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ABSTRACT
Background: Lotus taxa (Fabaceae) were well known as an important source 
of polyphenols and flavonoids. Lotus lanuginosus Vent. is a widespread 
plant in the northern region of Saudi Arabia. Phytochemical and biological 
activities screening focusing of the species are rare. Objective: The 
objectives of this study were to isolate secondary metabolites from the 
flowers of L. lanuginosus Vent., elucidate their structures, and evaluate their 
biological activities. Materials and Methods: Chromatography methods 
of the n‑butanolic extract of fresh flowers of L. lanuginosus led five 
products (1–5). Their structures were characterized based on spectroscopic 
evidence  (ultraviolet, infrared, high‑resolution mass spectrometry, and 
nuclear magnetic resonance) and compared to the spectral data signaled in 
the literature. Cytotoxic activities of the isolated compounds were evaluated 
against HCT‑116 and MCF‑7 cancer cell lines. α‑glucosidase and antioxidant 
activities were also performed. Results: Five compounds were isolated 
and characterized for the first time in L. lanuginosus Vent.: Lotaustralin (1), 
kaempferol‑7‑O‑α‑L‑rhamnopyranoside (2), kaempferol‑3‑O‑apiofuranosyl‑7‑
O‑rhamnopyranosyl (3), isorhamnetin‑3‑O‑rutinoside (4), and kaempferol‑3‑
O‑(2’’‑β‑D‑xylopyranosyl)‑α‑L‑rhamnopyranoside‑7‑O‑α‑L‑rhamnopyranoside 
(5).  The results of cytotoxic activities against HCT‑116 and MCF‑7 cancer cell 
lines of the isolated compounds were presented. Among them, compounds 
2 and 3 showed a moderate activity on HCT‑116 cancer cells with half 
maximal inhibitory concentration values ranging between 8 and 31.5 µM. 
Moreover, compounds (2–5) displayed significant antioxidant and moderate 
α‑glucosidase activities. Discussion and Conclusions: All the isolated 
products (1–5) are signaled for the first time in L. lanuginosus Vent. Among 
flavonoids glycosides, compound 2 showed the best cytotoxic activity. By the 
end of the present study, L. lanuginosus have been characterized as a highly 
cyanogenic plant and as an important source of polyphenols and flavonoids.
Key words: Antioxidant activity, cytotoxic activity, flavonoids glycosides, 
α‑glucosidase inhibition

SUMMARY
•  One Cyanogenic glucoside (1) and four flavonoid glucoside derivatives (2, 3, 

4 and 5) were isolated from the flowers of Lotus lanuginosus. All compounds 
were isolated for the first time from this species. Compounds 2 and 3 showed 
moderate activity against HCT116 cancer cells. Moreover, compounds (2, 
3, 4 and 5)  displayed significant antioxidant and moderate α‑Glucosidase 
activities. This species could be used as renewable source of polyphenols 
and flavonoids and as bioactive alternatives in pharmaceutical bioassays. 

