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In Vitro Effect of Some Medicinal Plant Extracts on
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Abstract: The difficulty to treat cancer without side effects by surgery, chemotherapy, radiotherapy
and immunotherapy, has led investigators to look for phytotherapy as a new strategy in cancer
medicine. The immune system plays an important role in anti-tumor defenses, thus, we evaluated the
proliferation potential of aqueous extracts from five medicinal plants on peripheral blood lymphocytes
(PBLs) from 118 properly consented volunteers. We examined the aqueous extract of Thyme, Sage,
Clove, Calament and Black Seed in vitro on PBLs from 100 cancer patients seeking treatment at
Al-Basheer Hospital in Amman and 18 apparently healthy volunteers. PBLs were isolated from
blood samples collected in heparin tubes. Then, Ficoll-Hypaque density gradient centrifugation was
employed to enrich for lymphocytes. Cells were collected in RPMI containing 10% human serum at
10%mL before culturing them at an appropriate density. Three concentrations of the aqueous extract
from each plant were assayed in duplicates on cultured PBLs for 72 hours. Cell proliferation was
quantified using 3-(4, 5-Dimethylthiazol-2yl)-2, 5-diphenyltetrazolium bromide (MTT) standard
method. Phytohemagglutinin (PHA) was used as a positive proliferation control, and sterile RPMI
medium was used as a negative control. Among the five different aqueous extracts used in this study,
only sage aqueous extract demonstrated promising results. Sage extract was effective in proliferating
PBLs of all normal controls and cancer patients tested. Proliferation of the majority of PBLs from
cancer patients was highly effective. However, some samples showed a weaker index of proliferation.
PBLs proliferation exhibited a dose-dependent effect. The effectiveness among cancer patients was
age, sex, cancer-type, and cancer-stage independent. Our data suggest that the aqueous extract of
sage contains a polyclonal mitogen(s) that enhances the immune system in a non-specific fashion.
Keywords: Proliferation Assay, Peripheral Blood Lymphocytes, Medicinal Plants, Sage,
Immunostimulation, Polyclonal Mitogen.
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INTRODUCTION

For centuries natural products with
specific medicinal properties were used to
treat diseases. These medicinal properties were
identified by trial and error. In recent years
alternative medicine gained more popularity
and scientists started investigating these natural
products. Many natural products are believed
to stimulate the body disease-fighting ability
in close proximity with infectious agents and
neoplastic cells by activating the body non-
specific defenses (Block and Mead, 2003).
Stimulation of the humoral immunity is
measured by increased lymphocyte proliferation
and production of specific types of antibodies.
In contrast, changes in the cellular immunity
is assessed in terms of increase in the number
and the activity of many cells, i.e., natural killer
cells, macrophages, lymphokine-activated killer
cells and proliferation of specific T lymphocytes
subsets (Whiteside and Herberman 1994).
Also, immune enhancement is measured by the
stimulation of certain cytokines such as tumor
necrosis factor (Cho and Leung 2000), cellular
release of interferon g and interleukin 2.

The therapeutic use of plants or any of
its components for the treatment of diseases
is collectively called herbal therapy or
phytomedicine. Importantly, over 25% of
our common medicines contain at least some
compounds obtained from plants (University

of Maryland Health Library 2007). East of the
Mediterranean countries (Fertile Crescent) has
over 2000 of the world biota. This represents
about 1% of the world recorded plants. Many
of these plants are considered folkloric
herbs. These herbs have a long history of
usage in healing many diseases especially in
underdeveloped countries. Indeed, the World
Health Organization estimates that 80% of the
people in underdeveloped countries rely on
plant-based medicines for primary health care
{Block and Mead, 2003).

