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Abstract

Different extracts from leaves, epicalyxes and seeds of the plants Hyoscyamus 
niger and H. reticulatus were subjected to total phenolic measurements using 
Folin-Ciocalteu reagent and 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical 
scavenging assays and high performance liquid chromatography (HPLC-UV) 
analyses. Among the tested plant’s extracts, the 80% methanol extracts of H. 
reticulatus leaves (173.1±0.0), H. reticulatus epicalyxes (183.3±10.1), H. niger 
leaves (221.3±26.6) and H. niger epicalyxes (362.3±11.6) had lower IC50s (µg 
plant extracted/1 mL 10-4 M DPPH) which were in agreement with the increasing 
order of their total phenolic contents. The constituents of the most active 80% 
methanol extracts of H. niger and H.reticulatus were determined by HPLC-Diode 
Array Detector-Electrospray Ionization Mass Spectroscopy (LC-DAD-ESIMS). 
Three major phenolic constituents were identified and quantified: chlorogenic 
acid, rutin and Quercetin-3O-Glucoside-Rhamnoside-Rhamnoside (QGRR). In 
this paper, we correlate the antioxidant activity of the plants extracts with the 
concentrations of their phenolics. 
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acid and 2,2-diphenyl-1-picrylhydrazyl (DPPH) were obtained from 
Sigma-Aldrich (St. Louis, MO, USA).

Plant material
Hyoscyamus niger L. was collected in June 2011 from Shiraz to 

Kharameh, Fars Province at 29º 36´ 50.6˝ N and 52º 53´ 05.9˝ E and 
altitude of 1593 m while Hyoscyamus reticulatus L. was collected 
from Dasht-e-Arjan, Fars Province at location coordinates of 
29º, 35´ N and 51º, 56´ E and altitude of 1700 m. The plants were 
identified [1] at Medicinal and Natural Products Chemistry Research 
Center (MNCRC), Shiraz, Iran by Mojtaba Asadollahi. The voucher 
specimens for H. niger and H. reticulatus with herbarium numbers PC-
90-1 and PC-90-2 were deposited at MNCRC herbarium respectively. 
Aerial parts of the plants were air-dried at room temperature in the 
shade and were used for solvent extraction.

Secondary metabolites HPLC analysis
The extraction and HPLC methods for analyses of rutin, 

chlorogenic acid, quercetin derivatives were the same as we described 
earlier [14]. The dried powdered leaves (50 mg) were extracted using 
1.5 mL of 80% methanol, initially 45 min in an ultrasound bath and 
then kept for 24 h at room temperature. Reversed-phase (RP-18) 
HPLC analyses were performed using a Knauer analytical HPLC 
with a K-1001 pump and a four channel K-2600 UV detector set at 
λ 210, 254, 320 and 365 nm in a wavelength range of 190-740 nm 
[14]. The HPLC column (Eurospher-100 C18, 250 × 4.6 mm, Knauer, 
Germany) was eluted with acetonitrile (solvent B) and 0.25 % H3PO4 
in ultrapure water (solvent A) as follows: 0-6 min, 0-12% of B; 6-10 
min, 12-18% of B; 10-30 min, 18-58% of B; 30-35 min, 58-80% of B; 
35-45 min, 100% of B and 45-50 min, 100-0% of B. The flow rate of the 
mobile phase was set at 1 mL/ min. Rutin and caffeic acid were used 

Introduction
The genus Hyoscyamus is represented by 18 species in Iran, half of 

which are reported as native plants [1,2]. H. niger and H. reticulatus 
grow wild in different parts of the country and are rich in tropane 
alkaloids, including: hyoscyamine, scopolamine and atropine with 
diverse biological activities such as antispasmodic, anticholinergic, 
analgesic and sedative effects [3-5]. Most of these bioactive compounds 
have been purified from the seeds of H. niger, but a few papers 
report the chemical composition of its leaves [6] and non-alkaloidal 
secondary metabolites, including biologically active flavonoids, 
lignans [7-11], steroidal saponins [12] and coumarinolignans [13]. 
Recently, the aerial parts of H. reticulatus collected from Turkey were 
assessed for their antioxidant activity and fatty acids composition [4] 
but the plant’s antioxidant constituents were not characterized.

