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Ferulago angulata Flower and Leaf Extracts Inhibit Angiogenesis in vitro through Reducing VEGF-A and VEGFR-2 Genes
Expression
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Abstract
Background: Ferulago angulata (Apiacea) has been used in Iranian traditional medicine since ancient times and its various health care
DQGSKDUPDFRORJLFDOEHQH¿WVKDYHEHHQGHPRQVWUDWHGUHFHQWO\,QWKLVVWXG\IRUWKH¿UVWWLPHZHKDYHLQYHVWLJDWHGWKHHIIHFWVRIF. angulataÀRZHUDQGOHDIHWKDQROH[WUDFWVRQDQJLRJHQHVLVDVthe key process in tumor growth, invasion and metastasis.
Methods: Cytotoxic effects of different concentrations (20–140 μg/mL) of each extract were assessed on human umbilical vein endothelial cells (HUVECs) using neutral red uptake assay. After evaluating the less toxic concentrations (up to 80 μg/mL), we performed
three-dimensional angiogenesis, tube formation and migration assays to assess the key properties of HUVECs, including the angiogenesis
process, in response to the extracts. Finally, quantitative gene expression analysis of VEGF-A and VEGFR-2, two critical mediators of
angiogenesis, was performed using real-time RT-PCR.
Results: %RWKÀRZHUDQGOHDI extracts exhibited concentration-dependent inhibition of sprouting, tube formation and migration capacities
RI+89(&V)RUWKHÀRZHUH[WUDFWWKHUHVSHFWLYH IC50 values were 25.79, 26.52 and 38.92 μg/mL while for the leaf extract, the corresponding IC50 values wereDQGJP/%RWKÀRZHUDQGOHDI extracts downregulated VEGF-A and VEGFR-2 genes relative to
the GAPDH gene as the internal control at concentrations of 60 and 80 μg/mL, respectively.
Conclusion:7KHVH¿QGLQJVVXJJHVWWKDWERWKÀRZHUDQGOHDIH[WUDFWVPD\FRQWDLQDQWLangiogenic compounds and may have the capacity to be utilized in tumor anti-angiogenic therapy strategies.
Keywords: Natural products, quantitative gene expression, scratch assay, 3-D Angiogenesis, tube formation
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therapy and chemotherapy) with anti-angiogenic drugs, mainly
targeting key molecules in tumor-induced angiogenesis, yields
ngiogenesis, the sprouting and growth of pre-existing ves- promising outcomes in clinical trials.8 However, the side effects of
sels, plays a critical role in tumor growth and metastasis.1 chemical-based drugs are inevitable.9
Although conventional therapies, including radiotherapy and
It has been suggested to occur in tumor environment in
1945 and proposed to be a promising target in new therapeutic FKHPRWKHUDS\ KDYH LQGLFDWHG EHQH¿W LQ VXSSUHVVLQJ GLIIHUHQW
strategies in 1971.2–3 Since then, a large number of studies have types of tumors, severe side effects reported with such therapies
IRFXVHGRQ¿QGLQJGLIIHUHQWIDFWRUVDQGPHFKDQLVPVLQYROYHGLQ encouraged scientists to examine different plant products, comDQJLRJHQHVLVLQRUGHUWR¿QGWKHEHVWZD\WRLPSHGHLWDQGFRQVH- mon in herbal medicine, for anti-tumoric and anti-angiogenic acquently, suppress tumor growth and invasion.4 Among many dif- tivities.9
Most plants contain different vitamins, phytochemicals and antiferent angiogenic factors, the vascular endothelial growth factor
(VEGF) family and their relevant receptor tyrosine kinases play a oxidants that have been known to represent potent cancer prevencritical role in angiogenesis5. In VEGF family, VEGF-A and its tion by affecting different biochemical pathways responsible for
main receptor, VEGFR-2 (Flk-1/KDR), have been known as the supporting tumor growth and metastasis via inducing apoptosis or
main mediators in both physiologic and pathologic angiogenesis inhibiting angiogenesis or both.9–10
Ferulago (Apiacea) comprises 35 to 40 species worldwide, of
and are therefore among the most reliable targets for new antiwhich seven are native to Iran. Ferulago angulata (locally known
angiogenic drugs.6
There are certain limits on traditional cancer therapies such as as chavir) is a shrub indigenous to western Iran, Turkey and Iraq.
poor improvement rate after chemotherapy, surgery, and resis- F. angulata has been used in treating digestive pains, hemortance of some tumors to chemotherapy and radiotherapy.7–8 Now- rhoids, snake bite, ulcers and as sedative in herbal medicine and
adays, combining traditional cancer therapies (such as radiation DOVRDÀDYRULQRLODQGGDLU\E\QDWLYHSHRSOH11
In this study, the anti-angiogenic activity of F. angulataÀRZHU
$XWKRUV¶DI¿OLDWLRQV 1Department of Biology, Faculty of Science, Razi Univerand leaf ethanol extracts has been investigated at less cytotoxic
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concentrations in human umbilical vein endothelial cell line (HU&RUUHVSRQGLQJ DXWKRU DQG UHSULQWV Hassan Akrami PhD, Department of
VEC). Two-dimensional and three dimensional in vitro assays
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of VEGF-A, and its main receptor, VEGFR-2ZHUHTXDQWL¿HGLQ
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HUVECs with anti-angiogenic activity, but less cytotoxic concentrations.