Abbreviations used: ABTS: 2,2’‑azino‑Bis (3‑ethylbenzothiazoline‑6‑
sulfonic acid); DPPH: 2,2‑diphenyl‑1‑picrylhydrazyl; HCT‑116: Human colon 
cancer cell line; MCF‑7: Breast cancer cell line; NMR: Nuclear magnetic 
resonance; HRMS: Electrospray‑high‑resolution mass spectrometry; UV: 
Ultraviolet; MTT: 3‑4,5‑dimethylthiazol‑2,5‑diphenyltetrazolium bromide; 
PNPG: P‑nitrophenyl‑α‑D‑glucopyranoside 
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INTRODUCTION
Family Fabaceae (Leguminosae) is one of the most important families 
of the flowering plants, which consists approximately with about 
18,000 species.[1,2] The genus Lotus contains about 120 species mainly 
distributed around the Mediterranean region. In Saudi Arabia, 
botanical families of Fabaceae, Lamiaceae, Asteraceae, and Apiaceae 
are well represented in the flora of the country.[3,4] Collenette[5] and 
Chaudhary[6] reported that the genus Lotus L.  (Fabaceae) in Saudi 
Arabia is present with eight species. Lotus peregrinus, Lotus cytisoides, 
and Lotus lanuginosus have been characterized as highly cyanogenic 
plants.[7,8] The Lotus species were well known as an important source of 
polyphenols and flavonoids.[9‑12] However, these previous phytochemical 
investigation studies mainly focused on the extraction and isolation of 
flavones, isoflavones, and flavanols in Lotus species. Four kaempferol 
glycosides isolated from Lotus edulis, having catalytic inhibitors of 
wheat germ topoisomerase.[13] Flavonol diglucosides of the aglycones 
kaempferol, quercetin, and isorhamnetin were previously isolated from 
Lotus polyphyllos, Lotus hebranicus, and Lotus tenuis.[14‑16] L. creticus 
revealed that they are good sources of isoflavonoid derivatives. As a 
part of our work on L. lanuginosus, we have previously reported the 
isolation of kaempferol‑7‑O‑α‑rhamnoside used for the synthesis of 
gold nanoparticle.[17] However, in the present work, we described the 
isolation and the structure elucidation of the major compounds isolated 
from L. lanuginosus flower extracts. The evaluation of the biological 
potentialities such as cytotoxic, anti‑α‑glucosidase, and antioxidant 
activities will be the second part of the present investigation.

MATERIALS AND METHODS
General experimental procedures
The one‑dimensional and two‑dimensional‑nuclear magnetic 
resonance  (NMR) spectra of the compounds were recorded in 
deuterated methanol  (CD3OD) using a JEOL JNM ECX  500 NMR 
spectrometer and TMS as an internal standard. The coupling constants 
and the chemical shifts were expressed, respectively, in Hertz and δ parts 
per million (ppm). The infrared spectra were recorded using an infrared 
spectrometer  (Thermo Scientific Nicolet iS5). The ultraviolet  (UV) 
spectra were recorded on a UV–visible spectrophotometer (Jasco V‑670). 
The electrospray‑high‑resolution mass spectrometry  (HRMS) spectra 
were obtained using an ultra‑performance liquid chromatography Xevo 
G2 Q time‑of‑flight system (Waters).

Plant material
In May 2018, L. lanuginosus Vent. was collected during the full‑bloom 
stage from the wild in  Wadi Elmarâa, a tributary of Wady Arar (Wadi 
of the Anizah tribe: 30°55’ 13’’ N, 41°0’3’’E) in the northern region of 
Saudi Arabia. The plant specimen was identified in the Department of 
Biology, College of Sciences, Northern Border University. A  voucher 
specimen (LOLA 910) was deposited in the Herbarium of the College 
of Science.

Extraction and isolation
Two kilograms of fresh flowers was macerated in a closed glass container 
with methanol at room temperature for 1  week. The obtained extract 
was filtered and then evaporated under reduced pressure. The crude 
extract  (28.5  g) was dissolved in water  (1  L) and then separated by 
decantation using n‑hexane, CHCl3, and n‑BuOH, leading, respectively, 
4.67 g, 5.46 g, and 13.47 g of dry extracts.
The n‑BuOH dry extract  (13.47  g) was chromatographed over Si 
gel column  (80  cm  ×  6  cm, 70–230‑mesh, i.d.), using mobile phase 
EtOAc/MeOH. After the thin‑layer chromatography (TLC) monitoring, 

