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ABSTRACT

The family Fabaceae is the third-largest flowering plant family, and the genus Desmodium has exhibited a wide range
of biological activities and a variety of chemical constituents. In the present study, different extracts of Desmodium
tortuosum were evaluated for their cytotoxic and antioxidant activities, as well as their total phenolic content (TPC).
The antioxidant activities were estimated using the 1,1'-diphenyl-2-picraylhydrazyl free radical (DPPH), while the
cytotoxic activity was evaluated via the brine shrimp lethality test (BSLT). The antioxidant activity results revealed
that the DPPH radical scavenging activity (SC50) ranged from 1.12 to 61.22 pg/ml with respect to ascorbic acid
(SC50 = 7.45 pg/ml). Among all tested fractions, 90% methanol was the most active. On the other hand, the cytotoxic
activities were arranged as follows: n-BuOH (LC50 = 310), EtOAc (LC50 = 350), and 70% methanol (LC50 = 380).
High-Performance Liquid Chromatography-Fingerprint analyses were used to determine the chemical composition
and relative proportions of phenolic compounds. GC-MS analysis indicated the presence of fatty acids and other
compounds. The major identified compounds were Benzene (1-butyloctyl) (11.88%) and Himachalene <o->
(11.08%) for the ethyl acetate extract and 10-Undecenoic acid, methyl ester (25.50%) for unsaponifiable matter.

Keywords: Antioxidant, Cytotoxicity, Desmodium tortuosum, GC-MS; HPLC.

INTRODUCTION

The family Fabaceae is the third-largest flowering
plant family, consisting of about 482 genera and 1,200
species of evergreen trees, herbs, water plants, and shrubs
[1]. A wide array of nutrients, such as proteins, amino
acids, and fatty acids, are found in Fabaceae plants [2].
Among them, fatty acids fundamentally compose lipid
molecules, hormones, and cell membranes, serving as an
energy source for cells and playing a key role in energetic
metabolic and structural activities [3]. Many species in this
family are renowned in traditional medicine for their use
as anti-perspirants, diuretics [4], and in the treatment of
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nephritis [5], diabetes, leukemia, uterine cancer [6],
diarrhea, cough, cramps, and sores of the mouth [7].
Fabaceae plants are found all over the world, growing in
various environments and climates [8]. Legume products
contribute to the world economy through food,
pharmaceuticals, medicine, chemicals, and fertilizers.
Legumes are also utilized as insecticides, molluscicides,
and anti-fungal agents [1].

The genus Desmodium contains about 350 species,
mainly distributed in tropical and subtropical regions
worldwide, with approximately 28 species in China. Most
of its plants are herbs, shrubs, or sub-shrubs, but rarely
trees. Besides their popularity as feeding stuffs, they are
also used in traditional medicine [9]. Desmodium
styracifolium (Osbeck) Merr. has been recorded in the
Chinese Pharmacopeia for the treatment of urolithiasis,
painful urination, and cardio-cerebrovascular diseases
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[10]. Chemical studies of D. styracifolium have shown the
presence of isoflavanones, coumaronochromone [11],
saponin, and alkaloids [12-13]. Other species of
Desmodium, including D. gangeticum and D. adscendens,
are used ethnomedicinally worldwide. Phytochemical
research on both species has led to the isolation of
alkaloids,  phospholipids, sterols, flavones, and
triterpenoid saponins. They exhibit a wide spectrum of in
vitro and in vivo pharmacological activities, such as
antileishmanial, immunomodulatory, smooth muscle
relaxant, anti-inflammatory, anti-ulcer, antidiabetic,
antiviral, antioxidant, and hepatoprotective activities [14].

During the past 30 years, the Brine Shrimp Lethality
Assay has been widely used as a toxicity test for a variety of
plant products. This test has been successively employed for
bioassay-guided fractionation of active cytotoxic and
antitumor agents, demonstrating several advantages such as
rapidness, simplicity, low requirements, robustness, where
the cysts are commercially and readily available, inexpensive,
and with high degrees of repeatability [15].

The overproduction of reactive oxygen species (ROS),
such as superoxide anion (O2), hydrogen peroxide, hydroxyl
radical (OH), and peroxyl radical (ROQO), may induce
oxidative stress in the human body, consequently causing
degenerative and pathological damages, such as aging,
cancer, cardiovascular diseases, Alzheimer’s disease, and
inflammation. Certain environmental factors, such as stress,
cigarette smoking, and some drugs, are also associated with
the elevation of free radicals in the human body, so
antioxidants play an important role in protecting the body
from oxidative stress. Recently, antioxidant activities of
medicinal plants or plant-derived chemical compounds and
health foods are being investigated comprehensively [16].

