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Abstract: Genus Carissa represents several species that are reported to be of great phyto-medicinal
and ethnopharmacological value. However, Carissa macrocarpa is relatively understudied. Further-
more, environmental conditions such as seasonal changes are known to affect the phytochemical
composition of medicinal plants. Therefore, this study aimed to investigate the phytochemical
composition and biological activity of the leaf extracts of C. macrocarpa in the summer and winter
seasons. The phytochemical screening of C. macrocarpa leaves showed positive results for a variety of
phytochemicals, such as alkaloids, tannins, phenols, naphthoquinones, flavonoids, saponins, steroids,
proteins, carbohydrates, mucilage, gum and resin. The methanolic extract was evaluated for its
antibacterial activity against Escherichia coli and Staphylococcus aureus using the agar well diffusion
method. The winter leaf extract was distinguished for its potential antibacterial activity against
both bacterial strains with inhibition zones (mm) of 8.17 & 1.04 and 6.83 £ 0.58 at 10 mg/mL. The
antioxidant activity of the leaf extracts was evaluated using the 2, 2/-diphenyl-1-picrylhydrazyl
(DPPH) assay. The percentage scavenging activities of the different extracts were significantly greater
than that of the control. Furthermore, at 15, 30, 60, 120 and 240 ng/mL, the percentage scavenging
activities of the winter methanol leaf extract were 74.65, 78.31, 85.45, 90.02 and 95.68%, and those of
the summer one were 71.66, 73.57, 84.05, 88.22 and 96.28%, respectively, indicating that the methanol
leaf extract had greater percentage scavenging activity in winter than in summer. In winter, the ICsq
value of the methanol leaf extract (0.67 ug/mL) was lower than that of ascorbic acid (8.26 ug/mL). It
is concluded that winter is the optimal season to harvest leaves of C. macrocarpa for medicinal use.
To the best of our knowledge, this is the first report that relates the phytochemical composition and
medicinal properties of C. macrocarpa to changes in seasons. The results obtained are promising, and
this species should be further explored to decipher its pharmacological worth.

Keywords: antibacterial; antioxidant; DPPH; Escherichia coli; phytochemical; seasonal change;
Staphylococcus aureus

1. Introduction

In many developing countries, plants of medicinal value are being used by billions of
people. This is due to the continual inadequate supply of modern, commercial medicines;
thus, people prefer to use medicinal plants as they are of low cost and effective [1,2].
Approximately 80% of black South Africans utilize traditional medicine to fulfil their pri-
mary health care needs [3]. There are two types of metabolites produced within plants,
namely, primary and secondary metabolites [4,5]. Secondary metabolites such as phe-
nolics, flavonoids, alkaloids, lignans and terpenoids are abundant in medicinal plants.
Secondary metabolites, also known as phytochemicals, are bioactive compounds that are
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required for a plant’s survival (under environmental stress) and its protection against
insects and predators [6]. Since ancient times, secondary metabolites have been widely
utilized in the treatment of different illnesses and disorders, and they are still quite popular
today [7]. However, there are many environmental factors that may affect the phyto-
chemical composition of medicinal plants. Among the many factors, there are soil type,
change in season, salinity, light, altitude and humidity [8-10]. Determining the effect of
seasonal change on plant phytochemical composition provides fundamental information
on the best time/season to harvest individual plant species (with maximum phytochemical
composition) [11,12].

Over the years, the growth and spread of bacterial infections have been controlled;
however, many are now emerging due to mutations and drug resistance. Thus, research
on and development of new or improved antibacterial medications possibly derived from
plants are proposed [13]. Phytochemicals such as phenols, flavonoids, saponins, alkaloids,
tannins and steroids exhibit antibacterial activity; hence, they have been of great value in
the pharmaceutical industry [14]. Furthermore, phytochemicals are also known to have
antioxidant activity [15]. Antioxidants are substances that can lower or prevent oxidative
stress caused by reactive oxygen species. This is because antioxidants can neutralize or
scavenge reactive oxygen species via hydrogen donation, single-electron transfer and
the ability to chelate transition metals [16,17]. Reactive oxygen species (ROS) such as
hydroxyl (OH™), superoxide (O, ), nitric oxide (NO), peroxyl (RO, ™) and lipid peroxyl
(LOO™) are free radicals that are naturally produced in the human body as products of
cellular metabolism. When they are produced in abundance, they can cause major damage
to cellular structures (namely, nucleic acids, proteins and lipids). This can lead to the
development of chronic diseases such as diabetes mellitus, cancer, hypertension, cardiac
disorders and neurodegenerative diseases [18-21]. Therefore, the discovery of natural
antioxidants from plants must be emphasized. Furthermore, the use of medicinal plants to
develop drugs is of great interest as they are more readily available, affordable and effective
and have fewer harmful side-effects than synthetic drugs [6,22].

