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Abstract

Rhazya stricta Decne is an evergreen dwarf shrub belonging to the Apocynaceae family. The plant is widely distributed in the Middle East and the Indian sub-continent. 
The plant has a long history of use in folk medicine for the treatment of several diseases, including cancer. The extracts of the plant are prescribed for the treatment of 
various disorders such as diabetes, sore throat, helminthiasis, infl ammatory conditions, fever, and chronic rheumatism in the areas where it grows. The extracts of plants 
possess radical scavenging activities and have shown antioxidant activities in a variety of bioassays, including animal models. The plant-extract-based nanoparticles also 
exhibited antioxidant activity. A detailed account of the antioxidant activity of the extracts of the plant is presented. 
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molecular targets of commonly used herbal antioxidants and 
rejuvenators were identifi ed. The attempts are an effort to 
share insights on the concepts behind the application of herbal 
antioxidants to promote longevity in the light of the scientifi c 
underlying molecular mechanisms [3].

The antioxidants protect against infection and degenerative 
diseases by neutralizing the effects of the free radicals. The 
synthetic antioxidants, including butylated hydroxy anisole 
(BHA), butylated hydroxyl toluene (BHT), tertiary butylated 
hydroquinone, and gallic acid esters, inhibit the oxidation 
processes in the body. They may serve as chelating agents, 
such as ethylene diamine tetraacetic acid (EDTA), and can bind 
metals to reduce their contribution in the process [4]. They 
are thought to cause or promote negative health effects such 
as mutagenesis and carcinogenesis in humans [5]. Therefore, 
there is a strong trend to replace the synthetic antioxidants 
with naturally occurring ones to prevent free radical-related 
diseases without any negative health effects [6].

The natural antioxidants help in controlling the formation 
of free radicals and activated oxygen species, or can inhibit 
their reaction with biological structures [7]. These antioxidants 
include anti-oxidative enzymes, such as superoxide dismutase, 
catalase, and glutathione peroxidase, and small non-enzymatic 

Introduction

The increased life expectancy in the present century and 
a signifi cant increase in the aging population pose a huge 
challenge to maintain a healthy old age [1]. Compelling evidence 
implicates the causal role of reactive oxygen species, free 
radicals, oxidative and nitro-oxidative stress in the metabolic 
imbalances, progressive tissue damage, and early aging [2,3]. 
In view of the complexity of the aging process and associated 
degenerative processes, comprehensive solutions are being 
searched from complementary and alternative medicine to 
provide a holistic approach to reverse, arrest, delay, or repair the 
progressive deterioration of the aging cells. Research is being 
carried out to fi nd out holistic and herbal solutions from the 
Ayurveda system of medicine for preventing oxidative stress-
linked tissue damage and providing signifi cant antioxidant 
defenses to promote longevity and rejuvenation [3].

The Ayurvedic Rasayana herbs have been used in the Indian 
system of medicine for centuries to revitalize and rejuvenate the 
whole functional dynamics of the body system. The Rasayana 
herbs exert multi-dimensional health benefi ts and generally 
possess strong antioxidant activity, though only a few have 
been scientifi cally investigated. The common Rasayana herbs 
that are used in practice have been investigated. Some of the 
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plant exhibited the highest total phenolic content and an 
antioxidant potential that was comparable with the previously 
exploited potent antioxidants of the plant [20]. The methanol 
extracts of the leaves of the plant showed the presence of a 
high amount of phenolic content and antioxidant potential. 
The photochemistry, bioactivities, and ethnomedicinal uses 
of the plant were reviewed [21]. The ethanol extract of the 
fruit of the plant has shown signifi cant lipoxygenase and 
acetylcholine esterase activities [22]. The plant extracts have 
also shown good antioxidant activity in the animal models 
of the diseases [23]. The extract of the leaves has shown a 
prominent dose-dependent effect on the reduced glutathione, 
lipid peroxidation, and ascorbic acid concentrations in the liver 
and kidneys of rats. It was concluded that at some of the doses 
used, the extract has antioxidant activities [24].

