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Abstract

In developing countries, about 60-90% of their population depends on herbal extract therapy. Therefore, studies are being
intensified on treatment with natural products for maintaining human health. The current work aims to characterize the
bioactive metabolites by LC- ESI-MS/MS from aqueous methanol extract (AME) of Combretumindicum aerial parts as well
as their potential antioxidant and antitumor activity. Plant material was crushed to a fine powder, then extracted with 70%
(Aq) CH3OH by soaking at room temperature (Macération). The chemical profiling of the plant was performed using liquid
chromatography-electrospray ionization-tandem mass spectrometry (LC-ESI-MS/MS) in negative mode (-ve). Fifty nine
metabolites were qualitatively identified for the first time from the plant based on their retention times and fragment ions.
CombretumIndicum aerial parts were tested for antioxidant activity using the DPPH, reducing power, ABTS, FRAP, and ion
metal chelating assays. On Ehrlich ascites carcinoma cells, the entire extract was tested for its ability to inhibit cell viability
%. The total extract had a reasonable impact on the viability of Ehrlisch ascites carcinoma cells at all tested concentrations in
dose dependent manner. High concentration of the examined extract achieved cytotoxic effect convergent to that obtained by
the commonly used drug vincristine. The results of the whole extract of Combretumindicum aerial parts conclusively
demonstrate that this plant can be considered potential antioxidant and antitumor agents, which supports its use in
complementary treatments.

Keywords: Combretumindicum L- HPLC-ESI-MS/MS-Antioxidant activity - Antitumor activity - Ehrlich ascites carcinoma.

1. Introduction to treat inflammatory diseases, infections, diabetes,
malaria, bleeding, diarrhea, and  digestive
problems.Many secondary metabolites, including
flavonoids, triterpenes, lignans, phenanthrenes and
stilbenoids were discovered in the Combretum genus
through phytochemical investigation of
Combretumindicum CIA (Syn.QuisqualisindicaL.
also recognized as Rangoon Creeper) is one of the
most popular species of Combretumgrowing in
Egypt. In West Africa, ripe seeds are said to be sweet
and enjoyable to eat if the seed coat is removed.
Although, the flowers have no flavour, they are also
reported as edible and can be added to salads to add
color. very young shoots are eaten raw or steamed in
Indonesia due to its therapeutic and nutritional
benefits. The medicine "santonina" is replaced in
China with seeds of the CIA plant based on its active
ingredients especially (phenolics& flavonoids) and
biological safety [5-7]. The search for biologically
active antitumor compounds is still on going because

Combretaceae is a big plant family with
over 20 genera and 600 species. It founds across the
tropics of the world with a wide of variety in Africa
and Asia [1]. The Combretum genus is the largest and
most popular in the Combretaceae family. It
comprises about 200-300 species, reported to have
many biological effects as antibacterial, antioxidant,
antimalarial, anti-inflammatory, and cytotoxicity
against tumor cells[2].The genus Combretumin
African traditional medicine, are well-known to treat
a wide range of ailments and diseases, includes fever
and microbiological infections, as well as heart and
worm problems, mental health issues, and bites from
scorpions and snakes. There are medicinal uses for all
plant parts of the Combretumspecies, including
occasionally the fruits [3]. Also Combretum species
have edible kernels [4]. In traditional medicine, some
Combretum species are widely used as diuretics and
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many patients with tumours develop resistance to
antitumor agents during treatment, in addition to the
undesired side effects of these antitumor agents.
Plants provide a great possibility for finding fresh
sources of antitumor agents with new action
mechanism and negligible toxicological -effects.
Therefore, the aim of this study was to investigate
CIA extract to identify the antioxidant and antitumor
components using modern and rapid HPLC-ESI-
MS/MS-technique. Fifty nine metabolites were
detected by HPLC-ESI-MS/MS which are extracted
to be responsible for antioxidant and antitumor
effects of CIA extract.

2. Materials and Methods

2.1. Plant-based materials

During the flowering season, February to
May 2020, a complete plant sample was taken from
National Research Centre (NRC) garden (Dokki,
Cairo, Egypt).The plant species was identified by Dr.
M. EL-Gibaly, Lecturer of Taxonomy and Consultant
for Central Administration of Plantation and
Environment. Avoucher sample (No: B79), was
deposited at chemistry of tanning materials and
leather technology department .National Research
Centre, Dokki, Cairo, Egypt. The entire sample was
homogenised into a fine powder and left for
extraction after being air-dried for 15 days in the
shade.

2.2. Chemicals and drugs

Di-ionized water (DI-H,O) is further
purified using the Milli-Q Plus water purification
equipment from Millipore Ltd. in Bedford,
Massachusetts, as well as analytical-grade methanol
and dimethyl sulfoxide HPLC from Merck in
Darmstadt, Germany. The following substances were
bought from Sigma Chemical Co.: 2,2-Diphenyl-2-
picrylhydrazyl (DPPH), 2,2'-azinobis-3-
ethylbenzothiazoline-6-sulfonic acid (ABTS),
butylatedhydroxytoluene (BHT), FeCls, Trolox, 2, 4,
6-tripyridyl-s-triazine (TPTZ) (St. Louis, MO, USA).
The solvents and all other compounds were of
analytical grade. The 1640 medium for Roswell Park
Memorial Institute (RPMI) was bought from Sigma
Chemical Company (St. Louis, MO, USA). All
additional reagents and chemicals were of analytical
reagent quality.

2.3. Equipment and Conditions

2.3.1. HPLC/ESI-MS/MS analysis

The analysis of the sample was performed
using liquid chromatography-electrospray ionization-
tandem mass spectrometry (LC-ESI-MS/MS) with an
ExionLC AC system for separation and SCIEXTriple
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Quad 5500+ MS/MS system equipped with an
electrospray ionization (ESI) for detection. The
separation was performed with aAscentis® C18
Column (4.6x150 mm, 3um). The mobile phases
were consisted of two eluents, A: 0.1% formic acid;
B: acetonitrile (LC grade). The mobile phase gradient
was programmed as follows: 10% B at 0-2 min, 10-
90% B from 2-30 min, 90% B from 30-36 min, 10%
at 36.1, 10% from 36.1-40 min. The flow rate was 0.7
ml/min and the injection volume was 10ul. For
MS/MS analysis, negative ionization mode was
applied with a scan (EMS-IDA-EPI) from 100 to
1000 Da for MS' with the following parameters:
curtain gas: 25 psi; IonSpray voltage:-4500; source
temperature: 500°C; ion source gas 1 & 2were 45 psi
and from 50 to 1000 Da for MS? with a declustering
potential: -80; collision energy: -35; collision energy
spread. The identification of constituents was
performed using MS-DIAL software version 4.70 and
Fiehn HILIC library.

2.4. Extraction Methods

A total of (50 g) of air-dried powder of the
aerial parts of CIA was extracted with 70% (Aq)
CH;OH (2L) by soaking at room temperature
(Macération). A rotary evaporator was used to
evaporate the solvent under vacuum at 50°C. Then
the residue (dry) was sequentially defatted and
desalted by CHCI3 and C,HsOH, respectively, by
warming under reflux conditions. Thereafter, the
residue was taken in methanol, affording a methanol-
soluble portion (MSP) that yielded AME of 15 g.

