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Although,  Solanum elaeagnifolium Cav. is described as a problematic weed difficult to
eradicate, it is used in the traditional medicine of different countries for the treatment of different
ailments, such as tooth ache and constipation. Its occurrence in Jordan is widespread. In the
present study, the aim was to identify the phytochemical composition of the berries and to screen
for different biological activities. Phytochemically, the hydro-alcoholic extracts of the berries of
S. elaeagnifolium were analyzed using Ultra Performance Liquid Chromatography-Mass
Spectrometry (UPLC-MS). Pharmacologically, using Sulforhodamine B (SRB) assay, the anti-
proliferative effect of the extracts against four colorectal cancer cell lines (HT29, HCT116,
SW620 and CACO2) was tested. The aqueous extracts of the ripe and unripe berries were
further evaluated for their in vitro anti-lipidemic and anti-obesity activities. UPLC-MS analysis
resulted in the identification of seven bioactive compounds in both extracts. Three of them,
namely; apigenin, hyperoside and luteolin were identified in these berries for the first time.
Also,chlorogenic acid, kaempferol, solasodine and solamargine were identified. The extracts
exhibited anti-proliferative activity but lacked anti-obesity activity in vitro. This is the first
report on the phytochemical and pharmacological evaluation of the ripe and unripe berries of S.
elaeagnifolium Cav., growing wild in Jordan.

Keywords: Colorectal cancer, Jordan, Obesity, Solanum elaeagnifolium Cav., Solanaceae,

UPLC-MS.

Introduction

Colorectal cancer or colon cancer is the second most

commonly occurring cancer in Jordan and one of the most prevalent
cancers worldwide and chemotherapy is the main therapy for the
disease.” It is the third most common cancer in men and the second
among women (10% and 9.2% of the total cancer prevalence,
respectively, in more than 180 different countries worldwide 2012).2
Many medicinal plants have been screened and approved to prevent
and/or treat many cancers including colorectal cancer; in a bid to find
an alternative therapy due to the side effects and resistance that have
limited the use of conventional chemotherapy.® In Jordan, several
plants including Inula graveolens (L.) Des, Ephedra aphylla,
Varthemia iphionides*®have been tested for their anti-cancer effects
and many others still need to be screened.
Obesity is a growing unsolved challenge in both developing and
developed countries, and a major risk factor for numerous serious
diseases including cancer, cardiovascular diseases, and diabetes
mellitus. Previous studies correlated obesity as well as the increase in
body mass index to colorectal cancer prevalence and mortality; both
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identified as a risk for colorectal cancer. Also, insulin resistance as a
result of obesity can contribute to colorectal cancer progression.® ’
One of the significant management strategies of obesity is to inhibit
digestion and absorption of dietary nutrients (carbohydrates and fats)
using drugs like acarbose and orlistat. Therefore, natural inhibitors of
amylase enzymes and human pancreatic lipase are preferred since they
are better tolerated than the synthetic inhibitors.®lt was reported that
the anti-obesity effect of plant is related to the presence of various
secondary metabolites. Like in other countries, several plants of the
Jordanian flora have been screened for their anti-obesity and anti-
proliferative activities, including colorectal cancer.®*® In Jordan, plant-
based traditional medicine is still widely practiced, especially by the
inhabitants of the rural areas.™

The genus Solanum is the largest among the genera of the family
Solanaceae containing more than 1700 species spread worldwide. In
Jordan, the genus Solanum is represented by eight wild-growing
species namely, S. cornutum Lam., S. dulcamara L., S. esculentum L.,
S. incanum L., S. luteum Miller., S. nigrum L., S. sinaicum Boiss. And
S. elaeagnifolium Cav."

S. elaeagnifolium (silver-leaf nightshade) is a woody perennial or
chamaephyte, erect, spreadingly branched and multi-stemmed plant
that grows up to 1m. It has over 2m deep extensive roots system, with
olive-green leaves on the upper face, whitish on the lower face which
gives the plant the name “silver shade”. Weak straight reddish-yellow
colored spikes usually occur on various parts, especially on older
stems. The flowers are bright blue to purple, but occasionally white
with yellow anthers. Berry globes, about 1 cm diameter, yellow,
smooth, glabrous and is looking like a little tomato. Flowering occurs
during the period extending from May to August and fructification
from the end of spring till autumn.’s. elaeagnifolium has been
described as a problematic weed in many countries, because of the
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aggressive vegetative growth from deep rootstocks; which explains the
difficulty in controlling the plant mechanically, chemically and
biologically. Additionally, the economic, social, and environmental
negative impacts of this plant are linked to crops losses, as well as
loosing rental and resale values of the infected land. On the other
hand, the European Plant Protection Organization EPPO (2011)
reported that the ripe berries are toxic to livestock and lethal to sheep
and the toxicity symptoms include: respiratory complications,
trembling, diarrhea, bloating, nasal discharge and excessive
salivation.”® Nevertheless, S. elaeagnifolium is used in the traditional
medicine of different countries: Indians chewed the roots of the plant
to remove the tooth pain and to treat snakebite. Mexican folk healers
utilized the plant to treat sneezing and the berries to treat
constipation.**