The Apocynaceae family is believed to be one of the largest families in the plant king-
dom [23]. The majority of the species belonging to this family are rich in phytochemicals,
especially alkaloids, which are known to have great medicinal value [23]. Members of
this family are distributed mainly in tropical, subtropical and temperate regions of the
world [24]. Carissa macrocarpa (Eckl.) A. DC. syn. C. grandiflora (E.Mey.) A. DC. [25] is an
ornamental shrub that is commonly known as the Natal plum. This species belongs to
the Apocynaceae family and is indigenous to South Africa, where it is used in traditional
medicine [26,27]. Carissa trees are perfect plants for hedges due to their numerous large,
y-shaped thorns. Carissa macrocarpa has white-yellow scented flowers that are star-shaped
and have red fruits containing considerable amounts of vitamins, carbon, calcium and mag-
nesium [15,26,28]. The fruit of C. macrocarpa is renowned for its several medicinal benefits.
They are used to treat anaemia and increase haemoglobin and possess immune-boosting
properties [28,29]. On the other hand, the leaves are used by Zulu people to treat diarrhoea
in cattle, and they are also used to treat coughs and venereal diseases in humans [29-31].

Phytochemical studies on C. macrocarpa plant parts revealed the presence of alka-
loids, flavonoids, saponins, triterpenoids, steroids, quinones, tannins, carbohydrates and
phenols [27,28,32-34]. Studies on C. macrocarpa extracts that have previously been con-
ducted reported pharmacological properties, such as antioxidant and antibacterial ac-
tivities [28,33,35,36]. However, the impact of seasonal variations on the production of
phytochemicals within this species has not been evaluated. Seasonal change plays a
vital role in the production of phytochemicals and the overall medicinal potential of a
plant. Hence, this study aimed to screen phytochemical composition using qualitative
phytochemical tests and to evaluate the in vitro antibacterial and antioxidant properties of
C. macrocarpa leaves in summer and winter.
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2. Materials and Methods
2.1. Plant-Material Collection

Fresh leaves of C. macrocarpa were harvested from the University of KwaZulu-Natal
Westville campus (29.817° S 30.940° E), Durban, South Africa. A voucher specimen was
deposited at Bews Herbarium, University of KwaZulu-Natal, Pietermaritzburg campus
with accession number 92,175 (voucher number 04).

2.2. Preparation of Plant Material for Extraction

The fresh leaves were collected in summer (December 2020) and winter (July 2021) and
dried in an oven at 35 °C for 72 h, until all water molecules that were present completely
evaporated. Thereafter, the dried leaves were ground to powder form using a Waring
blender (Kenwood Ltd., Havant, UK).

2.3. Extraction of C. Macrocarpa Leaves

Carissa macrocarpa powdered leaves (10 g) (summer) were placed into a round-bottom
flask. Thereafter, 100 mL of hexane was placed into the flask, and the latter was then
attached to a reflux apparatus. The solvent was heated under reflux for three 3 h sessions
to obtain the crude leaf extract. This process was then performed utilizing the same leaf
material for chloroform and methanol, respectively. Phytochemicals were extracted using
various solvents of different polarities, from non-polar (hexane and chloroform) to more po-
lar solvents (methanol). This was to ensure that a broad polarity range of phytocompounds
could be extracted. The resultant crude leaf extracts (hexane, chloroform and methanol)
were filtered through Whatman No.1 filter paper (Merck, Darmstadt, Germany). This
procedure was conducted again for the extraction of winter leaves.

2.4. Evaporation of Extracts

The extracted material was left in a dark room at room temperature until the solvent
completely evaporated. Once solvent evaporated, the crude extract remained at the bottom
of the jar. Thereafter, the percentage yields for the 3 different extracts were calculated using
the formula below:
weight of dried extract (g)

weight of leaf material (g) <100

Extract yield (%) =

2.5. Phytochemical Screening

The phytochemical screening of the different leaf extracts obtained from C. macrocarpa
was conducted utilizing standard qualitative protocols adapted from other studies. Suf-
ficient amounts of the dried extracts (hexane, chloroform and methanol) were dissolved
in their respective solvents. These preparations were used for phytochemical testing as
detailed below.

