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This study aimed to investigate the phytochemical composition, alpha-amylase and pancreatic lipase
inhibitory activities and anti-inflammatory and antioxidant properties of the crude extracts (petroleum
ether, ethyl acetate and n-butanol) obtained from the aerial parts of Ephedra altissima. The characterization
of the phenolic compounds in crude extracts was performed by high performance liquid chromatography-
photodiode array detection-electrospray ionization-mass spectrometry and the in vitro alpha-amylase and
pancreatic lipase inhibitory activities were evaluated using starch and p-nitrophenyl butyrate as substrates,
respectively. Furthermore, the anti-inflammatory activity was carried out by bovine serum albumin
denaturation method and the antioxidant capacity was assessed using five different assays. Flavonol and
flavone glycoside derivatives and phenolic acids, especially isovitexin-2-O-rhamnoside and vicenin IT were
the major compounds in the n-butanol extract. Otherwise, the ethyl acetate extract presented kaempferol-3-
O-rhamnoside, quercetin-3-O-rhamnoside and protocatechuic acid as its main compounds. The n-butanol
extract revealed the highest content of total phenolic compounds. The results for antioxidant activity
showed that ethyl acetate extract possesses the strongest activity in all the tested methods. Moreover, the
ethyl acetate extract displayed the best anti-inflammatory, alpha-amylase and pancreatic lipase inhibitory
activities with half-maximal inhibitory concentration values of 126.43, 9.02 and 289.11 pg/ml, respectively.
These results give obvious support to the use of Ephedra altissima in traditional medicine for the treatment
of diabetic diseases. Also, the moderate alpha-amylase inhibitory activity of Ephedra altissima extracts
make advantage of its therapeutic applications compared to the synthetic drugs, since their strong alpha-
amylase inhibitory effects are associated to many digestive adverse effects including the abnormal bacterial
fermentation in the colon.
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Non-Insulin-Dependent Diabetes Mellitus (NIDDM) is
a complex metabolic disorder caused by the decrease
of insulin secretion or the insulin resistance due to the
excessive absorption of glucose!!l. Hyperglycemia is
a typical symptom in NIDDM patients, characterized
by a rapid increase in postprandial glycaemia due to
the excessive hydrolysis of starches”. One of the
most common therapeutic approaches for the control
of postprandial hyperglycemia is the delay of glucose
digestionandabsorptionbytheinhibitionofcarbohydrate
hydrolyzing enzymes in the digestive tract including
alpha (o)-amylase®. Indeed, it has been reported
that the inhibition of a-amylase retards the uptake of
dietary carbohydrates and suppresses postprandial
hyperglycemia resulting in the improvement of type 2
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diabetes symptoms. This enzyme slows starch digestion
and consequently delays and interrupts the production
and the absorption of glucose leading to the decrease of
blood glucose level™?,

Diabetes complications occur as a result of oxidative
stress, the formation of free radicals, glucose oxidation
and the subsequent oxidative degradation of glycated
proteins(®. The generation of free radicals due to
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oxidative stress factors can also be associated with
inflammation and other diseases. Furthermore, the
supplementation of the body by exogenous antioxidants
may partially contribute to inhibiting the progression of
complications linked to diabetes and inflammations!”.
Therefore, the research concerning new treatments
from natural resources constitutes a promising area to
find natural chemical compounds with potential ability
for the modulation of digestive enzymes (lipase and
a-amylase) and to reduce oxidative stress and its related
diseases.

The family Ephedraceae is characterized by a single
genus named Ephedra L., including about 68 species!®.
The plants of this genus are generally found in arid
and semi-arid climates and distributed mainly in the
temperate zones of Europe, Asia, Africa and North
America®. The important therapeutic applications
of plants belonging to the genus Ephedra motivated
us to study the species Ephedra altissima Desf. (E.
altissima), which is a shrub with climbing stems; the
branches are very green and break easily while drying.
The cones gather in branched and loose inflorescences,
and are red or white at maturity. This endemic species
is common to the Sahara (Hoggar and Neighboring
massifs, Tefedest)!!). Tt is used in folk medicine for
the treatment of various diseases such as vascular
hypertension and respiratory diseases!'!! and also for
diabetic diseases!'?.

The present work was designed to investigate the
phenolic composition and the in vitro evaluation of
antioxidant and anti-inflammatory properties and
a-amylase and pancreatic lipase inhibitory activities
of the extracts (Petroleum Ether (PE), Ethyl Acetate
(EtOAc) and n-Butanol (n-BuOH)) obtained from E.
altissima aerial parts. To the author’s best knowledge,
there are no published reports describing the phenolic
constituents, the anti-inflammatory effect and the
inhibitory activities of a-amylase and pancreatic lipase
of this species.