Materials and Methods
Preparation of F. angulataÀRZHUDQGOHDIHWKDQROH[WUDFWV
F. angulata were collected in May 2010 from Shahoo Mountains,
ZHVWHUQ ,UDQ DQG LGHQWL¿HG E\ 'U 6H\HGPRKDPPDG 0DVRXPL
Assistant Professor of botany at Razi University, Kermanshah,
Iran. A voucher herbarium specimen (No: 580) was deposited
in the herbarium of the Biology Department of Razi University
(HBRU). Aerial parts of the plant were dried in dark, at room
WHPSHUDWXUH ±& IRUGD\VDQGGULHGÀRZHUVDQGOHDYHV
were ground in a blender. ca. 50 g of each powder was put in
Soxhelt apparatus separately and mixed with petroleum ether (~3
times) until discoloration. Subsequently, the two almost resin-free
suspensions were centrifuged (at 3000 × g for 10 min) to extract
lipids, pigments and resins. Acquired pellets about 6% w/w of the
VWDUWLQJGULHGÀRZHUDQGOHDIZHUHUHPL[HGZLWKP/HWKDQRO
DQGVWLUUHGIRUGD\V$IWHUFHQWULIXJDWLRQRIWKHHWKDQROLFÀRZHU
and leaf samples at 3000 × g for 15 min, using a Heidolph rotary
evaporator, the supernatants were evaporated under vacuum to
dryness and the resulting powders were dissolved in dimethylsulfoxide (DMSO) at different concentrations. The DMSO concentrations in the culture medium were lower than 1% v/v so as not to
have cytotoxic effects on HUVECs.
Cell culture
HUVECs were obtained from the Medical Biology Research
Center of Kermanshah University of Medical Sciences. The cells
ZHUHFXOWXUHGLQ'XOEHFFR0RGL¿HG(DJOH¶V0HGLXP '0(0 
(Gibco, Belgium): Roswell Park Memorial Institute medium
(RPMI) 1640 (Sigma-Aldrich, USA) with 1:1 ratio, containing 10% Fetal Bovine Serum (FBS) (Biocrom AG), 100 U/mL
SHQLFLOOLQ 6LJPD$OGULFK86$ DQGȝJP/VWUHSWRP\FLQH
(Sigma-Aldrich, USA). Incubation was completed at 37°C in a
KXPLGL¿HGDWPRVSKHUHRI&22. HUVECs of passages 10–15
were used in different experiments and the culture media were
changed twice a week. Cells were detached using 0.025% trypsin0.02% EDTA (Sigma-Aldrich, USA) in PBS.
Cell Viability Assay
Neutral Red (Sigma-Aldrich, USA) uptake assay was conducted
WRDVVHVVFHOOYLDELOLW\RI+89(&VDIWHUHDFKÀRZHUDQGOHDIH[WUDFWWUHDWPHQWV%ULHÀ\+89(&VZHUHFXOWXUHGDWDFRQFHQWUDtion of 3×104 cells/well on 24-well plates in DMEM: RPMI 1640
(1:1), supplemented with 10% FBS, 100 U/mL penicillin and 100
ȝJP/VWUHSWRP\FLQH$IWHUKZKHQ+89(&VDFKLHYHGDSSUR[LPDWHO\±FRQÀXHQWPRQROD\HUWKHPHGLXPRIHDFK
well was replaced with fresh DMEM: RPMI 1640 (1:1) containing 3% FBS, supplemented with appropriate antibiotics and difIHUHQWFRQFHQWUDWLRQVRIÀRZHUDQGOHDIH[WUDFWV 
100, 120, and 140 μg/mL) and the highest concentration of applied DMSO (0.1% v/v) used as control. The cells were incubated
IRUWZRWLPHLQWHUYDOVKDQGKLQDKXPLGL¿HGDWPRVSKHUH
of 5% CO2DW&$WWKHHQGRIWKHVSHFL¿HGWLPHSHULRGWKH
medium and dead cells were washed out using phosphate buffered
saline (PBS) (MERCK, Germany). Subsequently, 500 μL of serum free DMEM: RPMI 1640 (1:1) medium containing 33 μg/mL
of Neutral Red dye, was provided to the cells and incubated for 2