The extracts of the plant have also shown antioxidant 
activities in animal models. At some doses, the extract exhibits 
antioxidant activity in rats by increasing the glutathione levels 
and decreasing the lipid peroxidation [24]. In comparison to 
the tocopherol drug and the synthetic antioxidant butylated 
hydroxyanisole, the methanol extract of the plant was a 
signifi cant source of the natural antioxidants with strong free 
radical scavenging and anion radical scavenging potentials 
[20]. The signifi cant lipoxygenase and acetylcholinesterase 
inhibitory activity was observed by the ethanol extract of the 
fruit of the plant [22].

The antioxidant and immune responses of broiler chickens 
supplemented with the extract of Rhazya stricta in drinking 
water were determined [25]. The impact of the extract 
supplement on broiler chickens’ performance, especially the 
immune system, was investigated. The cellular immunity 
was evaluated by determining the phagocytic activity and 
lymphocyte proliferation. The humoral immunity was assessed 
by quantifi cation of the serum total IgM and IgG. The serum 
levels of the antioxidant enzymes were measured, and a 
histological examination of the spleen and bursa of Fabricius 
was performed. The results showed a signifi cant enhancement 
in the cellular immunity in the group supplemented with the 
water extract of the plant, as demonstrated by a signifi cant 
increase in the phagocytic activity, lymphocyte proliferation, 
and percentages of circulating lymphocytes (p < 0.05). The 
chickens treated with the plant extract exhibited an enhanced 
humoral response, shown by a signifi cant elevation in the 
serum levels of the total antibodies of the immunoglobulin 
M (IgM) and immunoglobulin G (IgG) isotypes, along with a 
notable increase in the bursa of Fabricius activity. Furthermore, 
plant supplementation is associated with a signifi cant increase 
in the serum levels of catalase and superoxide dismutase (p 
< 0.05), along with a signifi cant improvement in the broilers’ 
general performance, body weight, and feed regulation. 
The results suggested an immune-modulatory effect for the 
methanol extract of the plant and highlighted the potential use 
of the plant in preventive and therapeutic medicines.

The impact of the climate conditions of the plant on the 
activity was also determined. The plants collected from Riyadh 
and the western region of Saudi Arabia were subjected to the 

antioxidant molecules, such as glutathione and vitamins C 
and E [8]. Many herbs and spices, and plant extracts contain 
the chemical constituents with antioxidant properties [9-11]. 
The extracts of Rhazya stricta also contain radical scavenging 
properties and have shown excellent antioxidant activities.

Rhazya stricta Decne is widely distributed in the Middle East 
and Western Asia and is abundantly found in all regions of 
Pakistan [12-14]. The plant has long been used in the indigenous 
system of medicine for the treatment of various ailments, 
including cancer [15]. The extracts of the plant have shown a 
wide spectrum of biological activities, including antioxidant 
activities. Because of increased safety concerns about synthetic 
antioxidants, the exploitation of cheaper and safer sources 
of antioxidants based on natural origin is the focus of the 
research being carried out nowadays. The plant-extract-based 
nanoparticles have also been synthesized and characterized 
[16]. The ethanol extract of the plant-based AgNPs has shown 
better antioxidant activity than the crude ethanol extract.

Results and discussion

Because of the increased safety concerns about various 
synthetic drugs and supplements, including antioxidants, 
many efforts are being carried out to explore cheaper and safer 
sources of antioxidants based on natural sources. The present-
day researches are focused on fi nding natural products with 
antioxidant properties. Rhazya stricta is one of the medicinally 
important plants known for its medicinal properties, including 
antioxidant activities. The extracts of the plant contain several 
chemical constituents, including antioxidants [17]. The 
experiments showed that the methanol extract of the plant 
exhibited the highest total phenolic content; it was selected 
for further studies. Antioxidant activity was measured in the 
linoleic acid system, metal chelating activity, reducing power, 
scavenging effect on 1, 1-diphenyl-2-picrylhydrazyl free 
radical, and superoxide anion radical scavenging activity were 
considered as parameters for the assessment of the antioxidant 
potential of the methanol extracts of the plant. The results were 
compared with -tocopherol and the synthetic antioxidant 
butylated hydroxyanisole. The antioxidant potential of the 
methanol extracts of the leaves of the plant was comparable 
with the previously exploited potent antioxidants, and the 
results have shown that the activity of the extracts is strongly 
dose dependent. 