2.5. Investigation of antioxidant activity

The detailed methodologies of DPPH,
ABTS radical scavenging activity, reducing power
ability, ferric reducing power (FRAP), and Metal
chelating activity assays were reported in our
previous papers [8, 9].
2.6. In vitro anticancer activity

Cytotoxicity and cell viability test were
measured microscopically according to Ahmed et al.,
2023&Haroun and Taie, 2015, by viable cell
counting [8,10]. The optimal concentration of AME
from CIA (25, 50, 100, 150, and 200 pg/ml) was
estimated. The viability percentage of tumor cells
was measured after incubation with the different
concentrations of AME from CIA. A suspension of
the tumor cells was attained from peritoneal cavities
of tumor-bearing mice and then diluted with
phosphate buffered saline (pH 7) so that the final
preparation comprised 2.5x10 3 cells/ul. In a set of
sterile test tubes, aliquots (0.1 pl / tube) of the cell
preparation were distributed followed by addition of
aliquots (0.8ul / tube) of phosphate buffered saline
(PBS).
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The investigated concentrations of CIA
(Dissolved in phosphate-buffered saline) were then
applied to the tubes in aliquots (0.1 pl / tube). The
tubes were incubated at 37°C for 2h under 5%CO,,
then the tubes were centrifuged at 1000 rpm for 5 min
and separated cells were suspended in saline. For
each examined concentration and control, a new
clean, dry small test tube was used and 10pl of cells
suspension, 80 pl saline and 10 pl trypan blue were
added and mixed, and then the number of living cells
was calculated using a hemocytometer slide.
Survived cells appeared as unstained bodies while
non-viable cells stained blue. Vincristine was used as
a standard drug (100pg/ml).

3. Results and Discussion

3.1. Qualitative characterization of active
constituents in AME of C. indicum areal parts by
HPLC/ESI-MS/MS analysis

In the AME of CIA fifty nine metabolites
belonged to various classes of natural products were
tentatively identified by LC- MS/MS analysis. Total
ion (TIC) and base peak (BPC) chromatograms
(Figurel)are based on structural information from
HPLC/ESI-MS/MS data, particularly [M-H]- ions.
The study of the output data, including Rt-values,
molecular formulae, molecular ion peaks [M-H],
selected fragment ions, and their comparison with
previously published data was necessary to identify
the components in the extract (PeakView 1.2,
MSDIAL 4.90 and or Analyst TF 1.7.1 softwares).
Figures (3-6)showed MS? spectra of some identified
components listed in Tablel. Accurate mass
measurements, main product ions, retention time and
formula for all compounds are summarized in Table
1.These compounds numbered and arranged
according to their classes and retention time. The
compounds' structures were drawn and classified by
Chem Bio Draw Ultra 16.0 as shown in Figure2. The
detected compounds included10 phenolic acids, 29
flavonols, 9 flavones, 4 tannins, 2 flavanones,
2coumarins and one another organic compound.
There were some observed peaks that could not be
categorized or identified, however they were small in
comparison to the overall number of identifications.
The class with the highest abundance was flavonols
(Quercetin, isorhamnetin, kaempferol, myricetin and
their derivatives). In this work all of the separated
compounds were tentatively identified and detected
for the first time in Egyptian CIA. The presence of
different types of flavonols derivatives (methylated,
and glycosylated) in such abundance may contribute
to the antitumor effect of the CIA.

3.1.1. Tentative identification of phenolic acids

The loss of a CO, (44 Da) from the
carboxylic acid group is a key characteristic of the
fragmentation patterns produced by phenolic acids.
The negative ESI-MS spectrum for compounds 2, 4-6
and 9 showed deprotonated ions at m/z 179.00,
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167.06 , 136.93, 193.05 & 163.10 and product ions at
m/z 135.07, 123.01, 108.98, 139.03&116.99
respectively, due to the cleavage of CO,. Metabolites
3, 10, 7 and 8 displayed characteristic fragments for
phenolic acids glycosides and chlorogenic acid at
m/z179.11[M-H-Hex(162)] &135.03[M-H-
(Hex(162)+C0O,)] for Caffeic acid hexoside,
163.04[M-H-Gluc (176)] for (E)-p-coumaric acid
glucuronide, 339.20[M-H-Gluc(176)] &163.19[M-H-
di Gluc (352)] for (E)-p-coumaric acid di glucuronide
and 163.18[M-H- (190)] & 177.13[M-H-Gluc (176)]
for chlorogenic acid [11].

3.1.2. Tentative identification of flavonoids

The chemical structures of individual
flavonoids were determined by fragment pattern
analysis, in which flavonoid glycosides such as
glucose, rhamnose, pentose, glucuronic acid and
neohesperidoside (m/z 162, 146, 132, 176 and 308)
were cut from their structures. All flavonoids were
detected to be glycosides with one or more sugar
moieties. There were both O-glycosylated and C-
glycosylated  flavonoids  found. ~The  MS?
fragmentation pattern makes it simple to distinguish
between these two flavonoid groups. The primary
cleavages occur at the bonds of the sugar because the
carbon-carbon bond of C-glycosylated flavonoids is
resistant to rupture. O-glycosylated flavonoids,
however, easily lose the sugar moieties due to neutral
losses [12].
3.1.2.1. Tentative identification of kaempferol
derivatives

Various derivatives of kaempferol were
detected in AME of CIA aerial parts. All the
kaempferol glycosides detected were of the type O-
glycosylated and methylated flavonoids. The
presence of the characteristic product ions285& 284
and neutral loss of [M-H- Hex(162)], [M-H- pentose
(132)], [M-H-rham (146)], [M-H- di Hex(324)], [M-
H-(tham (146)+Hex(162)], and [M-H-(Gluc
(176)+Hex(162)], indicated peaks 19, 20, 25, 28, 32,
33 and 34 were originated from kaempferol or
lutiolinaglycone. MS? spectrum was used to confirm
the aglycone and provide additional information. The
aglycone was identified as kaempferol as a result of
the differentiated product ions at m/z 255 and 227.
According to these characteristic fragments the
compounds  were tentatively identified as
Kaempferol7-O-a-L-rhamnoside, Kaempferol 4'- di-
O-hexoside, Kaempferol7-O-neohesperidoside,
Kaempfero3-O-glucuronide7-O-hexoside,
Kaempferol3-O-pentoside, Kaempferol3 -O-
hexoside, respectively [13].

The 3-OH glycosylation site was confirmed
by the appearance of two high abundance fragments
at m/z 285 & 284 and the intensity of m/z284 is
higher than that of m/z 285(Figure 3). The
substitution of 7-OH glycosylation was proved by the
predominant ion at m/z 285 coupled with the weak
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ion at m/z 284. The substituent position at 4-OH
resulted from the absence of the ion at m/z 284 that
coupled with the abundance ion at m/z 285(Figure
4).

Based on the precursor ion [M-H] at m/z
593.01at (R 8.905), characteristic product ions at
m/z 447.06[M-H-146]-, 307.20, two main fragments
at m/z 28498 & 284.04[M-H-(146;coumaroyl+
162;hexoside)]” and  the loss of (-308) amu
suggested the p- coumaroyl and hexose linked at the
same position of the aglycone. The intensity of
284.98[M-H - 308] is higher than 284.04 [M-H-
308]- indicated the  substitution of  p-
coumaroylhexoside at 5-OH positions. These results
porposed compound 34 as kaempferol 5-O (6-P-
coumaroyl hexoside. According to Karioti et al.,
Felipe et al. and Zhuan-Hong et al., additional
confirmation of 34 shown by distinctive product ion
at m/z 307[M - H- Kaempferol (285)] was due to the
loss of p-coumarovl qroup rather than rhamnose
moiety (Figure5)[14-16].

