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Abstract. The consumption of wild edible fruits for nutri‑
tional and medicinal benefits has been known for a long 
time. These naturally occurring fruit plants can thrive well 
under adverse climatic conditions and are being harvested 
and marketed locally. Pyrus pashia (P. pashia; Buch.‑Ham. 
ex D. Don; family, Rosaceae), commonly known as ‘wild 
edible or Himalayan pear’ is one of such underutilized trees. 
It is widely distributed in temperate regions up to an altitude 
of 2,000 m in Western Himalaya. It has broad applications 
in traditional therapeutics for the treatment of diseases, such 
as eye infections, sore throat, diarrhea, stomach disorders 
and other infectious diseases. Chlorogenic acid, flavan‑3‑ols, 
gallic acid, tannins, alkaloids, hydroquinone, terpenoids and 
its isomers have been isolated and identified from the leaf, 
fruit, flower and bark portion of P. pashia. The phytochemi‑
cals present in the P. pashia tree may be responsible for the 
traditional beneficial health effects of the plant. Numerous 
scientific studies on P. pashia have validated the general uses 
of the plant by the native population; however, the data on its 
pharmacological properties and the mechanisms involved are 
insufficient. The present review aimed to provide a critical 
evaluation of the distribution, traditional uses, phytochemicals 
present, pharmacological activities and nutritional value of 
different plant parts of P. pashia. Detailed research is required 
on individual phytochemicals present and toxicological studies 
at the gene level. In‑depth molecular studies may also confirm 
the various pharmaceutical claims for the development of 
novel pharmaceutical drugs and functional food products.
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1. Introduction

The diverse ecosystems of the Indian subcontinent result from 
a wide variety of atmosphere, topological and natural condi‑
tions. India has a mega‑biodiversity and includes >15,000 types 
of flowering plants (1). Over 3,000 authoritatively recorded 
plants hold extraordinary therapeutic potential (2). Apart from 
the cultivated food crops, forest floras contribute an invaluable 
source of important species. In the Indian subcontinent, the 
majority of provincial occupants rely on wild palatable organic 
products to meet their extra nourishment prerequisites. These 
naturally occurring fruits are nutritious and medicinally 
beneficial, and are harvested and marketed locally. The wild 
fruit trees can survive well under harsh climatic conditions 
and can be the source of genes or traits of resistant varieties, 
free from biotic and abiotic stress conditions. A number of 
underutilized plant species in the Himalayan region have long 
been a source of medicine and nutrition for millions of indi‑
viduals. Pandey and Negi also reported that the world business 
earnings from natural medications and phytonutrients were 
~$75 billion in 2007, and these exceeded $262.9 billion by 
the year 2020 (3). Therefore, exploring underutilized fruits for 
medicinal benefits, food and small‑scale food sectors may lead 
to the efficient use of these fruits.

One such underutilized plant is Pyrus pashia (P. pashia; 
Buch.‑Ham. ex D. Don), a medium‑sized fruiting tree, a 
member of the Rosaceae family, commonly known as Kainth. 
The other common names for P. pashia are Indian wild pear, 
Himalayan pear, Batangi, Molu, Tangai, Sohjhur, Sohait‑syiar, 
Mehal, etc. (4,5). In India, P. pashia is grown mainly in the 
Himalayan region (6). The plant is one of the essential under‑
utilized species and is revered for its nutritional and medicinal 
potential. It has been used for various purposes, particularly as 
a herbal medicine, for the treatment of digestive ailments such 
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as dyspepsia and dysmenorrhea (7). The leaves of P. pashia 
have been used as a health beverage in the Monpa commu‑
nity of the Tawang district of Arunachal Pradesh, India (8). 
In Chinese folk medicine, the branches and leaves have been 
utilized as anti‑diarrheal agents. Its flowers are consumed not 
only as an herbal medicine for lowering blood lipid levels, but 
also as the most common edible flowers (9).

The present review aimed to provide comprehensive data 
on P. pashia plant science, various traditional uses, phyto‑
chemicals present, pharmacological properties, nutritional 
value, cytotoxicity and therapeutic potential. The present 
review highlights the current status, lacunae in data available, 
and assesses future research openings. All the existing data on 
P. pashia were collected using electronic media, publications 
in peer‑reviewed journals, textbooks and government survey 
records. The present review may provide a scientific basis for 
future research on underutilized fruit, such as P. pashia and 
other parts of this species.

