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ABSTRACT

The drugs produced from plant extracts continue to be widely used around the world, although studies
have been conducted on the use of certain synthetic and semi-synthetic compounds as medicines.
Additionally, it is well known that various parts of plants are commonly used in ethnopharmacology by
the public for therapeutic purposes after applying simple processing. Considering the existing plant
diversity in the world, scientific data on the biological effects and mechanisms of action of most plant-
derived extracts are still not sufficient; however, interest in this subject is growing day by day.
The treatment of diseases using teas, drops, dragees, capsules, syrups, and tablets produced from fresh
and dried plant parts (drugs) or their extracted products with therapeutic value is referred to as
"phytotherapy”. In this study, it was aimed to evaluate the effects of Hypericum scabrum L. plant samples
collected in the summer season from the Sivas province in Turkiye, by extracting them through different
methods and testing them in Caenorhabditis elegans culture. Through this study, it has been possible to
obtain fundamental data on the in vitro biological activity and efficacy of the plant on C. elegans
cultures, which can serve as a basis for the use of the plant in medical applications, as well as in the
food, pharmaceutical, and cosmetic industries. The plant stems were dried in a way that avoided direct
sunlight, and extractions were obtained using ethanol and water extraction methods. The effects of the
obtained extracts on the egg yield and survival parameters of the Caenorhabditis elegans nematode were
examined. The data were analyzed using the SPSS program. It was found that when different doses of
plant extracts were used in C. elegans cultures, there were significant differences in the growth,
development, survival and fertility parameters of the some nematodes compared to the control group.

KEYWORDS: Biological activity, Fertility, Caenorhabditis elegans, Hypericum scabrum, Model organism.
Article is published under the CC BY license.

1. Introduction

The rich phytochemical content has facilitated plants’
use since ancient times, and many modern medicines are
derived frommedicinal plants [1]. Many plant species have
been traditionally used for centuries, not only as spices to
enhance the flavor and aroma of foods, but also in folk
medicine in various forms such as teas, ointments, tinctures,
and extracts. These preparations have served a wide range
of purposes, including pain relief, easing respiratory
conditions, soothing digestive issues, and promoting
relaxation [2]. Hypericum scabrum L. is a perennial
herbaceous plant, 30—80 cm high, with yellow flowers.

Its leaves are elliptic, oblong or linear. It is mostly found
in places with arid climates in Anatolia and in Europe,
Cyprus, Iran, and the Northern parts of Africa [3, 4].
H. scabrum is a pharmacologically and biologically rich
plant used in traditional medicine for the treatment of
many diseases. It is observed that Hypericum species are
used for therapeutic purposes by soaking them in olive oil
and obtaining oil [5]. Recent studies have revealed several
biological activities and potential therapeutic effects of
this plant. H. scabrum is rich in flavonoids, phenolic
compounds and essential oils. These compounds contribute
to the biological activities of the plant. The extracts
obtained from the flower and leaf parts of the plant were
found to have high antioxidant capacity. This indicates the
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potential of the plant to scavenge free radicals and reduce
oxidative stress [6]. The aqueous extract of H. scabrum
showed antidepressant and antihypoxic effects through
nitric oxide pathways [7]. The essential oils of this plant
showed a cytotoxic effect on the colon cancer cell line (HT-29).
In addition, its potential to inhibit acetylcholinesterase and
butyrylcholinesterase enzymes suggests that it can be used
in the treatment of neurodegenerative diseases such as
Alzheimer's disease [8]. The essential oils of H. scabrum
accelerated wound healing and reduced oxidative stress
markers in diabetic rats [9]. Various extracts of H. scabrum
showed antimicrobial activity against microorganisms such
as Candida albicans, Escherichia coli and Staphylococcus
aureus [6]. Furthermore, H. scabrum extract prevented
synaptic plasticity impairments in rats fed a high-fat diet,
which was attributed to its anti-inflammatory and antioxidant
effects [10]. H. scabrum extract showed an anti-leishmanial
effect on Leishmania major promastigotes [11]. H. scabrum
extract showed a hypolipidemic effect by lowering serum
triglyceride, total cholesterol and LDL-cholesterol levels [12].

