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Abstract | Nowadays, the use of medicinal herbs and derivatives to improve the development of
multifunctional therapeutic agents is growing. The purpose of this study is to determine the antioxidant
capacity of Ipomoea purpurea leaves that grows in Iran as well as the chemical composition of the leaves. Thus,
using in vitro established procedures, the antioxidant capacity of organic and aqueous extracts of I purpurea
leaves was assessed. Further, the ethanol and chloroform extracts of I. purpurea leaves were analyzed using
gas chromatography-mass spectrometry (GC-MS). Concentration-dependent scavenging of 2, 2-diphenyl-
2-picryl hydrazil (DPPH) was seen across all three extract types (ethanol, water, and chloroform) with the
IC,, values of 42.30 + 2.35,54.11 + 3.62, and 85.71 + 4.83 pg/mL, respectively which were higher compared
to the positive control (ascorbic acid = 8.07 + 0.30 pg/mL) and (butylated hydroxyanisole or BHA = 13.9
+ 0.54 pg/mL). The ferrous reducing antioxidant power (FRAP) of the extracts was in the following order:
ethanol > aqueous > chloroform. As the ethanol extract exhibited higher levels of total phenols, (29.78 + 0.11
mg gallic acid equivalent /100 g dry leaves weight), flavonoid (19.9 + 3.98 mg catechin equivalent /100 g dry
leaves weight), and steroids content (6.85 * 0.07 mg steroids equivalent /100 g dry leaves weight) compared
to chloroform extract. In addition, GC-MS research showed that the extracts of I purpurea leaves contain
a wide diversity of chemicals. Findings from this research revealed that I. purpurea leaves contain chemicals
with excellent antioxidant and biological capabilities, which might be attributed to the existence of bioactive
molecules and provide additional data for future research.
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Introduction

he pathogenesis and progression of numerous

severe and fatal diseases, including breast cancer,
have been interfered with by systemic oxidative stress
(Nechuta ez al., 2014). Oxidative stress can be a
primary factor in toxicity and disease and has been
associated with a wide range of pathologies (Forman
and Zhang, 2021). It is caused by an imbalance
between high quantities of reactive harmful chemicals
and the antioxidative defense systems (Kiran ez
al., 2023). It can damage the different levels of
biological organization and also can cause systemic
inflammation (Bourgonje ez al, 2021). Oxidative
stress occurs when the amount of reactive oxygen
species (ROS) overshadows the antioxidant capacity
(Gawlik-Dziki e# al., 2013). ROS has an effective
influence at lower concentrations, but a large amount
of this substance can damage the DNA structure (]Ji
and Yeo, 2021). Antioxidants are effective systems
that can reduce and repair the damage of free radicals
(Kiran e al., 2023). Antioxidants’ ability to scavenge
free radicals and block their production is particularly
useful in the prevention of cancer and other illnesses
including atherosclerosis, Parkinson’s, diabetes, and
heart disease. Antioxidant molecules not only reduce
oxidative stress but also reduce inflammation and
cancer disease. For several decades, researchers have
investigated how oxidative stress can play a role in
the onset and development of cancer (Ozben, 2007,
Sugata et al., 2015).

Plants, as the main source of compounds rich
in biological and medicinal properties, have an
important role in the prevention and treatment of
diseases and in reducing the side effects of synthetic
drugs. Despite the dependence of the development
of new drugs on synthetic chemicals, the importance
of plants in the control and treatment of diseases is
very important. Phytochemicals were among the first
discovered antineoplastic drugs that have been used
at the center of cancer research from the beginning
(Dehelean et al., 2021). Biological control is defined
as direct or indirect inhibition of a disease, or the
pathogen causing the disease, by another organism
or group of organisms (Collinge ez a/., 2022). Plant-
derived secondary bioactive compounds such as
phenol, alkaloids, and flavonoids are active substances
that have great potential for utilization in the modern
pharmaceutical industry. Alkaloids that include one
or more nitrogen atoms in their molecular structure

are the most common type of naturally occurring
molecule generated by plants. One essential
technique for the separation of various substances
and identification of plant secondary bioactive
metabolites is gas chromatography (GC). Plants can
produce a large amount of secondary metabolites that
have significant biological activities (Abo-Altemen ez
al., 2019; Collinge ez al., 2022).

