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Abstract: Tecoma stans is an ornamental perennial tropical and subtropical plant belonging to the
Bignoniaceae family with green leaves and yellow attractive fragrance flowers and commonly known
as yellow trumpetbush or yellow bells. The plant originated in the tropical areas of South America
and Mexico and has been cultivated in many countries such as Egypt, Iraq, and the United Arab
Emirates (UAE). T. stans has been found in different parts of the UAE such as Ras Al Khaimah,
Abu Dhabi, and Dubai, where it can be seen in public parks, side roads, and home gardens. The
Flash Chromatography System is used in different aspects of drug discovery studies because of
its ability to purify secondary metabolites from crude plant extracts. A method was developed
using the Flash Chromatography System to isolate three components from the ethanolic extract
of T. stans leaves that showed in vitro antioxidant activity. In vitro evaluation of the antioxidant
activity of the isolated components of T. stans was conducted using 1,1-diphenyl-2-picryl hydrazyl
and 2, 2′-azinobis-3-ethylbenzothiazoline-6-sulfonic acid methods. Isolated components A-4, A-
3, and A-2 had antioxidant activity when compared to ascorbic acid. Component A-3 showed
antioxidant activity using the DPPH and ABTS methods; antifungal activities when tested against
Candida albicans; and more than 80% inhibitions in the third dilution when compared to itraconazole
and nystatin as positive controls. This rapid and efficient method using flash chromatography was
used for the isolation and purification of an isolated component A-3 that showed both antioxidant
and antifungal activities.

Keywords: Tecoma stans; flash chromatography; antifungal; antioxidant; method development

1. Introduction

Natural products have historically been used for the treatment and prevention of
many diseases; in particular, plants have been utilized either as a whole-plant extract or
to isolate secondary metabolites that can be used in the treatment of various diseases [1].
Tecoma stans (L.) Juss. ex Kunth is an ornamental perennial tropical and subtropical plant
belonging to the Bignoniaceae family with green leaves and yellow attractive fragrance
flowers and commonly known as yellow trumpetbush or yellow bells [2]. The plant
originated in the tropical areas of South America and Mexico and has been cultivated in
many countries such as Egypt, Iraq, and the United Arab Emirates UAE [3–5]. The presence
of different types of secondary metabolites in T. stans, particularly alkaloids, has been
reported since 1899, as cited by Jones et al. [6]. In 1958, Hernandez et al. first identified the
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hypoglycemic action of the whole plant extract of T. stans, and Hammouda et al. managed
to isolate several different compounds including Tecostanin and indole oxidase [7,8]. In
1985, animal studies were conducted to evaluate the clinical importance of the plant; they
showed that hepatic glycogenolysis is observed when extracts of T. stans are administered
intraperitoneally to rats [9].

Since the start of this century, scholars have emphasized the importance of the hypo-
glycemic action of the plant. For example, in 2003, Luca Costantino et al. isolated several
compounds including tecomine, 5β-hydroxyskitanthine, and boschniakine from the leaves
of the T. stans [10]. In 2009, Aguilar et al. demonstrated that the administration of an
aqueous leaf extract of the plant reduced the intestinal-glucosidase and postprandial anti-
hyperglycemic parameters [11]. In 2010, Alonso-Castro et al. illustrated the antidiabetic
mechanism of action for the aqueous leaf extract of T. stans through stimulating glucose
uptake in murine and human adipocytes [12]. In 2013, Mohamed et al. recorded that
the plant extracts showed potential antioxidant activity [13]. Recently, Patriota et al. in
2016 demonstrated that T. stans leaf extracts have an antifungal activity through Trypsin
inhibition of Candida albicans [14]. Moreover, in 2017, a study by Meelah noted that the
effect of an isolated triterpenoid compound from the plant had a promising activity against
different fungi species such as Aspergillus niger [15].

The Flash Chromatography System (FCS) is used in different aspects of drug discovery
studies because of its ability to purify secondary metabolites from crude plant extracts
utilizing less time and solvents [16,17]. In 2004, Chen and Kong used the FCS to purify
ferulic acid from the ether extract of Chuanxiong Rhizoma, and in 2006, Qiao and Han used
the FCS to isolate diterpenoids from the ethanolic extract of the plant Tu-Jing-Pi [18,19].
In 2011, Weber et al. expressed the different effects on the chromatographic resolution by
particle size in the packing material of the cartridges/column and type of introduction
of the extracts, whether solid or liquid injection [20]. In 2021, Sandesh et al. in their
review emphasized the advantages of FCS, including less time required and its acceptance
of large quantities of sample, and considered FCS an economic technique used in drug
discovery [21]. The aim of the present study was to isolate and purify secondary metabolite
present in T. stans using FCS and to study the potential antioxidant and antimicrobial
activity of the isolated component.

