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Abstract

Plants growing in the Judea region are widely used in traditional medicine. This phytogeographic zone stands
out in its climatic conditions and biodiversity. Consequently, both endemic and widely distributed Mediter-
ranean plants growing in the area have unique chemotypes characterized by accumulation of relatively high
levels of phytosteroids. Our comprehensive analysis revealed that many of the plants growing in the Judea
region may hold a geroprotective potential. With this in mind, we undertook a wide screen of dozens of
candidate herbal extracts for their cell protective, wound-healing, anti-inflammatory, and anti-cancer activities.
The results obtained thus far have clearly shown that the extracts tested (1) protect normal human fibroblasts
from genotoxic stress (prevent DNA double-strand beaks, increase cell survival and reduce the number of cells
undergoing cellular senescence), (2) decrease secretion of pro-inflammatory cytokines, (3) promote wound
healing, and (4) exert more pronounced cytotoxicity toward cancer cells.

Introduction

Although ‘‘magic bullets’’ still remain a dream of
gerontology, we should not neglect any option in com-

bating aging and age-related diseases (ARDs). Among valu-
able sources of geroprotectors could be medicinal herbs that
for centuries have been used in folk medicine.1 Because
herbal extracts are complex mixtures of active compounds
that simultaneously act on hundreds of targets in the human
genome,2 it is reasonable to suggest that their multi-target
properties allow them to hold a considerable geroprotective
potential3,4 and to be superior to conventional agents that
affect only one target at a time.5 From the network-based
perspective, partial inhibition of several targets could be more
efficient than the complete inhibition of a single target,5–8

making the plant extracts a promising category for developing
the next generation of pharmacological agents with a pleio-
tropic mode of action. In fact, ethno-medical knowledge could
facilitate the discovery of new drugs by providing a prelimi-
nary list of the most promising candidate plants. Besides
shortening the pipeline to drug discovery, using medicinal
plants as a starting point has another advantage of potentially
reducing the toxic side effects, because active compounds
from plants that have already been used by humans are likely
to be safer than those with no history of human use.

Plants growing in phytogeographic zones found at the in-
tersection of different climates are of particular interest. The
flora of these regions is subjected to highly stressful conditions
that cause local herbs to accumulate relatively high levels
of bioactive compounds. The Judea region in Israel is one of
such stressful phytogeographic zones because it is situated
between the Judean Hills, with an elevation of up to 1000
meters above sea level, a rainy Mediterranean climate, and the
Dead Sea, which is the lowest place on earth (more than 400
meters below sea level), with constantly warm and dry con-
ditions. As a result of this permanent stress, on a narrow strip
of land of only 30 km in width, both endemic and widely
distributed Mediterranean plants growing in the area have
acquired unique chemotypes with various medicinal uses.9–11

Considering that the Judea region is a biodiversity spot and
a valuable resource of plants with potential use in medicine, we
have undertaken extensive data mining of scientific literature
and ethno-pharmacological surveys to identify medicinal
applications of the local vegetation.11(and references therein)

The combined dataset of the plants growing in the Judea re-
gion (Judea Mountains, Judea Desert, and Dead Sea valley)
contained 1291 plant species, of which 332 plants (25%) have
been reported to have medicinal uses. Further analysis showed
that a considerable portion of the medicinal plants exerted
anti-inflammatory, anti-oxidant, anti-cancer, and anti-diabetic
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activities—all of which can be classified as geroprotective. Of
note, among the potential targets of the Judean plants are many
longevity- and ARD-associated genes.11 Thus, plant materials
already known to be effective against at least one age-related
disease (ARD) are more likely to be active against the others.
With this in mind, we have screened the extracts from the
selected Judean plants for potential geroprotective activities,
using primary cultures of human foreskin fibroblasts (HFF) and
human dermal fibroblasts (HDF) and human ovarian carcinoma
cells as model systems. Here, we present the results of this
screen, with a focus on the top hit extracts possessing cyto-
protective, anti-inflammatory and wound-healing activities.