Antioxidant Activity Spectrum of Rhazya stricta

The in vitro antioxidant activity of the extract of Rhazya stricta 
was determined. The leaves of the plant were extracted with 70% 
ethanol. The extract was subjected to the DPPH (1, 1-diphenyl-
2-picrylhydrazyl) assay to determine its antioxidant activity. 
The result showed that the extract possesses antioxidant 
activity [18]. In addition to the antioxidant activity, the extract 
also showed anti-proliferative and anti-metastatic activities at 
low concentrations, and the anti-proliferative activity of the 
extract was found to be consistent with its antioxidant activity.

Rhazya stricta has been shown to have an antioxidant 
action in rats [19]. The methanol extract of the leaves of the 
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bioassay experiments to determine their antioxidant activity by 
six evaluations of superoxide radical scavenging and scavenging 
of hydrogen peroxide levels [26]. Both samples of the plant 
showed antioxidant activity, while the plant collected from the 
western region indicated a signifi cantly superior performance. 
The antioxidant activity of the fractions obtained from the 
root of the plant was also determined by using a variety of 
antioxidant assays. The fractions obtained by solvent-solvent 
extraction of the crude methanol extract (CME) of the plant 
have shown a remarkable free radical scavenging activity with 
the IC50 value of 400 - 776 μg / ml [27 ].

The antioxidant potential of the extract of the leaves of 
Rhazya stricta and its various fractions was analyzed by the 
DPPH free radical scavenging assay [28]. The crude methanol 
extract (CME) as well as its fractions showed effective free 
radical scavenging activity. The crude methanol extract has 
shown maximum antioxidant activity with the IC50 value 
of 36.59 μg/ ml. The acetone fraction (ACF) showed good 
antioxidant activity with an IC50 value of 42.15 μg/ ml, while 
the n-hexane fraction (NHF) showed an IC50 value of 55.7 μg/ 
ml. The chloroform fraction (CHF) and aqueous fractions (AQF) 
showed the lowest free radical scavenging activity with IC50 
>100 μg/ ml. The crude methanol extract showed excellent free 
radical scavenging with IC50 36.59 μg/ ml, which is comparable 
to ascorbic acid (ASA). The phytochemical assay of the crude 
methanol extract showed that it has high concentrations of 
phenols, which are known to be potent antioxidants. The dose-
response experiments showed a linear relationship between 
the dose strength and activity. The results of free radical 
scavenging assays are presented in Table 1.

The antioxidant activities of the crude methanol extract 
(CME), acetone fraction (ACF), n-Hexane fraction (NHF), 
chloroform fraction (CHF), aqueous fractions (AQF), and 
ascorbic acid (ASA) as a standard were compared with different 
doses to ascertain the dose response. The dose-response 
experiment showed that the extracts of the plant possess 
more antioxidant potential than the standard. The graphical 
presentations of antioxidant activities versus doses of different 
extracts of the plant are presented in Figure 1. 

Total phenolic and fl avonoid contents

The total phenolic contents of the ethanol extract of Rhazya 
stricta were determined by the Folin-Ciocalteau method using 
gallic acid as a standard [15]. The plant contains the highest 
total polyphenols (11.5 ± 0.01 mg gallic acid equivalent (GAE)/g 

of extract). A study showed that the total phenolic content 
of the extracts of the plant collected from different regions 
of Saudi Arabia ranged between 62.5 ± 0.2 and 66.63 ± 0.03 mg 
GAE /g of extract [26].

The total phenolic content of the extract and fractions of 
the plant was determined by using the Folin-Ciocalteu reagent 
and expressed in terms of gallic acid equivalents per gram 
of the extract [27]. The results showed that the highest level 
of phenolic content was found in the SCL fraction, while the 
crude extract of the roots showed the second highest amount of 
phenolic content. The FCL and TAL were found to have almost 
equal amounts of the contents, while the FAL contains the least 
phenolic content.

The total fl avonoid content was estimated as milligram 
equivalents of quercetin per gram of extract at 415 by a 
colorimetric method, and a calibration curve was made with 
standard solutions of quercetin (0.1 to 25 μg/ ml). Interestingly, 
the highest fl avonoid concentration was found in the SCL 
fraction rather than its parent fraction. Other fractions also 
contain a good level of fl avonoids [27].