2. Habitat and morphology

The genus Pyrus belongs to the subfamily Maloideae 
(family Rosaceae) and is divided into occidental and oriental 
pears  (10). P. pashia is small‑to‑medium in size and is a 
deciduous tree which prefers mainly moist soil. It can resist 
water scarcity and can survive well in surrounding air or 
water pollution (11). It is widely distributed and native to the 
Himalayan region from East Afghanistan, North Pakistan, 
Vietnam, the northern part of China, the Tang and Chockhor 
valley of the Bhumtang region in central Bhutan, the Indian 
north and eastern part up to 2.700 m above sea level (Fig. 1) 
and has also been introduced in Guinea. The inhabitants of the 
Khasi and Jaintia hills (Meghalaya, India) cultivate this plant 
in the tribal regions (12). Morphologically, it is a tall, thorny, 
open‑headed tree with an average height of 9.7 m. The leaves 
are 5‑10 cm long, ovate‑ to broadly lance‑shaped, long‑pointed 
(with pointed tips), hairless and shiny.

The flowers of P. pashia mainly develop in February‑
March with a diameter of 2.5‑3 cm across, with epigynous 
white petals and darker veins. The fruit is round (1.3‑2.5 cm), 
willow green at an immature stage, and turns black when fully 
matured with round brownish spots (Fig. 2). The endocarp 
contains grit cells. The fully ripe fruit yields a sweet and 
delightful flavor. It becomes fully mature during the period 
between May to December. The single fruit contains approxi‑
mately five to six black‑colored seeds. A mature tree can yield 
up to 45 kg of fruits per year. On average, the diameter of the 
P. pashia tree grows 30 cm in 8 years. The fruit taste varies 
from stringent to sweet and gritty (13). Sexual reproduction 
and vegetative reproduction are the standard means of repro‑
duction in P. pashia fruit. The seeds stored under refrigerated 
conditions can remain viable for 2‑3 years. The fruit and leaves 
are prone to scab infection. Therefore, if a scab comes into 
contact with the plant, it can rapidly spread, mainly through 
the root sprouts (14).

The validated taxonomic sources revealed that the 
accepted scientific name of the Kainth tree is P.  pashia 
Buch.‑Ham. ex D. Don belonging to the genus Pyrus (15,16). 
Its various synonyms are Malus pashia Buch.‑Ham. ex. Don, 
Pyrus variolosa Wall. ex G.Don, Pyrus verruculosa Bertol, 

Pyrus pashia var. pashia, Pyrus nepalensis hort. ex Decne and 
Pyrus crenata D.Don. Some synonyms are still in use, although 
not entirely accepted, such as Aria crenata (D.Don) Decne, 
Cormus crenata (D.Don) Koehne and Sorbus variolosa (Wall. 
ex G.Don) S.Schauer (17). The taxon P. pashia Buch.‑Ham. ex. 
D. Don is also listed in US National Plant Germplasm System 
(NPGS) with 38 species of Pyrus (18).

3. Traditional uses of various parts of P. pashia 

One of the most ancient known traditional medication systems 
is the Indian conventional medicine system containing 
maximum formulations from plants or plant extracts found 
in forest regions. The Ayurvedic, Unani, Siddha and tribal 
medicines use >400 plants, and 75% of plants are obtained 
from tropical forest areas and the remaining 25% from 
temperate forests (2). The medicinal formulation prepara‑
tion from locally available plants remains an integral part 
of health care for individuals, mainly those residing in 
rural areas, where people cannot afford synthetic drugs due 
to their high cost (19). The wild fruit species can become 
the source of medications and economic growth to fulfill 
the nutritional and other desirable traits. In the Himalayan 
region, P. pashia is distributed with immense ethnic benefits 
and has been widely used by a number of local communities 
in the treatment of gastrointestinal, respiratory and vascular 
complications (2).

