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The inhibitory effect of Echinacea purpurea and
Echinacea pallida on B1-549 and natural killer cells

Abstract

Background: Echinacea is a plant that has been widely used for its” medicinal properties,
which include antioxidant properties, immune-stimulant, and anti-inflammatory properties.
In this study, the effects of extracts of Echinacea pallida, Echinacea purpurea as well as
the standard components of Echinacea were observed on a breast cancer cell line (BT-549).
Also the effects of extracts of Echinacea pallida, Echinacea purpurea, and the standard
components of Echinacea on natural killer cells were studied.

Methods: The anti-tumor activity of an organic extract of £ pallida, organic extracts of
E purpurea, and water soluble extracts of £ purpurea as well as the standard components
of Echinacea were evaluated in vitro on BT-549. In addition, the effect of the function of
natural killer cells was determined after exposure to organic extracts of £ pallida, water
soluble extracts of £ purpurea and the standard components of Echinacea.

Results: A crude extract of £ pallida, crude extracts of E purpurea, water soluble extracts
of E purpurea, and a standard components kit of Echinacea all exhibited cytotoxic activity
against BT-549. Also, a crude extract of E pallida, two dilutions of crude extracts of £
purpurea, water soluble extracts of E purpurea, and a standard components kit of Echinacea
had no effect on the viability of natural killer cells. A water soluble extract of E purpurea
root and a standard components kit of Echinacea had no significant effect on the function
of NK cells. However, one dilution of the crude extract of £ pallida, two dilutions of the
crude extracts of £ purpurea, and one water soluble extract of £ purpurea had an effect on
the function of the NK cells.

Conclusion: This study supports the current research articles that have indicated the anti-
tumor effect of extracts of £ pallida and E purpurea on another breast cancer cell line,
MCEF-7. Further studies in vitro with Echinacea are needed to determine if this study
supports a recent study that indicated an increase in the cytotoxicity of natural killer cells
that are exposed to Echinacea.
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Background

Phytochemicals have been used over centuries for their inherent
potential to cure disease, as demonstrated by ancient medicinal
practices.”* Several plants have been shown to be sources of
therapeutically important agents, which is valuable in the treatment of
cancer. For example, there are very effective cancer chemotherapeutic
drugs that have been derived from a natural origin.’ The naturally
derived chemotherapeutic drugs include the vinca alkaloids vinblastine
and vincristine, which were isolated from the Madagascar periwinkle,
Catharanthus roseus.® Paclitaxel (Taxol), another naturally derived
chemotherapeutic drug, was originally isolated from the bark of the
Pacific yew tree from the Pacific Northwest, Taxus bre vifolia Nutt.”
The analogue of taxol, docetaxel, is also a chemotherapeutic drug.’
Etoposide and teniposide are chemotherapeutic drugs that were
derived semi-synthetically from epipodophyllotoxin, an epimer of
podophyllotoxin, and isolated from roots of Podophyllum species.®
In addition, another naturally derived chemotherapeutic drug,
camptothecin, was isolated from the bark of Camptotheca acuminata
Decent. This is a precursor to the semi-synthethetic drugs topotecan
(Hycamptin) and irinotecan (Camptosar).’

Echinacea is a medicinal plant that belongs to the botanical family
Asteraceae and consists of nine species.!” The different species of

Echinacea consists of herbaceous perennial plants that are indigenous
to North America and have been traditionally used to treat various
ailments.? For instance, Echinacea has been used to treat snakebites,
syphilis, septic wounds, tonsillitis, periodontitis, viral infections,
furunculosis, and nasopharyngeal catarrh.? Echinacea is currently
used for its’ antioxidant properties, anti-inflammatory properties,
and as an immunostimulant.'’ As an immunostimulant, Echinacea is
used in the prevention and treatment of the common cold, influenza
and other respiratory tract infections.> The common name for
Echinacea is purple coneflower and it is characterized by a daisy-
like head that consists of several tiny flowers.12 Echinacea purpurea,
Echinacea angustifolia and Echinacea pallida are the three species of
Echinacea that are primarily used medicinally, particularly the roots
and rhizomes of the plants. Also, the flowering tops of E. purpurea
are used medicinally.? It has been note that commercial products
of Echinacea contain up to 80% of E. Purpurea.” The commercial
products of Echinacea include tinctures, teas, beverages, powders,
tablets, capsules and personal care products.'