Materials and Methods

Preparation of herbal extracts

Ethanol extracts were prepared from the aerial parts of
plants. The timing of the plants collection was as close as
possible to the period in which they are supposed to possess
the highest level of therapeutic activity as determined by the
available ethno-pharmacological knowledge. The collected
plant tissues were dried for at least 2–3 days, ground to
powder, dissolved in ethanol, and incubated at room tem-
perature for 48 hr; they were then centrifuged at 2000 rpm
for 10 min. The supernatant was evaporated by lyophiliza-
tion, and the pellet was dissolved in a minimal amount of
absolute ethanol (0.5 mL). The concentrations of the resul-
tant stocks were in the range of 25–60 mg/mL.

Cell cultures

Primary cultures of HFF and HDF and the human ovarian
SKOV3 carcinoma cell line were grown in Dulbecco modified
Eagle medium (DMEM) or minimum essential medium-a
(MEMa), respectively, supplemented with 10% fetal calf se-
rum (FCS), 1% L-glutamine, and 1% penicillin/streptomycin.
All products for cell cultures were from Biological Industries
Israel Beit Haemek Ltd. Cell cultures were grown under
standard conditions of 37�C and 5% CO2.

Cytotoxicity assay

Non-toxic concentrations of the herbal extracts were de-
termined by the Neutral Red assay as described by us
elsewhere.12 Briefly, the cells were plated in 96-well plates
(5 · 103/well), and logarithmically-increasing concentra-
tions of plant extracts were added 24 hr later. Cells were
incubated for additional 24 hr, the medium was aspirated,
and cells were washed with phosphate-buffered saline (PBS)
and incubated with Neutral Red solution (0.21% in ethanol/
water solution 1:100) for 2 hr. After extensive washing with
PBS, cells were solubilized with Sorenson’s buffer
(30.5 mM disodium citrate, 19.4 mM HCl, 50% ethanol) for
15 min with agitation, and the intensity of color was read in
an enzyme-linked immunosorbent assay (ELISA) reader at
570 nm. All samples were run in five to six replicates.

Treatments

To induce genotoxic stress, the cells were incubated with
the indicated concentration of etoposide (Sigma Aldrich,
USA) for 12 hr as described elsewhere.13 To test for the
cytoprotective and other effects of plant extracts, they were

added to the incubation medium at the indicated concen-
trations 30 min prior to etoposide and co-incubated for 24 hr.

Western blotting

The level of double-strand breaks (DSBs) was evaluated by
western blotting, with the monoclonal anti-c-H2AX foci anti-
body (1:2000 dilution; AbCam, cat. no. ab22551). The western
blotting procedure was described by us elsewhere.14 Briefly,
equal amounts of protein samples were mixed with Laemmli
sample buffer and separated on 7.5 or 10% sodium dodecyl
sulfate (SDS) polyacrylamide gels. Proteins were electroblotted
onto nitrocellulose membranes in Tris-glycine buffer (25 mM
Tris, 192 mM glycine, pH 8.3, 20% methanol) using a mini-
Protean Trans-blot apparatus (BioRad). Filters were blocked
with 5% non-fat milk in Tris-buffered saline + Tween 20 (TBS-
T) buffer (100 mM Tris-HCl, pH 7.6, 150 mM NaCl, 0.1%
Tween 20) for 1 hr, and probed with relevant primary antibodies
for 1 hr at room temperature or overnight at 4�C. After incu-
bation with horseradish peroxidase (HRPO)-conjugated sec-
ondary antibody, membranes were processed using an enhanced
chemiluminescense kit (ECL; Amersham), as recommended by
suppliers, and visualized on Kodak BioMax MR-1 films.

Enzyme-linked immunosrobent assay

After exposure to etoposide or etoposide + plant extract
(see above), cells were allowed 24 hr to recover. The me-
dium was replaced by the GIBCO opti-MEM reduced serum
medium for a 3-day incubation. The medium collected from
etoposide-treated and etoposide-untreated cultures was di-
luted 1:50, and samples were processed by ELISA for the
measurement of interleukin- (IL-6) and IL-8, using materials
supplied by and according to the protocols of R&D Systems
(USA). Cytokine levels are expressed in pg/mL medium.