2. Materials and Methods
2.1. Ethical Approval

The research project was approved by the Research and Ethics Committee Ras Al-
Khaimah Medical and Health and Sciences University, reference number REC-1-2016-PG-P
in 2016.

2.2. The Plant

T. stans has been found in different parts of the UAE such as Ras Al Khaimah, Abu
Dhabi, and Dubai, where it can be seen in public parks, side roads, and home gardens.
The vivid UAE plant, mostly used for decoration, has characteristic features including
dark brown striated bark and lance-shaped green leaves with a distinctive yellow trumpet-
shaped flower, and grows to heights 1.5–5 m with biannual blossom flowers. For this study,
T. stans was collected on two occasions: first in the month of October 2016, and then in
December 2016 from Ras Al Khaimah Municipality Garden in the Al Khar-ran area, UAE.
The plant material was authenticated by the agricultural engineer in the RAK Municipality.

2.3. Plant Preparation

The leaves of the plant were separated from the other parts and washed repeatedly;
then they were air-dried at room temperature with continuous and careful flipping. The
dried leaves were ground using an electric grinder to obtain a fine powder.
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2.4. Chemicals Used

The chemicals used were all of analytical grade including methanol (Honeywell Riedel-
de Haen, Charlotte, NC, United States of America), ethanol, ethyl acetate (Merck, Darmstadt,
Germany), dichloromethane, toluene, acetic acid, N-hexane, acetone, ascorbic acid, 2,2′-Azino-
bis (3-ethylbenzthiazoline-6-sulfonic acid) (ABTS), potassium persulfate, and 2,2-diphenyl-1-
picrylhydrazyl (Sigma-Aldrich, Burlington, MA, United States of America).

2.5. Plant Ultrasonic Assisted Extraction

The ethanolic extract was prepared using 20 g of the fine-powdered plant leaves and
mixed with 250 mL of ethanol in a 1000 mL beaker. The mixture was sonicated using an
Ultrasonic Homogenizer (BioLogics, Derbyshire, United Kingdom) for 30 min in continuous
mode and at a power of 80% [22]. The extract was filtered using a Buchner Funnel-Vacuum
and dried under reduced pressure using a rotatory evaporator (BUCHI, Flawil, Switzerland)
to obtain approximately 5 g of the dried extract.

2.6. Thin-Layer Chromatography (TLC)

Aluminum thin layer chromatography plates coated with silica gel and fluorescent
indicator (20 × 20 cm, Sigma-Aldrich, United States of America) were used to determine
the best mobile phase that could be used in FCS. Several trials using different solvent
systems with different proportions are elaborated in Table 1. Finally, the solvent system that
was used gave the best separation for flavonoids (N-butanol: 1% acetic acid: ethanol) and
for alkaloids (Toluene: acetone: methanol) using Dragendorff’s reagent and 1% ethanolic
solution of aluminum chloride for detection.

Table 1. Solvent mixtures assayed in TLC.