KLQKXPLGL¿HG&DLUFRQWDLQLQJ&22. Then, the medium
was washed out using PBS and 500 μL of destaining solution including 15% v/v acetic acid and 45% ethanol added to each well
and incubated at 37°C in dark shaking incubator for 15 min. The
absorbance of each well was measured at 540 nm using destaining solution as reference12. Each test was done in triplicate and
repeated three times.
Three-dimensional angiogenesis assay
Cytodex 3-microcarrier beads (Amersham Pharmacia Biotech)
were prepared according to the manufacturer’s instruction. HU9(&VZHUHORDGHGRQEHDGVE\ÀLFNLQJFHOOVXVSHQVLRQDQGPLFUR
carriers every 20 min in a DMEM: RPMI 1640 (1:1) medium containing 10% FBS supplemented with appreciate antibiotics for 4 h
LQKXPLGL¿HG&DLUFRQWDLQLQJ&22, and then incubated for
KXQGHUWKHVDPHFRQGLWLRQVZLWKRXWÀLFNLQJ
The following day, the cell-coated beads were mixed with collagen solution (collagen type I, 10X DMEM: RPMI 1640 (1:1) medium, 23 mg/mL NaHCO3 and FBS with the ratio of 7.5:1:1:0.5,
respectively)13 on ice and 100 μL of the solution loaded into each
96-well plate and allowed to solidify for 20 min at 37°C and 5%
CO2 incubator. Then, 3% FBS containing DMEM: RPMI 1640
 PHGLXPDQGGLIIHUHQWFRQFHQWUDWLRQVRIÀRZHUDQGOHDIH[WUDFWV DQGJP/RIWKHÀRZHUH[WUDFWVDQG
60 and 70 μg/mL of the leaf extracts) were added to each 96-well
plate of HUVECs. Cells were shown (Figure 3) with an inverted
microscope (CETI, UK) for 3 days.14 Using Adobe Photoshop
software, sprout formation was measured as the mean number of
sprouts in ten beads for each treatment and presented as the percentage of control.
In vitro endothelial tube formation assay
ECM gel (Sigma-Aldrich, USA) was used for tube formation
potential of F. angulata ÀRZHU DQG OHDI H[WUDFWV IROORZLQJ WKH
PDQXIDFWXUHU¶V LQVWUXFWLRQ %ULHÀ\ HDFK ZHOO RI ZHOO SODWHV
was coated with 100 μL of gel and after 30 min incubating at
37°C in 5% CO2 to form a matrix, HUVECs were seeded onto
the gel at the concentration of 5 × 104 cells per well in DMEM:
RPMI 1640 (1:1) supplemented with 5% FBS, antibiotics and difIHUHQW FRQFHQWUDWLRQ RI ÀRZHU DQG OHDI H[WUDFWV  DQG  J
P/RIWKHÀRZHUH[WUDFWVDQGJP/RIWKHOHDIH[WUDFWV 
for 16 hr.15 To evaluate the tube-like structure formation, the cells
were photographed with inverted microscope (CETI, UK) and the
average branch points were measured in four randomly chosen
PLFURVFRSLF¿HOGVXVLQJ$GREH3KRWRVKRSVRIWZDUH
Cell migration assay
The in vitro scratch assay was conducted to study the effect of
F. angulataÀRZHUDQGOHDIH[WUDFWVRQWKHPLJUDWLRQFDSDFLW\RI
HUVECs. HUVECs were seeded at high density on a 24-well
