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ABSTRACT. Yarrow, whose scientific name is "Achillea millefolium", is a flowering plant belonging to
the Asteraceae family. Almost all parts of Achillea millefolium, a perennial herbaceous plant, are medically
useful. It has many bioactive features such as anti-inflammatory, anti-spasmodic, analgesic, blood
coagulant, wound healing, anti-hypertension, expectorant and menstrual regulator. Today, Covid-19,
caused by severe acute respiratory syndrome, has brought about some studies on using natural therapeutics
along with researching drug treatment, as well as developing a vaccine. For this reason, by investigating
the natural therapeutic effect of the Achillea millefolium extract that we will use in our study, studies on its
use as an alternative medicine in Covid-19 will be accelerated. This study aims to examine the protective
effects of Achillea millefolium plant extract against changes at the cellular level. After the addition of carbon
tetrachloride and Achillea millefolium extracts, the cultures were allowed to develop at 30°C. It was
determined that oxidative stress and lipid peroxidation decreased and catalase and glutathione levels, which
are anti-oxidant defense markers, increased after treatment with Achillea millefolium extracts. Based on
these findings, it can be concluded that Achillea millefolium has beneficial properties in protecting the cell
against oxidative damage.

Keywords: Achillea millefolium, oxidative damage, protein synthesis, Saccharomyces cerevisiae.

INTRODUCTION

Achillea genus is a plant belonging to the Asteraceae family, containing more than 130
perennial plant species native to the Northern Hemisphere from Europe to Asia. It grows
in temperate climates and dry or semi-dry habitats. Achillea millefolium (yarrow), the
most common species growing in temperate climates, has been among the plant species
most frequently used in both folk and traditional medicine for over 3000 years. Although
it is commonly known as yarrow, it has different local names in various countries.
Achillea is represented by 46 taxon, 25 of which are special to, in Turkey and 19 species,
7 of which are endemic, in Iran. The plant usually blooms from May to June, with real
growing occurring in spring [1].
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Fig. 1. Achillea millefolium (yarrow) [1]

Achillea millefolium (yarrow) is a small, perennial, tufted plant, 50 cm tall, with a
slender rootstock that shoots numerous roots and stolons [2]. The color of its flowers
varies from pale yellow, ivory, white and golden yellow. Its flowers are white in color
and appear in the form of large anthers, tubular and tongue-shaped. It is important to
collect the flowers during the hours when the sun is most intense in order for the
therapeutic effect of the essential oils to be at their highest level [1, 3]. Achillea
millefolium is used for diseases such as diabetes, high blood pressure, kidney stones,
muscle pain, acne, bleeding disorders, cough, flu and pneumonia [2, 4]. It is prescribed
for the treatment of hepatitis B and C. It is efficient in respiratory tract infections and
gastrointestinal disorders. It is a digestive system and carminative. It diminishes fever
through sweating [2].

Fig. 2. Flower, leaf, root and seed image of Achillea millefolium [5]

Achillea millefolium contains a wide variety of bioactive components such as
necessary oil, flavonoids, tannins, alkaloids, glycosides, choline, azulene, kamazulene,
salicylic acid, sesquiterpenoids, eucalyptol, terpineol, amino acids [2, 6]. The presence of
these components is effective in showing anti-oxidant, anti-diabetic, anti-bacterial, anti-
inflammatory, anti-hepatoxic, anti-cancer and anti-tumor properties [1, 7]. It has also
been determined by studies that it is a strong anti-oxidant against free radicals and reactive
oxygen species [8, 9]. Achillea millefolium is a plant frequently used as a fresh or dried
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herb in the Middle East. It is used in dissimilar forms such as tea blends, tinctures, tablets
and ointments, between other formulations [10].