The characterization of oils and fats has mainly focused
on the principal components, which constitute the
saponifiable fraction comprising over 95% of oils and fats.
The unsaponifiable matters present in vegetable oils and fats
are usually composed of sterols, fatty alcohols, tocopherols,
triterpene alcohols, and hydrocarbons, each with individual
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biological importance [17-18]. Desmodium tortuosum plants
were recently cultivated in Egypt, and there is limited
information in the literature regarding their chemical content
and biological activities. The present study aims to determine
the chemical content and evaluate the total phenolic contents,
cytotoxic and antioxidant activities of their different extracts.
Conventional gas chromatography—mass spectroscopy (GC-
MS) was adopted for composition analysis to identify the
content of aliphatic and fatty acid compounds, while High-
Performance Liquid Chromatography-Fingerprint Analyses
was used to quantify different groups of phenolic components
in the plant.

MATERIALS AND METHODS

Chemical, reagents and equipments

All solvents and reagents used were of analytical grade.
1,1’-diphenyl-2-picrylhydrazyl (DPPH) free radical and
Folin-Ciocalteu’s reagent (FCR) were purchased from
Sigma-Aldrich Co. Gallic acid and ascorbic acid were
purchased from Merck Chemical Co. All solvents and
acids (methanol, petroleum ether, chloroform, ethyl
acetate, n-butanol) were obtained from Sigma-Aldrich Co.
The absorbance measurements for antioxidant activity
were recorded using the UV-Vis spectrophotometer
Spectronic 601 (Milton Roy, USA).

Plants materials

Desmodium tortuosum (Sw.) DC peels were collected
from Elephantine Island in Aswan, Egypt. The plant was
added to the Egyptian flora as a new species in Egypt in
2004. The identity of the plant was established by Dr.
Fatma Abdallah Mohamed, Lecturer in the Plant
Department, Faculty of Science, Aswan University. A
voucher specimen was kept in the Department of
Medicinal Chemistry, Theodor Bilharz Research Institute
(TBRI) under the number (Dt-2012). The plant materials
were air-dried in a shaded place at room temperature and
then powdered using an electric mill. Finally, they were
stored in a tightly closed container in a dark place until the
extraction process.
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Extraction

Small-scale extraction was carried out by taking
samples from the dry powder of the fresh leaves of the
plant (10 g). The samples were then separately extracted
with different solvents (100 ml x 4): 100% methanol and
methanol-water mixtures (90%, 85%, and 70%) at room
temperature for one week with daily shaking. The extracts
were filtered, and the extraction process was repeated four
times. Each extract was filtered using Whatman filter
paper No.1 and concentrated using a rotary evaporator
(Buchi, Switzerland) at (50 + 2°C), resulting in a known
weight of each crude methanol extract. The crude extracts
were collected and stored at room temperature in the dark
for further processing.

Air-dried plant leaves (0.25 kg) were extracted by soaking
in aqueous methanol (MeOH: water; 90: 10; v/v) at room
temperature. After filtration, the collected filtrate was
concentrated using a rotary vacuum evaporator under
pressure and low temperature. The dried 90% methanol
extract (31 g) underwent a defatting process to remove
unwanted substances using petroleum ether (60-80°C).
Subsequently, the fractionation process was performed by
dissolving 28 g of the 90% defatted extract in distilled water.
The completely soluble part was then partitioned using
dichloromethane, ethyl acetate, and n-butanol, resulting in
2.819,2.09,34g,and 10 g for dichloromethane, ethyl acetate,
and n-butanol, respectively.

The n-butanol extract (7 g) was fractionated on a
polyamide column chromatography [(d 7.0 x 120 cm)].
Elution started with water, followed by a gradual increase
of methanol. Based on comp-TLC and PC with the use of
UV light, individual 120 fractions (250 ml each) were
collected into seven collective fractions (I-VII). Two
groups of fractions (4-12 [I]) and (73-78[111]) (0.99 & 1.3
g, respectively) were chosen for further chemical and
biological analysis with other extracts.

Extraction of lipid constituents

About 50 g of the dried, powdered Desmodium
tortuosum were extracted with n-hexane in a Soxhlet
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apparatus. The combined n-hexane extract was passed
through fuller’s earth to remove the colored pigments,
filtered, dried over anhydrous sodium sulfate, and
evaporated under vacuum at 40°C until dryness to create a
pale-yellow residue (35 g).

Saponification of n-hexane extract

The n-hexane extract (25 g) was saponified by
refluxing with 100 ml N/2 alcoholic KOH. The alcoholic
solution was concentrated to about 20 ml and diluted with
cold distilled water. The unsaponifiable constituents were
extracted by partition with successive portions of diethyl
ether (3x100 ml). The combined ether extract was washed
with distilled water, dehydrated over anhydrous sodium
sulfate, and evaporated under vacuum until dryness to give
a yellowish-brown semi-solid residue of unsaponifiable
matter (5 g), which was subjected to GC analysis.