plate in DMEM: RPMI 1640 (1:1), containing appropriate antibiotics and 10% FBS. On the following day, HUVECs adhered
DQGVSUHDGWRFUHDWHDFRQÀXHQWPRQROD\HU&HOOPRQROD\HUZHUH
scratched with a spatula. Detached cells were removed and the
attached cells were incubated with 500 μL of culture medium containing 5% FBS, supplemented separately with 40 and 60 μg/mL
RIÀRZHUH[WUDFWVDQGJP/RIOHDIH[WUDFWVDQGWKHYHhicle control (0.1% DMSO) at 37°C, 5% CO2 and 90% humidity
incubator. The proportion of migrating cells from the edge of the
scratch in extract-treated wells was compared to the control wells
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IRUKLQ¿YHVHSDUDWH¿HOGV16
51$([WUDFWLRQDQG573&5
RNeasy Plus Mini kit (Qiagene) was utilized to extract total
RNA from HUVECs, according to the manufacturer’s protocol.
The RNA yield and purity were estimated by 1% agarose gel
electrophoresis and the optical density at 260/280 nm ratio. Afterwards, cDNAs were synthesized from total RNA (1 μg) using
QuantiTect® Reverse Transcription Kit (Qiagene) according to
the manufacturer’s instruction. Primers for PCR and real-time RTPCR were designed using Gene Runner and online primer design
softwares such as Primer 3 and primer-BLAST. The sequences of
primers are shown below:
GAPDH forward primer, 5’-CCT GCA AAT GGG ACT TAC
G- 3’; GAPDH reverse primer, 5’-AAA AAC CCT TAT CGC
ATT CAA AC-3’; VEGF-A forward primer, 5’- CTACCTCCACCATGCCAAGT -3’; VEGF-A reverse primer, 5’- CACACAGGATGGCTTGAAGA -3’; VEGFR-2 forward primer, 5’- GCGATTGAAAGAAGGAACTAGA -3’; VEGFR-2 reverse primer,
5’- TAGTCTTTGCCATCCTGCTG -3’.
The lengths of PCR products were 187 bp, 174 bp and 166 bp
for VEGF-A, VEGFR-2 and GAPDH genes, respectively.
Quantitative real-time RT-PCR
The transcript gene expression level of VEGF-A and VEGFR-2
were measured using Rotor-Gene 3000 System (Corbett Research, Australia) and Quanti Tect™ SYBR® Green PCR kit
(Qiagene) in accordance with the manufacturer’s protocol. For
HDFKDPSOL¿FDWLRQH[SHULPHQWDVWDQGDUGFXUYHZDVFRQVWUXFWHG
through an initial dilution of 1:1 of cDNA samples and a two-fold
VHULDOGLOXWLRQVHULHVWRGHWHUPLQHWKHDPSOL¿FDWLRQHI¿FLHQF\RI
reactions. For analyzing data, the 2ǻǻ&W method was used based on
the threshold cycle (Ct) values for VEGF-A or VEGFR-2 as target
gene and GAPDH as an endogenous control gene. Each sample
was assessed in duplicate and the assay was repeated at least two
times.
Statistical Analysis
One sample Kolmogorov-Smirnov test was used to evaluate
parametric characteristics of all data. Thereafter, one-way analysis of variance (ANOVA) with post-hoc (Dunnett t (2-sided)) was
used to analyze data for each assessment and correlations evalu-

