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INTRODUCTION

Abstract

The goal of this study was to investigate the effects of Ferula communis L. on
growth performance, relative organ weights, tissue and serum oxidative status, and
biochemical and histopathological changes in rats exposed to continuous light. Rats
exposed to continuous light for 10 days were given F communis orally. Daily body
weight was recorded, and rats were euthanized by cervical dislocation. Blood was
collected to determine relative organ weights, followed by immediate biochemical and
histopathological analysis of the organs. Serum and tissue oxidative status were measured.
Continuous light exposure in rats resulted in weight loss, decreased ovary, uterus, and
kidney weights, diminished total antioxidant status (TAS) along with increased cortisol,
total oxidant status, and oxidative stress index. However, F. communis treatment reduced
serum cortisol concentration and alleviated oxidative stress by increasing TAS even
under prolonged light exposure conditions. Neither continuous light exposure nor E
communis treatment caused significant changes in malondialdehyde and glutathione
in organ tissues. Although continuous light caused an increase in the number of cystic
follicles, F. communis treatment did not seem to have a positive effect on cystic follicle
formation. In conclusion, continuous light exposure stressed the rats and increased
cortisol, as well as stimulated oxidative stress and cystic follicle formation. E communis
treatment can help alleviate the harmful effects of constant light exposure.

Keywords: Body weight, Continuous light stress, Cortisol, Cystic follicle, Ferula, Ovary,
Oxidative stress

In the genus Ferula, components such as coumarin
(ferulenol, galbanic acid, and umbelliprenin), coumarin

Ferula includes more than 170 genera, with the majority of
them being found in Central Asia, the Mediterranean, and
North Africa. In order to ascertain their pharmacological
characteristics, Ferula spp. have been employed in
both previous and contemporary studies on humans
and animals !l In Turkiye, the genus Ferula is known
as “Caksir” and is represented by 25 species. The root
components are renowned as potent aphrodisiacs in
eastern Tirkiye 2.

esters (ferulon A, B), sesquiterpenes (germakrans,
himacalans, carotenes, humulans, guaians, daucane esters
farnesiferol A and B) and sesquiterpene lactones, mono-
terpene (a-pinene, B-pinene), monoterpene coumarins,
prenylated coumarins, sulfur-containing derivatives,
phytoestrogens (ferutinin), flavonoids, carbohydrates
(galactose, glucuronic acid, arabinose, rhamnose) are well
defined. This genus is utilized in traditional medicine for
skin infections, psychiatric conditions, high cholesterol,
diabetes, arteriosclerosis, gastrointestinal problems, osteo-
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porosis, rheumatism, human immunodeficiency virus,
type A influenza, cancers (uterine cancer), muscle
relaxants, headache, hypertension, toothaches, and vertigo
because of its abundant chemical content 4,

Studies to identify the phytochemical characteristics
of Ferula have increased over the last 20 years . The
antioxidant qualities of extracts derived from Ferula
species have also been the subject of certain studies.
Ferula extracts are usually thought to have considerable
antioxidant activity, according to the research *”°. E
communis extracts have powerful antioxidant capabilities
and exhibit no cell toxicity in both traditional in vitro assays
and in vitro cellular models (HL-60). It also possesses
intracellular and extracellular scavenging properties. The
presence of considerable amounts of phenolic compounds
and the interesting and powerful antioxidant capabilities
of FE communis were also discovered ).

One of the most significant environmental factors
influencing animal behavior is light. The temporal
variation of light alters numerous physiological processes
in various animal species. The major circadian oscillator
in animals is located in the hypothalamic suprachiasmatic
nucleus (SCN), and the retinohypothalamic pathway
directly links ambient light to SCN neuronal activity.
The SCN controls circadian sleep patterns, body
temperature, mobility, and nutrition, and these functions
may be interfered with when the SCN is negatively
impacted by light. Circadian rhythms are synchronized by
the length of light and darkness during the day. Circadian
rhythm patterns are greatly impacted by variations in the
length of the light-dark period. In primates, transitory
sleep patterns and body temperature are variably
influenced by ambient light, and the SCN controls these
circadian cycles 1011,

Problems including jet lag disorder, delayed sleep phase
disorder, and irregular sleep-wake rhythm are experienced
as a result of variations in the 24-h circadian cycle’s light/
dark cycles or sleep-wake cycles ["*!2l. These issues can
be regarded as severe stressors because they alter the
homeostasis of various physiological systems. Stress
is brought on by the disruption of sleep and circadian
rhythms. Since lighting conditions have a negative impact
on sleep, they also have a big impact on stress 13!,
Distressing lighting alters the physiological and behavioral
responses of rats as well as increasing corticosterone
levels °. Continuous light increases both stress and fear
responses in chickens 1),

Animal behavior is orchestrated by a complex interplay of
factors. In rodents such as rats, these factors include the
estrous cycle in females, exposure to a novel environment,
and light "1, Continuous light exposure has been shown
to impact the endocrine system in rats. Specifically,
it can increase serum anti-mullerian hormone and

potentially exert a stress effect on the endocrine system,
as indicated by elevated corticosterone concentration ',
Moreover, continuous light exposure can increase serum
testosterone, luteinizing hormone to follicle-stimulating
hormone (LH/FSH) ratio, and the number of cystic-
like follicles ™. Continuous light exposure also caused
reproductive activity, endocrine system disorders, and
metabolic problems (glucose intolerance) in rats. Similarly,
ongoing exposure to light alters the gut flora and brings on
reproductive problems like polycystic ovarian syndrome
(PCOS) 181,

The objective of this study was to ascertain how Ferula
communis L. affected the body weight and relative
organ weights, tissue and serum oxidative status, and
biochemical and pathological alterations in rats exposed
to continuous light.

MATERIAL AND METHODS
Ethical Approval

The Kafkas University Local Ethics Committee for Animal
Experiments (KAU-HADYEK/2021-153), Kars, Tiirkiye,
gave its clearance before this study could be conducted.
According to the Laboratory Animal Care and Use Manual,
all procedures were carried out.

Animal

Thirty-two, 3-month-old female Wistar albino rats
weighing 275-300 g were utilized. The groups were housed
in standard conditions at 23+1°C and 50+5% humidity
after a fifteen-day adaptation period. Commercial pellet
feed (Bayramoglu Yem®, Erzurum, Tiirkiye) and water
were given ad libitum to the groups.

Vaginal Cytology

Vaginal cytology was performed on the rats to determine
their estrous cycle stage prior to the initiation of the
experiment. The study started in diestrus because the
luteal phase lasts longer than the follicular phase. Swabs
were collected for cytology using the vaginal lavage
technique as described in the literature 2. Swabs were
examined under a light microscope (Olympus CX23°
Binocular Microscope, Olympus, Japan) after being
stained with Giemsa (Merck, Darmstadt, Germany).
When a combination of a diminished large cell profile, an
elevated neutrophil count, tiny and big nucleated epithelial
cells, and a very low number of anucleated keratinized
cells were observed in cytology, the time period was
regarded as diestrus . Rats in diestrus were used in the
experiment.

Progesterone Analysis

Vaginal cytology was used to determine which rats were
in diestrus, and blood was taken from the tail vein and
centrifuged at 3000 rpm for 10 min to assess the serum
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progesterone concentration. Using commercial kits, a
Roche Cobas ¢501° autoanalyzer (Roche Diagnostics,
Mannheim, Germany) was used to measure the serum
progesterone concentration. Rats were included in the
groups if their progesterone concentration was greater
than 1 ng/mL.

