. 

6. Anti-inflammation of pterostilbene in diseases and 
injuries 

  Many studies have explored the anti-inflammation of pterostilbene 
and the role of the NF-κB signaling pathway in various 
inflammation-related pathological conditions and diseases. A recent 
study showed that pterostilbene could suppress NF-κB activation by 
inhibiting the degradation process of IκBα in a mouse model with 
TPA-induced skin inflammation. Pterostilbene also downregulated 
the expression of NF-κB downstream effectors of COX and iNOS 
and upstream regulators of MAPKs including ERK, JNK, and p38 to 
inhibit the skin inflammation response[63]. Pterostilbene suppresses 
osteoclastogenesis by suppressing the differentiation of monocytes 
to become osteoclasts. Further molecular investigation revealed 
that pterostilbene prevents the NF-κB translocation into the nucleus 
by blocking the phosphorylation of IκBα and downregulates the 
expression of ERK and JNK in RAW264.7 cells[64]. 
  Furthermore, pterostilbene showed protective and anti-
inflammatory effects against the oxidative stress induced injury in 
the artery of the atherosclerosis rat model by reducing the serum 
level of pro-inflammatory mediators IL-1, TNF-α, and IL-6. The 

in vitro assay on endothelial cells also showed similar results as 
evidenced by increased cell viability and significantly lowered levels 
of IL-1, TNF-α, and IL-6 following pterostilbene treatment[65]. 
Many previous studies have reported the protective effects of 
pterostilbene against various pathological conditions related to 
inflammation through its anti-inflammatory effects. A previous 
study demonstrated that pterostilbene reduces the infarcted area, 
brain edema, and neuronal cell loss of the brain in neonatal rats, 
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Table 1. Anti-cancer effects of pterostilbene on various types of cancer.
Cancer type Type of study Route of administration, dose, 

and duration
Results Ref

Oral squamous cell 
carcinoma 

SCC-9 cell line (5, 10, 20, 40, and 80 µM) for 
24, 48 and 72 h

濝cell proliferation, phosphorylation IκBα; NF-κB 
activation; binding of NF-κB to the DNA

濝NF-κB of MAPKs family including ERK, JNK, and p38

[53]

Colon cancer Azoxymethan-induced colon 
cancer rat model

40 p.p.m. (0.004%) of 
pterostilbene in the diet

濝cell proliferation, NF-κB, iNOS, TNF-α, IL-1β, IL-4 and 
COX-2

[54]

Colon cancer Human colorectal cancer cell 
line CL187

1, 10, 20, 30, 50, and 100 µM for 
48 h 

濝cell viability

濜cell cycle arrest and apoptosis
[55]

CL187 xenograft mouse model Intraperitoneal injection of 25, 
50, 100, and 200 mg/kg once a 
day for 31 days

濝tumor volume and tumor weight

濜tumor inhibition rate

Lung squamous cell 
carcinoma

Human lung squamous cell 
carcinoma H520 cell line 

12.5, 25, and 50 µM for 24 and 
48 h

濜cell cycle inhibitors of p21 and p27 and pro-apoptotic Bax 
and cytochrome-c

濝cell cycle regulator cyclin A and E, and anti-apoptotic Bcl-
2

[56]

Xenograft mouse model Intraperitoneal injection (50 mg/
kg) for 38 days

濝tumor weight and volume

Lung squamous cell 
carcinoma

NTCU-induced lung squamous 
cell carcinoma mouse model

Intraperitoneal injection of 10 
and 50 mg/kg of pterostilbene for 
26 weeks (twice a week)

濝cell cycle regulator cyclin D1 and E2

濜cell cycle inhibitors of p53, p21, and p27 
Histopathological findings demonstrated that pterostilbene 
delayed the development of lung cancer

[57,58]

Cervical cancer HeLa, CaSki, and SiHa 6.25, 12.5, 25, 50, 100, and 200 
µM for 72 h

濝cell growth and colony formation
HeLa cells:濜cleaved or activated caspase-9, -3 and cell 
cycle inhibitors of p53 and p21

濝cell cycle proteins of cyclin B1 and E1 and invasion of 
MMP-2 and -9

[16]

Gallbladder cancer GBC-SD, SGC-996 and NOZ 
cells 

 20, 40, and 60 µM for 48 h 濝cell viability and  proliferation

濜apoptosis

濝EMT (vimentin, β-catenin, N-cadherin), PI3K/Akt 
signaling pathway

[59]