The local population has used the ripened fruits of 
P. pashia to treat constipation. Chettri et al reported that the 
wild edible fruits extract is beneficial for the treatment of 
ailments, such as dysentery. P. pashia fruit juice is astringent 
and has diuretic properties (20). Traditionally, the P. pashia 
fruit extract has been used in the treatment of eye conditions, 
digestive disorders (dyspepsia), headaches, sweating of the 
body (diaphoretic), hysteria, epilepsy, sore throat, irritability, 
anemia, abdominal pain, and has also been shown to be effec‑
tive in the treatment of dysmenorrhea (21). Various processes, 
such as decoctions, infusion, maceration and percolation are 
used to extract biologically active compounds with medicine 
value (22). The decoction of dried fruits with other plant parts 
of P. pashia effectively improves spleen and stomach func‑
tion. The fruits are also used as fodder for milk‑producing 
animals to enhance their milk production (23). In the Yunnan 
Province of China, the flowers of P. pashia are consumed as 
a popular health food and have beneficial effects in lowering 
blood lipid levels. The decoction of flowers is also used to 
cure cough, emesis, and diarrhea (24). The leaves and twigs 
are bitter and serve as fodder for goats and sheep. The tribal 
communities also consume leaf decoction as a non‑fermented 
health beverage (8).

The fresh leaves of P. pashia are known to possess prop‑
erties, that are astringent, febrifuge, laxative and sedative in 
nature. The crushed leaves are also employed in cosmetics and 
are used toy color palms, feet and nails (25). Traditionally, the 
leaf extract is used as a tonic for hair loss treatments (26). 

In the Ayurvedic system, the use of the bark and roots of 
P. pashia fruits is beneficial for the treatment of sore throat, 
fever, and peptic and gastric ulcers (27). The bark portion 
possesses astringent, laxative, anthelmintic and febrifuge 
properties, and is used as a tonic to cure typhoid fever (28). 
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Some of the important traditional uses of the plant are listed 
in Table I. 

The fruits are edible, and have religious and cultural signifi‑
cance. The fruits are rich in pigment contents, and may thus 
serve as an alternative to synthetic color. With the high demand 
for natural colors in the food‑processing industries and strict 
laws for artificial colorants in numerous countries, the extracted 
dye from natural sources may be helpful for industrial purposes, 
with no adverse effects on the health of consumers (29). Apart 
from fruits and flowers, the wood of the P. pashia tree has been 
utilized in plywood making, tool handles and furniture construc‑
tion. The seedlings of the P. pashia tree are used as rootstock 
for pear, apple and sweet cherry. Among the local population, 
there is the religious belief that keeping the twigs of P. pashia in 
the agricultural field can ward off evil spirits (30). Other diverse 
uses include the preparing of fencing, ropes, brooms, decorative 
articles and other household purposes by the inhabitants of the 
Lesser Himalayas (31).

4. Nutritive value

The ripened fruits of P. pashia have been reported to be 
nutritious and edible. Proximate analysis has demonstrated 
that the fruits contain ~60.36±0.25 moisture, 28.38±0.12% 

total carbohydrates, 6.79% reducing sugars, 16.18% crude 
fiber, 1.62±0.20% crude fat, 3.29±0.21% protein and 
1.10±0.05 of total ash content. These nutritional values of 
P. pashia indicate that it is a nutritionally rich fruit. The 
fruits contain various minerals, such as nitrogen (0.68 mg), 
calcium (0.75  mg), magnesium (0.12  mg), potassium 
(3.21 mg), phosphorus (0.86 mg) and iron (traces) per 100 g 
dwb. The fruit is also rich in phytochemicals, such as gallic 
acid, chlorogenic acid and catechin (32,33). To date, there 
are no published reports available regarding its vitamin 
contents, at least to the best of our knowledge. The fruit is 
still an underutilized source of nutrition due to its short shelf 
life and limited awareness. 

Tag et al (34) studied the leaves of the P. pashia tree to 
determine its nutritional profile. The proximate analysis 
revealed that the leaves contained a low moisture content 
(26.33±0.39%, dwb), ash (4.40±0.19%, dwb), crude protein 
(1.79±0.07%, dwb), crude fat (0.89±0.07%, dwb), crude fiber 
(21.22±1.18%, dwb) and a total carbohydrate content of 
66.61±0.42%, dwb. The mineral content analysis revealed 
that the leaves contain low amount of sodium (0.09%), 
phosphorus (0.13%) and an ample amount of potassium 
(0.80%) and calcium (0.65%). The leaves were also found to 
contain a‑tocopherol (55.02±0.35 mg/100 g) and carotenoids 

Figure 1. Distribution of Pyrus pashia Buch.‑ham ex D. Don (55). On the mapk, orange dots indicate dense distribution and yellow dots indicate scanty distribution. 
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(0.083±0.001 mg/100 g) (34). Taken together, the fruit and 
leaves have a proximate content, and the leaves contain a high 
amount of tocopherol, which can be utilized in the development 
of functional products.