Ferula communis L. Extraction and GCMS Analysis

The Ferula communis L. roots of a plant were gathered
from Agr1 Province, located in the Eastern Anatolia
Region of Tiirkiye, in 2021. The plant was verified by
Kafkas University Department of Botanical Sciences in
Kars, Tiirkiye. The root oil was extracted using hydro-
distillation with a Clevenger-type instrument for 4 h,
using 10 mL of n-Hexane (Merck, Darmstadt, Germany)
as the collecting solvent. The oil was then dried with
anhydrous sodium sulfate, filtered, and stored in sealed
vials at 4°C, protected from light until it was analyzed.

Three samples of oil were obtained through hydro-
distillation, and analysis was carried out with GCMS using
a capillary column of HP-5MS at 70eV (] & W Scientific,
Folsom). The instrument was set up using the procedure
developed by Nguir et al.?". Sigma-Aldrich, Milan, Italy,
provided the standards for the component analysis.
Authentic standards provided by the supplier (Sigma-
Aldrich, Milan, Italy) and computer matching with the
WILEY275, NIST05, and ADAMS libraries, as well as
comparisons of mass spectra and retention indices (RI) to
those described in the literature 2%, were used to identify
the volatile components. The percentage compositions
of the oil components were calculated using electronic
integration with flame ionization detection (FID, 280°C)
by dividing the area of each component by the sum of the
areas of all components separated under these conditions.
The percentage values for volatile components were
calculated using the average of three oil sample injections.
The active compounds of Ferula communis L. roots are
given in Table 1.

Experimental Design

The groups were formed to be balanced in terms of body
weight. Pellet feeds were left in the cage to avoid casting
shadows.

The experiment consisted of four groups of rats. The
first group (G1) served as the control group and was not
given any treatment. They were kept in 12/12 light/dark
conditions for ten days. The second group (G2) was also
kept in 12/12 light/dark conditions for ten days but was
given Ferula communis L. orally by gavage at a daily dose
of 150 mg/kg. The third group (G3) was kept in 12/12
light/light conditions for ten days with no treatment.
The fourth group (G4) was also kept in 12/12 light/light
conditions for ten days but was given Ferula communis L.
orally by gavage at a daily dose of 150 mg/kg. Each group
consisted of eight rats.

Body Weight
Rats were weighed daily for ten days.
Euthanasia

After intramuscular injections of xylazine HCI (15 mg/
kg, Rompun®, Bayer, Germany) and ketamine HCI (75
mg/kg, Ketasol®, Richter Pharma AG, Austria), rats were
euthanized by cervical dislocation at the end of the study.
After that, rapid blood collection and organ sampling
were performed.

Blood Collection

A gel-vacuum tube (BD Vacutainer® SST II Advance,
Becton, Dickinson and Company, UK) was used to
collect blood through a cardiac puncture. The blood
was centrifuged (NF 400R®, Niive, Tiirkiye) at +4°C for
10 min at 3000 rpm. Following centrifugation, the sera
were separated into individual microcentrifuge tubes
and kept at -18°C until biochemical analyses were
performed.

Table 1. The chemical composition of the essential oil from Ferula communis L. roots.

No Compounds % Composition No Compounds % Composition
1 Dillapiole 7.9 11 (E)-nerolidol acetate 34
2 Guaiol 7.3 12 (Z)-lanceol 3.1
3 Spathulenol 6.8 13 B-Barbatene 6.1
4 Myristicin 6.0 14 Epizonarene 6.1
5 T-cadinol 5.9 15 a-Zingibirene 4.7
6 B-Gurjunene 34 16 B-Bisabolene 5.1
7 (E)-B-farnesene 4.7 17 y-Cadinene 4.8
8 (E)-nerolidol 35 18 Trans- Calamenene 39
9 T-Muurolol 3.0 19 Elemicin 6.0
10 a -Cadinol 2.8 -
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Organ Weights

The stomach, liver, kidneys, spleen, total intestine, uterus,
and ovaries were dissected immediately after euthanasia.
The thorax was opened, and the heart and lungs were
taken out and weighed. The eyes were also taken out and
weighed. The aforementioned organs were removed from
their surrounding tissues, and they were then instantly
weighed to three decimal places (dual organs weighed
together). The organs were divided for biochemical and
histological analysis just after weighting. Separated for
biochemical analysis were the right ovary, kidney, and
eye, while for histopathological evaluation were the left
ovary, kidney, and eye.

Biochemical Analyses

A fully automated ADVIA Centaur® XP analyzer (Siemens
Healthcare Diagnostics, Tokyo, Japan) and a compatible
commercial kit were used to assess serum 25-OH-
vitamin D (vit D) and cortisol concentrations using the
chemiluminescent immunoassay method.

Serum glucose, calcium (Ca), magnesium (Mg), and
phosphorus (P) were measured by the photometric
method using a fully automatic Abbot® ARCHITECT
analyzer (Abbott Diagnostics, Lake Forest, IL, USA) and
commercial kits.

Total antioxidant status (TAS) and total oxidant status
(TOS) in serum were measured using a commercial kit
(Rel Assay Diagnostics®, Mega Tip, Tiirkiye) using the
colorimetric method.

The oxidative stress index (OSI) was initially defined
as the ratio of TOS to TAS. The resultant unit of TAS,
mmol Trolox equivalent/L, was changed to pmol Trolox
equivalent/L in order to do the calculation, and OSI was
then determined using the formula below 24

OSI (Arbitrary unit) = TOS (pmol H,0,Eq/L)/TAS (umol
Trolox Eq/L) x 100

For malondialdehyde (MDA) and glutathione (GSH)
analyses, organ samples from the heart, kidney, uterus,
ovary, and eye were homogenized with phosphate buffer
(pH 7.4), and their homogenates were separated by
centrifugation at 3000 rpm for 10 min. Before performing
MDA and GSH measurements, homogenates were placed
into separate microcentrifuge tubes and kept at -18°C.
GSH and MDA analyses were performed on tissue
homogenates using the methods described by Beutler et
al.”! and Yoshoiko et al.*, respectively.

Histopathology

The tissues were fixed for eight hours in 10% buffered
formaldehyde. Tissues were embedded in paraffin after
a typical histological follow-up. Hematoxylin & Eosin

was used to stain the tissues after they had been cut into
4 pm pieces and deparaffinized in an oven for 40 min at
62°C. Lastly, histopathologic features were assessed by
light microscopy (Olympus BX46', Olympus Corporation,
Japan).

The left ovary sections were examined for the presence
of Graafian follicles 7?8, cystic follicles, and corpus
luteum !9,

Statistical Analysis

Before commencing the study, the sample size was
determined through a power analysis using G*Power
version 3.1.9.7 (University of Diisseldorf, Germany). The
calculation was based on a test power of 0.95, a significance
level of 0.05, and an effect size (d) of 1.83, as reported in
a study .

