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Abstract

Tephrosia purpurea subsp. apollinea belongs to the family
Fabaceae, and it is distributed in the delta region of Egypt. It has
been used in traditional medicine for the management of various
diseases. This study aimed to identify the phytochemicals utilizing
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LC/MS, and biological properties of a methanolic extract of
Tephrosia purpurea subsp. apollinea. The analysis identified 31
compounds representing various phytochemical classes, including
fatty acids, sterols, phenolic acids, polyphenols, terpenoids, and
flavonoids. Among the major compounds detected, linoleic acid
(13.2%) and campesterol (10.1%) were the most abundant. The
extract displayed antibacterial, antifungal, and antiviral activities.
The methanolic extract demonstrated varying degrees of antimicro-
bial activity against the tested microorganisms, with Bacillus sub-
tilis showing the highest susceptibility. Significant antiviral activity
was observed against herpes simplex and hepatitis C viruses. These
findings highlight the potential of 7. purpurea subsp. apollinea as a
valuable source of natural bioactive compounds including antiviral
agents. Additional investigation is required to explore the active
principles responsible for the observed biological properties and
their therapeutic applications in combating bacterial, fungal, and
viral infections.

Introduction

Plants are a source of active metabolites with different biologi-
cal properties, including antibacterial, antifungal, and antiviral.!
Plant-derived natural products have been used throughout history to
treat a variety of infectious diseases, and modern science has
revealed the active compounds responsible for many of their medic-
inal properties. These compounds, such as flavonoids, terpenoids,
phenolic acids, and alkaloids, have been studied for their antibacter-
ial and antiviral activities against a variety of organisms.? Plant
essential oils and extracts of individual compounds have been
reported to combat bacterial and viral infections, including those
caused by antibiotic-resistant organisms.? Plant-derived antimicro-
bials are effective against microorganisms including bacteria, fungi,
and viruses. In addition, they have been used to prevent various dis-
eases, including malaria, typhoid fever, tuberculosis, and HIV.4

Herbal plants have been used for centuries to treat a variety of
medical conditions, and their active constituents may have the
potential for use as antibacterial and antiviral agents.> The family
Fabaceae is a great source of phenolic compounds reported to have
antimicrobial and antiviral properties.®” Tephrosia purpurea subsp.
apollinea (Delile) El-Karemy and Hosni is a herbaceous plant
belonging to the Fabaceae family.® It is distributed in different areas
in Egypt such as Nile Delta. The genus Tephrosia contains phenolic
compounds with anticancer and antioxidant properties, which have
several pharmacological activities.> Alkaloids, terpenoids, fatty
acids, phenolics, and essential oils were the identified compounds in
different Tephrosia species.> These compounds showed antibacteri-
al and antiviral properties.® In the current report, we aimed to char-
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acterize the active ingredients found in 7° purpurea subsp. apollinea,
an herbal plant growing in the delta region of Egypt, and to investi-
gate their potential antimicrobial and antiviral activities compared to
the positive controls.

Materials and Methods
Plant material

The plant of the current study, 7. purpurea subsp. apollinea, was
collected from canals and ponds located in Minyat El-Nasr City,
Dakahlia Governorate, Egypt, in March 2022. The plant was recog-
nized by the taxonomist Dr. Iman Al-Gohary, Herbarium
Department, Desert Research Center (DRC), Cairo, Egypt. A repre-
sentative sample number (CAIH-21/23-5) was kept at the
Herbarium, Desert Research Center, Cairo, Egypt. The plant was
kept at room temperature to dry and then pulverized to a powder to
prepare the extract.!?

Methanol extract preparation

The extraction was performed using the percolation technique,
where 200 g of the dried plant powder was added to 600 mL of
methanol (70%) three times and shaken for three days using a shak-
er. The methanolic extract was filtered using a Buchner funnel. A
rotary evaporator with a reduced pressure and a temperature of 40°C
was applied to attain the residue of 7. purpurea subsp. apollinea.'%!!

Liquid chromatography-mass spectrometry
analysis of methanolic extract

The LC-MS-8030 Liquid Chromatography/Mass spectrometer
(LC-MS) (Shimadzu CBM-20A, Kyoto, Japan) was used to identify
the different chemical classes found in the extract. The MS condi-
tions were programmed as follows: the drying and nebulizing gases
were 20 L/min and 3 L/min, respectively. The temperatures of the
heat block and desolvation line (DL) were 450°C and 300°C, respec-
tively. Liquid chromatography LC-30AD Solvent Delivery Unit
(Shimadzu, Kyoto, Japan) was used for chemical compound separa-
tion. High-Performance Liquid Chromatography (HPLC)-grade
water and acetic acid (0.1%) were the components of the mobile
phase (A). Methanol and acetic acid (0.1%) were the components of
the mobile phase (B). Acetonitrile and acetic acid (0.1%) were the
components of the mobile phase (C). An ACE 5 C18 (250%4.6 mm;
Sum) column (Altmann Analytik, Miinchen, Germany) at 30°C was
used, and the temperature of the column was maintained by column
oven CTO-30A (Shimadzu, Kyoto, Japan). The rate of flow was
adjusted to be 0.8 mL/min, the volume of injection was 10 pL, and
the analysis was performed using the gradient elution method. The
elution method was programmed, as shown in Table 1. A Millipore
filtration instrument (Millipore Corp., Billerica, MA, USA) was
used to filter the HPLC grade solvents and the methanolic extract
through a 0.22 pm filter paper before injection into the Liquid

Table 1. LC-30AD pump gradient program. (A), (B), (C): mobile
phases.

