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INTRODUCTION
Echinacea is a perennial plant from the Asteraceae family, and this 
genus contains a small number of species. Three of the species, 
Echinacea angustifolia, Echinacea pallida, and Echinacea purpurea 
are popularly used as an herbal medicine (Barnes J, et al., 2005).
The plant extract of Echinacea has shown immunostimulating, 
immune-regulator, antioxidant, anti-inflammatory, antivirus, 
antitumor, antiviral and antifungal activities. Echinacea extract has 
been prescribed as a cancer chemotherapy supplement because of 
its protective effects on the immune system (Cichello SA, et al., 
2016). The secondary metabolites of Echinacea include Cichor-
ic acid, Echinacin, Cynarin Echinacoside, Chlorogenic acid, and 
Caffeic acid derivatives (Cichello SA, et al., 2016; Binns S, et al., 
2002; Dalby-Brown L, et al., 2005; Driggins S, et al., 2017; Merali 
S, et al., 2003). Cichoric acid effectively induced apoptosis in co-
lon cancer cells, characterized by DNA fragmentation, caspase-9 
activation, PARP cleavage, and downregulation of β-catenin (Tsai 
YL, et al., 2012). Caffeic acid is an organic compound consists 
of both phenolic and acrylic functional groups. It is found in all 
plants with different values because it is a key intermediate in the 
biosynthesis of lignin (Boerjan W, et al., 2003). Caffeic acid has 
demonstrated to possess interesting biological activities and phar-
macological properties including antioxidants, antithrombosis, 
antihypertensive, antifibrosis, antiviral, and anti-tumor (Bruni 
R, et al., 2018; Hudson EA, et al., 2000; Johnson AA, et al., 2004; 
Maurya DK and Devasagayam TP, 2010; Morton LW, et al., 2000; 
Park EH and Kahng JH, 1999; Sroka Z and Cisowski W, 2003).
Caffeic acid showed various potential pharmacological effects in 
vitro and in vivo and it’s an inhibitory effect on cancer cell pro-

liferation has recently been established (Prasad RN, et al., 2011). 
Caffeic acid and it’s derivative, caffeic acid phenethyl ester showed 
inhibition of invasion, angiogenesis, and metastasis in different 
cancer (Jung JE, et al., 2007).
Caffeic acid with a relatively large amount can be found in E. pur-
purea which extensively as a medicinal plant used in many treat-
ments in Europe and North America (Kumar K and Ramaiah S, 
2011). In the previous study has been reported caffeic acid have 
antioxidant properties in normal cells and pro-oxidant in cancer 
cells. Due to its pro-oxidant properties, it is able to cause oxidative 
damage in DNA and finally induction of apoptosis in cancer cells 
(Kanimozhi G and Prasad NR, 2015). Tumor development needs 
angiogenesis which stimulates using angiogenic inducers such as 
Vascular Endothelial Growth Factor (VEGF).VEGF had a cru-
cial function in angiogenesis and tumor progression (Ferrara N, 
2005). VEGF could suppress using the type of polyphenolic com-
pounds including caffeic acid (Balan B, et al., 1999; Maksimenko 
A, et al., 2014).
Stomach cancer is the second cause of death from cancer and the 
third most common cancer in the world with the high mortality 
rate in central, south and east of Asia; east and central of Europe 
and South America (Han H, et al., 2010; Takahashi T, et al., 2013). 
This disease is diagnosed at advanced stage and treatment options 
are limited therefore still is the medical challenges (Takahashi T, 
et al., 2013).
In this study, the effects of toxicity of E. purpurea extract from 
Iranian species on growth prevention in a gastric cancer cell line 
(AGS), inhibition of cell invasion and colony formation, inducing 
of apoptosis as well as the expression of VEGF-A gene, for the first 
time were evaluated.

ABSTRACT
Echinacea purpurea extract, one of the main com-
pounds of which is caffeic acid, has anti-cancer and 
anti-angiogenic properties. In the present study, the 
anticancer effect of E. purpurea’s extract was inves-
tigated on the growth of gastric cancer cell line AGS, 
induction of apoptosis and inhibition of cell migration, 
tube formation and colony formation as well as the 
expression level of the VEGF-A gene. E. purpurea’s 
extract was extracted using a Soxhlet device and 
HPLC chromatography was used to confirm the pres-
ence of caffeic acid in the extract. The result showed 
that the cell viability percentage as well as the forma-
tion of colonies in AGS cancer cells after treatment of 
the plant extract were reduced in a dose- dependent 
manner. The orange-red fluorescence after treatment 
was increased indicating the emergence of apoptosis. 
The assessment of the wound healing area showed 