the column chromatographic fractions were labeled into five fractions (A1–
A5). Fraction A1 (3.68 g) was reduced into four subfractions (B1–B4) by 
column chromatography on silica gel, using CH3Cl/MeOH as eluent. 
Fraction B2 (2.26 g) was repeatedly separated on a silica gel column using 
CH3Cl/MeOH  (85/15) as eluent to obtain 1  (1.56  g) and 2  (367  mg). 
Fraction A2 (2.86 g) was separated into four subfractions (C1–C4) using 
silica gel column chromatography (CH2Cl2/MeOH, 98:2). Subfraction C3 
was rechromatographed over a RP‑C18 column with H2O‑MeCN (75/25) 
as eluent to obtain 3 (1.22 g) and 4 (184 mg). Fraction A4 (4.12 g) was 
precipitated in ethyl acetate at 0°C for 24  h to give an impure yellow 
precipitate  (2.56  g). The impure solid was purified by flash column 
chromatography eluted with CH3Cl/MeOH  (70:30) to give a major 
yellow powder 5 (2.15 g).

Acid hydrolysis of compounds 2–5
Twenty‑five milligrams of samples were added to 10% HCl  (5  mL) 
and refluxed for 4 h. The resulting reaction mixtures were partitioned 
with EtOAc. After neutralization of the aqueous fraction by Amberlite 
IRA‑400  (Sigma‑Aldrich), it was concentrated to dryness using rotary 
evaporator  (Buchi R‑210), to furnish a monosaccharide residue. 
The sugars were detected by TLC RP‑18 analysis [Acetonitrile (0.1% 
formic acid)/water (0.1% formic acid) (75:25)], detection  (aniline 
phthalate) by comparison with authentic samples β‑D‑glucopyranose, 
β‑D‑xylopyranose, and α‑L‑rhamnopyranose (Sigma‑Aldrich).

Cytotoxic activity assay
Tested cell lines
In the present study, two cancer cell lines were used: HCT‑116 (colorectal 
carcinoma) and MCF‑7 (breast cancer). 10% fetal calf serum and 2 mM 
L‑glutamine was used as a complete growth medium to conserve the cell 
lines in Roswell Park Memorial Institute. For incubation, cell lines were 
maintained at 37°C with a humidified atmosphere of 5% CO2. All the 
tests were performed when the cells had reached 80% confluence, and 
trypan blue exclusion assay was referred for testing the viability of cell 
lines.[18]

Measuring cell viability (3‑4,5‑dimethylthiazol‑2, 
5‑diphenyltetrazolium bromide assay)
The cytotoxicity of the isolated compounds against 
HCT‑116  (colorectal carcinoma) and MCF‑7  (breast 
cancer) was evaluated spectrophotometrically through 
3‑4,5‑dimethylthiazol‑2,5‑diphenyltetrazolium bromide  (MTT) 
assay. The assay was performed in a 96‑well microtiter plate.[19] The 
concentration of cell lines was fixed on 10 × 103 and 12 × 103 cells/well, 
respectively, for HCT‑116 and MCF‑7. The adherent cells were incubated 
overnight (37°C) in a 5% enriched CO2 atmosphere. For the cells in the 
exponential growth phase, further incubation (37°C) was maintained for 
72 h and the concentrations of the tested compounds varied between 2 
and 100 µM. After removing the medium, incubated cells (37°C) were 
treated with 50 µL of MTT solution  (3  mg/mL in phosphate‑buffered 
saline) during 20–40 min. The dissolving of the cell mitochondria and the 
precipitation of violet formazan crystals was proceeded through adding 
80 µL of 100% dimethyl sulfoxide. The measurement of the obtained 
reaction was taken, spectrophotometrically, at 540  nm. Doxorubicin, 
a conventional anticancer drug, was used as a positive control. The 
measuring of the cell viability was calculated using the Formula I:
I: % inhibition  =  100 *  [(Abscontrol  −  Absblank control)/(Abssample  −  Absblank 
sample)].
Where Abscontrol is the absorbance measured of the total cell activity as 
described without any inhibition, Absblank control is the absorbance of MTT 
substrate, and Abssample is the absorbance of each inhibitor sample. The 
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experiment was tested in three replications, and the anticancer effect 
of the isolated compounds was expressed as half maximal inhibitory 
concentration (IC50) values calculated from the mean values of percentage.