Time (min) A) (1)) ((®)
0-8 80 12 8
8-40 80 12 8
40-45 25 60 15
45-50 80 12 8

Chromatography. The libraries used to investigate the chemical
compounds in the methanolic extract were the WILEY and NIST
Mass Spectral Databases.!” The experiment was conducted thrice.

Antimicrobial assay
Microorganisms

The following microbial strains and fungus were used in the
antibacterial and antifungal assays: the bacterial strains Bacillus sub-
tilis (ATCC 6633), Staphylococcus aureus (ATCC 6538),
Escherichia coli (ATCC 8739), Klebsiella pneumoniae (ATCC
13883), and the yeast Candida albicans (ATCC 10221). All strains
were attained from the American Type Culture Collection (ATCC;
Rockville, MD, USA).

Preservation and inoculum preparation

The microorganisms were preserved on -80°C glycerol stocks
and agar slants at 4°C. To prepare the inoculum, a loop full of bac-
terial culture was suspended in 10 mL of nutrient agar broth and
incubated at 37°C for 24h. Pure isolated colonies were selected from
an 18- to 24-hour agar plate, preferably a non-selective medium such
as blood agar. Direct broth or saline suspensions were prepared from
these colonies. The suspension was adjusted using sterile saline
solution to achieve a turbidity equivalent to a McFarland standard of
0.5, ensuring a consistent inoculum size of approximately 1-2x108
Colony Forming Units (CFU)/mL. To ensure accuracy, a photomet-
ric device or visual comparison against a card with a white back-
ground and contrasting dark lines was used.

To prepare the Candida albicans inoculum, similar steps were
followed with some modifications. Cultures were stored on
Sabouraud Dextrose agar slants at 4°C and in -80°C glycerol stocks.
For inoculum preparation, a loop of yeast culture was suspended in
Sabouraud Dextrose broth and incubated at 30°C until visible
growth occurred (24-48 hours). The resultant yeast suspension was
adjusted to a 0.5 McFarland standard, corresponding to 1-5x10°
CFU/mL, utilizing a spectrophotometer (Thermo Fisher Scientific,
Hampton, USA) for accuracy. The prepared inoculum was used
immediately or stored refrigerated for up to 24 hours.

Minimum inhibitory concentration determination

The Minimum Inhibitory Concentration (MIC) of the plant
methanolic extract against different microorganisms was determined
using a standard broth microdilution protocol. Dilutions of the
antimicrobial agent were prepared in Mueller-Hinton broth (bacteri-
al strains) or Sabouraud (C. albicans) broth to create a series of two-
fold dilutions. For the positive control, gentamicin or fluconazole, a
starting working solution was prepared at 100-fold of the expected
MIC value. The diluted methanolic extract solutions were dispensed
(100 pL) into sterile, optically clear 96-well plates using a pipette,
and 100 pL of the inoculum was added. The plates were incubated
for 18-24 hours at 37°C and 30°C for 48 h for the bacterial strains
and Candida albicans, respectively. The MIC values were recorded
visually and were defined as the lowest concentration needed to
inhibit the growth of each tested microorganism.

After noting the MIC values, the Minimum Bactericidal
Concentration (MBC) values were evaluated. The dilutions repre-
senting the MIC and at least three of the more concentrated test
product dilutions were plated on suitable media, incubated, and enu-
merated to determine the viable CFU/mL. The MBC is the lowest
concentration of the test substance that demonstrates 99.9% viable
count reduction.
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Antiviral assay
Plant extract

The previously prepared crude plant extract was added to
methanol (70%) to reach a working concentration of 50 mg/mL. The
solution was kept in the dark at 4°C. Dulbecco’s modified Eagle
medium (DMEM) (Sigma-Aldrich, Cairo, Egypt) was utilized to
attenuate the extract to a working concentration of 1 mg/mL.
DMEM was supplemented with 0.1% fetal bovine serum. The dilut-
ed extract (1 mg/mL) was filtered via a cellulose acetate filter (0.2
pum pore size).

Test viruses in the cell cultures

Vero cells (kidney epithelial cells obtained from the monkey
Cercopithecus aethiops) were purchased from VACCERA, Giza,
Egypt and maintained in Roswell Park Memorial Institute
(RPMI) 1640 medium (Gibco, Tunisia). A 10% v/v fetal bovine
serum, L-glutamine (2 mM), 100 pg/mL streptomycin, and 100
U/mL penicillin were added to the RPMI 1640 medium. The cells
were incubated at 37°C with CO,(5%). Herpes simplex type 1 virus
(HSV1), coxsackie (COXB4) adenovirus, and Hepatitis A Virus
(HAV) were obtained as kind gifts from the College of Medicine,
University of Al-Azhar, Egypt.