In vitro wound-healing assay

Ibidi silicone wound healing inserts (Ibidi, USA, cat. no.
80241) were placed in 12-well plates. HDF or HFF were
seeded in the inserts, according to the manufacturer’s recom-
mendation, and incubated overnight to achieve full confluence.
The inserts were carefully removed from the plates, leaving a
500-lm wide gap between the monolayers. At that time, the
medium was replaced by fresh DMEM for the control or
supplemented with the indicated doses of the plant extracts.
Kinetics of gap closure was measured using the Olympus IX2
series microscope (Digital Camera at 10–40 · resolution). Im-
age analysis of the free cell areas was performed using the
ImageJ software (http://rsb.info.nih.gov/ij/).

Statistical evaluation

The statistical package for the social sciences (SPSS, Inc.,
Chicago, IL) software was used for the statistical evaluation
of the results. Statistical evaluation was carried out using
factorial analysis (analysis of variance [ANOVA]) to test for
differences between the control and the experimental groups.
Values of p < 0.05 were considered statistically significant.

Results and Discussion

Dual effects on cell growth

After a preliminary screen, six extracts from the Judean
plants (Achillea santolina, Calotropis procera, Cistus
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creticus, Phlomis viscosa, Varthemia iphionoides, and
Withania somnifera) were selected for further analysis. Most
of the extracts display a dual dose-dependent effect on cell
growth of HFF and HDF. While cytotoxic at high doses
(10 - 3–10 - 2 dilutions), they promoted proliferation at lower
doses (10 - 8–10 - 6 dilutions). An important point is that the
activation of cell proliferation was not observed in cancer
cells (data not shown). Moreover, in the case of P. viscosa
and W. somnifera, the extracts stimulated HFF growth in a
wide dose-range (10 - 9–10 - 4 dilutions; from 30 and 25 pg/
mL to 3 and 2.5 lg/mL medium, respectively), whereas in
SKOV3 ovarian carcinoma cells, the same doses exerted a
slight cytotoxic effect (Fig. 1).

Cytoprotective effects

A common feature of various medicinal applications of
the Judean plants suggests a cytoprotective activity.11

Therefore, these plants are good candidates for aiding the
organism in resisting various forms of genotoxic stress. In
fact, such a property of herbal preparations could contribute
immensely to human well-being, because the capability to
cope with genotoxic stress (such as thermal or oxidative
insults, ionizing radiation, exposure to carcinogens, and
inflammatory burden) is one of the important determinants
of survival and longevity (for review, see refs. 15–17). With
this in mind, we exposed cultured fibroblasts to etoposide, a
well-known cytotoxic agent that induces formation of DNA
DSBs,18,19 one of the most dangerous types of DNA dam-
age. Specifically, on the basis of the DNA damage dose–
response of cultured HFF to etoposide (data not shown) and
literature data,13(and references therein) we selected the etoposide
concentration of 100 lM. As seen in Fig. 2A–E, the extracts
of V. iphionoides, C. procera, and A. santolina considerably
reduced the cytotoxic effect of etoposide. We further ex-
amined whether the observed cytoprotective effect is at-
tributed to attenuation of etoposide-induced DNA damage
and found that supplementation of these plant extracts led to
a remarkable reduction in the amount of DSBs (evaluated by

the formation of c-H2AX foci), even below the basal level
(Fig. 2F).

Secretion of pro-inflammatory cytokines

Another hallmark of aging and ARDs is activation of
pathways leading to chronic inflammation (‘‘inflamma-
ging’’),17,20 including the involvement of pro-inflammatory
cytokines (tumor necrosis factor-a [TNF-a, IL-1b, IL-6),
chemokines (IL-8), adhesion molecules, and other pro-
inflammatory factors.21 The DNA damage response to eto-
poside was shown to be accompanied by overexpression of
IL-6, IL-8, and others.13 Taking this into account, we have
examined the impact of our extracts on the secretion of IL-6
and IL-8 by etoposide-treated versus control fibroblasts.
Incubation with etoposide increased the secretion of these
cytokines by approximately 2.5-fold as compared to the
untreated control (Fig. 3). Addition of the V. iphionoides
and C. creticus extracts led to a significant decrease
( p < 10 - 4 for all tested samples; ANOVA) in the cytokine
levels, both in the controls and the etoposide-treated sam-
ples (Fig. 3). Of note, supplementation of these plant ex-
tracts ameliorated the etoposide-induced elevation in
cytokine secretion to a level close to that of control cultures.

