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a b s t r a c t

Three Acacia species: A. farnesiana, A. tortilis and A. longifolia, were investigated for seasonal variations of
the phytochemical constituents and their influence on in-vitro anti-inflammatory activities. Samples of
leaves and bark of the three species were collected in two different seasons and extracted using 50% and
70% ethanol. LC-MS analysis revealed the presence of rutin in the leaves of all three species, while
catechin was commonly present in the bark. Other major components included vicenin 2, isoquercitrin,
kaempferol 3-O-rutinoside and isorhamnetin 3-O-rutinoside in A. farensiana leaves, while A. longifolia
leaves contained myricetin 3-O-rhamnoside, quercitrin and luteolin. The level of rutin varied according
to the flowering period being highest in winter in A. tortilis (245.4 mg/mg) and A. longifolia (3.0 mg/mg).
The content of total phenolics (TPC) showed a marked variation among the three species, which was
reflected to some extent in the COX-1 and COX-2 enzymes inhibition. Optimization modeling was per-
formed for better visualization and utilization of the data showing a strong inverse correlation between
TPC and the mean inhibition of COX-2 in case of the leaves (r¼ 0.783). Finally, cluster analysis of the data
obtained from the leaf samples reflected on the taxonomical classification of the species.

© 2018 Elsevier Ltd. All rights reserved.
1. Introduction

Plants have been widely used since ancient times as a primary
remedy for various ailments. Their folk uses have encouraged
various phytochemical and pharmacological screenings and pro-
vided an unlimited source for drug discovery endeavors due to the
unmatched chemical diversity (Sasidharan et al., 2011; Pacifico
et al., 2016). Medicinal plants constitute a broad array of bioactive
secondary metabolites, among which are phenolics, having several
beneficial effects to humans especially in the prevention of chronic
degenerative diseases, including cancer, cardiovascular and
neurodegenerative disorders (Bhullar and Rupasinghe, 2013;
Fern�andez-Arroyo et al., 2015; Mocanu et al., 2015; Ramon et al.,
. El-Ahmady).
2014).
The genus Acacia is the second largest genus of the family

Fabaceae, comprising more than 1350 species worldwide, with
members found in almost all habitats, of which, approximately 800
are found in Australia, 130 in Africa and 20 in India (Jelassi et al.,
2014). Plants of genus Acacia are widely used in traditional medi-
cine for diarrhea, urinary tract infections, headaches, sore throat,
gastritis, tuberculosis and bronchial asthma (Stohs and Bagchi,
2015). Phytochemical investigation of different Acacia species
showed the presence of phenolic acids, flavonoids, tannins, alka-
loids and terpenes, which were responsible for numerous phar-
macological effects, showing hypoglycemic, anti-inflammatory,
anti-bacterial, anti-platelet aggregation, anti-hypertensive, anal-
gesic, anticancer and anti-atherosclerotic activities (Jelassi et al.,
2016).

Acacia farnesiana (L.) Willd., Acacia tortilis Hayne and Acacia
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longifolia (Andrews) Willd. are three prominent Acacia species
commonly grown for ornamental purposes and widely distributed
in gardens of Egypt. Recently, these species were re-classified under
two different taxa out of five of the Fabaceae family; namely
Vachellia and Acacia, and the species under study renamed:
Vachellia farnesiana Wight & Arn. (Acacia farnesiana), Vachellia
tortilis (Forssk.) Galasso& Banfi (Acacia tortilis), and Acacia longifolia
(Kyalangalilwa et al., 2013; Murphy et al., 2010). The phytochemical
literature on these species is quite limited, but flavonoid galloyl-
glycosides and flavonoid glycosides were reported in A. farnesiana
(Ramli et al., 2011). Apigenin 6,8-bis-C-b-D-glucopyranoside (vice-
nin) and rutin were identified in A. tortilis (Yadav and Kothiyal,
2013), and naringenin and isorhamnetin 3-O-rutinoside in
A. longifolia (Andrade et al., 2010; Thieme and Khogali, 1975). Re-
ports of folk medicine on these species revealed that stems of
A. tortilis have been used in Somalia to treat asthma, and dried
powdered bark has been used as a disinfectant in wound healing
(Verma, 2016). A. farnesiana has been used for the treatment of
inflammation in Mexico, as well as for lowering abdominal pain
and headache, and for arthritis in China (Hossan et al., 2010).
A. longifolia has been used in folk medicine for asthma (Güler et al.,
2015). From the biological point of view, studies on A. tortilis
showed marked inhibition of mammalian a-glucosidase signifi-
cantly reducing postprandial blood glucose level (Bisht et al., 2013).
For A. farnesiana, it was reported that it possessed potent anti-
inflammatory and analgesic activity (Huey-Jiun et al., 2014; Ramli
et al., 2011). To our knowledge, no pharmacological testing has
been reported regarding A. longifolia so far.

