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Abstract

Background This study investigated the in vitro antidiabetic, antioxidant, antibacterial, anti-inflammatory and anti-
proliferative effects of B. strigosa hydrophilic (BSTR) and lipophilic (LSB) leaves extracts. The phytochemical profile
was also performed using UHPLC-ESI-QTOF-MS.

Results The results indicated that BSTR and LSB showed excellent antioxidant properties in the DPPH scaveng-

ing, ABTS scavenging, FRAP and MCA assays. The extracts also demonstrated a-glucosidase (81.56-157.56 ug/mL)

and a-amylase (204.44 ug/mL) inhibitory activities. In addition, the extracts showed significant cytotoxic and anti-
proliferative effects against oral squamous carcinoma (CLS-354/WT) cancer cells. Furthermore, the extracts showed
excellent antibacterial activity against Listeria monocytogenes, Vibrio parahaemolyticus, Escherichia coli, Pseudomonas
aeruginosa and Staphylococcus aureus. Both extracts exhibited a significant reduction in nitric oxide secretion

against activated macrophage cells. The UHPLC-MS analysis revealed that B. strigosa is rich in terpenoids, iridoid gly-
cosides, flavonoids, and phenolic compounds. The plethora of these compounds may be responsible for the observed
activities. In addition, the bioactive compounds identified by UHPLC-ESI-QTOF-MS were analyzed using silico
molecular docking studies to determine the binding affinity with a-amylase and a-glucosidase.

Conclusions These results suggest that B. strigosa is an excellent pharmacological active plant and it provides
the basis for further studies on the exploration of its potentials in oxidative stress induced disorders.
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Introduction
From time immemorial, both traditional medicinal
plants and natural products have played pivotal roles
in primary healthcare. The use of natural products,
especially medicinal plants in drug discovery has
gained prominence in several developing countries,
where accessibility to medicines and healthcare
facilities is inadequate [1-3]. Medicinal plant
extracts have been employed in several traditional
medicine systems for thousands of years. The cocktail
of bioactive compounds present in these extracts,
including polyphenols, alkaloids, terpenes, steroids,
and carotenoids, forms the basis of the synergistic and
multiple mechanisms of therapeutic action displayed
by these medicinal plant extracts. Furthermore,
several biologically active compounds isolated from
medicinal plants have become building blocks for the
development of new leads, some of which have been
approved or are undergoing various clinical trials
[4, 5]. In addition, the excellent pharmacological
properties including antioxidant, anti-inflammatory,
anticancer, antidiabetic, antibacterial, and cytotoxic
activities displayed by medicinal plants make them
notable choices for pharmacological exploration [4—
6]. In particular, antioxidant compounds/medicinal
plants have shown promising effects against several
chronic diseases, due to their ability to mitigate ROS
and oxidative stress-induced disorders. As such, the
discovery of new natural antioxidant agents will be of
significant value in human health [7].

Barleria strigosa (family Acanthaceae) is a relatively
unexplored medicinal plant found in tropical Asia [8].
Traditionally, B. strigosa is used for treating fever, flu,

nose bleeding and as an antidote for detoxification of
poisons [8, 9]. Studies on the pharmacological and phy-
tochemical profiles of B. strigosa are very limited, but
it has been reported to exhibit antibacterial properties
against Bacillus subtilis, Staphylococcus aureus, and
Micrococcus luteus [10]. Regarding the phytochemical
study on B. strigosa, only two reports are available on
the bioactive compounds from the plant including phe-
nylethanoid glycoside, iridoid glycoside, phenolic acid
and flavonoids [8, 11, 12]. Due to the scanty information
on the phytochemical and pharmacological activity of
B. strigosa, proper phytochemical profiling may afford a
better understanding of the therapeutic potentials of the
plant to facilitate more effective usage. Therefore, this
study investigated the UPLC-ESI-QTOF-MS profil-
ing, antioxidant, antidiabetic, antibacterial, anti-inflam-
matory, and anti-cancer properties of extracts from B.
strigosa.

Materials and methods

Chemicals and reagents
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide  (MTT), gelatin, dimethyl sulfoxide,
a-amylase enzyme, a-glucosidase enzyme,
ethylenediaminetetraacetic acid (EDTA), 2,2diphenyl-
1-picrylhydrazyl (DPPH), 2,2-azinobis-(3-
ethylbenzothiazoline-6-sulfonic  acid) diammonium
salt (ABTS), ferric chloride, ferrous sulfate, Trolox and
potassium persulfate were purchased from Sigma-
Aldrich St. Louis, MO, USA. Fetal bovine serum (FBS),
RPMI-1640, DMEM, N-(1-Nappthyl) ethylenediamine,
1% sulfanilamide, phosphoric acid, phosphate buffer
saline, and penicillin/streptomycin (U/ml) were obtained
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from Biochrom GmbH Berlin, Germany and PAA
Laboratories GmbH, Pasching, Austria. L-glutamine,
trypsin—EDTA, 2,7’-dichlorodihydrofluorescein diacetate
were products of Gibco Life Technologies, Carlsbad,
CA, USA. 46-Diamidino-2-phenylindole (DAPI) was
purchased from Invitrogen, Eugene, USA. Oral squamous
carcinoma cell line (CLS-354/WT) and macrophage cells
(RAW 264.7) were obtained from the Department of
Pharmaceutical Sciences, Faculty of Pharmacy, Chiang
Mai University, Thailand. All other chemicals used were
of analytical grade.

Plant material preparation and extraction

Freshly harvested leaves of B. strigosa were collected
from Yala Province, Thailand in July 2020 and the
botanical authentication of the plant was performed
at the Faculty of Thai Traditional Medicine, Prince of
Songkla University. The leaves of the plant were washed
thoroughly under running tap water, oven-dried at
60 °C, and powdered. The powdered leaves (100 g) were
macerated with 80% ethanol (1 L) for 24 h on a shaker
(400 rpm) at room temperature. The extract was filtered,
while the residue was re-macerated as stated above.
Subsequently, the combined ethanolic extract was
evaporated under reduced pressure to about 30% of its
initial volume and the concentrate was left to stand at
4 °C overnight. Thereafter, the clear hydrophilic upper
layer was decanted, centrifuged at 6000 rpm for 30 min,
and lyophilized. The lyophilized hydrophilic sample was
named “BSTR” and refrigerated until further use. The
congealed lipophilic precipitate at the bottom of the
container was also collected and lyophilized to obtain the
lipophilic fraction and named “LSB” The LSB extract was
also refrigerated until further use [13-15].

Total phenolic content (TPC)

The TPC was performed using the Folin—Ciocalteu color-
imetric assay according to a previous description [16, 17].
Briefly, 100 pL of the ethanolic extract solution of BSTR
and LSB were mixed with 10% Folin—Ciocalteu reagent,
vortexed and allowed to stand for 5 min. Afterwards,
750 uL of Na,COj, solution was added, the mixture was
vortexed and incubated in a dark environment for 2 h at
room temperature. The absorbance of the solution was
read at 765 nm. The standard curve was prepared from
the absorbance readings of gallic acid (0-0.1 mg/mL) The
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TPC was expressed as mg gallic acid equivalent (GE)/g
dry extract.

