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This study aimed to identify the phytochemical content and evaluate the antioxidant, anti-inflammatory, and
antiproliferative capacities of various solvent extracts of Ephedra campylopoda stems.

Fresh stems were suspended in 3 different solvent systems, including distilled water, ethanol, and methanol.
The chemical composition was determined using high-performance liquid chromatography (HPLC), and the
content of essential oil of this plant species was determined by gas chromatography (GC) coupled with mass
spectrometry (MS). Antioxidant activity was determined using DPPH radical scavenging and Fe*-chelating ac-
tivity assays. Anti-inflammatory capacity was estimated by both evaluating RAW 264.7 murine macrophage
cells-mediated secretion of PGE, using ELISA technique, and quantifying the mRNA level of the pro-inflamma-
tory cytokines (IL-o, IL-B and IL-6), chemokines (CCL3 and CCL4), and inflammation-inducible COX-2 and iNOS
enzymes using quantitative real-time PCR (qRT-PCR). The antiproliferative potential was determined using the
XTT viability assay.

Our results showed that the alcoholic extracts were better than the aqueous one in terms of their chemical
composition. In parallel, the alcoholic extracts showed more potent antioxidant, anti-inflammatory, and antip-
roliferative capacities than aqueous extract.

Our observations suggest that Ephedra campylopoda plant could be a promising resource of natural products
with antioxidant, anti-inflammatory and antiproliferative capacities.

Anti-Inflammatory Agents ¢ Antioxidants ¢ Chemical Fractionation
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Material and Methods

Oxidative and inflammatory processes are reported to be as-
sociated with a number of chronic diseases, including athero-
sclerosis, Alzheimer’s disease, cardiovascular diseases, and
neurodegenerative disorders, as well as various human can-
cers [1]. Inflammatory response is a major defensive mecha-
nism against infection, during which, inflammatory cells, such
as macrophages, produce reactive oxygen species (ROS) and
nitric oxide (NO) [2]. At low concentrations, these molecules
serve important physiological roles by acting as second mes-
sengers in cell signaling. However, at higher amounts these
components can damage cellular lipids, proteins, and DNA,
leading to cell death [3-6]. To neutralize the toxic effect of
these bioactive molecules, the human body has evolved differ-
ent defense mechanisms, including the generation of antioxi-
dants [7,8]. Oxidative stress is a result of imbalance between
ROS formation and endogenous antioxidant capacity due to
excessive ROS production and/or impaired antioxidant sys-
tem. Identifying exogenous sources of antioxidants and anti-
inflammatory molecules is therefore of great importance. Plants
have traditionally been used for thousands of years for treat-
ing inflammation- and oxidative stress-related disorders. The
medicinal value of plants is mainly attributed to their phyto-
chemical component content, especially phenolic compounds
and flavonoids, which can exert potent antioxidant and anti-
inflammatory effects [9-14]. In the Middle East region, herbal
medicines are extensively used and there has been a growing
interest in identifying medicinal plants. Indeed, more than 100
plant species known for their medicinal value have been iso-
lated from this region [15,16] and many other plants are yet
to be characterized. Lebanon, thanks to its geographic loca-
tion, varied topography, distinct soil types, and climatic varia-
tions, is characterized by a relatively large flora consisting of
about 2607 species distributed over 783 genera. Among these,
a few hundred species are used to treat various diseases, in-
cluding gastrointestinal disorders, kidney and urinary diseas-
es, cardiovascular diseases, diabetes, asthma, sexual disor-
ders, hair problems, and various tumors [17,18]. Nowadays,
as many studies are focused on characterizing the therapeu-
tic value of Lebanese plants, the list of Lebanese medicinal
plants is expected to grow. The plant Ephedra campylopoda
belongs to the Ephedraceae family of plants. Those plants are
small, leafless, highly branched shrubs, distributed in the dry
regions of both hemispheres [19]. In Lebanon, Ephedra cam-
pylopoda is found in different regions, mainly rocky ones. In
this study, we screened the phytochemical component con-
tent and characterized the antioxidant, anti-inflammatory,
and antiproliferative capacities of 3 extracts from the stems
of Ephedra campylopoda.
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Plant collection and preparation of powders

Fresh plants were gathered in southern Lebanon at 350 m al-
titude in spring season between March and May in 2011, and
the biological authentication was carried out by Professor
George Tohme, president of CNRS of Lebanon. After that, they
were well-washed, cut into small pieces, and dried in the shade
at room temperature, away from sun light. After this period,
the dried stems were crushed and ground in a grinder to pro-
duce a homogeneous fine powder, which was then kept in a
dark place at room temperature until use in various studies.

