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Abstract: Chlamydia spp. are intracellular pathogens of humans and animals that cause a wide
range of diseases such as blinding trachoma and sexually transmitted infections. According to
the World Health Organization (WHO), there are more than 127 million new infections each year
worldwide. Chlamydial urogenital infections can cause cervicitis, urethritis, pelvic inflammatory
disease and infertility. From within an intracellular niche, termed an inclusion, the Chlamydiae
complete their life cycle shielded from host defenses. The host cell defense response used to eliminate
the pathogen must subvert this protective shield and is thought to involve the gamma interferon-
inducible family of immunity related GTPase proteins and nitric oxide. Typically, azithromycin
and doxycycline are the first line drugs for the treatment of chlamydial infections. Although C.
trachomatis is sensitive to these antibiotics in vitro, currently, there is increasing bacterial resistance to
antibiotics including multidrug-resistant C. trachomatis, which have been described in many instances.
Therefore, alternative drug candidates against Chlamydia should be assessed in vitro. In this study,
we tested and quantified the activity of plant extracts against Chlamydia-infected HeLa cells with
C. trachomatis inclusions. The in vitro results show that post-treatment with Artemisia inculta Delile
extract significantly inhibits Chlamydia infection compared to DMSO-treated samples. In conclusion,
plant extracts may contain active ingredients with antichlamydial activity potential and can be used as
alternative drug candidates for treatment of Chlamydia infection which has significant socio-economic
and medical impact.
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1. Introduction

Chlamydia trachomatis is an obligate intracellular pathogenic bacterium associated with
several important human diseases, such as trachoma, the leading cause of preventable
blindness [1,2]. Although trachoma is preventable, it is currently the leading cause of eye
disease in the world, causing blindness in approximately 1.9 million according to the WHO.
In addition, more than 137 million people live in trachoma endemic areas or at risk of
trachoma blindness [3].

In Palestine, there are no reports about chlamydia infection except a study in 2009
which was conducted among women attending gynecology and infertility centers in Gaza.
The overall prevalence of C. trachomatis in the study population was 20.2% [4]

C. trachomatis is also the most common bacterium which causes sexually transmitted
disease (STD) [1,2]. According to the WHO, there are an estimated 127 million new cases
annually worldwide. Chlamydial urogenital infections can cause a range of diseases
such as cervicitis, urethritis, pelvic inflammatory disease and infertility [1,2,5]. In infants,
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C. trachomatis is considered the most common cause of ophthalmia neonatorum and a
significant cause of conjunctivitis and pneumonia in developing countries [6].

While antibiotic treatment against Chlamydia is available [7], most of the infected
individuals are unlikely to seek treatment since infections in women (70 to 90%) and in
men (50%) are asymptomatic. Recently, it has been reported that the standard antibiotic
treatment against Chlamydia is less effective than expected, possibly due to persistent infec-
tions [8]. The unique life cycle of C. trachomatis leads to chronic infection and challenges in
treatment using classical antibiotics. Further, many antibiotics target the reproductive retic-
ulate body form of Chlamydia and this may lead to the need for prolonged treatment which
accelerates the development of drug-resistant chlamydial strains. In addition, there are no
vaccines or other effective prophylactic measures available to protect against Chlamydia
infection. This indicates the need for new therapies against the disease. In addition, small
molecules derived from medicinal chemistry and natural products are still major sources of
innovative therapeutic agents for various conditions, including infectious diseases [9–11].
A large number of novel drugs have been isolated from natural plant sources, and many
of these plants and their extracts were used in ethnobotanical medicine [12,13]. These
natural products in the form of herbal remedies, could be explored based on information
collected from local residents and specialists in ethnobotanical medicine in different parts
of the world [14–16]. It has been reported that many compounds derived from plants
regarded as effective drugs are currently in use, and the majority of these compounds
were derived from ethnobotanical medicines [17–20]. However, inhibition of Chlamydia
spp. infection using natural compounds and ethnobotanical approaches has not been
thoroughly investigated.

The present study aimed to evaluate in vitro anti-Chlamydia activities of natural plant
extracts from certain medicinal plants from various regions in Palestine and evaluated the
potential of crude plant extracts to inhibit Chlamydia growth and replication.

2. Materials and Methods
2.1. Cultivation of HeLa Cells and Chlamydia trachomatis

Cell cultures of HeLa 229 (American Type Culture Collection CCL-2.1) epithelial cells
were grown in cell growth medium (CGM) consisting of RPMI-1640 (Gibco-Invitrogen, Karl-
sruhe, Germany) supplemented with 10% FBS and 10 µg/mL gentamicin at 37 ◦C and 5%
CO2 in a humidified tissue culture chamber. C. trachomatis Lymphogranuloma venereum
(LGV) serovar L2 (7 × 109 inclusion forming units/mL) were routinely propagated in
HeLa cells using infection medium (IM) consisting of RPMI medium supplemented with
5% FBS only. The maintenance medium (MM) consisted of IM containing cycloheximide
(1 µg/mL). The infectious progeny were purified, titrated and inclusion-forming units
(IFU)/mL were determined [21,22].