MATERIALS AND METHODS

The plant material E. altissima Desf., was collected in
November 2016 in Bouhmama Mountain of the vicinity
of Khenchela (Aures region), Algeria and was identified
by Professor Bachir Oudjehih, Agronomic Institute of
the University of Batna-1. A voucher specimen was
kept under the number 705/LCCE.

Preparation of crude extracts:
The aerial parts (500 g) of the species of E. altissima
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Desf., were macerated twice (5 1x2) for 3 d with the
solvent mixture of ethanol/water (70/30 v/v) at room
temperature. After filtration, the obtained filtrate was
evaporated at 40° to give 400 ml of aqueous extract.
This latter was subjected to liquid-liquid extraction
using solvents with increasing polarity (PE, EtOAc and
n-BuOH). Then, the organic fractions were dried with
anhydrous sodium sulfate, filtered and evaporated to
offer the following extracts: PE (3.24 g), EtOAc (5.7 g)
and n-BuOH (10.12 g).

Analysis and quantification of phenolic compounds
by High Performance Liquid Chromatography
(HPLC)/Mass Spectrometry (MS):

The HPLC Waters Alliance (Manchester, United
Kingdom (UK)) system fitted to a mediterranea™ seal8
reverse-phase analytical column (25 cm lengthx4.6
mm internal diameter (i.d.), 5 um particle size;
Teknokroma, Barcelona) was used. An elution gradient
was used with solvents A (water with 1 % formic acid)
and B (acetonitrile with 1 % formic acid). The elution
program was as follows. Percentages refer to proportion
of eluent B: 5 %-25 % (0-30 min); 25 %-50 % (30-45
min); 50 %-100 % (45-47 min); 100 %-25 % (47-50
min); 25 %-5 % (50-52) and 5 % (52-55 min). The
column end was connected directly to a Diode Array
Detector (DAD) (Waters 996, Millipore, Manchester,
UK) and subsequently, part of the flow (0.4 ml/min)
was directed to an online connected quadrupole mass
analyzer (ZMD4, Micromass, Waters, Inc., Manchester,
UK). Electrospray lonization (ESI) mass spectra were
obtained at the ionization energy of 70 eV, capillary
voltage was 3 kV, dissolving temperature 120°, source
temperature 80° and extractor voltage 12 V. The flow
was maintained at 1 ml/min and the split ratio was 5:1
(Ultraviolet (UV) detector MS) for each analysis.

Stock standard solutions of each compound (gallic
acid, p-hydroxybenzaldehyde, p-hydroxybenzoic
acid, protocatechuic acid, ferulic acid, coumaric
acid, vitexin, isoorientin, vicenin II, quercetin-3-O-
rhamnoside, kaempferol-3-O-rhamnoside, isovitexin-
2-O-rhamnoside and naringenin) were prepared by
dissolving 10 mg of analytical standard in 10 ml
of ethanol 80 %, all solutions were stored at -20°.
An intermediate solution containing all standard
compounds (100 pg/ml) was prepared in 80 % ethanol
and dilutions from this solution were made at different
levels for calibration curves and validation experiments
(matrix effects, precision and accuracy). Triplicate
injections were made for each standard and sample.
Analytes were identified by comparing Retention

Indian Journal of Pharmaceutical Sciences 891



www.ijpsonline.com

time (R), UV and mass to charge ratio (m/z) values
recorded by MS with those of standards obtained
under the same conditions. The calibration curves were
used for quantification; peak areas were compared
with calibration curves generated by three repeated
injections of known standards at seven concentrations
(20-100 pg/ul). Linearity ranges for calibration curves
were determined.

2,2-Diphenylpicrylhydrazyl
activity:

(DPPH) scavenging

The scavenging activity of the free radical of DPPH
was evaluated spectrophotometrically!*l. 25 ul of
sample solutions (extracts and standards) at different
concentrations were added to 975 ul of the DPPH
solution prepared in methanol. The mixture was kept
in the dark at room temperature for 30 min. The blank
solution was prepared by adding 25 ul of methanol to 975
pl of DPPH reagent and the absorbance was measured
at 517 nm. The percentage of inhibition of each sample
was calculated as follows: Activity (%)=[(A
ASample)/ ABlank] x100. ABIank

solution and ASamplc is the absorbance of sample. The
experiments were performed in triplicate and the
results were transmitted as the mean values+Standard
Deviation (SD).

Blank_
1s the absorbance of blank

Total  Antioxidant Capacity
Phosphomolybdate (PPM):

(TAC) by

The TAC of crude extracts (PE, EtOAc and n-BuOH)
was evaluated by the phosphomolybdenum method3!.
100 pl of different samples (extracts and ascorbic acid)
were added to 900 pul of reagent solution (0.6 M sulfuric
acid, 28 mM sodium phosphate and 4 mM ammonium
molybdate). The tubes containing the reaction mixture
were incubated at 95° for 90 min. After incubation, the
tubes were left to cool at room temperature and the
absorbance was measured at 695 nm. The antioxidant
capacity of the extracts was expressed as microgram
Equivalents of Ascorbic Acid per mg of dry extract (ug
EAA/mg extract).