In vitro antioxidant assays
The in vitro antioxidant assay of the isolated compounds was tested using 
2,2′‑diphenyl‑1‑picrylhydrazyl radical (DPPH•)‑ and ABTS•+‑scavenging 
tests:

2,2′‑diphenyl‑1‑picrylhydrazyl radical method assay
The used method was developed by Bondet et  al.[20] with the point of 
view to determine the antioxidant activity of the isolated compounds 
in a like manner using a stable free DPPH radical. The assay is based 
on the measurement of the scavenging capacity of antioxidants toward 
it. Subsequently, 500 µl of compounds  (at different concentrations: 
20–250 µg/mL) was dissolved in 500 µl of 0.1 mM methanolic DPPH 
solution. The reaction was kept at room temperature in the dark for 
30  min. The optical density  (517  nm) was then measured. Methanol 
solution was used as a negative control and DPPH as a positive control. 
The following equation  (II) was referred for the calculation of the 
percentage of DPPH inhibition:
II (%) = [(AB − AA)/AB] ×100.
Where:
AB: the optical density value (517 nm) of the control.
AA: The optical density value (517 nm) of the compound.
IC50 values were presented for DPPH method assay. IC50 is the 
concentration of the sample required to inhibit 50% of radical. The 
experiment was tested in three replications, and IC50 values were reported 
as means ± standard deviation.

ABTS assay
The used standard method was described by Besbes et  al.[21] ABTS 
assay is based on the ability of the isolated compounds to scavenge the 
stable ABTS radical  (ABTS•+). The stock solutions included 7 mM 
ABTS solution and 2.45 mM potassium persulfate solution. It has been 
stored in the dark at room temperature for 12 h. Before the experiment, 
an absorbance value equal to 0.7 ± 0.2 at 750 nm of the stock solution 
was optimized through several dilutions. To test the antioxidant ABTS 
assay of the isolated compounds, 3000 µl mixture was prepared and the 
optical density was measured after 30 min at 750 nm. 150 µl of isolated 
compounds at different concentration (20–250 µg/ml) was dissolved in 
2850 µl ABTS•+ solution to obtain the abovementioned 3000 µl mixture. 
The ABTS assay was calculated using the equation II, and all calculations 
were performed in triplicate.

α-glucosidase inhibitory activity
α‑glucosidase inhibitory activity of isolated compounds was performed 
as described by Tao et al.[22] P‑nitrophenyl‑α‑D‑glucopyranoside (PNPG) 
was used as a substrate for this experiment. The mixture was prepared 
in methanol; 250 μL of the isolated compounds (10–1000 μM), 0.3 U/
mL of α glucosidase (in phosphate buffer, pH 6.9) and 2.5‑mM PNPG 
was respectively added. The negative control was prepared by dissolving 
enzyme and substrate in MeOH. As a positive control, the acarbose was 
used beside the isolated compound and the mixture was prepared in 
MeOH. Absorbance was measured at 405 nm and the measurement was 
conducted in triplicate. The percentage of the inhibition (%) reflects the 
glucosidase inhibitory activity and was calculated by the formula (III):
(III): α‑glucosidase inhibition activity  (%) =  [(Acontrol  −  Asample)/Acontrol] 
×100.
Where Acontrol is the absorbance  (405  nm) in the presence of isolated 
compound and Asample is the absorbance (405 nm) of control.