2.2. Host Infection and Determination of Infectivity

For infection studies, HeLa cells were seeded onto coverslips in 12-well plates and
inoculated with C. trachomatis diluted in IM at an MOI of 0.5, unless otherwise indicated.
Cells inoculated with C. trachomatis were incubated for 2 h at 35 ◦C and 5% CO2. Cells
infected with Chlamydia were washed before adding fresh IM and then incubated for
specific time intervals in the humidified tissue culture chamber. In some experiments,
crude plant extracts (10 µg/mL) (1–5) were added at the indicated times. The formation of
infectious progeny of C. trachomatis was assessed by infectivity titration assays [23]. Briefly,
infected cells were mechanically lysed using glass beads, and lysates were serially diluted
in IM then inoculated onto HeLa 229 cells for 2 h. Cells were then washed and further
incubated in MM for 24 h. The number of inclusions was expressed as inclusion-forming
units per ml (IFU/mL).



Microbiol. Res. 2021, 12 658

2.3. Viability and Metabolic Activity of Host Cells

The effect of the drugs on the metabolic activity of host cells was determined using
the WST-1 cell proliferation assay (Roche, Mannheim, Germany) according to the manufac-
turer’s instructions. Culture cells treated with the indicated plant extracts and DMSO were
used as a control.

2.4. Selection and Collection of Medicinal Plants

Palestine is distinguished for its availability of medicinal plants because of the unique
geographical location and biodiversity; these plants have been used for a long period of
time to treat various illnesses [24–26].

A literature survey was first conducted to obtain ethnobotanical information on
Palestinian flora used in folk medicine to treat bacterial, fungal and parasitic infections.
Moreover, the selected plants with the desired activities were considered safe, since they are
used by local people for medical purposes or as food. No history of toxicity or poisoning
was documented for the selected plants. Four Palestinian medicinal plants were selected,
and the same plant materials were previously tested by our group with promising antibac-
terial and antiparasitic activities [9]. The plant materials used in this study include Achillea
fragrantissima (PS-Af01), Artemisia inculta Delile (PS-Ai10), Coridothymus capitatus (L.) Rchb.f.
(PS-Cc19) and Malva sylvestris L. (PS-Ms50). Plant parts were collected and characterized
by a botanist and the voucher numbers are kept at Al-Quds University Gardens (AQUG)
and are available upon request. Plant parts were selected based on the recommended
traditional reports [26–29]. The whole plant, flowers, fruits or seeds were collected and
washed with distilled water, air dried in the shade for 20 days and powdered using an
electric grinder.

2.5. Preparation of the Crude Extracts

Aqueous and organic extractions were carried out for each plant. Each powdered
whole plant sample (16 g) was soaked in 100 mL of absolute ethanol and dimethyl sulfoxide
(DMSO) separately for 72 h at room temperature on a gentle shaker. The filtrate obtained
was passed through Whatman No. 1 filter paper to obtain the crude extracts. Each extract
yielded about 160 mg/mL (w/v), and all crude extracts were kept at room temperature
until further processing. All the concentrations of the crude extracts are based on dry
weight basis. The crude extracts were immediately tested for anti-Chlamydia activity.

