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ABSTRACT: Oxyria digyna is an important herb, having a wide geographical
distribution. Nutritionally, it has found its place in the meals of various
populations living in different parts of the world, both in raw and cooked forms.
Traditional uses identified its indications in cancer, depression, hepatitis,
jaundice, colic, gastritis, appetite, diuretic, constipation, cough, chest congestion,
boils, scurvy. Several pharmacological activities have hastened further
experimental exploration of this plant, establishing its efficacy for diabetes, free
radical scavenging, gout, and cancer. The important bioactive compounds
isolated from this plant are vitexin, orientin, hesperidin, quercetin and
stigmasterol. These compounds have extensive effects on human physiology and
provide proof that O. digyna is potentially unexplored for its pharmacological
efficacy. A detailed metabolomic approach is required to fully characterize the

plant as a potential nutraceutical candidate with multiple therapeutic potentials.
Keywords: Oxyria digyna; Nutritional values; Phytochemistry; Pharmacological effects; clinical
status; Therapeutic potential.

2020; Fan et al., 2010; Lajter et al., 2013; Mostafa

POLYGONACEAE is a family of worldwide
distribution, contains about 59 genera and 1384
accepted species being classified under the major
group of flowering plants (Angiosperm). Plants
in this family received attention due to its
bioactive phytoconstituents. The
pharmacological activities exhibited by this
family include antiproliferative, antidiabetic,
anti-inflammatory, cathartic, antioxidant,
antimicrobial, antidiarrheal, anthelmintic,
acetylcholinesterase inhibition etc., (Ayaz et al.,

PHYTONutrients 2022; 01:2-16

et al,, 2011; Singh et al., 2010; Torres-Naranjo et
al.,, 2016). The genus Oxyria Hill is comprised of
16 plant species, but only two are accepted as per
the plant name index database
https://theplantlist.org i.e., Oxyria digyna (L.) Hill
and Oxyria sinensis Hemsl. The taxonomy of xyria
digyna is shown in Table 1 and figure 1.

The genus Oxyria has been little explored for
potential natural compounds. Existing studies
have documented the well-known flavonoids,
tannins, phytosterols, or glycosidic derivatives.
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Some of them are vitexin, hesperidin, orientin,
quercetin, epigallocatechin, kaempferol, and

stigmasterol (Orhan et al., 2009). These bioactive

molecules have been reported to
numerous pharmacological activities.

Table 1: Taxonomy of Oxyria digyna (L.) Hill [Alpine Mountain sorrel]

possess

Kingdom Plantae (Plants)

Subkingdom Tracheobionta (Vascular plants)
Superdivision Spermatophyta (Seed plants)
Division Magnoliophyta (Flowering plants)
Class Magnoliopsida (Dicotyledons)
Subclass Caryophyllidae

Order Polygonales

Family Polygonaceae (Buckwheat family)
Genus Oxyria Hill

Specie digyna (Alpine Mountain sorrel)
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Figure 1: Strict consensus tree exhibiting Oxyria digyna

O. digyna has also been used as a component in
many traditional cooking recipes consumed from
the arctic to the Himalayan regions. It is also a
part of traditional healthcare treatments in
Chinese, South Asian and Arctic territories
(Angmo et al., 2012; Da Cheng Hao and Xiao,
2015; Davis and Banack, 2012). However, a deep
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metabolomic approach is still required to
characterize its pharmacological properties.