Assessment of the total phenolic contents

The total phenolic content of the extracts was
quantified using Folin-Ciocalteu's method adapted to a 96
well-plate. This method closely follows that used by
previous workers, Diko et al. 2002 [19]. Thus, 20 pL of
each plant extract dissolved appropriately in distilled water
was mixed with 100 pL F-C reagent freshly diluted 1/10
with distilled water. After 5 min incubation at room
temperature, 80 puL of 7.5% Na2CO3 solution was added.
The whole was left for 30 min at room temperature in the
dark with slight shaking. The absorbance was measured at
735 nm in a microplate-reader (Biochrom Asys UVM 340)
against blank. Gallic acid was used as the standard. The
results (average of triplicate analyses) were expressed in
mg/g of extract, gallic acid equivalent (GAE).

Antioxidant activity

Free radical scavenging antioxidant activity using
DPPH assay

The scavenging activity of the stable 1,1’-diphenyl-2-
picrylhydrazyl free radical was determined by the method
described by Marwah et al. 2007 [20]. Briefly, the reaction
medium contained 2 ml of 100 uM DPPH purple solution in
methanol and 2 ml of plant extract; ascorbic acid was used as
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the standard. The reaction mixture was incubated in the dark
for 20 min, and the absorbance was recorded at 517 nm. The
assay was carried out in triplicate. The DPPH radical
scavenging activity was calculated according to the equation:
% DPPH radical scavenging activity = [1 - (Asample/Acontrol)
x 100], where Acontrol and Asample are the absorbencies of
control and sample after 20 min, respectively. The SC50
(concentration of the sample required to scavenge 50% of
DPPH radicals) values were determined. The decrease in the
absorbance of the DPPH solution indicates an increase in
DPPH radical scavenging activity.

Cytotoxicity (Brine shrimp lethality test)

Brine shrimp lethality bioassay test A solution of instant
ocean sea salt (Aquarium System, Ohio) was made by
dissolving 2.86 gm in distilled water (75 ml). Fifty milligrams
of Artemia salina Leach eggs (Artemia, Inc., California) were
added to a hatching chamber. The hatching chamber was kept
under an inflorescent bulb for 48 hrs for the eggs to hatch into
shrimp larvae. Twenty milligrams of the tested extract was
dissolved in 2 ml of methanol or the solvent in which it was
soluble, and from this, 500, 400, 300, 200, 100, 50, 5 ul of each
solution was transferred into vials corresponding to 1000, 800,
600, 400, 200, 100, and 10 pg/ml, respectively. Each dose was
tested in triplicate. The vials and the control containing 500 pl
of the solvent were allowed to evaporate to dryness in about 48
hrs at room temperature. Four and a half milliliters of instant
ocean sea solution were added to each vial, and 10 larvae of
Avrtemia salina (taken 8-72 hrs after the initiation of hatching)
were added to each vial. The final volume of solution in each
vial was adjusted to 5 ml with sea salt solution immediately
after adding the shrimp. Twenty-four hours later, the number of
surviving shrimp at each dosage was counted and recorded.
LC50 values were determined with 95% confidence intervals
by analyzing the data. The data were analyzed, and LC50
values were calculated and carried out according to the Reed-
Muench method. Potassium dichromate was used as the
standard [22-23].

HPLC-DAD-ESI/MS/MS conditions

Separation and determination of phenolic compounds
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were performed by reverse-phase HPLC (RP-HPLC)/diode
array detection (DAD) (Hewlett Packard 1050) using an
Alltima C18, 5mm column (150 mm x 4.6 mm id) with a
guard column Alltima C18, 5mm (Alltech). The solvent
system used was a gradient of A (CH3 COOH 2.5% v/v), B
(CH3 COOH 8% v/v), and C (acetonitrile). The best
separation was obtained with the following gradient: at 0 min,
5% B; at 20 min, 10% B; at 50 min, 30% B; at 55 min, 50%
B; at 60 min, 100% B; at 100 min, 50% B and 50% C; at 110
min, 100% C until 120 min. The solvent flow rate was 1
ml/min, and the separation was performed at 35°C. The
injection volume was 10 pl for each sample solution. Phenolic
compounds were assayed by external standard calibration at
280 nm and expressed in pg/100ml. All values were the mean
of two injections [23]. HPLC analysis was carried out
according to the reported procedures [24-26].