Total flavonoid content (TFC)

The TFC was determined spectrophotometrically using
an aluminum assay [16]. Briefly, 200 uL of BSTR and
LSB ethanolic extract solution and 800 pL of distilled
water were properly mixed in a 5 mL Eppendorf tube,
followed by the addition of 60 uL of 5% NaNO, solution
and 60 pL of 10% AICl; solution. The resulting solution
was allowed to stand for 5 min. Thereafter, 400 uL of 1 M
NaOH solution and 2 mL of distilled water was added.
The solution was vortexed, and the absorbance was read
at 510 nm. The TFC was calculated and presented as
milligram catechin equivalent per gram of extract (mg
CE/g).

Antioxidant assays

The antioxidant activities of BSTR and LSB including
DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging
activity, ferric reducing antioxidant power (FRAP), ABTS
radical scavenging activity (ABTS) and metal chelating
activity (MCA) were determined using a previously
described protocol [16]. DPPH, FRAP and ABTS
activities were expressed as pmol Trolox equivalent (TE)
g/ dry extract, while MCA was expressed as umol EDTA
equivalent (EE) g/ dry extract.

Alpha-glucosidase inhibitory activity

The inhibitory effect of the extracts on a-glucosidase
enzyme was evaluated using the method of Kumar
et al. [18], with some slight modifications. The extracts
were solubilized in ethanol and diluted with 20 nM of
phosphate buffer to concentrations ranging from 0.5 to
4000 pg/mL. The solubilized extracts were mixed with
0.57 U/mL of a-glucosidase enzyme solution (dissolved
in 50 mM of phosphate buffer, pH 6.9) and the mixture
was incubated at 37 °C for 15 min. After the incubation
period, 50 pL of p-nitrophenyl-a-D-glucopyranoside was
added and the solution was further incubated for 20 min.
Thereafter, the reaction was quenched by adding 50 pL of
1 M Na,COj solution and the absorbance of the solution
was measured at 405 nm. Acarbose was used as the
standard drug, while phosphate buffer was used instead
of the extract as negative control and the blank (without
the a-glucosidase). The inhibitory effect of the extracts
on a-glucosidase enzyme was expressed as ICy, value and
calculated using the following equation:

% inhibition = [Acontrol - (Asample - Ablank)/Acontrol)] x 100
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A ot =absorbance of negative control.
Agymple =absorbance of the sample.
Ay jn=absorbance of blank (without the enzyme).

Alpha-amylase inhibitory activity

The inhibitory effect of the extracts on a-amylase enzyme
was evaluated using the method of Makinde et al. [19].
The reaction solution consisted of 50 pL of the extracts
mixed with 20 pL of 1% starch solution and 20 pL of
20 mM phosphate buffer (pH 6.9). The solution was incu-
bated at 37 °C for 3 min on a shaker. Thereafter, 20 pL of
12.8 U/mL of porcine pancreatic a-amylase solution was
added and the mixture was further incubated at 37 °C
for an additional 15 min. The reaction was terminated
by adding 20 uL of 1 M HCI and 100 pL of iodine test
solution (2.5 mM) was added. The absorbance of the
solution was determined at 630 nm using a microplate
reader. Acarbose was used as the positive standard. The
inhibitory effect of the extracts on a-amylase enzyme was
expressed as IC,, value and calculated using the follow-
ing equation:
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Cell culture and viability assay

Macrophage cell viability was tested against BSTR and
LSB using mitochondrial MTT assay [5]. Briefly, RAW
264.7 cells were cultured in high glucose DMEM sup-
plemented with FBS (10%) and 100 pg/mL streptomy-
cin and 100 pg/mL penicillin solution. Approximately
1x10* cells/mL were seeded in 96-well plate and incu-
bated at 37 °C in an incubator humidified with 5% CO,
at 37 °C. After 24 h of incubation, the culture medium
was replaced with a fresh DMEM medium. BSTR and
LSB were diluted in the well containing DMEM to yield
final concentrations of 7.8—1000 pug/ml. RAW 264.7 cells
without the extract were used as a negative control. After
24 h incubation, cells were evaluated for their viability by
MTT assay at a wavelength of 560 nm using a multimode
plate reader (BioTek, Vermont, USA). Furthermore, epi-
thelium such as phenotype oral squamous carcinoma
cell line (CLS-354/WT) was cultured in RPMI-1640
supplemented with 10% FBS, 1% penicillin—streptomy-
cin and 2 mM vr-glutamine, and incubated in a humidi-
fied incubator with 5% CO, and 37 °C. CLS-354/WT at

% inhibition = [Acontrol - (Asample - Ablank) /Acontrol)] x 100

A ot =absorbance of negative control.
Agymple =absorbance of the sample.
Ay =absorbance of blank (without the enzyme).

Antibacterial activity

The minimum inhibitory concentration (MIC) and mini-
mum bactericidal concentration (MBC) of the extracts
were determined against five bacterial strains including
Listeria monocytogenes F2365, Vibrio parahaemolyticus
PSU.SCB.16S.14, Escherichia coli DMST 4212, Pseu-
domonas aeruginosa PSU.SCB.16S.11 and Staphylococcus
aureus DMST 4745 according to the protocol reported
by Odedina et al. [20]. Briefly, each bacterial culture pre-
pared in tryptic soy broth was serially diluted to the final
concentration of 10° CFU/ml. Thereafter, 100 pL of the
extracts at different concentrations (0.13—8 mg/mL) were
placed in a sterile 96-well flat bottom micro titre plate.
Subsequently, 100 uL of the bacterial cells were inocu-
lated in triplicates and incubated for 24 h at 37 °C. A
sterile 0.85% normal saline solution (NSS) and Penicil-
lin G were used instead of the extract as a negative and
positive control, respectively. The MIC was defined as the
least concentration that resulted in complete inhibition
of noticeable growth in the micro titre plate. An aliquots
of 10 pL from the wells displaying no visible growth were
spotted on tryptic soy agar and the plates were incubated
at 37 °C. for 24 h. The lowest concentration of the extracts
inhibiting bacterial growth on the tryptic soy agar plates
after incubation was adjudged as MBC.

1x10* cells/mL were seeded in 96-well plates and incu-
bated for 24 h. The cells were then treated with BSTR and
LSB (12.5-1600 pg/ml) for 24 h. After the treatment, cell
viability was measured using MTT assay, and the absorb-
ance was read at 560 nm using a multimode plate reader
(BioTek, Vermont, USA).

Anti-proliferative assay

The anti-migration effects of the cells treated with BSTR
and LSB were evaluated using the in vitro scratch assay
[5]. The cells were seeded at 3 x10* cells/well in a 6-well
plate for 24. Thereafter, a sterile pipette tip was used to
starch the surface of the cells to create a 1 mm width
wound. The cells were washed with PBS, and replaced
with a fresh medium of extracts or RPMI-1640 medium
as negative control. Cell migration images were taken at
two timepoints (0 and 24 h) under a microscope and the
residual gap between migrating cells was quantified using
Image ] software.

