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Abstract

The O. natrix belongs to the family Fabaceae and is distributed in Jordan. Different species of the family Fabaceae contain chemical
compounds that may have potential antiproliferative, antidiabetic, and anti-Alzheimer’s disease. High-performance liquid chro-
matography (HPLC) was applied to analyse the phenolic compounds found in O. natrix methanolic extract. Using the MTT assay,
the antiproliferative action was studied. The enzymes a-glucosidase and butyrylcholinesterase inhibition assays were used to study
the antidiabetic and anti-Alzheimer’s disease actions, respectively, of methanolic extract of O. natrix. Eleven phenolics and seven
flavonoids were identified in the methanolic extract of O. natrix by HPLC. The highest phenolics and flavonoids were gallic acid
(1.25 mg/100 g dry weight) and rutin (1.44 mg/100 g dry weight), respectively. The most cancer cell lines influenced by the extract
of O. natrix were PC-3 (IC, = 55 + 2 pg/mL) and HepG-2 (IC,, = 68 + 2 ug/mL) compared to positive control cisplatin. However,
the cancer cell lines CaCo-2, MCF-7, and HeLa showed IC, valuesof 109 + 2 ug/mL, 123 + 2 pg/mL, and 79 + 1 pg/mL, respectively,
related to cisplatin. The O. natrix extract inhibited the a-glucosidase enzyme and butyrylcholinesterase enzyme by 84% and 86%,
respectively compared to positive controls acarbose and rivastigmine. The O. natrix may possess antiproliferative effects against pro-
state cancer and hepatocellular carcinoma. It also may have antidiabetic and anti- Alzheimer’s disease effects.
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Introduction (Al-Saraireh et al. 2021a). However, their severe adverse

effects such as immunosuppression (Harris et al. 1976),
Cancer chemotherapeutic drugs are currently ad- nephrotoxicity (Gupta et al. 2021), and secondary ma-
ministered for the treatment of different tumor types lignancies (Vega-Stromberg 2003) have been associated
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with serious patient complications. Additionally, the tu-
mor-induced resistance to chemotherapeutic agents may
decrease their efficacies and increase their toxicities. For
example, the enzymes cytochrome P450, and glypican 1
and 3 overexpressed in the tumor microenvironment may
inactivate and rapidly metabolize the chemotherapeutics,
leading to their ineffectiveness (Al-saraireh et al. 2021b;
Alshammari et al. 2021). Therefore, the adverse effects of,
and the resistance to, chemotherapeutics have directed the
researchers to investigate chemical compounds from nat-
ural sources (Bernardini et al. 2018).

Diabetes is a group of different heterogeneous disor-
ders because of relative or absolute deficiency of insulin,
and it can be classified according to the aetiologies into
type 1 diabetes, and type 2 diabetes (Kumar et al. 2020).
Several oral hypoglycemic drugs have been currently used
for type 2 diabetes. However, these synthesised drugs have
been reported with serious adverse effects. For example,
the sulfonylureas glipizide, the biguanide metformin, and
the thiazolidinedione rosiglitazone have been associated
with hypoglycemia (Ansari et al. 2019), lactic acidosis
(Blumenberg et al. 2020), and myocardial infarction (Wal-
lach et al. 2020), respectively. Therefore, discovering nat-
ural antidiabetic compounds has received a lot of atten-
tion recently. For example, the flavonoids found in several
plant species have been investigated for their antidiabetic
actions (Ghorbani 2017).

Alzheimer’s disease is a type of dementia. The inci-
dence of Alzheimer’s disease has been increasing in recent
years in elderly patients (Lopez and Kuller 2019). The ace-
tylcholinesterase inhibitors donepezil and rivastigmine
have been used for mild to moderate cases of Alzheimer’s
disease (Islam et al. 2019). Additionally, the glutamate re-
ceptor antagonist memantine has been also used for se-
vere cases of Alzheimer’s disease (Li et al. 2019). However,
these medications’ adverse effects such as rhabdomyolysis
and insomnia may reduce the patient’s adherence to their
use (Fleet et al. 2019). Therefore, the researchers exten-
sively investigated several compounds raised from natural
products to find a potential compound for Alzheimer’s
disease treatment (Chen et al. 2021).

The Fabaceae family comprises 20,000 species (Arya et
al. 2018). The taxonomist Carl Linnaeus identified 17 spe-
cies for the genus of Ononis which belongs to the family
Fabaceae. Most of those species are distributed in Mediter-
ranean areas and Middle East countries (Arya et al. 2018).
The O. natrix is one of the genus Ononis and is mostly
present in Jordan (Kherissat and Al-Esawi 2019). O. natrix
has been known for its diuretic, antioxidant, and antimi-
crobial actions (Sayari et al. 2016). Additionally, some of
the chemical components in O. natrix were isolated and
their biological activities were investigated. For example,
5-alkylresorcinol and three 3,4-dihydroisocoumarins de-
rivatives were isolated from O. natrix acetonitrile subfrac-
tion of acetone and investigated against different strains
of microorganism and protozoal (Yousaf et al. 2015). The
6-(2’R-acetoxypentadecyl)-2-hydroxy-4-methoxybenzoic
acid and 21 constituents were also isolated from O. natrix

and tested for their antimicrobial, antileishmanial, anti-
oxidant, antitrypanosomal and antiproliferative actions
(Al-Rehaily et al. 2014). Other chemical compounds were
also found in the O. natrix leaf extract such as quercetin,
amentoflavone, flavones and kaempferol, and the whole
extract was studied for antioxidant and antimicrobial
actions (Mhamdi et al. 2015). Besides, the (2E,6E)-farne-
sol, dodecanal, and 2-phenyl ethyl tiglate were the iden-
tified essential oils of O. natrix by GC-MS (Al-Qudah et
al. 2014). Therefore, the objectives of this research are to
identify chemical compounds in O. natrix and to investi-
gate its actions as potential antiproliferative, antidiabetic,
and anti-Alzheimer’s disease.

Materials and methods
Plant material

The aerial parts of O. natrix were gathered in the flower-
ing phase in April 2023 from Mutah City, Al-Karak, Jor-
dan. The plant was dried for ten days after it was cleaned
with tap water. The drying conditions were as follows: the
room temperature was 25 °C, and the room was well-ven-
tilated and dark. The dried plant was then milled (Youssef
et al. 2023a).

Methanol extract preparation

The cold percolation method was used to extract 200 g
of air-dried plant powder. The powder was shaken for 72
hours at 25 °C using 70% methanol (500 mL) three times.
The extract of methanol was filtrated by a Buchner fun-
nel. A rotary evaporator (Buchi rotavapor r-215, Marshal
Scientific, Switzerland) was used to completely remove
the 70% methanol under decreased pressure at 40 °C. A
desiccator was used to evaporate the traces of solvent, and
20 g/100 g dry weight of O. natrix crude was obtained
and stored in a refrigerator. Then, the methanolic crude
extract was used for the characterisation of the chemical
compounds by HPLC (Al-Saraireh et al. 2021c).

Determination of the total phenolics
and flavonoids

The typical Folin-Ciocalteu approach was applied to
quantify phenolics and flavonoids. After an hour, the opti-
cal densities of the blue solution were recorded at 725 nm
utilizing a Unicam UV-visible spectrometer (ATi Unicam,
UV4-200, United Kingdom). Distilled water was used as
a blank. The gallic acid calibration curve was plotted. For
each gram of extract, gallic acid equivalents (GAE) in mg
were determined (Youssef et al. 2023b).

The total amount of flavonoids was calculated using a
colorimetric technique with aluminum chloride. Distilled
water was added to the extract to reach a dilution of 1:6
(v:v); thereafter, 150 pL of 10% AICI,.6H,0 and 75 pL of
5% NaNO, were added to the mixture. The mixture was
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allowed to reside for 6 min. A 1 M NaOH solution (500 pL)
and distilled water (2.5 mL) were added to the mixture.
The optical densities were recorded relative to distilled
water (a blank) by a spectrometer Unicam UV-visible
(ATi Unicam, UV4-200, United Kingdom) at 510 nm. Us-
ing (+)-catechin, a standard calibration curve was created.
For each gram of extract, catechin equivalents (CE) in mg
were determined (Youssef et al. 2023b).

Quantitative analysis of phenolic com-
pounds by HPLC

Standards

The phenolic compounds and trifluoroacetic acid were
provided by Merck (Darmstadt, Germany). The HPLC
grade of acetonitrile and MeOH were obtained from Sig-
ma-Aldrish. Authentic phenolic compounds: caffeic acid,
kaempferol, daidzein, methyl gallate, chlorogenic acid,
catechin, pyrocatechol, syringic acid, ferulic acid, ellagic
acid, quercetin, naringenin, coumaric acid, apigenin, ru-
tin, cinnamic acid, gallic acid, rosamarinic acid vanillin,
and hesperetin were acquired from Sigma-Aldrish. The
purity level of all phenolic standards was 98%.