Ferric Thiocyanate (FTC) assay:

The lipid peroxidation activity of crude extracts and
references was measured by the method of FTCI'3), The
reaction mixture containing 400 ul of sample (100 pg/
ml), 400 pul of linoleic acid (2.52 % in absolute ethanol)
and 800 pl of phosphate buffer (pH 7.4) was incubated
at 40° for 1 h. A volume of 100 pl of this solution
was added to 5 ml of ethanol (70 %) and 100 pl of
ammonium thiocyanate (30 %). After 3 min, 100 pl of
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Ferrous chloride (FeCl,) prepared in hydrochloric acid
(3.5 %) were added to the mixture. A blank solution was
created by replacing the samples with distilled water.
The absorbance of the resulting solution was read for 7
d at 500 nm using a spectrophotometer. The percentage
of inhibition of the lipid peroxidation was calculated.

Hydrogen peroxide (H,0,) scavenging assay:

The ability of E. altissima extracts to scavenge H,O,
was determined spectrophotometrically™. A H,O,
solution at a concentration of 40 mM was prepared in
phosphate buffer at pH 7.4. A volume of 1 ml of sample
solution (100 ug/ml) was added to 0.6 ml of a H,O,
solution. The absorbance of the sample was read at 230
nm after 10 min of incubation against a blank solution
containing the phosphate buffer without H,O,. The
percentage of inhibition of crude extracts and standard
were calculated.

Beta (pB)-carotene bleaching activity:

The antioxidant activity of the extracts (PE, EtOAc and
n-BuOH) and references (Butylated Hydroxyanisole
(BHA) and quercetin) was assessed using [-carotene
in a linoleic acid system!*. The emulsion solution was
prepared by dissolving 0.2 mg of B-carotene in 1 ml of
chloroform, 200 pl of linoleic acid and 200 pl of Tween
80. After the evaporation of chloroform under vacuum,
50 ml of oxygenated water were added to the reagent
mixture and shaken vigorously. 5 ml of aliquots were
transferred into tubes containing 200 pl of extracts
or standards at the concentration of 1 mg/ml. The
absorbance at time zero was measured immediately
at 470 nm using a spectrophotometer. The test tubes
were then incubated at 50° and the absorbance was
read again at 20 min time intervals for 2 h. The rate
of B-carotene bleaching (R) was calculated according
to the following formula: R= In(A /A )/t. Where In
is natural logarithm, A is absorbance at time 0, A is
absorbance at time t and t is time at 20, 40, 60, 80, 100
and 120 min. The antioxidant activity of the samples
was calculated as percentage of inhibition, using the
equation: Activity (%)=[(Ag, A Apian] < 100.

Sample Blank

Anti-inflammatory activity:

The in vitro evaluation of activity of E. altissima extracts
was carried out by the inhibition of protein denaturation
method!"* using ibuprofen as standard. 500 pul of sample
solutions (extracts or standard) prepared in ethanol by
different concentrations were added to 500 pl of Bovine
Serum Albumin (BSA) solution (0.2 %, BSA) prepared
in tris buffer saline (pH 6.6). A control tube containing
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a mixture of 500 pl of BSA and 500 pl of ethanol was
prepared. The solution tubes were incubated at 37° for
10 min and then heated at 72° for 5 min. After cooling
at room temperature for 10 min, the absorbance was
read at 660 nm. The percentages of inhibition and the
half-maximal Inhibitory Concentration (IC,) value
were calculated.

Pancreatic lipase inhibitory activity:

Lipase activity was measured using p-Nitrophenyl
Butyrate (p-NPB) as a substrate!'). Briefly, an enzyme
buffer was prepared by the addition of 20 ul of solution
of porcine pancreatic lipase (20 mg/ml in Tris buffer,
pH 7) to 160 pl of Tris buffer (100 mM Tris-Hydrogen
chloride (HCI) and 5 mM Calcium chloride (CaCl,),
pH 7.0). Then, increasing concentrations of various
extracts (ranging from 0 to 11.25 mg/ml) dissolved in
Tris buffer were mixed with 20 pl of the enzyme buffer
and incubated for 30 min at 37°. 20 pl of substrate (10
mM p-NPB in dimethylformamide) were then added.
Lipase activity was determined by measuring the
hydrolysis of p-NPB to p-nitrophenol at 405 nm using
an Enzyme-Linked Immunosorbent Assay (ELISA)
reader. The inhibition of lipase activity was expressed
as the percentage of absorbance decrease when
porcine pancreatic lipase was incubated with the tested
compounds. Lipase inhibition (%) and the IC_ value
were calculated.

a-Amylase inhibitory activity:

Porcine pancreatic a-amylase inhibition was performed

using the method of Kwon ef al!'®. A mixture of
200 ul of sample solutions (extracts or reference),
500 pl of a 0.02 M sodium phosphate buffer (pH 6.9
with 0.006 M of Sodium chloride (NaCl)) containing
o-amylase solution with a concentration of 0.5 mg/
ml was incubated at 25° for 10 min. Then, 500 ul of 1
% starch solution in 0.02 M sodium phosphate buffer
were added. The reaction mixture was incubated at
25° for 10 min and the reaction was stopped with the
addition of 1 ml of dinitrosalicylic acid. The resulting
solution was then incubated in a boiling water bath for
5 min and cooled at room temperature. After cooling,
the mixture was then diluted with 10 ml of water and
the absorbance was measured at 540 nm. Acarbose was
used as positive control; the percentage of inhibition
and the IC, value were calculated.

Statistical analysis:

All the experimental measurements were expressed as
the mean+SD for three replicates for each sample. Mean
comparisons were determined by one-way Analysis of
Variance (ANOVA), followed by the Duncan test. The
differences were considered significant at p<0.05. The
statistics, 7.0 package was used.

RESULTS AND DISCUSSION

The phenolic compounds of EtOAc and n-BuOH
extracts from E. altissima were characterized using the
HPLC-DAD-ESI/MS (fig. 1 and fig. 2).
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Fig. 1: Chromatographic profile (DAD) of EtOAc extract of the aerial parts of E. altissima and the main compounds are

detected
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Fig. 2: Chromatographic profile (DAD) of n-BuOH extract of the aerial parts of E. altissima and the main compounds are

detected

The main compounds detected are shown in fig. 1 which
are represented as (1) Gallic acid; (3) Protocatechuic
acid; (IS) Internal Standard; (5) p-hydroxybenzoic
acid; (7) p-hydroxybenzaldhyde; (10) Coumaric acid;
(13) Vitexin; (14) Ferulic acid; (15) Quercetin-3-O-
rhamnoside; (17) Isovitexin-2-O-rhamnoside; (18)
Kaempferol-3-O-rhamnoside and (19) Unknown.

Similarly the main compounds detected are shown
in fig. 2 which are represented as (2) Protocatechuic
acid glucoside; (IS) Internal Standard; (4) Ferulic acid
glucoside; (6) Vicenin II; (8) Isoorientin; (9) Unknown;
(11) Unknown; (12) Vitexin-4-O-glucoside; (16)
Unknown; (17) Isovitexin-2-O-rhamnoside and (19)
Unknown.

Data regarding R , wavelength of maximum absorbance
(A,,), pseudomolecular ion, main fragment ions in
MS, identification and quantification of the individual
compounds are summarized in Table 1 and Table 2. The
recorded Ultraviolet-Visible (UV-Vis) and mass spectra
showed the presence of fifteen different compounds,
including eight phenolic acids (compounds 1, 2, 3, 4, 5,
7, 10, 14), and seven flavonoid glycosides (compounds
6, 8, 12, 13, 15, 17, 18). The contents of selected
individual and total phenolic compounds in the EtOAc
and n-BuOH extracts of E. altissima are summarized
in Table 2. The n-BuOH extract displayed the highest
phenolic content 123.1 mg/g of extract, while the
EtOAc extract contained 68.7 mg/g of extract.

TABLE 1: CHARACTERIZATION OF PHENOLIC COMPOUNDS FROM EtOAc AND n-BuOH EXTRACTS

FROM THE PLANT E. altissima

[M-H] fragment

Peak Compounds R, (min) [M-HT A, (nm) m/z

1 Gallic acid 9.03 169 271 169, 125

2 Pmogﬁfgg‘éf acid 13.13 315 259, 294 315, 153, 109

3 Protocatechuic acid 14.31 153 259, 294 153, 109

4 Ferulic acid glucoside 17.79 355 223 355, 193

5 P-Hydroxybenzoic acid 20.06 137 254 137, 117, 108

: dlucoside icenm ) 228 593 s
7 P-hydroxybenzaldehyde 24.44 121 283 121, 117
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Luteolin-6-C-glucoside

8 n-6-%-gu 26.58 447 269, 347 447, 429
(isoorientin)