1.1 Biological and Traditional Nomenclature
One of the little explored specie of genus Oxyria
is Oxyria digyna. The word Oxyria originates from
Greek, meaning ‘sour’ because of its taste
(Gjeerevoll and Renning, 1999). The various
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synonyms for O. digyna are Acetosa digyna (L.)
Mill., Donia digyna (L.) R.Br., Doniasapida R.Br.,
Lapathum digynum (L.) Lam., Oxyria elatior R.Br.
ex Meisn.,, Oxyria reniformis Hook. Oxyria
rotundifolia Gray, Rheum digynum (L.) wahlenb.
and Rumex digynus L. listed by plants of the
world online, http://powo.science.kew.org/.
Bootstrap support values are displayed above
branches receiving >50 % values in both MP/ML
analyses, while the corresponding posterior
probabilities from ‘Bayesian analyses’ can be seen
below branches. Arrows on the right show
contrasting numbers of species in Rheum (60)
and its sister genus Oxyria (2) (Sun et al., 2012).
O. digyna is commonly known as mountain-
sorrel, sour grass, or Alpine mountain-sorrel.
Due to its availability in various geographical
territories, it has got numerous vernacular
naming depicted. Some of them are
Tarvaskoonay (Lakki marwat, Pakistan) (Ullah et
al,, 2014), Khata pat (Azad Jammu and Kashmir)
(Mehmood et al., 2018), Da Ghra Shalkhay (Azad
Jammu and Kashmir) (Shaheen et al., 2012), Jomo
(western Himalayan valley, India) (Rawat et al.,
2013), Churki (Shina) (Khan, 2014; Khan et al.,
2018), ‘Qunguliit’ (Inuit families, Canadian
northwest territories) (Davis and Banack, 2012),
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Quunarliarraat (Yup’ik) (Pete and Rasmussen),
Quulistat (Cup’ig) (Griffin, 2001), Kugylnik
(Siberian Yupik), Qufuliq / Qunulliq (Inupiaq)
[Yup’ikeskimos, southwestern Alaska] (Griffin,
2009), Chukru (Himachal Pradesh, India) (Rana
et al, 2020), Skyurbutaq (Gilgit-Baltistan,
Pakistan) (Hussain et al., 2011), Chumcha / Suchli
(Suruand Zanskar valley, Ladakh, India)
(Rinchen and Pant, 2014), Chumtswa (western
Ladakh, India) (Angmo et al., 2012), Lamanchu
(Kashmir, Himalaya) (Singh et al., 2016), Shen Ye
Shan Liao and Suan Jiang Cao (Chinese) (Da
Cheng Hao and Xiao, 2015).

1.2 Geographical Distribution

The specie O. digyna is native to Subarctic and
Subalpine regions, and grows in other regions
such as Pakistan, Turkey, India, Carpathian
basin, Alaskan  Arctic regions, China,
Kazakhstan, Sweden, Svalbard Archipelago
(seabird area), Iceland, Siberia, Somas Lom polo
(near Norwegian border), North America,
Eurasia and Canadian northwest territories (Asif
et al., 2020; Eddudottir et al., 2020; Hultén and
Fries, 1986; Kienast et al., 2001; Song et al., 2009;
Wang et al., 2016; Zmudczyniska-Skarbek and
Balazy, 2017), and Italy (Gentili et al., 2010;
Gentili et al., 2020). Please, refer to Figure 2.
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Figure 2: Geographical distribution of Oxyria digyna in various regions of world.

The vegetation of O. digyna was also found in
‘poor health’ at low alpine territory of central
Scandes Mountains of Sweden (12.60° longitude,
62.90° latitude) (Bruun, 2019). Russell reported
the plant from the Karakoram-Himalayan region,
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at latitude of 35° N between Kashmir and Chinese
Turkistan. The vegetation at altitude of 12,000-
15,000 ft. was similar in many ways to-that of Jan
Mayen’s at sea level (Russell, 1948). In China, the
plant co-occurs with its sister species, Oxyria
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sinensis, restricted to the eastern Qinghai-Tibet
Plateau. These are the only two species known, of
genus Oxyria (Sun et al., 2012).

1.3 Plant Description and Development

O. digyna (Polygonaceae) is a wind-pollinated,
hermaphroditic, flowering, tufted, perennial,
herbaceous plant occurring in diverse habitats

from sea level up-to 4500 m (Hultén and Fries,
1986; Wang et al,, 2016). The stem is grooved,
while the leaves are simple, kidney shaped, long
stalked and fleshy as shown in Figure 3.

I

Figure 3: Geographical distribution of Oxyria digyna in various regions of world.

O. digyna’s flowering time is from May to August,
while the harvesting time is June-September.
Flowers are greenish with segmented pinkish-
white perianth (Mehmood et al., 2018). The fruits
are single seeded achene (a small nut; nutlet)
with wings. The endosperm is a perisperm,
embryo located peripheral and no potential
impermeability of seed coat for water was noted.
The dormancy «class was defined as
‘physiological dormancy’ of intermediate level
(Schwienbacher et al., 2011). The reproductive
traits were studied by Henrik bruun, who revealed
the dispersule and germinule of this plant as
nutlets and tepals, while ‘ramets’ as their
reproductive units from the alpine territory of
Sweden (Bruun, 2019). A tepal is the outer whorl
of flowers that has poor differentiation as sepal
or petals.

