
Abstract
Reactive oxygen species (ROS) generated during aerobic metabolism cause oxidative damage leading to several disorders, ageing 
or cell death. Plants synthesize an array of phytochemicals having strong antioxidative properties that can delay or prevent oxidative 
damage. Here, we monitored the antioxidative properties of different plant parts of two high-valued, endangered medicinal plant 
species: Angelica glauca Edgew. (Apiaceae) and Dioscorea deltoidea Wall. (Dioscoreaceae) from Kinnaur, Himachal Pradesh, India, using 
DPPH (1, 1-diphenyl-2-picrylhydrazyl) and pyrogallol autoxidation assays. The underground parts (roots/rhizomes) of both the species 
exhibited substantially greater antioxidative activity as compared to the other plant parts. Further, of the two tested extraction solvents, 
methanolic extracts exhibited higher activity as compared to the aqueous extracts across all considered plant parts in both the species 
implying the variability in phytochemical composition of the extracts. We compared the observations with those reported earlier and 
discussed the potential of A. glauca and D. deltoidea as a source of natural antioxidants.
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auto-immune diseases, cardiovascular malfunction, cancers, 
cataracts, rheumatism, and many other (Valko et al. 2007). 
The cell organelles such as chloroplasts, mitochondria and 
peroxisomes play a major role in the production of ROS. 
They also generate due to the activities of various oxidases 
e.g., NADPH oxidase, polyphenol oxidases, glycolate oxidase 
etc. (Sandalio and Romero-Puertas 2015; Dietz et al. 2016; 
Huang et al. 2016). The levels of ROS known to increase 
significantly under various stress conditions which further 
enhance the cell damage and/or aging process (Sharma et 
al. 2012; Mansoor et al. 2022). Nevertheless, in a range of 
certain lower concentrations, ROS act as signaling molecules, 
regulating various cellular activities (Huang and Li 2020). The 
levels of ROS are strongly regulated by various antioxidative 
enzymes including catalase (CAT), superoxide dismutase 
(SOD), ascorbate peroxidase (APX), glutathione peroxidase 
(GPX) and by non-enzymatic antioxidative compounds. 
The latter include ascorbic acid, tocopherol, flavonoids, 
phenolic acids, polyphenols, glutathione and various other 
secondary metabolites (phenolic compounds, terpenoids 
and alkaloids) having high antioxidative potential (Das and 
Roychoudhury 2014). Most of the medicinal plants generally 
contain high levels of such secondary metabolites and are 
therefore expected to possess high antioxidative potential. 

Introduction
The generation of reactive oxygen species (ROS) or oxygen 
free radicals (FR) comprises an inevitable component of 
aerobic metabolism. Being highly reactive, ROS combine 
with diverse biological molecules adversely affecting 
them. The long-term exposure to ROS can cause potential 
oxidative damage that is considered to be the major cause 
of ageing and/or cell death (Nagel et al. 2019; Huang and Li 
2020). Besides ageing, they cause several disorders including 
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In recent years, the natural antioxidants, present in the form 
of various classes of phytochemicals in medicinal plants, 
have received much attention due to their strong free radical 
scavenging potential proven through various in-vivo and 
in-vitro experiments (Kim et al. 2003; Škrovánková et al. 2012; 
Shebis et al. 2013; Xu et al. 2017; Bhatt et al. 2018; Singh and 
Patra 2018; Naseem et al. 2024). Therefore, we evaluated the 
antioxidative potential of different plant parts of Angelica 
glauca and Dioscorea deltoidea, two highly valued medicinal 
plants from Kinnaur (Himachal Pradesh) (Fig. 1A and B)