The chemical components of Echinacea have been identified and
isolated by HPLC analysis. The components have been identified
as arabinogalactan, xyloglycan, echinacin, insulin, caffeic acid,
caftaric acid, chicoric acid, echinacoside, cynarin, chlorogenic acid,
isotussilagine, tussilagine, echinacin, isobutyl amides, polyacetylenes,
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polyenes terpenoids, fatty acids, essential oils, and phytosterols.
Studies have determined that the polysaccharides, flavonoids, chicoric
acid, alkyl amides, polyacetylenes and essential oils have been noted
as being the active components of Echinacea." A recent study
analyzed the raw materials of E. purpurea, E. angustofolia and E.
pallida vsing HPLC. The study indicated that the raw materials of E.
purpurea (roots, and aerials) contained caftaric acid, chlorogenic acid,
and chicoric acid. However, the raw materials of E. angustofolia root
contained caftaric acid, chlorogenic acid, cynarin, echinacoside and
chicoric acid. The aerial raw materials of E. angustofolia, on the other
hand, contained caftaric acid, echinacoside, and chicoric acid. Lastly,
the study indicated that the raw materials of E. pallida root contained
caftaric acid, echinacoside, and chicoric acid.'* An earlier study stated
that the aerial parts of E. pupurea and E. angustofolia root also contain
alkamides, polysaccharides, and polyacetylenes. The study stated that
E. pallida root contains polysaccharides and polyacetylenes as well.!

Among the various chemical components of Echinacea, cynarin
is found only in E. angustifolia, echinacoside is found primarily in E.
pallida, and chicoric acid is found mainly in the roots as well as the
flowers of E. Purpurea.'? Also, echinacin is found in the roots of E.
pallida and E. angustifolia. Moreover, polyacetylenes and polyenes
are the major lipophilic constituents of E. pallida roots. In addition,
the isobutyl amides are found in high concentrations in the roots of E.
angustifolia and E. Purpurea." Echinacea has been found to be the
most common herbal supplement that is used by cancer patients.' It
was the second most popular herbal supplement among the cancer
patients in a phase I clinical trial.15 An in vitro cancer study indicated
that the treatment of hexane fractions, CH2CI2 (acidic fraction),
and CH2CI2 fraction of Echinacea decreased the proliferation of a
breast cancer cell line, MCF-7. Treatment of an AcOET fraction of
Echinacea, however, increased the proliferation rate of the cells by
20-25%. Also, there was an increase in the growth of the MCF-7 cells
by 10-15% after treatment with chicoric acid but the growth of the
cells decreased at the highest concentration of chicoric acid. The study
indicated that cynarin, a phenolic compound obtained from the roots
of E. angustifolia, displayed anti-proliferative activity on MCF-7 as
well. It enhanced the cytotoxic activity of doxorubicin, an anticancer
drug, against the MCF-7 cells. A more recent cancer study indicated
that pentadeca-(8Z,13Z)-dien-11-yn-Z-one, a ketopolyacetylene
derived from the root of E. pallida, exhibited anti-tumor activity on a
breast cancer cell line (MCF-7)."!

In vitroand In vivo studies of Echinacea and NK cells have been
conducted as well. An in vitro study indicated that water soluble
extracts of Echinacea activated the cytotoxicity of NK cells.'® An in
vivo study indicated that extracts of E. angustifolia, E. pallida and E.
purpurea that were orally administrated to normal mice, increased the
cytotoxicity of natural killer cells in the mice.'” Another in vivo study
noted that an increased number of natural killer cells, microscopic
absence of tumor re-growth, and a prolonged life span in leukemic
mice that were administered E. Purpurea.' In the current study, the
effects of the crude extracts of E. pallida and E. purpurea root, and E.
purpurea leaf on a breast cancer cell line (BT-549) are observed. Also,
the effects of a water soluble extract of E. purpurea root, water soluble
extract of E. purpurea leaf on BT-549 and a standard components kit
of Echinacea on BT-549 are observed. In addition, the effects of the
crude extract of E. pallida, crude extract of E. purpurea root, crude
extract of E. purpurea leaf, water soluble extract of E. purpurea root,
water soluble extract of E. purpurea leaf and the standard components
kit of Echinacea on the viability as well as the function of natural
killer cells were observed.
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Methods

Crude extracts of Echinacea purpurea and Echinacea
pallida

The leaves of E. pallida, roots of E purpurea, and the leaves of
E purpurea were obtained from the campus green house and surface
sterilized. The excess liquid was allowed to dry and placed in a
freezer at -70°C for 24hours. The roots and leaves were removed
from the freezer and grinded, separately, with a mortar and pestle. The
grounded roots and leaves were placed in a Soxhlet, which contained
Methanol. The crude extract was then placed on a Rotary Evaporator
to remove the Methanol. The dissolved constituents were further dried
under pressurized vacuum conditions. Stock solutions were prepared
by dissolving the dried residue in Dimethyl sulphoxide (DMSO).
Extract solutions were stored at -20°C."?!

