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1.  INTRODuCTION

Many plants are being used as medicines conventionally from the beginning of ancient civilization to cure many health-
related complications (Tapsell et al. 2006; Bhandari et al. 2017). Traditional medicine is used to maintain health as 
well as to prevent, diagnose, improve or treatment of physical and mental illness (Che et al. 2017; Silwal et al. 2020; 
Bhandari et al. 2020). According to the WHO’s data, 80% of rural areas depend on herbal medicine as the primary health 
care system, and 25% of prescribed drugs are derived from plants (Basyal & Bhandari 2019; Andreicut et al. 2018). 
These plants traditionally used for the treatment are investigated inadequately, or the findings have not been correlated 
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Mahonia napaulensis also known as “Jamanemandro” in Nepali 
is a medium-sized stiff evergreen shrub widely distributed in South 
East Asia at an altitude of 1000-2000m, is traditionally used to treat 
dysentery and eye inflammation. This research focuses on screening of 
the phytochemicals, antimicrobial, and antioxidant properties of this 
plant. The methanolic extract was prepared using a Soxhlet apparatus. 
The antioxidant properties of extract were carried out by 50% inhibitory 
concentration (IC50) values from 2-2-diphenyl-1-picrylhydrazyl 
(DPPH) radical scavenging. The phytochemical screening confirmed 
the presence of terpenoids, reducing sugars, tannins, alkaloids, 
glycosides including cardiac glycosides and steroids. The antimicrobial 
activity was studied using the disc diffusion method in five different 
human pathogens named Escherichia coli, Staphylococcus aureus, 
Pseudomonas aeruginosa, Salmonella typhi, and Shigella spps. The 
methanol extract was compared with standard chloramphenicol and 
showed that methanolic extract of is M.napaulensis exhibit maximum 
effect against S. aureus with higher growth inhibition zones (27.3 
mm), followed by P. aeruginosa, Shigella spps., E. coli and S. 
typhi. These antimicrobial properties showed similar effect to that 
of positive control, chloramphenicol. The IC50 values from DPPH 
radical scavenging were 230.89 µg/mL and 182.73 µg/mL of methanol 
extract and ascorbic acid, respectively. Due to this antimicrobial and 
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biomedical field.
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with phytochemical and pharmacological properties due 
to potential adverse effects. These problems need to be 
addressed properly for the rational use of herbal medicines 
(Ekor 2014). The increase in multiple drug resistance in 
bacteria has also become a major threat to public health 
(Bhandari et al. 2020). The plant extracts and their effect 
on microorganisms have been studied worldwide that can 
serve as a potential source for new antimicrobial drugs 
(Sibanda & Okoh 2007; Bhandari et al.2020). Nepal is 
in the Himalayas lap, is considered as the focal point for 
herbs related research. Nepal is being a habitat for more 
than ten thousand herbs in its alpine belt representing 6076, 
as flowering plants under 1534 genera and 216 families. 
About 5% of herbal plants are endemic to the country, 
while almost 30% of herbal plants are habituated in the 
Himalayan range (Gyawali et al. 2020). The database 
listing for Nepal shows 1624 species of medicinal and 
aromatic species (Bhattarai & Karki 2004).

Mahonia napaulensis belongs to the family Berberidaceae 
and is known as “Jamanemandro” in Nepali and 
“Michikiswan” in Newari. It is a medium-sized fully hardy 
perennial evergreen shrub with yellow flowers in winter. 
This shrub has an ultimate height of about 6 m or 19.7 
feet. Its origin has been said to be in Nepal. It is widely 
distributed in the high mountainous areas at an altitude 
of about 1000-2000 m in Nepal, Sikkim, Bhutan, China, 
Vietnam, and other countries. It is traditionally used to 
treat dysentery, inflammation to the eyes, antibacterial, 
and antioxidant properties (Manandhar 1991; Jian-Ming 
& Qing 2015). The methanolic extract of M. napaulensis
showed a broad spectrum of antimicrobial activity which 
might be due to the presence of alkaloids and flavonoid 
(Gyawali et al. 2020). Ethanolic extract of Mahonia
leaves and bark are good anti inflamatory properties 
and antioxidant candidates (Nguyen et al. 2018). M. 
napaulensis has suitable antioxidant properties even 
on leaves of this plant (Nguyen et al. 2018). The total 
content of polyphenols and flavonoid in the methanol 
extract of the studied species positively correlated with 
their antioxidant properties, confirming their major role 
in antioxidant activity of those species (Stankovic et al.
2016). The qualitative phytochemical screening of this 
plant showed the chemical constituents such as alkaloids, 
glycosides, cardiac glycosides, carbohydrates, phenols, 
flavonoids, tannins, etc. (Lamichhane 2014; Riaz et al.
2015). Qualitative analysis of isoquinoline alkaloid using 
ethanolic extract of root of Mahonia species suggest the 
presence of quaternary protoberberines as prominent 
compound (Singh et al. 2017).

