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ABSTRACT

Obijective: Although the most common complications of totally implantable venous catheters(TIVC) are infection and thrombosis, mechanical
complications can also affect the treatment and cause catheter removal. This study aimed to investigate mechanical complications of TIVC and
prevention methods.

Methods: Data of 983 procedures in 961patients who underwent TIVC implantation between 2010 and 2019 in AcibademMaslak, Bakirkoy, and
Atakent Hospitals were retrospectively analyzed for mechanical complications.

Results: Mechanical complications were encountered in 33(3.3%) cases: 12(1.2%) were detachment of TIVC, 8(0.8%) occlusions, 5(0.5%)
pneumothorax, 1(0.1%) hemothorax, 1(0.1%) malposition, 1(0.1%) extravasation, 2(0.2%) TIVC rotation, 3(0.3%) skin necrosis and extrusions.

Conclusion: The catheter tip should be placed in distal superior vena cava, reservoir pocket must be sufficient in size, reservoir should be fixed
to pectoral muscle or fascia at least two points with nonabsorbable sutures. Subcutaneous fatty tissue resection from reservoir pocket should
be performed in obese patients. The nature of the withdrawn blood form Seldinger needle should be checked visually whether venous or
not. Risk of pneumothorax and detachment can be reduced by inserting the catheter from 1/3 outer part of the clavicle during percutaneous
technique. While complication rate can be reduced by peroperative fluoroscopy use, control X-ray should be taken in symptomatic patients, not
routinely. Malposition can be seen in the peroperative period and can usually be corrected by good manipulation. Percutaneous transcatheter
retrieval in addition to surgery is the gold standard treatment for detachment of TIVC. The most important factors in preventing complications

are surgical experience and good care.

\

Keywords: Totally implantable venous catheter, complication, detachment, malfunction, malposition.

1. INTRODUCTION

Totally implantable venous catheters (TIVC), which have
become a part of oncologic therapies today, are being used
especially for the administration of chemotherapy agents (1-
3). They are more tolerable in daily life as there is no external
unit like peripheral central catheters (2-7).

Although the most common complications are infection
and thrombosis, mechanical complications such as catheter
malposition, pneumothorax, catheter  detachment,
malfunction can also affect the treatment of the patient and
cause catheter removal (7).

This study aimed to investigate the mechanical complications
of TIVC and prevention methods.

This is a single-institution retrospective cohort study of
oncologic patients who had TIVCs implanted by the same
surgeon.

2. METHODS

Data of patients who underwent TIVC implantation between
2010 and 2019 in AcibademMaslak, Bakirkoy, and Atakent
Hospitals were retrospectively analyzed. Non-oncologic
indications were excluded.

TIVC implantations were performed in operating room
under general anesthesia through subclavian vein(SV).
In cases where the percutaneous technique failed,
TIVCswereimplanted with open technique.

Catheter was inserted into the SVby Seldinger technique from
1/3 outer part of the clavicle with the catheter tip directed to
suprasternal notch and a sufficient pocket for reservoir was
prepared two cm caudally. Under guidance of fluoroscopic
examination, length of the catheter was adjusted so that
tip of the catheter remained in superior vena cava(SVC)
near right atrium(RA). Catheter is attached to reservoir and
secured with lock mechanism.Reservoir was fixed on pectoral
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muscle fascia with 2/0 polypropylene sutures.After testing
for catheter integrity, the system was filled with heparinized
solution. Control chest X-ray was not performed if there
were no complaints such asdyspnea, cough, arrhythmia or
malfunction in postoperative period.

In open technique, cephalic vein was released from the
incision made ondeltopectoral sulcus. Following the cut-down,
the catheter was inserted into the vein and length of the
catheter was adjusted similar as in percutaneous technique.
The catheter was fixed to the vein by silk ligation. From the
same incision, pocket for the reservoir was prepared and same
procedures were applied as in percutaneous technique.

General TIVC care was performed every 40 days by
experienced medical staff in chemotherapy units.

This study was approved by Ethical Review Board of
Acibadem Mehmet Aydinlar University on 09 January 2020
with number of 2020/01.

3. RESULTS

Data of 983 procedures in 961 patients who underwent TIVC
implantation were evaluated retrospectively. At the time of
implantation, the median age was 48.6+£12.3 years, body
mass index (BMI) was 26.04+4.79 kg/m?. Primary malignancy
was breast in 789, gastrointestinal in 139, and miscellaneous
in 33 cases.

Total complication rate was 6% (n=60). Venous thrombosis
(n=12,1.2%) and detachment of TIVC (n=12,1.2%) were the
most common complications. Mechanical complications were
encountered in 33 (3.3%) cases: 12 (1.2%) were detachment
of TIVC, 8( 0.8%) occlusions, 5(0.5%) pneumothorax, 1 (0.1%)
hemothorax, 1 (0.1%) late malposition, 1 (0.1%) extravasation, 2
(0.2%) TIVC rotation, 3 (0.3%) skin necrosis and port extrusions.

In patients with detachment of TIVC, reservoir and associated
catheter was excised surgically, while embolizedfragment
was removed percutaneously. Only in one patient, the
catheter which was migrated to hearth wall could not be
removed. The patient was followed-up with anticoagulant
therapy and no complication was detected during 11
months’ follow-up. TIVC explantation was required in
patients with occlusion, extravasation, malposition and skin
necrosis. Surgical correction was performed for port rotation.
Thorax tube drainage was applied to three of five patients
with symptomatic pneumothorax and to the patient with
hemothorax. There was no mortality due to mechanical
complications at mean 34174 months follow-up period.

4. DISCUSSION

TIVC improves quality of life and has lower infection risk than
other catheter types, however, mechanical complications
still can be encountered (1-3, 5-7). Complications rate
decreases as surgical experience increases (8). However, they
still increase hospitalizationduration, treatment cost, and
morbidity and may cause delay in treatment (9).

Tip of catheter

There is no clear consensus on where the catheter tip
should be; distal SVC, RA or atriocaval junction (6, 7, 10-12).
The important thing is that the catheter tip should be in a
high flow vein not to constantly contact vessel wall or not
be in heart leading to arrhythmia. Placing the catheter in
small caliber vessels increases endothelial damage, risk of
thrombosis, vascular stenosis, and perforation (11). While
Mudan et al (6) placed mid-atrial, considering that there is
less risk of thrombosis, Machat et al (7) and Zhang et al (12)
placed at distal SVC. During implantations, the patient should
be well monitored forarrhythmias. In our clinic, the catheter
tip is placed in SVC near RA, and no complications associated
with its location were detected.

Post-implantation X-ray

In many clinics, peroperative fluoroscopy is used to control
the position of catheter, but post-implantation X-ray control
can be performed in centers without fluoroscopy (13).
Kim et al. (4) reported that surgical experience, asepsis,
and fluoroscopy use were effective in reducing surgical
complications. X-ray control after fluoroscopy-guided
implantation is controversial. Some centers advocate X-ray
necessity due to pneumothorax risk (6, 7). In minimal
pneumothorax, patient can be followed without thorax
drainage, however, drainage should be considered in
patients with respiratory complaints. Chest X-ray should be
performed selectively according to patient’s complaints,
not routinely. Mudan et al. (6) routinely performed X-rays.
Considering the pneumothorax rate of 1.2% (n=12) in their
series, unnecessary X-ray was taken in 978 patients. Similarly,
Veliogluet al. (14) routinely performed X-ray at postoperative
period, however, considering pneumothorax rate of 0.8%,
X-ray was unnecessarily taken in 2038 patients. However, in
another study, routine X-ray use was found not cost-effective
due to low complication risk (7). In our clinic, routine X-raywas
not used if patient was asymptomatic.

Subcutaneous thickness

Two problems may arise related with patient’s BMI and local
subcutaneous thickness in the implantation area. The first
problem is cosmetic dissatisfaction especially in patients with
low subcutaneous tissue or in petite patients. In TIVC with
smaller reservoir, catheter diameter also decreases, which is not
preferreddue to increased occlusion risk. Therefore, it is necessary
to inform patient before implantation for cosmetic results.

Contrary, in patients with high BMI or subcutaneous tissue
thicker than 2 cm, reservoir cannot be felt or reservoir remains
too deep to place port access needle sufficiently. Because the
reservoir is fixed to pectoral muscle fascia, tissue thickness over
it gains importance. For this reason, subcutaneous tissue should
be excised if needed. Fosh et al. (8) recommended to place port
in subcutaneous pocket, rather than suturing to pectoral fascia
and various authors suggested to prepare reservoir pocket
superficially in fatty tissue in obese patients, however reservoir
rotation risk increases, so we do not recommend (3, 6).
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Arterial puncture

Arterial puncture during implantation has been reported up to
11%(7,14,15).1tcan bedistinguished by observing withdrawn
blood from Seldinger needle by the color and pulsation of
the blood. Generally, arterial puncture alone does not cause
any complication, however, if dilatator or catheter is inserted
complications such as hemothorax, arterial dissection,
embolism, neck hematoma,pseudoaneurysm, a-v fistula, and
thrombosis can be seen (7). Clinically unrecognized arterial
puncture can be detected by fluoroscopy or subsequent chest
X-ray (7). Risk of arterial puncturing can be reduced with
USG guidance (7). Although USG is recommended for this
purpose, we believe that USG is not crucial in experienced
centers because of no arterial catheterization and associated
complications seen in our clinic.

Pneumothorax and Hemothorax

These are the most feared and fatal complications.
Pneumothorax is not expected with appropriate open
surgical technique, but it has been reported in 1.5-
6% with percutaneous technique (7). Zerati et al.(3)
reported thatpneumothorax rate was 0.1% and USG is
not necessary to reduce pneumothorax risk. In contrast,
Mudan et al. (6) detected pneumothorax as 1.2% under
USG guidance and recommended routine use. In this study,
rate of pneumothorax was 0.5% (n=5) and hemothorax
was 0.1% (n=1), so we conclude that USG guidance is not
crucial in experienced centers. BMI of three patients with
symptomaticpneumothorax was 19.92, 19.48 and 19.13kg/
m?and BMI of the patient with hemothorax was 16.8kg/m?.
Although statistical analysis cannot be performed due to low
patient number, we think that more care should be taken
in patients with low BMI, considering the mean BMI was
26.04+4.79kg/m? in this series.

Thorax drainage may not be necessary in all patients with
pneumothorax. Li Ma et al. (10) observed pneumothorax in 9
(0.3%) patients and drained two of them. Velioglu et al. (14)
detected pneumothorax in 16 (0.8%) patients and 14 of these
underwent thorax tube drainage. In this study, drainage was
performed in three of five patients who had respiratory symptoms.
Postoperative chest X-ray is recommended in case of suspicion. In
some centers, chest X-ray is recommended routinely, but in our
center, we recommend only if the patient has symptoms.

Skin erosion and extrusion

It has been reported in literature at 0.7-5% (4, 13, 15). Incision
site tension, repeated needle puncture, extravasation of
chemotherapeutics may lead to skin erosion especially in lean
patient (16). The reservoir pocket must be sufficient in size in
order to reduce incision site tension (4). In cachectic patients,
TIVC with a smaller reservoir can be used to reduce tension.
Kim et al. (4) found 6 (0.7%) erosions; TIVC was removed in
two patients, debridement, irrigation and resuture in others.
In this study, three patients had erosion, and two developed
extrusions and TIVC removal was required in all patients. In

series of Yanik et al. (15), decubitus developed in 121(3%)
patients, even though reservoirs were placed behind pectoral
muscle in patients with very thin subcutaneous tissue.

Malfunction

General definition is inability to infuse fluids and/or
aspiration of blood (14, 17). Considering that the primary
purpose of TIVC is infusion,not aspiration, we believe that
definition of malfunction should be only inability of infusion.
It may be encountered in cases where catheter tipwas not
be placed in correct position, kinking of catheter especially
at entrance to vein, clot formation in tip of catheter, andport
rotation (3). As catheter enters vein at right angles, it may
increase risk of complications as it will reduce infusion flow
rate and require more forceful injection. Fibrin sheath occurs
around catheter within the first 24 hours after implantation
(11). This fibrin sheath is usually fragmented but may cause
occlusion if complete.In situations such as prolonged infusion
time, injection of saline cannot be done, arm swelling, neck
pain, and inability to puncture reservoir or extravasation,
mechanical complications with fluoroscopic examination
have been reported in 4.3% (7). In cases while fluids can be
infused but blood cannot be withdrawn, once the catheter
has been checked with X-ray and deep venous thrombosis
has been excluded, catheters can still be used.

By minimizing use of catheter in procedures (i.e. blood
drawing) other than infusion of chemotherapeutics, risk of
catheter occlusion may be reduced (14). In cases of catheter
occlusion with clot, fibrinolytic agent can be a choice.

In open technique, the catheter should not be angled to prevent
malfunction. Additionally, extremely tight knotting should be
avoided during ligation and fixation of catheter to vein.

Port rotation

Port rotation isa rare complication where reservoir is reversed
and cannot be punctured with a needle (10, 15). Diagnosis
can be made by physical examination or by X-ray. Yanik et al.
(15) reported 4 (0.12%) patients and Li Ma et al. (10) reported
3 (0.10%) patients with port rotation. Treatment is revision of
the reservoir. To prevent this complication, reservoir should
be fixed to pectoral muscle or fascia at least from two points
with nonabsorbable sutures. Port rotation was detected in
2 patients during years 2016-2017 when absorbable sutures
were used as fixation sutures in this series. Diagnosis was
made by physical examination and corrected by simple
surgical intervention

Malposition

When upper extremity veins were used, orientation of
catheter tip to a vessel except SVC or RA is called malposition
(14). Risk of malposition has been reported 0.1-4.5% (1,
2, 10, 13, 15). Matiotti-Neto et al. (2) found no difference
between open and percutaneous techniques. Malpositions
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usually occur at time of implantation, but may develop later
in cases of increased intra-thoracic pressure (11).

Malposition of catheter inserted into the SV may occur
in internal jugular vein (1JV) or vice versa, or in veins such
as azygos/hemiazygos vein, internal mammary vein, or
ipsilateral/contralateral SV (7, 11) (Fig. 1, 2). It can also form
coil within vein or migrate into the subintimalzone (11). Such
malpositions can be easily detected during fluoroscopy or
postoperative chest X-ray. In case of suspicion, it is necessary
to take two-way radiographies or evaluate with computed
tomography (11).

.
.

Figure 1. Malpositionof catheter to ipsilateral subclavian veinis
indicated by black arrow

Figure 2. Malposition of catheter to hemiazygos vein. The catheter
is indicated by black arrows

Venous thrombosis, erosion and perforation of the vessel
wall, and catheter malfunction may be encountered due to
malpositions.Various treatment methods can be tried (11).
Catheter malposition can be corrected by forceful saline

injection in small caliber catheters. If malposition is detected
during implantation, inserting the guide wire into catheter
and correcting malposition is an option.

Malposition of guide wire or catheter to contralateral SV
during implantation is a condition we occasionally encounter
(Fig. 3, 4). Correction of malpositions and orientation of
catheter to SVC can be difficult. In such cases, we recommend
to push forward the catheter rather than retracting and
redirecting. Excess portion of catheter will be looped into the
SVC,subsequently, when catheter is slowly retracted, tip will
be placed in distal SVC by weight of the loop-shaped segment.

Malposition to IJVis rare in our clinic. To prevent this, patient
is positioned to reverse Trendelenburg position while
catheter is advanced.

Figure 3. Malposition of guide wire to contralateral subclavian vein
is indicated by black arrows

AT LFe Gl 11 e < A

Figure 4. Loop formation during correction of the malposition to
contralateral subclavian vein. Black arrows indicate the looped
guide wire
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Malposition into heart during implantation may be seen.
Therefore, arrhythmias up to 41% have been reported in the
literature (7). Catheter length should be well adjusted, should
not be advanced too much and site should be checked by
fluoroscopy during implantation. The presence of catheter on
left mediastinum or aortic arch should suggest intraarterial
malposition (11). Extravascular malposition should be
suspected in cases where the catheter does not follow the
expected venous trace, and care should be taken in this respect
during follow-up, especially in post-traumatic radiographs (11).

The diagnosis of late malposition can be made on follow-up
radiographs. Although routine chest radiography is not
recommended as late malposition is not common, X-rays
taken in the follow-up of primary disease should be looked
at in this respect or should be taken if in doubt. Leaving the
catheter tip short at the SVC may cause late malposition.
We think that if catheter tip is left distal SVC or atrial, late
malposition will not occur due to length and weight of
catheter.Late malposition was detected in one patients and
TIVC was excised because of catheter dysfunction (Figure 1).

Detachment

It is a rare complication reported requiring treatment due to
potential complications (7, 18). In this series, we detected
in 12 (1.2%) patients (Figure 5). It is usually seen after
percutaneous SV catheterization, but it can also be seen when
jugular vein is used or after open technique (19-22). Improper
connection of catheter to reservoir, problems due to lock
mechanism, incorrect manipulation, material fatigue, forced
flushing, aggressive neck/extremity movements, trauma,
orincreased intra-thoracic pressuremay lead todetachment of
catheter. Pinch-off syndrome (POS) is the case where catheter
is trapped and detached between 1st rib and clavicle (5, 9,
11, 23, 24).Surov et al. (21) reported POS (40.9%) as the most
common cause of detachment, there was no etiologic factor in
19.1% of cases. In contrast, Chang et al.(24) reported fracture
at the connection between reservoir and catheter (77 of 92
patient-84%) as the most common cause. It may be due to
technical or production error (25). POS (66%) was the most
common cause in this series.

Figure 5. Detachment and embolization of catheter to heart. The
point of detachment and embolized catheter fragment is indicated
by black arrows

Most of the patients were asymptomatic and diagnosis
was made by routine chest X-ray (3, 5). However, catheter
malfunction, arrhythmia, pulmonary symptoms, septic
syndromes, severe pain, inability to draw blood, extravasation,
edema around the catheter and reservoir, and pain can also
be seen (9, 21, 24, 26).

To prevent POS, insertion of catheter from lateral 1/3 of the
clavicle is recommended (9, 23, 27). Two-stage treatment
therapy is recommended (23). Percutaneous transcatheter
retrieval of embolized fragment in addition to surgical
removal of reservoir and attached catheter is the gold
standard (5, 9, 21, 23, 24, 26, 28). If percutaneous removal
is impossible, it can be removed by thoracotomy or followed
by anticoagulant treatment for a long period (5, 21, 24, 29).

Experience and TIVC care

Experience of healthcare personnelisimportantin preventing
complications. TIVC implantation following guidelines and
with good care, complication rate can be reduced (6). Ertel
et al. (30) reported that rate of complications was related to
clinician implanting TIVC more than technique.Fosh et al. (8)
draw attention to learning curve and report that complication
rate is reduced with surgical experience. Particular care
should be taken during port access needle entry toavoid
accidental damage to catheter. Additionally, attention should
be paid to infusion pressure range of implanted catheter.

It is recommended to wait for healing ofincision before
use of TIVC, and flush catheter with heparinized solution
after each use or at most 4-6 weeks (1, 5). However, Zhang
et al. (12) stated that port can be used on implanted day.
In our clinic, TIVCs are used by experienced nurses in the
next day following implantation and we did not detect any
complications associated with early use.

5. CONCLUSION

Diagnosis and treatment of mechanical complications of
TIVCs are important to prevent delay in the treatment of the
patient.The catheter tip should be placed in SVC near RA, the
reservoir pocket must be sufficient in size, reservoir should be
fixed to pectoral muscle or fascia at least from two points with
nonabsorbable sutures. Subcutaneous fatty tissue resection
should be performed in obese patients. The nature of the
withdrawn blood form Seldinger needle should be checked
visually whether venous or not. Risk of pneumothorax and
detachment can bereduced by inserting the catheter from 1/3
outer part of the clavicle in percutaneous technique. While
complication rate can be reduced by peroperative fluoroscopy
use, control X-ray should be taken in symptomatic patients,
not routinely. Malposition can be seen in the peroperative
period and can usually be corrected by good manipulation.
Percutaneous transcatheter retrieval in addition to surgery
is the gold standard treatment for detachment of TIVC. The
most important factors in preventing complications are
surgical experience and good care.
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ABSTRACT

Obijective: Balanced nutrition is of special importance in adolescence however, eating behaviors may be negatively influenced during this stage
due to several factors. The objective of this research was to investigate the effect of a nutrition training program on nutrition literacy level and
food habits of a group of adolescents.

Methods: Adolescent Nutritional Literacy Scale (ANLS) and Adolescent Food Habits Checklist (AFHC) was used to determine the nutrition
literacy level and food habits of 200 highschool students in Istanbul between September 2018 and April 2019. Effect of a face to face training,
for 8 hrs over 4 weeks on nutrition related topics, were investigated on nutrition literacy level and food habits of the students.

Results: Mean age of the students was 15 + 0,66 years and 57% comprised of females. ANLS and AFHC scores in general, were higher in females,
however the difference was statistically significant (p <0,05) only in pre-test scores. The average adolescent nutrition literacy (ANLS) score in
males were 3,31 out of 5,0 and remained unchanged after training. In females however, it significantly decreased from 3,56 to 3,44 (p <0,05).
Out of 19, AFHC scores decreased significantly from 9,80 to 8,94 in males and 10,03 to 9,34 in females (p <0,05) following training.

Conclusion: A short nutritional training was not sufficiently effective in reflecting the positive change in nutrition literacy level and food habits
among adolescents. Possible reasons should be investigated in depth and more comprehensive and longer training should be provided to

increase nutritional awareness.

Keywords: Adolescent, nutrition, nutrition literacy, food habits.

\

1. INTRODUCTION

Adolescence is described as a transitory period between
childhood and adulthood during which growth and
development are the fastest in an individual leading to an
increasing need for energy, protein, vitamins and minerals
in the diet (1). Studies conducted with adolescents indicate
that although individuals are aware of the importance of
adequate and balanced nutrition in health and prevention of
diseases; however, they fail to apply the knowledge in their
everyday life (2). Peer influences, unhealthy eating habits as
skipping of meals, increased consumption of fast food and
sugar added beverages, snacking as well as lack of physical
activity lead to obesity and other health risk factors in this
age group (3). Psychosomatic disorders as stress, depression,
social anxiety disorders, faulty body image perception, self
esteem etc. also lead to eating disorders and inadequate
nourishment during this age (4,5).

In this context, there is a need for nutritional interventional
programs to raise the awareness of youth enabling them

to increase nutritional knowledge level and adopt healthy
eating and lifestyle. The term nutrition literacy has gained
popularity over the last decade and is defined as the
degree to which people can process, and understand
basic nutrition information (2).

