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Effects of glutathione on mitochondrial DNA and antioxidant enzyme
activities in Drosophila melanogaster

Hulya Yildiz®"", Duygu Dus®2, Ayse Gul Mutlu*3

'Burdur Mehmet Akif Ersoy University, Department of Biology, Institute of Science, Burdur, Tlrkiye
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Abstract: The free radical theory in aging assumes that the accumulation of ARTICLE HISTORY

macromolecular damage induced by toxic reactive oxygen species plays a —

central role in the aging process. The intake of nutritional antioxidants can Rec_elved. Mar. 08, 2022
prevent this damage by neutralizing reactive oxygen derivatives. Glutathione ~ Revised: Aug. 01, 2022
(GSH; en-L-Glutamyl-L-cysteinyl glycine) is the lowest molecular weight Accepted: Oct. 18, 2022
thiol in the cells and as a cofactor of many enzymes and a potent antioxidant

plays an important role in maintaining normal cell functions by destroying kev\wORDS

toxic oxygen radicals. In this study, the effects of GSH on SOD, GST and

catalase enzymes and mtDNA damage were investigated at various time Glutathione,

intervals by giving reduced glutathione to Drosophila. It was observed that 3-  Catalase,

week GSH administration did not have a statistically significant effect on SOD GST

and GST activities whereas GSH application decreased the catalase enzyme '

activities significantly. Although the decrease in antioxidant capacity with age SOD,

was observed in SOD and catalase enzymes, such a situation was not observed ~mtDNA.

in GST enzyme activities. There was no statistically significant difference

between the control and GSH groups in mtDNA copy number values, while in

the GSH group, oxidative mtDNA damage was high. These results may be due

to the prooxidant effect of GSH at the dose used in this study.

1. INTRODUCTION

Reactive oxygen species (ROS) are by-products of exposure to cellular metabolism or
xenobiotics. ROS production can be harmful because it may cause oxidative changes in cellular
lipids, proteins, and DNA, or it may be beneficial by participating in intracellular signalling or
cell regulation (EI-Osta & Circu, 2016). Mitochondria, the centre of cellular respiration, is a
quantitatively important source of ROS as a result of oxygen reduction. In addition,
mitochondria are exposed to harmful reactive oxygen species that inhibit cellular antioxidant
mechanisms such as SOD and glutathione (EI-Osta & Circu, 2016; Collins, 2016).

Superoxide (O2) is one of the free radicals that can exert oxidative effects on the cell.
Superoxide is reduced by superoxide dismutase (SOD) enzyme to hydrogen peroxide (Abreu
& Cabelli, 2010; Sheshadri & Kumar, 2016). There is evidence that ROS such as superoxide

*CONTACT: Hulya Yildiz DX yildizhulya1687@gmail.com [Z] Burdur Mehmet AKkif Ersoy University,
Department of Biology, Institute of Science, Burdur, Tiirkiye
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anion radical, hydrogen peroxide, carbon monoxide, and nitric oxide play an important role in
various physiological processes such as cellular proliferation and differentiation, gene
regulation, and anti-bacterial defense (Rebrin & Sohal, 2008). SOD can be considered as the
first line of defense in ROS homeostasis (Abreu & Cabelli, 2010; Sheshadri & Kumar, 2016).

Catalase (CAT) is a common antioxidant enzyme found in almost all tissues using oxygen.
This enzyme catalyzes the reduction of hydrogen peroxide (H202) to water and molecular
oxygen to complete the detoxification process carried out by the SOD. The catalase is present
in the cell in the peroxisome, not in the mitochondria, which shows that the separation of
hydrogen peroxide to water and oxygen is carried out by another enzyme known as glutathione
peroxidase in mammalian cell mitochondria (Ighodaro & Akinloye, 2018). Approximately
0.4% to 4% of the molecular oxygen metabolized in the mitochondrial electron transport chain
is converted into ROS (Lim et al., 2006). Mitochondrial DNA (mtDNA) is a circular double
helix DNA arranged in nucleotides. There is no histone in the mitochondrial genome and the
genome is located very close to the mitochondrial electron transport system (ETS); therefore,
mtDNA is very sensitive to oxidative damage (Circu & Aw, 2012).

Glutathione (GSH; y-L-Glutamyl-L-cysteinyl glycine, the lowest molecular weight thiol in
the cells, is composed of L-glutamate, L-cysteine, and glycine amino acids and is one of the
most important antioxidant compounds in body fluids (Giustarini et al. 2016; Wu et al, 2004).
GSH production is catalyzed by Gamma-glutamylcysteine synthetase (Gsh1p) and glutathione
synthetase (Gsh2p) and synthesized in two steps dependent on ATP (Mannarino, 2008).
Glutathione, an essential molecule and primary cellular redox buffer that participates in various
biological processes, is often found in cells at millimolar concentrations (1-10 mM). Many
processes in cells can use GSH as a cofactor and can be affected by changes in GSH level. The
consequences of suboptimum GSH levels on all these processes are not yet clear (Ayer et al.,
2010). Glutathione is synthesized intracellularly and can be transferred from the cell. It then
tends to be hydrolyzed to amino acids to be taken back by the cells and re-synthesized
glutathione in the cell (Meister, 1991). When glutathione flows out of the cell as a tripeptide, a
large amount cannot be absorbed back into the cell (Kern et al, 2011), which leads to basal
glutathione content in serum with a normal range of 3.8-5.5uM and its half-life is reported as
14.1 £ 9.2 minutes. Cells that can absorb glutathione as a tripeptide are hepatocytes (HepG2),
intestinal mucosal cells, and retinal cells (Aebi et al, 1991; Sze et al, 1993; Benard et al, 1993;
Kannan et al, 1996). GSH is also an important source of cysteine and performs many
physiological functions, including proliferation, cell cycle regulation, apoptosis, catabolism of
xenobiotics, glutathionylation of proteins, and the production of some steroids, lipid compound,
and deoxyribonucleotides (Bajic et al, 2019). Glutathione is present in a reduced form known
as reduced glutathione (GSH) and an oxidized form (GSSG) after administration of antioxidant
effects on targets. These two forms determine a ratio known as the GSH / GSSG ratio, and
changes in this ratio indicate changes in cellular oxidative balance (Owen & Butterfield, 2010).

GSH, a cofactor of many enzymes and a potent antioxidant, plays an important role in
maintaining normal cell functions by destroying toxic oxygen radicals. On the other hand, GSH
level decreases in circulatory and tissue levels in chronic diseases such as diabetes and aging
(Jain et al, 2016). The free radical theory in aging assumes that the accumulation of
macromolecular damage induced by toxic reactive oxygen derivatives (ROS) plays a central
role in the aging process (Lim et al, 2006).

Mitochondrial dysfunction in cells is closely related to formation of reactive oxygen species
(ROS) and oxidative stress. Although ROS homeostasis and antioxidant enzymes are
modulated by cellular mtDNA, the modulation of the cellular antioxidant defense system by
changes in mitochondrial DNA (mtDNA) content is largely unknown (Min & Lee, 2019). The
mitochondrial glutathione (mtGSH) pool is 10-15% of cellular glutathione and is derived from
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the transport of cytosolic glutathione along mitochondrial membranes (Collins, 2016).
Mitochondrial redox systems such as glutathione, thioredoxin, and pyridine nucleotide redox
pairs participate in antioxidant defense by modulating mitochondrial functions, including
apoptotic cell death. The imbalance between ROS and antioxidant defense causes oxidative
stress and oxidative changes in cellular biomolecules. Increased oxidative stress also leads to
loss of GSH (Choi et al, 2016). Furthermore, mitochondrial ROS can oxidize mitochondrial
glutathione and cause the loss of intramitochondrial redox homeostasis since mitochondrial
macromolecules including mitochondrial DNA (mtDNA) are exposed to irreversible oxidative
modifications (El-Osta & Circu, 2016). In Min and Lee's studies (2019), expression and activity
of glutathione peroxidase (GPx) and catalase were inversely proportional to mtDNA content in
myoblasts. While the depletion of mtDNA slightly lowered both reduced glutathione (GSH)
and oxidized glutathione (GSSG), the cellular redox status assessed by the GSH / GSSG ratio
was similar to that of the control group. In their study, Min and Lee (2019) reported that ROS
homeostasis and antioxidant enzymes are modulated by cellular mtDNA content and that
increased Glutathione peroxidase (GPx) and catalase expression and activity through mtDNA
depletion are closely related to the reduction of oxidative stress in myoblasts.

Reactive oxygen and nitrogen species can oxidize cellular glutathione or induce glutathione
out of the cell, thereby reducing intracellular redox homeostasis and inhibiting the activation of
the apoptotic signal cascade (Circu & Aw, 2012). Many defence mechanisms in the organism
evolve reducing reactive oxidants and their damage (Ames et al, 1993). Apoptosis is a well-
organized and important cell death pattern for tissue homeostasis, organ development, and
aging. To date, exogenous (receptor-mediated) and intrinsic (mitochondrial-derived) apoptotic
pathways have been characterized in mammalian cells. Reduced glutathione plays an important
role in protecting the reduced intracellular environment. The mechanism in which oxidative
mtDNA damage induces apoptotic signalling is unclear (Circu & Aw, 2012). Enzymes such as
superoxide dismutase (SOD), catalase, and glutathione S-transferase (GST) neutralize reactive
electrophilic mutagens. In addition to the protective effects of intrinsic enzymatic antioxidant
defence mechanisms, studies suggest that antioxidant consumption in diet is of great importance
for health. Consumption of fruits and vegetables as the main source of diet antioxidants reduces
the risk of degenerative diseases. However, there are many arguments suggesting that
antioxidant contents of fruits and vegetables have the greatest effect on their protective effects
(Ames et al, 1993).

Studies on aging in Drosophila continue to provide new insights into the understanding of
this complex process. Drosophila is well suited for experimental studies with its short life cycle,
suitability for genetic manipulation, and its functionally preserved physiology (Shaw et al,
2008). In this article, however, the effects of glutathione on some antioxidant enzyme activities
and mtDNA were investigated in Drosophila melanogaster.

2. MATERIAL and METHODS

Flies were produced in standard corn flour medium in an incubator at 25 °C. Flies of 1-3 days
of age were included in experimental media. The control group included the standard
Drosophila corn meal medium (corn meal, yeast, agar, sugar, water, and antifungal acid): in
GSH group, GSH (Reduced L Glutathione 0.5%) was added in addition to this standard food
medium.

Flies were evaluated once a week for enzyme activities. In each measurement, 12 flies were
used from each group (GSH group and control group). Flies were homogenized in PBS buffer
(pH: 7.4, with protease inhibitor) and then homogenized in ultrasonic homogenizer. The
supernatant, which was centrifuged for 20 minutes at 20.000 g of homogenate, was used for
enzyme activation measurement. GST activity was performed with CAYMAN GST activity
assay kit and SOD analyzes were performed with CAYMAN SOD assay kit according to kit
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instructions. BSA standards and total protein amount of samples were measured by Bradford
method (SIGMA B6916 Bradford Reagent).

Oxidative mtDNA damage and mitochondrial copy number were measured by quantitative
PCR method. The principle of this analysis is that a lesion in the template DNA prevents the
progression of the thermostable polymerase. Thus, amplification in the damaged DNA template
are reduced compared to that of the undamaged DNA. Considering that the number of mtDNA
copies may be different in each sample, a short fragment of 100 bp was replicated for each
sample to normalize the results (Yakes & Van Houten, 1997; Santos et al, 2002; VVenkatraman
et al, 2004). The ratio of long fragment results to that of short fragment results gives a relative
amount of damage. In our study, SIGMA G1N350 Genomic DNA purification kit was used for
total DNA isolation; Pico Green dsDNA quantitation dye and QUBIT 2.0 fluorometer were
used for the quantitative analysis of template DNA and PCR products; 5 ng of template DNA
was added to each tube; and Thermo Phire hot start Il DNA polymerase was used for PCR
processing, and 4% DMSO was added to the PCR mix.

For short fragment (100 bp) primers are as follows (Mutlu 2012a; Mutlu 2012b; Mutlu 2013):
11426 5’- TAAGAAAATTCCGAGGGATTCA -3’
11525 5’- GGTCGAGCTCCAATTCAAGTTA -3’
For long fragment (10629 bp) primers are as follows (Mutlu 2012a; Mutlu 2012b; Mutlu 2013):

1880  5’- ATGGTGGAGCTTCAGTTGATTT -3’
12508 5’- CAACCTTTTTGTGATGCGATTA -3’

Thermal conditions for long fragment amplification: At 98 °C for 1 minute and then for 21
cycles at 98 °C for 10 sec, at 52 °C for 45 sec and at 68 °C for 5 min, for a final elongation at
68 °C for 5 min. Thermal conditions for short fragment amplification: At 98 °C for 1 minute
and then for 21 cycles at 98 °C for 10 sec, at 55 °C for 45 sec and 72 °C for 10 sec, for final
elongation at 72 °C for 2 min. The statistical analysis of the data was performed using the
Kruskal Wallis test in Minitab Release 13.0 statistics program. * Marked groups are statistically
different from other groups (p<0.05).

3. RESULTS

In our study, it was observed that 3-week GSH administration did not have a statistically
significant effect on SOD and GST activities (Table 1) whereas GSH application decreased the
catalase enzyme activity significantly (p<0.05). This decrease in catalase enzyme activities may
be due to the prooxidant effect of GSH at the dose used in this study. Although the decrease in
antioxidant capacity with age was observed in SOD and catalase enzymes, such a situation was
not observed in GST enzyme activities.

Table 1. Results of Cat, GST and SOD enzyme analysis.

Groups Cat GST SOD
(IU SA /mg pro £ SE) (IU SA /mg pro £ SE) (IU SA /mg pro + SE)

GSH 8 days 115.2+8.41 4.610.8 16.72+4.66
Control 8 days 161.14+9.20" 4.34+0.81 20.91+3.94
GSH 15 days 106.63+6.06 4.42+0.71 17.27+£3.71
Control 15days 146.62+5.54" 4.20+0.76 15.09+4.65
GSH 22 days 99.21+5.92 4.71+0.79 14.6+3.01
Control 22days 125.46+6.95 4.39+0.69 13.91+2.28

*Marked groups are statistically different from other groups (p<0.05). (Cat: Catalase, GST: Glutathione S-transferase, GSH:
Glutathione, SOD: Superoxide dismutase, IU:International unit, SA: Specific activity, mg pro: miligram protein, SE: standard
error).
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There was no statistically significant difference between the control and GSH groups in
mtDNA copy number values, but in the GSH group oxidative mtDNA damage was relatively
high (Table 2). This may be due to the prooxidant effect of GSH at the dose used in this study.

Table 2. Results of oxidative mtDNA damage and mtDNA copy number analysis (Low relative
amplification indicates high mtDNA damage)

Groups Relative Amplification mtDNA copy number
GSH 22 days 0.996+0.26 245.56x21.36
Control 22days 1.214+0.33 251.11+22.28

4. DISCUSSION and CONCLUSION

The level of glutathione (GSH) decreases with age or in chronic diseases such as diabetes (Jain
et al, 2016). The presence of mitochondrial GSH (mtGSH) is necessary for the protection of
mitochondrial DNA. In mouse embryonic fibroblasts, aging mice and rats have been reported
to have a direct relationship between decreasing mtGSH and increased mtDNA damage in brain
and kidneys (Circu & Aw, 2012). In their study, Dannenman et al, (2015) reported that GSH
depletion significantly increased mtDNA lesions induced by H2O> in fibroblasts.

Since glutathione is a small peptide molecule, it is exposed to hydrolysis with x-
glutamyltransferase in the small intestine (Garvey et al, 1976). However, it can also be absorbed
as a tripeptide. Although the glutathione given orally to the rats causes an increase in serum and
tissue glutathione, the general glutathione activity in humans does not correlate with dietary
glutathione (lantomasi et al, 1997; Hagen et al, 1990; Aw et al, 1991). Witschi et al, (1992)
reported that oral intake of 3g glutathione (0.15 mM/kg) in healthy subjects failed to increase
circulating glutathione concentrations for 270 minutes.

In most foods, glutathione is present in a wide range of 13-110 mg. More than half of the
nutritional glutathione comes from fruits and vegetables, and less from meats. However,
glutathione content of diet does not correlate with systemic glutathione activity in humans (Flag
et al, 1994).

The GSH: GSSG ratio, which is the primary determinant of the cellular redox state, shifts
more and more to oxidation in the aging process due to an increase in GSSG content or a
decrease in de novo GSH biosynthesis. The Km of Glutamate-Cysteine Ligase (GCL), a speed-
limiting enzyme in de novo GSH biosynthesis, increases significantly during aging. Particularly
under stressful conditions, the speed of GSH biosynthesis is adversely affected. Experimental
studies suggest that the accumulation of homocysteine, an intermediate in the trans-sulfation
pathway, may cause loss of affinity between the GCL and its substrates. Over-expression of
GCL has been shown to prolong the life of Drosophila by up to 50%, suggesting that
irregularities in glutathione metabolism play a causative role in the aging process (Rebrin &
Sohal, 2008).

Although GSH has an antioxidant effect, it can provide a pro-oxidant effect in some cases.
During GSH catabolism, removal of y-glutamate residue from the cysteine residue causes a
prooxidant effect and may induce lipid peroxidation of the plasma membrane and some cellular
damage associated with it (Bajic et al, 2019). It is thought that anti-oxidant defenses should be
developed in the aging process or ROS production will be reduced. In addition, ROS can be
useful as well as dangerous. For this reason, it has become quite problematic to establish a
causal and effective relationship between ROS and its participation in the aging process. For
example, although mitochondrial hydrogen peroxide production decreases with overexpression
of Mn superoxide dismutase and ectopic catalase in mitochondrial matrix, Drosophila's life
span is shortened instead of elongation. However, it is a fact that antioxidant defenses decrease
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with aging. The balance between ROS and anti-oxidants increasingly shifts to a pro-oxidant
state (Rebrin & Sohal, 2008).

There are scientific data showing that calorie restriction (CR) delays the onset and
progression of age-related changes based on oxidative stress. Rebrin et al, (2003) reported that
calorie restriction did not affect the concentration of GSH in mitochondria except for the
increase in heart and eye, the GSSG concentration was significantly reduced in all tissues except
the brain and the GSH and GSSG ratio increased significantly in all tissues.

Glutathione was generally considered to be safe for use as a dietary supplement, but in an
oral acute toxicity study of GSH in mice, fatal dose 50 (LD50) was observed to be 5 g/kg
(Weschawalit et al, 2017). Richie et al, (2014) reported that the increase in blood was dose and
time dependent, and that levels returned to baseline after a period of 1 month in oral Glutathione
intake. Glutathione is used orally or intravenously to whiten skin in various countries. Studies
have shown that supplements in reduced and oxidized glutathione forms have skin lightening
efficacy in humans; however, in humans, very good absorption in oral use does not occur.
Furthermore, side effects, including colds, stomach disorders, headache, back pain, hot flashes,
soft stool, eye twitching, ear infection, urinary tract infection, and constipation may be observed
while intravenous applications are prohibited in some countries because of serious side effects
including anaphylaxis (Arjinpathana & Asawanonda, 2012; Richie et al, 2014; Weschawalit et
al, 2017).

There is a direct relationship between glutathione oxidation and mtDNA damage in
apoptosis. However, one of the earliest and most noticeable events during apoptosis is a
decrease in the concentration of GSH (Esteve et al, 1999; Franco et al, 2007). Buthionine
sulfoximine (BSO) is a specific inhibitor of GSH biosynthesis (Pallardo et al, 2009). Marengo
et al, (2008) demonstrated that acute treatment with BSO induces a significant GSH depletion
that causes excessive production of radical oxygen species (ROS) and DNA damage and thus
apoptosis. It is known that there is a decrease in cellular and mitochondrial glutathione during
apoptosis, and this decrease is known to induce apoptosis inducing permeability transition pores
(Armstrong & Jones 2002).

Allen and Bradley (2011) did not observe any significant changes in their study with oral
glutathione supplementation, in healthy individuals, lipid peroxidation biomarkers, DNA, and
glutathione. Although GSH is a very important antioxidant that plays a role in the elimination
of oxygen radicals in the body, it has been demonstrated in some studies that it has prooxidant
properties (Solov’eva et al, 2007). Glutathione may act as a pro-oxidant that damages DNA
although it is present as a cleanser in millimolar levels (Fucassi et al, 2006).

In our study, the prooxidant properties of GSH were observed. In this case, it should be
considered that intake of GSH and its derivatives as nutritional supplements in the form of pills
or capsules may be harmful. The complexity of antioxidants or the ability of antioxidants such
as glutathione to have prooxidant activity depending on the dose is a complex situation called
“antioxidant paradox” by Halliwell (2013). In fact, the redox balance can be the cause or the
result of a disease, and in some cases it is difficult to know the level at which an antioxidant
becomes a prooxidant. Therefore, there is still much to understand about the role of glutathione
levels in health (Minich & Brown, 2019).
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Abstract: Globally, the main target of scientists is to examine new medicinally ARTICLE HISTORY
beneficial plants for the preparation of herbal drugs as well as to explore possible Lo

uses in the food industry. In this regard, the target of our current study is to evaluate Received: Feb. 27, 2022
the antibacterial activity and biochemical analyses of the leaf extracts of Omani  Revised: Aug. 19, 2022
Mentha piperita L (M. piperita). The selected plant leaves coarse powder samples  Accepted: Oct. 28, 2022
were extracted by using the Soxhlet extraction process with methanol at 65°C for a

period of 72 hours. The evaporation of methanol was done by a rotary evaporator kK ev\WORDS

under reduced pressure and temperature. The hydro alcoholic extract was

fractionated with the various polarities of solvents with an increasing pattern. The Mentha piperita,
biochemical evaluation and pharmacological activity of the prepared local plant  Organic crude extracts,
extracts were completed by using estgbllsheq methods. The dlffer_ent polarltles_ of Biochemical evaluation,
leaves extracts showed positive biochemical tests of alkaloids, flavonoids, ] ) o
glycosides, saponins, steroids, tannins and triterpenoids. The microbial activity of ~Antibacterial activity.
the fractioned plant extracts was tested with improved agar gel method. The

different polarity extracts at different concentrations did not display any activity

against the tested Gram (+) Staphylococcus aureus (S. aureus) and Gram (-

) Escherichia coli (E. coli) and Pseudomonus aeruginosa (P. aeruginosa) bacterial

strains. Based on the biochemical and pharmacological evaluation results, the

selected whole plant and its potential extracts might be used traditionally as natural

antibiotics to treat infectious diseases.