Carbon tetrachloride (CCly) is a dense, colorless and non-flammable liquid. It has a
regular tetrahedron molecular structure. It is insoluble in water and soluble in nonpolar
solvents such as alcohol. It can be easily taken into the body by inhalation, swallowing or
through the skin and is quickly absorbed from the gastrointestinal tract. The toxicity of
CCl4 shows its effect at the biochemical and cell organelle level. It is a powerful
hepatotoxin. It distributes to all tissues and organs and causes changes in the microsomal
enzymes of the liver. Thus, it reduces protein synthesis by disrupting amino acid
secretion. It can also cause the manufacture of reactive oxygen types that trigger lipid
peroxidation in the biological membrane by decrease the activities of antioxidant
enzymes [15, 16].

CCly is an organic solvent and has a nonpolar molecular structure. Four chlorine (Cl)
atoms are bonded to a carbon molecule in a tetrahedral manner, and with the exchange of
H and Cl ions, it becomes a trichloromethane (CHCIs) molecule. CCl4 is obtained as the
product of many chemical reactions. CCls, which has a long half-life, decays very slowly.
Because it has a stable chemical structure [17].

QT‘ /:l ZJ/ e
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Fig. 3. Molecular structure of carbon tetrachloride [18]

MATERIALS AND METHODS
Research Groups of the Study

In this study, the molecular and biological effects of Achillea millefolium extract
against CCls-induced damage in Saccharomyces cerevisiae were investigated. 6 groups
were created in the study.

Our groups:

Group (1): Control Group

Group (2): Carbon tetrachloride (CCl4) Group (10 mM)
Group (3): Achillea millefolium-10% Group

Group (4): Achillea millefolium-30% Group

Group (5): CCls (10 mM) + Achillea millefolium-10% Group
Group (6): CCls (10 mM) + Achillea millefolium-30% Group

Cell Development Environment of Saccharomyces cerevisiae

For the growth and reproduction of yeasts, 15 g of yeast extract, 15 g of tryptone and
15 g of glucose were weighed and prepared for 500 ml of YEPD. Then, 7 conical flasks
were taken (1 conical flask in which Saccharomyces cerevisiae was not planted) and 50
ml of the prepared 500 ml medium was added to each of the conical flasks. After being
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kept in the autoclave at 121°C for 1 hour, it was removed and cooled. Yeast was planted
in each flask next to the burner flame. After waiting in the oven for 20 minutes, yeast
proliferation (yeast threshold value) was checked by blank measurement on a
spectrophotometer [19].

Preparation of Achillea millefolium (Yarrow) Extract and Carbon tetrachloride (CCls)

Achillea millefolium was collected from Keban district of Elazig province in spring.
The collected plants were brought to the laboratory environment and then prepared for
the study. Preparation of Achillea millefolium (10%) extract; 10 g of Achillea millefolium
was weighed, brewed in 1000 ml of boiling distilled water, and then filtered through a
sterile cheesecloth. Preparation of Achillea millefolium (30%) extract; 30 g of Achillea
millefolium was weighed, brewed in 1000 ml of boiling distilled water, and then filtered
through a sterile cheesecloth. In the experimental study, the extract we obtained was
added to the flasks labeled with Achillea millefolium in the proportions we provided and
developed at 30°C. In addition, in the experimental study, 10 mM CCl4 was added to each
of the flasks labeled CCls and developed at 30°C [20].

Determination of Saccharomyces cerevisiae Cell Development Measurements

To determine cell growth, culture example were grown at 30°C for 1 hour, 3 hours, 5
hours and 24 hours and their absorbance was measured at 600 nanometer wavelength
(ODeoo) [19].

Lipid Peroxidation Malondialdehyde (MDA) Analysis

0.8 ml of phosphate buffer, 0.025 ml of BHT (Butylated hydroxytoluene) and 0.5 ml
of 30% TCA (Trichloroacetic acid) were added to 0.2 ml of sample. The tubes were mixed
by vortex and kept on ice for two hours. It was then centrifuged at 2000 rpm for 15
minutes. 1 ml of the supernatant was taken and transferred to another tube. 0.075 ml of
0.1 M EDTA and 0.25 ml of 1% TBA were added and mixed. After waiting in the water
bath for 15 minutes, the absorbance was read at 532 nanometer on the spectrophotometer
[21, 22].