The Shapiro-Wilk test was used to evaluate the normal
distribution of the data. A one-way analysis of variance
(ANOVA) was performed to compare normally
distributed data. Following the check for homogeneity
of variances with Levene’s test, the Tukey honestly
significant difference (HSD) test was used with the post-
hoc comparison. When the variables were not normally
distributed, Kruskal-Wallis ranked one-way analysis of
variance was used for multiple comparisons, and pairwise
comparisons of parameters with significance were
evaluated using the Mann-Whitney U test. A Bonferroni
correction was applied to the P value in this test result
(adjustment significant P value). The chi-square test
or Fisher’s exact test was used to compare the ratios of
Graafian follicles, cystic follicles, and corpora lutea in
the groups. Data are given as mean * standard deviation
(SD). GraphPad Prism® (Version 8.0, GraphPad Software
Inc., San Diego, CA, USA) and SPSS® (Version 26.0, SPSS
Inc./IBM Group, Chicago, IL, USA) programs were used
for statistical analysis. A P value of <0.05 was considered
significant in the multiple or pairwise comparisons.

RESULTS
Body Weight Changes

In terms of body weight change over time, there was
no statistically significant difference among the groups
(P>0.05). The control groups body weight did not alter
noticeably (G1). Rats lost weight when exposed to constant
light (G3). Gaining body weight was positively impacted
by E communis (G2). Continuous light’s detrimental
impact on body weight was not identified in G4. Fig. I
displays the change in body weight in rats.

Organ Weights

The effects of continuous light exposure on the weight of
the liver, spleen, stomach, whole intestine, heart, lungs,
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but positively by Ferula communis

Fig 1. The differences in body weight among the groups. Across the
groups, there was no statistically significant difference in body weight
(P>0.05). Rats’ body weight was affected negatively by continuous light

Liver

Kidneys

Spleen Stomach

Fig 2. The changes in relative organ weights depending on the group. Continuous light exposure or
Ferula communis treatment had no effect on the weight of the liver, spleen, stomach, total intestine,
heart, lungs, or eyes (P>0.05). Kidney weight increased with F. communis treatment (G2) and decreased
with continuous light exposure (G3). After exposure to light for an extended period of time, the ovary
and uterus lost weight. Continuous light exposure had a deleterious impact on ovarian and uterine
weight; however, this was mitigated by E communis therapy. *: P<0.05, **: P<0.01, ***: P<0.001

and eyes were not statistically significant (P>0.05). The
relative weights of the organs were unaffected by the E
communis treatment, either positively or negatively (Fig.
2). The relative kidney weight was statistically different
between the G2 and G3 groups, increasing in G2 but
decreasing in G3 (P=0.017, Fig. 2).

Regarding relative organ weight, prolonged exposure to
light had the greatest impact on the uterus and ovaries

(Fig. 2). A statistical significance was found in the multiple
comparisons of ovarian weight between groups (P=0.003).
In G3 compared to G1, G2, and G4, ovarian weight was
significantly decreased (P=0.023, P=0.01, and P=0.005,
respectively). Relative uterine weight was changed by
continuous light exposure, and multiple comparisons of
groups were statistically significant (P=0.009). Uterine
weight was lower in G3 than in G1 (P=0.02), G2 (P=0.02),
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and G4 (P=0.025). Surprisingly, F communis treatment
(G4) seems to have removed the deleterious effects of
continuous light exposure on both ovarian and uterine
weight (Fig. 2).

Biochemical Changes

The highest serum vit D concentration was measured
in G3, there were no statistically significant differences
among groups. (P>0.05, Fig. 3).

Continuous light exposure in G3 generated a substantial
increase in serum cortisol concentration compared to the
other groups (G1, G2, and G4). Multiple comparisons for
serum cortisol concentration were statistically significant
(P=0.003). E communis tends to lower serum cortisol
concentrations even with prolonged exposure to light
(G4). Surprisingly and remarkably, there was a statistical
difference (P=0.04) in blood cortisol between G3 and

60 25-OH-Vitamin D .

Cortisol

Glucose

180

mg/dL
mg/dL

Fig 3. Group-based variations in several biochemical parameters. The difference in blood cortisol
concentrations between G3 and G4 is crucial. Vitamin D, glucose, Ca, Mg, and P were unaffected by either
continuous light exposure or Ferula communis treatment. *: P<0.05, **: P<0.01

Total Oxidant Status Total Antioxidant Status Oxidative Stress Index

3.04 —
o = 2.4
= = =
3 £l E
[;;: ui: 218 L] .
=) Q £
= o) é 1.2
= z <
g E 0.6 |:-
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> & X LN
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C \“*
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Fig 4. Change of oxidative status in groups. Continuous light exposure (G3) increased total oxidant status
(TOS) and oxidative stress index (OSI) and decreased total antioxidant status (TAS). Ferula communis
treatment, on the other hand, decreased TOS and increased TAS when exposed to continuous light, but
these effects were limited. But when exposed to constant light, the F. communis treatment reduced OSI.

OSI was statistically lower in G4 than in G3, suggesting that F. communis may be effective in reducing
oxidative stress. *: P<0.05, **: P<0.0
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treatment with Ferula communis (P>0.05)

Fig 5. Change of tissue oxidative status in groups. Malondialdehyde (MDA) and glutathione (GSH) in the
liver, heart, kidney, uterus, ovary, and eye were not significantly changed by continuous light exposure or

G4 (Fig. 3). Again, serum cortisol concentration was not
altered in G4 exposed to continuous light. The absence of
a significant difference between G1 and G4 shows that E
communis is able to avoid an increase in cortisol following
continuous light exposure (Fig. 3).

Serum glucose concentrations were not statistically
significant among groups (P>0.05). The variation in
serum glucose concentration according to groups is
shown in Fig. 3. Continuous light exposure or F. communis
treatment did not have a statistically significant effect on
serum Ca, P, and Mg concentrations (P>0.05, Fig. 3).

Serum Oxidative Status

There was a statistically significant difference in TOS
between the groups (P=0.025). Constant light exposure
enhanced TOS in rats. The increase in TOS in G3 was
significantly different compared to G1 (P=0.037) and
G2 (P=0.043) (Fig. 4). The E communis treatment (G4)
reduced continuous light stress but was not statistically
significant compared to G3 (P>0.05).

Although the E communis therapy (G2) increased TAS
compared to G1 and G4, it was not statistically significant.

TAS decreased as a result of continuous light exposure
(G3). Therefore, there was a statistically significant
difference between G2 and G3 (P=0.005). Although there
was no statistically significant difference, TAS appears to
be higher in G4 than in G3 (Fig. 4).

Continuous light exposure (G3) increased OSI in rats.
OSI in G3 was statistically higher than in G1 (P=0.007),
G2 (P=0.002) and G4 (P=0.04) (Fig. 4). The E communis
treatment had a positive effect on the reduction of OSI.
OSI was lower than G3 in G4 and statistically similar to
G1 and G3 (Fig. 4).

Tissue Oxidative Status

Rat liver, heart, kidney, uterus, ovary, and eye MDA and
GSH levels were not significantly affected by continuous
light exposure or E communis treatment (P>0.05, Fig.
5). Thus, continuous light stress or treatment with E
communis had no effect on the tissue’s oxidative status
(Fig. 5).