Many arctic plants have a characteristic close
connection between temperature and rapid
development in early spring. It allows the
maximum growth and maturity in this short
growing season. Development of O. digyna on Jan
Mayen was found while the plants were still
covered with several feet of snow. This implies
that in early stages, the rapid development is
fueled by large reserves of carbohydrate stores in
the root and not on newly biosynthesized
assimilatory  products. This evidence is
supported by the declining carbohydrate content
of the plant rootstock in early summer (Russell,
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1948). Elevated levels of soluble carbohydrates
are usually a characteristic of frost-resistant
plants in temperate regions (Andersson, 1944).

2. Methods

Traditional, pharmacological, and phytochemical
studies on O. digyna were searched in online
databases including Google scholar, PubMed,
Research gate, Science Direct. The literature was
searched using plant’s scientific name, validated
using  plant  name index database
https://theplantlist.org. All the peer review
journals were included in the study.

3. Traditional Uses

3.1 A nutritional and functional food

O. digyna is nutritionally an important herb. This
is evidenced by its consumption both in raw and
cooked form. The plant is used as salad or minced
into a specific form of sauce. The plant is
consumed in the form of ‘chutneys’ (a sauce)
locally in Bandi Pora district of Kashmir,
Himalaya, India. The fresh leaves are available as
food, but not medicine, in the trade markets of
India (Singh et al., 2016). The leaves are also
consumed as salad in the Pakistani territories of
Azad Kashmir and deosai plateau of Gilgit
Baltistan (Khan, 2014; Shaheen et al., 2012).
Consumption of sauce with meals is very
common in South Asian region, concentrically in
subcontinent region. The people of this territory
prepare a sauce by mincing different herbs
including coriander, peppermint, spearmint,
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capsicum fruit as per their taste, commonly
known as “chutney” [Urdu and Hindi language].
This spicy sauce is consumed with normal daily
meals. Similarly, the plant is cooked as vegetable
and eaten in this form. Sometime consumed
solitary while also in mixing with other food
ingredients.

O. digyna is one of the most important traditional
food items of the Baffin Island Inuit families
(Ulukhaktokmiut), living in the south of Holman,
Northwest territories of Canada and Eskimos of
North Bering Sea and arctic Alaskan regions
(Anderson, 1939; Geraci and Smith, 1979;
Kuhnleini and Soueida, 1992). The raw leaves
and flowers of the plant are prepared in a
concoction (as food) used very commonly by the

Whole plant infusion
prepared with water

Whole plant
consumed raw

Leaves (salads)

Kiluhikturmiut Inuinnait, referring to it as
‘qunguliit’. It is used with relish due to its
pleasant tart flavour. However, the entire shoot is
consumed raw, as well as infused beverage
prepared by simmering in water (Davis and
Banack, 2012). The plant is used as food by the
Yup’'ik Eskimos of Nunivak island living in
southwestern Alaska (Griffin, 2009). The leaves
of this plant are used in raw or cooked form in
Nevada and by natives of Alaska. It is a good
source of ascorbic acid, oxalic acid, and carotene
(Turner, 1981). The leaves of O. digyna are used as
vegetables in Anatolia (Orhan et al., 2009).
Traditional nutritional of O. digyna are
summarized in figure 4.

Sauce (chutney)

mmm)  Cooked leaves

\ Raw leaves and

flower as
Concoction

Figure 4: Consumption of Oxyria digyna as food in various geographical locations as nutritional herb.

3.2 Ethnopharmacology

Hartwell’s series reported the ethnomedicinal
use of O. digyna against tumors, cancers and
warts (Hartwell, 1970). The plant is reported for
Appetite disorders in the Indian Kashmir (Singh
et al., 2016). O. digyna is an important traditional
food item for residents of baffin island Inuit
families” Northwest territories of Canada. The
local healers of the community used the whole
plant poultice for chest congestion (Davis and
Banack, 2012). The roots are used by indigenous
people of Himachal Pradesh, India for treatment
of cough, cold and boils. Crushed roots are
applied as paste on boils. For cough and cold, a
decoction of roots is prepared with boiled water.
A small amount of jaggery is added; the mixture
is strained and is ready to be used orally twice or
thrice a day (Rana et al., 2020).