2.5.1. Detection of Alkaloids

Mayer’s test [37]: Two drops of Mayer’s reagent (potassium mercuric iodide (K;Hgly)
solution) are added along the side of the test tube to 1 mL of each crude extract. A creamy-
white (turbid) precipitate confirms the presence of alkaloids.

Wagner’s test [37]: In a test tube containing 1 mL of crude extract, two drops of
Wagner’s reagent (aqueous iodine in potassium iodide solution) are added along the side of
the test tube. The formation of a reddish brown or yellow precipitate confirms the presence
of alkaloids.

2.5.2. Detection of Tannins

Ferric chloride test [38]: In a test tube containing 1 mL of crude extract, 1 mL of 10% of
iron (III) chloride (FeCls) solution is added and mixed. A blue-black or brownish green
colour confirms the presence of tannins.
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2.5.3. Detection of Phenols

Lead acetate test [39]: In a test tube containing 1 mL of crude extract, 1 mL of 10% of lead
acetate solution is added. A white precipitate confirms the presence of phenolic compounds.

2.5.4. Detection of Quinones

Gelatine test [40]: In a test tube containing 1 mL of crude extract, three drops of 1%
gelatine solution are added. The formation of white precipitate confirms the presence of
tannins, specifically naphthoquinone.

2.5.5. Detection of Flavonoids

Alkaline-reagent test (alkaline hydrolysis) [41]: In a test tube containing 2 mL of crude
extract, 2 mL of 5% sodium hydroxide (NaOH) is added. A yellow-coloured solution that
becomes decolorized upon the insertion of 1 mL of 50% HSO4 confirms the presence
of flavonoids.

Acid-hydrolysis test [42]: In a test tube containing 1 mL of crude extract, 1 mL of
concentrated HySO4 was added. A yellow-coloured solution that is intense confirms the
presence of flavones and flavonols.

2.5.6. Detection of Saponins and Steroids

Saponins

Foam test [43]: In a test tube containing 5 mL of crude extract, 20 mL of distilled water
is added. The test tube is then vigorously shaken for 15 min. The appearance of a froth
layer is indicative of the presence of saponins (triterpene glycosides). The observed results
are recorded as negative if no froth forms, positive for the presence of 1.2 cm high froth,
strongly positive for froth formation greater than 2 cm in height and weakly positive for
froth formation less than 1 cm in height.

Olive oil test [40]: In a test tube containing 2 mL of crude extract, two drops of olive
oil are added. The test tube is vigorously shaken for 5 min. Thereafter, a soluble emulsion
confirms the presence of saponins.

Steroids

Salkowski’s test [40]: In a test tube containing 1.5 mL of crude extract, 1 mL of
Chloroform is added and thoroughly mixed. Then, with care, 1.5 mL of concentrated
H,S0; is inserted along the side of the test tube. A reddish-brown colour at the interface
confirms the presence of a steroid ring.

Liebermann-Burchard test [44]: In a test tube containing 1 mL of crude extract, 1 mL of
chloroform is added. The test tube contents are thoroughly mixed. Thereafter, 1 mL of acetic
acid is inserted into the test tube. The resultant solution is cooled in ice for approximately
10 min. Then, 1 mL of concentrated sulfuric acid is inserted along the side of the test tube.
After a few minutes, the appearance of a reddish-brown ring at the interface confirms the
presence of steroids.

2.5.7. Detection of Proteins

Biuret test [42]: In a test tube containing 1 mL of crude extract, 1 mL of 10% NaOH is
added. The contents of the test tube are thoroughly mixed, and the addition of 95% ethanol
follows. Thereafter, 1 mL of 0.5% copper sulphate is inserted along the side of the test tube.
The formation of a purplish-violet or pink-violet colour confirms the presence of a protein.

2.5.8. Detection of Carbohydrates

Molisch’s test [38]: In a test tube containing 3 mL of crude extract, 2 mL distilled water
is added. The solution is then filtered. Three drops of Molisch’s reagent are added to the
filtrate. Thereafter, 1 mL of concentrated HySO; is carefully inserted along the side of the
test tube to form a layer without shaking. The resultant solution is allowed to stand for
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two minutes. The appearance of a purplish ring at the interface is taken as indicative of the
presence of carbohydrates.