Apparatus and chemicals

All of the chemicals used were of analytical grade. Absolute
ethanol, methanol, n-hexane, sodium hydroxide, ethyl ace-
tate, and dichloromethane were purchased from BDH England.
Aluminium chloride, FeSO,*7H.,0, and silica gel were purchased
from Merck (Germany). Sodium carbonate and hydrogen per-
oxide were purchased from Unichem (India). Ascorbic acid,
gallic acid, rutin, Folin-Ciocalteau reagent, EDTA, Ferrozine,
and DPPH were purchased from Sigma Aldrich (USA). PBS was
purchased from Gibco (UK). MS spectra were recorded on an
Agilent series device, and MSMS spectra were recorded on a
Shimadzu series device.

Preparation of crude extracts using water, ethanol, and
methanol as solvents

Powdered stems (100 g) were deposited into a flask with 500
ml of the selected solvent (distilled water, ethanol, or meth-
anol). After a period of maceration and stirring for 1 week at
room temperature, the macerate was collected and filtered us-
ing filter paper. Extracts were then concentrated using a ro-
tary evaporator at 40°C under reduced pressure (for ethanol
and methanol extracts). The aqueous extract was prepared
using the same steps as for the ethanolic extraction except
the temperature of the extraction was 60°C and the filtrates
were then frozen before being lyophilized to obtain powders.

Phytochemical Screening

To study the chemical composition of the different extracts from
the stems of the studied plant, qualitative tests were done to
detect the presence or absence of primary and secondary me-
tabolites, as shown in Table 1. These tests are useful to esti-
mate some biological activities that might be due to the pres-
ence of some secondary metabolites in the stems of this plant.
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Table 1. Detection of primary and secondary metabolites in stems of Ephedra campylopoda.

Metabolites Added reagent Expected result

Alkaloids [32] Dragendorff reagent Red or Orange precipitate

Red color (surface) +
fluorescence Greenish-yellow

Proteins & aminoacids [36]cinnamate 4-hydroxylase

(CsC4H
Lignines [36]cinnamate 4-hydroxylase (CsC4H Safranine Pink coloration
Phlabotannins [37] HCl (1%) Blue coloration

Fixed oils and fats [33] Spot test QOil stain

Gas chromatography-mass spectrometry (GC/MS) analysis Biological analysis

The GC/MS analysis was performed on an Agilent 7890A-GCMS
device. In the separation and identification by GC/MS tech-

DPPH radical scavenging assay

nique, components were identified on the basis of the reten-
tion time and spectral index from the NIST and WILEY library.

Liquid chromatography-mass spectrometry (LC/MS/MS)
analysis

The LC/MS/MS analysis was performed on Shimadzu-AB Sciex
LCMSMS for detection. In the separation and identification by
LC/MS/MS technique, components were identified on the ba-
sis of the retention time and mass spectral characteristics.

This work is licensed under Creative Common Attribution-
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The antioxidant activity was assessed according to the meth-
od of Farhan et al [20] using free radical DPPH. Increasing con-
centrations of extracts (0.05, 0.1, 0.2, 0.4, and 0.5 mg/ml) were
prepared, then 1 ml of each prepared dilution of each extract
was added to 1 ml of DPPH reagent. The solutions were incu-
bated in the dark at room temperature for 30 min and the ab-
sorbance was measured at 517 nm by a Gene Quant 1300 UV-
Vis spectrophotometer. The DPPH scavenging ability of peels
extracts was calculated according to the following equation:

% scavenging activity=[(Abs control-Abs sample)/
Abs control]x100
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Control was prepared by mixing 1 ml DPPH with 1 ml of se-
lected solvent. The blank was composed of 1 ml of the se-
lected solvent.

Metal chelating activity

The chelation of ferrous ions by extracts was estimated by the
method of Dinis et al. [21]. Briefly, 50 ul of FeCl, (2 mM) was
added to 1 ml of different concentrations of the extract (500,
750, 1000, 1250, and 1500 pg/ml). The reaction was initiat-
ed by the addition of 0.2 ml of ferrozine solution (5 mM). The
mixture was vigorously shaken and left to stand at room tem-
perature for 10 min. The absorbance of the solution was then
measured at 562 nm.