Similarly, earlier studies described different biological activities of S.
elaeagnifolium; such as anti-microbial, antioxidant, hepatoprotective,
analgesic, anti-inflammatory activities and its anti-proliferative
activity was screened against several cell lines, such as breast cancer
(MCFT7), liver cancer (HPG2), melanoma, cervical carcinoma (HelLa)
and colon cancer (LIM-1863).” ¢ Phytochemically, the occurrence of
some flavonoids and alkaloids has been reported.’ To the best of our
knowledge, S. elaeagnifolium grown wild in Jordan has not been
evaluated, neither biologically nor phytochemically. Hence, the
objective of the present study was to determine the main secondary
metabolites of the ripe and unripe berries using UPLC-MS analysis
and to evaluate the antiproliferative activity, as well as the a-amylase
and Pancreatic Triacylglycerol Lipase (PL) inhibitory potentials of S.
elaeagnifolium. The reported occurrence of genetic and morphological
variations of this plant strengthens the phytochemical and biological
evaluation of S. elaeagnifolium, grown in Jordan.**®

Materials and Methods

Instruments, chemicals and biochemicals

All reagents and chemicals were obtained from Sigma (Dorset, UK)
(unless stated otherwise). Glucose GOD-PAP kit was purchased from
BioLabo Reagents, France. In the UV determinations; a UV-VIS
spectrophotometer (Spectro Scan 80D (UK)) was used. Additionally,
Sonicator (Bandelin Sonorex, Bandelin Electronics, Germany), RPMI
1640, (PAA Laboratories GmbH, Austria and rotary evaporator
(Laborota 4000-efficient, Heidolph, Germany) were used. HRMS
(High Resolution Mass Spectrometric) data were acquired using a
Thermo QExactive Plus mass spectrometer equipped with a heated
electrospray ionization source operating on both positive and negative
ionization modes (Thermo Fisher Scientific).

Plant collection

The ripe and unripe berries were collected from Deir Alla, located in
the northern region of the Jordan Valley, in August 2019. The plant
was identified by Prof. Dawood Al-Eisawi at the Department of
Biological Sciences, School of Science, The University of Jordan,
Amman, Jordan. The green unripe and yellow-orange ripe berries
were separated and purified from extraneous material and were used
for extraction. A voucher specimen has been deposited in the
Department of Pharmaceutical Sciences, School of Pharmacy, The
University of Jordan (FMJ-SOLA-SELf).

Preparation of the extracts of S. elaeagnifolium unripe and ripe
berries

Aqueous extracts of S. elaeagnifolium unripe and ripe berries were
prepared as described earlier.' Briefly, each 10 g of the fresh unripe or
ripe berries -coarsely sliced were refluxed with 100 mL distilled water
for 15 min until boiling. The overnight kept extracts were filtered
twice through filter paper and the volumes of the filtered solutions
were increased to 100 mL with distilled water to obtain 10%
(equivalent to 100 mg/mL) crude aqueous solutions. Sonication of the
stock crude extracts, or testing concentrations was performed when
needed. For the Pancreatic Triacylglycerol Lipase (PL) experiments,
water was removed by lyophilization at -60°C. The solid residue
collected was stored in dry conditions until analysis. For the
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preparation of the hydro-alcoholic extracts of S. elaeagnifolium unripe
and ripe berries were prepared using each 10 g of the fresh and
coarsely sliced berries with 70% ethanol for 30 min and kept
overnight. Then, after filtration, the solvents were evaporated, and
crude extracts were obtained. For the cytotoxicity assay, each 100 mg
of the hydro-alcoholic extract was dissolved in 10 mL dimethyl
sulphoxide (DMSO) for the preparation of the stock solutions.**°

Phytochemical Analysis of S. elaeagnifolium berries extracts
Ultra-performance-liquid-chromatography  high-resolution  mass
spectrometric (UPLC-HR-ESI-MS) evaluation of hydro-alcoholic
extracts of S. elaeagnifolium unripe and ripe berries