Saccharomyces cerevisiae Glutathione (GSH) Activity Measurement Analysis

1 ml of phosphate buffer and 0.125 pl of DTNB were added to 100 ul of sample and
vortexed. 1 ml phosphate buffer, 0.125 ul DTNB and 100 pl distilled water were added
to the blank tube and mixed. The absorbance of the mixtures was read at 412 nanometer
within 3-4 minutes [22, 23]. After the necessary measurements were made on the
spectrophotometer, the values obtained were calculated in micrograms by substituting
them according to the formula obtained according to the standard curve data.

Saccharomyces cerevisiae Catalase (CAT) Activity Determination

For catalase measurement analysis, first 0.2 ml of culture homogenate was taken and
mixed with 1.2 ml of phosphate buffered saline. The reaction was started by taking 1 ml
of 30 mM hydrogen peroxide solution. The absorbance was measured in a
spectrophotometer at 30-second intervals at a wavelength of 240 nm and the results were
recorded as U/ml [24, 26].
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Pellet and Supernatant Total Protein Intensity (Bradford) Measurements

The standards obtained by creating Bowin serum albumin (BSA) protein standards and
the total protein quantity in Saccharomyces cerevisiae groups corresponding to this
standard value were determined according to the Bradford method [14]. After the
necessary measurements were made on the spectrophotometer according to the Bradford
method, the values obtained were calculated in nmol/ml by substituting them according
to the formula obtained according to the Bowin serum albumin (BSA) protein standard
curve data.

Sodium Dodecyl Sulfate—Polyacrylamide Gel Electrophoresis (SDS-PAGE) Analysis

In our study, the gels prepared for analysis of our protein samples using the SDS-
PAGE method were imaged using the gel imaging system (Mini-Protean Tetra Cell-Bio-
Rad). After growing at 30 mA, the gels were stained with Coommasie blue. Then, protein
bands between groups were analyzed according to the gel image [24, 28]. After loading
19 microliters of protein samples into the wells on the previously prepared loading gel,
the electric current was cut off after ensuring that the blue band visible during the
separation of proteins in the gel reached the bottom of the gel, the gel between the glass
plates was taken and stained with commassie dye, and the necessary comments were
made after the bands became clear.

Statistical Analysis

Our results are shown as mean =+ standard deviation. Statistical analysis was performed
by One-Way ANOVA Post Hoc Tukey test followed by multiple comparison using
GraphPad Prism 5. p<0.05 was considered statistically significant.

RESULTS AND DISCUSSION

Natural products, particularly obtained from plants, keep going to issue new and
substantial clues in the drug exploration process. The primary step in drug invention has
been to document ingredients traditionally used to remedy a condition. Information about
important medicinal plants and practices is passed on orally from one generation to the
next. Documenting such information facilitates future studies on medicinal plant safety
and validation effectiveness [1]. For this reason, research was conducted on
Saccharomyces cerevisiae to determine the anti-oxidant effect of Achillea millefolium
(yarrow), which we used in our study. Saccharomyces cerevisiae is a budding yeast used
in the manufacture of fermentative foods, beverages and biofuels. It is used as a cell
factory for the making of pharmaceuticals and other essential biochemical compounds
[29]. Achillea millefolium, which has been medically investigated as one of the alternative
drugs in recent years, has wide biological activity due to its ability to regulate various
enzymes and cell receptors and its anti-oxidant properties. It has also been determined
that it has very valuable biological activities such as anti-oxidant, anti-diabetic, anti-
cancer, anti-inflammatory and anti-bacterial [30].

When the cell development results of our study at different times were examined, it
was observed that there was a meaningful difference among the groups depending on the
dissimilar development times (p<0.05). It was observed that the groups given Achillea
millefolium-10% and Achillea millefolium-30% extracts increased cell development
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against the negative effect of CCls depending on time. It was determined that cell
development was least in the group given CCl4 (Fig. 4).