GBC-SD cell xenograft mouse 
model

Intraperitoneal injection of 30 
mg/kg pterostilbene once every 2 
days for 3 weeks

濝tumor weight

濝EMT (vimentin, β-catenin, N-cadherin), PI3K/Akt 
signaling pathway

Cutaneous squamous 
cell carcinoma

A chemically DMBA/TPA-
induced skin carcinogenesis 
mouse model

Oral gavage (50 mg/kg twice a 
week for 24 weeks)

濝histopathological changes, the volume, and the average 
number of tumors per mouse 

濝cell proliferation marker of Ki-67

[60]

Biliary tract cancer 
(cholangiocarcinoma)

Human cholangiocarcinoma 
cells, HCCC-9810 cell line 

30, 60, and 120 µM of 
pterostilbene

濝cell viability and colony formation

濜cell cycle arrest, apoptosis, and autophagy
[61]

Xenograft mouse model of 
HCC-9810 cell line

Intraperitoneal injection of 30 
and 60 mg/kg of pterostilbene 
once every two days for 3 weeks

濝tumor weight, size, and volume

Amelanotic and 
melanotic skin cancer

Amelanotic (C32) and 
melanotic human (A2058) 
cancer cell lines

20, 40, and 60 µM of 
pterostilbene for 12 h

濝cell proliferation and gene expression of cyclin D1

濜cell cycle arrest on the S phase, gene expression of p21, 
and caspase-3 activity

[62]

TNF-α: tumor necrosis factor-alpha; NF-κB: nuclear factor-kappa B; IL-1β: interleukin-1β; IL-6: interleukin-6; IκBα: nuclear factor of kappa light polypeptide 
gene enhancer in B-cells inhibitor alpha; MAPKs: mitogen-activated protein kinases; ERK: extracellular signal-regulated kinase; JNK: c-Jun N-terminal 
kinases; COX-2: cyclooxygenase-2; iNOS: inducible nitric oxide synthase; DMBA: 12-dimethylbenz(a)anthracene; TPA: 12-O-tetra-decanoylphorbol-13-
acetate; MMP: matrix metalloproteinases; EMT: epithelial-mesenchymal transition; Bax: Bcl-2-associated X protein; NTCU: N-nitroso-tri-chloroethylurea. 

therefore protecting them from hypoxic-ischemic brain injury. 
The anti-inflammation of pterostilbene can be attributed to its 
inhibition of the NF-κB activation process by downregulating 
the protein expression of phosphorylated (activated) NF-κB and 
IκBα and TNF-α[66]. Furthermore, pterostilbene showed protective 
effects against lipopolysaccharide/D-galactosamine-induced acute 
liver injury by reducing the level of alanine transaminase and 
aspartate aminotransferase in the liver tissues and serum. The 
histopathological observations showed that pterostilbene reduced 
hepatic hemorrhage and inflammatory cell infiltration. The gene 

expression of pro-inflammatory mediators such as TNF-α, IL-1β, 
and IL-6 in the liver tissues was also reduced in pterostilbene-treated 
mice[67].
  Moreover, pterostilbene was reported to reverse the effect of 
lipopolysaccharide-induced pulmonary fibrosis in the mouse model 

via its anti-inflammatory effect. Pterostilbene suppressed the NF-
κB activation by reducing the phosphorylation of NF-κB and IκB. 
Furthermore, pterostilbene reduced the levels of pro-inflammatory 
mediators such as TNF-α, IL-1β, IL-6, and elevated IL-10 level in 
the lungs[68]. Zhang et al. found that pterostilbene exhibits protective 
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effects against nephropathy injury in streptozotocin-induced diabetic 
rats by inhibiting the extracellular matrix and mesangial matrix 
expansion, reducing the levels of malondialdehyde (MDA) and pro-
inflammatory mediators, and enhancing antioxidant levels. Further 
molecular investigation revealed that pterostilbene blocked the 
phosphorylation of IκBα and downregulated the protein expression 
of phosphorylated NF-κB[69]. In a study by Sun et al., pterostilbene 
reduced lipid and protein peroxidation and increased the antioxidant 

levels in a rat model with intestinal ischemia-reperfusion injury. 
Furthermore, pterostilbene lowered the NF-κB and COX-2 
expression as well as downregulated TNF-α and IL-1β levels[70]. 
  Pterostilbene has been reported to mitigate Complete Freund’s 
adjuvant-induced arthritis in rats as pterostilbene exhibited anti-
inflammatory activity by reducing macrophage infiltration and IL-6 
and TNF-α levels[71]. Pterostilbene inhibited the progression of 
2,4-dinitrochlorobenzene-induced atopic dermatitis mouse model. 

