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Introduction
Nature has been a source of medicinal agents for thousands 
of years, and a large number of modern drugs have 
been isolated from natural sources based on their use 
in traditional medicine.[1-3] In natural resources, plants 
are the good sources for the invention of pharmaceutical 
compounds and medicines.[4] The medicinal property of 
plants is because of many phytochemicals with various 
bioactivities, including antioxidant, anti-inflammatory, 
and anticancer.[5,6] Phytochemicals are highly varied in 
structure, and several compounds are aromatic substances 
like phenols or their oxygen-substituted derivatives.[7] In 
nature, there are about eight thousand plant phenolics and 
which are seen in various plant parts both in a free state 
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Plants are traditionally used for pharmacological activities because of its ability to produce bioactive 
compounds. Myristica beddomei King ssp. ustulata W.J. de Wilde is an ethnomedicinal plant, and it is 
seen in South Western Ghats of Kerala, India. The present study assessed the phenolic content, flavonoid 
concentration, in vitro antioxidant and cytotoxic effect of different parts of Myristica beddomei King. The 
total phenolic contents in the extracts ranged from 96.29 (pericarp) to 314.47 (bark) mg g-1 gallic acid 
equivalent. The concentration of flavonoids in different plant part extracts ranged from 1.81 to 2.76 mg g-1 
equivalent to quercetin. All the parts exhibited potential antioxidant activity with an IC50 value of 2.87 to 
9.67 μg mL-1 when compared to the 2 μg mL-1 1,1-diphenyl-2-picryl-hidrasil (DPPH) method. Bark showed 
the highest activity in terms of DPPH radical scavenging (IC50 value of 2.87 µg mL-1), phosphomolybdenum 
test (2261.33 ± 1.65 mg g-1 trolox equivalent) and ferric ion reducing 0.28 μmol Fe2+ μg-1) antioxidant 
activity. The in vitro screening results revealed that the seeds exhibited promising anticancer activity 
compared to PA1 (ovarian cancer) cells (50% inhibition) were observed at a concentration of 100.68 µg 
mL-1. In cytotoxicity test L929 (fibroblast) cell line compared to the other parts pericarp, mace and seed 
needed higher concentration (>240 µg mL-1) for LC50 value. It is a promising plant for further development 
of antioxidant agent as it got high content of phenolic compounds and potential antioxidant and anticancer 
activity. 
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and as glycosides. All the phenolics are widely distributed 
as flavones and flavonols.[8]

Overproduction of oxidants in the human body is 
responsible for the pathogenesis of several human diseases, 
cardiovascular diseases, and aging. The scavenging of 
these oxidants is thought to be an effective measure 
to depress the level of oxidative stress of organisms.[9] 
Plant-derived antioxidants have been products of choice 
in therapeutic formulations for their potent free radical 
scavenging activity and mitigating and curing illnesses and 
diseases associated with oxidative stress.[10] Cytotoxicity 
studies are a useful initial step in determining the potential 
toxicity of biologically active compounds isolated from 
plants.[11]
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Myristica beddomei King, an ethanomedicinal plant used 
by Malampandaram tribes of Kerala, is the wild relatives 
of nutmeg and mace. This tree belongs to the family 
Myristicaceae and is locally known as “Ponnampoo”. 
Seed and pericarp of this species are used in traditional 
medicines. It is extensively utilized as a substituent 
or adulterant of nutmeg products in South India.[12-14] 
There are very few reports on the phytochemistry 
and pharmacological activities of M. beddomei.[15,16] 
The pericarp of Myristica beddomei ssp. ustulata was 
studied for its essential oil composition, total phenolic, 
anthocyanin, antioxidant, and nutritional analysis.  It 
is reported that β-caryophyllene (25.41%) is the most 
important constituent of pericarp essential oil.[15] The 
quantitative determination of bioactive compounds of 
Myristica beddomei King fruit was reported and its in vitro 
antiproliferative activity was studied.[16] The present 
study aims to determine the phenolic content, flavonoid 
concentration, antioxidant, and in vitro cytotoxic effect of 
methanol extract of different parts like bark, leaf, pericarp, 
mace, and seed of M. beddomei King ssp. ustulata W.J. de 
Wilde. 

