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Abstract

Onosma species have been used commonly for traditional medicine for years due to their bioactive
compounds content. Onosma bourgaei aerial part was extracted with hexane and methanol successively.
The methanol extract was subjected to chromatographic techniques to isolate allantoin (1), 3,4
dihydroxybenzaldehyde (2), luteolin-7-O-glucoside (3), apigenin-7-0-5-glucoside (4), diosmetin-7-0-5
glucoside (5), rosmarinic acid (6), globoidnan A (7). The structure of isolated compounds were identified
by spectroscopic techniques such as 1D-NMR, 2D-NMR, FTIR, and LC-TOF/MS/MS. Antiproliferative
activity of extract and natural compounds were carried out using HeLa (human epithelial cervix
adenocarcinoma, ATCC® CCL-2™), HT-29 (human colorectal adenocarcinoma, ATCC® HTB38™), MCF-7
(human mammary gland adenocarcinoma, ATCC® HTB22™) and A549 (human lung carcinoma, ATCC®
CCL185™) cancerous cells and normal cells, FL (human epithelial amnion cell, ATCC® CCL62™). Lactate
dehydrogenase (LDH) was performed for cytotoxicity. The compounds, 4, 6, and 7 displayed the strong
antiproliferative activity against corresponding cell lines. Apigenin-7-0-5-glucoside (4) revealed the
excellent activity on Hela, HT29, A549, MCF6 cancer cell lines with the values of (IC5y uM) 167.3,196.8
181.1, 203.5 respectively compared standard compound, cisplatin.

1. Introduction

Natural products act a substantial role in drug innovation stage as raw materials due to revealing wide
range of biological effects as well as containing bioactive secondary metabolites [1-5]. Onosma genus
which is the leading of Boraginaceae family consists of 230 species, distributed thorough Mediterranean,
Europe, and Asia [6]. It is represented by almost 103 species in Turkey flora [7, 8].

Phytochemical research on this genus revealed isolation of bioactive compounds such as alkaloids,
flavonoids, naphthazarins, aliphatic ketones, and naphthoquinones [9]. Naphthoquinones isolated from
O. panicolatum had anti-inflammatory potential [10] and shikonins and alkanins generated from O.
echioides revealed the wound healing activity [11]. Naphthoquinones isolated from O. visianii was
reported to exhibit noticeable antibacterial and cytotoxic activities [12]. In addition, naphthoquinones
belonging to the shikonin family isolated from O. visianii roots extract could be a promising candidate for
acaricidal products to be used in crop protection [13]. The scientific reports on Onosma species presented
a large variety of biological effects including cholinesterase and tyrosinase inhibition effects with
antioxidant activity, antibacterial, antitumor [14, 15], hypoglycemic [16], parasiticidal, antifungal activities
[17].

Onosma species have been employed widely in food and medicine. Furthermore, these species have been
exploiting as traditional medicine such as purgative and anthelmintic as well as in bronchitis, abdominal
pain, strangury, urinary calculi, fewer, wounds, burns and blood disease. Moreover, flowers of this genus
have been employed as stimulants, and cardiotonic while the leaves have been used for purgative and
cutaneous outbursts [18].
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Cancer is the unusual increase of cells that proliferate uncontrollably. It is the third chief source of death
in the world after cardiovascular and infectious diseases. This illness is recognized as a main public
health challenge all worldwide. Breast cancer is the prominent reason of death among the women in
many nations. Due to increasing cancer cases in developing and developed countries, the demand for
new chemotrophic compounds is inevitable. Owing to the significant side effects of synthetic
compounds, interest in natural products has been increasing rapidly lately. The compounds found in
plants have a potential to defend against cancers types such as lung, prostate, breast and colon cancers
[19].

In this study, six compounds were isolated and identified, in addition, their antiproliferative activity was
carried out on HelLa, HT29, A549, and MCF-7 cancerous cells, and FL (human amnion cells) which is a
normal cell.

2. Materials Methods
2.1. General experimental procedures

NMR spectral analyses were executed on a spectrometer at 400 MHz (Bruker), 600 MHz (Varian) for 'H
and 100 MHz, 150 MHz for "3C NMR, respectively. UV analysis was executed by UV-2600
spectrophotometer (Shimadzu). Sephadex LH-20 was employed for column chromatography as a
stationary phase. Analytical alumina plates (60 F,5,) were employed for TLC analysis. Agilent 6210 LC-
TOF/MS spectrometer was used for HRMS analysis. The cell proliferation ELISA, BrdU kits and 5-floro
uracil were supplied from Roche Diagnostics GmbH (Germany).