A little work has been done initially related to this plant’s 

therapeutic properties (Gyawali et al. 2020; Thusa & 
Mulmi 2017), primarily ethanolic extract using its leaves 
and stem. In this approach, the study was made using 
methanol extract of dried bark. The research is aimed to 
discuss the phytochemical composition, antibacterial, and 
antioxidant property of methanol extract from the bark of 
M. napaulensis. It helps to document the plant parts on 
a scientific basis for the traditional use of this plant as 
a beneficial drug. It also provides a qualitative result of 
this herbal medicine to meet regulatory requirements and 
technical support as well as a guide for the promotion, 
development, and regulation of herbal medicines and their 
undying therapeutic uses and opportunities.

2.  MATERIALS AND METHODS

2.1  Plant Collection, Identification and 
Processing

The fresh bark of M. napaulensis was collected in 
March from the Pashupati areas of Kathmandu and was 
authenticated by National Herbarium Center Godawari, 
Lalitpur, Nepal. Herbarium of plant species no 54, was 
deposited in the Karnali College of Health Science, 
Gaushala, Kathmandu. The sample was dried in shaded 
area for a month and crushed into coarse/fine powders by 
using a grinder and sieved.

 2.2 Selection of Solvents and Extraction Process 

The powdered crude drug was extracted using the Soxhlet 
apparatus using methanol as solvent for 20 hours. The 
extract was made to concentrate by evaporating the solvent 
on a water bath and then rotary evaporator and stored in a 
refrigerator.

2.3  Phytochemical Analysis

The phytochemical examination was carried out from 
methanol extracts as per standard methods for the detection 
of alkaloids, saponins, tannins, flavonoids, terpenoids, 
resins, phenols, protein and amino acids, phytosterol, 
carbohydrate, glycosides, fixed oils, and fats (Amin et al. 
2013).

2.4  Antimicrobial Test

The media used in this study was nutrient agar, Mueller-
Hinton agar, and Mac-Conkey agar. Microorganisms 
such as S. aureus (ATCC 25923), S. typhi (clinical 
strain), E. coli (ATCC 25922), Shigella spps. (clinical 
strain), and P. aeruginosa (ATCC 27853) were obtained 
from National Public Health Laboratory Biosafety, Teku, 
Kathmandu, Nepal. The microorganisms were kept under 
the refrigerator (4 °C) until use. The methanolic extract of 
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various concentration was prepared for antimicrobial test, 
and 10 μL, 20 μL of the extract at different concentrations 
were loaded on sterile discs measuring 6 mm in diameter, 
so that the concentration of the extract on each disc is 
10,000 μg, 5,000 μg, 2,500 μg, 1,250 μg, and 625 μg, 
respectively. The disks were kept in aseptic condition. The 
disk diffusion method was used to determine the bacterial 
growth inhibition by methanol extract of M. napaulensis. 
The bacteria culture solution was kept in Mac-Conkey agar 
and nutrient agar at 37°C. The culture solution of bacteria 
to be used was isolated in the respective media. Then it was 
transferred in nutrient broth and was left in the incubator 
for 2 hours. After 2 hrs nutrient broth was checked with 
standard Mac-farland. After analyzing Mac-farland the 
respective bacteria were inoculated in Mueller-Hinton 
Agar (MHA) using a cotton swab in a sterile condition. 
A disc with the extract and standard solution was placed 
on the medium with both negative and positive controls. 
The MHA plate was incubated at 37°C for 24 hours. After 
incubation, the zone of inhibition was measured with the 
help of scale. The antimicrobial activity of the extract was 
assessed by the presence or absence of a zone of inhibition 
(ZOI), and the diameter of the ZOI was measured (Bhandari 
et al. 2019). The chloramphenicol was used as a reference 
drug. The growth and zone of inhibition of S. aureus and 
other bacteria is presented in Fig. 1.