no significant differences between 24 and 48 h com-
pared to 0 h in the treatment groups (P>0.01). The ex-
pression level of the VEGF-A gene at a concentration 
of 2.0, 2.75, and 3.25 mg/mL of the plant extract was 
reduced by 0.91, 0.87, and 0.85 fold, respectively. To-
tal tube length and number of branches in treatment 
groups were significantly reduced in a dose-depen-
dent manner. E. purpurea’s extract could effectively 
inhibit AGS gastric cancer cell proliferation, migration, 
colony formation, the formation of tubules, reduce 
VEGF-A expression and induce apoptosis. 
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MATERIALS AND METHODS
Extraction of Echinacea purpurea’s extract 
Echinacea purpurea plant was cultivated in National Institute of Genetic 
Engineering and Biotechnology. The seeds of E. purpurea were purchased 
from BazrCo (Tehran, Iran). Flowers leaves and stems of the plant were 
dried in the shade and then turned into powder. After that, the powder was 
placed in a soxhlet, with 70% ethanol at 60°C for 4 h. The crude extract was 
placed in a freeze dryer to remove the ethanol and powdered. Thus in this 
type of extraction, the sufficient amount of caffeic acid in the extract was 
more. The extract powder was stored at -20°C in dark. Finally, the extract 
powder was dissolved in DMSO and then filtered with a 0.2 µm filter. The 
plant extract was used due to the synergistic effects of the extract. 

High Performance Liquid Chromatography (HPLC) 
Since caffeic acid is one of the indicators of E. purpurea extract, it was 
chromatographed with standard caffeic acid. HPLC chromatography was 
used to confirm the presence of caffeic acid in the extract (KNAUER, Ger-
many). In this experiment, the C18 column was used and the solvent of 
the mobile phase was acetonitrile/deionized water and trifluoroacetic acid 
0.01% (70:30). The sample was eluted at a flow rate of 0.8 mL/min with 20 
minutes of the retention time. The presence of caffeic acid in samples was 
confirmed by injection of each sample and drawing of chromatograms. 

Determination of the amount of caffeic acid in the extract
The amount of caffeic acid in the extract was calculated based on the HPLC 
chromatogram for standard caffeic acid.

Cell lines and culture
Gastric cancer cell line AGS, as well as fibroblast normal cell (HFF), pro-
vided from National Institute of Genetic Engineering and Biotechnology 
(Iran). The cells were cultured in DMEM media with 10% FBS. Incubation 
was done in 5% CO2 incubator (BINDER, UK) at 37°C until they reached 
to 80% growth confluence then the cells counted and subculture in 96 well 
plates with 1 × 104 cells for each well. 

MTT assay 
After appropriate AGS cells growth, the different concentration of the 
extract (0, 2.0, 2.75, 3.25 mg/mL) was added to each well in triplicates. 
Incubation continued for 24 hours. For fibroblast normal cells, different 
concentration of the extract (0, 2.0, 2.75, 3.25 mg/mL) was added to each 
well in triplicates for 24 hours. After that MTT assay was done and ab-
sorption of the purple color of formazan crystal formation read at 580 nm 
using ELISA reader (Multiskan RC microplate reader of LabSystem, Van-
taa, Finland). 

Apoptosis assay 
Apoptosis assay was performed using AO/EB double staining. Untreated 
cells (control) showed normal structure with AO green staining. 1 × 104 
AGS cells were cultured in 96 well plates. After 24 hours of appropriate cell 
growth, the cells were treated with E. purpurea’s extract at a concentration 
of 0, 2, 2.75, and 3.25 mg/mL, respectively for 24 h. After incubation dur-
ing 24 hrs, the medium was removed and washed with fresh PBS buffer. 
Then, 50 µl of PBS buffer containing 3 µg/mL of the AO/EB dye mix was 
added to each well and the apoptotic cells were observed under the fluor-
escent microscope at 32X magnification (ZEISS Axiovert 25, Germany). 