5. Phytochemistry and pharmacological properties

Phytochemicals present in various parts of the P. pashia 
tree. The different parts of the P.  pashia tree exhibit 
various beneficial phytochemicals (Tables II and III) with 
a wide range of biological activities. Alkaloids, glycosides, 
saponins, steroids, phenols, flavonoids, tannins, proteins and 
essential amino acids have been found in the P. pashia bark 
portion  (30). He et al investigated the chemical constitu‑
ents of P. pashia flower and isolated 28 compounds (35). 
They also reported a novel glycosidic phenolic compound, 
namely 4‑O‑Z‑coumaroyl‑arbutin, along with other 27 
already published compounds (Table  II). Among the 
28 compounds, hydroquinone exhibited the highest content 
(10.31±0.21 mg/g dwb). This potent antioxidant level offers 
a vital role in the overall antioxidant potential of P. pashia 
flowers. The other significant phytochemicals identified were 
kaempferol 3‑rutinoside (6.22±0.0.23 mg/g dwb) and arbutin 
(2.11±0.11 mg/g dwb).

In the branches and leaves, 20 terpenoids and two new 
terpenoids have been reported (36). The structure elucidation of 
these terpenoids was carried out using spectroscopic [infrared 
(IR), high resolution electrospray ionization mass spectrom‑
etry (HRESIMS), one and two‑dimensional nuclear magnetic 

resonance (NMR)] and chemical analysis. The assigned 
structures were 2α, 3β, 27‑trihydroxyolean‑12‑en‑28‑oic acid 
and (4α)‑3‑(5, 5‑dimethyl tetra hydro furanyl)‑1‑buten‑3‑ol 
3‑O‑β‑D‑glucopyranoside. In another study, Li  et  al  (37) 
isolated two new cyclic hexapeptides from the branches 
and leaves of the P.  pashia tree. The two compounds, 
pashinintide A (cyclic hexapeptide, with a saccharose) and 
pashinintide B (cyclic heptapeptide), were identified based 
on NMR (one and two‑dimensional 1H, 13C NMR) spec‑
troscopy and HRE‑IMS/HRESIMS. That study suggested 
that pashinintide A [cyclo (‑Ala1‑Gly2‑Pro3‑Gly4‑Trp5‑Pro6‑)] 
can act as a natural receptor for saccharides. The n‑butanol 
extract of leaves exhibited the presence of amburoside A 
(4‑O‑b‑D‑glucopyranosyl benzyl‑benzoate ester), an unknown 
bioactive substance, and 21 known phenolics (37). Among 
the 22 compounds identified, 3,5‑dicaffeoyl quinic acid and 
methyl 3,5‑dicaffeoylquinate exhibited the highest antioxidant 
activities (IC50, 13.26±0.04 and 13.28±0.11 µM, respectively), 
which may be due to the caffeoyl group present in these 
compounds.

Phytochemical and pharmacological investigations on the 
P. pashia fruit have revealed secondary metabolites, such as 
alkaloids, flavonoids, steroids, tannins, lupeol, β‑sitosterol, 
β‑sitosterol‑β‑D‑glucoside, and also possess antimicrobial 
activity (7). A previous study demonstrated that the P. pashia 
fruit comprised of major phenolics, such as gallic acid, 
catechin, caffeic acid, coumaric acid, ellagic acid and several 
other phytochemicals (33). A previous study by the authors 
also demonstrated 28 phenolic compounds in the fractionated 
(free, esterified, and bound form) ethanolic extract of Kainth 
fruits (38). Arbutin, chlorogenic acid, catechin, epicatechin and 
procyanidin B2 were the major phenolic compounds identified 
using LC‑HRMS/MS (38).

Phenolic content and antioxidant level of major 
phytochemicals. The different parts of the P. pashia tree are 
a rich source of various polyphenols, attracting attention due 
to the redox potential that allows them to function as reducing 
agents, hydrogen donors, singlet oxygen quenchers, or metal 
chelators  (39). Various studies have been carried out for 
the isolation, identification and quantification of phenolics. 
Siddiqui et al (40) demonstrated the sequential extraction of 
phytochemicals from various parts of the P. pashia tree using 
several solvents, such as methanol, hexane, chloroform, ethyl 
acetate, n‑butanol and aqueous extract. Analyses of multiple 
antioxidant activities were carried out for the aforementioned 
phenolic extracts, and ethyl acetate exhibited optimal results. 
The ethyl acetate extract of the bark, fruit and leaves exhibited 
the highest phenolic content of 393.19±0.72, 237.32±0.89 and 
321.23±0.74 mg per 100 g, respectively. The ethyl acetate 
extract also exhibited the highest antioxidant level for the bark, 
fruit and leaf portion (40).