In this study, a phytochemical investigation on the Acacia spe-
cies in question regarding their phenolic content and anti-
inflammatory activity is presented. It is worth noting that
although there are reports of studies regarding seasonal variation of
secondary metabolites, yet no compiled representation of the op-
timum collection season of pharmaceutically important constitu-
ents could be traced (Soni et al., 2015). Hence, wewere prompted to
determine whether the collecting season affects the chemical
composition and consequently the anti-inflammatory activity of
the three Acacia species. It also seemed interesting to determine
whether closely related species show resemblance in terms of
phenolic content.
2. Materials and methods

2.1. Plant material

Leaves and bark of A. farnesiana, A. tortilis, and A. longifoliawere
collected in December 2015 (winter) and May 2016 (spring) from
Sekem farms, located 60 km north of Cairo, Egypt (30�25002.900N
31�38011.500E). The plants were identified by taxonomists at the
botanical garden of Sekem farms, Belbis, Egypt (Fig. 1) as Acacia
farnesiana (L.) Willd., Acacia tortilis Hayne and Acacia longifolia
(Andrews)Willd. (Allen and Allen,1981). Voucher specimens (PHG-
P-AT189), (PHG-P-AT190) and (PHG-P-AT191) (Supplementary
Material Fig. S4) are kept in the herbarium of the Faculty of Phar-
macy, Ain Shams University. Five samples for each organ in each
species were collected at random (different branches; different leaf
size) and all samples were treated as one during extraction pro-
cedures. Plant materials were air-dried, coarsely cut (2 cm2) and
extracted twice by maceration at room temperature (24 �C). Sol-
vents of 50% ethanol and 70% ethanol were used for extraction for
each sample. Both extracts were evaporated to dryness under
reduced pressure at 40 �C using a Heidolph rotary vacuum evapo-
rator, and lyophilized using a LyoQuest freeze dryer. Extraction
resulted in 12 extracts from leaves and 12 extracts from bark.
2.2. LC-MS analysis

UHPLC-HR-MS/MS and UHPLC-ESI-MS were used for the quali-
tative and quantitative analysis respectively. In qualitative analysis,
the assay was performed using an ultimate 3000 hyperbaric liquid
chromatography system coupled to a Q Exactive hybrid quadropole
orbitrap mass spectrometer via an ESI ion source. Chromatography
system consisted of an Ultimate 3000 autosampler, an Ultimate
3000 diode array detector, UltiMate 3000 RS Column Compart-
ment. Xcalibur software was used for data collection and data
analysis. A Phenomenex® column Kinetex 2.6 mm C18 100 Å, LC
Column 100� 2.1mm (Agilent technologies, Waldbronn, Germany)
was used for chromatographic separation. The mobile phase con-
sisted of A: 0.2% formic acid in water and B: 0.2% formic acid in
acetonitrile (VWR, U.S.A). The elution profile was 0e30min 2e20%
B in A, 30e40min, 20e60% B in A. The flow rate was 0.350ml/min
and the injection volumewas 5.0 mL. The DAD acquisition rangewas
190e400 nm. ESI ion source was operated in negative mode with
the following parameters: dry gas flow (N2) 8.0 L/min with a
capillary temperature set at 330 �C; source heater temperature set
at 300 �C; sheath gas flow set at 50 arbitrary units; auxiliary gas
flow set at 10 arbitrary units; source voltage set at 3.00 kV; capillary
voltage set at �16 V. Mass spectra were recorded between m/z
166e2000 with a mass resolution of 70,000. Collision-induced
fragmentation experiments were performed in the ion trap using
helium as a collision gas, with voltage cycles from 0.3 up to 2 V and
collision energy set at 35 eV. The constituents were tentatively
identified by comparison of their specific chromatographic data
including UV spectra, monoisotropic mass and MS/MS fragmenta-
tion patterns to literature data or by comparison with authentic
reference compounds.