Determination of maximum non-toxic concentration
in cell culture

The 96-well Microtiter™ plates were used to seed the Vero
cells (1x10* cells/well, 100 puL/well). The growth medium was
removed when the cells were at confluency. The DMEM was
used to wash the cell monolayers two times. The methanolic
extract was serially diluted (10 mg/mL to 312.5 pg/mL/well) and
added to the cell monolayers. The studied sample was diluted
twice in DMEM, and the various wells received 0.1 mL of each
extract dilution. Three wells served as controls and received
maintenance media. For up to two days, the plates were incubat-
ed at 37°C in a 5% CO, environment while being checked con-
stantly. The granulation, rounding, and shrinkage of the cells
were microscopically examined. The 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) test was
applied. Five mg of MTT powder was added to 1 mL of phos-
phate-buffered saline (PBS). An aliquot of twenty microliters of
MTT solution was injected into each well. The plate was then
vigorously shaken for 5 min at 150 rpm using a shaker.
Thereafter, the plates were incubated at 37°C for 4 h with 5%
CO,. The medium was decanted, and the paper towels were used
to clean and dry the plate consistently. Two hundred microliters
of dimethyl sulfoxide (DMSO) were injected into each well to
reconstitute the formazan, a metabolic product of the MTT
reagent. The formazan crystals and DMSO were mixed using a
shaker at 150 rpm for 10 min. The optical densities were meas-
ured at 560 nm by UV-Vis Spectrophotometer (Thermo Fisher
Scientific, Hampton, USA). The maximum nontoxic concentra-
tion (MNTC) was also determined. All values were measured
thrice.!!

Antiviral activity

The infective titer of stock solution was 1077 tissue culture
infective dose (TCID) 50 mL (50% tissue culture infective dose),
and the Vero cells were used to propagate the herpes simplex type
1 virus (HSV1), coxsackie (COXB4), and hepatitis A (HAV)

viruses independently. Using a cytopathic effect (CPE) inhibition
experiment, the MNTC of the methanolic extract of 7. purpurea
subsp. apollinea was examined for antiviral properties. One mil-
liliter of DMSO was added to the MNTC of the studied sample
to form a solution. A maintenance medium (10 mL) was added to
the solution to produce a 1 mg/mL concentration of the solution
of stock. The stock solution was then sterilized by filtration and
different dilutions were prepared from the solution of stock. For
the cytotoxicity assay 10,000 cells suspended in 0.1 mL of
Median (50%) Tissue Culture Infectious Dose (TCID50) were
seeded in each well of 96-well Microtiter™ plates (Thermo
Fisher Scientific, USA). Three wells were left for the control
(DMSO). The plates were incubated for two days at 37°C, with
95% humidity and 5% CO,. The cell granulation and rounding
were microscopically examined constantly, and the cytopatho-
genic effect (CPE) was calculated. The optical densities of the
formazan yielded by the MTT reagent were used to assess the
viability of infected and non-infected cells, as previously men-
tioned. The suppression of cytopathic effects in comparison to
the reference, i.e., the level of safety provided to the cells by the
test samples, was used to measure anti-HSV1, anti-HAV, and
anti-COXB4 properties. After the cells were treated with extract,
the yielding of the virus was estimated.!!

Evaluation of CC50 value of the extract on Vero cells

The 50% cytotoxic concentration (CC50) values of various
doses of T. purpurea subsp. apollinea on Vero cells were computed
utilizing GraphPad Prism version 8 software. Equation [1] was used
to compute the percentage of cell viability:!!

Mean absorbance of extract treated cells]

Cell viability (%) = [ |x100 [1]

Mean absorbance of control cells

Evaluation of the maximum non-toxic concentration
(MNTCO)

The concentration of 7. purpurea subsp. apollinea extract was
plotted on the X-axis, and the percentage of cell toxicity was
designed on the Y-axis to estimate the MNTC. The MNTC applied
for antiviral studies was 250+8 pg/mL for T. purpurea subsp.
apollinea.

Evaluation of viabilities of Vero cells infected by
viruses

Equation [2] was employed to compute the viabilities of virus-
infected Vero cells at MNTC (250+£8 pg/mL) following the treat-
ment of the cells with 7. purpurea subsp. apollinea extract):

absorbance of treatment

Cell viability (%) = [ ]x 100 [2]

absorbance of Vero control

Evaluation of the rate of the cell protection (CPR)
of T. purpurea subsp. apollinea extract against
virus-infected Vero cells

Equation 3 was applied to calculate the cell protection rate or the
level of protection provided to the cells by the extract against Vero
cells infected with HSV1, COXB4, and HAV viruses utilizing
MNTC (25048 pg/mL).
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CPR % absorbance of treatment — absorbance of virus control
b=

]x 100 [3]

absorbance of Vero control — absorbance of virus control

Evaluation of the rate of virus inhibition (I)
of the 7. purpurea subsp. apollinea extracts against
virus-infected Vero cells

The rates of virus inhibition (1%) of 7. purpurea subsp. apollinea
extract at MNTC (25048 pg/mL) against the Vero cells infected with
the HSV1, COXB4, and HAV viruses were computed utilizing
Equation 4:

absorbance of treatment — absorbance of virus control
absorbance of virus control

]%=[ ]XIOO [4]

Evaluation of the cell growth inhibition rate (IR)

The cell growth inhibition rate (IR%) was computed utilizing
Equation [5]:

absorbance of control — absorbance of treatment

IR% =
% absorbance of control

]x 100 [5]

Statistical analysis

GraphPad Prism version 8 (San Diego, USA) was used for sta-
tistical analysis. The t-test analysis was utilized. Statistically sig-
nificant differences are represented as * (p < 0.05), ** (p <0.001),
and *** (p <0.0001). The values are represented as mean+standard
deviation.