GC-MS analysis

Gas-chromatography-mass spectroscopy (GC-MS)
analysis was performed according to the reported
procedures [27-28]. On the other hand, fatty acid
compositions of the three oils were investigated via GC-
MS analysis according to the method described [29&17].
The identification of the chemical components and the
interpretation of GC-MS spectrum were carried out
according to the database of National Institute Standard
and Technique (NISTO08s) (WILEYS) [30].

Statistical analysis

The obtained antioxidant and total phenolic contents results
were presented as mean + S.D., and the statistical procedures
were performed using SPSS 13.0 program. Computations were
based on Finney, 1971 [31]. For comparisons, the Chi2 test
(pairwise versus control) was performed. Data were presented
as a percentage. The limit for statistical significance was set at
p <0.05 (significance level of 95%).

RESULTS AND DISCUSSION

1. Quantification of total phenolic contents (TPCs)

The results in Table (1) showed the total phenolic contents
date as the following order, [4 -12] fractions (162.63 + 2.38)
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>[73 -78] fractions ( 115.70 £7.15) > 85 % methanol ( 97.79 The results in Table (1) revealed that the antioxidant
+6.31) > 90% MeOH ( 88.15 + 2.38) > EtOAc (64.74 + activities (expressed as SCso values in pg/ml) were arranged
6.31) > Pet. ether (61.98 £4.13) > 70 % methanol ( 60.15 + in the following order; 90% MeOH (1.12 + 2.36 ug/ml) >
1.88) > n-BuOH (57.75 = 3.98) (mg GAE /g dry extract). CH,Cl (2.12 £ 4.08 pg/ml) > Pet. ether (2.53 + 4.08 pg/ml)
2. Antioxidant activity > n-BuOH (2.93 + 4.09 pg/ml) > EtOAc & Fraction [73-78]
2.1. Free radical scavenging antioxidant activity (3.46 £ 4.08 png/ml) > Fraction [4-12] comparison with
using DPPH assay ascorbic acid as standard with SCsy= 7.50 pg/ml.

Table (1): In vitro antioxidant activities and total phenolic contents of different extracts and fractions of D. tortuosum

Sample DPPH SCs [ug/ml]? | TPC (mg GAE /g dry ext.)°
100% MeOH | 30.90 + 2.81 1.31+£0.18
90% MeOH 112 +2.36 88.15 + 2.38
85% MeOH 61.22 + 4.08 97.79 £6.31
70% MeOH 40.81 + 4.08 60.15 + 1.88
Pet. ether 2.53+4.08 61.98 +4.13
CH.CI; 2.12+4.08 39.94 + 2.38
EtOAC 3.46 +4.08 64.74 £ 6.31
n-BuOH 2.93+4.09 57.75 + 3.98
Fr. 111 3.46 +4.08 115.70 £ 7.15
Fr. | 3.76 £6.22 162.53 £ 2.38
Ascorbicacid | 750 | --ee-

Results are presented as mean + S.D. (n = 3).
2DPPH results values are presented in SCso values (ug/ml).
bTPC results are presented as mg gallic acid equivalent/g dry extract (mg GAE/g ext.).

Cytotoxicity n-BuOH (LCso= 310), EtOAc (LCs= 350), 70 % methanol
1. Brine shrimp lethality bioassay test (LCso= 380). Both 85 % and pure methanol extracts
The results present in Table (2) revealed that the showed very week activity.

cytotoxic activities of the tested samples are in the order:

Table (2): Mortality percent of Brine Shrimp of different extracts of Desmodium tortuosum plant

Dose ext. Mortality

Conc. 100%MeOH | 709%MeOH | 85%MeOH | Pet. ether | CH2Cl. | EtOAc | n-butanol | 90%MeOH | H20
1000 68.12 98.81 65.12 79.17 63.79 100 100 100 12.12
800 26.85 98.18 29.41 40.90 41.18 97.5 98.81 100 5.08
600 22.22 71.70 6.06 7.14 22.08 92.72 96.43 61.70 0
400 6.38 44,78 0 0 7.77 58.97 65.79 33.33 0
200 0 30.93 0 0 0 9.1 18.18 4.69 0
100 0 23.62 0 0 0 0 0 0 0
20 0 19.11 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0
LCso 850 380 880 820 825 350 310 500 -
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The obtained results revealed variable amounts of these
standard compounds present in the tested samples (Table
3 and Figures 2-4).

HPLC-fingerprint analysis
In this study, fourteen standard phenolic compounds
were used as reference compounds (Table 3 and Figure 1).