Mobile Phase System Ratios

chloroform:N-hexane 9:1

N-butanol:acetic acid:ethanol 2:4:4

N-butanol:acetic acid:ethanol 1:6:3

N-butanol:acetic acid:ethanol 6:2:2

chloroform:ethyl acetate:diethyl amine:methanol. 3:2:2:3

chloroform:ethyl acetate:diethyl amine:methanol. 3:3:2:2

toluene:acetone:methanol:ammonia 8:4:4:2 drops

toluene:acetone:methanol:ammonia 6:6:2:1 drop

toluene:acetone:methanol:ammonia 6:6:2

toluene:acetone:methanol 2:4:4

butanol:acetic acid:ethanol 6:1:2

dichloromethane:methanol 6:4

2.7. Flash Chromatography System

The Flash Chromatography system (BUCHI, Switzerland) includes the following
main components: solvent delivery system, sample injection system, cartridge assembly,
detection system, and fraction collector. The delivery system accommodates four solvent
revisors with pumps either delivering an isocratic mobile phase or a binary gradient mobile
phase at a flow rate of 1–200 mL/min with a maximum pressure of 200 psi. We used an
external nitrogen gas source with the pressure to of 40 psi and regulated by the instrument
regulator to provide 2–2.5 L/min of gas flow to the evaporative light-scattering detector
ELSD. The already prepared plant extract was injected on top of the cartridge using a
1–5 mL syringe while the flow was off. The cartridge/column that performs the separation
of the compounds in the sample contains the stationary phase. The columns used contained
Silica 12 g and reverse C18 12 g (Reveleris®, BUCHI, Switzerland). The columns used
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contained a stationary phase having a particle size of 40–63 µm silica and a pore size of
55–90 Å accepting a sample of 20 mL and a bed weight of 12 g. The UV detector provided
variable wavelength detections between 200 and 500 nm and monitored three wave lengths
simultaneously for triggering the fraction collector as well as the ELSD. The eluent was
diverted to the fraction collector if the signal from any detector meets the selected criteria.

Several trials were conducted using FCS, and the selection of the solvent system that
gave the best separation was based on the TLC trails. Additionally, other solvent systems
were used in the trials with different concentrations and time intervals such as hexane:
ethyl acetate, hexane: dichloromethane, premixed solvent of acetone and methanol (1:3):
toluene, and methanol: chloroform: hexane. At the same time, different UV wavelengths
were applied to best detect the isolated compounds, including 254, 265, 280, and 366 nm,
and different columns were used, such as Silica 12 g and reverse C18 12 g.

2.8. In Vitro Antioxidant Activity
2.8.1. Using 1,1-diphenyl-2-picryl hydrazyl) DPPH Method

We prepared an Ascorbic Acid AA (Sigma-Aldrich, United States of America) stock
solution of (0.5 mg/mL) concentration by dissolving 5 mg in 10 mL of methanol according
to Blois’ protocol with some modifications [23,24]. The stock solution for 1, 1- diphenyl-
2-picryl hydrazyl (DPPH) (Sigma-Aldrich, United States of America) was prepared by
dissolving 4.5 mg in 100 mL of methanol. Eight dilutions were prepared using 10–80 µL
from the AA diluted with the DPPH stock solution. The dilutions were immediately
covered with aluminum foil to block out light and stored at room temperature in a dark
place for 20 min. Using methanol as a blank, all readings were measured at 517 nm using a
UV-spectrophotometer (UV-1800, Shimadzu, Kyoto, Japan). 5 mg of each of the isolated
components (A-2/A-3/A-4) was dissolved in 10 mL of methanol separately to give a
concentration of (0.5 mg/mL) and the same concentrations were prepared with DPPH. The
experiment was repeated three times. The scavenging activity was calculated on the basis
of the percentage of DPPH using the formula below [25]:

Scavenging effect (%) = control absorbance − sample absorbance/control absorbance × 100 (1)

2.8.2. Using ABTS Method (2,2′-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid))

We prepared an AA stock solution of 0.5 mg/mL concentration by dissolving 5 mg
in 10 mL methanol according to the protocol described by Arnao et al. with some mod-
ifications [26]. From the previously prepared solution 1 mL was diluted using a phos-
phate buffer up to 10 mL. Then we prepared 7 mM of a stock solution of 2,2′-azinobis-
(3-ethylbenzothiazoline-6-sulfonic acid) (Sigma-Aldrich, United States of America) by
dissolving 4 mg of the ABTS into 1 mL of distilled water. Next, a stock solution of potas-
sium persulfate (Sigma-Aldrich, United States of America) was prepared by dissolving
7 mg into 10 mL of distilled water to give a 2.45 mM of potassium persulfate. We mixed
0.5 mL from the previous two stock solutions and kept for 12 h, and the mixtures were then
diluted with a phosphate buffer system having a pH of 7.5 (PBS) to a volume of 50 mL.
The absorbance for the control sample and the blank solution of PBS as reference were
measured using 734 nm (UV-1800, Shimadzu, Japan). Volumes 10, 20, 30, 40, 50 µL of
the previously prepared AA stock solution were added separately to a 10 mL volumetric
flask, and then 2 mL of ABTS solution was added. Isolated components (A-2/A-3/A-4)
were prepared by dissolving 25 mg in 10 mL of methanol (2.5 mg/mL). Dilutions were
performed for each isolated component in the previous step using 2 mL of ABTS. The
trial was repeated three times. The scavenging activity was calculated on the basis of the
percentage of ABTS radical scavenged using the formula below:

Scavenging effect (%) = control absorbance − sample absorbance/control absorbance × 100 (2)
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2.9. In Vitro Antimicrobial Activity
2.9.1. Using the Disc Diffusion Method

The Kirby-Bauer Disk Diffusion Susceptibility Test Protocol was used with micro-
bial pathogens such as Staphylococcus aureus, Escherichia coli, and Candida albicans, which
were swabbed (for lawn culture) on a Mueller-Hinton agar (MHA) [27–29]. The isolated
components were prepared by dissolving 25 mg of each component in 1 mL of methanol.
The immersed sterile discs from the previous mixture of the isolated components were
placed on the microbial inoculum. The blank discs were normal saline, methanol, and
dichloromethane. The disc containing component A-3 was inoculated with other antibiotics
discs such as amoxicillin, ceftriaxone, and ciprofloxacin to test for antibiotic susceptibility.
The same was applied to determine the antifungal activity using nystatin and itraconazole
as standards, along with component A-3 which was dissolved in dichloromethane and
methanol and inoculated on Candida albicans. A control plate (by well inoculum method) for
methanol, dichloromethane and component A-3 discs were also prepared. All the prepared
inoculations were incubated for 18–24 h at 37 ◦C. The test was repeated three times.

2.9.2. Using the Minimum Inhibitory Concentration (MIC) & Minimum Bactericidal
Concentration Methods

The method was adopted from the National Committee for Clinical Laboratory Stan-
dards with some modification, preparing 25 mg of isolated component A-3 in 1 mL of
methanol [26]. First, 100 µL of the previous mixture was inserted into the first well, and
50 µL of Mueller Hinton Broth (MHB) was placed in each well starting from the 2nd up to
the 10th well. Then 50 µL from the first well was mixed with each well from the 2nd up to
the 10th using the microdilution method. Second, 50 µL of the inoculum of Candida albicans
was added to each of the previous wells starting from the 1st up to 10th well, and 100 µL of
the MHB was added in the 11th well, and 100 µL of component A-3 was placed only in the
12th well. The procedure was repeated for both Staphylococcus aureus and Escherichia coli.
The same procedure was repeated for component A-3 alone, component A-3 and itracona-
zole, component A-3 and nystatin, itraconazole, and nystatin. The microtiter plates were
incubated overnight, and the absorbance was measured at 530 nm (UV-1800, Shimadzu,
Japan). Finally, a spot was applied to the Mueller-Hinton agar from the same wells, from
each concentration of the mixture with Candida albicans to monitor the growth, and the test
was repeated three times [27,30].

2.9.3. Using Biofilm Testing Method

The 96 wells were cultured with Candida albicans and prepared for the biofilm testing.
The wells were stained with crystal violet, and the intensity of the violet color was visually
monitored to observe the degree of inhibition of the biofilm. The test was repeated three
times [31].

2.10. Fourier Transform InfraRed Spectrophotometer

Analysis of the isolated component A3 was conducted using Fourier Transform In-
fraRed Spectrophotometer (Aglient technologies, Santa Clara, CA, United States of America)
in the instrumentation laboratory at RAK College of Pharmacy, RAK Medical and Health
Sciences University.

2.11. NMR Instrumentation

The NMR instrumentation for the isolated component A3 was conducted in the Centre
for Spectroscopic Investigation of Complex Organic Molecules and Polymers, Department
of Chemistry, University of Toronto.

2.12. Statistical Analysis

The data were analyzed by SPSS 24.0.0. Equations for the best fitted line to estimate IC50
values which were obtained by linear regression statistics based on the least squares method.
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3. Results
3.1. Method Development for the Flash Chromatography

The method was developed using several runs, and each run was repeated several
times as shown in Table S1, Supplementary Material 1. Run 8, the final concentrated
fraction obtained after several runs, was dissolved in methanol and injected into the Colum
(Reverse Silica C18 12 g) using a syringe, as shown in Table 2. The solvent system was
composed of 1% acetic acid (A) and methanol (B). The run time was seven minutes with
a flow rate of 10 mL/min and a gradient mode starting in the first minute with solvent
(A) only, then increased to 60% of solvent (B). This was then increased to 65%, and with
each one percent increment there was a hold for a one-minute interval. For detection,
three UV wave lengths were used: 254, 265, 280 nm, along with the ELSD. From run 8, it
was observed that the separation improved significantly and produced four subfractions
isolated from the ethanolic extract of the T. stans leaves, as shown in Figure 1 and Table 2.
This was repeated under the same conditions several times as shown in Table 3. Each
of the obtained subfractions repeated from run 8 were collected into a signal vial. Due
to the distinct peaks shown in the chromatogram for each of the subfractions collected,
the individual vials were considered to contain isolated components that were numbered
A2, A3, A4, and A5, respectively, as shown in Figure 2. The individual components were
further identified using appropriate method of instrumental analysis and tested for their
potential biological activity.