The MS-MS showed [M-H] at m/z 298.9, two
predominant ions at m/z 284.48 [M-H-CHzs],
282.9604 [M-H- CH3].The high intensity of the main
ion at 284.48 proved the (CHs) group linked at the
position7-OH so compound 39 characterized

asKaempferide  (7-methoxy  kaempferol)  or
rhamnocitrin[13].

3.1.2.2. Tentative identification of quercetin
derivatives

On the basis of MS/MS spectral data all
compounds 11, 14-16, 23, 24, 26, 30, 31, 38
produced the deprotonated aglycone fragment at m/z
301 as illustrated in Table 1. The appearance of the
main ion in these compounds at m/z301coupled with
the weak fragment 300 and typical ions at m/z
255.00, 179.00, 271.00 and 151suggested the
aglycone of quercetin. Using the mass spectral
information Compoundsll, 16, 23, 24 were
tentatively  identified as  quercetin3- O-a-L-
rhamnoside, quercetin3- O-arabinside, quercetin3- O-
hexoside,quercetin3- O-pentoside due to loss of sugar
moiety. The loss of 324amu(162+162) indicated that
the presence of two hexoses linked at the same
position of aglycone so compound 14 was detected as
quercetin7- O- di Hexoside due to the high intensity of m/z
301[M-H-324]- than 300[M-H-324]- (Figure 6). A
hexose and a deoxyhexose were also joined at the
same position of the aglycone, according to m/z 301,
which corresponds to the loss of 308 amu (162 +
146). The low intensity of m/z 301[M-H-308]-than
300[M-H-308] proved the compound 30 was suggested as
quercetin3- O-neohesperioside(rutin). By the same way
compound 31 was identified tentatively as quercetin 3-O-
hexoside7-O-glucuronide. Two  isomers from
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quercetine-di methyl ether (26 & 27) showed the
same molecular ion peak at m/z 328.90 with the same
product ions at 298.91[M-H-2CHs]-, 313,98[M-H-
CHs;]-and have different retention time at
(7.078&7.74) were confirmed as quercetine5, 3°di
methyl ether and quercetine3', 7-di methyl ether
while compound 15 was confirmed as quercetine3-O-
hexoside 5, 3"di methyl ether [17].
3.1.2.3. Tentative identification of isorhamnetin

In this investigation five derivatives of
isorhamnetin were detected by ESI-MS/MS analysis.
As indicated in Tablel, compounds 12, 13, 21, 22
and 29 originated from isorhamnetinaglycone based
on the characteristic deprotonated fragment at m/z
315 and product ions at m/z 299.9, 255, 285 and
271.03. Compounds 12, 21 and 22 produced [M-H]-
at m/z 446.89, 476.98 and 490.93, respectively.
MS/MS spectral data of compound12 showed two
predominant ions at m/z 315.01[M-H-132], 314.03
[M-H-132]. The intensity of [M-H—132] is higher
than that of [M-H-132] suggested the substituent
position of 3-OH so compound 12 confirmed as
isorhamnetin3-O-pentoside. By the same way
compounds 21&22 were tentatively identified as
isorhamnetin3-O-hexoside and isorhamnetin3-O-
glucuronide.  The loss of di-hexose unit (324amu)
proved that the di- hexose linked at the same position
of aglycone and established compound 29 as
isorhamnetin3-O-di hexoside. Compound 13 (R&=
3.008, M.F CysH34017) gave a [M-H]- at m/z 597.24
and two intensive fragments at m/z 507.09[M-H- 90]-,
477.07[M-H- 120]. The loss of 120 & 90 amu
indicated that a di-hexose linked as C-glycosidic
linkage. The high intensity of a predominant ion at
m/z 315.20[M-H- (120+ 162)] confirmed that hexose
at 8-C-position of aglycone in A-ring. The loss of
120amu followed by loss of 162 indicated that there
are two hexoses at two different positions (3-O-
substitution and 8-C- position). Thus compound 13
was tentatively characterized as Isorhamentin 3-O-
hexoside8- C- hexoside[16, 18].
3.1.2.4. Tentative identification of myricetin

Two derivatives of myricetin = were
tentatively established based on their intensive
fragment at m/z 317 which indicated that they were
derived from myricetin as aglycone. Peak 17 gave
[M-H]- at m/z 462.95 and characteristic product ions
at m/z 317.07 [M-H-(146)], 301.03 [M-H-
(146+CH3)] & 271.09 was tentatively identified as
myricetin3-O-a-Lrhamnoside. Compound 40 was
tentatively established as myricetin8-C-hexoside due
to loss of 120amu that distinct for C-glycosidic
linkage.
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TABLEI1. Metabolites identified in AME of C. indicum aerial parts using HPLC/ESI-MS/MS in negative

ionization mode (-ve)

PEAK NO Rt TENTATIVELY CLASSES [M-H]" FORMULA MS? MAJOR
MIN IDENTIFIED M/Z PRODUCT ION
COMPOUNDS
Phenolic acids
1 0.903 Citric acid Phenolic acid 190.96 Ce¢Hz0O4 Not fragment
2 1.067 Caffeic acid Phenolic acid 179.00 CyHgO4 134.03[M-H-COOH]-,
135.07[M-H-CO,]-
3 1.611 Caffeic acid hexoside Phenolic acid 340.95 C15Hi509 135.03, 179.11[M-H- hex
glycosides (162)]-,153.12,161.04[M-
H- (hex (162)+H,0)]-,
132.96, 135.03[M-H- (
hex(162)+CO,)]-, 204.97
4 5416 Vanillic acid Phenolic acid 167.06 CsHsO4 123.01[M-H-CO,]-
5 7.712 Salicylic acid Phenolic acid 136.93 C7HsO4 108.98[M-H-CO]-
6 8.209 Ferulic Phenolic acid 193.05 CioH ;004 134.03[M-H-
acid(_Hydroxycinnamic (CH3+COy)]-, 161.04[M-
acid) H-OCH;]-, 133.00,
132.00
7 16.897 Chlorogenic acid Phenolic acid 353.16 Ci6H 1509 163.18[M-H- (190)]-,
177.13[M-H-Gluc (176)]-
8 22.092 (E)-p-Coumaric acid Phenolic acid 339.1 CisHi609 163.04[M-H-Gluc (176)]-
glucuronide glycosides
9 22.230 (E)-p-Coumaric acid Phenolic acid 163.10 CyHs0; 119.05, 116.99 [M-H-
CO,J-
10 25.111 (E)-p-Coumaric acid -di Phenolic acid 515.16 339.20[M-H-Gluc (176)]-
glucuronide glycosides 163.19[M-H- di Gluc
(352)]-
Flavonols
11 2.575 Quercetin 3-O- Flavonol mono- O- 446.96 Cy1Hy01n, 301.00[M-H- rtham