Nutrition literacy was found to have a positive effect on
food habits in a group of young Turkish adults and based
on the findings the author suggested administration of
nutritional training programs in order to raise nutrition
awareness in adolescents (3). However, the content and
length of the training program that would be adequate
to bring about the desired effect is an issue that must be
researched thoroughly.

The objective of this research was to study the nutrition
literacy level and food habits of a group of high school
students, as well as to investigate the effect of a short
nutrition training program on both.
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2. METHODS

2.1. Participants and Setting

The prospective cross sectional study was conducted on all
students (n=200) who had voluntarily wished to participate
in the study and were studying in grade 10 and 11 of a
high school (Fahrettin Kerim Gokay Anatolian High School)
in Istanbul randomly chosen in a neighbourhood having
families of mixed economic and social status. The study was
conducted between September 2018 and April 2019.

2.2. Instruments

A questionnaire with 18 general questions regarding
demographic characteristics was directed to the participants
followed by the validated Adolescent Nutrition Literacy Scale
(ANLS) tool developed by Bari, 2012 (6) and validated in
Turkey by Turkmen et al, 2017 (7).

The validated ANLS scale comprised of 22 questions listed
under three sub-groups namely Functional Nutrition
Literacy (FNL), Interactive Nutrition Literacy (INL) and
Critical Nutrition Literacy (CNL) (2). FNL indicated the
individual’s knowledge and follow up of literature in the
field of nutrition. INL indicated the individual’s application of
nutrition knowledge in practical life and CNL reflected his/her
tendency to participate and take an active role in nutrition
related topics. Every item was scored between 1-5 on a “5
point likert type scale” (1 = strongly disagree, 2 = disagree, 3
= neutral, 4 = agree, 5 = strongly agree) (6,7). A mean score
out of 3.0 or more out 5.0 could be considered to be above
average nutrition literacy level among the participants (7).
Finally, Adolescent Food Habits Checklist (AFHC) developed
by Johnson et al. 2002 (8) and validated in the Turkish
language by Arikan et al. 2012, comprising of 19 items was
aimed at measuring healthy eating behavior of adolescents
was administered on the participants. A positive / negative
(Yes/No) response format was selected to make the checklist
easier to complete. Participants were granted one point for
each ‘healthy’ response. The maximum score to be attained
by the Turkish version of AFHC instrument was determined
to be 19. Attaining a high score demonstrated healthy eating
habits on the part of the individual (9). The questionnaires
were filled by the students in the lecture hall in presence of
the research team. The tools were applied twice, one prior to
the training and afterwards, to study the effect of the training
program on ANLS and AFHC scores.

2.3. Nutritional Training Program

After the three questionnaires were conducted, a short
nutritional face to face training comprising of 8 lecture
hours (2 hours each week for 4 weeks) was provided to
the students. The lectures were given by the research
team members, supported by visuals, videos, printed
materials and interactive discussion. The nutritional
training material comprised of topics as nutritional
terminology, concept of nutrition literacy, healthy eating,

diet related chronic diseases, food safety, healthy food
selection, reading of food labels etc. The training material
also included subjects as preparation of an adequate and
balanced menu by choosing the right foods, nutrients,
and food sources, normal body weight, body mass index
etc. Some of the measurement techniques as height and
weight as well as calculation of body mass index were
applied in class. After 3 months, the questionnaires were
repeated on the same participants to evaluate the effects
of the training.

2.4. Ethical Aspects of the Study

Permission was sought from Istanbul Provincial Directorate
for National Education and ethical approval was taken from
Istanbul Aydin University Ethical Committee dated February
2018 prior to the study. All participants and families were
informed about the research work and their consent was
taken.

2.5. Statistical Analyses

Descriptive statistics (frequency, mean, standard
deviation) were used to analyse the data. Differences
between two independent groups (female and male)
were analysed by Independent Sample T Test. Differences
betweentwodependentnumericalvariables (forexample,
interactive nutrition literacy scores before and after
education) were analyzed using the Dependent Sample
T Test. The relationships between two independent
numerical variables (ANLS and AFHC scores) were
evaluated by Pearson Correlation Coefficient. Statistical
significance was accepted as p <0.05. Statistical analyses
were carried out using the SPSS version 23.0 Statistical
Package Program.

3. RESULTS

Number of students included in the study was 200 of which
57% were females. The demographic characteristics of the
participants have been summarized in Table 1.

On enquiring about frequency of skipping meals among
participants, 60,5% consumed three major meals, 29,5
% consumed 2 major meals in a day. Regarding snacking
habits, 50,5% of the students skipped snacks, 34% stated
that they snacked twice in a day, 15,5 % snacked more
than twice in a day. Among the preferred beverages during
snacks. The most popular was tea (50,5%) followed by
butter milk (43,5%) and milk (39%). Most preferred snack
item was chocolate bars (65%) followed by cookies (57,5%)
and salty crackers (49%).

The amount of water/beverage consumption in day by the
students has been summarized in Table 2. As per results, only
42% consumed 2 L or more of water in a day whereas, 47,5%
consumed up to 200 ml and 9,5% consumed up to 500 ml of
sugar added beverages in a day.
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Table 1. Demographic Characteristics of the participants (n=200)

Gender Frequency Percent (%)
Female 114 57,0
Male 86 43,0
Age
15 Years 107 53,5
16 Years 74 37,0
17 Years 18 9,0
Body Weight
<50kg 35 17,5
51-60 kg 82 41,0
>61kg 83 41,5
Height
<165cm 77 38,5
166-175 cm 75 37,5
2176 cm 48 24,0
Monthly Allowance for Food
<100 TL 70 35,0
101-200 TL 74 37,0
>201TL 56 28,0
Performing Sports on a Regular Basis
Yes 88 44,0
No 112 56,0
Table 2. Consumption of Water/Beverages on a Daily Basis (n=200)
Daily Consumption of Water Frequency Percent (%)
400 ml or less 5 2,5
401-1000 ml 57 28,5
1001-1500 ml 35 17,5
1501-2000 ml 19 9,5
2000 ml or more 84 42,0
Daily Consumption of Tea/Coffee
Does not Consume 26 13,0
0-200 ml 116 58,0
201-500ml 49 24,5
501-1000 ml 9 4,5
Daily Consumption of Sugar Added Beverages
Does not Consume 77 38,5
0-200 ml 95 47,5
201-500 ml 19 9,5
501-1000 8 4,0
1001 ml or more 1 0,5

FNL mean scores of students increased from 3,53 to 3,59
after training. However, INL mean score decreased from
3,24 to 3,17. However, these changes were not statistically
significant (p>0,05). On the other hand, decrease in CNL score
from 3,61 to 3,53 after training was found to be statistically
significant (p<0,05). Also, general ANLS means score

decreased from 3,45 to 3,39 after training. Similarly, AFHC
mean score also decreased from 9,93 pre-training to 9,17
post-training. Decrease in these values were also found to be
statistically significant (p<0,05). Effects of training on Mean
ANLS Subgroups, and AFHC scores have been illustrated in
Figure 1.
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Figure 1. Effects of Training on Mean ANLS Subgroup and AFHC Scores
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Effect of training was analysed for all items based on gender
results of which have been summarized in Table 3. In general,
ANLS scores and subgroup scores were higher in females as
compared to males. However, ANLS pre-training and CNL pre
and post training scores were found to be statistically higher
in females (Table: 3).

Contrary to what was expected, effect of training exhibited
negative results. Apart from FNL, other subgroups of ANLS
tool and AFHC scores fell after the training and this decrease
was found to be statistically significant as shown in Table 3.

Table 3. Effects of Training on ANLS Subgroups and AFHC Scores
Based on Gender(n=200)

Female (n=114) Male (n=86)
Mean S.D. Mean S.D.
FNL (BT) 3,570,516 3,470,735 1,047 0,297
FNL (AT) 3,600,643 3,570,829 0,301 0,764
t=-0,585 p°=0,559  t=-1,017 p°=0,312
INL (BT) 3,330,651 3,130,863 1,746 0,083
INL (AT) 3,18 0,666 3,16 0,844 0,247 0,805
t=2,300 p°=0,023* t=-0,277 p*=0,782
CNL (BT) 3,800,694 3,361,095 3,250  0,001*
CNL (AT) 3,710,533 3,300,748 4,380 0,000*
t=2,677 p°=0,009*  t=1,117 p°=0,267
ANLS (BT) 3,560,421 3,310,552 3,692 0,000*
ANLS (AT) 3,44 0,4999 3,310,554 1,767 0,079
t=3,085 p°=0,003* t=-0,050 p°=0,960
AFHC (BT) 10,033,571 9,80 3,467 0,445 0,657
AFHC (AT) 9,34 3,788 8,94 4,533 0,663 0,508

t=2,365 p*=0,020* t=2,127 p"=0,036*

p° = Independent variable (between gender)
p® = Dependent variable (within gender)
p<0,05 (statistically significant) BT= Before Training AT=After Training

FNL: Functional Nutrition Literacy INL: Interactive Nutrition Literacy
CNL: Critical Nutrition Literacy ~ BT: Before Training  AT: After Trainig

Pearson Correlation test was conducted to study the
correlation between ANLS (including sub-groups) and AFHC
tool. As per findings, there is a significant positive correlation
between ANLS (including sub-groups) pre-test and post-test
scores with AFHC pre-test and post-test scores (p<0,05). The
degree of correlation was weak in some cases and moderate
in others. The results have been summarized in Table 4.

Table 4. Correlation between ANLS and AFHC Tools (n=200)

ANLS AFHC
Sub-Groups Pre-Test Post-Test
r ,234™ ,2617
FNL Pre-Test
p 0,001 0,000
r ,3747 ,299
INL Pre-Test
p 0,000 0,000
r 347" ,244"
CNL Pre-Test
p 0,000 0,001
r 437" ,340"
ANLS Pre-Test
p 0,000 0,000
r ,248” 3217
FNL Post-Test
p 0,000 0,000
r 3177 ,416™
INL Post-Test
p 0,000 0,000
r ,345™ ,205™
CNL Post-Test
p 0,000 0,004
r 446" ,507"
ANLS Post-Test
p 0,000 0,000

r: Pearson Korelasyon *:p<0,05 **:p<0,01

r Degree of Correlation  Direction of Correlation
0,00 No Correation r=—negative
0,01-0,29 Weak Correlation r=+ positive
0,30-0,69 Medium Correlation
0,70-0,99 Strong Correlation
1,00 Perfect Correlation

FNL: Functional Nutrition Literacy, INL: Interactive Nutrition Literacy, CNL:
Critical Nutrition Literacy

4. DISCUSSION

This study evaluated the effect of a short nutritional training
program on Adolescent Nutritional Literacy (ANLS) and Food
Habits (AFHC) of a group of high school students.

In this study, 56% of the students stated that they could not
spare time for regular sports or physical activity on a daily
basis. Aksoydan et al. in their study with adolescents reported
that only 15,7% of adolescents performed sports for 4 hours
or more in a week, and the main reason suggested was the
long hours spent by them in front of electronic devices such
as smart phones and computers (10). According to the WHO
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report, 77,1% of young Turkish men and 86,9% of young
women maintained an inactive lifestyle (11). Regular physical
activity has been suggested to increase bone density, lean
tissue mass and rate of basal metabolism whereas decrease
body fat and prevent the occurrence of chronic diseases such
as obesity, hypertension, diabetes, coronary heart disease
(12).

In this study, 0,5% of adolescents stated that they consumed
three meals whereas 29,5% consumed two meals during the
day. Meal skipping behavior is common during adolescence.
In a study conducted on 411 university students in which
nutritional habits, physical activity levels and body mass
indexes of adolescents were evaluated, 59,5% of students
consumed three meals a day, but 20,9% consumed two
meals. It has been suggested that as the number of meals
decreases, the availability of nitrogen in the body decreases.
There is an increase in glucose absorption, glycogen synthesis
and fat storage leading to metabolic disorders. On the other
hand, increasing meal frequency in a day without increasing
the amount of food consumption resulted in a significant
decrease in blood LDL cholesterol (13).

The most popular beverage among students was found to be
tea followed by the buttermilk. Consumed by 50,5% and most
popular snack item was chocolate bars followed by cookies
and salty crackers. Snacking item preference by students in
this study was very similar to the study performed by Kalkan
et al in Konya on 643 high school students (14). Students’
desire to consume such snack items frequently is due to their
easy accessibility in school canteens, markets, and advertising
of such foods on screens and media. Similar eating habits and
preference of snacking items and beverages have also been
reported in other studies performed on Turkish adolescents
(10,13,15).

As a result of the Dependent Sample T Test performed before
and after education, it was observed that all three sub-
groups of ANLS had different and variable results. Firstly,
FNL (basic reading and writing skills necessary to follow
and understand simple nutrition information) increased
at the end of education because students could read and
comprehend texts easily. On the other hand, INL (advanced
nutritional literacy involving cognitive and interpersonal
communication skills necessary to manage nutritional
issues in collaboration with professionals) and CNL (ability
to critically analyze nutritional information, the ability to
overcome barriers and act in order to raise awareness)
decreased after the training. This could be explained by
the fact that students may not have followed advanced
part of the training within the short period and may have
responded to the questionnaires without comprehending
and influenced by peers. Another reason may be that the
compact nutritional information presented in a short time
was unable to create the expected impact, the presentation
techniques may not have been very emphatic and finally the
timing of the post-test coinciding with the Final exams may
have resulted in students responding to the questionnaires
in a careless and haphazard manner. Moreover, nutritional

habits in individuals develop over time reflecting culture and
family traditions and does not change easily. Nevertheless,
repeated trainings and education creating awareness in the
society is bound to bring positive changes in the long run.

In this study, Adolescent Food Habits (AFHC) scores were
found to decrease at the end of nutrition training. The
short compact training failed to have an impact on the
food habits of the participants. Studies performed on food
habits of adolescents indicate that the young age groups
are inadequately nourished and have an unbalanced diet
(14,16,17). In a study evaluating Nutritional Habits Index
(NHI) of adolescents, nearly all participants were found to be
at risk in terms of nutritional habits and 64,5% were in the
medium and 22,5% in the high-risk group (18).

In this study, in general females had a higher nutrition literacy
level and better food habits scores as compared to males. The
results were similar to the study performed by Matsumoto
et al on 1165 Japanese adults between 18-24 years of age
(19) and some other studies analysing the relationship
between nutrition knowledge and genders (20, 21). The
author also suggested that eating behaviors of individuals
were affected by nutritional literacy (3). In the prevention
of obesity-related chronic diseases, awareness of young
adults about healthy nutrition will be of great importance.
Adolescents are influenced by family, friends, peers, media,
advertisements etc in food selection. Fast foods are preferred
as they are cheap, easily accessible and savory due to high
salt, sugar and fat content. Attention must be drawn towards
food process owners who have added responsibility in the
production and sale of reliable food. Apart from parents and
family members, teachers must also supervise the nutrition
habits of children right from the elementary school, raising
awareness by organizing training for various age groups,
stressing on the consequences of unhealthy nutrition. it is
recommended to draw people’s attention by creating public
spots and often publishing them in news sources (22).

5. CONCLUSION

Although nutrition literacy issues have been addressed in
several studies in Turkey, yet such a project as experimented
in this study on a group of adolescents (investigating the
effect of a training on nutritional awareness and food
habits) has not been conducted in this region of the country.
Contrary to the expectations, the study implemented here
was not effective as per the results. As mentioned above
there may have been many reasons not fully understood that
may have led to these unexpected findings. Therefore, it is
extremely important to consider these issues in the future
studies and it is thought that the possible reasons leading
to this result should be investigated in depth and a more
comprehensive and longer education should be provided in
schools to raise awareness of students and adolescents in the
field of nutrition and health.
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ABSTRACT

Obijective: Novel investigations have confirmed that hyperglycemia is strictly associated with the development of cognitive impairment and
dementia. Sodium-dependent glucose transporter (SGLT) inhibitors, which are oral antidiabetic drugs, are currently being investigated as the
medication in Alzheimer’s disease (AD). In our study, Camellia sinensis (green tea), which inhibits sodium-dependent glucose transporter-1
(SGLT-1), was used in the treatment of type 2 diabetes mellitus (T2DM)-induced AD-like alterations via its antidiabetic effects.

Methods: High-fat diet/streptozotocin-treated rat model was chosen to provide T2DM-induced AD-like alterations. Antidiabetic effects were
evaluated with the measurement of blood glucose level (BGL), oral glucose tolerance test (OGTT), and insulin tolerance test (ITT). On the other
hand, novel object recognition test (NORT), open field test (OFT), passive avoidance test (PAT), and Morris’s water maze (MWM) test were
performed to investigate the anti-Alzheimer’s effects of C. Sinensis.

Results: C. sinensis tolerated BGL for a short time but metformin, the first medication prescribed for T2DM, tolerated BGL during the test for
120 min. C. sinensis increased the number of square crosses and the frequency of grooming activity in a similar manner to metformin in OFT.
C. sinensis treatment improved exploratory behavior and memory retention components in NORT. The step-through latency decreased in HFD/
STZ-treated rat model but it improved with metformin and C. sinensis treatment in PAT. According to the results obtained by the MWM test, C.
sinensis treatment slightly improved learning.

Conclusion: C. sinensis improved short-term memory and increased the locomotor activity in rats according to the results obtained by NORT,
OFT, and PA.

Keywords: Camellia sinensis, sodium-dependent glucose transporter, diabetes mellitus, Alzheimer’s disease, memory
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1. INTRODUCTION

neurons. Actually this differances that occurs with damaging
and destroying of neuron cells in the brain are thought to
began 20 years or more before symptoms arise with small
changes that are unnoticeable to the person affected. (3, 5-8)

Alzheimer’s disease (AD), a progressive brain disorder, is the
most common form of dementia among older adults. (1) An
estimated 6 million Americans of all ages are living with AD
in 2019. Out of the total USA population, one in 10 people

at the age of 65 and older has AD. This disease is becoming When the first stage of the onset of Alzheimer’s appearance,

a menace to aging population all over the world and it is
expected to has 13—20 million AD cases in the next three
decades. (2-4)

According to studies, AD is characterized with the occurrence
of loss of synapses, changes in neurotransmitter expression,
reduced neutrophil numbers, synaptotoxicity, extracellular
amyloid-B (AB) plaques and neurofibrillary tangles in the
intracellular environment, neuronal death and neural
atrophy in the final phase. Beta-amyloid plaques may
contribute to cell death by interfering with neuron-to-neuron
communication at synapses, while tau tangles block the
transport of nutrients and other essential molecules inside

the brain can initially compensate it, but as the damage to
nerve cells continues, the brain can no longer compensate
for the changes and AD causes to loss intellectual and social
skills of people by affecting their ability such as thinking,
speaking, learning, memory, walking, swallowing, resuming
daily activities, planning family events or participating in
sports. When patients reach the final stages of Alzheimer’s
disease, they become bed-bound and require 24-hour care.
Alzheimer’s disease is ultimately fatal.(3, 9)

In some studies AD is found to be associated with
multiple risk factors such as aging, psychosocial (e.g., low
educational level, lack of social engagement, and poor social
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networking), genetic (family history), genetic mutations
(the extra copy of chromosome 21 that characterizes Down
syndrome), traumatic brain injury, carrying the e4 form of
the apolipoprotein E (APOE) gene, vascular parameters (e.g.,
obesity, tobacco use, and blood cholesterol) and vascular
diseases (e.g., diabetes mellitus, hypertension, and stroke).
(5, 8,10, 11)

Type 2 Diabetes Mellitus (T2DM), characterized by
hyperglycemia, insulin resistance, and impaired insulin
sensitivity. T2DM accounts for 90-95% of all diabetes by
affecting over 300 million people worldwide. T2DM causes
various serious complications of heart, eyes, nerves, liver
and kidneys and is associated with decrements in cognitive
function and changes in brain structure. Normal brain
function is further compromised by the decreased ability of
the brain to metabolize glucose that is main fuel of brain. (12-
14)

In in vitro, in vivo and human clinical studies, after the
appearance of T2DM, T2DM has been found to be effective
in the initiation and progression of AD with common
biological mechanisms directly or as cofactor. These
biological mechanisms are insulin resistance, impaired
glucose metabolism, B-amyloid formation, oxidative stress
and the presence of advanced glycation and products. (15)
It is thought that AD occurs when a similar cellular insulin
resistance and insulin deficiency process occurs in the brain.
(16)

In literature, it has been shown that high-fat diet (HFD) is
a common risk factor for T2DM and AD. Therefore, HFD/
streptozotocin (STZ)-treated rat models were used to provide
T2DM-induced AD-like alterations in some studies and also in
our study. (17-19)

AD treatment is divided into pharmacological and non-
pharmacological, but both treatments do not slow or stop the
damage and destruction of neurons that cause AD symptoms.
The pharmacological treatment of rivastigmine, galantamine,
donepezil, memantine, donepezil and tacrin combined with
memantine treatment is approved by the US Food and Drug
Administration (FDA) and this treatment includes vitamins
C, D and E, omega-3 fatty acids and ginkgo biloba for use as
complementary therapy. Also, some plant extracts are used
and found effective in the treatment of AD. (20-23) Non-
pharmacological treatment includes computerized memory
training, listening to your favorite music and special lighting
to reduce sleep disturbances. (11, 24)

Moreover, a sufficient medical treatment targeting AD in
T2DM patients has not yet been proved. To use antidiabetic
drugs such as metformin in order to treat AD is an alternative
treatment strategy and has been given more importance in
the last decade. (25) The possible mechanisms of green tea
for decreasing blood glucose level are including the inhibition
of a-glucosidase activity, intestinal sodium-glucose co-
transporter-1 (SGLT-1) and glucose transport-2. In our study,
a plant extract prepared by Camellia sinensis (green tea) was

used in the treatment of T2DM-induced AD-like alterations
via its SGLT-1 inhibitor effects. (26, 27, 28)

Camellia sinensis that is a member of the Theaceae family,
is the second most consumed beverage in the world, after
water. This plant native to China and Southeast Asia. (29)
The leaves of C. sinensis are dark green, alternate and oval,
with serrated edges, and the blossoms are white, fragrant,
and appear in clusters or singly. This plant can reach to the
heights of 30 feet, but they are usually pruned to 2-5 feet
for growing. (30) It has 3 different varieties: Green tea, black
tea, and oolong tea. These are made from the same plant
but are processed differently, depending on their degree of
fermentation. (31)

Chemical components of 70% ethanol extract of C. sinensis
are polyphenols, caffeine, flavonoids, catechins such as
catechin, gallocatechin, epigallocatechin, epicatechin,
epigallocatechin gallate, gallocatechin gallate, epicatechin
gallate, and catechin gallate. (32)

These chemical compounds show some medicinal effects
such as hepatoprotective, cardioprotective, neuroprotective,
anticancer, antiobesity, antidiabetic, antibacterial, and
antiviral. (33) Furthermore in some studies, C. sinensis is
thought to be effective in the treatment of AD with its anti-
neurodegenerative effects. (31, 34-36)

In this study, we aimed to investigate anti-Alzheimer’s
effect of C. sinensis in T2DM-induced AD model via its
antidiabetic effects. Antidiabetic effects were evaluated with
the measurement of blood glucose level (BGL), oral glucose
tolerance test (OGTT), and insulin tolerance test (ITT). On the
other hand, novel object recognition test (NORT), open field
test (OFT), passive avoidance test (PAT), and Morris’s water
maze (MWM) test were performed to investigate the anti-
Alzheimer’s effects of C. Sinensis.