Scratch wound healing assay in AGS cells 
2 × 105 AGS cells were cultured for 24 hours on a 12-well plate containing 
DMEM with 10% FBS medium. After incubation and the cell growth 
reached until 80% confluency, DMEM was removed and the adherent cells 
layer was scratched with a sterile 100 µl pipette tip. The wells were washed 
with phosphate buffer saline (PBS) to remove the cellular debris. The cells 

were treated with 2.75 mg/mL concentration of E. purpurea’s extract (2.75 
mg/mL). The positive control was considered only DMEM. The scratch 
area images were taken using a microscope (ZEISS Axiovert25, Germany) 
at 0, 24, and 48 hrs, and wound area analyzed with Image J version1.52v 
software. Migration rates were calculated as a part of the area at 24 and 48 
compared to 0 hrs in both positive control and treatment. All experiments 
were repeated three times. 

Colony formation assay
3 × 105 cells/well were seed on 6-well plates and incubated for 24 h. After 
incubation, the cells were treated with 2, 2.75, and 3.25 mg/mL concentra-
tion of E. purpurea’s extract at 24 hrs. After that, the cells were trypsinized 
and 5 × 102 cells cultured on 35 × 10 mm plates for 10 days, and once 
every 3 days, the media of the culture was changed. Then, the media was 
removed and washed with PBS and fixed with ethanol. The colonies were 
stained using 1% methylene blue. Colonies more than 50 cells were count-
ed under a microscope. The experiment was repeated three times.

RNA extraction and quantitative real time PCR analysis
To determination of the gene expression level of VEGF-A, 5 × 105 cells/well 
of AGS were cultured into six-well plates and incubated for 24 hours. The 
cells were treated with the plant extract with a concentration of 2.0, 2.75 
and 3.25 mg/mL for 24 hours. Total RNA was extracted from cells using 
the RNX-plus kit (SinaClon) according to the manufacturer’s instructions. 
cDNA synthesized using Maxime RT PreMix Kit (iNtRON, Korea). The 
primers used for real-time PCR were as follows-
Forward 5’-AACTTTCTGCTGTCTTGGGTG-3’ and reverse 5’-AT-
GTCCACCAGGGTCTCGATT-3’ for VEGF-A, and forward 5’-CCT-
GGGCATGGAGTCCTGT-3’ and reverse 5’-ATCTCCTTCTGCATCCT-
GTCG-3’ for the housekeeping gene (β-actin) as control.
The amplification was done using the SYBR green PCR master mix (Am-
plicon, Denmark). PCR conditions as follows for initial denaturation, 95°C 
for 15 min; followed 40 cycles of second denaturation 95°C for 15 s, an-
nealing 62°C for 30 s and extension 62°C for 30 s and a final extension 
at 72°C for 5 min (Corbett, QIAGEN, Germany). The data was analyzed 
using the Rotor-Gene 6000 and Rest software and the graphs were per-
formed by Excel.

Angiogenesis assay
Angiogenesis assay was performed to evaluate the effect of Echinacea pur-
purea extract on tube formation in Huvec cells. At first, type 1 collagen 
solution (Roche Germany), DMEM and 1 N sterile NaOH were mixed 
in a ratio of 8:1:1, respectively and 50 μl of the mixture poured into 96-
well plates and incubated at 37°C for 2 hours. Then HUVEC cells (31,000 
cells/well) in 50 μl DMEM were seeded on the collagen gel followed by the 
addition of 2, 2.75, and 3.25 mg/mL concentrations of Echinacea purpur-
ea extract, with or without conditioned medium (CM) derived from AGS 
cells (50 μl). The wells without treatment and conditioned medium were 
considered as negative control. The cells were incubated at 37°C for 18-20 
hours. After incubation tube formation was observed, and photographed 
using light microscopy (ZEISS Axiovert 405M). Complete networks were 
counted and the number of branches and total tube lengths were analyzed 
using Image J software.

Statistical analysis
All data from the experiments in the treated cells with the plant extract as 
well as the control cells were compared using the Tukey test in One-way 
ANOVA analysis of SPSS 26 software and significant data were analyzed. P 
values <0.01 were considered to be significant.