Microscopy

An inverted microscope, 8% objective (Nikon, 118811), was
used to investigate the morphological changes in non-treated and
treated Vero cells with 7. purpurea subsp. apollinea extract at vari-
ous concentrations.

Results

Chemical compound identification in the
methanolic extract by LC/MS
In the current study, many components were identified in the

methanolic extract of 7. purpurea subsp. apollinea utilizing LC/MS
technique. Table 2 shows the presence of 31 compounds from differ-

Table 2. Biological compound identification in the methanolic extract from Tephrosia purpurea subsp. apollinea using LC/MS.

No. Compounds Molecular Molecular Category Retention time Relative
weight formula (min) abundance %

1 Succinic acid 118 C4HeO4 dicarboxylic acid 1.5 5.8
2 Tyrosol 138 CsH 00, phenol 2.4 34
3 Cafteic acid 180 CoH3O4 polyphenol 4 2.1
4 Loliolide 196 Ci1Hi603 monoterpenoid 6.9 2.3
5 Daidzein 254 CisHi004 isoflavone 9 0.4
6 Purpurin 256 C14HzOs anthraquinones 9.2 0.2
7 Coumestrol 268 CisHsOs  polyphenol (phytoestrogen) 11 0.5
8 Apigenin 270 CisHi0Os flavones 12.3 8.2
9 Naringenin 272 CsH,05 flavanone 13 24
10 Linoleic acid 280. CisH3,0, fatty acid 132 132
11 Aureusidin 286 Ci5sH100s flavonoid 15 1.1
12 Catechin 290 Ci5sH1405 flavanol 15.3 0.1
13 Ellagic acid 302 C14HsOs tannins 16.3 1.5
14 Quercetin 302 CisH1007 flavonol 17 6.7
15 Isorhamnetin 316 Ci6H 20 flavonol 18.9 0.1
16 Myricetin 318 CisH1008 flavone 19 8.2
17 Purpurenone 336 C21H2004 flavonoid 19.8 1.3
18 Tephrosone 352 C21H,005 chalcones 21.1 04
19 Nitenin 356 CoHi304 flavan 21.9 0.5
20 Pongamol 362 Ca3H,,04 flavone 23 22
21 Quercetol B 368 Ca3H2504 flavan 24.4 0.6
22 Rotenone 394 C23H1,06 isoflavone 26.1 5.1
23 Deguelin 394 C3H20s flavonoid 26.5 2.5
24 Isotephrosin 398 C»H»04 isoflavone 27 1.2
25 Campesterol 400 CysHaisO sterols 29 10.1
26 Tephrosin 410 C3H,,04 isoflavone 29.2 2.5
27 a-tocopherol 430 C0Hs00, vitamin E 30 5.2
28 Rubixanthin 552 C4Hs60 carotenoid 31.2 0.8
29 Rutin 610 Cy7H30016 flavonol glycoside 32 8.1
30 Hesperidin 610 CsH34015 flavanone 35 22
31 4-coumaroyl 909 C30H33sN7045P3S4 coenzyme A 353 1.1
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ent phytochemical classes such as fatty acids, sterols, dicarboxylic
acid, vitamin E, phenol, polyphenol, tannins, anthraquinones,
monoterpenoid, coenzyme A, carotenoid, flavonoids (flavones,
flavonol glycoside, flavonols, isoflavones, flavanones, flavans, chal-
cone and flavanol). The main identified bioactive compounds in the
methanolic 7. purpurea subsp. apollinea extract were linoleic acid
(13.2%) and sterol campesterol (10.1%). However, the relative
abundances of other identified compounds in the extract were rang-
ing from 0.1% to 8% (Figure 1).

Antimicrobial results

The antimicrobial property of the methanolic extract was
assessed. The methanolic extract exhibited varying degrees of
activity against the tested microorganisms (Table 3). Bacillus sub-
tilis (ATCC 6633) showed the highest susceptibility, with a MIC
of 7.840 pg/mL and a MBC of 15.62+0 pg/mL. The MBC/MIC
ratio was calculated to be 2.00. The positive control, gentamicin,
displayed a MIC value of 7.8+0 pg/mL for this strain.
Staphylococcus aureus (ATCC 6538) demonstrated moderate sus-
ceptibility, with a MIC of 15.62+4.51 pg/mL and a MBC of a sim-
ilar value. The MBC/MIC ratio was 1, and the positive control
gentamicin exhibited a MIC of 10.414+4.51 pg/mL. Escherichia
coli (ATCC 8739) displayed the highest MIC value of 62.5+0
pg/mL and a MBC of 145.83+£95.47 ng/mL, resulting in a
MBC/MIC ratio of 2.33. Gentamicin had a MIC of 62.5+0 pg/mL
for this strain. Klebsiella pneumoniae (ATCC 13883) showed
MIC and MBC of 26.04+9.02 pg/mL, with a MBC/MIC ratio of
1.00, which matched the MIC value of the positive control gen-
tamicin. Candida albicans (ATCC 10221) demonstrated a MIC of
15.62+0 pg/mL and a MBC of 23.43+13.54 pg/mL, resulting in a
MBC/MIC ratio of 1.50. The positive control, fluconazole, exhib-
ited a MIC of 15.62+0 pg/mL for this strain. In summary, the
methanolic extract displayed promising antibacterial and antifun-

Intens. 10
x10%

.5....10....15....20....25....30....55....1_,""6.[“"]

gal activities against the tested microorganisms, with Bacillus
subtilis being the most susceptible strain.