There may be changes in the content of plants according
to the regions where they are grown and this may be
reflected in the biological activity values they show.
Depending on the soil structure and climate of the regions
where the plants are located or grown, the amount and type
of secondary metabolite components accumulated in their
structures may vary slightly under different regional
conditions [13]. Sivas province is located in the middle of
Anatolia, and it has a large surface area, terrestrial
vegetation and gypsum soils [13, 14]. Due to the soil
structure and climate characteristics of the plants growing
in Sivas, there may be changes in the amount and variety of
secondary metabolite components they carry.

In this study, it was aimed to determine the effects of
H. scabrum plants grown in Sivas province on Caenorhabditis
elegans nematode. The C. elegans organism is used as
an alternative to mammalian laboratory animals [15].
C. elegans is a nematode of about 1 mm in length and has
a 4-stage life cycle. Under favorable environmental conditions
for reproduction, hatched larvae pass through four larval
stages, L1, L2, L3 and L4, in just 3 days at 20 °C. When
conditions are stressful, such as lack of food, overpopulation
density or high temperature, C. elegans may enter
an alternative third larval stage, L2d, called the dauer
stage. The stage ends when conditions improve for the larva
to grow further; even if gonad development has stopped
at the L2 stage, it then moves into the L4 stage. C. elegans
is used for analysing biological processes due to its close
to 70% similarity with the human genome [16]. By making
ethanol and water extractions of H. scabrum plant, it was
possible to show the changes in the survival and
reproductive properties of the extracts obtained on
C. elegans as an experimental animal model.

2. Materials and Methods
2.1. Preparation of Plant Extracts

H. scabrum was collected from the Sivas province in
June—August.The aerial parts of the plant were dried in
a cool, shaded area and stored for experimental studies.
Ethanol (70%) and water solvents were used in the extraction
process. The dried plant parts were pulverized using
a grinder-homogenizer. The sample, which was ground in

- 88 -

Prospects in Pharmaceutical Sciences, 23(4), 87-92. https://doi.org/10.56782/pps.466

a ratio of 1/10 weight to volume, was placed in the
relevant solvent and kept in an incubator with a mixer for
48 hours. Occasional shaking was done to ensure the
completion of maceration. Filtration was then carried out.
The water phase extract obtained with water solvent was
placed in a lyophilizer for drying and kept for 3—4 days
until complete drying. After three days of maceration,
the collected ethanol (70%) macerates were concentrated
for solvent removal using a rotary evaporator under low
heat (40°C) under vacuum [17]. The concentrated and
dried plant extracts were placed into dark bottles after
yield calculation and stored at -20°C until use.

2.2. Caenorhabditis elegans Culturing

Wild-type (N2) C. elegans and E. coli OP50 strain were
obtained from the Caenorhabditis Genetics Center
(Minneapolis, USA). Worms were maintained according to
Brenner’s standard instructions [18]. Obtaining C. elegans
eggs and synchronous cultures were performed according
to the method previously described [16, 19]. 1 L of Nematode
Growth Medium (NGM) was prepared, and 1 mL of 1 M CaCly,
1 mL of 1 M MgS04, 25 mL of 1 M KPO, buffer, and 1 mL of
cholesterol solution (5 mg/mL) were added [16, 20, 21].
After autoclaving, the NGM medium was poured into Petri
dishes. Afterwards, E. coli OP50 (500 L), required for the
feeding of C. elegans, was added to the midpoint of the
Petri dishes [16]. The petri dish was washed with distilled
water to synchronize the C. elegans. The solution was
transferred to a centrifuge tube and centrifuged at 3400 rpm
for 5 min to pellet the released eggs. The precipitate
(pellet) was transferred to a Petri dish (NGM) containing
E. coli OP50 with a Pasteur pipette. The temperature was
set at 20 °C in all studies [16, 19, 20, 22].