2.2. Plant material

Onosma bourgaei was obtained from Tokat, Turkey and identified Dr. Ozgur Eminagaoglu, Artvin Coruh
University, Artvin, Turkey in which a voucher sample was deposited (ARTH-5600).

2.3. Extraction and isolation process

Onosma bourgaei aerial part was dried at shade and dried material (750 g) was macerated in hexane (1.5
L) for 4 days, filtered, the solvent was evaporated under reduced pressure to generate the hexane extract.
The solid part was subjected to re-extraction with methanol (1.5 L) for 4 days. After filtration, solvent was
removed under reduced pressure to yield methanol crude extract. The column chromatography was
subjected for methanol crude extract (3.0 g) and methanol was used as a mobile phase, Sephadex LH-20
and silica gel were used as stationary phase. A total 20 fractions were collected; each was 10 mL. The
chromatographic process was repeated four times to obtain more products. The fractions including the
same compounds were combined after checking the TLC application. Allantoin (2,5-dioxo-4-
imidazolidinyl)urea (1), 3,4-dihydroxybenzaldehyde (2), and luteolin-7-O-glucoside (3) were purified. The
fractions including mixture compounds were applied to preparative HPLC, yielded the isolation of pure
compounds, apigenin-7-0-3glucoside (4), diosmetin-7-0-Bglucoside (5), rosmarinic acid (6), globoidnan
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A (7). The structure of isolated compounds was identified by spectroscopic techniques including 1D-
NMR, 2D-NMR, and LC-TOF/MS.

Allantoin (1)

mg), LC- m/z . -H|™ (calcd for , . . Z, -
42 LC-TOF/MS m/z157.0338 [M-H] lcd for C4HgN4O3, 157.0362 TH NMR (600 MHz, DMSO

d6) §10.47 (s, TH), 8.02 (s, TH), 6.97 (d, J= 8.1 Hz, TH), 5.80 (s, 2H), 5.22 (d, J= 8.1 Hz, 1H). 13C NMR
(150 MHz, DMS0-d6) & 174.0 (C-7), 157.8 (C-2), 157.2 (C-5), 62.9 (C-3).

3 4-dihydroxybenzaldehyde (2 )

(15 mg), "H NMR (600 MHz, DMS0-d6) 6 9.65 (s, 2H, CHO), 7.23 (d, J= 7.9 Hz, TH, H6), 7.19 (s, TH, H2),
6.84 (d, J=7.9 Hz, TH, H5). 13C NMR (150 MHz, DMSO0-d6) & 191.4 (C-7), 166.5 (C-5), 153.0 (C-4), 146.8
(C-3),129.8 (C-1), 125.3 (C-6), 115.2 (C-2).

Luteolin-7-0- B-glucoside (3 )

(45 mg) LC-TOF/MS/MS m/z 447.0946 [M-H]" (calcd for Cp1H190-4, 447.0927). TH NMR (600 MHz,
DMS0-d6) & 13.0 (s, TH, 5-0H), 7.43 (dd, J= 7.2, 1.9 Hz, TH, H-6'), 7.40 (d, J= 1.9 Hz, TH, H-2'), 6.87 (d, J=
7.2 Hz, TH, H-5"), 6.76 (d, J= 1.9 Hz, TH, H-8), 6.71 (s, TH, H-3), 6.42 (d, J= 1.9 Hz, 1H, H-6), 5.06 (d, J=7.3
Hz, TH, H-1"), 3.72 (m, TH, H-6B"), 3.49 (m, TH, H-6a"), 3.44 (m, TH, H-3"), 3.28 (M, TH, H-5"), 3.26 (M, TH, H
2"),3.17 (m, TH, H-4").