Table (3): Areas under peaks and concentrations of the ethyl acetate extract, fractions [I11] and fractions [I] of

Desmodium tortuosum against fourteen standard phenolic compounds

Compounds Standard EtOACc Fr. 11 Fr.1
Rt, Area Conc. | Area Conc Area Conc. | Area Conc.
Gallic acid 3.116 829.87 40 251.48 12.12 184.41 10.18 1117.40 | 61.67
Chlorogenic acid | 3.515 335.32 46.9 000 0.00 38.63 6.18 3360.69 | 537.32
Catechin 3.844 612.25 1485 | 49.66 12.05 000 0.00 000 0.00
Caffeic acid 4,973 1068.72 | 30 424.88 11.93 80.72 251 824.82 25.67
Syringic acid 5.357 882.99 30 725.16 24.64 98.10 3.78 124433 | 47.96
Rutin 5.774 983.74 120 136.13 16.61 000 0.00 631.64 86.11
Ellagic acid 6.901 757.02 70 59.08 5.46 42.89 4.45 000 0.00
Coumaric acid 7.680 946.65 20 120.48 2.55 21.57 0.53 526.83 12.86
Vanillin 8.387 1007.61 | 30 253.4 7.54 76.72 2.59 526.02 17.77
Ferulic acid 9.022 857.80 20 000 0.00 000 0.00 333.67 9.08
Naringenin 9.450 836.92 20 339.42 8.11 000 0.00 5373.64 | 150.72
Propyl gallate 10.277 | 409.00 8.33 599.80 12.22 1214.67 | 27.79 215492 | 49.31
Quercetin 10.711 | 868.80 60 2297.64 158.68 1304.04 | 100.53 | 7089.20 | 546.52
Cinnamic acid 11.200 | 1280.68 | 10 2044.55 15.96 2439.54 | 21.46 541.86 4.77
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Fig. 1. High performance liquid chromatography chromatogram of fourteen standard phenolic compounds
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Fig. 2. High-performance liquid chromatography-fingerprint chromatogram of the ethyl acetate extract
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Fig. 3. High-performance liquid chromatography-fingerprint chromatogram of the n-butanol fractions (4-12)
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Fig. 4. High-performance liquid chromatography-fingerprint chromatogram of the n-butanol fractions (73-78)

5. GC-MS analysis representing 89.44% of the total extract composition. The

Chemical composition of the ethyl acetate extract of qualitative GC-MS analyses of the unsaponifiable extract

Desmodium tortuosum, as shown in (Figure 5 and Table resulted in the identification of thirty-two compounds

1S), indicates the presence of thirty-three compounds (Figure 6 and Table 2S).

RT 0D00-580

Refative Abundance

Time (min)

Fig. 5. GC-MS analysis of the ethyl acetate extract of Desmodium tortuosum.
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Table 1S: Chemical constituents identified in the ethyl acetate extract of Desmodium tortuosum using GC-MS analysis

Area

No M.W. M.F. R.T. % Name Structure
(o)
1 86 CoHu 162 016 Hexane <N-> /\/\
2 102 CsH1002 2.1 0.07 Propionate
(o]
3 130 C7H140, 4.38 0.08 Propyl Butrate 0
/\)I\O/\
4 128 CgnsO 4.93 3.36 Heptanone<2-
Methyl -4->
5 140 CioH20 6.8 0.53 Decene
6 122 CgH100 10.98 7.43 Phenyl Ethyl
Alcohol
OH
7 178 CuH10,  20.85 531 Benzyl Butyrate
0]
o)
8 196 Ci4Hog 22.95 0.21 Tetra-decene /\/\/\/\/\/
9 358 CasHas 23.01 0.33 Benzene,(1-
propylheptadecyl)
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No M.W. M.F. R.T. Aor/(e)za Name Structure
10 120 CgHgO 2351 0.35 Norbornadiene7ca
rbaldehyde
11 218 CigHzs 24.34 0.64 Benzene, decyl
12 204 CisHayy 25.2 11.08 Himachalene <o->
13 320 CioH2s0,  25.58 0.13 Glutaric acid, (o) (o)
isohexyl phenethyl )j\/\/”\
ester
14 204 CisHag 25.85 1.20 Acoradiene ,
15 232 CisH240  25.95 0.06 Cyclohexanol,5-

methyl-2-(1-
methyl-1-
phenylethyl)
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No M.W. M.F. R.T. Aor/(e)za Name Structure
16 232 Ci7H2s 26.64 5.78 Benzene,(1-

methyldecyl)
17 246 CigHao 27.23 9.96 Benzene, (1-

pentylheptyl)
18 246 CigHao 2735 11.88  Benzene, (1-

butyloctyl) @\q\/\/
19 246 Ci7HxO  27.58 8.21 Undecanal, 3-

phenyl

20 246 CigHao 28.02 6.50 Benzene, (1-

ethyldecyl)
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No M.W. M.F. R.T. Aor/(e)za Name Structure
21 112 C/H:.0 28.42 0.43 3-Hexen-2-one,5- (o)
methyl )I\/\
22 358 CasHas 28.89 0.07 Benzene,1-(1-
heptyldodecyl) 4-
methyl
23 218 CieHas 29.64 2.28 Benzene, (1-
propylheptyl)
24 274 CaoHas 30.08 3.05 Tridecane,2-
methyl-2-phenyl
25 220 CisH4O  30.62 3.73 Caryophyllene
Oxide
26 260 CigHa2 30.84 3.42 Benzene, (1-
methyldodecyl)
27 128 CgH160 31.17 0.07 2,4,4-Trimethyl-2- (o)
penten-1-ol AN
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No MW. MF  RT. Aor/ea Name
(0]