Materials and methods

Plant material and Preparation of Extract
Bark, leaf, pericarp, mace, and seed of M. beddomei King 
ssp ustulata W.J. de Wilde. (Figs. 1 and 2) were collected 
from Achenkovil forest, Kerala. The plant was identified 
with the help of Dr. N. Sasidharan, and a voucher specimen 
was deposited at Kerala Forest Research Institute, 
Thrissur (MGU NJ-01). The samples were shade dried, 
powdered, and sieved into a fine powder and packed in a 
sealed plastic bottle until extraction. Total 20 g of dried 
powdered sample was extracted with 250 mL methanol 
using a Soxhlet apparatus. The extract concentrated by 
using a Rotary vaccum evaporator. 

Determination of Total Phenol Content
Total phenolic content was estimated by Folin Ciocalteu’s 
spectrophotometric method and is expressed as mg g-1 of 
gallic acid equivalent (GAE).[17-19]

Determination of Total Flavonoid Content 
Total flavonoid content was measured with aluminium 
chloride colorimetric assay. The total f lavonoids are 
expressed as mg g-1 of quercetin equivalent (QE).[17,19,20-22]

Antioxidant Properties

DPPH Radical Scavenging Method
The antioxidant act ivit y was determined with 1, 
1-diphenyl-2-picril-hydrazyl assay.[23] A 0.1 mM solution 
of DPPH and 1 mL of this was added to 3 mL of different 
extracts in ethanol at different concentrations (10, 20, 
40, 60, 80, and 100 μg mL-1). The mixture was shaken 

vigorously and allowed to stand at room temp for 30 
minutes. The absorbance was measured at 517 nm by using 
a spectrophotometer (UV-VIS Shimadzu). The standard 
compound being used was ascorbic acid. The IC50 value of 
the sample, which is the concentration of sample required 
to inhibit 50% of the DPPH free radical, was calculated. 
Lower absorbance of the reaction mixture indicated higher 
free radical activity. The percent DPPH scavenging effect 
was calculated by using following equation: 

The DPPH scavenging effect (%) or percent inhibition 
= A0 – A1 / A0 × 100.

Where A0 was the absorbance of control reaction, and 
A1 was the absorbance in the presence of test or standard 
sample.

Total Antioxidant Capacity (TAC) 
The total antioxidant capacity (TAC) of plant extracts 
was deter mined spec t rophotomet r ical ly by t he 
phosphomolybdenum assay.[24] 15 µL of a 10 mg mL-1 
extract solution in methanol was mixed with 3 mL 
phosphomolybdenum reagent (28 mM sodium phosphate 
and 4 mM ammonium molybdate in 0.6 M sulphuric acid) 
in test tubes. Incubation was then carried out for 90 min 
in a water bath at 95°C. After cooling to room temperature, 

Fig. 1: M. beddomei King ssp. ustulata W.J. de Wilde Habit.

Fig. 2: Twig with fruit and leaf



Evaluation of in vitro Antioxidant and Cytotoxic Effect of Methanol Extract from aerial parts of Myristica beddomei King ...

Int. J. Pharm. Sci. Drug Res. March-April, 2020, Vol 12, Issue 2, 115-121 117

the absorbance of the solutions was measured using a 
UV-visible spectrophotometer at 695 nm against a blank. 
TAC results were expressed as trolox equivalents (mg g-1 
of trolox equivalent sample). 

Ferric Reducing Antioxidant Power (FRAP) Assay
The ferric reducing activity of the plant extracts was 
determined using ferric, reducing antioxidant power 
(FRAP) of Benzie and Strain.[25] Freshly prepared FRAP 
reagent (3.0 mL) was warmed at 37°C and mixed with 
the extract in different concentrations. The reaction 
mixtures were later incubated at 37°C for up to 15 min 
and absorbance recorded at 593 nm.