He et al (35) examined the effect of the crude ethanolic 
extract of P. pashia flowers and soluble fractions on cell 
membrane lipid peroxidation (Table IV). The extract was shown 
to inhibit lipid peroxidation in mouse liver and kidney tissues 
at a dose of 20 µg/ml. That study validated the therapeutic 
potential of P. pashia flowers in Chinese medicine (35). 

Rawat et al (41) also estimated the total phenolics and 
flavonoid content in bark and leaves of P. pashia. The total 

Figure 2. Different parts of Pyrus pashia Buch.‑ham ex.D. Don (Kainth) (56). 
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phenolic and total flavonoids in the bark and leaf portion 
were found to be 98±05 and 325±10 mg gallic acid equivalent 
and 10.30±10 and 150±20 mg quercetin equivalent per gram 
of extract powder, respectively (41). A previous study demon‑
strated the total phenolics and the free radical scavenging 
level of methanol and water extracts of leaves; the methanolic 
leaf extract was shown to have the highest phenolic content 
(351.16±0.43 mg/g extract) (8). Li et al (37) also demonstrated 
that the butanol extract of the bark and leaves possessed a 
high antioxidant level. Overall, the aforementioned studies 
highlighted the antioxidants level of various plant parts of 
P. pashia and broadened their applications to prevent degen‑
erative diseases. Extensive research is required however to 
analyze the role of different classes of compounds present, 
which may lead to the more beneficial use of the plant in 
society.

Pharmacological properties. The various pharmacological 
activities of different plant portions may be due to phenolics, 
flavonoids, alkaloids, tannins and terpenoids.

Antimicrobial activity. Medicinal plants, rich in various phyto‑
chemicals, may serve as potent antimicrobials. In a number 
of countries, wildly grown plants are used for medicinal 
purposes  (42). The various extracts from P.  pashia plant 
parts have exhibited antimicrobial activities against patho‑
genic bacteria and fungi. The ethanolic extract of the fruit 
skin has exhibited significant antibacterial activity against 
Klebsiella pneumonia, Shigella flexneri and Escherichia coli. 
Furthermore, the chloroform and ethanolic extracts of 
fruits have been shown to exhibit potent antifungal activity 
against Candida albicans, Aspergillus flavus and Aspergillus 
parasiticus at a 50 mg/ml concentration (Table IV) (33).

Anti‑inflammatory and antiproliferative activities. It is known 
that a diet rich in fruits and vegetables, primarily due to the 
contribution of natural polyphenols, can reduce the incidence 
of specific cancers. The consumption of phenolic‑rich fruits 
and other plant parts is related to anti‑inflammatory activity 
and a reduced the risk of certain types of cancer and cardio‑
vascular diseases  (43). Chandra  et  al  (44) demonstrated 
the anti‑inflammatory activity of the methanolic extract of 
P. pashia. They found that the oral gavage of methanolic extract 
at a level of 100 and 150 mg/kg body weight in adult albino 
rats of either sex reduced the volume of carrageenan‑induced 
inflammation by 56.6 and 61.12%, respectively  (44). This 
anti‑inflammatory effect may be due to the presence of 
flavonoids, terpenoids and phenolic compounds. However, 
Chandra et al (44) were not able to identify the compound 
responsible for the anti‑inflammatort effect.

In another study, the methanolic extract of the P. pashia 
leaves was found to exert an anti‑inflammatory effect at 
sublethal doses of 50‑150  mg/ml; the methanolic extract 
with the highest dose (150 mg/ml) was equally effective as a 
standard drug (indomethacin) (45). The triterpenoids present 
in branches and leaves have also been shown to exhibit 
anti‑inflammatory properties (46).

Saini et al (39) also studied the anti‑proliferative potential of 
methanol and acetone extracts (0.667‑6.67 mg/ml) of P. pashia 
fruit against two human cervical cancer cell lines (C33A and 
HeLa cell lines). Both the extracts exhibited anticancer activi‑
ties (IC50‑13.97 and 10.72 mg/ml) for the methanol and acetone 
extracts, respectively (39). Saini et al (39) also demonstrated a 
high amount of gallic acid, caffeic acid, catechin and ellagic 
acid traces. The high antiproliferative activity may be due to 
high phenolic and flavonoid content and ellagic content (47). 
Li et al (37) also demonstrated the cytotoxicity of terpenoids 

Table I. Traditional uses of Pyrus pashia Buch.‑Ham. ex D.Don (Kainth).