2.3. Survival Assay

5-Fluoro-2’-deoxyuridine (FUDR) was added to the
Nematode Growth Medium used in survival analysis. Thus,
the number of C. elegans in NGM was kept constant in the
analyses, and fertility was prevented from affecting
survival results. Twenty synchronized individuals of
C. elegans (L4) were selected under a stereo microscope
(7x). The plant extracts used in this study were taken from
the stock solutions with a micropipette and added to the
medium so that their final concentrations in the medium
were 1mg/mL — 100mg/mL [23, 24]. No plant extract was
added to the NGMs used as controls. Plant extract
concentrations were determined using previous studies on
plants according to the literature. Fresh E. coli OP50 was
added to NGM every 3 days. C. elegans individuals that died
in the Petri dishes were detected by stereo microscopy
every day. Experiments were conducted for approximately
15 days [25]. In the study, all tests were performed
independently at 20 °C with three replications [16, 19, 20].

2.4, Fertility Assay

All the fertility applications were performed according
to previous studies [16, 19]. Fifteen individuals from the
synchronized L4 stage worms were taken under a stereo
microscope and transferred to NGMs containing different
dose concentrations of plant extracts. Eggs observed in the
medium after 36 h were counted with a light microscope.
All the tests were performed with three replications. 100
eggs were collected from each group, and the proportion
of live nematodes hatched from the eggs was determined.



2.5. Determination of Physical Growth of Nematodes

Fifteen C. elegans eggs were selected under a light
microscope and transferred to NGM medium containing
different doses of plant extracts. Petri dishes were kept
in an incubator at 20 °C. After 10 days, pictures of C.
elegans individuals in the medium were taken with a stereo
microscope camera, and the length measurements of the
individuals were determined using Image Focus Plus V2
camera measurement program.

2.6. Statistical Procedure

In this study, data were analyzed using GraphPad Prism
and SPSS 23.00 statistical programs.

3. Results

The yield of the ethyl alcohol (70%) extract of H. scabrum
was 3.5%, and the yield of the water extract was 2.2%.

3.1. Effects of H. scabrum Extracts on the Survival
Percentage of Nematodes

The results of the effects of different doses of water and
ethanol extracts of H. scabrum on the survival rate of C.
elegans nematodes for 10 days are shown in Table 1.

Table 1. Effects of different doses of H. scabrum
extracts on the survival rate of C. elegans. (EEE: Effect of
Ethanol Extract MEAN+SE; EWE: Effect of Water Extract
MEAN=+SE; *Values with the same letter in the same column
are insignificant at P>0.05 level. MEAN+SE: MeantStandard
Error)
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increased in parallel with the dose increase. As a result of
statistical evaluations, it was determined that the
difference between the control group and the treatment
groups was significant. When the groups were compared
among themselves, statistically significant differences
were found (P<0.05). On the other hand, the lowest rate
of 68.9% was observed in the groups where water extracts
of the plant were applied. Although the rate of hatchlings
increased in the groups where different doses of plant
water extracts were applied, the difference between the
groups was found to be statistically insignificant.

Table 2. Effects of H. scabrum plant extracts on egg
production. (EEE: Effect of Ethanol Extract MEAN+SE; EWE:
Effect of Water Extract MEAN+SE; *Values with the same
letter in the same column are insignificant at P>0.05 level.
MEAN4SE: Meanz+Standard Error)

Doses Quantity of % Egg Yield of C. elegans
eggs counted EEE* EWE*
Control 100 69.2+6.62 68.9+6.4°
1 mg/mL 100 70.2+7.82 68.9+5.92
10 mg/mL 100 70.4£6.12 68.9+6.82
100 mg/mL 100 71.626.7° 69.6+6.4°

Doses Number of % Survival of C. elegans
individuals EEE* EWE*

Control 20 90.9+3.5? 89.5+4.22

1 mg/mL 20 90.48+3.82 90.8+4.42

10 mg/mL 20 91.2+4.92 90.9+4.72

100 mg/mL 20 91.6+4.82 91.1£6.52

There was no significant difference between the control
group and the application groups of plant ethanol and water
extracts (P>0.05) (Table 1). For 10 days, there were no
statistically significant differences in the number of
nematode individuals surviving in the experimental and
control group Petri dishes.