Anti-inflammatory evaluation of the extracts

RAW 264.7, a murine monocyte/macrophage cell line, was grown
in DMEM medium supplemented with 10% defined FBS and 1%
penicillin G-streptomycin in atmosphere containing 5% C0,/95%
air at 37°C. The macrophages were seeded in 12-well plates
(1x10° cells/well) using fresh medium. After preincubation for 24
h, plates were cotreated with LPS at 100 ng/ml and 2 different
concentrations of the drugs (100 pg/ml and 50 pg/ml) in DMEM
without FBS for 24 h (for RNA extraction and COX-2 activity).

PGE, immuno assay

PGE, amounts in culture medium were quantified in superna-
tants by enzyme immune assay using ELISA kits (R&D Systems)
following manufacture’s guidelines.

Cell viability

Jurkat cells, corresponding to human leukemic T cell line, were
seeded in 96-well plates (8x10° cells/well). The following day,
cells were treated with the different extracts at concentrations
ranging from 5 to 200 pg/ml for 24, 48, and 72 h and cell viabil-
ity was detected using the XTT (Gentaur, Belgium) cell prolifer-
ation assay as previously described [22]. The XTT (sodium 3’-1
(phenylaminocarbonyl)-3,4-tetrazolium-bis (4-methoxy- 6-nitro)
benzene sulfonic acid) cell proliferation assay is an effective meth-
od to measure cell growth and drug sensitivity in tumor cell lines.
XTT is a colorless or slightly yellow compound that when reduced
becomes bright orange. Briefly, XTT is cleaved by the mitochon-
drial dehydrogenase in metabolically active living cells to form
an orange formazan dye. The absorbance of each sample was
measured with a spectrophotometer at a wavelength of 450 nm.

Quantitative real-time PCR

Total RNA was extracted with Trizol reagent according to the
manufacturer’s guidelines (Invitrogen, Merelbeke, Belgium)

This work is licensed under Creative Common Attribution-
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and first-strand cDNAs were synthesized by reverse transcrip-
tion (Superscript First-strand Synthesis System for RT-PCR kit;
Invitrogen, Merelbeke, Belgium). Quantitative mRNA expression
for the different genes was measured by real-time PCR with the
PRISM 7900 sequence detection system (Applied Biosystems,
Gent, Belgium), and the SYBR Green Master mix kit with -ac-
tin mRNA was used as an internal control. The program used
for amplification was: 10 min at 95°C followed by 40 cycles of
15 s at 95°C, and 1 min at 60°C. All qPCR reactions were per-
formed in triplicate. The expression levels (244%) of mRNAs
were calculated as described previously [23].

Statistical analysis

The data are presented as means +SEM of at least 3 indepen-
dent experiments and analyzed using Student’s t-test to de-
termine any differences between group means, using SPSS for
Windows (Version 21). P-Values <0.05(*), <0.01(**), <0.001(***)
were considered significant.

Results

Phytochemical screening of stems of Ephedra campylopoda

Phytochemical screening of the aqueous, ethanolic, and meth-
anolic extracts of fresh Ephedra campylopoda stems identified
the presence of different medically active compounds (Table 2).
The aqueous crude extract showed high abundance of sapo-
nins, phenols, reducing sugars and lignin; average abundance
of flavonoids, carbohydrates, and amino acids; low abundance
of quinones, cardiac glycosides and diterpenes; and absence of
alkaloids, tannins, resins, terpenoids, coumarins, sterols/ste-
roids, anthraquinones, phlobatannins, anthocyanin, flavones,
fixed oils, and lipids. On the other hand, the ethanolic crude
extract exhibited high amounts of phenols and lignin; mod-
erate amounts of flavonoids, quinones, carbohydrates, amino
acids, and sterols/steroids; low amounts of alkaloids, couma-
rins, and diterpenes; and absence of tannins, resins, saponins,
terpenoids, cardiac glycosides, anthraquinones, reducing sug-
ars, phlobatannins, anthocyanin, and fixed oils and lipids. In
contrast to the aqueous and ethanolic extracts, more constit-
uents were present in the methanolic extract, which displayed
high levels of phenols, carbohydrates, sterols/steroids, flavones
and lignin; moderate levels of tannins, quinones, amino acids,
cardiac glycosides, and phlobatannins; low levels of resins, ter-
penoids, flavonoids, coumarins, reducing sugars, and antho-
cyanins; and absence of only alkaloids, saponins, anthraqui-
nones, and fixed oils and lipids. Altogether, these observations
indicate that methanol was the best solvent, in comparison
to aqueous and ethanolic solvents, to extract bioactive com-
pounds present in the Ephedra campylopoda stem.
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Table 2. Phytochemical screening of Ephedra campylopoda stem extract using aqueous, methanol or ethanol as extraction solvents.
Key: -, absent; +, low in abundance; ++, moderate in abundance; +++, high in abundance.