Antiviral results

The MNTC of T. purpurea subsp. apollinea extract on Vero
cells (a negative control) was 250+8 pg/mL, which was applied to
evaluate the rate of cell protection (CPR) of the extract (Figure 2).
The T. purpurea subsp. apollinea extract revealed different antivi-
ral activities against HSV1, HAV, and COXB4 viruses. The com-
puted CC50 of the T. purpurea subsp. apollinea extract on Vero
cells was 499.8+1.7 pg/mL as compared to the untreated controls.
The calculated cell viability percentages of the treated HSV1- and
HAV-infected Vero cells were 79.32%=+6.7 and 71.33%=2.5,
respectively, compared to the non-treated HSV1- (45.85%+1.0)
and HAV-infected (49.84%+1.8) (p<0.001) Vero cells; however,
the percentage of cell viability of the treated COXB4-infected Vero
cells was 49.67%+0.6 compared to the non-treated COXB4-infect-
ed Vero cells (41.36%+1.9%, p<0.05). Therefore, there is a very
high statistically significant antiviral effect of 7. purpurea subsp.
apollinea extract towards HSV1 and HAV in infected Vero cells,
while a statistically significant difference was observed for the
antiviral effect of 7. purpurea subsp. apollinea extract against
COXB4. Additionally, the T purpurea subsp. apollinea methanolic
extract exhibited a greater cell protection rate (CPR) against HSV1
(61.9£3.4%) and HAV (42.67+7.1%) than COXB4 (14.09+3.8%).
The extract from 7. purpurea subsp. apollinea also exhibited high-
er inhibitory activity against HSV1 (73.06+2.3%) and HAV
(43.36+£9.1%) than COXB4 (20.3+6.7%). This indicates that T
purpurea subsp. apollinea could have potential antiviral activities
against HSV1 and HAV but not COXB4 viruses (Table 4 and
Figure 3). The morphological changes of non-infected Vero cells
treated with 7 purpurea subsp. apollinea at different concentra-
tions were examined microscopically (Figure 4). As a result, the

Cytotoxicity (%)
2

1000 500 250 125 62.5 31.25
Concentration (pg/mL)

Figure 1. Spectra of methanolic extract from Tephrosia purpurea
subsp. apollinea by liquid chromatography/mass spectrometry.

Figure 2. Estimation of the maximum non-toxic concentration
(MNTC) of T. purpurea subsp. apollinea extract.

Table 3. MIC and MBC values recorded for the Tephrosia purpurea subsp. apollinea extract and comparison of MIC with the positive

control values.

Microorganisms (strain number)

Methanolic extract

The positive controls

MIC (pg/mL) MBC (ug/mL) MBC/MIC MIC (pg/mL)
Bacillus subtilis (ATCC 6633) 7.8+0 15.62+0 2.00 Gentamicin (7.8+0)
Staphylococcus aureus (ATCC 6538) 15.62+4.51 15.62+4.51 1.00 Gentamicin (10.41+4.51)
Escherichia coli (ATCC 8739) 62.5+0 145.83+95.47 2.33 Gentamicin (62.50+0)
Klebsiella pneumoniae (ATCC 13883) 26.04+9.02 26.0449.02 1.00 Gentamicin (26.04+9.02)
Candida albicans (ATCC 10221) 15.62+0 23.43 +13.54 1.50 Fluconazole (15.62+0)
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non-infected Vero cells were shrunk and rounded at a concentra-
tion of 500 pug/mL of the extract compared to its control.

Discussion

This study was conducted to find out the active compounds that
are present in the methanolic extract of Tephrosia purpurea by using
LC/MS. The results revealed the existence of different compounds
that exert biological properties including antibacterial, antifungal,
and antiviral. For instance, campesterol has been reported to possess

100

80+

<]
o
1

Cell Viability (%)
3
1

20+

Figure 3. Antiviral effects of T purpurea subsp. apollinea on Vero
cells infected with HSV1, HAV and COXB4. The values are
expressed as the mean+SD. *p <0.05 and ***p <0.0001 indicate
the statistically significant differences compared to untreated cells.
The percent of cell viability of the 7. purpurea subsp. apollinea
extract on HSV1-, HAV- and COXB4-infected Vero cells were
compared with untreated cells via the t-test analysis.