3.2, Effects of H. scabrum Plant Extracts on C. elegans Egg
Production

The results showing the effects of different doses of
ethanol and water extracts of the plant on egg production
in C. elegans are shown in Table 2. While the lowest
percentage of nematodes hatched from eggs was 70.2%
in the groups where ethanol extracts were applied, this ratio
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3.3. Effects of Plant Extracts on the Length of C. elegans
Nematodes

Table 3 shows the differences in the length values of C.
elegans living in NGMs with constant temperature and
identical nutritional conditions, with different doses of
water and ethanol extracts of H. scabrum plant. At the end
of 10 days, it was observed that the extracts increased the
growth of C. elegans nematodes compared to the control
group (p<0.05) (Table 3) (Fig. 1).

Fig. 1. Nematodes that continued to live in the Petri
dish for 10 days.
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Table 3. Effects of plant extracts on the length of nematodes.

Doses Number of individuals Mean Standard error Minimum Maximum
Ethanol Control 15 69.3um 4.2 68.9 um 77.6 pm
Extract 1 mg/mL 15 71.5 ym 4.6 69.8 ym 79.3 ym
10 mg/mL 15 76.5 ym 4.8 69.1 ym 80.6 pm
100 mg/mL 15 85.4 ym 4.1 79.6 pm 88.4 pm
Water Control 15 69.3um 4.2 68.9 pm 77.6 ym
Extract 1 mg/mL 15 71.8 ym 3.9 70.2 ym 80.1 pym
10 mg/mL 15 78.9 pm 3.8 71.1 pm 83.2 pm
100 mg/mL 15 90.3 pm 4.5 82.1 pm 98.7 pm

Ethanol
Extract

Water
Extract

@ericum scabrum L.

Caenorhabditis elegans Analysis

Analysis Report )

Fig. 2. Workflow. This figure was created in part with bioicons.com. microtube-closed-translucent icon by Servier
https://smart.servier.com/ and is licensed under CC-BY 3.0 Unported https://creativecommons.org/licenses/by/3.0/.
on_Nematode_Growth_Medium_petri_plate icon by DBCLS https://togotv.dbcls.jp/en/pics.html is licensed under CC-BY 4.0

Unported https://creativecommons.org/licenses/by/4.0/.

4, Discussion

According to our study results, it was found that ethanol
(70%) and water extracts of the H. scabrum plant may be
effective at high doses (100 mg/mL) on the egg production
and growth-development rates of C. elegans individuals.
No significant differences were observed in survival results
between experimental and control groups or dose groups.
The evaluation of some effects and the potential of
H. scabrum plant samples on C. elegans nematode as
an experimental animal model was studied for the first
time. In this study, the bioavailability of Hypericum plant
extracts was appraised.

The plant was selected based on its historical and
ethnopharmacological use for anti-inflammatory, anti-
microbial and wound-healing activity. Hypericum species
have been used in traditional medicine since antiquity [26].
In Tirkiye, Hypericum species are traditionally used for
their antispasmodic, antiseptic, tranquilizing, anti-
inflammatory, antiviral, antimicrobial, and antitumor
properties and wound- binding properties [3]. In one
previous study [26], it was observed that 50 different
compounds were present in leaf extracts of H. scabrum. The
highest amounts among these compounds were determined
as cis-vaccenic acid, palmitic acid, octadecanoic acid,
alpha-pinene, and oleic acid. In many different studies
conducted in different countries, the major component of
essential oil content of H. scabrum plant was found to be
alpha-pinene [26, 27]. It is possible that the same plant
could obtain a different chemical composition and chemical
pattern in other studies due to geographical distribution and
extraction methods [28]. In this way, it is intended
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to evaluate the therapeutic nature of the Hypericum
plant, which is generally used ethnobotanically, on the
nematode C. elegans, which is an inexpensive and user-
friendly system for drug screening. Thus, the effect of the
treatment of plant extracts on the nematode was observed
using a light microscope. The most active extract of the
H. scabrum plant on development, growth, and egg-
producing activity values of nematode was the ethanolic
extract. Survival ratios as percentages were highly similar
between study groups following the ethanolic extract
exposures of 10 and 100 mg/mL doses.

