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ABSTRACT

Several studies have demonstrated that Teucrium orientale (T. orientale) species have therapeutic advantages, such
as antioxidant, bacteriostatic, spasmolytic, and anti-inflammatory activity. This study aimed to assess the possible
antidiabetic and anticancer activities of T. orientale leaf hydrophilic extracts collected from two distinct
geographic regions in Palestine: Jerusalem and Ramallah. T. orientale hydrophilic extract was tested for its
antidiabetic and anticancer properties on a-amylase activity and Lewis Lung Carcinoma (LLC) cells, respectively.
The anticancer effect on LLC was evaluated by flow cytometry for cell proliferation and Annexin-V/propidium
iodide (PI) staining for cell apoptosis. The T. orientale extract from Jerusalem had an IC50 of 7.434+0.84 pg/ml for
inhibiting a-amylase enzyme activity, whereas the Ramallah extract had an IC50 value of 23.2+0.29 pg/ml. These
values were compared to the positive control, Acarbose, which had an IC50 of 43.91+1.08 pg/ml. LLC cells were
treated with one of the two extracts of T. orientale at different concentrations (0, 50, 100, 200, and 400 pg/ml) for
24 hours, and cell proliferation was assessed using an XTT assay. Total inhibition of LLC proliferation was
achieved at 400 pg/ml in both extracts. The T. orientale extract from Jerusalem demonstrated a more efficient
inhibitory effect at lower concentrations. Increasing concentrations of T. orientale (50, 100, 200, and 400 mg/ml)
from the two geographic areas, Ramallah and Jerusalem, had no effect on the apoptosis rate in the control group.
In contrast, elevated rates of apoptosis were observed following treatment with T. orientale extract in LLC cells at
all tested concentrations, and this was positively associated with the late apoptosis marker Annexin-V+/Pl+.
Moreover, the T. orientale extract from Jerusalem exhibited an apoptotic rate of 90+3.4% at the highest
concentration of 400 mg/ml, compared to 62.6+3.4% following treatment with the Ramallah extract. This suggests
that the T. orientale extract from Jerusalem induced apoptosis in LLC cells more efficiently than the extract from
Ramallah. The extracts derived from T. orientale show promising potential as a natural antidiabetic and anticancer
agent, as evidenced by their ability to inhibit the a-amylase enzyme, impede the growth of LLC cells, and enhance
apoptosis. Further in vivo and preclinical investigations are required to validate these effects.
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INTRODUCTION
The Mediterranean basin is home to over 300 species
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Teucrium (Labiatae) is a widespread flora genus with
over 300 species, most of which are found in the
Mediterranean basin regions. Teucrium species is widely
used in traditional medicine as stimulants, tonics,
diaphoretics, and appetizers, as well as for stomach
problems and diabetes (4). Teucrium orientale L. is a
wildly distributed woodland and shrubland species in
Mediterranean countries' semiarid, arid, and steppe areas
(5). Plant decoction has a role in herbal medicine for
treating many conditions, such as diabetes, wounds, fever,
insomnia, neurological disorders, abdominal cramps,
gastrointestinal ~ disorders, colds, diarrhea, and
hypertension (2, 6).

Phytochemical investigations stated that T. orientale
contained many chemical compounds with significant
bioactivity, including neoclerodane  diterpenoids,
flavonoids, iridoids, and phenolic acids, and its major
constituents in the essential oil are a-pinene (25.10%), and
B-caryophyllene (56.01%) (6).

Cancer and diabetes mellitus are prevalent illnesses
that significantly influence global and local health.
Epidemiologic research indicates that people with diabetes
have a greatly increased chance of developing various
cancer types. While cancer and type 2 diabetes share
several risk factors, the plausible biological connections
between the two illnesses remain unknown (7).
Furthermore, observational investigations' data revealed a
correlation between some antidiabetic treatments and an
elevated cancer risk (8-10). Cancer and diabetes mellitus
type 2 are diagnosed more frequently within the same
individual than would be predicted by chance, even when
age is considered (11, 12).