13C NMR (150 MHz, DMS0-d6) 6 182.3 (C-4), 165.0 (C-2), 163.4 (C-7), 161.6 (C-5), 157.4 (C-9), 150.7 (C-
4'),148.4 (C-3"), 121.6 (C-1'), 119.6 (C-2), 116.5 (C-5'), 114.0 (C-6'), 105.8 (C-10), 103.5 (C-3), 100.4 (C-1"),
99.9 (C-6), 95.2 (C-8), 77.6 (C-3"), 76.9 (C-5"), 73.6 (C-2"), 70.0 (C-4"), 61.1 (C-6"),

Apigenin-7-O-B-glucoside (4 )

(17 mg), "TH NMR (600 MHz, DMSO-d6) & 13.0 (s, TH, 5-OH), 7.99 (d, J= 8.5 Hz, 2H, H-2', H-6'), 6.86 (s, TH,
H-3), 6.93 (d, J= 8.5 Hz, 2H, H-3', H-5"), 6.86 (d, J= 1.5 Hz, TH, H-8), 6.46 (d, J= 1.5 Hz, 1H, H-6), 5.06 (d, J=
7.3 Hz, TH, H-H1"), 3.60 (1H, m, H-6a"),3.40 (1H, m, H-6B"), 3.33 (1H, m, H-5"), 3.29 (1H, m, H-3"), 3.17 (1H,
d, J=9.2 Hz, TH, H-4"), 3.15 (TH, m, H-2").

13C NMR (150 MHz, DMS0-d6) & 182.5 (C-4), 164.8 (C-2), 163.4 (C-7), 161.6 (C-5), 157.4 (C9), 129.1 (C-2,
C-6'), 121.4 (C-1'), 116.5 (C-3', C-5'), 105.8 (C-10), 103.6 (C-3), 100.4 (C-1"), 99.9 (C-6), 95.3 (C-8), 77.6 (C-
5", 76.9 (C-4"), 73.5 (C-3"), 69.9 (C-2"), 61.0 (C-6"),

Diosmetin-7-O-B-glucoside (5 )
(21 mg), "H NMR (600 MHz, DMS0-d6) & 12.9 (s, TH, 5-OH), 7.52 (dd, J = 8.4, 2.4 Hz, 1H, H-6'), 7.38 (d, J =

2.4 Hz, TH, H-2"), 6.80 (d, J = 2.4 Hz, T1H, H-8), 6.77 (d J = 8.4 Hz, 1H, H-5), 6.55 (s, 1H, H-3), 6.45 (d, J = 2.4
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Hz, H-6), 5.07 (d, J = 7.8 Hz, TH, H-1"), 3.94 (m, TH, H-68"), 3.88 (s, 3H, OMe), 3.73 (m, TH, H-6a"), 3.46 (m,
1H, H-3"), 3.27 (M, TH, H-5"), 3.24 (m, TH, H-2"), 3.15 (M, TH, H-4").

13C NMR (150 MHz, DMS0-d6) & 182.5 (C-4), 167.1 (C-2), 163.7 (C-7), 161.8 (C-5), 160.5 (C-3"), 157.8 (C-
9),151.0 (C-4'), 122.4 (C-6"), 117.8 (C-5), 116.9 (C-1"), 109.5 (C-2'), 105.7 (C-10), 102.4 (C-3), 101.4 (C-6),
101.1 (C-1"), 96.3 (C-8), 62.2 (C-6"), 55.8 (4-OMe).

Rosmarinic acid (6 )

(45 mg), "H NMR (400 MHz, DMS0-d6) 6 9.67 (s, TH, 9-OH), 9.21 (s, TH, OH), 8.83 (s, TH, OH), 8.76 (s, TH,
OH), 8.31 (s, TH, OH), 7.47 (d, J= 15.8 Hz, TH, H-7), 7.07 (d, J= 1.4 Hz, 1H, H-2), 7.03 (dd, J=8.1; 2.0 Hz,
1H, H-6), 6.77 (d, J=8.1 Hz, 1H, H-5), 6.23 (d, J=15.8 Hz, 1H, H-8), 6.69 (d, J= 1.4 Hz, TH, H-2"), 6.64 (d, J
=7.9 Hz, TH, H-6"), 6.53 (d, J= 7.9 Hz, 1H, H-5"), 5.05 (dd ,J= 14.1, 8.4 Hz, 1H, H-8), 3.01 (dd, J=14.1, 8.4
Hz, TH, H-7p"), 2.92 (dd, J= 14.1, 8.4 Hz, 1H, H-7a’). 13C NMR (100 MHz, DMS0-d6) 6 171.3 (C9'), 166.3
(C-9), 149.0 (C-7), 146.3 (C-3), 146.1 (C-4), 145.3 (C-4'), 127.7 (C-1'), 125.8 (C-1), 144.4 (C-3'), 120.5 (C-
59,122.1 (C-6), 117.1 (C-2), 116.2 (C-5), 115.9 (C-6'), 115.3 (C-2), 113.7 (C-8), 73.3 (C-8'), 36.5 (C-7').