Aqueous extract

Alkaloids —
tammins -
"""" Resins -
"""" saponins am
"""" Phenol owe
 Tempenoids -
"""" Flavonoids
"""" Quinones o+
"""" Coumarin -
"""" Carbohydrates o+
. Aminoacds .o
"""" Sterols + steroids -
"""" Cardiac glycosides o+
"""" Diterpenes o+
© Anthraquinones -
"""" Reducingsugars o+
"""" Phlobatannins -
 Anthocyanins -
"""" Flavones -
"""" lgnin we
"""" Fixed oil + lipids -

Methanol extract Ethanol extract

- +
++ -
+ -
"""""""""" o a
+ _
+ ++
++ ++
+ +
+++ ++
++ ++
+++ ++
++ -
++ +
,,,,,,,,,,,,,,,,,,,,,, +_
++ -
+ -
+++ +
+++ +++

GC/MS analysis of essential oil obtained from the Ephedra
campylopoda stem extracts

The GC spectrum of the aqueous, ethanolic and methanolic ex-
tracts are shown in Figures 1-3, respectively. A total of 7 com-
pounds present in the aqueous extract, 6 compounds pres-
ent in the ethanolic extract, and 7 compounds present in the
methanolic extract were determined by the chromatographic
method with the help of NIST and WILEY library as shown in
Tables 3-5, respectively. In the case of ethanolic extract, linole-
nic acid methyl ester compound was found to be in the highest
concentration (77.97%), while other compounds were found
in trace amounts (Table 4). In the case of methanolic extract,
trans-phytol compound had the highest concentration (39.17%),
while other compounds were found in trace amounts (Table 5).

This work is licensed under Creative Common Attribution-
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The LC/MS/MS Analysis of the Ephedra campylopoda stem
extracts

The LC spectrum results of the E. campylopoda stem extracts
are shown in Table 6. A total of 1, 6, and 6 compounds pres-
ent in the aqueous, ethanolic, and methanolic extracts, respec-
tively, were determined by the chromatographic method based
on the retention time and mass characteristics.

Antioxidant activity of Ephedra campylopoda stem extracts

To investigate the antioxidant activities of the aqueous, meth-
anolic, and ethanolic crude extracts-derived from fresh stems,
DPPH free radical scavenging assay was carried out in a first
step. As antioxidants can react with the violet colored stable
free radical DPPH, and convert it into a yellow-colored o,o-di-
phenyl-B-picrylhydrazine, this assay is based on quantifying the
change of the reaction mixture color as a readout of the scav-
enging capacity of antioxidants towards DPPH. The different
extracts showed varied antioxidant potential and their DPPH
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Figure 1. GC chromatogram of the water extract
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Figure 2. GC chromatogram of the ethanol extract of
E. Campylopoda stem.

scavenging capacities were in the following order: ethanolic
extract (IC,,=125+4.4 ug/ml) >methanolic extract (IC, =150+5.1
ug/ml) >aqueous extract (IC.,=300+4.4 ug/ml) (Table 7).

Despites its beneficial roles as being required for oxygen trans-
port, respiration, and enzyme activity, iron is a highly reactive
metal that can cause oxidative changes in proteins, lipids, and
other structural components. Accordingly, in a second step, we
characterized the antioxidant activities of the aqueous, meth-
anolic, and ethanolic crude extracts of E. campylopoda stem by
performing ferrous (Fe?*) chelating activity assay. As ferrozine
can combine with Fe?* to form a colored complex and since
other chelating agents, when present, can disrupt the com-
plex formation and thus reduces the extent of color, the fer-
rous (Fe?*) chelating assay is based on determination of the

change of the reaction mixture color as a readout of the che-
lating activity of the coexisting chelator. Our results showed
that methanolic extract had the most efficient Fe** chelating
capacity (IC, =1+1.2 mg/ml) in comparison to both the etha-
nolic and the aqueous extracts, which presented IC, values
of more than 1.5 mg/ml (Table 7).