Table 2. Demonstrates the gradient solvent system, UV detection, type of column, and flash chro-
matogram for run 8, and colors indicating the fractions separated.

Run 8

Sample injected Collected concentrated fractions from run 7

Wavelengths used UV1: 254 nm UV2: 265 nm UV3: 280 nm

Solvent Used Solvent A: 1% Acetic acid Solvent B: Methanol

Type of column Reverse Silica C18 12 g

Gradient Table

Minutes Solvents %2nd solvent

1 0.0 AB 0

2 1.0 AB 60

3 1.0 AB 61

4 1.0 AB 62

5 1.0 AB 63

6 1.0 AB 64

7 1.0 AB 65

Flow Rate 10 mL/min

Flash chromatogram
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Table 3. Demonstrates the number of repeats conducted for run 8.

No. of Repeats Flash Chromatogram

1
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3.2. Repeatability

The method developed was validated by the test of repeatability by conducting three
independent separations. In the three independent separations for run 8, all conditions
and parameters—such as flow rate, wavelength, solvent systems, column, and the gradient
elution—were maintained. All the replications had similar retention times for the separated
peaks as shown in Table 3. The average amounts of the isolated components were 90, 93,
and 95 mg with a standard deviation of 3.5% for component A2; and 100, 105, and 108 mg
for components A3 with a standard deviation of 4%. For component A4, the isolated
amount was approximately 86, 90, and 93 mg with a standard deviation of 3.5%. This
suggests that the developed method can be repeated for the isolation of the components on
a larger scale.

3.3. Antioxidant Activity Screening
3.3.1. DPPH Method

The average IC50 (µg/mL) and the R2 readings for three tests of the standard solution
of ascorbic acid and the isolated components A-2, A-3, A-4 were recorded, and the isolated
components showed in vitro antioxidant activity when compared to the standard-solution
of ascorbic acid, as shown in Table 4:
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Table 4. UV spectrophotometer observations of the scavenging effect of AA and isolated components
A-2, A-3, and A-4 using the DPPH method (average of three tests).

No Compound IC50 (µg/mL) R2

1. Ascorbic Acid 9.40 0.9956

2. Component-A2 11.17 0.996

3. Component-A3 20.16 0.9968

4. Component-A4 9.64 0.9633

3.3.2. ABTS Method

The average IC50 (µg/mL) and the R2 readings for the standard solution of ascor-
bic acid and for the isolated components A-2, A-3, A-4 were recorded, and the isolated
components showed in vitro antioxidant activity when compared to the standard-solution
ascorbic acid, as shown in Table 5.

Table 5. UV spectrophotometer observations of the scavenging effect of AA and isolated components
A-2, A-3, and A-4 using the ABTS method (average readings of the three tests).

No Compound IC50 (µg/mL) R2

1. Ascorbic Acid 0.18 0.9968

2. Component-A2 26.85 0.9782

3. Component-A3 27.52 0.9878

4. Component-A4 56.57 0.9229

3.4. Antimicrobial Activity Screening

The antimicrobial activity for the isolated components A-2, A-3, and A-4 were eval-
uated through the disc diffusion method, where the isolated component A-3 showed an
inhibition zone of 2.5 mm against Candida albicans, as shown in Table 6. Additionally, we
observed that the isolated component A-3 inhibited the growth of the Candida albicans until
the third dilution; in comparison, itraconazole inhibited the growth of the Candida albicans
until the second dilution, and nystatin inhibited the growth of the Candida albicans until
the fourth dilution. For the MIC and MBC, we observed through the 96 wells that the
isolated component A-3 demonstrated the MIC to be of up to four folds dilution and
the MBC to be up to two folds dilution on Candida albicans when compared to nystatin
and itraconazole. For the bio film method, we observed that the isolated component A-3
inhibited the Candida albicans up to the second dilution.

Table 6. Antimicrobial activity of isolated components A-2, A-3, and A-4 using the disc diffusion method.