The phenolic contents of the plant were also determined 
by using the reported method [29]. The total phenolic content 
in relation to the gallic acid equivalent of the methanol extract 
of the plant was determined as 189.9 μg GAE /mg of extract 
[30]. The polyphenols, phenolic, and fl avonoid contents of the 
ethanol extract of the plant are presented in Table 2

Polyphenol, phenolic, and fl avonoid contents are taken as 
average, and calculated values are based on the experimental 
values; Gallic acid equivalent (GAE), Quercetin equivalent (QE)

The fl avonoids and their derivatives have a wide range 
of biological activities, including anticancer activity. The 
anticancer activity of the fl avonoids is attributed to their 
potent antioxidant effects, which include metal chelation and 
free-radical scavenging activities [31]. The fl avonoids present 
in the herbs were found to contribute signifi cantly towards 
their antioxidant properties [32]. The fl avonoid content was 
obtained using the aluminium chloride assay, based on the 
formation of a complex between the aluminium ion and the 
carbonyl and hydroxyl groups of fl avones and fl avonols [33]. 
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Figure 1: Graphical Presentation of Antioxidant Activities of Different Extracts of 
Rhazya stricta. 

Table 1: Antioxidant Activities of Extract of the Leaves and Fractions of Rhazya 
stricta Decne.

Extract/ Fractions 100 μg/ml 50 μg/ml 25 μg/ml 10 μg/ml 5 μg/ml IC50 μg/ml

CME 81.20 61.12 35.55 22.82 14.41 36.59

NHF 74.13 50.43 24.61 16.71 08.29 55.70

CHF 54.24 36.68  -  -  - >100

ACF 79.47 58.25 33.78 20.61 12.89 42.15

AQF 31.28 12.48  -  -  - >100

ASA 95.05 94.81 90.01 86.30 44.70 24.34
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The fl avonoid contents of the extract of the plant were found 
to be 9.2 ± 0.22 mg quercetin equivalent (QE) per gram. The 
relationship between the total fl avonoid content and the free 
radical scavenging activity was studied using linear regression 
analysis. The results showed a positive correlation between the 
DPPH scavenging activity and the total fl avonoid content. The 
comparison suggested that the other compounds may have 
also been participating in the radical scavenging activity of the 
plant extracts. The fl avonoid content in the methanol extracts 
of the plant with respect to quercitin equivalent (QE) was found 
to be 27.7 μg QE/mg [29,30].

The phytochemical analysis and biological activity of 
different parts of Rhazya stricta showed the presence of 
signifi cant amounts of phenolic and fl avonoid compounds 
in the extracts of different parts of the plant [34]. The plant 
contains phenolic compounds ranging from 1.24% - 1.40% and 
fl avonoids 0.30% - 0.74%. The highest concentration of the 
antioxidants was found in the leaves of the plant at 0.56%. The 
extracts of the roots, stems, leaves, fl owers, and seeds contain 
0.49, 0.48, 0.56, 0.43, and 0.24 grams of antioxidant content 
per 100 g of the plant, respectively. The proportion of phenolic 
and fl avonoids and antioxidants in the whole plant and its 
different parts is presented in Table 3. 

The data revealed that the phenolic and fl avonoid compounds 
contribute to the antioxidant properties of the plant. The result 
showed that the phenolic and fl avonoid contents of different 
parts of the plant correspond to the antioxidant activity of the 
extracts. The proportion of phenolic and fl avonoid contents of 
the whole plant and its different parts, with their antioxidant 
activities, is presented in Figure 2. 

The antioxidant and free radical scavenging activities of 
Rhazya stricta collected from different regions of Saudi Arabia 
were evaluated [26]. The extracts of the plant were subjected 
to screening for their possible antioxidant properties. The 
four complementary test systems, namely superoxide radical 
scavenging assay, scavenging of hydrogen peroxide, total 
phenolic compounds, and total fl avonoids, were used for the 
purpose.