Cell Growth (ODgg)

Control cCl4 Achillea Achillea CCl4 + Achillea  CCl4 + Achillea
millefolium-%10 millefolium-%30 millefolium-%10 millefolium-%30

=8—=]h =8=3h 5h =—#=24h (overnight)

Fig. 4. Cell development of Saccharomyces cerevisiae at different times in Achillea
millefolium extract

When we examined the MDA results of Achillea millefolium in Fig. 5, it was defined
that the MDA level was at the highest level in the group given CCl4, and the MDA level
decreased significantly in the CCls + Achillea millefolium -10% and CCls + Achillea
millefolium -30% treatment groups. It was defined that MDA levels were lowest in the
control, Achillea millefolium-10% and Achillea millefolium-30% groups. These results
show us that Achillea millefolium has a preventive effect to lipid peroxidation.
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Fig. 5. MDA level between groups
When we examined the GSH levels as a result of our study, it was observed that the

GSH level was at the lowest level in the CCls group, and the GSH level was at the highest
level in the Control, Achillea millefolium-10% and Achillea millefolium-30% groups.
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However, GSH level was found to be statistically meaningful among all groups (p<0.05)
(Fig. 6). When we examined the CAT levels, it was found that CAT levels rised in the
CCls + Achillea millefolium-10% and CCl. + Achillea millefolium-30% treatment groups
compared to the CCls group. It was established that the highest CAT activity was in the
group given Achillea millefolium-30% (Fig. 7). The rise in GSH level and CAT activity
shows us that Achillea millefolium protects Saccharomyces cerevisiae against oxidative
damage.
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Fig. 6. GSH level among groups
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Fig. 7. CAT activity among groups
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When the pellet total protein intensity results given in Fig. 8 and the supernatant total
protein intensity results given in Fig. 9 are studied we can speak that Achillea millefolium
rise protein synthesis in Saccharomyces cerevisiae. It is observed that the total protein
intensity rises significantly in the Achillea millefolium-10% and Achillea millefolium-
30% groups, mainly when confront to the CCl4 group. It was determined that the lowest
pellet and supernatant total protein density was in the group given CCla.
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Fig. 8. Pellet total protein densities between groups
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Fig. 9. Supernatant total protein densities between groups
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When the SDS-PAGE gel image (pellet) was examined, it was concluded that the
protein concentration raised meaningful in the Achillea millefolium-30% group compared
to the CCls group. It was defined that the protein concentration decreased in the CCly
administered group due to the damage caused by CCla. As a result of this study, according
to our data, it was determined that Achillea millefolium raised the protein density of
Saccharomyces cerevisiae, spite of the negatory effects of CCl4 (Fig.10).

-

Fig. 10. SDS-PAGE pellet protein bands: (1: Control, 2: Achillea millefolium 10%, 3:
CCly, 4: Achillea millefolium 30%, 5: CCl4 +Achillea millefolium 30%, 6: CCls +
Achillea millefolium 10%)

As a result of this research, it was conclusions that Achillea millefolium extract raised
the growth of Saccharomyces cerevisiae despite the negative effects of CCls. Achillea
millefolium has been shown to have various biological and pharmacological effects in the
literature. Milutinovic et al. [31], determined in their study the effect of polyphenol-rich
plant extracts, especially yarrow, on the growth of probiotic and pathogenic
microorganisms. They stated that these plant extracts suppressed the growth of
pathogenic Candida yeast. Ayoobi et al. [6], researched the effect of aqueous extract of
Achillea millefolium on patients with relapsing-remitting MS (RR-MS). They stated that
1-year oral practice of the aqueous extract of Achillea millefolium provided a important
improvement in clinical outcomes in RR-MS patients. Vahid et al. [32], observed that
plasma nitric oxide metabolites reduced significantly after Achillea millefolium
application in chronic kidney in patients. They stated that higher doses and long-term
Achillea millefolium plant application may make these changes more meaningful.
Hajhashemi et al. [33], found that Achillea millefolium and Hypericum perforatum
ointments relieved the level of perineal pain, wound redness and edema, and their
consumption may be beneficial in episiotomy treatment. Jonsdottir et al. [34], stated that
extracts obtained from Achillea millefolium and Menyanthes trifoliate plants have anti-
inflammatory effects on human dendritic cells and contain compounds that can reduce
autoimmune responses.