RESULTS
Structural elucidation of compounds 1–5
The n‑butanolic extract obtained from the plant was fractionated 
by a repeatedly chromatographic procedures with normal‑phase 
and reversed‑phase silica gel, layer chromatography  (TLC) to isolate 
and characterize for the first time five compounds in L. lanuginosus: 
lotaustralin  (1),[23] kaempferol‑7‑O‑α‑L‑rhamnopyranoside  (2),[24] 
kaempferol‑3‑O‑apiofuranosyl‑7‑O‑rhamnopyranosyl  (3),[13] 
isorhamnetin 3‑O‑rutinoside (4),[25] and kaempferol‑3‑O‑(2’’‑β‑D‑xylo
pyranosyl)‑α‑L‑rhamnopyranoside‑7‑O‑α‑L‑rhamnopyranoside (5)[26] 
[Figure 1].
Lotaustralin  (1): White amorphous powder: 1H NMR  (500 MHz, 
CD3OD) δH 1.8 (m, H3), 1.72 (m, H4), 8.2 (s, H5), 6.84 (d, J = 1.5, H6), 4.84 
(d, J = 8, H1ʹ), 5.23 (m, H2ʹ), 5.1 (m, H3ʹ), 3.75 (d, m, H4ʹʹ). 5.0 (m, H5ʹ). 4.17 
(m, H6α), 4.10 (m, H6ʹβ), 3.75 (d, m, H4ʹʹ). 13C NMR (125 MHz, CD3OD) 
δC 119.2/C1, 77.2/C2, 34.1/C3, 25.2/C4, 8.2/C5, 98.1/C1ʹ, 72.2/C2ʹʹ, 72.1/C3ʹʹ, 
70.1/C 4ʹʹ, 69.8/C‑5ʹʹ, 61.8/C6ʹʹ. HRMS: 357.2042 [M+Na]+ (calculated for 
C20H30O4).
kaempferol‑7‑O‑α‑L‑rhamnopyranoside (2): Yellow amorphous powder: 
1H NMR (500 MHz, CD3OD) δH 7.86 (H2ʹ/6ʹ, d, J = 8.5,), 6.94 (H3ʹ/5ʹ, d, 
J = 8.5), 6.72 (H8, d, J = 1.5,), 6.45 (H6, d, J = 1.5), 7‑O‑rham [5.58 (H1ʹʹ, d, 
J = 1.5), 4.02 (H2ʹʹ, dd, J1 = 1.5, J2 = 3.6), 3.86 (H3ʹʹ, dd, J1 = 3.6, J2 = 9.5), 
3.55 (H4ʹʹ, m), 3.61 (H5ʹʹ, m), 1.26 (H6ʹʹ, d, J = 6.0)]. 13C NMR (125MHz, 
CD3OD): δC 161.5/C2, 137.6/C3), 178.2/C4, 160.5/C5, 101.1/C6, 161.2/C7, 
95.2/C8, 156.7/C9), 105.3/C10, 120.7/C1ʹ, 131.6/C2ʹ/6ʹ, 116.2/C3ʹ/5ʹ, 158.4/C4ʹ, 
7‑O‑rham [99.5/C1ʹʹ, 71.3/C2ʹʹ, 70.5/C3ʹʹ, 72.2/C4ʹʹ, 69.6/C5ʹʹ, 16.4/C6ʹʹ.
kaempferol‑3‑O‑apiofuranosyl‑7‑O‑rhamnopyranosyl (3): Yellow amorphous 
powder: 1H NMR  (500 MHz, CD3OD) δH 7.88  (d, J  =  8.5, H2ʹ/6ʹ), 6.91  (d, 
J = 8.5, H3/5ʹ), 6.66 (d, J = 2, H8), 6.42 (d, J = 2, H6), 3‑O‑apiofuranosyl [5.72 (d, 
J = 2, H1ʹʹ), 4.31 (d, J = 2, H2ʹʹ), 3.64 (d, J = 10, H4ʹʹα), 3.61 (d, H4ʹʹβ), 3.65 (d, 
J = 11.5, H5ʹʹα), 3.53 (d, J = 11.5, H5ʹʹβ)]. 7‑O‑rham [5.40 (d, J = 2, H1ʹʹʹ), 4.06 (br 
s, H2ʹʹʹ), 3.86 (m, H3ʹʹʹ), 3.50 (m, H4ʹʹʹ), 3.61 (m, H5ʹʹʹ), 1.28 (d, J = 6.0, H6ʹʹʹ)]. 