HPLC

In2 mL of acetonitrile, 0.25 g of the O. natrix meOH extract
was dissolved. An Agilent 1260 series (Agilent Technolo-
gies, Santa Clara, CA, USA) was applied for HPLC analy-
sis. An Eclipse C18 column (5 pm, 4.6 mm x 250 mm ID)
was used for the separation. The component of the mobile
phase (A) was water and the components of the mobile
phase (B) were 0.05% trifluoroacetic acid and acetonitrile,
and the rate of flow was 0.9 ml/min. The linear gradient
was used to program the mobile phases as shown in Table
1. The multi-wavelength detector was used at 280 nm. For
each sample, 5 uL was inserted into the HPLC. The col-
umn was kept at a stable temperature of 40 °C. Methanol
was utilized to prepare the stock solutions of the authen-
tics to give a working concentration of 10 mg/50 mL. Af-
ter being diluted, the authentics were subjected to HPLC
(Youssef et al. 2023b).

The following equation (1) was applied to characterise
and measure the phenolics and flavonoids in the O. natrix
methanolic extract, and the findings were represented by
mg/100 g Dry weight (DryW.) (Youssef et al. 2023b).

ug ) _ Area of the sample X Conc of the standard (1)

The identified compound’s concentration (T
m

Area of standards

Table 1. The linear gradient method used for mobile phases of
HPLC analysis.

Time (min) Percentage of mobile phase A Percentage of mobile phase B

0-1 82 18
1-11 75 25
11-18 60 40
18-22 82 18
22-24 82 18
16-20 82 18

Antiproliferative effect

Cell lines

Cell lines of colorectal adenocarcinoma (CaCo-2), breast
cancer (MCF-7), prostate cancer (PC-3), hepatocellular
carcinoma (HepG-2), cervical cancer (HeLa), and hu-
man fetal lung fibroblast (WI-38) were obtained by cell
culture laboratory, Faculty of Medicine, Mutah Univer-
sity. The dimethyl sulfoxide was added to the extract of
O. natrix for the solubilization and serially diluted using
a Roswell Park Memorial Institute medium (RPMI 1640)
to 1000, 500, 250, 125, 62.5, 31.25, and 1 pg/mL. Penicil-
lin, streptomycin, L-glutamine, amphotericin B, and fetal
bovine serum (10%) were added to the medium (Youssef
et al. 2023b).

MTT assay

A 96-well microplate was used for seeding the cells at
a concentration of 1x10* per well. Thereafter, the 96-
well microplate was incubated for one day at 37 °C,
95% humidity, and 5% CO,, to produce a fully formed
monolayer sheet. The methanol extract of O. natrix was
diluted with RPMI medium to obtain the above concen-
trations. After that, 0.1 mL of each dilution of the ex-
tract or cisplatin (a reference drug) or control (medium)
was injected into each well once the cells had adhered.
Then, the 96-well plates were incubated for four days at
95% humidity, 5% COZY and 37 °C. The 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium  bromide
(MTT) method was applied to assess antiproliferative
action of O. natrix extract against cell lines of cancer and
normal cells. Living cells can only convert MTT to pur-
ple formazan due to active metabolism. After the com-
pletion of the period of incubation (4 hours), 200 pL of
MTT solution (5 mg/mL) was added to the treated cell
lines (cancer and normal) and kept until the formation
of formazan crystals. The formed formazan crystals were
solubilized by adding 150 uL of DMSO, and a multi-well
spectrophotometer (Mindray-96 A, Shenzhen, China)
was used to measure the optical densities at 500-600 nm
(Youssef et al. 2023b).

Calculation of IC,,

GraphPad Prism version 8 (San Diego, USA) was applied
to estimate the IC, profiles (the half-maximal inhibi-
tory concentration) of O. natrix and cisplatin for both
the cancerous and normal cell lines. According to the
equation 2, the IC,, values were calculated (Youssef et
al. 2023b).

o . (100 — mean OD test )
0 =
Antiproliferative percentage (%) ean OD contro]

X100 (2)

Microscopy

The morphologies of the studied cell lines after the
treatment with O. natrix at different concentrations
were examined by light microscopy (Nikon, 118811)
with an objective lens of 40x and total magnifica-
tion = 400x.
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Antidiabetic effect

a-Glucosidase inhibitory assay

The previously prepared methanolic extract from O. na-
trix was serially diluted to the doses of 1.95, 3.91, 7.81,
15.63, 31.25, 62.5, 125, 500, and 1000 pg/mL. An aliquot
of 50pL from each concentration was added to 10uL
of a-glucosidase enzyme (from Saccharomyces cerevi-
siae) solution (Sigma-Aldrich, St. Louis, USA) to reach
working concentration of 1 U/mL. The buffer solution of
0.1 M phosphate (125uL), pH 6.8, was also added. The
mixture was then incubated for twenty minutes at a tem-
perature of 37°C. The substrate p-nitrophenyl-a-D-glu-
copyranoside (pNPG) (20 pL) was added to the mixture
and incubated for an additional 30 minutes. The a-glu-
cosidase enzyme catalyzes the substrate pNPG to pro-
duce a yellow-coloured product p-Nitrophenol. Fifty
microliters of 0.1 N of Na,CO, were then added to the
mixture to terminate the reaction. At 405 nm, the optical
densities were recorded using Biosystm 310 plus spec-
trophotometer (Bimedis, East Flat Rock, North Carolina,
United States). The antidiabetic acarbose was used as a
reference drug. All values were obtained in thrice (Bhatia
etal. 2019).

Calculation of IC,

GraphPad Prism version 8 (San Diego, USA) was applied
to evaluate the IC, profiles (A dose needed to inhibit 50%
of the a-glucosidase enzyme activity) of O. natrix and
acarbose. According to the equation 3, the IC, values
were calculated (Bhatia et al. 2019).

(OD control — mean OD test ) %100 (3)

a — Glucosidase inhibition % =
mean OD control

Anti-Alzheimer's effect

Butyrylcholinesterase inhibition assay

The O. natrix extract was serially diluted to the concen-
trations of 0.195, 0.39, 0.78, 1.56, 3.12, 6.25, 12.5, 25, 50,
100 pg/mL in dimethyl sulfoxide (0.2%) (Li et al. 2021).
An aliquot of 10 4L from each concentration was added to
79uL of 20mM PBS (pH 7.6) and 1L of butyrylcholines-
terase enzyme (Biodiagnostic, Giza, Egypt) to give a final
enzyme concentration of 0.2 U/mL. The mixture was incu-
bated for 15 minutes at a temperature of 37 °C. A ten mi-
croliter of the substrate butyrylthiocholine iodide (Biodiag-
nostic, Giza, Egypt) was then added to the mixture to give
a final substrate concentration of 4mM. The mixture was
then incubated for 30 minutes. The butyrylcholinesterase
enzyme catalyzes the substrate butyrylthiocholine iodide to
produce a yellow color. A 900uL of 5,5 -dithiobis-bis-ni-
trobenzoic acid-phosphate-ethanol reagent (Biodiagnostic,
Giza, Egypt) was added to the mixture to terminate the
reaction. The yellow colour intensities were measured at
405nm using Biosystm 310 plus spectrophotometer (Bi-
medis, East Flat Rock, North Carolina, United States). The
anti-Alzheimer’s rivastigmine was used as a reference drug.
All values were obtained in thrice (Li et al. 2021).

Calculation of IC,

GraphPad Prism version 8 (San Diego, USA) was applied
to compute the IC_| profiles (A dose needed to inhibit 50%
of the butyrylcholinesterase enzyme activity) of O. natrix
and rivastigmine. According to the equation 4, the IC,
values were calculated (Li et al. 2021).

(OD control — mean OD test) X100 (4)
mean OD control

Butyrylcholinesterase inhibition % =

Statistical analysis

Unpaired t-test was used to study the statistically significant
difference between the O. natrix methanol extract and the
reference drugs cisplatin, acarbose and rivastigmine.