The whole plant is locally used in Azad Jammu
and Kashmir to treat jaundice, constipation
(decoction of whole plant), thirst problems,
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stomach and other liver disorders (Mehmood et
al.,, 2018). In Azad Kashmir, the leaves of O.
digyna are used to treat scurvy. The stem, root
and leaves are cooked and used orally to treat
dysentery (Shaheen et al., 2012). The whole plant
decoction is used twice or thrice per day to treat
indigestion in the Ladakh region (Rinchen and
Pant, 2014). The ‘Sowa-rigpa’ system of
traditional healthcare is under practice in
Western Ladakh region of India since
immemorial timeframe. This traditional practice
is now declining due to lack of interest by
youngsters of the local community. This system
utilizes the leaves and shoot as local remedy for
improving digestion; as appetizer, and treatment
of gastritis (Angmo et al., 2012). The flowers and
leaves are part of the traditional medicines in
deosai plateau of Gilgit-Baltistan, Pakistan. The
fresh flowers are harvested during spring season,
dried and used with green tea (Hussain et al.,
2011; Khan et al., 2018). In Chilim Deosi
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(Northern Gilgit-Baltistan), the O. digyna flowers
and leaves are mixed with honey and used one
teaspoonful twice a day for children as tonic. The
plant is used to treat gastritis and improve
appetite (Khan, 2014). The aerial parts of O.

¥" Tumour

v Cancer

v Warts \
N

¥ Jaundice

¥ Depression of ‘Hepatic Qi’

v" Hepatitis

v' Other liver disorders

¥" General tonic

—

v" Diuretic =

¥' Constipation

Figure 5: Ethnopharmacology of Oxyria digyna.

4. Nutritious components

The consumption of O. digyna in different
geographical locations in raw and cooked form
provides proof for its nutritious value. However,
this use requires to be evidence based. To date,
only a single study explored the functional
constituents of this plant. Ascorbic acid and
carotene are one of those biomolecules which are
responsible for its nutritional candidature
(Turner, 1981). Similarly, carbohydrate content
has also been revealed, which are the primary
source of energy. Russell revealed the total
carbohydrates such as starch and total sugars
found in high levels both in beginning and end of
the growing season. Up to 40 % of the alcohol-
insoluble material was found. At midsummer,
the general carbohydrate level of the plant was
considerably lower (Russell, 1948).

5. Phytochemistry

5.1 Total phenolic content

The presence of phenolic compounds in this plant
was determined with Folin-Ciocalteau reagent
(Singleton and Rossi, 1965). Briefly, the Oxyria
extract of aerial parts (1.0 g/200ml of 70% ethanol;
150 pl) was mixed with Folin-Ciocalteau reagent
(750 pl) and sodium carbonate (600 pl, 7.5%). The
reaction mixture was incubated at 40°C for 30 min
and the absorption was measured at 760 nm. The
total phenolic content of the extract was

PHYTONutrients 2022; 01:2-16

A

digyna are used as Stomachic and anti-flatulent.
The plant is also reported for its use as fodder in
the Lakki Marwat district of Pakistan (Ullah et al.,
2014).

<

Chest congestion
Cough
> cold

\

v' Appetite disorders
v Indigestion
v Gastritis
— = ¥ Stomachic
v" Colic pain
v' Anti-flatulent
v' Dysentery

\ -

expressed as gallic acid equivalent (mg/g extract).
The total phenolic content of O. digyna was 613.0
+ 1.0 mg/g of extract, determined as gallic acid
equivalent (Orhan et al., 2009).

5.2. isolated compounds

The three new compounds isolated from the
whole plant of O. digyna were Oxyria flavonol; 5,
7, 3'-trihydroxy-4-methoxyflavanone-7-O-(2"-O-
beta -D-glucopyranosyl)-alpha -L-
rhamnopyranoside; and 5, 7, 2, 3, 4-
pentahydroxyflavone-8-C-glucopyranoside
based on spectral data. Five known compounds
isolated were identified as Vitexin, Orientin,
Hesperidin, Quercetin-3-O-beta-D-
glucopyranoside and Stigmasterol (Figure 2:
Geographical distribution of Oxyria digyna in
various regions of world 6) (Zhou et al., 2002).
5.2.1 Vitexin