304



Delioglu et al.: The molecular biological investigation of Achillea millefolium (yarrow) extract on Saccharomyces cerevisiae

Gok et al. [21], investigated the effect of Aloe vera gel on cisplatin-induced oxidative
damage in Saccharomyces cerevisiae culture. They stated that Aloe vera gel raised cell
growth, total protein synthesis, CAT and GSH levels, and decreased MDA levels. Gok et
al. [35], examined the effect of sumac plant on oxidative injury in Saccharomyces
cerevisiae culture. They showed that sumac plant reduces oxidative damage in yeast
culture and has an increasing effect on yeast cell growth. Beyaz et al. [36], investigated
the therapeutic effects of bee pollen in Saccharomyces cerevisiae culture. As a result of
the study, they found that cell development, total protein synthesis and GSH level raised
in the bee pollen groups compared to the CuCl. group, while the MDA level decline.
Aslan [20], investigated the protective effect of Goji berry in Saccharomyces cerevisiae
culture against oxidative injury caused by chromium. He stated that GSH levels and
catalase activities increased and MDA levels decreased in the treatment group compared
to the chromium group.

Eker et al. [37], (2022) stated that Achillea millefolium extract meaningful reduced the
frequency of spontaneous and oxytocin-induced uterine contractions depending on the
dose. Aslan and Can [38], stated in their study that orange juice increased cell growth and
protein synthesis by inhibiting oxidative damage in Saccharomyces cerevisiae against
H202-induced oxidative stress. Tadic et al. [8] showed in their research that yarrow
extracts have a significant anti-inflammatory property. Gok et al. [24], stated that palm
leaf decrease oxidative damage in Saccharomyces cerevisiae culture and has a protective
role to support protein synthesis. Zongiir [39] detected a high amount of 1,8-cineole in
the essential oil composition of plants growing in the Sivas region. 1,8-cineole (74%),
which is abundant in the essential oil component of eucalyptus species, was also found to
a significant extent in Achillea millefolium plants (19.33%), although to a lesser extent
than in eucalyptus species. Additionally, as a result of the research, it was seen that the
essential oil of the plant showed anti-microbial and anti-fungal properties, inhibiting the
growth of all tested species. He stated that the data obtained in his study could be a source
for future biotechnological, biodiversity, pharmaceutical and medical studies. Ozsahin et
al. [40] stated that there were differences in some vitamins and fatty acids of different
molasses species on Saccharomyces cerevisiae.

CONCLUSION

In line with the data we obtained as a result of this study, it was determined that
Achillea millefolium (Yarrow) has a protective role against oxidative damage in
Saccharomyces cerevisiae culture, thanks to its strong anti-oxidant properties. We can
say that Achillea millefolium is very effective against oxidative damage, increases total
protein synthesis and cell development, and protects the cell opposite oxidative injury.
According to the data we obtained from the study, the fact that Achillea millefolium has
a high anti-oxidant capacity makes us think that the positive effects it has on
Saccharomyces cerevisiae may also have on humans. These results can be a guiding
reference for new studies in the future with the contributions we will make to the literature
in terms of eliminating the deficiencies in the literature.

Conflict of Interest. The authors declared that there is no conflict of interest.

305



Delioglu et al.: The molecular biological investigation of Achillea millefolium (yarrow) extract on Saccharomyces cerevisiae

Authorship Contributions. Concept: A.A., O.G., S.B., Design: A.A., 0.G,, S.B., Data Collection or
Processing: O.G., S.B., S.D., Analysis or Interpretation: O.G., S.B., S.D., Literature Search: O.G., S.B.,
S.D., Writing: A.A., 0.G,, S.B., S.D.

Financial Disclosure. This study was supported by the Scientific and Technological Research Council of
Turkey (TUBITAK) 2209-A University Students Research Projects Support Program.