(a)

ated by regression. P-values less than 0.05 were considered as
VWDWLVWLFDOO\VLJQL¿FDQW5HVXOWVIURPHDFKDVVD\ZHUHSUHVHQWHG
as the mean ± S.E.M.

Results
Effect of F. angulataÀRZHUDQGOHDIH[WUDFWVRQ+89(&VYLDELOLW\
Results of Neutral Red uptake assay showed a dose and time
dependant decrease in HUVECs viability after treating with the
ÀRZHU DQG OHDI H[WUDFWV LQ FRPSDULVRQ ZLWK WKH FRQWUROV P <
 7KH,&YDOXHVRIÀRZHUH[WUDFWZHUHJ
mL and 44.4 ± 10.72 μg/mL and the IC50 values of leaf extract
were 44 ± 10.36 μg/mL and 46.34 ± 7.2 μg/mL for 24 hr and 48
hr treatment, respectively (Figure 1).
F. angulataÀRZHUDQGOHDIH[WUDFWVGHFUHDVHGWKUHHGLPHQVLRQDOLQ
vitro model of angiogenesis
%RWK ÀRZHU DQG OHDI H[WUDFWV GHFUHDVHG three-dimensional in
vitro angiogenesis in HUVECs seeded on the cytodex-3 micro
FDUULHUVLQDFRQFHQWUDWLRQGHSHQGHQWPDQQHU7KHÀRZHUH[WUDFWV
at the concentration of 50 μg/mL inhibited 98.16% of sprout formation with IC50 of 32.27 ± 16.94 μg/mL. The results of the leaf
extracts showed 84.05% inhibition of endothelial cells differentiation and sprout formation at the concentration of 60 μg/mL, and a
complete inhibition was observed at higher concentrations, with
IC50 of 36.44 ± 16.72 μg/mL (Figure 2).
%RWKÀRZHUDQGOHDIH[WUDFWVLQKLELWHG+89(&VWXEHIRUPDWLRQ
Two-dimensional matrigel tube formation assay revealed that
ERWK ÀRZHU DQG OHDI H[WUDFWV VXSSUHVVHG +89(&V WXEH IRUPDWLRQLQDFRQFHQWUDWLRQGHSHQGHQWPDQQHU7KHÀRZHUH[WUDFWVDW
the concentrations of 40 μg/mL and 50 μg/mL reduced 79.97%
and 91.27% of tube formation, respectively, with IC50 of 42.92
± 19.11 μg/mL. Similarly, leaf extracts at the concentrations of
50 μg/mL and 60 μg/mL displayed 82% and 93.5% inhibition of
tube-like structure formation, respectively, with IC50 of 41.50 ±
19.21 μg/mL (Figure 3).
&HOO PLJUDWLRQ GHFUHDVHG LQ +89(&V WUHDWHG ZLWK ÀRZHU DQG OHDI
extracts
Flower and leaf extracts remarkably inhibited cell migration
of HUVECs in comparison with untreated HUVECs as control

(b)

Figure 1. Cell viability effects of F. angulata Flower and leaf, on HUVECs. Using Neutral Red uptake assay, cell viability effects of different concentrations
RIHDFKÀRZHUDQGOHDIH[WUDFWV DVFRQWUROJURXSDQGJP/ ZHUHHYDOXDWHGRQ+89(&VLQFRPSDULVRQZLWKWKHFRQWURO
in (a) 24 hr and (b) 48 hr. Error bars represent S.E.M of triple samples (*, P < 0.05).
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(a)