Globoidnan A (7 )

(65 mg), "H NMR (400 MHz, DMS0-d6) & 8.23 (s, TH, H-4), 7.51 (s, TH, H-2), 7.36 (s, TH, H-5), 7.27 (s, TH,
H-8), 6.92 (d, J=8.00 Hz, TH, H-5'), 6.85 (s, TH, H-2"), 6.77 (s, TH, H-3"), 6.73 (dd, J= 1.7, 8.0 Hz, TH, H-6'),
6.64 (s, TH, H-2"), 6.68 (s, TH, H-6"), 5.23(dd, J =4.4, 7.6 Hz, TH, H-8"), 3.05 (m, TH, H-7"). 13C NMR (100
MHz, DMSO-d6) & 171.3 (C9"), 166.2 (C-9), 149.9 (C-7), 147.9 (C-7), 145.4 (C-4'), 145.3 (C-3"), 144.6 (C-5"),
144.5 (C-4"), 138.6 (C-8a), 131.6 (C-1'), 130.2 (C-4a), 128.8 (C-1), 128.1 (C-4), 123.5 (C-3),122.9 (C-2), 120.7
(C-2"),117.3 (C2), 117.1 (C-3"), 116.2 (C-5), 115.8 (C-6"), 112.0 (C-5), 108.5 (C-8), 73.8 (C-8"), 36.6 (C-7").

2.4. Preparation of cell cultures

The antitumor capacity of isolated compounds was investigated using the cell lines, HeLa, HT29, MCF-7,
A549 and FL. The trials were executed in a laminar cabinet. The incubation was carried out in T75 cell
culture flask, fetal bovine serum (10%), penisilin-Streptomisin solution (2%), NaHCO3 (0.026 M) at 37 °C,
5% CO, for 4 days. Due to the confluent of the cells, the medium was substituent with the Tripsin-EDTA
(10 mL) solution, then the flask was incubated for 8 min. The flask was shaken to remove the cells from
surface and the suspension cells were added to the falcon tubes (50 mL) sterilised. The fresh medium
(DMEM) was added to the cells to neutralise the Trypsin and centrifugation was carried out at 2000 x g
for 15 minutes. The supernatant was aspirated, the cell tablets were suspended by addition of medium
(2.0 mL). The trypan blue (10 uL) was combined with suspended cells (10 pL), afterward, the mixture (10
pL) was added to the Thoma cell counting chamber to define the cell concentration. After the preparation
of cell stock suspension, it was pipetted to the cell plates (5 x102 cells/well)[20].

Cell proliferation assay
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BrDU (5-bromo-2'-deoxyuridine) Cell ELISA (Roche) kit enabling the determination of amount of cellular
DNA was applied to establish the antiproliferative activity and IC5, concentration of the compounds to be
tested[21]. When BrdU was added to cell culture, dividing cells included BrdU in their DNA as if they
included thymidine. Hence, measurement of cellular division in suspended and monolayer cells could be
achieved. Cultured cells were pipetted into 5000 cells per well. The compounds and extract dissolved in
DMSO (5, 10, 25, 50, 75, 100, 150 and 200 ug/mL) were added to the cells in the plate and final volume of
the well was completed to 200 mL with the medium and incubated for 24 hours at 37 °C. Dulbecco's
Modified Eagle's Medium (DMEM) was added in one well, DMSO used for negative control was added
into a well at the highest concentration (5%), the anticancer compound, cis-platinum was used as positive
control and it was added to the cells at the same concentrations as the compounds. After the incubation,
10 pL/well of BrDU labelling solution was added on the cells and the cells were re-incubated at 37 ° C for
4 hours. The medium on the plates was aspirated and the marking solution was removed, the liquid
residue was removed by blotting on the filter paper, the FixDenat solution was added to the plate as 200
uL / well and incubated at 25°C for 30 minutes. FixDenat denatured DNA by fixing cells, so anti-BrdU-POD
antibodies could penetrate to the DNA and reached to the BrdU easily. After the incubation, FixDenat
solution was removed by aspiration. Anti-BrdU-POD solution was added to the cells as 100 pL / well and
incubated at 22 ° C for 90 minutes. The plates were then blotted to remove antibody conjugate and the
wells were washed three times as to be 200 to 300 pL / well. The washing solution was removed by
pouring and blotting and substrate solution was added as 100 pL / well. It was incubated for 30 minutes
at 22 °C until the color developed. Finally, sulphuric acid (25 pL, 1.0 M) was added to each well and
microplate was incubated for 2 minutes. The ELISA reader was used for proliferation at 450-650 nm.
The result was calculated as % inhibition using the Eq. (1).