2. MATERIALS AND METHOD

2.1. Materials

Streptozotocin (STZ) and glucose were purchased from
Santa Cruz Biotechnology, Inc (Dallas, TX, USA). High-fat diet
(HFD) was obtained from MFD Company and it contains as
percentage of calories 58% fat. Insulin glarjin (Lantus®) was
bought from Sanofi Aventis.

2.2. Plant material and extraction

The methanolic extract of C. sinensis leaves were given to
the rats in this study. C. sinensis was obtained from local
market and identified by Assist. Prof. Dr. ismail Senkardes,
Marmara University, Faculty of Pharmacy, Pharmaceutical
Botany Department. The leaves of C. sinensis was extracted
using methanol: water (70:30, v/v) solvent by maceration for
7 days. After extraction, the sample was filtered using filter
paper, then solvent was evaporated using rotary evaporator.
The crude extract was stored in 4 °C to use in the experiment.
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2.2. In vivo animal test

In vivo animal test were perfomed with the permission
of Marmara University Animal Experiments Local Ethics
Committee (permission number: 77.2018.mar). Adult female
and male Sprague dawley rats at the age of 3-4 month
and weighting 250 to 300 g were obtained from Marmara
University Experimental Animal Implementation and
Research Center (DEHAMER). The rats were maintained in
controlled temperature (202 °C), humidity (40-60 %) and
12 h dark/light cycle)-regulated rooms. All experiments were
performed at the fixed hours between 09:00-12:00. Water
were provided ad libitum to all groups. However, HFD was
given to all groups except of control group. All necessary
precautions were taken before the experiment and the
factors that would adversely affect the parameters were
minimized during the study. All rats were kept in their cages
for a week to adapt conditions before starting the behavioral
tests.

2.2.1. Experimental scheme

There are 4 groups in the animal test and 12 animals in each
test group. 1%t group is control group (C) and distilled water
(5 ml/kg) was given intragastrically to healty rats. 2™ group is
Alzheimer’s disease group (AD) and T2DM-induced AD model
was applied to the rats such as 3“and 4™ groups. However,
only distilled water was given to 2™ group but C. Sinensis (625
mg/kg) (37) and metformin (400 mg/kg) (13) treatments
were given intragastrically for 22 days to the 3™ (AD+CS)
and 4™ groups (AD+M, positive control group), respectively.
Metformin and C. Sinensis were given in distilled water (5 ml/
kg).

2.2.2. Induction of T2DM-induced AD

Rats were administered a HFD (58% kcal fat) for 8 weeks. Rats
fed HFD were injected once at week 4 with a low dose of STZ
(40 mg/kg, solved in 0.1 M citrate buffer, pH:4.5) to shorten
the time taken for the animal model to be established
by inducing partial insulin deficiency. One week after the
injection, BGLs were measured using a glucometer (Contour
Plus, Bayer Diagnostics) and the rats with BGL over 200 mg/
dL were classified as T2DM (13). All treatments were started
after STZ injection.

2.3. Determination of body weight and BGL

Body weight (b.w.) and BGL of all groups were measured
weekly and blood samples were taken from the tail vein to
monitore BGL using a glucometer.

2.4. Oral glucose tolerance test (OGTT)

Glucose tolerance test is a commonly used clinical test
to diagnose glucose intolerance and T2DM. After 12 h of
fasting, treatments were applied and a single dose of glucose
(2g/kg, b.w.) was given by gavage 30 minutes later. Glucose

concentrations were monitored in the blood collected from
the tail vein at 0, 30, 60, and 120 min following the glucose
injection. (14)

2.5. Insulin tolerance test (ITT)

Rats were fasted for 12 h before the test and they were
injected with insulin (1 U/kg, i.p.). BGLs from blood samples
taken from the tail vein using glucometer at 0, 30, 60, and
120 min following the insulin injection. (38)

2.6. Behavioral tests

2.6.1. Open field test (OFT)

OFT is carried out to evaluate animal locomotor activity and
anxiety. (39) The rats were taken inside the apparatus of OFT
on the 13* day of the study. OFT apparatus in which rats
have previously unknown, was constructed of square based
Plexiglas box (50 x 50 cm with 25 cm walls). The ground is
divided into twenty-five evenly spaced squares, each 10
x 10 cm and consisted of two parts: the peripheral part
(10 cm from each wall in the area) and central part. Each
animal was separetly placed in the bottom right corner of
the OFT apparatus and evaluated. The behavior of animals
was recorded for 10 minutes using a video camera. Some
parameters were evaluated such as the time spent in
the central area, the number of squares passed, and the
number of grooming and rearing of rats by two researchers
as double-blind. The number of squares crossed by rats was
considered as a measure of locomotor activity. The frequency
of rearing was used to indicate discovery behavior. The time
spent in the central area and the number of grooming was
used to indicate the anxiety behavior of rats. The surface
of apparatus were cleaned with 70% alcohol in consecutive
trials to eliminate any bias that might have occurred due to
odor of the previous rat.(40)

2.6.2. Novel object recognition test (NORT)

NORT is a widely used, relatively simple, and straightforward
behavioral test for the examination of various aspects of
learning and memory in rats. NORT is on the strength of
spontaneous behavior of rodents to explore novelty with a
naturally stimulating stimulus. When spontaneous behavior is
examined, artificial stimulus, food deprivation, reinforcement
and/or prior training are not required. NORT apparatus was
constructed of black plexiglass open area (50 x 50 cm with
40 cm walls) in the dim light on day 14 (habituation) and 15
(test) of the study. Rats were habituated to an empty test
area for 30 minutes to acclimate to the environment 24
hours before testing. NORT consisted of two three-minute
test stage separated by an intertrial interval of one hour.
Two identical objects were located in opposite corners for
the first stage and these objects are now called familiar (F).
During the second stage, one of the objects was replaced
with a novel one (N). The objects used in NORT differed by
color, texture, and shape. NORT apparatus was cleaned after
each rat with 70% alcohol to remove any urine or scent cues.
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Object placement was randomized for each test. Exploration
of identical and novel objects was defined if rats licked,
sniffed or touched the object. Based on the exploration time
of each object, the discrimination index [(N-F)/(N+F)] and
preferential index [N/(N+F)] was calculated. Exploration time
was scored by the treatments blind researcher. (41)

2.6.3. Passive avoidance test (PAT)

PAT is a classic fear-motivated test to examine long and short-
term memories in a relational manner. The test requires the
animals to act opposite to their natural tendencies for the
preference of dark areas and avoidance of bright ones. The
test was carried out using an apparatus that comprises two
compartments isolated with a retractable lid. One of the
compartments is illuminated by a bright light, the other
compartment is covered by dark opaque walls. Dark and light
chambers are seperated by a guillotine door. The ground
in both compartments is made of metal shocking grids. On
the dark compartment, the ground is wired for 3 second to
receive an electric shock of 0.5 mA.

The acquisition and test stages of PAT were applied on day
16 and 17. On acquisition day, rats were placed in the bright
compartment when the guillotine door was closed. At the
end of 10-second period, the door was opened. After the
rats moved into the dark compartment, the door was closed
and electric shock of 0.5 mA was delivered via metal shocking
grids. The first passage time of rat to the dark compartment
was recorded. On day 17, the test stage was performed 24 h
after the acquisition stage and it was similar to the previous
stage with an exception that no electric shock was applied.
The time spent for moving into the dark compartment was
measured. In the test, a cut-off time was determined as 300
seconds if the animal did not enter the dark compartment. The
experiment is terminated in this stiuation. Both compartments
were cleaned with 70% ethanol after each rat tested.(40)

2.6.4. Morris’s water maze (MWM) test

MWM was carried out to evaluate the spatial performance of
the rats. MWM is consisting of two stages. MWM training was
performed between day 18 and 21 and MWM prob test was
performed on day 22. MWM apparatus comprised a round
stainless steel tank (160 cm in diameter) with 40 cm walls
filled with water (23+1°C). The tank is divided into 4 quarters
with 4 fixed points around it and there are different shapes
and color 4 cues attached to the opposite of each direction.
During all escape platform trials, a platform was submerged
1~1.5 cm under the water surface and this platform is the
same color as the rest of the maze (to eliminate any false
positives due to vision) in the middle of one of quarters of
the area. Each trial commenced with the rats being released
in the pool at one of the four main compass positions around
the perimeter of the pool according to a pseudo-random
sequence and allowed 75 s for finding the platform. If the
rat could not find the escape platform within 75 seconds, it
was gently directed to the platform and allowed to stay on it

for 20 seconds. After a minute rats were placed in water to
another direction. Thus, all rats were trained 16 times in 4
days, 4 different directions each day. The direction order was
changed every day. Rats were subjected to learning, which
was evaluated for reaching the platform. On day 5, 24 hours
after the previous training session, the probe test in which
the platform was removed from the tank and the rats were
allowed to swim freely for 60 seconds was performed. The
time to reach the target quadrant in the probe trial and the
time spent in the target quadrant in both training and prob
trials were recorded. Behaviors in the maze were monitored
by a digital camera and the parameters were evaluated by
two separate researchers.(42)

2.7. Statistical Analysis

All data were expressed as mean + standard error of mean
(SEM). The results of the tests were analyzed with ANOVA
followed by Tukey post-hoc test and represented as mean
+ S.E.M. P values <0.05 were considered significant. Data
analysis was performed using GraphPad Prism 6.5 software
(San Diego, USA).

3. RESULTS

3.1. Body weight

There was no significant difference in b.w. between test
groups for the first 4 weeks. After the injection of STZ, the
difference in b.w. between the groups began to change
significantly. However, the b.w. of AD and AD+CS group
decreased significantly (p<0.05) compared to the control
group after 6 weeks. There was no significant difference
between C and AD+M groups for 9 weeks.

= . AD

= AD+CS B AD+M

.%‘-,.I '7—‘#‘

Body weight (g)

Figure 1. Body weight of rats in the period of 9 weeks. Each group
(n = 12) represents Mean + SEM. ANOVA was performed followed
by Tukey post hoc test. Values are represented statistically when *p
< 0.05, ¥*p < 0.01, ***p < 0.001 in comparison with eachother. (C:
Control group, AD: Alzheimer’s disease group, AD+CS: C. Sinensis
treatment group, AD+M: Metformin treatment group)

3.2. Blood Glucose Level

The glucose level of the control group was almost 100 mg/dl
for the last 5 weeks of the experiment. Metformin treatment
started to decrease BGL (p <0.05) before C. Sinensis treatment
compared to the control group as shown in Figure 2 on week
5. The blood glucose lowering effect of metformin continued
until the end of the experiment. C. Sinensis treatment started
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significantly lowering BGL (p < 0.01) compared to the control
group on week 8 and similar results were observed also on
week 9. Metformin treatment tolerated BGL better than C.
Sinensis treatment (p < 0.05) according to the results shown
on weeks 8 and 9.

HWC @ AD @B ADCS W ADHM

Blood glucose (mg/dl)

L2888 HEEREEY2ES

Time fweeks)

Figure 2. Blood glucose level of rats after starting the treatment.
Each group (n = 12) represents Mean + SEM. ANOVA was
performed followed by Tukey post hoc test. Values are represented
statistically when *p < 0.05, **p <0.01, ***p <0.001 in comparison
with eachother. (C: Control group, AD: Alzheimer’s disease group,
AD+CS: C. Sinensis treatment group, AD+M: Metformin treatment

group)

3.3. Oral glucose tolerance test (OGTT)

To determine the effect of C. Sinensis on glucose tolerance
in rats, OGTT was applied (Figure 3). The slope of the curve
of blood glucose was significantly higher in the non-treated
rats than treated rats during the first 30 min. The slope of the
curve was lower in the AD+M group than the AD+CS group
due to the ability of Metformin to better tolerate glucose. As
shown in Figure 3, metformin better tolerated blood glucose
levels from 30 min to 90 min compared to C. Sinensis (p <
0.01) and control group (p < 0.001). Whereas, C. Sinensis
treatment demonstrated better glucose tolerance only at 60
min compared to the control group (p < 0.05).

oOGTT
B0~
—— Contred —— Alrheirmer+C. Sisnsis
= Alzheimer = Alzheirrer+hetformin
00

Bload glucose (mg/dl)

a0 120

Time (min)

Figure 3. Oral glucose tolerance test in rats. Each group (n = 12)
represents Mean + SEM. ANOVA was performed followed by Tukey
post hoc test. *p <0.05, **p <0.01, ***p < 0.001 represent statistical
differences of metformin and C. Sinensis groups compared to
Alzheimer group and #p < 0.05, ##p < 0.01, ###p < 0.001 represent
statistical differences of metformin group compared to C. Sinensis

group.

3.4. Insulin tolerance test (ITT)

As shown in Figure 4, an ideal insulin tolerance was observed
in the control group. BGL decreased significantly for 60 min
in healthy rats in a similar manner to other groups but BGL
was well tolerated by the healthy body. Whereas, BGL was
not tolerated by the non-treated Alzheimer group and was
not well tolerated with the AD+CS group. The slope of the
curve belongs to control and AD+CS groups were similar until
90 min and the slope decreased for the AD+CS group after
90 min but there is no significant difference between AD and
AD+CS group in 120 min. When we compared the AD+CS
group with the AD+M group, it is clearly seen that Metformin
tolerated BGL significantly better than C. Sinensis according
to 120 min (p < 0.05).

ITT
5004
= Control -« Alzheimer+C, simensis

g a00] -= Alzheimear -2 Alzheimer+Metfomin
o
E ““-Exﬁ
@ 3004 .

- e
o 200 T = —
g ik _-
@ 0o - —_—

o r r - "

o 30 60 80 120

Time (min)

Figure 4. Insulin tolerance test in rats. Each group (n = 12) represents
Mean + SEM. ANOVA was performed followed by Tukey post hoc test.
*p<0.05, **p<0.01, ***p <0.001 represent statistical differences of
metformin and C. Sinensis groups compared to Alzheimer group and
#p < 0.05, ##p < 0.01, ###p < 0.001 represent statistical differences
of metformin group compared to C. Sinensis group.

3.6. Behavioral tests
3.6.1. Open field test

3.6.1.1. Crossing activity

As shown in Figure 5A, the number of square crosses of
rats were measured to evaluate locomotor activity. There
is no significant difference between treatment groups on
squares crossed in OFT. The number of square crosses
significantly decreased in the AD group compared to the
control group (p < 0.05) and increased in the treatment
groups compared to the AD group but there is no
significant difference.

3.6.1.2. Rearing activity

The number of rearings of rats were measured to evaluate
exploratory behavior. The number of rearings significantly
decreased in the AD, AD+CS, and AD+M groups compared
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to the control group (p < 0.05) and there is no significant
difference between treatment gorups and the AD group
(Figure 5B).

3.6.1.3. Latency to enter center

The latency to enter center was measured in OFT. Latency
to enter the center zone of the open-field was not found
to be altered significantly between treatment groups. It
considerably decreased in AD and AD+CS groups compared
to the control group (p < 0.05) but it was similar to the control
group in the AD+M group (Figure 5C).
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3.6.1.4. Grooming activity

The number of grooming of rats was counted as a measure
of anxiety (Figure 5D). The number of rearings significantly
decreased in the non-treated Alzheimer group compared to the
control group (p < 0.05) and increased in the treatment groups
compared to the AD group but there is no significant difference.

3.6.1.5. Time spent in the central zone

The time spent in the central zone was also evaluated as
a measure of anxiety. There is no significant difference
between groups (Figure 5E).
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Figure 5. (A) The numer of square crosses, (B) the number of rearings, (C) latency to enter center, (D) the number of grooming, and (E) time
spent in the central zone of rats in OFT. Each group (n = 12) represents Mean + SEM. ANOVA was performed followed by Tukey post hoc test. *p
<0.05, **p <0.01, ***p < 0.001 in comparison with eachother. (C: Control group, AD: Alzheimer’s disease group, AD+CS: C. Sinensis treatment

group, AD+M: Metformin treatment group)

3.6.2. Novel object recognition test

NORT was used for evaluating short-term memory. In
NORT, the object recognition was performed between the
training phase and the test phase at 1-hour intervals. There
are significant differences between the exploration time of

familiar and novel object in control (p < 0.001), AD+CS (p <
0.05), and AD+M groups (p < 0.05) but there is no significant
difference in AD group (Figure 6).
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Figure 6. Exploration time of rats in NORT. Each group (n = 12)
represents Mean + SEM. ANOVA was performed followed by Tukey
post hoc test. *p < 0.05, **p <0.01, ***p < 0.001 in comparison with
eachother. ((C)f: Control group with familiar object, (C)n: Control
group with familiar object, (AD)f: Alzheimer’s disease group with
famailiar object, (AD)n: Alzheimer’s disease group with novel object,
AD: Alzheimer’s disease group, AD+CS: C. Sinensis treatment group,
AD+M: Metformin treatment group)

Discrimination and preferential index were also evaluated in
NORT and it is clearly seen that all groups are significantly higher
(p < 0.05) than AD group in discrimination index (Figure 7A). C
and AD+M groups had significantly higher preferential index
compared AD group (Figure 7B). Short-term memory impairment
was improved with metformin and C. Sinensis treatments.

c AD

ADsCE A

Figure 7. (A) Discrimination index and (B) preferential index of rats
in NORT. Each group (n = 6) represents Mean + SEM. ANOVA was
performed followed by Tukey post hoc test. *p < 0.05, **p < 0.01,
***p < 0.001 in comparison with eachother. (C: Control group, AD:
Alzheimer’s disease group, AD+CS: C. Sinensis treatment group,
AD+M: Metformin treatment group)

3.6.3. Passive avoidance test

The step-through latency (STL) of rats was measured to
evaluate long and short-term memories in a relational manner.
The STL time decreased in AD group compared to C group. The
treatments increased STL time compared to AD group but
there was no significant difference between them.

PA

Figure 8. Step-through latency of rats in PA test. Each group (n = 6)
represents Mean + SEM. ANOVA was performed followed by Tukey
post hoc test. *p <0.05, **p < 0.01, ***p < 0.001 in comparison with
eachother. (C: Control group, AD: Alzheimer’s disease group, AD+CS:
C. Sinensis treatment group, AD+M: Metformin treatment group)

3.6.4. Morris’s Water Maze Test

Probe test was performed 24 hours after the last training
day. In this test, the total time spent and the time to reach
the target quadrant where the platform is located was
observed. AD group reached the target quadrant later than
control group (p < 0.05) in all days and the total time spent
in the quadrant decreased. When the treatment groups were
examined, it was observed that AD+M group significantly
improved it compared to AD+CS group on day 4 (p < 0.01).

Escape latency (s)

Days

Figure 9. Latency to platform of rats in MWM test. Each group (n
= 6) represents Mean + SEM. ANOVA was performed followed by
Tukey post hoc test. *p < 0.05, **p < 0.01, ***p < 0.001 represent
statistical differences compared to C group and #p < 0.05, ##p <
0.01, ###p < 0.001 represent statistical differences compared to
AD group. +p < 0.05, ++p < 0.01, +++p < 0.001 represent statistical
differences compared to AD+CS group. (C: Control group, AD:
Alzheimer’s disease group, AD+CS: C. sinensis treatment group,
AD+M: Metformin treatment group)
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4. DISCUSSION

AD is an irreversible disorder destroys memory and thinking
skills and it is estimated that at least 50 million are living
with AD or other dementias (43). T2DM is a chronic disease
characterized by high levels of glucose in the blood and
affecting over 300 million people worldwide (44). When
diabetes is not controlled well, BGLs rise and stay high for
days to weeks. Within this period, most organs including the
brain will be damaged and researchers have found many
pieces of evidence that T2DM could link to AD, which is the
most common form of dementia. Moreover, epidemiological
studies have shown that there are pathophysiological
connections betweenT2DM and AD. Insulin resistance majorly
affects the disturbance of various biological processes and
signaling pathways according to the recent evidences (45).
Therefore, HFD/STZ-treated rat models were used to provide
T2DM-induced AD-like alterations in our study. HFD is one of
the most common risk factor for T2DM and AD, thus it has
been chosen for inducing T2DM. HFD is also mimicking a real
human diet, which causes insulin resistance and then type 2
diabetes to occur (46). It has been stated that diet-induced
diabetes models represent a more true mechanism of DM
pathogenesis rather than genetic factors (47). In literature,
this model has been used in many studies in the evaluation
of treatments for the most type of dementia (48).

Current pharmacological treatment for AD with antidementia
drugs, which are cholinesterase inhibitors and memantine,
have limited properties such as temporary and symptomatic
support to cognitive functions. Substantial funding has
been dedicated to the development of new pharmaceutical
compounds with disease-modifying properties over the
past decade (49). Besides, traditional medicine presents
different plant-derived lead molecules that may be beneficial
for further medical research. Traditional medicines are
consumed as a memory enhancer for centuries and they
have been used in the treatment of memory deficits such
as dementia, amnesia, and AD (50). Green tea (C. sinensis)
is one of these traditional medicines which are used in the
treatment of neurodegenerative diseases such as Alzheimer’s
and Parkinson’s disease (51).

SGLT inhibitors are currently being investigated as the
medication in AD (52). In our study, C. sinensis was chosen
due to its SGLT-1 inhibitor effects and T2DM-induced AD
model was chosen to observe its anti-Alzheimer effects. The
antidiabetic potential of C. sinensis with OGTT and ITT; and
mainly its anti-Alzheimer effect with behavioral tests such as
open field, novel object recognition, passive avoidance, and
Morris’s water maze test was investigated.