2.5.9. Detection of Mucilage and Gum

Precipitation test [40]: In a test tube containing 1.5 mL of crude extract, 2 mL of
distilled water is added. To this diluted solution, 2 mL of absolute ethanol is added with
continuous stirring. The formation of a white or cloudy precipitate confirms the presence
of gums or mucilage.

Ruthenium-red test [40]: In a test tube containing 2 mL of crude extract, two drops of
ruthenium red are added. The colour change of the solution into a pink-coloured solution
confirms the presence of mucilage.

2.5.10. Detection of Resins

Acetone test [42]: In a test tube containing 1 mL of crude extract, 1 mL of acetone is
added. The contents of the test tube are thoroughly mixed. Thereafter, 2 mL of distilled
water is inserted into this mixture. A turbid solution confirms the presence of resins.

2.6. Antibacterial Activity

In this investigation, two biological strains were used: Gram-negative Escherichia coli
(ATCC 25922) and Gram-positive Staphylococcus aureus (ATCC 43300). These bacterial
strains were provided by Professor Johnson Lin, Department of Microbiology, University
of KwaZulu-Natal, and maintained in 75% glycerol at —80 °C. The methanol crude extracts
from the summer and winter leaves of C. macrocarpa were dissolved in 10% DMSO at
the different concentrations of 10, 5.2, 2.5, 1.25 and 0.625 mg/mL. The agar well diffu-
sion procedure described by Perez et al. [45] was used to conduct the antibacterial assay
(in vitro) on the C. macrocarpa leaf extract (summer and winter), with some modifications.
To 10 mL of nutrient broth (Merck, Darmstadt, Germany), a loopful of each bacterial strain
stock was inserted. In a test-tube shaker, the cultures were grown overnight for 24 h
at 36 &+ 1 °C. Thereafter, the bacterial cultures (inoculum) were diluted further with nutrient
broth (sterile) to an optical density (OD) of 0.08-0.1 to yield a final concentration of about
1 x 1081 x 10 bacteria cells/mL. Utilizing Mueller-Hinton agar (MHA), agar plates
were prepared. Agar was poured into Petri dishes and allowed to set (solidify) at room
temperature. Thereafter, sterile cotton swabs were used to swab the cultures of bacteria
onto the agar plates. A six-millimetre-diameter sterile cork borer was used to punch wells
in the agar plates. Subsequently, 100 uL of each of the prepared concentrations of the
methanol leaf extracts (various concentration) was pipetted into the wells. The plates
were then incubated at 36 °C to encourage the growth of bacterial colonies. After 24 h of
incubation, the plates were assessed for antibacterial activity by measuring the diameter
of the bacterial clearance zone of inhibition (mm). The negative control was 10% DMSO,
and the positive controls were 10 ng/mL Gentamicin (for Gram-negative bacteria) and
Streptomycin (for Gram-positive bacteria). The tests were carried out in three replicates,
and the results were expressed as means =+ standard deviations.

2.7. DDPH Scavenging Activity

Summer and winter leaf extracts were used. Stock solutions of 1 mg/mL in methanol
of leaf extracts (hexane, chloroform and methanol) were prepared. From these, 15, 30,
60, 120 and 240 pg/mL were prepared for in vitro antioxidant screening. The procedure
described by Braca et al. [46] was used to establish the antioxidant activity, such as the
2, 2'-diphenyl-1-picrylhydrazyl (DPPH)-radical-scavenging activity of the crude extracts
of leaves of C. macrocarpa. A total volume of 100 uL of each crude extract at standard
concentrations (15, 30, 60, 120 and 240 pg/mL) was mixed with 50 pL of 0.3 mM DPPH
solution prepared in methanol. For 30 min, the microplate was incubated in the dark at
room temperature (24 °C). Subsequently, the absorbance was measured at 517 nm (Synergy
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HTX Multi-mode reader; BioTek Instruments Inc., Winooski, VT, USA). Ascorbic acid was
utilized as the standard drug-positive control.

The potential of the crude extracts to scavenge DPPH radicals were calculated using
the following equation:

DPPH scavenging activity (%) = (Abs control — Abs sample) * 100

Abs control

where Abs control is the absorbance of DPPH and methanol and Abs sample is the ab-
sorbance of DPPH radical + sample (sample or standard).