rhamnoside

glycoside
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(146)]-, 300.00, 255.00,
179.00
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12 2.895 Isorhamnetin3-O- Flavonol mono- O- 446.89 CH;301,
pentoside glycoside
13 3.008 Unknown Flavonol di glycoside 597.24 CysH34017
14 3.550 Quercetin7- di-O- Flavonoldi -O 624.95 Cy7H30017
hexoside glycoside
15 5.141 Querceine3-0-hexoside Methoxylatedflavonol 490.95 Cy3H4015
5, 3’di methyl ether glycoside
16 5.244 Quercetin 3-O- Flavonol mono- O- 432.90 CaoH 15013
arabinoside glycoside
17 4.455 Myricetin3-O- a- Flavonol 462.95
Lrhamnoside
18 5.459 Dihydrokaempferpl Flavonol glycoside 449.01 CyH»01,
hexoside
19 5.790 Kaempferol3-O-hexoside Flavonol mono- O- 446.96 C1Hy01,
glycoside
20 6.390 Kaempferol3-O-pentose Flavonol mono -O 416.95 CaoH 15010
glycoside
21 6.413 Isorhamnetin3-O- Flavonol mono- O- 476.98 CH»01,
hexoside glycoside
22 6.422 Isorhamnetin 3-O- Flavonol mono- O- 490.93
glucuronide glycoside
23 6.490 Quercetin3-O- hexoside Flavonol mono- O - 462.98 C1Hy015
glycoside
24 6.523 Quercetin3-O-pentoside Flavonol mono- O 432.96 CyH 501
glycoside
25 7.044 Kaempferol7-O-a-L- Flavonol mono- O- 430.93 C,1H901
rhamnoside glycoside
26 7.078 Querceine 5, 3'di methyl ~ Methoxylatedflavonol 328.93 C7H 1407
ether
27 7.74 quercetin3',7- 328.93 C7H 1407
dimethyl(Rhamnazin)
28 8.160 Kaempferol4” di-O- Flavonol di-O 608.93 C,7H30016
hexoside glycoside
29 8.246 Isorhamnetin di-O- Flavonol di-O 638.92 C3H3,016
hexoside glycoside
30 8.442 Rutin Flavonol di-O 608.99 C27H30016
glycoside
31 8.624 Quercetin 3-O- Flavonol di-O 638.92 C,7H23015

hexoside7-O-glucuronide

glycoside
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315.01[M-H - pentose

(132)]-, 300.04[M-H -

(pentose (132)+CHj3)]-,
301.01, 314.03

507.09[M-H- 90]-,

477.07[M-H- 120]-,

315.20[M-H- (120+
Hex(162)]-

462.96[M-H- hex (162)]-
,301.08[M-H- hex (162)]-
,300.10 255, 179

475.90[M-H-CH;]- ,
329.01[M-H- hex (162)]-,
313.04[M-H- (hex
(162)+CH3)]-, 298.91[M-
H- (hex (162)+2CH3)]-,
301.09[M-H-190]-,
300.00, 271.00, 151.03
300.97[M-H- (132)]-,
300.02, 255.09, 271.07
317.07[M-H- (146)]-,
301.03[M-H-
(146+CH,)]-, 271.09
286.94[M-H- hex (162)]-,
151.00
284.98[M-H- hex (162)]-
,283.99,255.11,227.17
284.97[M-H- pentose
(132)]- 284.02, 255.08,
227.09
315.04[M-H- hex(162]-
,299.07[M-H- (
hex(162)+CH3)]-
,271.06
314.80

301.05[M-H- hex (162)]-,
300.05
, 151.10, 179.16, 255.12,
271.09.
301.03[M-H- Pentose
(132)]-, 300.01, 271.07,
179.04, 255
284.99[M-H- rham
(146)]-,255.10, 227.15,
229.17
313.98[M-H-CH;]-,
298.91[M-H-2CH;]-,
271.03
313.98[M-H-CH;]-,
298.91[M-H-2CH;]-,
271.03
447.10 [M-H- hex(162)]-
,285.01 [M-H- di
hex(324)]-, 255.10, 227
476.94[M-H- hex (162)]-
, 315.08[M-H- di hex
(324)]-
462.96[M-H-rham(146)]-
,301.06 [M-H-(rham
(146) + hex(162)]-
476.94[M-H- hex (162)],
462.96 [M-H- Gluc
(176)]-
301.11[M-H-
(Gluc(176)+ hex (162)]-,
300.07, 179.01
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32 8.654
33 8.849
34 8.905
35 10.255
36 10.837
37 11.742
38 19.950
39 23.007
40 27.723
Flavones
41 2.615
42 5.543
43 8. 387
44 8.601
45 9.943
46 9.777
47 16.508
48 24.416
49 24.832
Hydroquinones
50 50
Flavanones
51 51

Kaempferol-7-O-
neohesperidoside

Kaempferol3-O-
glucuronide7-O-
hexoside

Kaempferol 5-O -(6-P-
coumaroyl hexoside

Kaempferol

Myricetin

Isorhamentine

Quercetin

Kaempferide
(7-0O-
methoxykaempferol) or
rhamnocitrin

Myricetin8-C-hexoside

Apigenin 7-O- hexoside

Luteolin 6-C-hexoside

Apigenin7-O-rutinoside

Diosmin
Luteolin7-O-hexoside
Luteoline
Chrysoeriol (3'-methoxy
derivative of luteolin)

Apigenin

Apigenin 7-O-methoxide

50

51

Flavonol di-O
glycoside

Flavonol di-O
glycoside

Flavonolglucoside
derivatives

Flavonol

Flavonol

Methoxyflavonol

Flavonol

MethoyFlavonol

Flavonol

Flavone mono-O-
glycosides

Flavone mono-C-

glycosides

Flavone mono-O-
glycosides

4' Methoxy flavone-
diglycoside

Flavone mono-O-
glycosides

Flavone
3'-methoxy derivative
of luteolin)
Flavone

Methoxy flavone

50

51

Egypt. J. Chem. 66, No. SI 13 (2023)

592.99

622.96

593.01

285.00

317.00

314.99

301.15

298.9

479.12

430.98

446.94

577.06

607.05

446.93

285.00

299.11

269.24

283.22

50

51

Ca7H30015

Ca7H5017

C30H26Ol3

C]5H1006

C16H1207

C16H1207

C15H1007

C16H1206

CZ]HZZOIO

CZ]HZOOI]

C27H30014

C28H32015

CZIHZOOI 1

C]SHIOOG

C]6H1206

C21H20010

CZ]HZOOIO

50

51

446.99[M-H-rham (146)]-

285.00 [M-H-(rtham
(146)+ hex(162)]-,
255.21,227.10, 283.89
447.06[M-H- Gluc
(176)]-

, 285.01[M-H- Gluc
(176)- hex(162)]-, 255.09,
227.17
447.06[M-H- coumaroyl
(146)]-, 307.20,
284.98[M-H —
(308Coumaroylhexoside]-
,284.04, 255.20
255.08, 227.05, 169.16,
185.06
180.13, 248.00

299.9, 255, 285, 271.03,
243
285.18, 273.08, 257.13,
229.16, 179.04, 169.20,
151.04, 111.00, 106.97
284.48 [M-H-CH;]-,
282.96, 255.05, 151.07,
132.00

359.16 [M-H-120]-
,317.01[M-H- hex (162)]-
,151.00

269.10[M-H- hex (162)]-,
266.00

357.02[M-H-90]-,
327.02[M-H-120]-
,285.00[M-H- hex (
162)]-
414.97[M-H- hex(162)]-,
399.08[M-H~(
hex(162)+(CH; of
rhamnosemoity)]-,
268.98[M-H-(308)]-,
292.82,163.09
589.00, 575.07, 561.07,
501.01, 399.26, 207.12,
131.00, 147.00
285.00, 284.03, 271.03

133.06, 151.03, 175.02
284.10
116.94

268.89.10[M-H-CH]-,
239.04, 135.04

50

51
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52 52 52 52 52 52 52
Coumarins
53 28.483 Daphnetin (7,8- Coumarin 177.01 CoHgO4 162.04, 145.07,
dihydroxycoumarin) 133.07[M-H-COO]-,
120.95, 118.01,
117.04
54 28.543 Esculetin (6,7- Coumarin 176.91 CoHsO4 158.90[M-H-H,0]-,

dihydroxycoumarin)