Several reports evaluated the potential of
phyto-products for their immune-modulating
potential against cancer and infections (Cho and
Leung 2007; Lamm and Riggs 2001; Kimura,
et al. 2004), anti microbial effect (El Astal, ef
al. 2003), and their pharmacological use such
as diuretics, laxatives, analeptic and lactagogues
(Block and Mead, 2003). Kimura, er al. (2004),
reported an anti-tumor active ingredient 1solated
from Angelica keiskei roots. Al-Kofahi and
others demonstrated that several Jordanian
plant extracts displayed in virro anti-tumor
effect against human cell lines (Alkofahi, et al.
1988; Alkofahi, er al. 1990; Duda, ef al. 1999).
They reported that these extracts were cytotoxic
against A-549, a human lung carcinoma, MCF-
7, a female breast carcinoma and HT-29, a colon
adenocarcinoma.

Sage is an evergreen perennial herb from
the mint family. Sage takes its name from the
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Latin “Salvare” which roughly translates “to
rescue’ or to “heal”. Sage originally grows along
the Mediterranean coast up to and including the
east side of the Atlantic, and Southern Europe.
Phenolic extract of sage showed antibacterial
activity against limited bacterial species such
as Staphylococcus aureus and Enterococcus (El
Astal, et al. 2003). In contrast, the aqueous extract
of sage was highly effective against a wider
range of microorganisms (El Astal, e al. 2003).
Sage has been reported to enhance memory in
healthy young volunteers (Tildesley, et al. 2003).
Akhondzadeh, et al. (2003) showed (in double
blind, randomized and placebo-controlled trials)
that sage extract was effective in the treatment
of patients with mild to moderate Alzheimer’s
disease. Also, sage aqueous extract was found to
exhibit a remarkable capacity in retarding lipid
oxidation. (Masuda, et al. 2002). Antioxidant
property of extracts from different sage strains
showed different active compounds, such as
estrogen, saponins, and volatile oil (Masuda, et
al. 2002).

MATERIALS AND METHODS

Subjects

The project was approved by the Ethics
Committee of the Islamic Hospital in Amman
and informed consent was obtained from each
individual. Blood samples were collected from
100 properly consented cancer patients seeking
treatment at the Radiotherapy Center, Al-Basheer
Hospital in Amman. Al-Basheer Hospital is
the main referral center for all areas in Jordan.
Similarly, blood samples were collected from
18 apparently healthy control individuals who
were properly informed and consented to the
procedure.

Lymphocytes Preparation

Lymphocytes were isolated using Ficoll-
Hypaque density gradients as described in the
followings: Blood was collected in a vacutainer
tube containing 20U/ml sodium heparin. Blood
was diluted 2:1 with sterile RPMI, and layered
onto Ficoll-Hypaque with ratio of blood/RPMI:
Ficoll maintained 3:1. The blood was centrifuged
at 1800 rpm for 35 minutes at room temperature.
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The lymphocyte layer (Buffy coat) was removed
and washed twice in RPMI 1640 medium (Gibco,
Carlsbad, CA) at 1200 rpm for 10 min each. Cells
were then washed twice with RPMI 1640. Cell
density was determined using a hemocytometer
(Rose, et al. 2002).

Proliferation Assay and Tissue Culture
Freshly obtained lymphocytes were
diluted in RPMI containing 10% human
serum. Our empirical experiments showed that
200,000 lymphocytes per well were sufficient
to get adequate absorbance in MTT assay
(next section). Therefore, 200,000 cells were
cultured in 0.2ml round bottom microtiter
plates. Phytohemagglutinin (PHA) prepared in
sterile RPMI (Epstein, et al. 1971), pH 7.4 at a
concentration of 500mg/ml (Sigma, Saint Louis,
MO). It was added at a final concentration of 1%
in positive control wells. Cultured lymphocytes in
negative control wells received a similar volume
of sterile RPMI. Filter-sterile water extract from
tested plants were added to duplicate wells. Cells
were cultured for 72 hours before 10ml of MTT
solution (final MTT concentration was 0.5mg/ml)
to each well were added (Rodgers, et al. 1992).