Anti-inflammatory activity of Ephedra campylopoda stem
extracts

Inflammation is one form of host defense strategies to com-
bat pathogenic intruders. Inflammation occurs when different
immune cells, mainly macrophages, detect pathogen-associat-
ed molecular patterns (PAMPs) such as microbial lipopolysac-
charide (LPS) [24]. Once activated, macrophages can then in-
duce the expression of different pro-inflammatory cytokines
(including IL-1a, IL-1B, and IL-6), chemokine (such as CCL3
and CCL4) and other pro-inflammatory mediators, including
nitric oxide (NO) and prostaglandin E, (PGE,), which are syn-
thesized by the induced isoforms of NO synthase (iNOS) and
cyclooxygenase-2 (COX-2) enzymes [24], respectively. To char-
acterize the anti-inflammatory capacity of E. campylopoda
stem extracts, we used RAW 264.7 murine macrophage cells,
which upon being stimulated with LPS can produce PGE,. Cells
were treated for 24 h with either LPS (100 ng/ml) alone (con-
trol), or LPS together with varying concentrations (50 or 100
ug/ml) of either aqueous, methanolic, or ethanolic crude ex-
tracts derived from fresh stems. In a first step, quantitative
real-time PCR (qRT-PCR) was used to assay the relative iNOS
and COX-2 mRNA transcription in extract-treated RAW264.7

Figure 3. GC chromatogram of the methanol

56.677

651,645
=N

—
~

extract of E. Campylopoda stem.

TIc*1.00

100 200 300 400 50.0 600 700  80.0

90.0 95.0
min
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Table 3. Results of the GC-MS analysis of the water extract of the E. campylopoda stem.

Peak# RT Name Mw
5 12.981 Vinyl guaiacol 150.17
7 13.591 Syringol 154.163
8 16.107 di-tert-butylphenol 206.324
9 17.558 Antiarol 184.2
11 20.038 N-Butylbenzenesulfonamide  213.30
12 20.153 Pluchidiol 208
13 22.149 Cetylic acid 256.42

Structure LLCTED Area%
formula
| S OH
C,H,,0, 1.47
HC= = 0CH,
N\
HBC/ — C,H,,0, 3.48
HO 0—a,
N
HC
C,.H,,0 0.62
H.C
’ OH
H,
HC
OH
< _ C,H,,0, 3.28
/0
‘s‘ 7N/\/\CH3
K\ i C,H.NO,S 083
0
NS
----- C,;H,00, 7.85
i
o, C,Hs,0, 438

cells versus non-treated control cells. In the case of COX2, the
mRNA levels were not significantly lowered in response to ei-
ther of the utilized aqueous extract concentrations (Figure
4A). Interestingly, about 50-60% of COX2 mRNA levels were
lost in response to either of the added ethanolic extract con-
centrations (Figure 4A). However, the methanolic extract was
less efficient, as only about 15% of COX2 mRNA levels were
absent in response to 50 ug/ml but not 100 pug/ml of extract
(Figure 4A). In the case of iNOS, the 3 different extracts were
efficient in terms of impairing iNOS transcription, with meth-
anolic extract being the most efficient, followed by ethanolic
extract, and finally aqueous extract (Figure 4B).

In a second step, ELISA technique was used to assess the rela-
tive PGE, amounts present in the cell culture media. Intriguingly,

This work is licensed under Creative Common Attribution-
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the different extracts showed prominent capacity to dampen
PGE, production (Figure 4C). Indeed, about 75%, 60%, and 78%
reduction in secreted PGE, levels were observed upon treating
cells with 50 pg/ml of aqueous, ethanolic, and methanolic ex-
tracts, respectively (Figure 4C). These levels were further in-
creased to reach 85%, 99%, and 95% in response to 100 ug/
ml of aqueous, ethanolic, and methanolic extracts, respec-
tively (Figure 4C).

In a third step, qRT-PCR was applied to assay the relative ex-
pression of the pro-inflammatory cytokines IL-1a,, IL-1B, and
IL-6. In the case of aqueous extract, neither of the 2 utilized
concentrations were able to significantly reduce IL-1o (Figure
4D), IL-1PB (Figure 4E), or IL-6 (Figure 4F). Interestingly, the eth-
anolic extract was highly efficient in impairing the transcription

Indexed in: [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]



PHARMACEUTICAL RESEARCH

Kallassy H. et al.:
Pharmacological potential of Ephedra campylopoda
© Med Sci Monit Basic Res, 2017; 23: 313-325

Table 4. Results of the GC-MS analysis of the ethanolic extract of the E. campylopoda stem.