Woater soluble extracts of Echinacea purpurea

The extraction of the water-soluble compounds used deionizer-
distilled water. The roots of E purpurea and the leaves of E purpurea
were obtained from the greenhouse. Each sample was surface
sterilized and rinsed three times with distilled water. Approximately
10g of the samples were placed in a blender with 100ml of distilled-
deionizer water. The samples were filtered with What man filters and
stored in Lyophilization bottles. The bottles were frozen at -70°C for
twenty-four hours after which placed on lyophilize for 24 to 48hours.
The weight of the samples plus the bottles was taken before and after
Lyophilization to obtain the weight of the sample/extract weight. The
extract was dissolved in only enough deionizer-distilled water needed
to solubilize the extract. The extract concentration is described as ug\
ml. Extract solutions were stored at -20°C until use.

Standard components of Echinacea

An Echinacea Complete Kit was obtained from Chromadex®. The
kit contained 10mg each of the following components of Echinacea:
Caftaric acid, clonogenic acid, chicoric acid, cynarin, echinacoside
and isobutyl amides.

Breast cancer cells

The breast cancer cell line that was used in the study was derived
from human breast adenocarcinoma BT-549 (ATCC No. HTB-122)
were provided by American Type Tissue Culture (Rockville, MD).
The cell line was grown in RPMI-1640 and supplemented with 10%
heat-inactivated fetal bovine serum (FBS), 2mM L-glutamine and
1% penicillin-streptomycin. The cells were incubated in a 5% CO,
humidified incubator at 37°C and passage bi-weekly.

Isolation of natural killer cells

The natural killer cells were derived from peripheral blood
from healthy volunteer donors (male and female) was obtained
from the Red Cross in Nashville, Tennessee. The donor blood was
screened for blood type, hepatitis B, hepatitis C, HIV, syphilis, and
cytomegalovirus. The donors were all negative for all infections
with the exception of cytomegalovirus (approximately 40% of the
donors were positive). Highly purified NK cells were obtained by
using a resetting procedure. The Buffy coats were mixed with ImL
of Rosettes human NK cell enrichment antibody cocktail (Stem Cell
Technologies, Vancouver, BC, Canada) per 30mL of Buffy coat.
The mixture was incubated for 40minutes at room temperature with
periodic mixing. A fourmL of the mixture was layered onto 4mL of
Ficoll-Hypaque (1.077g/mL) (Sigma) and centrifuged at 1200xg for
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30minutes, after incubation. The cell layer was then collected and
washed twice with PBS and stored in complete media at Imillion
cells/mL. The cell preparation resulted in >95% CD16+, 0% CD3+
by fluorescence microscopy Whalen et al.?

Trypan blue exclusion viability assay

Anticancer activity was determined using this assay to measure
cell viability.!” BT-549 cell line was plated at a density of 3X10° per
well in 6-well tissue culture plates. The cells were incubated at 37°C
and 5% CO, for 24h, after which the cells received treatment with
fresh medium that was supplemented with one of the following: crude
E pallida leaf extract, crude E purpurea root extract, crude E purpurea
leaf extract, water soluble E purpurea root extract, water soluble £
purpurea leaf extract, or the standard components kit of Echinacea.
The concentrations of each extract were between 70pg/ml-1750pg/ml.
The negative controls received fresh medium supplemented with the
experimental vehicle, DMSO only. Following 96 hr of incubation at
37°C, the cells were trypsinized with a 0.25% trypsin-EDTA solution.
The cells were then resuspended in phosphate buffer saline (PBS) and
stained with 0.4% trepan blue dye solution (v/v in PBS). Live cells are
excluded from the stain while dead cells absorbed the stain appearing
blue in color under a light microscope, enabling the enumeration of
viable cells. Cell counts were expressed as meantstandard deviation
(SD), representative of four separate experiments.

Cytotoxicity assay for natural killer cells

This assay was fused to determine the effects of the organic
extracts of E pallida and E purpurea well as the effects of the water
soluble extracts of E purpurea and the standard components kit of
Echinacea. NK cells were incubated with a dilution of one of the
following: appropriate control, organic extract of E pallida leaf,
organic extract of £ purpurea root, organic extract of £ purpurea leaf,
water soluble extract of £ purpurea root, water soluble extract of £
purpurea leaf or the standard components of Echinacea in a 12X75
tube. The dilutions consisted of the following range: 1/420-1/6720.
NK-susceptible K562 (Human Chronic Myelogenous Leukemia) cell
line (ATCC, Manassas, VA) were the target cells in this cytotoxicity
assay. K562 cells (3 million) were incubated with 50uCi51 Crin 0.3-
0.5mL of BCS for 1.5h at 37°C in air/CO,. After incubation, the target
cells were washed twice in cell culture media. NK (effector) cells
were added to the wells of round-bottom micro titer plates. The NK
(effector) cells were diluted to 25:1 ratio (2.5x105 per 100uL), 12.5:1
ratio and 6:1 ratio (1.25x10° per 100uL). Each ratio was tested in
triplicate. Targets were added (1x10* per 100uL) to each well, and the
plate was centrifuged at 600rpm for 3min and incubated for 2h at 37°C
(air/CO,, 19:1). The ratios for purified NK cells were 25:1, 12.5:1,
6:1 and 3:1. After incubation, a 0.1mL aliquot of the supernatant was
collected and counted for radioactivity for 60s in a Packard COBRA
gamma counter (Packard Instrument Co., Meriden, CT). Specific lysis
was calculated as follow:

100x[(test c.p.m.- spontaneous c.p.m.)/(maximum c.p.m. —
spontaneous c.p.m.)].

The maximum release was produced by adding 100uL of 10%
Triton X-100. The amount of natural killer cells present in each tube
was counted as well, using trepan blue and a haemacytometer. The
assay was conducted a minimum of four times using the cells from
different donors.?

Statistical analysis

Quantitative values obtained per treatment were converted to

Copyright:
©2017 Driggins et al. 0

percentage inhibition. Regression analysis was used to compute
the inhibition concentration required to produce a 50% reduction
in cell viability (IC50). Results were expressed as the mean+SD of
values obtained in triplicate from three independent experiments.
Statistical differences between correlated samples were evaluated
using Student’s t-test and noted to be significantly different where
p<0.05. Composite treatments were compared using one-way analysis
of variances (ANOVA) and considered significantly different where
probability values were found to be equal to or less than 0.05.

Results

The results of the effect of a crude extract of £ pallida leaf indicated
that the extract decreased the proliferation of BT-549 (Figure 3) in
comparison to the DMSO-control cells. The dosage range of the
crude extract was 70pug/ml to 700pg/ml, for 96hr. The proliferation
of the BT-549 cells decreased significantly starting at 350pg/ml and
continued to decrease as the concentration of the crude extract of £
pallida increased. The results also indicated that BT-549 cells that
were treated with DMSO continued to proliferate as the concentration
of DMSO increased. Cells were plated at 3A5 cells per well in a 6-well
plates and treated for 96hr. Values are presented as means (n=3)+S.D.
*Statistical difference (p<0.05).

QE paligy
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Mumberof Cells (110,000)

Treatmants (U )

Figure | Time and dose response of organic extract of E. pallida leaf on cell
proliferation of BT-549 cancer cell line.

The results of the effect of the organic extract of £ purpurea root
indicated that the extract decreased the proliferation of BT-549 (Figure
2) in comparison to the DMSO-control cells. The dosage range of the
organic extract was 70ug/pl to 700ug/ul, for 96hr. The proliferation
of the BT-549 cells decreased significantly starting at 280ug/pl and
continued to decrease as the concentration of the organic extract of
E purpurea root increased. This is a lower dosage than the dosage
from the organic extract of E pallida leaf. The study indicated that the
BT-549 cells that were treated with DMSO continued to proliferate
as the concentration of DMSO increased as well. Cells were plated
at 3A5 cells per well in a 6-well plats and treated for 96hr. Values are
presented as means (n=3)+S.D. *Statistical difference (p<0.05). The
results of the effect of the organic extract of E purpurea leaf indicated
that the extract decreased the proliferation of BT-549 (Figure 3) in
comparison to the DMSO-control cells. The dosage range of the
organic extract was 70ug/pul to 700ug/ul, for 96hr. The proliferation
of the BT-549 cells decreased significantly starting at 210ug/pl and
continued to decrease as the concentration of the organic extract of
E purpurea leaf increased. This is a significantly lower dosage than
the dosage from the organic extract of E pallida leaf. Moreover, the
study indicated that the BT-549 cells that were treated with DMSO
continued to proliferate as the concentration of DMSO increased.

Cells were plated at 3A5 cells per well in a 6-well plats and treated
for 96hr. Values are presented as means (n=3)£S.D. *Statistical
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difference (p<0.05). The results of the effect of the water soluble
extract of E purpurea root indicated that the extract decreased the
proliferation of BT-549 (Figure 4) in comparison to the DMSO control
cells. The dosage range of the water soluble extract was 70ug/pl to
17500pg/pl, for 96hr. The proliferation of the BT-549 cells decreased
starting at 70pg/ul and continued to decrease as the concentration of
the water soluble extract of E purpurea root increased. However, the
proliferation of the cells also decreased as the concentration of the
control increased.
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decreased as the concentration of the control increased. Cells were
plated at 3A5 cells per well in a 6-well plats and treated for 96hr.
Values are presented as means (n=3)+S.D. *Statistical difference
(p<0.05). The results of the effect of the standard components of
Echinacea indicated that the extract decreased the proliferation of
BT-549 (Figure 6). The dosage range of the standard components was
70ng/ul to 1750 pg/pl, for 96hr. The proliferation of the BT-549 cells
decreased significantly starting at 700pg/pul. The standard components
of Echinacea continued to decrease the proliferation of BT-549 as the
concentration of the standard components increased, in comparison to
the DMSO control cells. In addition, the proliferation of the DMSO
control cells increased as the concentration of DMSO increased.
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Figure 2 Time and dose response of the organic extract of E. purpurea root
on cell proliferation of BT-549 cancer cell line.
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Figure 3 Time and dose response of organic extract of E. purpurea leaf on cell
proliferation of BT-549 breast cancer cell line.
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Figure 4 Time and dose response of water soluble extract of E. purpurea root
on cell proliferation of BT-549 breast cancer cell line.