The scavenging percentage of hydrogen peroxide was varied 
signifi cantly within the plant types as well as different habitats 
of the plant, for instance, R. stricta collected from Riyadh region 
has shown only 35.7% scavenging activity. It was found that the 
change in the plant habitats, ranging from the middle region 
(Riyadh) to the West, enhanced the degree of the scavenging of 
hydrogen peroxide from 35.7% to 48.3%. The plants responded 
to some unfavorable conditions by activating the antioxidant 
defense system, including the enzymatic and non-enzymatic 
chemical constituents. The results suggested that the higher 
percentage of the scavenging of superoxide radicals, as well 
as the scavenging of hydrogen peroxide, indicated the higher 
activities of the antioxidant defense system in the plants to 
face the presence of some adverse conditions.

Similarly, the results showed that the superoxide radical 
scavenging assay was varied signifi cantly in the plants collected 
from Riyadh and the western region. The corresponding values 
for the plant collected from the Riyadh region were 43.2% 
and it enhanced to 57.4% for the plants collected from the 
western regions, respectively. As described previously, the 
antioxidant activity of the extracts was assessed based on their 
ability to scavenge the stable 1, 1-diphenyl-2-picrylhydrazyl 
(DPPH) radical [35]. The antioxidant potential of the plant was 
determined by using a free radical scavenging assay [30]. The 
methanol extract of the plant was subjected to the free radical 
scavenging assay by using the reported method [36]. The 
methanol extract exhibited 38.39% DPPH scavenging activity.

The extract of the leaves of the plant was also evaluated 
for its antioxidant activity in vitro through the ABTS radical 
scavenging assays, and the IC50 values were determined 
[37]. The extract exhibited signifi cant antioxidant properties, 
with the inhibition rates varying from 92.41% to 22.76% across 
concentrations of 500 to 15.625 μg/ ml. The IC50 value was 
determined to be 45.36 μg/ ml. The radical scavenging activity 
of the aqueous methanol extract of the leaves of the plant was 
assessed using the ABTS scavenging assay. The extract was 
able to get rid of radicals with an IC50 value of 45.36 μg/ ml and 
inhibition rates ranging from 92.41% to 22.76% at 500 to 15.62 
μg/ ml. The 2,2’-azinobis (3-ethylbenzothiazoline-6 sulfonic 
acid (ABTS) scavenging assay showed statistically signifi cant 
changes with the different concentrations of the extract of the 

Table 2: Polyphenols, Phenolic, and Flavonoid Contents of Ethanol Extract of Rhazya 
stricta.

Contents/ g of EtOH Extract GAE/ mg GAE/ μg  QE/ mg QE/ μg

Polyphenols 11.50 33.10* 02.77* 8.30*

Phenolic Contents 64.57 189.90 15.53* 46.76*

Flavonoids‘ Contents 38.25* 115.17* 09.20 27.70

Table 3: Proportion of Phenolic and Flavonoid Content and Antioxidants in Rhazya 
stricta.

Part of Plant         Phenolic Content (%)       Flavonoid Content (%) Antioxidant (%)

Whole plant 1.24-1.40 0.30-0.74 2.20

Roots 0.61-0.69 0.15-0.36 0.49

Stems 0.59-0.67 0.14-0.36 0.48

Leaves 0.69-0.78 0.17-0.41 0.56

Flowers 0.53-0.60 0.13-0.32 0.43

seeds 0.30-0.34 0.10-0.20 0.24
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plant. The study showed that the extract was more effective in 
stopping free radicals at the highest levels. The extract showed 
the strong ABTS inhibition and hence the ABTS free radical 
scavenging activity. The data indicated that various fractions 
of the extracts of the plant may act as a natural antioxidant 
source [38].

The DPPH Free Radical Scavenging Activity DPPH assay 
was used to measure free radical scavenging activity of the 
plant extract and its fractions [27]. All fractions were analyzed 
at a 1 mg/ ml concentration. All fractions were reanalyzed at 
lower concentrations for the determination of the IC50 of all 
the fractions. The IC50 values ranged from 313.5 μg/ ml to 776.1 
μg/ml. The crude extract of the roots of the plant has shown 
good scavenging activity, while the SCL fraction exhibited the 
second most potent fraction after the crude extract of roots. The 
overall results showed the potential of the roots of the plant 
as a free radical scavenger. The results of the dose-response 
experiments are presented in Table 4.