Hundreds of active components found in herbs can be
used to produce pharmacological agents. It has been
established that the high biochemical specificity,
phytochemical diversity, and other molecular properties of
natural products make them valuable as model structures
for drug production. Hundreds of active components found
in herbs can be used to produce pharmacological agents (3-

-78 -

Amer et al.

5). In recent years, there has been a significant increase in
the demand for and use of dietary supplements and drugs
extracted from plants. Microbiologists, pharmacologists,
botanists, and natural products chemist’s combine the
earth for medicinal plants to treat various illnesses (13-15).

Many investigations approved that the medicinal
plants' constituents are affected by many factors, including
geographical locations, types of soil, rainfall, and many
other factors, so there is a differentiation between
Ramallah and Jerusalem regions in the kind of soil, so we
compared their biological activities (16-19). Therefore, the
study aimed to evaluate the antidiabetic and anticancer
properties of T. orientale leaf extracts from Palestine's
Jerusalem and Ramallah governorates.

MATERIALS AND METHODS

Plant collection, preparation, and extraction

The aerial parts of the T. orientale plant were collected
in June 2021 from two Palestinian regions (Jerusalem and
Ramallah)  during the  flowering period. A
pharmacognosist, Professor N. Jaradat, identified the plant
using a reference book (20), at the Department of
Pharmacy at An-Najah National University in the
Pharmacognosy Laboratory. A specimen (Pharm-PCT-
2413A and Pharm-PCT-2413B, respectively) has been
deposited in the same laboratory for both samples. The
fresh aerial parts of T. orientale were washed with clean
water and dried in ordinary conditions for two weeks.
Then, the dried parts were powdered and stored in special
glass jars for upcoming work. The hydrophilic extract was
prepared by immersing 400 g of dried T. orientale samples
in 4 L of boiled water for 3 days. The resulting extracts
were filtered twice to ensure clarity. Then, the filtered
extracts were subjected to vacuum freeze-drying using a
Stellar Laboratory freeze dryer (Millrock Technology Inc.,
NY, USA) for 48 h. The freeze-dried extracts were then
stored in a closed container at 4 °C in the refrigerator (21).

Finally, using this formula, the fractionations yields
was determined:



Jordan Journal of Pharmaceutical Sciences, Volume 18, No. 1, 2025

Weight of T.orientale extract

0/ Vi —
% Yield weight of a dry plant

X 100%

Equation (1)

Jerusalem and Ramallah T. orientale hydrophilic
extract yields were 7.06 and 8.15%, respectively.

The a-Amylase enzyme inhibitory method

The inhibitory assay for a-amylase was performed as
described by Dastjerdi et al. (21). The antidiabetic drug
acarbose was used as a positive control. Control was
performed similarly, with 1 ml of 10% DMSO replacing
the extracts. The following concentrations were utilized in
this study: 50, 70, 100, 200, and 500 pg/ml for the plant
extracts and Acarbose. The plant extract working solution
(2 mg/ml) was produced by dissolving 25 mg of each plant
fraction in 109% DMSO, and then a buffer solution of up to
25 ml was added. The absorbance of the tested samples
was measured at 540 nm by applying the
spectrophotometer by which our blank was 10 % DMSO.
The inhibitory potential of a-amylase was measured by the
formula shown below.

ABS control - ABS extract
ABS control

(%) = X100%

Equation (2)

Where I (%) is the a-amylase percent inhibition.