OGTT is currently the gold standard for the diagnosis of
diabetes. Our results are in accordance with what showed
that C. sinensis hydroalcoholic extract slighlty decreased
the BGL of diabetic rats in 60 min. It is clearly seen that C.
sinensis tolerated BGL for a short time but metformin, the
first medication prescribed for T2DM, tolerated BGL during
the test for 120 min.

In the present study, HFD/STZ-treated rat model occurred
a significant memory deficit according to the learning and
memory tests, which are OFT, NORT, PAT, and MWM. The
cognition-enhancing activity of drugs is assessed by NORT
and PAT, which are a relatively high-throughput, robust, and
sensitive tests. MWM test is used to analyze spatial memory
by measuring the escape latency time to reach a hidden
platform. Locomotor activity, exploratory behavior, and
anxiety was measured by OFT (53-55).

Animal behaviors such as the number of square crosses,
frequency of rearing activity, latency to enter center,
frequency of grooming activity, and time spent in the
central zone are used as measures of locomotor activity
and exploration. An increase in these parameters indicates
a rise in locomotion and exploration (56). According to the
results, C. sinensis increased the number of square crosses
and the frequency of grooming activity in a similar manner
to metformin.

The NORT evaluates the natural propensity of a rat to
explore a novel versus a familiar object. This test provides
to gain information about two different components, which
are exploratory behavior and memory retention. Hence, the
rats should sufficiently explore the familiar object during
the pretest phase and then distinguish it with the new one
in the test phase (57). The exploration of the novel object
was reduced in HFD/STZ-treated rat model. It was also
shown in the discrimination index in the NORT and HFD/STZ-
treated rats demonstrated decreased exploratory behavior.
In contrast, metformin and C. sinensis treatments improved
these parameters.

The PAT is connected with the amygdala and evaluates
emotional memory. PAT is associated with long-term or
reference memory and it is for studying learning and memory
after a stressful stimulus (58). The step-through latency
decreased in HFD/STZ-treated rat model but it improved with
metformin and C. sinensis treatment.

MWM test was performed to rats for evaluating spatial
learning (59). There was a decrease in latency to find the
platform underwater in all groups during the training
phase. These results show that all rats learned the platform.
However, it was clearly seen that AD group needs more time
for training. These results show that there is a deterioration
in the coding and remembering of the spatial memory.
According to the results obtained by the MWM test,
metformin treatment improved learning.

5. CONCLUSIONS

C. sinensis was used in the treatment of T2DM-induced AD-
like alterations via its antidiabetic effects. OGTT and ITT were
performed to evaulate its antidiabetic effects and also OFT,
NORT, PAT, and MWM were performed to investigate its anti-
Alzheimer effects. C. sinensis improved short-term memory
and increased the locomotor activity in rats according to the
results obtained by NORT, OFT, and PAT.
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ABSTRACT

(Oncorhynchus mykiss) on sperm motility duration.

detected under the microscope at x400 maghnification.

of rainbow trout semen under in vitro condition.

\

Obijective: This study was performed to determine the effect of different ratios of n-3 series fatty acids added to the diets of rainbow trout

Methods: A total of 48 male rainbow trouts about 3 years of age were used in the study and 4 groups were formed. The one that n-3 series fatty
acids were not added to the diet was used as control group. n-3 series fatty acids were added to the experimental groups diets at the ratios
of 1% (E1), 2% (E2) and 3% (E3), respectively. Semen was collected by abdominal massage. The time-dependent sperm motility change was

Results: A significant decrease was detected in the motility only at 360th hour in E3 group compared to the control group (p<0.05).

Conclusion: As a result, it was concluded that feeding with diets containing different ratios of n-3 series fatty acids had no effect on the motility

Keywords: Diet, duration of motility, fatty acid, rainbow trout, sperm motility.

1.INTRODUCTION

Rainbow trout (Oncorhynchus mykiss), which is a fresh-
water fish, farming increases year by year in our country
depending on its existing potential. Rainbow trout belongs
to the Salmonidae family. It matures in 2-3 years and spawns
between December and May (1).

The fast growth of the world population leads to a
rapid decline in animal protein sources. Therefore, the
production of animal proteins should be accelerated.
The current biotechnological research contributes to
the increase in fish farming worldwide. Recently, studies
focused on the vyield increased significantly. As in the
hatcheries in our country, farmers aim to increase the
number of tiddlers, knowledge about the evaluation criteria
of the yield characteristics in the brood fishes, which will
be used in farming, is critical. Sperm motility is one of the
most important sperm parameters. To increase the yield,
the use of sperm with good sperm quality is essential (2-
4). The duration spermatogenesis is usually shorter in fish
than in mammals. In principle, spermatogenesis can be
divided, from a morpho-functional point of view, in three
different phases: the mitotic or spermatogonial phase with
the different generations of spermatogonia, the meiotic

phase with the primary and secondary spermatocytes,
and the spermiogenic phase with the haploid spermatids
emerging from meiosis and differentiating, without further
proliferation, into flagellated spermatozoa (5). Like other
living creatures, also fishes need energy for growth,
breeding, living, and their physiological activities. Lipids
are their main source of energy. Lipids consist of fatty acids
and are not water-soluble. Fatty acids are divided into two
groups depending on the number of bonds. Fatty acids with
one bond are called saturated and with double bonds are
called unsaturated fatty acids. In addition, fatty acids with
carbon atom number between 18-20 and double bonds
between 2-4 are called polyunsaturated fatty acids (PUFA)
and fatty acids with more than 20 carbon atom number and
more than 4 double bonds are called highly unsaturated
fatty acids (HUFA) (6). Like in other fishes, the rainbow trout
needs also n-3 and n-6 fatty acids (7). Furthermore, PUFAs
like linolenic, linoleic and a-linolenic acid are essential fatty
acids and disorders related to growth, development, and
proliferation may emerge if their need for these fatty acids
is not met (6).
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In this study, our objective was to investigate the effect of n-3
series fatty acids, which were added to the compound feed
of rainbow trout in different proportions, on the duration of
the sperm motility.

2. METHODS

This study was conducted in the Cip Fish Breeding Farming
of the Firat University Aquaculture Faculty. A total of 48
male rainbow trouts at age 3 were included in the study.
The study was conducted in 4 cement ponds (dimensions:
2x1x0.8m). The study sample was divided into 4 groups.
12 male broodstocks were placed in each pond. The fishes
were adapted to the experimental conditions for one month.
They were fed with control feed during this period. Then
broodstocks were fed for three months three times daily
according to the free feeding technique. They fastened for
24 hours before the sperm vyield. They were anesthetized
before the stripping process (5 mL phenoxyethanol/L) (8).

Table 1. Formulation of the experimental diets

Feed items (%)

The abdomen of the dried male broodstocks was manually
massaged from front to the back and sperm was yielded (9).

2.1. Organization and preparation of the study feed

Soybean meal, corn gluten, anchovy meal, wheat starch,
n-3 fatty acid concentrated from the anchovy oil, unrefined
sunflower oil, antioxidants, vitamin mixture, mineral mixture,
and wheat bran were purchased from a commercial company
for the preparation of the study feed.

In the control group, fishes received feed with no added
n-3 fatty acids. The experiment groups (E) E1, E2, and E3
received feed with 45% concentrated raw protein, 3619 kcal/
kg metabolized energy and anchovy oil with an n-3 fatty acid
concentration of 1%, 2%, and 3% respectively. Besides, we
used corn gluten, soybean meal, anchovy meal, and fatty
acids as the protein source and unrefined sunflower oil (as a
source of n-6 fatty acids) n-3 fatty acids as the energy source
(Table 1) (6, 10).

Experimental Diets

Control Experiment 1 Experiment 2 Experiment 3
Anchovy flour (%56,9) 35 35 35 35
Soybean meal (%42,2) 30 30 30 30
Corn gluten (%52,6) 5 5 5 5
Wheat starch (%10,2) 5 5 5 5
N-3 series fatty acid * - 1 2 3
Sunflower oil 15.2 14.2 13.2 12.2
Antioxidant * 0.1 0.1 0.1 0.1
Vitamin Mix ? 1 1 1 1
Mineral mix 1 1 1 1
Wheat bran 7.7 7.7 7.7 7.7

1n-3 series fatty acid (Solgar OMEGA-3 700) was concentrated from anchovy oil; and containing 54.3% eicosapentaenoic acid (EPA), 37.1% docosahexaenoic
acid (DHA) and 8.6% other n-3 series fatty acids (docosapentaenoic, linolenic, stearidonic acid).

2Butylene Hydroxy Toluene (BHT); 125.000 mg/kg.

3 Vitamin Mix (as active ingredient per 1 kg Rovimix 107); Vitamin A 250.000 IU, vitamin D3 240.000 IU, vitamin E 10.000 IU, vitamin K 3.000 mg, vitamin
B1 1.000 mg, vitamin B2 3.000 mg, vitamin B6 2.000 mg, vitamin B12 4 mg, choline chloride 100.000 mg, vitamin C 6.000 mg, niacin 30.000 mg, calcium
d-pantothenate 10.000 mg, folic acid 600 mg, d-biotin 200 mg.

4 Mineral Mix (mg/kg); Manganese 1.300, zinc 3.000, iron 6.000, copper 300, iodine 110, potassium 70, phosphorus 60, selenium 30, cobalt 20, magnesium 5.

2.2. Determination of the sperm motility and sperm duration

After semen collection, semen was stored in the cooling
cabinet at 4 °C. Sperm motility determination was done at
certain intervals until motility was exhausted. In order to
determine the motility of the semen samples obtained from
the fishes, 2 ml of the 119 mmol NaCl solution was poured in
a tube. Then 1 drop semen was added and mixed. One drop
of this mixture put on a slide glass and covered with a cover
glass. The motility rate (%) was determined under a mirror
microscope with a 400x magnification. The time-dependent
change in this rate was investigated.

The study data were expressed in mean values and standard
error of means (+SEM) after the statistical analysis. The
software package SPSS (22.0, Chicago, IL, USA) was used for
the comparative statistical analysis. For all analyses, p<0.05
was considered statistically significant.

Regarding the motility, non-parametric Kruskal-Wallis
variance analysis was used for the intergroup comparisons
and non-parametric Mann-Whitney U test for the paired
comparisons.
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3. RESULTS

The mean motility rate (%) according to time (min) in
rainbow trout in the control and experimental groups, which
were fed with diets containing different n-3 series fatty acid
concentrations, were summarized in Table 2.

The sperm motility was numerically higherin the experimental
groups than the control group during first 30" minute. At

the 60™ minute, while the motility value in the E3 group
decreased numerically compared to the other groups, E1, E2
remained the same with the control. The numerical decrease
in sperm motility of the experimental groups continued after
120" minute compared to the control group.

A significant decrease was detected in the motility only
at 360" hour in E3 group compared to the control group
(p<0.05).

Table 2. Average (+SEM) motility (%) values of control and experimental groups according to time (minute)

S5thmin  10th min 60th min  120th min 180th min 240th min 300th min 360th min 420th min

Control 80.00+5.77 76.66%3.33 76.66+3.33 73.33+3.33 70.00£0.00 70.00+0.00 70.00£0.00 70.00+0.00 60.00+0.00 60.00+0.00 53.33#3.33 40.00£5.77 26.66+3.33" 3.33#3.33

15thmin  20thmin  25th min  30th min

Begining

El 88.75#3.14 80.00£0.00 77.50+2.50 75.00£2.88 72.50%+2.50 72.50%+2.50 70.00+0.00 70.00+0.00 65.00+2.88 55.00+2.88 55.00+2.88 40.00+4.08 20.00+4.08° 0.0+0.00
E2 88.33+4.40 86.6613.33 86.66+3.33 86.66+3.33 80.00£5.77 80.00£5.77 73.33t12.0 70.00£10.0 56.66+8.81 53.3346.66 53.33%6.66 33.33%6.66 20.00%5.77° 3.33%3.33

E3 88.33+4.40 80.00£5.77 80.00+5.77 76.6616.66 76.66+6.66 76.6616.66 73.33+3.33 63.33#3.33 53.33+3.33 43.33#8.81 43.33+8.81 26.66+6.66 3.33+1.66*  0.00.00

a and b : Differents letters within a column showed significant differences between groups (p<0.05).

4. DISCUSSION

The yield of good quality sperm is one of the main goals of
fish farming. Several biotic and abiotic factors affect the yield
and quality of the sperm. The nutrition of the broodstocks
has a direct effect on sperm quality. Although nutrition has
an important effect on reproductive physiology, there is only
limited evidence that these changes can affect sperm quality.
Fatty acids especially PUFAs, n-3 series fatty acids and their
derivatives can affect the number of eggs (11, 12).

In bony fish species, which are reproduced via external
fertilization, the spermatozoon activity is short and reaches
the maximum speed after the dilution. Besides, their speed
declines during motion. The very short duration of sperm
motility is the main reason for the low fertilization rate in
salmonids (13). The mean duration of the sperm motility is
20-25 seconds in trouts and more than 1 minute in carps
(14). The duration of spermatozoon motility in the active
rainbow trouts is 30-35 seconds during the spawning season.
The duration of motility drops up to 15 seconds at the end of
the season (15).

In our study, the duration of motility was very long compared
to the previous studies and the vitality of the rainbow trout
spermatozoon was preserved up to 360 minutes. We believe
that the high extracellular K* concentration inhibited the
spermatozoon motility in the previous studies. Therefore, we
believe that the spermatozoon motility can be activated with
the extracellular K* diluent. This diluent causes membrane
hyperplasia, which triggers the activation (16). Besides,
osmotic pressure is one of the factors determining sperm
activation and is commonly considered as a triggering
factor for the initiation of sperm motility. Motility starts at
a higher osmotic pressure in saltwater fishes compared to
the freshwater species (17). Furthermore, as the duration
of motility is short in the trout spermatozoon, the motility
measurement should be performed quickly. The difference
in the motile lifespans between the studies may depend in
general on the environmental factors and the temperature
in the laboratory.

The lipid and fatty acid composition of the feed are defined
as the main factor for successful reproduction of fishes
and their survival (18). As the lipid composition is closely
related to the spermatozoon quality, its quantity in the
feed is important. Lahnsteiner et al. (11) investigated the
compositions of the total fatty acids in the seminal plasma
and sperm in trouts and found saturated fatty acids such as
myristic acid, palmitic acid, and stearic acid and unsaturated
fatty acids like oleic acid, vaccenic acid, and linolenic acid.
Another study reported that free fatty acids and sterols were
the main lipid components in the seminal fluid and stated
that the fatty acid composition of the sperm was affected
by the nutrition (19). The investigators found out that the
n-3 PUFA deficiency in the feed affected the sperm motility
and the motility was lower compared to the controls. In our
study, we determined that in the group, in which 3% of fatty
acid was added to the diet, the sperm motility impaired the
sperm lifespan only at 360" minute.

In salmonids, lipids are the main energy source for sperms
and therefore they are important for the preservation of
sperm vitality (11). Fatty acid oxidation occurs as a result of
adenosine triphosphate production, which is stored in the
sperm cell membrane, mitochondria, middle segment, and
tail of the sperms. Therefore, the increase of the fatty acids in
the testicular cells stimulates the sperm production capacity
in testicles and thus the rate of the sperm survival and sperm
motility increase (20). In our study, a significant decrease
was detected in the motility from only at 360" hour in E3
group compared to the control group. Along with several
factors affecting sperm survival, a high concentration of fatty
acids increases the metabolism in sperms and leads to an
early decline of the motility, which may be considered as an
additional factor.

Inastudyconductedwiththe Europeanseabass(Dicentrarchus
labrax), Asturiano et al. (21) observed that diets containing
PUFA had a positive effect on the reproduction parameters
including sperm volume and density. In another study
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conducted with Barbus barbus species, Alavi et al. (22) fed
the fishes with PUFA-containing diet during the breeding
season. However, their investigation on the sperm quality
demonstrated that different diets did not affect sperm
volume, total sperm quantity, concentration, and motility. In
addition, in another study focused on Carassius auratus, it
was determined that in vitro essential fatty acids stimulated
the testicular testosterone production and affected
theprostaglandins (18). Thus, the production of the steroid
hormones declines in fatty acid deficiency, spermiation
time is delayed and consequently, the fertilization rate may
decline Lahnsteiner et al. (11) investigated the fatty acids
during the short time preservation of sperm in rainbow
trout and reported that the sperm survival prolonged and
had a positive effect on sperm motility and consequently on
fertility.

5. CONCLUSION

As a result, it was concluded that feeding with diet including
different concentrations of n-3 series fatty acids has no effect
on motility in rainbow trout semen under in vitro conditions.
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ABSTRACT

Obijective: In the previous studies, the antibacterial, antifungal, and antiviral efficacy of the tick egg wax-coating of certain tick species were
examined and some significant results were obtained. However, related researches and studied tick species are limited. There are hundreds
of tick species, and it is well known that the antimicrobial efficacy of the wax is closely related to the species. The aim of this study was to
investigate the in-vitro anticandidial efficacy of the egg waxes belonging to three tick species, which have not been studied before and have
quite different biological and ecological differences.

Methods: In the study, the egg waxes of the tick species, Hyalomma marginatum, Rhipicephalus bursa, and Dermacentor marginatus, were
used on Candida albicans ATCC10231, Candida parapsilosis ATCC 22019, and Candida tropicalis ATCC 750. Antimycotic susceptibility test was
carried out in accordance with the Clinical and Laboratory Standards Institute (CLSI) recommendations using the M27-A3 microdilution method.

Results: It was determined that the wax of Rhipicephalus bursa has inhibitory effect on Candida tropicalis ATCC 750 in a particular concentration,
and no significant effects were observed in other trials.

Conclusion: Anticandidial effect obtained from the egg wax of R. bursa can be associated with some distinctive biological characteristics, and it
was concluded that the detailed studies with different tick species might yield significant results for the discovery of new generation antifungals.

Keywords: Antifungals, tick egg wax, Rhipicephalus bursa, Candida

J

1. INTRODUCTION

It has been reported that there are about 20 Candida species
among the clinically important fungi seen worldwide, and of
those, Candida albicans, the most common fungal pathogen
in humans, has been reported to cause 250,000-400,000
deaths annually (1). Both cutaneous and systemic forms of
candidiasis can be encountered, and the mortality can reach
up to 40% in systemic C. albicans infections (2). Although C.
albicans is the main agent of candidiasis, other pathogenic
species such as C. glabrata, C. parapsilosis, C. tropicalis, C.
krusei, and C. lusitaniae (non-albicans candida/ NAC) are
frequently isolated from the cases. Furthermore, NAC species
are more common in some regions in the world, and a steady
increase has been observed in NAC-related cases in the last
decades (e.g., 2-10 times in the cases of systemic candidiasis).
This increase in the prevalence has been reported to be
associated with high antifungal resistance (e.g., specific azole
resistance in C. glabrata and C. krusei) seen in this group,
and this problem has been indicated to be exacerbated by

the irregular antifungal use (3-5). In C. albicans and NAC
species, as well as many other fungi, significant antimycotic
resistance, which has intrinsic or microbiological character,
has been well documented (6, 7). For example, single or
multiple resistances in various Candida species against
different antifungals, such as fluconazole, voriconazole,
amphotericin B, and caspofungin, have been reported from
different parts of the world (6-10). The antifungal diversity in
the clinical use is reported to be relatively low compared to
the causative agent and disease variety in fungal infections.
The widespread, repetitive, and irregular use of antifungal
drugs are possibly the main reasons of the resistances. It was
anticipated that this situation requires the discovery of new
drugs, and moreover, this need will increase over time (6-7).
At this point, due to the problems in the medical area such
as the resistances and side-effects of the current chemical
therapies, the researches on natural substances, which
may ensure to overcome these problems, have particular
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importance. The current status of the researches in this area
is expressed as “a New Golden Age of natural products drug
discovery is dawning” (11). On the other hand, most of the
related studies are at the beginning level. The applications
are mostly at the stage of using total extracts or selected
fractions and the results are given as effective or non-
effective (12, 13).

In order to determine the natural alternatives that can
be used in the treatment of fungal infections, various
substances from different origins have been investigated
such as microorganismal substances (14), sea sponge (15),
the poison of honey bee (Apis mellifera) (16), the larval
secrets of a lepidopteran parasitoid, Pimpla turionellae L.
(Hymenoptera: Ichneumonidae) (17), and the total isolates
or some specific fractions of many kind of plant species (13,
18).

Tick egg wax is one of the sources investigated in the
process of determining natural antimycotics. In ixodid ticks,
the biological process includes eggs, larvae, nymphs, and
adults (male and female). After detachment from the host,
engorged adult female ticks hide in a suitable area on the
ground and then they deposit up to thousands of eggs in a
period that can last for several days or weeks before they die.
The eggs, each 50-100 pg in weight and 0.5-1 mm, are laid
as a batch. The surfaces of the eggs were covered with the
wax, which consists of the secretions of the epithelial cells
and accessory glands of the reproductive tract, the porose
area, and principally the Gené organ which is a female-
specific gland (19, 20). It has been reported that the wax,
which thickness varies between 0.5-2.0 um (21), has an
average amount of 24 mg per gram eggs mainly according
to the tick species (22). The wax is known to have some vital
missions for the eggs such as holding the egg mass together,
protecting the eggs against drying, environmental physical,
chemical or microbiological factors, and ensuring the proper
gas exchange between eggs and air (20, 21, 23, 24).

In the previous studies, the egg waxes of Amblyomma
habreum (25, 26) A. cajennense (27-29), A. aureolatum (29),
Boophilus (Rhipicephalus) microplus (29-32), Rhipicephalus
sanguineus (29), Haemaphysalis longicornis, H. doenitzi,
Dermacentor silvarum and Hyalomma asiaticum (22) have
been tested against various bacteria, fungi, and viruses, and
some considerable results were obtained. However, these
studies have also revealed that the antimicrobial efficacy of
the wax varies dramatically related to the tick species. In this
study, the egg waxes of three tick species (H. marginatum,
R. bursa, and D. marginatus), which have not been studied
before and have quite different biological and ecological
features, were investigated in terms of in-vitro anticandidial
efficacy on three Candida species.