Structure

28 348 CaHiO,  31.28 0.09 Benzaldehyde
dioctyl Acetal

29 344 CosHaa 31.53 0.16 Benzene, (3-
octylundecyl)

30 246 CigHzo 32.01 0.09 Benzene,(1,1-

(o) OH

31 252 CisHgOs  32.18 0.32 Anthraquinone-1- (o)
carboxylic acid

32 140 CgH120, 34.71 2.30 4-Oxo-trans-2-
octenal

33 252 CigHss 38.6 0.07 Octadecene <1->

9 Isoprene compounds

3 Monoterpene compounds

16 Sesquterpenes

2 Diterpene compounds

4 Sestraterpene compounds

15 Oxygenated compounds

18 Deoxygenated compounds

Total 89.44%
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Fig. 6. GC-MS analysis of methanol extract of Desmodium tortuosum.

Table 2S: Chemical constituents identified in the unsaponifiable matter of Desmodium tortuosum using GC-MS analysis
Area

NO M.W. M.F. R.T. % Name Structure

1 98 CeH100 3.57 0.17 Hexanal<2- H

>

(o) N
H H

2 128 CoH00 4.45 0.77 Nonane<N-

>

OH
3 116 C7H1s0 6.1 22 Heptanol<
N-> /\/\/\/O H
4 142 CgH140, 6.23 0.19 Isopropyl
Tiglate
(o)
\( AN
(0] H
Hexanoate \/O\"/\/\/
(o]
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NO M.W.

M.F.

R.T.

Area
%

Name Structure

6 156

7 704

8 182

9 118

10

11 186

12 144

13 186

C11H24

Ca3H360,

C12H22o

C6H1402

C4SH5805

C11H2.0;

CgH160;

CllHZZOZ

10.6

10.14

20.94

25.58

26.70

27.08

28.81

29.15

0.44

0.16

0.26

0.17

0.19

0.55

0.22

0.39

Undecane

<N-> \/\/\/\/\/

6-C-
Xylosyl-8-
Cgluco-
Sylapigenin
permethylat
ed
derivative

4-Dodecen- =
lal O

Meso-3,4- OH

Hexanediol

7,13,19,25- |

Tetratertbut

y127,28,29,

30 , ~
etrahydroxy

2,3- = ~_—
bishomo-3- |

O- -Xacalix OH

[4] arene

OH

Decanoic

acid, 0\
methyl
ester

Heptanoic
acid,

methyl /0
ester

Methyl 8-
methylnona
noate
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NO  MW. M.F. RT. Area Name Structure

%
(o)

14 72 C3H,0, 29.33 0.17 Beta-
PROPIOL
ACTONE

Tetra-acetyl
15 664 CssHs601 30.34 0.20 derivative
1 Of- 25-
hydroxybra
ssinlide

16 224 CisHz2 31.13 0.22 Hexadecen

e<l-> I P2 P P P N

17 144 CgH160, 32.52 0.78 Octanoic

acid H O\"/\/\/\/

o)

18 116 C7H1s0 32.66 0.19 3-
Hexanol,2-
methyl

OH
19 60 CsHsO 32.77 0.30 1-Propanol

~_COH

O-
Octadeceno \/\/\/\/\/\/\/\/WO\
ic acid
(2),methyl o
ester
3Hydroxyl
21 628 CysHisOs 3378 0.18 (4{13[4(3-
o o o o
hydroxy 3-
2 O IO
acryloyl)
phenyl]
tridecyl}
phenyl)3-
phenylprop
-2-enlone

22 254 CieH3z00,  34.33 3.31 11-Tetradecer )\
o o X

20 296 CioH30,  33.03 0.63

23 198 CioH2,0,  34.49 25.50 10-

Undecenoic 2=~ o\
acid,methyl

ester
o
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NO MW. MF RT. Area Name
%