As an established model organism, C. elegans is highly
favored for investigations of diverse properties of plant
extracts, which include various research indicating lifespan
extension, neuroprotection, metabolic improvements, and
improved stress tolerance. As an example, a study showed
that seed extracts of the Ginko biloba plant improved
lifespan and motility and enhanced reproduction while also
reducing oxidative stress by preventing lipofuscin
accumulation. These effects have been linked to the
regulation of lipid metabolism and autophagy pathways [29].
Extracts of traditional Anatolian medicinal plants Hedera
helix, Salvia verticillata, Myrtus communis and Rubus
sanctus prolonged the lifespan of C. elegans. Especially
H. helix showed an anti-aging effect due to its chlorogenic
acid content [30]. The leaf methanolic extract of
Caesalpinia mimosoides alleviated signs of aging and
increased oxidative stress resistance by reducing lipofuscin
accumulation in C. elegans [31]. It has been shown that
both lifespan and motility of C. elegans were improved by
Cuscuta chinensis and Eucommia ulmoides plant extracts,


https://smart.servier.com/
https://creativecommons.org/licenses/by/3.0/
https://creativecommons.org/licenses/by/4.0/

which was attributed to the antioxidant properties of these
two traditional Chinese medicinal plants. In addition,
Styphnolobium  japonicum  fruit  extract showed
neuroprotective effects by reducing oxidative stress in
C. elegans [32]. It has been shown that flavonoids of licorice
improved the survival of C. elegans exposed to high
oxidative stress by enhancing SOD and CAT enzyme
activities. On the other hand, ethanolic extracts from
Peganum harmala seeds have been shown to impair lifespan,
motility, and growth of C. elegans due to toxicity. This
indicates the potential toxicity of the plant. In contrast, the
extract of Sanghuangporus sanghuang fungus prolonged the
lifespan and healthspan of C. elegans. These effects were
mediated through the DAF-16/SIR-2.1 pathways [33] .

Allin all, these studies on C. elegans reveal the effects
of plant extracts on biological processes such as aging,
oxidative stress, neuroprotection and metabolic regulation.
This model organism is a valuable tool for rapidly and
effectively evaluating the biological activities of plant-
based compounds. As a matter of fact, in this study, the
growth-enhancing effect of H. scabrum on C. elegans and its
effects on important characteristics such as lifespan and egg
production were found to be quite notable.

Thus, plant extracts are known to contain hundreds of
compounds, and it is very important for pharmacognostic
studies to understand which of these compounds cause
biological activities of real therapeutic quality. However,
it is not feasible, in terms of economics and time management,
to initiate advanced pharmacognosic experimental processes
without preliminary studies of all plants indiscriminately.
As a result of this study, it can be said that the extracts of
the Hypericum scabrum plant, which were investigated in
this study, can guide detailed studies with their in vitro
activity values. Based on the data obtained from our study,
various effects of the H. scabrum plant on the C. elegans
experimental animal model have been demonstrated, and
it has been shown that it may contribute to the literature
in the development of new natural resources, new drugs,
and therapeutic agents for the prevention of various
diseases. However, it is recommended that further research
be carried out to study other therapeutic activities of these
extracts with more detailed and comprehensive experiments
by applying advanced and comprehensive techniques,
including in vivo experiments.