1. INTRODUCTION

Mentha piperita L is known as a hybrid of two species watermint and spearmint belonging to
the Lamiaceae family. This plant is native to Oman including European countries, but it is
cultivated globally due to its medicinal values (Georgiev & Stoyanova, 2006). Several other
varieties/species like apple mint, water mint, horsemint, pennyroyal, and spearmint belonging
to the same family are also available in Oman. The height of this plant is about 30-90 cm. The
stems are smooth and square. The cross-section and its rhizomes are wide spreading. The size
of the leaves is about 1.5-3.5 inches long and 2.5 inches wide with an oval shape. They are dark
green with reddish veins (Figure 1).
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Figure 1. Appearance of extracted organs (leaves) of M. piperita
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The selected plant is used as a traditional folk remedy including complementary and
alternative herbal therapy for the treatment of different disorders. In addition, it is widely used
in Chinese traditional healing medicine for different ailments. Since ancient times, the Egyptian
people have been using the powder of this plant in pyramids to kill bacteria (Georgiev &
Stoyanova, 2006). Also, the leaf crude extracts of the selected plant are used to prepare various
modern medicines. Due to their aromatic qualities, nowadays, the essential oil and leaves crude
extracts are commercially used to produce foods, and medicines (Georgiev & Topalova 1989).
In addition, the plant oil is used to prepare commercial products like toothpaste, chewing gum,
mouthwash, soaps, sweets, balms or creams, and cough medicine (Georgiev & Topalova 1989;
Stanev & Jelyazkov, 2004; Nedkov et al., 2005; McKay & Blumberg, 2006). People use this
plant mainly for its oil. The main ingredients in the oil are composed of menthol and menthone
along with a high percentage of other biologically active minor compounds like
pulegone, menthofuran and limonene (Georgiev & Topalova 1989; Sivropoulou et al., 1995).
Several scientific data are available in the literature that the selected plant species showed
different pharmacological activities including scavenging activity, anticancer, antispasmodic,
antiviral and antimicrobial activities (Spirling & Daniels, 2001; Aswatha et al., 2008; Hossain
et al., 2008; Sun et al., 2014). The pharmacological activity of the plant extracts and oil are
directly linked to the bioactive compounds. Most researchers have detected anti-inflammatory,
anti-bacterial and anti-cancer properties of this plant (Hills et al., 2005; Tabari et al., 2012; Sun
et al., 2014). Previously, several researchers have worked on leaves (Tabari et al., 2012; Sun et
al., 2014) and roots of this plant (Hills et al., 2005) and studies have exposed significant
biological activity against several Gram (+ and -) bacteria strains (Hills et al., 2005; Stepan et
al., 2016). However, so far, no detailed information related to chemical analyses and the
antibacterial activity of different polarity crude extracts has been published on the Omani
M. piperita species. Keeping this in mind, the current study design is to determine the
antimicrobial activity and chemical analyses of different extracts of locally collected
M. piperita leaves.
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2. MATERIAL and METHODS
2.1. Materials and Chemicals

Solvents with different polarities such as hexane, methanol, chloroform, and butanol (analytical
grade, BDH, Germany) were used in this present study. Most of the reagents for biochemical
analyses were of analytical grade. Antibiotic levofloxacin (positive control) and dimethyl
sulphoxide (DMSO, negative control) were obtained from BDH, Germany. A blender machine
(Jaipan, Super Deluxe, India) was used for the grinding of plant samples. The rotary evaporator
(Model Yamato, R.E801, Japan) and Soxhlet extractor (MEDIZLAB) were from Borosil, India.

2.2. Microbial Strains

Both Gram (+) and Gram (-) bacterial strains were obtained from the Department of
Microbiology, of Nizwa Hospital in December 2012. The bacterial strains were maintained on
nutrient agar at 4°C. Then, the bacterial strains were cultured into a nutrient broth by an
established technique at the Department of Biology, University of Nizwa, the Sultanate of
Oman.

2.3. Plant Materials

The selected Omani M. piperita species were obtained from Hay Al Thurat, Nizwa, Oman. The
sample was collected in February 2012 and after collecting the leaves samples, the
morphological identification was accomplished by https://en.wikipedia.org/wiki/
peppermint. The leaves were separated from the plant, packed in a bag, and kept at 4°C until
the preparation of crude extracts.

2.4. Preparation of the Samples

The leaf samples were processed and dried at normal temperature. The dried leaves (100 gm)
were crushed into coarse powder and kept in an amber colour bottle for extraction.

2.5. Extraction Procedure

About 80.33 gm of the powdered leaves samples were used for extraction by using a Soxhlet
extractor with methanol (360 ml) at 68°C for a period of 72 hours (Asma et al., 2017; Ragiya
et al., 2017). After complete extraction and filtration, a rotary evaporator was used to remove
methanol and give viscous semi-solid masses (7.99 gm, yield 9.94 %). The semi-solid extract
(6.68 gm) was liquefied in water (75 ml) and then the sample was fractionated by various
polarities of solvents: hexane (1.88 gm, yield 28.14%), ethyl acetate (1.65 gm, yield 24.7%),
chloroform (0.12 gm, yield 1.79%) and butanol (1.51 gm, yield 22.60%) and the residual
fraction was (0.90 gm, 1.34%) (Asma et al., 2017; Ragiya et al., 2017). The extraction process
was repeated twice and then the solvent was evaporated under reduced pressure and temperature
(Figure 2).

2.6. Biochemical Analyses

The plant powder materials, crude extracts and stock solutions were used for chemical analyses
by the methods described by Tahiya et al., 2014; and; Ali and Hossain, 2014). Each polarity
plant leaf extracts (1 mg) was liquefied in it mother solvent (100 ml) to give the stock solution
(1%, viv).
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Figure 2. Flow chart for extraction
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2.6.1. Identification of alkaloids

The plant coarse powder (1 gm) was taken into a small beaker and dil NH3 solution (3 ml) was
added and it was kept for a few minutes with constant stirring. Chloroform (10 ml) was added
to the same beaker and the mixture was shaken and filtered. The filtrate was evaporated to 50%
by using heat and then Mayer’s reagent was added drop by drop. A creamy colour precipitate
appeared indicating the existence of alkaloids.

2.6.2. ldentification of flavonoids

The stock solution of each plant extract (1 ml) was taken into an appropriate test tube. A few
drops of dilute NaOH were added to each test tube. A deep yellow colour was found with the
addition of dilute HCI that gradually becomes colourless. It showed the existence of flavonoids.

2.6.3. Identification of saponins

The stock solution of each plant extract (1 ml) was taken into six separate test tubes. The stock
solution was diluted with the addition of H>O and the whole solution was shaken for a few
minutes. A foam layer appeared in the upper part of the test tube that showed the existence of
saponins.

2.6.4. ldentification of steroids

The stock solution of each plant extract (1 ml) was taken into a 20 ml beaker and was dissolved
in CHCIs solvent (10 ml). Concentrated H2SO4 (1 ml) was added to the beaker dropwise. In the
beaker, two layers were formed. The top layer turned red and the bottom layer turned deep
yellow which indicated the existence of steroids.

2.6.5. ldentification of tannins

The stock solution of each plant extract (3 ml) was taken into a beaker and was diluted with
CHCIs solvent. Then, one millilitre (CHsCO)0O was added to the beaker and finally Conc.
H>SO4 was added carefully drop by drop. A green colour was obtained that showed the
existence of tannins.
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2.6.6. Identification of triterpenoids

The stock solution of each plant extract (5 mg) was taken in a beaker and dissolved in CHCIs
solvent (2 ml) by shaking. One milliliter of (CHsCO).O and concentrate H.SO4 (1 ml) were
added to the beaker drop by drop. It gave a violet colour that showed the existence of
triterpenoids.

2.7. Antibacterial Activity Assay

The prepared leaf crude extracts of M. piperita were assessed for their in-vitro antibacterial
activity by the agar diffusion method described by Fatma and Hossain (2016). Four different
concentrations of each crude extract (2, 1, 0.5 and 0.25 pg/ml) were prepared by usinga DMSO
solution followed by a dilution method. The activity of the crude extracts at each concentration
was determined against S. aureus, E. coli and P. aeruginosa bacterial strains. Approximately 5
mm diameter filter paper was used as a disc in the present experiment. Levofloxacin antibiotic
and DMSO solvent were used as positive and negative controls. All discs were soaked in
different concentrations of each plant crude extract along with the positive and negative
controls. All the socked discs were placed on an inoculated agar plate and kept in an incubator
at 37°C for 24 hours. The diameter of the inhibition zone of each incubated disc was manually
measured. All the data were replicated three times and averaged.

3. RESULTS

Since ancient times, plant-based medicine has been used for the treatment of the majority of
diseases. About 1200 plants have been considered medicinal plants all over the world due to
their pharmacological activity. Specific plant species originate and grow well in certain regions
with suitable environmental conditions and neighboring fauna and flora (Adamu et al.,
2004). The viscous semi-solid masses were obtained from the powdered leaves by the
extraction of methanol and evaporation. The solvent-free methanol plant extract was liquefied
by water and then extracted sequentially with various polarity of solvents to give hexane, ethyl
acetate, chloroform, butanol and residual water fractions, respectively (Ali & Hossain, 2014,
Tahiya et al., 2014) (Figure 2).

3.1. Biochemical Analyses

The biochemical analysis of all prepared extracts and powders of M. piperita indicated the
presence of alkaloids, flavonoids, saponins, steroids, tannins, and triterpenoids. However,
chloroform leave extracts did not show any positive tests for tannin and steroids. Similarly,
hexane plant crude extracts also did not show any positive tests for steroids (Table 1).

Table 1. Biochemical analysis of the hexane, ethyl acetate, chloroform, butanol and methanol crude
extracts of M. piperita

Siochemical Inference

lochemicals Hexane  Ethyl acetate Chloroform Butanol Methanol
Alkaloids n + + ¥ N
Flavonoids + + + * *
Saponins + + + * N
Tannins + + ) * *
Triterpenoids + + + * N
Steroids - + - * *

+ = presence; - = absence
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3.2. Antibacterial Activity

The antibacterial activity of different polarity crude extracts at different concentrations was
qualitatively assessed against the employed bacteria strains in the existence or nonexistence of
inhibition zones (Al-Rashdi et al., 2021). The various polarity extracts at different
concentrations (2, 1, 0.5 and 0.25 pg/ml) gave no significant activity against one gram (+) (S.
aureus) and two gram (-) bacteria strains (E. coli and P. aeruginosa) at the range of 0-10 mm.
Most of the crude extract of M. piperita did not show any impressive activity against E. coli,
P. aeruginosa and S. aureus bacteria at the concentrations of 2, 1, 0.5 and 0.25 pg/ml is as
presented in Table 2. The maximum antibacterial activity against E. coli was found in
chloroform extract at the concentration of 2 mg/ml.

Table 2. Antibacterial activity of different crude extracts of M. piperita against E. coli, P. aeruginosa
and S. aureus

E Concentration E. coli P. aeruginosa S. aureus
xtract
(mg/ml) (mm) (mm) (mm)
2 8+0.67 9+0.67 nd
1 8+0.67 nd nd
Hexane 0.5 8+0.67 nd nd
0.25 nd nd nd
Control nd nd nd
2 8+0.67 nd nd
1 7+0.67 nd nd
Ethyl acetate 0.5 7+0.67 nd nd
0.25 nd nd nd
Control nd nd nd
2 10+0.67 8+0.67 7+0.67
1 8+0.67 7+0.67 nd
Chloroform 0.5 nd nd nd
0.25 nd nd Nd
Control nd nd Nd
2 7+0.67 nd 7+0.67
1 7+0.67 nd 6+0.67
Butanol 0.5 nd nd 6+0.67
0.25 nd nd 6+0.67
Control nd nd Nd
2 7+0.67 7+0.67 Nd
1 6+0.67 7+0.67 Nd
Methanol 0.5 nd 7+0.67 Nd
0.25 nd nd Nd
Control nd nd Nd

nd=not detectable

4. DISCUSSION

Nature has been an important source of medicines for a long time. The plant materials and their
derivative products have been used as medicine in different traditional medicine systems to
treat various diseases since old times. WHO estimated that approximately 50-60% of the
world’s population depend on plant derived medicines for their basic health care system. Based
on their medical use in the traditional medicine system a good number of therapeutic agents
have been extracted/isolated from natural resources (Frombi, 2003).

Treating various bacterial infection is growing difficult due to the development and spread
of microbial resistance and the deficiency of the expansion of new antibacterial principles
(Aishwarya, 2015). The natural product is one of the main sources that have provided the
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pharmaceutical, agricultural and cosmetics industry with some of its natural sources of principal
products in the search for new antibacterial drugs (Basheer & Abdullah, 2019). A huge number
of local medicinal plants with a significant activity can represent a source of new antibacterial
agents for the treatment of various infectious diseases (Aishwarya, 2015; Basheer & Abdullah,
2019). An active plant oils and extracts are used for food preservation, in finished
pharmaceuticals products, and in therapies of alternative and complementary medicine systems
(Bupesh et al., 2007).

M. piperita is a plant that grows well in all climates and exists all over the world including
Oman. The oil from the selected plant is used to prepare toothpaste, chewing gum, mouthwash,
soaps, sweets, balms or creams, and cough medicine (Spirling & Daniels, 2001; Aswatha et al.,
2008; Hossain et al., 2008; Sun et al., 2014). A significant percentage of menthol and menthone
are present in the plant. Menthol is a chemical ingredient used to treat a variety of
gastrointestinal problems. In addition, it is also used for gastrointestinal problems, cramps,
dyspepsia, nausea, the common cold, sore throat, colic, itching, inflammation and headaches
(Hills et al., 2005; Tabari et al., 2012; Sun et al., 2014).

4.1. Biochemical Analyses

The qualitative biochemical analysis of different polarity leaves extracts of M. piperita proved
the presence of saponins, flavonoids, tannins, alkaloids, triterpenoids, and steroids. However,
the hexane and ethyl acetate crude extracts did not show the presence of steroids. Similar
chemical analysis results were reported on various extracts of the selected plant by other authors
(Sujana et al., 2013).

4.2. Antibacterial Activity

The antibacterial activity of different extracts of M. piperita was determined against the
available three bacteria strains. Most leaf extracts from M. piperita showed no potentially
significant activity against the selected Gram (+) and Gram (-) bacteria strains at the
concentrations of 2, 1, 0.5 and 0.25 pg/ml (Abdulsattar & Hossain, 2020). Their calculated
diameter zones of inhibition were within the range of 0-10 mm (Table 2). Among the extracts,
the methanol extract only gave a low activity against E. coli and P. aeruginosa bacteria strains
at the concentration of 2 and 1 mg/ml (Table 2). However, the methanol extract did not display
activity against S. aureus at any applied concentrations. The same extract also failed to display
any activity against E. coli and P. aeruginosa bacteria strains at low concentrations of 0.5 and
0.25 mg/ml. The butanol extract exhibited moderate antibacterial activity against S. aureus at
all concentrations. But, less activity was obtained against E. coli at the concentration of 2 pug/ml.
However, the other concentrations (1, 0.5 and 0.25 mg/ml) of butanol leaves extract did not
give any activity against P. aeruginosa. In addition, hexane and ethyl acetate extracts from
these leaves did not show any antibacterial activities against most of the tested bacteria strains.
However, hexane and ethyl acetate extract crude extracts showed moderate activities at the
concentrations of 2, 1 and 0.5pg/ml against E. coli. The chloroform extract of the selected plant
also showed some activities at the high concentrations against all applied bacterial strains but
at low concentrations did not show any activity. In our present study, the water extract also did
not show any activity against all the tested bacterial strains (data not shown). It is very
interesting that the negative and positive controls also did not inhibit the growth of the tested
bacterial strains. Previous results of other authors showed that most of the polarities extracts
give significant activities against the Gram (+ and -) bacterial strains (Hills et al., 2005; Bupesh
etal., 2007; Tabari et al., 2012; Sujana et al., 2013; Sun et al., 2014; Aishwarya, 2015; Basheer
& Abdullah, 2019). Our experimental results are different from the reported values may be due
to the chemical composition, concentration of ingredients, plant maturity, geographical region
and processing conditions (Zainab & Hossain, 2016; Doha et al., 2020). Therefore, further
studies will be needed for the antibacterial activity of the Omani species by other standard
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screening methods against S. aureus and E. coli and S. aeruginosa. In addition, further studies
will be needed to separate the bioactive ingredients from the leaves of M. piperita species.

5. CONCLUSION

The antibacterial and chemical composition of the selected plant’s various extracts were
determined by well recognized methods. Our current report related to chemical analyses and
antibacterial activity will help the isolation of new products/drugs with significant activity from
the selected plant species. Based on our results, it could be concluded that the leaves extract
of M. piperita has been moderate against the applied Gram (+) and Gram (-) bacterial strains.
However, the experiment could be repeated to check the antibacterial activity of different
polarity extracts at different concentrations against a large number of bacterial strains that will
be useful for the preparation of antibiotics.
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1. INTRODUCTION

Since ancient times, natural products have been the main source of the most active ingredients
in drugs and remedies (Mrabti et al., 2018, Bouyahya et al., 2020a; Bouyahya et al., 2021a;
Bouyahya et al., 2021b; Bouyahya et al., 2021c). Despite the dominance of synthetic chemical
drugs in the current modern era, natural products still receive great attention from the scientific
community and the population. About 80% of the World's inhabitants rely on these products
for primary healthcare, and almost half of the new medications approved since 1994 are based
on natural products (Harvey, 2008). Recently, a new concept has emerged and is widely spread
all over the globe, which is "functional food" or nutraceuticals. These are foods rich in nutrients
and associated with a number of powerful health benefits, such as berries, some vegetables,
green tea, fruits, nuts, and many more (Gupta & Mishra, 2020).

Antimicrobial resistance, according to the World Health Organization, is a worldwide public
health concern that must be addressed with the greatest seriousness (Mendelson & Matsoso,
2015). The issue is exacerbated by the rise of emerging infectious diseases, with 335 new
infectious diseases identified between 1940 and 2004 (Jones et al., 2008). Antibiotic abuse
hastened the emergence of antibiotic-resistant bacteria and antibiotic resistant genes,
significantly lowering their therapeutic value against human and animal infections (Bouyahya,
et al., 2017c; Qiao et al., 2018). So, there is a real need for new antimicrobial drugs, and
medicinal plants could be a good source for novel antimicrobial agents (Abdallah, 2011;
Bouyahya et al., 2017b; Bouyahya et al., 2019). Secondary metabolites (phytochemical
compounds) are produced by plants that are not necessary for regular growth or development
but are vital for reproduction and defense mechanisms against herbivors, fungi, bacteria and
viruses, among others. These substances include terpenoids, flavonoids, phenolic acids, and
other groups and have a high potential for acting as medicines (Anand et al., 2019; Bouyahya,
et al., 2020a; Chamkhi et al., 2021, 2022; Salehi et al., 2021; Sharifi-Rad et al., 2021).
Extensive studies have shown that numerous medicinal plants possess extraordinary
antimicrobial, antioxidant, anticancer, and anti-inflammatory properties ( Noumi et al., 2020;
Reddy et al., 2020; Hajlaoui et al., 2021; Khalfaoui et al., 2021; Al Kaabi et al., 2022), and
large drug companies should investigate the prospect of using these plants in the development
of novel antimicrobials (Cowan, 1999). Scientific research has proved the effectiveness of
certain plants' extracts against a variety of microbes and their activities were competitive to
antibiotics, including curry leaf plant (Murraya koenigii, Rutaceae) (Joshi et al., 2018; Abuga
et al., 2020), ginger (Zingiber officinale, Zingiberaceae) ( Zare-Shehneh et al., 2014; Chakotiya
etal., 2017), coriander (Coriandrum sativum, Apiaceae) (Matasyoh et al., 2009; Zare-Shehneh
et al., 2014), rosemary (Salvia rosmarinus, Lamiaceae) (Miraj & Kiani, 2016; Pieracci et al.,
2021) and black cumin (Nigella sativa, Ranunculaceae) (Salman et al., 2008; Randhawa et al.,
2017).

Thymus vulgaris L. known as thyme, belongs to the Lamiaceae family. It is a perennial short-
shrub (up to 25 cm high), with tiny oval to oblong leaves (6-12 mm) (Escobar et al., 2020). This
herb is a famous functional food, known since ancient civilizations, indigenous to the
Mediterranean countries and Northern Africa (Oliviero et al., 2016). It is a popular food in
Morocco. Indeed, it has been used as a flavoring ingredient, cooking plant, and herbal medicine
for ages (Mustafa et al., 2020). T. vulgaris has a long history of usage in traditional medicine
to cure a variety of ailments, such as respiratory disorders, toothaches, urinary tract diseases,
gastrointestinal disorders, and microbial infections (Abdallah, 2016). In the last decades,
various pharmacological investigations carried out on thyme revealed interesting biological
activities. Some studies reported that it has antioxidant, anti-inflammatory, antiviral,
insecticidal, and antibacterial properties (Prasanth et al., 2014). T. vulgaris is a typical aromatic
plant. Its essential oils reveale that it contains up to 47 compounds. Thymol, p-cymene, and
carvacrol are the major constituents, together comprising about 79.2% of the essential oil
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constituents (Rota et al., 2008). Morocco is rich in diverse flora and herbs grown in this area
are an integral part of Moroccan traditions and culture (Eddouks et al., 2002a; Mrabti et al.,
2021). However, there is still a lot of this herbal wealth that needs scientific verification.
Besides, the chemical composition of thyme and, subsequently, its biological activities might
vary greatly from one region to another, and it is critical to figure out what the true composition
of wild plants is in different localities (Guillen & Manzanos, 1998). Therefore, we have
proposed in this study to evaluate the mineral contents, Acute and chronic toxicity of the
aqueous extract of Moroccan thyme, besides the antimicrobial properties.