Cell culture

The Lewis Lung Carcinoma (LLC) cancer cell line and
epithelial cells isolated from normal human bronchial
epithelium derived from autopsies of noncancerous
individuals (BEAS-2B cells; ATCC; CRL-3588) were
used as a control. Cells were cultured in high-glucose
DMEM with 100 U/ml penicillin G, 10% fetal bovine
serum (FBYS),
atmosphere of 5% CO; at 37 °C. LLC cell line_is resistant
to 1,3-bis-(2-chloroethyl)-1-nitrosourea but is sensitive to
methotrexate and DMSO (4). The cells are reported to be
highly  tumorigenic but weakly  metastatic
mice. Therefore, we speculated that when performing the
a-amylase activity and the proliferation assays, the T.
orientale plant solubilized in DMSO could have better
results in the selected cell line than in other cell lines (22).

and 100 pg/ml streptomycin in an

in
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XTT cell proliferation assay and cell viability

The Cell Proliferation Kit 11 (XTT) was used based on
a colorimetric assay to quantify cellular proliferation,
viability, and cytotoxicity (23). LLC and BEAS-2B cells
were seeded at approximately 1x10° per well in a final 100
pL DMEM medium volume in 96-well flat-bottom
microtiter plates. Following overnight incubation, LCC
cells were treated with both extracts of T. orientale
(Jerusalem's or Ramallah's extracts) at concentrations of
(0, 50, 100, 200, and 400 pg/ml) for 24 hours. At the end
of incubation, 100 pL of XTT (Merk, 11465015001) was
added to each well, and plates were then incubated at 37°C
for an additional 4 h. Absorbance was measured at 450 nm
against a reference wavelength at 650 nm using a
microplate reader (Beckman Coulter, DTX 880
Multimode Reader). We used the formula (A450-A670)
of test cells/(A450-A650) of the blank to calculate the
viability data. We used the Ceilometer automatic cell
counter (Nexcelom Inc., USA) to verify the viability of
LCC cells trypan blue dye exclusion test.

Detection of cellular apoptosis by flow cytometry

LCC and BEAS-2B cells (1x108 cells/well) were
incubated in 6-well plates and treated with both extracts of
T. orientale (Jerusalem's or Ramallah's extracts) at
different concentrations of (0, 50, 100, 200, and 400
pg/ml) for 24 hours. For apoptosis and viability
measurements, propidium-iodide (Pl) and annexin V-
conjugated to FITC (R&D Systems, Minneapolis, MN)
were fragmented DNA
phosphatidylserine, respectively. Annexin-V (+) but
propidium-iodide (-) defined early apoptosis, while
annexin-V (+) but propidium-iodide (+) defined late
apoptosis. Viable cells were annexin-V (-) and propidium-
iodide (-). Unstained IgG isotype and FMO controls were
used in every experimental setting. The analyses of cells
were performed using BD LSR Fortessa cell analyzer, BD
Biosciences, Mountain View, CA).

Statistical analysis

The data were presented as mean + SD. Statistical

used to stain and
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differences were analyzed by one-way analysis of variance
(with Newman-Keuls post-tests among multiple groups) or
with a two-tailed unpaired Student's t-test (for comparison
between two groups). For the in vitro study, each
experiment was repeated three times. The averages were
then calculated and presented along with the standard
deviation, and the results with P<0.05 were considered
significant.

RESULTS

Antidiabetic a-amylase inhibitory activity

The inhibitory effect of T. orientale extract from
Jerusalem and Ramallah governorates in Palestine on -
amylase was assessed at 50-500 pg/ml (Figure 1). Among
the extractives, T. orientale extract from Jerusalem
possessed higher a-amylase enzyme inhibitory activity.

100
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80
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The a-amylase inhibitory activity of T. orientale extract
from Jerusalem was 90.05+0.33% at a concentration of
500 pg/mL. In contrast, the standard Acarbose was
72.54+0.29% at the same concentration. At the same time,
the T. orientale extract from the Ramallah region was
77.37+£0.35%. The a-amylase enzyme inhibitory 1Cso dose
of T. orientale extract from Jerusalem was 7.43+0.84
pg/ml, while the Ramallah T. orientale sample 1Cso dose
was 23.2+0.29 pg/ml. In addition, the ICso of Acarbose
(positive control) was 43.91+1.08 pg/ml. The a-amylase
enzyme inhibitory activity of T. orientale extracts and
Acarbose were in the following order: Jerusalem extracts >
Ramallah extract > Acarbose. These findings suggest that
both extracts have potent a-amylase enzyme inhibitory
activity and are more powerful than Acarbose (24, 25).
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Figure 1. a-Amylase inhibitory effects of T. orientale extracts from Jerusalem and Ramallah regions of Palestine
and Acarbose (p< 0.05)
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T. orientale inhibits Lewis Lung Carcinoma (LLC)
cell viability and induces apoptosis.