Quantitative analyses were carried out on a Dionex UltiMate
3000 system equipped with UltiMate 3000 RS pump, degasser,
UltiMate 3000 RS Autosampler, UltiMate 3000 RS Column
Compartment and Ultimate 3000 RS diode array detector (DAD). A
Phenomenex® column Kinetex 2.6 mm C18 100 Å, LC Column
100� 2.1mm (Agilent technologies, Waldbronn, Germany) was
used for chromatographic separation. The mobile phase consisted
of A: 0.2% formic acid in water and B: 0.2% formic acid in acetoni-
trile (VWR, U.S.A). The elution profile was 0e30min 2e20% B in A,
30e40min, 20e60% B in A. The flow rate was 0.350ml/min and the
injection volumewas 5.0 mL. The LC systemwas coupled to a LTQ-XL
mass spectrometer (Thermo Fisher Scientific, USA) with an ESI ion
source and controlled by Thermo Tune Plus 2.7.0 software.

2.3. Quantitative analysis of extracts

Leaf extracts were quantified relative to rutin as an external
standard (Roth, Karlsruhe, Germany). For this purpose, rutin cali-
bration curve was prepared using seven different concentrations
(2.5, 5, 10, 15, 30, 50, 60 mg/ml) injected at the same conditions as
the samples. Bark extracts were quantified using catechin as
external standard (Roth, Karlsruhe, Germany). For this purpose
catechin calibration curve was prepared using eight different con-
centrations (3.75, 7.5, 15, 30, 60, 120, 150, 200 mg/ml) injected in the
same conditions of the samples. Samples were injected in dupli-
cates. From the resulting chromatograms, quantitation by
normalization was attained where the peak area % of each peak in
the chromatogram is calculated as a percentage of the total area of
all peaks.

2.4. Assay on total phenolics

The content of total phenolics was determined according to a
modified FolineCiocalteau procedure reported by Zhang et al.
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(2010). The extracts were dissolved in water, and 0.5ml aliquot
samples were mixed with 2.5ml of 10-fold-diluted Folin- Ciocalteu
reagent (Sigma, USA) and 2ml of 7.5% sodium carbonate (Roth,
Karlsruhe, Germany). The mixture was allowed to stand for
30min at room temperature in the dark before the absorbance was
measured at 760 nm using a DU 800 spectrophotometer (Beckman
Coulter, USA). A mixture of water and reagent was used as a blank.
Samples were analysed in triplicates. The results were expressed as
gallic acid equivalents.

2.5. Anti-inflammatory assay

COX-1 and COX-2 inhibition assays were performed in a 96-well
plate format with purified prostaglandin H synthase (PGHS)-1 from
ram seminal vesicles for COX-1 and human recombinant PGHS-2
for COX-2 (Cayman Chemical company, MI, USA) as previously
described by Katani�c et al. (2016). The incubation mixture con-
tained 180 mL of 0.1M TRIS/HCl-buffer (pH 8.0) (Roth, Karlsruhe,
Germany), 5 mM hematin (ICN, Ohio, USA), 18mM epinephrine
hydrogen tartarate (Fluka, Buchs, Switzerland), 0.2 U of enzyme
preparation and 50 mM Na2EDTA (only for COX-2 assay, Titriplex III,
Merck, Darmstadt, Germany). 10 mL of each compound solutionwas
added and the mixture was pre-incubated for 5min at room tem-
perature. The extracts were dissolved in DMSO. Indomethacin
(purity �99%) and NS-398 (purity �98%) both from Cayman
Chemical Company, MI, USA, were used as positive controls and
dissolved in ethanol p.a. The concentration of the extracts solution
was 50 mg/ml, the concentration of indomethacin was 1.25 mM and
NS-398 concentrationwas 5 mM The reactionwas started by adding
10 mL of 5 mM arachidonic acid in ethanol p.a (Cayman Chemical
Company, USA) and afterwards incubated at 37 �C. After 20min the
reactionwas terminated by addition of 10 mL of 10% formic acid. The
concentration of PGE2, the main arachidonic acid metabolite in this
reaction, was determined by a competitive PGE2 EIA kit (Enzo Life
Sciences). EIA was evaluated by a microplate reader (Tecan,
Switzerland) and the PGE2 concentration was determined as pre-
viously described by Katani�c et al. (2016). Inhibition of COX en-
zymes referred to reduction of PGE2 formation in comparison to a
blank run without an inhibitor.

