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Pterostilbene (PTE) (3-5 dimethoxy-4-hydroxy-trans-stilbenes) is an analogue of resveratrol. It is 

extracted and isolated from a natural source of the heartwood of Pterocarpus marsupium Roxb., red 

grape skin, and blueberries (Vaccinium spp.). Substantial evidence suggested that PTE displayed 

numerous preventive and therapeutic properties in many metabolic disorders such as diabetes and 

obesity. Metabolic diseases result in Insulin resistance (IR) which advances to impaired sensitivity 

to insulin-mediated glucose disposal. The prominent role of SIRT (silent information regulator 

proteins) is now getting emphasized in metabolic disorders. SIRT1 represses Uncoupling protein 2 

(UCP2) expressions which are further responsible for improving synthesis of ATP from glucose. 

This results in improving glucose utilization and insulin secretion, thus preventing IR. SIRT1 also 

exhibits prominent role in facilitating fatty acid mobilization thereby inhibiting adiposity. Metabolic 

disorders are therefore the consequences of SIRT1 downregulation. Pterostilbene, being a SIRT1 

activator, increases insulin sensitivity reduces adiposity, therefore can prove to be beneficial in 

diabetes as well as obesity. The review summarizes therapeutic effects portrayed by Pterostilbene 

via the SIRT1 pathway in metabolic diseases. 
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Introduction 

 

Diabetes and Obesity are global health problems 

affecting various populations and is common in all age 

groups, gender, and ethnicity. Their prevalence is on the 

surge with the estimation of 25.3% (360 million) for 

diabetes and 44.9% for obesity in 2030 (Ampofo & 

Boateng, 2020). Diabetes mellitus (DM) is a disease 

characterized of inadequate insulin regulation which leads 

to disorganization of carbohydrate, protein, and fat 

metabolism. While obesity is body mass index above 30 

kg/m2which is associated with chronic low-grade 

inflammation and is an important parameter to the 

pathogenesis of IR (Aswar et al., 2019). DM and obesity 

thereupon result in IR which advances to impaired 

sensitivity to insulin-mediated glucose disposal. This leads 

to intolerance to a glucose load causing 

hyperglycemia,hyperinsulinemia, increased very low-

density lipoprotein (VLDL), decreased very high-density 

lipoprotein (VHDL), and hypertension.  

 

Role of SIRT1 in metabolic diseases 

 

The prominent role of SIRT (silent information 

regulator proteins) is getting emphasized concerning 

metabolic disorders. SIRT is a group of NAD-dependent 

Class III histone deacetylases causing deacetylation of 

histone or non-histone proteins. It results in the transfer of 

the acetyl group from acetyl lysine residue of histone to the 

ADP-ribose moiety of NAD+, producing nicotinamide, 2′-

O-acetyl ADP ribose, and deacetylated proteins (Chong et 

al., 2012). Seven mammalian SIRT proteins have been 

identified as SIRT1 to SIRT7. Research has shown that 

SIRT-1 protein is involved in regulating cellular protection 

against oxidative stress in diabetes (Chong et al., 2012). 

Increased SIRT 1 expression is stated to improve glucose 

utilization, insulin secretion and inhibition of IR (Cao et 

al., 2016), regulation of inflammatory responses. This 

raised the interest in the use of SIRT1 analogs in the 

management of a variety of diseases including diabetes 

(Ramadori et al., 2011) and obesity (Xu et al., 2016). 

Hence, SIRT1 becomes a newer target to overcome 

diabetes, obesity, IR and inflammation. SIRT1 represses 

http://creativecommons.org/licenses/by-nc/4.0/
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UCP2 expression which is responsible for inhibiting the 

synthesis of ATP from glucose by uncoupling 

mitochondrial respiration. Hence SIRT1 expression 

improves ATP synthesis from glucose thereby improving 

glucose utilization, insulin secretion and inhibiting IR. In 

obesity, expression of SIRT1 is found to be reduced, it is 

observed that fatty acid mobilization from white adipose 

tissue is compromised in SIRT1 deficient mice (Picard et 

al., 2010). Thus it can be stated that SIRT1 expression is 

responsible for inhibiting adiposity (Xu et al., 2016) 

 

PTE as SIRT1 activator  
 

PTE (3-5 dimethoxy-4-hydroxy-trans-stilbene) is an 

aromatic hydrocarbon belonging to one of the polyphenolic 

compounds called stilbenoids (Figure 1).  