To assess whether T. orientale could exert anticancer
effects and influence lung cells viability, LCC and BEAS-
2B cells were treated with one of both extracts of T.
orientale (Jerusalem's or Ramallah's extract) at different
concentrations of 0, 50, 100, 200, and 400 pg/ml for 24 h,
and cell proliferation was inspected using XTT assay.

Figure 2 displays an inverse correlation obtained
following increased concentrations of T. orientale on the

— - BEAS-2B - Ran-wrailg
BEAS-2B - Jerusalem

=4 - LCC - Ramallah

== |_CC - Jerusalem
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LCC cell proliferation. Total inhibition of LCC
proliferation was achieved at 400 pg/ml concentration in
the Jerusalem (black line) and Ramallah (dash-dotted gray
line) extracts. T. orientale of the Jerusalem extracts
demonstrated a more efficient inhibitory effect at lower
concentrations. T. orientale from both geographical areas
of Ramallah and Jerusalem showed no significant effects
on the viability of the lung cells of the control cells.
Statistical analysis values of the t-test are presented in
appendix 1.
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Figure 2. Effects of T. orientale on LCC cell proliferation

The decrease in LLC proliferation following T.
orientale treatment was then evaluated to determine
whether it was associated with changes in the apoptotic
rate. Cells undergoing apoptosis exhibit cell surface
phosphatidylserine (PS), which was estimated by staining
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with a fluorescent conjugate of Annexin-V. Necrotic cells
were stained using propidium iodide (PI). Our results
indicate that T. orientale treatment promoted late-stage
apoptosis (Annexin V+/P1+) for both plant extracts (Figure
3).
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The average percentage of apoptosis in all untreated T.
orientale LLC and control cells was 9.30+2.8%.
Increasing concentrations of T. orientale (50, 100, 200,
and 400 pg/ml) from the two geographical areas, Ramallah
and Jerusalem, did not affect the apoptosis rate of BEAS-
2B cells (P=ns). In contrast, apoptosis rates significantly
increased following treatment with T. orientale extract in
LLC cells at all tested concentrations, which was
positively associated with the late apoptosis marker

100 7 OBEAS-2B - Ramallah
90 - OBEAS-2B - Jerusalem
80 - ELCC - Ramallah
B LCC - Jerusalem
70 4
S
+ 60
[a
3
z 50 A1
n
= 40 1
Z
<

Amer et al.

Annexin-V+/P1+.

Moreover, the T. orientale extract from Jerusalem
exhibited an apoptotic rate of 90+3.4% at the highest
concentration of 400 pg/ml, compared to 62.6+3.4%
following treatment with the Ramallah extract (P<0.05).
This indicates that the T. orientale extract from Jerusalem
mediates anticancer activity more efficiently than the
extract from Ramallah. Statistical analysis values from the
t-test are presented in Appendix 2.
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Figure 3. T. orientale induced apoptosis in LCC cells, measured by flow cytometry

DISCUSSION

Many bioactive compounds are derived from plants;
more than 25% of available pharmaceutical forms are
prepared from plant origin (26). Moreover, Dbetter
therapeutic outcomes in clinical practice were reported for
herbal medicine compared to chemically synthetic
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medications. Thus, identifying new herbal products with
potential anticancer capacities has attracted notable
attention in the pharmaceutical and cosmetics industries
(27, 28).