2.6. Optimization modeling

Two full factorial design experiments (representing two
different parts of the used plants: leaves and barks) were
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constructed using JMP® 7.0 (SAS, Cary, NC) (Mehanny et al., 2017).
The model was used to study the effect of three categorical factors,
namely; the percentage of the solvent system (at two levels: 50%
and 70% ethanol), plant species (at three levels: AL, AF and AT) and
finally the collection season (at two levels: winter and spring). The
three studied responses were the content of total phenolics (TPC),
percentage mean inhibition of COX-1, and percentage mean inhi-
bition of COX-2 enzymes. Accordingly, 12 different combinations
(runs) were generated for each full factorial design. The different
factors, levels as well as the responses are shown in Supplementary
Table 1.
Table 1
Phenolic compounds identified by LC-DAD-HR-MS/MS analysis in Acacia leaves (AFL, AT

Compound Normalized peak area %

50%
ATL
s

50%
ATL
W

70%
ATL
s

70%
ATL
w

50%
AFL
s

50%
AFL
w

70%
AFL
s

70%
AFL
w

50%
ALL
s

50%
ALL
w

70%
ALL
s

7
A
w

Minor unidentifiable e e e e e e e e 8.8 12.1 7.3 1

Catechin a,b,c e e e e e e e e 14.6 9.7 14.4 1

Vicenin2 a,b (Apigenin
6,8-C-di-glucoside)

e e e e 36.6 33.8 36.0 35.7 e e e e

Minor unidentifiable e e e e e e e 2.0 1.1 2.2 1

Myricetin hexoside a e e e e e e e e 7.4 6.5 7.9 7

Minor unidentifiable e e e e 0.4 e 0.6 0.6 e e e e

Myricetin 3-O-
rutinoside a,b

4.2 6.0 5.6 6.1 e e e e e e e e

Minor unidentifiable e e e e 0.9 e 1.0 1.0 e e e e

Myricetin 3-
rhamnoside a,b

e e e e e e e e 37.1 35.7 36.9 3

Minor unidentifiable e e e e 0.8 1.4 0.1 1.3 e e e e

Rutin a,b,c

(Quercetin 3-O-
rutinoside)

91.0 87.9 89.1 87.1 23.8 22.7 24.6 23.9 2.7 3.9 3.1 3

Isoquercitrin a,b

(Quercetin-3-O-
glucoside)

e e e e 2.6 3.2 2.4 2.2 e e e e

Kaempferol 3-O-
glucoside a,b

e e e e e e e e 3.4 6.0 7.2 7

Kaempferol-O-
rhamno-O-hexoside
a

e e e e 1.1 1.3 0.9 1.1 e e e e

Isorhamnetin-O-
rhamno-O-hexoside
a,b

e e e e 0.5 0.7 0.5 0.5 e e e e

Minor unidentifiable e e e e e e e e 3.3 3.4 3.3 2

Kaemepferol 3-O-
rutinoside a,b

4.2 3.5 4.2 4.0 9.0 10.5 9.5 9.5 e e e e

Minor unidentifiable e e e e 0.5 1.0 0.7 0.4 e e e e

Quercitrin a,b

(Quercetin 3-O-
rhamnoside)

e e e e e e e e 8.9 10.6 9.5 9

Isorhamnetin 3-O-
rutinoside a,b

e e e e 23.5 24.9 23.
6

23.6 e e e e

Kaempferol hexosidea e e e e e e e e 1.1 1.3 1.6 0

Luteolin a,b e e e e e e e e 10.8 9.7 6.5 6

Minor unidentifiable 0.6 2. 6 1.2 2.8 0.3 0.4 0.2 0.2 e e e e

Peaks were tentatively identified based on UV dataa, mass and fragmentation literature
2.7. Statistical analysis

Experiments were repeated in duplicates or triplicates except
COX-1 and COX-2 experiments, which were repeated four times.
Data were presented as the mean± standard deviation (SD). Sta-
tistical analysis of the data was performed using ANOVA test uti-
lizing JMP® 7.0 (SAS, Cary, NC). Differences were considered
statistically significant at P< 0.05. Clustering analysis was per-
formed using themultivariate software Unscrambler X® V10.5 from
CAMO (Computer Aided Modeling, AS, Norway).
L, ALL) and barks (AFB, ATB, ALB) ethanolic extracts.

Rt
(min)

UV
lmax

Molecular
ion
[M-H]-
(m/z)

MS2 fragments
(m/z)

Ref.