Histopathology

The livers of all rats did not exhibit any signs of
necrosis, apoptosis, or fibrosis. There was only mild
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Control (G1) Ferula (G2) Light (G3) Ferul + Light (G4)

Liver

Fig 6. Histopathological changes in various organs (H&E x200). Liver - G1: Liver tissue of the control
group (H&E, x200) in the usual histomorphology with the portal area indicated by the arrow. G2: Portal
area shown with an arrow, central vein with an asterisk. Liver tissue of the Ferula communis group in usual
histomorphology (H&E, x200). G3: The liver tissue of the light group with mild portal inflammation,
the portal area is indicated by the arrow (H&E, x200). G4: Mild portal inflammation with portal area
with arrow and central vein with asterisk, liver tissue of the Light + F communis group (H&E, x200).
Kidney - G1, G2, G3, and G4: Arrows represent glomeruli, stars represent tubules. Renal tissue samples in
usual histomorphology (H&E, x200). Spleen - G1, G2: Samples of spleen tissue in usual histomorphology.
Asterisks indicates white pulp (H&E, x200). G3: The arrow indicates one of the hemosiderin-loaded
macrophages in the red pulp. Pigmentation of the macrophage represents the sign of bleeding (H&E,
x200). G4: A star indicates white pulp, and an arrow indicates one of the hemosiderin-loaded macrophages
in the red pulp. Pigmentation of the macrophage represents the sign of bleeding (H&E, x200)

ontrl Gl _ Ferula (G2 i Ferula + Lig

Uterus Heart

Eye

Fig 7. Histopathological changes in various organs (H&E x200). Heart - G1, G2, G3, and G4: Striated muscle
cells in sections of the heart. G3: Slight congestion is observed in the vessels in the sections belonging
to the light group with the arrow sign (H&E, x200). Uterus - G1, G2: Normal histomorphology shows
endometrial glands, stroma, and myometrium in sections (H&E, x200). G3: One of the hemosiderin-
loaded macrophages representing the bleeding sign in the light group is shown with an arrow (H&E,
x200). G4: Signs of endometritis are observed in the focal area, with a few neutrophil infiltrations marked
with an asterisk (H&E, x200). Eye - G1, G2, G3, G3: Retinal tissue samples in usual histomorphology

(H&E, x200)

Kafkas Univ Vet Fak Derg

portal inflammation and congestion, and no observable
difference in morphology between the groups. The kidneys
had minimal congestion, hyaline cast deposition in some
areas, and calcification in collecting ducts in a few tissues,
but no evidence of necrosis, apoptosis, or inflammation.

The spleen tissue of G1, G2, and G4 had areas of
congestion and hemosiderin-loaded macrophages, but no
other pathological findings. G3 showed more prominent
bleeding and congestion, but not significantly different
from the other groups (Fig. 6). The heart tissues showed
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Fig 8. Ovarian histopathological alterations in the various groups. A: Numerous secondary follicles
(arrow) and corpus luteum (CL) are seen in the G1 (H&E, x40), B: In G2, the corpus luteum (CL) and the
primary follicle, which is marked by an arrow, are visible (H&E, x40), C: In G3, there are more secondary
follicles (arrow), corpus luteum (CL), and follicular cysts (C) (H&E, x40), D: A considerably smaller
corpus luteum (CL) and enlarged follicular cysts (C) in G4 (H&E, x40)

bleeding and congestion, but no other pathological
finding. Uterine samples were examined for congestion,
hemorrhage, endometritis, and hyperplasia, but none of
the rats had hyperplasia. Some rats had focal endometritis
and hemosiderin-loaded macrophages, indicating previous
bleeding. Ocular tissue samples consistently showed
the typical histomorphological appearance. The typical
histomorphological appearance was consistently seen in
the ocular tissue samples (Fig. 7).

The ovary was examined in different groups of rats, and
in G1, the structures looked normal, with a corpus luteum
present and no cystic follicles seen in the ovarian sections
(Fig. 8-A). In G2, two rats lacked corpora lutea, while two
others had cystic follicles (Fig. 8-B). In G3, cystic follicles
were found in almost all rats and were also present in the
corpus luteum (Fig. 8-C). Finally, in G4, all rats had both
cystic follicles and the corpus luteum (Fig. 8-D).

There were no significant differences between the groups
regarding the presence of Graafian follicles or corpora
lutea (P>0.05). However, while no cystic follicles were

Graz}ﬁan Cystic Follicles | Corpus Luteum

Groups Follicles % (+1-) % (+-)
% (+/-)

Control (G1) 100 (8/0) 0* (0/8) 100 (8/0)
Ferula (G2) 87.5 (7/1) 25 (2/6) 75 (6/2)
Light (G3) 100 (8/0) 87.5°(7/1) 100 (8/0)
Ferula + Light 100 (8/0) 100 (8/0) 100 (8/0)
(G4)
b Different letters in the same column are statistically significant (P<0.05)

found in G1, the highest rate of cystic follicles was
observed in G3 and G4 (P<0.05). Exposure to continuous
light was found to increase the incidence of cystic follicles
in rats. Interestingly, in G3 and G4, where the rate of
cystic follicles was high, all rats still had corpus luteum.
Although continuous light exposure increased the number
of cystic follicles, treatment with F. communis did not have
a positive effect on cystic follicle formation (Table 2).
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Di1SCUSSION

Ferula communis exhibits a wide range of pharmacological
effects both in vitro and in vivo, such as antidiabetic,
antibacterial, antiproliferative, and cytotoxic actions. It
comprises various bioactive compounds with diverse
biological activities *?'*%l, Likewise, several studies have
shown that Ferula communis possesses potent antioxidant
activity ©*!. Therefore, our goals were to induce stress
in rats by continuously exposing them to light and to
evaluate the effects of Ferula communis treatment on
body weight, relative organ weight, serum and tissue
oxidative status, and biochemical and pathological
changes. E hermonis treatment had a positive effect on
body weight gain in growing female and male rats 2.
Continuous light exposure has a limited effect on body
weight 11833 Short-term continuous light exposure in
our study slightly decreased body weight gain, but it
was not statistically effective. However, if the light
duration was extended, perhaps it would have an effect on
body weight. The decrease in weight gain can be explained
by the fact that continuous light exposure reduces feed
consumption ®¥. In the present study, rats exposed to
continuous light exhibited a favorable response to E
communis treatment in terms of weight gain.

In our study, neither continuous light exposure nor F
communis treatment had a significant effect on most of the
relative organ weights in rats, which was further supported
by histopathological findings. Continuous light exposure
did, however, adversely affect the relative weights of the
ovaries and uterus in rats. The G3 group had significantly
lower ovary and uterus weights compared to the other
groups. Similar results were observed in a study where
rats were exposed to continuous light for an extended
period *°!. In this study, F. communis appeared to mitigate
the negative effects of continuous light on ovary and
uterus weight. It is possible that continuous light exposure
disrupts the estrous cycle ¥, leading to lower genital
organ weights in G3. E communis may have facilitated
more regular estrous cycles through its estrogenic effects.
A study supporting our findings reported that Ferula can
be used as a therapy for female infertility *°\. In our study,
kidney weight was not significantly affected by continuous
light exposure but was lower in the F communis group
compared to the control group. Histopathologically,
the kidney tissue was normal in all groups. This was an
interesting finding. Perhaps continuous light exposure led
to reduced water intake in rats, which in turn could have
contributed to the decrease in kidney weight 4.