Angelica glauca Edgew. (Apiaceae), commonly known 
as Chora is a perennial herb, endemic to Himalayan region. 
It is a source of several bioactive molecules and essential 
oils including alkaloids, flavonoids, phenylpropanoids, 
phthalides, monoterpenes, coumarins, several saponins 
and sterols (Kumar et al. 2022). The plant is used to cure 
many diseases/disorders and is recommended as tonic. 
It possesses cardio-active, carminative, diaphoretic, anti-
oxidant, anti-microbial, anti-mutagenic, anti-inflammatory 
and immunomodulatory activities. Besides, it improves 
lactation in cattle (Butola and Badola 2004; Purohit et al. 
2015; Sabeel et al. 2023). The species is also in high demand 
for cosmetics, perfumes, spice and condiments (flavoring 
dishes, local alcoholic beverages and bitters) (Sen and 
Thakur 2021; Kumar et al. 2022). Dioscorea deltoidea Wall. 
(Dioscoreaceae) or Dioscorea or Singli-mingli (local name) 
is a perennial herbaceous climber having tuberous roots. It 
is also known as wild yam and is rich in steroidal sapogenins 
(4.8-8%), mainly diosgenin that is a precursor for the 
synthesis of many steroid molecules including cortisones, 
corticosteroids, progesterone and oral contraceptives 
(Narula et al. 2007; Sautour et al. 2007). Steroidal drugs 
find wide application in modern medicine for curing many 
serious ailments such as, rheumatoid arthritis, allergic 
conditions, ulcers, muscular dystrophy and cancer. They 
are also used for the treatment of digestive disorders, 
diarrhea, irritability, abdominal pain, anemia and possess 
antimicrobial, antioxidative and hypoglycemic activities 
(Chandra et al. 2012; Obidiegwu et al. 2020; Wang et al. 2023).

The conservation assessment and management 
prioritization (CAMP) workshop, 1998 (Molur and Walker 
1998) categorized both the species as critically endangered. 
However, the other CAMP workshops held later (Ved 
et al. 2003; CAMP report 2010) categorized them as an 
endangered species due to habitat loss, overexploitation 
and trade. D. deltoidea has also been included among 
the list of 29 species, banned from export unless or until 
accompanied by a certificate of origin from cultivation. The 
overexploitation due to increased demand/trade directly or 
indirectly confirms their high medicinal importance.

The levels of various specific secondary metabolites 
possessed or synthesized by plants generally determine 
their medicinal quality and effectiveness. Under certain 

stress conditions, as a part of adaptive strategies, the levels of 
secondary metabolites are known to increase considerably 
(Muthusamy and Lee 2024). In the current study, both the 
species (A. glauca and D. deltoidea) included were collected 
from their natural habitats in District Kinnaur (Himachal 
Pradesh) where the species generally experience various 
abiotic stresses including drought, temperature fluctuations 
and high UV radiations. They are thus expected to exhibit 
comparatively higher antioxidative properties. As such, the 
population specific differences in the antioxidative potential 
of the medicinal plants need to be understood. Therefore, 
we analyzed the antioxidative properties of aqueous and 
methanolic extracts of different plant parts (leaves, roots and 
seeds) of A. glauca and D. deltoidea from Kinnaur (Himachal 
Pradesh, India). The results are expected to have implication 
for A. glauca and D. deltoidae as a source of potent natural 
antioxidant. 

Material and methods

Plant material 
Different plants parts (seeds, leaves and roots/rhizomes) of A. 
glauca and D. deltoidea were collected from Nichar (2110 m 
asl), District Kinnaur, Himachal Pradesh, India in the months 
of September-October, 2016 and subsequent years. Following 
collection, the plant parts were completely dried under shade 
for 10-15 days and thereafter, grinded into fine powder, kept 
in air tight container at 4 ºC in refrigerator till further use.

Preparation of extract
1 g powder of respective plant parts (leaves, seeds and 
roots/rhizomes) were suspended in 100 ml (final volume) 
of distilled water and methanol, respectively in an air-tight 
glass container for 24 h at 37 ºC. Thereafter, the suspension 
was filtered and the filtrate thus obtained was kept in an 
oven (35 ± 5 ºC) for vaporization to get the residue. After 
complete evaporation, the residue obtained was dissolved 
in respective solvents (water and methanol). Dissolved 
extracts were stored at 4 ºC till further analysis. Desired 
concentrations (25 to 400 µg residue/ml) were obtained 
through appropriate dilution.

DPPH radical scavenging activity
The assay is based on the measurement of the scavenging 
ability of the antioxidants towards the stable radical DPPH (1, 
1-diphenyl-2-picrylhydrazyl). A reaction mixture containing 
1 ml of extract and 1 ml of 0.1 mM DPPH (prepared in 
methanol) was incubated for 30 min. at 25 ºC under 
complete darkness. The activity was monitored through 
change in absorbance due to decolorization of reaction 
mixture with a spectrophotometer at 517 nm against a 
water/ methanol blank. The DPPH radical scavenging activity 
was calculated using the following equation:

DPPH radical scavenging (%) = [AC-AS/AC] x 100
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Where, AC= absorbance of control and AS = absorbance 
of sample