RESULTS
The plant extract and standard caffeic acid and a mixture of both them 
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(P<0.01) (Figures 6A and 6B). One of the cytotoxic effect of E. purpurea’s 
extract is reducing the servival of cancer cells. Anti-clonogenic effect of E. 
purpurea’s extract show that after 10 days of treatment, E. purpurea’s extract 
supressed the formation of colonies in AGS cancer cells in a dose depend-
ent manner. The treatments at 2, 2.75, and 3.25 mg/mL inhibited colony 
formation by 28%, 53.4%, and 77.7%, respectively. The results of statistical 
analysis at the level of P<0.01 indicated a significant difference between the 
treatment and control (Figures 7A and 7B). After the synthesis of cDNA, 
the amplification of the VEGF-A gene performed by PCR and the 179 bp 
bands amplified were observed in the agarose gel (Figure 8). According 
to Delta Delta C(T) (ΔΔCt) obtained after Real-time PCR, the level of 
VEGF gene expression at a concentration of 2.0, 2.75 and 3.25 mg/mL of 
E. purpurea’s extract were 0.91, 0.87 and 0.85 fold, respectively compared 
to control (Figure 9). The result showed that reducing the expression level 
was significantly different between 3.25 mg/mL concentration of extract 
and control (P<0.01). 
Percentage of tube formation in samples induced with conditioned 
medium and treated with concentrations of 2, 2.75, and 3.25 mg/mL of 
Echinacea purpurea’s extract compared to control samples decreased by 
70.9%, 80.2%, and 91.7%, respectively. It has been found that this decrease 
was concentration dependent and significant (Figures 10A and 10B). In 
addition, the results obtained from the analysis with Image J software show 
a significant reduction of total tube length and number of branches in 
treatment group compared to control cells with a dose-dependent manner 
(Figure 10A). Our results revealed that conditioned medium derived from 
AGS cells induce tube formation of HUVEC cells and E. purpurea’s extract 
was able to inhibit the formation of tubules in induced HUVEC cells in a 
dose dependent manner.

were injected into the HPLC and the graphs were drawn up. A comparison 
of the peaks and positions revealed that the extract was rich in caffeic acid 
(Figures 1 and 2). The caffeic acid concentration in 1 mg of the plant ex-
tract was 0.023 mg. The viability of AGS cells after treatment with different 
concentration of the E. purpurea’s extract showed that in a concentration 
of 2.0, 2.75 and 3.25 mg/mL was 78.3, 49.0 and 27.6%, respectively (Figure 
3). The result of the effect of E. purpurea’s extract on fibroblast normal cells 
showed that the extracts didn’t inhibit the cell growth and no significant 
difference in cell growth between control and treatments (Figure 4).  The 
effect of E. purpurea’s extract on the morphology of AGS cells and apopto-
sis showed that the control AGS cells were green under the view of a fluor-
escence microscope after staining with AO/EB. The color and morphology 
of the nucleus cells did not differ significantly. In AGS cells treated with the 
concentration of 2.0, 2.75, and 3.25 mg/mL, in a dose-dependent manner, 
the orange-red fluorescence was increased and indicating the emergence 
of apoptosis. Nuclear condensation and lysis occurred in the number of 
treated cells. Apoptotic bodies are also formed in these cells (Figure 5A). 
The percentage of apoptosis in different concentration of the plant extract 
(0, 2.0, 2.75, and 3.25 mg/mL) was 6.8%, 66.6%, 78.3%, and 91.6%, re-
spectively, which showed a significant difference compared to the control 
in a dose dependent manner (P<0. 01) (Figure 5B). 
A scratch wound healing assay was used to evaluate cellular proliferation 
and invasion of AGS cells with E. purpurea’s extract. The assessment of 
the wound healing area after 0, 24, and 48 h in two positive control and 
treatment groups performed. The results showed no significant differences 
between 24 and 48 hrs compared to 0 h in the treatment groups (P>0.01). 
Whereas, in positive controls, the percentage of the scratch area was re-
duced to 57% and 15% after 24 and 48 hrs, respectively, compared to 0 h 

Figure 1: The chromatogram obtained from HPLC for Echinacea purpurea’s extract
Note: The arrow on the graph represents the desired peak contains a certain amount of caffeic acid
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Figure 3: Graph of the survival of AGS cells after treatment with E.purpurea’s extract at 24 hours 
Note: **P<0.01 denotes the significant differences between control and treatments and the number of presents the degree of significance

Figure 2: (A) The chromatogram obtained from HPLC for a standard caffeic acid; (B) The chromatogram obtained from HPLC for a mixture of 
Echinacea purpurea’s extract and standard caffeic acid
Note: The arrow on the graph represents the desired peak
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Figure 4: Graph of the survival of Fibroblast normal cells HFF after treatment with E. purpurea’s extract at 24 hours
Note: There was no significant difference between control and treatments

Figure 5A: Effect of E. purpurea’s extract on the morphology of AGS cells (a) AGS cells without treatment (control); (b) AGS cells treated with 2.0 
mg/mL; (c) AGS cells treated with 2.75 mg/mL; (d) AGS cells treated with 3.25 mg/mL for 24 hrs