The total antioxidant capacity of the extract of the 
roots of the plant and fractions was determined by the 
phosphomolybdenum method, pectrophotometrically. The 
highest total activity was observed by the SCL fraction, while 
the CER also exhibited remarkable activity.

CER: Crude extract of roots; FAL: First aqueous layer; 
SCL: Second chloroform layer; TAL: Third aqueous layer; FCL: 
Fourth chloroform layer; Standard: Ascorbic acid

As the reducing power ability is also an indicator of a plant’s 
antioxidant capacity, the extract of the roots and fractions were 
subjected to the total reducing power assay. The results showed 
good reducing power capacity of all fractions with reference to 
ascorbic acid equivalents per gram of extract. The SCL and FCL 
have shown good results as compared to the aqueous layers 
of the crude extract of the roots, while the RCE has shown 
maximum reducing power, followed by the second chloroform 
layer.

The antioxidant activity of the plant was also assessed 
based on its ability to reduce the stable DPPH radical [35]. The 
DPPH radical is stable and can accept an electron or a hydrogen 
radical and form a stable diamagnetic molecule by producing a 
color change from blue to yellow [39]. The color change of the 
DPPH has been widely used to measure the radical scavenging 
activity because of its stability, simplicity, and reproducibility 
[40]. The free radical scavenging capacity of the ethanol 
extracts of the plants was assayed based on the remaining 

amount of the DPPH radical percentage as a function of time. 
The total antioxidant activity was expressed as ascorbic acid 
equivalent per gram of the dry extract.

The percentage inhibition of the DPPH scavenging activity 
of the extract was dose-dependent. The DPPH scavenging 
activity of the plant was found to be 89.9% ± 0.51 at 1.5 mg/ml 
and 28.7% ± 1.27 at 0.15 mg/ ml. The results showed that there 
is no clear difference in the DPPH scavenging activities of the 
extract. The results are almost in agreement with their total 
polyphenol contents. Therefore, it may be concluded that the 
antioxidant activity of the plant might be related to its total 
phenolic content.

In addition, the DPPH radical scavenging potential of the 
extract was evaluated on the basis of the EC50 (μg/ ml) value. 
The extract of the plant contains the highest amount of total 
polyphenol content (11.5 μg/ ml) and has shown the highest 
scavenging activity (EC50 = 241.8 μg/ ml). The relationship 
between the total phenol content and the free radical scavenging 
activity based on the EC50 value was also studied using linear 
regression analysis. The results showed a signifi cant negative 
correlation between the DPPH radical scavenging through 
the EC50   value and the total phenolic content. The correlation 
suggested that the presence of the phenolic compounds has 
contributed signifi cantly to the antioxidant activity of the 
plant. These results are consistent with the previous works 
that showed a linear correlation between the total phenolic 
content and the reducing antioxidant capacity of some of the 
plant extracts [41].

The results clearly indicate that the methanol extract of the 
leaves of the plant exhibited good antioxidant activities with 
92.41% inhibition at 500 μg/ ml. The results are similar to the 
previous studies, which showed that the difference in the rate 
of inhibition is due to the difference in the concentration of 
some of the active chemical constituents. Several reports have 
revealed that different parts of the plant possess different 
ABTS scavenging activity. The assessment of the antioxidant 
potential of different fractions of the extracts of the root of the 
plant was carried out by using different antioxidant assays. The 
fractions obtained through solvent-solvent extraction of the 
crude extract of the roots of the plant exhibited a signifi cant 
(p < 0.001) free radical scavenging activity with the IC50 value 
ranging from 400 to 776 μg/ ml [27].

The phytocchemical, antioxidant, antimicrobial, and 
antibiofi lm properties of the methanol extract of Rhazya stricta 
were studied [42]. The results showed that the methanol 
extract of the plant showed signifi cant antioxidant activity 
in the free radical scavenging assay with an IC50 value of 74.2 
μg/ ml. The extract also showed high superoxide dismutase 
(SOD) and peroxidase activities, which indicated an elevated 
antioxidant defense system in the plant.