Nitrite production measurement

The method of Singh et al. [21] was used for the deter-
mination of nitrite production. Briefly, RAW 264.7 cells
were cultured in DMEM medium supplemented with
FBS (10%) and 1% penicillin/streptomycin. The cells were
maintained at 37 °C in 95% humidity with 5% CO,. The
cells (1x 10* cells/mL) were seeded in a 96-well plate and
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Table 1 Chemical profile of bioactive compounds present in B. strigosa extract using UPLC—ESI-QTOF-MS analysis

No RT(min) Mass(m/z) Molecularformular DB Diff (ppm) Tentative compound identity

1 1.759 126.0315 CeHeO3 1.89 Larixinic acid

2 1.763 366.0745 CyoH140; -1.51 Daphnoretin methyl ether

3 1.923 295.1066 Ci4H;7NOg —3.46 Sambunigrin

4 1.930 143.0951 C,H,5NO, -3.16 3B,6B-Dihydroxynortropane

5 5.407 364.1369 CisH,404 0.13 Dihydrocatalpol

6 11.339 338.1003 Ci6H1504 0.30 Hydrojuglone glucoside

7 12.155 224.0683 C1H,,05 0.64 5-(3:4,5"-Trihydroxyphenyl)-gammavalerolactone

8 12.349 314.1001 Ci4H1504 0.20 Alopecuquinone

9 12714 4843035  CyeH,,0q 023 Goshonoside F2

10 1347 644.3401 C5,Hs,045 1.01 Goshonoside F3

11 13.239 284.1258 Ci4H5004 0.59 2-Phenylethyl beta-D-glucopyranoside

12 14.273 336.23 CyoH3,0, 031 16,17-Dihydroxy-16beta-(L)-kauran-19-oic acid

13 16.12 595.1661 Cy7H31055 0.31 Pelargonidin 3,7-di-glucoside

14 16.141 608.1379 Co7Hy5046 -0.32 6"-(4-Carboxy-3-hydroxy-3-methylbutanoyl)hyperin
15 16.142 462.0795 CiH1g05, 0.70 3-Methylellagic acid 8-rhamnoside

16 16151 5101734 CyHs05, 056 Plumerubroside

17 16295 1940578 CyoH100, 049 Isoferulic acid

18 16.569 370.1993 CioH300; -0.29 (3S,7E,95)-9-Hydroxy-4,7-megastigmadien3-one 9-glucoside
19 16.57 208.1462 Ci3H500; 0.69 (50,8(3,90)-5,9-Epoxy-3,6-megastigmadien-8-ol

20 16.726 504.27 CygH4004 4.59 Ixocarpalactone A

21 16733 4993142 CyeH,sNOg 0.54 18-O-Methyldelterine

22 16.780 372215 CyoH3,0; —0.54 Icariside B9

23 16.789 1921512 Ci3H,00 133 2,4-Diisopropyl-3-methylphenol

24 16811 512.2626 (G PO -0.97 Andrographoside

25 16.848 468.1634 CyoHy5044 -044 Prim-O-glucosylcimifugin

26 16.892 5302725 Co6HarO14 0.34 Cinncassiol D2 glucoside

27 16.975 386.1938 CioH3004 0.79 Roseoside

28 17008 3281154 CiHyO 1.30 Androsin

29 17.008 490.1451 CoyHy6Oy4 4.97 Andrographidine E

30 17.009 936.3257 CuaHs5605, 0.63 Epimedokoreanoside |

31 17.010 468.1629 CyoHg014 0.65 6-O-p-Hydroxybenzoyl ajugol

32 17.046 402.1887 CioH300 0.60 Spionoside B

33 17.055 358.090 Ci5H15040 —-0.05 Dihydrocaffeic acid 3-O-glucuronide

34 17.063 524.2259 CoeH36014 -0.35 (8R.8'R)-Secoisolariciresinol 9-glucoside

35 17121 2862297  CyHa0 -0.19 (+)-Totarol

36 17.122 6503277 Cy4H5004, 391 Thapsigargin

37 17122 666.2938 CsoH4N,0g 048 Thalphinine

38 17.123 628.3457 C5,Hs,055 0.35 Ecdysterone-3-O-beta-D-glucopyranoside

39 17.187 498.1373 CyoHy6045 0.02 Verproside

40 17.196 4222154 CioH3404 —-0.58 1-Octen-3-ol-3-o0-beta-D-xylopyranosyl(1- > 6)-beta-D-glucopyranoside
4 17272 6423247 CyoHeOys 064 Steviobioside

42 17.287 494.1788 Cy4H30044 0.11 Harpagoside

43 17.329 498.283 Cy6H40 -0.20 Isodopharicin F

44 17340 4821424 CooH6055 -0.01 Catalposide

45 17.342 368.1473 Ci5H5404 —-0.60 Methyl (R)-9-hydroxy-10-undecene-5,7-diynoate glucoside
46 17343 342.095 Ci5H,609 030 Glucocaffeic acid

47 17.343 148.0526 CoHgO, -097 E-Cinnamic acid

48 17.367 634.3327 C34H50044 409 (3b,20R,22R)-3,20,27-Trihydroxy-1-oxowitha-5,24-dienolide 3-glucoside
49 17438 536.2596 CrsHa0040 4.79 7B-Hydroxy-7-desacetoxykhivorinic acid, methyl ester
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Table 1 (continued)
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No RT(min) Mass(m/z) Molecularformular DB Diff (ppm) Tentative compound identity

50 17439 5142779 CyeHarOro -0.17 Cofaryloside

51 17.548 348.1937 CyoH1g05 -0.09 Longikaurin A

52 17.597 512.1531 Cy3H50,5 -0.12 3-(4-Hydroxy-3-methoxyphenyl)-1,2-propanediol 2-O-(galloyl-glucoside)
53 17.669 292.1164 Ci5Hy004 —1.84 Pantoyllactone glucoside

54 17.670 426.2408 Cy6H3405 -0.30 Dihydro-7-desacetyldeoxygedunin

55 17.670 316.204 CyoHys05 -053 Lagaspholones A

56 17.671 462.2621 CyeH350; -0.84 10-Desacetyltaxuyunnanin C

57 17743 6303607  C3,Hs,00, 137 Lyciumoside |

58 17.764 458.247 C30H340, -2.79 Sophoranochromene

59 17789 5723095  CyHuN,Og 043 Isodelectine

60 17867 480.1631 Cy3Hy601; 0.04 Albiflorin R1

61 17.904 3321989 CyHyO, -0.28 Hautriwaic acid

62 1791 7563551  CyrHssOsg 230 Rhodexin D

63 17.935 348.1934 CyoH1g05 0.65 Novaxenicins A

64 18.011 660.2757 C34H40,5 3.80 Taccalonolide J

65 18.114 316.2041 CyoHy505 —-0.79 Lagaspholones A

66 18.123 1572.759 Crs Hit6 O34 -15.36 Protocrocin

67 18.124 282.1979 CyoHy60 1.82 Juvocimene 1

68 18.128 492.2366 CyeH360q -133 Caryoptin

69  18.160 560.3347 C5,H4504 0.39 Dihydroisocucurbitacin-beta-25-acetate
70 18.203 7083326 Cy6H5,04,4 442 Scillipheosidin 3-[glucosyl-(1-> 2)-rhamnoside]
71 18.252 5482626 CooHagO59 -0.82 Archangelolide