REFERENCES

[1] Ali, S.I., Gopalakrishnan, B., Venkatesalu, V. (2017): Pharmacognosy, Phytochemistry
And Pharmacological Properties of Achillea millefolium L.: A Review. Phytotherapy
Research 31(8): 1140-1161.

[2] Akram, M. (2013): Minireview on Achillea millefolium Linn. The Journal of Membrane
Biology 246(9): 661-663.

[3] Baytop T. (1999): Treatment with Plants in Turkey, Nobel Medical Bookstores, 2. Baski,
Istanbul.

[4] Rezaei, S., Ashkar, F., Koohpeyma, F., Mahmoodi, M., Gholamalizadeh, M., Mazloom,
Z., Doaei, S. (2020): Hydroalcoholic Extract of Achillea millefolium Improved Blood
Glucose, Liver Enzymes And Lipid Profile Compared To Metformin in Streptozotocin-
Induced Diabetic Rats. Lipids in Health and Disease 19(1): 1-7.

[5] Avyoobi, F., Shamsizadeh, A., Fatemi, I., Vakilian, A., Allahtavakoli, M., Hassanshahi, G.,
Moghadam-Ahmadi, A. (2017): Bio-effectiveness of The Main Flavonoids of Achillea
millefolium in The Pathophysiology Of Neurodegenerative Disorders-A Review. Iranian
Journal of Basic Medical Sciences 20(6): 604.

[6] Avyoobi, F., Moghadam-Ahmadi, A., Amiri, H., Vakilian, A., Heidari, M., Farahmand, H.,
Fathollahi, M.S., Fatemi, I., Shafiei, S.A., Alahtavakoli, M., Shamsizadeh, A. (2019):
Achillea millefolium is Beneficial As An Add-On Therapy in Patients With Multiple
Sclerosis: A Randomized Placebo-Controlled Clinical Trial. Phytomedicine 52: 89-97.

[7] Okkay, U., Ferah Okkay, Il., Aydin, I. C., Bayram, C., Ertugrul, M. S., Gezer, A.,
Hacimuftuoglu, A. (2021): Effects of Achillea millefolium on Cisplatin Induced Ocular
Toxicity: An Experimental Study. Cutaneous and Ocular Toxicology 40(3): 214-220.

[8] Tadic, V., Arsic, I., Zvezdanovic, J., Zugic, A., Cvetkovic, D., Pavkov, S. (2017): The
Estimation of The Traditionally Used Yarrow (Achillea millefolium L. Asteraceae) Oil
Extracts With Anti-Inflamatory Potential in Topical Application. Journal of
Ethnopharmacology 199: 138-148.

[9] Villalva, M., Jaime, L., Villanueva Bermejo, D., Lara, B., Fornari, T., Reglero, G., Santoyo,
S. (2019): Supercritical Anti-Solvent Fractionation For Improving Antioxidant And
Antiinflammatory Activities of an Achillea millefolium L. Extract. Food Research
International 115: 128-134.

[10] Alomair, M.K., Alabduladheem, L.S., Almajed, M.A., Alobaid, A.A., Alkhalifah, E.A.,
Younis, N.S., Mohamed, M.E. (2022): Achillea millefolium Essential Oil Mitigates Peptic
Ulcer in Rats Through Nrf2/HO-1 Pathway. Molecules 27(22): 7908.

[11] Herrero, E., Ros, J., Belli, G., Cabiscol, E. (2008): Redox control and oxidative stress in
yeast cells. Biochimica et Biophysica Acta (BBA)-General Subjects 1780(11): 1217-1235.

[12] Odriozola-Serrano, 1., Puigpinds, J., Oliu, G. O., Herrero, E., Martin-Belloso, O. (2016):
Antioxidant Activity of Thermal Or Non-Thermally Treated Strawberry And Mango Juices
by Saccharomyces cerevisiae growth based assays. LWT 74: 55-61.

[13] Aslan, A., Can, M.I. (2017): Protein expression product alterations in Saccharomyces
cerevisiae. Progress in Nutrition 19 (1): 81-85.