As a part of our program for phytochemical screening of 
solanaceous plants, we have subjected different extracts of the above 
mentioned plants to the 2, 2-diphenyl-1-picrylhydrazyl (DPPH) 
radical scavenging test and quantification of their total phenolic-
contents. The active extracts were then analyzed by high performance 
Liquid Chromatography-Ultraviolet Spectroscopy-Electrospray 
Ionization-Mass Spectrometry (LC-UV-ESIMS) and HPLC-UV for 
qualitative and quantitative analyses.

Material and Methods
Reagents

Quercetin and rutin were obtained from Acros Organics (Geel, 
Belgium). Folin-Ciocalteu reagent, methanol, acetonitrile, phosphoric 
acid, gallic acid, and sodium carbonate were purchased from Merck 
(Darmstadt, Germany). The solvents were HPLC grades. Caffeic 
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as external standards for quantification of QGs (quercetin glycosides) 
and chlorogenic acid, measured at λ 365 and 320 nm respectively.

LC-DAD-ESIMS analysis
For the LC-DAD-ESIMS analyses we used a Shimadzu LCMS-

2010EV, with an ESI mass and a SPD-M20A diode array detector. For 
the HPLC coupled to mass spectrometer, the column was Shim Pack 
XR-ODS 2 mm × 50 mm and LC solvent program and pump (LC 
20AD) were; flow rate: 0.2 mL/min; solvent B: acetonitrile; solvent 
A: 0.25% formic acid in water. The injection volume was 5 μL of the 
10 times-diluted of the sample solutions that were used for the HPLC 
analyses. The column was eluted with 0% B at the beginning, at 3 min 
12% B, at 5 min 18% B, at 15 min 58% B, at 20 min 80% B, at 25 min 
80% B and at 30 min 0% B. ESI was used as the ionization source for 
the MS in positive and negative modes. The MS parameters were as 
follows: MS detector voltage: ±1.5 kV, interface: ±4.5 kV, CDL: ±10 
V, and Q-array (Rf: ±150 V) voltages uploaded from the tuning file. 
The scanned mass range was 100-1000 mass unit, nebulizing gas was 
N2 with flow rate of 1.5 L/min and heat block and CDL temperatures 
were set at 230 and 275 °C respectively. The UV spectra were recorded 
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Figure 1: ESI-MS (A) and UV (B) spectra of the proposed structure (C) for 
the quercetin-3O-glucoside-rhamnoside-rhamnoside (QGRR) detected in 
the Hyoscyamus species and the fragment (D) observed for the tentative 
structure at m/z=460 in the mass spectrum.

Figure 2: HPLC chromatograms of the 80% methanol extract of A) H. 
reticulatus (leaves), B) H. reticulatus (epicalyxes), C) H. niger (leaves), 
D) H. niger (epicalyxes). 1: chlorogenic acid, 2: quercetin-3O-glucoside-
rhamnoside-rhamnoside (QGRR) and 3: rutin, measured at λ 210, 320 and 
365 nm.
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on the DAD detector at λ190-600 nm and the cell and column 
temperature was set at 40 °C.

Free radical scavenging activity
The free radical scavenging activity of the plant extracts was 

measured by the method of Blois [15] with some modifications [16] 
and compared to that for quercetin as a standard radical scavenger. 
The extraction procedure was similar to that reported for HPLC 
analysis except for the amount of the plant material (25 mg) and the 
duration of extraction (48 hours). Twenty-five µL of this and a series 
of its two-fold diluted extracts were added to 4 mL 10-4 M DPPH 
methanol solutions. After 30 min shaking of the solutions in the dark, 
the absorptions of the DPPH solutions were measured at 517 nm on a 
Perkin Elmer Lambda 1 UV/VIS spectrophotometer. The percentage 
of the reduced DPPH was calculated by the following equation:

Percentage of DPPH reduction = ((A0 – A1) / A0) x 100), where 
A0 is the absorbance of the control, and A1 is the absorbance in the 
presence of sample. The IC50s were calculated by linear regression 
equations of the DPPH inhibition percentage from different 
concentrations of the extracts and the standard antioxidants, using 
Microsoft Excel and Curve Expert statistical programs and expressed 
as μg plant material extracted with the solvent/1 mL 10-4 M DPPH (µg 
PM /ml DPPH). 