Vitexin is also known as Apigenin-8-C-glucoside
and 5, 7, 4-trihydroxyflavone-8-glucoside. It is a
C-glycosylated flavone found in various
medicinal plants including moss Tortula muralis,
Raphanus sativus, mung bean, Pennisetum millet,
Crataegus spp., Cajanuscajan (Basile et al., 2003;
Cao et al.,, 2011; Edwards et al., 2012; Fu et al,,
2007; Fu et al., 2008; Gaitan et al., 1989). Vitexin
affect various organ systems in the human body.
It possess several pharmacological effects;

6 of 15



briefly, antiviral (Krcatovi¢ et al., 2008; Li et al.,
2002), antibacterial , antioxidant (An et al., 2012;
Borghi et al, 2013; Kim et al, 2005), anti-
inflammatory (Dong et al., 2011; Rosa et al., 2016),
anti-hypersensitive  activity in ovalbumin
induced allergic asthma (Venturini et al., 2018),
cardio-protection after ischaemic injury (Che et
al., 2016; Dong et al., 2008; Dong et al., 2013; Dong
et al., 2011), antinociceptive (Gorzalczany et al.,
2011; Ozkay and Can, 2013; Zhu et al., 2016),
antithyroid (Gaitan et al., 1995), anti-cancer (An
et al., 2015; Choi et al.,, 2006; Yang et al., 2013),
neuroprotection in hypoxia-ischaemic injury

4 0
HOI» (o] HO
HG © O o
0

HO!I» o)
HO ©H
Hesperiden

OH

HO

OH -~

SUPIC

Oz O\-QIOH
OH

HO
CH

quercetin-3-O-beta-
D-glucopyranoside

vitexin

(Min et al, 2015), neuroprotection after
scopolamine-induced memory impairment and
blocking NMDA receptors (Abbasi et al., 2013;
Yangetal., 2014), CYP3A1 enzyme inhibition and
CYP2C11 short term induction, then inhibition
(Wang et al., 2015), MPTP-induced Parkinson’s
disease (Hu et al., 2018), Alzheimer’s disease
(Choi et al., 2014), anticonvulsant (Abbasi et al.,
2012), antidepressant (Can et al, 2013),
antihypertensive (Je et al.,, 2014), antispasmodic
(Gilani et al., 2006; Ragone et al., 2007) and Liver
diseases (Duan et al., 2020; Inamdar et al., 2019).

o} o

A\
OH D“ SoH
HO OH

OH
5,7,2', 3", 4-pentahydroxyflavone-8-C-glucopyranoside o

Stigmasterol

Figure 6: Isolated compounds from Oxyria digyna.

Ilkay orhan et al. isolated it from O. digyna for the
first time. LC-DAD-MS analysis was performed
using high pressure liquid chromatograph
(HPLC)  coupled to quadrupole mass

PHYTONutrients 2022; 01:2-16

spectrometer (multimode ionization interface).
LC-MS 1 model nitrogen generator was
employed for generating Nitrogen drying gas.
The parameters for chromatographic separations
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were Eclipse XDB-C18 column (15 cm x 4.6 mm,
5 pm), mobile phase (gradient elution with
acetonitrile and 40 mM formic acid), flow rate (1.0
ml/min), injection volume (10 pl) and detection
(254 nm and 330 nm). The calculations of
quantitative analysis were performed with
external standardization by measurement of
peak areas (Orhan et al., 2009). The positive-ion
mass spectrum of vitexin was recorded in the
total-ion monitoring mode utilizing various
fragment or potentials to establish the
fragmentation pattern. This spectrum consisted
of the protonated molecular ion [M + H]* at m/z
433 for vitexin. The ethanolic extract of O. digyna
possess a flavone glycoside, vitexin (Orhan et al.,
2009).

5.2.2. Orientin

Orientin is a flavonoid found in various plant
species like Spirodel apolyrhiza (Kim et al., 2010),
Ocimum sanctum (Uma Devi et al, 2000) and
Trollius chinensis Bunge (Li et al., 2002). Some of
its pharmacological effects are: Cardio-protection
after ischemic injury (Fu et al, 2006), inhibit
vascular inflammation (Lee et al, 2014),
antithrombotic and antiplatelet (Lee and Bae,
2015), antioxidant(An et al., 2012), antidepressant
(Liu et al., 2015), neuroprotective effects (Wang et
al., 2017), antinociceptive (Da Silva et al., 2010),
anti-Alzheimer’s disease (Zhong et al., 2019) and
mast cell stabilisation (Dhakal et al., 2020).