Ellagi and gallo tannins

55 2.276 Ellagic acid

rhamnoside

56 10.20 Ellagic acid

57 11.488 Ellagic acid
hexoside

58 19.924 Gallic acid

Organic compounds

59 17.619 Para nitrophenol

Ellagi tannins 44691  CyHi6012
Tannins 301.01 C14H6Os
Ellagi tannins 46297  CyHi6013
Phenolic 152.05 C7HgOs
138.02

141.00[M-H-2H,0]-
133.08[]M-H-COO]-

300.03, 300.98[M-H
—rham(146)]-,
257.06
283.99[M-H -H,0],
200.00 [M-H-
(H,0+3CO]-
145.00, 229.07,
283.93, 255.25
301.03[M-H-
hex(162)]-

137.04, 135.02,
121.03, 122.00

108.00

Hex : glucose/galactosemoietyl; Gluc: glucuronide moiety: rham: rhamnoside moiety

0]

(0]
— OH =
H,CO
HO

(E)-p-coumaric acid

(6]
— OH
HO
OH

E-Caffeic acid
OH
HO i 0} O
OH
OH O
kaempferol

Ferulic acid

COOH

Kaempferol-3-O-glucuronide

oH §
=
HO—70
OH ©
HO o 0

Chlorogenic acid

kaempferol3-O-pentoside

HO—~0

OH
H Salicylic acid

HOOC

HO HO

(E)-P-Coumaric acid glucuronide

OH

Kaempferide (rhamnocitrin)
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OH
Vanillic acid

HO.
HO
SOOI
0%
OH O 7
1oOH
OH
s} OH
kaempferol-3-0-diglucoside

HO
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[o}
4 OH
HO /402

HO

Kaempferol 3-0-coumaroyl 7-O-hexoside

o OH
HO' OH
Ho HooH o._ 0O 0 O
O,
HO%O HOT OH O !
o

HO OH O
oH
OH O

Apigenin 7-O-hexoside

OH

OH O

Naringenin

ch; OH
A J
HO'
HO R on [¢] O‘
N\ ° o O 0
“0%/ O ‘ HO oH
oH HO 44 OH O

OH O
kaempferol 7-O-neohesperidoside pferol 7-O-alpha-L-r

OH

J M oo L

%011 /%?e/ ‘ OH

o] HO OH
on o HO™ oy HO
Kaempferol 3,7 di-O-hexoside OH O

Luteolin 7-O-hexoside

OH o
HO R
OCHj3 HO > OH
HO' OCH;
HO O % O
o. o
Ho o O |
OH O OH O

. Diosmi
Hesperetin iosmin

Quercetin3-0-alpha-L-rhmnoside (Quercitrin)
OCHj3 COOH

OH

OH

HO™ on

Querceine3-O-hexoside 5, 3'-di methyl ether
OH

3,3'-di-O-Methyl ellagic acid

Ellagic acid rhamnoside

HO—20
MeO—~0
HO OH Ho [ ;L oH
OH OH
Gallic acid Methyl gallate

OH
O,
A Ve
HO O %

Quercetin7 -0O-hexose3-0- hexoside

in 3-O-hexose - 8 - C- hexoside

HO I 0o~ ~0

3,3'-di-O-Methyl ellagic acid OH

Ellagic acid

Fig. 2. Structure skeleton of the main compounds tentatively identified from C. indicum aerial parts

extract by HPLC/ESI-MS/MS
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3.1.2.5. Tentative identification of flavones
Compounds 41, 43 and 49 yielded the deprotonated
aglycone fragment at m/z 268.98 indicating that they
were derived from apigenine aglycone. These
compounds were further confirmed from MS/MS
spectrum .The characteristic ions at m/z 269.10[M-H-
162]-, 268.98[M-H-(308)]-, and 268.89.10[M-H-
CH3]- suggested compounds 41, 43 and 49 as
apigenine 7-O-hexoside, apigenine 7-O-rutinoside
and apigenine 7-O-methoxide. Using the mass
spectral infarmation campounds 42, 45 and 47 were
detected as luteolin 6-C-hexnside Intealin  7-0-
hevncide and Chrysoeriol (3'-methoxy derivative of
luteolin) [19].

These compounds generated a main ion at m/z 285
and characteristic fragments of luteolin aglycone at
m/z133.06, 151.03, 175.02. The appearance of two
fragments of high abundance at m/z 285 [M-H-162]-
and 284 [M-H-162]- indicating the loss of a hexose
unit. The 7-OH position was achieved by the
predominant product at 285 [M-H-162]- coupled with
the weak ion at m/z284 [M-H-162]'- [13].

3.1.3. Tentative identification of tannins

Ellagi and gallo tannins were tentatively established
in C. indicum by rapid separation using HPLC-ESI-
MS-MS. Based on retention time; molecular
formulae and accurate mass measurements.Four
isomers of tannins were detected and tentatively
confirmed as in Tablel.

3.1.4. Tentative identification of coumarin

Only two coumarins (52&;4\ were tentativelv
established as Danhnetin (7 R-dihvdroxveonmarin)
and Esculetin (6,7-dihydroxycoumarin), respectively.
Only two coumarins (S3&84) were tentatively
established as Danhnetin (7 R-dihvdroxveonmarin)
and Esculetin (6,7-dihydroxycoumarin), respectively.
3.2. Assessment of antioxidant activity using
different assays

The AME of CIA already owns antioxidant property
show through the scavenging of DPPH radical. The
percentage of DPPH radical scavenging inhibition
was gradually increased with increasing the
concentration. The highest investigated concentration
of the total extracts (25nug/ml) recorded a promising
radical scavenging activity (90.65+0.33 %) typically
as the standard antioxidant BHA (90.44+0.29%).The
lowest DPPH radical scavenging activity found to be
29.83+0.20 % at the concentration 5Spg/ml (Figure
7A).

Concerning to ABTS radical scavenging activity
results in Figure 7Brevealed that all the investigated
concentrations of CIA extract ABTS radical ability
even at a low concentration (5pug/ml) which found to
be 19.65+0.37% .The Radical scavenging activity on
ABTS increased gradually by increasing the
concentration of the extract to reach 91.39+0.33% at
the concentration 25ug/ml which is higher than that
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recorded by the standard antioxidant BHA
(87.48+0.32%) at the same concentration.
Furthermore the following concentration (20pug/ml)
possesses ABTS radical scavenging activity
(81.48+0.52) which considered as near as to the
standard BHA.

Reducing power capacity assay measures the
reducing potential of an antioxidant reaction
evaluating Fe3+/ Fe2+conversion. The reduction
capacity is correlated by the presence of chemical
structure that exerts the action by breaking the free
radical chain by donating a hydrogen atom [20]. The
illustrated results in Figure 7Cclearly showed that
the reducing power capacity of CIA is high at low
concentrations .The higher concentrations 20 and 25
pg/ml exhibited reducing power ability 1.12+0.016
and 1.34+0.027 respectively, which found to be
higher than that obtained by the standard antioxidant
BHA (0.95+£0.011). Similar results were recorded
byBhuiya N M [21].The reported resulted showed
that the reducing power activity of the CIA extract is
higher than the standard in every concentration. It
indicates a strong antioxidant capacity of the plant
extract in a dose-dependent manner. They also
concluded that the presence of flavonoids, including
the flavonoids glycoside or any other polyphenols,
could play a key role in the observed antioxidant
activity.