9 Unknown 28.83 563 270, 336 263, 50'1’ 4‘;73’ 353,

10 Coumaric acid 29.59 163 308 163, 119

11 Unknown 29.64 609 264, 340 609, 447, 327

12 Vitexin-4-0-glucoside 30.34 593 267, 336 293, 4313’83”’ 353,

13 Vitexin 30.39 431 370, 336 431, 311

14 Ferulic acid 31.41 193 323 193

15 Quercetin-3-0- 35.24 447 255, 347 447, 447, 301
rhamnoside

16 Unknown 35.96 607 271, 334 607, 445, 383

17 Isovitexin-2-0- 36.88 577 273, 331 577, 341, 322, 293
rhamnoside

18 Kaempferol-3-O- 37.96 431 264, 346 431, 285
rhamnoside

19 Unknown 38.84 721 271, 332 445, 283

TABLE 2: CONTENT OF SELECTED INDIVIDUAL AND TOTAL PHENOLIC COMPOUNDS IN CRUDE
EXTRACTS OF E. altissima

Content mg/g DW

Phenolic compounds

EtOAc PE n-BuOH Total content
Gallic acid 3.9:0.1 ND ND 3.9:0.1
6%
:[Szg;zte“h“"c acid ND ND 2.8:0.4 2.8:0.4
2%
Protocatechuic acid 11.8+0.1 ND ND 11.8+0.1
17 %
Ferulic acid glucoside ND ND 1.7+0.1 1.7+0.1
1%
P-hydroxybenzoic acid 3.5£0.2 ND ND 3.5£0.2
5%
Vicenin Il ND Trace 24.41+0.1 24.4+0.1
20 %
P-hydroxybenzaldehyde 2.1£0.1 ND ND 2.1£0.1
3%
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Luteolin-6-C-glucoside ND
(Isoorientin)
Coumaric acid 2.7+0.2
4%
Vitexin-4-0-glucoside ND
Vitexin 2.5+0.2
4%
Ferulic acid 4.6+0.1
7%
Quercetip-3-0- 6.8+0.4
rhamnoside
10 %
Isovitexin-2-0O-
rhamnoside 5.110.2
7%
Kaempferol-3-0-
rhamnoside 14.8:0.4
22 %
Total phenolic 68.7+1.6°

compounds

ND

ND

ND

ND

ND

ND

ND

ND

4.4+0.2 4.4+0.2
4%
ND 2.7+0.2
4.3+0.2 4.3+0.2
3%
ND 2.520.2
ND 4.6+0.1
ND 6.8+0.4
41.6x0.2 51.9+0.8
34 %
ND 14.8+0.4
123.1+0.9¢ 191.8+3.2

Note: Data mg/g of EtOAc, PE and n-BuOH extracts are the mean of three replicates. Results correspond to the mean+SD of three
replicates; (>°)Different letters within the same row mean that there are significant differences (p<0.05); ND: Not Detected

In the present study, all the tested extracts exhibited
antioxidant activity in a dose-dependent manner (Table
3). The EtOAc extract showed the highest antioxidant
activity in the DPPH radical scavenging and total
antioxidant activities with values of 21.0+0.001 pg/ml
and 19.2+0.002 pg EAA/mg of extract, respectively.
The results of the FTC assay revealed that PE, EtOAc
and n-BuOH extracts had an antioxidant potential to
inhibit lipid peroxidation with values of 33.9 %, 34.9
% and 31.9 %, respectively. These values are close to
BHA (41.9 %) and quercetin (42.1 %) but lower than
those of Butylated Hydroxytoluene (BHT) (87.3 %)
and ascorbic acid (61.9 %) as standards. In the H,O,
scavenging test, the highest percentage of inhibition
was found in the n-BuOH extract (52.2 %) compared
to the ascorbic acid as reference (62.4 %) at the
concentration of 100 pg/ml (Table 3). According to the
results of B-carotene bleaching test illustrated in fig. 3,
the EtOAc extract has the greatest antioxidant activity,
followed by n-BuOH and PE extracts.
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In Table 3, DPPH: DPPH radical scavenging
activity; H,O,: Hydrogen peroxide scavenging assay;
B-carotene: B-carotene bleaching activity; FTC: Ferric
thiocyanate capacity; TAC: Total Antioxidant Capacity;
BHA: Butylated Hydroxyanisole; BHT: Butylated
Hydroxytoluene; PE: Petroleum Ether; EtOAc: Ethyl
Acetate; n-BuOH: n-Butanol; ug EAA/mg of extract:
pg equivalents of ascorbic acid per mg of dry extract.

In pancreatic lipase inhibitory activity, the results
showed that all the tested extracts displayed activity in
a dose-dependent manner. Indeed, the EtOAc extract
had the best anti-lipase effect with an IC_ value of
289.1+0.53 pg/ml, followed by n-BuOH and PE
extracts (Table 4).