2. MATERIAL and METHODS
2.1. Plant Material Collection and Extraction

The aerial parts of T. vulgaris were collected from north-eastern Morocco, about 30 km away
from Taza (Morocco) in March 2021. The plant material was authenticated by a botanist in the
laboratory of botany at the Scientific Institute of Rabat/Morocco, and a voucher number, RAB-
1201, was deposited in the herbarium for future reference. Plant material was dried in the shade
at room temperature, powdered to achieve a mean particle size, and kept in the dark until future
use. The powder was extracted by infusion (for toxicological assessment) and maceration with
80% methanol (for antimicrobial profile). Briefly, 50 g of plant powders were infused in 500
mL of distilled water for a period of 30 min, then filtered and evaporated under vacuum at 50
°C using a rotary evaporator. The recovered extract was frozen and lyophilized to remove all
traces of water.

2.2. Minerals Content

The mineral content of T. vulgaris was determined using inductively coupled plasma atomic
emission spectroscopy (ICP-AES). Tests were carried out on T. vulgaris powder using the
method we used before (Zaazaa et al., 2021).

2.3. Well-Diffusion Assay

The antibacterial activity of T. vulgaris was determined using an agar well-diffusion method,
which was modified somewhat from a previously reported assay (Abdallah et al., 2021) with
minor modifications. 25 mL of an autoclaved molten nutrient agar (Oxoid Ltd, Ireland) for
bacteria or Sabouraud dextrose agar (Thermo Fisher Scientific, USA) for yeast was poured in
sterile plates (90 mm diameter) and allowed to solidify. Microorganisms were distributed over
the appropriate agar plate (adjusted to 0.5 McFarland). Using a sterilized cork borer. On the
inoculated plates, three wells (6 mm in diameter) were bored. 100 puL of thyme methanolic
extract was added to these wells, except for one well in each plate that was filled with 100 pL
of the reference antibiotic (2.5 mg/mL chloramphenicol for bacteria or 5 mg/mL clotrimazole
for yeast). After 24 hours of incubation at 35 °C, all plates were inspected for inhibition zones,
which were measured in millimeters (mm). The test was repeated three times and the mean was
calculated.

2.4. Minimum Inhibitory Concentration Assay (MIC)

Microorganisms which showed sensitivity in the well-diffusion assay were subjected to MIC
test, using the micro-dilution method (Gulluce et al., 2006) with slight modifications. Briefly,
tested microorganisms were sub-cultured for up to 12 hours, and inoculum was taken and
adjusted to (0.5 McFarland standard). Thyme extract was diluted in two-fold serial dilution to
get a concentration range from 3.9 to 250 mg/mL in nutrient broth for bacteria or Sabouraud
dextrosebroth for yeast. The 96-well plates were prepared by loading 95 pL of double-strength
nutrient broth and 5 pL of inoculum. The first well was filled with 100 pL of extract (250
mg/mL) and then, from their successive dilutions, 100 puL was put into seven wells in a row.
As a negative control, the last well was filled with 195 pL of nutrient broth without extract. The
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prepared micro-wells were loaded with 5 pL of the inoculum in the appropriate medium,
according to the type of microbe. Plates were covered with sterile plate sealer (Bio-Rad
Laboratories Inc. USA) and incubated overnight at 35 °C with frequent gentle shaking.
Determination of microbial growth in the 96-well plates containing the formulated media was
performed using a microplate reader (Bio-Rad Laboratories Inc. USA) at 595 nm. The test was
repeated three times to pinpoint the MIC value accurately.

2.5. Minimum Bactericidal/Fungicidal Concentration Assay

The minimum bactericidal concentration (MBC) for bacteria and minimum fungicidal
concentration (MFC) for yeast were determined after the MIC test (Carolina et al., 2013). In
brief, 50 pL was pipetted from each MIC tube and spotted over plates containing nutrient agar
for bacteria or Sabouraud dextrose agar for yeast, then incubated at 35 °C for 24 hours. After
incubation, the plates were checked for microbial growth. MBC was defined as the lowest MIC
that showed no observable growth. The MBC/MIC was also determined to be bacteriostatic or
bactericidal.

2.6. Experimental Animals

Adult Swiss albino mice and Wistar rats were used for acute treatment and ninety-day toxicity
studies, respectively. Animals were obtained from the animal colony of the Department of
Pharmacology and Toxicology of the Faculty of Medicine and Pharmacy, Mohamed V
University (Rabat-Morocco). Animals were kept in standard animal house conditions including
a 12 h light/dark cycle and a room temperature of 20-22 °C. All experimental procedures were
performed based on the guidelines of the Ethical Committee for the care and use of laboratory
animals.

2.7. Acute Oral Toxicity Study

The acute toxicity of T. vulgaris extract was evaluated according to OECD standards.
Organization for Economic Cooperation and Development (OECD) 423 (OECD, 2001). A total
of 60 mice weighing 25-35 g were randomly divided into six experimental groups of 10 mice
each (6 males and 6 females per group). After overnight fasting, an aqueous extract (dissolved
in aqueous solution) was administered by oral gavage as a single dose of 500, 1000, 2000 and
5000 mg / kg body weight, respectively. After treatment, the animals were observed for 14 days
while they had unrestricted access to water and food.

2.8. Chronic Toxicity Study

The chronic toxicity study was performed according to OECD Test Guidelines 408 for 90 days
with certain modifications (El Kabbaoui et al., 2017). A total of 48 male and female Wister rats
weighing between 190 and 250 g were randomly divided into four groups (n = 6 males and 6
females/group). After conceiving the animals in 4 groups of 6 rats each, the treated group
received daily gastric gavage at doses (500, 700, and 1000 mg/kg) of the aqueous extract tested
at the time when the control group received physiological solution (vehicle) for 90 days. During
the experimental period, the body weights of all groups were measured once a week. Animals
were visually observed for mortality, behavioral changes, physical appearance changes, and
signs of illness.

2.9. Hematology and Serum Biochemistry

For the hematological investigation, all animals were fasted overnight but were allowed access
to water ad libitum. Rats were then anesthetized and blood samples were taken from the
abdominal aorta. Whole blood was collected in EDTA tubes and processed immediately for
hematologic analysis. The parameters measured were red blood cell count (RBC), hematocrit
(HCT), hemoglobin (HGB), mean corpuscular volume (MCV), mean corpuscular hemoglobin
concentration (MCHC), mean corpuscular hemoglobin (MCH), white blood cell count (WBC),
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neutrophils (NEU), eosinophils (EOS), basophils (BASO), lymphocytes (LYM), and
monocytes (MONO), platelet count (PLT). The hematological analysis was performed using an
automatic hematological analyzer (Sysmex XN-550). Biochemical tests are done by using dry
tubes that have been drained of blood. They were centrifuged at 3000 rpm at 4 °C for 10 minutes
to get the serum, which was used to figure out the total serum protein (Anand et al., 2019), the
total bilirubin (T-BIL), the alkaline phosphatase (Major, 1954), the ALT, and the AST, as well
as uric acid (URIC), urea, creatinine, total cholesterol (TC), triglycerides (TG), and glucose
(GLU) using an auto-analyzer called the "Cobas ¢ 502."

2.10. Histopathology

Rats were sacrificed by sodium pentobarbital overdose. Liver, kidney, and spleen samples were
obtained immediately and fixed in 10% phosphate buffered formalin for further examination.
Tissue samples were cut into 2-3 mm thick slices with a surgical blade. The samples were
processed using a tissue processor and embedded in paraffin. Paraffin blocks were cut using a
microtome cutter and stained with hematoxylin and eosin before observation under light
microscopy.

2.11. Statistical Analysis

Data was expressed as the mean + standard deviation (Mann et al., 2000). Statistical
significance between control and treated groups was determined by one-way analysis of
variance (ANOVA), followed by Dunnett’s post hoc test. GraphPad Prism version 6.0 for
Windows was used for statistical analysis. Data analyses from male and female groups were
done separately, and the differences were considered statistically significant at p<0.05.

3. RESULTS
3.1. Mineral Composition

As shown in Table 1, the mineral contents of the edible aerial parts of Moroccan thyme have
some important minerals including macro-elements (Ca, P, K, Mg, and Na), the microelements
(S, Co, Fe, B, Cu, Zn, Mn, and V). The result of the analyses was established to give nutrient
values per mg/kg of dried weight. According to our results, the contents of Calcium (Ca) and
Potassium (K) were very high, with a concentration of 13 574.51 mg/kg and 10764.47mg/kg
respectively, while elements such as Cobalt (Co) were the least abundant microelements with
a concentration of 0.001 mg/kg.

Table 1. Levels of some mineral contents in the aerial parts of T. vulgaris.

Mineral Content in mg/kg dw
Macro-elements

K 10764.47
Mg 2476.26
Na 509.85
Ca 13574.51
P 1078.73
Micro-elements

B 26.83

Cu 31.59

S 89.190
Mn 36.23

Fe 419.26
Zn 42.08

Co 0.001

Cr 1.224

\ 5.881
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3.2. Antimicrobial Activity

The antimicrobial activity of T. vulgaris was screened by the agar well-diffusion assay. The
methanolic extract of T. vulgaris exhibited noticeable antimicrobial activity against all tested
microorganisms (Figure 1). The statistical analysis revealed that Thyme has significant
antimicrobial activity against all tested microorganisms at (P 0.05, one-way ANOVA), as
shown in (Table 2). For antibacterial activity, Staphylococcus aureus was found to be the most
sensitive (32.5£t07 mm), Salmonella enterica came next (18.5£0.7 mm), followed by
Escherichia coli (13.5£0.7 mm). Some bacteria were comparable in sensitivity against the
extract to the antibiotic, such as Staphylococcus aureus (Figure 1 and Table 2). For antifungal
activity, Candida albicans exhibited significant sensitivity to the extract (25.5+0.7 mm) and
was comparable to the antibiotic used. The MIC and MBC/MFC results are shown in (Table 3).
Bacteriostatic or bactericidal activity was assessed by MBC/MIC. When the MBC/MIC or
MFC/MIC ratio is less than or equal to 4, the extract is considered bactericidal/fungicidal,
whereas if the ratio is higher than 4, the extract is bacteriostatic/fungistatic (Abdallah, 2016).
Accordingly, methanol extract of thyme was highly fungicidal to Candida albicans (at <3.9
mg/mL), followed by other bacteria, where it was highly bactericidal to Staphylococcus aureus
(15.6 mg/mL) and Escherichia coli (31.2 mg/mL), and to a lesser degree with Salmonella
enterica (7.8 mg/mL).

Figure 1. The inhibition zone (mm) of T. vulgaris against tested microorganisms. (Ext.) represent the

methanolic crude extract (500 mg/ml), (Chl.) chloramphenicol (2.5 mg/ml), (Clo.) clotrimazole (5
mg/ml).

Staphylococcus aureus

Sa/monélla‘éhienca Candida albicans

Table 2. Antimicrobial activity of methanol extract of thyme against tested microorganisms

Mean inhibition zone diameter (mm)

;??:tr?)?)rganisms T. vulgaris Chloramphenicol Clotrimazole
(500 mg/mL) (2.5 mg/mL) (5 mg/mL)
Staphylococcus aureus 32.5+0.72 32.5+0.78 -
Salmonella enterica 18.5+0.7° 27.5+0.7° -
Escherichia coli 13.5+0.7¢ 24.5+0.7° -
Candida albicans 25.5+0.7° - 31.5+2.18

“MeanzStandard deviation, Different letters (a-c) indicate significantly differences (p<0.05).
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Table 3. MIC, MBC and MBC/MIC rations of thyme methanol extract against tested microorganisms.

Methanol extract of thyme (mg/mL)

Microorganisms

MIC MBC or MFC” MBC/MIC
Staphylococcus aureus 15.6 15.6 1.0
Salmonella enterica 7.8 31.2 4.0
Escherichia coli 31.2 31.2 1
Candida albicans <3.9 <3.9

"MFC test for the yeast Candida albicans, MBC for other tested bacteria.

3.3. Acute Toxicity Study

Regarding acute toxicity evaluation of thyme aqueous extract, administration of different 500
mg/kg,1000 mg/kg, 2000 mg/kg and 5000 mg/kg doses of aqueous extracts of the aerial parts
of T. vulgaris did not show any signs of toxicity like restlessness, motor activity, breathing, and
diarrhea, etc. There was no difference in body weight gained compared to the witness. As it is
shown in (Figure 2), in other words, all mice survived for the first 24 h and up to 14 days of
cage side follow-up. This implies that, the median lethal dose (LDso) of the extract causing 50%
of the deaths of the animals is said to be greater than 5000 mg/kg, suggesting a good safety
margin.

Figure 2. Acute toxicity of T. vulgaris aqueous extract.

30-
Control

500 mg/kg

1000 mg/kg
2000 mg/kg
-= 5000 mg/kg

N
©
1

t ¢t

Body weight (g)
N
[o-]

012345678 9101112131415
Days

3.4. Sub-Chronic Toxicity Study

Since body weight is the best indicator of good health and efficient metabolic homeostasis.
Throughout the study period, we found no signs of toxicity or deaths of animals at any dose up
to the maximum of 1000 mg/kg during the 13 weeks of repeated oral treatment. No statistically
significant difference in body weight was noted between the control group and the treated
group, either females or males. As it is shown in (Figure 3), which allows us to deduce the
absence of signs of toxicity in rats treated with the aqueous extract of the plant studied and the
tolerance of this extract in rats.
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Figure 3. Chronic toxicity of T. vulgaris aqueous extract.
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3.5. Hematology Analysis

The hematological parameters of male and female rats after 90 days of treatment with aqueous
extract of T. vulgaris are shown in (Tables 4 and 5). The effect of sub-chronic oral
administration of different doses of 500, 700 and 1000 mg/kg of extract showed no significant

difference from the control group. All hematological parameters were within normal limits.

Table 4. Hematological parameters of male’s rats after 90 days of treatment with T. vulgaris extract.

T. vulgaris (mg/kg B.W)

Parameters Control =00 200 1000

WBC (103/mm?3) 9.41+0.60 9.24+0.81 9.92 +0.63 9.19+0.92
RBC (10%/mm?®) 7.53+£0.29 7.96 £0.25 8.19 £ 0.62 8.26 £ 0.45
HCT (%) 38.92 +2.02 42.38 + 4.39 42,56 +5.43 39.71+2.29
HGB (g/dL) 13.64 £+ 0.69 13.74 £ 0.79 13.16 £0.89 14.21 £ 0.54
MCV (um?®/red cell) 58.02 + 2.04 57.85 +2.22 57.71+£3.72 56.37 £ 2.28
MCH (pg/ red cell) 17.07 £0.12 17.27 £1.03 16.91 £ 0.05 16.83 £ 0.02
MCHC (g/dL) 33.24 £1.02 32.82 £0.01 33.07 £ 0.09 33.13+0.01
PLT (102 cells/mm?) 892.13+107.11 884.72 + 103.07 878.03 + 105.06 863.03 £ 99.01
LYM (%) 73.11 £ 4.06 72.02 + 4.04 7157 £5.01 71.83+4.21
NEU (%) 24.02 £2.09 2450 +£0.11 24.22 +1.03 24.87 +1.05
MONO (%) 3.48+0.02 3.67 +£0.06 3.35+0.02 3.73+£0.04
BASO (%) 0.05+0.01 0.05+0.10 0.06 +0.02 0.06 + 0.04
EOS (%) 1.57+0.01 1.52+£0.04 1.49 +0.07 1.3+0.03

Values are expressed as mean + SD, n = 6.
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Table 5. Hematological parameters of female rats after 90 days of treatment with T. vulgaris extract.

S Control T. vulgaris (mg/kg B.W)
500 700 1000

WBC (10¥mm3) 8.46 £ 0.57 9.11+£0.02 9.21+0.09 9.24+0.03
RBC (105/mm?) 8.32+0.61 8.35+0.04 8.56 + 0.07 8.42+0.06
HCT (%) 41.12 +0.05 39.15+0.08 39.82 £0.02 40.16 £ 0.09
HGB (g/dL) 13.41+0.01 13.37 £ 0.09 13.72£0.08 13.42 £ 0.08
MCV (um?/red cell) 54.22 +0.06 55.33+£0.01 53.22+0.09 53.45 £ 0.03
MCH (pg/ red cell) 16.71 +£0.03 16.48 £ 0.09 16.57 £ 0.01 16.37 £ 0.05
MCHC (g/dL) 33.12+2.04 32.87+£1.05 3291+0.72 33.08 £2.01
PLT (103 cells/mm?) 871.37 £ 1.64 873.13£1.53 901.75+1.01 904.17 £ 0.08
LYM (%) 71.51+£0.04 70.63 £ 0.09 70.82 £ 0.07 71.51+£0.02
NEU (%) 23.13+1.09 23.22 +0.02 23.81+0.08 23.79+1.08
MONO (%) 3.21+£0.02 3.14+0.04 3.61+0.05 3.47 £0.09
BASO (%) 0.01+£0.02 0.01+0.04 0.02+0.01 0.02+0.03
EOS (%) 1.63+0.08 1.65 +0.06 1.62 £0.07 1.60 £ 0.09

Values are expressed as mean £ SD, n = 6.
3.6. Clinical Biochemistry Analysis

Tables 6 and 7 summarize the levels or activities of biochemical parameters in male and female
rats. All the tested doses of T. vulgaris extract did not induce a significant change in the
concentration of ALT, AST, total bilirubin, total protein, albumin, creatinine, urea and uric acid.
However, the extracts studied at doses of 700 and 1000 mg / kg caused a significant reduction
in the level of total cholesterol, triglycerides, in both groups of rats compared to the control
groups. Although Thymus extract induced various significant decreases (p<0.05 and p<0.01) in
the fasting glucose levels of the treated groups of rats, which was labeled at the dose of 1000
mg / kg, (p<0.01).

Table 6. Biochemical parameters of male rats after 90 days of treatment with T. vulgaris extract.
T. vulgaris (mg/kg B.W)

Parameters Control 500 700 1000

AST (UI/L) 145.72 £ 1.03 145.83 £ 1.04 146.15 £ 1.19 146.33 £ 1.02
ALT (UI/L) 56.32 £ 0.05 52.80 + 0.03 49.97 £ 0.08 54.45 £ 0.03
ALP (UI/L) 185.07 £ 1.04 181.45+1.03 179.22 £ 1.05 182.31 £ 1.02
Total bilirubin (mg/L) 0.49 £ 0.02 0.48 £ 0.07 0.51+£0.04 0.52+£0.01
Total proteins (g/L) 68.17 + 1.01 69.25 + 0.02 67.23 £ 0.08 67.85+ 1.06
Total cholesterol (g/L) 0.64 £ 0.06 0.61 +0.03 0.52 +£0.02" 0.51+0.01™
Triglycerides (g/L) HDL 0.70 £ 0.03 0.62 +0.02" 0.58 + 0.02™ 0.58 + 0.02™
Glucose (g/L) 1.09+0.16 0.93+0.03" 0.90 + 0.05™ 0.88 + 0.05™
Urea (g/L) 0.35+0.03 0.36 £ 0.04 0.36 £ 0.03 0.36 £ 0.05
Creatinine (mg/L) 4,17 +£0.09 3.81+£0.02 4,12 +£0.09 422 +0.02
Uric acid (mg/L) 11.25+1.04 11.57+1.33 11.83+£0.75 11.97£1.02

Values are expressed as mean + SD, n = 6. Compared to control group (one-way ANOVA followed by Dunnet's post-hoc test).
*p<0.05 compared to control group (one-way ANOVA followed by Dunnet's post-hoc test). “p<0.01 compared to control
group (one-way ANOVA followed by Dunnet's post-hoc test).
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Table 7. Biochemical parameters of female rats after 90 days of treatment with Thymus extracts.

T. vulgaris (mg/kg B.W)

Parameters Control 500 200 1000

AST (UI/L) 148.27+1.01 148.83+1.02 147.15+1.03 148.33+1.09
ALT (UI/L) 54.12 £ 0.03 53.80+£0.01 54.27 +0.02 54.15+0.08
ALP (UI/L) 195.11+0.04 191.18+0.03  194.16+0.04 192.21+0.03
Total bilirubin (mg/L) 047 +£0.14 0.47 £0.25 049+0.21 0.48+0.31
Total proteins (g/L) 67.05+ 0.02 67.75+0.01 68.33 £ 0.03 67.39 +0.04
Total cholesterol (g/L) 0.61 +0.06 0.53+0.08 0.49+0.04™  0.48+0.04"
Triglycerides (g/L) HDL 0.69 +0.01 050+0.01 0.47+0.03" 0.43+0.02"
Glucose (g/L) 0.99+£0.13 0.84+0.04" 0.80+0.06"  0.80+0.05"
Urea (g/L) 0.36 £0.01 0.36 £ 0.02 0.35+0.01 0.35+0.03
Creatinine (mg/L) 3.87 £0.05 3.91+£0.01 4.01£0.05 4.11£0.03
Uric acid (mg/L) 12.78 £ 0.01 12.98 +0.03 13.03+0.05 13.07 £ 0.02

Values are expressed as mean + SD, n = 6. “p<0.05 (one-way ANOVA followed by Dunnet's post-hoc test). *“p<0.01 (one-
way ANOVA followed by Dunnet's post-hoc test).

3.7. Histological Analysis

Microscopic examination of liver, spleen, and kidney tissues was performed on rats that were
either untreated (a, c, e) or treated with 1000 mg/kg of T. vulgaris aqueous extract (b, d, f,
respectively). Demonstrate a normal morphology comparable to that of the control group,
indicating that repeated oral administration of the aqueous extract of T. vulgaris for 13 weeks
by gavage generated no detrimental modifications or morphological abnormalities (Figure 4).