Long-term exposure to light can interfere with circadian
rhythms, which has an impact on key physiological
processes and organ systems ). Agonistic behaviors that
disturb the in-group order are also brought on by constant

light exposure in some animals .. Along with in-group
restlessness, disrupted physiological processes and
agonistic behaviors lead to stress, and the most significant
consequence of this is an increase in corticosterone
concentration ">*l. As blood cortisol concentration was
found to be statistically higher in G3 compared to the
other groups, our study suggests that continuous light
exposure (G3) induces severe stress. While the behavior
of the groups was not directly observed, it is inferred that
G3 experiences severe stress due to constant illumination.
The results in G4 were also highly intriguing, as F
communis may have prevented the increase in serum
cortisol concentrations following prolonged exposure to
light. G4’s serum cortisol concentrations was lower than
that of G3 because it was comparable to that of G1 and
G2. E communis may include anticatabolic substances that
function by inhibiting cortisol receptors, yet it is difficult
to describe how Ferula carries out this activity *°.. Also,
there is evidence to suggest that the ferulic acid found in E
communis lowers corticosterone concentrations %),

E communis possesses a large number of antioxidants
and has been proven to be a potent radical scavenger in
numerous tests ®**. The active component of Ferula,
ferutinin, possesses antioxidant, antibacterial, anti-
inflammatory, estrogenic, and anti-cancer properties !\
Ferula contains flavonoids, which act as natural anti-
oxidants and free radical scavengers “?. Numerous studies
have demonstrated that a wide range of diseases and
inflammatory conditions trigger and exacerbate oxidative
stress in the organism 1. Stress was induced in this
study by continuous light exposure, and an increase in
serum oxidative stress parameters was also observed.
Constant illumination increased TOS and OSI while
decreasing TAS in G3. This was able to be changed by the
F. communis treatment, which increased TAS in G4. Again,
OSI decreased more in G4 than in G3. No appreciable
variations in tissue oxidative status were discovered. In
any event, prolonged exposure to light did not seriously
damage the tissues. The ovary was found to be more
sensitive to continuous light exposure than other organs
in histopathological investigations. The results show that
E communis can be employed as a radical scavenger to
defend against oxidative stress.

Continuous light exposure can form polycystic ovary-
like structures in rats. Continuous light can prevent the
formation of the luteinizing hormone peak in rodents,
preventing ovulation from triggering. In earlier studies,
this topic has been thoroughly examined *¢%7] In our
study, continuous light induced cystic follicle formation.
Cystic follicles were detected in both G3 and G4 groups.
The presence of corpus luteum alongside these cystic
follicles suggests that cyclic activity continued in the rats.
While serum progesterone levels were not measured at
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the study’s conclusion, histopathological analysis revealed
the clear presence of numerous corpus luteum. Despite
the estrogenic properties of Ferula, it appears to have
partially induced cystic follicle production. However,
corpus luteum were not identified in two G2 rats. This
may have been brought on by Ferula’s estrogenic effects.
Moreover, the rate of cystic follicles was not sufficiently
decreased with E communis treatment. The percentage of
cystic follicles in G4 was statistically similar to G3. The
impact of Ferula on the cystic follicle may become clearer
with continued use. It should be emphasized that cystic
follicles are less frequent in G4 histopathologically. In
patients with polycystic ovaries, E communis treatment
has already decreased the number of cystic follicles 4. F
communis may have successfully treated it by suppressing
the increased androgen concentration in the polycystic
ovary with an estrogenic effect %I,

In conclusion, continuous light exposure can cause stress
and increase cortisol concentration in rats. It can also lead
to oxidative stress and cystic follicle formation. Ferula
treatment can reverse the harmful effects of continuous
light exposure with its antioxidant and estrogenic effects.
There may still be some unknowns regarding Ferula’s
ability to eliminate cystic follicles. Therefore, detailed
studies are needed to determine the effects of short-term
or long-term use of E communis.

DECLARATIONS

Availability of Data and Materials: The data that support the
findings of this study are available from the corresponding author
(B. Boga Kuru) upon reasonable request.

Funding Support: This research received no specific grant from any
funding agency in the public, commercial, or not-for-profit sectors.

Ethical Approval: Kafkas University Local Ethics Committee for
Animal Experiments (KAU-HADYEK/2021-153), Kars, Tiirkiye,
gave its clearance before this study could be conducted.

Conflict of Interests: The author(s) declared no potential conflicts
of interest with respect to the research, authorship, and/or
publication of this article.

Author Contributions: BBK, MM: Designing the study, MM,
MK, FB, BBK: Implementation of the experimental protocol, data
collection, BBK, TK: Data interpretation, data analysis and statistical
analysis, MM, MK: Biochemical analysis, MO, TS: Extraction and
GCMS analysis, GY, HB: Histopathology, BBK: Writing-Original
drafting. All authors contributed to the article and gave final
approval of the version to be submitted.

REFERENCES

1. Akaberi M, Iranshahy M, Iranshahi M: Review of the traditional uses,
phytochemistry, pharmacology and toxicology of giant fennel (Ferula
communis L. subsp. communis). Iran ] Basic Med Sci, 18:1050, 2015.

2. Deveci E, Tel-Cayan G, Duru ME: Phenolic profile, antioxidant,
anticholinesterase, and anti-tyrosinase activities of the various extracts of
Ferula elaeochytris and Sideritis stricta. Int ] Food Prop, 21, 771-783, 2018.
DOI: 10.1080/10942912.2018.1431660

3. Sonigra P, Meena M: Metabolic profile, bioactivities, and variations in the
chemical constituents of essential oils of the Ferula genus (Apiaceae). Front
Pharmacol, 11:2328, 2021. DOI: 10.3389/FPHAR.2020.608649

4. Ghasemi Z, Rezaee R, Aslani MR, Boskabady MH: Anti-inflammatory,
anti-oxidant, and immunomodulatory activities of the genus Ferula and
their constituents: A review. Iran ] Basic Med Sci, 24:1613, 2021. DOI:
10.22038/1JBMS.2021.59473.13204

5. Zhou Y, Xin F, Zhang G, Qu H, Yang D, Han X: Recent advances on
bioactive constituents in Ferula. Drug Dev Res, 78, 321-331, 2017. DOL:
10.1002/DDR.21402

6. Ghareeb DA, ElAhwany AMD, El-Mallawany SM, Saif AA: In vitro
screening for anti-acetylcholiesterase, anti-oxidant, anti-glucosidase,
anti-inflammatory and anti-bacterial effect of three traditional
medicinal plants. Biotechnol Biotechnol Equip, 28, 1155-1164, 2014. DOI:
10.1080/13102818.2014.969877

7. Dehpour AA, Ebrahimzadeh MA, Fazel NS, Mohammad NS:
Antioxidant activity of the methanol extract of Ferula assafoetida and its
essential oil composition. Grasas Y Aceites, 60, 405-412, 2009. DOI: 10.3989/
GYA.010109

8. Maggi F, Bramucci M, Cecchini C, Coman MM, Cresci A, Cristalli G,
Lupidi G, Papa F, Quassinti L, Sagratini G, Vittori S: Composition and
biological activity of essential oil of Achillea ligustica All. (Asteraceae)
naturalized in central Italy: Ideal candidate for anti-cariogenic formulations.
Fitoterapia, 80, 313-319, 2009. DOI: 10.1016/].FITOTE.2009.04.004

9. Rahali FZ, Kefi S, Bettaieb Rebey I, Hamdaoui G, Tabart ], Kevers C,
Franck T, Mouithys-Mickalad A, Hamrouni Sellami I: Phytochemical
composition and antioxidant activities of different aerial parts extracts
of Ferula communis L. Plant Biosyst, 153, 213-221, 2019. DOI: 10.1080/
11263504.2018.1461696