The ability of E. altissima extracts to induce the
inhibition of a-amylase enzyme in vitro is presented in
Table 4. All the tested extracts inhibited a-amylase in
a dose-dependent manner. In fact, the EtOAc extract
displayed the strongest anti-amylase activity with an
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TABLE 3: ANTIOXIDANT ACTIVITIES OF CRUDE EXTRACTS FROM E. altissima

Antioxidant activities

Extracts and DPPH assay B-carotene assay TAC assay H,0, assay FTC assay
standards
IC,,, (ug/ml) EAA % Mg EﬁtAr/a mg of % inhibition

PE 144.0+0.008¢ 23.8+1.63° 8.8+0.032 11.17+0.67° 33.9+3.712
EtOAc 21.0£0.001® 58.3+1.10¢ 19.2+0.002¢ 2.1+0.50° 34.9+2.312
n-BuOH 94.0+0.002¢ 32.3+5.21° 12.5+0.05° 52.2+0.67¢ 31.9+1.90°
BHA 3.13£0.122 93.3+1.46¢ NT NT 41.9 £0.44°
BHT 3.24+0.26° NT NT NT 87.3+0.27¢
Ascorbic acid 3.15+0.05° NT NT 62.4+1.26¢ 61.9+1.26¢
Quercetin NT 92.9+1.75¢ NT NT 42.1+0.25°

Note: Results correspond to the meanSD of three replicates. @ > < 9Different letters within the same column mean that there are
significant differences (p<0.05). ND: Not Detected and NT: Not Tested

100+

40+

4 of inhibition

20+

i

F =l

u 1 1 1
PE EitOAc n-BuOH  quercetin

Fig. 3: B-carotene bleaching inhibitory effect of E. altissima crude extracts, (EZ3) PE; ((£=3) EtOAc; (£23) n-BuOH and (£53) Quercetin

TABLE 4: ANTI-INFLAMMATORY PROPERTIES, a-AMYLASE AND PANCREATIC LIPASE INHIBITORY
ACTIVITIES OF CRUDE EXTRACTS FROM E. altissima

Pancreatic lipase and a-amylase inhibitory activities and anti-inflammatory activity

Extracts and standards Pancreatic lipase inhibitory a-amylase inhibitory activity Anti-inflammatory activity

activity IC,, (ug/ml) IC,, (ug/ml) IC,, (ug/ml)
PE 525.1+2.05¢ ND ND
EtOAc 289.1+0.532 8.07+0.15° 126.4+2.36°
n-BuOH 327.5£1.18° 14.7+0.003¢ 237.6+4.29¢
Acarbose NT 6.4+0.24° NT
Ibuprofen NT NT 33.6+1.47°

Note: Results correspond to the mean+SD of three replicates. @ > “Different letters within the same column mean that there are
significant differences (p<0.05); ND: Not Detected and NT: Not Tested
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IC,, value of 8.07+0.15 ng/ml, followed by n-BuOH
extract (IC,; at 14.7+0.003 pg/ml), compared with
acarbose (6.4+0.24 pug/ml) as standard. The PE extract
exhibited the lowest a-amylase inhibitory activity with
a percentage of inhibition at 44.0 % at the concentration
of 1000 pg/ml.

All the extracts of FE. altissima revealed anti-
inflammatory activity by the inhibition of BSA
denaturation that varied in a dose-dependent manner (fig.
4). The highest anti-inflammatory effect was observed
in EtOAc extract with a value of IC, at 126.4+2.36 ng/
ml, followed by n-BuOH and PE extracts (Table 4). In
addition, this activity was lower than that of ibuprofen
as a standard drug (IC,: 33.6+1.47).

The identification of the individual phenolic compounds
in crude extracts prepared from the species of E.
altissima was performed by comparison of the UV-
Vis absorption spectra and mass spectrum with the
results of the literature data as well as by comparison
with commercial standards. The phenolic acids 1, 3,
5, 7, 10 and 14 were identified respectively as gallic
acid, protocatechuic acid, p-hydroxybenzoic acid,
p-hydroxybenzaldehyde, coumaric acid and ferulic
acid by comparison with commercial standards.
Indeed, coumaric acid!'”'8], p-hydroxybenzoic and
protocatechuic acids!''”) were previously described in
E. alata, E. aphylla and E. equisetina. Peak 2 showed
UV maxima absorption at =259 nm and 294 nm and
a precursor ion at m/z 315 [M-H]™ in the negative
ionization mode. This precursor ion was fragmented
into product ion at m/z 153 (protocatechuic acid),
produced by the loss of hexose moiety (162 units), based
on comparison of absorption spectra (257, 291 nm) and
[M-H] value (m/z 315) with that reported by Chen
et al.?, peak 2 was then identified as protocatechuic
acid glucoside. In addition, peak 4 ([M-H] at m/z 355,
R =17.79 min) presented 162 units (glycoside moiety)
higher than compound 14, therefore being established as

1001
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ferulic acid glucoside, which was previously reported in
Lingonberry by Ek et al.?!l. Ferulic and protocatechuic
acid glucosides were described for the first time in
Ephedra plants. The remaining compounds were
identified as flavonoids, such as flavonols (quercetin
and kaempferol derivatives) and flavones (apigenin
and luteolin derivatives). Compounds 6, 12, 13 and
17 were identified as apigenin derivatives. Compound
13 displayed the [M-H] ion at m/z 431 and the MS
spectrum showed typical fragment ions of mono-C-
glycosides as they exhibited fragment ions at m/z 311
corresponding to the loss of 120 units. This compound
(13) was identified as apigenin-8-C-glucoside (vitexin)
by comparison with a commercial standard. Vitexin
was also identified in E. campylopoda stem extracts!*?!,