The analysis was performed in three replicates, and all data were reported as
means =+ standard deviations. The IC50 was used to evaluate the antioxidant activity
(in vitro). The ICs is the concentration of the antioxidant agent that inhibits 50% of the
oxidant. The percentage inhibition (scavenging activity) was plotted against the various
concentrations (logarithmic scale). The inhibition curves in this graph were used to obtain
the ICs. The ICs values were calculated.

2.8. Statistical Analysis

The results obtained from antioxidant screening were subjected to statistical analyses
using SPSS 28 for windows, IBM Corporation, New York, NY, USA. The percentage scav-
enging values were subjected to Tukey’s honestly significant difference multiple-range post
hoc test, and the p-value was obtained. The significant difference was established at p < 0.05.

3. Results and Discussion
3.1. Yield of Extract and Screening of Phytochemicals

The methanol extract of C. macrocarpa leaves obtained the highest percentage yield,
and a similar observation was reported by Abbas et al. [33]. The hexane extract had
an intermediate percentage yield, followed by the chloroform extract with the lowest
metabolite yield (Table 1). The winter extracts (methanol, hexane and chloroform) had
higher percentage metabolite yields than the summer extracts (Table 1). In winter, the
maximum metabolite yield was obtained from the crude methanol extract (24.3%), while the
lowest yield obtained was from the crude chloroform extract (6.5%) (Table 1). In summer,
the highest metabolite yield was also obtained from the crude methanol extract (15%),
while the lowest yield was obtained from chloroform (4.8%) (Table 1). The results indicate
that there were more polar compounds in the leaves of C. macrocarpa. In addition to that,
methanol was more effective in extracting phytochemicals from C. macrocarpa leaves than
other extraction solvents (Table 1). This is because methanol is a polar solvent and easily
interacts with and dissolves polar phytocompounds. Chloroform is a non-polar solvent
and would be effective for extracting non-polar compounds such as oils [47].

Table 1. Yield percentage of the dried extracts of summer and winter leaves of C. macrocarpa.

Yield (Summer) Yield (Winter)
Solvent
(g) (%) (g) (%)
Hexane 0.82 8.2 0.98 9.8
Chloroform 0.48 4.8 0.65 6.5
Methanol 15 15 2.43 24.3

In this study, secondary metabolites were present in both the summer and winter
leaves of C. macrocarpa; however, the presence varied amongst the different extracts (hexane,
chloroform and methanol) (Table 2). The results revealed the presence of ten phytochemicals
in the methanol leaf extract, which included alkaloids, tannins, phenols, naphthoquinones,
flavonoids, saponins, steroids, proteins, carbohydrates, mucilage and gums, and the ab-
sence of resin. On the other hand, hexane extracted nine phytochemicals from the leaves,
which included alkaloids, tannins, phenols, naphthoquinones, flavonoids, steroids, pro-
teins, mucilage, gums and resin, but not saponins or carbohydrates. The chloroform extract
of the leaves tested positive for eight phytochemicals, which included alkaloids, tannins,
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phenols, saponins, proteins, carbohydrates, mucilage, gums and resin, but tested negative
for naphthoquinones, flavonoids and steroids (Table 2). The methanol extract of the leaves
tested positive for the majority of the phytochemicals, followed by the hexane extract and
then the chloroform extract (Table 2). This could be due to the methanol extract having the
highest metabolite yield, while chloroform had the lowest (Table 1).

Table 2. Qualitative preliminary screening of phytochemicals of C. macrocarpa leaf extracts for summer
and winter seasons.

Phytocl}emical Type of Test Winter Summer

Constituent H C M H C M
. Wagner’s - - + - ++ ++

Alkaloids Mg‘er,s . N f o A )
Tannins Ferric chloride + + ++ + + ++
Phenols Lead acetate + + ++ ++ ++ ++
Tannins (naphthoquinone) Gelatine ++ - + + - +
. Alkaline-reagent test + - + + - +
Flavonoids Acid-hydrolysis test + - ++ + - ++
Saponins Foam test - - + - - +
Olive oil test - ++ ++ - + ++

. . Salkowski’s test + - + + - +
Steroids (terpenoids) Lieberman—-Bouchard test + - + + - +
Proteins Biuret test + + + + + +
Carbohydrates Molisch’s test - ++ ++ - + +
Mucilage + gums Precipitation test + + - + + -
Ruthenium-red test - + + - + +

Resin Acetone test + ++ - + ++ -

- Absent, + Present, ++ Intense positive, H = Hexane, C = Chloroform, M = Methanol.