Phytochemical screening of the hydro-alcoholic extracts of S.
elaeagnifolium unripe and ripe berries was carried out using UPLC-
HR-ESI-MS as described earlier.* The QExactive Plus was adjusted to
collect data from 150 to 2000 m/z at a resolution of 70 000. The
parameters in the tune method were spray voltage 4000 V; capillary
temperature 320°C; sheath gas 50 arb; aux gas 25 arb; spare gas 2 arb;
probe heater temp. 30°C. Nitrogen was utilized for the sheath and
auxiliary gases. Thermo Scientific Xcalibur 2.3 software was used for
instrument control and data analysis. UPLC was carried out on a
Waters Acquity system. The column used was a BEH C18 (2.1 x 50
mm, 1.7 um) (Waters Corp., Milford, MA, USA) that was equilibrated
at 40 °C. The sample temperature was set at 10°C. A mobile phase
consisting of acetonitrile: water mixture CH3CN-H,O (acidified with
0.1% formic acid) was used, starting with 15:85 and increased linearly
to 100% CH3CN within 8 min, holding for 1.5 min, and then returning
to the starting conditions within 0.5 min. An Acquity UPLC
photodiode array detector was used to acquire PDA spectra, which
were collected from 190 to 500 nm with 4 nm resolution. The total run
time was 10 min, injection volume was 3 pL.2*

Pharmacological activities of S. elaeagnifolium berries extracts

In vitro antiproliferative assay for S. elaesagnifolium extracts of unripe
and ripe berries

In vitro antiproliferative assay of the hydro-alcoholic extracts of the
unripe and ripe berries of S. elaeagnifolium was performed using
Sulforhodamine B (SRB) colorimetric assay as described earlier.® The
used obesity-related colorectal cell lines (SW620, SW480, HT29 and
HCT116) were gifts from Dr. R. F. Thorne (University of Newcastle,
Australia) and Prof. Y. Bustanji, School of Pharmacy, The University
of Jordan (CACO2). The latter cell line was cultured in RPMI 1640
medium containing 10% FBS, HEPES Buffer (4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid) (10 mM), L-glutamine (2 mM),
gentamicin (50 pg/mL), penicillin (100 U/mL), and streptomycin
sulfate (100 mg/mL), while the used cell lines (SW620, SW480, HT29
and HCT116) were cultured in high glucose DMEM containing 10%
FCS (Fetal Calf Serum) (Bio Whittaker, Verviers, Belgium). The
cytotoxicity screening and mechanism of reduction of cell viability
were performed according to. * The validation of selective
cytotoxicity was tested using human periodontal fibroblasts (PDL).
Cisplatin [Sigma-Aldrich, purity: > 99%] in concentrations (0.1-200
pg/mL) was used as robust positive control.All the assays were in
three independent experiments and the calculated cytotoxic properties
were calculated and reported as the 1Cso mean values + Standard
deviation (n = 3).

In vitro pancreatic lipase inhibition for aqueous extracts of S.
elaeagnifolium unripe and ripe berries and the reference drug Orlistat
In vitro, enzymatic PL activity was assayed using the
spectrophotometric quantification method. Orlistat was used as a
reference drug. Briefly, four primary stock solutions (concentration
range 0.1-100 mg/mL) were prepared by dissolving the aqueous
extracts of the unripe and ripe berries in Tris-HCI buffer (2.5 mM
(Promega, USA), pH 7.4 with 2.5 mM NaCl). The reference drug,
orlistat [Sigma-Aldrich, purity: >98%], (in DMSO; 1 mg/mL), was
prepared in six different stock solutions in the concentration range of
0.625-20 png/ mL. Then, 20 pL aliquot of the stock solution was used
in the reaction mixture to give a final concentration range of 0.0125-
0.4 pg/mL. For the determination of the concentration required for PL
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50% inhibition (ICso) the tested extracts and orlistat were measured in
comparison to control readings.™

In vitro enzymatic starch digestion assay

In these in vitro experiments, the efficacy of the aqueous extracts of
the unripe and ripe berries was evaluated in seven concentrations
ranges (1, 5, 10, 12.5, 25, 50 and 100 mg/mL) in comparison to the
reference drug acarbose [Sigma-Aldrich, purity: >95%]. Control
(distilled water only) samples were free of acarbose and berries
extracts as described earlier.*

Statistical analysis

The cell survival percentage was calculated as [Mean (Absorbance rest
— Absorbance giank) / Mean (Absorbance contol - Absorbance giank)] *
100%. All the values are presented as mean + SD (Standard Deviation
) of three to four independent experiments and were analyzed using
one-way analysis of variance (ANOVA) followed by Tukey's
multiple-comparison posttest whenever appropriate, with a = 0.05.
Values were considered significantly different if P < 0.05. Statistical
analysis was performed with GraphPad Prism 8.4.2 (GraphPad
Software, Inc., San Diego, CA, USA).