Table 2. Effects of pterostilbene on the NF-κB inflammatory signaling pathway in inflammation-related pathological conditions and diseases.
Disease or injury Type of study Route of administration, dose, and 

duration 
Results Ref

Skin inflammation TPA-induced skin inflammation 
mouse model 

1 and 5 µmol of 25-30 g mouse for 2 
and 4 h

濝translocation of NF-κB into the nucleus, IκBα 
degradation, COX-2 and iNOS, and MAPKs (ERK, 
JNK, and p38)

[63]

Bone resorption or 
osteoclastogenesis

RAW264.7 cell 5, 10, and 20 µM for 2 h 濝NF-κB translocation, MAPKs of ERK and JNK

濜IκBα
[64]

Atherosclerosis and 
endothelial cell injury 

High cholesterol diet-induced 
atherosclerosis rat model (2.5% 
of cholesterol diet for 8 weeks) 

Oral gavage of 10 mg/kg per day of 
pterostilbene for 4 weeks

濝atherogenesis and aortic plaques and level of pro-
inflammatory mediators of IL-1, TNF-α, and IL-6

[65]

Endothelial cells of BeNa 
Culture Collection Beijing, 
China 

1.0 mmol/L for 12 h 濝NF-κB, IL-1, TNF-α, and IL-6, NF-κB 
phosphorylation

Ischemic brain injury Ligation of the common carotid 
artery and hypoxic environment 
induced ischemic brain injury in 
the neonatal rat model 

Oral gavage (12.5, 25, and 50 mg/
kg) for 6 days

濝neuronal cell loss, brain infarction, brain edema, NF-κB 
and gene and protein expression levels of TNF-α, IL-1β, 
and IL-6

[66]

Acute liver injury Lipopolysaccharide/
D-galactosamine-induced acute 
liver injury mouse model 

Intraperitoneal injection (10, 20, and 
40 mg/kg) twice at 12-hour time 
intervals

濝histopathological damages and AST and ALT

濝NF-κB, TNF-α, IL-6, IL-1β
[67]

Early pulmonary 
fibrosis

Lipopolysaccharide-induced 
pulmonary fibrosis mouse model

Intraperitoneal injection (12.5, 25, 
and 50 mg/kg) for 3 days

濝histopathological lung injury score, hemorrhage, 
edema, and collagen

濝NF-κB, TNF-α, IL-1β, IL-6

濜IκB and IL-10

[68]

Nephropathy injury High-fat diet and streptozotocin-
induced nephropathy injury in 
diabetic rats

Oral gavage (5, 10, and 25 mg/kg/
day) for 8 weeks

濝histopathological changes and MDA 

濝phoshorylation of NF-κB and IκBα, serum IL-1β, 
IL-6, and TNF-α

濜SOD and GSH-Px

[69]

Intestinal ischemia/
reperfusion injury 

Clamp-induced intestinal 
ischemia/reperfusion injury rat 
model 

Oral gavage (20 mg/kg for 5 days) 濝lipid and protein peroxidation, NF-κB, COX-2, 
TNF-α, and IL-1β

濜antioxidant activities (SOD, GSH, CAT, GSH-Px, 
and GST)

[70]

Arthritis Complete Freund’s adjuvant- 
induced arthritis rat model 

Oral gavage (12.5, 25 and 50 mg/kg 
for 21 days)

濝histopathological changes: inflammatory cell 
infiltration, pannus formation, and bone erosion

濝IL-6 and TNF-α

[71]

Atopic dermatitis 2,4-dinitrochlorobenzene-
induced atopic dermatitis mouse 
model 

0.2%, 0.6% and 1.0% (weight/
weight) of pterostilbene for 28 days

濝dermatitis score, ear, and skin thickness 

濝skin oxidative stress markers of MDA and NO and 
gene expression of NF-κB, IL-4, IL-6 and TNF-α

濜skin antioxidant level of SOD, CAT, and GSH

[72]

Colitis High-fat diet and dextran sulfate 
sodium-induced colitis mouse 
model

0.005% and 0.025% of pterostilbene 
in drinking water for 2 weeks 

濝histopathological changes in the colon

濝pro-inflammatory mediators of COX-2, IL-1β, IL-6, 
and TNF-α

濜protective layer of the colon

[73]