Results

High-Performance Liquid Chromatog-
raphy (HPLC) analysis

The colorimetric methods Folin-Ciocalteu and alumi-
num chloride were used for estimating the total phenolic
and flavonoid contents, respectively. As a result, the total
phenolics and flavonoids were 45 + 0.2 mg GAE/g DryW.
and 28 * 0.4 mg CE/g DryW., respectively. Additionally,
the phenolic compounds in O. natrix extract were inves-
tigated quantitatively by HPLC analysis (Table 2, Fig. 1).
Therefore, gallic acid (1.25 mg/100 g DryW.), syringic
acid (0.3 mg/100 g DryW.), caffeic acid (0.99 mg/100 g
DryW.), ellagic acid (0.26 mg/100 g DryW.), coumaric
acid (0.03 mg/100 g DryW.), ferulic acid (0.71 mg/100 g
DryW.) and rosmarinic acid (0.49 mg/100 g DryW.) were
the detected phenolic acids. The polyphenol chlorogenic
acid (0.66 mg/100 g DryW.) was also identified in the ex-
tract. Furthermore, the phenolic compounds methyl gal-
late (0.28 mg/100 g DryW.) and vanillin (0.22 mg/100 g
DryW.) were also identified in the O. natrix extract. The
cinnamic acid (0.07 mg/100 g DryW.) was the identi-
fied monocarboxylic acid. Additionally, the flavanol cat-
echin (1.03 mg/100 g DryW.), and the flavonols rutin
(1.44 mg/100 g DryW.), quercetin (0.28 mg/100 g DryW.)
and kaempferol (0.22 mg/100 g DryW.) were the identi-
fied flavonoids. The isoflavone daidzein (0.31 mg/100 g
DryW.), and flavanones naringenin (0.14 mg/100 g DryW.)
and hesperetin (0.45 mg/100 g DryW.) were also the iden-
tified flavonoids.

Antiproliferative effect

In Fig. 2, the X-axis contained the logarithmic concentra-
tions of the O. natrix extract or cisplatin while the Y-axis
contained the antiproliferative percentage. Therefore, IC, |
values of tested cell lines were obtained using GraphPad
Prism version 8. For example, the IC,, for O. natrix against
cell lines of colorectal adenocarcinoma (CaCo-2) was 109
+ 2 ug/mlL, while IC,  for cisplatin, a reference drug, was
84 + 2 ug/mL.
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Table 2. Quantitative HPLC analysis for phenolic compounds.

No Chemical Compounds  Molecular Weight (g/mol) Molecular Formula Category Retention Time (min)  Conc. (mg/100 g DryW.)
1 Gallic acid 170 CHO, phenolic acids 3.596 1.24
2 Chlorogenic acid 354 C,H,0, polyphenol 4.252 0.66
3 Catechin 290 C.H,0, flavanol 4.504 1.03
4 Methyl gallate 184 CH,O, phenolic compound 5.525 0.28
(galloyl esters)
5  Coffeic acid 180 CHO, phenolic acids 5.957 0.99
6  Syringic acid 198 CH, O, phenolic acids 6.45 0.30
8  Rutin 610 C,H,0, glycoside flavonol 6.943 1.44
8  Ellagic acid 302 C,HO, phenolic acids 7.27 0.26
9  Coumaric acid 164 CHO, phenolic acid 8.739 0.03
10 Vanillin 152 CH,O, phenolic (aldehyde) 9.153 0.22
11 Ferulic acid 194 C,H,0, phenolic acids 9.787 0.71
12 Naringenin 580 C,H,0, flavanones 10.456 0.14
13 Rosmarinic acid 360 CH, 0O, phenolic acids 11.879 0.49
14  Daidzein 254 C,.H,0, isoflavone 16.083 0.31
15 Quercetin 302 C.H,0, flavonol 17.38 0.97
16 Cinnamic acid 148 CHO, monocarboxylic acid 19.314 0.07
17 Kaempferol 286 C.H,0, flavonol 20.658 0.22
18  Hesperetin 302 C,H,,0, flavanon-glycoside 21.252 0.45
oA 5 R g HI | extract were compared to those IC, values for cisplatin by
g i i 3 i ) 3 ; applying a t-test analysis. As a result, there is a statistically
. ENIEES i) g Il A significant difference (p < 0.0001) between the IC, values for
g ] i 3 O. natrix and cisplatin against CaCo-2 (109 + 2 pug/mL and
” | W 84 + 2 pg/mL, respectively), MCF-7 (123 + 2 pg/mL and 64
+ 1 ug/mL, respectively), and HeLa (79 + 1 pg/mL and 58 +
r | \ 2 pg/mlL, respectively). In contrast, there was no statistical-
R MU I Jin - \ LLL‘\ ly significant difference (p > 0.5) between the IC,  values for
O. natrix and cisplatin against PC-3 (55 + 2 ug/mL and 57 +
p T = pe I - pep pn & w2 pg/mlL, respectively) and HepG-2 (68 + 2 ug/mL and 64
mAU ] Time (min)
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Figure 1. The HPLC chromatograms. A. Standard chromato-
gram; B. O. natrix chromatogram.

Determination of IC5, of O. natrix extract and cisplatin against colorectal
adenocarcinoma (CaCo-2)
100 -~ O. natrix
-=~ Cisplatin

Antiproliferative (%)
3

? M - :
1.0 1.5 2.0 25 3.0
Log Conc. (ug/mL)

Figure 2. Determination of IC_ of O. natrix extract and cispla-
tin against colorectal adenocarcinoma cell lines (CaCo-2).

The MTT method was carried out to study the antiprolif-
erative effects of O. natrix against cancerous cell lines of col-
orectal adenocarcinoma (CaCo-2), breast cancer (MCF-7),
prostate cancer (PC-3), hepatocellular carcinoma (HepG-2),
and cervical cancer (HeLa). The values of the IC_ for O. natrix

+ 2 pg/mlL, respectively) as shown in Fig. 3. This indicates
that O. natrix may have a potential antiproliferative effect
against prostate cancer and hepatocellular carcinoma but not
against colon, breast, or cervical cancers. Additionally, there
is a statistically significant difference between the IC, values
for O. natrix and cisplatin, 122 + 4 ug/mL and 104 + 2 pg/mL,
respectively, toward the normal human fetal lung fibroblast
(WI-38). This indicates that O. natrix could possess lower cy-
totoxicity to normal cells than cisplatin. The antiproliferative
effects of O. natrix and cisplatin against CaCo-2, MCF-7, PC-
3, HepG-2, HeLa, and W1I-38 cell lines and after four days of
treatment were microscopically examined as shown in Fig. 4.
1507 B3 Cisplatin
B3 Ononis natrix

% %k %k * % %

100+

%ICso (ng/mi)
z
1

Cancer Cell Lines

Figure 3. The antiproliferative actions of O. natrix and cisplatin
against cancerous cell lines colorectal adenocarcinoma (CaCo-
2), breast cancer (MCE-7), prostate cancer (PC-3), hepatocellu-
lar carcinoma (HepG-2), and cervical cancer (HeLa), and normal
human fetal lung fibroblast (WI-38).™ P = 0.5 and ™ p = 0.0001
demonstrate significant differences related to cisplatin. The ¢-test
was applied to compare the O. natrix and cisplatin.
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Control

Hela HepG-2 PC-3 MCF-7 CaCo-2

WI-38

0. natrix

Cisplatin

Figure 4. Antiproliferative effects of O. natrix and cisplatin against normal cell line (WI-38) and cancer cell lines (CaCo-2, MCEF-7,
PC-3, HepG-2, and HeLA) after 4 days of treatment at a concentration of 125 pg/mL. Treatment was performed at the respective IC_|

of the O. natrix extract and cisplatin for each cell line (40x objective lens, total magnification = 400x).

Antidiabetic effect

TheIC, values for O. natrix and acarbose (a reference drug)
were obtained using GraphPad Prism 8, where, the X-axis
contained the logarithmic doses of O. natrix or acarbose
and the Y-axis contained the inhibition percentages of the
a-glucosidase enzyme, as shown in Fig. 5. As a result, the
IC,, values for O. natrix and acarbose were 12 + 3 ug/mL
and 5 + 2 pg/mL, respectively. The percentages of a-glu-
cosidase enzyme inhibition for O. natrix and acarbose at
doses from 1.9 pg/mL to 1,000 ranged from 35% to 84%
and 42% to 90%, respectively (Fig. 6). Therefore, there is a
directly proportional effect between the enzyme inhibition
percentages and dose increases for O. natrix. This indicates
that O. natrix could have a potential antidiabetic effect.