10. Purushothaman S, Saxena S, Meghah V, Meena Lakshmi MG, Singh
SK, Brahmendra Swamy CV, Idris MM: Proteomic and gene expression
analysis of zebrafish brain undergoing continuous light/dark stress. J Sleep
Res, 24, 458-465, 2015. DOI: 10.1111/JSR.12287

11. Ikeda M, Sagara M, Inoué S: Continuous exposure to dim illumination
uncouples temporal patterns of sleep, body temperature, locomotion
and drinking behavior in the rat. Neurosci Lett, 279, 185-189, 2000. DOI:
10.1016/S0304-3940(99)00943-X

12. Starnes AN, Jones JR: Inputs and outputs of the mammalian circadian
clock. Biology (Basel), 12:508, 2023. DOI: 10.3390/biology12040508

13. Morgan KN, Tromborg CT: Sources of stress in captivity. Appl Anim
Behav Sci, 102, 262-302, 2007. DOI: 10.1016/].APPLANIM.2006.05.032

14. Depres-Brummer P, Levi F, Metzger G, Touitou Y: Light-induced
suppression of the rat circadian system. Am | Physiol, 268, R1111-R1116,
1995. DOI: 10.1152/AJPREGU.1995.268.5.R1111

15. Van Der Meer E, Van Loo PLP, Baumans V: Short-term effects of a
disturbed light-dark cycle and environmental enrichment on aggression and
stress-related parameters in male mice. Lab Anim, 38, 376-383, 2004. DOL:
10.1258/0023677041958972

16. Kang SW, Christensen KD, Kidd MT, Orlowski SK, Clark J: Effects of
a variable light intensity lighting program on the welfare and performance of
commercial broiler chickens. Front Physiol, 14:1059055, 2023. DOI: 10.3389/
FPHYS.2023.1059055

17. Miller CK, Halbing AA, Patisaul HB, Meitzen J: Interactions of the
estrous cycle, novelty, and light on female and male rat open field locomotor
and anxiety-related behaviors. Physiol Behav, 228:113203, 2021. DOL:
10.1016/J.PHYSBEH.2020.113203

18. Chu W, Zhai J, Xu J, Li S, Li W, Chen ZJ, Du Y: Continuous light-
induced PCOS-like changes in reproduction, metabolism, and gut
microbiota in Sprague-Dawley rats. Front Microbiol, 10:3145, 2020. DOI:
10.3389/FMICB.2019.03145

19. Yue E, Xing L, Wu S, Wei L, Zhou Z, Shi Y, Lam SM, Shui G, Xiang X,
Russell R, Zhang D: Constant light exposure alters gut microbiota and

short-/medium-chain fatty acids and aggravates PCOS-like traits in HFD-
fed rats. Obesity, 30, 694-706, 2022. DOI: 10.1002/OBY.23380

20. Cora MC, Kooistra L, Travlos G: Vaginal cytology of the laboratory rat
and mouse: Review and criteria for the staging of the estrous cycle


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4764105/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4764105/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4764105/
https://www.tandfonline.com/doi/full/10.1080/10942912.2018.1431660
https://www.tandfonline.com/doi/full/10.1080/10942912.2018.1431660
https://www.tandfonline.com/doi/full/10.1080/10942912.2018.1431660
https://www.tandfonline.com/doi/full/10.1080/10942912.2018.1431660
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2020.608649/full
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2020.608649/full
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2020.608649/full
https://ijbms.mums.ac.ir/article_19121.html
https://ijbms.mums.ac.ir/article_19121.html
https://ijbms.mums.ac.ir/article_19121.html
https://ijbms.mums.ac.ir/article_19121.html
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/10.1002/ddr.21402
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/10.1002/ddr.21402
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/10.1002/ddr.21402
https://www.tandfonline.com/doi/full/10.1080/13102818.2014.969877
https://www.tandfonline.com/doi/full/10.1080/13102818.2014.969877
https://www.tandfonline.com/doi/full/10.1080/13102818.2014.969877
https://www.tandfonline.com/doi/full/10.1080/13102818.2014.969877
https://www.tandfonline.com/doi/full/10.1080/13102818.2014.969877
https://grasasyaceites.revistas.csic.es/index.php/grasasyaceites/article/view/592/606
https://grasasyaceites.revistas.csic.es/index.php/grasasyaceites/article/view/592/606
https://grasasyaceites.revistas.csic.es/index.php/grasasyaceites/article/view/592/606
https://grasasyaceites.revistas.csic.es/index.php/grasasyaceites/article/view/592/606
https://www.sciencedirect.com/science/article/pii/S0367326X09000756?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0367326X09000756?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0367326X09000756?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0367326X09000756?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0367326X09000756?via%3Dihub
https://www.tandfonline.com/doi/full/10.1080/11263504.2018.1461696
https://www.tandfonline.com/doi/full/10.1080/11263504.2018.1461696
https://www.tandfonline.com/doi/full/10.1080/11263504.2018.1461696
https://www.tandfonline.com/doi/full/10.1080/11263504.2018.1461696
https://www.tandfonline.com/doi/full/10.1080/11263504.2018.1461696
https://onlinelibrary.wiley.com/doi/10.1111/jsr.12287
https://onlinelibrary.wiley.com/doi/10.1111/jsr.12287
https://onlinelibrary.wiley.com/doi/10.1111/jsr.12287
https://onlinelibrary.wiley.com/doi/10.1111/jsr.12287
https://www.sciencedirect.com/science/article/pii/S030439409900943X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S030439409900943X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S030439409900943X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S030439409900943X?via%3Dihub
https://www.mdpi.com/2079-7737/12/4/508
https://www.mdpi.com/2079-7737/12/4/508
https://www.sciencedirect.com/science/article/pii/S0168159106001997?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168159106001997?via%3Dihub
https://journals.physiology.org/doi/abs/10.1152/ajpregu.1995.268.5.R1111
https://journals.physiology.org/doi/abs/10.1152/ajpregu.1995.268.5.R1111
https://journals.physiology.org/doi/abs/10.1152/ajpregu.1995.268.5.R1111
https://journals.sagepub.com/doi/10.1258/0023677041958972
https://journals.sagepub.com/doi/10.1258/0023677041958972
https://journals.sagepub.com/doi/10.1258/0023677041958972
https://journals.sagepub.com/doi/10.1258/0023677041958972
https://www.frontiersin.org/journals/physiology/articles/10.3389/fphys.2023.1059055/full
https://www.frontiersin.org/journals/physiology/articles/10.3389/fphys.2023.1059055/full
https://www.frontiersin.org/journals/physiology/articles/10.3389/fphys.2023.1059055/full
https://www.frontiersin.org/journals/physiology/articles/10.3389/fphys.2023.1059055/full
https://www.sciencedirect.com/science/article/pii/S0031938420305175?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0031938420305175?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0031938420305175?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0031938420305175?via%3Dihub
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2019.03145/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2019.03145/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2019.03145/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2019.03145/full
https://onlinelibrary.wiley.com/doi/10.1002/oby.23380
https://onlinelibrary.wiley.com/doi/10.1002/oby.23380
https://onlinelibrary.wiley.com/doi/10.1002/oby.23380
https://onlinelibrary.wiley.com/doi/10.1002/oby.23380
https://journals.sagepub.com/doi/10.1177/0192623315570339
https://journals.sagepub.com/doi/10.1177/0192623315570339

374

Ferula Treatment in Continuous Light Stress

Kafkas Univ Vet Fak Derg

using stained vaginal smears. Toxicol Pathol, 43, 776-793, 2015. DOI:
10.1177/0192623315570339

21. Nguir A, Mabrouk H, Douki W, Ben Ismail M, Ben Jannet H, Flamini
G, Hamza MA: Chemical composition and bioactivities of the essential oil
from different organs of Ferula communis L. growing in Tunisia. Med Chem
Res, 25, 515-525, 2016. DOI: 10.1007/S00044-016-1506-1

22. Adams RP: Identification of Essential Oil Components by Gas
Chromatography/Mass Spectrometry. Texensis Publishing, Gruver, TX
USA, 2017.