Structure

Nonadecan
24 312 CaoHi0, 34.8 2.63 oic
acid,methyl ~_O
ester

25 294 CioH3,0,  35.17 1.13 9,12
Octadecadi
enoic acid
Z,2),
methyl
ester

26 172 CioH20, 35.25 0.25 Nonanoic
acid,
methyl
ester

27 216 CiH203  35.32 0.20 2,4,6-
Tripropyll,
3,5-
trioxane

Formic

28 102 CsH1002 35.60 0.18 acid, 2-
methylprop

yl ester

5,8-
29 294 C19H340, 35.98 3.07 Octadecadi
enoic acid,
methyl
ester
Cyclohexan
30 364 CaeHs, 36.55 0.29 e,1,4-
dimethyl 2-
octadecyl

4(2-
31 158 CgH1 O3  38.22 0.33 Methyl-2-
propenoxy)
butanoic
acid

0.52
32 114 C7H10 38.69 1-
Propene,3

(1,1- ~

dimethyl

ethoxy)
12 Isoprene compounds 7 Monoterpene compounds
1 Diterpene compounds 1 Sestreterpene compounds
1 Sesquaterpene compounds 1 Tetraterpene compounds
2 Other compounds 29 Oxygenated compounds
Total 41.28%
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1- Quantification of total phenolic contents (TPCs)

The results of the total phenolic content showed a
remarkable variation among the tested samples, which
may be due to the diversity of secondary metabolites in
each individual sample. The results were in the following
order: [I] fractions (162.63 pg/ml) > [1I1] fractions (115.70
+7.15 pg/ml) > 85% methanol (97.79 + 6.31 ug/ml) >90%
MeOH (88.15 +2.38 pg/ml) > EtOAc (64.74 £ 6.31 pg/ml)
> Pet. ether (61.98 = 4.13 pg/ml) > 70% methanol (60.15
+1.88 pg/ml) > n-BuUOH (57.75 + 3.98 pg/ml) (mg GAE/g
dry extract). Previous reports showed a highly positive
correlation between total phenolic contents and
antioxidant activities, reflecting the effective role of
phenolic compounds as free radical scavengers [32-34].

2. Antioxidant activity

2.1. Free radical scavenging antioxidant activity
using DPPH assay

The oxidative stress associated with generation of
destructive effects and harmful health problems as cancer,
immunosuppression, inflammation, ischemic heart disease,
atherosclerosis, aging, diabetes, and Alzheimer’s disease 5%,
Therefore, the naturally occurring compounds exhibit a strong
antioxidant potential due to their abilities to mask the reactive
species. Different extracts of Desmodium tortuosum were
evaluated for their free radical scavenging antioxidant activity
using 2,2'-diphenyl-1-picrylhydrazyl (DPPH) assay. The
results revealed that the antioxidant activities (expressed as
SCx values in pg/ml) were arranged in the following order;
90% MeOH (1.12 + 2.36 pg/ml) > CH,Cl, (2.12 £ 4.08 pg/ml)
> Pet. ether (2.53 + 4.08 pg/ml) > n-BuOH (2.93 £ 4.09 pg/ml)
> EtOAc equal to Fraction [111] (3.46 + 4.08 pg/ml) > Fraction
[11 (3.76 £ 6.22 pg/ml ) in comparison with ascorbic acid as
standard with SCso= 7.50 pg/ml. Moreover, numerous studies
have demonstrated that the high activity antioxidant maybe due
to the presence of a complex pattern of the bioactive
polyphenolic compounds [37-38].

3. Cytotoxicity

3.1. Brine shrimp lethality bioassay test

The BLST assay is a quick and inexpensive method

Maha Elshazly et al.

used to evaluate the lethality of various extracts, fractions
or compounds [39]. The results present revealed that the
cytotoxic activities of the tested samples are in the order:
n-BuOH (LCse= 310), EtOAc (LCso= 350), 70 % (LCso=
380). Methanol extracts showed very week activity.
According to the global guidelines, values above 1000
pg/ml are considered nontoxic, from 1000 to 500 pg/ml
are weakly toxic, and that below 500 pg/ml are toxic [40].