Article

antifungal, antibacterial, and antiviral activities !2. Linoleic acid also
possesses antimicrobial activity 13. Apigenin is also known to exhibit
antibacterial, antifungal, and antiviral activities,'* as well as
myricetin,'> hesperidin,'® tyrosol, and ellagic acid.!” Rutin was
found to have antifungal and antiviral activities,'® as well as
rotenone.! Additionally, a-tocopherol has been reported to possess
antimicrobial activity,?® as well as tephrosin, pongamol, pur-
purenone, and tephrosone.?! Deguelin has been also reported to pos-
sess antimicrobial activities?? and inhibit human cytomegalovirus
and hepatitis C virus?® but naringenin was found to have antifun-
gal,2* antibacterial properties?® and antiviral activity against white
spot syndrome virus.2® The plant also contained loliolide, which is
known to have antibacterial,?’” antifungal properties and antiviral
activity against hepatitis C virus,?® daidzein which inhibits the infec-
tion by influenza virus?® and prevents the infection by hepatitis C
virus?? and coumestrol that inhibits herpes simplex virus types 1 and
2.31 Moreover, succinic acid was shown to possess antibacterial
activity3? and aureusidin to possess antibacterial activity against
Staphylococcus aureus.3® The plant also contained quercetin which
exhibits antimicrobial and antiviral activities,? as well as caffeic
acid,>* catechin,?> and isorhamnetin.3® Purpurin is also known to
have antifungal and antibacterial activities.3” Furthermore, some
identified compounds, such as flavan, nitenin, quercetol B,
isotephrosin, rubixanthin, and 4-coumaroyl, have not been assessed
for their biological properties. This study revealed that 7. purpurea
subsp. apollinea has antibacterial, antifungal, and antiviral activities
which may be due to the existence of many compounds that have
antibacterial, antifungal, and antiviral activities. The total phenolics
and flavonoids of 7. purpurea subsp. apollinea was 39.12 mg gallic
acid equivalent (GAE)/g dry weight (DW) and 17.83 mg catechin
equivalent (CE)/g DW, respectively, as previously determined by
Youssef et al.!

The antimicrobial activity of the methanolic extract against test-
ed Gram-positive and Gram-negative strains showed promising
results. The MBC/MIC ratios highlighted the extract's ability to
eradicate bacteria at concentrations equal to or surpass the MIC.
Lower MBC/MIC ratios indicated potent bactericidal effects, while
higher ones suggested weaker activity. Particularly noteworthy
activity was observed against the Bacillus subtilis strain. The obser-
vations align with findings from the 7. purpurea flowers, which also
revealed antibacterial properties against Gram-negative and Gram-
positive bacteria.” Studies conducted by Khan showed T. purpurea
efficacy against Propionibacterium acnes and Staphylococcus epi-
dermidis using the disc diffusion method.?® A tri-terpenoid glyco-
side from the butanolic seed extract even completely inhibited the
growth of Streptococcus pneumoniae and a fungal species,

Table 4. Cell viability of Vero cells and antiviral activity of 7. purpurea subsp. apollinea extract.

MNTC A% Percent of Percentof CC50 Percent of Percent of Percent of
pg/mL cell viability IR (ng/mL) CPR I Viral activity
Negative 100 0
Control (Vero cells) 250 HSVI 45.85+1.0 54.16+1.0 0 - 100
T. purpurea subsp. apollinea extract 79.34£2.1%%%  20.67+2.1 499.8+1.7 61.9+£3.4  73.06+2.3 26.94+2.3
Control (Vero cells) 100 0
HAV 49.84+1.8 50.17+1.8 0 _ 100
T. purpurea subsp. apollinea extract 71.3342.5%%%  28.6842.5  499.8+1.7 42.67+7.1  43.3649.1 65.64+9.1
Control (Vero cells) 100 0
COXB4 41.36+1.9 58.65+1.8 0 _ 100
T. purpurea subsp. apollinea extract 49.67+0.6* 50.34+0.6  499.8+1.7 14.09+3.8  20.3+6.7 79.7+6.7

MNTC, maximum non-toxic concentration; IR, cell growth inhibition rate; CC50, 50% cytotoxic concentration; CPR, cell protection rate; I, virus inhibition rate; the values
are expressed as mean+SD. *p <0.05, and ***p <0.0001 indicates significant differences compared with the control cells. A t-test analysis was used for the comparison
between the percentage of cell viability of 7. purpurea subsp. apollinea on vero-infected HSV1, COXB4 and HAV viruses and the untreated cells.
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Figure 4. Effect of T. purpurea subsp. apollinea extract on non-infected Vero cells at different concentrations (A) complete monolayer
sheets of Vero cells that have not been treated; (B) non-infected Vero cells (a negative control) that were treated with 7. purpurea subsp.

apollinea extract at different concentrations.

Alternaria alternata’® Moreover, the organic extracts of 7. pur-
purea seeds and roots inhibited several bacterial strains, including
B. subtilis, E. coli, and P. aeruginosa.’®*° Additionally, the ethanolic
root extract was able to inhibit two strains of E. coli and three iso-
lates of P aeruginosa.*! Further studies have reported alcoholic
extracts of 7. purpurea exhibiting antimicrobial activity against
numerous Gram-positive, Gram-negative, and fungal species.*> For
example, the methanolic extract exhibited remarkable activity at a
concentration of 100 mg/mL.%> The alcoholic extract from 7. pur-
purea aerial parts affected the growth of E. coli, Serratia
marcescens, and S. epidermidis.*> Flavonoids in 7. purpurea are
believed to be a major contributor to its antimicrobial properties.**
Previous research has also shown the potential of 7. purpurea to
inhibit Helicobacter pylori*> As such, our observations are in line
with previous reports supporting the antimicrobial potential of 70
purpurea and its possible therapeutic applications.