[14] Aslan, A., Gok, O., Beyaz, S. (2019a): The Protective Effect of Grape Seed Extract Against
to Hydrogen Peroxide -Induced Damage in Saccharomyces cerevisiae. Igdir University
Journal of the Institute of Science and Technology 9 (4): 2216-2224.

306



Delioglu et al.: The molecular biological investigation of Achillea millefolium (yarrow) extract on Saccharomyces cerevisiae

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]
[29]

[30]

[31]

Boydak, D. (2015): The Effect Of Black Cumin (Nigella Sativa L.) On The Caspase-3,
Caspase-9, Erk, Akt Protein Expression And DNA Damage in Rats With Carbon
Tetrachloride (CCls)-Induced Lung Damage. Master Thesis, Firat University Institute of
Science and Technology, Elazig, Turkey.

Gok, 0. (2017): The Effect of Ellagic Acid on Some Apoptotic Proteins Expression in
Liver of Rats Experimentally to Made up Damage with Carbon Tetrachloride. Master
Thesis, Firat University Institute of Science and Technology, Elaz1g, Turkey.

Karakas, M.K., Koyutiirk, L.C., Tektemur, N.K., Aksu, F., Kuloglu, T., Akkog, R.F.,
Kavakli, A. (2022): Effects of Ozone Therapy Against Carbontetrachloride-Induced Liver
Damage in Rats. Firat Medical Journal 27(4): 242-246.

Altinbasak, M. (2019): Investigation of The Liver Protective And Antioxidant Role of The
Fruit Lyophilized Extract of The Hawthorn (Crataegus orientalis) Plant in Rats Subjected
To Experimental Oxidative Stress And Liver Damage With Carbontetrachloride (CCla).
Master Thesis, Van Yiiziincii Y1l Institute of Science and Technology, Van, Turkey.
Aslan, A., Gok, O., Erman, O. (2017): The Protective Effect Of Kiwi Fruit Extract
Against to Chromium Effect on Protein Expres-Sion in Saccharomyces cerevisiae.
Progress in Nutrition 19(4): 472-476.

Aslan, A. (2021): The Protective Effects of Goji berry Against Oxidative Damage Caused
by Chromium (K2Cr,0Oy) in Saccharomyces cerevisiae. Bitlis Eren University Journal of
Science 10 (3):, 784-795.

Gok, O., Beyaz, S., Aslan, A. (2022): Molecular Biological Investigation of The Effect of
Aloe vera on The Growth of Saccharomyces cerevisae. Afyon Kocatepe University Journal
of Science and Engineering Sciences 22 (4): 703-710.

Kisacam, S. (2010): Investigation of Blood Malondialdehyde (MDA) and Reduced
Glutathione (GSH) Levels in Gastritis and Stomach Cancer Patients. Master Thesis, Kafkas
University Institute of Science, Kars, Turkey.

Aslan, A., Gok, O., Beyaz, S., Agca, C.A., Erman, O., Zerek, A. (2020): Ellagic Acid
Prevents Kidney Injury And Oxidative Damage Via Regulation of Nrf-2/NF-xB Signaling
in Carbon Tetrachloride Induced Rats. Molecular Biology Reports 47: 7959-7970.

Aslan, A., Beyaz, S., Gok, O., Can, M.1,, Parlak, G., Ozercan, I.H., Gundogdu, R. (2021):
Royal Jelly Abrogates Flouride-Induced Oxidative Damage in Rat Heart Tissue By
Activating of The Nrf-2/NF-xB and Bcl-2/Bax Pathway. Toxicology Mechanisms and
Methods 31(9): 644-654.

Gok, O., Beyaz, S., Erman, F., Aslan, A. (2021b): Does Persimmon Leaf Have A Protective
Effect Against Oxidative Damage Caused By Chromium in Saccharomyces cerevisiae?.
Progress in Nutrition 23 (2): e2021213.

Gok, O., Beyaz, S., Aslan, A. (2021a): Biological and Oxidative Effect of Ellagic Acid on
Saccharomyces cerevisiae: A New Way For Culture Developing. Brazilian Archives of
Biology and Technology 64: €21210002.