Anti-Alzheimer's disease effect

The IC, values for O. natrix and rivastigmine (a reference
drug) were obtained using GraphPad Prism 8, where,

Determination of IC5, of O. natrix extract and acarbose

9

.§ 100 —e— O. natrix
s = —= Acarbose
c

Q

£

R

S 50

Q

7]

©

3

0

o

S

@ 0 T T T 1

3 0 1 2 3 4

Log Conc. (pg/mL)

Figure 5. Determination of IC,; values of O. natrix and acar-
bose for inhibition of a-glucosidase enzyme.

the X-axis contained the logarithmic concentrations of
O. natrix or a reference drug and the Y-axis contained the
inhibition percentages of the butyrylcholinesterase (Bu-
CHE) enzyme, as shown in Fig. 7. As a result, the IC,_ val-
ues for O. natrix and rivastigmine were 9 + 1 pg/mL and
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2 + 2 pg/mlL, respectively. The percentages of BuCHE en-
zyme inhibition for O. natrix and rivastigmine at concen-
trations from 0.195 pg/mL to 100 ranged from 1% to 86%
and 13% to 94%, respectively (Fig. 8). Therefore, there is a
directly proportional effect between the enzyme inhibition
percentages and dose increases for O. natrix. This indicates
that O. natrix could have a potential anti- Alzheimer’s effect.

= Ononis natrix
B Acarbose

a-Glucosidase
Inhibition (%)

3 )
PO S A

Concentrations (ng/mL)

Figure 6. The inhibition effect of O. natrix and acarbose for
a-glucosidase enzyme. Anti-Alzheimer’s disease effect.

Determination of IC5, of O. natrix extract and Rivastigmine

100 —o— O. natrix
—=— Rivastigmine

Butylcholinesterase inhibition
Inhibition (%)

T T T T
-1 0 1 2 3

Log Conc. (pg/mL)

Figure 7. Determination of IC, values of O. natrix and acar-
bose for inhibition of Butyrylcholinesterase enzyme.

B Ononis natrix
B Rivastigmine

-3
o

Butylcholinesterase
Inhibition (%)

Concentrations (ng/mL)

Figure 8. The inhibition effect of O. natrix and rivastigmine for
Butylcholinesterase enzyme.

Discussion

The quantitative HPLC analysis for O. natrix methanolic
extract revealed that the greatest amount of phenolic and
flavonoid were gallic acid (1.25 mg/100 g DryW.) and ru-
tin (1.44 mg/100 g DryW.), respectively. The gallic acid is
the identified phenolic acid and is recognized for its anti-
proliferative (Jiang et al. 2022), antidiabetic (Variya et al.
2020) and anti-Alzheimer’s disease (Obafemi et al. 2021)
actions. The caffeic acid is also the identified phenolic acid
and it is recognized to have antiproliferative (Kanimozhi
and Prasad 2015), antidiabetic (Xu et al. 2020) and an-
ti-Alzheimer’s disease (Khan et al. 2013) actions. Howev-
er, it has not been evaluated for anti-Alzheimer’s disease
until now. Additionally, the identified phenolic acids with

antiproliferative and antidiabetic actions were syringic
acid (Srinivasan et al. 2014; Mihanfar et al. 2021), ellagic
acid (Fatima et al. 2017; Ceci et al. 2018), coumaric acid
(Hu et al. 2020; Abdel-Moneim et al. 2022), ferulic acid
(Eroglu et al. 2015; Narasimhan et al. 2015), and rosma-
rinic acid. (Ngo and Chua 2018; Anwar et al. 2020) How-
ever, the phenolic acids associated with anti-Alzheimer’s
disease action were ellagic acid (Kiasalari et al. 2017),
ferulic acid (Tsai et al. 2015) and rosmarinic acid (Mir-
za and Zahid 2022). The syringic acid and coumaric acid
have not been evaluated for their anti-Alzheimer’s disease
action yet. The other identified phenolics recognized to
have antiproliferative, antidiabetic and anti-Alzheimer’s
disease actions were chlorogenic acid (Ong et al. 2013;
Anggreani and Lee 2017; Santana-Galvez et al. 2020),
methyl gallate (Chaudhuri et al. 2015; Oluwarotimi et al.
2019; Prakashkumar et al. 2021) and vanillin (Naz et al.
2018; Blaikie et al. 2020; Salau et al. 2021). The identified
flavanol recognized to possess antiproliferative, antidia-
betic and anti-Alzheimer’s disease actions was catechin.
(Mrabti et al. 2018; Chen et al. 2020; Sun et al. 2020). The
identified flavonols rutin (Xu et al. 2014; Ghorbani 2017;
Imani et al. 2021), quercetin (Rauf et al. 2018; Bule et al.
2019) and kaempferol (Alkhalidy et al. 2018; Imran et al.
2019) recognized for their antiproliferative, antidiabetic
and anti-Alzheimer’s disease actions. The other identified
flavonoids with antiproliferative, antidiabetic and An-
ti-Alzheimer’s actions were the isoflavone daidzein (Choi
et al. 2013; Park and Ju 2013; Hua et al. 2018), and the
flavanones naringenin (Zaki et al. 2014; Den Hartogh and
Tsiani 2019; Stabrauskiene et al. 2022) and hesperetin (Li
etal. 2017; Jayaraman et al. 2018; Sohel et al. 2022). Finally,
the detected monocarboxylic acid associated with antipro-
liferative, antidiabetic and anti-Alzheimer’s disease was
cinnamic acid (Adisakwattana 2017; Feng et al. 2022; Dra-
kontaeidi and Pontiki 2024). The identified phenolic com-
pounds in this study by HPLC analysis were also reported
by LC-MS and GC-MS analysis for O. natrix methanolic
extract (Al-Mterin et al. 2021). This confirms the presence
of these identified chemical compounds in the plant.

The antiproliferative effects of O. natrix against the
tested cell lines CaCo-2, MCF-7, PC-3, HepG-2 and HeLa
were varied. The antiproliferative effects of O. natrix were
greater against PC-3 and HepG-2 than CaCo-2, MCF-7
and HeLa compared to a positive control cisplatin. The
findings of our study confirm previous observations where
the O. natrix was investigated against the cell line of breast
cancer MDA MB-231. As a result, it showed a potential
antiproliferative effect with IC_ of 29 + 3 pg/mL compared
to a positive control tamoxifen which had IC_ of 11 +
2 pg/mL (Al-Zereini 2017). However, our results demon-
strated that the antiproliferative effect of O. natrix against
the breast cancer cell line MCF-7 had IC_j of 123 + 2 pg/
mL compared to cisplatin which had IC, of 64 + 1 pg/
mL. Despite the differences, these findings provide sup-
port that O. natrix may have a promising antiproliferative
effect according to the National Cancer Institute (NCI)
guidelines, which stated that if the IC,, value of the plant
extract was between 21-200 pg/mL, this indicates that the
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plant has a moderate antiproliferative effect (Sriwiriyajan
et al. 2014). However, there are no further reports in the
literature showing the antiproliferative effects of O. natrix
against other cancer cell lines. Therefore, this is the first re-
port about O. natrix as a potential antiproliferative extract
against different cancerous and healthy cell lines.

The antidiabetic action of O. natrix was evaluated using
an a-glucosidase inhibition assay. As a result, the O. natrix
extract showed a dose-response inhibition for the a-glu-
cosidase enzyme compared to a positive control acarbose.
The a-glucosidase enzyme is responsible for the cleavage
of carbohydrates within epithelium cells of the small in-
testine to glucose which is readily absorbed into the sys-
temic circulation (DiPiro et al. 2017). Therefore, O. natrix
could possess an antidiabetic effect. This observation was
also supported by findings from an in vivo study of the
antidiabetic effect for O. natrix. Diabetes mellitus was in-
duced in Wistar rats using streptozotocin, and the extract
was administered by oral gavage to the negative and posi-
tive control groups of rats for 2 weeks (Al-Mubideen et al.
2021). The blood glucose concentrations were measured
from the blood tails of the rats. The data revealed that
O. natrix was able to reduce blood glucose concentrations
(Al-Mubideen et al. 2021).

The anti-Alzheimer’s disease effect for O. natrix meth-
anolic extract was also investigated using a butyrylcho-
linesterase (BuCHE) enzyme inhibition assay. The data
demonstrated that the O. natrix showed a dose-response
inhibition for BuCHE enzyme activity. The inhibition of
the BuCHE enzyme may increase the concentration of
acetylcholine neurotransmitter, which is responsible for
the formation of new memories in the brain (DiPiro et al.
2017). Therefore, O. natrix may have a potential anti-Alz-
heimer’s disease. However, there are no reports in the lit-
erature on the anti-Alzheimer’s disease effect of O. natrix.