Serial no.	 Plant parts	 Uses	 (Refs.)

1	 Fruit	 Tribal populations use it in their diet; useful for combatting constipation	 (49)
		  Minimize thirst	 (49)
		  Fruit juice is astringent and diuretic	 (49)
		  Managing dysentery	 (49)
		  Helpful in leishmaniasis, eye problems, sedative	 (7)
		  Useful in the treatment of dyspepsia and dysmenorrhea	 (7)
		  Digestive disorders, sore throat, irritability	 (49)
		  Abdominal pain, anemia	 (44)
		  Decoction of dried fruits helps to improve spleen and stomach functions	 (49)
		  Added in cattle fodder to enhance milk production	 (23)
2	 Leaves and Branches	 Serve as fodder for goats and sheep	 (49)
		  Leaf extract used as non‑fermented beverage	 (8)
		  Improve cosmetic appearance	 (8)
		  Cure abdominal pain and diarrhea in Chinese folk medicine	 (8)
		  Tonic for hair loss	 (49)
3	 Flower	 Used as a health food to lower blood lipid in the Yunnan province of China	 (24)
		  Treatment of cough, emesis and diarrhea	 (24)
4	 Bark	 Possesses astringent and tonic properties 	 (49)
		  Used in the management of sore throat, fever, and peptic and gastric ulcers	 (49)
		  Useful for treating typhoid fever	 (49)
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Table II. Phytochemicals reported from Pyrus pashia Buch.‑Ham. ex D.Don (Kainth).

Plant parts	 Extracts	 Phytochemicals reported	 (Refs.)