Among several other Lamiaceae species, methanol
extracts of T. orientale showed moderate to high inhibitory
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effects on the enzymes a-amylase and a-glucosidase (29).
an earlier study, variable concentrations of
hydroalcoholic, dichloromethane, and ethyl acetate were
extracted from three Teucrium species and were tested for
a-amylase inhibition using Acarbose as the standard
inhibitor. All three studied extracts demonstrated potent
inhibitory effects on the a-amylase activity. The 1Csq for
the dichloromethane, ethyl acetate, and hydroalcoholic
were 22.59, 8.55, and 13.93 mg/ml, respectively (30).
Previous research proved that acetone and methanol
extracts of T. orientale had potent antioxidant activities (2,
5). Another study found that methanol extract led to a
progressive increase in weight in diabetic rats and
improved the associated hematological abnormalities. The
authors suggested that weight might result from the fact

In

that the extract leads to better utilization of nutrients in the
diet (31). The possible role of T. orientale in the correction
of hyperglycemia and, subsequently, in the prevention of
diabetic complications was observed in another study (32).
Acarbose is a hypoglycemic pharmaceutical formulation
utilized to prevent and treat hyperglycemia and, in certain
regions, used to treat prediabetes (33). Identifying a natural
plant product with an antidiabetic effect that exceeds the
potent effect of Acarbose is of great importance. Other
plant species with in vitro anti-a-amylase and anti-a-
glucosidase effects including Achillea santolina,
Coriandrum  sativum, Teucrium barbeyanum, and
Teucrium polium were also previously identified (34-36).
Shown in Table 1.

Table 1. Amylase 1Cso values of different plant extracts

Plant ICs0 of a- amy_lqse inhibitory Reference
activity

Ethanol and hexane extracts of Phyllanthus amarus 36.05£4.01 p g./ml and 48.92+3.43 (37)
pg/ml, respectively

Ethyl acetate extract of Phlomis bruguieri 1.9 pg/ml (38)

Teucrium polium 3.63 mg/ml (39)

Teucrium oliverianum 3.86 mg/ml (39)

Ethanol extracts of Allium akaka, Allium sativum, | 16.74, 17.95, 15.73, and 16.36 (40)

Allium porrum, and Allium cepa mg/ml, respectively

Pomegranate leaves extract 43.24 pg/ml (41)

Ethanolic extract of Andrographis paniculata 50.9+0.17 mg/ml (42)

DMSO plant extract of Teucrium Orientale 13.93 mg/ml (15)

One of the antidiabetic treatment protocols is to
suppress carbohydrate metabolism in the gastrointestinal
tract by inhibiting the action of enzymes like a-amylase
involved in carbohydrate metabolism. Medicinal herbs
delay glucose absorption by inhibiting the carbohydrate
hydrolyzing enzymes such as pancreatic a-amylase. When
this enzyme is inhibited, it slows down carbohydrate
digestion. It extends the carbohydrate digestion period,
reducing the rate of glucose absorption and, hence,
reducing the postprandial plasma glucose level (43-45).
Numerous studies demonstrated the inhibitory effects of

-83-

the a-amylase enzyme of traditional medicinal herbs or
their isolated products (37, 46, 47).

Most of the anticancer compounds were derived from
natural sources (48). It is identified in the literature that
more than 290 essential oils and non-volatile extracts are
found in various species within the Teucrium taxa (3).
Teucrium species were found to be rich in polyphenolic
compounds, which might directly contribute to their
antiproliferative and proapoptotic activity. Antioxidant,
antiproliferative, and apoptotic effects of several Teucrium
species, such as T. chamaedrys, T. arduini, and T.
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montanum were previously identified (49). T. persicum
showed a potent anti-tumor effect in a highly invasive
prostate cancer cell line (50). T. chamaedrys methanol
extract modulates apoptosis and biotransformation in
colorectal carcinoma cells, causing apoptosis of SW480
cells, without affecting normal HaCaT keratinocytes (51).
Teucrium orientale extract is found to be rich in chemical
ccompounds such as aldehydes, hydrocarbons,
monoterpene hydrocarbons, and other volatile components
(52). However, the hydophilc leaf extract of T. orientale ,
the anticancer effect of T. orientale, and the apoptotic
potential of T. oriental was not previously studied to the
best of our knowledge. The current study revealed the anti-
diabetic, antiproliferative and apoptotic effects of T.
orientale hydrophilic leaf extract on an in vitro model.
Besides habitat-related anatomic and morphological
adaptation of Teucrium (Lamiaceae) species, total phenol
quantity and essential oils identity were varied in different
Teucrium species based on the geological substrate and
habitat conditions such as soil mineral and water content
(53-58). In the current study, the aerial parts of T. orientale
from two regions in Palestine, Jerusalem and Ramallah
were isolated and tested for their antidiabetic and
anticancer effects, which are variable based on the
geographical area. Although there are geographical
similarities between the two regions regarding the "terra
rossa” soil, Jerusalem's soil is more clay than Ramallah’s.
The characteristics of clay soils include that they are
heavy, rich in nutrients, wet in winter, and dry in summer.