Comparing with vitexin, compound 12 with a precursor
ion at m/z 593 and a daughter ion at m/z 431, was
identified as vitexin 4"-O-glucoside, which was
previously reported for hawthorn leaves®!. Compound
17 presented a molecular ion peak at m/z 577 ([M-
H]™ and daughter fragments at m/z 341 and 323
corresponding to the loss of a rhamnose molecule (146),
a 90 amu moiety and water (18), which are characteristic
of 6-C-glucoside-O-rhamnoside derivatives?®!. It was
identified by comparison with a commercial standard
as apigenin-6-C-glucoside-2-rhamnoside (isovitexin-2-
O-rhamnoside). The MS/MS spectrum of compound 6
in negative ion mode showed a precursor ion at m/z 593
[M-H]™ which produced daughter ions at m/z 575 [(M-
H)-18] and 503 [(M-H)-90] and a base peak at m/z
473 [(M-H)-120]", exhibiting a fragmentation pattern
typical of flavones di-C-glycoside. The ions at m/z
353 [(M-H)-(120+120)]" and 383 [(M-H)-(90+120)]
indicated the presence of apigenin (Molecular Weight
(MW): 270) as aglycone and two hexose moieties
(glucoses)?¥. It was identified as apigenin-6,8-di-C-
glucoside (vicenin II) by comparison with an authentic
standard. Compound 8 exhibited [M-H] ion at m/z 447
with UV maxima at =269 and 347 nm. Based on the

125 250 500

Concentration of plant extracts and standard (ug/ml)

Fig. 4: Anti-inflammatory activity of extracts (EtOAc, n-BuOH and PE) from the species E. altissima and ibuprofen as standard, (zz) PE;

( =x1) n-BuOH; ( ==2) EtOAc and ( zzz2 ) Ibuprofen
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literature data, it was characterized as luteolin-6-C-
glucoside (isoorientin). The presence of a fragment ion
at m/z 429 [(M-H)-18]" is characteristic of isoorientin
and absent in orientin?*. Compound 15 was a quercetin
derivative (A__: 255, 347 nm and a MS2 fragment at
m/z 301), quercetin-3-O-rhamnoside, while compound
18 was a kaempferol one (A__ : 264,346 nm and an MS2
fragment at m/z 285), kaempferol-3-O-rhamnoside,
both of them identified by comparison with commercial
standards.

The total phenolic content of ethanol extract (191.8
mg/g extract) was close to that reported in the plant .
alata (240 mg/g extract)®]. In fact, variations in the
results of total phenolic contents may depend on several
factors such as soil characteristics, period and area of
harvest, plant storage conditions and quantification
methods®®!. To the best of our knowledge, this is the
first report on the identification and quantification of
different phenolic compounds including phenolic acids,
C-flavonoids and O-flavonoids in E. altissima extracts.
In the n-BuOH extract, isovitexin-2-O-rhamnoside
was the main compound which represents 34 % of the
total phenolic compounds followed by vicenin II (20
%). For the other phenolic compounds, the n-BuOH
extract contained between 1 % and 8 % of phenols.
However, kaempferol-3-O-rhamnoside (22 %) was
the predominant compound in the EtOAc extract. In
addition, protocatechuic acid (17 %) and quercetin-
3-O-rhamnoside (10 %) were also detected with high
contents of phenolic compounds. Moreover, isovitexin-
2-O-rhamnoside (7 %), ferulic acid (7 %), gallic acid
(6 %), p-hydroxybenzoic acid (5 %), coumaric acid (4
%), vitexin (4 %) and p-hydroxybenzaldehyde (3 %)
were present in the EtOAc extract in small amounts.
Furthermore, the presence of apigenin derivatives, such
as i1sovitexin-2-O-rhamnoside and vicenin II, has been
reported in the species of E. aphylla™”. Otherwise, the
flavonol glycosides kaempferol-3-O-rhamnoside and
quercetin-3-O-rhamnoside were identified previously
in E. alata™".

The antioxidant activities of E. altissima extracts were
evaluated using five different methods based on different
mechanisms of action including the scavenging of free
radicals, reductive capacity and inhibition of lipid
peroxidation. The good antioxidant activity of EtOAc
extract in most of the tested methods may be associated
with the presence of phenolic compounds detected in
this plant. Indeed, the number and position of hydroxyl
groups in flavonoid structures and the synergistic
effects of various bioactive compounds could greatly

July-August 2022

increase the potency of crude extracts. Studies focused
on the antioxidant activity by DPPH of the species from
the genus Ephedra such as E. intermedia, E. procera,
E. pachyclada and E. sarcocarpa and E. chilensis?’3"
showed differences in their potential. Also, the results
of the antioxidant capacity from the plant E. altissima
reported previously by Rached et al.®? indicated a
higher activity (IC,, at 12.0£0.23 pg/ml) compared
to the results of our study. The observed variations in
the results of the antioxidant activity of extracts from
the same species are probably due to the chemical
composition, the amount of the secondary metabolites
and the used solvents in the extraction procedures.