4. HPLC-fingerprint analysis

HPLC-fingerprint analysis is a simple and quick
technology widely used to identify the chemical components
of plant extracts compared to standard materials [41-42].
Ethyl acetate and two fractions of n-butanol extracts [(I) and
(111) &] of D. tortuosum leaves were subjected to chemical
profiling through the HPLC-fingerprint technique to identify
their chemical ingredients and to characterize the available
classes of secondary metabolites [43]. In this study, fourteen
standard phenolics were used as reference compounds,
including gallic acid (1), chlorogenic acid (2), catechin (3),
caffeic acid (4), syringic acid (5), rutin (6), ellagic acid (7),
coumaric acid (8), vanillin (9), ferulic acid (10), naringenin
(112), propyl gallate (12), quercetin (13), and cinnamic acid
(14). The obtained results revealed the variable amounts of
the above-mentioned standard compounds in the tested
samples. Quercetin, syringic acid, rutin, and cinnamic acid
were detected as the major ingredients. On the other hand,
coumaric acid, ellagic acid, vanillin, and naringenin were
detected as minor components in the ethyl acetate extract.
Both chlorogenic acid and ferulic acid are absent. Moreover,
quercetin, propyl gallate, cinnamic acid, and gallic acid were
recognized as major constituents in fraction [111]. Caffeic acid,
coumaric acid, vanillin, and ellagic acid were observed as
minor ingredients in the n-butanol fraction [I11], and the
absence of catechin, rutin, ferulic acid, and naringenin (Table
6 and Figure 4). Also, quercetin, chlorogenic acid, naringenin,
gallic acid, and rutin were detected as major constituents in
the methanolic fraction [I], where cinnamic acid, ferulic acid,
and coumaric acid were detected as minor components, and
the absence of catechin and ellagic acid (Table 3 & Figure 4).
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Numerous reports stated that there are strong positive
relations between the amounts of phenolic compounds in the
tested samples and their bioactivities. Due to the unique
chemical skeleton and heavy hydroxylation patterns of
phenolic compounds, these compounds act as potent free
radical scavengers [43-49].

GC-MS analysis

The chemical composition of the ethyl acetate extract of
Desmodium tortuosum indicates the presence of thirty-three
compounds, representing 89.44% of the total extract
composition.  These compounds were identified
qualitatively based on their retention times and mass
spectral fragmentation patterns. They are mainly
categorized into fifteen oxygenated compounds (45.4%)
and eighteen non-oxygenated compounds (54.54%),
classified into six groups: one saturated aliphatic compound
(3%), three unsaturated aliphatic compounds (9%), seven
oxygenated aliphatic compounds (21%), eighteen aromatic
compounds attached to an aliphatic chain (54%), three
sesquiterpene compounds (9%), and one anthraquinone
compound (3%). The major identified compounds include
Benzene (1-butyloctyl) (11.88%), Himachalene <o->
(11.08%), Benzene (1-pentyl heptyl) (9.96%), Undecanal,
3-phenyl (8.21%), Phenyl Ethyl Alcohol (7.43%), Benzene
(1-ethyldecyl) (6.50%), Benzene (1-methyldecyl) (5.78%),
and Benzyl Butyrate (5.31%).

Qualitative GC-MS analyses of the unsaponifiable
matter of D. tortuosum resulted in the identification of
thirty-two compounds (Table 5), representing 41.19% of the
total extract composition. These compounds were identified
qualitatively based on their retention times and mass
spectral fragmentation patterns. They are categorized into
twenty-seven oxygenated compounds (84%) and five
deoxygenated compounds (15%). All compounds are
classified into six groups: twenty-five oxygenated aliphatic
compounds (78%), one saturated aliphatic compound (3%),
one unsaturated aliphatic compound (3%), one flavonoid
derivative compound (3%), one steroid derivative
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compound (3%), and three aromatic compounds conjugated
with an aliphatic chain (9.3%). The major identified
compounds include 10-Undecenoic acid, methyl ester
(25.50%), 5,8-Octadecedienoic acid methyl ester (3.07%),
and Nonadecanoic acid methyl ester (2.63%).

The data for both extracts indicate that D. tortuosum is
rich in different types of aliphatic fatty acids. Most of the
identified compounds are cited in the literature for their
various biological activities. For example, 1-Octadecene has
shown antibacterial, antioxidant [50], and anticancer effects
[51]. Dodecanoic acid methyl ester exhibited antibacterial,
antiviral, and antifungal properties [52], while 1-
Hexadecene demonstrated antibacterial, antifungal [53-55],
and antioxidant activity [56]. 9-Octadecenoic acid (2)
methyl ester has been reported for its antioxidant and
anticancer effects [41-57]. The major identified compound
Benzene (1-butyloctyl) has antimicrobial activity [58].

CONCLUSION

Different extracts of D. tortuosum were prepared and
evaluated for their biological and chemical characteristics.
Among all the tested extracts, the 90% methanol extract
showed the highest antioxidant activity. On the other hand,
the cytotoxic test showed weak toxic effects, with the most
active extract being n-BuOH (LCso= 310). Regarding its
chemical content, HPLC-Fingerprint Analyses indicated the
presence of phenolic compounds in both the ethyl acetate
extract and the two butanol fractions, which are responsible
for antioxidant activity. Additionally, GC-MS analysis
determined the presence of many fatty acids and other
aliphatic compounds with a variety of biological activities.
The plant is considered a candidate for further chemical and
pharmaceutical investigations.
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