The antioxidant potential of the plant was also determined 
by using the phosphomolybdenum method [43]. The methanol 
extracts of the plant were incubated in DMSO (100 μl of 4mg/
ml DMSO), having reagent solution (0.6 M sulfuric acid, 28 
mM sodium phosphate) and 4 mM ammonium molybdate 

Table 4: DPPH Percentage Inhibition of Extracts and Fractions of Roots of Rhazya 
stricta.

Extract  1000 μg/ ml 500 μg/ ml 250 μg/ ml 125 μg/ ml IC50 μg/ ml__

FAL 56.0 ± 1.65 45.9 ± 1.90 28.9 ± 1.44 18.5 ± 1.15 776.10

SCL 73.9 ± 0.82 62.2 ± 0.95 44.0 ± 0.91 32.3 ± 1.33 400.00

TAL 58.5 ± 1.06 49.4 ± 1.21 30.7 ± 0.89 18.5 ± 1.56 714.20

FCL 68.0 ± 1.12 59.0 ± 0.81 40.7 ± 1.78 27.6 ± 1.53 477.00

CER 78.0 ± 1.92 64.1 ± 1.04 48.4 ± 1.85 37.2 ± 1.44 313.50

Standard ------ --------- -------- -------- 101.20
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for 90 minutes at 90 °C. Absorbance of this mixture (reaction 
mixture) was evaluated at 645 nm spectrophotometrically. 
Comparison was made with ascorbic acid (positive control) and 
a reagent having no sample (negative control), and the results 
were taken as an average of triplicate experiments [30].

The results of the antioxidant assays were supported by 
the previous reports in which the extracts of the plant were 
examined for their antioxidant potential, and the results 
showed that the extract has been shown to have signifi cant 
antioxidant activity [44]. The fractions obtained by the solvent-
solvent extraction of the raw extract of the roots of the plant 
have exhibited remarkable free radical scavenging activity with 
an IC50 value of 400 - 776 μg/ ml [27]. The direct comparison 
of the data from the current study with those reported in the 
literature is diffi cult since different parts and expression units 
were used. The IC50 values were determined based on the graph 
representing the concentration of the sample necessary to 
scavenge 50% of the ABTS. The IC50 is commonly utilized to 
indicate the concentration of extracts required to neutralize 
50% of the free radicals.

The plant extract was subjected to the total reducing power 
assay [30]. The assay was carried out by using the reported 
procedure with minor modifi cations [45]. Ascorbic acid was 
employed as a standard. A mixture of 100 μl sample, potassium 
ferricyanide (1%), and phosphate buffer pH 6.6 (0.2 ml) was 
incubated at 50 ⁰C. The 10% trichloroacetic acid was mixed with 
the above mixture, and the resultant mixture was centrifuged 
for about 10 minutes at 3000 rpm. The reaction mixture 
supernatant was transferred to the 96-well plate, followed 
by the addition of distilled water and ferric cyanide 0.1%. The 
phosphate buffer was used as a blank. The absorbance values 
of the reaction mixture, standard, and blank were found at 760 
nm, and the results were shown as μg of ascorbic acid that was 
equivalent per mg of extract after triplicate analysis.

Plant-based nanoparticles 

The plant-based nanoparticles often show more activity 
than the traditional plant extracts due to their enhanced 
delivery, increased effi cacy, and better penetration properties 
[46-48]. As the plant-based nanoparticles can offer improved 
therapeutic outcomes, the biologically active plant-based 
nanoparticles may be used to combat diseases, once they are 
found to be more effective and safe. The above discussion proved 
that the extracts of the plant have shown remarkable activities 
in a variety of bioassays. Keeping in view the properties of the 
nanoparticles and the activity spectrum of Rhazya stricta, it is 
very likely that the activities of the plant-based nanoparticles 
will be enhanced considerably. The plant extract-based 
nanoparticles have also shown promising biological activities 
and hence proved to be a potential source of therapeutic agents 
[16].