FRPA of CIA extract (Figure 7D)takes the manner of
the previous antioxidant assays, thus increasing the
concentration of the extract concretely increase the
ferric reducing power ability to reach 1943+30.20
pmolTrolox /100g at the concentration 25 pg/ml and
decreased to 564+15 umolTrolox /100g at the
concentration Spg/ml. Similar results were obtained
by Bantho et al.,, 2023 they reported that FRAP
results of C. erythrophyllum leaf and stem bark
extracts varied from 6% to 97% inhibition depending
on the extract concentration and the extraction
solvent[22] . The results obtained from the
divergence assay directly correlated with those
obtained from the DPPH assay, indicating that the
antioxidant activity is concentration dependent.

Metal chelation capacity of CIA extract (Figure
7E)was found to be slight lower than that obtained
using DPPH, ABTS radical scavenging activity,
reducing power and ferric reducing power assays.
The highest metal chelating activity recorded with the
concentration 25 pg/ml found to be 53.49+0.38%
followed by the concentration 20 pg/ml
(39.19+0.25%) while the metal chelating activity of
the synthetic antioxidant BHA found to be
85.36+0.22 at the concentration 25pg/ml). These
results may be due to the presence of specific
bioactive secondary metabolites in CIA extract such
as Phenolic acids, flavonoids especially {quercetin
and kaempferol derivatives). Slight differences in
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results between individual assays may be due to the
nature of the chemical constituents and the
mechanism of action of each antioxidant assay [23,
24].

Plants have been considered as a rich source of
dietary antioxidants. Antioxidant activity was
determined using different mechanisms. Polyphenols
include flavonoids, tocopherols, tannins, glycosides
and other organic acids. These compounds were
found to exert a synergistic antioxidant effect.
Presence of polyphenols may act as a key role in
antioxidant activity observed [25]. Phenolic
compounds can be considered the most abundant
plant metabolites and well known for their
antimutagenic, anti-inflammatory, apoptosis-
inducing, antioxidant, and anti-carcinogenic effects,
which primarily due to their phytoalexin potential
[26].

Flavonoids are the largest group of plant metabolites
within the class of phenolic compounds. Flavonoids
also known for their anti-cancer, anti-viral, anti-
allergic, anti-inflammatory, cholesterol-lowering,
antioxidant and antimicrobial properties. Fernandez
et al. and Abd El-Rahman et al. determined the
antioxidant activity of Quisqualis Indica extract using
DPPH radical scavenging activity and stated that
scavenging concentrations (SC50) were ranged from
24.38 to 72.10pg/ml ,while SC50 of ascorbic acid as
standard found to be7.45ug/ml [27, 28]. They also
investigated that reducing power capability results
(abs.at 700 nm) are found to be in the following
order: n-BuOH  0.680> Defatted 90% MeOH
(0.465)>  EtOAc  (0.405)>  90%  MeOH
(0.225)>H,0(0.90), compared with ascorbic acid as a
standard (0.985) at a concentration of 200 pg/ mL.
Their results are similar to our obtained results using
lower concentrations (5-25 pg/ml). In a parallel
direction similar results investigated by Barku et al.,
2016, which confirmed that the DPPH radical
scavenging ability, ferric reducing antioxidant power
(FRAP) and total antioxidant capacity(TAC) of C.
dolichopetalum for various solvent extracts increase
with increasing extract concentration|29]. They
suggested that the antioxidant activity of the extract
may be attributed to that the high content of the
polyphenolic compounds of the extract which donates
hydrogen atoms to scavenge radicals, or causes
electron transfer and reduces catalyzing metal ions
oxidation process. Antioxidants work through
enzymatic or non-enzymatic activity. They
significantly impede oxidation of the oxidizable
substrate when present at low concentrations [30].
Numerous biological and pharmacological effects of
phytoconstituents, such as flavonoids and phenolic
acids, which are frequently found in plants, have been
documented. These effects include antioxidative,
cytotoxic, anticancer, antibacterial, antiviral, and
anti-inflammatory effects [31].
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Protective impact of the antioxidants may be
attributed to neutralizing of free radicals, which are
harmful byproducts of normal cell metabolism.
Antioxidants are created by the human body through
a number of ways to combat oxidative stress. These
processes include internal production of antioxidants
as well as external supply from diet and/or
supplements. Antioxidants serve as free radical
scavengers by preventing and repairing ROS-related
damage, which can strengthen the immune system
and reduce the chance of developing cancer and
degenerative disorders [32].
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Ferric reducing power capacity (pmol Trolox/100 g DW)

40.00 60.00
Metal chelating activity (%)

Fig. 7. Antioxidant activity of different
concentrations of C. indicum areal parts extract
using different antioxidant assays: A) Scavenging
ability on DPPH radical, B) Scavenging ability on
ABTS radicals, C)Reducing power, D) FRAP
Antioxidant capacity assay , E) Metal chelating
ability Values are averages and standard
deviations for 3 independent experiments.
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Fig. 8. Effect of different concentrations of C.
indicum aerial parts extract on the viability of
EACC compared with Vincristine. Values are
averages and standard deviations for 3
independent experiments.
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Quercetin and kaempferol'santioxidant activity was
thought to play a cytoprotective effect against
oxidative stress. According to some studies quercetin
appears to shield cells from free radical damage
through its antioxidant impact [33].

3.3. Assessment of In vitro antitumor activity using
EACC

Herbal medicines have been proven to have
therapeutic effects in the treatment and prevention of
cancer. Cancer-related issues are lessened and the
healing process is accelerated by herbal treatment
[34]. Anti-cancer phytochemicals derived from plants
may cause delaying in the transformation of normal
cells into malignant tumours, induce neoplastic cell
death, and inhibit angiogenesis and metastasis [35].
Figure 8 summarized the dead cell counting after
incubation with different concentrations of CIA
extract. By counting viable cells through trypan blue
exclusions test, it was noticed that all the examined
concentrations (25, 50,100,150 and 200 pg /tube)
showed a noticeable effect on the viability of Ehrlisch
ascites carcinoma cells. High concentrations (100,150
and 200 ug /ml) increased the percent of dead cells,
which confirmed the tumoricidal effect of the extract
with 71.35+ 0.15, 77.40+ 0.26 and 78.22+ 0.30 %
respectively, while the least concentration of CIA
extract (25ug / tube) exhibited 32.72 % =+0.20
followed by 54.92 + 0.26 % at the concentration (50
ug /tube).

Although, the standard drug Vincristine possess the
highest antitumor activity (90.64= 0.39%) at the
concentration 100 pg / ml, but the tumoral activity of
the high concentrations of the investigated extract
found to be as near as to the activity of the
vincristine. Increasing the concentration of CIA
extract didn't noticeably effects on the viability of the
cells. The effect on the viability of Ehrlich ascites
carcinoma cells may return to the presence of various
natural polyphenolic components (e.g., chlorogenic
acid, caffeic acid, isoquercitrin, and quercetin), in
CIA extract, and consequently their active groups.
The potentiality of these natural substances was
subsequently confirmed through their potent role in
the inflammatory processes and reactive species
activity which are closely linked emergence and
maintenance of various types of cancer. Similar
results were recorded by Bantho et al., 2023; they
studied the cytotoxic potential of the crude C.
erythrophyllum leaf, stem and bark extracts (hexane,
chloroform, and methanol) produced was evaluated
against three cell lines. HEK293, HeLa and MFC-7)
using the MTT assay [22].