Results and Discussion

Phytochemical analysis of the extracts of S. elaeagnifolium berries
Ultraperformance liquid chromatography-high resolution mass
spectrometric (UPLC- HRESIMS) analysis of the hydro-alcoholic
extracts of the unripe and ripe berries

Four flavonoids (apigenin, hyperoside, luteolin and kaempferol), two
alkaloids (solasodine and solamargine) and one phenolic acid
(chlorogenic acid) were detected in both berries’ extracts. The (+)-
ESI-SIC and (+)-HR-ESI-MS of the identified compounds in the
hydro-alcoholic extracts in comparison to the standards are given in
Figures 1, 2 and 3 for both, unripe and ripe berries.

In the present study, the aim was to identify the phytochemical
composition of the berries and to screen the different biological
activities of them with the hope to benefit from this widespread
aggressive weed as a curative agent. In the current study, the
flavonoids apigenin, hyperoside and luteolin are identified for the first
time in these berries. Earlier, the flavonoids kaempferol 34-D-(6"-O-
cis-cinnamoyl glucoside) and kaempferol 3-glucoside and the
alkaloids solamargine and solasodine were isolated from S.
elaeagnifolium, grown in Spain.?? These steroidal alkaloids have been
commercially extracted from S. elaeagnifolium berries, grown in
India.®®The occurrence of steroidal alkaloids with their diverse
biological activities such as antifungal, antiviral and cytotoxic
activities, is common in the genus Solanum. Solanine and solamargine
have cytotoxic activity against colorectal (HT29) cell line.®® In the
present study, the identification of solamargine in the unripe and ripe
berries extracts may explain the observed cytotoxicity of these extracts
on the colorectal cancer cell line (HT29). It is well-known that
secondary metabolites in plants such as phenolic compounds including
phenolic acids and flavonoids provide many pharmacological benefits
to the plants such as anti-proliferative ® or anti- a-amylase and anti-o-
glucosidase activities.?®

Pharmacological activities of the extracts of S. elaeagnifolium berries
Anti-proliferative activity of the hydro-alcoholic extracts of the unripe
and ripe berries against obesity-related colorectal cancer cell lines

According to the National Cancer Institute guidelines, crude extracts
that have 1Csp less than 100pug/mL in the initial assay are considered
active while crude extracts with ICso value less than 30ug/mL are
considered cytotoxic.>'® The obtained results of the anti-proliferative
activities of the tested extracts and the control drug cisplatin, against
the four colorectal carcinoma cell lines and Human periodontal
fibroblasts (PDL), are given in Table 1 and the dose-response curves
for both extracts were generated (Figure 4). Both hydro-alcoholic
extracts showed cytotoxic activities over 72h incubations against
HT29, HCT116, SW620 and CACO?2 cell lines and the extracts lacked
selective cytotoxicity in PDL fibroblasts (P<0.05) with a significant
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difference between both extracts against SW620 cell line at P<
0.05.Nevertheless, it should be taken into consideration that extracts
are mixtures of numerous compounds while the control is a pure
compound, making direct comparison difficult. This is the first report
of the cytotoxicity of S. elaeagnifolium berries against the cell lines
investigated. There was a significant difference in the cytotoxicity of
each extract on the tested colorectal cell lines (P<0.05), besides, both
extracts elicited significant difference (P<0.001) against one cell line
(SW620), therefore further investigation is required to explain these
findings. Similarly, the antiproliferative effects of luteolin on human
colorectal carcinoma (CRC) derived cell line, HCT15 and CO115
have been confirmed.?

In vitro inhibitory effects of the aqueous extracts of the unripe and
ripe berries of S. elaeagnifolium on PL and enzymatic starch digestion
The results of the pancreatic triacylglycerol lipase modulatory profiles
of the aqueous extracts of both berries and their 1Cso’s (ng/mL)are
given in Table 2. Orlistat’s PL-1Cs of 114.0 £+ 4.0 ng/mL equivalent to
0.2 + 0.0 uM agrees with the reported PL-ICso values earlier. In
comparison to Orlistat’s performance, the aqueous extracts of both
berries exhibited a concentration-dependent PL inhibition. On the
other hand, the reference drug acarbose inhibited glucose liberation
from starch and exhibited an ICso value of 0.2+ 0.02 pg/mL (Table 2).
The significant dose-related reductions of aldohexose release from
culinary polymeric cornstarch achieved by the extracts of both tested
berries with their 1Cs, values (mg/mL) are given in Table 2.In the
present in vitro experiments, the aqueous extracts of the unripe and
ripe berries of S. elaeagnifolium did not exhibit a-amylase or PL-
enzyme inhibitory effects. Conversely, Houda et al. (2014) reported
anti-glycation activity for the aqueous ripe and unripe berries extracts
of S. elaeagnifolium.”” These contradicting findings may be influenced
by several factors, such as genetic variation reported for this species
environmental factors, collection time of the plant material as well as
the methods of preparation. Such contradicting observations were also,
reported for other Solanum species,’® for their anti-obesity activities.
S. linnaeanum and S. tuberosum evoked reduction of lipid
metabolism.®? S, melongena exhibited moderate anti-amylase
activity without anti-lipase activity and S. betaceum and S. diphyllum
L. elicited anti-amylase and anti-glucosidase activities.***! Still,
further investigations of the antidiabetics activity of this weed are
required.