13C 
NMR  (125MHz, CD3OD): δC 160.2/C2, 135.2/C3, 178.2/C4, 161.4/C5, 99.1/
C6, 162.0/C7, 94.2/C8, 156.5/C9, 105.9/C10, 120.9/C1ʹ, 130.6/C2ʹ/6ʹ, 114.7 C3ʹ/5ʹ, 
158.4/C4ʹ, 3‑O‑apiofuranosyl [109.6/C1ʹʹ, 77.8/C2ʹʹ, 79.7/C3ʹʹ), 75.2/C4ʹʹ, 63.5/C5ʹʹ, 
7‑O‑rham [99.1/C1ʹʹʹ, 70.2/C2ʹʹʹ, 70.7/C3ʹʹʹ), 72.2/C4ʹʹʹʹ), 69.8/C5ʹʹʹ), 16.7/C6ʹʹʹ).

Figure 1: Structure of five compounds isolated from the flowers of Lotus 
lanuginosus Vent.
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Isorhamnetin 3‑O‑rutinoside  (4): Yellow amorphous powder: 1H 
NMR (500 MHz, CD3OD) δH in ppm): 7.97 (d, J = 2.0, H2ʹ), 7.66 (dd, 
J1 = 8.5, J2 = 2.0, H6ʹ), 6.94 (d, J = 8.5, H5ʹ), 6.44 (d, J = 2.0, H8), 6.23 (d, 
J = 2.0, H6), 5.27 (d, J = 7.5, H1′′); 4.55 (d, J = 2.0, H1′′′), 4.2 (d, J = 6.9, H1′′′′), 
3.98 (s, 3ʹ‑O‑Me) 3.84 (dd, J1 = 2, J2 = 12, H6′′a), 3.63 (m, H2′′′), 3.51 (m, 
H4′′′), 3.48 (m, H5′′), 3.46 (dd, J1 = 2, J2 = 12 H6′′b), 3.43 (m, H5′′′), 3.38 (m, 
H3′′), 3.29  (m, H4′′), 3.27  (m, H3′′), 3.27  (m, H3′′), 1.12  (d, J  =  6, H6′′′). 
13C NMR  (125MHz, CD3OD, δC 177.9/C4, 164.7/C7, 161.6/C5, 157.4/
C2, 157.1/C9, 149.4/C4′, 146.9/C3′, 134.0/C3, 122/C6′, 121.6/C1′, 114.7/
C5′, 113.1/C2′, 104.3/C10, 102.9/C1′′, 101.1/C1′′′, 101.5/C1′′, 98.5/C6, 93.5/
C8, 76.77/C5′′,76.0/C3′′, 74.5/C2′′, 72.4/C4′′, 70.8/C4′′′, 70.7/C2′′′, 70.2/C3′′′, 
68.3/C5′′′, 67.1/C6′′′, 55.3 (3′‑OMe), 16.4.1/C6′′′.
kaempferol‑3‑O‑(2’’‑α‑L‑arabinopyranosyl)‑α‑L‑rhamnopyranosi
de‑7‑O‑α‑L‑rhamnopyranoside  (5): Yellow amorphous powder: 1H 
NMR (500 MHz, CD3OD), δH: 7.85 (d, J = 8.5, H2ʹ/6ʹ), 6.98 (d, J = 8.5, 
H3ʹ/5ʹ), 6.77 (d, J = 1.5, H8), 6.50 (d, J = 1.5, H6), 3‑O‑Rahm [ 5.47 (d, 1.5, 
H1ʹʹ), 4.22 (dd, J = 3.5, 1.5, H2ʹʹ), 3.86 (dd, J1 = 3.5, J2 = 9.5, H3ʹʹ), 3.41 (m, 
H4ʹʹ), 3.71 (m, H5ʹʹ), 1.03 (d, J = 6.0, H6ʹʹ)]. 2’’‑O–arabinopyranosyl [4.31 (d, 
J  =  7.5, H1ʹʹʹ), 3.21  (dd, J  =  9, 7.5, H2ʹʹʹ), 3.33  (m, H3ʹʹʹ), 3.42  (m, H4ʹʹʹ), 
3.70  (1H, dd, J1  =  11.5, J2  =  5.0, H5ʹʹʹa), 3.09  (dd, J1  =  11.5, J2  =  10.5 
H5ʹʹʹb)]. 7‑O‑rham [5.58 (d, J = 1.5, H1ʹʹʹʹ), 4.02 (dd, J1 = 1.5, J2 = 3.5, H2ʹʹʹʹ), 
3.86  (dd, J1 = 3.5, J2 = 9.5, H3ʹʹʹʹ), 3.50  (m, H4ʹʹʹʹ), 3.61  (m, H5ʹʹʹʹ), 1.28  (d, 
J  =  6.0, H6ʹʹʹʹ)]. 13C NMR  (125MHz, CD3OD). δC 160.5/C2, 135.6/C3, 
178.5/C4, 161.5/C5, 99.1/C6, 162.2/C7, 94.2/C8, 156.7/C9, 106.3/C10. 120.9/
C1ʹ, 130.6/C2ʹ/6ʹ, 115.2/C3ʹ/5ʹ, 158.4 C4ʹ, 3‑O‑Rahm  [101.8/C1ʹʹ, 81.2/C2ʹʹ, 
70.5/C3ʹʹ, 72.2/C4ʹʹ, 70.3/C5ʹʹ), 16.3/C6ʹʹ; 2’’‑O–arabinopyranosyl  [106.39/
C1ʹʹʹ, 73.8/C2ʹʹʹ, 76.4/C3ʹʹʹ, 69.5/C4ʹʹʹ, 65.7/C5ʹʹʹ, 7‑O‑rham  [98.5/C1ʹʹʹʹ, 70.3/
C2ʹʹʹʹ, 70.5/C3ʹʹʹʹ, 72.2/C4ʹʹʹʹ), 69.9/C5ʹʹʹʹ), 16.6/C6ʹʹʹʹ.