MTT Colorimetric Assay

MTT assay depends on its uptake and
reduction by viable cells. The yellow tetrazolium
salt (MTT) is reduced in metabolically active
cells to form insoluble purple formazan crystals
by the mitochondria of viable cells (Epstein, et al.
1971; Rodgers, et al. 1992). Then, MTT crystals
were solubilized by the addition of a dimethyl
sulphoxide (DMSO) detergent. The color can
then be quantified by spectrophotometry. After
culturing cells for 72 hour, 20ml of MTT reagent
was added at a final concentration of 0.5mg/ml for
approximately 2 to 4 hours. Then 100ml DMSO
detergent solution was added to lyse the cells and
solubilize the colored crystals. The samples were
read using an ELISA plate reader at a wavelength
of 570nm. The amount of color produced is
directly proportional to the number of viable
cells. Specific proliferation was determined by
subtracting the negative control readings from
the reading of the experimental wells (Bakri and
Douglas, 2005). The effect of chromagens in all
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medicinal water extracts was excluded by adding
the water extract before ELISA reading at OD,.
The MTT reagent was kept at 4°C in the dark. The
DMSO detergent reagent was prepared fresh at
room temperature and gently mixed by inverting
before use.

Extract Preparation

Commercially available dry plants were
obtained from the household. They were:
Sage, Salvia triloba; Calament, Calamintha
incana; Clove, Syzygium aromaticum; Black
seed, Nigella sativa; and Thyme, Origanum
syriacum. Two grams of each plant were soaked
in 20 ml of double distilled water for 1 hour
before boiling for 10 minutes. The fluid extract
was collected, cooled then filtered using 0.45
micron filters (Millipore, Billerica, MA). The
aqueous extract was spectrophotometrically read
at 600nm. Different batches of the extract were
adjusted to the same A reading to normalize the
concentration of the different batches used. The
extract was stored at 4°C till it was used.

RESULTS

We focused our studies on solid cancers
and we excluded lymphoma and leukemia. Our
samples were obtained from Al-Basheer Hospital,
Amman because 1t is the main center for cancer

radiotherapy in Jordan. The samples studied
are a reflection of the types of cancer in Jordan
(Freedman, et al. 2003). Colon cancer (32 cases)
and breast cancer (31 cases) represented the most
prevalent cancers (63%) of the tested samples.
Other cancers such as lung (9 cases), prostate (7
cases), and ovary (4 cases) are the second highest
group among the studied volunteers from both
sexes as shown in Table 1. The Patients came
to Al-Basheer Hospital from all districts of the
country seeking treatment with radiotherapy.
About half the patients resided in greater Amman
area.

Only sage aqueous extract demonstrated
immunostimulation of peripheral blood
lymphocytes

Thyme, sage, calament, clove and black
seed grow and are folkloric to the populace of the
Fertile Crescent area (Block and Mead, 2003).
Traditional herbalists in the area prescribe these
plants or their products to treat many maladies and
in preventive medicine (University of Maryland
Health Library 2007). To evaluate the efficacy of
immuno-stimulation for these plants, we tested
their water extract for the potential to proliferate
peripheral blood lymphocytes (PBLs) from cancer
patient in vitro. Among the five aqueous extracts,
only sage water extract demonstrated promising
results in proliferating PBLs (Figure 1).

Table 1. Colon and Breast Cancers are the Most Prevalent Types among Jordanian Population. The
distribution of cancer types among one hundred male and female volunteers tested. The volunteers
were seeking treatment at Al-Basheer Hospital, Amman.

Cancer Type Number of Cases

Males Females

Breast 31
Colon
Lung
Prostate
Ovary
Stomach
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Fig. 1. Only Sage Aqueous Extract Induced
Proliferation in Peripheral Blood Lymphocytes
from Volunteers. The PBL of a representative
individual is shown in the figure. Induction was
measured using MTT assay. Average OD570
reading of the negative control using RPMI was
subtracted from each sample. Each sample was
cultured in duplicate wells. PHA as a positive
control is shown on the graph.
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Fig. 2. PBLs Proliferation is Specific.