Wound healing

In various organs, including the skin, the rate of wound
healing (WH) decreases with advanced age.22(and references

therein) Therefore, another geroprotective property that was
measured in this study was the ability of the extracts to
modulate the rate of WH using the in vitro model. The most
potent effect on the rate of gap closure was observed for the
extract of P. viscosa (Fig. 4). Addition of this extract led to a
significant acceleration of WH ( p = 0.003) and almost
complete closure of the cell-free area after 24 hr of incu-
bation (0.2 vs. 0.65 mm2 in extract-treated and control cul-
tures, respectively; p < 0.05) (Fig. 4A). The differences in
the course of gap closure are clearly seen in the light mi-
croscopy photos taken at various time points (Fig. 4B).

FIG. 1. Effect of selected plant extracts (Phlomis viscosa, Withania somnifera) on cell growth in human foreskin
fibroblasts (HFF; continuous line) and ovarian carcinoma SKOV3 cell (dashed line) cultures. The concentrations of the
stocks were 30 and 25.2 mg/mL for the P. viscosa and W. somnifera extracts, respectively. The number of viable cells was
measured by the Neutral Red assay and expressed as percent of control (untreated) cells. Each point represents the mean of
five to six replicates. The standard errors of the means were less than 6% and as such were not indicated on the graph.
Differences between treated and control cultures and between HFF and SKOV3 were highly significant ( p < 0.001; analysis
of variance [ANOVA]).
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Concluding Remarks

This work represents the first screen aimed at uncovering
the geroprotective potential of the plants growing in the
Judea region. The results obtained thus far have clearly
shown that several extracts tested (1) protect normal human

fibroblasts from genotoxic stress by preventing DSBs, (2)
decrease secretion of pro-inflammatory cytokines (IL-6 and
IL-8), (3) promote in vitro WH, and (4) exert more pro-
nounced cytotoxicity toward cancer cells. The natural de-
velopment of this work would be high-performance liquid
chromatography (HPLC) fractionation of the top hit extracts

FIG. 2. Cytoprotective effects of selected plant extracts on etoposide-induced DNA damage and cytotoxicity. (A–E) Light
microscopy of cultured human foreskin fibroblasts: (A) untreated cells; (B) treated with 100 lM etoposide; (C) treated with
100 lM etoposide and Varthemia iphionoides extract (162 ng/mL); (D) treated with 100 lM etoposide and Calotropis
procera extract (40 ng/mL); (E) treated with 100 lM etoposide and Achillea santolina extract (45 ng/mL). (F) Western blot
(WB) for double-strand breaks (DSBs) in human foreskin fibroblasts using the anti-c-H2AX foci antibody. Lanes 1–5
correspond to A–E. The extracts were added to incubation medium 30 min prior to etoposide and co-incubated for 24 hr.

FIG. 3. Effect of plants extracts (Varthemia iphionoides and Cistus Creticus, 162 and 60 ng/mL medium, respectively) on
the secretion of pro-inflammatory cytokines interleukin-6 (IL-6) (left diagram) and IL-8 (right diagram) by the primary
cultures of human dermal fibroblasts. Black columns, etoposide-treated cultures; grey columns, etoposide-untreated cul-
tures. Results are presented as mean of triplicates from one of two representative experiments. The standard errors of the
means were less than 5%. The effect of plant extracts was highly significant ( p < 10 - 4).
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to identify groups of compounds that stand behind the ger-
oprotective properties. We have already obtained fractions
from the extract of V. iphionoides that are enriched in var-
ious water-soluble compounds, polysaccharides, polyphe-
nols, flavonoids, and saponins. From this perspective, it
would be of special interest to examine the fractions con-
taining the polysaccharides, polyphenols, and flavonoids, as
compounds belonging to these chemical classes have al-
ready been shown to possess geroprotective activities. Ex-
amples include myricetin found in many edible plants,23

tyrosol,24 and secoiridoid polyphenols25 from olive oil, and
the whole-apple extracts that are enriched in flavonoids.26

The above compounds or extracts increased the resistance to
stress and extended life span in the nematode Cae-
norhabditis elegans24–26 or exhibited anti-cancer activity
and prevented induction of cellular senescence.26 With re-
gard to the reported data and on the basis of results obtained
in this study, the Judean plants warrant further experimental
investigation for their geroprotective activity.
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