Pyrogallol autoxidation assay
Pyrogallol auto-oxidizes rapidly forming superoxide 
radical and lemon-yellow colored product. The latter can 
be measured spectrophotometrically. Thus, absorbance 
of reaction mixture containing 1 ml of Tris-hydroxymethyl 
aminomethane (pH 8.0, added with 1 mM EDTA) and 25 
µl of 48 mM pyrogallol (prepared in 1 mM HCl) with or 
without plant extract was measured at 420 nm, after every 
30 seconds up to 5 min at room temperature. The change 
in absorbance (∆A) was measured (the absorbance at 5 min 
__ the absorbance at 1 min) and the •O2- scavenging ability 
of plant extract (inhibition of pyrogallol autoxidation) was 
determined using the following equation (Marklund and 
Marklund, 1974):	

( ) 420 C 420S

420 C

A A
Inhibition of pyrogallolautoxidation 100

A
  

 

    %  
∆ −∆

= ×
∆

Where,

420 CA∆ = change in absorbance of the mixture without 

plant extract and

420 SA∆  = absorbance change in the presence of plant 

extract

Results 

DPPH radical scavenging activity
The assay is based on measurement of the scavenging 
ability of antioxidants towards the stable free radical, 

DPPH·. Plant extracts possessing the antioxidative activity 
reduce the stated radical to its corresponding hydrazine 
upon reaction with the hydrogen donors present in the 
antioxidative principles. The radical scavenging activity of 
both water and methanol extracts of different plant parts 
of A. glauca increased with increasing concentrations. At 25 
µg/ml aqueous extract, the radical scavenging activity was 
found to be 28, 21 and 25% in root, leaf and seed extract of 
A. glauca, respectively. With the increase in concentration, 
the activity increased correspondingly; thus, at 400 µg/ml 
concentration, 53, 38 and 46% radical scavenging activity 
was evident (Fig. 2A). In case of methanolic extract of A. 
glauca, the values for radical scavenging activity at 25 and 
400 µg /ml concentrations were 37 and 69 (in root), 32 and 
54 (in leaf) and 30 and 53% (in seed), respectively (Fig. 2B). 
The roots exhibited marginally greater antioxidative activity 
as compared to other parts. 

The DPPH reducing potential of different parts of D. 
deltoidea also exhibited concentration dependent effect 
with both aqueous and methanolic extracts (Fig 3). In a 
concentration range between 25 to 400 µg/ml aqueous 
extract, the radical scavenging activity was found to be 14-64, 
11-56, and 9-46 % in rhizome, leaf and seed, respectively 
(Fig. 3A). Based on aqueous extract data, rhizome and leaf 

Figure 1: Angelica glauca (A) and Dioscorea deltoidea (B) and their 
dried roots and rhizome, respectively.

(A) (B) Figure 2: DPPH radical scavenging activity of residual extracts of 
various plant parts (roots, leaves and seeds) of A. glauca in water (A) 
and methanol (B). Data are means ± SE of triplicate determinations.

(B)

(A)
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extracts possessed comparable antioxidative activity that 
was greater than that observed in case of seed extract.  
Similarly, at same range of concentrations in methanolic 
extracts, the radical scavenging activity observed was 
between 28-92, 21-72 and 19-59% in rhizome, leaf and seed, 
respectively (Fig. 3B). In this case, rhizome extract showed 
highest antioxidative activity that was followed by leaf and 
seed extract, respectively. 

Pyrogallol autoxidation assay
The pyrogallol autoxidation assay reveals the superoxide 
anion scavenging activity. It was progressively inhibited with 
increasing concentrations of both aqueous and methanolic 
extracts of A. glauca and D. deltoidea. In A. glauca, at 25 µg/
ml aqueous extract of root, leaf and seed, the superoxide 
anion scavenging ability was 13, 6 and 11 % that increased 
to 52, 31 and 46, respectively with an increase in extract 
concentration to 400 µg/ml (Fig. 4A).  In methanolic extracts 
of root, leaf and seed the values were 24, 12 and 16 % (at 25 
µg/ml) and 61, 43 and 50% (at 400 µg/ml), respectively (Fig. 
4B). The methanolic extracts were only marginally better 
in efficacy. 