Proliferation was Concentration-Dependant.
Three concentrations of sage water extract
were tested and the positive control (PHA).
Average OD570 reading of the negative control
using RPMI was subtracted from each sample.
Each sample was cultured in duplicate wells.
Induction of cell proliferation was measured
using MTT assay.

Sage Water Extract Proliferative Effect is
Specific

In order to find out whether PBL
proliferation was specific and systemic, we
tested a large pool of volunteers using three
different concentrations of all five extracts.
First, we found that PBL proliferation using
sage water extract was concentration dependent
as shown in (Figure 2). Second, sage extract
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Fig. 3. Proliferation is Specific: Age, Sex,
Cancer-type and Cancer-stage Independent.
A representative sample shows immuno-
stimulation of PBLs of randomly selected
twenty patients. Average OD570 reading of the
negative control using RPMI was subtracted
from each sample. Triangles represent sage
treatment and squares are the PHA (positive
control). Each sample was cultured in duplicate
wells. Induction of cell proliferation was
measured using MTT assay.

Healthy Volunteers

Fig. 4. Sage Water Extract Proliferate PBLs
from Healthy Volunteers. PBLs from ten
normal individuals were tested for their
potential to proliferate after incubation with
40ml of sage water extract or clove water
extract in a standard MTT assay. Average
OD570 reading of the negative control using
RPMI was subtracted from each sample.
Each sample was cultured in duplicate wells.
Induction of cell proliferation was measured
using MTT assay.

stimulated the proliferation of PBLs in all
cancer volunteers irrespective of their age,
sex, type of cancer and stage of cancer as
shown in (Figure 3). In a parallel control
experiment we tested the proliferation of PBLs
obtained from apparently healthy volunteers.
Similarly, only sage water extract stimulated
the proliferation of peripheral blood cells from
normal individuals as shown in (Figure 4).
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DISCUSSION

We investigated only solid cancers and
excluded all types of blood cancers. The sample
studied was a reflection of the highly prevalent
types of cancers in Jordan and the area (Freedman,
et al. 2003). Our results demonstrate that sage
water extract contains a fraction that has the
potential to stimulate the immune defenses of
healthy individuals and cancer patients in vitro.
Our data suggest that this fraction is likely a
non-specific polyclonal mitogen(s). Evidence
supporting this assumption comes from the fact
that this fraction induces mitosis in PBLs from
different clonal origins, and a wide range of HLA
haplotypes (taken from a large pool of volunteers).
Additionally, we observed this effect on healthy
individuals and cancer patients. Moreover, the
proliferation was cancer-type and cancer-stage
independent. Importantly, it remains to identify
this fraction and find out the mechanism of action
for the immuno-modulating activity. It is well
established that natural killer cells, lymphokine
activated cells (LAK), macrophages and
lymphocytes play a major role in the responses
against tumors (Cho and Leung 2007).

Phytomedicine mechanisms of action
are not well known. In vitro studies on ginseng
suggest that it may enhance the effects of
medications used to treat breast cancer (Alkofahi,
et al. 1988). Garlic has antioxidants that scavenge
free radicals thereby it protects damage to cell
membranes and genetic material. Also, garlic has
properties that fight aging, the development of
heart disease and cancer (Alkofahi, er al. 1990,
Duda, et al. 1999). Other investigators reported
that garlic has a direct toxic effect to several cancer
cells in tissue culture, but these effects cannot
explain the inhibition of growth of transplanted
cancer in animal models (Lamm and Riggs,
2001). However; recent reports demonstrate the
presence of an anti-protease activity in garlic
extract, suggesting the inhibition of metastasis
of cancer could be through proteolytic inhibition
(Bakri and Douglas, 2003). Similarly, a diet rich
in lutein (from celery, spinach, broccoli, lettuce,
tomatoes, oranges, carrots, and greens) is reported
to prevent the formation of cancerous tumors in
mice (Zheng, et al. 1993). Importantly, a large