Several of the above-mentioned phytochemicals found in C. macrocarpa were reported
to be present in other Carissa species, such as C. opaca, C. spinarum, C. carandas and
C. edulis [34]. A study conducted by Khalil et al. [27] revealed the presence of a variety of
phytochemicals in the leaves of C. macrocarpa, namely, saponins, flavonoids, triterpenoids,
steroids, tannins, anthraquinones and carbohydrates, and the absence of cardiac glycosides
and alkaloids. In addition, the hexane leaf extract did not show any presence of phytochem-
icals. A similar study conducted by Abbas et al. [33] revealed the presence of alkaloids,
steroids and terpenoids in the leaves of C. grandiflora and the absence of flavonoids and
tannins. All around the world, carbohydrates are probably the most familiar organic sub-
stance [48]. This phytochemical is used in pharmacy for the preparation of tablets (sucrose
and lactose), in anti-diarrhoea drugs (pectin), antacids, diuretic drugs (mannitol and sor-
bitol), etc. [48]. When a plant is injured due to unfavourable conditions such as drought,
the cell walls of the plant break down, which causes the formation of gums [49]. Mucilage
is a common product of plant metabolism and is formed within the cells of plants [49].
Hence, gums are considered as pathological products, and mucilage is considered as a
physiological product of plants [49]. These phytocompounds are used in medicine for their
anti-inflammatory and anti-irritant activity in cough suppression. Therefore, the presence
of mucilage and gums in the leaves of C. macrocarpa (Table 2) may substantiate its use in
traditional medicine to treat coughs [29-31]. Furthermore, mucilage and gums are used
in several ways in the pharmaceutical industry. Due to their ability to easily dissolve in
water, they are used as tablet binders, to coat capsules and as disintegrants (agents added
to tablet formations to help to break down the tablet into small particles) [50].

Terpenoids have been found to be useful in the prevention and treatment of several
diseases, including cancer. This phytochemical is well known for possessing antimicrobial,
antifungal, antiparasitic, anti-inflammatory, and anti-allergenic properties. It also aids in
the regulation of immune systems [51,52]. Furthermore, steroids can calm airway inflam-
mation in asthma patients [53] and are effective in reducing cholesterol [54]. Flavonoids
and tannins have been reported to possess anti-inflammatory and antimicrobial proper-
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ties [55,56]; therefore, the leaves of C. macrocarpa could be used for the treatment of wounds
due to the presence of flavonoids and tannins. For centuries, alkaloids have been employed
for medicinal uses. The most common biological properties of this phytochemical are
its toxicity against cells of foreign organisms and anti-asthmatic, anti-inflammatory and
anti-anaphylactic properties [57,58]. Furthermore, saponins possess several pharmacolog-
ical properties (antibacterial, antiviral) and are effective in slowing down or preventing
inflammation [59,60]. From this study, it was found that C. macrocarpa leaf extracts exhibited
several medicinal properties due to the presence of many different phytochemicals.

3.2. Antibacterial Activity

The antibacterial activity of the methanol leaf extract of C. macrocarpa was evaluated
using five different concentrations (0.625, 1.25, 2.5, 5 and 10 mg/mL) against Gram-positive
bacteria (Staphylococcus aureus) and Gram-negative bacteria (Escherichia coli). In Table 3, it
is evident that the zone of inhibition increased with the increase in the concentration of
the extracts. The methanol extract of the leaves inhibited the growth of the two bacterial
strains (S. aureus and E. coli) but exhibited modest antibacterial activity compared with
the control antibiotics. This may have been due to the small quantities of crude extract
used. Future studies should increase the concentration of crude extracts used, which
may result in a more favourable positive inhibitory effect. The leaf extracts at the differ-
ent concentrations showed a greater inhibitory effect against the Gram-positive bacteria
(S. aureus) than against the Gram-negative bacteria (E. coli) (Table 3). In summer, the zones
of inhibition of the methanol leaf extract at the concentrations of 10, 5 and 2.5 mg/mL
were 7.75 + 1.77, 7.25 £+ 0.35 and 6.75 + 0.35 for S. aureus and 6.75 £+ 0.35, 6.75 + 0.35
and 6.5 & 0.35 for E. coli, respectively. In winter, the zones of inhibition of the methanol
leaf extract at the concentrations of 10, 5 and 2.5 mg/mL were 8.17 & 1.04, 8.17 £ 1.04
and 7.25 + 0.35 for S. aureus and 6.83 + 0.58, 6.83 £+ 0.58 and 6.75 4+ 0.00 for E. coli, re-
spectively. This is because the impermeable cell wall of Gram-negative bacteria makes
them more resistant to certain antibiotics and antibacterial compounds than Gram-positive
bacteria [61,62]. The results also revealed that the methanol extracts of C. macrocarpa leaves
collected in winter showed greater antibacterial activity than those collected in summer
(Table 3). Since E. coli and S. aureus are known to infect the digestive system [63], the
findings from this study suggest that the methanol extract of C. macrocarpa leaves could be
used to treat the infections caused by these two bacteria.