Isolated Components Staph. aureus E. coli Candida albicans

A-2 No activity No activity No activity

A-3 No activity No activity inhibitory activity

A-4 No activity No activity No activity

3.5. The Spectral Data for Isolated Component A3

Isolated component A3 was analyzed using a Fourier transform infrared spectropho-
tometer (Agilent technologies), which showed the presence of characteristic chemical
structures and functional groups such as OH at the 3372 cm−1, alkane at the 2932 cm−1,
and CO at the 1622 cm−1, as shown in Figure 3. In addition, the isolated component
A3 was analyzed using NMR instrumentation, where the 1H NMR included (500 MHz,
methanol-d4) δ9.24 (d, J = 3.0 Hz, 1H), 7.59 (d, J = 15.9 Hz, 1H), 7.39 (s, OH), 7.34 (s, H),
7.06 (d, J = 2.0 Hz, 1H), 6.95 (dd, J = 8.3, 2.0 Hz, 1H), 6.78 (d, J = 8.1 Hz, 1H), 6.71, 6.65
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(m, 2H), 6.56 (dd, J 8.0, 2.0 Hz, 1H), 6.28 (d, J = 15.9 Hz, IH), 5.84 (d, J = 1.7 Hz, OH), 5.69
(d, J = 2.7 Hz, 1H), 5.18 (d, J = 1.7 Hz, 1H), 4.63 (d, J = 7.9 Hz, 1H), 4.60 (d, J = 10.8 Hz,
OH), 4.38 (d, J = 7.9 Hz, 1H), 4.04 (ddd, J = 9.7, 8.0, 6.5 Hz, 1H), 3.95, 3.91 (m, 1H), 3.90 (d,
J = 2.0 Hz, 1H), 3.82 (t, J = 9.2 Hz, 1H), 3.75, 3.70 (m, 1H), 3.68 (dd, J = 11.9, 5.7 Hz, 1H),
3.64, 3.59 (m, 1H), 3.58, 3.57 (m, OH), 3.56 (d, J = 3.1 Hz, OH), 3.40 (ddd, J = 9.3, 8.2, 1.5 Hz,
2H), 3.34 (s, 4H), 3.20 (ddd, J = 10.5, 8.1, 2.6 Hz, 1H) 2.81, 2.75 (m, 1H), 2.46, 2.41 (m, OH),
2.29, 2.23 (m, OH), 2.17, 2.08 (m, 2H), 1.99 (sm2H), 1.88 (dd, J = 9.0, 2.7 Hz, 1H), 1.70 (ddd,
J = 17.2, 15.2, 7.8, 6.2 Hz, 2H), 1.43, 1.35 (m, 1H), 1.17, 1.15 (m, OH), 1.12 (d, J = 6.3 Hz, 3H),
1.09 (d, J = 6.2 Hz, 2H), 0.93 (d, J = 6.8 Hz, 1H), 0.89 (ddd, J = 6.6, 2.3, 1.3 Hz, OH), 0.79 (d,
J = 7.0 Hz, OH), as shown in Figure 4. The 2D NMR—such as heteronuclear multiple-bond
correlation (HMBC), heteronuclear single quantum correlation (HSQC), homonuclear cor-
relation spectroscopy (COSY), and total correlated spectroscopy (TOCSY)—is shown in
Figures S1–S4 in Supplementary Material 2.
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4. Discussion

The use of herbal medicines to treat various health challenges in different healthcare
settings continues to expand rapidly across the world [32]. Natural products are used as a
rich source to isolate active ingredients that tackle different medical conditions, particularly
fungal infection [33]. Secondary metabolites that have antioxidant activity may play a
vital role in the prevention of several cardiovascular diseases such as heart attack and
strokes [34–36]. In 2019, Larbie et al. emphasized the safety of the hydroethanolic extract
of T. stans by measuring the median acute toxicity of the extract on mice [37]. Our work
used FCS to isolate active ingredients that had antifungal and antioxidant activity. In
the preparation of the extract, we used the ultrasonic homogenizer to disturb the cells
in the extract, which enabled the release of the secondary metabolites by inducing an
electric frequency which was converted to a mechanical energy. This was carried out to
improve the extraction process more effectively than with traditional methods such as
maceration and percolation [22]. Additionally, frequency and time were adjusted to ensure
maximum extraction; this was in line with the study by Annegowda, which concluded
that the changing time of the sonication process will affect the antioxidant activity of the
plant [38]. TLC was used with different solvents based on polarity to investigate the best
solvent system that can be used in FCS to isolate secondary metabolites such as alkaloids
and flavonoids [39].