Fruit	 Methanol extract	 •  Gallic acid and catechin	 (44)
		  •  Gallic acid, caffeic acid, ellagic acid and catechin	
	 Acetone extract	 •  Lupeol, β‑sitosterol, β‑sitosterol‑β‑D‑glucoside 	
	 Hexane extract	 •  Alkaloids, flavonoids, steroids and tannins	 (7)
	 Crude ethanol	 •  Alkaloids, saponins, anthraquinones, coumarins, sterols, terpenes, 	 (33)
	 extract	     flavonoids and phenols	
	 Ethanol extract	 •  Catechin, epicatechin, procyanidin, arbutin and chlorogenic	 (38)
Branches	 n‑Butanol extract	 •  3,5‑Dicaffeoylquinicacid methyl 3,5‑dicaffeoylquinate methyl	 (37)
and leaves		      5‑O‑caffeoylquinate	
		  •  4‑Hydroxy‑trans‑cinnamomicacid 4‑β‑D‑gluco pyranosyloxybenzylester,	
		      4‑Hydroxy‑cis‑cinnamomic acid 4‑β‑D‑gluco pyranosyloxy benzylester 	
		  •  p‑Hydroxyphenyl 6‑O‑trans‑p‑Coumaroyl‑β‑D‑glucopyranoside, 	
		      p‑Hydroxyphenyl 6‑O‑cis‑p‑Coumaroyl‑β‑D‑glucopyranoside	
		  •  4‑Hydroxybenzoicacid	
		  •  4‑(methoxymethyl)phenyl‑1‑O‑β‑D‑glucopyranoside	
		  •  3,4‑Dihydroxyacetophenone	
		  •  3,4‑Dihytroxybenzaldehyde	
		  •  p‑Hydroxy benzaldehyde	
		  •  (‑)‑3‑hydroxy‑1‑(4‑hydroxy‑3‑methoxyphenyl)‑1‑propanone‑3‑O‑β‑D‑ 	
		      glucopyranoside	
		  •  Picein	
		  •  Caffeic acid	
		  •  trans‑p‑hydroxycinnamic acid	
		  •  cedrusin	
		  •  (+)‑Isolarisiresinol	
		  •  (‑)‑Lariciresinol  	
		  •  3‑O‑(β‑D‑glucopyranosyl)‑1‑(3'5'‑dimethoxy‑4‑hydroxy phenyl‑1‑	
		      propanone	
		  •  myzodendrone	
		  •  2α, 3β, 27‑trihydroxyolean‑12‑en‑28‑oic acid  and (4α)‑3‑	 (35)
		      (5,5‑dimethyltetrahydrofuranyl)‑1‑buten‑3‑ol 3‑O‑β‑D‑glucopyranoside	
		  •  Cyclopeptides‑pashinintide A, pashinintide B	 (36)
	 Ethanol extract	 •  Hentriacontanol, 3‑sitosterol, friedelin, α‑amyrin, arborinol	
		  •  Arbutin, tannins, phloridzin, pectin, and amygdalin	 (11)
Flowers	 Ethanol extract	 •  4‑O‑Z‑coumaroylarbutin, 4‑hydroxy benzaldehyde 	 (35)
		  •  3,4‑Dihydroxy benzaldehyde, 4‑methoxy benzoic acid	
		  •  4‑Methoxymethyl‑phenol, 4‑ethoxymethyl‑phenol 	
		  •  E‑1‑(4'‑hydroxyphenyl)‑buten‑1‑en‑3‑one	
		  •  3,4‑Dihydroxyl cinnamic acid; p‑hydroxy acetophenone 	
		  •  Cynanoneside A, 4,4'‑methylenediphenol 	
		  •  3,3',4‑Trihydroxy‑diphenylmethane 	
		  •  Hydroquinone, arbutin, 6‑O‑acetylarbutin  	
		  •  2‑O‑acetyl arbutin,  5‑O‑p‑cis‑coumaroyl quinic acid methyl ester	
		  •  5‑O‑p‑trans‑coumaroylquinic acid methyl ester 	
		  •  Gastrodin, 2‑methoxy‑4‑(2‑ propenyl)phenyl β‑D‑glucopyranoside 	
		      3,5‑O‑caffeoylquinic acid, 3,5‑O‑caffeoylquinicacidmethylether	
		  •  8‑C‑p‑hydroxy benzyl apigenin	
		  •  3,5,7, 4'‑Tetrahydroxy‑8‑ methoxyflavone‑3‑O‑β‑D‑glucopyranoside	
		      kaempferol 3‑rutinoside, apigenin	
		  •  Apigenin 4'‑O‑β‑D‑glucopyranoside; and apigenin	
		     7‑O‑β‑D‑glucopyranoside	
Bark	 Chloroform and	 •  Steroids and tannins	 (56)
	 Acetone extract		
	 Butanol extract	 •  Tannins	
	 Aqueous extract	 •  Flavonoids, tannins	
	 Ethanol extract	 •  Hentriacontane, hentriacontanol and β‑sitosterol	 (57)
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from the leaves and branches of P. pashia against cancer cell 
lines. Among the 22 compounds reported previously in the 
branches and leaves, two compounds exhibited anticancer 
activities. The terpenoids 3‑O‑(E)‑p‑coumaroyltormentic 
acid and 3β‑O‑trans‑p‑coumaroyl‑2α‑hydroxy‑urs‑12‑e
n‑28‑oic acid exhibited significant cytotoxic effects. The 
compound 3‑O‑(E)‑p‑coumaroyltormentic acid exhibited 
cytotoxic activities against the A549 (IC50 19.18±4.26 mM), 
HeLa (IC50 12.56±3.89 mM), SGC7901 (IC50 10.48±1.95 mM) 
and NHI‑1975 (IC50 7.38±2.31 mM) cell lines. However, the 
compound 3β‑O‑trans‑p‑coumaroyl‑2α‑hydroxy‑urs‑12‑en
‑28‑oic acid displayed cytotoxic activities against the A549 
(IC50 14.71±1.47  mM) and HeLa (IC50 12.22±1.88  mM) 
cell lines (36,37). The aforementioned studies indicate that 
P. pashia extract has various traditional uses, such as in the 
treatment of typhoid fever, pain relief and cough, as well as for 
the treatment of other inflammatory diseases.

Hepatoprotective activity. The aqueous extract of P. pashia 
leaves have been shown to exhibit hepatoprotective activity 
against carbon tetrachloride (CCl4)‑induced liver damage (48). 
It has been show that pre and post‑treatment with the aqueous 
extract of the leaves led to a significant reduction in the 
serum level of enzymes (serum transaminase, phosphatase 
and bilirubin) and total protein content compared with the 
CCl4‑treated groups (48). Thus, the leaf extracts can be utilized 
in the pharmaceutical and food industry due to their richness 
in phenolics and flavonoids. 