Cells were plated at 3A5 cells per well in a 6-well plats and treated
for 96hr. Values are presented as means (n=3)+S.D. *Statistical
difference (p<0.05). The results of the effect of the water soluble
extract of E purpurea leaf indicated that the extract decreased the
proliferation of BT-549 (Figure 5). The dosage range of the water
soluble extract was 70png/pl to 17500ug/pl, for 96hr. The proliferation
of the BT-549 cells decreased starting at 70pg/pl in comparison to
the DMSO control cells. The proliferation of the cells continued
to decrease as the concentration of the water soluble extract of E
purpurea leaf increased. However, the proliferation of the cells also
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Figure 5 Time and dose response of water soluble extract of E. purpurea leaf
on cell proliferation of BT-549 breast cancer cell line.
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Figure 6 Time and dose response of standard components of Echinacea on
cell proliferation of BT-549 cancer cell line.

Cells were plated at 3AS cells per well in a 6-well plats and treated
for 96hr. Values are presented as means (n=3)+S.D. *Statistical
difference (p<0.05). The results of the effect of an organic extract of
E pallida leaf on natural killer cells indicated that the viability (not
shown) of the natural killer cells were not affected. The NK cells were
treated with dilutions of the organic extract that consisted of 1/1840,
1/1680, and 1/6720 for 24hr. The results also indicated that the
organic extract decreased the ability of the NK cells to lyse the target
cell significantly for the 1/840 dilution, in comparison to the DMSO
control cells (Table 1). The effect of the extract on the cytotoxicity
of the natural killer cells for the 1/1680 and 1/6720 dilutions are
not as significant in comparison to the control. Data are mean+S.D.
from triplicate determinations, n=3. Table 1 shows the effect of 24hr
exposure to dilutions of organic extract of E pallida leaf. The results
of the effect of water soluble extract of E purpurea root on natural
killer cells indicated that the viability (not shown) of the natural killer
cells were not affected. The results indicated that the extract had no
effect on the cytotoxicity of the natural killer cells, in comparison to
the DMSO control cells (Table 2) as well.

Data are mean +S.D. from triplicate determinations, n=3. Table 2
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shows the effect of the standard components of Echinacea on natural
killer cells after 24hr. The results of the effect of water soluble extract
of E purpurea leaf on natural killer cells indicated that the viability
(not shown) of the natural killer cells were not affected. Also, the
results indicated that the extract significantly affected the cytotoxicity
of the natural killer cells, in comparison to the DMSO control cells
(Table 3). Data are mean+S.D. from triplicate determinations, n=3.
Table 3 shows the effect of the standard components of Echinacea on
natural killer cells after 24hr. The results of the effect of the standard
components of Echinacea on natural killer cells indicated that the
indicated that the viability (not shown) of the natural killer cells were
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not affected. Also, the standard components did not significantly
affect the cytotoxicity of the natural killer cells, in comparison to the
DMSO control cells (Table 4). Data are mean+S.D. from triplicate
determinations, n=3. Table 4 shows the effect of the standard
components of Echinacea on natural killer cells after 24hr. Data are
mean+S.D. from triplicate determinations, n=3. Table 5 shows the
effect of the water soluble extract of E purpurea leaf on natural killer
cells after 24hr. The standard components kit of Echinacea had no
effect on the viability of the natural killer cells (not shown). Also, the
standard components had no significant effect on the cytotoxicity of
the NK cells, in comparison to the DMSO control cells (Table 6).