Figure 5B: The apoptosis percentage in different concentration of the plant extract
Note: ***P<0.001 denotes the significant differences between control and treatments
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Figure 6A: Scratch assay of AGS cancer cells without and after treatment by E. purpurea’s extract at a concentration of 2.75 mg/mL 
Note: The images showing the result of the wound after 0, 24, and 48 hrs in both the control and treatment cells

Figure 6B: The percentage of the scratch area in AGS cells control and treated with E. purpurea extract at times 0, 24, and 48 h. 
Note: The percentage of a scratch area in control cells decreased in 24 and 48 hrs compared to 0 times, respectively where, **P<0.01 denotes sig-
nificant differences
Note: ( ) Control group, ( ) 2.75 mg/ml of extract
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Figure 7A: Clonogenic assay of AGS cancer cells after treatment by E.purpurea’s extract at a concentration of 2.0, 2.75, and 3.25 mg/mL. 
Note: The images showing the colonies’ formation after treatment and without treatment after 10 days of incubation

Figure 7B: The percentage of colony formation
Note: **P<0.01 denotes significant differences
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Figure 8: Gel agarose electrophoresis of the amplification of the VEGF-A gene by PCR after cDNA synthesis (M): Standard DNA molecular weight 
(100bp, SINACLON); Line 1: The cells without treatment as control; Lines 2,3 and 4: The 179 bp bands of amplification of VEGF-A gene after 
treatment with 2.0, 2.75, and 3.25 mg/mL of the extract, respectively

Figure 9: Relative VEGF-A gene expression level after treatment of AGS cells with different concentrations of the extract
Note: *P<0.05 denotes the significant differences between control and treatment

Figure 10A: Effect of E. purpurea’s extract on tube formation assay in HUVEC cells induced by conditioned medium derived from AGS cells
Note: Images of HUVEC cells in the presence and absence of conditioned medium, cells were treated with different concentrations of E. purpurea’s 
extract
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Figure 10B: The numbers of complete networks in control HUVEC cells and cells treated with different concentrations of E. purpurea’s extract 
were counted under a microscope. 
Note: The number of branches and total tube length in control and cells treatment group were analysed by Imagej software, where **p<0.01, 
***p<0.001 indicate the significant difference between the treatment groups and the positive control group, **p<0.01, ###p<0.001 comparison 
with the control group

further inhibitory effects were observed in QBC-939 cancer cells, from 
9% inhibition at 25 µg/mL to 38% inhibition at 100 µg/mL concentration 
(Cichello SA, et al., 2016). E. purpurea, previously used by native Amer-
icans to increase the immune system (Kumar K and Ramaiah S, 2011). 
Many studies have shown that herbal drugs may have anti-cancer effects 
by promoting the immune system, inhibiting the activity of telomerase, 
and inducing apoptosis in cancer cells (Baum M, et al., 2006; Lian Z, et al., 
2003). Caffeic acid showed antioxidant and anti-inflammatory properties 
in diabetic rats. Also, caffeine and caffeic acid phenyl ester inhibited the 
activity of the metalloprotease 9 enzyme that plays an important role in 
metastasis (Chao PC, et al., 2009; Chung TW, et al., 2004). The results of 
the study of the effect of E. purpurea extract on the survival of PBMCs and 
RAW264.7 cells showed that in the concentration of 3.2 mg/mL, the vi-
ability of the cells was 89% and 81%, respectively (Chung TW, et al., 2004). 
Prasad RN, et al., 2011 showed that the concentration of 50 µg/mL caffeic 
acid could inhibit the growth of fibrosarcoma cells HT-1080. Caffeic acid 
inhibited T47D breast cancer cells in time and concentration-dependent 
manner (Rininger JA, et al., 2000; Kampa M, et al., 2004). To observe the 
antiproliferative effect of E. purpurea extract, the apoptosis morphological 
changes were performed by the acridine orange-ethidium bromide dual 
staining method. Acridine Orange (AO) and Ethidium bromide (EtBr) 
staining with DNA allowed observation of the condensed chromatin in 
apoptotic cells. During apoptosis DNA becomes condensed and the nu-
cleus of the cells fragmented (Lakshmi S, et al., 2008). Acridine-orange is 
absorbed by the membrane and enters DNA of the living cells, turning the 
cell nucleus green and Ethidium bromide is only able to stain the nuclei of 
cells whose membranes have been destroyed. In our study, AGS cells with-
out treatment were green color and the treatment cells were orange-red 
color represented apoptosis. The percentage of apoptotic cells in control 
and treatment samples with E. purpurea’s extract (0, 2.0, 2.75 and 3.25 µg/
mL) were 6.8, 66.6, 78.3, and 91.6%, respectively. It has been shown that 
a concentration of 50 µg/mL caffeic acid can greatly inhibit the growth of 
human HT-1080 fibrosarcoma cells and significantly increased apoptotic 
morphological changes in these cells (Prasad RN, et al., 2011). 
Metastasis is a multi-step process that involves the migration and invasion 
of cancer cells and is a sign of malignancy (Tahtamouni L, et al., 2019). 
Inhibition of migration of cells treated with E. purpurea’s extract can indi-