In vitro Cytotoxic Effect
L929 (fibroblast) cells and PA1 (ovarian cancer) cells 
were used in this study. The cells were procured from 
National Centre for Cell Sciences (NCCS), Pune, India, and 
maintained Dulbecco’s modified Eagle's medium, DMEM 
(Sigma Aldrich, USA). 100 µL cell suspension (5x104 cells 
well-1) was seeded in 96 well tissue culture plates and 
incubated at 37°C in a humidified 5% CO2 incubator. A 1mg 
of the in 1 mL DMEM using a cyclomixer. After 24 hours 
the growth medium was removed, freshly prepared each 
compound in 5% DMEM were five times serially diluted by 
two-fold dilution (100, 50, 25, 12.5 µg, 500 µL of DMEM) 
and each concentration of 100 µL was added. Non treated 
control cells were also maintained. The entire plate was 
observed after 24 hours of treatment in an inverted phase-
contrast tissue culture microscope (Olympus CKX41 with 
Optika Pro5 CCD camera). Fifteen mg of MTT (Sigma, 
M-5655) was reconstituted in 3 mL phosphate-buffered 
saline PBS until completely dissolved and sterilized 
by filter sterilization. After 24 hours of the incubation 
period, the sample content in wells was removed, and  
30 µL of reconstituted MTT solution was added to all test 
and cell control wells, then incubated for 4 hours. After 
the incubation period, the supernatant was removed, 
and 100 µl of MTT Solubilization solution was added. The 
absorbance values were measured by using a microplate 
reader at a wavelength of 540 nm, and the percentage of 
growth inhibition was calculated.[26]

Statistical Analysis
All the assays were performed in triplicate (unless 
stated otherwise), and the data points are expressed as  

mean ± SD. The statistical significance of the differences 
was determined by a one-way analysis of variance 
(ANOVA) followed by the post-hoc Tukey test (p < 0.05). 
The correlation coefficient (R) between the total phenolics 
as well as flavonoids and the antioxidant activity was also 
carried out using the SPSS v20.0. 

Results 
Methanol extracts of different parts such as bark, leaf, 
pericarp, mace, and seed were used to examine the 
total phenolic content, f lavonoid concentration, and 
antioxidant activity. The percentage yield of different 
parts of methanol plant extract was presented in Table 1. 
The highest yield of solid residue was obtained in mace 
(36 %). Red, yellowish-green, reddish-black, dark yellow, 
and yellowish red residues were obtained for bark, leaf, 
pericarp, seed, and mace, respectively. The methanol 
extracts of bark, leaf, and pericarp were smooth, whereas 
seed and mace extracts were little gummy in nature.  

The total phenolic contents were ranged from 96.30 to 
314.47 mg GAE g-1. The highest concentration of phenols 
was measured in bark (314.47 ± 0.49), whereas pericarp 
contains smallest concentration of phenols (96.30 ± 
2.71). The total phenolic content has significantly varied 
(p < 0.05) among the plant parts. The concentration of 
flavonoids in plant extracts from M. beddomei ranged from 
1.81–2.77 mg QE g-1. Mace contains the highest flavonoid 
concentration (2.77 ± 0.01), and the lowest was found in 
bark (1.81 ± 0.01) compared to other parts (Table 1). 

Antioxidant Activity 
The DPPH radical scavenging activity of M. beddomei 
extracts and standard ascorbic acid were assessed and 
expressed in terms of IC50 value.  All the parts exhibited 
potential antioxidant activity, and the IC50 value was 
ranged from 2.87 to 9.67 μg mL-1 compared with standard 
ascorbic acid (IC50 value 2.38 μg mL-1). The IC50 value for 
ascorbic acid was 2.38 ± 0.028 μg mL-1 (Table 2). 

The total antioxidant capacity of different parts of 
Myristica beddomei was in the order of bark > leaf > seed > 
mace> pericarp (Table 2). The bark (2261.33 ± 1.65 mg g-1 
trolox equivalent) showed high antioxidant capacity 
followed by the leaf (1208 ± 0.70 mg g -1 trolox equivalent). 
TAC  and FRAP reducing power has showed similar pattern 
of DPPH radical scavenging activity, i.e., bark exhibited 

Table 1: Extractive value, total phenol, and total flavonoid concentration of different parts of Myristica beddomei King ssp. ustulata  
W.J. de Wilde 

Extractive value (% ww-1) Total phenol (mg GAE g-1) Total flavonoid (mg QE g-1)
Bark 24.7 314.47 ± 0.49 1.81 ± 0.01
Leaf 21.8 246.82 ± 3.07 2.08 ± 0.04
Pericarp 14.5 96.30 ± 2.71 2.57 ± 0.03
Mace 36 127.86 ± 3.20 2.77 ± 0.01
Seed 27.4 102.86 ± 0.43 2.33 ± 0.02
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significantly (p > 0.05) higher activity (113.1 ± 0.28 µmol 
Fe2+ µg-1) and followed by leaf and other aerial parts  
(Table 2). FRAP, phosphomolybdenum assay, and DPPH 
assay have indicated the high antioxidant capacity of 
bark. Pericarp has shown low antioxidant capacity 
compared to other parts. The tested antioxidant assays 
were significantly different (p < 0.05) among the plant  
parts.