Spasmolytic, bronchodilator and vasoconstrictive activities 
and amelioration of convulsions. Traditionally, P. pashia 
fruits are utilized in the treatment of gastrointestinal, respira‑
tory and vascular complications. A previous study validated 
the scientific reason behind the use of P. pashia fruit in the 
traditional medicine system (49). It was demonstrated that 
the aqueous ethanolic extract (10 mg/ml) of P. pashia fruit 
exhibited spasmolytic, bronchodilator and vasoconstric‑
tive activities. They also reported that the blockage of Ca2+ 
ion channels in the presence of phytochemicals (alkaloids, 
flavonoids, glycosides and anthraquinones) may be a possible 
mechanism of the spasmolytic and bronchodilator activities 
of the extract. Additionally, the vasoconstrictive properties 
may be due to the α‑adrenergic, muscarinic, serotonergic and 
angiotensin II combative components present in the P. pashia 
extract (49).

The ethanolic extract of the fruit of P. pashia has been 
shown to exhibit significant anticonvulsant activity  (50). 
Furthermore, chrysin extracted from ethanolic P.  pashia 
extract has also been shown to exhibit substantial anticonvul‑
sant activity at a 2.5‑10 mg/kg BW concentration in a rat model 
against pentylenetetrazole (PTZ)‑induced convulsions (50). 

Overall, the various biofunctional activities in the extracts 
of different plant parts of P. pashia may be due to the presence 
of phenolics and flavonoids, individually or synergistically. 

Cytotoxicity and toxicological studies. The study of the 
acute toxicity of hydroethanolic extracts tested at doses of 
200 and 400 mg/kg has revealed no cytotoxicity up to 72 h 
and has been found to be safe up to 1 g/kg body weight in 
female albino mice (51). The extract has been shown to exert 
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a sedative‑hypnotic effect at the concentration of ≥400 mg/kg 
body weight, although cytotoxicity was observed only at the 
concentration of 1,500 mg/kg body weight (51). The outcome of 
that study may lead to the development of treatment strategies 
for conditions such as insomnia, providing a scientific rationale 
for its ethnomedicinal use. 

Another study demonstrated that toxic metals could 
promote metabolic disorders, such as harmful effects on 
the gut microbiota and the development of diseases, such 
as obesity, type 2 diabetes mellitus, metabolic diseases and 
cancer (52). P. pashia fruit also contains toxic metals such 
as cadmium, zinc, nickel, lead and mercury, although within 
the recommended limits (53). Therefore, various plant parts 
of P. pashia can be utilized in medicinal formulations for 
the treatment of multiple diseases without the possibility of 
metal poisoning. In a previous study, no notable cytotoxicity 
against peripheral blood mononuclear cells was observed 
in a concentration <6.67 mg/ml  (39). The hydroquinone 
present in P. pashia flowers (10.3±0.2 mg/g dwb) has been 
shown to exhibit assured toxicity  (9). It has also been 
demonstrated that hydroquinone exhibits acute toxicity via 
the oral and dermal routes of exposure with median lethal 
dose (LD50) values of 70 mg/kg BW in cats to 550 mg/kg 
BW in guinea pigs (54), thus suggesting that their moderate 
consumption is feasible. Thus, P. pashia flowers may be a 
natural source of antioxidants with potential applications in 
functional foods.

6. Conclusion and future perspectives

Various parts of the P.  pashia tree have long been used 
traditionally in the Indian medicinal system, particularly in 
the Himalayan region. The fruit is edible and represents a 
source of high nutritional value. Various phytochemicals have 
been reported in the fruit, flower, leaves and bark portion of 
th plant. However, research on P. pashia for pharmacological 
properties is minimal due to the limited information available 
regarding different plant parts. To date, and to the best of our 
knowledge, there are no clinical trial reports available on this 
plant species. There is a scope to study the potential of these 
phytochemicals at the gene level responsible for particular 
biological activity. The various phytochemicals reported from 
the fruit, flower, bark and leaves may be used to develop a 
novel drug by using the reverse pharmacological approach to 
curing various diseases. 

The present review provides a scientific basis for the 
utilization of P. pashia for the discovery and development of 
innovative approaches in therapeutics, for the development of 
nutraceuticals and to enhance the quality of functional foods. 
Therefore, intense efforts are required to explore its unlimited 
pharmacological properties and to create awareness among 
the population as to its benefits so as to effectively use the 
constituents of the plant.
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