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Abstract

Aim: This study aims to investigate the possible effects of aqueous Echinacea (E. Purpurea, whole plant) extract
on Adenosine deaminase (ADA) activity in cancerous and non-cancerous human gastric and colon tissues.

Materials and Methods: Thirty three cancerous and 33 non-cancerous human gastric tissues, and 25 cancerous
and non-cancerous human colon tissues removed by surgical operations were studied. In the samples, adenosine
deaminase activities were measured with and without extract incubation.

Results: It has been observed that Echinacea extract inhibits ADA enzyme in cancerous gastric tissues
significantly. It exerts however no inhibitory effects on the ADA activities in the other tissues.

Conclusion: It is proposed that inhibition of ADA enzyme by the Echinacea extract might play part in anti-cancer
mechanism of Echinacea in some cancers like gastric cancer.
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Introduction
Cancer is a worldwide disease on which great effort is made, and it

is still a major problem for all people in the world. The scientists have
long been looking to natural remedies for the treatment of cancer
because of side effects of classical cancer therapies. Therefore, it has
been studied to find medical and nutritional solutions to cure the
disease and support the patient's therapy. With the findings that
treatment of some types of cancers with plant sources may give rise to
positive results, intense effort has been started on possible beneficial
potentials of plants in cancer therapy.

There are many factors for cancer process in humans. It has been
argued that most of the cancers are caused by environmental factors,
and 30–40% of these cancers are found to be directly linked to the diet
[1]. While many dietary recommendations have been proposed to
reduce the risk of cancer, unfortunately few have significant supporting
scientific evidence [2].

Adenosine deaminase (ADA) is an important enzyme in cancer
metabolism (EC 3.5.4.4). It is present almost in all mammalian cells,
and its primary function in human beings is thought to be related to
the immune system [3]. However, the full physiological role of ADA is
not completely understood [4]. ADA association has also been
observed with several metabolic events in the body [3,5]. It has also
been proposed that ADA, in addition to its role in adenosine
breakdown, stimulates release of excitatory amino acids, and functions
in the coupling of A1 adenosine receptors and heterotrimeric G
proteins [3,4].

Some chemicals with ADA inhibiting potential have been used for
chemoterapeutic purposes in some types of cancers. Use of ADA
inhibitors has helped much in understanding the mechanism of action
of adenosine metabolites and analogs, and has also led to the
understanding of the regulatory processes associated with
immunodeficiency characterized by a lack of ADA [6]. Pentostatin
(Nipent) is a medicine having potential to inhibit adenosine deaminase
enzyme. ADA inhibition blocks the deamination reactions in the
purine salvage pathway, result of which is the inhibition of
Ribonucleotide reductase. This process depletes the nucleotide pool
and limits DNA synthesis [7].

Echinacea is one of the most popular herbs in the world today.
Throughout history, people have used Echinacea to treat several
diseases including cancer. Today, people use Echinacea to help boost
the immune system and help the body fight infections [8]. Echinacea is
a perennial plant which belongs to the Asteraceae family [9]. Several
classes of active constituents have been identified in Echinacea species
including caffeic acid derivatives, alkylamides, polyacetylenes, and
polysaccharides which are responsible for the anti-inflammatory,
immunostimulatory, antioxidant and cicatrising activities of this plant
[10]. Actually, the therapeutic use of Echinacea extracts is mostly for
the prevention and treatment of upper respiratory tract infections and
influenza symptoms [11-13]. Echinacea preparations are widely used
remedies in Complementary and Alternative Medicine [14]. In fact,
Echinacea is one of the most popular agent used in cancer patients this
use is often an arbitrary choice of the single patient [15,16]. Efficacy
of Echinacea extracts in anticancer therapy has been proposed to be
related to their well-documented immunostimulatory activities due to
high molecular weight polysaccharides and alkylamides that, in turn,
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can induce a functional increase of natural killer cells [17,18]. There is
evidence suggesting that some phytochemicals in Echinacea might
have the capacity to reduce tumors and virus infections [19-25]. The
immunostimulating effects of Echinacea in vivo are exclusive to cells
mediating spontaneous immunity and their accessory cells [26].

However, to our knowledge, possible effect of Echinacea on human
cancer cells, and parameters playing role in cancer metabolism has not
been investigated until now. The aim of present study was to investigate
possible potential effect of aquoeus Echinacea extract on the ADA
enzyme activity in cancerous and non-cancerous human gastric and
colon tissues. The subject seems of importance since
Echinacea extracts are mostly used in association with conventional
chemotherapy in advanced gastroenteric tumors [27,28].

Materials and Methods
Thirty three cancerous gastric tissues and 33 non-cancerous

adjacent gastric tissues were obtained from patients with gastric cancer
by surgical operation. Similarly, cancerous and noncancerous colon
tissues were obtained from 25 patients with colon cancer. Tissues were
first cleaned by saline solution and stored at -80ºC until analysis. In the
analysis process, they were first homogenized in saline solution (20%,
w/v). After homogenization, samples were centrifuged at 5000 rpm for
30 min to remove debris and to obtain clear supernatant fraction.
Analyses were performed in this fraction [29].

The extracts were prepared by soaking ground Echinacea powder
(E. Purpurea, whole plant) into the distilled water at the concentration
of 10% (w/v) and waiting for 24 h at room temperature by
continuously rotating. After the debris was removed, supernatants
were centrifuged at 10.000 rpm for 20 min and upper clear part was
removed to be used in the assays [30].