Correlation analysis was carried out to understand the 
relationship between phytochemicals and bioactivity and 
is presented in Table 3. The correlation table reveals that 
DPPH radical scavenging activity, total antioxidant activity 
by phosphomolybdenum method, and FRAP reducing power 
potential showed significant (p < 0.05) correlation with total 
flavonoid content. FRAP value was correlated with phenolic 
content. The DPPH radical scavenging activity has shown 
a significant correlation with total antioxidant activity by 
phosphomolybdenum method and FRAP assay. 

Cytotoxic Activity
The cytotoxic activity of methanol extracts of different 
parts M. beddomei on L929 (fibroblast) and PA1 (ovarian 
cancer) cells was investigated in vitro using standard 3-(4) 
5-Dimethyl-thiazol-Zyl)-2, 5 diphenyl tetrazolium bromide 
(MTT assay). The different cell lines were treated with 
increasing concentrations (6.25–100 μg mL-1). The result 
showed decreased cell viability and cell growth inhibition 
and is in a dose-dependent manner (Fig. 3). The respective 
LC50 values were calculated and presented in Table 4.  The 
inhibitory concentration (LC50) value was calculated by 
the test sample of concentration at which 50% of cells 
viable and calculated from the logarithmic trend line of the 
cytotoxicity graphs. The in vitro screening results revealed 
that the seeds exhibited promising anticancer activity 
compared in PA1 cells (50% inhibition) were observed at 

a concentration of 100.68 µg mL-1. This inhibition at the 
mentioned concentration indicates a greater potency of 
compound present in the seed with a strong lethal effect 
over cancer (PA1) cell line compared with other parts. 
Bark and leaf have low inhibitory activity against PA1  
cell line. The LC50 value for the L929 cell line of pericarp 
was high (257.99 µg mL-1), whereas it was low for bark 
(221.99 µg mL-1) among the various parts of M. beddomei. 

Discussion
Free radicals are generated normally in cells during 
metabolic processes. Examples of these radicals include 
DPPH, hydrogen peroxide, hydroxyl, superoxide anions, 
and nitric oxide radicals. Excess generation of free radicals 
can destroy the immune system and develop a wide 
range of diseases.[27-29] To minimize the complications 
generated by free radicals, the intake of antioxidants 
might be very beneficial. Antioxidant produces its effect 
either by protecting the antioxidant defense mechanisms 
or scavenging the reactive oxygen species (ROS).[29,30] 
In this study, three methods, including DPPH, ferric 
reducing power, and total antioxidant capacity assays, 
were used for testing antioxidant activity.  In the 
DPPH method, the antioxidant activity was found to 
increases with an increase of concentration of plant part 
extracts, and lower IC50 value results in better protective  
action.[31] DPPH is nitrogen-centered free radical, 
accepting hydrogen from the antioxidants present in the 
plant extract, DPPH is converted into a stable molecule, 
diphenyl-picryl hydrazine.[32,33] The observed reduction 
of DPPH by the extract was either due to the transfer 
of a hydrogen atom or the transfer of an electron.  
Phosphomolibdinum assay is based on the reduction of 
phosphomolybdate ion in the presence of an antioxidant 
resulting in the formation of a green phosphate complex, 

Table 3: Correlation between phenolic content, flavonoid content and antioxidant activities of different parts of M. beddomei King ssp. 
ustulata W.J. de Wilde 

Phenol Flavanoid DPPH TAC
Flavanoid -.299 - - -
DPPH -.409 .753** - -
TAC 094 -.918** -.869** -
FRAP .549* -.794** -.957** .824**

*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed). 
Table 4: The LC50 (μg mL-1) values of different parts of M. beddomei King ssp. ustulata W.J. de Wilde methanolic extract to the cell line L929 

and PA1
Cell lines Bark Leaf Pericarp Mace Seed
L929 221.99 250.85 257.99 254.51 245.55
PA1 238.07 224.58 152.92 123.4 100.68