A2

% inhibition= [ ]xlOO (1)

In which A, is the absorbance of the treated cells and A, is the absorbance of the untreated cells [22].

2.5. Cytotoxicity assay

The compounds isolated were subjected to the cytotoxicity using the LDH technique. HeLa, HT-29, MCF-7
and A549 and FL cell lines were used for cytotoxicity. LDH method indicates the cytotoxic or cytostatic of
the tested compounds[23, 24]. LDH is the stable cytoplasmic enzyme that serves the conversion of sugar
to energy. The cells were incubated in sterile T75 cell culture flask including medium (DMEM), 10% FBS
and 2% PenStrep solution for 5 days at 37 °C in 5% CO,. When the cells became confluent, the medium in
the flasks was replaced with Trypsin-EDTA solution (10 mL) and mixed for 5 minutes. After the
incubation, the flask was gently shaken to separate the cells from the surface, the resulting cell
suspension was transferred to falcon tubes. Neutralization of trypsin was performed by adding 10 ml of
fresh medium (DMEM) to the flask and then centrifuged at 1500 x g for 10 minutes. After the aspiration
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of supernatant, the cell pellets were suspended with a sterile Pasteur pipette by adding fresh medium (2
mL). For cell counting, 10 pl of cells taken from the cell suspension was mixed with trypan blue solution,
this mixture (10 pl) was added onto a Thoma slide, cells were counted under microscope and cell
concentration was determined. After counting, cell stock suspension (5000 cells/well) was prepared in a
sterile 15 ml Falkon tube and pipetted into 96 cell culture plates and incubated with compounds at
different concentrations. After the incubation, the cell-free culture supernatant was collected and 100 pL
of this supernatant was transferred to another microplate and the reaction mixture in the kit was added to
each supernatant as 100 pL / well and incubated for another half hour. LDH passed to the supernatant
during incubation, reduced the tetrazolium salt INT to form formazan with a coupled enzymatic reaction.
Thus, LDH passing to the supernatant is directly related to the amount of formazan formation at this
step. As a result, the amount of formazan dye in the wells was determined with ELISA plate reader
measuring the absorbance at 500 nm. The equation was used to calculate the cytotoxicity (2).

Cytotoxicity (%) = [1 — A1/A2] x 100 (2)

In which, A1 is the tested sample, A2 is solvent control.

2.6. Cell imaging

The phase contrast microscope was used for evaluation of morphological changes of cells treated with
the compounds. The cells in a well plate (5000 cells / well) were left for 24 h as attachment. The record
of image of the compounds was executed with inverted microscope [25].

Statistical analysis

SPSS software with one-way ANOVA was used for the statistical analysis. The results were determined as
the mean value + standard deviation. The trials were carried out with three times. The differences were
considered as a significant at P<0.05.

3. Results And Discussion
3.1. Isolation and identification of natural compounds

The methanol extract of Onosma bourgaei was subjected to TOF-MS/MS analysis to observe the
compounds peaks to be isolated (Fig. 1).