Molecular

Peak# RT Name [\
2 52.165 Palmitic acid 256.42
3 56.680 Phytol 296.53
4 57.222 Linoleic 280.452
5 57.450 Linolenic acid methyl ester 294.479
6 81.142 a-tocopherol-p-d-mannosid 592.858
7 84.636 vy-sitosterol 414.71

Structure Area%
formula
]
HO/\/\/\/\/\/\/\/\ (:16H3202 2.17
H
Y\/\/\/\/\/\%\/OH C,oH,,0 5.04
w . W
Ho)]k/\/\/\/ﬁ/u:\/\/\ CeHs0, e
— C00CH,
C,H,,0, 6.33
AN
Ho
H0 C,,H,,0, 2.82
_0 0
HO |.|0
C,H,,0 4.97

of the 3 tested cytokines. Indeed, treating cells with 50 ug/ml
of ethanolic extract caused about 75% reduction in mRNA
levels of either cytokine, whereas 100 pg/ml of extract result-
ed in complete loss of transcription of the different cytokines
(Figure 4D-4F). Methanolic extract also showed efficiency, even
though less than that of ethanolic extract, in lowering IL-1a,
IL-1B, and IL-6 transcription levels. For instance, upon treat-
ing cells with 50 pg/ml of methanolic extract, the mRNA lev-
els of IL-1a, IL-1B, and IL-6 decreased by 60%, 10%, and 60%
respectively (Figure 4D-4F). However, only minimal transcrip-
tion of either cytokines was detected upon treating cells with
100 pg/ml of methanolic extract (Figure 4D—4F).

In a fourth step, and upon performing qRT-PCR, the mRNA lev-
els of the pro-inflammatory chemokines CCL3 and CCL4 were
evaluated. In the case of CCL3, 50 ug/ml of either extract was
enough to lose about 75% of mRNA levels (Figure 4G). Although
this percentage was only slightly increased to reach about
78% upon treating cells with 100 pg/ml of aqueous extract, it
was more strikingly enhanced to reach about 99% and 95%
in the case of ethanolic and methanolic extracts, respectively
(Figure 4G). In the case of CCL4, aqueous extract moderately
reduced CCL4 transcription, as about 45% of mRNA levels were

This work is licensed under Creative Common Attribution-
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lost upon exposure of cells to 50 but not 100 pg/m! of extract
(Figure 4H). On the other hand, both ethanolic and methanolic
extracts exhibited prominent efficiency in terms of impairing
CCL4 transcription. Indeed, about 75% and 70% of CCL4 mRNA
levels were absent following cell treatment with 50 pg/ml of
ethanolic and methanolic extracts, respectively (Figure 4H).
Moreover, only residual transcription was observed upon treat-
ing cells with 100 pg/ml of either extract (Figure 4H).

Antiproliferative activity of Ephedra campylopoda stem
extracts

To evaluate the antiproliferative capacity of Ephedra campylop-
oda stem extracts, XTT assay was performed. This colormetric
assay measures cell viability upon determining mitochondrial
activity. Indeed, XTT, a yellow water-soluble substrate, can be
converted by mitochondrial succinate dehydrogenase enzymes
to a highly colored formazan product. This reaction occurs in
viable but not dead cells, thus the quantity of the generated
formazan is proportional to the amount of viable cells in the
sample. Jurkat cells were treated with various fresh stem-de-
rived aqueous, methanolic, or ethanolic extract concentrations
(in range from 5 to 200 ug/mL) for different times (24, 48, or
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Table 5. Results of the GC-MS analysis of the methanolic extract of the E. campylopoda stem.

Peak# RT Name Mw Structure Molecular Area%
formula

0

2 24.327 Coumaran 120.15 C,H,O 6.04
X OH
3 28.406 Vinylguaiacol 150.17 | CH,,0, 4.85
— /
H(= 0CH,

H,C o,

H,C
4 36.608 2,4-di-tert-butylphenol 206.324 C,H,,0 4.15

HC
OH
(H,
H,C
0
5 52.114 Palmitic acid 256.42 HO/I\/\/\/\/\/\/\/\ C,H,,0, 4.19
H
6 56.677 Trans-phytol 296.53 Y\/YW\/% Clfl© 39.17
— C00CH,