Figure 4. Chronic toxicity (tissue histology). There no difference between treated and control group.
On the right, a (1000 mg/kg), b (700 mg/kg) and ¢ (500 mg/kg) represent treated groups. On the left, a
(1000 mg/kg), b (700 mg/kg) and ¢ (500 mg/kg) represent no treated groups.
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4. DISCUSSION

Calcium is the most abundant mineral in this plant, owing to its role in the formation and
strength of bones and teeth. Additionally, it is involved in a broad variety of biological
processes, including muscular contraction and nerve impulse transmission (Vannucci et al.,
2018). Our results also suggested that Moroccan thyme was rich in macro- and micro-elements,
which are necessary for health maintenance through supporting metabolism, energy generation,
growth, and healing (Soni et al., 2010). Our findings corroborated previous studies on the
mineral content of T. vulgaris, as the Turkish variety of this plant also included highest
concentrations of Ca, Fe, K, Mg, and S, when compared to thirty-two Turkish medicinal herbs
(Ozcan, 2004).

Other studies revealed also the richness of Thymus species in mineral compounds Indeed,
according to study of Ouknin et al. (2018), it was revealed that T. zygis subsp. gracilis, T.
pallidus, T. willdenowii containing numerous mineral compounds with certain variability
depending on plant species and plant parts (Ouknin et al., 2018). Moreover, other species
belonging to Thymus genus such as T. capitatus and T. broussonetii containing also different
mineral compounds. The variability of these components depends to different factors such as
the genetic of specie, plant parts used, and climatic changes (Bouyahya et al., 2020c; Naceiri
Mrabti et al., 2021).

Additionally, it was found that species belonging to the genus Thymus have a wide variety
of chemical constituents; this diversity can be explained by both endogenous (plant varieties,
organ tested and vegetative state) and exogenous factors such as soil characteristics, seasons
and climatic features (Mseddi et al., 2020).

The findings of this study also revealed that T. vulgaris showed good antimicrobial activity
against all tested microorganisms to varied degrees using the well diffusion method. The well-
diffusion assay is a simple and effective method to determine the possible presence of
antimicrobial agents in tested plant extracts (Savaroglu et al., 2011). Previous studies have been
done on thyme grown in various regions worldwide and showed antimicrobial potential of T.
vulgarus (Al-Bayati, 2008; Jafari et al., 2020).

Indeed, it was reported that thyme essential oils showed various degrees of antibacterial
activity, but higher antifungal activity was recorded against C. albicans. Tural & Turhan (2017)
mentioned that thyme essential oils have remarkable antibacterial effects, against S. aureus, E.
coli and L. monocytogenes. Moreover, the current study exhibited that, based on the MBC/MIC
values, T. vulgaris has potent fungicidal (against C. albicans) and bactericidal effects especially
against S. aureus and E. coli. Previous published studies confirmed the thyme essential oils
recorded remarkable MIC values, which reflect its effectiveness as a potent antimicrobial
against different microorganisms (Boruga et al., 2014; Fournomiti et al., 2015; Imelouane et
al., 2011). Therefore, the aqueous extract of thyme has an effective antimicrobial properties.
There is a robust relationship between the phytochemical structures of thyme and its
antimicrobial activity, which could be related to terpenes present in thyme, and this compound
is thought to cause rupture of the microbial membrane by a lipophilic mechanism (Imelouane
etal., 2011).

T. vulgaris, on the other hand, is regularly consumed by Moroccans with no obvious toxic
effects documented (Eddouks et al., 2002b). The scientific assessment of this reputation needs
an examination of the plant's long- or medium-term effect on the organism. To the best of our
knowledge, no study assessing the safety of the aqueous extract of T. vulgaris has been
conducted in Morocco. As a result, the oral route was selected for the acute toxicity
investigation since it is the most often utilized route in people under normal settings. The results
obtained indicated that there were no indicators of toxicity and no death in mice during a 14-
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day period with any of the dosages examined, indicating that its usage is safe and without
harmful consequences.

Concerning chronic toxicity, the male and female rats administered with the aqueous extract
of T. vulgaris exhibited a normal body weight evolution, indicating the lack of toxicity.
Hematological examination revealed no significant changes in the parameters measured in rats
treated with T. vulgaris aqueous extract. The aqueous extract also did not influence biochemical
parameters at any of the dosages studied. However, this extract resulted in a considerable
decrease in total cholesterol and triglycerides.

In agreement with our results, another study found that supplementing drinking water with
thyme extract reduces plasma triglycerides and total cholesterol (Abdulkarimi et al., 2011).
Thus, this extract resulted in a considerable drop in blood glucose levels throughout therapy,
indicating that it is suitable for use in the treatment of diabetes (Tuama, 2016). A similar study
conducted in Peru showed no evidence of toxicity in acute and repeated 28-day oral dosage
toxicity tests of T. vulgaris essential oil in rats (Rojas-Armas et al., 2019).

During the experiment, oral administration of the aqueous extract of T. vulgaris caused no
detrimental alterations or morphological abnormalities in the tissues examined and this was also
in harmoney with previous studies (Benourad et al., 2014). On the contrary, one study revealed
that it had a healing impact on liver tissues when rabbits were exposed to methotrexate (MTX)-
induced toxicity (Swayeh et al., 2014).
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Abstract: Diabetes is a chronic metabolic disease that creates high blood sugar
level. Therefore, diabetes awareness is necessary to prevent diabetes by
reducing sugar intake and using low-calorie alternative sweeteners
instead. Stevia rebaudiana is a medicinal plant species belonging to the
Compositae family. It is a sweet herb that contains diterpene glycosides, which
are directly responsible for the sweet taste, but they have no caloric value. Since
ancient times, there have been several reports on the use of S. rebaudiana as an
alternative sweetener and extended research has been conducted on its
phytochemicals and biological activities. The plant contains a good number of
phytochemicals with significant biological activities, namely polyphenolic
derivatives, diterpenes glycosides, alkaloids, glycosides, tannins, chlorophylls,
carotenoids, etc. For industrial use, those phytochemicals could be extracted
from the selected plant and used for the preparation of nutraceuticals and food
additives. S. rebaudiana is a natural herb; therefore, it has fewer or minimal
adverse effects on human health. The selected plant in various forms is used
for the treatment of diabetes, colon cancer, obesity, cavities, and
others. However, the literature review shows that the information on this plant
and its uses is not systematic. The purpose of the present review is to explore
the status of phytochemicals and biological activities of the selected plant for
young researchers. Therefore, the updated data will help them to develop new
nutraceuticals and food additives that could help in the production of
pharmaceuticals to treat different ailments.

1. INTRODUCTION
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Industrial uses.

Plants have been the primary source of safe medicine to cure various ailments. Traditionally,
plants have been used to treat diseases since ancient times due to various biological and
pharmacological activities (Zarawska, 1975; Kakkar & Bais, 2014; Rana & Bais, 2014). Since
ancient times, herbs have been used as vital primary medicines to treat various ailments by
different communities all over the world, including the Sultanate of Oman (Tandon et al., 2004).
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Several evidence-based reports have been published on the clinical trials as well as quality
control of herbal medicines (Steven & Ehrlich, 2009). The biological activities of more than
250,000 plant species have been well-discussed (Schoonhoven, 1982). Based on recent
estimates, there are approximately 500 000 phytochemicals, but only 30 000 have properly been
examined regarding their biological activities (Bemays & Chapman, 1994). Plant
phytochemicals have a habitual interest in agriculture and pharmaceutical sectors because of
the growth of organic products from plant sources in the United States (Isman, 1994).

The anticancer drug Taxol is manufactured from plants. The increasing aspiration by the
communities for alternative medicine has added motivation for scientists to advance research
in this field (Klayman, 1985; Phillipson & Wright, 1991; Beutler et al., 1995).

The use of medicinal plants was first reported in Mesopotamia in about 2600 BC.; however,
the therapeutic potential of medicinal plants was not emphasized in this record. In Ancient
Egypt “Ebers Papyrus” dating from 1550 BC explained more than 800 natural remedies
including the use of plants and their extracts, animal parts, and various minerals. The Assyrians,
who governed Mesopotamia at the beginning of the first millennium BC, significantly merged
antique knowledge about herbal remedies to treat diseases. From about 1100 BC, the Chinese
Materia Medica was broadly explained and documented herbalists were fully focusing on
cataloguing and documenting the therapeutic effects of plant compounds that they isolated from
the plants. During that time, Shennong Bencao Jing (100-200 AD) in China accumulated and
added more than 400 plant-based herbal drugs in Materia Medica of Dioscorides (Unschuld,
1988; Tang & Eisenbrand, 1992).

The genus Stevia Cav. is considered a sweet herb and it originated in Brazil and Paraguay.
At the beginning of the sixteenth century, the people of Europe learned first that the leaves of
Stevia are approximately 20-30 times sweeter than sugar. Since then dried leaves have been
stored and used in raw form instead of synthetic sugar. The growth rate of the Stevia is slow
and it does not disturb or increase the blood sugar levels in the living organisms. Several reports
showed that Stevia extracts do not have any significant neurological or urological side effects
(Tanaka et al., 1997). Recently, based on its health benefits, Stevia is commercially produced
in several countries including the United States, the Republic of China, Portugal, Paraguay,
Brazil, Thailand, Poland, the Netherlands, India, and Korea, but Japan is the largest consumer
of Stevia as an artificial sweetener in the World. Due to the importance of the selected plant,
the purpose of this present review is to raise awareness of the status of phytochemicals and
biological activities for young researchers.

1.1. Plant Description

S. rebaudiana is a flowering plant that belongs to the genus Stevia and Compositae family. It
has several common names such as candy leaf, sweet leaf or sugar leaf (Katayama et al., 1976;
Goyal et al., 2010; Misra et al., 2011). It is one of the 154 members of the genus of Stevia, but
only two species are sweet to taste. It is native to the border areas of Brazil and Paraguay.
However, some countries gave more effort to produce Stevia for commercial purposes. Due to
its sweetness, nowadays, it is commercially cultivated in various countries, namely Paraguay,
Argentina, Germany, Republic of China, United Kingdom, Japan, Spain, Republic of South
Korea, Canada, Australia, Mexico, Belgium, USA, Brazil, Israel, Malaysia, Indonesia, Taiwan,
Thailand, Tanzania, and India. Now the leading Stevia producing country is China, which
commercializes its processed products as artificial sweeteners. Currently, Japan is considered a
major importer market for Stevia. The plant grows well similar to other vegetable crops and
normally it grows well in subtropical countries. Due to its importance, Stevia has become cash
crop in many countries and its cultivation is closely monitored by Ministry of Agriculture while
measuring various parameters such as height, leaf weight, growth, insects as well as the content
of sweeteners in the plant. The plantation of Stevia is from February to March each year and
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the plant is harvested in June or July. It is a flowering plant and the flowers become within 54-
100 days (Goyal et al., 2010; Misra ef al., 2011). The concentration of sweetening ingredients
in this plant is known to increase with the maturity of the plant.

1.2. Morphology

S. rebaudiana is a medicinal plant belonging to the Compositae family. The plant is a small
perennial tropical shrub height up to 30 cm (Madan et al., 2010, Figure 1). A mature plant could
reach a maximum of 80 cm in height with woody stems. The leaves are oppositely arranged
and the surfaces of the leaves are slightly glandular and have two discrete sizes. The leaves are
oval in shape and the size of the leaves varies with environmental conditions such as types of
soil, irrigation process, sunlight, air quality, etc (Madan ef al., 2010). The leaves have a sweet
taste that remains in the mouth for at least an hour.

Figure 1. Different parts of S. rebaudiana

Seeds Rhizome

The plant has spirally arranged small white tubular flowers. The shape of the fruit is oval
and there is one seed in the seed coat. The seeds are about 3 mm long (Figure 1). The rhizome
of this plant itself is slightly branching into roots (Figure 1). The selected plant grows well if
the weather conditions are about 80% humidity and the temperature is within the range of 20-
29°C (Carneiro, 1930; Robinson, 1930; Brandle et al., 1998; Meireles et al., 2006).

1.3. Taxonomy of the Stevia Genus

The genus Stevia contains more than 240 species. Among the Gulf countries, only Iran and Iraq
have a few endemic species, but they are not sweet. The climate in most parts of Oman is not
suitable to grow this plant, as an experiment, the selected plant was planted on Jabal Al Akhdar
and the plant is still surviving. Therefore, the mountains in Oman can be used for growing the
selected plant species. Among the species, humans used only forteen species of S. rebaudiana
for artificial sugar (Meireles et al., 2006). The taxonomy and the most common species of Stevia
are presented in Table 1 and Table 2.
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Table 1. Taxonomy and species of Stevia

Kingdom Plantae

Subkingdom Viridiplantae - green plants
Infrakingdom Streptophyta - land plants
Superdivision Embryophyta

Division Vascular plants
Subdivision Spermatophytina - seed plants
Class Magnoliopsida

Superorder Asteranae

Order Asterales

Family Asteraceae (Compositae)
Genus Stevia Cav.

Table 2. Most common species of Stevia

e Stevia anisostemma
e Stevia bertholdii

e Stevia crenata

o Stevia dianthoidea
o Stevia enigmatica

o Stevia eupatoria

o Stevia lemmonii

o Stevia micrantha

e Stevia ovata

e Stevia plummerae

e Stevia rebaudiana
o Stevia salicifolia

o Stevia serrata

o Stevia tunguraguensis
e Stevia viscida

1.3. Traditional Use

S. rebaudiana is a medicinal plant and it is considered an alternative sugar instead of synthetic
sweeteners. Therefore, the plant is used mainly to stabilize the blood glucose in living
organisms. In addition, the leaves are used for the treatment of other diseases, namely diabetes,
cardiac diseases, high blood pressure, and weight loss in various alternative traditional systems
(Saravanan et al., 2012; Mann ef al., 2014). In the beginning, Japan and Korea used this plant
extracts for the substitution of sucrose, but their governments in 1991 banned the plant extracts
due to some issues. However, in 1991 the US Food and Drug Administration (USFDA)
removed the ban, but they have imposed some restrictions on extracts and prepared finished
products from the leaves of S. rebaudiana. Based on the chemical ingredients, the UK
government raised several questions regarding the safety of the use of plant extracts. Due to
chemical ingredients, during that time it has generated lots of misunderstandings about the safe
use of Stevia (Shivanna et al., 2013). After a long discussion, in addition to supporting the use
based on the research and comprehensive international response, the USFDA approved the use
of the crude extract of Stevia leaves as a safe natural and non-nutritive sweetener (NNS)
(Schoonhoven, 1982). The leave powders of Stevia are used to treat the regulation of the heart
rate (Shivanna et al., 2013; Siddique et al., 2014). Currently, Stevia is used as an artificial sugar
as it does not affect the blood sugar of diabetics’ patients. The plant does not have any adverse
effects on renal functions like synthetic sweeteners. Not only that, the plant itself and its extracts
have significant biological activities like anti-fungal, antioxidant, antihypertensive and anti-
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bacterial properties. Therefore, several previous reports supported that the parts of the plant
could be used in herbal preparation for the treatment of diseases such as tonics for diabetic
patients, daily usage products e.g. mouthwashes and toothpaste (Meireles et al., 2006). As a tea
the leaves of Stevia give significant relief to diarrhoea (Shivanna et al., 2013).

1.5. Stevia Commercial Products

Currently, several commercial products from Stevia are available in the global market. Table 3
presents some of the available commercial products. According to the needs, the stevia products
can be collected directly from the Stevia producing companies as well as from pharmacies.
Nowadays, the products can be bought from companies or pharmacies through Internet sources.

Table 3. Different types of commercial products from Stevia

Product name Companies name Type of medicine
Stevia powder Stevia LLC, USA Crystals
Extract Life Extension Foundation, USA Powder

JAJ Stevioside JAJ Group USA Powder
Liquid extract of stevia Baar Product, Inc, USA Liquid
Stevia Dark Liquid Stevia NOW Liquid concentrate
Pure powder extract Stevia NOW Powder extract
Stevia crude extract Stevia NOW Tablets

2. PLANT PHYTOCHEMICAL

Until now a good number of studies have been conducted on the phytochemicals of S.
rebaudiana. Most scientists claimed that several groups of phytochemicals are present in the
leaves. They are mainly diterpenes glycosides; alkaloids, steroids, tannins, saponins,
flavonoids, glycosides, sterol, triterpenes, and anthraquinones (Table 4). Our previous study
and several other studies on Stevia also showed that the plant leaves contain alkaloids, steroids,
tannins, saponins, flavonoids, glycoside, sterol, triterpenes, and anthraquinones including
phlobatannins (Hutapea, 1997; Genus Jan, 2002). The plant leaves also contain other vital
compounds such as vitamins, folic acid, amino acids, diterpenes glycosides, and derivatives of
caffeic acids, nutrients, and several other minor compounds (Soejarto et al., 1982; Barriocanal
et al, 2008; Kobus-Moryson and Gramza-Michatowska, 2015; Jan et al, 2021; Lemus-
Mondaca et al., 2021). In addition, reports showed that the essential oil of the selected plant
contains palmitic, stearic, palmitoleic, oleic, linolenic and linoleic acids (Soejarto et al., 1982).
The plant leaves were analyzed by using atomic absorption spectrophotometry (AAS), the plant
leaves contain high content of potassium (K), phosphorus (P), calcium (Ca), magnesium (Mg),
sulphur (S) and sodium (Na). However, metals such as iron (Fe), copper (Cu), cobalt (Co),
manganese (Mg), zinc (Zn), selenium (Se) and molybdenum (Mo) are present in smaller
amounts. Some research also mentioned that the percentage of essential oil in the leaves is high
compared to other plants. The oil of the selected plant contains a high percentage of
carbohydrates, ash and protein. The range of foreign matter (2.86%), total ash (2.9% w/w), and
moisture content (9.47%) have also been estimated (Soejarto et al., 1982). The leaves are
sweeter than the other parts of this plant such as flowers, stems, seeds, and roots. Based on the
previous report, the leaves of this plant are 150 times sweeter than synthetic sugar (Soejarto et
al., 1982). The leaves contain several diterpene derivatives that are responsible for the sweet
taste especially steviol glycosides. It is also reported that the leaves contain a maximum amount
of diterpene glycosides derivatives during the flowering time (Soejarto et al., 1982).
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Table 4. Group of phytochemicals in the Stevia

Groups Methanol Hexane DCM Ethyl acetate Butanol Water
extract extract extract extract extract extract
Alkaloids + - - + - -
Steroids + + - + - +
Tannins + - + + + +
Saponins + - - + + +
Flavonoids + - - + + +
Glycosides + - + + + +
Sterols + + - - - -
Triterpenes - + - - - -
Anthraquinones + - + + - -

+ = Present and - =Absent

2.1. Cariogenic and Mutagenic Effects

Previously, Das et al. conducted one study to explore the side effects of the prolonged use of
stevia products or chemical ingredients: stevioside and rebaudioside-A. However, they didn’t
find any side effects due to the use of stevia (Das et al., 1992). Regarding the mutagenic effects,
several studies have been conducted on stevia by several authors, but the results are
contradictory. Therefore, based on the previous report, the FDA stopped listing this herb as a
substitute for sugar until the safety issue is settled (FDA, 2019).

2.2. Human Studies

Since the old times, S. rebaudiana has been used a natural sweetener instead of synthetic sugar.
However, there is a lack of information on a clinical study of the Stevia plant and the chemical
ingredients in the plant. Glucose tolerance tests were conducted on the effects of administering
Stevia extracts. Based on the glucose tolerance tests before and after taking the Stevia extract,
the results showed that the stevia extracts increased glucose tolerance and decreased plasma
glucose concentration (Curi et al., 1986). Later, Jeppesen et al., worked on the derivatives of
diterpene steviol and stevioside and the results showed that both ingredients can affect directly
the pancreas for releasing insulin. His group concluded that the stevia plant could be useful to
manage type 2 diabetes (Jeppesen et al., 2000).

2.3. Total Phenols Content

Most of the researchers estimated the total phenol content of S. rebaudiana extracts with the
modified FCR (Folin-Ciocalteu reagent) method (Amri & Hossain, 2018; Maisa et al., 2021;
Hossain et al., 2022). The samples were analysed against the gallic acid standard and measured
the absorbance by the UV-visible spectrophotometer method at the wavelength of 760 nm. The
literature showed that most of the extracts from the Stevia gave a significant amount of total
phenol content ranging from 7 to 15 mg/100g in the powder samples. The ingredients belonging
to phenol groups are biologically active ingredients and they might be used for the prevention
and treatment of diseases. Plant-drive phenolic compounds are widely called antioxidants
(Amri & Hossain, 2018). The phenolic ingredients can stop the free radical reactions with other
compounds in the human body. As a result, the phenolic compounds can prevent DNA damage
and chronic health effects.

2.4. Total Flavonoid Content

The estimation of the total flavonoid content of varied polarities extracts of S. rebaudiana was
conducted by the modified AICI; method against quercetin standard as described by several
authors (Al-Jadidi & Hossain, 2016; Al-Oraimi & Hossain, 2016; Al-Saeedi et al., 2016).
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Different polarities of plant extracts were analysed and the absorbance was measured by using
the UV-visible spectrophotometric method at the wavelength 415 nm. The literature showed
that among the six extracts e.g., methanol, hexane, ethyl acetate, chloroform, butanol and water
extracts, the ethyl acetate extract gave the highest total phenol content ranging from 3 to 9
mg/100g powder samples (Al-Jadidi & Hossain, 2016). All flavonoid ingredients belong to
phenol groups and they are biologically active and they can be used for the prevention and
treatment of diseases. Plant-ingredient flavonoids contain compounds that are quite stable and
they can also protect the human body from different cell reactions.

3. BIOLOGICAL ACTIVITIES

Since the old times, scientists have been paying attention to the biological activities of the plant
extracts and confirmed their biological activities such as antioxidant, antibacterial, antifungal,
antidiabetics, antihypertensive, cytotoxic, anti-inflammatory activities etc. S. rebaudiana gave
significant biological activities. The literature search showed that plant extracts with different
polarities displayed varied activities due to the chemical ingredients present in the extract.
Biological activities play a vital role in the treatment of different diseases. The selected plant
species showed varied biological activities; therefore, the selected species is used to treat
various diseases including diabetes.