Protein concentrations of the tissues were measured by Lowry
method [31] and ADA activity was measured by the method of Guisti
[32]. Lowry method is based on Cu- protein complex formation of
phosphomolibdic and phosphotungistic acid with the formation of
blue colour. ADA activity measurements were performed with and
without plant extract for 1 h. This method is based on the
measurement of ammonia occurred after deamination reaction by the
catlayzing effect of ADA. Statistical evaluations were made by using
Wilcoxon test and values lower than 0.05 were evaluated significant.

Results
Results are shown in the Table 1. As seen from the table, Echinacea

extract inhibits ADA enzyme in cancerous gastric tissue significantly
but not in noncancerous one. Additionally, it seems that it has also
effect on ADA enzyme neither in cancerous nor in noncancerous
human colon tissues.

Malign tisssue Benign tissue

A- 12.1 ± 7.68 10.20 ± 8.30

B- 4.91 ± 3.03 8.90 ± 7.02

C- 5,8 ± 3.5 5,9 ± 3.7

D- 4,6 ± 2.8 4,9 ± 3.0

Statistical evaluation (Wilcoxon test)

A-B: 0.026* 0.32

C-D 0.36 0.22

Table 1: Effects of Echinacea extract on ADA activities in cancerous
and non-cancerous human gastric (n=33) and colon tissues (n=25) A-
Gastric tissue ADA activity without extract; B-Gastric tissue ADA
activity with Echinacea extract; C-Colon tissue ADA activity without
extract; D-Colon tissue ADA activity with Echinacea extract *p<0.05
value was evaluated significant n.s Non-significant.

Discussion
Nutritional foods are important for the treatment of some types of

cancers, leading to the development of potential novel agents. Several
of the molecules obtained from foods have been shown to exert
anticancer activities on cancer cells. These effects have been observed
through in vitro and in vivo animal studies [33-35].

Echinacea purpurea L. is one of the medicinal plants widely used for
the treatment of several diseases including cancer. It has been reported
that Alkylamides of E. purpurea extract could effectively enhance
phagocytosis of mice alveolar macrophages [36]. In a study, it has been
reported that oral administration of Echinacea extracts to mice
increases production of anti-inflammatory cytokines IL-4 and IL-10,
but decreases production of TNF-α and IL-1β in spleen cells,
suggesting that Echinacea may modulate macrophage function to be
anti-inflammatory via a decreased Proinflammatory/Anti-
inflammatory cytokine ratio [37]. The Immuno-stimulating properties
are attributed to the bioactive phytochemicals. Among these, Caffeic
acid derivatives, especially Cichoric acid, possess many bioactive
functions including Anti-oxidant, Anti-hyaluronidase and antiviral
activity etc. [38-40]. Thus, cichoric acid is mostly used as marker to
determine the medicinal quality of Echinacea products [41]. It has
been found that Echinacea extract exhibits good Antimutagenic
activities as well [42].

Despite its well-known immune enhancing role, the effects
of Echinacea on cancer cells are still elusive and paradoxical. It has
been shown that Echinacea root extracts have cytotoxic effects on
pancreatic cancer cell line in a concentration- and time-dependent
manner [43].In contrast, other previous studies showed
that Echinacea extracts may compromise doxorubicin chemotherapy
by promoting cell proliferation in breast and cervical cancer cells [44].
There is a report indicating that daily consumption of Echinacea is
prophylactic and significantly alleviates leukemia in mouse model [45].
However, to date, a direct effect of Echinacea extracts on human cancer
cells have not been established. In a study, it has been found that the
extract of Echinacea has cytotoxic effects on colon cancer cell line [46].
In another study, it has been shown that Cichoric acid in Echinacea
extract has a strong growth-inhibitory effect against colon cancer cells,
presumably resulting from the reduced telomerase activity and the
induction of apoptosis. In this study, it has been pointed out that the
exact mechanism of action should still be determined in future studies.
Overall, the effects of aqueous Echinacea extract may have provided in
vitro evidence for the use as hemotherapeutic agents [47].

In our previous studies, we have found that extracts prepared from
some plants like Taxus brefolia [48], Sillybum marianum [49] and
Curcuma longa [50] could make significant inhibitions on the ADA
activities in cancerous human gastric and colon tissues. In this study,
we have also obtained similar results with Echinacea for gastric cancer.
As seen from the results (Table 1), Echinacea extract significantly
inhibits gastric tissue ADA activity in cancerous tissue, but not in
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noncancerous tissue. Moreover, it exerted no inhibitory potential on
the ADA activity in cancerous and noncancerous human colon tissues.

Our results show that aquoeus Echinacea extract can inhibit ADA
enzyme in cancerous gastric tissues significantly but does not affect the
enzyme activities in the other tissues. It seems quite possible that
accumulated adenosine due to the inhibition of ADA enzyme might
play an important function in the anti-cancer properties of Echinacea
in gastric tissue, possibly through inhibition of Ribonucleotide
reductase and depletion of nucleotide pool for new DNA synthesis.
This action may result from chemical constituents in the Echinacea
extract, which are mainly caffeic acid derivatives, alkylamides,
polyacetylenes, and polysaccharides. In fact, these constituents are
supposed to have antiinflammatory, immunostimulatory, antioxidant
and cicatrising activities. Some other chemicals in Echinacea might
also play a part in the inhibiting potential of the plant on the ADA
activity in gastric cancer tissue. It would be necessary to carry out
further analyses to clarify the matter.

The results of this study also show that effects of Echinacea are not
only resulted from its immune system activating potential but also
from inhibiting potentials on some key enzymes functioning
significant roles in cancer process in some cancerous tissues.
Therefore, further researches including cell culture and animal studies
are needed to obtain more descriptive information about the subject.
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