In studies conducted with raw plant extracts, it is not
possible to determine exactly which molecules the activity
originates from or the actual amount of activity. In this
context, it would be more appropriate to conduct
phytochemical analyses on individual active compounds for
precise assessments.

Dosage and exposure evaluations are required to be
conducted on different model organisms. Due to limited
studies in this area, tests with C. elegans are crucial.

5. Conclusions

The findings obtained as a result of the analysis on
C. elegans, which is similar to the human genome,
contribute to the development of new products in the fields
of medicine, cosmetics, and food. In addition, the fact that
it is a study aimed at raising awareness in terms of health
provides originality.
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In this study, statistically significant changes were
determined by adding some extracts of the H. scabrum
plant to C. elegans cultures. It is possible to contribute to
universal knowledge at a basic level, and it is considered
to be a preliminary study. In the future, it can serve as a
guide for other studies in this field. Even though this study
provides important findings about potential uses of the H.
scabrum, there is a need for comprehensive clinical
research for this plant to be applied in medical practice.

Author Contributions: Supervision, T.D. and S.D.D;
conceptualization, T.D. and S.D.D; methodology, T.D. and
S.D.D; Experimental analysis, M.K., data collection, M.K.
and S.D.D, investigation, S.K. and S.D.D; formal analysis,
and writing, S.K. and S.D.D; project administration, S.K.;
the original draft, S.K.; review and editing, S.K., T.D.,
S.D.D. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was supported by TUBITAK
2209-A University Students Research Projects Support
Program (Project No: 1919B012201052).

Conflicts of Interest: The authors declare that there is
no conflict of interest regarding the publication of this
article.

References

1. Newman, D. J.; Cragg, G. M. Natural Products as Sources
of New Drugs from 1981 to 2014. J. Nat. Prod. 2016,
79(3), 629-661. DOI: 10.1021/acs.jnatprod.5b01055

2. Kaygisiz, M.; Sonmez Girer, E. Determination of the
Antimicrobial, Antioxidant Activities and Effects on
Oxidative DNA Damage of Extracts from Three Different
Salvia Species Grown in Turkey. Prospects. Pharm. Sci.
2025, 23(1), 1-8. DOI:10.56782/pps.300

3. Baytop, T. Therapy with Medicinal Plants in Turkey;
Istanbul  University Press, Istanbul, 1983. DOI:
10.26650/AB/AA8.2022.167

4. Davis, P. H. Flora of Turkey and the East Aegean Islands.
Edinburgh University Press, 1988; 10, 96-103.

5. Final Report on the Safety Assessment of Hypericum
perforatum Extract and Hypericum perforatum Qil. Int.
J. Toxicol. 2001, 20(2), 31-39. DOI: 10.1080/
10915810160233749

6. Ergin, K. N.; Karakaya, S.; Goger, G.; Sytar, O.; Demirci,
B.; Duman, H. Anatomical and Phytochemical
Characteristics of Different Parts of Hypericum scabrum
L. Extracts, Essential Oils, and Their Antimicrobial
Potential. Molecules 2022, 27(4), Art. No: 1228. DOI:
10.3390/molecules27041228

7. Eslami, B.; Nabavi, S. F.; Nabav, S. M.; Ebrahimzadeh,
M. A.; Mahmoudi, M. Pharmacological Activities of
Hypericum scabrum L. Eur. Rev. Med. Pharmacol. Sci.
2011, 15(5), 532-537.