References

Abdel-Moneim A, Abd El-Twab SM, Yousef Al, Ashour MB, Reheim
ESA, Hamed MAA (2022) New insights into the in vitro, in situ and
in vivo antihyperglycemic mechanisms of gallic acid and p-couma-
ric acid. Archives of Physiology and Biochemistry 128: 1188-1194.
https://doi.org/10.1080/13813455.2020.1762659

Adisakwattana S (2017) Cinnamic acid and its derivatives: mechanisms
for prevention and management of diabetes and its complications.
Nutrients 9: 163. https://doi.org/10.3390/nu9020163

Al-Mterin MA, Aboalhaija NH, Abaza IF, Kailani MH, Zihlif MA, Afifi
FU (2021) Chromatographic analysis (LC-MS and GC-MS), Antiox-
idant activity, total phenol and total flavonoid determination of Ono-
nis natrix L. grown in Jordan. Jordan Journal of Chemistry (JJC) 16:
31-39. https://doi.org/10.47014/16.1.4

Al-Mubideen BE Al-Serhan A-AA, Amarin JZ, Al-Dweikat A,
Al-Muhaisen RaZ, Shreikh YA, Suradi HH, Al-Ameer HJ, Zihlif MA
(2021) Ononis natrix L. Lowers the Blood Glucose Concentration in
Wistar Rats with Streptozotocin-induced Diabetes Mellitus. Endo-
crine, Metabolic & Immune Disorders - Drug Targets 21: 854-858.
https://doi.org/10.2174/1871530320999200818140359

Therefore, this is the first report for O. natrix extract as a
possible therapy for Alzheimer’s disease.

Conclusion

HPLC demonstrated that the O. natrix extract included
a variety of phenolics and flavonoids. The characterized
phenolic compounds are associated with antiproliferative,
antidiabetic, and anti-Alzheimer’s disease. Therefore, the
extract showed a higher antiproliferative action against
prostate cancer and hepatocellular carcinoma than col-
orectal adenocarcinoma, breast cancer, and cervical can-
cer. Antidiabetic and anti-Alzheimer’s disease investiga-
tions for the O. natrix extract showed that it could have
potential antidiabetic and anti-Alzheimer’s disease ac-
tions. Future studies should focus on chemical compound
isolation from O. natrix. This work will serve as a platform
for future pharmacological investigations on O. natrix.

Funding

No funding has been received for this research article.

Conflicts of interest

The authors declare no conflict of interest.

Acknowledgment

The authors thank Professor Iman Al-Gohary (a plant
taxonomist) for her O. natrix identification.

Al-Qudah MA, Al-Ghoul AM, Trawenh IN, Al-Jaber HI, Al Shboul TM,
Abu Zarga MH, Abu orabi ST (2014) Antioxidant activity and chem-
ical composition of essential oils from jordanian Ononis natrix L. and
Ononis sicula Guss. Journal of Biologically Active Products from Na-
ture 4: 52-61. https://doi.org/10.1080/22311866.2014.890069

Al-Rehaily AJ, Shamim Ahmad M, Yousaf M, Iqrar Khan S, Mustafa
J, Tekwani BL, Jacob M, Al-Yahya MA, Al-Said MS, Zhao ] (2014)
Bioactive chemical constituents of Ononis natrix. Journal of the
Chemical Society of Pakistan 36.

Al-saraireh YM, Alshammari FOFO, youssef AMM, Al-Sarayreh S, Al-
muhaisen GH, Alnawaiseh N, Al-Shuneigat JM, Alrawashdeh HM
(2021a) Cytochrome 471 expression is associated with poor progno-
sis in colon cancer patients. OncoTargets and Therapy 14: 5249-5260.
https://doi.org/10.2147/OTT.S332037

Al-saraireh YM, Alshammari FOFO, Youssef AMM, Al-Tarawneh E Al-
Sarayreh S, Almuhaisen GH, Satari AO, Al-Shuneigat J, Alrawashdeh
HM (2021b) Cytochrome 471 expression is associated with unfavor-
able survival in triple-negative breast cancers. Breast Cancer: Targets
and Therapy 13: 565-574. https://doi.org/10.2147/BCTT.S329770


https://doi.org/10.1080/13813455.2020.1762659
https://doi.org/10.3390/nu9020163
https://doi.org/10.47014/16.1.4
https://doi.org/10.2174/1871530320999200818140359
https://doi.org/10.1080/22311866.2014.890069
https://doi.org/10.2147/OTT.S332037
https://doi.org/10.2147/BCTT.S329770

Pharmacia 71: 1-11

Al-saraireh YM, Youssef AM, Alshammari FO, Al-Sarayreh SA, Al-Shu-
neigat JM, Alrawashdeh HM, Mahgoub SS (2021c) Phytochemical
characterization and anti-cancer properties of extract of Ephedra
foeminea (Ephedraceae) aerial parts. Tropical Journal of Pharmaceu-
tical Research 20: 1675-1681. https://doi.org/10.4314/tjpr.v20i8.18

Al-Zereini WA (2017) Ononis natrix and Salvia verbenaca: Two Jordani-
an medicinal plants with cytotoxic and antibacterial activities. Jour-
nal of Herbs, Spices & Medicinal Plants 23: 18-25. https://doi.org/10
.1080/10496475.2016.1241200

Alkhalidy H, Moore W, Wang Y, Luo J, McMillan RP, Zhen W, Zhou
K, Liu D (2018) The flavonoid kaempferol ameliorates streptozo-
tocin-induced diabetes by suppressing hepatic glucose production.
Molecules 23: 2338. https://doi.org/10.3390/molecules23092338

Alshammari FO, Al-Saraireh YM, Youssef AM, Al-Sarayra YM, Al-
rawashdeh HM (2021) Glypican-1 overexpression in different types
of breast cancers. OncoTargets and Therapy 14: 4309. https://doi.
org/10.2147/OTT.S315200

Anggreani E, Lee C (2017) Neuroprotective effect of chlorogenic ac-
ids against Alzheimer’s disease. International Journal of Food
Science, Nutrition and Dietetics (IJFS) 6: 330-337. https://doi.
org/10.19070/2326-3350-1700059

Ansari M, Montes N, Jabri H, Rehman A, Jakoby M (2019) Hypogly-
cemia from accidental glipizide ingestion. Endocrine Practice 25:
134-135. https://doi.org/10.1016/S1530-891X(20)46660-1

Anwar S, Shamsi A, Shahbaaz M, Queen A, Khan P, Hasan GM, Islam A,
Alajmi MF, Hussain A, Ahmad F (2020) Rosmarinic acid exhibits an-
ticancer effects via MARK4 inhibition. Scientific Reports 10: 10300.
https://doi.org/10.1038/s41598-020-65648-z

Arya S, Kumar R, Anju V (2018) A study on the different pigments in
Clitoria ternatea L. Varities (Fabaceae). Journal of Pharmacognosy
and Phytochemistry 7: 1107-1109.

Bernardini S, Tiezzi A, Laghezza Masci V, Ovidi E (2018) Natural prod-
ucts for human health: an historical overview of the drug discovery
approaches. Natural Product Research 32: 1926-1950. https://doi.org
/10.1080/14786419.2017.1356838

Bhatia A, Singh B, Arora R, Arora S (2019) In vitro evaluation of the
a-glucosidase inhibitory potential of methanolic extracts of tradi-
tionally used antidiabetic plants. BMC Complementary and Alter-
native Medicine 19: 74. https://doi.org/10.1186/s12906-019-2482-z

Blaikie L, Kay G, Lin PKT (2020) Synthesis and in vitro evaluation of
vanillin derivatives as multi-target therapeutics for the treatment of
Alzheimer’s disease. Bioorganic and Medicinal Chemistry Letters 30:
127505. https://doi.org/10.1016/j.bmcl.2020.127505

Blumenberg A, Benabbas R, Sinert R, Jeng A, Wiener SW (2020) Do
patients die with or from metformin-associated lactic acidosis
(MALA)? Systematic review and meta-analysis of pH and lactate as
predictors of mortality in MALA. Journal of Medical Toxicology 16:
222-229. https://doi.org/10.1007/s13181-019-00755-6

Bule M, Abdurahman A, Nikfar S, Abdollahi M, Amini M (2019)
Antidiabetic effect of quercetin: A systematic review and meta-anal-
ysis of animal studies. Food and Chemical Toxicology 125: 494-502.
https://doi.org/10.1016/j.fct.2019.01.037

Ceci C, Lacal PM, Tentori L, De Martino MG, Miano R, Graziani G
(2018) Experimental evidence of the antitumor, antimetastatic and
antiangiogenic activity of ellagic acid. Nutrients 10: 1756. https://doi.
org/10.3390/nul0111756

Chaudhuri D, Ghate NB, Singh SS, Mandal N (2015) Methyl gallate

isolated from Spondias pinnata exhibits anticancer activity against

human glioblastoma by induction of apoptosis and sustained extra-
cellular signal-regulated kinase 1/2 activation. Pharmacognosy Mag-
azine 11: 269. https://doi.org/10.4103/0973-1296.153078