(b)
Figure 2. Sprout formation inhibition with F. angulata Flower and leaf extracts in 3-D angiogenesis assay. Cell loaded beads embedded in
FROODJHQJHOPDWUL[DQG)%6FRQWDLQLQJFXOWXUHPHGLXPZLWKGLIIHUHQWFRQFHQWUDWLRQVRIÀRZHUH[WUDFWRUOHDIH[WUDFWZHUHDOORZHGWRFHOOV
(a)6SURXWIRUPDWLRQRI+89(&VLQGLIIHUHQWFRQFHQWUDWLRQVPRQLWRUHGXQGHUWKHLQYHUWPLFURVFRSHDIWHUKU RULJLQDOPDJQL¿FDWLRQî D
-control (0.5% v/v DMSO), b -30 μg/mL, c -40 μg/mL, d -50 μg/mL, e -60 μg/mL, a’ -control, b’ -40μg/mL, c’ -50 μg/mL, d’ -60 μg/mL, e’ -70 μg/
mL (letters with prime indicate the leaf extract treatment). (b) Sprout formation changes of HUVECs in response to different concentrations of
H[WUDFWVLQFRPSDULVRQZLWKWKHFRQWUROZHUHDVVHVVHGE\FRPSDULQJWKHQXPEHURIVSURXWVSHUEHDGVLQGLIIHUHQW¿HOGV$VVD\RUJDnized in three independent triplicate experiments. Error bars represent S.E.M, (*, P <0.05 vs. control group).

ZLWKLQKUDWQRQWR[LFFRQFHQWUDWLRQV7KHÀRZHUH[WUDFWVVXSpressed cell migration for 89.14% at concentrations of 60 μg/mL,
with IC50 of 40.51 ± 20.5 μg/mL. The leaf extracts at concentrations of 80 μg/mL inhibited cell migration for 93.28%, with IC50
of 42.72 ± 20.81 μg/mL (Figure 4).

Transcript levels of VEGF-A and VEGFR-2 were reduced to 90%
and 92%, respectively, with treatment of 80 μg/mL leaf extract by
normalizing to the GAPDH gene in HUVECs for 24 hr (Figure 5).

%RWKÀRZHUDQGOHDIH[WUDFWVUHGXFHGVEGF-A and VEGFR-2 tranVFULSWLRQLQ+89(&V
Data analysis of the real-time RT–PCR results by normalizing
to the GAPDHJHQHLQ+89(&VWUHDWHGZLWKJP/ÀRZHU
extract showed a decrease in transcript levels of VEGF-A and
VEGFR-2 to 70% and 69% for 24 hr, respectively (Figure 5).

Cancer, one of the most common causes of death, has challenged
PDQ\VFLHQWLVWVDOORYHUWKHZRUOGWR¿QGDSURPLVLQJFXUH17–18
Conventional therapies like chemotherapy and radiotherapy repUHVHQWDVKRUWWLPHEHQH¿WZKLFKLVLQSDUWWKHFRQVHTXHQFHRI
the tumor cells characteristics like genomic instability.19 In addition, conventional treatments result in increased amounts of free

Discussion
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(a)

(b)
Figure 3. Tube formation inhibition by F. angulata Flower and leaf extracts. (a)+89(&VZHUHFXOWXUHGRQVROLGL¿HG(&0JHODQGGLIIHUHQWFRQFHQWUDWLRQVRIÀRZHUH[WUDFW DJP/EJP/DQGFJP/ RUOHDIH[WUDFW D¶JP/E¶JP/DQGF¶JP/ ZHUHDGGHG
to cells in triplicate and assay conducted three times, independently (letters with prime indicate the leaf extract treatment). (b) Tube formation
FKDQJHVZHUHHYDOXDWHGE\FRPSDULQJWKHQXPEHURIEUDQFKSRLQWVLQGLIIHUHQW¿HOGVDIWHUKEHWZHHQWUHDWHGZHOOVDQGFRQWURO(UURUEDUV
represent S.E.M, (*, P <0.05 vs. control group).