Figure  2: In vitro cytotoxic activities against two cancer cell lines 
HCT-116 (a) and MCF-7 (b) of compounds (1–5) isolated from flowers of 
Lotus lanuginosus

Cytotoxic activities
The cytotoxic activities (in vitro) of five isolated compounds (1–5) were 
performed using two cancer cell lines  (HCT‑116 and MCF‑7). The 
conventional anticancer drugs in clinical trials, doxorubicin, were used 
as a positive control. Figure  2 shows the different cytotoxic activities 
of the tested isolated compounds. Among them, compound 2 showed 
the most potent activities against HCT‑116 with 8.2 µM (±1.3) as IC50 
value and a moderate activity against MCF‑7  (IC50  =  74.0 µM  ±  9). 
Compound 3 was found to be with a relatively moderate activity against 
the two tested cancer cell lines, and the values of IC50 were 46.3 µM (±9) 
and 80  (±9), respectively, for HCT‑116 and MCF‑7 cell lines. For the 
rest of the compounds  (1, 4, and 5), the IC50 exceeded the value of 
100 µM and were with low cytotoxic activities against the two tested cell 
lines [Figure 2a and b].

Antioxidant activity
The results of the DPPH‑  and ABTS‑scavenging activities of the 
isolated compounds  (2–5), obtained from the flowers of the studied 
plant, are shown in Figure 3. Gallic acid was used as a positive control. 
As shown in Figure 3, the isolated compounds 2 and 4 exhibited more 
antioxidant activity both for DPPH‑ and ABTS‑scavenging assay. Gallic 
acid is far away more potent than kaempferol‑3‑O‑(2’’‑β‑D‑xylopyra
nosyl)‑α‑L‑rhamnopyranoside‑7‑O‑α‑L‑rhamnopyranoside  (5) and 
kaempferol‑3‑O‑apiofuranosyl‑7‑O‑rhamnopyranosyl (3).