Asthma Asthmatic mouse induced by 
ovalbumin 

Oral gavage of 30 and 50 mg/kg of 
pterostilbene for 7 days

濝inflammatory cells infiltration and oxidative stress 
marker (MDA)

濜antioxidants (SOD and CAT)

濜AMPK/Sirt1and Nrf2/HO-1

[74]

NO: nitric oxide; CAT: catalase; GSH: glutathione; SOD: superoxidase dismutase; GST: glutathione S-transferases; GSH-Px: glutathione peroxidase; MDA: 
malondialdehyde; TPA: 12-O-tetra-decanoylphorbol-13-acetate; AST: aspartate aminotransferase; ALT: alanine aminotransferase. 
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The dermatitis scoring, ear, and skin thickness were reduced by 
topical pterostilbene. Pterostilbene also exerted anti-inflammatory 
effect against atopic dermatitis via the reduction in gene expression 
of NF-κB and its downstream pro-inflammatory mediators such as 
IL-4, IL-6, and TNF-α. Moreover, pterostilbene reduced MDA and 
nitric oxide and increased the level of skin antioxidants including 
catalase (CAT), SOD, and glutathione[72]. 
  The anti-inflammatory effect of pterostilbene has also been shown 
to protect the colon from the high-fat diet and dextran sulfate 
sodium-induced colitis mouse model by reducing the formation of 
crypt foci (ACF) and aberrant crypt, colon necrosis, and fibroblast 
cell infiltration. Pterostilbene decreased the levels of IL-6, COX-
2, IL-1β and TNF-α[73]. Xu et al. revealed that pterostilbene 
ameliorated airway inflammation and hyperresponsiveness in 
the ovalbumin-induced asthma mouse model. The inflammatory 
cell infiltration and MDA level of the lungs were reduced and 
SOD and CAT activity were increased by pterostilbene. The anti-
inflammatory effects and alleviation of oxidative stress in the lungs 
of asthmatic mice were due to the activation of the AMPK/Sirt1 
and Nrf2/HO-1 signaling pathways[74]. The activation of AMPK 
helps to ameliorate asthma due to the inhibition of airway smooth 
muscle cell proliferation[75]. The upregulation of Sirt1 is reported 
to reduce oxidative stress and lipid peroxidation in the lungs[76]. 
The activation of the Nrf2 signaling pathway that is responsible 
for anti-inflammatory and antioxidant effects in the lungs is crucial 
for preventing asthma[77]. Meanwhile, HO-1 can protect bronchial 
epithelial damage by reducing the release of IL-6 and IL-8[78]. Table 

2 summarizes the potential of pterostilbene as an anti-inflammatory 
agent in various diseases and injuries in preclinical studies. 

7. Conclusion 

  Pterostilbene can be an important natural compound in medicinal 
uses as it possesses greater advantages in terms of its pharmacokinetics 
with high bioavailability and better tissue distribution compared to 
resveratrol[79]. The anti-inflammatory activity of pterostilbene is 
one of the important pharmacological properties that could make 
pterostilbene a potential targeted anti-inflammatory therapeutic agent 
and prevent many inflammatory diseases including cancer[21]. Due to 
the vital function of NF-κB in regulating inflammation response, the 
molecular mechanisms that target the NF-κB signaling pathway in the 
treatment or prevention of inflammatory-related diseases can lead to the 
improvement and effectiveness of those therapeutic interventions[80]. 
Figure 2 summarizes the anti-inflammatory effects of pterostilbene via 
the NF-κB signaling pathway. In addition to the inflammation response, 
NF-κB also plays a vital role in other biological processes during cancer 
including cell cycle and cell death[81,82]. In addition, recent studies 
have reported that pterostilbene possesses many other health benefits 
including anti-microbial, anti-aging, and detoxification effects[83-85]. 
In conclusion, the present review shows that pterostilbene is a potential 
natural agent that can be developed as a therapeutic or preventive agent 
against various inflammatory-related diseases including cancer due to 
its potent anti-cancer and anti-inflammatory effects. 
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Figure 2. Pterostilbene downregulates the upstream and downstream effectors of the NF-κB signaling pathway to mitigate or prevent inflammation-related 
pathological conditions and exert anti-cancer effects (created with BioRender.com).
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