Table 3. Means and standard deviations of the zones of inhibition (mm) of the methanol extract of
C. macrocarpa leaves (summer and winter) at different concentrations (mg/mL).

Bacterial Strain

Concentrations (mg/mL)
Positive Control

10 5 2.5 1.25 0.625
Summer
S. aureus 7.75 £ 1.77 7.25 + 0.35 6.75 £ 0.35 7.0 &+ 0.00 7.0 = 0.00 10 +1.41
E. coli 6.75 £ 0.35 6.75 £ 0.35 6.5+ 0.35 6.5+ 0.00 6.5 + 0.00 11 +1.41
Winter
S. aureus 8.17 £ 1.04 8.17 £ 1.04 7.25 +£0.35 7.0 &+ 0.00 7.0 = 0.00 10 £ 1.32
E. coli 6.83 + 0.58 6.83 +0.58 6.75 £+ 0.00 6.5+ 0.00 6.5 + 0.00 11 +1.00

Studies conducted by Moodley et al. [28] and Abbas et al. [33] reported the antibacterial
activities of C. macrocarpa and C. grandiflora. Moodley et al. [28] reported that the pentacyclic
triterpenoids extracted from C. macrocarpa leaves and fruits showed antibacterial activity
against S. aureus, E. faecium, S. saprophyticus, E. coli, K. pneumonia and P. aeruginosa. Abbas
et al. [33] reported that the root, stem and leaf extracts of C. grandiflora showed antibacterial
activity against S. aureus and S. epidermidis. The above findings imply that C. macrocarpa
can be utilized for treatment against various bacterial strains. Moreover, phytochemicals
such as phenols, saponins, flavonoids, tannins and steroids are renowned to be biologically
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active and thus partially responsible for the antimicrobial activities of plants [34]. Thus,
the presence of these phytochemicals in the leaf extracts of C. macrocarpa (Table 2) may
substantiate the plant’s use in traditional medicine to treat venereal diseases caused by
bacteria [29].

3.3. Antioxidant Activity

The DDPH-radical-scavenging assay was used to determine the antioxidant activity of
the crude hexane, chloroform and methanol extracts of the leaves of C. macrocarpa (Figure 1).
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Figure 1. In vitro antioxidant activity (% scavenging) at different concentrations (1g/mL) of crude
extracts from summer and winter leaves of C. macrocarpa. Different letters means significant at p < 0.05.

For both seasons, the methanol extract of the leaves exhibited the most significant
radical-scavenging activity (p < 0.05) at 240 ug/mL, followed by the hexane extract and then
the chloroform extract (Figure 1). For each season, the percentage scavenging activity of the
DPPH radical increased with the increase in the concentration of the crude methanol leaf
extract (Figure 1), which may imply an increased ability to donate hydrogen ions [64]. For
the methanol leaf extract, there was a significant difference in the percentage scavenging
activities between summer and winter (p < 0.05) at most concentrations. In summer, the
percentage scavenging activities of the methanol leaf extract were 71.66, 73.57, 84.05 and
88.22% at 15, 30, 60 and 120 ug/mlL, respectively. In winter, the percentage scavenging
activities of the methanol leaf extract were 74.65, 78.31, 86.15 and 90.02% at 15, 30, 60
and 120 pg/mL, respectively (Figure 1). Overall, the methanol leaf extract showed a
greater percentage of scavenging activity in winter. In summer, the percentage scavenging
activities of the hexane, chloroform and methanol extracts at 15 ug/mL were 74.18, 46.64
and 71.66%, respectively, and that of ascorbic was 43.47%. In winter, the percentage
scavenging activities of the hexane, chloroform and methanol extracts at 15 ug/mL were
68.27, 49.87 and 74.65%, respectively, and that of ascorbic was 43.47% (Figure 1). The
percentage scavenging activities of the different extracts were significantly greater than that
of the positive control (p < 0.05), which indicates that the extracts of C. macrocarpa leaves
have appreciable antioxidant activity.