Chen T, Yang Y, Zhu S, Lu Y, Zhu L, Wang Y, Wang X (2020) Inhibition of
AP aggregates in Alzheimer’s disease by epigallocatechin and epicat-
echin-3-gallate from green tea. Bioorganic Chemistry 105: 104382.
https://doi.org/10.1016/j.bioorg.2020.104382

Chen X, Drew J, Berney W, Lei W (2021) Neuroprotective natural prod-
ucts for Alzheimer’s disease. Cells 10: 1309. https://doi.org/10.3390/
cells10061309

Choi RC, Zhu JT, Yung AW, Lee PS, Xu SL, Guo AJ, Zhu KY, Dong TT,
Tsim KW (2013) Synergistic action of flavonoids, baicalein, and
daidzein in estrogenic and neuroprotective effects: a development of
potential health products and therapeutic drugs against Alzheimer’s
disease. Evidence-Based Complementary and Alternative Medicine
2013: 635694. https://doi.org/10.1155/2013/635694

Den Hartogh DJ, Tsiani E (2019) Antidiabetic properties of narin-
genin: A citrus fruit polyphenol. Biomolecules 9: 99. https://doi.
0rg/10.3390/biom9030099

DiPiro JT, Talbert RL, Yee GC, Matzke GR, Wells BG, Posey L (2017)
Pharmacotherapy A Pathophysiologic Approach, 10e. Pharmaco-
therapy: A Pathophysiologic Approach 10e New York: McGraw-Hill
Education, 255-258.

Drakontaeidi A, Pontiki E (2024) Multi-target-directed cinnamic acid
hybrids targeting Alzheimer’s disease. International journal of mo-
lecular sciences 25: 582. https://doi.org/10.3390/ijms25010582

Eroglu C, Segme M, Bagc1 G, Dodurga Y (2015) Assessment of the an-
ticancer mechanism of ferulic acid via cell cycle and apoptotic path-
ways in human prostate cancer cell lines. Tumor Biology 36: 9437-
9446. https://doi.org/10.1007/s13277-015-3689-3

Fatima N, Hafizur RM, Hameed A, Ahmed S, Nisar M, Kabir N (2017)
Ellagic acid in Emblica officinalis exerts anti-diabetic activity through
the action on B-cells of pancreas. European Journal of Nutrition 56:
591-601. https://doi.org/10.1007/s00394-015-1103-y

Feng LS, Cheng JB, Su WQ, Li HZ, Xiao T, Chen DA, Zhang ZL
(2022) Cinnamic acid hybrids as anticancer agents: A mini-re-
view. Archiv der Pharmazie 355: 2200052. https://doi.org/10.1002/
ardp.202200052

Fleet JL, McArthur E, Patel A, Weir MA, Montero-Odasso M, Garg AX
(2019) Risk of rhabdomyolysis with donepezil compared with ri-
vastigmine or galantamine: a population-based cohort study. CMAJ:
Canadian Medical Association Journal 191: E1018-E1024. https://
doi.org/10.1503/cmaj.190337

Ghorbani A (2017) Mechanisms of antidiabetic effects of flavonoid ru-
tin. Biomedicine and Pharmacotherapy 96: 305-312. https://doi.
org/10.1016/j.biopha.2017.10.001

Gupta S, Portales-Castillo I, Daher A, Kitchlu A (2021) Conventional
chemotherapy nephrotoxicity. Advances in Chronic Kidney Disease
28: 402-414. [e401.]

Harris J, Sengar D, Stewart T, Hyslop D (1976) The effect of im-
munosuppressive chemotherapy on immune function in pa-
tients with malignant disease. Cancer 37: 1058-1069. https://
doi.org/10.1002/1097-0142(197602)37:2+%3C1058::AID-CN-
CR2820370813%3E3.0.CO;2-O

Hu X, Yang Z, Liu W, Pan Z, Zhang X, Li M, Liu X, Zheng Q, Li D (2020)
The anti-tumor effects of p-coumaric acid on melanoma A375 and
B16 cells. Frontiers in Oncology 10: 558414. https://doi.org/10.3389/
fonc.2020.558414


https://doi.org/10.4314/tjpr.v20i8.18
https://doi.org/10.1080/10496475.2016.1241200
https://doi.org/10.1080/10496475.2016.1241200
https://doi.org/10.3390/molecules23092338
https://doi.org/10.2147/OTT.S315200
https://doi.org/10.2147/OTT.S315200
https://doi.org/10.19070/2326-3350-1700059
https://doi.org/10.19070/2326-3350-1700059
https://doi.org/10.1016/S1530-891X(20)46660-1
https://doi.org/10.1038/s41598-020-65648-z
https://doi.org/10.1080/14786419.2017.1356838
https://doi.org/10.1080/14786419.2017.1356838
https://doi.org/10.1186/s12906-019-2482-z
https://doi.org/10.1016/j.bmcl.2020.127505
https://doi.org/10.1007/s13181-019-00755-6
https://doi.org/10.1016/j.fct.2019.01.037
https://doi.org/10.3390/nu10111756
https://doi.org/10.3390/nu10111756
https://doi.org/10.4103/0973-1296.153078
https://doi.org/10.1016/j.bioorg.2020.104382
https://doi.org/10.3390/cells10061309
https://doi.org/10.3390/cells10061309
https://doi.org/10.1155/2013/635694
https://doi.org/10.3390/biom9030099
https://doi.org/10.3390/biom9030099
https://doi.org/10.3390/ijms25010582
https://doi.org/10.1007/s13277-015-3689-3
https://doi.org/10.1007/s00394-015-1103-y
https://doi.org/10.1002/ardp.202200052
https://doi.org/10.1002/ardp.202200052
https://doi.org/10.1503/cmaj.190337
https://doi.org/10.1503/cmaj.190337
https://doi.org/10.1016/j.biopha.2017.10.001
https://doi.org/10.1016/j.biopha.2017.10.001
https://doi.org/10.1002/1097-0142(197602)37:2+%3C1058::AID-CNCR2820370813%3E3.0.CO;2-O
https://doi.org/10.1002/1097-0142(197602)37:2+%3C1058::AID-CNCR2820370813%3E3.0.CO;2-O
https://doi.org/10.1002/1097-0142(197602)37:2+%3C1058::AID-CNCR2820370813%3E3.0.CO;2-O
https://doi.org/10.3389/fonc.2020.558414
https://doi.org/10.3389/fonc.2020.558414

10

Youssef AMM et al.: Biological activities of Ononis natrix

Hua E Li CH, Chen XG, Liu XP (2018) Daidzein exerts anticancer ac-
tivity towards SKOV3 human ovarian cancer cells by inducing apop-
tosis and cell cycle arrest, and inhibiting the Raf/MEK/ERK cascade.
International Journal of Molecular Medicine 41: 3485-3492. https://
doi.org/10.3892/ijmm.2018.3531

Imani A, Maleki N, Bohlouli S, Kouhsoltani M, Sharifi S, Maleki Dizaj
S (2021) Molecular mechanisms of anticancer effect of rutin. Phy-
totherapy Research 35: 2500-2513. https://doi.org/10.1002/ptr.6977

Imran M, Salehi B, Sharifi-Rad J, Aslam Gondal T, Saeed F, Imran A,
Shahbaz M, Tsouh Fokou PV, Umair Arshad M, Khan H (2019)
Kaempferol: A key emphasis to its anticancer potential. Molecules
24:2277. https://doi.org/10.3390/molecules24122277

Islam S, Hossain KMM, Shoab AKM, Hasan M, Siddika K (2019) Com-
parative study of rivastigmine and donepezil on cognitive func-
tion in mild to moderate dementia. Journal of National Institute of
Neurosciences Bangladesh 5: 8-12. https://doi.org/10.3329/jninb.
v5il.42161

Jayaraman R, Subramani S, Abdullah SHS, Udaiyar M (2018) Antihy-
perglycemic effect of hesperetin, a citrus flavonoid, extenuates hy-
perglycemia and exploring the potential role in antioxidant and
antihyperlipidemic in streptozotocin-induced diabetic rats. Biomed-
icine and Pharmacotherapy 97: 98-106. https://doi.org/10.1016/].
biopha.2017.10.102

Jiang Y, Pei ], Zheng Y, Miao Y-j, Duan B-z, Huang L-f (2022) Gallic acid:
A potential anti-cancer agent. Chinese Journal of Integrative Medi-
cine 28: 661-671. https://doi.org/10.1007/s11655-021-3345-2

Kanimozhi G, Prasad N (2015) Chapter 73 - Anticancer effect of caf-
feic acid on human cervical cancer cells. In: Preedy VR (Ed.) Cof-
fee in health and disease prevention. Elsevier, 655-661. https://doi.
org/10.1016/B978-0-12-409517-5.00073-5

Khan KA, Kumar N, Nayak PG, Nampoothiri M, Shenoy RR, Krishna-
das N, Rao CM, Mudgal ] (2013) Impact of caffeic acid on aluminium
chloride-induced dementia in rats. Journal of Pharmacy and Phar-
macology 65: 1745-1752. https://doi.org/10.1111/jphp.12126

Kherissat F, Al-Esawi D (2019) Checklist of Wadi Hassan flora, North-
eastern Badia, Jordan. Plant Diversity 41: 166-173. https://doi.
org/10.1016/j.pld.2019.05.001

Kiasalari Z, Heydarifard R, Khalili M, Afshin-Majd S, Baluchnejadmo-
jarad T, Zahedi E, Sanaierad A, Roghani M (2017) Ellagic acid ame-
liorates learning and memory deficits in a rat model of Alzheimer’s
disease: an exploration of underlying mechanisms. Psychopharma-
cology 234: 1841-1852. https://doi.org/10.1007/s00213-017-4589-6

Kumar R, Saha P, Kumar Y, Sahana S, Dubey A, Prakash O (2020) A
review on diabetes mellitus: Typel & Type2. World Journal of Phar-
macy and Pharmaceutical Sciences 9: 838-850.