Total phenol contents 
The total phenol contents of the plant extracts were determined 

by the Folin-Ciocalteu method as described previously with some 
modifications [17]. Briefly, 3.16 mL water and 200 µL Folin-Ciocalteu 
reagent were added to a 40 µL solution of the plant extract (80% 
methanol or methanol), and the mixture was shacked well. 600 µl of 
a 0.25% sodium carbonate was added to this solution after 8.5 min 
incubation at room temperature. The above solution was further 
incubated at RT for 2 h and its absorbance was measured at 765 
nm against the blank. The concentrations of the total phenolics 
were measured against a series of gallic acid standard solutions and 
expressed as mg equivalent of gallic acid in 1g dry plant material (mg 
EG/g PM) [17].

Statistical analysis 
The values shown in tables 2 and 3 are the average of 3-5 

measurements ± SE. The IC50s were calculated using Curve Expert 
statistical program. One-way analyses of variance (ANOVA) and post 
hoc multiple comparison (Tukey) tests were used for determination 
of signification between different measurements using SPSS software 
and expressed as probability factor; p value. p≤0.05 was considered to 
be significant. 

Results and Discussion
We identified chlorogenic acid; rutin and quercetin-3O-

glucoside-rhamnoside–rhamnoside (QGRR) (Figure 1) in an 
80% methanol extract of leaves and epicalyxes of H. niger and H. 
reticulatus (Figure 2, Table 1). The identification of the compounds 
was deduced according to the Electrospray Ionization (ESI) mass 
and UV spectral data (Table 1) and the quantification was performed 
using reversed-phase HPLC-UV analyses of the extracts (Figure 
2, Table 2) using rutin and caffeic acid as external standards. Rutin 
was previously identified in the seeds of H. niger [11] but not in 
our sample seeds, this may be due to different origin of the plant 
material or the extraction procedure. To the best of our knowledge, 
this is the first report of QGRR from these species. We propose the 
structure based on the positive ESI mass spectral data, which revealed 
protonated precursor ion at m/z 757 [M+H]+, and fragment ions at 
m/z 611 [M-146]+, 465 [M-2×146]+, 303 [M-2×146-162]+, indicating 
the loss of two rhamnose (deoxyhexose) and one glucose (hexose) 
from the molecular ion respectively [18-20].

The UV absorption maxima at λ 205, 263 and 352 nm for 
rutin and the quercetin glycoside suggests a similar oxidation and 
glycosylation pattern for both compounds. Therfore we propose that 
both compounds are glycosides of quercetin at the C-3(OH) position. 
Simillar quercetin glycosides have been reported from Arabidopsis 
thaliana particularly, two isomers Q1 and Q4 (quercetin-glucoside-
rhamnoside-rhamnoside) [20]. The only difference between the mass 
spectra of QGRR and those reported in A. thaliana was that the peak 
observed at m/z 449 [M-146-162]+ for Q1 and Q2 indicated the loss 
of a rhamnose followed by a glucose (m/z 162) lost from the ions at 
m/z 611 which in turn suggests an extra rhamnose on any of the free 
hydroxyls of either A or B rings of the aglycone [20], while in the mass 
spectrum of QGRR an ion at m/z 465 [M-146-146]+ suggested the loss 
of an additional rhamnose rather than a glucose from the molecule. 
In addition to the above mentioned fragments, a strong peak at m/z 
460 (C20H28O12) may be resulted from elemination of the A ring 
together with O-1 and the C-3 carbonyl function and one rhamnosyl 
from the QGRR molecule [18]. The above mentioned fragments may 
suggest a furhter glycosylation of rhamnose on QGRR similar to that 
of rutin on one of the other free hydroxyl groups of the sugar moiety 
at C-3 (Figure 1).