72 18.273 506.216 Co6H3404 —-1.66 Massonianoside C

73 18481 4792877  CyH,yNO, 131 Delbruline

74 18445 564.291 C50H44010 4.39 Strophanthidin-beta-D-digitaloside

75 18446 346.1779 CyoH5605 0.34 Rabdoserrin A

76 18642 4782209  CysH3,0q -131 Simalikilactone D

77 18751 552.185 CyeH3,0,5 -1.26 Durantoside |

78 18.926 5443399 C55Ha50; 0.20 Hovenidulcigenin A

79 19321 4742255  CygH30q -035 Nigakilactone G

80 2029 623.4035 C34HsNOg -0.22 Pingbeidinoside

81 21.243 576.1262 C30H240:5 093 Epicatechin-(2beta- > 5,4beta- > 6)-entepicatechin
82 21293 310.1571 CyoH»05 —-0.53 2,3-Dehydrosalvipisone

incubated till the formation of a monolayer. After the for-
mation of a confluent monolayer, the cells were at vari-
ous concentrations (3.9-500 pg/ml) of BSTR and LSB in
the presence and absence of 50 ng/mL lipopolysaccharide
(LPS) for 18 h. The culture supernatant (75 pL) collected
after treatment was mixed with equal volume (75 pL) of
Griess reagent (1:1 ratio of 0.1% N-(1-Nappthyl) ethylen-
ediamine and 1% sulfanilamide in 5% phosphoric acid)
and incubated at room temperature for 30 min. The opti-
cal density of the solution was measured at 540 nm using
a microplate plate reader (BioTek, Vermont, USA) to esti-
mate nitric oxide (NO) concentrations (%) in samples and
standards. The nitrite level was quantified using nitrite
standard curve (Y=0.0115+0.0418; r2=0.9998). The

data were expressed as a percentage (%) of nitrite levels
secreted by treated cells relative to control (LPS-treated
cells). After treatment with Griess reagent, cell viability
was measured using MTT assay. Briefly, the spent media
was replaced with an equal volume of serum-free DMEM
containing MTT solution (0.5 mg/mL) and incubated for
3 h. The quantity of formazan was measured by recording
the changes in the absorbance at 560 nm using a micro-
plate plate reader (BioTek, Vermont, USA).

Analysis of cell death by nuclear staining

The nuclear morphology of the cells after exposure to
BSTR and LSB was observed for cell apoptosis using a
previously reported method [21]. Cells (1 x 10* cells/well)
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Table 2 Antioxidant activity of B. strigosa extracts

Sample/assay SBTR LSB

DPPH (umol TE/g dry extract) 21.99+0.12° 448+051°
ABTS (umol TE/g dry extract) 244.90+5.39° 235.98+10.72°
FRAP (umol TE/g dry extract) 107.80+1.94° 919242340
MCA (umol EDTA/g dry extract) 8.69+043° 268+0.11°
TPC (mg GAE/g dry extract) 50.26+3.07 41.83+£16.96
TFC (mg CE/g dry extract) 14.76+0.46° 7.08+0.46°

Different lowercase superscripts within the same row indicate significant
difference at p <0.05

were plated on 0.1% v/v gelatin coated coverslip and sub-
sequently treated with BSTR and LSB at IC;, values (50%
inhibition of CLS-354/WT growth) or with RPMI-1640
culture media as a negative control for 24 h. The cells
were washed with PBS, fixed with pre-cooled (—20 °C)
acetone for 5 s followed by methanol for 10 s, and
stained with DAPI for 15 min. The cells were examined
under fluorescence Olympus-DP74 inverted microscope
(Olympus Tokyo, Japan) with ultraviolet light excita-
tion wavelength at 358 nm and emission wavelength at
461 nm.

UPLC-ESI-QTOF-MS analysis

BSTR was chosen for the UPLC-ESI-QTOF-MS
analysis due to its superior biological effects in the assays
conducted. 50 mg of BSTR powder was solubilized in 70%
methanol and the resulting solution was vortexed and
filtered using a 0.2 pm membrane syringe filter (Merck
Millipore). The clear solution of BSTR was subjected to
UPLC-ESI-QTOF-MS analysis following previously
reported procedures and parameters [5].

Bioinformatics analysis

Molecular docking studies

In the molecular docking analysis, five predominant
compounds from the UPLC-QTOF-ESI-MS profile
were docked against a-glucosidase and a-amylase
enzymes. The structures of a-amylase (PDB Id: 4GQR)
and a-glucosidase (PDB Id: 5NN5) were downloaded
from the protein database (http://www.rcsb.org/pdb) in
PDB format. All the water molecules, existing ligands,
and non-essential protein entities were removed. The
Discovery Studio 2021 client software of the ligands,
namely, acarbose (standard), (3S,7E,9S)-9-hydroxy-
4,7-megastigmadien-3-one 9-glucoside, (54,8b,9b)-5,9-
epoxy-3,6-megastigmadien-8-ol, ixocarpalactone A,
plumerubroside and isoferulic acid, was downloaded
from the PubChem database bearing PubChem CIDs
11774, 131752058, 101415508, 327287, 44257126 and
736186, respectively. All the structures were prepared by
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the addition of a polar “H” atom and energy minimization
using Discovery Studio 2021 client software. The
prepared receptors and ligands were then uploaded on
Vina, which was embedded in PyRx. These structures
were placed in the active pockets using AutoDock Vina.
The interactions were evaluated using Discovery Studio
Visualizer [22, 23].

Evaluation of ADMET profile

On 10th May 2023 SwissADME was accessed for the
predictive estimation of the ADMET properties of the
selected bioactive compounds [23]. Similarly, PROTOX-II
was employed for the theoretical determination of the
toxicity profile of the compounds [24].

Statistical analysis

The results were expressed as mean+SD and statistical
analysis was performed using one-way ANOVA followed
by Dunnett’s test on GraphPad Prism 8 (GraphPad
Software Inc., CA, USA). Differences of p<0.05 were
considered statistically significant.

Results and discussion

Phytochemical profile

The species in the genus Barleria are well-known for
their rich array of secondary metabolites, such as ter-
penoids, quinones, flavonoids, iridoids, and phenyle-
thanoid glycosides, with notable biological activities
including antimicrobial, anti-inflammatory, anticancer,
antidiabetic, antiulcer, neuroprotective, hepatoprotec-
tive, analgesic, anti-arthritic and antihypertensive prop-
erties [12]. Thus, it is imperative to evaluate a detailed
phytochemical profile of the leaves of B. strigosa. The
LC-ESI-QTOF-MS analysis of BSTR exhibited a rich
phytochemical composition from diverse phytochemical
families. The tentatively characterized compounds along
with their retention times, molecular formula, molecular
ions, and assigned identities are presented in Table 1. A
total of 82 compounds were detected in the BSTR extract.
The individual compounds in the BSTR extract were ten-
tatively identified using the QTOF-MS analysis (negative
ionization mode) with an accuracy error less than 5 ppm

Table 3 In vitro antidiabetic activity of B. strigosa extracts

Sample/assay SBTR LSB Acarbose
a-Glucosidase (ug/mL) 8156+2.71° 204.11+095° 50248+1.95°
a-Amylase (ug/mL) 157.65+122° NA 17.28+0.05°

Data are expressed as mean+SD (n=3) and analyzed via one-way ANOVA with
Dunnett’s test. Different lowercase superscripts within the same row indicate
significant difference at p <0.05. NA not active
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(Table 1). Furthermore, the retention times, detected
accurate mass, molecular formula and mass error of
each of the tentatively identified compounds provided in
Table 1 enhanced the characterization of the compounds
[5, 6, 13]. Terpenoids including diterpenes, diterpene
lactones, diterpene glycosides, iridoid glycosides were
the prevailing class of compounds putatively identified
in BSTR. Out of the 38 terpenoids detected in BSTR, 15
were diterpenes including (+)-totarol, isodopharicin F,
longikaurin A, massonianoside C, caryoptin and hautri-
waic acid. A number of diterpene lactones and diterpene
glycosides including thapsigargin, archangelolide, nigaki-
lactone G, goshonoside F2 and steviobioside were also
identified in the extract. Three sesquiterpenes deriva-
tives, namely, roseoside, thapsigargin, and archangelolide,
were identified in BSTR.