Li B, Huang A-L, Zhang Y-L, Li Z, Ding H-W, Huang C, Meng X-M, Li |
(2017) Design, synthesis and evaluation of hesperetin derivatives as
potential multifunctional anti- Alzheimer agents. Molecules 22: 1067.
https://doi.org/10.3390/molecules22071067

Li D-D, Zhang Y-H, Zhang W, Zhao P (2019) Meta-analysis of ran-
domized controlled trials on the efficacy and safety of donepezil,
galantamine, rivastigmine, and memantine for the treatment of
Alzheimer’s disease. Frontiers in Neuroscience 13: 472. https://doi.
org/10.3389/fnins.2019.00472

Li S, Li AJ, Travers J, Xu T, Sakamuru S, Klumpp-Thomas C, Huang R,
Xia M (2021) Identification of compounds for butyrylcholinesterase
inhibition. Slas Discovery: Advancing the Science of Drug Discovery
26: 1355-1364. https://doi.org/10.1177/24725552211030897

Lopez OL, Kuller LH (2019) Epidemiology of aging and associated cog-
nitive disorders: Prevalence and incidence of Alzheimer’s disease and
other dementias. Handbook of Clinical Neurology 167: 139-148.
https://doi.org/10.1016/B978-0-12-804766-8.00009-1

Mhamdi B, Abbassi F, Abdelly C (2015) Chemical composition, anti-
oxidant and antimicrobial activities of the edible medicinal Ononis
natrix growing wild in Tunisia. Natural Product Research 29: 1157
1160. https://doi.org/10.1080/14786419.2014.981188

Mihanfar A, Darband SG, Sadighparvar S, Kaviani M, Mirza-Aghaza-
deh-Attari M, Yousefi B, Majidinia M (2021) In vitro and in vivo an-
ticancer effects of syringic acid on colorectal cancer: Possible mecha-
nistic view. Chemico-Biological Interactions 337: 109337. https://doi.
0rg/10.1016/j.cbi.2020.109337

Mirza FJ, Zahid S (2022) Ursolic acid and rosmarinic acid ameliorate
alterations in hippocampal neurogenesis and social memory in-
duced by amyloid beta in mouse model of Alzheimer’s disease.
Frontiers in Pharmacology 13: 1058358. https://doi.org/10.3389/
fphar.2022.1058358

Mrabti HN, Jaradat N, Fichtali I, Ouedrhiri W, Jodeh S, Ayesh S, Cherrah
Y, Faouzi MEA (2018) Separation, identification, and antidiabetic ac-
tivity of catechin isolated from Arbutus unedo L. plant roots. Plants 7:
31. https://doi.org/10.3390/plants7020031

Narasimhan A, Chinnaiyan M, Karundevi B (2015) Ferulic acid exerts its
antidiabetic effect by modulating insulin-signalling molecules in the
liver of high-fat diet and fructose-induced type-2 diabetic adult male
rat. Applied Physiology, Nutrition, and Metabolism 40: 769-781.
https://doi.org/10.1139/apnm-2015-0002

Naz H, Tarique M, Khan P, Lugman S, Ahamad S, Islam A, Ahmad F,
Hassan MI (2018) Evidence of vanillin binding to CAMKIV explains
the anti-cancer mechanism in human hepatic carcinoma and neu-
roblastoma cells. Molecular and Cellular Biochemistry 438: 35-45.
https://doi.org/10.1007/s11010-017-3111-0

Ngo YL, Chua LS (2018) Anti-diabetic activity of rosmarinic acid rich
fractions from Orthosiphon stamineus. Current Enzyme Inhibition
14: 97-103. https://doi.org/10.2174/1573408014666180101144331

Obafemi TO, Owolabi OV, Omiyale BO, Afolabi BA, Ojo OA, Onasanya
A, AduIA, Rotimi D (2021) Combination of donepezil and gallic acid
improves antioxidant status and cholinesterases activity in aluminum
chloride-induced neurotoxicity in Wistar rats. Metabolic Brain Dis-
ease 36: 2511-2519. https://doi.org/10.1007/s11011-021-00749-w

Oluwarotimi CD, Ayoola MD, Olayiwola G, Famuyiwa SO (2019) Meth-
yl Gallate from the Anti-Hyperglycaemic Fraction of the Root Bark
Extract of Terminalia Superba.

Ong KW, Hsu A, Tan BKH (2013) Anti-diabetic and anti-lipidemic
effects of chlorogenic acid are mediated by ampk activation. Bio-
chemical Pharmacology 85: 1341-1351. https://doi.org/10.1016/j.
bep.2013.02.008

Park M-H, Ju J-W (2013) Daidzein inhibits carbohydrate digestive en-
zymes in vitro and alleviates postprandial hyperglycemia in diabetic
mice. European Journal of Pharmacology 712: 48-52. https://doi.
org/10.1016/j.ejphar.2013.04.047

Prakashkumar N, Sivamaruthi BS, Chaiyasut C, Suganthy N (2021) De-
coding the neuroprotective potential of methyl gallate-loaded starch
nanoparticles against beta amyloid-induced oxidative stress-mediat-
ed apoptosis: An in vitro study. Pharmaceutics 13: 299. https://doi.
org/10.3390/pharmaceutics13030299

Rauf A, Imran M, Khan IA, ur-Rehman M, Gilani SA, Mehmood
Z, Mubarak MS (2018) Anticancer potential of quercetin: A


https://doi.org/10.3892/ijmm.2018.3531
https://doi.org/10.3892/ijmm.2018.3531
https://doi.org/10.1002/ptr.6977
https://doi.org/10.3390/molecules24122277
https://doi.org/10.3329/jninb.v5i1.42161
https://doi.org/10.3329/jninb.v5i1.42161
https://doi.org/10.1016/j.biopha.2017.10.102
https://doi.org/10.1016/j.biopha.2017.10.102
https://doi.org/10.1007/s11655-021-3345-2
https://doi.org/10.1016/B978-0-12-409517-5.00073-5
https://doi.org/10.1016/B978-0-12-409517-5.00073-5
https://doi.org/10.1111/jphp.12126
https://doi.org/10.1016/j.pld.2019.05.001
https://doi.org/10.1016/j.pld.2019.05.001
https://doi.org/10.1007/s00213-017-4589-6
https://doi.org/10.3390/molecules22071067
https://doi.org/10.3389/fnins.2019.00472
https://doi.org/10.3389/fnins.2019.00472
https://doi.org/10.1177/24725552211030897
https://doi.org/10.1016/B978-0-12-804766-8.00009-1
https://doi.org/10.1080/14786419.2014.981188
https://doi.org/10.1016/j.cbi.2020.109337
https://doi.org/10.1016/j.cbi.2020.109337
https://doi.org/10.3389/fphar.2022.1058358
https://doi.org/10.3389/fphar.2022.1058358
https://doi.org/10.3390/plants7020031
https://doi.org/10.1139/apnm-2015-0002
https://doi.org/10.1007/s11010-017-3111-0
https://doi.org/10.2174/1573408014666180101144331
https://doi.org/10.1007/s11011-021-00749-w
https://doi.org/10.1016/j.bcp.2013.02.008
https://doi.org/10.1016/j.bcp.2013.02.008
https://doi.org/10.1016/j.ejphar.2013.04.047
https://doi.org/10.1016/j.ejphar.2013.04.047
https://doi.org/10.3390/pharmaceutics13030299
https://doi.org/10.3390/pharmaceutics13030299