7 57.383 Linolenic acid methyl ester 294.479 (@LINON 9.6
8 81.15 Vitamin E

N
430.717 m/\)\/\)\/\)\ C,H,,0, 3.31

72 h). Neither of the utilized aqueous extract concentrations
exerted a significant effect on cell viability at any of the indi-
cated time periods (Figure 5A). However, a dose-dependent in-
hibitory effect was detected in the case of ethanolic and meth-
anolic extracts (Figure 5B, 5C). Time-impact on the observed
inhibition was not striking since, for both extracts, the IC_; val-
ues (dose required to inhibit cell growth by 50%) calculated
at the different time intervals were comparable. For instance,
in the case of ethanolic extract, the IC,  values obtained after
24, 48, and 72 h were 40+2.88, 38 + 1.54, and 35 +1.54 g/
ml, respectively (Figure 5B) while in the case of methanolic ex-
tract, the IC,  values corresponded to 40+1.45, 48 £3.51, and
50 +7.73 pg/ml after 24, 48, and 72 h, respectively (Figure 5C).

Discussion

Humans have used plants as medicine throughout history.
People all around the world still rely on herbs to relieve pain
and heal sickness. Today, medicinal plants play an important

This work is licensed under Creative Common Attribution-
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role in modern medicine development since a large num-
ber of modern drugs are simple copies or synthetic modifi-
cations of natural chemical substances found in plants [25].
Nowadays, substantial research investments are devoted to-
wards identifying and characterizing new medicinal plants. In
the present study, we aimed at screening the chemical con-
tent of Ephedra campylopoda stem extracts and characteriz-
ing their pharmaceutical value. Our phytochemical analysis
identified the presence of various important medicinal com-
pounds, such as phenols, flavonoids, carbohydrates, proteins,
diterpenes, and lignins in stem extracts prepared using aque-
ous, ethanolic, or methanolic solvents. Coumarins, sterols/ste-
roids, and flavones were found in both of the alcoholic sol-
vents but not the aqueous one. Alkaloids were detected only
in the ethanolic extracts, while tannins, resin, terpenoids, re-
ducing sugars, phlobatannins, and anthocyanin were detect-
ed in the methanolic extracts, specifically. Consistent with
previous reports [26-28], our data indicate that the metha-
nolic and ethanolic solvents extract are richer than aqueous
extract in plant bioactive components. As the medicinal value
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Table 6. Results of LC/MS/MS technique of E. campylopoda plant.

E. campylopoda Compounds names Retention time Q1 Mass (Da) Q3 Mass (Da) CE DP (V)
Water Vitexin 4.96 431 341 -30 -40
CEthanol  Punin 522 B3 m 2 a0
””””””””””””””””””””””” Quercetin 58 301 179 -3 a0
-~ Ran a8 609 s Er 20
””””””””””””””””””””””” Vitein 493 431 341 =30 -40
 Hyperoside 498 63 3 = 40
 lsoorientn 474 a7 a2 20 a0
Methanol  Pumn 524 B3 m 20 a0
””””””””””””””””””””””” Quercetn 58 301 179 =35 -4
- Ratin a1 609 30 Er a0
””””””””””””””””””””””” Viten 49 431 3a1 30 40
 Hypeoside 502 w63 s E a0
- soorientin 479 a7 29 = a0

Table 7. DPPH free scavenging capacity (IC,, pg/ml) and Ferrous-ion (Fe?*) chelating ability (IC,;, mg/ml) of aqueous, methanol or
ethanol extracts derived from fresh stems of Ephedra Campylopoda. IC, value represents the concentration of sample

required to scavenge DPPH radical or Ferrous-ion by 50%. Each value represents a mean +SD (n=3).

DPPH assay

Fe?* chelating assay

Fresh stems

Ethanol

of Ephedra campylopoda species is yet not fully defined, we
therefore assessed their antioxidant, anti-inflammatory, and
anti-proliferative activities.

Although they can mediate beneficial physiologic roles, over-
load of free radicals and reactive biomolecules that cannot be
balanced or destroyed generates oxidative stress. This process
is harmful for humans since it plays a major role in the initia-
tion and development of chronic and degenerative pathologies
such as cardiovascular and neurodegenerative diseases, auto-
immune disorders, aging, and cancer [29]. Identifying plants
with potent antioxidant potential is therefore of great interest.
Here, we assessed the antioxidant capacity of Ephedra campy-
lopoda extracts upon evaluating their ability to scavenge free
DPPH radicals or chelate Fe?* ions. Our data showed a varied
antioxidant potential of Ephedra campylopoda extracts, in a
manner dependent on the type of utilized solvent. In fact, the
alcoholic solvents appeared to exert more potent antioxidant

This work is licensed under Creative Common Attribution-
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effect than the aqueous extract. This observation parallels the
more important chemical content observed in the alcoholic-
than water-derived extracts.