 

 
IUPAC name-3-5 dimethoxy-4-hydroxy-trans-stilbene 

Figure 1. Structure of Pterostilbene 

 

PTE potrays high liposolubility and increased Blood 

brain barrier (BBB) permeability due to the presence of 

two more methoxy groups on the A-benzene ring as 

compared to resveratrol (Deng et al., 2015). It has a 

molecular weight of 256.3 hence gets rapidly absorbed and 

distributed in the body (Kapetanovic et al., 2011). This 

significantly results in increased cell membrane 

permeability, higher bioavailability, bioactivity, stability, 

longer half-life, and lower toxicity which may have good 

prospects in the future for clinical application 

(Kapetanovic et al., 2011). The major factor affecting PTE 

dissolution is its poor water solubility but gets easily 

dissolved in ethanol. Various suspending agents like 

Carboxy methylcellulose, β Cyclodextrin, Tween 80 can be 

incorporated. It gets excreted in the form of glucoronic acid 

and conjugates with its binding metabolites (Remsberg et 

al., 2008). In this review, we systematically introduce the 

emerging role of PTE in metabolic disorders such as 

diabetes and obesity through the SIRT1 pathway. SIRT1 

shows its beneficial effects mediated through various 

probable factors such as UCP2, Nuclear factor erythroid 2-

related factor(Nrf2), Nuclear factor kappa beta (NF-κB), 

Peroxisome proliferator- activated receptor gamma 

(PPARϒ) and Peroxisome proliferator-activated receptor-

gamma coactivator α. (PGC-1α). The downregulation of 

SIRT1 in metabolic conditions hampers its ability to block 

UCP2, Nrf2 and NF-κB. Increased expression of UCP2 

negatıvely regulates ınsulın secretıon, resulting in IR. 

SIRT1 is master regulator of inflammatory responses by 

inhibiting Nrf2 and NF-κB which regulate the levels of 

proinflammatory cytokines (TNF-α,IL-1β,IL-16,IL-8). 

PPARϒ and PGC-1α play important role in mitochondrial 

biogenesis, lipid and glucose homeostasis and antioxidant 

defense mechanism,which gets affected by SIRT1 

downregulation. 

PTE displays wide variety of pharmacological roles 

which include potent anticancer, hypolipidemic activity, 

anti-diabetes, cardioprotection and neuroprotection 

(Remsberg et al., 2008). The probable mechanisms can be 

corelated to its antioxidant and anti-inflammatory property 

(Kosuru et al., 2016) (Gómez-Zorita et al., 2015). PTE 

being SIRT1 activator it potentiates its activity and results 

in attenuation of metabolic disorders. The probable 

pathway is depicted is Figure 2. 

 

Sources of PTE 

 

Pterostilbene was first identified and isolated from 

Pterocarpus santalinus L. (P. santalinus; sandalwood) in the 

year,1940(Seshadri, 1972). Few years later many other 

sources were identified such as P. marsupium (Indian kino) 

(Manickam et al., 1997), Vaccinium berries (Rimando et al., 

2004), Vitis vinifera L. (grape vine) (Adrian et al., 2000), and 

Arachis hypogaea L. (peanut) (Sobolev et al., 2011). 

 

Pterocarpus marsupium Roxb. (Fabaceae) 

Taxonomic position: Order –Fabales; Family- 

Fabaceae; Subfamily- Faboideae; Tribe -Dalbergieae; 

Genus -Pterocarpus; Species -P. marsupium. 

P. marsupium Roxb. (Fabaceae) is well known in India 

and neighbouring countries for more than 2000 years. It is 

comonly known as Malabar kino, Indian kino, Vijayasar, 

or Venkai.Kino is called as “Bija or Bijasal” (Gamble JS 

1935). It is a deciduous tree species with high medicinal 

value, found in India, in the Western Ghats in the 

Karnataka-Kerala region, forests of Central India, Nepal, 

and Sri Lanka. It can grow medium to large, up to 30 m (98 

ft) tall. The tree has multipurpose uses such as for wood, 

fodder, fuel wood and shade tree in coffee plantations. 