Table 2: Antioxidant activities of different parts of Myristica beddomei King ssp. ustulata W.J. de Wilde 
Antioxidant activity Ascorbic acid Bark Leaf Pericarp Mace Seed
DPPH  IC50  (μg ml-1) 2.38 ± 0.028 2.87 ± 0.042 4.51 ± 0.028 9.665 ± 0.077 6.175 ± 0.007 6.54 ± 0.014
TAC mg TE g-1 2261.33 ± 1.65 1208 ± 0.70 374.66 ± 1.69 556 ± 0.57 1148 ± 1.41
FRAP µmol Fe2+ µg-1 113.1 ± 0.28 99.9  ±  1.97 21.88 ± 2.86 43.025 ± 1.59  57.9 ± 1.69
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which is measured spectrophotometrically (Knezevic et al. 
2011). The FRAP assay was based on the ability to reduce 
the ferric 2,4,6-tripyridyl-s-triazine complex (Fe3+ - TPTZ) 
to provided blue colored ferrous complex (Fe2+ - TPTZ) in 
acidic medium at 593 nm absorbance. This method is fast, 
reproducible, and non-specific.[34]  

The present study indicated that the antioxidant activity is 
high for the bark extracts with high total phenolic content. 
Earlier studies were also showed the same trend as the 
phenols having free radical scavenging ability which is 
facilitated by their hydroxyl groups. Hence, literature 
suggests that the content of phenolic compounds could 

Fig. 3: Cell viability of methanol extract of M.beddomei plant parts (a) Bark; (b) Leaf; (c) Pericarp; (d) Mace; (e) Seed

a b
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be used as a basis for rapid screening of antioxidant 
activity.[16,35] Flavonoids, including flavones, flavanols, 
and condensed tannins, also indicate the antioxidant 
activity.[35]

Murcia et al.[36] reported that the antioxidant activity of 
nutmeg extract is due to the presence of phenylpropanoid 
compounds. The aril part of M. fragrans has significant 
antioxidant activity due to its ability to inhibit lipid 
peroxidation[37] and superoxide radical scavenging 
activity in rat.[38] The methanolic extract of the pericarp of 
Myristica beddomei ssp. ustulata has shown a large amount 
of phenols and polyphenols. The pericarp extract also 
showed high antioxidant activity due to the presence of a 
higher amount of polyphenolic compounds.[15] The DPPH 
test with spice Myristica malabarica (rampatri) revealed 
the methanol extract showed the best antioxidant activity 
compared with ether and aqueous extracts. The study 
reports 2-acylresorcinol and four known diarylnonanoids 
of which the diarylnonanoid, malabaricone C, showed the 
maximum DPPH scavenging activity.[12] The present study 
showed a strong positive correlation between antioxidant 
activities and total phenolic content, and these findings 
are in agreement with earlier studies.[39, 40]

M. beddomei has shown antiproliferative activity 
against human cancer cell lines A549, DLD-1, DU145, FaDu, 
and MCF-7 too.[14] An earlier study has shown the highest 
antiproliferative activity with > 96 % growth inhibition 
was found for the extracts of pericarp and seed of  
M. beddomei at 100 μg mL-1 concentration. However, in the 
present study >200 μg mL-1 has been required for 50 % of 
inhibition of L929 cell line. This may be due to the general 
fact that high concentration is needed for the inhibition of 
normal cells compared to cancer-causing cell lines. 

Conclusion
The result of this study demonstrates that different parts 
of M. beddomei extracts in methanol were screened for 
antioxidant, anticancer activities. The extract of various 
parts of M. beddomei has high phenolic and flavonoid 
content, and the bark shown maximum antioxidant 
activity. It was found that the methanol extract of  
M. beddomei has maximum antioxidant activity, and 
methanol extract of seed showed promising activity 
against the PA1 cancer cell line. Bark has shown high 
antioxidant activity in phosphomolybdenum assay, FRAP, 
and DPPH assay. A strong correlation was noticed between 
total flavonoid content and antioxidant activity observed 
in various assays. FRAP value was also correlated with 
phenolic content. The present study concludes that the 
methanol extract of M. beddomei has a high concentration of 
phenolic compounds and flavonoids, and their antioxidant 
activity was also high. Hence the plants has high potential 
value for drug preparation. The current investigation of 
antioxidant and anticancer activities was evaluated using 
in vitro experiments only, and further investigation for a 

mechanism of action and in vivo experiments will lead to 
a complete assessment of M. beddomei plant parts. 
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