Ipomoea is a member of the family Convolvulaceae,
which includes over 1650 primarily tropical species.
Some important Ipomoea species have been utilized
for a variety of traditional medical and dietary
uses since ancient times. Some species of Ipomoea
have biological and therapeutic activities such as
antimicrobial and anticancer properties and for this
reason, they can be used to treat plant diseases (Ojha
et al.,2016; Batiga ez al.,2018). Some Ipomoea species
contain phytotoxic action, which suppresses the
growth of invasive weeds. The flowers of I purpurea
contain antioxidant molecules such as cyanidin and
pelargonidin. Also, this species along with species
tricolor and wiolacea are enriched with ergoline
derivatives such as lysergol and isoergine, so these
plants are known for entheogen activities (Meira ez

al.,2012; Beheshti ef al., 2021).

'This study’s objectives were to assess . purpurea leaves
extracts’ antioxidant activity and to characterize the
possible chemical components using GC-MS.

Materials and Methods

Chemicals

Analytical-grade chemicals and solvents were used
throughout the study. Chloroform, hexane, ethanol,
ethylacetate, Folin-Ciocalteu reagent, sodium
carbonate anhydrous, and aluminum chloride
hexahydrate were purchased from Merck, Germany.
DPPH, ferric chloride, potassium acetate, phosphate
buffer, acetate buffer, FeSO,, ascorbic acid, ferric-
tripyridyltriazine (TPTZ), gallic acid, Liebermann-
Burchard reagent, butylated hydroxyanisole, and
catechin were acquired from Sigma-Aldrich Co., St.

Louis, USA.

Sample collection and authentication

The I. purpurea was authenticated by the herbarium
department of the Faculty of Pharmacy, Tehran
University of Medical Sciences (6595-TEH).
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Plant material and extract preparation

Two hundred grams of the dry leaves powder of I
purpurea were poured into a container and added
to 600 ml of 100% hexane solvent. After 24 hours,
the hexane solvent was drained into the out and
the extraction was repeated three times each for 24
hours. Then after making sure that the plant powder
was dried, chloroform solvent was added to the plant
powder and this process was repeated three times
each time for 24 hours. Similar to the same process,
extraction was performed on the plant powder
obtained with ethyl acetate and ethanol solvents,
and in some cases, if necessary, TLC was used to
ensure the extraction of all effective substances. All
extractions were conducted with mechanical stirring
at room temperature for 24 hours (25°C) except the
hot water extract (80°C), which was completed in
30 minutes. After soaking the material in organic
solvents, filtering, and then extracting the residue
twice more, the supernatants were combined.
Freeze-drying was used to concentrate the aqueous
extracts, while a rotary evaporator at 20°C (Heidolph,
HeizbadHei-VAP, Germany) was used to concentrate
the organic extracts. The concentrated crude extracts
were preserved and used for further investigation.

Antioxidant activity of the extracts

The DPPH test was modified to assess the extracts’

capacity to scavenge free radicals (Gavamukulya ez al.,
2014). DPPH 0.2 mM in 95% ethanol was prepared
and used immediately after preparation. Different
concentrations of I purpurea leaves extracts (20-400
pg/mL) and standard solutions including ascorbic acid
and BHA (1-40 pg/mL) were prepared in ethanol as
solvent. Each well of a 96-well microplate received a
combination of 200 pl of ethanolic DPPH solution
and 20 pl of the ethanolic extract in triplicate. The
reaction mixture in the plate was vortexed thoroughly
and then it was allowed to incubate for 30 min at
room temperature and in the dark. Using a multi-
well plate reader, the absorbance of each well was
measured at a wavelength of 517 nm (Gen5, Epoch,
BioTek). The following equation was used to compute
the percentage of DPPH radical inhibition:
Abs of control - Abs of the sample

Inhibition = % 100
% Inhibition Abs of control

'The determination of reducing ability of I purpurea
leaves extracts was done using a modified technique
developed by Benzie and Strain (1999). 10 mM
TPTZ solution in 20 mM FeCl,.6H,O, and 40 mM

HCI and 300 mM acetate buffer were constituents of
FRAP reagent. So, each time, a fresh working solution
was made by mixing 2.5 mL TPTZ, 6 mL FeCl3,
and 25 mL acetate buffer. In a 96-well microplate
containing 200 pl of the FRAP working solution, the
I purpurea leaves extracts were allowed to react for 4
min in the dark. With the use of a microplate reader
(Gen5, Epoch, BioTek), the absorbance at 595 nm
was measured. The data were represented as mM of
FeSO, equivalent at 30 min and compared with that
of ascorbic acid.