In terms of flavonoids, the leaves of Barleria
spp. are also known to be a reservoir of polyphe-
nolic compounds, notably phenolics and flavonoids
[11, 12]. In BSTR, four flavonoids were identified as
6”-(4-carboxy-3-hydroxy-3-methylbutanoyl)hyperin,
plumerubroside, sophoranochromene and epicate-
chin-(2beta- > 5,4beta- > 6)-entepicatechin, while four
phenolic glycoside, namely, hydrojuglone glucoside,
dihydro-caffeic acid 3-O-glucuronide, glucocaffeic acid,
and 3-(4-hydroxy-3-methoxyphenyl)-1,2-propane-
diol 2-O-(galloyl-glucoside), were detected. Six iridoid

Table 4 Antimicrobial activity of B. strigosa extracts
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glycosides; dihydrocatalpol, 6-O-p-hydroxybenzoyl aju-
gol, verproside, harpagoside, catalposide and durantoside
I were also identified in the extract. Iridoid glycosides
have previously been reported from the leaves of Barleria
sp. [8, 12].

One tropane alkaloid (3p,6B-dihydroxynortropane),

one anthocyanin glycoside (pelargonidin-
3,7-di-glucoside), one naphthoquinone
(2,3-dehydrosalvipisone), two norditerpenoid

alkaloids (18-O-methyldelbruline and delbruline),
one hydroxycinnamic acid (isoferulic acid), one
phenylpropanoid (Icariside B9), one coumarin
(daphnoretin methyl ether) were also putatively
identified in BSTR (Table 1). Although our results
on the phytochemical composition of B. strigosa is
consistent with the class of compounds previously
isolated from the plant, this study provides the first
and extensive list of constituents from the leaves of the
plant.

Antioxidant capacity

The total phenolic content (TPC) and total flavonoid
content (TFC) of BSTR and LSB extracts are sum-
marized in Table 2. BSTR and LBS showed relatively
high TPC of 50.26 +3.07 and 41.83 +16.96 mg GAE/g,
respectively, while the TFC were 14.76+0.46 and

Samples MIC (mg/mL) MBC (mg/mL)

LM VP PA SA LM VP PA SA EC
BSTR 0.16 0.16 0.08 0.31 0312 0312 0.312 0.08? 0.62? 062°
LSB 0.62° 031° 0.16° 031 062° 1.25° 0.62° 031° 1.25° 1.25°

LM Listeria monocytogenes F2365, VP Vibrio parahaemolyticus PSU.SCB.16S.14, PA Pseudomonas aeruginosa PSU.SCB.16S.11, SA Staphylococcus aureus DMST 4745,
Escherichia coli DMST 4212., MIC minimum inhibitory concentration, MBC minimum bactericidal concentration

Data are expressed as mean  SD (n=3) and analyzed via one-way ANOVA with Dunnett’s test

Different lowercase superscripts within the same column indicate significant difference at p <0.05
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Fig. 1 Effect of BSTR and LSB on the macrophage cell viability. Data are expressed as mean +SD from at least three independent experiments
and analyzed via one-way ANOVA with Dunnett’s test. **p <0.01, ***p <0.001 vs untreated control
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7.08+0.46 mg catechin/g, respectively. Furthermore,
the in vitro antioxidant activities of BSTR and LSB
were evaluated via radical scavenging, reducing power
and metal chelating assays. The results showed that the
DPPH and ABTS radical scavenging activities of BSTR
were 21.99+0.12 pmol TE/g and 244.90+5.39 pmol
TE/g, respectively, while that of LSB were 4.48 +0.51
and 235.98 +10.72, respectively (Table 2). Furthermore,
the reducing power activity of BSTR and LSB in the
FRAP assay were 107.80+1.94 and 91.92+2.34 umol
TE/g, respectively. While the metal chelating activ-
ity (MCA) of BSTR and LSB were 8.69+0.43 and
2.68+0.11 pmol EDTA-g, respectively (Table 2). Anti-
oxidants play critical roles in the body’s defense against
oxidative insults. Numerous studies have highlighted
the role of oxidative stress in several diseases including
diabetes, obesity, Alzheimer, cancer, and the impact of
antioxidant plants, and compounds in the mitigation
of these disorders [25, 26]. The ability of a sample to
scavenge free radicals is extensively used in assessing
the antioxidant capacity of natural products. Particu-
larly, the DPPH and ABTS radical assays are based on
the capability of the pharmacological agent to donate
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hydrogen atoms/electrons to free radicals, thus stabi-
lizing and halting the reactive chain [13, 15]. The MCA
and FRAP antioxidant assay reflect the ability of the
sample to reduce metal complex and it is associated
with cellular antioxidant activity [16]. Therefore, the
high antioxidant activities of SBTR and LSB extracts
reflect the bioactive compounds identified in the
extract via LC-MS, and since oxidative stress is a vital
factor driving several chronic disorders. Hence, the
antioxidant properties of the extract suggest its poten-
tial against oxidative damage.

In vitro antidiabetic activity

Diabetes is the most common metabolic disease, and it
has emerged as a major public health concern owing to
its prevalence and ensuing complications [27, 28]. In the
last decade, there has been a 47% increase in the num-
ber of diabetic patients (366 million people in 2011 and
537 million people in 2021), and it is expected that there
would be an additional 46% increase in the number of
people living with diabetes by 2045 (783 million people).
Diabetes is characterized by excessive blood glucose con-
centration due to insulin resistance and altered insulin
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Fig. 2 Effect of BSTR and LSB on nitric oxide secretion and RAW 264.7 cells viability upon stimulation with lipopolysaccharides (50 ng/mL). Data
are expressed as mean + SD from at least three independent experiments and analyzed via one-way ANOVA with Dunnett’s test. ***p <0.001 vs
untreated control. ##p < 0.05, ###p < 0.001 vs lipopolysaccharides stimulated group
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Fig. 3 Effect of B strigosa extract and cisplatin on epithelium-like phenotype oral squamous carcinoma cell (CLS-354/WT) death. Data are
expressed as mean = SD from at least three independent experiments and analyzed via one-way ANOVA with Dunnett’s test. ***p <0.01, **p <0.001

vs untreated control. ##p <0.001 vs cisplatin

secretion from the pancreatic beta cells [27]. The absorp-
tion of glucose from the intestinal wall through the action
of digestive enzymes (a-amylase and a-glucosidase)
on carbohydrates results in hyperglycemia. Therefore,
limiting the activities of these enzymes is an effective
approach to relieve hyperglycemia [29-31]. On the other
hand, oxidative stress has been extensively implicated in
the pathogenies of diabetes and several molecular mech-
anisms implicated in diabetic complication have been
wholly or partly linked to increased reactive oxygen spe-
cies, oxidative stress, and depleted antioxidant defense
[13, 32]. As such, therapies that confer antioxidant,
a-glucosidase, and a-amylase inhibitory properties may
have a beneficial effect in the management of diabetes. As
shown in Table 3, BSTR and LSB showed inhibitory effect
against a-glucosidase enzyme at IC,, values of 81.56 and
204.11 pg/mL, respectively, while the a-amylase inhibi-
tory effect of BSTR was 157.65 pg/mL. The extracts
showed better efficacy than the standard drug acarbose.