On the other hand, our antiviral results revealed that 7. pur-
purea subsp. apollinea had a strong antiviral effect against HSV 1.
Similar results are also achieved by the flowers of T. purpurea
that showed great antiviral activities against various virus cultures
in HeLa, HEL, and Vero cells.*® The T. purpurea flowers were
also investigated against the herpes simplex-1 and 2, and vaccinia
viruses. As a result, they had antiviral activities against those test-
ed viruses.*’

Conclusions

This study identified active principles in the methanolic extract
of T. purpurea subsp. apollinea revealing a wide range of antibac-

terial, antifungal, and antiviral activities. Compounds such as
campesterol, linoleic acid, apigenin, rutin, and a-tocopherol were
found to possess these activities. The extract demonstrated antimi-
crobial effectiveness, eradicating bacteria at concentrations equal
to or higher than the MIC. These results align with previous
research on Tephrosia purpurea and related species, supporting
their antimicrobial and antiviral properties. Overall, these findings
highlight the potential of 7. purpurea subsp. apollinea as a natural
source of therapeutic agents. Further research is needed to explore
their mechanisms and clinical applications.

References

1. Jabborova D, Davranov K, Egamberdieva D. Antibacterial, anti-
fungal, and antiviral properties of medical plants. In: Medically
Important Plant Biomes: Source of Secondary Metabolites.
Egamberieva D, Tiezzi A, eds.2019:51-65.

2. Di Petrillo A, Orru G, Fais A, Fantini MC. Quercetin and its
derivates as antiviral potentials: A comprehensive review.
Phytother Res 2022:36:266-78.

3. Gao Z, Shao J, Sun H, et al. Evaluation of different kinds of
organic acids and their antibacterial activity in Japanese apricot
fruits. Afr J Agric Res 2012:7:4911-8.

4. Akram M, Tahir IM, Shah SMA, et al. Antiviral potential of
medicinal plants against HIV, HSV, influenza, hepatitis, and
coxsackievirus: A systematic review. Phytother Res 2018:32:
811-22.

5. Youssef AMM, Maaty DAM, Al-Saraireh YM. Phytochemical
analysis and profiling of antioxidants and anticancer compounds

[Journal of Biological Research 2024; 97:12401]



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

from Tephrosia purpurea (L.) subsp. apollinea family Fabaceae.
Molecules 2023:28:3939.

. Masoko P, Gololo SS, Mokgotho MP, et al. Evaluation of the

antioxidant, antibacterial, and antiproliferative activities of the
acetone extract of the roots of Senna italica (Fabaceae). Afr J
Tradit Complement Altern Med 2009:7:138-48.

. Chen Y, Yan T, Gao C, et al. Natural products from the genus

Tephrosia. Molecules. 2014:19:1432-58.

. Boulos L. Flora of Egypt. Cairo, Egypt: Al Hadara Publishing;

1999.

. Dalwadi PP, Patel JL, Patani PV. Tephrosia purpurea Linn

(Sharpunkha, Wild Indigo): a review on phytochemistry and
pharmacological studies. Indian J Pharm Biol Res 2014:2:108.
Youssef AM, Maaty DA, Al-Saraireh YM. Phytochemistry and
anticancer effects of mangrove (Rhizophora mucronata Lam.)
leaves and stems extract against different cancer cell lines.
Pharmaceuticals 2023:16:4.

Youssef AMM, EL-Swaify ZAS, Maaty DA, Youssef MM.
Phytochemistry and antiviral properties of two Lotus species
growing in Egypt. Vitae 2021:28.

Achika JI, Ayo RG, Habila JD, Oyewale AO. Terpenes with
antimicrobial and antioxidant activities from Lannea humilis
(Oliv.). Sci Afr 2020: 10:¢00552.

Huang CB, George B, Ebersole JL. Antimicrobial activity of n-
6, n-7 and n-9 fatty acids and their esters for oral microorgan-
isms. Arch Oral Biol 2010: 55:555-60.

Lee H, Woo E-R, Lee DG. Apigenin induces cell shrinkage in
Candida albicans by membrane perturbation. FEMS Yeast Res
2018:18:foy003.

Zhong X, Wang X, Chen L, et al. Synthesis and biological activ-
ity of myricetin derivatives containing 1, 3, 4-thiadiazole scaf-
fold. Chem Cent J 2017:11:1-9.

Suzuki H, Asakawa A, Kawamura N, et al. Hesperidin poten-
tiates ghrelin signaling. Recent Pat Food Nutr Agric 2014:6:
60-3.

Li ZJ, Guo X, Dawuti G, Aibai S. Antifungal activity of ellagic
acid in vitro and in vivo. Phytother Res 2015:29:1019-25.
Johann S, Mendes BG, Missau FC, et al. Antifungal activity of
five species of Polygala. Braz J Microbiol 2011:42:1065-75.
Quejada LF, de Almeida R, Vegi PF, et al. Rotenone enhances
antifungal activity of novel pyrazoles against Candida spp. Eur
JMed Chem 2022:5:100045.

Lee CH, An DS, Lee SC, et al. A coating for use as an antimi-
crobial and antioxidative packaging material incorporating nisin
and a-tocopherol. J Food Eng 2004:62:323-9.