2. METHODS

2.1. Tick eggs

Non-infected laboratory colonies of H. marginatum, D.
marginatus and R. bursa were used in the study. The
maintenance of the colonies was carried out at Tekirdag
Namik Kemal University Experimental Animal Application and
Research Center, within the framework of the permissions
received from the Tekirdag Namik Kemal University Animal
Experiments Local Ethics Committee (2014/08-04). New
Zealand rabbits (Oryctolagus cuniculus) were used to feed
all of the developmental stages (larvae, nymphs, and adults).
After the detachment from the host, the engorged females
were washed with distilled water, dried, taken into sterile
tubes individually and placed in the incubator. The conditions
of the incubator were set at 25-27 °C and 70-80% humidity
for H. marginatum and R. bursa, and at 20-22 °C and 80-90%
humidity for D. marginatus. The process of the egg laying
was regularly monitored, and the eggs were examined under
a stereomicroscope. Incubation was continued until the first
laid eggs reached the advanced stages (just before the larva
began to hatch) of embryogenesis. Thus the wax extract was
intended to include some possible changes which can occur
in the egg wax during and after the laying, e.g., hardening
in the texture, increase in the adhesive properties, and
reduction in the levels of unsaturated fatty acids caused by
oxidation (21, 23, 33). After this incubation egg batches were
taken from the tubes and weighed, taken into sterile tubes
and kept at — 80°C until the extraction of the wax.

2.2. Extraction of the tick egg wax

In the wax extraction process, previously described method
was used (25). The following procedure has been carried
out to include all the fractions of the wax to the extract as
much as possible: just before the procedure, a chloroform:
methanol solution (299.8%, LiChrosolv’, Merck, Germany
/ 24216-2-2.5L-R, 99-99.4%, 1% ethanol, Sigma-Aldrich,
Germany) was prepared in a 2:1 (v/v) ratio. Of this solution,
40 ml was added to each of the 50 ml tubes containing 4
g eggs. The tubes were gently shaken for 1 minute and
put on hold for 1 minute, and then vortexed for 1 minute.
The vortexed suspension was separated from the eggs by
filtration, and the filtrate was centrifuged at 1,000 rpm for 10
minutes. Subsequently, the supernatant transferred to a new
tube was lyophilized, and the lyophilisate was kept at — 20 °C
until antimycotic susceptibility assay.

2.3. Determination of antifungal activity

In order to prepare Roswell Park Memorial Institute-1640
(RPMI-1640) medium, 10.4 g RPMI-1640 (with L-glutamine,
without sodium bicarbonate, Sigma, USA) and 0.165 M 34.53
g MOPS (3-N-morpholinopropanesulfonic acid, Sigma, USA)
were dissolved in dH,0. 18g glucose was weighed and added
with a glucose concentration of 2%. The pH was adjusted to
6.9-7.0 with 1N NaOH. After the final volume was completed
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to 1,000 ml, it was sterilized under aseptic conditions by
filtering with a 0.22 um pore-diameter filter (Millipore). The
prepared medium was used in experiments after keeping
overnight in a 37 ° C and the sterilization controls were
performed.

In antifungal susceptibility test, Candida albicans ATCC
10231, Candida parapsilosis ATCC 22019, and Candida
tropicalis ATCC 750 standard strains were used. For the
preparation of inoculums, 24-hour fresh cultures of all
isolates in the Sabauroud Dextrose Agar (SDA) medium were
used in the preparation of yeast suspensions. Five colonies
with a 21 mm diameter size were taken and suspended in
5 ml of 0.85% sterile saline. The yeast suspensions were
homogenized by vortexing them for 15 seconds and then
adjusted to 0.5 McFarland turbidity. With this process,
stock yeasts containing 1-5x10° cells per mililiter were
obtained. Stock yeast suspensions were diluted with RPMI-
1640 medium first at the rate of 1/50 and later at 1/20, and
1-5x10 3 cell/ml concentration to be used in the study was
reached. The appropriate dilutions were performed using
these suspensions and planted in SDA, and the correct
concentration was determined by counting the colonies
formed at the next day (CLSI M27-A3) (34).

In order to prepare antifungal stock solutions, the tubes
containing two-fold drug concentrations between 32-0.06
ug/mlfor amphotericin B were prepared using a pre-prepared
antifungal stock suspension and diluted to the degree that
was twice as much as the final antifungal concentration.
To prepare the egg wax solutions, stock solutions prepared
from the waxes dissolved in 10 ml Dimethyl sulfoxide (DMSO)
arranged at a concentration of 10,000 pg/ml.

In the study, the determination process of the minimal
inhibitory concentration (MIC) value was performed as
follows: In accordance with antifungal susceptibility test
CLSI M27-A3 standards (34), the micro dilution method was
employed. Amphotericin B (32-0.06 pg/ml) was used as a
control group, and DMSO was used as the negative control in
the study. Serial dilutions (5,000-9.76 pug/ml) of the wax stock
solutions were performed. The first well of the microplate in
the horizontal row was determined as the sterility control, and
the last well (12th well) as the reproduction control well. 100
pul RPM-1640 and 50 pl RPMI-1640 was added to the sterility
well and reproduction control well, respectively. 50 pl of the
dilutions were distributed to each column of the microplate
as one waxy cover and drug concentration per column. It was
dispensed with a pipette, keeping the highest concentration
in the second well and the lowest concentration in the 11"
well. After the preparation of the microplates, 50 pl of yeast
suspensions arranged as one isolate per row was added. Yeast
suspension was not added into the sterility control well. At the
end of this process, both yeast and drug concentrations were
diluted by %, and study concentrations were reached. After
the microplates were covered and incubated at 35 °C for 48
hours, the susceptibility results were visually evaluated. The
lowest concentration without reproduction after incubation
was determined as MIC (CLSI M27-A3) (34). The procedures

were repeated 3 times using waxy cover obtained from
different egg groups of the same species.

3. RESULTS

In this study, it was seen that the amount of egg batches
obtained from 10 fully satiated females of each tick species
would be sufficient to determine the repeated MIC value to
be tested against at least three agents. Due to the solvents
benefited, it was understood that the use of glass material
was ideal at almost all steps of the study. One of the biggest
problems that may be encountered in the process is the
calculation of the amount of obtained lyophilisate, and
at this point, it may be more accurate to try to determine
the weight of the waxy cover, which is resistant to repeated
dissolution, by dissolving it in a certain amount of solvent
after lyophilization. At least, with such an approach, it was
seen that it is necessary to confirm the calculations made.

In the trials, no antifungal effect was observed in any of
the serial waxy cover concentrations (5.000-9.76 pg/ml)
belonging to H. marginatum and D. marginatus. This result
did not change in repetitions. On the other hand, in the serial
waxy cover concentrations (5.000-9.76 ug/ml) belonging to
R. bursa, an inhibition against C. tropicalis was identified, the
MIC value was found to be 625 pg/ml, and the same results
were obtained in repeated trials (Table 1).

Table 1. Minimum inhibitory concentration (MIC) values of the tick
egg waxes and reference substance, Amphotericin B (ug/ml).

Microorganisms

Candida Candida Candida

albicans tropicalis  parapsilosis
Substances ATCC 10231  ATCC750  ATCC 22019
Hyalomma marginatum - - -
Dermacentor marginatus - - -
Rhipicephalus bursa - 625 -
Amphotericin B 1 2 1

(-) No antimycotic effects were observed at the concentrations of <5000
ug/ml.

4. DISCUSSION

Within the life cycle in nature, one of the most critical
problems of the ticks is to protect the eggs until the larval
hatching and maintain their vitality. The engorged female
ticks that detached from the host prefer shady and humid
areas such as clefts or cracks on the ground for laying eggs.
However, such sites are the places where many pathogens,
saprophyte bacteria and fungi are also found. This coexistence
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especially possesses a potential problem for the tick species
which have a long period of larval hatching (23). It is known
that the egg wax is essential in terms of protecting the eggs
from the microbiological, chemical, or physical factors (25,
26). In the studies carried out on some tick species, different
type of molecules have been determined in the wax such
as long-chain hydrocarbons, branched and unbranched
alkanes, fatty acids, cholesterol, and some other steroid
types, alcohols (20, 24, 26), and some specific proteins and
lipoproteins (23, 25). It was stated that the wax is resistant
to some physical and chemical factors such as cold, heat,
proteinase K, and pronase (25). However detailed data have
not yet been obtained at the point of the determination of
the wax content, especially its bioactive substances (20, 26).

In the studies carried out to determine the antimicrobial
activities of the wax, successful results have been obtained in
various degrees against different agents such as Escherichia
coli (22, 29), Staphylococcus epidermidis (25-27, 32),
Staphylococcus aureus (22, 26, 29), Serratia marcescens (25),
Bacillus cereus (26), Bacillus subtilis (25-27), Micrococcus
luteus (27, 29, 30), Pseudomonas aeruginosa (22, 31),
Enterecoccus faecalis, Enterecoccus faecium, Nocardia
asteroides, Salmonella enteritidis, Klebsiella pneumonia (22),
picornavirus (28), and influenza virus (28, 29). Furthermore,
the wax of Boophilus microplus was reported to be
effective on C. albicans to some extent (30), and the wax of
Rhipicephalus sanguineus was found to be effective on the
same agent (29). In our study, no effect was observed related
to the wax of H. marginatum and D. marginatus on examined
Candida species. Although similar results were detected from
the wax of R. bursa against C. albicans and C. parapsilosis,
some concentration of the wax of this tick species inhibited
C. tropicalis (MIC: 625 pg/ml).

Related studies have obviously shown that the antimicrobial
efficacy of tick egg wax is directly correlated to some factors
such as the extraction methods and application dose of the
wayx, and the species of the ticks and microorganisms (22, 25,
29). The feature of the wax is well known to vary significantly
according to the tick species, and it was indicated that this is
an expected result, since the sites of egg-laying and habitat
preferences of tick species are more or less different from each
other (21, 33, 35). It was also clearly observed in our study,
that the differences in the species of ticks and Candida directly
affect the results. In accordance with the related information
mentioned by the researchers (20, 36), our laboratory and
field studies conducted in Thrace, Turkey, have revealed that
H. marginatum and R. bursa lay eggs in hot months and in
the relatively dry sites and D. marginatus during colder
months and in more humid area. This difference creates the
expectation that the physical and chemical properties of the
egg wax of D. marginatus can differ from those of other tick
species. However, our related studies have shown that the
laying and larval hatching procedures of R. bursa exhibit
significant differences compared to H. marginatum and D.
marginatus. While the whole process of the egg-laying, larval
hatching, and larval activation usually take a couple of weeks
in the last two species, it can take months in R. bursa. As a

result of this delayed process, although the adult stages of
this species feed on the host mostly in and around June, the
larvae are found on the host in the late autumn or winter
(detailed data not presented). In this context, it seems like a
natural consequence that the eggs of R. bursa are supported
by a more featured wax, which ensure adequate protection
to the eggs during the relatively long hatching period.

5. CONCLUSION

The results obtained from the egg wax of R. bursa was
interpreted as it could be associated with its some distinctive
biological characteristics, and it was concluded that the
detailed studies with this and some other tick species that
share similar biological and ecological features might yield
significant results for the discovery of the new antifungals.
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ABSTRACT

Obijective: This is a qualitative study based on content analysis in order to reveal the transition experiences of nurses in the first year of their
profession.

Methods: The study was carried out between January 2018 and March 2018 with 30 newly graduated nurses, who work in three Training
and Research Hospitals, two University Hospitals and three Private Hospitals with JCI Quality Certificate and have a maximum of one year of
professional experience. Data were collected through semi-structured in-depth individual interviews using face-to-face interviews.

Results: Themes defined in the transition process of newly graduated nurses were emotional, sociocultural and developmental, physical and
intellectual. In general, transition experiences of individuals were greatly influenced by the support that is given to the new graduate, the
experience, the predictability, sincerity and consistency of the relationships with the individuals they were in contact with, and the expectations
of the institution or experienced employees. In the first year of their professional experience, graduates do not feel themselves qualified,
comfortable, safe and secure, and experience emotional and physical exhaustion in a short time. In addition, changes in life patterns and
routines have emerged as distracting developments or unexpected burdens, particularly for new graduates experiencing adaptation problems.

Conclusion: This study focused on the experiences of nurses during their first-year practice which is incredibly challenging for the new graduated
nurses. It has been determined that formal and informal support programs are necessary for the new graduates to successfully start the

profession.

Keywords: Nurse, Nursing Staff, Nurse’s Scope of Practice, Transition

\

1. INTRODUCTION

The transition from professional education program to the
profession was considered as a stressful period involving
adaptation difficulties (1, 2). This is because new graduates
join the work environment without feeling ready. Especially
nurses are required to adapt to the working conditions as soon
as possible due to reasons such as lack of nurse workforce
and to have the necessary knowledge, skills and confidence
(3). The newly graduated nurses undergo a number of
developmental stages depending on the difficulties they face
during the transition process. Duchsher (3) found that newly
graduated nurses were selfish and independent in the first
few months of their professional experience; that nurses
felt safer and more self-confident between the 2nd and 3rd
months; and that nurses developed critical thinking skills and
started to work independently in the 5th month. Mckenna
and Green (4) found that nurses tried to adapt to the
profession and focused on themselves in the first 6 months
of the transition period. They stated that the nurses focused

on the larger picture such as patient care, relationships and
their continuing development in the second 6 months of the
transition period (4).

Initially, the newly graduated nurse tries to accept it when
she encounters a new workplace culture. But in this process
the nurse is likely to be uncomfortable and may experience
a feeling of inadequacy. The new graduate experiences the
shock of reality created by a clash of ideal and value when
she moves to a culture that is often different from the
culture, she comes from by gaining certain values and ideals.
In some cases, reactions to inequality between expectations
and reality are so great that individuals cannot cope with this
situation (1). The entry of the new graduate into the work
area with such an attitude and behavior is a clear indication
that she is poorly prepared for the work area. It is inevitable
that individuals who are equipped with non-realistic skills,
technical knowledge, non-role-specific behaviors and who do
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not have real values related to work will experience serious
role conflict (1, 5). Duchsher (6) states that newly graduated
nurses experience “awareness of the truth”, “frustration”
and “disassociation” because they encounter inconsistency
between theory and practice environment. In addition, some
studies have shown that newly graduated nurses experience
different problems such as anxiety, tension, fear, panic and
burnout in the first years of transition to the profession and
these problems endanger their physical and mental health,
accelerate the employee turnover rate (6).

The high turnover rate of nurses brings additional financial
burden to both the hospital and the national economy. Kelly
and Ahern (7) stated that in the first year of employment, the
cost of turnover rate of newly graduated nurses represented a
loss of approximately $ 40,000, including hiring and orientation
costs. It was found that medical errors increased, and the
quality of care decreased in the newly graduated nurses due
to the problems experienced during the transition process.

Present study was carried out in order to reveal the transition
experiences of nurses in the first year of their profession,
because of the importance of the subject in terms of nursing
services, health institutions and vocational education
institutions, and due to the limited number of studies on
transitional experience at national level.

2. METHODS

2.1. Design and participants

The participants of the study consisted of the nurses with
bachelor’s degree, who work in three Training and Research
Hospitals, two University Hospitals and three Private Hospitals
with JCI Quality Certificate in Istanbul’s Anatolian side and
have a maximum of one year of professional experience.

In the study, maximum diversity sampling method, which
is one of the purposeful sampling methods that maximally
reflect the diversity of individuals who can be a party to the
study, was used. In addition, for sampling, attention was paid
to select the participants that differ in terms of the aspects
such as school that was graduated from, the hospital/unit
that was worked for, and gender. As a result of repeated
data, data saturation was achieved, and data collection was
terminated in thirty interviews.

2.2. Data collection

In order to reveal the transition emotions of the nurses
in the study, a 40-item open-ended “Semi-Structured
Interview Form” was prepared by the researcher based
on the “Transition Shock” model developed by Duchsher
(6). Data were collected through semi-structured in-depth
interviews. The interview form was drawn up on the basis
of a review of the literature and contains questions on the
participants’ reasons for choosing nursing, their expectations
after graduation and whether or not these expectations
have been met, the difficulties they faced when first hired,

the support they have, the ability to apply their training,
differences between training and actual practice, satisfaction
with work and their intent to leave the profession (1-4).
The created questions were then assessed by a faculty
member who an expert in the area of qualitative research
was. A pilot interview was conducted with 2 nurses with the
same characteristics as the interview form sampling group
before starting the study. After the pilot application, final
arrangements were made regarding the interview form. The
answers to the study questions were recorded during the
interview. Recorded responses were transferred to computer
environment. The interviews were held over the period
December 2017 —March 2018 following receipt of the needed
approvals for the study. An appropriate setting was created
for the interviews, which took place either in the department
meeting rooms or in nurses’ offices. A researcher took part in
the interviews. Interviews of approximately 45-150 minutes
were conducted with the interviewees. Although some of the
participants were promised that their personal details would
remain confidential, they were not comfortable during their
assessment of their institution. During the interviews, length
of some interview was long in order to make participants feel
comfortable and to obtain detailed information.

2.3. Ethical considerations

Prior to the study, written and verbal permissions were obtained
from the Clinical Research Ethics Committee (Marmara
University Faculty of Medicine Clinical Research Committee
— Date: December 03, 2017 — No: 09.2017.668) and hospital
management. Each participant was informed about the purpose
and method of the study, and an informed consent form was
signed indicating that they voluntarily participated.

2.4. Statistical analysis

Content analysis and the MAXQDA program was used
in the analysis of the data. The data recorded with the
device were transferred to the computer, after which the
researcher listened to the recordings once again. The report
was then revised to ensure a correct rendition of what the
participants meant to say. Responses that were meaningful
were assigned names/codes. Similar codes appearing in
different parts were brought together to form a code list.
Examining the similarities and differences between codes
led to the designation of themes/subthemes. The themes
and subthemes were evaluated by 3 experts who had
training in qualitative research and their final construct was
created. The data collected in the study were categorized
based on Duchscher’s (6) “Transition Shock Model” where
the categories were delineated as emotional, sociocultural
and developmental, physical and intellectual. In this study,
consistency formula was used to determine reliability in
content analysis. In this study, the agreement percentage
was determined as 76%. Descriptive content of the newly
graduated nurses was coded by giving numbers like K1,
K2,.... K30, and the findings related to the participants’
characteristics are given in Table 1.
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Table 1. Findings on the Identifying Characteristics of the Participants

Interview Age Gender Institution worked Department worked  Tenure Having Another department/ Intention to
Number orientation institution worked Quit
training
K1 23 F Private Hospital Mixed Surgery 6 months | 1 month 2 Months in Considering
Emergency
K2 24 F Private Hospital Cardiology 8 months | 3 weeks - Considering
K3 23 F Private Hospital Intensive Care lyear | 1.5months - Considering
K4 23 F Private Hospital Urology 1 year 2 months - Considering
K5 23 F Private Hospital Operation Room 6 months | 1 month | 4 months at Pharmacy Not
Considering
K6 24 F Private Hospital Cardiology 8 months | 20 days - Considering
K7 25 F Private Hospital Anesthesia Intensive | 7 months 3 days 8 months in Considering
Care Gynecology
K8 24 F Private Hospital Pediatric 11 2 months - Not
months Considering
K9 24 F Private Hospital Mixed Surgery 6 months 1 week 3.5 months in Not
Gynecology Considering
K10 25 M Private Hospital Emergency 3 months | 1 month - Not
Considering
K11 25 M Training and Research Hospital Intensive Care 7 months | 1 month 3 months in Internal Considering
Medicines Unit
K12 24 F Training and Research Hospital | Newborn Intensive | 6 months | 15 days - Considering
Care
K13 23 F Training and Research Hospital Palliative Care 11 10 days 7 months at LOSEV Considering
months
K14 23 M Training and Research Hospital Ophthalmology 7 months | 2 weeks - Not
Considering
K15 25 F Training and Research Hospital Urology 3 months | 2 weeks - Considering
K16 24 M Training and Research Hospital | Pediatric Emergency | 6 months | 1.5 months - Considering
K17 24 F Training and Research Hospital | Newborn Intensive | 6 months | 2 months - Not
Care Considering
K18 22 F Training and Research Hospital Hematology 6 months 1 week - Considering
K19 22 F Training and Research Hospital | Internal Medicines | 6 months | 20 days - Considering
K20 23 F Training and Research Hospital Orthopedics 7 months | 3 weeks - Not
Considering
K21 23 F Training and Research Hospital Brain Surgery 4 months | 2 months - Not
Considering
K22 23 F Training and Research Hospital Intensive Care 1year 1 month 2 months in Intensive Not
Care Considering
K23 23 F University Hospital Perinatology 1year 1 month - Considering
K24 24 M University Hospital Emergency Surgery 10 1 month - Not
months Considering
K25 24 F University Hospital Otorhinolaryngology 10 2 months | 4 months in Intensive Not
months Care Considering
K26 24 F University Hospital Gynecology-Oncology 10 1 month - Considering
months
K27 25 F University Hospital Pediatric Emergency 11 2 months | 2 months in Intensive Not
months Care Considering
K28 23 F University Hospital Pediatric 7 months | 1 month 3 months in Surgery Not
Endocrinology Considering
K29 23 F University Hospital Urology 11 1 month - Considering
months
K30 24 F University Hospital Private 10 2 months | 8 monthsin Intensive | Considering
months Care

F: Female, M: Male

=
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2.5. Research limitations

This study reflects the opinions of newly graduated nurses
who participated in the study. Therefore, the results cannot
be generalized.

3. RESULTS

As a result of the content analysis of the data obtained from
the individual in-depth interviews with the newly graduated
nurses, the transition experiences of the newly graduated
nurses were collected under four main themes. The main
themes obtained were: 1 — Emotional, 2 — Physical, 3 -
Sociocultural and Developmental, 4 — Intellectual.

3.1. Emotional

Participants mentioned that they experienced intense
emotional fluctuations in the first phase of the transition.
Most of the nurses stated that they experienced boredom,
stress and occasional physical and psychological weakness
in the first year of the transition. The participants expressed
their concerns by using the words “I was scared” and “l am
sorry”.

“.. It’s been 2 months since | moved to level 2 intensive care.
I always monitor the care of the intubated patient... Different
nurses performed the same practice in different ways in the
unit. | was having trouble with what form of application |
should adopt ...” (K17)

“.. | have come to understand that there is nothing as bad
as for the newly graduated nurse to start in the intensive
care unit... On the first day of my employment, patient care
responsibility was given, and my patient suffered a cardiac
arrest. | could not participate in the heart-lung resuscitation
process, | cried, so much so | nearly walked away. | was saying
“Find someone else, | cannot do it”... my other friends... they
supported me as well... if they hadn’t, | probably would have
left the profession (K1).

“When | first saw the cardiac arrest, | thought if it happened
because of me. In my first shift, | was looking at four elderly
patients in their ninety years old.... | had difficulty getting
used to. | was very upset, and | was crying constantly when |
got home.” (K3).

During the transition, the nurses are experiencing intense
anxiety about taking the sole responsibility for the entire
unit. In particular, it was determined that they spent the time
required to sleep and relax by thinking about what might
happen in shifts. This causes early burnout in nurses.