0%
LL

6.8 3.89 263,
316

315.1029 152(100)

0.4 9.41 280 289.0703 247 (7), 245 (100), 231 (7), 205
(35), 203 (5), 179(13)

Sowndhararajan
et al., 2016

16.7 273,
335

593.1483 575 (11), 503 (31), 473
(100), 383 (14), 353 (24)

Farag et al., 2016

.8 18.02 218,
271

557.3734 539 (23), 271 (100),
211 (38), 169 (7)

.1 19.28 263,
356

479.2270 316 (100) Aneta et al., 2013

19.55 221 625.3997 505 (26), 463 (16), 445 (60), 300
(100)

19.65 264,
305,
354

625.1383 316 (100) Aneta et al., 2013

20.53 221 755.3608 583 (100), 387 (13), 443 (2)
3.4 22.07 264,

352
463.0860 316 (100) Ablajan and

Tuoheti, 2013
22.39 221,

267
609.3229 301 (100)

.8 23.08 258,
355

609.1433 300 (100) Ramli et al., 2011

23.46 257,
354

463.0864 463 (49), 301 (65), 300
(100), 271 (6), 255 (3),
179 (3), 151 (5)

Ablajan and
Tuoheti, 2013

.9 23.58 268,
347

447.0914 285 (100) Lantto et al.,
2016

24.45 222,
267,
346

593.3829 285 (100) Murai et al., 2013

25.61 267,
354

623.4397 315 (100), 300 (65),
255 (15)

Ferreres et al.,
2008

.2 25.73 285,
309

767.4628 749 (100), 705 (34),
591 (83), 499 (22), 267 (28)

26.15 268,
345

593.1486 285 (100) Kumar et al.,
2017

26.59 221,
357

447.1854 327 (27), 285 (100),
254 (11)

.8 26.7 257,
348

447.0912 447 (57), 301 (97), 300
(100), 271 (6), 255 (3), 179 (4),
151 (5)

Ablajan and
Tuoheti, 2013

27.0 221,
295,
357

623.1645 315 (100), 300 (11), 271 (4), 255
(3)

Chen et al., 2015

.1 29.4 281,
348

447.1874 285 (100) Kajd�zanoska
et al., 2010

.6 33.8 269,
347

285.0390 243 (57), 241 (100), 217 (49),
199 (58), 175 (57), 151 (24)

Schmidt, 2016

35.26 222,
274

327.3845 309 (19), 291 (58), 229 (100),
211 (38), 171(33)

datab or by comparison with authentic reference compounds c.
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3. Results and discussion

3.1. LC-MS analysis

By comparison to reference standards, LC-MS analysis revealed
the presence of rutin (quercetin 3-O-rutinoside) in the leaves of all
three species, while catechin was commonly present in the bark.
A. farensiana leaves also contained vicenin 2 (apigenin 6,8-C-di-
glucoside), isoquercitrin (quercetin 3-O-glucoside), kaempferol 3-
O-rutinoside and isorhamnetin 3-O-rutinoside and kaempferol-O-
rhamno-O-hexoside, while A. longifolia leaves were shown to
contain catechin, myricetin 3-O-rhamnoside, kaempferol 3-O-
glucoside, quercitrin (quercetin 3-O-rhamnoside) and luteolin. On
the other hand, the leaves of A. tortilis contained myricetin 3-O-
rutinoside and kaempferol 3-O-rutinoside. Data are compiled in
Table 1. Representative chromatograms are shown in Fig. 2 while all
chromatograms are shown in supplementary material.

3.2. Quantitative analysis of extracts

The LC-MS analysis revealed the presence of rutin in the leaves
of all three species. Therefore, it was quantitatively analyzed and
compared in terms of collecting season (UV spectrum of rutin is
shown in Fig. S3). In comparison with the other two species, the
concentration of rutin in the leaves of A. tortilis revealed to be the
highest in both seasons. With respect to collecting season, rutin
Fig. 2. HPLC chromatogram showing identified peaks of the leaves extract (50% ethanol
was found to be highest in winter, in A. tortilis and A. longifolia
(using 70% ethanol as extraction solvent), while rutin was highest
in spring in A. farnesiana (Table 2). The level of rutinwas reported to
vary according to the flowering period of the species, usually
showing lower levels in spring (Sartor et al., 2013). This phenom-
enon may also be correlated to change in temperature affecting
both flowering period and phenolic content (Albert et al., 2009).
The low levels of rutin in A. longifolia and A. tortilis observed in
spring in comparison towinter may be attributed to their flowering
period in spring, while in A. farnesiana, rutin concentration was
lower inwinter due to its blooming period during the winter (Allen
and Allen, 1981). Based on the gallic acid calibration curve, total
phenolic content (TPC) was determined to be highest in the leaves
of all species when collected in spring and extracted with 70%
ethanol (Table 2). TPC in spring may be higher due to the greater
need for protection against photo-oxidative stress caused by excess
of light where plants tend to increase phenolic production directly
in response to oxidative pressure produced from excess light en-
ergy (Close and McArthur, 2002). A. longifolia showed the highest
content of total phenolics regardless the collection season. On the
other hand, catechin was found as a common constituent in the
bark of all three species and was quantified according to collection
season. As shown in Table 2, the concentration of catechin and the
total phenolic content was highest in A. tortilis regardless of the
collection season. Catechin concentration was found particularly
high in spring in all species using 50% ethanol as an extraction
in the Spring season) of Acacia farnesiana A; Acacia tortilis B; and Acacia longfolia C.