Antimicrobial activity

Antimicrobial resistance has become a major public
health concern due to the abuse of antibiotics and bacte-
rial resistance, which has grossly increased the incidence
of bacterial infectious illnesses and other opportunistic
infections [32]. In view of this, phytochemicals have been
extensively explored as potent antibacterial agents [19,
33]. The minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) of BSTR
and LSB against gram-positive and gram-negative bacte-
ria including Listeria monocytogenes ¥2365, Vibrio para-
haemolyticus PSU.SCB.16S.14, Escherichia coli DMST
4212, Pseudomonas aeruginosa PSU.SCB.16S.11 and
Staphylococcus aureus DMST 4745 are shown in Table 4.
The MIC values of BSTR and LSB against L. monocy-
togenes, V. parahaemolyticus, E. coli, P. aeruginosa, and
S. aureus were 0.16 and 0.62; 0.16 and 0.31; 0.31 and
0.62; 0.08 and 0.16; 0.31 and 0.31 mg/mL, respectively,
while the MBC values for both extracts were 0.31 and
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expressed as mean +SD (n=3) and analyzed using one-way ANOVA followed by Dunnett’s test. **p <0.001 vs. untreated control
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Fig. 5 Effect of B. strigosa on apoptosis by nuclear staining using DAPI nucleus staining

1.25; 0.31 and 0.62; 0.62 and 1.25; 0.08 and 0.16; 0.62
and 1.25 mg/mL, respectively (Table 4). In general, both
BSTR and LSB showed promising antimicrobial activi-
ties towards the tested bacteria. This can be attributed
to the richness of the diverse polyphenolic compounds
in the extract. These compounds have been reported to
render cell membranes permeable and/or disrupt the
cell structure via the interaction with the cell membrane

(hydrophobic—hydrophobic activity interaction [34].
The excessive leakage of the critical ions and molecules
from the cell via the interaction with the polyphenols
leads to stress and ultimately cell death. Similar obser-
vations were reported when ethanolic extract of guava
leaves and coconut husks were used to inhibit the prolif-
eration of both gram-positive and gram-negative bacteria
[15, 16]. It was also observed that BSTR showed higher
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Fig. 6 Molecular docking of acarbose with a-amylase. A Two-dimensional representation of amino acid residues and various interaction involved

in acarbose and a-amylase complex, B three-dimensional representation of binding of acarbose with a-amylase
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Fig. 7 Molecular docking of (3S,7E,95)-9-Hydroxy-4,7-megastigmadien-3-one 9 glucoside with a-amylase. A Two-dimensional representation
of amino acid residues and various interaction involved in (3S,7E,95)-9-Hydroxy-4,7-megastigmadien-3-one 9 glucoside and a-amylase complex, B

three-dimensional representation of binding of (3S,7E,95)-9-hydroxy-4,7-megastigmadien-3-one 9 glucoside with a-amylase
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Fig. 8 Molecular docking of (5a,8b,9b)-5,9-Epoxy-3,6-megastigmadien-8-ol with a-amylase. A Two-dimensional representation of amino acid
residues and various interaction involved in (5a,8b,9b)-5,9-Epoxy-3,6-megastigmadien-8-ol and a-amylase complex, B three-dimensional
representation of binding of (5a,8b,9b)-5,9-Epoxy-3,6-megastigmadien-8-ol with a-amylase
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Fig.9 Molecular docking of Ixocarpalactone A with a-amylase. A Two-dimensional representation of amino acid residues and various interaction
involved in Ixocarpalactone A and a-amylase complex, B three-dimensional representation of binding of Ixocarpalactone A with a-amylase

antimicrobial properties against the tested bacteria as  to gram-negative bacteria. These results support the find-
compared to LSB. Regardless, gram-positive bacteria  ings of Abdollahzadeh et al. [35], who documented the
showed more resistance to both extracts when compared  susceptibility of gram-negative bacteria to polyphenolic
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Fig. 10 Molecular docking of plumerubroside with a-amylase. A Two-dimensional representation of amino acid residues and various interaction
involved in plumerubroside and a-amylase complex, B three-dimensional representation of binding of plumerubroside with a-amylase
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Fig. 11 Molecular docking of isoferulic acid with a-amylase. A Two-dimensional representation of amino acid residues and various interaction
involved in isoferulic acid and a-amylase complex, B three-dimensional representation of binding of isoferulic acid with a-amylase

compounds due to their thin peptidoglycan cell wall in  In vitro cell viability and nitrite productions

comparison with gram-positive bacteria. Therefore, the  The effect of BSTR and LSB on cell viability was assessed
results from this study suggested that B. strigosa leaves on RAW 264.7 cells (Fig. 1). The results demonstrated
showed antimicrobial effects against both gram-positive  that the treated RAW 264.6 cells were more than 80%
and gram-negative bacteria. viable at the tested concentrations (7.8—-500 pg/mL).
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However, both BSTR and LSB reduced the viability of
RAW 264.7 cells at 1000 pg/mL. The ICy, values were
1034.44 £ 0.96 pg/mL and 1312.93 +1.71 pg/mL for BSTR
and LSB, respectively, indicating good biocompatibility
with the macrophages.

Meanwhile, inflammation is a physiological, self-limit-
ing process occurring in mammalian tissues in response
to harmful situations, such as microorganism inva-
sion, physical damage, exposure to toxic chemicals or
due to tissue stress and malfunction [36]. Macrophages
are phagocytic, antigen-presenting, immunomodu-
latory cells that play critical roles in innate immune
defense by secreting specific regulatory molecules [37].
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Inflammatory processes tend to eliminate primary trig-
gers and contribute to initiating the regeneration of
injured tissues by mediating an organized immune
response, involving macrophage cells [38]. There-
fore, the inhibition of nitric oxide (NO), an inflamma-
tory mediator from LPS-activated macrophages was
investigated. The results indicated that treatment of
cells with BSTR and LSB at 500 pg/mL in the pres-
ence of LPS (50 ng/mL) showed significant reduction
(p<0.001) in NO secretion; however, elevated level of
NO was not affected at concentrations of 3.9-31.2 ug/
mL (Fig. 2). BSTR (IC;;,=186.07 £1.96 pg/mL) inhibited
NO secretion by~1.6 times more effectively than LSB

Table 5 Details of binding affinities and interaction of some selected compounds against a-amylase