3.1. Antioxidant Activity

In general, the antioxidant activity of plant extracts was determined by using 1, 1-diphenyl-2-
picrylhydrazyl (DPPH), ferric reducing ability of plasma (FRAP), 2, 2'-azino-bis (3-
ethylbenzothiazoline-6-sulphonic acid (ABTS) which was described by most of the authors (Al-
Habsi & Hossain, 2018; Abdulsattar & Hossain, 2020; Al-Rashdi et al., 2021; Al-Qassabi et
al., 2018; Hossain et al., 2019). The same methods have been used to determine the antioxidant
activity of various S. rebaudiana extracts and showed that the plant extracts with varied
polarities gave varied antioxidant activity. The majority of the previous work showed that in
the case of most plant species, the polar extracts have more significant activity than non-polar
extracts (Al-Jadidi & Hossain, 2016; Saravanan et al., 2012). However, some authors, found
the reverse results meaning that non-polar extracts showed higher activity compared to polar
extracts. Nevertheless, the total average antioxidant activities are quite high about 89% DPPH
inhibition against ascorbic acid either in the case of polar or non-polar extracts (Shivanna ef al.,
2014). In conclusion, the consumption of food with high antioxidants could reduce the risk of
chronic diseases, including cardiovascular disease, colon cancers, diabetes, hypertension, etc.
Free radicals from antioxidants are the vital source to prevent or reduce human cell damage
through oxidation. The mechanism of preventing human cell damage by antioxidants is still.

3.2. Antimicrobial Activity

Still now, the researchers are using in-vitro and in-vivo studies to determine the antimicrobial
activity of plant crude extracts (Al-Jabri & Hossain, 2018; Weli ef al., 2020; Al-Saeghi et al.,
2022). For the screening of the plant extracts, the scientists use the in-vitro method, however
for clinical trials scientists use the in-vivo model. Scientists studied the selected S. rebaudiana
extracts and found the best extracts that could be used to treat all kinds of infectious diseases
without adverse effects (Curi ef al., 1986; Maisa et al., 2021). The best extract with significant
antimicrobial activity was found in hexane extract against Gram (+) bacterial strains within the
range of 0-13 mm (Al-Jadidi & Hossain, 2016). However, other various polarities extracts from
the leaves of S. rebaudiana also gave activity against all other Gram (+and -) with the range of
0-10 mm. The previous studies showed that all varied polarity extracts from this plant species
gave moderate activity against the Gram (+ and -) bacterial strains. Based on the antimicrobial
activity among the extracts, the hexane extract could be used as an alternative natural safe
antibiotic instead of a synthetic antibiotic.
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3.3. Anti-diabetic Activity

Diabetes is the deficiency of insulin. Most of the vital organs were affected due to diabetics.
Scientists are looking for a natural safe remedy to treat or manage diabetes. In-vitro and in-vivo
antidiabetic activity of the plant extracts was determined by using a-amylase inhibitory and a-
glucosidase inhibitory bioassay as described by several authors (Ahmad & Ahmad, 2018;
Dhasarathan & Theriappan, 2011). The same therapeutic approaches were used for the
screening of the crude extracts of the selected plant species for their antidiabetic activity. The
inhibition results obtained from both approaches showed that the stevia extracts significantly
reduced postprandial elevation of blood glucose. Previous studies showed that all fresh extracts
of the selected plant inhibit the a-amylase with an ICso value of 2.679 pg/ml, which was higher
than the standard acarbose (1.736 pg/mL). However, in the case of all commercial and wild
samples, the inhibition capacity towards a-amylase deteriorated once the maximum capacity
was reached, which was probably due to the saturation of the enzyme. The inhibition could be
due to the ingredients that inhibit the a-amylase enzyme.

4. CONCLUSION

S. rebaudiana is a flowering plant that belongs to the genus Stevia. The selected plant is used
mainly to stabilize the blood glucose in living organisms. In addition, the leaves are used for
the treatment of other diseases, namely diabetes, cardiac diseases, control of blood pressure and
weight loss in various alternative traditional systems. The focus of this present review is on the
phytochemicals, pharmacological and toxicological activities status of the plant species. The
plant can be used as a natural antioxidant and antibiotics as supplements and drugs. Therefore,
further clinical and pathological studies must be conducted to investigate the unexploited
potentials of the Stevia plant before using the plant as a drug to treat diseases.
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1. INTRODUCTION

Oxalis L. 1s a genus of family Oxalidaceae R.Br. representing nearly 500 accepted species being
worldwide distributed, with special richness in the area from South America to the southern
region of North America and at the South-Western Cape region of South Africa (Oberlander et
al., 2002; The plant list, 2013). The genus is represented in Egypt by five species and one
variety (Tackholm, 1974; El-Khanagry, 2005).

The pharmacological and therapeutic potential of some Oxalis plants was evaluated by
identifying their biologically active chemical constituents, such as O. pes-caprae L. which has
antioxidant and neuroprotective activities (Gaspar et al., 2018). While some other species have
been reported for their antioxidant, anti-diabetic, anti-cancer, antibacterial, and enzyme-
inhibiting activities (Prasad Pandey et al., 2020; Sarfraz et al., 2022).

O. corymbosa DC. and O. latifolia Kunth had not been subjected to any chemical study prior
to work on the nonpolar fraction by Draz et al. (2021). Limited studies have been reported about
the other Oxalis species. Some of those works concerned with their nonpolar chemical profiles
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(Draz et al., 2021) while others provided their chemical profiles using polar fractions
(Gtigliitiirk et al., 2012; Gaspar et al., 2018; Prasad Pandey et al., 2020). In addition, the
separation, and identification of flavonoids and phenolic acids from O. pes-caprae were carried
out by Della Greca et al. (2009) and Giigliitiirk ez al. (2012).

Lourteig (2000) proposed a system for classifying Oxalis L. based on its morphological
characters and concluded O. corymbosa and O. latifolia under section lonoxalis, while O. pes-
caprae was placed under section Cernuae. There weren’t any classifying systems to concern
with the chemical characters of this genus before, so the present study aims to evaluate the
chemotaxonomic relationship between the studied species.

2. MATERIAL and METHODS
2.1. Plant Materials

Three Oxalis plants were collected from different localities in Egypt by Amal A. Draz and were
identified and deposited in the Herbaria of the Faculty of Science, Cairo University (CAI) and
National Research Centre (CAIRC) by Dr. Eman M. Shamso. O. corymbosa DC. (voucher No.
A303) was collected from the National Research Centre gardens, Dokki, Giza in March, 2019,
while O. pes-caprae L. (voucher No. A304) was collected from Bramly’s grotto, Burg El-Arab
in February, 2019 as well as O. latifolia Kunth (voucher No. A305) was collected from Faculty
of Science gardens, Cairo University, Giza in April, 2019.

2.2. LC/QTOF/MS Analysis

The LC-QTOF-MS analysis was performed using plant materials that had been cleaned, dried,
and ground into a fine powder. Fifty grams of each plant were soaked in 70% MeOH three
times, 2 days/each time; the extracts were filtered and evaporated under reduced pressure and
temperature till full dryness using Rota-vapour apparatus. Next, 30 mg of each prepared crude
extract was analyzed using the -ve mode (Triple TOF 5600+ Sciex) in accordance with the
method of Eissa et al. (2020). The profiling and annotation of their chemical constituents were
described (Table 1).

2.3. Isolation of Pure Compounds

Air-dried and powdered 1.6 kg of O. pes-caprae was extracted using 70% MeOH, filtered, and
then dried using Rota-vapour apparatus. The crude extract was then suspended in distilled water
(500 ml) and fractionated with ethyl acetate (65 g) and n-butanol (98 g). For further separation,
each fraction was subjected to column and paper chromatographyaccording to the method of
Hussein et al. (2018). The identification of the separated compounds was achieved through:
NMR experiments that were carried out by using Jeol EX-500 spectrometer: 500 MHz ('H
NMR); UV absorption spectra were recorded on a Shimadzu model-2401CP
spectrophotometer, and HR-ESI-MS on a Triple TOF 5600"Sciex. Authentic samples were
obtained from the department of phytochemistry and plant systematics, NRC. Five compounds
were separated, two of which were identified via 'H-NMR, UV/vis, and HR-ESI-MS
(compounds 29 & 37), while the other three compounds were identified through co-
chromatography with authentic standards (compounds 40, 38 & 33) (Table 1).

2.4. Statistical Analysis

Multivariate statistical analysis of 50 character states was performed using Minitab 21 software
for detecting the affinities among the variable chemical profiles of the investigated plants and
a dendrogram was plotted.
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3. RESULTS and DICUSSION
3.1. LC/QTOF/MS Analysis

The LC/QTOF/MS analysis revealed the identification and characterization of 50
compounds belonging to different chemical classes from the methanolic extracts of three Oxalis
L. plants (O. corymbosa, O. latifolia & O. pes-caprae) (Table 1; Figure 1).

3.1.1. Phenolic acid derivatives

They were recorded in different Oxalis species. Compounds (1), (2), (3), and (4) were identified
in all of the studied taxa, whereas the rest of compounds showed a selective occurrence in
certain species and were absent in others.

Compound (5) was only detected in the extract of O. pes-caprae at m/z 153.0188 and R 4.94
min It produced a major daughter fragment ion at m/z 109 due to loss of CO», that supported its
identification as 3,4-Dihydroxybenzoic acid (Ruan et al., 2019).

Compound (6) was detected at R¢4.96 min with m/z 359.0782 in all of the studied taxa except
for O. latifolia. 1t gave fragmentation pattern of m/z 197, 179, 161 that was in compliance with
that of rosmarinic acid (Wang et al., 2021).

Compound (7) was characteristic of O. latifolia. This compound appeared at m/z 137.0247
(at R¢ 6.97 min.) and produced a daughter fragment ion at m/z 93, suggesting its identification
as “salicylic acid” (Lin et al., 2020).

Although compound (8) was only absent from O. Latifolia, it was reported at m/z 167.0356
(at Ry 7.14 min.) and produced a fragment ion at m/z 152 due to the loss of CH3 group in the
remaining studied taxa. Thus, it was suggested to be “5-Methoxysalicylic acid” (Massbank
Record: PS104208).

3.1.2. Carboxylic acids

A wide variation of carboxylic acids have been detected in the studied taxa, of which the
compounds (9), (10), (12), (13), (14), and (15) were detected in all of the studied taxa, while
the remaining compounds showed a selective occurrence among the studied taxa that developed
a level of variation.

Compound (11) was identified as succinic acid as it appeared at m/z 117.0176 (R 1.19) and
produced a series of fragments at m/z 99 [M-H-H>O] and m/z 73 [M-H-CO:] (Eissa et al.,
2020). This compound was detected in all of the investigated extracts except O. latifolia.

Compound (16) at Rt 1.25 min and m/z 195.0516 was identified as gluconic acid as it
produced a fragmentation pattern of m/z 129, 177 and 159 (Lucas, 2021).

Compound (17) was exclusively detected in extracts of O. corymbosa and O. latifolia. Its
fragment ion peak at R¢ 1.26 min and m/z 160.0615 produced the fragment ions m/z 142 (due
to loss of H>O molecule) and m/z 116 (due to loss of CO, molecule) on the MS/MS
fragmentation. This fragmentation spectrum was mostly compatible with that of “1H-indole-3-
carboxylic acid” (Gamir et al., 2012).

Compound (18) at R¢ 1.27 min and m/z 105.0199 was absent only in O. pes-caprae. The
fragmentation pattern of this compound was mostly compatible with that of glyceric acid, as it
produced fragment ions at m/z 75, 73, 59, 57, 47 (Lucas, 2021).

Compound (19) that appeared at R 1.28 min and m/z 147.0288 was identified as citramalate
as it showed the fragmentation pattern of m/z 129, 103, 87, 85 (Wu et al., 2010). This compound
was only present in O. latifolia.
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Compound (20) was only detected in O. corymbosa extract at m/z 149.0451 (R¢ 1.29 min.),
and on MS/MS fragmentation, it produced a major fragment ion at m/z 73 in a fragmentation
pattern being characteristic of tartaric acid (Brent et al., 2014).

Compound (21) appeared at R¢ 1.38 min and m/z 145.0613 was only recorded in the extracts
of section Ionoxalis representatives (O. corymbosa and O. latifolia). It gave fragment ions at
m/z 127,101 in a MS/MS fragmentation pattern that was characteristic of 2-Methylglutaric acid
(Lucas, 2021).

Compounds (22), (23), and (25) were detected only in O. pes-caprae. Those compounds had
molecular ion peaks at m/z 175.0616 (at R 1.46 min), 138.0556 (at R; 1.51 min), and 147.0459
(at Rt 4.83 min), respectively. Compound (22) gave a fragmentation pattern of m/z 157 (due to
the loss of an H>O molecule), 131 (due to the loss of a CO2 molecule), 129, 115, 113 and 85
being characteristic of 2-Isopropylmalic acid (Ricciutelli ez al., 2019). Compound (23) gave a
fragment ion at m/z 94, so it was characterized as 6-Hydroxynicotinic acid (Llorach et al.,
2009). Compound (25) gave fragment ions at m/z 119 and 103 (due to the loss of a CO>
molecule) that confirmed its identification as cinnamic acid (Zhang et al., 2010).

Compound (24) appeared at R¢ 2.15 min and m/z 353.0878 was characterized as chlorogenic
acid. Its spectrum showed fragment ions at m/z 191, 179, 173 (Zhang et al., 2010). This
compound was recorded in the extracts of all studied taxa except O. corymbosa.

3.1.3. Flavonoids

Seventeen flavonoid compounds were identified from the plants under investigation, of which
compounds (29 & 37) were separated from O. pes-caprae and identified using UV/vis and 'H-
NMR techniques, and for further accuracy they were identified along with the compounds (38,
33 & 40) from the same species via co-chromatography with authentic standard samples (Figure
2).

Compounds (26) (R 4.36 min., m/z 449.1074) and (36) (R 7.95 min., m/z 433.10678) were
identified as eriodictyol-7-O-glucoside and naringenin-7-O-glucoside, respectively, as
confirmed by comparing their fragmentation patterns (m/z 287, 269) and (271, 151),
respectively with the literature (Krasteva & Nikolov, 2008; Kang et al., 2016). Those two
compounds were detected in all of the studied taxa except for O. latifolia.

Compound (27) has molecular ion peak at m/z 289.0729 that appeared at R¢ 4.93 min and
gave fragment ions at m/z 245, 205, 179, 149, 123, and 109 being characteristic of “Catechin®
(Kang et al., 2016). Catechin was detected only in O. corymbosa.

Compounds (28), (29), and (37) are luteolin-C-glycoside derivatives that appeared at R: 6,
6.42 & 8.11 with molecular ion peaks at m/z 447.0924, 461.1070 & 447.0887, respectively.
They were detected in all of the studied taxa except compound (29) which was absent from O.
corymbosa. Compounds (28) & (37) have the same fragment ions being m/z 429 [M-H-H>O],
357 [M-H-90]", and 327 [M-H-120]". The intensities of the fragment ions of the two compounds
were different, being 327 (100%), 357 (55%) for compound (28) and 327 (100%), 357 (19%)
for compound (37) that suggested their identification as luteolin-6-C-glucoside and luteolin-8-
C-glucoside, respectively (Hassan et al., 2019) with further confirmation of compound (37)
identification through UV/vis and 'H-NMR (Almahy & Fouda, 2013). Compound (29)
produced daughter fragment ions at m/z 446, 313, 298 that suggested its identification as
luteolin-7-OCH3-6-C-glucoside “swertiajaponin” (Wang ef al., 2008), an identification that was
further confirmed using UV/vis and 'HNMR (Kumarasamy et al., 2004).

Compound (31) was only detected in O. latifolia at R 6.78 min and m/z 463.0924 with a
major fragment ion at m/z 301, suggesting its identification as “quercetin 3-hexoside” (Marzouk
etal., 2018).
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Compound (38) at R¢ 9.52 min was identified as luteolin. It gave molecular ion peak at m/z
285.0387 with production of fragments 241, 217, 151, and 133 that corresponds to the luteolin
aglycon (Marzouk et al., 2018), an identification that was more confirmed via co-
chromatography with an authentic standard. While compound (33) was identified as luteolin-
7-O-glucoside that appeared at R 7.21 and gave a molecular ion peak at m/z 447.0934 with
producing the characteristic fragment ion of luteolin aglycon at m/z 285 that corresponds to the
loss of the glucoside moiety [M-H-162] in addition to producing m/z 179, 151 (Marzouk et al.,
2018), an identification that was more confirmed via co-chromatography with an authentic
standard.

Compound (34) was detected only in O. pes-caprae and O. corymbosa at R 7.64 min with
molecular ion peak m/z 447.0917 and gave fragment ions at m/z 285, 133, so it was identified
as maritimetin-6-0-hexoside (Cao-Ngoc ef al., 2020).

Compound (40) at R; 10.45 and m/z 269.0469 was identified as being apigenin by comparing
its fragmentation product ions (225, 151) with the literature and its co-chromatography with an
authentic standard (Brito et al., 2014). Apigenin was detected only in O. pes-caprae and O.
latifolia. The fragmentation pattern of compound (32) at R 6.87 min and m/z 577.1547 showed
a daughter fragment ion at m/z 269 that was characteristic of the apigenin aglycon (due to losing
neohesperidoside moiety) and another fragment ion at m/z 413 that indicated the loss of a
rhaminose moiety. This fragmentation pattern supported its identification as apigenin 7-O-
neohesperidoside (Brito et al., 2014). In the same manner, compound (35) at R¢ 7.84 min and
m/z 431.1192, it was found that it produced a fragment ion at m/z 269 which is characteristic of
the apigenin aglycon after losing the glucose moiety from the original compound and its
isotopic fragment also appeared at m/z 268 in addition to another fragment ion at m/z 311 and
this supported its identification as apigenin-7-O-glucoside (Marzouk et al., 2018).

Compound (39) was identified as naringenin (at R 10.13 min and m/z 271.0635) as it gave
fragment ions at m/z 151, 125, 107 (Kang et al., 2016).

Compound (41) was recorded only in the extract of O. pes-caprae (section: Cernuae) at R¢
12.17 min and m/z 267.0652. It gave fragment ions at m/z 252, 224 that were characteristic of
formononetin (Zhao et al., 2020).

Compound (42) appeared at R 14.67 min with a molecular ion peak at m/z 283.0672 and
fragment ions at m/z 268, 240, 211, a fragmentation pattern being characteristic of acacetin
(Ben Salah et al., 2019). This compound was present only in O. corymbosa extract.

One coumarin was identified from the taxa under study being compound (43) that was
detected only in O. pes-caprae at Rt 8.33 min and m/z 177.0925. It produced fragment ions at
m/z 149, 133 that suggested its identification as esculetin (6,7-Dihydroxycoumarin) (Ruan et
al., 2019).

Compound (45) was characterized as a stilbene. It was recorded only in the extract of O.
corymbosa. Its molecular ion peaks appeared at m/z 227.0718 and R 9.1 min with producing
daughter fragment ions at m/z 185, 183, 159, 157, and 143 that was characteristic of resveratrol
(Guerrero et al., 2020).

Compound (50) belonging to the class of sugar alcohols was detected at R 1.39 min and m/z
181.0717. It gave fragmentation pattern of m/z 163, 119, 89, and therefore it was identified as
mannitol (Gervasoni et al., 2016). This compound was detected in O. pes-caprae and O.
corymbosa.
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Table 1. Different chemical classes detected in the studied Oxalis taxa by using LC-QTOF-MS.

Section Reference
Cernuae Tonoxalis
R MS/MS
NO. . M.Wt M-HJ Compound name Oxali
(Min.) [ ] P spectrum ans Oxalis Oxalis
Latifoli
caprae corymbosa Latifolia
phenolic acid derivatives
M k
| 198 180 179.0341  Caffeicacid* 135,161  + + arzouk et
al., 2018
Zh .
2 2 164 163.03873 P-Coumaricacid” 93, 119 + + + Oggzeot al.,
3 225 194 193.04855  ferulicacid® 178,149  + + + Zh(’;g;o’ al.
P-Hydroxybenzoic Zhong et al.,
4 31 1 137.02 + + +
33 38 37.0238 acid * 93 2020
34 Ruan ef al
5 494 154 153.0188 Dihydroxybenzoic 109 + - - uan et a.
) 2019
acid
S 161,179, Wang et al.,
. . + + -
6 496 360 359.07828  Rosmarinic acid 197 2021
.. . Lin et al.
. . - - +
7 697 138 137.02477 Salicylic acid 93 2020
. (Massbank
§ 714 168 1670356 ° 'Meth‘:c‘iy;ahcyhc 152 + + - Record:
PS104208)
Carboxylic acids
9 1.6 134 133.0148  Malicacid®  70,71,115  + + + Bre;(tne;“l"
10 1.17 210 208.9362 Galactaric acid 71, 85, 191 + + + Lucas, 2021
11 1.19 118 117.01762  Succinic acid 73, 99 + + . FBisaeldl,
2020
12 121 116 115.00307 Maleic acid 71 + + .  Brentetal,
2014
. . 85, 111,
13 1.22 174 173.00958 Cis-Aconitate 129 + + + Lucas, 2021
M k
14 123 192 19097238 Citric acid * 111,129 + + + arzouk et
al., 2018
.. . 85,111, Marzouk et
) . + + +
15 1.24 192 191.05583 Quinic acid 127,173 al., 2018
129, 159
16 125 196 195.05165 Gluconic acid 1’77 ’ + - Lucas, 2021
1H-indole-3- Gamir et al.
1 1.2 161 160.061 142,11 - + + ’
’ 65 16 60.06158 carboxylic acid > 116 2012
18 127 106 105.01991 Glyceric acid 73;975;757’ - + + Lucas, 2021
. 85, 87, Wu et al.,
. . - - +
19 1.28 148 147.02885 Citramalate 129, 103 2010
. . Brent et al.,
20 1.29 150 149.04518 Tartaric acid * 73 - + - 014
21 138 146 14506139 > Methylglutaric o o0 + +  Lucas, 2021

acid
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2-Isopropylmali 157,129, Ricciutelli et
2 146 176 17506165 P Oﬁ’g 131,115, CIC ‘128196
ac 113, 85 4
6-Hydroxynicotinic Llorach et
23 1.51 139 138.0556 acid 94 al., 2009
. 173,179 Zhang et al.
# ’ > 5
24 2,15 354 353.0878 Chlorogenic acid 191 2010
25 483 148 147.04594  Cinnamicacid 103,119 Zhag(g) fé al.
Flavonoids
C . Krasteva &
26 436 500 449.10742 Em‘ifctz;zzo' 269, 287 Nikolov,
£ 2008
109, 123, K ‘al
27 493 290 289.07294 Catechin 149, 179, ar;%f 6“ »
205, 245
. 285,297,
28 600 448 447.09247 Lute"h“,'6'#c' 327,357, Hassan et al.,
glucoside 2019
429
Wang et al.,
Luteolin-7-OCH3-6- 298, 313, 2008;
29 642 462 461.10702 .
C-glucoside * 415, 446 Kumarasamy
etal., 2004
. 269, 293,
30 645 578 5770334 exin2RO- Hassan et al.,
rhamnoside 2019
413
Quercetin 3- Marzouk et
31 6.78 464 463.09241 hexoside 301 al., 2018
Apigenin 7-O- Brito et al.,
32 6.87 578 577.15472 413, 269
neohesperidoside ’ 2014
Luteolin-7-O- 285,179 Marzouk et
21 44 447. 41 N ’ ’
37 8 7.093 glucoside ** 151 al., 2018
Maritimetin-6-O- Cao-Ngoc et
34  7.64 448 447.09177 hexoside 285,133 al., 2020
Apigenin-7-O- 268, 269, Marzouk et
35 7.84 432  431.11929
glucoside * 311 al., 2018
36 795 434 43300678 aningemin-7-O- . g Kang et al.,
glucoside 2016
Hassan et al.,
Luteolin-8-C- 327,357 2019;
11 44 447. 1 ’ ’ ’
378 8 7.0887 glucoside ** 429 Almahy &
Fouda, 2013
133,217 Marzouk et
. *# 9 b
38 9.52 286 285.03873 Luteolin 241, 151 al., 2018
. . 107, 125, Kang et al.,
39 10.13 272 271.06351 Naringenin 151 2016
. Brito et al.,
40 1045 270 269.04691 Apigenin *# 151,225 2014
Zh .
41 1217 268 267.06525  Formononetin 224,252 a;z)zgal’
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268, 240 Ben Salah et
42  14. 284  283.0672 A tin # ’ ’ -
67 8 83.06726 cacetin 11 al.. 2019
Coumarins
43 833 178  177.0925 Esculetin 133,149 + R“az‘:)f; al.
Stilbenes
.. Guerrero et
. . +
44 481 406 405.17596 Astringin 225,243 al., 2020
143, 157, Guerrero et
45 9.0 228 227.07181 Resveratrol 159,183, - Y ¢
al., 2020
185
Terpenes
(MassBank
46 126 136 135.02867 Gamma-terpinene 89, 117 + Record:
PT208863).
Sugars
Mannose 1- Cocuron &
47 1.21 260 259.02151 79 +
phosphate Alonso 2014
48 141 180 179.0554 Hexoside 89, 161 + Jin et al.
2018
89, 119, Jin et al.
. . +
49 147 342 341.10941 Sucrose 161, 179 2018
Sugar alcohols
. 89, 119, Gervasoni et
. . +
50 1.39 182 181.07173 Mannitol 163 al 2016

Notes: *Compounds that were previously identified from genus Oxalis L.
$ Compounds that were separated and identified in the present study from O. pes-caprae using 'H-NMR and

UV/vis.