8. Akdeniz, M.; Yener, I.; Kandemir, S. i.; Kocakaya, S. O.;
Firat, M.; Yigitkan, S.; Besen, N. H.; Ertas, A.; Kolak, U.
Determination of essential oil and biological activities
of Hypericum ternatum Poulter and H. scabrum L.
species collected from different localities: is H. scabrum
an alternative to multifunctional species ST JOHN'S
WORT (H. perforatum)?. Turk. J. Chem. 2022, 46(6),
1956-1971. DOI: 10.55730/1300-0527.3494



Prospects in Pharmaceutical Sciences, 23(4), 87-92. https://doi.org/10.56782/pps.466

9.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Ibaokurgil, F.; Yildirim, B. A.; Yildirim, S. Effects of
Hypericum scabrum L. Essential Oil on Wound Healing
In Streptozotocin-Induced Diabetic Rats. Cutan. Ocul.
Toxicol. 2022, 41(2), 137-144. DOI: 10.1080/15569527.
2022.2052890

Omidi, G.; Rezvani-Kamran, A.; Ganji, A.; Komaki, S.;
Etaee, F.; Asadbegi, M.; Komaki, A. Effects of
Hypericum scabrum Extract on Dentate Gyrus Synaptic
Plasticity in High Fat Diet-Fed Rats. J. Physiol. Sci.
2020, 70(1), Art. No: 19. DOI: 10.1186/s12576-020-
00747-0

Saberi, R.; Jamshidzad, Z.; Karimi, E.; Abdi, J.;
Naserifar, R.; Mirzaei, A. Anti-Leishmanial Activity of
Hypericum scabrum Extract against Leishmania major.
AMB Express. 2024, 14(1), Art. No: 136. DOI: 10.1186/
s13568-024-01800-6

Faraji, N.; Ganji, A.; Heshami, N.; Salehi, I.;
Haddadian, A.; Shojaie, S.; Komaki, A. Hypolipidemic
Effects of Hypericum scabrum Extract on the Serum
Lipid Profile and Obesity in High-Fat Diet Fed Rats.
Hum. Antibodies. 2021, 29(1), 55-61. DOI:10.3233/HAB-
200430

Alagoz, C. A. Gypsum Karst Events around and East of
Sivas; Ankara University: Ankara, 1967; Vol. 175.

Akpulat, H. A.; Celik, N. Flora of gypsum areas in Sivas
in the eastern part of Cappadocia in Central Anatolia,
Turkey. J. Arid Environ. 2005, 61(1), 27-46. DOI:
10.1016/j.jaridenv.2004.08.004

Ankeny, R. A. The Natural History of Caenorhabditis
elegans Research. Nat. Rev. Genet. 2001, 2(6), 474-
479. DOI:10.1038/35076538

Zongir, A. Evaluation of the Effects of Di-(2-
Ethylhexyl) Phthalate (DEHP) on Caenorhabditis
elegans Survival and Fertility. Appl. Biochem.
Biotechnol. 2024, 196(12), 8998-9009. DOI:
10.1007/512010-024-05032-z.

Mata, A. T.; Proenca, C.; Ferreira, A. R.; Serralheiro,
M. L. M.; Nogueira, J. M. F.; AraGjo, M. E. M.
Antioxidant and Antiacetylcholinesterase Activities of
Five Plants Used as Portuguese Food Spices. Food
Chem. 2007, 103(3), 778-786. DOI:
10.1016/j.foodchem.2006.09.017

Brenner, S. The Genetics of Caenorhabditis elegans.
Genetics. 1974, 77(1), 71-94. DOI: 10.1093/genetics/
77.1.71

Zongur, A. Investigation of the Effects of Herbicides
Widely Used in the World (Dicamba, Paraquat,
Picloram, Clopyralid, Linuron) on Caenorhabditis
elegans. Master's Thesis, Sivas Cumhuriyet University:
Sivas, 2022.

Demirhan, S. Extraction of Sivas Province Propolis
Samples with Ethanol and Water Solvents and
Investigation of Their Efficacy in Caenorhabditis
elagans Cultures. Master's Thesis, Sivas Cumhuriyet
University, Sivas, 2023.