In D. deltoidea, the superoxide scavenging ability of the 
aqueous extract of rhizome, leaf and seed was found to be 
12, 8 and 7% (at 25 µg/ml) and 44, 29 and 32% (at 400 µg/ml), 
respectively (Fig 5A). For methanolic extract, these values 

were 32, 15 and 14% (at 25 µg/ml) and 69, 43 and 40% (at 
400 µg/ml), respectively (Fig. 5B). Thus, a superior superoxide 
anion scavenging ability was observed in methanolic extract 
of D. deltoidea, compared to the corresponding aqueous 
extract concentrations (Fig. 5). 

Discussion
Plants synthesize numerous phytochemicals belonging 
to phenolic compounds, terpenoids and alkaloids. Many 
of them exhibit strong antioxidative properties and delay 
or prevent oxidative damage (Halliwell and Gutteridge 
2007). They also serve as defense molecules against pests, 
micro-organisms, herbivores and harsh climatic conditions. 
Medicinal plants comparatively contain high amount of 
such molecules or antioxidants and thus show antiaging, 
anti-inflammatory and anticancerous properties (Xu et 
al. 2017). A large number of medicinal plants have been 
investigated for their antioxidant potential (Krishnaiah et 
al. 2011; Škrovánková et al. 2012; Sharma et al. 2013) and 
many of them were found to be highly effective against 
oxidative stress. Several synthetic antioxidants (butylated 
hydroxytoluene (BHT), butylated hydroxyanisole (BHA), tert-
butylhy-droquinone (TBHQ), propyl gallate, etc.) are known 
to exhibit higher antioxidative activities than the natural 
ones (Pokorný 2007). However, the natural antioxidants 
are generally preferred over synthetic ones, because the 
former are known to have better compatibility with human 

Figure 3: DPPH radical scavenging activity of residual extracts of 
various plant parts (rhizomes, leaves and seeds) of D. deltoidea in 
water (A) and methanol (B). Data are presented as mean ± SE of 

triplicate determinations.

(B)

(A)

Figure 4: Superoxide anion scavenging ability of residual extracts 
of various plant parts (roots, leaves and seeds) of A. glauca in water 
(A) and methanol (B). Data are presented as mean ± SE of triplicate 

determinations. 

(B)

(A)
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body and thus exhibit lesser toxicity and/or no known side 
effects (Shebis et al. 2013). In contrast, synthetic antioxidants 
may prove harmful if consumed in high dosages for long 
period of time (Kahl and Kappus 1993). We analyzed the 
antioxidant activity of different plant parts (seeds, leaves 
and roots/rhizome) of two highly important medicinal plants 
namely, Angelica glauca and Dioscorea deltoidea using DPPH 
(1, 1-diphenyl-2-picrylhydrazyl) radical scavenging activity 
and pyrogallol autoxidation assay.

In present study, the DPPH assay revealed substantial 
scavenging (antioxidative) effects of both aqueous and 
methanolic residual extracts of different plant parts of 
A. glauca and D. deltoidea. The effect was concentration 
dependent across the extract of different plant parts of A. 
glauca as well as D. deltoidea (Fig. 2, 3). The antioxidative 
properties of different plant parts of A. glauca have also 
been reported previously (Joshi et al. 2008; Irshad et al. 2011; 
Arya and Mehta 2017, Nengroo and rauf 2021). Irshad et al. 
(2011) observed 93% DPPH radical scavenging activity and 
45% inhibition of peroxidation due to A. glauca essential 
oil, showing immense role as natural antioxidant as well as 
to protect oxidative deterioration in food products. Rawat 
and Gupta (2017) reported 27 to 58% DPPH activity in 
methanolic extract of the seeds of A. glauca collected from 
different locations in Uttarakhand. Seeds collected from 
higher altitudes exhibited relatively higher levels of phenols 
and flavonoids and as a result showed higher antioxidative 