Phytochemical analysis

Preliminary phytochemical screening of I purpurea
leaves extracts in ethanol and chloroform was carried
out to identify chemical constituents using standard
procedures (Ezeldin ez a/., 2018).

Total phenolic, flavonoid and steroid determination

The total phenolic contents of the ethanol and
chloroform extracts were measured by the Folin-
Ciocalteu assay, according to the standard procedure
with minor modifications (Mazandarani, 2015). The
concentration of the total phenolic was measured
using the equation obtained from the standard curve
and presented as mg gallic acid equivalent per gram

of extract (GAE mg/g dry weight).

'The spectrophotometric assays based on the aluminum
chloride colorimetric method were applied for the
calculation of total flavonoid content of the extracts
with some modifications (Sanseera ez a/., 2016). The
standard curve was used to measure the flavonoid
content, and the findings were represented as mg/g

dry weight of catechin equivalent (CAE).

The spectrophotometric assays based on the
Liebermann-Burchard reaction colorimetric method
were used for the determination of the steroid content
of the extracts with some modifications (Belani and

Kaur, 2018).

GC-MS analysis

'The leaves of I purpurea were analyzed by GC-MS
on Agilent Technologies GC systems with GC-
7890A/MS-5975C model using HP-5MS Capillary
column (30 m in length x 250 pm in diameter x 0.25
pm in the thickness of film). For GC-MS detection
an electron ionization device with 70 electron volt
ionization energy was applied. The carrier gas was
99.999% pure helium gas flowing at a rate of 1 mL/
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min. We decided on a temperature of 230°C for the
injector. The baseline temperature range was designed
to be between 50 and 150°C, with a rise rate of 3°C/
min and a holding duration of roughly 10 min. Split
mode injection of 1 pul of material at 0.5-second scan
intervals and 40-450 Da scan fragments was used.
With peak area normalization, the relative proportion
of the extract was reported as a percentage.

Statistical analysis
'The Graph Pad Prism 9.00 software suite was used to
gather experimental data. ANOVA and the Student’s
t-test were used to calculate the significance of the
mean differences.
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Figure 1: Antioxidant activity of extracts of I purpurea
leaves assessed by DPPH and FRAP assays. (a) DPPH
radical scavenging activity of 1. purpurea leaves extracts
(ethanol, chloroform, and aqueous) was assessed at
different concentrations (20-400 ug/ml) in terms of
free radical inhibition percentage. (b) Ferric reducing
antioxidant power of extracts of I purpurea leaves
(ethanol, chloroform, and aqueous) assessed at different
concentrations (20-400 pg/ml) in terms of FRAP value
expressed in pmol Fe**.
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Results and Discussion

In vitro antioxidant activity

'The DPPH dose-response curve of I purpurea leaves
extracts is depicted in Figure 1a. In Figure 2, IC |
values of the most effective I purpurea leaves extracts
were compared with standards (ascorbic acid and
BHA). The findings demonstrated that there were
significant differences (P<0.0001) between each of
the extracts and the standard.

The FRAP assay method revealed a similar pattern
of antioxidant activity, with the ethanol extract
exhibited the highest ferric ion reduction potential
(1518 £ 97.58 pmol Fe*) followed by the aqueous and
chloroform extracts with FRAP values 340 + 42.42
pmol Fe**and 319.5 + 26.87 pmol Fe*, respectively.
The percentage of inhibition marginally rose as the
concentration of plant extract increased, indicating a
dose-response relationship (Figure 1b).
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Figure 2: IC_, values of extracts of I. purpurea leaves
required to scavenge the DPPH free radicals. IC,, val-
ues of extracts of I. purpurea leaves (ethanol, chloroform,
and aqueous) compared with reference (ascorbic acid and
BHA). A lower IC,  value indicates higher antioxidant
activity.