5.2.3. Hesperidin

Hesperidin is a well-known flavanone glycoside
obtained from citrus fruits including other
species from families, Lamiaceae and Betulaceae
(Meng et al., 2020). it was isolated in 1828, Some
of the plant species having this important
phytoconstituent are Citrus trifoliate (Abd El
Kawy et al., 2020), Eriocephalus africanus (Magura
et al., 2020), Citrus sinensis and Citrus limon
(Meneguzzo et al., 2020). Hesperidin modify
various diseases and have found its potential role
in the therapeutics as anticancer (Aggarwal et al.,
2020), antidiabetic (Rehman et al., 2020), wound
healing (Bagher et al., 2020), metabolic syndrome
(Guirro et al., 2020).

5.2.4. Quercetin-3-O-B-D-glucopyranoside
Quercetin is an extensively studied flavonoid
with promising pharmacological effects. It is
isolated from several species, including
Guierasene galensis (Parvez et al., 2020), Lens
culinaris Medik (Rolnik et al., 2020), Bixa orellana
(de Moura et al., 2020) and Cleome droserifolia
(Ahmed  Youness et al, 2020). The
pharmacological effects are exhibited both by the
aglycone part as well as by the glycosidic formi.e.
neuroprotection (Khan et al., 2020a), anticancer
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(Ezzati et al, 2020), cardio-protection
(Ferenczyova et al., 2020), antiviral (Lopes et al.,
2020), allergic conjunctivitis (Ding et al., 2020),
anti-Alzheimer  (Zhang et al, 2020b),
cytoprotective effect (Zhang et al, 2020a),
antioxidant (Kumar et al., 2020).

5.2.5. Ascorbic acid

Ascorbic acid is a water-soluble vitamin
producing important physiological roles inside
human body. O. digyna is a rich source of vitamin
C in raw form (36 mg/100g) as well as in cooked
form (Geraci and Smith, 1979). This implies its
use in scurvy, vascular pathologies including
thrombotic events, cardio-protection, oxidative
stress; wound healing (Chang et al, 2020;
Deirawan et al., 2020; He et al., 2020; Kim et al.,
2020).

5.2.6. Stigmasterol

Stigmasterol is a monohydroxy alcohol found in
various plant species like Roscoea purpurea,
Zeamays, Lonchocarpus sericeus Poir., Adhatoda
vasica Nees (Bag and Barai, 2020; Lifsey et al.,
2020; Nandhini and Ilango, 2020; Udo et al.,
2020). The pharmacological effect of this
phytosterol is highlighted by its role in
transintestinal cholesterol excretion, arthritis,
cerebral ischemia / reperfusion injury, adjunct in
cancer chemotherapy and many more (Khan et
al., 2020b; Liang et al., 2020; Liao et al., 2020;
Lifsey et al., 2020).

6. Pharmacological Effects

6.1. Free radical scavenging

The free radical scavenging activity was
determined with 2, 2-diphenyl-2-picrylhydrazyl
(DPPH). Ethanol (75%) was used as solvent and
activity = was  determined at  different
concentrations of 0.25, 0.5, 1.0, and 2.0 mg/ml as
prescribed by M. S. Blois (Blois, 1958). Each
solution was mixed with DPPH solution (1.5 x 10-
+ M). Remaining amount of DPPH was shown by
a decrease in absorption and measured at 520 nm
using UV-visible spectrophotometer. Gallic acid
and butylated hydroxy anisole (BHA) were
employed as reference standard and percent
inhibition activity was calculated at each
concentration. The ethanolic extract of O. digyna
exhibited antioxidant effect of 10.8 +0.4, 16.2 +0.4
and 36.7 + 2.2 (% inhibition + standard deviation)
at 0.5, 1.0, and 2.0 mg/ml concentration in
comparison to the standards, gallic acid (93.2 +
0.0) and BHA (829 + 0.7). No activity was
observed at 0.2 mg/ml concentration. The
ethanolic extract of O. digyna exhibited very low
(< 50%) antioxidant effect (Orhan et al., 2009).
6.2. Ferric reducing antioxidant power assay