activity than those collected from lower altitudes. They 
established a positive correlation between DPPH activity, 
altitude variation and total phenol, flavonoid contents. 
Dudonne et al. (2009) and Riaz et al. (2020) also observed 
similar correlation between free radicals (DPPH) scavenging 
efficacy and phytochemical (phenolic and flavonoids) 
contents. The observations emphasize the significance 
of high-altitude medicinal plants and the role of these 
molecules as potential natural antioxidants. In D. deltoidea, 
rhizome extract showed highest antioxidative activity that 
was followed by seed and leaf extract, respectively. Amir 
et al. (2011) revealed strong antioxidant activity in aqueous 
extract of D. deltoidea rhizomes that surpassed the positive 
control, ascorbic acid. Similarly, Bhandari and Kawabata 
(2004) and Barman et al. (2018) also reported significant 
DPPH radical scavenging ability of D. deltoidea rhizomes 
in methanolic extracts. Waris et al. (2022) recorded 30-85% 
DPPH activity due to 200-1000 µg/ml of D. deltoidea. The 
free radical scavenging property of the extracts of different 
plant parts of A. glauca and D. deltoidea was also monitored 
through pyrogallol autoxidation assay that reveals the 
superoxide anion scavenging activity. The pyrogallol 
autoxidation was progressively inhibited with increasing 
concentrations of both aqueous and methanolic extracts 
of A. glauca and D. deltoidea (Fig. 4 and 5). 

The antioxidative and radical scavenging activity was 
found to be invariably greater in case of the methanolic 
extracts as compared to the aqueous extracts at all the 
tested concentrations. Arya et al. (2021) also found highest 
antioxidant potential in methanolic extract of A. glauca as 
compared to aqueous and other solvent extracts.  Similarly, 
Jamwal et al. (2016) also recorded high antiradical activity 
in methanolic extract than aqueous extracts. In contrast, 
Gupta and Singh (2018) and Singh and Patra (2018) found 
higher antiradical activities in aqueous extracts than 
methanol extracts in Berberis and Polygonatum species, 
respectively. Sabir et al. (2013) revealed highest % DPPH 
inhibition in petroleum ether extract (82%) followed by 
chloroform (57.1%), methanol (49.7%) and n-butanol (7.5%). 
Arya and Mehta (2017) reported 92-96, 30-70 and 40-70% 
DPPH activity in methanolic, petroleum ether and aqueous 
extract, respectively due to 100-400 µg/ml concentrations of 
A. glauca roots. Borah et al. (2012) revealed higher superoxide 
radical scavenging activity in ethanol followed by methanol 
and acetone extracts in Oxalis corniculate. The solvent 
dependent variation in antioxidative and radical scavenging 
activity clearly indicate the importance of solvent selection 
for optimum extraction and better activity. The quantitative 
differences in antioxidative properties observed in current 
study and those reported earlier could in part be ascribed 
to the growth conditions prevailing in the location where 
the plants were collected from. They could also be due to 
methodological variations. 

Figure 5: Superoxide anion scavenging abiliity of residual extracts 
of various plant parts (rhizomes, leaves and seeds) of D. deltoidea 
in water (A) and methanol (B). Data are presented as mean ± SE of 

triplicate determinations.

(B)

(A)
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Further, in most of the results obtained, the concentration 
dependent effect was more pronounced at lower (25 to 100 
µg/ml) than at higher concentrations (200, 400 µg/ml) of 
extracts. For example, a 40% jump in antioxidative activity 
in methanolic rhizome extract of D. deltoidea was observed 
due to increase in concentration from 25 µg/ml to 100 µg/
ml. In contrast, only a 4.5% increase was observed when the 
concentration increased from 200 µg/ml to 400 µg/ml (Fig. 
3B). Bhatt et al. (2018) also observed such trend with Berberis 
species. Many bioactive compounds/secondary metabolites 
have been isolated from different plant parts of A. glauca and 
D. deltoidea by several workers (Chandra et al. 2013; Abbasi 
et al. 2015; Akalya and Subasri 2016; Naseem et al. 2024) and 
many of them reported to act as natural antioxidants and/or 
capable of scavenging free radicals (Kim et al. 2003; Kukic et 
al. 2006). Although we did not measure any of the bioactive 
molecule in present study but, the antioxidative properties 
observed can be ascribed to these compounds present in 
different parts of the plants.

Conclusion
The DPPH and pyrogallol autoxidation assay revealed 
strong antioxidative properties in different plant parts of 
two important medicinal plant species, A. glauca and D. 
deltoidea from Kinnaur, Himachal Pradesh. In both, A. glauca 
and D. deltoidea, a comparison of different plant parts with 
regard to the antioxidative potential revealed a higher 
activity in the roots/rhizomes as compared to seeds and 
leaves across the tested extract concentrations. Further, 
methanolic extracts exhibited higher activity as compared 
to the corresponding aqueous extracts in both species. The 
antioxidative properties could apparently be ascribed to 
diverse secondary metabolites reported in both the species.