Palbag S, Dey BK, Singh NK. Ethnopharmacology, phytochem-
istry and pharmacology of Tephrosia purpurea. Chin J Nat Med
2014:12:1-7.

Liao W, Liu X, Yang Q, et al. Deguelin inhibits HCV replication
through suppressing cellular autophagy via down regulation of
Beclinl expression in human hepatoma cells. Antiviral Res
2020:174:104704.

Nukui M, O’Connor CM, Murphy EA. The natural flavonoid
compound deguelin inhibits HCMV lytic replication within
fibroblasts. Viruses 2018:10:614.

Salas MP, Céliz G, Geronazzo H, et al. Antifungal activity of
natural and enzymatically-modified flavonoids isolated from cit-
rus species. Food Chem 2011:124:1411-5.

Sun ZC, Chen C, Xu FF, et al. Evaluation of the antiviral activity
of naringenin, a major constituent of Typha angustifolia, against
white spot syndrome virus in crayfish Procambarus clarkii. J
Fish Dis 2021:44:1503-13.

Agus S, Achmadi SS, Mubarik NR. Antibacterial activity of

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

naringenin-rich fraction of pigeon pea leaves toward Salmonella
thypi. Asian Pac J Trop Biomed 2017:7:725-8.

Grabarczyk M, Winska K, Maczka W, et al. Loliolide-the most
ubiquitous lactone. Acta Univ Lodz Folia Biol Oecol
2015:11:1-8.

Chung C-Y, Liu C-H, Burnouf T, et al. Activity-based and frac-
tion-guided analysis of Phyllanthus urinaria identifies loliolide
as a potent inhibitor of hepatitis C virus entry. Antiviral Res
2016:130:58-68.

Chung ST, Huang YT, Hsiung HY, et al. Novel daidzein analogs
and their in vitro anti-influenza activities. Chem Biodivers
2015:12:685-96.

He Y, Huang M, Tang C, et al. Dietary daidzein inhibits hepatitis
C virus replication by decreasing microRNA-122 levels. Virus
Res 2021:298:198404.

Argenta DF, Bidone J, Koester LS, et al. Topical delivery of
coumestrol from lipid nanoemulsions thickened with hydrox-
yethylcellulose for antiherpes treatment. AAPS PharmSciTech
2018:19:192-200.

Gao Z, Shao J, Sun H, et al. Evaluation of different kinds of
organic acids and their antibacterial activity in Japanese apricot
fruits. Afr J Agric Res 2012:7:4911-8.

Ren J, Zhou J, Zhang W, et al. Antibacterial activity and mech-
anism of aureusidin against Staphylococcus aureus. Front Med
Sci Res 2022:4:24-31.

Ogawa M, Shirasago Y, Tanida I, et al. Structural basis of antivi-
ral activity of caffeic acid against severe fever with thrombocy-
topenia syndrome virus. J Infect Chemother 2021:27:397-400.
Bae J, Kim N, Shin Y, et al. Activity of catechins and their appli-
cations. BMC Dermatol 2020:4:1-10.

Rashed KNZ. Biological activities of isorhamnetin: A review.
Plantae Sci 2020:3:78-81.

Mabhanty S, Rathinasamy K. The natural anthraquinone dye pur-
purin exerts antibacterial activity by perturbing the FtsZ assem-
bly. Bioorg Med Chem 2021:50:116463.

Khan NA. In vitro antimicrobial activity of triterpenoid
saponin from Tephrosia purpurea seeds extract. Eur J Chem
2011: 2:189-92.

Jayaweera D. Medicinal plants used in Ceylon. National Science
Council of Sri Lanka, Colombo 1982:5:201.

Venkatraman S, Krushnarajan D, Mannivannan R.
Phytochemical evaluation and antimicrobial activity of
Tephrosia purpurea. Imp J Pharm Cosmetol 2011:1:8-16.

Soni K, Kumar PS, Saraf M. Antioxidant activity of fraction of
Tephrosia purpurea linn. Indian J Pharm Sci 2006:68:456-60.
Laishram A, Naik J, Reddy S, Jayasimha Rayalu D.
Phytochemical analysis, TLC profiling and antimicrobial activi-
ty of Tephrosia purpurea. Int J Pharm Sci 2013:4:2375.
Nivedithadevi D, Manivannan P, Somasundaram R. Evaluation
of antimicrobial and antihistamin activity of aerial parts of
Tephrosia purpurea. International Res J Pharm 2012:3:147-9.
Singh V, Saxena R, Singh A. A flavonoid out of Tephrosia pur-
purea extract and its antimicrobial effect. Biomed Pharmacol J
2008:1:465.

Chinniah A, Mohapatra S, Goswami S, et al. On the potential of
Tephrosia purpurea as anti-Helicobacter pylori agent.
J Ethnopharmacol 2009:124:642-5.

Ansari M, Jahan N. Tephrosia purpurea (L.) Pers.(Sarphuka,
Wild Indigo): an important drug of Unani system of medicine.
Discov Phytomed 2019:6:61-9.

Parmar KA, Patel AN, Prajapati SN. Preliminary phytochemical
screening and study of antiviral activity and antibacterial of
Tephrosia purpurea flower. Life Sci Leaf 2010:1:7-13.

[Journal of Biological Research 2024; 97:12401]