3. Results
Activity of Plant Extracts against Chlamydia trachomatis

To determine the anti-Chlamydia trachomatis activity of the plant extracts, we initially
infected HeLa 229 cells with C. trachomatis for 2 h. Subsequently, the infected cells were
incubated in the presence of different plant extracts for an additional 46 h. Mock-treated
cells infected with C. trachomatis served as a non-treated control (DMSO control). Following
48 h of incubation in the presence of different extracts, cells were analyzed by microscopy
for inclusion development. Different plant extract treatments resulted in much smaller and
substantially reduced numbers of C. trachomatis inclusions (Figure 1A). The extract from
Artemisia inculta Delile (PS-Ai10) inhibited Chlamydia growth significantly compared with
the control (DMSO treatment) with minimal toxic effect. Moreover, the extract from Achillea
fragrantissima (PS-Af01) had a similar inhibitory effect on C. trachomatis. However, the
extract showed an effect during primary infection and was excluded from further analysis
(Figure 1A). The extract from Coridothymus capitatus (L.) Rchb.f (PS-Cc19) had a moderate
inhibitory effect on Chlamydia growth in comparison with extract PS-Ai10. Afterwards,
we tested the effect of different plant extracts on Chlamydia infectious progeny using an
infectivity assay, described previously [21] (Figure 1B,C), with a significant inhibitory
activity against infectious C. trachomatis EBs of more than 99% when cells were treated
with PS-Ai10, while PS-Cc19 and PS-Ms50 did not show any inhibitory activity and the
growth of chlamydial inclusions was prominent. Surprisingly, infected cells were sensitive
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to PS-Af01 treatment, which resulted in partial destruction and loss of infected host cells of
the monolayer (Figure 1A). Therefore, the chlamydial infectivity measured in each sample
had to be normalized to the surviving host cells, determined via an LDH release assay.
These results suggested that plant extracts cause an inhibition of Chlamydia replication
and not of the host cell, since the treatment was carried out after infection and is not
from the binding to chlamydial ligands or host cell receptors. The yield of C. trachomatis
infectious progeny was decreased considerably after treatment with different plant extracts
(Figure 1C).
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Figure 1. HeLa 229 cells were infected with C. trachomatis (MOI 0.5) and treated 2 hpi with different plant extracts
(10 µg/mL), DMSO, doxycycline (10 µg/mL) (positive control) or left without treatment as a negative control. Cells were
incubated in the presence of different natural compounds for an additional 46 h. (A) Bright field micrographs of HeLa
cells infected with C. trachomatis after 48 h (primary infection). Natural compound treatment resulted in a small number of
detectable small inclusions (arrows) in C. trachomatis-infected cells only in comparison with DMSO. Images taken using the
same magnification. (B) Influence of different plant extracts on development of infectious progeny. Bright field micrographs
of HeLa cells infected with cell lysates (A) after 24 h (secondary infection). The yield of C. trachomatis infectious progeny
decreased considerably upon treatment of different plant extracts. (C) Infectivity percentage calculated as follows: IFU/mL
estimated for each treated monolayer/IFU/mL of control cells ×100. Infectivity expressed as a percentage of control cells ±
standard deviation (SD) from three independent experiments (n = 3). ** p < 0.01, *** p < 0.001.
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4. Discussion

Following the past few decades of intense research on host cell function analysis of
infection, it has reached the point where the proof-of-concept for host cell-directed infection
therapy has been demonstrated. Host cell-directed therapy could be an alternative or
complementary therapy to conventional antibiotic and antiviral treatments, bearing the
advantage of a substantially reduced risk of resistance development [30]. In the absence
of a vaccine against Chlamydia, this anti-Chlamydia in vitro screening study has special
importance as a way to find antichlamydial materials in safe medicinal plant extracts
with future potential as effective drugs against this pathogen. This may pave the way to
generating potentially new and promising anti-Chlamydia drugs.

Artemisia inculta Delile (PS-Ai10) extract significantly inhibited Chlamydia growth and
reduced infectious C. trachomatis EBs by more than 99% with minimal toxic effect. This
plant material contains several types of ingredients which have proven medicinal effects;
camphor, thujone, chamazulene, 1,8-cineole and sabinol are among the active ingredients
in this plant [31]. It was documented that Artemisia inculta Delile leaves are used by people
in the Mediterranean basin for the treatment of various illnesses; it has anti-inflammatory,
antiseptic, carminative, cholagogue, cold-treating, emmenagogue, hypoglycemic, gastric
pain relief, rheumatic disease-treating, sedative, spasmolytic, stomachic and tonic prop-
erties [32]. However, this is the first report of antichlamydial activity for this plant in
the region. Some studies revealed that a high percentage of people depend primarily on
traditional and ethnobotanical medicine for the treatment of some infections, including
sexually transmitted infections (STIs) [33]. A recent study from South Africa demonstrated
that eight plant species are used for the treatment of STIs, including Chlamydia [34]. In
Bangladesh, some plant species were used to treat syphilis and gonorrhea [35]. In Rwanda,
it was reported that 25 different plant species were used to treat gonorrhea [36].

Further, it has been shown that an extract from desert truffles (Terfezia claveryi) has
antibacterial activity against C. trachomatis [32]. Some plant species from Palestine have
antileishmanial activity, but have never been tested previously on Chlamydia or other
bacterial strains [9]. Further research is needed to establish the antimicrobial efficacies of
these plant species against pathogens, especially sexually transmitted infections.

C. trachomatis has a unique life cycle which primarily leads to chronic infections and
challenges in treatment using conventional antibiotics. For chlamydial infections in general,
both azithromycin and doxycycline are recommended by the US Centers for Disease
Control and Prevention and have a >95% microbiological cure rate [37]. Other antibiotics
are used mainly to target the reproductive RBs, and this often leads to the development of
drug resistance due to the prolonged treatment [38]. Therefore, the use of natural products
from plants in traditional medicine provides valuable resources that may have potential
against various infections, including C. trachomatis.

Our study is limited to the use of whole plant extracts which provide all plant ingredi-
ents. Therefore, fractionation and purification of active ingredients in these extracts should
be carried out using chemical and biological assays. Moreover, plant materials used in this
report were extracted from medicinal plants which were extensively used by local people
in Palestine with no history of toxicity or poisoning. However, safety and toxicity profiles
for these plants have to be established.

In conclusion, plants extracts may contain active ingredients with potential antich-
lamydial activity and can be used as alternative drug candidates for treatment of Chlamydia
infection which has significant socio-economic and medical impact.
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