Aslan, A., Beyaz, S., Gok, O. (2019b): The Protective Effect of Tomato Extract Against to
Chromium-Induced Damage in Saccharomyces cerevisiae. Erzincan University Journal of
Science and Technology 12 (2): 1048-1055.

Laemmli, U.K. (1970): Cleavage of Structural Proteins During The Assembly of The Head
of Bacteriophage T4. Nature 227: 680-685.

Belda, I., Ruiz, J., Santos, A., Van Wyk, N., Pretorius, 1.S. (2019): Saccharomyces
cerevisiae. Trends Genetics 35: 956-7.

Benetis, R., Radusiene, J., Jakstas, V., Janulis, V., Malinauskas, F. (2008): Development
of an RP- HPLC Method For The Analysis of Phenolic Compounds in Achillea millefolium
L. Journal of Liquid Chromatography Related Technologies 31(4): 596-610.

Milutinovic, M., Dimitrijevi¢-Brankovic, S., Rajilic-Stojanovic, M. (2021): Plant Extracts
Rich in Polyphenols As Potent Modulators in The Growth of Probiotic And Pathogenic
Intestinal Microorganisms. Frontiers in Nutrition 8: 1-11.

307



Delioglu et al.: The molecular biological investigation of Achillea millefolium (yarrow) extract on Saccharomyces cerevisiae

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Vahid, S., Dashti-Khavidaki, S., Ahmadi, F., Amini, M., Salehi Surmaghi, M.H. (2012):
Effect of Herbal Medicine Achillea millefolium on Plasma Nitrite And Nitrate Levels in
Patients With Chronic Kidney Disease. Iranian Journal of Kidney Diseases 5(6): 350-4.
Hajhashemi, M., Ghanbari, Z., Movahedi, M., Rafieian, M., Keivani, A., Haghollahi, F.
(2018): The Effect of Achillea millefolium and Hypericum perforatum Ointments On
Episiotomy Wound Healing in Primiparous Women. Journal of Maternal-Fetal Neonatal
Medicine 31(1): 63-69.

Jonsdottir, G., Omarsdottir, S., Vikingsson, A., Hardardottir, I., Freysdottir, J. (2011):
Aqueous Extracts From Menyanthes Trifoliate And Achillea Millefolium Affect Maturation
of Human Dendritic Cells And Their Activation of Allogeneic CD4+ T cells In vitro.
Journal of Ethnopharmacology 136(1): 88-93.

Gok, O., Beyaz, S., Aslan, A. (2022): Molecular Biological Investigation of The Effect of
Sumac Extract on Protein Synthesis And Development of Saccharomyces cerevisiae.
Progress in Nutrition 24(1): e2022032.

Beyaz, S., Gok, O., Aslan, A. (2022): A New Research on the Antioxidant Properties and
Therapeutic Effects of Bee Pollen in Saccharomyces cerevisiae. Brazilian Archives of
Biology and Technology 65: €22210308.

Eker, A., Ozdengiil, F., Yargig, M.P., Sen, A. (2022): Effects of Achillea millefolium
Extract on Spontaneous And Oxytocin-Induced Isolated Rat Uterine Contractions. Mustafa
Kemal University Medical Journal 13(47): 290-295.

Aslan, A., Can, M.l. (2015): The effect of orange juice against to HO, stress in
Saccharomyces cerevisiae. Progress in Nutrition 17(3): 250-254.

Zongiir, A. (2022): Evaluation of Antimicrobial and Antifungal Efficacy of Essential Oils
of Achillea millefolium (Yarrow) Plant. Igdir University Journal of the Institute of Science
and Technology 13(2): 906-913.

Ozsahin, A.D., Guvenc, M., Yilmaz, O., Aslan, A., Tuzcu, M. (2009): The Effects of
Different Sugar Sources on Fatty Acid Biosynthesis in the Saccharomyces Cerevisiae Cell
Culture. Journal of Animal and Veterinary Advances 8(3): 424-429.

308