α-glucosidase inhibitory activity
In the present study, the five isolated compounds (1–5) were screened for 
their inhibitory activities  (in vitro) against the α‑glucosidase enzymes. 
As shown in Figure  4, all flavonoids glycosides  (2, 3 and 5) exhibited 
moderate α‑glucosidase activity with the IC50 ranging from 276 to 

b
Figure  3: Antioxidant activities of compounds  (2–5) isolated from 
flowers of Lotus lanuginosus.  (a) 2,2′-diphenyl-1-picrylhydrazyl radical 
radical-scavenging activity; (b) ABTS radical cation decolorization assay

b

aa
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412 µM. The isolated compound 4 exhibited a high effect with an IC50 
value less than 100 µM (87.24 ± 12.6). Compared to the positive control, 
isorhamnetin 3‑O‑rutinoside  (4) showed IC50 two times less than 
acarbose (acarbose IC50 = 195.21 ± 21.46).

DISCUSSION
Chromatographic separation of the butanolic extract of L. lanuginosus 
flowers resulted in the isolation of five compounds. Among them, 
four compounds were flavonoid glycosides and only one cyanogenic 
glucoside. The five characterized compounds were identified for the first 
time from the plant. Previous studies reported that compounds 3 and 
5 were isolated from L. edulis[13] and Lotus lalambensis,[27] respectively.
The cytotoxic activities against HCT‑116 and MCF‑7 cancer cell lines 
showed  compound 2 showed the most potent activity against HCT‑116 
cancer cell  lines with IC50 =8.2 μM. Moreover, the compound showed a 
moderate activity against MCF‑7 cancer cell lines. However, the compound 
3 showed moderate activity on both cancer cell lines [Figure 2]. Previous 
studies showed that flavonoid aglycones exhibited higher anticancer 
potential than their glycosides in cell level.[28,29] Regarding the structure 
of compound 1, the type of substituted monosaccharide and its position 
in kaempferol seem to decrease the cytotoxic activity of these compounds.
The results of DPPH radical‑scavenging activity and ABTS radical 
cation decolorization assay of flavonoid glycosides 2‑5 revealed that 
compounds 2, 3, and 5 exhibited a moderate antioxidant activity. Among 
the four tested compounds, 4 showed a greater antioxidant activity 
with IC50 = 36 and 62 µg/mL, respectively, for DDPH and ABTS assays. 
The high antioxidant effect of the compound could be attributed to the 
hydroxyl group fixed in C‑7 position. A  previous study demonstrated 
that isorhamnetin 3‑O‑rutinoside was isolated from several plant taxa 
which revealed a high antioxidant activity.[30,31]

Our results of α‑glucosidase activity showed that the better activity was 
recorded in the case of compound 4. In comparison with 2, 3, and 5 
which demonstrated a moderate α‑glucosidase activity, the presence of 
hydroxyl at C‑7 in compound 4 could be the factor of increasing the 
inhibitory activity.[32] On the other hand, the nature of the sugar seems 
to have an impact on the inhibitory action; since that, compound 3 was 
more active than the two other compounds: 2 and 5. These results 
are in agreement with other studies showing that the glycosylation of 
flavonoids decreased α‑glucosidase activity.[33] Lotaustralin  (1) present 
the lowest α‑glucosidase activity with IC50 value of 1456 µM. Laura 
et al.[34] reported that cyanogenic glucosides showed low α‑glucosidase 
activity.

CONCLUSIONS
To the best of our knowledge, this is the first report on mainly active 
α‑glucosidase inhibitors, cytotoxic and antioxidant metabolites present 
in the L. lanuginosus. Five compounds (1–5) were isolated. Compound 4 
showed the most α‑glucosidase inhibitory activity, which was superior to 
a control. On the other hand, compounds 2 and 3 exhibited a moderate 
activity against cancer cell lines  (HCT‑116 and MCF‑7). Moreover, 
compound 4 exhibited the most potent antioxidant (DPPH) and ABTS 
activities.
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