Table 2
Total phenolics, rutin content, catechin content and COX inhibitory activity (%).

Sample

Leaves Total phenolics
(mg GAE/g)

Rutin content
(ug/mg extract)

COX-1 inhibition
(%)

COX-2 inhibition
(%)

COX-1/COX-2 inhibition ratio

A. farnesiana
Winter (50% EtOH) 142.7± 4.8 21.3± 0.2 65.3± 5.8 85.3± 1.8 0.8
Winter (70% EtOH) 63.2± 2.3 23.7± 0.2 61.6± 8.1 81.8± 0.7 0.8
Spring (50% EtOH) 184.7± 9.1 12.9± 0.0 14.7± 4.1 78.2± 2.9 0.2
Spring (70% EtOH) 247.9± 3.5 60.9± 0.4 70.3± 8.9 73.8± 2.3 1.0
A. longifolia
Winter (50% EtOH) 524.9± 2.3 1.7± 0.0 82.1± 8.0 31.5± 4.8 2.6
Winter (70% EtOH) 643.4± 8.2 3.0± 0.0 74.3± 6.4 36.1± 5.1 2.1
Spring (50% EtOH) 549.1± 1.5 1.0± 0.0 86.7± 2.6 45.5± 8.6 1.9
Spring (70% EtOH) 858.8± 7.4 1.9± 0.1 73.3± 11.1 34.6± 2.4 2.1
A. tortilis
Winter (50% EtOH) 260.7± 2.3 56.3± 0.5 88.41± 4.2 32.6± 4.3 2.7
Winter (70% EtOH) 338.8± 3.9 245.4± 6.8 81.11± 7.3 53.5± 4.6 1.5
Spring (50% EtOH) 427.7± 2.2 118.4± 6.3 87.92± 1.6 54.5± 6.7 1.6
Spring (70% EtOH) 512.4± 4.5 155.3± 3.6 84.86± 2.7 50.8± 9.2 1.7

Bark Total phenolics
(mg GAE/g)

Catechin content
(ug/mg extract)

COX-1 inhibition
(%)

COX-2 inhibition
(%)

COX-1/COX-2 inhibition ratio

A. farnesiana
Winter (50% EtOH) 789.6± 6.1 32.9± 1.2 84.2± 4.7 62.3± 1.9 1.4
Winter (70% EtOH) 1638.4 ± 9.4 50.0± 0.5 85.0± 6.6 40.2± 3.0 2.1
Spring (50% EtOH) 1024.0± 3.0 78.6± 0.4 86.1± 6.1 81.1± 2.8 1.1
Spring (70% EtOH) 1318.0± 2.6 77.7± 1.2 83.6± 6.6 58.5± 4.2 1.4
A. longifolia
Winter (50% EtOH) 1959.0 ± 8.2 80.3± 2.0 87.0± 8.4 71.0± 2.9 1.2
Winter (70% EtOH) 1071.6 ± 6.2 86.7± 1.8 74.7± 6.0 66.7± 4.7 1.1
Spring (50% EtOH) 1060.0± 9.7 138.9± 0.6 87.6± 3.8 67.1± 3.1 1.3
Spring (70% EtOH) 1384.7± 5.0 86.3± 2.5 88.9± 6.6 59.9± 3.9 1.5
A. tortilis
Winter (50% EtOH) 2159.2 ± 3.5 127.4± 1.0 86.0± 5.8 45.7± 3.3 1.9
Winter (70% EtOH) 1960.8 ± 3.6 143.7± 2.2 84.8± 4.5 43.8± 0.8 1.9
Spring (50% EtOH) 1725.9± 4.3 154.9± 0.5 87.0± 3.4 61.4± 5.1 1.4
Spring (70% EtOH) 1478.4± 1.2 139.7± 0.2 85.7± 6.6 46.6± 5.8 1.8