Every part of the tree has been used for its most versatile 

medicinal values and a wide spectrum of biological 

activity. It is a valuable source of unique natural products 

for development of medicines against various diseases as 

described below. The leaves of the tree are compound with 

three to seven oblong leaflets, three to five inches in length, 

with wavy margins. Medicinally leaves can be applied 

externally for boils, sores and skin diseases and for 

treatment of stomach ulcers. Flowers are yellow coloured, 

fragnant with large pannicles. They are bitter in taste and 

improve the appetite and cause flatulence and also useful 

in control of fever (Kitikar et al., 1999). Seed pods are flat, 

orbicular and winged. Gum is bitter in taste and is used as 

antipyretic, anthelmintic and tonic to liver. It is useful in 

treatment of diarrhea, dysentery, leucorrhoea, passive 

haemorrhages. The surface of bark rough, grey or greyish-

black longitudinally fissured, scaly, exfoliated, irregular, 

fibrous with width of 10-15 mm. The internal colour of 

older tree bark is blaze pink and it exudes blood-red gum 

resin. Heartwood in golden yellow and sapwood is pale 

yellow to white in colour. The bark shows beneficial 

activity against stomachache, cholera, dysentery, urinary 

complaints, tongue diseases and toothaches. P. marsupium 

contain pterosupin, pterostilbene, isoliquiritigenin, 

liquiritigenin, epicatechin, kinotannic acid, kinoin, kino-

red beta-eudesmol, marsupol, carpusin and marsupinol 

(Badkhane et al., 2010).  
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Figure 2. Schematic representation of role of SIRT1 pathway in metabolic disorders and possible mechanism of 

action of Pterostilbene.  
Diabetics and Obesity inactivates SIRT 1 which further overstimulates UCP 2, NF-κB, Nrf2. This leads to reduced insulin secretion and increased 

inflammation. Reduced SIRT1 also blocks the beneficial effects of PPARϒ, PGC1α. Thus the overall effects are increased IR,increased 

inflammation,decreased lipid and glucose homeostasis which lead to metabolic disoreders.Pterostilbine being SIRT1 agonist as well as potent 
antioxidant  reverses these effects and improve diabetes and obesity by reducing IR , improved insulin secretion, fatty acid mobilisation, reduces 

associated inflammation. Abbreviations- SIRT1- Silent Information Regulator 1, AMPK- Adenosine Monophosphate-Activated Protein 

Kinase,UCP2- Uncoupling protein 2; NF-κB - Nuclear Factor Kappa Beta; Nrf2- Nuclear factor erythroid 2-related factor 2, PPARϒ- Peroxisome 
proliferator- activated receptor gamma,PGC1α- Peroxisome proliferator-activated receptor-gamma coactivator α. 

 

It exhibits a unique feature of beta cell protection and 

regeneration along with blood glucose reduction(Dhanabal 

et al., 2006). Many preclinical trials conducted on various 

species including rats, dogs, and rabbits with induced 

diabetes. P. marsupium reversed the damage to the beta cells 

leading to complete restoration of normal insulin secretion 

(Satheesh & Pari, 2010). It also exhibit PGE2- inhibitory and 

COX-1/2 selective inhibitory activity which attenuates 

inflammation (Rizvi & Mishra, 2013) (Figure 3). 