Acknowledgments 
N.N. thankfully acknowledges the Council of Scientific and 
Industrial Research (CSIR), New Delhi for junior and senior 
research fellowships [09/237(0145)/2011-EMR-1]. 

References
Abbasi A M, Shah M H and Khan M A (2015). Wild edible 

vegetables of lesser Himalayas. Cham, Switzerland: Springer 
International Publishing. 

Akalya S and Subasri G (2016). Phytochemical screening and 
pharmacognostical study of Dioscorea deltoidea Wall. Ex 
Griseb. World J Sci Res 1: 4–8.

Amir M, Mujeeb M, Sayeed A, Aftab A and Aqil M (2011). Antioxidant 
and hepatoprotective activity of rhizome and callus culture 
of Dioscorea deltoidea against d-galactosamine induced 
hepatotoxicity in rats. Planta Med 77(5): 141.

Arya P and Mehta J P (2017). Antioxidant potential of Himalayan 
medicinal plants Angelica glauca, Alysicarpus vaginalis and 
Peristrophe bicalyculata. Int J Curr Microbiol App Sci 6(7): 
1892-1901.

Arya P, Mehta J P, and Maurya VK (2021). Methanolic extract of 
Angelica glauca Edgew root and stem: A possible component 

of herbal medicines against respiratory infections. Indian J 
Pharm Educ Res 55(2): S552-S62.

Barman P, Bhat KV and Geeta R (2018). Phylogenetic analysis of 
Indian Dioscorea and comparison of secondary metabolite 
content with sampling across the tree. Genet Resour Crop 
Evol 65: 1003–1012.

Bhatt LR, Wagle B, Adhikari M, Bhusal S, Giri A and Bhattarai S 
(2018). Antioxidant activity, total phenolic and flavonoid 
content of Berberis aristata DC. and Berberis thomsoniana CK 
Schneid. from Sagarmatha National Park, Nepal. Pharmacogn 
J 10(6): 167-171.

Bhandari M R and Kawabata J (2004). Organic acid, phenolic 
content and antioxidant activity of wild yam (Dioscorea spp.) 
tubers of Nepal. Food chem 88(2): 163-168.

Borah A, Yadav R N S and Unni B G (2012). Evaluation of antioxidant 
activity of different solvent extracts of Oxalis corniculata L. J 
Pharm Res 5 (1): 91-93.

Butola J S and Badola H K (2004). Effect of pre-sowing treatment 
on seed germination and seedling vigour in Angelica glauca, 
a threatened medicinal herb. Curr Sci 87: 796-799.

CAMP Report (2010). Conservation Assessment & Management 
Prioritisation (CAMP) Workshop on threatened medicinal 
plants of Himachal Pradesh. Sponsored by National Medicinal 
Plants Board, Government of India. Organised by: Himachal 
Pradesh Forest Department, Shimla.

Chandra S, Sarla S and Mirdul D (2012). Evaluation of Gharwal 
Himalaya wild edible tuber Dioscorea deltoidea. Int Res J 
Pharm 3(3): 152-156.

Chandra S, Saklani S and Mishra AP (2013). In vitro antimicrobial 
activity of Garhwal Himalaya medicinal plant Dioscorea 
deltoidea tuber. Int J Herb Med 1: 67–70.

Das K and Rochoudhury A (2014). Reactive oxygen species (ROS) 
and response of antioxidants as ROS-scavengers during 
environmental stress in plants. Front Environ Sci 2: 53.

Dietz KJ, Turkan I and Krieger-Liszkay A (2016). Redox-and reactive 
oxygen species-dependent signaling into and out of the 
photosynthesizing chloroplast. Plant Physiol 171(3): 1541-
1550.

Dudonne S, Vitrac X, Coutiere P, Woillez M and Merillon J M (2009). 
Comparative study of antioxidant properties and total 
phenolic content of 30 plant extracts of industrial interest 
using DPPH, ABTS, FRAP, SOD, and ORAC assays. J Agric Food 
Chem 57: 1768–1774.

Gupta M and Singh A (2018). Pharmacological Studies of root, 
fruit and flower of Berberis lycium. Orient J Chem 34(2): 1055.

Halliwell B and Gutteridge J M C (2007). Free radicals in biology 
and medicine, 4th edn, Clarendon Press, Oxford.