8 of 15



The iron-reducing power of O. digyna was tested
using 1 ml of the extract at various concentrations
(0.5, 1.0, and 2.0 mg/ml). Gallic acid and BHA
were used as positive control. The assay was
commenced by adding 2.5 ml of phosphate buffer
(0.1 M; pH 6.6) and 2.5 ml potassium ferricyanide
(1%; w/v) with the test solutions. The mixture
was then incubated at 50°C for 20 min. 2.5 ml of
trichloroacetic (10%) was added and the mixture
was agitated vigorously. A solution of 2.5 ml was
obtained from this mixture and added with 2.5
ml of distilled water and 0.5 ml of FeCls (0.1%;
w/v). After a period of 30 min incubation,
absorbance was read at 700 nm. The analysis was
performed in triplicates according to Oyaizu et al
(Oyaizu, 1986). The absorbance + SD at 700 nm
were recorded as 0.170 + 0.1, 0.335 + 0.1 and 0.698
+ 0.1 at 0.5, 1.0 and 2.0 mg/ml, respectively. The
increased absorbance of the reaction mixture
signifies the increased reducing power of that
respective solution (Orhan et al., 2009). Similarly,
in another study, Paudel et al (2014) reported an
ICso value of >20 ug/mL for DPPH radical
scavenging activity (Paudel et al., 2014).
6.3. Antiproliferative activity
The chloroform extract of O. digyna whole plant
exhibited considerable antiproliferative activity
against various cancer cells at 30 ug/ml. The
percent growth inhibition reported for HelLa
(cervix epithelial adenocarcinoma), MCF7 (breast
epithelial adenocarcinoma) and A431 (skin
epidermoid carcinoma) cancer cells was 40.65 +
1.88, 27.21 + 2.29 and 37.56 + 1.30, respectively
(Lajter et al., 2013).
6.4. Advanced  glycation end
inhibition
The inhibitory activity of O. digyna stem and
leaves ethanolic extract on advanced glycation
end products exhibited an ICso value of
7.61ug/mL compared to aminoguanidine (ICso
77.04 pg/ml). Advanced glycation end products
are thought to play a role in the progression of
diabetic complications (Kim et al, 2013).
Progression of protein glycation inside human
body promote diabetes complications. This
inhibition of protein glycation is a key strategy in
preventing diabetic abnormalities (Anis and
Sreerama, 2020).
6.5. Xanthine oxidase inhibition
The xanthine oxidase inhibitory potential of O.
digyna was studied in vitro by Vasas et al (2015).
The whole plant chloroform and methanolic
extract (fractionated) exhibited xanthine oxidase
inhibition 36.01 + 8.08 and 56.61 + 4.06 (% + SD),
respectively, at 400 ug/ml (Orban-Gyapai et al.,
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2015). This activity pave the way of this plant as
antigout, because xanthine oxidase inhibition
leads to reduced production of uric acid (Hyun et
al., 2013).
7. Future prospect; Industrial application as
Nutraceutical
As discussed above, the very little explored herb,
Oxyria digyna is a good source of nutritional as
well as functional pharmacologic biomolecules.
This can serve as nutraceutical product finding a
place in the health and financial arena. The
flavonoids  vitexin, orientin,  hesperidin,
quercetin-3-O-f-D-glucopyranoside and
stigmasterol (phytosterol) have numerous
pharmacologic activities, effecting or modifying
many organ systems of human body. Combined,
these pharmacologic activities may have a
synergistic effect, if in a single product. These
govern the use of this plant as tonic to improve
general health as well as in alleviating
pathologies, hence providing a substitute for
synthetic sources of vitamins and other products.
8. Conclusions
Only ~5,000 plants have been thus far
investigated for medicinal use, queuing 25000
plant species in line. The herbal medicine
industry has a growth rate of 7-15% annually.
World Health Organization (WHO) recommends
plants as major source of alternative medicines in
developing countries. The world trade of plant-
oriented medicines is growing, creating newer
opportunities for developing countries to
participate in the herbal drug industry by a
sustainable utilization of local medicinal flora
creating additional value (Mehmood et al., 2018).
In summary, O. digyna has important
characteristics and  properties, such as
ethnobotanical, pharmacological, and
phytochemical. To date, a scant number of
compounds have been isolated from O. digyna.
This is the first review of the scientific literature
on O. digyna. The chemical constituents present
in this herb include flavonoids, micronutrients,
and glycoside derivatives. O. digyna affords a
potential source of bioactive compounds and
nutrients, warranting it's in nutraceuticals,
pharmaceuticals and health restoring products.
Author Contributions: Imad Ahmad, Luigi
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