Nowadays, a tight association is established between oxi-
dative stress and inflammation since free radicals can be a
result or a cause of inflammation. Inflammation has been
identified as a primary cause of numerous chronic diseas-
es, including arthritis, atherosclerosis, Alzheimer’s, diabetes,
heart disease, and cancer [30,31]. Immune signaling via pro-
inflammatory cytokines and mediators is the major mecha-
nism for inflammation initiation and amplification. Inhibiting
the expression of these pro-inflammatory molecules is there-
fore essential to suppress the inflammatory responses. In
this study, we evaluated the ability of these plant extracts
to inhibit PGE, secretion and suppress the transcription of
pro-inflammatory cytokines (IL-c, IL-B, and IL-6), chemokines
(CCL3 and CCL4), and inflammation-responsive COX-2 and
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Figure 4. Impact of Ephedra campylopoda stem extracts on LPS-induced iNOS, COX-2, PGE,, IL-1a, IL-1-B, IL-6, CCL3, and CCL4 levels

in RAW 264.7 cells. Cells were treated for 24 h with 100 ng/ml LPS in the absence or presence of 50 or 100 ug/ml of either
aqueous (A), ethanol (E), or methanol (M) extract. Total RNA was isolated and gRT-PCR was carried out to quantify the mRNA

levels of COX-2 (A), iNOS (B), IL-1a (D), IL-1B (E), IL-6 (F), CCL3 (G), and CCL4 (H). The presented data correspond to the
relative mRNA levels (values obtained in: RAW 264.7 cells treated with both LPS and extract/RAW 264.7 cells treated with
only LPS). (C) Cell-free supernatants were harvested and assayed for PGE, content via ELISA. The data correspond to the
relative percentage of PGE,. Reported values represent the averages +SEM of 3 independent experiments (n=3) each done in
triplicate. * p<0.05; ** p<0.01, *** p<0.001 vs. control untreated cells (Student’s t-test).

iNOS enzymes. Varied plant extract-mediated suppressive
capacities on these different pro-inflammatory components
were observed. Indeed, alcoholic extracts were more efficient
than aqueous extract in impairing PGE, secretion and inhib-
iting IL-a, IL-B, 1L-6, CCL3, CCL4, COX-2, and iNOS transcrip-
tion. The prominent anti-inflammatory effect exerted by al-
coholic extracts parallels their rich chemical arsenal as well
as their substantial antioxidant activity. These observations
highlight Ephedra campylopoda as a putative promising re-
source for designing novel inflammatory suppressive drugs
and treating inflammatory disorders.

This work is licensed under Creative Common Attribution-
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In the present work, using XTT viability assay, we assessed
the ability of Ephedra campylopoda stem extracts to inhib-
it Jurkat cancer cell proliferation. In line with their low phyto-
chemical content and moderate antioxidant and anti-inflam-
matory capacities, aqueous extract was inefficient in terms of
suppressing cell growth. However, the alcoholic extracts ex-
erted a prominent cytotoxic effect that appeared to be dose-
dependent. This robust antiproliferative potential could be at-
tributed to the prominent phytochemical content detected in
the alcoholic solvents. So far, a mechanistic understanding of
this cytotoxic effect is still lacking. A possible involvement of
the apoptotic pathway in the observed impaired cell growth
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Figure 5. Impact of Ephedra campylopoda stem extracts on Jurkat cells proliferation. Cells were treated with various concentrations

(0, 5, 25, 50, 100, 200 ug/ml) of stem extracts for 24, 48,

and 72 h, and XTT assay was used to assess their antiproliferative

potential. Each value represents a mean +SEM for 3 independent experiments (n=3), each done in triplicate. Fresh stem-
derived aqueous extract (A), ethanol extract (B), and methanol extract (C). * p<0.05; ** p<0.01, *** p<0.001 vs. control

untreated cells (Student’s t-test).

should be addressed in future studies. Moreover, whether
Ephedra campylopoda stem extracts are cytotoxic for cancer
cells and thus can be used in tumor therapy is the objective
of our ongoing work.

Conclusions

In conclusion, the present study identified the presence of var-
ious medicinal constituents in Ephedra campylopoda stem ex-
tracts. Moreover, this plant exhibited prominent antioxidant,
anti-inflammatory, and antiproliferative capacities, and thus
can be suggested as a novel and promising therapy for a wide
array of human diseases.
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