*Compounds that were identified in the present study from O. pes-caprae via co-chromatography.
+ = present, - = absent

3.2. Statistical Analysis

The statistical analysis was presented in a dendrogram that showed two clusters (I & II) at
similarity level 50.2%. Cluster I ended with O. pes-caprae while cluster II included both O.
corymbosa and O. latifolia at 58.19% similarity level, results being in accordance with

Lourteig’s (2000) findings about the sectional affinity of those species (Figure 3).

Figure 3. Dendrogram for the numerical analysis of the extracted chemical data.
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3.3. Chemosystematic Evaluation

According to Lourteig (2000), the investigated members of Oxalis in this study could be
distributed under two sections viz. section Cernuae Knuth includes O. pes-caprae and section
Ionoxalis (small) Knuth comprises O. corymbosa and O. latifolia.

On comparing the chemical profiles of the studied taxa, significant differences among them
were recorded, where O. pes-caprae can be recognized by the presence of 3, 4-
Dihydroxybenzoic acid, esculetin, formononetin, cinnamic acid, 6-Hydroxynicotinic acid and
2-Isopropylmalic acid in its extract and lacking of naringenin, glyceric acid, 1H-indole-3-
carboxylic acid and 2-Methylglutaric acid compounds.

O. corymbosa was characterized by presence of catechin, tartaric acid, acacetin and
resveratrol, in addition to the absence of chlorogenic acid, apigenin and luteolin-7-OCH3-6-C-
glucoside in its extract.

O. latifolia can be distinguished from the other species by lacking of maritimetin-6-O-
hexoside, 5-Methoxysalicylic acid, succinic acid, gluconic acid, eriodictyol-7-O-glucoside,
mannitol, naringenin-7-0-glucoside, and rosmarinic acid in its extract, as well as the presence
of salicylic acid, citramalate, and quercetin 3-hexoside. Among the studied plants, O. latifolia
is the only species being characterized with its ability of forming flavonol compounds
(quercetin 3-hexoside), these compounds were previously reported in O. corniculata L. (Prasad
Pandey et al., 2020).

The present study also helps in understanding the chemotaxonomic relationship between the
studied Oxalis species at the sectional level. Certain identified compounds confirmed the
sectional demarcation of Oxalis as suggested by Lourteig (2000). Section Cernuae represented
by O. pes-caprae could be distinguished from section Ionoxalis by the presence of 3,4-
dihydroxybenzoic acid, 2-isopropylmalic acid, 6-hydroxynicotinic acid, cinnamic acid,
formononetin, and esculetin, and lacking of glyceric acid, 2-methylglutaric acid, 1H-indole-3-
carboxylic acid and naringenin. Coumarin and isoflavone compounds (esculetin and
formononetin) were recorded in O. pes-caprae for the first time, and they have never been
detected in any other Oxalis species, so it may be a valuable compound in distinguishing
between Oxalis sections.

Our chemical and statistical findings were in consistence with Lourteig (2000) findings that
supported her taxonomic treatment concerning with the sectional affinities of the species under
investigation.

As new chemical classes were detected in the present work from Oxalis plants (flavanones,
stilbenes and catechin) and to have a complete overview concerning the chemotaxonomic
evaluation of Oxalis sections and their species, more investigations are needed for the rest of
the worldwide distributed Oxalis species and in particular for section Cernuae.

4.CONCLUSION

This is the first chemical report to shed light on the polar constituents of Egyptian Oxalis that
was an informative achievement with respect to both O. corymbosa and O. latifolia that had not
been previously subjected to any chemical separation and identification processes. The obtained
results suggested significant chemical variations among the three Oxalis sp. that could be a
diagnostic character in their identification. All the chemical and statistical data supported the
grouping of the studied taxa within two sections under genus Oxalis L. being Ionoxalis and
Cernuae.
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Abstract: Rumex abyssinicus is a valuable medicinal plant species that is native =~ ARTICLE HISTORY
to troplcal.Afrlca.l. Tradltlonall}'/,'R‘ abyss.mzcus is used to treat dlffereqt dlse.ase Received: Mar. 30, 2022
such as, liver diseases, hepatitis, malaria, scabies, blood pressure, jaundice,
wound and pneumonia. The purpose of the current study was to review the Revised: Aug. 24, 2022
literature on the ethnomedicinal uses, chemical constitutes and biological
activities of R. abyssinicus in an attempt to create information for future studies
aimed towards exploring the therapeutic ability of the species. A scientific search
engines, namely Google Scholar, PubMed, Scopus, Science Direct and Web of
knowledge for the search terms: Rumex abyssinicus, ethnomedicinal studies, KEYWORDS
phytochemical investigations, and pharmacological activities were undertaken.  Rumex abyssinicus,
The search strategy included all articles with descriptors that were available until
December 30, 2021. Only published works in English have been used on this
study. The data was collected using textual descriptions of the studies, tabulation,
grouping, and figures. The principal phytochemicals of R. abyssinicus are
anthraquinones, flavonoids, terepenoids and phenolic compounds. The in vitro — Anticancer activity.
and in vivo studies on the crude extracts and compounds of R. abyssinicus showed

antibacterial, antioxidant, anticancer, anti-inflammatory, antifungal, wound

healing, antialzeimer’s and hepatoprotective activities of it. R. abyssinicus

afforded drug leads such as helminthosporin (4) with anti-alzheimer and physicon

(3) with antifungal and antioxidant activity. R. abyssinicus have traditionally been

used to cure a variety of diseases. Pharmacological actions of phytochemicals

were shown to be promising. Despite this, further studies on crude extracts and

promising compounds are needed to find new drug candidates.
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Anthraquinone,
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1. INTRODUCTION

Rumex abyssinicus is a flowering plant (genus: Rumex, family: Polygonaceae) native to
tropical Africa. Often used in traditional African medicine for the treatment of hepatitis, asthma,
stomachache, anthrax, hypertension, pneumonia, cancer and Diabetes Mellitus (Gorsi & Miraj,
2002; Mishra et al., 2018). It is a perennial plant with a thick, fleshy rhizome that develops up
to three meters tall. The plant grows in a variety of soils, from mild loam to clay loam, but
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favors sufficiently heavy soils that retain moisture. It can grow in any soil pH condition,
including acid, neutral, and alkaline soils, and in semi-shade or no-shade areas. The plant's
leaves is usually sagittate, and the inflorescence and lots of branches. The plant is propagated
by means of seeds (Awas, 2007). It is medicinal and meals additive plant. The shoots and leaves
are safe to eat, and the tuber can be used as a tea to help with meal insecurity (Duguma, 2020;
Hassen, 2021). The rhizomes have been used to refine butter, giving it a deep yellow color,
while the roots are utilized for therapy (Mekonnen et al., 2010). In Ethiopia, R. abyssinicus
(makmeko in Amharic) is widely distributed species with wide spectrum of ethnomedicinal
uses such as hepatitis, hypertension, tuberculosis, jaundice and high blood pressure (Tsegay et
al., 2019; Tuasha er al., 2018). Given the species' established ethnomedicinal use, R.
abyssinicus has the potential to promote a vital task in community primary healthcare across its
natural distribution. As a result, the goal of this review was to get an in-depth assessment of
existing data and literature on R. abyssinicus' medicinal benefits, chemical constituents, and
biological activities in order to compile a database of records that could be used in future studies
aimed at determining the species' therapeutic potential.

Figure 1. Leave and steam parts of R. abyssinicus (Workneh, 2017).

2. METHODOLOGY OF THE REVIEW

A scientific search engines, namely Google Scholar, PubMed, Scopus, Science Direct and Web
of knowledge for the search terms: Rumex abyssinicus and synonyms of the species,
ethnomedicinal studies, phytochemical investigations, and pharmacological activities were
undertaken. The search strategy included all articles with descriptors that were available until
December 30, 2021. Only published works in English have been used on this study. The data
was collected using textual descriptions of the studies, tabulation, grouping, and figures. The
worldwide plant name index (https://www.ipni.org) and the Kew Botanical Garden plant name
database (https://www.kew.org) were used to check species names and its synonyms.

3. ETHNOMEDICINAL USES

Throughout the species' distributional area, the leaves, fruits, roots, rhizomes, and stem are said
to have numerous traditional medicinal characteristics and treat a variety of human and animal
ailments (Table 1). In Ethiopia the root decoction of R. abyssinicus macerated with water and
taken orally as remedy of liver diseases (Gabriel & Guji, 2014). In Uganda, chewing R.
abyssinicus leaves is used to treat gynecological morbidity and allergies (Gumisiriza et al.,
2021; Kamatenesi-Mugisha ef al., 2007). The majority of the R. abyssinicus remedies are used
as mono therapies indicated in (Table 1). However, multi therapies/ a mixture of dry leaf of R.
abyssinicus with leaf of Zehneria scabra is pounded, powdered, mixed with milk and boiled,
then drunk when it is cooled for malaria remedy (Omara, 2020).
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Table 1. Ethnomedicinal uses and preparation methods of different parts of R. abyssinicus

Country

Disease Treated Parts Used Method of Preparation Practiced Ref.
Hepeatitis Root, Aerial  The roots are crushed, powdered, and mixed with bat meat that has (Limenih et al., 2015; Novotna et al.,
parts been dried and powdered, then eaten once or twice. The fluid is Ethiopia 2020; Suleman & Alemu, 2012; Tegen

ingested after chewing the roots. etal.,2021)

Liver disease, Root Orally, the root is mashed, macerated with water, and consumed or Ethiopia (Etana, 2010; Gabriel & Guji, 2014)
Powdered and drunk 1 tea cup with coffee/tea

Gonorrhea Root Pounding the fresh roots, boiling, adding butter and drinking one water ~ Ethiopia (Eshete et al., 2016)
glass daily until cured.

TB Root steeping the fresh/dried root in boiled water and drunk a cup of the Ethiopia (Gidey et al., 2015)
resulting decoction

Bone Root The paste is softened with cow butter Ethiopia (Moravec et al., 2014)

Tuberculosis

Scabies Leaves Fresh leaves are pulverized and blended and applied to the injured area  Ethiopia (Megersa, 2010)

Malaria Leaves The dry leaves of R. abyssinicus and Z. scabra are powdered, Ethiopia, (Eskedar, 2011; Omara, 2020)
combined with milk, and boiled, then cooled or consumed orally as a Kenya
decoction

Gynecological Leaves/ Chewing, Squeezing and boiling Uganda (Kamatenesi-Mugisha et al., 2007)

morbidity Steams

Allergy Leaves Chewing Uganda (Gumisiriza et al., 2021)

Heamaturia Roots Pounding Ethiopia (Dinbiso et al., 2020)

Eye infections Leaves Eye drops/ boiled Kenya (Odongo et al., 2018)

Hypertension Leaves The dried leaves is boiled in water and the liquid is consumed Ethiopia (Tsegay et al., 2019)

Ascariasis Root Pulverized the root, mixed it with a small amount of water, and drank (Dalle, 2019; Getu, 2017; Khan et al.,
the solution Ethiopia 2018)

Fungal and Leaves/ Chewing, pounding and Smearing Uganda (Kamatenesi-Mugisha et al., 2008)

bacterial infection ~ Steams

Breast cancer Rhizome Concoction taken oral Ethiopia (Bussa & Belayneh, 2019)

Amoeba Root Fresh root crush, mix with tea/milk and drink Ethiopia (Regassa, 2013; Sina & Degu, 2015)

Gonorrhea Root Infusion/ decoction Ethiopia, (Silva et al., 2020; Teka et al., 2020)

Rwanda

Liver complaint, Root Infusion/ decoction Ethiopia (Teka et al., 2020)

Kidney problem

Syphilis Leaves pound and mixed with water and drunk, 150mL 3x daily Uganda (Gumisiriza et al., 2019)
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Jaundice Root Fresh roots are pulverized, boiled, and given orally in a cup Ethiopia (Tuasha et al., 2018)

Pneumonia Stem Crushed/ chewed Kenya (Kamau et al., 2016)

Diabetes Mellitus  Aerial Parts  The aerial parts are decocted after being crushed Ethiopia (Suleman & Alemu, 2012)

Skin infection Leaves Pulverized and mashed leaves are applied to the affected area after Ethiopia (Birhanu et al., 2015)
being soaked in water

Anthrax Root For five days, dry roots are crushed, boiled in water, and drunk with Ethiopia (Birhan et al., 2017)
honey

Expel delayed Root After powdering the dry root and mixing it with water, drink it Ethiopia (Chekole, 2017)

embryo in the

uterus

Headache Leave/Root  Adding to tea Ethiopia (Teklay et al., 2013)

Goiter Root Dry roots chewed and swallowed Ethiopia (Sina & Degu, 2015)

Snake bite Root Pulverize the root and mix it with honey before chewing and Ethiopia (Assefa et al., 2019)
swallowing

Scabies Whole plant  Pounded whole plant, mixed with water, and used to wash the animal Ethiopia (Kefalew et al., 2015)

Blackleg Root Dry root pound and drunk to the cattle with ATELLA (By product of Ethiopia (Kefalew et al., 2015)
local alcohol, Tella)

Tooth diseases Root Chewing / hold with teeth Ethiopia (Gebru et al., 2021)

Vomiting Root Drink as herbal tea Ethiopia (Gebru et al., 2021)

Diuretic, Leaves - Pakistan (Muhammad ef al., 2021)

carminative

Gastrointestinal Root - Ethiopia (Guadie et al., 2020)

disorders
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4. CHEMICAL CONSTITUENT

Flavonoids, phenols, anthraquinones, saponins, cardiac glycosides, tannins, steroids, and
quinones were detected in the qualitative phytochemical screening of R. abyssinicus, which
could be linked to the plant's therapeutic effectiveness (Awoke & Gedamu, 2020; Kebede et
al., 2021; Workineh, 2021; Workneh, 2017). Previous investigation into the chemical
constituents of R. abyssinicus have led to the isolation of antraquinones (1-10), flavanols (11-
13), terepens (14-15), fatty acid (16) and organic acid (17) (Figure 1). The chemical structures
of these compounds are shown in Figures 2 and summarized in (Table 2).

Figure 1. Structure classes from R. abyssinicus.
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4.1. Anthraquinones

Anthraquinones are a significant class of compounds with numerous applications.
Anthraquinone-containing plants, such as rhubarb and aloe, have been known and utilized in
folk medicine for over 4000 years (Monks et al., 1992). Biologically active anthraquinone
derivatives have also been identified in bacteria, fungi and insects (Malik & Miiller, 2016).
Both natural and synthetic anthraquinones are widely used in textile dying, paints, imaging
devices, foods, cosmetics, and pharmaceuticals (Malik ef al., 2015). So far, 10 anthraquinones
(1-10) have been isolated and identified from various parts of this plant, including the rhizome,
root tuber, and whole plant (Augustin et al., 2020; Fassil et al., 1985; Kengne et al., 2021;
Munavu et al., 1984; Shifa et al., 2021; Tala et al., 2018). Out of ten, six anthraquinones have
been investigated its pharmacological activities (Augustin et al., 2020; Kengne ef al., 2021).

4.2. Flavanols

Flavanols are distinguished sub-group of flavonoids by the absence of a double bond between
C-2 and C-3 and the absence of a carbonyl group on the C ring (C-4), as well as the presence
of hydroxyl group(s) on C-3 or C-4. Flavanols have previously been found in cereals, legumes,
fruits, vegetables, forages, hops, beers, red wine, tea, cocoa, grapes, and apples, among other
foods (Manach et al., 2004). Three flavanols (11-13) have been isolated and identified from
this plant's root parts so far (Tala et al., 2018).

4.3. Terpenes

Terpenes have the chemical formula (CsHg) », which is defined by the unit isoprene. From the
whole part and root of R. abyssinicus two compounds (14 and 15) were isolated (Fufa et al.,
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2016; Kengne et al., 2021). The compounds' pharmacological activities have not been

investigated.

4.4. Organic and Fatty cids

Organic and fatty acid are another important component of R. abyssinicus. The compound (16
and 17) was isolated in the roots of the plant (Fufa et al., 2016; Tala et al., 2018). The
compounds' pharmacological activities have not been investigated.

Table 2. Compounds isolated and identified from R. abyssinicus

Compound Plant part (s) Ref
Anthraquinones
Emodin (1) Rhizome, root, (Augustin et al., 2020; Awoke &

tuber, root bark,
whole plant

Gedamu, 2020; Fassil et al., 1985;
Kengne et al., 2021; Munavu et al.,
1984; Shifa et al., 2021; Tala et al.,
2018)

Chrysophanol (2) Rhizome, root,
tuber, whole plant

(Augustin et al., 2020; Fassil et al.,
1985; Kengne et al., 2021; Munavu et
al., 1984; Shifa et al., 2021; Tala et al.,
2018)

Physicon (3) Rhizome, root,
tuber, whole plant

(Augustin et al., 2020; Fassil et al.,
1985; Kengne et al., 2021; Munavu et
al., 1984; Shifa et al., 2021; Tala et al.,
2018)

Helminthosporin (4) Rhizome

(Augustin et al., 2020)

Palmadin C (emodin-chrsophanol Tuber
bianthrone) (5)

(Fassil et al., 1985)

Emodin-8-B-D-glucoside (6) Tuber

(Fassil et al., 1985)

Emodic acid (7) Root

(Tala et al., 2018)

Emodin-8-O-B-D-glucopyranoside Root, whole plant
8)

(Kengne et al., 2021; Tala et al., 2018)

Physicon- 8-O-B-D- glucopyranoside Root, whole plant
9

(Kengne et al., 2021; Tala et al., 2018)

6-hydroxyemodin (10) Whole plant (Kengne et al., 2021)
Flavanol

Epicatechin (11) Root (Tala et al., 2018)
Epicatechin-3-O-gallate (12) Root (Tala et al., 2018)

Epicatechin-3-O-(4"methyl) gallate =~ Root
13)

(Tala et al., 2018)

Terpenes

Betulone (14) Root (Fufa et al., 2016)
Ergosta-6,22- diene-3,5,8-triol (15) Whole plant (Kengne et al., 2021)
Fatty Acid

Oleic acid (16) Root (Fufa et al., 2016)
Organic acid

Methylgallate (17) Root (Tala et al., 2018)
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Figure 2. Compound chemical structures isolated from different parts of R. abyssinicus
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5. BIOLOGICAL ACTIVITY

Healthcare techniques that are both modern and traditional usually coexist and complement one
another. In the search for new medications, ethnomedicinal approaches are becoming
commonly adopted (Gurib-Fakim, 2006). Recent interest in examining plant constituents for
their pharmacological activity and screening for useful and safe phytochemicals has renewed
(Nigussie et al., 2021). Various in vitro and in vivo pharmacological activities of R. abyssinicus
such as antibacterial, antifungal, anti-Alzheimer’s, antioxidant, anti-inflammatory, antiviral,
anticancer, hepatoprotective and wound healing activity are showed in Figure 3 and mentioned
below.
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Figure 3. Graphical representation of pharmacological activities of R. abyssinicus

5.1. Antibacterial activity

Shifa et al. (2021) used the agar disc diffusion method using gentamicin as the standard drug
to examined acetone extract of R. abyssinicus roots against S. aureus, K. pneumoniae, P.
aeruginosa, and E. coli. The extract revealed zone of growth inhibition against S. aureus (21
mm) and P. aeruginosa (22.5 mm) with the positive standard gentamicin has the range (34.5 to
32 mm) respectively. Additionally, chysophanol (2) and emodin (1) exhibited comparable
zones of growth inhibition to the positive standard gentamicin (26 mm) against S. aureus (23
mm) and K. pneumoniae (22.5 mm). Mekonnen and Desta (2021) used the agar well diffusion
method with amoxicillin as a positive control to study ethanol extract of R. abyssinicus
rhizomes against S. aureus, Methicillin-resistant S. aureus, S. pneumonia, E. coli, and S.
flexneri. The rhizome extract revealed inhibition zones (in mm) of 20.33, 21.67, 19.17, 18.17,
and 21.67, respectively compared to amoxicillin with zone of growth inhibition in the range (10
to 14mm).