In particular, very potent activity was observed with
the methanolic stem bark extract Tested against
HEK293 cells. Outgoing studies revealed that a
methanolic stem bark extract emerged IC50 values
less than 20 pg/mL make it a good choice for further
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development It is considered a conventional
anticancer agent. Our results were reinforced by the
results of Abd El-Rahman et al.,, 2016,which
determined the cytotoxic activity of Q. indica
fractions against hepatoma cell line (HepG-2),they
reported that the IC50 wvalues in pg/mL were
organized as follows: CH,Cl, (IC50 = 11.9), n-BuOH
(IC50 = 17.9), defatted 90% MeOH (IC50 = 24.1),
Pet. ether (IC50 = 35.1) and EtOAc (IC50 = 65.1)
which confirmed the potent antitumor activity of Q.
indica fractions .

It is well known that the anticarcinogenic effects of
phenolic compounds are mainly due to its ability to
induce cell cycle arrest and inhibit cell oncogenic
signaling cascades stimulation of proliferation,
angiogenesis, and apoptosis. Moreover, Phenolic
compounds also modulate ROS levels and have pro-
and anti-inflammatory effects [36]. In accord with
some previous findings by Gibellini et al., 2010
suggested that quercetin promotes apoptotic cell
death through its pro-oxidant activity and prevents
the growth of tumors [33]. Therefore, the amount of
quercetin in such types may influence their anticancer
properties.In addition, the anticancer properties of
CIA extract may be attributed to flavonoid
molecules.Flavonoids have a wide range of
anticancer actions, including modulating the activities
of ROS-scavenging enzymes, participating in cell
cycle arrest, inducing apoptosis and autophagy, and
reducing the proliferation and invasiveness of cancer
cells [37].

Conclusion

The obtained results of the total extract of CIA
clearly confirm this plant as a potential antioxidant
and antitumor agents which enhances using it in the
alternative medicines.This study contributed to
promote the use of CIA in phytotherapeutics due to
the biologically active compounds that were
identified. The HPLC-ESI-MS/MS method presented
here has been demonstrated to be an effective tool for
the analysis of the components in a complex plant
extract. In this investigation, HPLC-ESI-MS/MS
method has been successfully established for rapid
separation and identification of flavonoids and
tannins in AME. Fifty nine phytoconstituents were
tentatively identified; 10 phenolic acids, 29 flavonols
including 11 quericetin derivatives, 6 isorhamnentin
derivatives, 9 kaempferol derivatives and 3 myricetin
derivatives , 9 flavones, 4 tannins, 2 flavanones and
2coumarins.

Authors’ contribution: A.S.A; conceptualization,
methodology, validation, software, formal analysis,
investigation, data curation, resources, writing -
original draft, writing - review & editing, read and
approved the final = manuscript. H.A.A.T;
Visualization, biological activity, data curation,



2304

Asmaa S. Abd Elkarim and Hanan A.A. Taie.

resources, writing - original draft, writing - review &
editing, read and approved the final manuscript.

Conflicts of interest
The authors declare that they have no competing
interests that could influence the work reported in this

paper.

4. Formatting of funding sources
The author(s) reported there is no funding associated
with the work featured in this article.

5. Referencec

1]

2]

3]

[4]

[5]

[6]

(7]

8]

Tima GR de Salec TR (aldac Filha MR de
Teanic N7  Falean HD  Rarhnea-Filhn ™M
Cahral AG, Souto AL, Tavares JF, Batista
LM. Bioactivities of  the Genus
Combretum(Combretaceae). A Review,
Molecules 17(8), 9142-9206(2012). dei:

10.3200/maoleenles 7020140

Gade TR Chadenean (¢ Simn RT Talla F
Atchade AN Seitd P Vannier R Tanrent S
Henoumont C, NwaboKamdje AH, Muller
JM. A new phenyl alkyl ester and a new

combretintriterpene derivative from
Combretum fragrans F. Hoffm
(Combretaceae) and antiproliferative activity.
Open Chem. 18(1), 1523-1531 (2020).

hitne-/ldoiore/10 1515/chem-2020-0167

Roy S, Gorai D, Acharya R, Roy R.
Combretum (Combretaceae): Biologicl
Activity and Photochemistry. Indo

Am. j. pharm. 4(11), 5266-5298(2014).

Rahate S, Hemke A, Umekar M. Review on
Combretaceae Family. Int. J. Pharm. Sci. Rev.
Res 8R(2).22-29(2019)
Wetwitavaklhino P Phaechamud T,
Limmatvapirat C, Keokitichai S. The study of
antioxidant activities of edible flower extracts.
Acta Hortic 786 1R5-191 (200R)

Mainmder S, Hanif HM, Bulbul 1J, Ahmed Z,
Rafe MR. In-vivo antidiabetic and

antidyslipidemic effects of methanolic leaf

extract of Combretum indicum in the
ctrentazntacininduced diabetic rats.
Egypt. Pharm. J21,  312-317(2022).  dei:

10:-4103/epjepj—16-22

Forid MS, Rahman MA, Aluwi MF, Uddin
MN, Roy TG, Mohanta MC, Huq AM,
Amiruddin Zakaria Z. Pharmaco informatics
andUPLC-QTOF/ESI-MS-Based
Phytochemical Screening of Combretum
indicum against Oxidative Stress and Alloxan-
Induced Diabetes in Long—Evans Rats.
Molecules 26(15), 4634
7021 daiare/103300/malecnles26 154634
Ahmed SA, Taie HA, Wahab WA.
Antioxidant capacity and antitumor activity of

Egypt. J. Chem. 66, No. SI 13 (2023)

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

the bioactive protein prepared from orange
peel residues as a hv-nraduet ncino ﬁlngal
protease. Int. J. Biol. Macromol.234,
123578(2023).

AbdElkarim, A.S, Ahmed AH, Taie HA,
Elgamal AM, Shabana, MAES.
Synadeniumgrantiihook f.: Hplc/qtof-ms/ms
tentative identification of the
phytoconstituents, antioxidant, antimicrobial
and antihinfilm evaluation of the aerial parts.
Rasayan J. Chem. 14(2), 811-828(2020).
Haroun AA. and Taie HA. Cytotoxicity and
antioxidant activity of beta vulgaris extract
released from grafted carbon nanotubes based
nanocomposites. Macromolecular Symposia
R37(1Y 25-33(72014)

Hamad KM Sahrv MM Floaved SH FI

Shabrawy AR, El-Fishawy AM.
Pharmacognostical Study of Cnmhratiim
actileatiim Vent Growino in Sudan. Bull. Fac.
Pharm. Cairo Univ. 57(2),105-

113(2019) doi- 102 1A60/REPC 2020 101082

Tlarent-Martinez EJ, Spinola V, Gouveia S,
Castilho PC. HPLC-ESI-MSn characterization
of phenolic compounds, terpenoid, saponins,
and other minor compounds in Bituminaria
Bituminosa. Ind Crops Prod 69, 80-90 (2015).
dotore/10 10164 nderan 2015 02 014

Martini ND, Katerere DR, Eloff JN. Seven
flavonoids with antibacterial activity isolated
from Combretum erythrophyllum. South
African Journal of Botany 70(2), 310-312
(72004

Karioti A, Bilia AR, Skaltsa H. Quercus ilex
L. A rich source of polyacylated flavonoid
olicosides Food Chem 123 131-142(2010)
Feline DF Brambilla LZ, Porto C, Pilau EJ,
Cortez DA. Phytochemical analysis of Pfaffia
glomerata inflorescences by LC-ESI-MS/MS.
Molecules 19, 15720-15734(2014).
dois103390/malecnlecl 91015720

Ti 7H Guo H, Xu WB, Ge J, Li X, Alimu M,
He DJ. Rapid Identification of Flavonoid
Constituents Directly from PTP1B Inhibitive
Extract of Raspberry (Rubusidaens T\ T eaves
hv HPLC-ESI-QTOF-MS-MS. J Chromatogr
Sci.54(5), 805-810(2016). doi:
101092 /chramcei/bmwOls

Martini ND, Katerere DR, Eloff JN.
Biological activity of five antibacterial
flavonoids from Combretum Erythrophyllum
(Combretaceace). Journal of
J. Ethnopharmacol93(2-3), 207-212
(72004) doi-10 10164 1en 200402 030

Kite GC, Veitch NC. Identification of
common glycosyl groups of flavonoid O-
glycosides by serial mass spectrometry of



https://doi.org/10.1515/chem-2020-0167
http://dx.doi.org/10.1016/j.indcrop.2015.02.014

CHARACTERIZATION OF FLAVONOIDS FROM Combretum indicum L. GROWING IN EGYP....T 2305

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

sodiated species. Rapid Commun. Mass
Spectrom. 25, 2579-2590(2011).