 

Vaccinium spp (Blueberries and Cranberries) 

Vaccinium ashei Reade (Blueberries) 

Taxonomic position: Order-Family Ericaceae, 

Subfamily Vaccinoideae, Genus Vaccinium,  

The blueberry belongs to Ericaceae family and genus 

Vaccinium.The cluster fruited blueberry species are largely 

confined to the eastern United States containing acidic soil 

and South America and particularly to Alabama. Two 

Vaccinium species, V. ashei Reade (rabbiteye blueberry) 

and V. stamineum L. (deerberry), contain pterostilbene 

(Rimando et al., 2004). In rabbiteye blueberry (V. ashei), 

every 100 g of the dried sample contains 9.9−15.1 μg of 

pterostilbene and deerberry (V. stamineum ) contains about 

52 μg/100 g dry sample (Rimando et al., 2004). Blueberry 

fruit are known as “false” berries because they originate 

from inferior ovaries (Vicente et al., 2007) which rapidly 

swells after fertilization and remain green with little change 

in volume. The berry beguns to get more purple with time 

and with increased sweetness and flavours (Figure 3). 

Blueberries are deep purple to black, but the bluish colour 

is due to the glaucous covering(Austin & Bondari, 1993).  

 

Vaccinium stamineum L.( Deerberry) 

Taxonomic position: Order: Erıcales, Family: 

Erıcaceae, Genus:Vaccinium, Species: Vaccinium 

stamineum L. – Deerberry 

V. stamineum (deerberry), majorly found in the United 

States and Canada. It is commonly known as deerberry, tall 

deerberry, squaw huckleberry, high bush huckleberry, 

buckberry, and southern gooseberry. It is a is a low slender 

shrub, growing up to 1.5 meters (60 inches or 5 feet) tall. 

The leaves are alternate, simple, elliptical, entire,1to3 

inches long, which have thin blades yellow green in colour 

with waxy hairy texture. Flowers are Small (1/4 inch), 

white, bell-shaped with 5 lobes, hanging with five green 

sepals and bell shaped corolla five in number fused with 

petals.Fruits are small, purplish-black with a white bloom, 

edible with tart, sour, bitter, or sweet-spicy taste.Twig is 

slender, zigzag, green and red turning and pointed.Bark is 

gray-brown to reddish brown and shreddy in nature (Figure 

3). The fruit is rich source of vitamins A, C, and E, as well 

as carbohydrates, protein, fiber, and fat. The chemical 
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constituents present are polyphenolic substances including 

chlorogenic, citric, malic, quinic, acetic, caffeic, p-

coumaric, and shikimic acids. It exhibits wide range of 

pharmacological properties like reduction of blood sugar, 

serum cholesterol, and triglyceride levels and are 

demonstrated to be antiallergenic, anti-viral and 

antiproliferative (Druice and Percival 2003).A noteworthy 

observation was done by Pezet et.al (1988) that a higher 

concentration of PTE was found to be presented in grapes 

infected by fungus in comparison with the healthy skin of 

grapes. 

 

Vitis vinifera (Grapes) 

Taxonomic position Kingdom-Plantae; Clade-

Tracheophytes; Order-Vitales; Family-Vitacea; Genus-

Vitis; Species-V.vinifera 

V. vinifera, also know as the common grape vine, is 

native of mediterranean region,Central Europe and 

Southwestern Asian. It is commonly called as kalidraksha. 

It is s a woody, deciduous vine that climbs by branched 

tendrils which sprawl horizontally over low-growing 

shrubs. Leaves are ovate, suborbicular with long stalk. The 

margin of leaves are bristle and coarsely toothed. Soft 

pulpy grapes (botanically berries) are grown from the 

flower which get ripen to sweet taste in summers, which 

vary in size, form and color. The barks are flaky and shred 

in strips (Figure 3). Grapes are rich source of resveratrol 

and its analogue, the flavanol quercetin, catechins, 

procyanidins, and anthocyanins, etc. It acts as an 

antioxidant, which are essential for improving a person’s 

appetite and metabolism(Jayaprakasha et al., 2001). Vitis 

vinifera shows pharmacological activity in treatment of 

cardiovascular diseases, cognition and neuronal function 

associated with aging and neurodegenerative disorders, 

tumor and microbial infection. HPLC study of 

Darakchasava a traditional Indian herbal medicine shows 

presence of PTE (Paul et al., 1999). 