Phytochemical screening

Phytochemical screening was performed on ethanol
and chloroform extracts of I purpurea leaves to
identify their chemical components and the results
exhibited that they contained steroids, phenols, and

flavonoids (Table 1).
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Table 1: Preliminary phytochemical screening of the

extracts from I. purpurea leaves.

Phytochemi- Name of the test Solvent extract
cal test Ethanol Chlo-
roform
Flavonoids  Shinoda test + +
Steroids Salkowski and Lieber- + +
mann-Burchard tests
Saponins Foam test - -
Tannins Ferric chloride test + -
Alkaloids Meyer’s and Wagner’s tests - -

(+) = present, (=) = absent.

Total phenolic, flavonoid, and steroid estimation

The data in Table 2 showed that the ethanol leaves
extract had higher total phenolic, flavonoid, and
steroid contents as compared to the chloroform leaves

extract. Differences in the extracts were found to be
statistically significant (P<0.01 and P<0.0001).

Table 2: 7otal phenolics, flavonoids and steroids content
of the extracts of I purpurea leaves.

Solvent Total phenolic Total flavonoid Steroids
extract content (mg  content(mg  content (mg
GAE/g extract) CAE/g extract) CE/g extract)
Ethanol 29.78 £ 0.11*  19.9 + 3.98¢ 6.85 +0.07¢
Chloroform 6.78 +0.11P 5.81 £ 0.004¢ 3.41 +0.12f

Each wvalue is expressed as mean * standard deviation, (n=3).
Values in the column followed by a different letter superscript are
significantly different (P< 0.01and P< 0.0001) and values having
the same letters are not statistically significant.

GC-MS analysis

Several bioactive chemicals in I purpurea leaves
extracts were found using GC-MS analysis, and
these compounds are shown in Tables 3 and 4 in the
order in which they eluted from an HP-5MS column.
Characterization of these compounds was assessed by
comparison of their fragmentation pattern and records
reported in the National Institute of Standards and
Technology (NIST) library. The ethanol extract of the
I purpurea was found to contain 6 components, the
most abundant being nonadecane with a retention
time of 2.912 min (99.74%) followed by decane
(0.1%). The chloroform extract of the I purpurea
contained 14 components such as nonadecane with a
retention time of 2.938 min (94.63%).

A literature study reveals a scarcity of reports
detailing the I purpurea chemical composition, and
most of the information is scattered (Fatima e# al/.,

2014). Importantly, no study to our knowledge has
evaluated detailed analyses by GC-MS of I. purpurea
to date. The extracts with the highest antioxidant
power were selected for GC analysis. The analyses
showed that the extracts from I purpurea leaves
consisted mainly of aliphatic hydrocarbons such as
alkanes, followed by alcohols, esters, fatty acids, and
phenolic compounds. Formerly, most of the main
compounds had been reported from some other
plant species. Elufiyoe and Brida (2018) analyzed
the antioxidant activity of Spondias purpurea L. The
total phenolic and total flavonoid content of the
extracts and fractions of S. purpurae were evaluated
through GC-MS analysis. Compounds including
hexadecanoic acid and pentadecanoic acid were
among the compounds produced. The high phenolic
and flavonoid contents of the stem bark extract could
be responsible for its greater antioxidant activity.

(Elufiyoe and Brida, 2018)

Table 3: Biologically active chemical compounds of

ethanol extract from 1. purpurea leaves.

Name of compounds (molecular Retention %

formula) time (min)
Nonadecane (C,;H, ) 2.912 99.74
Tetradecane (C, ,H,) 10.153 0.06
Dodecane (C,,H,) 14.333 0.04
Decane (C, H,)) 21.835 0.1
Bicyclo[4.2.0] octa-1,3,5- triene (C;H,) ~ 28.592 0.06
Dimethyl ether (C,H,O) 34.618 0.01

In previous studies on the genus Ipomoea, the amount
of hydrocarbons was reported lower (Prasanth ez a/.,
2018). In other words, the profile of constituents in
this species by GC-MS analysis was found difterent
from that of the other members of the genus Ipomoea.
Hence, furtherstudies can provide the newinformation
needed for confirmation (Adsul ez 4/, 2009; Hue ez
al., 2012; Kumar es al., 2014). Probably, differences
in the composition of Ipomoea extracts can be related
to the extraction method and geographical location.
Correspondingly with our work, a study conducted
by Adsul and colleagues found hydrocarbons, fatty
acids, esters, and alcohols in a hexane extract of I
carnea using GC-MS (Adsul ez a/., 2009). Similarly,
the results of our work with the GC-MS method
were somewhat consistent with the study conducted
by Kumar and colleagues on the extracts of the 1. pes-
caprea (Kumar ez al., 2014).
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Table 4: Biologically active chemical compounds of chloroform extract of I. purpurea leaves.