Brito A, Ramirez JE, Areche C, Septlveda B,
Simirgiotis MJ. HPLC-UV-MS profiles of
phenolic compounds and antioxidant activity
of fruits from three citrus species consumed in
Northern Chile. Molecules 19(11), 17400—
17421(2014).https://doi.org/10.3390/molecule
s191117400

Duh PD, Du PC, Yen GC. Action of
methanolic extract of mung bean hulls as
inhibitors of lipid peroxidation and non-lipid
oxidative damage. Food Chem Toxicol.
37(11), 1055-1061(1999).

Bhuiya N M. Investigation on antioxidant and
antimicrobial properties of methanolic extract
of Combretum Indicum leaf. Int.J. Green
Pharm.14 (2), 169 174
(2020).d0i:10.22377/ijgp.v14i102.2880

Bantho S, Naidoo Y, Dewir YH, Singh M,
Bantho A. Biological Activity of Combretum
Erythrophyllum: Antioxidant, Apoptotic, and
Cytotoxic Activity of the Leaf and Stem bark
Extract.

J. Hortic.9(3),p.305(2023).https://doi.org/10.3
390/horticulturae9030305

Jahan FN, Rahman MS, Rahman MM,
Gibbons S, Masud MM, Sadhu SK, Hossain
M, Hasan CM, Rashid
MA Diphenylpropanoids from  Quisqualis
Indica Linn. and their Anti-staphylococcal
Activity. Lat. Am. J. Pharm.28(2), 279-
283(2009).

Shoeb HA, Madkour HM, Refahy LA,
Mohamed MA, Saad AM, Ghareeb MA. .
Antioxidant and cytotoxic activities of
Gmelina Arborea ROXB. leaves.
Br.J. Pharm. Res. 4(1), p. 125(2014). doi:
10.9734/BJPR/2014/6018

Demla M, Verma H. In vitro antioxidant
activity, total phenolic and total flavanoid
content of different extracts of
Solanumxanthocarpum berries. Int J Pharm
Pharm. Sci. (4), 154-7 (2012).

Ladekan-Yayi EC, Toklo PM, Dah-
Nouvlessounon D, Assogba MF, Wouamba
SC, Tchegnitegni BT, Alowanou GG, Baba-
Moussa L, Hounzangbe-Adote S, Lenta BN,
Kouam SF. Anthelmintic and antimicrobial
activities of tannin extracts of
Mitragynainermis (Willd.) Kuntze
(Rubiaceae) and Combretum glutinosum Perr.
(Combretaceae). Am. J. Appl. Chem. 9(5),
145-
153(2021).doi:10.11648/j.ajac.20210905.14.
Fernandez J, Silvan B, Entrialgo-Cadierno R,
Villar CJ, Capasso R, Uranga JA, Lombo F,
Abalo R.. Antiproliferative and palliative

Egypt. J. Chem. 66, No. SI 13 (2023)

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

activity of flavonoids in colourectal cancer.
Biomed. Pharmacother. 143,
p.112241(2021).doi: 10.1016/j.biopha.2021.11
2241

Abd El-Rahman AA, Abd El-Aleem IM,
Refahy LA, El-Shazly MA. Total phenolic
content, cytotoxic and antioxidant activities of
Quisqualis indica (Linn.) growing in Egypt.
Der Pharmac Chemica, 8(3), 53-59(2016)
Barku VY, Boye A, Erzah F, Tsamenyi P. In-
vitro Antioxidant and Wound Healing
Properties of CombretumDolichopetalum
Engl. & Diels (Combretaceae). J. Appl
Pharm. Sci. 6(5), 185-192(2016).
doi.10.7324/JAPS.2016.60529

Kasote DM, Katyare SS, Hegde MV, Bae
H. Significance of antioxidant potential of
plants and its relevance to therapeutic
applications. Int. J. Biol. Sci. 11(8), p.
982(2015). doi:10.7150/ijbs.12096

Middleton E, Kandaswami C, Theoharides
TC. The effects of plant flavonoids on
mammalian cells: implications for
inflammation, heart disease, and cancer.
Pharmacol. Rev. 52(4), 673-751(2000). doi:
10.1007/978-1-4615-5335-913

Sandhar HK, Kumar B, Prasher S, Tiwari P,

Salhan M, Sharma P. A review of
phytochemistry and  pharmacology  of
flavonoids.  Int. J. Pharm. Sci.  1(1), 25-

41(2011). doi: 10.3389/fphar.2018.01109

Gibellini L, Pinti M, Nasi M, De Biasi S, Roat
E, Bertoncelli L, Cossarizza A. Interfering
with ROS metabolism in cancer cells: the
potential role of quercetin. Cancers 2(2),
1288-1311(2010). doi: 10.1093/ecam/ neq053

Ganguly S.  Ayurveda  for  cancer
therapyAyurveda for cancer therapy. World J
Pharm Res. 3, 1476-1479(2014).

Rahman M.M. Khan MA. Anti-cancer
potential of South  Asian  plants.
Nat. Prod. Bioprospecting. 3, 74-88(2013).
doi: 10.1007/s13659-013-0027-6

Choudhari AS, Mandave PC, Deshpande M,
Ranjekar P, Prakash O. Phytochemicals in
cancer treatment: From preclinical studies to

clinical practice. Front. Pharmacol. 10, p.
1614(2020). doi:10.3389/ fphar.2019.01614

Rodriguez-Garcia C, Sanchez-Quesada C,
Gaforio JJ. Dietary Flavonoids as Cancer
Chemopreventive  Agents: An  Updated
Review of Human Studies. Antioxidants 8(5),
p-137 (2019) .doi: 10.3390/antiox 8050137



http://dx.doi.org/10.22377/ijgp.v14i02.2880
https://doi.org/10.3390/horticulturae9030305
https://doi.org/10.3390/horticulturae9030305
https://doi.org/10.9734/BJPR/2014/6018
http://dx.doi.org/10.11648/j.ajac.20210905.14
https://doi.org/10.1016/j.biopha.2021.112241
https://doi.org/10.1016/j.biopha.2021.112241
http://dx.doi.org/10.7324/JAPS.2016.60529
https://doi.org/10.7150%2Fijbs.12096
https://doi.org/10.3389%2Ffphar.2018.01109
https://doi.org/10.1093/ecam/neq053
https://doi.org/10.1007%2Fs13659-013-0027-6
https://doi.org/10.3389/fphar.2019.01614
https://doi.org/10.3390/antiox8050137