Rutin calibration curve indicated good linearity with determination coefficient (r) 0.997, limit of detection (LOD) 4.298 and limit of quantification (LOQ) 13.024 were evaluated
at a signal-to-noise ratio (S/N) of 3/1 and 10/1 respectively. Catechin calibration curve indicated good linearity with determination coefficient (r) 0.9996, limit of detection
(LOD) 5.318 and limit of quantification (LOQ) 16.117 were evaluated at a signal-to-noise ratio (S/N) of 3/1 and 10/1 respectively.
NS-398 as positive control for COX-2% Inhibition (16.9 ± 1.3%); Indomethacin as positive control (53.8%± 1.9) for COX-1% Inhibition.

Fig. 3. Clustering of leaf extract samples using complete linkage clustering with Squared Euclidean distance. Acacia farnesiana (AF); Acacia tortilis (AT); and Acacia longfolia (AL).
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Fig. 4. A: PCA score plot of leaves constituents showing species discrimination. B: PCA loading plot showing discriminating constituents.
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solvent. TPC in bark of A. longifolia and A. tortilis was found highest
in winter using 50% ethanol as extraction solvent, in accordance
with literature (Tatiya et al., 2011). It is worth noting that in pre-
vious studies regarding seasonal variation of phenolics content,
more emphasis was made on leaf age and maturity as more effec-
tive parameters: Salminen et al. (2004) studied leaves of oak trees
and concluded high variation among different phenolic compounds
as well as total flavonoids with no definite correlation to season. In
another more recent study, phenolic content of was related to the
growing season of broad-leaved deciduous trees rather than cli-
matic seasonal variations (Sommavilla et al., 2012). These studies
concur our findings where high variability was also observed
regarding individual components of rutin in addition to TPC in the
three Acacia species which endorsed the use of optimization
modeling as the next step in this study.

3.3. Anti-inflammatory activity

Phenolics have been shown to exert anti-inflammatory effects
particularly in the regulation of cellular inflammatory activities and
in the modulation of the activities of enzymes involved in arach-
idonic acid metabolism (Hussain et al., 2016). Prostaglandins play
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an important role in the inflammatory response and have been
correlated to the pathogenesis of arthritis, cancer and stroke. The
main enzyme responsible for the synthesis of prostaglandins is
cyclooxygenase, which exists in two isoforms; COX-1 and COX-2
(Ricciotti and FitzGerald, 2011). The anti-inflammatory properties
of the extracts under study were evaluated through the investiga-
tion of their ability to inhibit COX-1 and COX-2 enzymes. The three
species showed strong inhibition of COX-1 and COX-2 enzymes
when compared to indomethacin and NS-398, respectively, as
positive controls. Extracts of A. tortilis leaves showed highest in-
hibition of COX-1 enzymewhen compared to the other two species,
which corresponds to the higher concentration of rutin observed.
A. farnesiana showed a higher inhibition on COX-1 (70.3± 8.9%)
when collected in spring (70% ethanolic extract), compared to
collection in winter (61.7± 8.1%), which also corresponds to the
rutin concentration and total phenolic content. Even though
A. farnesiana showed the lowest inhibition on COX-1 when
compared with the other two species, it showed highest inhibition
on COX-2 enzymes. This indicated a high selectivity on COX-2 en-
zymes. The bark extracts of the three species collected in spring and
extracted with 50% ethanol showed a slightly higher inhibition of
COX-1 which is in coherence with the catechin concentration.
Statistical analysis revealed no significant difference between the
barks of the three Acacia species, which could be attributed to their
similar chemical profile, however small differences attributed to
seasonal variation could be noticed (p< 0.05).