Name of compounds (molecular formula) Retention time (min) %
Nonadecane (C,;H, ) 2.938 94.63
2-Hexyl-1-octanol (C,,H, O) 3.479 4.02
Trichloroacetic acid, hexadecyl ester (C,,;H,.CO,) 10.032 0.05
Nonadecane (C,,H, ) 21.844 0.06
Phenol,2,4-bis (1,1-dimethylethyl)- (C ,H, O) 23.766 0.49
Tetradecane (C,,H,0) 25.534 0.07
2-Isopropyl-5-methyl-1-heptanol (C, H,,0) 25.815 0.1
2-Isopropyl-5-methyl-1-heptanol (C, H,,0) 26.099 0.07
Isotridecanol- (C,,H, O) 28.597 0.07
Benzene,1,3-bis (1, 1,-dimethylether)- (C H,) 32.073 0.17
Dodecane (C ,H,) 34.623 0.18
Styrene(C H,) 37.374 0.01
Carbon Tetrachloride (CCl,) 39.245 0.07
Trichloromethane (C,,CL) 40.033 0.01
Their findings identified a suitable solvent for 2-isopropyl-5-methyl-1-heptanol, and 2-hexyl-
phenolic compounds extraction which might provide 1-octanol  possessed  diverse  pharmacological

a rich source of natural antioxidants. Kurniasih and
colleagues evaluated and analyzed purple sweet
potato (Ipomoea batatas L.) leaves ethanolic extract
by GC-MS and concluded that phenolic compounds
and then fatty acids comprise the most compounds
in the ethanolic extract of the plant (Kurniasih and
Saputri, 2019). In our research, nonadecanes were the
predominant compound produced in the ethanolic
and chloroform extracts of the plant. In 2020, Kavitha
evaluated the ethanolic extract of the Trichosanthesis
Dioica roxb and reported similar results similar to our
research findings. Alcohols, esters, and fatty acids
were among the compounds found in the ethanolic
extract (Kavitha, 2021). Similar to our results, Bai
and colleagues in 2014 investigated the chloroform
extract of the Acacia nilotica L. leaves by GC method.
Similar to our research, alcohols, and fatty acids were
among the compounds that were registered in this
research (Bai ez al., 2014). Kopuswamy ez a/. (2013)
investigated the chloroform extract of the Croton
bonplandianum by GC method. In this study, GC-MS
analysis showed the presence of phyto-components in
the leaves of the plant and justified its medicinal usage.
'The results showed that alcoholic compounds followed
by enthexadecane, octadecane, and nonadecane had
the highest concentration among the compounds
produced (Kopuswamy ez al., 2013). In our research,
most of the investigated compounds were nonadecans.

Results of several investigations showed that long-

chain alkanes, 2, 4-bis (1,1-dimethyl ethyl) phenol,

effects (Mannaa and Kim, 2018). They may have
pharmacologic effects that contribute to the healing
potential of the plant (Casuga ez /., 2016). Al-Owaisi
et al. (2014) investigated the compounds in the
extract of Moringa pepegrina (Forssk) Fiori leaves. The
results showed that many bioactive compounds such
as alkaloids, flavonoids, and steroids were produced
by the plant and the extracts of the leaves of this plant
were very rich in phenolic compounds (Al-Owaisi ez
al.,2014).In our research, the ethanol and chloroform
extracts of the plant were more rich in nonadecanes
than other compounds. There is a need for more study
to back up biological investigations, although the
results provided here represent the foundational work
of chemical composition and biological qualities.

Conclusions and Recommendations

There is a trend to determine antioxidant materials
from natural products in the new medical world. In
summary, our work exhibits that the extracts from
I purpurea leaves are high in phenolic contents and
express strong antioxidant power. The existence of
bioactive chemicals with established therapeutic value

has also been shown by GC-MS analysis.
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