FCS has been widely used in the isolation and purification of naturally occurring
products with potential medicinal actions, for example, the identification of large molecular
toxins found in food products, and laboratory synthesized chemical compounds [40]. FCS
improves the separation and purification of secondary metabolites by using a mixture of
solvents and reduced time durations. The use of specific wavelengths in FCS was intended
to detect phenolic metabolites. FCS has a UV detector that can monitor three wavelengths
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simultaneously in a range of 200 and 500 nm and can offer adjustable sensitivity settings
to detect and collect small and large quantities of compounds. Additionally, FCS has an
evaporative light-scattering detector (ELSD) that provides the system with the ability to
monitor all non-volatile compounds and detect compounds that do not absorb UV radiation.
For example, FCS can detect chromophores (a compound with a covalently bonded group)
that show a characteristic absorption in the UV/Visible region. In our study, we selected the
columns, the UV, and the solvents system to obtain better separation and larger quantities of
the separated subfractions, and consequently produced isolated components. For example,
the use of columns such as the C18 flash cartridges with the reversed-phase gradient
elution provided good separation with faster elution of the subfractions with maximum
purity and better resolution of the isolated components [40]. The method developed using
flash chromatography enabled the collection of larger quantities of purified compounds
with less time and solvent when compared to other analytical techniques such as column
chromatography and preparative high-performance liquid chromatography (HPLC) [41,42].
This was in line with the findings of Jarvis et al., which indicated that the use of flash
chromatography can produce large quantities of the purified components with high purity
and less time consumption [43,44].

The in vitro antioxidant activity of the isolated components A2, A3, and A4 was sig-
nificant compared to ascorbic acid as a control. In the in vitro antioxidant activity with
DPPH, the three isolated components A2, A3, and A4 gave a very good response, and
component A-4 had an IC50 of 9.64 compared to ascorbic acid at IC50 of 9.40. In contrast,
component A3 had an IC50 of 20.16 to give approximately the same effect as the ascorbic
acid. As for the ABTS in vitro antioxidant activity, the three isolated components A2, A3,
and A4 gave a good response, and component A-4 showed antioxidant activity with IC50
of 56.56 compared to ascorbic acid. Isolated component A-3 showed consistent antioxidant
activity in both methods of DPPH and ABTS with an IC50 of 20.16 and 27.52, respectively.
These results confirm the outcomes from the study conducted by Marzouk et al., which
demonstrated the potential presence of antioxidant components in T. stans [45]. As for
the antibacterial activity, the three isolated components A2, A3, and A4 gave a negative
response when tested against Staphylococcus aureus and E. coli representing gram-positive
and gram-negative species, respectively, and compared to amoxicillin, ciprofloxacin, and
ceftriaxone as positive controls. However, Gonçalves et al. 2022 demonstrated that ethanol,
dichloromethane, and ethyl acetate fractions from the flowers of T. stans interacted syner-
gistically with amoxicillin and tetracycline, decreasing the MIC of antibiotics by 2–5 folds
when compared with the MIC of antibiotics used alone [46]. For antifungal activity, com-
ponent A3 gave a positive response when tested against Candida albicans; however, both
isolated components A-2 and A-4 showed no activity against Candida albicans when com-
pared to nystatin and itraconazole as positive controls. The isolated component A-3 showed
an antifungal activity with the second dilution and more than 80% inhibitions in the third
dilution compared to itraconazole and nystatin as positive controls. Isolated component
A-3 also inhibited biofilm in the second dilution. The isolated component A-3 showed both
antioxidant and antifungal activities when compared to other fractions. The potential anti-
fungal activity demonstrated by the isolated component is in line with the study conducted
by Patriota et al. demonstrating the potential antifungal activity of the plant T. stans. The
instrumental data showcased the purity of the isolated component and the presence of
characteristic chemical structures and functional groups. The isolated component A-3 can
be formulated in pharmaceutical formulation and in vivo studies for the development of
antifungal ointment, shampoo, or soap.

5. Conclusions

This paper demonstrates a rapid and efficient method for the isolation and purification
of isolated components using flash chromatography. This method utilizes less time and
solvent with a high yield of isolated components, and the isolated components can be
assessed for their antimicrobial and antioxidant activity.
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