Cluster analysis performed on the leaves TPC and constituents
showed discrimination (Fig. 3) in coherence with the taxonomical
classification of the species (Kyalangalilwa et al., 2013; Murphy
et al., 2010). Using complete linkage clustering with Squared
Euclidean distance revealed 2 main clusters; that of A. farnesiana
and A. tortilis on the one hand, and that of A. longifolia in another
class. This is in coherence with the grouping of the former species
in the Vachellia taxon, as mentioned previously, while that of
A. longifolia in the Acacia taxon. Fig. 4A shows the PCA score plot of
leaves constituents. Examination of the PCA score plot described by
PC1 and PC2 and accounting for 72% and 27% of the variance
respectively revealed that the species are differentiated with each
one in a separate quadrant. The loading plot (Fig. 4B) revealed that
the discriminating components include rutin and myricetin and to
a less extent vicenin and isorhamnetin. Rutin is the discriminating
factor of A. tortiliswhile myricetin is the component responsible for
A. longifolia segregation. A. farnesiana is segregated as a result of
high content in vicenin and isorhamnetin. These results are in
coherence with the taxonomical classification mentioned previ-
ously. The data obtained for the bark samples showed no mean-
ingful clustering attributed to the complexity of the bark tissue
with respect to constituents.
Fig. 5. Optimization modeling showing the significant effects (P< 0.05) of the different
investigated factors (Solvent system, season, plant species) on the different responses
(TPC, and COX-2) and their interactions. (A) TPC response in case of the leaves. (B)
Percentage mean inhibition of COX-2 enzyme in leaves. (C) Percentage mean inhibition
of COX-2 enzyme in bark. Acacia farnesiana (AF); Acacia tortilis (AT); and Acacia long-
folia (AL).
3.4. Optimization modeling

For better visualization and utilization of the results, an opti-
mization model using the findings of the chemical and biological
data was developed. The analyses of the generated models using
ANOVA revealed that three models representing three responses:
(1) TPC, (2) mean inhibition of COX-2, using the leaves of the plants,
as well as (3) mean inhibition of COX-2 using the barks of the same
plants, were significant at P< 0.05. The r-squared and the adjusted
r-squared for the three models scored excellent values (>0.95)
which indicate the sufficiency of the models to navigate the data
(Abdel-Hafez et al., 2014). Accordingly, Fig. 5 shows the effects of
the different investigated factors on the different responses



Fig. 6. Correlation responses on TPC and COX-2 in leaves (A) and barks (B) extracts.
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together with their interactions. It is obvious from Fig. 5A that in
order to obtain optimum amounts of phenolics, A. longifolia should
be collected in spring and extracted with 70% ethanol. Some factors
interactions could be captured from the results, where moving
from the plants A. farnesiana to A. tortilis to A. longifolia augmented
the effect of the solvent system (moving from 50% to 70% ethanol)
as depicted by different slopes of the graphs in the left bottom
panel of Fig. 5 (Hathout et al., 2011). This confirmed that using 70%
ethanol as a solvent is a better choice for extraction.
Moreover, Fig. 5B displays the mean inhibition of COX-2 enzyme
regarding leaves extraction. A. farnesiana scored the highest results
specifically when extracted in winter and using 50% ethanol as
solvent. Changing the solvent from 50% to 70% ethanol increased
the inhibition of COX-2 enzyme as opposed to spring where a
decrease in COX-2 inhibition was observed as demonstrated by the
left middle panel of Fig. 5B. In another encounter and dealing with
the barks extracts, optimum results were obtained after extracting
A. farnesiana in spring using 50% ethanol. Fig. 5C showed that these
optimized high obtained scores resulted from the interaction of the
factors rather than the effect of separate factors. A strong inverse
correlation was found between TPC and the mean inhibition of
COX-2 in case of the leaves (r¼ 0.783), which is also very obvious
through the scattering matrix of the points (Fig. 6). A medium in-
verse correlation (r¼ 0.540) was also noticed between the same
two responses in case of the barks.

4. Conclusions

Acacia species are a valuable source of phenolic compounds. LC-
MS based metabolic profiling analyses of A. farnesiana, A. tortilis,
and A. longifolia demonstrated the variation of their phytochemical
content during collecting season. The concentration of rutin, cate-
chin and total phenolics quantified during spring and winter using
two different extraction solvents (50% and 70% ethanol) showed a
marked variation among the three species which was reflected to
some extent in the COX-1 and COX-2 inhibition. However, through
optimization modeling, a better visualization of the variables and
responses was attained. Even though conclusions regarding the
effect of seasonal variation on the content of polyphenols at two
collecting times only may not seem sufficient, however it provides
an indication that the phenolic constituents seem to be highly
dependent on the plant environment. Our findings highlighted that
at two different collection times, a significant effect on the content
of phenolic constituents and hence the biological activities were
observed. This lays the foundation for further studies aimed at
investigating the changes in the content of bioactive polyphenols
for an extended period of time.

Appendix A. Supplementary data

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.bse.2018.03.001.
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