Conclusion

In conclusion, the extracts of the unripe and ripe berries of S.
elaeagnifolium exhibited cytotoxic effects against the tested four
colorectal cancer cell lines while no anti-obesity or anti-lipidemic
effects could be detected in vitro and further investigations are needed.
The UPLC/MS analysis revealed the presence of bioactive
constituents; flavonoids (apigenin, hyperoside and luteolin) for the
first time in this species, phenolic acids and two steroidal alkaloids
that potentially exert the antiproliferative activity. Further studies with
the identified pure compounds as well as the screening of the
biological activities of other parts of this quick-spreading species are
recommended.
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Figure 2: Overlay of chromatographic peaks of the (+)-ESI SIC of different flavonoids standards and the crude hydro-alcoholic extract
(ripe berries) of S. elaeagnifolium; Figures 2.a, 2.c, 2.¢, 2.g and 2.i. (+)-HRESIMS of the flavonoids; Figures 2.b, 2.d, 2.f, 2.h, and 2.j.
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Figure 3: (+)-ESI SIC of crude hydro-alcoholic ripe berries extract of S. elaeagnifolium (m/z: 869; solamargine), (m/z: 414; solasodine);
Figures 3.aand 3.c, respectivelly.(+)-HRESIMS of solamargine and solasodine; Figures 3.b and 3.d, respectively. (+)-ESI SIC of crude
ethanolic extract (unripe berries ) of S. elaeagnifolium, (m/z: 869; solamargine), (m/z: 414; solasodine); Figures 3.e and 3.9,
respectivelly. (+)-HRESIMS of solamargine and solasodine; Figures 3.f and 3.h, repectively
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Figure 4: Dose-response curves representing the effect of S. elaeagnifolium extracts (a) unripe berries (b) ripe berries
on the proliferation of colorectal cancer cell lines and PDL.
Results represent the mean percent cell proliferation vs the concentration of the extracts in pg/mL.
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Table 1:Determination of 1Csyvalues (ug/mL) for the crude hydro-alcoholic extracts of the unripe and ripe berries of S.
elaeagnifolium against colorectal cancer cell lines

S. elaeagnifolium hydro-alcoholic Extracts Cytotoxicity (as % of Control) 1Csvalue (pg/mL)*

HT29 HCT116 SW620 SW480 CACO2 Fibroblasts
Unripe Berries 148+1.300 163+1.00 18.0+2.40* 165+2300 11.3+0.800 18.8+1.300
Ripe Berries 1730700 18241100 11.1+0.70° 19.9+1.700 13.8+0.100 20.4+1.800
Cisplatin 2.4+0.130 0.04 £0.006 2.2+0.100 2.06+0.320 3.52+0.400 2.4+0.130

*Results are mean + SD (n = 3-4 independent experiments). ICso values (concentration at which 50% inhibition of cell proliferation took place in
comparison to non-induced basal 72 h incubations) were calculated within 0.1-200 pg/mL range. Means with different letters are significantly different

at P<0.001 in each column.

Table 2: Determination of PL and enzymatic starch digestion for the aqueous extracts of the unripe and ripe berries of S.

elaeagnifolium

S. elaeagnifolium Aqueous Pancreatic Triacylglycerol Lipase Enzymatic Starch Digestion ICs,  Sugar (mM) Interferences at
Extracts 1Cso (Mg/mL)* (mg/mL)* 100 mg/mL

Unripe Berries 949.00 + 60.810 3.91 £ 0.590 2.280

Ripe Berries 164.70 + 23.050 7.10 £ 1.070 1.960

Reference Orlistat Acarbose -

Drugs 0.114 +0.01 pg /mL 0.2+ 0.02 pg /mL

*Results are mean + SD (n = 3-4 independent experiments).
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