“In the past, for example, before | came to the shift, | would
lose sleep... When communicating with doctors, for example,
| did not know how to communicate with them, nor how to
talk with them. | didn’t know, for example, how to give blue
code, etc., | didn’t know where to get it... | was constantly
asking at first, | was always ashamed, as if | didn’t know
anything” (K19).

3.2. Physical

The physical responses of the newly graduated nurses during
the transition process are emerged due to heavy of the
responsibilities.

“.. | thought | was very tired during the internships... | was
taking home with me someone’s responsibility... However, my
working life ruined me in 8 months... | came here and there
was an intensive tempo; there are days when | come to work
every day, sometimes | keep watch and ward in a row, you are
getting both mentally and physically tired” (9K).

The nurses stated that their energies are high and willing at
the beginning of the adaptation process. However, over time,
this excitement gradually decreased, and even some nurses
mentioned that they were exhausted in a short time.

“It was very difficult... When | came here, | had a fear inside, |
was saying myself ‘God, how will | do it?. | found myself in the
tempo of working all of a sudden. Go to work in the morning,
go out in the evening, get a salary at the end of the month... |
have done something, | have achieved something, | was very
excited at first and then | got used to the routine... (3K).

Changes in life patterns and routines have emerged as
distracting developments or unexpected burdens, particularly
for new graduates experiencing adaptation problems.

“Normally when you are in school, you hang out as you wish,
you do not go to class if you do not want. No one is expecting
too much from you. But once you are graduating, you are laid
burdens on you, which are, for example, taking a patient’s
responsibility, financial support to family members, etc. Is not
there a gradual transition to it?” (28K).

During the interviews, it was observed that the new
graduates were given excessive role and responsibility
without adaptation process. The nurses stated that they
experienced physical complaints in a short time depending
on the severity of the working conditions. The most common
physical disorders are; low back and back pain, getting ill
frequently, varicose veins.

“.. So the workload is too much... Then constant twenty-
four hours of shifts... For example, at eight o’clock in the
evening I'll hand over the shift and leave, someone calls
saying the service suffers from the lack of personnel, so you
will continue the shift, or you are assigned to that service, |
was constantly.... | was catching a severe flu thrice within two
months....” (18K).

3.3. Sociocultural and developmental

Being accepted by the team, balancing work and private life
and reflecting the education received into practice have been
the main socio-cultural and developmental tasks that new
graduates perform.

“.. Senior nurses want us to learn and practice what they
teach at work immediately, when we cannot, they blame
us with inadequacy. Although | know everything, including
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diseases, applications, etc., they consider new graduates as
novice, and disdain.... ” (1K).

“My husband says | constantly work every weekend. He is
grumbling about why it is always me who is going in the
shifts, asking if it is because | am new? ... In the process of
adaptation to work life, negative situations may arise in
private life. You have to leave your spouse or your mum at
home when they are sick. | can’t stay with them while they
need me... You hate, you can’t breathe, but you have to go to
work anyway...” (24K).

Professional identity problems, disapproval from the patients
or relatives and insecure attitudes caused the new graduate
to feel inadequate.

“I was so scared, | didn’t want to be seen as a beginner. This
time, patients and their relatives were saying ‘You are new,
you cannot do it, please send someone with experience’, when
they realized that | was a new graduate. And | had no choice
but lying to them, saying that | had already been working for
this hospital for 5 years, etc...” (6K).

Developmentally it was important to get feedback from
colleagues and managers.

“l was very curious about the evaluations about my work
after my shift and how | was, etc... | was just worrying to be
not good enough and that they did not tell it to me. After
the shift, when my nurse colleagues told me that | was pretty
good, | felt relieved...” (27K)

On the other hand, nurses who have started to work in some
institutions have adopted a work-centered approach instead
of providing quality patient care.

Our teachers would tell us that you would approach the
patient holistically at school. They would say that, in the
postoperative period, we should check their vital signs at
regular intervals... However, the vital signs should be checked
every 15 mins., but it is not possible as there are 13 patients,
which is too much for us. You are trying to do it in the
beginning, but then you lose your motivation and stop taking
care of. As the result of such negative experiences, you quit
being patient-oriented and take a work-oriented approach...”
(24K).

Negative relationships with other professionals in the
clinical setting are factors that consume energy and hinder
development.

“When | started to work, a few people made me feel like |
was new. Initially | felt as if | was working for them... They
were harsh like a boss, ordering me to bring this, do that, etc.
When | experienced something like that, | held myself back...”
(3K).

3.4. Intellectual

Some of the participants felt themselves inadequate as a
nurse while others stated that they could not transfer the
knowledge they learned during their education to practice.

“I have experienced the difficulty of lack of information
deeply... Since | did not know anything, | felt inadequate to
meet the care needs of the patients. | could not care for all
four patients. From the patient’s perspective, there could
have been a nurse in my place who could give them better
care. | am suffering now.” (2K).

“I think that | am lack of self-confidence, I'm still nervous
while attempting to care for the patient... If | have been
unsuccessful in the patient | have undertaken before, | worry
that | will fail again.... (26K).

Some of the difficulties that these graduates face in their
transition to the profession stem from the approach of
senior nurses, clinical trainers and nurse managers towards
orientation. As a result, the new graduate is expected to
undertake the workload of an experienced practitioner
within a few weeks.

In the first month, you attend the orientation training, nobody
tells you anything, in the 2nd month, they are trying to teach
you, but in the 3rd month, you are now all alone, you are also
afraid of asking something, you cannot ask because of the
psychology of being considered inadequate, so | did not ask
questions unless | am pushed for it...” (18K)

4. DISCUSSION

Duchscher (3) has demonstrated that the transition to the
profession affects new graduated nurses emotionally. In the
study, nurses also stated that their energies were high, and
they were eager to work early in the adaptation process.
However, over time, this excitement and eagerness have been
replaced by physical and psychological burnout. Similarly,
Hezaveh et al. (8) found that the stress experienced during
the transition to the profession affected nurses physically,
emotionally and mentally. Kumaran and Carney (9) found that
during the transition period, newly graduated nurses initially
felt themselves “excited”, “happy”, “relaxed”, “proud” and
“grown up”, however, they found that these initial emotions
were later replaced by “anger” and “frustration”.

One of the main findings of this study was that the needs
of newly graduated nurses are different from those of
experienced nurses. For example, some newly graduated
nurses expect feedback and support from colleagues and
managers. Rush et al. (10) suggested that nurses needed
formal and informal support in the first 6 to 9 months
of professional experience. After starting work, the new
graduates are expected to take responsibility of many
patients in a short time and to be able to perform unit tasks.
Duchscher (3) found that nurses had a “confidence crisis”
in the first 5 to 7 months of their professional experience.
Gregg et al. (11) revealed that nurses experienced frustration
and intense anxiety during the transition period. The reasons
for this can be listed as the lack of knowledge and skills,
providing unsafe care, and the fear of giving harm to the
patient and not being able to cope with responsibilities (3,
10, 11). In addition, lack of support and negative experiences
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in the work environment can be added to the causes of the
anxiety in the study.

Development of the professional identity, being accepted
by the team, balancing work and private life and reflecting
the education received into practice have been the main
socio-cultural and developmental tasks that new graduates
perform. Gordon et al. (12) suggested that the new
graduate’s taking on all roles and responsibilities as a nurse is
the main source of stress during the transition period. They
demonstrated that consistent support in the clinical setting
is important in relieving this stress. Negative relationships
with other professionals in the clinical setting are factors that
consume energy and hinder development. It takes time for
the new graduated to establish professional relationships,
learn the norms of the working environment, reflect the
education they receive to the practice, and make clinical
decisions. In particular, experienced nurses should give time
and opportunity to the new graduates and gradually give
responsibility (13).

The adaptation of the new graduate to the professional role
is achieved through observation within the social networks
in the workplace. In particular, as nurses gain confidence in
their new roles, they assume more responsibility and manage
increasingly complex clinical situations. However, the new
graduate’s ability to effectively manage the workload and
gain the necessary technical skills (13). Gordon et al. (12)
emphasized thatanew graduated nurse should be takentothe
adaptation training in order to work like an experienced nurse
and to develop her/his skills. In the study, it was determined
that the majority of the nurses received orientation trainingin
the institutions, but some of the difficulties faced by the new
graduate in the transition to the profession were caused by
the approach of the senior nurses, clinical trainers and nurse
managers to the orientation. As a result, the new graduate
is expected to undertake the workload of an experienced
practitioner within a few weeks. Gordon et al. (12) suggested
that new graduate adaptation trainings should be developed
and reviewed in order to ensure adaptation of the new
graduate to the work environment. Goode et al. (13) stated
in their study that the new graduates who started to work
in a healthy working environment adapted more quickly and
had a lower turnover rate.

The transition from studentship to profession is considered
to be stressful not only physically and emotionally, but also
socio-culturally and developmentally. Goode et al. (13) found
that newly graduated nurses had difficulties in areas such
as delegation of authority, setting priorities, managing care,
collaborating with other disciplines, conflict resolution and
benefiting from feedback. In the studies, it is emphasized
that the practice-based education and hospital adaptation
programs realized after professional education should be
reviewed in terms of content (12-13). These regulations
not only reduce the turnover rate of new graduates, but
also ensure cost-effectiveness (14). Transition programs
that include patient-centered care, quality improvement,
evidence-based practice, communication and teamwork,

informatics, security, clinical expertise, feedback, reflection,
and information have been reported to provide more support
to new graduates (15, 16).

5. CONCLUSION

It was observed that nurses had emotional, physical, socio-
cultural, developmental and intellectual problems during the
transition process. Also, it was determined that while the
support provided during the transition process facilitated the
transition process of the nurses, however, this support was
not sufficient. In particular, the concerns of new graduates
need to be paid attention to facilitate the transition.
Assessment of nurses’ experiences and meeting of their
needs in the first years of their professional life will increase
the self-confidence and competence of new graduates. In
that regard, nurse managers, trainers and researchers have
important duties.
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ABSTRACT

Obijective: Juniperus communis L. (J. communis) is a shrub belonging to family Cupressaceae L. mainly growth in Eurasia. The antioxidant and
antidiabetic activity of aqueous extract of J. communis L. berries indicated benefits as a potent antidiabetic in streptozotocin induced diabetic
albino rats. This study was carried out to determine whether J. communis L. oil supplement will effectively manage renal dysfunction in diabetic
rats.

Methods: Twenty eight rats were divided into 4 equal groups as follows; control group, diabetic group (45 mg/kg, i.p. streptozotocin) , J.
communis L. oil (200 mg/kg) treated group, and diabetic+J. communis L. oil (200 mg/kg) treated group. At the end of the experimental period,
all rats were sacrificed and renal function parameters such as kidney antioxidant and lipid peroxidation markers and serum glucose, HbAlc,
creatinine, serum urea, blood urea nitrogen (BUN), and serum total protein levels were measured in all groups.

Results: HbAlc, serum glucose, urea, creatinine, BUN and, kidney lipid peroxidation levels increased (p<0.05), but serum total protein and
antioxidant levels decreased in diabetic group comparing with control group (p<0.05). Furthermore, HbAlc, serum glucose, urea, creatinine
and BUN and, kidney lipid peroxidation levels decreased and also, serum total protein and antioxidant levels increased in diabetic group treated
with J. communis L. oil comparing with diabetic group (p<0.05).

Conclusion: This study has provided that J. communis L. oil provide a protective effect on the kidney as evidenced by an improvement of the

\

renal function tests as well as reduction in oxidative stress parameters in experimental diabetic nephropathy model.

Keywords: Juniperus communis L., diabetes, nephropathy, antioxidant, lipid peroxidation, oxidative stress

1. INTRODUCTION

Diabetes, characterized by hyperglycemia and metabolic
disturbance on lipids, carbohydrates, and proteins, affect the
life quality of patients by bringing huge pressure to society
and public health (1). Nearly 2.2% of total death in the world
is caused by diabetes (2). Type Il diabetes, considered as the
common form of diabetes, will affect the health of 8 billion
people in the world till 2025 (3). Persistent hyperglycemia
in diabetes mellitus (DM) leads to the development of
secondary complications including neuropathy, nephropathy,
and retinopathy (2). Diabetic nephropathy is the major cause
of end-stage renal disease with high mortality and morbidity
(4). A major clinical manifestation of diabetic nephropathy is
that microalbuminuria follows macroalbuminuria and further
leads to renal dysfunction which is the reduced capacity of
the kidney to excrete metabolic products which accumulate
in the body system and can be detected via renal function
test (5). Therefore, due to numerous degenerative effects
of untreated DM on human system, numerous researches

have been carried out and still ongoing for the management
and treatment of DM. Management of DM usually involves
adjustment of the diet of the individual, exercise at regular
interval, health education, measurement of blood glucose
level on a regular level, and, in case of insulin dependent DM,
supplementary therapy with insulin (6,7).

Juniperus communis L. is a shrub belonging to family
Cupressaceae L. mainly growth in Eurasia, North Africa
and North America at an altitude of 1500-4000. Fruit
is subspherical, purplish-black and seed contained 2-3
layers of thin-walled cells. The seeds and fruits of the
plant contain camphene, d-a-pinene, formic acid, acetic
acid, wax, gum, cyclohexinol, terpene, ascorbic acid,
dihydrojunene, cadinene, juniper, and camphor (8,9).
J. communis L. berry oil mainly contained monoterpene
hydrocarbons such as a-pinene (51.4%), B-pinene (5.0%),
sabinene (5.8%), and myrcene (8.3%) (10). J. communis
L. can be used (traditionally) for renal suppression, acute

Clin Exp Health Sci 2020; 10: 120-124
ISSN:2459-1459

Copyright © 2020 Marmara University Press
DOI: 10.33808/clinexphealthsci.543272


https://orcid.org/0000-0003-4238-8528
https://orcid.org/0000-0003-4219-8054
https://orcid.org/0000-0003-1075-9574
https://orcid.org/0000-0002-1960-8951
https://orcid.org/0000-0002-0199-3556
https://orcid.org/0000-0003-0561-8806

Effect of J. communis L. oil on diabetic nephropathy

| Original Article |

and chronic cystitis, catarrh of the bladder, albuminuria,
leucorrhoea, and amenorrhoea. J. communis L. fruit can be
used as being antiseptic, stimulant, and styptic. It can also
be used in the treatment of migraine, infantile tuberculosis,
rheumatic and painful swellings, chronic Bright’s disease,
piles, and nephrotic dropsy of children (11). The plant was
reported to have analgesic, antibacterial, hepatoprotective,
antihypercholesterolemic, antiinflammatory, antioxidant,
antidiabetic,  antihyperlipidemic,  anticataleptic, and
antimicrobial activities (9).

The antioxidant and antidiabetic activity of aqueous extract of
J. communis L. berries indicated potential benefits as a potent
antidiabetic in streptozotocin (STZ) induced diabetic albino
rats (12). J. communis L. berries was also a good scavenger
for nitric oxide radicals and has a potential source of natural
antioxidant. J. communis L. berry has also nutraceutical
uses and is used in treatment of hypercholesterolemia and
hyperglycemia, and also, as a nutritional supplementation,
it can be prescribed as food appendage for coronary artery
disease patients along with their regular medicines (9).

Therefore, since renal dysfunction has been on increase in
diabetic patients without a promising remedy, this study
was carried out to determine whether dietary intake of J.
communis L. oil will protectively or effectively manage renal
dysfunction via examination of renal function parameters
such as kidney antioxidant and oxidative stress markers and
serum creatinine, serum urea, blood urea nitrogen (BUN),
and serum total protein estimation in diabetic rats.

2. METHODS

2.1. Animals

All adult male Wistar albino rats were purchased from the
Animal Experimental Center of Van Yuzuncu Yil University,
aged 3-4 months with weights ranging from 300 to 350 g.
Ethical approval of the study was obtained from Van Yuzuncu
Yil University Ethical Commission for Animal Experiments
(Decision number: 2015/14, Date: 24.12.2015). All animals
were housed in a comfortable environment (12 h light-dark
cycle, 20-25 °C temperature, 40-60 % humidity) and fed with
rodent chow and water ad libitum.

2.2. Reagents

All the chemicals and reagents were supplied by Sigma-
Aldrich, Merck or other standard suppliers.

2.3. Preparation of J. communis L. oil

The fresh air dried J. communis L. berries (300-400 g) were
subjected to water-distillation boiling (>100 °C) for 3 h by
using a Clevenger-type apparatus. The obtained essential oil
was dried over anhydrous sodium sulfate and after filtration
through Whatman filter paper (No. 1) stored at 4 °C until
tested.

2.4. Experimental Procedure

Type 1 DM was induced by a single intraperitoneal (i.p.)
injection of 45mg/kg STZ to overnight fasted rats. STZ
solution was freshly prepared by dissolving in 0.1 M cold
citrate buffer (pH 4.5). In spite of the possibility of sudden
hyperglycaemic shock following STZ injection in animals, this
dose was considered appropriate. Diabetes was confirmed
through the determination of blood glucose levels at 72 hr
using OneTouch UltraMini glucometer (LifeScan, Inc.,
California, USA). Rats with blood glucose levels higher than
300 mg/dL were considered diabetic and selected for further
experiments. Diabetes was further verified by measuring
blood glucose levels 7 days after STZ injection. Normal
control rats received a single i.p. dose of physiological
saline. Twenty eight rats (14 diabetic and 14 normal) were
divided into 4 equal groups (n=7) as follows; Group | (Control
group): Nondiabetic rats received physiological saline orally
for 21 days, Group Il (Diabetic group): Diabetic rats received
physiological saline by oral gavage for 21 days, Group Il
(J. communis L. oil group): Nondiabetic rats received J.
communis L. oil (200 mg/kg) dissolved in 5% Na-CMC by oral
gavage for 21 days, and Group IV (Diabetic+). communis L. oil
group): Diabetic rats received J. communis L. oil (200 mg/kg)
dissolved in 5% Na-CMC by oral gavage for 21 days. Ethical
approval of the study was obtained from Ethical approval
of the study was obtained from Van Yuzuncu Yil University
Ethical Commission for Animal Experiments (Decision
number: 2015/14, Date: 24.12.2015).

2.5. Preparation of Serum and Kidney Tissue

At the end of the experimental period, all rats were fasted for
12 hours before being sacrificed by intraperitoneal injection
of ketamine hydrochloride (15 mg/kg, i.p.) and xylazine (10
mg/kg, i.p.). Kidney tissues were immediately excised from
the surrounding tissues and were subsequently weighed.
Immediately following collection, kidney tissues were
washed with ice-cold phosphate-buffered saline (PBS). The
samples were homogenized in phosphate buffer (25 mM,
pH 7.4) to make approximately 10% w/v homogenates. The
homogenates were centrifuged at 1700 rpm for 10 min,
and the supernatant was collected and stored at -70°C for
further biochemical analysis. The protein concentration in
the supernatant was estimated by Lowry et al’'s method.

2.6. Serum Preparation and Biochemical Measurements in
Serum

Blood samples were placed in dry test tubes and were
allowed to coagulate at ambient temperature for 30 min.
Serum was separated by centrifugation at 3500 rpm for
15 min. Enzymatic colorimetric kits (Bioscience, Cambridge,
UK) were used to measure serum glucose, total protein,
creatinine, urea, and blood urea nitrogen (BUN) levels.
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2.7. Measurement of serum glycosylated hemoglobin
(HbA1c) Level

Serum HbAlc levels were measured in whole blood using
an automated chemistry analyzer (Roche Cobas Integra
800 Chemistry analyzer, Roche Diagnostics, Mannheim,
Germany).

2.8. Measurement of lipid peroxidation and antioxidant
enzyme activities in kidney

The supernatants obtained after this procedure was used
for the analyses of MDA, NO, and GSH levels and SOD and
catalase activities.

MDA Level: MDA reacts with thiobarbituric acid (TBA),
giving a spectroscopically readable final product at 532 nm.
MDA levels were expressed as nmol/mg protein using the
extinction coefficient value of 1.56x10° Mt.cm™ (13).

Nitrite/Nitrate levels: Tissue nitric oxide is rapidly converted
to nitrate and nitrite in aqueous solutions. Hence, for accurate
assay of the total nitric oxide, both nitrate and nitrite levels
must be determined. Tissue nitrate is chemically reduced to
nitrite by granulated cadmium. Griess reagent reacts with
total nitrite, and forms a coloured complex. The intensity of
the colour is proportional to the concentration of the nitrite in
the sample, which can be measured spectrophotometrically
(14).

GSH level: GSH analysis was performed according to the
method reported by Beutler et al (15). In this method,
all proteins that do not carry the sulfhydryl in the tissue
homogenatesare precipitated. Inthe obtained clear liquid, the
yellow complex formed by 5,5'-Dithiobis (2-nitrobenzoic acid)
(DTNB) and sulfhydryl groups is measured colorimetrically at
a wavelength of 412 nm.

SOD Activity: The principle of measurement of SOD enzyme
activity, which accelerates the aquatic and molecular oxygen
dismutation of endogenous and exogenous sources of toxic
superoxide radicals generated during the production of
oxidative pathway energy, is based on the spectrophotometric
measurement of superoxide radicals which are released by
xanthine oxidase in the presence of xanthine in the presence
of nitroblue tetrazolium (NBT) at 560 nm according to Sun et
al (16).

Catalase Activity: The activity of the enzyme catalase was
analysed according to Aebi method (17), measuring the initial
rate of H202 decomposition at 240 nm. Catalase activity was
expressed as U/mg protein.

Tissue Protein Content: In the alkaline solution, a copper-
protein complex is formed. This complex reduces the
phosphomolybdate phosphotungstate reagent (Folin-
Ciocalteus-Phenol Reagent) and forms a dark blue color.
The resulting darkness is directly proportional to the protein
concentration in the medium according to Lowry el al (18).

2.9. Statistical Analysis

Statistical analysis was performed by one-way analysis of
variance (ANOVA) plus Tukey post-hoc analysis. Statistical
analyses were performed using the SPSS software version
15.0 (SPSS Inc., lllinois, USA). All data are indicated as means
+ SD. In addition, increases or decreases between the
groups are indicated as percentages. p<0.05 was considered
statistically significant.