 

   
a b c 

P. marsupium Roxb. (Fabaceae), a- flower, b- seed and c- bark 

   
a b c 

V. ashei Reade (Blueberries), a- berries, b- flowers. c- V. stamineum L.( Deerberry) 

   
a b c 

a- V.vinifera (Grapes) b- D. cochinchinensis (Lour.), c- Dragon Blood resin 

 
 

 

Arachis hypogaea (Peanuts) P. santalinus (Sandalwood)  

Figure 3. Sources of Pterostilbine 
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Dracaena cochinchinensis (Lour.)  
Taxonomic position: Kingdom: Plantae, Order: 

Asparagales, Family: Asparagaceae, Subfamily: 

Nolinoideae, Genus: Dracaena, Species: cochinchinensis 

PTE is present in the dragon’s blood renin derived from 

D. cochinchinensis (Lour.). It is a bright red resin located 

at Guangxi and Yunnan provinces of China (Ding et al., 

2018), asian tropical forests under the family is 

Asparagaceae. The tree is evergreen plant which is multi-

branched, 5 - 15 m tall (Fan et al., 2014) (Figure 3). The 

plant is reported for promotion of blood circulation, 

analgesic, antibacterial, antiinflammatory, antioxidant, 

antiseptic, antispasmodic, antithrombotic, antitumor, 

astringent and haemostatic (Liu et al., 2013). It also treats 

a diverse range of central and peripheral inflammatory 

diseases such as diabetes, arthritis, colitis, gynecopathy, 

and allergic dermatitis. 

 

Arachis hypogaea (Peanuts)  

Taxanomic position- Genus-Arachis; Species-

hypogaea; Family-Fabaceae 

A.hypogaea, or peanut, is a legume grown worldwide 

and is native to central Brazil. Numerous studies 

demonstrated that hairy root cultures of peanut which is 

among the divergent group of plants that contain 

significant amount of Pterostilbene (Medina-Bolivar et al., 

2007). The name hypogaea means "under the earth" is used 

since the pod containing edible seed grows below the 

ground. The flowers are bright yellow in colour, with 4-5 

petals and 1-3 inches in size. The leaves are elliptically 

ovate green coloured, 1-3 inches in length with a prominent 

midvein. Stem is cylindrical and smooth, sturdy erect or 

prostrate stem which become angular and hairy with age. 

The pods, grown underground contain one to three seeds 

covered with thin papery seed coat (Figure 3). Peanut is 

one of the principal oilseeds and high-quality food on daily 

basis. The peanut oil has demulcent, emollient, anti-

inflammatory, aphrodisiac and decoagulant action. 

 

Pterocarpus santalinus (Sandalwood) 

Taxanomic position- Kingdom- Plantae; Phylum- 

Tracheophyta; Class:-Equisetopsida C.Agardh ; Order- 

Fabales; Family –Fabaceae; Genus- Pterocarpus; Species- 

Pterocarpus santalinus L.f. 

The Pterocarpus species is distributed in majorly in 

peninsular India and Sri Lanka. Common names are Agaru, 

Red sandalwood, chandan. Sandalwood is a deciduous tree 

with clear trunk and rounded crown with height of about 

height of 10 m .The flowers are yellow, densely arranged 

in branches. The pods are narrowly winged oblilquely 

orbicular, 3-4 cm in size.The leaves are alternately 

arranged and petiolate. The bark is blackish brown, 

fissured and similar to crocodile skin (Figure 3). When the 

inner part of bark is cut it oozes out red coloured ‘santolin’ 

dye. It is used as an astringent, analgesic, anti-

inflammatory. It shows effective role in treatment of 

chronic dysentery, burning sensation, vomiting, skin 

diseases, leprosy, ulcers, fistula and haemorrhages.It 

shows prominent antidiabetic activity which can be useful 

in lowering the blood sugar level (Kameswara Rao et al., 

2001). 

 

 

Conclusion 

 

PTE is found to act through SIRT1 activation and 

SIRT1 has been proven to be beneficial in treatment of 

diabetes, IR and inflammation. It is also found to mobilize 

fatty acids useful for avoidance of obesity. Considering the 

significant role of Pterostilbene in metabolic diseases and 

improvement in understanding of its mechanism of action 

at molecular level, the moiety should be further studied for 

its clinical use. The present review has overviewed the 

beneficial effects of PTE and its sources. 
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