Huang M Z and Li J Y (2020). Physiological regulation of reactive 
oxygen species in organisms based on their physicochemical 
properties. Acta Physiol 228(1): e1335. 

Huang S, Van Aken O, Schwarzlander M, Belt K and Millar A H 
(2016). The roles of mitochondrial reactive oxygen species in 
cellular signaling and stress response in plants. Plant Physiol 
171: 1551–1559.

Irshad M, Habib-ur-R, Muhammad S, Shahid A and Tahsin G (2011). 
Antioxidant, Antimicrobial and Phytotoxic Activities of 
Essential Oil of Angelica glauca. Asian J Chem 23(5): 1947−1951.

Jamwal VS, Gupta S and Bhagat M (2016). Analysis of phytochemicals 
and biological potential of Berberis lycium roots. Arch Pharm 
Biol Sci 4: 117-123.

Joshi S, Om P, Subrata K H, Anjum Z and Anil K P (2008). 



		  J. Indian bot. Soc.

Hepatoprotective and antioxidant activity of the aqueous 
extract of Angelica glauca Edgew. Root. Asian J Tradit Med 
3(2): 58-66.

Kahl R and Kappus H (1993). Toxicology of the synthetic antioxidants 
BHA and BHT in comparison with the natural antioxidant 
vitamin E. Z Lebensm Unters Forsch 196(4): 329-338.

Kim D, Jeond S W and Lee C Y (2003). Antioxidant capacity of 
phenolic phytochemicals from various cultivars of plums. 
Food Chem 81: 321–326. 

Krishnaiah D, Sarbatly R, and Nithyanandam R 2011 A review of 
the antioxidant potential of medicinal plant species. Food  
Bioprod Process 89(3): 217-233.

Kukic J, Petrovic S and Niketic M (2006). Antioxidant activity of four 
endemic Stachys taxa. Biol Pharm Bull 29: 725–729.

Kumar P, Rana V and Singh AN (2022). Angelica glauca Edgew.– a 
comprehensive review. J Appl Res Med Aromat Plants 31: 
100397.

Mansoor S, Ali Wani O, Lone J K, Manhas S, Kour N, Alam P, Ahmad 
A, and Ahmad P (2022). Reactive oxygen species in plants: 
From source to sink. Antioxidants 11(2): 225.

Marklund S and Marklund G (1974). Involvement of the superoxide 
anion radical in the autoxidation of pyrogallol and a 
convenient assay for superoxide dismutase. Eur J Biochem 
47: 469–474.

Molur S and Walker S (1998). Report of the workshop “Conservation 
assessment and management plan for selected medicinal 
plant species of northern, north eastern and central 
India” (BCPP-Endangered Species Project). Zoo Outreach 
Organisation, Conservation Breeding Specialist Group, 
Coimbatore, India, p 62.

Muthusamy M and Lee S I (2024). Abiotic stress-induced secondary 
metabolite production in Brassica: opportunities and 
challenges. Front Plant Sci 14: 1323085. 

Nagel M, Seal C E, Colville L, Rodenstein A, Un S, Richter J, Pritchard 
H W, Borner A, and Kranner I (2019). Wheat seed ageing 
viewed through the cellular redox environment and changes 
in pH. Free Radic Res 53(6): 641-654.

Narula A, Kumar S, and Srivastava PS (2007). Genetic fidelity of 
in vitro regenerants, encapsulation of shoot tips and high 
diosgenin content in Dioscorea bulbifera L., a potential 
alternative source of diosgenin. Biotech Lett 29: 623-629.

Naseem N, Khaliq T, Jan S, Nabi S, Sultan P, Hassan Q P and Mir 
F A (2024). An overview on pharmacological significance, 
phytochemical potential, traditional importance and 
conservation strategies of Dioscorea deltoidea: A high valued 
endangered medicinal plant. Heliyon 10(10): e31245.

Nengroo Z R and Rauf A (2021). Fatty acid composition and 
antioxidant activity of Angelica glauca and Chenopodium 
album seed extracts from Kashmir. Grasas y Aceites 72(1): e393.

Obidiegwu JE, Lyons JB and Chilaka CA (2020). The Dioscorea 
Genus (Yam)—An appraisal of nutritional and therapeutic 
potentials. Foods 9(9): 1304.

Pokorny J (2007). Are natural antioxidants better-and safer-than 
synthetic antioxidants? Eur J Lipid Sci Technol 109(6): 629-642.