Table | Cell Lysis Ability of Natural Killer Cellsto Lyse K562 Target Cells after Treatment with Organic Extract of E. pallida Leaf

Specific Lysis (%)

Specific Lysis (%)

NK Cell: Target

Control (DMSO-24h)

E. pallida Leaf (1/840 dilution-24hr)

12:1
6:1
3:1

737
58+5
38+1

31l
27+10
15£5

NK Cell: Target

Control (DMSO-24h)

E. pallida Leaf (1/1680 dilution-24hr)

12:1
6:1
3:1

737
58+5
38+|

54+5
46+7
3548

NK Cell: Target

Control (DMSO-24h)

E. pallida Leaf (1/6720 dilution-24hr)

12:1
6:1
3

63%3
49+1
312

51+4

Table 2 Cell Lysis Ability of Natural Killer Cellsto Lyse K562 Target Cells afterTreatment with a Water Soluble Extract of E. purpurea Root

Specific Lysis (%)

Specific Lysis (%)

NK Cell: Target Dilution Control (DMSO - 24 hr) E. purpurea Root (24 hr)
12:1 350uL 735 7043
6:1 350uL 653 6412
3:1 350pL 49+3 54+4

Table 3 Cell Lysis Ability of Natural Killer Cellsto Lyse K562 Target Cells after Treatment with a Water Soluble Extract of E. purpurea Leaf

Specific Lysis (%)

Specific Lysis (%)

NK Cell: Target Dilution Control (DMSO - 24 hr) E. purpurea Leaf (24 hr)
12:1 350uL 735 20+2

6:1 350uL 65+3 151

3:1 350uL 49+3 9|

Table 4 Cell Lysis Ability of Natural Killer Cellsto Lyse K562 Target Cells after Treatment with Echinacea Standard Components

Specific Lysis (%)

Specific Lysis (%)

NK cell: target Dilution Control (DMSO- 24 hr) Echinacea Components (24 hr)
12:1 350uL 7315 67+2
61 350uL 65+3 55%1
3l 350uL 49+3 36%1
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Table 5 Cell Lysis Ability of Natural Killer Cells to Lyse K562 Target Cells after Treatment with a Water Soluble Extract of E. purpurea Leaf

Specific lysis (%)

Specific lysis (%)

NK Cell: Target Dilution Control (DMSO - 24 hr) E. purpurea Leaf (24 hr)
12:1 350pL 7315 2042

6: 350uL 65+3 151

3 350uL 49+3 9|

Table 6 Cell Lysis Ability of Natural Killer Cells to Lyse K562 Target Cells After Treatment with Standard Components Kit of Echinacea Data are mean+S.D.

from triplicate determinations, n=3

Specific lysis (%)

Specific lysis (%)

NK cell: target Dilution Control (DMSO-24hr) Echinacea Components (24hr)
12:1 350uL 73£5 672
6:1 350uL 65+3 55%1
31 350uL 49+3 36%1

Discussion

The first aim of the study was to observe the effects of a crude
extract of £ pallida leaf, crude extract of E purpurea root, and a crude
extract of E purpurea leaf on BT-549. The second aim of the study
was to determine the effects of a water soluble extract of E purpurea
root and a water soluble extract of E purpurea leaf on BT-549. The
third aim of the study was to determine the effects of a standard
components kit of Echinacea on a breast cancer cell line, BT-549. The
fourth aim of the study was to observe the effects of a crude extract
of E pallida leaf, crude extract of E purpurea root, crude extract of £
purpurea leaf, water soluble extract of E purpurea root, water soluble
extract of E purpurea leaf as well as a standard components kit of
Echinacea on natural killer cells. The results of the first aim of the
study indicated that the crude extract of E pallida leaf, crude extract of
E purpurea root, and the crude extract of £ purpurea leaf significantly
decreased the growth of a breast cancer cell line (BT-549), in
comparison to the DMSO control cells. The dosage range of the crude
extracts was 70pg/ml to 700pg/ml, for 96hr. The crude extract of £
pallida started decreasing the proliferation of BT-549 at 350ug/ml
(Figure 3) and continued to decrease as the concentration increased
(IC50=420pg/ml). The proliferation of the BT-549 cells, however,
started to decrease significantly at 280pg/pl for the crude extract of
E purpurea root (Figure 4) and 210pg/ml for the crude extract of £
purpurea leaf (Figure 5). The crude extracts of E purpurea root and
E purpurea leaf continued to decrease the proliferation of BT-549 as
the concentration of the extracts increased, with IC50=350pg/ml and
[C50=280png/ml respectively.