The results revealed that in summer, the ICsy values (concentration required for
50% inhibition) of the hexane extract (0.15 pg/mL) and methanol extract (1.72 ug/mL)
were lower than that of ascorbic acid (8.26 pg/mL) (Table 4). In winter, the ICsy values of
the hexane extract (0.29 ug/mL) and methanol extract (0.67 pg/mL) were also lower than
that of ascorbic acid (8.26 ug/mL), whereas the chloroform extract had a greater ICsy value
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than ascorbic acid (8.26 ug/mL) for summer (44.76 pg/mL) and winter (13.06 ug/mL)
(Table 4). A high percentage scavenging activity together with a low ICj is indicative of
strong antioxidant activity. Therefore, hexane and methanol extracts of C. macrocarpa leaves
showed strong antioxidant activity. However, the methanol extract of winter leaves showed
stronger antioxidant activity than that of summer leaves. While the chloroform extract
of winter leaves showed moderate antioxidant activity, that of summer leaves showed
low antioxidant activity. The result from this study corresponded to those of a study
conducted by [35], whereby the DPPH assay revealed appreciable antioxidant activity in
the leaves of C. macrocarpa. A similar study conducted by Abbas et al. [33] revealed that
the methanol extracts of C. grandiflora leaves exhibited the highest free-radical-scavenging
activity (antioxidant activity), while the hexane fractions exhibited the lowest one. Many
phytochemicals possess antioxidant activity, protect our cells against damage caused by
oxidative stress and lower the risk of developing certain types of cancer. From previous
studies, it is known that flavonoids and phenols exhibit antioxidant properties [51,65].
Flavonoids help to manage diabetes caused by oxidative stress [51]. Phenols were found to
possess free-radical-scavenging capabilities and act as food antioxidants [65]. The presence
of phenolic compounds in the leaf extracts of C. macrocarpa (Table 2) may have enhanced the
scavenging activity of the hexane and methanol extracts [66], thus causing the significantly
low ICsq values. In addition, the collective effect of resins, flavonoids, triterpenes and
phenols that were present in the leaf extracts (Table 2) may have also positively influenced
the percentage inhibition and the ICs values observed [67-71].

Table 4. IC5; values showing the antioxidant activity of the various solvent extracts from summer
and winter leaves of C. macrocarpa.

ICs (ug/mL)

Sample
Summer Winter
Hexane 0.15 0.29
Chloroform 44.76 13.06
Methanol 1.72 0.67
Ascorbic acid 8.26 8.26

When plants are stressed, they produce more phytochemicals to withstand the un-
favourable/harmful conditions [72]. Previous studies were performed on plants under
stress conditions, and it was revealed that greater quantities of flavonoids, anthocyanins and
mucilage were produced by these plants [73]. Therefore, the observed differences in metabo-
lite yield (%) and antibacterial and antioxidant activities between summer and winter could
be due to the differences in the environmental conditions experienced in different seasons.
From previous studies, it was suggested that environmental temperatures associated with
seasonal change play a vital role in phytochemical composition and biological activity and
that it is more pronounced in cold weather [72]. The results from this study indicated that
winter provided favourable stimuli (such as low temperatures) to bring about improved
phytochemical production and biological activity in the leaves of C. macrocarpa.

4. Conclusions

Carissa macrocarpa leaves are found to contain many bioactive metabolites from various
extracts, which implies that the leaves have several medicinal applications. The results from
this study suggest that C. macrocarpa extracts possess antibacterial and antioxidant activity;
thus, these results are expected to open the possibility of deriving clinically effective drugs
from this plant species. It is also found that the winter leaf extracts have potentially higher
antibacterial activity and more potent antioxidant activity than the summer leaf extracts,
thus inferring that winter is the best season to harvest C. macrocarpa leaves for medicinal use.
To the best of our knowledge, this is first report to relate the phytochemical composition and
medicinal properties of C. macrocarpa to changes in seasons. It is recommended that further
quantitative phytochemical analyses are conducted on this plant in summer and winter.
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This would improve the understanding of how seasonal changes influence phytochemical
composition. This would also elucidate which bioactive compounds are responsible for
the potent antioxidant activity in the leaves of C. macrocarpa. The findings from this study
add to the existing body of knowledge on South African ethnobotany and aid in better
understanding the use and contribution of C. macrocarpa leaves in treating various illnesses.
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