Compound + ESI MS
m/z

- ESI MS
m/z UV abs. nm RT

min FW MF

Chlorogenic acid - 353 [M-H]-, 191 239, 326 7.7 354 C16H18O9

Rutin 611 [M+1]+, 473, 303 609 [M-H]-, 302 205, 264, 352 11.8 610 C27H30O16

QGRRa 757 [M+H]+, 611, 465, 460, 303 755 [M-H]-, 463, 301, 285 205, 263, 352 13.9 756 C33H40O20

Table 1: The spectral data recorded for the phenolic constituents in the H. niger and H. reticulatus.

a) The quercetin glycoside is determined as: quercetin-3O-glucoside-rhamnoside-rhamnoside (QGRR)

Table 2: Reversed phase-HPLC analyses of 80% methanol extracts of H. niger 
and H. reticulatus (mg/g dry plant material).

Values are presented as mean ± SE of 5 experiments. a) The quercetin glycoside 
is determined as: quercetin-3O-glucoside-rhamnoside-rhamnoside (QGRR)
 * significantly p< 0.0001 higher than other values in the columns

Plant name Chlorogenic acid
(RT 15.9)

QGRRa

(RT 17.3)
Rutin

(RT 18.6)
H. niger (leaves) 0.4±0.0 2.2±0.1 9.2±0.5 *

H. niger (epicalyxes) 1.1±0.1 - 3.5±0.4

H. reticulatus (leaves) 3.4±0.1 * 19.9±0.1* 8.9±0.3 *

H. reticulatus (epicalyxes) 1.8±0.1 2.2±0.1 0.1±0.0
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Since the above phenolic constituents are known to have 
antioxidant properties, [21,22] seeds, leaves and epicalyxes were 
subjected to DPPH radical scavenging test [15,16] and measures of 
total phenolic-contents using the Folin-Ciocalteu reagent [23]. In all 
of 80% methanol extracts of the tested plant material, the total phenol 
contents of the plant’s extracts were higher and the respective DPPH 
IC50s lower than those measured in the methanol extracts (Table 3). 
Therefore, the chemical constituents of the 80% methanol extracts 
were quantified using Reversed Phase (RP) HPLC (Figure 2, Table 2). 
The leaves of both plants had higher levels of the phenolics compared 
to their epicalyxes, and none of the above phenolics could be detected 
in the seeds. The levels of phenolics were lower and therefore the 
DPPH IC50 s was significantly higher in the seeds of H. niger but the 
above values were not measurable in the seeds of H. reticulatus. The 
leaves of H. reticulatus contained QGRR (19.9±0.1 mg/ g PM), rutin 
(8.9±0.3 mg/ g PM) and chlorogenic acid (3.4±0.1 mg/ g PM) as their 
major phenolic constituents, while rutin (9.2±0.5 mg/ g PM) was the 
most abundant component in the leaves of H. niger (Table 2). 

Conclusion
The phenolics in the diets of humans particularly, quercetin and 

its glycosides, play important roles as potential protectors against 
diseases such as coronary heart disease, cancer and inflammatory 
disease [21,24,25]. The QGs are even more potent antioxidants 
than their aglycones [21,22]. Kim and coworkers have reported 
that, the glycoside part of rutin prevents the compound from being 
adsorbed in the small intestine. This allows rutin to reach the colon 
and be cleaved there, so that the aglycone (quercetin) can have anti-
inflammatory activity against Inflammatory Bowel Diseases (IBD) 
in test rats [24]. The action of the compound is comparable to that 
observed for sulfasalazine, a pro-drug of 5-amino salicylic acid used 
for treatment of IBD [24]. The high concentrations of both rutin and 
its rhamnoside derivative suggest H. reticulatus could be used as a 
source and the larger sugar moiety of the QG may affect its absorption 
in the small intestines [26] and thereby be another candidate for 
treatment of IBD. 
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