Since the crude extracts of £ purpurea had a more significant rate
of anti-tumor activity on BT-549, the second aim of the study involved
determining the effects of water soluble extracts of E purpurea root and
E purpurea leaf on BT-549. Both water soluble extracts of £ purpurea
significantly decreased the proliferation of BT-549. The dosage range
of the water soluble extracts of E purpurea was 70ug/ml to 1750 pg/
ul, for 96hr. The water soluble extract of £ purpurea root (Figure 6)
and the water soluble extract of E purpurea leaf both decreased the
proliferation of BT-549 at starting at 70ug/ml (Figure 7). Also, both
extracts of continued to decrease the proliferation of BT-549 as the
concentration of the extracts increased (IC50 = 1050pg/ml). The third
aim of the study used a standard components kit of Echinacea on
BT-549. The kit consisted of caftaric acid, clonogenic acid, chicoric

acid, cynarin, echinacoside and isobutyl amides that were suspended
in water. The dosage range of the components was 70pg/ml to
1750pg/ml, for 96hr. The components significantly decreased the
proliferation rate of BT-549 at 700pg/pl, in comparison to the DMSO
control cells (Figure 8). Also, the components continued to decrease
the proliferation of BT-549 as the concentration of the components
increased (IC50=1050pg/ml). In all, the standard components kit of
Echinacea demonstrated anti-tumor activity against BT-549 just as
the water soluble extracts of Echinacea demonstrated an anti-tumor
activity against BT-549.

Only the 1/840 dilution of the crude extract of E pallida leaf
decreased the ability of the NK cells to lyse the target cell significantly,
in comparison to the DMSO control cells (Table 1). The decrease
in cytotoxicity of the cells began at the 12:1 ratio and continued to
decrease at the 6:1 as well as the 3:1 ratio. Unfortunately, the NK cells
were dead after they were treated with 1/420 and 1/840 dilutions of
the crude extract of E purpurea root. The 1/1680 and 1/3360 dilutions
of the crude extract of £ purpurea root had no effect on the viability
of'the NK cells. However, the dilutions affected the cytotoxicity of the
cells significantly, in comparison to the DMSO control cells (Table 2).
The decrease in cytotoxicity of the cells began at the 12:1 ratio and
continued to decrease at the 6:1 as well as the 3:1 ratio. The NK cells
were also dead after they were treated with 1/420 and 1/840 dilutions
of the crude extract of £ purpurea leaf. The 1/1680 and 1/3360
dilutions of the crude extract of E purpurea leaf had no effect on the
viability of the NK cells but the cytotoxicity of the cells were effected
significantly, in comparison to the DMSO control cells. The decrease
in cytotoxicity of the NK cells began at the 12:1 ratio and continued to
decrease at the 6:1 as well as the 3:1 ratio. The water soluble extract of
E purpurea root had no effect on the viability of the NK cells and had
no effect on the cytotoxicity of the cells, in comparison to the DMSO
control cells (Table 2). The water soluble extract of E purpurea leaf
had no effect on the viability of the NK cells but had a significant
effect on the cytotoxicity of the cells, in comparison to the DMSO
control cells (Table 3). The decrease in cytotoxicity began at the 12:1
ratio and continued to decrease at the 6:1 as well as the 3:1 ratio.
Lastly, the standard components kit of Echinacea had no effect on
the viability of the NK cells. It also had no significant effect on the
cytotoxicity of the NK cells, in comparison to the DMSO control cells
(Table 4).
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Conclusion

The study indicated that the crude extract of E pallida, crude
extracts of E purpurea, water soluble extracts of E purpurea, and a
standard components kit of Echinacea all exhibited cytotoxic activity
against BT-549. Also, it was noted that the crude extract of E purpurea
root and E purpurea leaf exhibited anti-tumor activity against BT-549
at a lower dosage than E pallida leaf. This could possibly be due to
the chicoric acid, an active component of Echinacea that is primarily
found in E purpurea, which has been noted for its’ anti-tumor activity
in another breast cancer cell line, MCF-7.% In addition, it could be due
to the isobutyl amides, other active components of Echinacea, which
are present in E purpurea in high concentrations.!' Moreover, chicoric
acid and the isobutyl amides could have been working synergistically,
along with the other active components in the crude extracts of £
purpurea, against the proliferation of BT-549 in the study. In addition,
the water soluble extracts of E purpurea root and E purpurea leaf
exhibited anti-tumor activity against BT-549 at a lower dosage than
the crude extracts of E purpurea root and E purpurea leaf. This is
possibly due to the percentage of the unknown compounds in the crude
extracts of E purpurea that may interfere with the anti-tumor activity
of the known active components, in comparison to the water soluble
extracts. Studies have determined that some of the other components
of E purpurea include phenolic acids, butane, simple sugars, sterols
and vanillin.? HPLC of the crude extracts of E purpurea could possibly
indicate that the percentage of the unknown components in the crude
extracts is greater than the percentage of the known components. This
would support the results of the anti-tumor activity against BT-549 by
the crude extracts in comparison to the anti-tumor activity of the water
soluble extracts.