After the extensive chromatographic techniques seven compounds were isolated and their structures
were elucidated by spectroscopic analyses (Fig. 2). The first compound isolated from O. bourgaei was the
allantoin (1). In TH NMR, the signal observed at 6 10.47 belonged to the H-1. Due to the electron
withdrawing effect of two carbonyl groups and nitrogen atom, the hydrogen bonded to N-1 atom exposed
to deshielded effect, so it gave the signal at downfield region. The other proton bonded to N-4 gave the
signal at 6 8.02 as a singlet. The signals at § 6.97 (J=8.1 Hz) and 6 5.80 (s) were assigned to H-6 and H-
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8 respectively. The signal at 6 5.22 as a doublet with coupling constant 8.1 Hz attributed to H-3 proton. In

13C-NMR and DEPT spectra revealed 4 signals, of which 3 were assigned to the carbonyl carbons and one
to a C-3 carbon [26].

Allantoin is a significant natural product synthesised by plants, animals and bacteria, moreover, it is
derived from the degradation of purines through uric acid [27]. Allantoin has revealed the significant
wound healing activity through fibroblast growth stimulation. Therefore, the commercially available
cosmetic products (1376) consist of allantoin at a concentration of 2% [28]. The other compounds
isolated from Onosma bourgaei were 3,4-dihydroxybenzaldehyde (2) [29], luteolin-7-O-glucoside (3) [30],
apigenin-7-0-B-glucoside (4) [31], diosmetin-7-0-B-glucoside (5) [32], rosmarinic acid (6) [33], globoidnan
A (7) [34]. The spectral analyses and comparison of the spectral values with the reported data confirmed
the proposed structures.

3.2. Antiproliferative effect of isolated natural compounds

The IC5 values and the tumor specificity (TS) ratios of compounds were determined by Elisa BrdU test,
which is a very sensitive proliferation test technique, and is available in the Table. According to Elisa BrdU
measurement, compounds 4, 6, and 7 showed a significantly higher anti-proliferation against the tested
cell lines than the control compound cisplatin (Fig. 3).

The compounds 4, 6, and 7 revealed the strong antiproliferative activity against HeLa cell lines with the
values of 167.3 uM, 249.8 uM and 164.0 uM respectively compared to cis platin (422.5 uM). In concern to
the HT29 cell lines, 196.8 uM, 277.9 pM, 188.8 pM ICx, values were found for the compounds, 4, 6 and 7
respectively. In A549 cell lines, the activity of compounds, 4, 6 and 7 were determined as 181.1 uyM, 241.5
uM, and 176.3 pM (IC50) respectively with comparison of cis platin (436 pM). These compounds (4, 6
and 7) displayed excellent antiproliferative effect on MCF7 with the values of 203.5 pM, 220.3 uM, 158.4
uM respectively in comparison to cisplatin (471.5 uM). the same trend was observed for the FL cell lines.
In accordance with the literature, it is presented that apigenin-7-0-g-glucoside (4), rosmarinic acid (6), and
globoidnan A (7) have an antiproliferative and cytotoxic effect.[34-36] In addition, luteolin-7-0-glucoside
(8) showed a significantly greater anti-proliferative effect on HeLa and HT29 cancer cells than the control
substance cisplatin (IC5q; 305.7 and 367.6 uM, respectively) (Table). This compound 3 was reported to
have significant antiproliferative activity[37] as well. It was confirmed here that compound 3 is a potent
molecule against HeLa and HT29 cells, but it could not reveal any activity against MCF7 and A549 cell
line (Fig. 3). Though 4, 6, and 7 molecules have exhibited substantially antiproliferative effects on human
cancer cells, the tumour-selectivity index values of these molecules in normal human FL cells are also
important. The tumour-selectivity index (TS) was calculated by the following Eq. (1).

TS=A/B(1)

In which A is the mean of IC5, concentration of each agent against normal cells and B is the mean of IC5
concentration of each agent against tumor cells.

Page 8/18



All compounds showed excellent selectivity (TS > 1) for the HeLa cells over the FL cells while compound 6
displayed good selectivity for the HT29, A549 and MCF7 cells (Table). The compound 7 exhibited good
selectivity for only MCF7 cells (Table). The compounds 1, 2, and 5 failed to show any anti-proliferative
activity against the tested cell lines (Table). Compounds 1 and 5 were found to be non-toxic in
accordance with the literature [38]. The non-toxic properties of these molecules suggest that they may
have protective effects. Indeed, these two molecules can in particular mitigate the damage caused by
chemotherapy.