 

 

a.

fig. 1. (a) Zone of inhibition of S. aureus      (b) zone of inhibition of five different bacteria

2.5 Antioxidant Activity 

The antioxidant activity was carried by using 1,1-diphenyl-
2-picrylhydrazyl or 2,2 diphenyl-2-picrylhydrazyl (DPPH). 
In this work the antioxidant activity of methanol extract was 
measured using standard DPPH assay. The DPPH radical 
scavenging activity was measured by spectrophotometric 
method and expressed in the percentage of antioxidant 
activity (AA%) of each substance (Brand-Williams et al. 
1995). In the reaction mixture, pure methanol was used 
as blank solution, methanol in DPPH without testing 
sample serves as, control and the sample were the extract 
of the plant. The free radical scavenging percentage was 
calculated by using following formula, 

Abs. of sample - Abs. of blank 

Absorbance of control
[ ]Scavenging% =100- x100

Fifty percent inhibitory concentration (IC50) value is 
indicated as the effective concentration of the sample 
which is required to scavenge DPPH free radicals. By 
plotting extract concentration versus the corresponding 
scavenging effect, the inhibition curve was obtained, from 
which IC50 values were calculated. 

2.6  Preparation of the 0.5 mM DPPH Solution

A 0.5 mM solution of DPPH was prepared by weighing 
0.0197 g of the DPPH with care and dissolving it in 
methanol, and finally maintaining the volume up to 100 
mL. The solution was kept in a dark until use. Different 
concentrations of test samples of 50, 100, 150, 200 µg/
mL were made from the stock solution. Then 1.5 mL of 
all the test solutions were mixed with 1.5 mL of DPPH 
solution. The test tubes were shaken vigorously for 
the uniform mixing, and the solutions were kept for 30 
minutes in the dark at room temperature. The control was 
prepared by mixing methanol and DPPH solution without 
the plant extracts (Methanol + DPPH). After 30 minutes, 
the total absorbance of the sample was measured at 517 
nm using a UV-visible spectrophotometer. The different 
concentration of ascorbic acid of 50, 100, 150, 200 µg/
mL was prepared (standard), and the absorbance was also 
recorded spectrophotometrically at the same wavelength, 
and the calibration curve was plotted. The percentage 
radical scavenging activity (SCV%) was determined by 
comparing with the methanol treated control group, and 
ascorbic acid as the positive control (Moharram & Youssef 
2014; Brand-Williams et al. 1995; Garcia et al. 2012; 
Aryal et al. 2020). 

3. RESuLTS AND DISCuSSION

3.1 Phytochemical Analysis

The different phytoconstituents present in methanol extract 
was identified using different chemical reagents following 
the standard phytochemical screening methods. The extract 
showed the presence of alkaloids, tannins, terpenoids, 
cardiac glycoside, saponins, steroids and reducing sugar. 
The major phytoconstituents on the bark of M. napaulensis 
were summarized in Table 1. 

Table 1. Phytochemical constituents of methanol extract 
of bark of M. napaulensis

Phytochemical screening Methanolic extract
Alkaloids ++
Glycosides ++
Cardiac glycosides ++

b.
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Saponins --
Tannins ++
Terpenoids ++
Flavonoids --
Reducing sugar ++
Steroids ++

++ = presence, -- = absence

Table 1 shows alkaloids, glycosides, cardiac glycosides, 
tannins, terpenoids, reducing sugar, but the absence of 
saponins and flavonoids in methanol extract.

3.2 Antimicrobial Activity

Antimicrobial activity of methanol extract against various 
human pathogens was determined by the disc diffusion 
method. Five microorganism cultures were used, namely 
S. aureus, Shigella spps, S. typhi, P. aeruginosa, and E. 
coli where the concentration of 10000, 5000, 2500, 1250, 
625 µg/mL was prepared from the methanol extract. The 
zone of inhibition (ZOI) produced by the methanol extract 
of bark at varying concentrations against different bacteria 
was measured to estimate its antimicrobial activity and 
was tabulated in Table 2.

Table 2. Antimicrobial activity of methanol extract of M. 
napaulensis bark

Name of 
bacteria

Concentration 
used (µg/mL)

Zone of inhibition 
(mm)

Average (mm)

S. aureus 10,000 29 25 28 27.3
5,000 23 23 23 23
2,500 21 21 21 21
1,250 20 20 20 20
625 18 18 18 18

Shigella spps. 10,000 24 24 23 23.6
5,000 20 20 20 20
2,500 18 18 18 18
1,250 15 15 15 15
625 14 15 15 14.7

S. typhi 10,000 20 20 20 20
5,000 16 16 16 16
2,500 14 14 14 14
1,250 12 12 12 12
625 - - - -

P. aeruginosa 10,000 25 25 25 25
5,000 23 23 23 23
2,500 12 12 12 12
1,250 - - - -

625 - - - -
E. coli 10,000 23 23 23 23

5,000 22 22 22 22
2,500 20 20 20 20
1,250 - - - -
625 - - - -

 Note:  Zone of inhibition for negative control was found 
to be 0 mm

The antimicrobial activity showed that the activity of 
methanolic extract was best against S. aureus at every 
concentration (Table 2). The antimicrobial properties 
were determined by comparing with positive control 
chloramphenicol, which contained 30 µg/disk as 
represented in Table 3. 