Amer et al.

Moreover, the temperature difference varies between the
two cities; Jerusalem is 2 to 3 degrees less than Ramallah.
Total annual rainfall in Ramallah is>700mm, while in
Jerusalem ranges from 300-500 mm. These differences
could contribute to the superior effects of T. orientale of
Jerusalem concerning their antidiabetic and anticancer
properties (59).

Presently, there are several antidiabetic drugs used for
treating and managing diabetes. Several modes of action
were proposed, including inhibiting the enzymes o-
amylase, lipase, a-glucosidase, and DPP-IV. Our results
indicated that the extract inhibited a-amylase even better
than the Acarbose drug. Moreover, T. orientale caused cell
death via apoptosis/necrosis of LCC in favor of the
Jerusalem extract. Data was associated with reduced
proliferation, indicating the ability of the T. orientale to
prepare the cells to shift to necrosis.

CONCLUSION
The current study on the leaf hydrophilic extracts of T.
orientale aerial parts from two Palestinian
a-amylase

regions
inhibitory  activity
compared to the antidiabetic drug Acarbose. Additionally,
both T. orientale extracts inhibited LLC cell proliferation and
induced cell death via apoptosis/necrosis, with the Jerusalem
extract showing greater efficacy. Furthermore, this study
highlights opportunities for future research in the search for
novel, effective, natural antidiabetic and anticancer therapies.
Further in vivo studies are needed to confirm these findings.

demonstrated  potential

Appendix 1: The t-test analysis of the four tested groups of XTT assay

TTEST
0 50 100 200 400

AB 0.13728831 | 0.01205506 | 0.5 0.06003945 | 0.16830581
AC 0.2458835 | 0.00552825 | 2.2173E-05 | 3.5105E-05 | 3.7449E-05
AD 0.21975577 | 0.00269917 | 3.5105E-05 | 1.0388E-06 | 2.1848E-05
BC 0.072352 0.5 2.2173E-05 | 1.6146E-05 | 5.1662E-06
BD 0.5 0.00806504 | 0.03312991 | 0.06875769 | 0.05584542
CD 0.43949819 | 0.17432057 | 3.5105E-05 | 7.5794E-09 | 2.9524E-06

A=BEAS-2B — Ramallah

C=LCC - Ramallah

B=BEAS-2B - Jerusalem

D=LCC - Jerusalem
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Appendix 2: The t-test analysis of the four tested groups of apoptosis assay

TTEST
0 50 100 200 400

AB 0.01976872 | 0.25357875 | 0.42232288 | 0.35871418 | 0.28950771
AC 0.06588878 | 0.0013528 | 0.00176113 | 0.00081438 | 5.7528E-06
AD 0.10608033 | 0.00039131 | 2.6529E-05 | 9.0208E-06 | 5.3181E-07
BC 0.04825265 | 0.00274891 | 0.00214858 | 0.00064378 | 3.2917E-06
BD 0.01673587 | 0.02388436 | 0.07745599 | 0.03815193 | 0.05527494
CD 0.23522311 | 0.00063056 | 3.1842E-05 | 5.3113E-06 | 2.31E-07

A=BEAS-2B — Ramallah
C=LCC — Ramallah
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