Sr.No Compound Binding No. Interacting residues
affinity (kcal/ of H.
mol) Bonds
1 Acarbose (standard) -7.8 [§ ASP A:402, THR A:11, ARG A:398, PRO A:332, GLY A:403, ARG A:421, THR
A6, ASN A:5, SER A:3, ARG A:10, THR A:336, GLN A:404, PRO A:405, GLN A8,
PRO A4, ASP A:290, SER A:289
2 (35,7E,95)-9-Hydroxy-4,7- -88 6 GLN A:63, ASP A:197, GLU A:233, ASP A:300, HIS A:305, THR A:163, LEU A:165,
megastigmadien-3-one 9-glucoside ILE A:235, ASN A:298, TRP A:58, ASP A:356, TRP A:357, THR A:163, TYR A:62, ARG
A:195, LEU A:162, ALA A:198
3 (5a,8b,9b)-5,9-Epoxy-3,6-megastigma  —6.6 2 GLN A:63, TRP A:59, LEU A:165, TYR A:62, HIS A:101, ASP A:197, LEU A:162, TRP
A:58 THR A:163
4 Ixocarpalactone A -95 1 GLN A:63, THR A:163, HIS A:101, LEU A:162, HIS A:201, ILE A:235, TRP A:59, LEU
A:165, TYR A162, TRP A:58, ARG A:195, ASP A:300, GLY A:233, ALA A:198, ASP
A:197, HIS A:305
5 Plumerubroside -8.1 2 ASP A:197, TRP A:59, ALA A:198, HIS A:101, ARG A:195, HIS A:299, TRP A:58, ASP
A:300, TYR A:62, LEU A:165, GLN A:63, THR A:163, LEU A:162
6 Isoferulic acid —6.1 6 ARG A:252, ARG A:398, GLY A:334, THR A:6, ARG A:10, GLY A:9, PRO A4, PHE

A:335, PRO A:332, GLN A:8, THR A:11, ASP A:402, SER A:289, ASP A:290, SER
A:289

Table 6 Details of binding affinity and interaction of some selected compounds with a-glucosidase

Sr.No Compound Binding No. of H. Bonds Interacting residues
affinity (kcal/
mole)
1 Acarbose (standard) 7.1 7 PRO A:433, MET A:435, LYS A:436, ASP A:379, ASP A:381, VAL A:383,
ASP A:382, ASP A:59, ASN A:58, ASN A:61, ARG A:17, ILE A:27, TRP
A434
2 (3S,7E,95)-9-Hydroxy-4,7- -8.1 4 GLU A:119, LYS A:118, GLU A:157, ARG A:123, TRP A:128, ASP A:124,
megastigmadien-3-one 9-glucoside TYR A:126, ILE A:204, ASN A:171,TRP A:172, LYS A:206, GLU A:173, ILE
A127, ALA A:208, PHE A:210, HIS A:129
3 (50,8b,9b)-5,9-Epoxy-3,6-megastigma  —6.1 N/A GLY A:274,TRP A6, ASN A:277, ALA A:247, ILE A:251, PHE A:246, LYS
A242, THR A:253, ASN A:245, PHE A:276
4 Ixocarpalactone A -79 2 GLU A:283, GLY A:286, GLY A:259, PRO A:233, LEU A:219, PRO A:216,
PRO A:214, VAL A:222, GLU A:226, PHE A:225, MET A:229, ASN A:258,
PHE A:282, LEU A:287
5 Plumerubroside =77 3 ASN A:227, ASN A:275, PHE A:276, LYS A:242, GLY A274, GLU A:271,
LYS A7, TRP A6, ALA A:247,TYR A:249, ASP A:250, ILE A:251, MET
A:252, PHE A:246
6 Isoferulic acid -59 3 ASN A316, GLY A:317, TRP A:318, ALA A:270, TRP A6, VAL A:269, ASN

A:277,PHE A:276, ASN A:275, GLY A:274, LYS A:242, GLU A:271, LYS A7
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Fig. 12 Molecular docking of acarbose with a-glucosidase. A Two-dimensional representation of amino acid residues and various interaction

involved in acarbose and a-glucosidase complex, B three-dimensional representation of binding of acarbose with a-glucosidase
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Fig. 13 Molecular docking of (3S,7E,95)-9-Hydroxy-4,7-megastigmadien3-one 9 glucoside with a-glucosidase. A Two-dimensional representation
of amino acid residues and various interaction involved in (3S,7E,95)-9-Hydroxy-4,7-megastigmadien3-one 9 glucoside and a-glucosidase complex,

B three-dimensional representation of binding of (3S,7£,95)-9-Hydroxy-4,7-megastigmadien3-one 9 glucoside with a-glucosidase
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Fig. 14 Molecular docking of (5a,8b,9b)-5,9-Epoxy-3,6-megastigmadien-8-ol with a-glucosidase. A Two-dimensional representation of amino
acid residues and various interaction involved in (5a,8b,9b)-5,9-Epoxy-3,6-megastigmadien-8-ol and a-glucosidase complex, B three-dimensional
representation of binding of (5a,8b,9b)-5,9-Epoxy-3,6-megastigmadien-8-ol with a-glucosidase
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Fig. 15 Molecular docking of ixocarpalactone A with a-glucosidase. A Two-dimensional representation of amino acid residues and various
interaction involved in Ixocarpalactone A and a-glucosidase complex, B three-dimensional representation of binding of ixocarpalactone A
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Fig. 16 Molecular docking of plumerubroside with a-glucosidase. A Two-dimensional representation of amino acid residues and various
interaction involved in plumerubroside and a-glucosidase complex, B three-dimensional representation of binding of plumerubroside
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Fig. 17 Molecular docking of isoferulic acid with a-glucosidase. A Two-dimensional representation of amino acid residues and various interaction
involved in isoferulic acid and a-glucosidase complex, B three-dimensional representation of binding of isoferulic acid a-glucosidase
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(IC5,=305.207 £ 0.92 ug/mL) with selectivity index (SI) of
5.5 and 4.3, respectively, indicating the potency of BSTR
when compared to LSB. Among the tested extract at non-
toxic doses, BSTR showed a dose-dependent reduction in
NO secretion. Moreover, the viability of LPS-stimulated
cells was not affected by BSTR and LSB at the tested con-
centrations (3.9-500 pug/mL) (Fig. 2). These results indi-
cated that the phyto-constituents such as polyphenols,
terpenoids, diterpenes, and sesquiterpenes in the extracts
might have potential anti-inflammatory effects by reduc-
ing the secretion of inflammatory cytokines.