DISCUSSION
In this study, we investigated for the first time, the effect of E. purpurea’s 
extract on gastric cancer cell line AGS with regards to cell viability, cell 
migration, and invasion, colony formation, apoptosis as well as expression 
of VEGF-A gene, which is important in angiogenesis. Many studies have 
been performed on the AGS cell line and the effect of various reagents on 
inhibiting the growth of this cell, but the anticancer effect of E. purpurea’s 
extract specific to the Iranian species is reported for the first time on this 
cell line. The study of the effect of toxicity and anticancer of Echinacea pur-
purea extract on AGS cell line showed that IC50 of the extract of the plant 
was obtained 2.75 mg/mL with an inhibition percentage of 49.  Today, the 
use of plants and their extracts for the treatment of diseases has been con-
sidered. Despite the various treatments for gastric cancer, the treatment of 
this cancer is still a challenge. Previous studies have reported that Echin-
acea purpurea plant and one of its derivatives, caffeic acid, regulated the 
immune system and inhibited tumor invasion and angiogenesis in cancer 
cells (Jung JE, et al., 2007; Jayanthi R and Subash P, 2010). Echinacea is a 
popular herbal supplement that acts as an immune system stimulant. It 
is used to treat common colds, coughs, bronchitis and upper respiratory 
infections. It is also a popular product used in the treatment of cancer, but 
the effects of Echinacea toxicity on cancer cells are still unclear (Tsai YL, et 
al., 2012). 
Echinacea has a long history of use as a medication and is widely used in 
the treatment and prevention of upper respiratory tract infections. It is 
claimed to boost the immune system during cancer, reduce the side effects 
of chemotherapy and radiotherapy, and has anti-cancer effects. In vitro 
studies have shown immunostimulating and anti-cancer activity of various 
Echinacea compounds (Pilkington K, 2007). It is reported that Echinacea 
extracts have been able to induce apoptosis of human cancer cell lines by 
performing nuclear DNA fragmentation and increasing caspase activity 
(Chicca A, et al., 2007; Kim MH, 2003). The effect of the organic extract as 
well as the water-soluble extract of E. purpurea leaf and root, respectively 
indicated that the extracts decreased the proliferation of a breast cancer 
cell line (BT-549). Also, the extract of E. purpurea had anti-tumor activity 
on breast cancer cell line, MCF7 (Driggins S, et al., 2017). The concen-
tration of 25 µg/mL Echinacea extract inhibited HeLa cells up to 100%; 
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reduce the formation of tubules in induced HUVEC cells. It has been re-
ported that Echinacoside reduced the angiogenesis of serous ovarian car-
cinoma cells in a dose-dependent manner (Liu J, et al., 2022). VEGF-in-
duced tube formation in human retina microvascular endothelial cells 
(HRMECs) was inhibited by treatment with 100 μM CA (Kim JH, et al., 
2009). The previous study on CA and CADPE showed that 100 μM CA 
or 30 μM CADPE reduce tubule formation by HUVECs (Jung JE, et al., 
2007). The results of a previous study indicated that 1.5 μM CAPE can pre-
vent the formation of blood vessels in BCE (bovine capillary endothelial) 
cells under normoxic and hypoxic conditions (Wu J, et al., 2011). 

CONCLUSION
Several possible uses of Echinacea in cancer management have been in-
vestigated so far, but there is currently insufficient evidence to support or 
refute these claims. Therefore, further study on this useful plant is neces-
sary. In vitro study, we confirmed that E. purpurea’s extract could effectively 
inhibit AGS gastric cancer cell proliferation, migration, colony formation, 
the formation of tubules, and reduce VEGF-A expression and induce 
apoptosis. One can hope that E. purpurea’s extract will be used as phar-
maceutical agent for treatment of cancer. These results could be used for 
further in vivo studies with Echinacea extract in different models of normal 
cells and cancerous tumors. 
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