Purohit VK, Andola HC, Haider SZ, Tiwari D, Bahuguna YM, Gairola 
KC and Arunachalam KJ (2015). Essential oil constituents of 
Angelica glauca Edgew. roots: an endangered species from 
Uttarakhand Himalaya (India). Natl Acad Sci Lett 38: 445–447. 

Rawat T and Gupta S (2017). Antioxidant Potential of Angelica 

glauca of Uttarakhand Region. J Adv Microbiol 3(2): 100-109.
Riaz M, Altaf M, Ayaz M, Sherkheli M A and Islam A (2020). 

Antibacterial and antioxidant potential of biosynthesized 
silver nanoparticles using aqueous root extract of Angilica 
glauca. Inorg Nano-Met Chem 51(10): 1379-1385.

Sabeel Z, Liang Y, Hao M, Ying L, Guo R, Chen R, Li X, Yu C and Yang 
Z (2023). A comprehensive review of antitumor properties 
of Angelica species and their antitumor‐responsible 
constituents and the underlying molecular mechanisms 
involved in tumor inhibition. Phytother Res 37(5): 2187-2211.

Sabir S, Tahir K, Rashid N, Naz S, Masood B, Shah M A and Sualeh 
M (2013). Phytochemical and antioxidant studies of Berberis 
lycium. Pakistan J Pharm Sci 26(6): 1165-1172.

Sandalio LM and Romero-Puertas MC (2015). Peroxisomes sense 
and respond to environmental cues by regulating ROS and 
RNS signalling networks. Ann Bot 116(4): 475-485.

Sautour M, Mitaine-Offer AC and Lacaille-Dubois MA (2007). The 
Dioscorea genus: a review of bioactive steroid saponins. J 
Nat Med 61: 91-101.

Sen T D and Thakur T (2021). Some ethnomedicinal plants of 
Western Himalayas useful in making local alcoholic drinks. 
J Sci Res Med Biol Sci 2(3): 75-103.

Sharma P, Jha A B, Dubey R S and Pessarakli M (2012). Reactive 
oxygen species, oxidative damage, and antioxidative defense 
mechanism in plants under stressful conditions. J Bot (1): 
217037.

Sharma S K, Singh L and Singh S (2013). A review on medicinal 
plants having antioxidant potential. Indian J Res Pharm 
Biotech 1(3): 404.

Shebis Y, Iluz D, Kinel-Tahan Y, Dubinsky Z and Yehoshua Y (2013). 
Natural antioxidants: Function and sources. Food Nutr Sci 
4(6): 643-649.

Singh SK and Patra A (2018). Evaluation of phenolic composition, 
antioxidant, anti-inflammatory and anticancer activities of 
Polygonatum verticillatum (L.). J Integr Med 16(4): 273-282.

Škrovánková S, Mišurcová L, and Machů L (2012). Antioxidant 
activity and protecting health effects of common medicinal 
plants. Adv Food Nutr Res 67: 75-139.

Valko M, Leibfritz D, Moncol J, Cronin M T, Mazur M and 
Telser J (2007). Free radicals and antioxidants in normal 
physiological functions and human disease.  Int J Biochem 
Cell Biol 39(1): 44-84.

Ved D K, Kinhal G A, Ravikumar K, Prabhakaran V, Ghate 
U, Sankar R V and Indresha J H (2003). CAMP report: 
Conservation assessment and management prioritisation 
for the medicinal plants of Jammu and Kashmir, Himachal 
Pradesh and Uttaranchal. Shimla, Himachal Pradesh, FRLHT, 
Bangalore.

Wang Z, Zhao S, Tao S, Hou G, Zhao F, Tan S and Meng Q (2023). 
Dioscorea spp.: bioactive compounds and potential for 
the treatment of inflammatory and metabolic diseases. 
Molecules 28(6): 2878.

Waris R, Arif M, Srivastava M, Shukla A C and Agnihotri P (2022). 
Comparative analysis of chemical attributes and antioxidant 
activity of Dioscorea bulbifera L. and D. deltoidea wall. Ex 
Griseb. Int J Pharmacogn Phytochem Res 14: 32-39.

Xu D P, Li Y, Meng X, Zhou T, Zhou Y, Zheng J, Zhang J J, and Li H 
B (2017). Natural antioxidants in foods and medicinal plants: 
Extraction, assessment and resources. Int J Mol Sci 18(1): 96.