radicals, which are one of the leading causes of mutations and
tumor formation.9 Considering these disadvantages and by paying
special attention to angiogenesis as a key process in malignancies,
a new aspect was born in cancer-therapy strategies by targeting
tumor induced angiogenesis mainly via affecting the endothelial
cells.3,207KLVQHZDSSURDFKVHHPVPRUHEHQH¿FLDOVLQFHLWIROORZV
relatively similar mechanisms in different types of solid tumors4.
Specialized cells responsible for angiogenesis in solid tumors are
endothelial cells which have a stable genome.21–22 In response to
rapid growth of tumor cells and progressive hypoxia in central
parts of the tumor mass, nutrition requirements and production of
the angiogenic factors will be increased.23–24 As a result, endothelial cells in adjacent vessels become active and begin to proliferate,
differentiate, migrate, invade extracellular matrix, and sprout toward the inducing signal source.25–26 Anti-angiogenic drugs affect
different molecules in angiogenesis signaling pathways.27 Despite
many reports on effectiveness of these drugs in treating cancer,
severe side effects and some other drawbacks in using anti-angiogenic therapy have been reported in patients.28 Therefore, researchers are encouraged to seek approaches with less side effects
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DQGKLJKHUHI¿FDF\29 Natural products in plants show promising
FKDUDFWHULVWLFVSODQWVFRQWDLQÀDYRQRLGVDQWKRF\DQLQVDQWLR[Ldants and many different compounds and metabolites, the therapeutic effects of which have been proved predominantly.10,30–31
In this study, we have investigated the anti-angiogenic effects of
F. angulata, a native plant used as folk remedy by ancient Iranians. First, evaluating the cytotoxic effects of ethanol extracts of
ÀRZHUDQGOHDIRQ+89(&VGHPRQVWUDWHGDKLJKHUF\WRWR[LFLW\
IRUWKHÀRZHUH[WUDFWFRPSDUHGWRWKHOHDIH[WUDFWDWFRQFHQWUDWLRQVKLJKHUWKDQJP/LQKUKRZHYHUWKHÀRZHUH[WUDFW
showed less cytotoxicity than the leaf extract at all concentrations
in 24 hr.
5HVXOWV RI DQJLRJHQHVLV DVVD\V VXJJHVW WKDW H[WUDFWV LQÀXHQFH
endothelial cells’ viability and angiogenic capacities, tube formation and sprouting, through distinct mechanisms. 3-D citodex
angiogenesis assay, at concentrations more than 50% viabilities,
indicated a dose-dependent decrease in HUVECs’ sprouting;
and 2-D tube formation assay in these concentrations exhibited a
dose-dependent decrease in the number of branch points.
We planned a wound healing assay to assess the anti-migratory
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(a)

(b)
Figure 4. Declining the migration capacity of HUVECs in response to F. angulata Flower and leaf extracts. (a)$IWHUFUHDWLQJDVFUDWFKLQDFRQÀXHQW
monolayer of HUVECs, cells were incubated for 24 hr with extracts. Results were monitored under the invert microscope. a and a’ -control, b -40
JP/RIÀRZHUH[WUDFWFJP/RIÀRZHUH[WUDFWE¶JP/RIOHDIH[WUDFWDQGF¶JP/RIOHDIH[WUDFW OHWWHUVZLWKSULPHVLJQLQGLFDWHWKH
leaf extract treatments). (b) 7KHQXPEHURIPLJUDWHGFHOOVIURPWKHHGJHRIWKHVFUDWFKFRXQWHGLQ¿YHVHSDUDWH¿HOGVIRUHDFKZHOODQGFRPSDUHG
in treated wells with the controls. Three independent assays performed in triplicate. Error bars represent S.E.M, (*, P <0.05 vs. control group).