Pharmacia 71: 1-11

il

comprehensive review. Phytotherapy Research 32: 2109-2130.
https://doi.org/10.1002/ptr.6155

Salau VE Erukainure OL, Olofinsan KO, Msomi NZ, [jomone OM, Islam
MS (2021) Vanillin improves glucose homeostasis and modulates
metabolic activities linked to type 2 diabetes in fructose-streptozoto-
cin induced diabetic rats. Archives of Physiology and Biochemistry,
1-14. https://doi.org/10.1080/13813455.2021.1988981

Santana-Galvez ], Villela Castrejon ], Serna-Saldivar SO, Jaco-
bo-Velazquez DA (2020) Anticancer potential of dihydrocaffeic acid:
a chlorogenic acid metabolite. CyTA-Journal of Food 18: 245-248.
https://doi.org/10.1080/19476337.2020.1743762

Sayari N, Saidi MN, Sila A, Ellouz-Chaabouni S, Bougatef A (2016)
Chemical composition, angiotensin I-converting enzyme (ACE)
inhibitory, antioxydant and antimicrobial activities of Ononis natrix
leaves extracts. Free Radicals and Antioxidants 6: 23-33. https://doi.
org/10.5530/fra.2016.1.3

Sohel M, Sultana H, Sultana T, Al Amin M, Aktar S, Ali MC, Rahim
7B, Hossain MA, Al Mamun A, Amin MN (2022) Chemotherapeu-
tic potential of hesperetin for cancer treatment, with mechanistic
insights: A comprehensive review. Heliyon 8(1): E08815. https://doi.
org/10.1016/j.heliyon.2022.¢08815

Srinivasan S, Muthukumaran J, Muruganathan U, Venkatesan RS, Jalalu-
deen AM (2014) Antihyperglycemic effect of syringic acid on atten-
uating the key enzymes of carbohydrate metabolism in experimen-
tal diabetic rats. Biomedicine & Preventive Nutrition 4: 595-602.
https://doi.org/10.1016/j.bionut.2014.07.010

Sriwiriyajan S, Ninpesh T, Sukpondma Y, Nasomyon T, Graidist P (2014)
Cytotoxicity screening of plants of genus Piper in breast cancer cell
lines. Tropical Journal of Pharmaceutical Research 13: 921-928.
https://doi.org/10.4314/tjpr.v13i6.14

Stabrauskiene ], Kopustinskiene DM, Lazauskas R, Bernatoniene J
(2022) Naringin and naringenin: Their mechanisms of action and
the potential anticancer activities. Biomedicines 10: 1686. https://doi.
org/10.3390/biomedicines10071686

Sun H, Yin M, Hao D, Shen Y (2020) Anti-cancer activity of catechin
against A549 lung carcinoma cells by induction of cyclin kinase in-
hibitor P21 and suppression of cyclin E1 and P-AKT. Applied Scienc-
es 10: 2065. https://doi.org/10.3390/app10062065

Tsai F-S, Wu L-Y, Yang S-E, Cheng H-Y, Tsai C-C, Wu C-R, Lin L-W

(2015) Ferulic acid reverses the cognitive dysfunction caused by

amyloid P peptide 1-40 through anti-oxidant activity and choliner-
gic activation in rats. The American Journal of Chinese Medicine 43:
319-335. https://doi.org/10.1142/50192415X15500214

Variya BC, Bakrania AK, Patel SS (2020) Antidiabetic potential of gallic
acid from Emblica officinalis: Improved glucose transporters and in-
sulin sensitivity through PPAR-y and Akt signaling. Phytomedicine
73: 152906. https://doi.org/10.1016/j.phymed.2019.152906

Vega-Stromberg T (2003) Chemotherapy-induced secondary ma-
lignancies. Journal of Infusion Nursing 26: 353-361. https://doi.
org/10.1097/00129804-200311000-00004

Wallach JD, Wang K, Zhang AD, Cheng D, Nardini HKG, Lin H, Brack-
en MB, Desai M, Krumholz HM, Ross JS (2020) Updating insights
into rosiglitazone and cardiovascular risk through shared data: in-
dividual patient and summary level meta-analyses. BMJ 368: 17078.
https://doi.org/10.1136/bmj.17078

Xu P-x, Wang S-w, Yu X-1, Su Y-j, Wang T, Zhou W-w, Zhang H, Wang
Y-j, Liu R-t (2014) Rutin improves spatial memory in Alzheimer’s
disease transgenic mice by reducing Ap oligomer level and attenuat-
ing oxidative stress and neuroinflammation. Behavioural Brain Re-
search 264: 173-180. https://doi.org/10.1016/j.bbr.2014.02.002

Xu W, Luo Q, Wen X, Xiao M, Mei Q (2020) Antioxidant and anti-dia-
betic effects of caffeic acid in a rat model of diabetes. Tropical Journal
of Pharmaceutical Research 19: 1227-1232. https://doi.org/10.4314/
tjpr.v19i6.17

Yousaf M, Al-Rehaily AJ, Ahmad MS, Mustafa J, Al-Yahya MA, Al-Said
MS, Zhao J, Khan IA (2015) A 5-alkylresorcinol and three3,4-di-
hydroisocoumarins derived from Ononis natrix. Phytochemistry
Letters 13: 1-5. https://doi.org/10.1016/j.phytol.2015.05.002.

Youssef AM, Maaty DA, Al-Saraireh YM (2023a) Phytochemistry and
Anticancer Effects of Mangrove (Rhizophora mucronata Lam.)
Leaves and Stems Extract against Different Cancer Cell Lines.
Pharmaceuticals 16: 4. https://doi.org/10.3390/ph16010004

Youssef AMM, Maaty DAM, Al-Saraireh YM (2023b) Phytochemical
analysis and profiling of antioxidants and anticancer compounds
from Tephrosia purpurea (L.) subsp. apollinea family Fabaceae. Mole-
cules 28(9): 3939. https://doi.org/10.3390/molecules28093939

Zaki HE, Abd-El-Fattah MA, Attia AS (2014) Naringenin protects
against scopolamine-induced dementia in rats. Bulletin of Faculty
of Pharmacy, Cairo University 52: 15-25. https://doi.org/10.1016/j.
bfopcu.2013.11.001


https://doi.org/10.1002/ptr.6155
https://doi.org/10.1080/13813455.2021.1988981
https://doi.org/10.1080/19476337.2020.1743762
https://doi.org/10.5530/fra.2016.1.3
https://doi.org/10.5530/fra.2016.1.3
https://doi.org/10.1016/j.heliyon.2022.e08815
https://doi.org/10.1016/j.heliyon.2022.e08815
https://doi.org/10.1016/j.bionut.2014.07.010
https://doi.org/10.4314/tjpr.v13i6.14
https://doi.org/10.3390/biomedicines10071686
https://doi.org/10.3390/biomedicines10071686
https://doi.org/10.3390/app10062065
https://doi.org/10.1142/S0192415X15500214
https://doi.org/10.1016/j.phymed.2019.152906
https://doi.org/10.1097/00129804-200311000-00004
https://doi.org/10.1097/00129804-200311000-00004
https://doi.org/10.1136/bmj.l7078
https://doi.org/10.1016/j.bbr.2014.02.002
https://doi.org/10.4314/tjpr.v19i6.17
https://doi.org/10.4314/tjpr.v19i6.17
https://doi.org/10.1016/j.phytol.2015.05.002
https://doi.org/10.3390/ph16010004
https://doi.org/10.3390/molecules28093939
https://doi.org/10.1016/j.bfopcu.2013.11.001
https://doi.org/10.1016/j.bfopcu.2013.11.001

	Qualitative chemical compounds analysis and in vitro estimation of antiproliferative, antidiabetic and anti-Alzheimer’s disease effects of Ononis natrix (L.) family Fabaceae
	Abstract
	Introduction
	Materials and methods
	Plant material
	Methanol extract preparation
	Determination of the total phenolics and flavonoids
	Quantitative analysis of phenolic compounds by HPLC
	Standards
	HPLC

	Antiproliferative effect
	Cell lines
	MTT assay
	Calculation of IC50
	Microscopy

	Antidiabetic effect
	α-Glucosidase inhibitory assay
	Calculation of IC50

	Anti-Alzheimer’s effect
	Butyrylcholinesterase inhibition assay
	Calculation of IC50

	Statistical analysis

	Results
	High-Performance Liquid Chromatography (HPLC) analysis
	Antiproliferative effect
	Antidiabetic effect
	Anti-Alzheimer’s disease effect

	Discussion
	Conclusion
	Funding
	Conflicts of interest
	Acknowledgment
	References