The AgNPs were synthesized by using aqueous and ethanol 
extracts of Rhazya stricta, and the synthesized nanoparticles were 
characterized with the help of UV-visible, Fourier transform 
infrared (FT-IR), and atomic force microscopy (AFM) methods. 
The thermal stability of the nanoparticles demonstrated that by 

increasing the reduction time and temperature, the absorption 
of AgNPs also increased, leading to more stable NPs formation. 
The plant-based nanoparticles were subjected to the DPPH 
assay to determine their antioxidant potential. The results 
showed that the aqueous and ethanol-based nanoparticles 
exhibited better antioxidant activity (87.94% and 88.37%) than 
the aqueous and ethanol crude extract (50.00% and 56.81%) at 
100 μg/ ml, respectively. As the free radical scavenging effect is 
responsible for the blockage of ample of diseases, the plant is 
a potential source of nanoparticles to be a potential medicinal 
active agent [49,50]. As the activities of hexane extract, 
chloroform extract, and acetone extract-based nanoparticles 
are not reported, the same are estimated. The comparison 
of the antioxidant activities, IC50 values, and activities of the 
AgNPs of the aqueous extract (AQE), ethanol extract (ETE), 
methanol extract (MEE), n-hexane extract (NHE), chloroform 
extract (CLE), and acetone extract (ACE) is presented in Figure 
3.

The free radical scavenging activity of the extracts of the 
plant and their synthesized EtOH-AgNPs was measured by 
the 2, 2-diphenyl-1-picrylhydrazyl (DPPH) assays. The DPPH 
solution of 0.1 mM concentration was prepared in ethanol for 
the purpose [47]. This solution (1 ml) was added to 5 ml of the 
crude ethanol extract at different concentrations (10, 20, 40, 
80, 100, 150, and 250 μg/ ml) prepared by the dilution method. 
The solutions were mixed by vigorous shaking and then allowed 
to stand for 30 minutes at room temperature in the dark. The 
UV spectrum showed prominent absorption at 517 nm. Ascorbic 
acid was used as a standard, and the experiment was repeated 
three times. Antioxidant activity as percent radical scavenging 
activity (% RSA) by the DPPH was calculated [51]. An increase 
in the antioxidant activity is the measure of the decrease in the 
DPPH solution absorbance. The free radical scavenging effect is 
responsible for the blockage of ample of diseases [52,53].

The reactive oxygen species are produced during cell 
metabolism in both normal and pathological conditions [28]. 
Many diseases are caused by reactive oxygen species, such as 
Parkinson’s disease, cancer, cirrhosis, arthritis, asthma, and 
coronary heart disease [54]. Destruction of the biomolecules 
can be controlled by the antioxidants, as they are capable of 
preventing or delaying oxidative processes by inhibiting the 
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Figure 3: Comparison of Antioxidant Activity of Plant Extracts and Plant-Based 
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initiation or propagation of an oxidative chain reaction [55]. 
They maintain the nutritional quality and increase the shelf 
life of food, and they are also used to prevent many oxidative-
stress-related diseases. Two major synthetic antioxidants 
are used, such as 2, 3-ter-butyl 4-methoxyphenol and 2, 
6-di-ter-butyl-4-methylphenol, but the problem with these 
synthetic antioxidants is that they have caused undesired 
health effects [56]. Thus, there is a need for the development 
of safe antioxidants.

Conclusion

The extracts of Rhazya stricta have shown antioxidant 
properties and proved to be a potential source of antioxidant 
agents. The extracts of the plant showed the radical scavenging 
properties and also proved to the antioxidant agents in a 
number of animal models. The results showed that the aqueous 
and ethanol extracts-based nanoparticles exhibited better 
antioxidant activity (87.94% and 88.37%) than the aqueous 
and ethanol crude extract (50.00% and 56.81%) at 100 μg/ ml, 
respectively. The plant-based NPs have also shown antioxidant 
activity in the DPPH assay. The plant-based AgNPs displayed 
a promising effect against the DPPH in a fi xation-dependent 
way. The concentration of the extracts from 10 to 250 μg/ 
ml and corresponding antioxidant activities showed a linear 
relationship. Generally, the NPs showed better activity than the 
crude ethanol extract. The investigations on the extracts of the 
plant to determine their antioxidant potential indicate that the 
plant functions as a natural antioxidant source. Particularly, 
antioxidant activities of the nanoparticles of the extracts of 
different parts of the plant in different solvents need to be 
investigated to determine the full potential of the plant-based 
nanoparticles, and this may form the basis of future research. 
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