Antiproliferative activity

The cytotoxic activity of BSTR and LSB was analyzed
against CLS-354/WT cancer cell line. As shown in Fig. 3,
a concentration dependent cytotoxic effect was dis-
played by both extracts. BSTR exhibited 90% cytotoxic-
ity against CLS-354/WT cells from 400 to 1600 pg/mL.
Moreover, BSTR (CC5,=234.23+0.49) inhibited CLS-
354/W'T cell viability by approximately 0.95 times when
compared to LSB (CCy,=312.50 + 0.92) with SI of 4.4 and
4.2, respectively, indicating the potency of BSTR com-
pared to LSB. Furthermore, BSTR and LSB significantly
(p<0.001) inhibited the proliferation of cells with cel-
lular apoptosis. These results suggested that BSTR and
LSB have pronounced anti-proliferative effect on CLS-
354/W'T via apoptosis rather than necrosis approach.
In addition, both extracts significantly inhibited cell
migration (Figs. 3 and 4). Cancer is one of the most pre-
vailing disease in humans and the high morbidity and
mortality rates associated with cancer has necessitated
urgent need for effective treatment. Numerous plants
have been evaluated for their anticancer, antitumor and
antiproliferative properties [5, 39, 40]. Previous studies
have reported the antiproliferative activities of extracts
and bioactive compounds identified from some Barleria
species. According to El-Halawany et al. verbascoside,
isoverbascoside, dimethoxyverbascoside, hydroxybenzoic
acid and apigenin-7-O-glucoside isolated from Barleria
cristata showed cytotoxic effect against Hepa-1clc7 cells
at a concentration of 3.125 pM [39]. Similarly, Manglani
et al. [41] reported the anticancer efficacy of Barleria
grandiflora leaves extract against human lung cancer cells
(A-549) and Dalton’s lymphoma ascites (DLA tumor)
cells at IC;, values of 143.4 and 137.2 pg/mL, respec-
tively. It is noteworthy that the occurrence of several bio-
active constituents with reported anticancer efficacy in B.
strigosa suggested that the potent cytotoxic and antipro-
liferative effect might be associated with the combined
synergistic effects of these compounds.
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Cellular apoptosis by nuclear staining

The nuclei of healthy cells are generally spherical, with
evenly distributed DNA; however, during cellular apop-
tosis, the DNA of cells are condensed. Therefore, nuclear
condensation is generally used for distinguishing between
healthy and apoptotic or necrotic cells. Apoptosis, a
genetically programmed cellular event leads to biochemi-
cal and morphological changes in the cells. Alterations in
DNA caused by several factors can affect the nucleus and
ultimately the entire cell leading to compromised func-
tion of the organ and organism [42]. The morphological
changes in BSTR and LSB treated CLS-354/WT cells
were observed after 24 h using DAPI nucleus staining. As
shown in Fig. 5, the fluorescent results indicated normal
spherical nuclei, with blue, pale chromatin and organized
structure for the untreated cells. However, condensed
chromatin with fragmented nuclei were observed after
exposure of the cells to BSTR and LSB extracts. These
results suggested that BSTR and LSB showed anticancer
effects with cellular apoptosis [5, 21].

In silico molecular docking studies

Computational analysis, particularly in-silico molecu-
lar docking is a reliable and accurate tool for predicting
the interaction of ligands with target molecules, their
binding energy, underlying mechanisms and correlating
the biological activities of therapeutic plants observed
in the experiments on a molecular basis [43]. The com-
pounds from the UPLC-QTOF-ESI-MS profile along
with standard acarbose were docked with a-amylase
and a-glucosidase (Figs. 6, 7, 8,9, 10 and 11). The inhibi-
tion of enzymes was mainly attributed to the formation
of Van der Waals, hydrogen bond, pi-alkyl, alkyl, and
pi-sigma interactions at the active sites of the enzymes.
Compounds such as (3S,7E,9S)-9-hydroxy-4,7-megastig-
madien-3-one 9-glucoside is surrounded by amino acid
residues such as ASP A300, TRP A59, ASP A197, HIS
A305 and GLU A233 which constitute the active site of
a-amylase [44] as shown in Fig. 7. Similarly, isoferulic
acid was observed with six conventional hydrogen bond-
ing with amino acid residues of a-amylase including ARG
A:398, GLY A:334, ARG A:10, GLY A:9 and ARG A:252
(Fig. 11). All these amino acid residues are reported to
constitute the active pockets of the enzyme [45]. More-
over, ixocarpalactone A and plumerubroside showed
lower binding energy against a-amylase as compared to
the standard acarbose (Table 5). This might be due to the
presence pi bonding (Fig. 7).

For the a-glucosidase enzyme, (3S,7E,9S)-9-hydroxy-
4,7-megastigmadien-3-one 9-glucoside was observed
with the highest binding affinity of -8.1 kcal/mol, higher
than the binding affinity of the standard acarbose
(Table 6). The compound was surrounded by amino
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acid residues such as LYS A:436, ASP A:381, ASN A:58,
ASN A:61, ARG A:17, TRP A:434 and PRO A:433 form-
ing conventional hydrogen bonding with active site of
the enzyme [45]. The other compounds ixocarpalactone
A and plumerubroside showed good binding affinity for
the protein when compared to the standard (Table 6 and
Figs. 12, 13, 14, 15, 16 and 17). The variation in the bond-
ing of the ligands with proteins results in the difference of
binding affinity [46].

To determine the drug-likeness, physiochemical prop-
erties, and pharmacodynamics of the compounds, the

(35,7E,95)-9-Hydroxy-4,7-megastigmadien3-one 9-glucoside
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SwissADME was used [47]. ADME properties provide
insights on whether the molecules under study can be used
as future medicines or not [48]. Compounds having lower
molecular weight, lipophilicity, and lower hydrogen bond
capacity possess good absorption, high bioavailability, and
distribution [49, 50]. If a chemical compound follows all the
criteria of Lipinski’s rule it shows a drug-like behavior and it
is considered as a potential therapeutic agent. On the other
hand, if a chemical compound fails to follow more than one
Lipinski’s criteria it is considered an orally unavailable drug.
Lipinski’s rule has the following five criteria: (1) molecular

Table 9 In silico evaluation of the toxicity profile of the selected compounds

Predicted Hepatotoxic Carcinogenic

Immunotoxic Mutagenic Cytotoxic

SrNo Compound LD50 (mg/kg)
class
1 (3S,7E,95)-9-Hydroxy-4,7- 4500 4
megastigmadien3-one 9-glucoside

2 (53,8b,9b)-5,9-Epoxy-3,6-megastigma 1190 4
3 Ixocarpalactone A 25 2
4 Plumerubroside 10000 6
5 Isoferulic acid 7900 6

Inactive Inactive Inactive Inactive Inactive
Active Inactive Active Inactive Inactive
Inactive Inactive Active Inactive Active
Inactive Inactive Active Inactive Active
Inactive Inactive Active Inactive Inactive
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weight (less than 500); (2) lipophilicity (Log P o/w less than
5); (3) molecular refractivity (40-130); (4) hydrogen bond
acceptor (<10); hydrogen bond donor (less than equal to 5)
[51]. All the docked compounds except for plumerubroside
showed one or less than one violation, suggesting that all
the compounds are orally bioavailable drugs (Tables 7 and
8, Fig. 18). Plumerubroside showed 3 violations which pre-
dicted it is orally inactive and unstable. To predict toxicity,
the PROTOX-II program makes use of the chemical struc-
ture and compares it with other chemical compounds with
known toxicity [52]. The results of in silico toxicity analy-
sis showed that all the analyzed compounds have low toxic
potentials with no mutagenicity calculated for any of the
compounds (Table 9).

Conclusion

This study revealed that the extract from the leaves of B.
strigosa is a rich plethora of bioactive constituents, majorly
terpenoids and polyphenolic compounds which were
putatively identified by LC—MS analysis. Furthermore, B.
strigosa exhibited excellent antioxidant, antidiabetic, anti-
inflammatory, antiproliferative and antibacterial properties,
thus shedding scientific light to the pharmacological
activities of B. strigosa. Overall, these results pave the way
for further investigations on the prospects of this plant in
combating oxidative induced disorders.
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