The observed anti-lipase activity of E. altissima could
be attributed to the presence of chemical compounds
such as flavonoids and polyphenols known for their
ability to inhibit the enzymatic activity of pancreatic
lipase. In fact, several phenolic acids (p-coumaric and
protocatechuic) and flavonoids (rutin and quercetin)
previously isolated from the Ephedra taxa were
considered as great inhibitors of pancreatic lipase!!”!¥l.
Several studies reported on species of the genus
Ephedra exhibited a potential capacity to promote
weight loss by efficiently decreasing body weight,
fasting glucose and insulin levels in healthy overweight
and obese populations?®!. The administration of F.
sinica reduced body weight gain, total visceral weight
and food intakeP¥. E. herba significantly reduced
fat percentage, total cholesterol and triglyceride
levels®!. The inhibitory effect of E. altissima extracts
on lipase may be due to the combined actions of the
various phenolic acids which cause synergistic effects.
Studies by Moreno et al.**! have shown that there are
synergistic effects when two or more polyphenols
are combined. To prove such synergistic effects Cai
et al.®7 tested the lipase inhibition interactions of
each binary combination of ferulic, p-coumaric and
caffeic acids. Synergy was observed, especially at high
concentrations. However, the interactions of binary
combinations of these phenolic acids were additive
rather than synergistic when they were tested at low
concentrations. Previous research conducted on species
of the genus Ephedra indicated the effectiveness of
these species in the treatment of obesity-related type 2
diabetes. E. alata and E. foliata possessed antioxidant
and anti-diabetic activities®®®, and E. distachya showed
a remarkable anti-diabetic effect™.

The observed a-amylase inhibitory activity could be
due to the antioxidant potential of the extracts. Indeed,
several studies showed that antioxidant activities
correlated reasonably with the antidiabetic effects and
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that the effectiveness of anti-diabetic drugs increased
when they were associated with antioxidants!®. E.
altissima extracts exhibited a mild inhibitory activity
against a-amylase in agreement with an earlier study
showing that plant phytochemical compounds are
mild inhibitors of a-amylase and strong inhibitors of
a-glucosidase activity, a property that confers a benefit
over synthetic drugs that strongly inhibit a-amylase!®,
It has been suggested that side effects such as abdominal
distention, flatulence, meteorism and possibly
diarrhea could be caused by the excessive inhibition
of pancreatic a-amylase resulting in the abnormal
bacterial fermentation of undigested carbohydrates in
the colon!®. Food-grade phenolic a-amylase inhibitors
derived from dietary plant extracts are potentially safer
and can be a preferred alternative to modulate the
digestion of carbohydrates and to control the glycemic
index of food products.

Protein denaturation is a pathological process that
causes inflammation. Most proteins lose their biological
functions by the alteration of their tertiary and
secondary structures. This usually occurs when proteins
are exposed to external stress such as heat and a strong
acid or a base!”. In vivo protein denaturation occurs
in the case of an autoimmune inflammatory process by
the production of auto-antigens inducing a multitude
of diseases including rheumatoid arthritis, diabetes and
obesity™!l. Indeed, it is proven that anti-inflammatory
drugs inhibit not only the synthesis of pro-inflammatory
mediators but also the denaturation of proteins.
However, these drugs usually have many adverse side
effectst*?. Therefore, it is necessary to search for new
alternative substances in natural sources that prevent
the denaturation of proteins and constitute effective
anti-inflammatory drugs with few side effects!!. In
the present study, the crude extracts prepared from
the species, E. altissima moderately prevent the BSA
denaturation compared to the reference drug. The
observed anti-inflammatory activity of E. altissima
extracts could be due to its chemical composition,
mainly phenolic compounds. These metabolites are
recognized for their anti-inflammatory properties by
reducing the arthritis index and decreasing Interleukin 1
beta (IL-1p) and Tumor Necrosis Factor alpha (TNF-a)
level in inflamed arthritic rat tissues*¥. However, the
antioxidant power of the different extracts from this
plant can increase the importance of the obtained
results. Indeed, several studies have identified oxidative
stress as the leading cause of chronic inflammation
and autoimmune diseases!*”. Thus, the fight against
oxidative stress can prevent the onset of this disease
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and reduce the severity of the observed symptoms. It
can be concluded that the species E. altissima, is a rich
source of polyphenols that has both o-amylase and
pancreatic lipase inhibitory activities and therefore the
use of its extracts may be a good strategy for treating
obesity-related type 2 diabetes.
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