Pérez-Escudero, A.; Madirolas, G.; Al-Asmar, A.
Preparation of 1L of Nematode Growth Medium (NGM)
(Version 1). Protocols.io. 2023. DOIl: 10.17504/
protocols.io.81wgby1jnvpk/v1

-92 -

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Piring, B.; Tirkoglu, S. Investigation of the Effects of
Ethyl Paraben and Methyl Paraben on Egg Yield, Survival
Percentage and Physical Growth in Caenorhabditis
elegans. Cumhuriyet Sci. J. 2016, 37(4), Art. No: 371.
DOI: 10.17776/csj.66838

Ozpinar, H. Anti-Helmintic Activity of Myrtus
communis L. Fruit Ethanol Extract on Nematodes of
Caenorhabditis elegans and The Determination of
Possible Active Ingredients. Hittite J. Sci. Eng. 2021,
8(3), 267-272. DOI:10.17350/HJSE19030000238

Idris, O. A.; Wintola, O. A.; Afolayan, A. J. Anthelmintic
Potency of Rumex Crispus L. Extracts against
Caenorhabditis elegans and Non-Targeted
Identification of the Bioactive Compounds. Saudi J.
Biol. Sci. 2022, 29(1), 541-549. DOI: 10.1016/j.sjbs.
2021.09.026

Sutphin, G. L.; Kaeberlein, M. Measuring Caenorhabditis
elegans life span on solid media. J. Vis. Exp. 2009, 27,
Art. No: 1152. DOI: 10.3791/1152

Dastan, S. D. Chemical and Functional Composition and
Biological Activities of Anatolian Hypericum scabrum L.
Plant. J. Mol. Struct. 2023, 1275, Art. No: 134561. DOI:
10.1016/j.molstruc.2022.134561

Sharopov, F. S.; Gulmurodov, I. S.; Setzer, W. N.
Essential Oil Composition of Hypericum perforatum L.
and Hypericum scabrum L. Growing Wild in Tajikistan.
J. Chem. Pharm. Res. 2010, 2(6), 284-290.

Jamilah, J.; Sharifa, A. A.; Sharifah, N. R. S. A. GC-MS
Analysis of Various Extracts from Leaf of Plantago major
Used as Traditional Medicine. World Appl. Sci. J. 2012,
17(12), 67-70.

Shen, N.; Zeng, W.; Leng, F.; Lu, J.; Lu, Z.; Cui, J.;
Wang, L.; Jin, B. Ginkgo Seed Extract Promotes
Longevity and Stress Resistance of Caenorhabditis
elegans. Food Funct. 2021, 12(24), 12395-12406. DOI:
10.1039/D1F002823E

Ergen, N.; Hosbas, S.; Deliorman Orhan, D.; Aslan, M.;
Sezik, E.; Atalay, A. Evaluation of the Lifespan
Extension Effects of Several Turkish Medicinal Plants in
Caenorhabditis elegans. Turk J. Biol. 2018, 42(2), 163-
173. DOI:10.3906/biy-1711-5

Thabit, S.; Handoussa, H.; ElSayed, N. S.; Breitinger,
H.-G.; Breitinger, U.; Wink, M. A Fruit Extract of
Styphnolobium japonicum (L.) Counteracts Oxidative
Stress and Mediates Neuroprotection in Caenorhabditis
elegans. BMC Complement Med. Ther. 2023, 23(1), Art.
No: 330. DOI: 10.1186/s12906-023-04149-8

Rangsinth, P.; Prasansuklab, A.; Duangjan, C.; et al.
Leaf extract of Caesalpinia mimosoides enhances
oxidative stress resistance and prolongs lifespan in
Caenorhabditis elegans. BMC Complement. Altern.
Med. 2019, 19(1), Art. No: 164. DOI: 10.1186/512906-
019-2578-5

Dong, Z.; Wang, Y.; Hao, C.; Cheng, Y.; Guo, X.;
He,Y.;Shi, Y.; Wang, S.; Li, Y.; Shi, W. Sanghuangporus
Sanghuang Extract Extended the Lifespan and
Healthspan of Caenorhabditis Elegans via DAF-16/SIR-
2.1. Front. Pharmacol. 2023, 14, 1136897. DOI:
10.3389/fphar.2023.1136897