Using the Kirby-Bauer agar disc diffusion method, Getie et al. (2003) evaluated methanol
extract of R. abyssinicus roots against S. aureus, S. pyogenes, C. diphtheria, P. aeruginosa, and
E. coli. The extract exhibited poor antibacterial activity against S. aureus, S. pyogenes, and C.
diphtheria, with inhibition zones of 8 mm, 8 mm, and 12 mm, respectively. Kengne et al. (2021)
used a broth micro dilution method with ciprofloxacin as a positive control to examine a
methanol extract of the whole part of R. abyssinicus and an EtOAc fraction against S. aureus,
methicillin sensitive S. aureus, methicillin resistant S. aureus, P. aeruginosa, and S. flexneri.
The methanol extract shows antibacterial activities against P. aeruginosa, S. flexneri, S. aureus,
methicillin sensitive S. aureus and methicillin resistant S. Aureus with MIC values 64 pg/mL,
128 pg/mL, 64 pg/mL, 64 pg/mL and 64 pg/mL while the maximum activity was reported
against S. flexneri and S. aureus with an EtOAc fraction MIC of 32 pg/mL. Additionally, at a
MIC of 8 pg/mL, Physicon (3) inhibited the growth of P. aeruginosa, S. flexneri, and S. aureus,
while Emodin (1) and a mixture of Emodin-8-O—D-glucopyranoside (8) and Physcion-8-O-
D-glucopyranoside (9) inhibited the growth of bacteria at 16 pg/mL, 8 ug/mL respectively.
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Using the agar disc diffusion method and chloromophynacol as a reference drug, Awoke and
Gedamu (2020) investigated methanol and ethyl acetate extracts of R. abyssinicus roots against
S. aureus, L. Monocytogenes, K. pneumonia, and E. coli. The extract revealed zone of growth
inhibition against S. aureus (13.65 mm), L. Monocytogenes (13.16 mm), K. pneumonia
(16.53mm) and E. coli (10mm) with the chloromofinacol positive control at the range (8.09 to
9.45 mm). Similarly, the ethyl acetate extract revealed zone of growth inhibition against S.
aureus (16.6mm) and L. Monocytogenes (10.8 mm), K. pneumonia (13.43 mm) and E.coli
(12.91 mm) with the positive standard chloromophynacol has the range (8.09 to 9.45 mm).

5.2. Antioxidant Activity

Using radical scavenging activities with ascorbic acid as the positive control, Adamu et al.
(2020) investigated the antioxidant activities of the crude methanol extracts and solvent
fractions of R. abyssinicus rhizomes. The crude extract had an ICso value of 13.1 ug/mL, which
is lower than the positive control's ICso value of 4.9 pg/mL, indicating that it has weaker
antioxidant activity. Similarly, the ICso values for petroleum ether, chloroform, ethyl acetate,
butanol, and aqueous fractions were 34.4, 8.0, 9.9, 6.1, and 24.1 pg/mL, respectively. Using
DPPH radical scavenging assays, Kengne et al. (2021) investigated the antioxidant properties
of methanol extracts of R. abyssinicus whole plant. The extract had an ECso value of 62 pg/mL,
which is lower than the standard drug's ECso value of 1.81 pg/mL, indicating weaker antioxidant
activity. The reported compound physicon (3) showed a significant scavenging ability against
the DPPH radical, with an ECso value of 3.08 pg/mL, which was close to the reference drug's
ECso value of 1.81 pg/mL.

5.3. Antiviral Activity

To assess antiviral activities of methanol extracts of R. abyssinicus root against Coxsackie and
influenza A viruses, Getie et al. (2003) wused virus-specific phosphorothioate
oligodeoxynucleotides technique with guanidine hydrochloride for CVB3 and Acute Macular
Neuroretinopathy for influenza A virus as a positive control. The methanol extract
demonstrated actions with ICso and ICigo values ranging from 7.8 mg/mL to 125 mg/mL in a
dose-dependent manner, and their influence altered to be similar to virustatic positive control
drugs (at IC10o).

5.4. Anticancer Activity

Using quantitative colorimetric assay via the oxidation-reduction indicator resazurin method,
Worku et al. (2013) evaluated the in vitro anticancer activities of methanol extracts of R.
abyssinicus thizomes. With an ICso value of 3 pg/mL, the extract indicated cell proliferation in
human prostate cancer cells (LNCaP), Leukemia (THP-1) and human astrocytoma cells
(132IN1). Girma et al. (2015) used dimethylhydrazine (DMH) induced colon carcinogenesis
rats to investigate the in vivo colon cancer chemopreventive activity of methanol extracts of R.
abyssinicus rhizomes, administering 250 mg/kg and 500 mg/kg body weight of extract orally
to different groups of rats. The findings revealed that extract doses of 250 mg/kg and 500 mg/kg
body weight significantly reduced the incidence of aberrant crypts (ACs) and aberrant crypt
foci (ACF).

5.5. Anti-trypanosomal Activities

Using a quantitative colorimetric assay with the oxidation-reduction indicator resazurin, Worku
et al. (2013) examined the antitryposomal activity of methanol extracts of R. abyssinicus
rhizomes in vitro. 1Cso values for the extract against 7rypanosoma brucei cells ranged from 33
to 333pg/mL.
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5.6. Anti-inflammatory Activity

Using the cyclooxygenase (COX) inhibition assay with indomethacin as a positive control,
Getie et al. (2003) investigated the anti-inflammatory effect of methanol crude root extract of
R. abyssinicus. PGE2 production was demonstrated in the extract, with ICso values ranging
from 0.05 to 10ug/mL. Mulisa et al. (2015) used the carrageenan-induced rat paw edema assay
in adult Swiss albino mice to examine in vivo anti-inflammatory activities of methanol extracts
of R. abyssinicus rhizomes, with 250, 500, and 750 mg/Kg body weight of the extract
administered orally to different groups of mice, with indomethacin (10 mg/kg) as the standard
drug. After 2 hours of carrageenan injection, the two higher dosages of the extract (500 and 750
mg/kg) as well as the standard drug significantly (»<0.001) inhibited edema, whereas the lower
dose (250 mg/kg) of the extract showed anti-inflammatory effect (p<0.05) after 3 hours of
edema induction.

5.7. Antifungal Activity

Using the agar disc diffusion method and ketoconazole as a positive control, Kebede et al.
(2021) nvestigated the antifungal activity of methanol extracts of R. abyssinicus leaves against
C. albicans and T. mentagrophytes. The methanol extract (30 pg/mL) inhibited activities with
a zone of inhibition ranging from 22 to 26 mm, whereas ketoconazole, the positive control,
inhibited activities with a zone of inhibition ranging from 26 to 28 mm. The MIC values for the
pathogens that were tested ranged from 32 to 64 pg/mL. With positive control Fluazinan 500F,
Tala et al. (2018) identified anthraquinones and flavanols compounds from the root of R.
abyssinicus extract displayed plant pathogens motility inhibitory and lytic properties against
Phytophthora capsici zoospores. With a MIC of 15ug/mL, the isolated compound physcion (3)
displayed the strongest motility inhibitory effect, as well as lytic activity against zoospores at
500pg/mL. Using the broth microdilution method and fluconazole as a positive control, Kengne
et al. (2021) examined antifungal activity of methanol extracts of whole parts of R. abyssinicus
and EtOAc fraction against C. neoformans and C. albicans. At a MIC of 32 ng/mL, the
methanol extract and EtOAc fraction showed activity against C.neoformans, whereas the
isolated compounds phsicon (3) and emodin (1) showed activity against C. neoformans and C.
albicans at a MIC of 8 ng/mL.

5.8. Hepatoprotective Activity

Adamu et al. (2020) investigated the hepatoprotective properties of methanol crude extracts of
R. abyssinicus rhizomes in female Swiss albino mice using the toxic carbon tetrachloride (CCls)
technique and silymarin as the standard drug that induces liver damage. The extract of R.
abyssinicus at a dose of 500 mg/Kg reduced elevated levels of serum alanine aminotransferase
(ALT, 51.3%) and alkaline phosphatase (ALP, 63.8%) better than the standard drug silymarin
100 mg/Kg (69%) and significantly reduced the deleterious histopathological changes in the
liver following carbon tetrachloride intoxication.

5.9. Anti-Alzheimer’s Activity

Augustin et al. (2020) used the Ellman assay with donepezil hydrochloride as a positive control
to investigate the anti-alzheimer effects of ethyl acetate rhizome extract of R. abyssinicus. The
extract showed dual cholinesterase inhibitor action against acetylcholinesterase (AChE) and
butyrylcholinesterase (BChE), with ICso values of 2.7 and 11.4 pg/mL, respectively, which is
lower than the positive control donepezil HCI, which had ICso values of 0.049 and 5.52 pg/mL.
Helminthosporin (4), Emodin (1), Chrysophanol (2), and Phsicon (3), all isolated anthraquinone
compounds, demonstrated substantial inhibition of acetylcholinesterase (AChE) with ICso
values of 2.63, 15.21, 33.7, and 12.16 pg/mL, respectively. Helminthosporin (4) also
demonstrated considerable inhibition of butyrylcholinesterase (BChE) with an ICso value of
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2.99 pg/mL, which is higher activity than donepezil HCI, the positive control, which had an
ICs0 value of 5.52 pg/mL.

5.10. Wound Healing Activity

Mulisa et al. (2015) used excision and incision models in adult Swiss albino mice to investigate
the wound healing capabilities of methanol rhizomes extracts of R. abyssinicus, with
nitrofurazone ointment as a control. In both excision and incision models, treatment with 5%
and 10% (w/w) methanol extract ointment exhibited significant wound recovery activities, with
higher activity when compared to nitrofurazone ointment.

5.11. Acute and Sub-acute Toxicity Activity

Adamu et al. (2020) evaluated in vivo acute toxicity of methanol rhizome extracts of R.
abyssincus using female Swiss mice. A total of five starved mice were given a test sample 2000
mg/Kg body weight orally and the numbers of deaths occurring in 24 h were noted. The extract's
LDso in mice was greater than 2000 mg/kg, indicating that it was non-toxic. Alelign ez al. (2020)
evaluated in vivo acute and sub-acute toxicity of methanol rhizome extract of R. abyssinicus
using female Swiss mice also showed that LDso in female Swiss mice were higher than 2 pg/kg,
suggesting that the extract was of non-toxic. Similarly, Enyew et al. (2020) examined in vivo
acute and sub-acute toxicity of methanol rhizome extracts of R. abyssinicus, LDso in Swiss
Albino mice greater than 2 pg/kg.

6. EXTENDED APPLICATION
6.1. Industrial Application in The Leather Industry

Raw hides and skins are preserved before being turned into leather to protect the skin protein
from microbial attack. The most extensively used preservation method in the world is the salting
process, which employs around 50% w/w common salt. This typical system generates an
excessive amount of saline wastewater, which adds to major pollution in terms of total dissolved
solids and chlorides, and is discharged into the effluent throughout the manufacturing process.
The treatment plants operational and maintenance costs increase as the soaking produces more
salinity. Furthermore, ground water pollution around tanning industries is pressuring tanners to
minimize or eliminate the use of salts in the leather manufacturing process (Vankar & Dwivedi,
2009).

Mohammed et al. (2016) investigated a less-salt preservation system based on R. abyssinicus
root powder as a cleaner alternative to conventional salt-based preservation approach, with a
positive control of 50 % (w/w) sodium chloride (NaCl). The results revealed that curing the raw
goatskins with 10% (w/w) R. abyssinicus root powder and 15% (w/w) common salt is
successful in preserving them. The pollution-reduction generation also shows a % reduction in
total dissolved solids and a 70 % reduction in chloride. Aqueous root extracts of R. abyssinicus
were employed as a cleaner way for dying in product production in another investigation. The
10% (w/w) aqueous root powder of R. abyssinicus demonstrated good fastness and organoleptic
features, according to the results (Mohammed ef al., 2018).

7. CONCLUSION

The ethnomedicinal uses, chemical constituents, and biological activity of R. abyssinicus are
summarized in this review. Anthraquinones, flavonoids, terepenoids, phenolic compound and
fatty acid had been confirmed to be the principle active constituents of R. abyssinicus.
Biological activity has additionally targeted on antibacterial, antioxidant, anticancer, anti-
inflammatory, antifungal, wound healing and antialzeimer’s from different extracts and
reported compounds of R. abyssinicus. The various uses of R. abyssinicus amongst different
ethnic groups and the scientific evidence of its chemical constituents and biological activities
imply healing capability of the species. However, there may be need for clinical studies of crude
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extracts and compounds reported from the species using in vivo models. Therefore, further
research of R. abyssinicus need to attention on complete phytochemical analyses of the species
and to more accurately outline its biological activities. Additionally, new biological evaluations
are still needed to scientifically validate some of its ethnobiological applications in order that
the species can be used as a future useful resource for disease treatment and management. R.
abyssinicus 1s also now no longer completely evaluated regarding its safety as herbal medicine.
Further research want to assess the toxicity of the species for further uses of the plant extracts,
fractions and isolated compounds in pharmaceutical industries.
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Abstract: In this study, purple basil leaves were dried in 3 different methods ARTICLE HISTORY
(oven, microwave, and shade drying) and then infused 5 different times in hot L

water at 90 °C. Analyses of total phenolic content, antioxidant activity, total Received: May 13, 2022
monomeric anthocyanin content, and color parameters were performed on tea Revised: Sep. 20, 2022
samples. When the analysis results were evaluated, the best results were Accepted: Noc. 06, 2022
determined in the tea samples prepared from the leaves dried in the oven and

in the shade, at brewing times of 10 and 15 minutes. 45 minutes was the best K pyWORDS

infusion time for the tea sample prepared from microwave dried leaves. When

the three different drying methods were compared, the shade drying method ~Color,

gave better results than the other drying methods. According to the highest Herbal tea,

values obtained from the analysis results, the effect of the functional
compounds in the purple basil leaves on the tea was calculated. It was )
determined that the highest percentage of phenolic compounds in tea was found ~ Purple basil.
in the samples prepared by the shade drying method.

Microwave drying,

1. INTRODUCTION

Herbal teas are popular beverages preferred in the daily diet in recent years because they are
sugar-free, calorie-free and offer different tastes. For a healthy adult person, daily average
consumption of tea and herbal teas is recommended up to 2 liters (Schulzki et al., 2017).
Hundreds of pure or blended herbal teas sold in health food stores contain active
phytochemicals with various biological properties. These phytochemicals help prevent or treat
many diseases such as allergic reactions, insomnia, headaches, anxiety, intestinal disorders,
depression, and high blood pressure. In addition, studies have reported that herbal teas have
anticarcinogenic, antioxidant (Jin et al., 2016; Schulzki ef al., 2017), and antimicrobial (Chan
et al., 2010; Oh et al., 2013) activities. Herbal preparations consumed in the form of tea are
usually infused from the leaves, flowers, seeds, fruits, stems, and roots of the plant (Oh et al.,
2013; Jin et al., 2016; Schulzki et al., 2017). Basil (Ocimum basilicum L.), one of the important
industrial, pharmaceutical and aromatic plant species of the Lamiaceae family, has an important
place in various food applications, essential oil production, ornamental, pharmaceutical, and
cosmetic industries (Ekren et al., 2012; Fratianni et al., 2017). Components of sweet basil
include various phenolic acids (such as cinnamic, sinapic, caffeic, rosmarinic, caffeic, and
ferulic acid) and flavonoids (such as apigenin and catechin). These compounds act as free
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radical scavengers and metal chelators by showing strong antioxidant effects against free
radicals known to be harmful to humans (Flanigan and Niemeyer, 2014; McCance et al., 2016;
Fratianni et al., 2017). Basil leaves and basil tea are beneficial in medical treatments for
digestion, cough, headache, worms, diarrhea, and stomachache (Ekren et al., 2012; Ahmad et
al., 2016).

Purple basil varieties have rich anthocyanin content. Anthocyanins belong to one of the
largest classes of secondary metabolites known as flavonoids and dissolve in water to form red-
blue color pigments (Ahmad et al., 2016). Anthocyanins offer numerous benefits in relation to
antioxidant properties and radical-scavenging abilities for human health, as well as having
different functions for plants (Flanigan and Niemeyer, 2014; McCance et al., 2016). The shelf
life of fresh purple basil is short due to the high water content (Fratianni et al., 2017). Therefore,
it is more appropriate to use fresh purple basil leaves as tea in the food industry by drying them.
The aim of this study is to determine the effects of various infusion times of purple basil (O.
basilicum L.) leaf tea, dried by different methods, on total phenolic, total monomeric
anthocyanin, antioxidant activity, and color parameters.

2. MATERIAL and METHODS
2.1. Drying of Purple Basil Leaves and Brewing

Purple basil plant was supplied from the local market in Balikesir, Turkey. The purple basil
sprigs were washed under running water and leaves were separated from their stems by hand.
The leaves were spread on a qualitative filter paper (Whatman) to remove the wash water. The
leaves were dried by oven, microwave, and shade drying methods. Microwave drying was
carried out in a microwave oven (Argelik, MD 564) at 90 W for 2 min. For oven drying, the
leaves were spread on a tray and dried in an oven drier (Nuve, Turkey) set at 80 °C. For shade
drying, the leaves were spread on qualitative filter paper and kept away from direct sunlight
and dried at room temperature. Drying in all methods was completed when the products reached
a dry matter of 95+1%. The boiled distilled water was cooled to 90°C. It was then added to the
dried purple basil leaves (1.0 g) and infused for 5, 10, 15, 30 and 45 minutes. Prepared teas
were stored at -20 °C until analysis. At the end of each infusion time, leaves were removed
from the infusions by using a sieve and immediately cooled to room temperature.

2.2. Extraction Procedure for Antioxidants and Polyphenolic Compounds

A 0.1 g of ground dried purple basil weighed into a tube and 15 mL of acidified methanol was
added. The mixture was shaken at 35°C for 60 minutes in a shaking water bath, centrifuged at
7000 rpm for 10 minutes and the supernatant was collected in a jar and the residue was re-
extracted with fresh methanol and according to the same procedure and the supernatants were
combined. Total phenolic compounds, monomeric anthocyanin, and antioxidant activity were
analyzed in the prepared extracts.

2.3. Determination of Total Phenolic Compounds

Total phenolic substance amounts were determined according to the method developed by
Singleton and Rossi (1965). The solution mixture prepared for this method consists of 0.5 mL
of methanol extract, 2.5 mL of Folin-Ciocaleu solution (0.2 N), and 2.0 mL of NaxCO3 (75 g/L).
After the samples were treated with the solution mixture, absorbance was read at 765 nm after
120 min in the spectro-photometer (U-1800, Hitachi, Japan). The results obtained were given
as gallic acid (GAE)/kg dry weight (DW).

2.4. Determination of Antioxidant Activity

Antioxidant capacities of extract and tea samples Brand-Williams et al. (1995) developed by
the DPPH (2,2-Diphenyl-1-picrylhydrazil) method. In this method, 0.1 mL of the test materials
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were taken and 3.9 mL of methanolic DPPH (6x10 M) solution was added to it to complete
the total volume to 4 mL. Afterward, the obtained mixtures were incubated at 25 °C for 30 min
in the dark, and their absorbance was determined at 515 nm in a spectrophotometer. The data
obtained are given in mmol Trolox Equivalent/kg.

2.5. Total Monomeric Anthocyanin Content

TMAC was determined according to the pH differential analysis reported by Lee et al. (2008).
According to the method, 1 mL sample taken from the extracts was diluted separately in 4 mL
KCI (pH 1.0, 0.025 M) and C,H3NaO> buffers (pH 4.5, 0.4 M). Approximately 30 minutes after
dilution, absorbance was obtained at two different wavelengths (515 and 700 nm), and
absorbance differences were used to calculate the anthocyanin content.

2.6. Color Parameters

L* (lightness), a* (position between red and green), b* (position between yellow and blue), C*
(chroma), and h (hue) color values of tea samples were measured by using a Minolta colorimeter
(CM-5, Minolta, Japan).

2.7. Statistical Analysis

Study results were expressed as mean + standard deviation. Two-way analysis of variance
(ANOVA) at a 95% confidence level was used to determine a statistically significant difference
between drying methods and infusion times. Statistical analyzes were calculated using the
MINITAB (Minitab Inc. USA) software program.

3. RESULTS and DISCUSSION
3.1. Changes in Total Phenolic Content (TPC)

The TPC of dried purple basil samples is shown in Table 1. Oven, shade, and microwave dried
basil contained 22.38, 45.16 and 34.81 mg/g DW phenolic compounds, respectively. Flanigan
and Niemeyer (2014) found mean TPC levels in purple basil cultivars in the range of 13.1 mg
GAE/g DW for Johnny's Purple Ruffles to 26.9 mg GAE/g DW for Purple Delight basil.
Another study reported the mean TPC levels of three different varieties of purple basil harvested
at different maturity stages in the range of 3.30-20.08 mg/g DW (McCance ef al., 2016).