23. NIST N: EPA/NIH Mass Spectral Library (NIST 05) and NIST Mass
Spectral Search Program, https://chemdata.nist.gov; Accessed: 25.03.2023.

24. Gokge E, Cihan P, Atakisi O, Kirmizigiil AH, Erdogan HM: Oxidative
stress in neonatal lambs and its relation to health status and passive colostral
immunity. Vet Immunol Immunopathol, 251:110470, 2022. DOI: 10.1016/].
VETIMM.2022.110470

25. Beutler E, Duron O, Kelly BM: Improved method for the determination
of blood glutathione. ] Lab Clin Med, 61, 832-888, 1963.

26. Yoshioka T, Kawada K, Shimada T, Mori M: Lipid peroxidation in
maternal and cord blood and protective mechanism against activated-
oxygen toxicity in the blood. Am J Obstet Gynecol, 135, 372-376, 1979. DOI:
10.1016/0002-9378(79)90708-7

27. Jennings R, Premanandan C: Veterinary Histology. The Ohio State
University, Columbus, US, 2017.

28. Tufekci KK, Kaplan S: Beneficial effects of curcumin in the diabetic rat
ovary: A stereological and biochemical study. Histochem Cell Biol, 159, 401-
430, 2023. DOI: 10.1007/S00418-022-02171-4

29. Makav M, Kuru M, Aras SY, Sar1 EK, Bulut M, Alwazeer D: The effect
of hydrogen-rich water on letrozole-induced polycystic ovary syndrome
in rats. Reprod Biomed Online, 47:103332, 2023. DOI: 10.1016/j.
rbmo.2023.103332

30. Ceylan S, Cetin S, Camadan Y, Saral O, Ozsen O, Tutus A: Antibacterial
and antioxidant activities of traditional medicinal plants from the Erzurum
region of Turkey. Ir ] Med Sci, 188, 1303-1309, 2019. DOI: 10.1007/511845-
019-01993-X

31. Dadasoglu E, Oztekin A, Dadasoglu F: Antibacterial and antioxidant
activity of essential oil and extracts of Ferula communis and determination
of chemical composition of its essential oil. Fresenius Environ Bull, 27, 4186-
4191, 2018.

32. Abdel-Kader MM, Kassem SS, Danial EN, Raouf AA El, Hanafi EM:
Evaluation of Ferula hermonis root extract as a growth promoter. Int ] Acad
Res, 3, 140-147, 2011.

33. Mahmoud I, Salman SS, al-Khateeb A: Continuous darkness and
continuous light induce structural changes in the rat thymus. J Anat, 185
(Pt 1): 143-149, 1994.

34. Wideman CH, Murphy HM: Constant light induces alterations in
melatonin levels, food intake, feed efficiency, visceral adiposity, and
circadian rhythms in rats. Nutr Neurosci, 12, 233-240, 2009. DOI:
10.1179/147683009X423436

35. Lambert HH: Continuous red light induces persistent estrus without
retinal degeneration in the albino rat. Endocrinology, 97, 208-210, 1975.
DOI: 10.1210/ENDO-97-1-208

36. Hommam A mohsen M, Elmotayam AK, Elnattat WM, Ali GA,
Madbouly A elnaser M, El Khatteb RM, Abdelhameed MF, Ali AH,

Qasim S, Ahmed SR: Assessment of Ferula hermonis Boiss fertility effects in
immature female rats supported by quantification of ferutinin via HPLC and
molecular docking. J Ethnopharmacol, 289:115062, 2022. DOI: 10.1016/].
JEP.2022.115062

37. Albers HE, Gerall AA, Axelson JF: Circadian rhythm dissociation in
the rat: Effects of long-term constant illumination. Neurosci Lett, 25, 89-94,
1981. DOI: 10.1016/0304-3940(81)90106-3

38. Abilio VC, Freitas FM, Dolnikoff MS, Castrucci AML, Filho RF:
Effects of continuous exposure to light on behavioral dopaminergic
supersensitivity. Biol Psychiatry, 45, 1622-1629, 1999. DOI: 10.1016/S0006-
3223(98)00305-9

39. Allouh MZ: Effect of Ferula hermonis root extract on rat skeletal muscle
adaptation to exercise. Exp Biol Med, 236, 1373-1378, 2011. DOI: 10.1258/
EBM.2011.011164

40. Dhillon HK, Singh T, Goel RK: Ferulic acid inhibits catamenial epilepsy
through modulation of female hormones. Metab Brain Dis, 37, 2827-2838,
2022. DOI: 10.1007/511011-022-01054-w

41. Macri R, Musolino V, Gliozzi M, Carresi C, Maiuolo J, Nucera S,
Scicchitano M, Bosco F, Scarano F, Ruga S, Zito MC, Guarnieri
L, Bombardelli E, Mollace V: Ferula L. plant extracts and dose-
dependent activity of natural sesquiterpene Ferutinin: From antioxidant
potential to cytotoxic effects. Molecules, 25:5768, 2020. DOI: 10.3390/
MOLECULES25235768

42. Safaeian L, Ghannadi A, Javanmard SH, Vahidian MH: The effect of
hydroalcoholic extract of Ferula foetida stems on blood pressure and
oxidative stress in dexamethasone-induced hypertensive rats. Res Pharm
Sci, 10:326, 2015.

43. Eroglu HA, Makav M, Adal1 Y, Citil M: Effects of ozone and L-carnitine
on kidney MDA, GSH, and GSHPx levels in acetaminophen toxicity. Kafkas
Univ Vet Fak Derg, 26, 127-134, 2020. DOI: 10.9775/kv{d.2019.22456

44. Makav M, Dolanbay T, Giil HE, Karakurt E: Determinate of ECG,
oxidative stress, and angiogenesis in APAP induced toxicity in rats. Kafkas
Univ Vet Fak Derg, 27, 483-488, 2021. DOI: 10.9775/kvfd.2021.25733

45. Akbudak IH, Kilic-Erkek O, Bor-Kucukatay M: Desflurane 6%
inhalation inhibits erythrocyte deformability and alters oxidative stress in
rat lung and kidney in a time-dependent manner. Kafkas Univ Vet Fak Derg,
29,273-279,2023. DOI: 10.9775/kvfd.2023.29165

46. Kang X, Jia L, Shen X: Manifestation of hyperandrogenism in the
continuous light exposure-induced PCOS rat model. Biomed Res Int,
2015:943694, 2015. DOI: 10.1155/2015/943694