3.3. Cytotoxicity of compounds

The cytotoxicity of isolated compounds on corresponding cancer cells and normal cells were executed by
LDH cytotoxicity assay and were presented by treatment of cells with various concentrations of the
compounds (50, 100, 150 and 250 pg/mL), that revealed a concentration dependent damage of cell
membranes. The cytotoxicity results demonstrated that treatment of the cells with high concentrations (>
150 pg/mL) of the compound 6 and 7 led to noteworthy corruption of cell membrane yet compounds 6
and 7 did not have the same effect at low or mid concentrations (Fig. 4).

HelLa, HT29 and FL cell lines displayed no cytotoxicity in response to compound 3 up to 150 pg/mL
concentrations. Same concentrations (< 20 ug/mL) of the compounds 1, 2, 4 and 5 did not lead to any
cytotoxic effect towards cells, inferring that the high toxicity determined was intensely ascribed to the
compound 6 and 7. Indeed, according to another observation, cytotoxicity of extract using 100 ug/mL
concentrations was close to that of the compound 6 and 7 against of the HelLa, HT29 and FL cell lines.
When proliferation, tumour-selectivity index and toxicity tests were evaluated together, it was clear that
compound 4 was a very good treatment option against cervix (HeLa) cancer (Fig. 4).

3.4. Morphological assessment of isolated compounds

A digital camera attached inverted microscope (Leica IL10, Germany) was used to present the effect of
the compounds on the cell morphology. The picture shows microscopic images of the morphology of cell
lines treated with different concentrations of compounds 2, 3 and extracts compared to the controls.
Compounds at various concentrations were treated with cells and cell death was determined from the
morphology of the cells (Fig. 5). Compounds and extract were able to inhibit the growth of treated cells
compared to control cells that displayed integrity confluent growth following 24 h in plate surface. In
contrast to control cells, most of the treated cells were lost their astrocyte-like or fibroblast-like
appearance. Generally, at concentrations of 150 pg / mL and higher, the number of cells appears fewer,
separate, and smaller. However, the reaction of the compounds with cells at low (<150 pg / mL)
concentrations did not reduce their cell numbers and appeared structurally like non-interacting cells.

Compounds treated cell lines also exhibited apoptotic indicator such as cell shrinkage, apoptotic bodies,
and atypical shape depending on concentration. Thus, based on observations in this study,
morphological changes of the cell membrane treated with compounds clearly associated with apoptosis.
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Phytochemistry of Onosma bourgaei was investigated completely. The significant natural compounds
were isolated and identified from this plant and their anticancer activity was carried out. Apigenin-7-0-5-
glucoside (4) was found to have the most anticancer activity among the compounds. The corresponding
products were isolated from this plant at first. Hence, Onosma bourgaei could be an essential source of
these compounds. Due to the extensive usage of allantoin in cosmetic, this plant could be a row material
for cosmetic industry. In addition, agricultural techniques should be improved to increase the quantity of
these compounds in Onosma bourgaei.

4. Conclusions

Bioactive compounds were isolated and identified from Onosma bourgaei. Due to the usage of the
isolated compounds in pharmaceutical and food industries, this plant could be a good source for
corresponding compounds. Apigenin-7-O-B-glucoside (4), rosmarinic acid (6), and globoidnan A (7)
revealed the strong antiproliferative activity against HeLa (human epithelial cervix adenocarcinoma), HT-
29 (human colorectal adenocarcinoma), MCF-7 (human mammary gland adenocarcinoma) and A549
(human lung carcinoma,) cancerous cell lines. Therefore, these compounds have a potential to be used in
cancer drug discovery.
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Figure 1

LC-TOF/MS analysis of Onosma bourgaei
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Figure 2

Chemical structure of isolated compounds from Onosma bourgaei.

Figure 3

The Antiproliferative activity of isolated compounds on FL, HeLa, HT29, MCF7, and A549 cell lines. BrdU
Cell Elisa Assay Kit was used for cell proliferation. Percent inhibition was reported as mean values + SEM
of three independent assays (P < 0.05).
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Figure 4

Cytotoxic activity of isolated compounds on FL, HeLa, HT29, MCF7, and A549 cell lines. LDH Cytotoxicity
Assay Kit was used for cytotoxicity. Percent cytotoxicity was reported as mean values = SDs of three
independent assays (P < 0.05).
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Figure 5

Effect of the compounds and extract on the morphology of FL, HeLa, HT29, MCF7, and A549 cells.
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