HIIHFWVRIÀRZHUDQGOHDIH[WUDFWVRQHQGRWKHOLDOFHOOVPLJUDWLRQ
potency as one of the main steps in the angiogenesis process. The
migration assay obviously prevented endothelial cells’ migration
in exposure to both extracts.
VEGF-A (also known as VEGF) and its tyrosine kinase receptors, mainly VEGFR-2 (KDR), are known as the main mediators in both physiologic and pathologic angiogenesis. VEGF-A
through binding VEGFR-2 induces a cascade of signaling pathways that result proliferation, migration, survival and vascular
permeability.32–33 As a result, VEGF-A and its receptors have been
the most commonly targeted molecules found in anti-angiogenic
drugs in different types of tumors.22,34–35 Therefore, we evaluated
VEGF-A and VEGFR-2 gene expression levels in response to the
ÀRZHUDQGOHDIH[WUDFWVXVLQJUHDOWLPH573&5DVVD\V&RPSDULQJJHQHH[SUHVVLRQGDWDGHPRQVWUDWHGWKDWERWKH[WUDFWVVLJQL¿cantly reduced VEGF-A and VEGFR-2 transcript gene expression. These data indicate that probable mechanism inhibition of
tube formation, sprouting and migration in HUVECs may be via
VEGF-A and VEGFR-2 gene expression knockdown in response

to the extracts.
F. angulataLVRQHRIWKHWKLUW\¿YHVSHFLHVRI)HUXODJRJHQXV
of Apiaceae (Umbelliferae) worldwide. This plant is indigenous
to Iran, eastern Turkey and northern Iraq; as mentioned before, it
KDVEHHQXVHGLQQDWLYHUHPHGLHVDQGDVÀDYRULQIRRGV$FFRUGing to GC mass chromatography data, F. angulata’s aerial parts
FRQWDLQ PRQRWHUSHQH K\GURFDUERQV FLVRFLPHQH DQG ĮSLQHQH 
as the major constituent.11,36–38 F. angulata demonstrate high anWLR[LGDQW SURSHUW\ DQWL PLFURELDO HI¿FDF\ DQG FDQ GHFUHDVH WKH
12UHOHDVHLQPRXVHPDFURSKDJHVE\GRZQUHJXODWLQJ,/ȕVR
far, there has been no document on anti-angiogenic properties of
F. angulate.36,38–39
Limonene and perillyl alcohol are two members of Monoterpens,
which have been shown to exhibit both preventive and therapeutic
characteristics for different types of cancer.40–44 Considering these
information, we propose that the observed anti-angiogenic activity of F. angulata might be a consequence of the high monoterpen
content of its aerial parts. Of course, further studies will be necesVDU\ WR HYDOXDWH WKH LQYROYHPHQW RI VSHFL¿F FRPSRXQGV LQ WKLV
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Figure 5. Effects of F. angulata Flower and leaf extracts on VEGF-A and VEGFR-2 gene expressions. HUVECs treated with completely angiogenesis inhibiting concentrations of each extracts. After 24 hr, real-time RT-PCR performed to evaluate VEGF-A and VEGFR-2 genes expression changes relative to the internal control gene, GAPDH, in response to the extracts. Error bars represent S.E.M. Assays were organized in
three independent experiments in duplicate.

PHFKDQLVPDQGFRQ¿UPLQJWKHin vivo anti-angiogenic activity of
12.
F. angulata.
7RRXUNQRZOHGJHWKLVLVWKH¿UVWVWXG\RQDQWLDQJLRJHQLFDFWLYity of F. angulataHWKDQROLFÀRZHUDQGOHDIH[WUDFWV2XUVWXG\LQdicates that F. angulataÀRZHUDQGOHDIH[WUDFWVKDYHDQJLRJHQHVLV 13.
and migration inhibitory effects on HUVECs, which may be due
14.
to downregulation of VEGF-A and VEGFR-2. We suggest that F.
angulata may be considered as a new anti-angiogenic drug and as
15.
well in future strategies for treating and preventing malignancies.
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