47. Kang X, Jia L, Li Y, Zhang X: Acupuncture attenuates hyperglycaemia
and improves ovarian function in female rats subjected to continuous
light exposure. Acupunct Med, 35, 352-359, 2017. DOI: 10.1136/
ACUPMED-2016-011137

48. Shieh A, Bagheri SM, Yadegari M, Javidmehr D, Farhadi Z: Therapeutic
effect of Ferula assa-foetida oleo-gum resin in rats with letrozole-induced
polycystic ovary syndrome. Clin Exp Reprod Med, 49, 239-247, 2022. DOI:
10.5653/CERM.2022.05449

49. Zeng LH, Rana S, Hussain L, Asif M, Mehmood MH, Imran I, Younas
A, Mahdy A, Al-Joufi FA, Abed SN: Polycystic ovary syndrome: A disorder
of reproductive age, its pathogenesis, and a discussion on the emerging
role of herbal remedies. Front Pharmacol, 13:874914, 2022. DOI: 10.3389/
FPHAR.2022.874914


https://journals.sagepub.com/doi/10.1177/0192623315570339
https://journals.sagepub.com/doi/10.1177/0192623315570339
https://link.springer.com/article/10.1007/s00044-016-1506-1

https://link.springer.com/article/10.1007/s00044-016-1506-1

https://link.springer.com/article/10.1007/s00044-016-1506-1

https://link.springer.com/article/10.1007/s00044-016-1506-1

https://chemdata.nist.gov
https://www.sciencedirect.com/science/article/pii/S0165242722000903?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0165242722000903?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0165242722000903?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0165242722000903?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/0002937879907087?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/0002937879907087?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/0002937879907087?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/0002937879907087?via%3Dihub
https://link.springer.com/article/10.1007/s00418-022-02171-4
https://link.springer.com/article/10.1007/s00418-022-02171-4
https://link.springer.com/article/10.1007/s00418-022-02171-4
https://www.sciencedirect.com/science/article/pii/S1472648323004327?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1472648323004327?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1472648323004327?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1472648323004327?via%3Dihub
https://link.springer.com/article/10.1007/s11845-019-01993-x
https://link.springer.com/article/10.1007/s11845-019-01993-x
https://link.springer.com/article/10.1007/s11845-019-01993-x
https://link.springer.com/article/10.1007/s11845-019-01993-x
https://www.researchgate.net/publication/327800849_Antibacterial_and_antioxidant_activity_of_essential_oil_and_extracts_of_Ferula_communis_and_determination_of_chemical_composition_of_its_essential_oil
https://www.researchgate.net/publication/327800849_Antibacterial_and_antioxidant_activity_of_essential_oil_and_extracts_of_Ferula_communis_and_determination_of_chemical_composition_of_its_essential_oil
https://www.researchgate.net/publication/327800849_Antibacterial_and_antioxidant_activity_of_essential_oil_and_extracts_of_Ferula_communis_and_determination_of_chemical_composition_of_its_essential_oil
https://www.researchgate.net/publication/327800849_Antibacterial_and_antioxidant_activity_of_essential_oil_and_extracts_of_Ferula_communis_and_determination_of_chemical_composition_of_its_essential_oil
https://www.researchgate.net/profile/E-Danial/publication/258959689_EVALUATION_OF_FERULA_HERMONIS_ROOT_EXTRACT_AS_A_GROWT_PROMOTER/links/00b7d5298449c32559000000/EVALUATION-OF-FERULA-HERMONIS-ROOT-EXTRACT-AS-A-GROWT-PROMOTER.pdf
https://www.researchgate.net/profile/E-Danial/publication/258959689_EVALUATION_OF_FERULA_HERMONIS_ROOT_EXTRACT_AS_A_GROWT_PROMOTER/links/00b7d5298449c32559000000/EVALUATION-OF-FERULA-HERMONIS-ROOT-EXTRACT-AS-A-GROWT-PROMOTER.pdf
https://www.researchgate.net/profile/E-Danial/publication/258959689_EVALUATION_OF_FERULA_HERMONIS_ROOT_EXTRACT_AS_A_GROWT_PROMOTER/links/00b7d5298449c32559000000/EVALUATION-OF-FERULA-HERMONIS-ROOT-EXTRACT-AS-A-GROWT-PROMOTER.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1166823/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1166823/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1166823/
https://www.tandfonline.com/doi/abs/10.1179/147683009X423436
https://www.tandfonline.com/doi/abs/10.1179/147683009X423436
https://www.tandfonline.com/doi/abs/10.1179/147683009X423436
https://www.tandfonline.com/doi/abs/10.1179/147683009X423436
https://academic.oup.com/endo/article-abstract/97/1/208/2619290?redirectedFrom=fulltext&login=true
https://academic.oup.com/endo/article-abstract/97/1/208/2619290?redirectedFrom=fulltext&login=true
https://academic.oup.com/endo/article-abstract/97/1/208/2619290?redirectedFrom=fulltext&login=true
https://www.sciencedirect.com/science/article/pii/S0378874122000964?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378874122000964?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378874122000964?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378874122000964?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378874122000964?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378874122000964?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/0304394081901063?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/0304394081901063?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/0304394081901063?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0006322398003059?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0006322398003059?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0006322398003059?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0006322398003059?via%3Dihub
https://journals.sagepub.com/doi/10.1258/ebm.2011.011164
https://journals.sagepub.com/doi/10.1258/ebm.2011.011164
https://journals.sagepub.com/doi/10.1258/ebm.2011.011164
https://link.springer.com/article/10.1007/s11011-022-01054-w
https://link.springer.com/article/10.1007/s11011-022-01054-w
https://link.springer.com/article/10.1007/s11011-022-01054-w
https://www.mdpi.com/1420-3049/25/23/5768
https://www.mdpi.com/1420-3049/25/23/5768
https://www.mdpi.com/1420-3049/25/23/5768
https://www.mdpi.com/1420-3049/25/23/5768
https://www.mdpi.com/1420-3049/25/23/5768
https://www.mdpi.com/1420-3049/25/23/5768
https://pubmed.ncbi.nlm.nih.gov/26600859/
https://pubmed.ncbi.nlm.nih.gov/26600859/
https://pubmed.ncbi.nlm.nih.gov/26600859/
https://pubmed.ncbi.nlm.nih.gov/26600859/
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2642.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2642.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2642.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2827.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2827.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2827.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_3003.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_3003.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_3003.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_3003.pdf
https://www.hindawi.com/journals/bmri/2015/943694/
https://www.hindawi.com/journals/bmri/2015/943694/
https://www.hindawi.com/journals/bmri/2015/943694/
https://journals.sagepub.com/doi/10.1136/acupmed-2016-011137
https://journals.sagepub.com/doi/10.1136/acupmed-2016-011137
https://journals.sagepub.com/doi/10.1136/acupmed-2016-011137
https://journals.sagepub.com/doi/10.1136/acupmed-2016-011137
https://ecerm.org/journal/view.php?doi=10.5653/cerm.2022.05449
https://ecerm.org/journal/view.php?doi=10.5653/cerm.2022.05449
https://ecerm.org/journal/view.php?doi=10.5653/cerm.2022.05449
https://ecerm.org/journal/view.php?doi=10.5653/cerm.2022.05449
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2022.874914/full
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2022.874914/full
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2022.874914/full
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2022.874914/full
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2022.874914/full