Table 3. Antimicrobial action of positive control 
(chloramphenicol)

Name of bacteria Zone of inhibition (mm)
S. aureus 25
Shigella spps. 18
S. typhi 26  
P. aeruginosa 21  
E. coli 20  

The extract had significant activity against other bacterial 
species but at a relatively high concentration, as shown in 
Fig. 2.

fig. 2. Antimicrobial activities at different concentration 
of methanol extract and positive control in 

chloramphenicol 

Fig. 2 shows different concentrations of the methanol 
extract against different human pathogens and ZOI 
produced by them. A similar experiment on the same 
plant using methanol extract of bark showed similar 
antimicrobial activity against the gram-positive S. aureus 
(Gyawali et al. 2020). Also an experiment with the same 
plant extract and against the same S. aureus but using its 
methanolic extract from stem showed the ZOI value of 18 
mm (Thusa & Mulmi 2017) which is relatively lower than 
experimental results from a bark extract. It may signify 
the possibly better antimicrobial activity by its methanol 
extract of the bark. These all relevant facts back up the 
important antimicrobial activity of the plant sample. Thus 
the relatively similar yet different antimicrobial activity 
of the same plant in all these experiments may direct 
toward the possible presence of phytochemicals in varying 
amounts when chosen from different places which may 
again open another area of scientific research (Gyawali et 
al. 2020; Thusa & Mulmi 2017).

 3.3  DPPH free Radical Scavenging Activity

In this study the antioxidant activity of the bark of the M. 
nepaulensis in methanol extract was determined by using a 
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging 
assay. The activity was assessed using the mixture of 
DPPH with different concentration of extract solution at 
room temperature. Afterward, the absorbance value of 
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each sample solution was recorded at 517 nm. The same 
procedure was followed for the ascorbic acid, which served 
as standard antioxidant for this assay. The calibration curve 
for ascorbic acid was constructed to calculate IC50 value 
and this value was compared with IC50 value of methanolic 
extract (Fig. 3). The absorbance values of extract with 
different concentration have been tabulated in table 4 and 
compared with standard in Fig. 4.

Table 4. DPPH radical scavenging activity of the extract 
of M. napaulensis

Concentration (µg/mL) Absorbance % SCV IC50 (µg/mL)

50 0.2024 27.00

230.89
100 0.2000 34.20

150 0.1925 42.14

200 0.1833 45.00

The values were executed, and IC50 was calculated with 
the help of Microsoft Excel. The regression line curve was 
plotted for the samples, and IC50 was found out; the same 
procedure was followed for ascorbic acid and presented in 
Fig. 3.

fig. 3. Comparison of % radical scavenging between 
ascorbic acid and M. napaulensis extract

Fig. 3 shows that IC50 value for the extract was found to be 
230.89 µg/mL. Also, following the same process, the IC50 

value for ascorbic acid (standard) was assessed and found 
to be 182.73 µg/mL, as shown in Fig. 4.

182.73 230.89

0
100
200
300

Ascorbic acid Plant extractIC
50

(µ
g/

m
l)

IC50 values (µg/mL)

IC50

fig. 4. The activity of both methanolic extract and 
ascorbic acid

Fig. 4 shows the activity of both extract and ascorbic acid 
as an antioxidant. These results explained the antioxidant 
activity of the methanol extract of the bark of M. 
napaulensis, which showed that the M. napaulensis plant 
had suitable antioxidant properties in bark.

4. CONCLuSION

Phytochemical screening of the bark of M. napaulensis
extract showed the presence of phytochemicals like 
alkaloids, tannins, terpenoids, cardiac glycoside, steroids, 
reducing sugar. This fact shows the reason for the use of the 
plant traditionally as a therapeutic drug. The antimicrobial 
activities of the extract were assessed using a disc diffusion 
assay and compared to the zone of inhibition (ZOI). 
The methanol extract from the bark of plant at higher 
concentration clearly showed antimicrobial activity similar 
to chloramphenicol; although the antimicrobial property 
was shown in every selected bacterium, and also beneficial 
to S. aureus. The antioxidant property was studied using 
DPPH radical scavenging analysis and the IC50 value of 
methanol extract showed vigorous activities. The IC50 
value for methanol extract was 230.89 µg/mL, which was 
close to ascorbic acid (positive control), recorded as 182.73 
µg/mL. These results provide qualitative evidence to 
support and justify the use of M. napaulensis as traditional 
ayurvedic medicine. 
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