3. RESULTS

Compared with Group I, the enhanced serum glucose,
HbA1lc, creatinine, urea, and BUN levels were observed after
STZ injection in Group Il (p<0.05). There was a significant
decrease in serum total protein level of diabetic rats when
compared to control group (p<0.05). J. communis L. oil at
200 mg/kg resulted in 12.7% reduction of serum HbA1c level,
73.6% reduction of serum glucose level, 19.2% reduction
of serum creatinine level, 28.5% reduction of serum urea
level, 28.5% reduction of BUN level, on the other hand,
16.4% augmentation of serum total protein level compared
with the diabetic group. All parameters showed significant
differences between Group Il and Group Ill (p<0.05). Results
on serum glucose, HbAlc, total protein, creatinine, urea, and
BUN levels were shown in Table 1.

Table 1. Effect of administration of J. communis L. oil for 21 days on
serum glucose, serum HbA1c, serum creatinine, serum urea, BUN,
and serum total protein levels in diabetic rats.

Group | Group Il Group Il Group IV
Serum
glucose
level (mg/dL)
Serum
HbA1c level
(%)

Serum
creatinine
level (mg/dL)
Serum urea
level (mg/dL)
BUN level
(mg/dL)
Serum total
protein

level (g/dL)

@ Significantly higher than Group | (p<0.05), ® Significantly lower than Group
I (p<0.05), © Significantly lower than Group I (p<0.05), ¢ Significantly higher
than Group Il (p<0.05)

62.5417.94 | 397.77+47.2* | 70.5148.93 | 105.08+12.85*°

5.8+0.47 7.1+0.43° 5.620.33 6.210.38°

0.57+0.04 | 0.73#0.06° | 0.61+0.08 0.59+0.07°

36.7¢4.59 | 49.84+4.76* | 38.09+4.07 | 35.6414.15°

17.14+1.35 | 23.26£1.68* | 17.77¢2.39 | 16.63%2.24°

8.19+0.64 | 6.75+0.46° | 8.47+0.73 7.8610.55¢

Oxidative stress has been implicated in inflammation which is
directly related to the level of MDA, NO and GSH and activities
of SOD and catalase. Low tissue concentrations of SOD, GSH,
and catalase and high tissue concentrations of MDA and NO
were noted in Group Il compared with Group | (p<0.05). J.
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communis L. oil at dose of 200 mg/kg enhanced 73.7% of
SOD activity (p<0.05), 52.7% of catalase activity (p<0.05) and
38.8% of GSH level (p<0.05), besides this, decreased 31.4% of
MDA level (p<0.05) and 29.8% of NO level (p<0.05) in kidney
tissue of diabetic rats. Results on SOD, and catalase activities
and GSH, MDA, and NO levels in kidney tissue were shown
in Table 2.

Table 2. Effect of administration of J. communis L. oil for 21 days on
MDA, NO, and GSH levels and SOD and catalase activities in diabetic
rats.

Group | Group |l Group llI Group IV
MDA level
(nmol/mg

protein)

28.7343.97 | 46.51+6.84° | 30.71+4.87 31.92+4.5°

NO level
(nmol/mg
protein)

14.6241.57 | 22.05+2.47° | 15.18+2.93 | 15.47+2.19

GSH level
(nmol/mg
protein)

69.81+5.35 | 51.64+4.43° | 70.39+8.65 | 71.68+6.03°

SoD
activity
(U/mg
protein)

3.91+0.38 2.1340.27¢ 3.7610.49 3.740.42°

Catalase
activity
(U/mg
protein)

395.62+37.61 | 264.44+31.95° | 388.52+40.17 | 403.86+37.51¢

? Significantly higher than Group I (p<0.05), ® Significantly lower than Group
Il (p<0.05), © Significantly lower than Group I (p<0.05), ¢ Significantly higher
than Group Il (p<0.05)

4. DISCUSSION

Diabetic nephropathy like any other chronic diabetic
complications is caused by various reasons, including poor
glycemic control, high blood pressure, and high cholesterol
(especially hypertriglyceridemia) (19). In this study, it was
found that J. communis L. oil treatment could decrease
the level of serum HbAlc and glucose levels, therefore J.
communis L. oil could inhibit the development of diabetic
nephropathy.

Renal dysfunction as a result of DM can be assessed by
serum creatinine, urea, BUN, and total protein. Therefore,
this suggested that there is strong relationship between
these parameters and renal dysfunction. Thus, an increase
in creatinine, urea, and BUN occurs when there is renal
dysfunction or damage. The increment in serum creatinine,
urea, and BUN observed in this study clearly indicated that
DM causes damage or dysfunction of the kidney in diabetics.
Hence, the results of this study were in accordance with
various studies which showed raised serum creatinine,
urea, and BUN levels in diabetic patients (20). Also, in this
study, there were increased levels of these kidney function
parameters (except serum total protein level) in diabetic
control group when compared to normal control and diabetic
test group. The increment observed in diabetic control group

revealed that untreated DM caused severe dysfunction
of the kidney compared to treated DM through dietary
consumption of J. communis L. oil.

According to previous research, J. communis L. oil were
reported to have renoprotective and regenerative effects
on the kidney of hypercholesterolemic rats (21). Therefore,
it is not unreasonable to suggest that J. communis L. oil has
remedial and protective effects on the kidneys of diabetic
rats.

However, the remedial effect of J. communis L. oil may
probably be due to the earlier reported antioxidant and anti-
inflammatory properties of J. communis L. oil as a result of
its chemical components especially medium chain fatty acids
(22,23).

In addition, in this study, it was observed that there was a
decrease in serum total protein of diabetic group compared
to control and diabetic group treated with J. communis L.
oil. This was probably because of the damaging effects DM
has on the kidney tissues of diabetic control group which
was minimized in diabetic test group as a result of dietary
consumption of J. communis L. oil.

Kidney is abnormally sensitive to oxidative stress; under the
condition of high glucose, reactive oxygen species (ROS)
can induce renal cell apoptosis and drop from basement
membrane, causing damaged glomerular filtration membrane
integrity and even proteinuria; moreover, thereby promoting
the development of diabetic nephropathy (24). There are
mainly several kinds of antioxidant defense system, including
glutathione (GSH), catalase, and superoxide dismutase (SOD)
(25). Unfortunately, in some cases antioxidant defense system
mentioned cannot overcome the elevation of oxidative
stress. Therefore, an excess oxidative stress can attack the
cell components especially the polyunsaturated fatty acids
leading to the increase level of MDA, a lipid peroxidation
product (26). The role of nitric oxide in diabetic nephropathy
is a rather controversial issue. Some researchers have
reported that nitric oxide increased kidney injury through
its reactions with a superoxide radical and generation of
a cytotoxic peroxynitrite (27,28). The impairment in the
oxidant/antioxidant equilibrium also induces tissue damage
and diabetic complications (24). In this study, the level
of GSH and activities of SOD and CAT and the content of
MDA in serum and kidney tissue for analyzing systemic
and local ability to clean the free radicals were detected.
Compared with Group |, the level of GSH and activities of
catalase and SOD in kidney tissue was decreased and level
of MDA and NO was increased in diabetic rats; therefore the
ability of scavenging free radicals was destroyed in diabetic
nephropathy model. After J. communis L. oil treatment, the
level of GSH and activities of catalase and SOD in kidney
tissue were obviously increased, and the levels of MDA
and NO were obviously decreased, therefore J. communis
L. oil treatment was promoted to scavenge free radicals in
kidney through regulating enzymatic and non-enzymatic
antioxidants.
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5. CONCLUSION

It could be concluded that J. communis L. oil succeeded in
controlling hyperglycemia in rats with STZ induced diabetes.
Furthermore, this study has provided direct evidence of a link
between DM and diabetic nephropathy and demonstrated
that J. communis L. oil provide a protective effect on the
kidney as evidenced by an improvement of the renal function
tests as well as reduction in oxidative stress parameters.
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ABSTRACT
Obijective: This study aims to assess the relationship between marital adjustment and paternal-infant attachment.

Methods: This descriptive-cross sectional study was conducted between March and April 2017. No sampling was performed, the study was
conducted with 110 fathers who could be accessed between the aforementioned dates and who had babies aged between 0 to 12 months
old. Questionnaires were asked fathers by researchers.The outcome measurements: Socio-demographic Information Form, Marital Adjustment
Test, and PIAQ. Statistical analysis was performed using SPSS 13.0 program.

Results: Fathers’ MAT mean score was found 44.182+5.17, and PIAQ mean score was found 77.935+8.08. There was a positive, weak, but
significant relationship between MAT and PIAQ (r=0.25; p=0.009). Marital adjustment scores were found to increase with the increase in

“patience”, “tolerance”, and “pleasure in interaction” subscale scores. MATsubscales were found to affect each other positively, and this effect
was found to have a significant relationship with paternal-infant attachment level (p<0.05). Good relationship with the spouse was found have

Keywords: Father, attachment, infant

\

statistically significant relationship with paternal-infant attachment (MWU=165.500; p=0.000).

Conclusion: This study revealed that marital adjustment has effects on paternal-infant attachment.

1. INTRODUCTION

New-born attachment is initiated with the sensual connection
with the mother, sucking, and seeking. This attachment is
formed with the mother’s presence next to the infant (1,2).
Father, on the other hand, does not experience this attachment
as strongly as mother does, but the sensual connection, eye
contact and tone of voiceof the father have positive effects
on this attachment (2,3). Infant’s confidence is improved
and the attachment is maintained through establishing close
relationships and behaviours among mother, father and infant
and being with the infant particularly in stressful situations (2).
On the other hand, this attachment becomes stronger after
birth, with father’s giving his love and embracing his baby by
acknowledging his roles as afather (1,2). Fulfilling paternal roles
is affected by such factors as father’s physical/psychological
competence, a positive environment, maintenance of father-
infant touch, and the nature/adjustment of mother-father
relationships (2,4).

A well-adjusted marriageis defined as a marriage in which the
couple makes a consensus about an issue related to the family

and solves problems by talking and reaching an agreement
(5). A well-adjusted marriage both increases quality of life of
families and decreases stress in relation to responsibilities
(6,7). Deterioration inmarital adjustment due to various
reasons causes to either end the marriage or experience
continuous domestic stress (8). To decrease stress, couples
should regulate their relationship and identify expectations
(5). When the adjustment between the couples start to
deteriorate, negative effects are observed both in the family
and psychological and physical health of the family members
(9). Negative relationships between the parents cause
weakness in attachment. Maintenance of the attachment
between mother and father throughout the marriage also
affects the strength of the love between parents and children
(5,9). Some sstudies highlight the positive aspect of establishing
mother and father attachment in infant development (4). The
literature also involves a number of studies indicating that
marital adjustment affects children’s psychological health (9).
However, given the healthy development of the individual,
this can be achieved in a loving warm family environment, so
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the communication of the fathers with their babies should
not be ignored (10). In a study; father candidates; reported
that they experienced paternal fetal attachment in three
areas. These; differentiation of self is listed as acting and
giving. In addition, a significant positive relationship was
found between paternal fetal attachment in men with strong
relationships with their husbands (11,12).

However, studies about therelationship between parental-
infant attachment and marital adjustment is limited in
number.Particularly in developing countries like ours, lack
of studies about the relationship between paternal-infant
attachment and marital adjustment is remarkable. In this
regard, the present study aims to raise awareness and draw
attention to the issue by analysing the relationship between
marital adjustment andpaternal-infant attachment.

2. METHODS

This study, which aimed to identify the relationship between
paternal-infant attachment and marital adjustment, is
descriptive and cross-sectional. Target population of the
study was the fathers of 0 to 12 months old babies who
were treated in a state hospital which is the established in
center of city and the most popular hospital for delivery.
The research was conducted between 15 of March and 15%
of April, 2017 in Trabzon, Turkey. The hospital which is the
largest Women and Child Diseases Hospital of the city where
the study was performed, would reflect the characteristics of
the country as a whole. No sampling calculation or selection
was performed; the study was conducted with fathers
who volunteered to participate in the study. The study was
conducted in accordance with the Helsinki Declaration.
Written informed consent was obtained from each human
subjects.In the time interval of the study determined by the
researchers total number of 0 to 12 months old infants in the
a for mentioned hospital was 160, and the number of fathers
who volunteered to participate in the study was 110 between
15t of March and 15% of April, 2017. Data were collected
through the 15-item Socio-demographic Information Form
that aimed to collect information about fathers’ age and
marital status, education level of the parents, family type,
health insurance, and baby’s gender; MAT (MAT) (15 items),
and PIAQ (PIAQ) (19 items) (2,7).

MAT was developed by Locke and Wallace to measure
the quality of marriage. This scale is composed of most
fundamental and distinguishing questions and was used in
various studies in last 30 years as a valid and reliable scale.
In Turkey, validity and reliability of the scale was verified by
Tutarel-Kislak in 1999 (13). Scale may be scored between
1 and 60. The lowest adjustment score is 1, the highest
adjustment score is 60. The cut-off score for the scale have
been assigned as 53.

PIAQ was improved by Condon et al. in 2008 to evaluate
father—infant attachment after birth. The scale consists
of 19 articles and three subscales. Each article of the scale
has values from 1 to 5. The lowest score achievable on the

scale is 19, and the highest is 95. A high score shows that
attachment is high. In the sixth month, Cronbach’s alpha was
found to be 0.81, and in the 12th month, it was 0.78 (14). A
Turkish validity and reliability test has been developed, and
its Cronbach alpha was found to be 0.76 (2). For this study,
Cronbach’s alpha was found to be 0.86.

Data were collected through face-to face interviews
conducted by the researchers by visiting the clinics
during day shifts and explaining the purpose of the study.
Questionnaires were asked fathers by researchers because
of using time effectively. Data collection through interviews
took about 15 to 20 minutes.

Demographic features of the fathers were described using
frequencies, means, and standard deviation tests in SPSS
statistical package programming. The data were tested for
suitability for normal distribution by histogram and One-
Sample Kolmogorov Smirnov Test. Comparison of the fathers’
demographic features and scale scores were identified using
Kruskal Wallis and Mann Whitney U tests. The relationship
between the scales were identified using Spearman
Correlation analysis. 95% confidence interval and p<0.05
significance level were used for the evaluation of the results.

Prior to data collection, ethical approval was obtained from
the hospital where the study was conducted (04.03.2017,
Number:201). Participation was on voluntary basis, and the
fathers’ verbal consent was obtained for data collection. That
the study data were based on self-reporting is an important
limitation in the research.

3. RESULTS

This section demonstrates findings obtained from the analysis
of the data collected from the fathers through the scales used
as data collection tools.The mean age of fathers was found
between 20-49 years, (Mean: 33.79 + 5.72; Min:20; Max:45;
Median:). 52.7% of the fathers had high school degree;
54.5% was worker; 53.6% had middle income level; 84.5%
of father had social security; 39.1% of father had 1 to 5 years
marriage; 30% of father didn’t have child before; 63.6% of
babies was a girl; %67.3 ofwife were housewife. The fathers’
MAT mean score was found 44.182 + 5,174 (Mean: 44.182
+ 5.174; Min: 30, Max: 57; Median: 44), and PIAQ mean
score was 77.935 + 8,080 (Mean: 77.93 + 0.77; Min: 48.5,
Max:92.6; Median:78.44). As to the mean scores according
to subscales, they were found 33.083+3.740 for “patience
and tolerance”, 26,388 + 3,712 for “pleasure in interaction”,
and 18.464+1.974 for “affection and pride” (Table 1).
Correlation analysis was conducted in order to find out the
relationship between paternal-infant attachment total score
and “patience and tolerance” subscale; result showed that
there was a 91.3% positive, significant relationship between
the scores (r=0.913; p=0.000<0.05). Accordingly, “patience
and tolerance” subscale score increasesasthe paternal—
infant attachment total score increases.
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Table 1. MAT and PIAQ means
n Median Mean SD Min. Max.
Marital
Adjustment
Patience and
Tolerance 110 | 33.40
Subscale
Pleasure in
Interaction 110 | 26.75
Subscale
Affection
and Pride 110 | 19.00
Subscale
PIAQ 110 | 78.45

110 | 44.00 | 44.182 | 5.174 | 30.000 | 57.000

33.083 | 3.740 | 21.100 | 40.000

26.388 | 3.712 | 13.000 | 34.000

18.464 | 1.974 | 8.300 | 20.000

77.935 | 8.080 | 48.500 | 92.600

Table 2. MAT and PIAQ scores according to definitions of fatherhood

Kruskal Wallis H-Test was performed in order to identify
whether MAT and PIAQ subscale mean scores demonstrated
any significant differences in terms of the definition of
fatherhood variable; significant differenceswere detected
in all subscale mean scores. Mann Whitney U test was
performed for the identification of the group that created
the difference (Table 2).

Correlation analysis was conducted in order to find out the
relationship between paternal-infant attachment total score
and “pleasure in interaction” subscale; results indicated a
85.7% positive, significant relationship between the scores
(r=0.857; p=0.000<0.05).

Test scores

Mean Rank Median (Min-Max) KW
p
Marital 44.10 78.451(48.50-92.60)
Adjustment
| am not ready to become a father, therefore | cannot support 33.00 34.000 KW:6.278
my wife
I am not ready to become a father, | support my wife about the 41.81 42.211 p: 0.959
baby care
| take care of my baby willingly, | support my wife about this 45.40 44.031
| am always ready for fatherhood, but | cannot help my wife 43.68 42.813
much because of my job
Patience and | am not ready to become a father, therefore | cannot support 27.20 27.303
Tolerance Subscale | my wife
| am not ready to become a father, | support my wife about the 30.88 30.123 KW:20.875
baby care
I take care of my baby willingly, | support my wife about this 34.77 34.876 p: 0.001
| am always ready for fatherhood, but I cannot help my wife 31.94 31.329
much because of my job
Pleasure in | am not ready to become a father, therefore | cannot support 13.00 13.014
Interaction my wife
Subscale | am not ready to become a father, | support my wife about the 25.10 25.823 KW:14.443
baby care
| take care of my baby willingly, | support my wife about this 27.56 27.874 p: 0.002
| am always ready for fatherhood, but | cannot help my wife 25.73 26.001
much because of my job
Affection and Pride | | am not ready to become a father, therefore | cannot support 8.30 8.302
Subscale my wife
| am not ready to become a father, | support my wife about the 17.01 17.001 KW:11.113
baby care
I take care of my baby willingly, | support my wife about this 18.91 18.231 p:0.011
| am always ready for fatherhood, but | cannot help my wife 18.54 18.320
much because of my job
PIAQ 27.00 44.00(30-57)
| am not ready to become a father, therefore | cannot support 48.50 48.632
my wife KW:22.672
| am not ready to become a father, | support my wife about the 73.00 74.021
baby care p: 0.001
| take care of my baby willingly, | support my wife about this 81.25 82.342
| am always ready for fatherhood, but | cannot help my wife 76.22 77.013
much because of my job
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Hence, “pleasure in interaction” subscale score increases
as paternal-infant attachment total score increases.
Correlation analysis was conducted in order to find out
the relationship between paternal-infant attachment total
score and “affection and pride” subscale; results indicated a
64.7% positive, significant relationship between the scores
(r=0.647; p=0.000<0.05). Hence, “affection and pride”
subscale score increases as the paternal-infant attachment
total score increases. As a result of the correlation analysis
conducted to determine the relationship between the father-
baby attachment scale total and marital adjustment, a 25.0%
positive relationship was found between the scores (r=0.250;
p=0.009<0.05). Accordingly, as the total score of the father-
baby attachment scale increases, the marital adjustment
score also increases (Table 3)

While the correlation analysis between patience and
tolerance subscale (r = 0.232; p = 0.015 <0.05), interaction
interaction subscale (r=0.223; p=0.012 <0.05) and marital
adjustment were positively significant, There was no
significant relationship between love and pride subscale
(r=0.121; p=0.209>0.05) and marital adjustment. (Table 3).

Table 3. The relationship between the MATand PIAQ scores

Patience . Affection
. Pleasure in
Marital and Interaction and
Adjustment Tolerance Subscale Pride
Subscale Subscale
Marital r 1,000 0,232 0,238 0,121 | 0,250
Adjustment p 0,000 0,015 0,012 0,209 |0,009
Patience r 0,232 1,000 0,672 0,455 | 0,913
and p 0,015 0,000 0,000 0,000 | 0,000
Tolerance
Subscale
Pleasurein | r 0,238 0,672 1,000 0,429 |0,857
Interaction | p 0,012 0,000 0,000 0,000 | 0,000
Subscale
Affection r 0,121 0,455 0,429 1,000 | 0,647
andPride |p| 0,209 0,000 0,000 0,000 | 0,000
Subscale
PIAQ r 0,250 0,913 0,857 0,647 | 1,000
p 0,009 0,000 0,000 0,000 | 0,000

Comparison of father’s demographic characteristics between
MAT and PIAQT of total scores, we didn’t find any statistically
significant difference family type, health insurance, and
baby’s gender. Comparison of fathers’ MAT total mean scores
with the relationship with the spouse indicated statistically
significant difference (Mann Whitney U=165.500; p<0,0001).
Fathers who reportedly had good relationships with their
wife were found to have high MAT scores (38.400+4.69)
(Table 4). Comparison of fathers’ total MAT mean scores
with duration of marriage variable indicated significant
differences between the group mean scores (KW=8.128;
p<0.05) (Table 4). Comparison of fathers’ education level and
PIAQ total scores revealed statistically significant differences
(KW=10.832; p<0.05). Mann Whitney U test results revealed
that this difference resulted from the fact that university

scores (Mean =81.300+6.432) were higher than secondary
(Mean=75.863+6.702) and primary (Mean=74.729+6.819)
school scores (Table 4).

Table 4. Analysis of MAT and PIAQ scores according to relationships
with the spouse, education, and marriage duration

MAT Test scores PAQT

Characteristics Mean Rank MWU
(Min-Max) p

Mean Rank
(Min-Max)

Relationships
with the
spouse
Good 44.231 MWU: 165.500 79.654 MWU:
(43.081- p: 0.001 (78.987-86.388) | 318.000
49.634) p: 0.058
Medium 38.934 74.080
(39.01- (73.989-81.435)
43.095)
Marriage
Duration
1to 5 years 45.765 MWU : 8.128 79.982 MWU:
p: 0.017 (79.054-87.003) | 2.439
(45.00 - p: 0.295
50.773)
6to10years |44.987 78.185
(45.010- (78.000-87.207)
48.728)
11yearsand |42.540 77.430
more (43.000- (76.980-82.015)
47.342)
Education
Level
Primary school |40.239 MWU: 4.045 75.980 MWU :
(39.289- p: 0.257 (75.100-81.548) | 10.832
47.357) p: 0.013
Secondary 43.875 76.962
School (42.987- (76.324-82.565)
47.678)
High school 44.687 78.094
(44.001- (77.985-86.411)
49.770)
University 44.672 82.500
(44.027- (81.989-87.730)
49.585)

According to the results of Kruskal Wallis H-Test conducted
to determine whether the mean scores of the marital
adjustment scores of the fathers participating in the study
show assignificant difference in terms of the marriage duration
variable; The difference between group averages was found
to be significant (KW= 8.128; p =0.017 <0.05). Mann Whitney
U test was used to determine which group the difference
originated from. According to this, fathers’ marriage
compliance scores (Mean=45.861 + 4.912) with a marriage
duration of 1-5 years were higher than those of fathers with
a marriage duration of 6-10 years (43.585+5.143). (45.861 +
4.912), fathers with a marriage period of 11 years and over
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were found to be higher than the marriage compliance scores
(42.346 + 4.996).