The TPC results we obtained in the current study are slightly higher than the concentrations
obtained by Flanigan and Niemeyer (2014) and McCance et al. (2016). Total phenolic
compounds, monomeric anthocyanin contents, and antioxidant activities of tea samples are
shown in Table 2. Among all purple basil teas, total phenolic content varied between 158.89
and 325.20 mg/L. The lowest TPC value was determined in the oven dried samples and the
highest value was in the shade dried samples. When the brewing times are compared; the total
phenolic content was found as 174.65 mg/L in 5 minutes infusion time in samples prepared by
oven drying method. The TPC of the tea prepared with microwave dried samples in 45 minutes
of brewing time was 308.35 mg/L. The highest TPC was calculated as 325.20 mg/L in the
samples prepared with shade dried basil infused for 15 minutes. While there was a difference
between the phenolic substance content of the purple basil samples dried by different methods,
the purple basil teas brewed for different periods did not make a statistically (p>0.05) significant
difference in terms of phenolic substance.
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Table 1. TPC, TMAC and antioxidant activities of dried purple basil leaves

Dried Sample
Oven Microwave Shade
TPC* 22.38+0.65 34.81+0.07 45.16+1.03
TMAC™ 1.74+0.04 4.45+0.17 10.91+0.12
AA™ 11.28+0.10 10.86+7.84 14.35+4.23

"'mg GAE/g DW, "mg/ g DW, ™ mmol TE/100 g DW

The highest transition rates were calculated as 78.05, 88.60 and 72.02% for oven dried basil
infused for 5 min, microwave dried basil infused for 45 min, and shade dried basil infused for
15 min, respectively. As general, the highest phenolic transfer was seen in the tea sample
prepared by the microwave drying method.

It is possible to find many studies in which different herbs are prepared and analyzed in tea
form. However, in the literature studies, there is no study on purple basil leaf tea and different
infusion times. Hajiaghaalipour et al. (2016) stated that the TPC of white, green, and black tea
infusions was significantly affected by the steeping time and temperature. In all of the samples,
the highest TPC for white tea was determined in long-term hot water infusion, in long-term
cold water infusion for green tea, and in short-term hot water infusion for black tea. The lowest
TPC was determined in a short-term cold water infusion. Atoui ef al. (2005) observed that the
amounts of total phenolics ranged from 88.1 to 1216 mg GAE/cup in Greek mountain tea and
Chinese green tea, respectively. In another study, the values of total phenolic content varied
widely in the leafy herbal tea extracts, ranged from 10.98 to 144.52 mg GAE/g herb tea (Oh et
al., 2013). It was stated that Centella asiatica herbal teas should be prepared in 100 °C water
for 10 minutes to obtain the maximum TPC. The TPC values of unfermented, partially
fermented (120 min) and fermented (24 h) C. asiatica herbal teas were 7.3, 6.8, and 5.3 mg
GAE/ g, respectively (Ariffin ef al., 2011). The highest TPC value was detected in C. asiatica
tea infused at 100 °C for 5 minutes (45.99 mg/L. GAE) and at 80 °C for 10 minutes (45.53 mg/L
GAE) (Siah et al., 2011).

3.2. Changes in TMAC Color Parameters

As seen in Table 1, the total monomeric anthocyanin contents of purple basil samples were 1.74
mg/g DW for the oven drying method to 10.91 mg/g DW for the shade drying method. The
result obtained in purple basil sample dried in microwave oven was found as 4.45 mg/g DW.
The average anthocyanin concentrations of basil cultivars harvested at varying maturities are
presented in a study done by McCance et al. (2016). Accoring to their results, anthocyanin
concentrations ranged from 2.07 mg/g DW for Sweet Petra Dark Red to 9.72 mg/g DW for
Purple Ruffles. These values are lower than the results of Flanigan and Niemeyer (2014), who
observed anthocyanin contents of Rubin and Purple Ruffles (Richter's Herbs) cultivars as 7.55
and 16.6 mg/g DW, respectively.

Table 2 shows the monomeric anthocyanin contents of purple basil teas. TMAC varied from
4.86 t0 27.99 mg/L. The lowest value was found in the sample prepared from oven dried leaves,
whereas the highest value was in the sample prepared from shade dried sample. In the samples
prepared by oven drying method, at the infusion time of 15 min. total monomeric anthocyanin
content was found as 5.29 mg/L. TMAC value of tea prepared by microwave dried samples at
the infusion time of 45 minutes was 19.69 mg/L. In the samples prepared by shade dried basil
at the infusion time of 10 minutes, TMAC has been detected as 27.99 mg/L. According to our
results, the TMAC of purple basil tea was affected by different drying methods. Monomeric
anthocyanin in the oven drying method was found to range from 4.86 to 5.29, but this value is
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higher in the shade drying method (19.65-27.99 mg/L). The effect of different brewing times
on the TMAC was not found to be statistically (p>0.05) significant.

The highest anthocyanin transition rates were calculated as 30.40, 44.24 and 25.65% for
oven dried basil infused for 15 min, microwave dried basil infused for 45 min, and shade dried
basil infused for 10 min, respectively. As in the case of total phenolic compounds, the best
drying method was microwave drying in terms of anthocyanins transfer.

Vinokur et al. (2006) obviously reported that the total anthocyanin content in rose teas was
correlated with the petal color, and higher anthocyanin values obtained in the samples prepared
from the red-flowered cultivars. Zijuan (Camellia sinensis var. assamica) with purple leaves
and rich anthocyanin content is widely consumed in China. Anthocyanin levels in infusions
made from various Zijuan tea products have been reported to be in the range of 115.4-198.2
ug/mL (Lv et al., 2015). In the study, the total monomeric anthocyanin content was determined
in selected Kenyan tea cultivars processed into black and green tea products. Green tea (2.25-
108.26 mg/L) had significantly higher total monomeric anthocyanins than black tea (0.82-45.48
mg/L) (Kerio et al., 2012).

3.3. Changes in Antioxidant Activity

Table 1 shows the DPPH assay for the free radical scavenging activity of methanolic extracts
of the dried purple basil samples. The antioxidant activity results of purple basil samples were
calculated as 11.28, 10.86, and 14.35 mmol Trolox equivalent/100 g DW for oven dried,
microwave dried, and shade dried samples, respectively. Drying methods had a significant
effect antioxidant activity of purple basil leaves. The decrease in antioxidant activity could arise
from the decrement in phenolic content of the samples with the effect of the drying.

Flanigan and Niemeyer (2014) reported the antioxidant capacities of purple basil cultivars
ranging from 24.6 mmol/100 g DW for Johnny’s Purple Ruffles to 34.8 mmol/100 g DW for
Purple Delight basil. The authors attributed the free radical scavenging activity of the teas to
phenolic components (Bhebhe et al., 2015; Abdullah and Mazlan, 2020). Higher phenolic
content and composition of major phenolic compounds are associated with higher antioxidant
activity. According to our analysis results; the highest antioxidant activity value was found in
shade dried sample and followed by microwave dried sample. Total phenolic content and
antioxidant activity results were in parallel. Our results indicate that the total monomeric
anthocyanin content also plays an important role in the measured antioxidant capacities of
purple basil leaves tea.

Antioxidant activity values of tea samples are shown in Table 2. A wide range of variations
exists in the antioxidant capacity of all purple basil teas. The antioxidant capacity ranged from
0.229 to 0.855 mmol Trolox equivalent/L.

Usually, the lowest DPPH value was found in the sample dried in oven, whereas the highest
value was in the shade dried leaves. In the samples prepared by oven drying method, the highest
value was found with 0.250 mmol Trolox equivalent/L at the infusion time of 15 min. The
DPPH value of the tea prepared with microwave dried samples in 45 min. infusion time gave
the highest result with 0.758 mmol TE/L. In the samples prepared with basil dried in the shade,
the highest DPPH value was determined as 0.855 mmol TE/L at the infusion time of 10 minutes.
While the effect of purple basil samples dried with different methods in antioxidant activity
was statistically significant (p<0.05), differences in brewing times did not make a significant
difference on antioxidant activity (p>0.05).

The effect of infusion time and temperature on Turkish black tea is examined by Kelebek
(2016). Antioxidant capacity, depending on brewing (infusion) time and temperature, showed
statistically significant results (p<0.05). It was determined that ABTS and DPPH levels reached
the highest values numerically in teas with a 10-minute brewing time. The ICso of the DPPH
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radical scavenging assay of white, green, and black teas steeped at different temperatures and
times was investigated. This value was found between 84.03-101.5 pg/mL in white teas, 79.4-
98.33 pug/mL in green teas and 91.55-105.6 pg/mL in black teas (Hajiaghaalipour et al., 2016).
It has been reported that at least 15 minutes of steeping period is required for green tea samples
to exhibit the highest antioxidant activity (Abdullah and Mazlan, 2020). In another study, the
antioxidant activities of teas with different infusion times were optimized according to the
extraction procedure. No statistically significant difference was detected in the samples
extracted with green tea in 5-30 min periods (p>0.05). In rose tea samples, the highest radical
scavenging activity was determined during the 20 min brewing period.

These brewing times were used in the brewing methods of both green tea and rose leaf tea
samples in later studies (Vinokur et al., 2006). Comparing tropical and temperate herbal teas
with C. sinensis teas, Chan et al. (2010) found that lemon myrtle, guava, oregano, and black
teas gave similar results. In a study comparing green tea with different herbal teas, it was
reported that most of the herbal teas showed lower antioxidant activity than green tea (Jin et al.,
2016).

The antioxidant capacity, measured by the DPPH method ranged from 0 to 273.43 mmol
TE/ 100 g DW in herbal teas and between 140.13 and 221.21 mmol TE/ 100 g DW in green
teas. According to results of Siah et al. (2011), the highest antioxidant activity was (52.8%) in
C. asiatica tea infused for 5 minutes at 100 °C, and the lowest value was (32%) in tea infused
at 60 °C for 3 minutes.

The total antioxidant capacity values of sweet basil (O. basilicum) herbal tea as dried
obtained from the Turkish market, measured by CUPRAC and ABTS assays, were determined
as 1.18 mmol TE/g and 0.77 mmol TE/g, respectively (Apak et al., 2006).

Table 2. TPC, TMAC and DPPH values of tea samples.

Infusion time

Drying method (min) TPC* TMAC” DPPH™
5 174.65+£13.04 5.23+0.43 0.293+0.017
10 170.85+0.76 5.2240.04 0.277+0.013
Oven 15 171.83+2.61 5.294+0.04 0.250+0.017
30 158.89+15.33 5.05+0.02 0.229+0.014
45 163.78+2.39 4.86+0.10 0.270+0.003
5 297.91+£6.52 19.58+0.55 0.732+0.039
10 277.80£15.76 17.36+0.22 0.702+0.042
Microwave 15 285.09+£9.35 17.78+0.51 0.734+0.070
30 306.50+0.77 19.24+0.39 0.748+0.017
45 308.35+0.87 19.69+0.13 0.758+0.011
5 312.91+£5.22 26.54+1.06 0.843+0.003
10 307.15+28.80 27.99+3.07 0.855+0.040
Shade 15 325.20+4.67 26.60+0.74 0.814+0.029
30 324.87£14.13 19.65+2.20 0.774+0.061
45 324.76£27.72 22.26+3.82 0.793+0.155

*(mg/L), ™ mmol trolox equivalent/L

3.4. Changes in Color Parameters

L*, a*, b* h, and C* values of purple basil teas dried by different methods are summarized in
Table 3. Among all the purple basil leaves teas, a* value ranged from 7.11 to 15.72, with the
lowest values coming from the oven drying method, whereas the highest value was from the
shade drying method. While brewing time was not statistically (»p>0.05) significant on the a*
value of purple basil tea, drying method had significant effect on this color parameter. Among
all the purple basil leaves teas, the L* value ranged from 62.84 to 77.67, the b* value ranged
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from 17.42 to 32.02, the C* value ranged from 22.77 to 32.83, and the h value ranged from
49.85 to 77.70. According to these data, while the effect of different drying methods on the L*
and h values of purple basil tea was statistically (»p<0.05) significant, the brewing time did not
have a significant effect on this color parameter. The effect of purple basil samples dried by
different methods and purple basil tea brewed for different times on the b* and C* values were
found to be statistically (»<0.05) significant.

Consumer preferences are influenced by the color properties of herbal teas. Color differences
were observed between different experiments in relation to time and temperature (Kelebek,
2016). In a previous study (Jin et al., 2016), among all the herbal teas, lightness (L*) has been
reported between 46.38-99.98. The a*, b*, C*, and h values of herbal teas have ranged between
-7.68- 44.85, 0.35-24, 0.35-86.26, and 17.65-109.78, respectively. Kelebek (2016) found that
the L*, a*, and b* values are significantly correlated with infusion time and temperature. The
L* value is negatively correlated with infusion time and temperature and the tea infusions
become darker with a long infusion time. Moreover, the values of a* and b* of the tea are
positively correlated with infusion time and temperature. No proportional relationship was
found between L*, b*, C*, and h values with the drying methods and infusion time (min). The
a* values of the prepared tea samples were significantly affected by the drying methods and
infusion times. Redness value (a*) is increased in proportion to the amount of anthocyanin
contained in the prepared purple basil leaves tea. a* value results are one of the color parameters
that are very important for this study. The purple basil tea prepared by the shade drying method
gave the highest a* value results with respect to the other drying methods. The highest result
was 15 minutes of infusion time (15.72). The lowest color values were obtained from samples
prepared by the oven drying method. The results were found to be parallel to the total
monomeric anthocyanin content.

Table 3. L*, a*, b*, C* and h color values of tea samples.

Drying Infusion time L* a* b* C* h
methods (min)

5 75.94+1.13  7.11£2.00  32.02+2.32 32.83+£2.69 77.70+2.55
10 76.19£0.02  7.61£0.12  31.10+£0.30 32.00+£0.30 76.25+0.09
Oven drying 15 77.67+£0.43  7.78+0.17 31.41+0.41 32.36+£0.44 76.09+0.13
30 76.13+£3.45  7.76£0.05  29.65+2.25 30.43£2.40 77.13+0.72
45 75.7240.08  7.56+0.06 31.49+0.16 32.39+0.14 76.50+0.16
5 71.38+0.93 13.69+0.34 27.06+0.59 30.32+0.68 63.18+0.07
Microwave 10 73.63+0.67 11.87+0.21 24.83+0.07 27.52+0.03 64.44+0.45
drying 15 71.63+0.66 12.54+0.17 26.76+£0.40 29.55+0.43 64.89+0.03
30 68.80+0.14 13.88+0.24 28.58+0.28 31.77£0.36 64.10+0.16
45 68.73+£0.40 14.55+0.15 29.27+0.29 32.69+0.33 63.57+0.02
5 65.07+£0.21 14.66+£0.42 17.42+0.39 22.77+0.03 49.93+1.43
Shade 10 63.46+0.52 15.52+£1.29 18.54+0.31 24.2140.59 50.15+2.80
drying 15 65.29+0.28 15.72+0.05 18.63+0.24 24.37+0.21 49.85+0.29
30 62.84+0.61 15.21+£0.27 24.35+0.78 28.72+0.53 57.99+1.27
45 64.714£2.46  15.1241.69 22.59+0.23 27.21£1.13  56.33+2.68

4. CONCLUSION

This study provides a foundation for the TPC and TMAC content, antioxidant activity and color
parameters of a large group of purple basil leaves teas. The highest results in terms of TPC,
TMAC, DPPH, and a* values were obtained with 5, 10, and 15 min infusion time in tea samples
prepared with purple basil dried in an oven and shade. If the microwave drying method is
preferred, an infusion time of 45 min is recommended. The results showed that purple basil leaf
tea can be an economical dietary source as well as a healthy, natural antioxidant. These study
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data may be of benefit to researchers and people adopting traditional complementary therapies.
According to the results obtained in this study, the shade drying method values of purple basil
leaves tea are generally better than oven and microwave drying methods. In order to shorten
the drying time between these methods, drying in the microwave could be a good alternative to
the shade drying method.
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Abstract: Crinum abyssinicum and Calotropis procera were traditionally used for
the treatment of different diseases such as hypertension, diabetes, hepatitis B, skin
infection, anticancer, asthma, fever, and diarrhea. The structures of the compounds

were characterized by 'H NMR, *C NMR, and DEPT-135 spectra. Compounds 1-
3 were reported herein for the first time from the species of C. abyssinicum. The
DCM/MeOH (1:1) and MeOH roots extracts of C. abyssinicum showed significant
inhibitory activity against S. aureus and P. aeruginosa with a mean inhibition zone
of 16.67 + 1.20 and 16.33 £ 0.33 mm, respectively. Compounds 4 and 5 showed
promising activity against E. coli with a mean inhibition zone of 17.7 + 0.8 and
17.7 + 1.2 mm, respectively. The results of DPPH activity showed the DCM:
MeOH (1:1) and MeOH roots extracts of C. abyssinicum inhibited the DPPH
radical by 52.86 + 0.24 % and 45.6 + 0.11 %, respectively, whereas compound 5
displayed 85.7 % of inhibition. The drug-likeness analysis showed that compounds
2-4 satisfy Lipinski’s rule of five with zero violations. Compounds 2, and 6 showed
binding affinities of —6.0, and —6.7 kcal/mol against E. coli DNA gyrase B,

Revised: Oct. 11, 2022
Accepted: Nov. 30, 2022

KEYWORDS

Crinum abyssinicum,
Calotropis procera,
Antibacterial,
Antioxidant
ADMET,

Molecular docking.

respectively, while 3 and 5 showed —5.0 and —5.0 kcal/mol, respectively against
human peroxiredoxin 5. Therefore, the in vitro antibacterial, radical scavenging
activity along with the molecular docking analysis suggest the potential use of the
extracts of C. abyssinicum and compounds 2, 5, 6, and 3, 5 can be considered as
promising antibacterial agents and free radical scavengers, respectively.

1. INTRODUCTION

The genus Crinum is one of the medicinal plants that belong to the family Amaryllidaceae.
Globally, around 180 Crinum species were described and widely distributed in Africa, America,
southern Asia, and Australia (Lawal & Dangoggo, 2014). Out of these, four species are found
in Ethiopia i.e., Crinum abyssinicum, Crinum bambusetum, Crinum macowanii, and Crinum
ornatum (Nordal & Sebsebe, 2010). Crinum abyssinicum and Crinum bambusetum are endemic
species of Ethiopia (Nordal & Sebsebe, 2010). Crinum abyssinicum is a species of bulbous
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plant that belongs to the family of the Amaryllidaceae (Figure 1). In Ethiopia, it is commonly
known as shinkurta/bokolo Werabessa/ Murguffaa/ Chopi in Afan Oromo, Yejib Shinkurt in
Ambharic, Galadiweese in Sidamigna (Abebe et al., 2003). In Ethiopia, Crinum species have
been reported to be used in various health care systems for the treatment of a variety of diseases
such as hypertension and diabetes (Regassa, 2013), animals’ internal parasites (Tamiru et al.,
2013), skin infection (Yineger et al., 2008), rheumatoid arthritis (Kloos et al., 2014), snake bite
(Mekuanent et al., 2016), malaria (Asnakech et al., 2019) and antitumor (Teklehaymanot &
Giday, 2007). Traditionally the dried roots of C. abyssinicum mixed with water or butter is
applied topically or oral.

Figure 1. (a) Aerial part and (b) bulb of C. abyssinicum (lllubabor, Oromia, Picture taken by Melaku
Tegegn on November 20, 2021).

(@) (b)

Crinum species have been subjected to extensive chemical and biological investigations due
to their richness in pharmacologically active principles (Wildman, 1960). A large number of
alkaloids and non-alkaloid compounds have been reported from different Crinum species
(Refaat et al., 2012; 2013). Amaryllidaceae alkaloids, augustamine (Ali et al., 1983; Ramadan,
1986; Machocho et al., 2004), p-carboline, phenanthridine (Razafimbelo et al., 1996),
sceletium (Doépke et al., 1981), ismine (Ghosal, 1981; Highet & Ismine, 1961) and clivimine
type alkaloids were reported from the genus. Other secondary metabolites including flavonoids,
chromones, coumarins, terpenoids, steroids, phenolics, simple glycosides, and long-chain
hydrocarbons were also reported (Refaat et al., 2013). In Ethiopia, the bulb extract, 6-
hydroxycrinamine, and lycorine possessed significant antiproliferative activity, lycorine being
the most active exhibiting Glso values of 2.8 ug/mL and 3.4 xg/mL against A2780 and MV4-11
cells, respectively (Besufekad et al., 2020). To the best of our knowledge, there is no scientific
report in the literature concerning the antioxidant and antimicrobial effects of the plant.

Calotropis procera is a soft-wooded, evergreen, perennial shrub in the family
Asclepiadaceae. They are commonly known as milkweeds because of the latex they produce.
It includes 320 genera and 2,000 species. It is widely distributed in Asia, Africa, and America
(Ramos et al., 2006). In Ethiopia, this plant species is known by local names of Tobiaw
(Amharic), Qimbo (Afan Oromo), Ghinde’a (Tigregna), Galagto (Afar) (Harini and
Nithyalakshmi, 2017). Traditionally, Calotropis is used alone or with other medicines to treat
common diseases such as fever, rheumatism, cold, eczema, diarrhea, and treatment of boils
(Pathyusha, 2012; Abhishek et al., 2010). In traditional folk medicine, the plant has been
employed as an antifungal and antipyretic agent (Shrivastava et al., 2013). In Ethiopia, the latex
of C. procera (Asclepiadaceae) (Figure 2) is among the herbal drugs used for the treatment of
blackleg to treat cattle by “Zay” people (Giday & Teklehaymanot, 2013).
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Figure 2. Aerial part of C. procera (Adama, Oromia, Picture by Getachew Tegegn on August 16, 2020).

Previous pharmacological reports disclosed that C. procera exhibit wide spectrum of
pharmacological activity including antimicrobial, anthelmintic, anti-inflammatory, analgesic
and antipyretic, anticancer, antidiabetic, antifungal, antioxidant, larvicidal activity,
anticonvulsant, anti-ulcer effects, and wound healing (Hassan et al., 2006; Al-Snafi, 2015). In
Ethiopia, pharmacological studies of ethanolic extract from the leaves and latex C. procera
demonstrated antimicrobial activity against S. aureus, E. coli, Bacillus cereus, Proteus
mirabilis, Proteus vulgaris, Klebsiella pneumoniae, Shigella dysenteries and Pseudomonas
aeruginosa (Chavan, 2016). Phytochemical studies indicated that root extracts of C. procera
contained alkaloids, flavonoids, glycosides, sapo