The experiments with the water soluble extract of the roots of £
purpurea also indicated that the cell proliferation of the breast cancer
cells that were exposed to the control, Dimethyl sulfoxide, increased
significantly. In addition, the experiments with the water soluble
extract of the leaves of £ purpurea indicated that the cell proliferation
of the breast cancer cells that were exposed to 70pg/ul, 350pg/pl, and
700pg/ul of DMSO increased significantly. Research was recently
conducted that determined the effect of DMSO on myeloma cells
and doxorubicin-resistant myeloma cells. The study indicated that
low concentrations of DMSO increased the proliferation of the cells.
The study also indicated that the proliferation of the cells was dose-
dependent and could result in a maximal 3.57 fold increase after being
exposed to 0.2% of DMSO.?” Another study, determined the effects of
DMSO on ovarian cancer cells (Caov-3, OVCAR-3, and SK-OV-3).
The study indicated variability in the number of ovarian cancer cells
treated with varying concentrations of DMSO in comparison to the
control, which was the cell medium. The study indicated that cell
proliferation increased among the ovarian cancer cells after they were
treated with DMSO that was added to the medium as well [28]. In all,
both studies provide a plausible explanation of the cell proliferation
in the BT-549 cancer cells in the experiments with the water soluble
extracts of £ purpurea.

The study also noted that the crude extracts of E purpurea root and
E purpurea leaf exhibited an anti-tumor activity against BT-549 at a
lower dosage than the standard components kit of Echinacea. This
could be due to the synergistic effect of unknown compounds in the
crude extract, which are not present in the standard components kit
of Echinacea. Also, the water soluble extracts of £ purpurea root and
E purpurea leaf exhibited an anti-tumor activity against BT-549 at a
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lower dosage than the standard components kit of Echinacea. This
is possibly due to the synergistic effect of the known and unknown
components in the water soluble extracts that were not in the standard
components kit of Echinacea as well. The results of the first three
aims of this study are quite significant because they support an
anti-cancer study that determined a ketopolyacetylene, pentadeca-
(8Z,13Z)-dien-11-yn-Z-one, from the root of £ pallida demonstrated
anti-tumor activity against another breast cancer cell line, MCF-7.1!
The results also supports the results of experiments that indicated
chicoric acid decreased the growth of MCF-7 at high dosages as
well.” The cytotoxic effect of chicoric acid has been noted to reduce
telomerase activity and induce apoptosis via DNA fragmentation in
human colon cancer cells.*® Another study indicated that clonogenic
acid caused apoptosis in leukemia cells (U937) through Caspase
and mitochondria-dependent pathways.’! A study that involved liver
cancer cells, indicated that chlorogenic acid enhanced the effects
of S5-fluorouracil on the cancer cells, which resulted in a significant
decrease in cell proliferation.!® These studies are significant because
chicoric acid and clonogenic acid are components that are found
in the roots of E purpurea as well. They could possibly be two of
the components in the crude extract and water soluble extract of £
purpurea root that significantly reduced the growth of the BT-549
cells in the study. Lastly, the study supports the discovery of the anti-
proliferative activity of cynarin, found in E. pallida, against MCF-7
and its’ enhancement of the cytotoxic activity of the chemotherapy
drug doxorubicin on the MCF-7 cells.®

The results of the effects of the crude extract of E. pallida, crude
extracts of E purpurea, and the water soluble extracts of E purpurea
on the NK cells, do not support in vivo studies with Echinacea and NK
cells. An in vivo study of oral administration of extracts of E pallida
and £ purpurea in normal mice indicated that the cytotoxicity of NK
cells in mice was increased.’! Also, the results do not support an in
vitro study that indicated that water soluble extracts of Echinacea
activated the cytotoxicity of the NK cells.!® The current study,
however, supports an in vitro study that exposed NK cells to a series
of concentrations of Echinacea and noted that cytotoxicity activity of
the cells through the synthesis of granzyme B was not observed.® It
supported another in vivo study that did not observe an altered NK cell
activity in rats that were fed a commercial Echinacea product as well 3
In all, in vitro studies of the effects of crude and water soluble extracts
of E pallida leaf and E pallida root on BT-549 are needed. Moreover,
in vitro studies of the effects of crude and water soluble extracts of
E pallida on other breast cancer cell lines are needed. In addition, in
vitro studies of the effects of crude and water soluble extracts of £
purpurea on other breast cancer cells lines are needed. Also, HPLC
analysis of the crude and water soluble extracts of E pallida leaf, E
purpurea root, E purpurea leaf is needed to determine the percentages
of each known component and unknown components of the extracts.
Furthermore, in vitro studies are needed need to determine which
component or components of Echinacea demonstrate anti-tumor
activity against BT-549 and other breast cancer cell lines. In vitro
studies need to be conducted on the effects of crude and water soluble
extracts of E pallida root on NK cells as well. The results could be
used in further in vivo studies with extracts of Echinacea with NK
cells on normal and breast cancer tumor models.
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