epidemiological study found that consumption
of a diet rich in lutein was significantly effective
against the development of colorectal cancer
(Slattery, er al. 2000). Another anticancer
mechanism may be related to inhibition of cancer.
Curcumin was reported to inhibit proliferation
of cancer cells and metastasis by induction of
apoptosis, and inhibition of angiogenesis (Dorai,
et al. 2001).

Many natural products stimulate the body
disease-fighting ability in close proximity with
infectious agents and neoplastic cells by activating
the body non-specific defenses (Block and Mead
2003; Whiteside, et al. 1994; Cho and Leung,
2007). Most T cells are stimulated by PHA, a
lectin extracted from red kidney beans (Epstein,
et al. 1971) or by concanavilin-A, another lectin
extracted from castor beans (Roitt, et al. 2001).
The mechanism of action of these molecules
depends on binding to T cell surface molecules
including the T cell receptor complex causing
them to cluster on the cell surface mimicking
the clustering caused by antigen presentation.
Such mitogens however, will activate T cells
regardless of their antigen specificity (Roitt, et
al. 2001). Our data suggest that the immuno-
stimulant fraction in sage water extract is likely
polysaccharides. This suggestion is supported by
its ability to survive relatively high temperature
during extraction. In a recent study that is in line
with our results, Ebringerovd, et. al., found that
water extracted polysaccharides from the aerial
parts of Salvia officinalis and extracts from other
plantsdemonstrated immunomodulatory activities
using the in vitro mitogenic and comitogenic rat
thymocyte tests. They have shown that these
chemically active compounds act as adjuvants
(Ebringerova, et al. 2003).

Our results are in agreement with those
reported in the literature earlier about sage and
other plants (Block and Mead 2003; Cho and
Leung 2007; Ebringerovd et al 2003; Zozulia and
lurchenko, 2000). Several investigators reviewed
the effects of three commonly used plants in the
west on the immune system (Block and Mead
2003; Cho and Leung, 2007). They reported that
Ginseng, Astragalus and Echinacea have several
immuno-modulating activities of several types,
including enhancement of levels of activity
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of specific cell types associated with disease
resistance and cancer. It is noted that limited
studies reported that these herbs have tumoricidal
potential (Cho and Leung, 2007). Other herbs are
reported to boost the immune system (Quan, et al.
2007). Spirulina has been used in Russia to treat
the victims, especially children, of the nuclear
disaster at Chernobyl. In these children, whose
bone marrow had been damaged from radiation
exposure, spirulina seemed to boost the immune
system (Zozulia and Iurchenko, 2000).

The explanation for the presence of an
immuno-stimulating fraction in sage and not in
the four other herbs tested in our study could be
related to the method of extraction rather than the
absence of these immune-modulators in the other
herbs. In fact, El-Asatl and his team prepared
aqueous, ethanolic, methanolic and phenolic
extracts from different folkloric plants and
tested them against several microorganisms. The
aqueous extracts of sage and thyme were effective
against most of the tested microorganisms. In
contrast, sage and thyme phenolic extracts showed
antibacterial activity against limited number of
microorganisms.

Inconclusion, theresultsof thisinvestigation
indicate the presence of a thermophilic fraction
from sage water extract that has the potential
to stimulate cell division in peripheral blood
lymphocytes from cancer patients as well as
healthy individuals. The activity is specific and
dose dependent. The exact mechanism by which
this fraction exerts its action is not yet known.
However; in order to translate our findings
into possible in vivo therapy, it is paramount
to identify this fraction and to test its ability to
induce cytokines such as tumor necrosis factor-
a, interleukins and interferons before this
proliferative activity could be studied on animal
models.
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