4. DISCUSSION

Attachment is a concept that has an important place in
the human development process (2,4). Theoreticians
who developed the infant attachment concept state that
a reliable infant-parent attachment is created as a result
of infant’s sending signals for his needs and the caregiver
adult’s giving appropriate response to these needs (4,5).
Attachment can be improved as long as the parents continue
their positive communication behaviours with the children.
High attachment scores in this study indicate fathers’ positive
relationships with their children.

Marital adjustment is acknowledged as one of the most
important factors that affect the attachment process (3,5,7).
While any adjustment disorders weaken the relationship
between parents, it could also affect the relationship between
the father and the infant, whose need for care from a mother
is a must particularly in the first years (15,16). Of the present
study which can promote development of secure infant-
parent attachment relationships in the next generation. This
study found that although there was astatistically significant
relationship between paternal-infant attachment and a
well-adjusted marriage, this relationship was a weak one.
However, correlation analysis which aimed to identify the
relationship between paternal-infant attachment total score
and marital adjustment revealed 25,0% positive, significant
relationship between the scores. Hence, marital adjustment
score increases as the paternal-infant attachment total score
increases.

Marital adjustment starts with healthy foundations formed
by the parents whodecidedto share life together; and it
continues throughout their life with right communication in
the family, decision for pregnancy, pregnancy process, and
birth and afterbirth relationships (5,17). Marital adjustment
is couples’ solving problems and sharing their happiness at
every stage of marriage by talking (5,16,18). Findings of this
study indicate that maritaladjustment is at good level and
“tolerance” subscale is significantly associated with paternal-
infant attachment level, which is line with the related
literature.

Mercer states that maternal attachment starts naturally
during the pregnancy period and highlights the importance
of birth and afterbirth for the maintenance of this case (18).
It is known that paternal attachment could be strengthened
by starting this relationship — which starts between mother
and infantduring pregnancy — for paternal-infant attachment
during pregnancy and maintaining it after birth and in the
first years of the baby (18-20). Significant relationships were
detected between “pleasure in interaction in marriage”,
“affection and pride”, “patience and tolerance” and infant
attachment scale, which indicates positive relationships
between the parents.

A number of studies have revealed that prospective fathers
who follow the pregnancy process with their wives start to
accept paternity roles by allocating sufficient time to their
wife and babies after birth, taking care of the baby, and loving
her (17-20). Studies report that patience, tolerance, pleasure,
affection and pride have effects on attachment behaviours
and maintenance of a well-adjusted marriage (5,15). This
study indicates that fathers’ definition of fatherhood had
significant relationships with marital adjustment, marital
adjustment subscales and PIAQ. This finding shows that
marital adjustment is an effective factor in infant attachment.

Mutual understanding, cooperation, love, and respect are
some of the things expected from a healthy marriage. The
literature indicates that these concepts which have effects
on marriage also affect maintenance of positive marriageas
well as the relationships between children and other family
members (18,19). The current study found no significant
relationships between paternal-infant attachment and
the factors affecting parental attachments reported in the
literature (e.g. planned pregnancy, gender expectation, and
number of children). However, marital adjustment subscales
such as “patience and tolerance”, “pleasure in interaction”,
and “affection and pride”were found to have important
relationships with paternal-infant attachment.

A number of studies report that education level has also
effects on the development of attachment (4,15). The
present study found that the relationship between marital
adjustment subscales of“patience and tolerance” and the
father’s education level have positive effects on paternal-
infant attachment. Paternal-infant attachment increases with
the increase in education level. Presence of the relationship
between the increase in parents’ education level and
attachment is in line with the literature. Marriage is a process
which has ups and downs between the couples (20,21). Living
together/doing things together and behaviour styles could
also be defined as adjustment by couples. Adjustmentis
affected by factors such as spousal relationships, marriage
duration, education, understanding, and respect (7). This
study found a significant relationship between marital
adjustment subscales of “patience and tolerance” and
fathers’ education and paternal-infant attachment. Paternal-
infant attachment levelwas found to increase with the
increase in the education level. The literature also has
parallel information about the presence of the relationship
between the increase in education level and attachment
(4,5). The present study did not found relationship between
marital adjustment and age, salary, health insurance, familt
type and sex of child.

Length of marriage duration affects marital adjustment
(3,18,22). This study found that fathers with longer marriage
durations demonstrate higher paternal-infant attachment
levels. Besides, relationships with the spouse were found to
affect the infant attachment level significantly, and paternal
attachment levels were found to increase with the increase
in adjustment between the couples. The literature mentions
the effect of mother and father relationships on infant
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attachment level (23,24). Importance of spousal relationship
in marital adjustment has been supported with this study as
well.

Limitations

There is a limitation of the current study. Participants were
included in a non-randomized design, and only 68.7% of the
target sample size was reached. Our inability to reach the
targeted number in the sample might have increased the
likelihood of type | errors. Therefore, our results cannot be
generalized to the entire population.

5. CONCLUSION

This study found a significant relationship between marital
adjustment andpaternal-infant attachment. Besides, there
was a significant relationship between paternal-infant
attachment and marital adjustmentsubscales of patience,
pleasure and affection. Significant relationships were also
found between marriage duration, fathers’education level,
and spousal relationships and paternal-infant attachment
and marital adjustment.
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ABSTRACT

Obijective: The objective of this study was to evaluate nursing students’ perceptions regarding nursing diagnoses and clinical decision-making
skills level and to examine how these perceptions differ according to which nursing model was followed.

Methods: A descriptive, cross-sectional, comparative study was conducted. The study was carried out in one nursing department in Istanbul
province and one nursing high school in Canakkale province, Turkey. A total sample of 257 students participated. A Structured Information
Form, Perception of Nursing Diagnoses Survey and Clinical Decision Making in Nursing Scale were used to collect data.

Results: 77.1% of the participants were women, with an average age of 19.09, and their average grade from the Fundamentals of Nursing
course was 74.23 + 9.41. The total of the PND score for the ADLs group was 2.45 + 0.55, in the FHP group it was 2.31 £ 0.27. This difference in
the incidence of value was not significant. The total of the CDMNS score means of the ADLs group was 147.44 + 12.95, and the mean of the FHP
group was 154.3 + 12.29. A statistically significant difference was detected between the groups for the CDOMNS score (p = 0.00).

Conclusion: From the results, it can be concluded that the use of nursing diagnoses is positively perceived by nursing students and their clinical
decision-making perceptions are in the process of development. Nursing models that are used in nursing education may affect clinical decision

making.

Keywords: Nursing models, diagnoses, decision making.
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1. INTRODUCTION

Nursing is a profession which requires the combination of
theoretical knowledge and psychomotor skills (1,2). In the
past, nursing education was focused on medical science,
treatment of patients and routine nursing functions. Today,
nursing practice is based on its own specially-developed
nursing theory, and its own research (3,4). The translation of
scientific knowledge into nursing practice can take place only
through the nursing process itself (5). The nursing process
raises the quality of nursing health care and improves the
effectiveness of individual patient care. Additionally, it
improves the critical thinking and clinical decision-making
skills of nurses (6).

It is expected from students graduating from nursing
programs at Turkish universities that they meet the health
care needs of patients using an individual and holistic
approach, based on established nursing process and theory
(7,8). Importantly too, the publication of the 2010 Nursing
Regulations by the Turkish Ministry of Health in 2010, with

the inclusion of the phrase ‘the nursing service applies the
nursing process’, meant in fact that the application of the
nursing process became a legal obligation (9).

Assessment is the first step of the nursing process.
Assessment should include all aspects of the individual
in order to determine his or her overall state of health, in
accordance with a particular nursing model. Nursing models
guide nurses in how to gather data in a systematic and
organised manner. They also help ensure that nursing care is
provided in a scientific, planned and systematic way, based on
a sound theoretical foundation (10,11). The two models most
commonly used today in nursing education are ‘Activities
of Daily Living: A Model for Nursing (ADLs)" developed by
Roper, Logan, and Tierney (1996), and ‘Functional Health
Patterns (FHP)’ developed by Gordon (1982). However,
there is no data available to explain the reasons why one
model has been chosen over the other for particular nursing
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programs in our country. Also, there is very little data as to
the distinctions between the two models and their relative
effectiveness in the context of individual care planning. The
ADLs model has been adopted both in education and in
nursing practice. It provides an easy method of assessment
within the nursing process, as well as being readily applicable
to both ill and healthy individuals. On the other hand,
nursing diagnoses under NANDA-I (North American Nursing
Diagnosis Association — International) are categorised
according to Gordon’s FHP (7) and it is considered that this
model best facilitates the determination of correct nursing
diagnosis. Because of this, the purpose of this study was to
evaluate nursing students’ perceptions regarding nursing
diagnoses and clinical decision making and to compare how
these perceptions differ according to which nursing model
was followed.

Research Questions

e What are the students’ perceptions regarding nursing
diagnosis?

e What are the clinical decision-making perception scores
of students?

e What is the difference of two models on nursing
students’ perceptions regarding nursing diagnosis and
clinical decision making?

e What is the correlation between students’ perceptions
regarding nursing diagnoses and clinical decision
making?

e What is the relationship between the exam notes of the
Fundamentals of Nursing course and the clinical decision-
making perception/nursing diagnosis perception scores
of students?

2. METHODS

2.1. Study Design

A descriptive, cross-sectional, comparative, study was
conducted. The study was carried out in one nursing
department in Istanbul and Canakkale provinces, Turkey.

2.2. Sample

The population of the study consisted of all 264 second
grade students who successfully passed the Fundamentals of
Nursing course and studied in the academic year 2016-2017.
Therefore, there was no need for sample selection. The study
was in fact completed with a total sample of 257 students, as
a result of factors such as failure to complete collection forms
and absence due to sick leave, or other reasons.

The students in both schools received the Fundamentals of
Nursing I and Il theoretical classes and clinical skills laboratory
teaching, and over the same period they met and observed
the care needs of at least seven patients in accordance with

the nursing process. However, in order to diagnose patients
in the course of the nursing process, one school used ADLs,
while the other used FHP. During the theoretical classes which
accompanied practical lessons, NANDA-I diagnoses were
applied to the sample cases examined by students as part
of their nursing process learning. Although the assessment
phase was based on two different models, NANDA-I was used
for nursing diagnosis in both schools.

2.3. Instruments

Priorto collecting the data, ashort description about the study
objectives was offered to the students before distributing
the questionnaires. Students were instructed about their
anonymity and confidentiality. It was guaranteed that they
might be able to withdraw from the study in case they would
like. The data were collected via face-to-face interviews in
the classroom after the Fundamentals of Nursing final exam
was announced. The following methods were used for the
collection of data: a ‘Structured Information Form’ prepared
by researchers, the ‘Perception of Nursing Diagnoses Survey
(PND)’ and the ‘Clinical Decision Making in Nursing Scale
(CDMNS)'".

2.4. Structured Information Form

The Structured Information Form was prepared by the
researchers on intervening variables, including the students’
age, gender, their average grade from the Fundamentals of
Nursing course and the school they were attending.

Perception of Nursing Diagnoses Survey (PND)

The PND Survey was developed by Olsen, Frost, and Orth
(1991) with the aim of determining how students perceive
nursing diagnoses. The survey consists of 30 items and 4
subscales: ‘Delineation and promotion of nursing profession’,
‘Clear representation of patient’s situation’, ‘Ease of Use’,
and ‘Conceptual orientation’. The validity and reliability of
its Turkish version was tested in 2013 by Akin-Korhan et al.
When PND adapted to Turkey, the number of items in PND
decreased to 26 from 30. The Cronbach’s alpha value of the
PND was 0.84. (12). In this study, the Cronbach’s alpha value
of the PND was 0.83. 5-point Likert scale was used, ranging
from the 5 points assigned for ‘I strongly agree’ to 1 point for
‘I strongly disagree’. The results were determined by dividing
the points by the number of items, with the total score
varying from 1 to 5. A low total score on the scale indicates
that students perceive the nursing diagnoses in a positive
way (12). We are unaware of other research describing a
significant difference in decision making between ADLs and
FHP. We believe that this difference may explain when the
research is carried out on this subject.

Clinical Decision Making in Nursing Scale (CDMNS)

The CDMNS measures the perceptions of nursing students
in their own words with regard to clinical decision making. It
was developed by Jenkins in 1983 and adapted for application
in Turkey by Dicle and Durmaz in 2015. This original scale
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consisted of a total of 40 items, divided equally into four
categories as follows: ‘search for alternatives or options’,
‘canvassing of objectives and values’, ‘evaluation and re-
evaluation of consequences’, and ‘search for information
and unbiased assimilation of new information’. The scale’s
Cronbach a value was found out to be 0.78 (13). In this
study, the Cronbach’s alpha value of the CDMNS was 0.71.
Twenty-two of the items carried a positive meaning, and 18
a negative one. Each item was assigned a frequency value
as follows: 5=always, 4=often, 3=sometimes, 2=rarely, and
1=never, with the scale’s 18 negative value items graded in
the opposite direction, from 5=never, down to 1= always.
In theory, therefore, it is possible to obtain a score ranging
anywhere from 40 to 200 points, with 10 to 50 points available
from each sub-category. Also, there is no break point. A high
score obtained from the scale indicates that the perception
of decision making is high, while a low score indicates that
perception is low (14,15).

2.5. Ethical Considerations

Approval was taken from Istanbul Medipol University’s Ethics
Committee (10840098-604.01.01-E.11891) before the study.
Written permission was taken from the school where the
study was conducted. The aims and intended benefits of the
study were explained to the participating students by the
researchers, who were in fact at the same time the instructors
of the course. Verbal consent was obtained from students in
accordance with the usual protocol for volunteers.

2.6. Data Analysis

The Licensed SPSS 16.0 (Statistical Package for Social science
for Windows, Version 16.0) was used for the data analysis.
Results were evaluated within the 95% confidence interval, at
the significance level of p < 0.05. The nominal variables were
rated for frequency and percentage; ordinal variables were
rated for the minimum, maximum, median values, mean and
standard deviation. Shapiro-Wilk test was used to examine
the normal distribution. Because of non-normally distributed
the Mann-Whitney U test was used for comparison between
descriptive analyses (frequency, percentage, mean * SD,
median) and variables. Spearman’s correlation technique
was used to determine the relationship between Nursing
Students’ Clinical Decision Making in Nursing Scale and
Subscales and Perception of Nursing Diagnoses Scale mean
scores.

3. RESULTS

All the participants followed the ‘Fundamentals of Nursing
| and II' theoretical course and laboratory education
programme, and over the same period provided for the care
needs of at least 7 patients in line with the nursing process.

77.1% of the participants were women, with an average age
of 19.09, and their average grade from the Fundamentals of
Nursing course was 74.23 + 9.41.

The total of the PND score for the ADLs group was 2.45
+ 0.55, while for the FHP group it was 2.31 + 0.27. The
difference in the incidence of value was not significant (p =
0.271). According to FHP and ADLs groups, there was not a
statistically significant difference in the PND subscales (p >
0.05) (Table 1).

Table 1. Nursing Students’ Perception of Nursing Diagnoses Scale and
Subscales: ADLs and FHP

The Total of
Two Group | “p
(n=245)
2.07+0.6 |0.112

ADLs FHP

PND and Subscale
(n=117) | (n=128)

Definitionof/ | Mean.# SD | 2.19+0.76 | 2.43 £ 0.81
Introduction
tothe Nursing
Profession
Definitive| Mean.#SD | 2.9+0.53 |2.82+0.42 | 2.86+0.48 | 0.311
Description
of Patient’s
State
Ease of Use | Mean.# SD | 2.51+0.52 | 2.48+0.5 | 2.49+0.51 | 0.449
Conceptual | Mean.#SD | 2.64 +0.56 | 2.69£0.42 | 2.67 £0.49 | 0.13
Orientation
Value of PND | Mean.+ SD | 2.45+0.55 | 2.31+0.27 | 2.38+0.43 | 0.271

‘Mann Whitney-U

ADLs: A model of nursing care based on activities of daily living; FHP:
Functional Health Patterns ; PND: Perception of Nursing Diagnoses Survey

The total of the CDMNS score mean of the ADLs group
was 147.44 + 12.95, and the mean of the FHP group was
154.3 + 12.29. A statistically significant difference was
detected between the groups (p = 0.00). Also the mean of
the subscales score FHP group was found to be higher than
that for the ADLs group and the differences statistically
significant: ‘canvassing of objectives and values’ (p = 0.006),
‘evaluation and re-evaluation of consequences’ (p = 0.001),
and ‘search for information and unbiased assimilation of new
information’(p = 0.00) (Table 2).

There were found to be significant differences between the
total of CDMNS and subscale, and the total of PND (p < 0.01)
(Table 3).

Also, according to the results comparing the relationship
between the exam notes of the Fundamentals of Nursing
course and the total scores of CDMNS-Tr, there was a
statistically significant correlation (p < 0.01). But the
relationship between the exam notes of the Fundamentals
of Nursing course and the total scores of PND did not show a
statistically significant correlation (p < 0.05).
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Table 2. Clinical Decision Making in Nursing Scale and Subscales: ADLs
and FHP

CDMNS and Subscale Total
(n=117) | (n=128) (n=245)

Search for Min-Max | 26-50 30-48 (40) 26-50 0.037
alternatives (Median) (39) (39)
or options Mean.+SD | 38.66+ | 39.66+3.83 | 39.18+

4.47 4.17
Canvassing of | Min-Max | 28-44 26-47 (36) 26-47 | 0.006*
objectives and | (Median) (35) (35)
values Mean.+#SD | 35+ |36.35+3.87 | 3571t

3.43 3.72
Evaluation and | Min-Max | 30-50 30-48 (41) 30-50 |0.001*
re-evaluation of | (Median) (39) (40)
consequences | Mean.+ SD | 38.58+ | 40.37+4.02 | 39.5%

4.26 4.22
Search for Min-Max | 26-45 31-84 (37) 26-84 0.00*
information (Median) (35) (37)
and unbiased | Mean.#SD | 35.17+ | 37.9+5.39 | 36.6+4.38
assimilation 3.56
of new
information
Total of Min-Max | 112-180 124-186 112-186 | 0.00*
CDMNS-Tr (Median) | (146) (154) (151)

Mean.+SD | 147.44+| 1543 % 151.02 +
12.95 12.29 13.04

‘Mann Whitney-U; *p<0.01

ADLs: A model of nursing care based on activities of daily living;, FHP:
Functional Health Patterns; CDMNS: Clinical Decision Making in Nursing
Scale

Table 3. The Relationship between Nursing Students’ Clinical Decision
Making in Nursing Scale and Subscales and Perception of Nursing
Diagnoses Scale

Total of PND
CDMNS and Subscale
Search for alternatives or options -0.254  0.00*
Canvassing of objectives and values -0.194  0.002*
Evaluation and re-evaluation of consequences -0.232  0.00*
Search for information and unbiased assimilation| -0.242 0.00*
of new information
The Total of CDMNS-Tr -0.281 0.00*

r. Spearman Correlation *p<0.01

CDMNS: Clinical Decision Making in Nursing Scale; PND: Perception of
Nursing Diagnoses Survey

4. DISCUSSION

Perceptions regarding nursing diagnosis of students and the
difference of two models

The nursing diagnosis is the second step of the nursing
process. Scientifically-based nursing diagnosis can be

described as a clinical judgement about individual, family and
community experiences or responses to actual or potential
health problems or life processes (10,11). Nursing diagnoses
determine the way that nursing knowledge is applied. At the
same time they are important for their contribution to the
autonomy of nursing as a distinct discipline and in providing
a standard nomenclature (16).

The correct use of nursing diagnoses serves toincrease patient
safety and improve health care quality (17,18). Internalisation
of the importance of correct nursing diagnoses is achieved
through nursing education. A study conducted by EI-Rahman
et al. indicated that Jordanian nursing students perceived
nursing diagnoses positively (19). In a study in Turkey by
Hakverdioglu et al., most of the students stated that nursing
diagnoses were a priority in care practices (20). In the study
which initially developed the PND scale, the value of the PND
score was found to be 2.94. In the study into the validity and
reliability of its Turkish version, the value was determined to
be 2.48 (12). Another study, conducted by Halverson et al.
on nurses from Minnesota, found the value of the PND score
to be 3.09 (21). In the current study, the value of the PND
score for nursing students from the two different schools
was found to be 2.38 + 0.43. These findings show similarities
to the results of other studies. From the results, it can be
concluded that the use of nursing diagnoses is positively
perceived. It is considered that in both schools featured in
this study, the results are compatible with the education
offered. This accords with the statement commonly found
in nursing program learning outcomes: ‘He/she has acquired
sufficient knowledge to enable them to meet the health
needs of individuals, family and community by means of an
individual and holistic approach, applied through the use of
nursing process’. At the same time, the subscales of PND was
perceived samely by students receiving an FHP and ADLs-
based education.

Clinical decision-making perception of students and the
difference of two models.

Decision making in clinical settings is a necessary factor in
the provision of safe, quality care for the community and in
improving patient care outcomes. Decision making in clinical
settings is the way nurses express their knowledge in practice
(22-24). Itisimportant to determine the perception of nursing
students in clinical decision making, and to evaluate their
decision-making perception. In the current study, students’
total CDMNS score of 151.02 + 13.04 shows that their
decision-making perception in clinical settings are in process
of development. One study found that the undergraduate
nursing students total of CDMNS score was 160.82 + 10.75
(14). The study conducted by Dicle and Durmaz, students’
total of CDMNS score was specified as 156.90 + 11.11 and
indicates that their decision-making perception in clinical
settings are in process of development (13). Clinical decision
making in a nursing context can be regarded as the process of
putting acquired nursing knowledge into practice (23). In this
study, the detection of a significant relationship between the

Clin. Exp. Health Sci. 2020; 10: 131-136

DOI: 10.33808/clinexphealthsci.568335



Nursing students’ perceptions

| Original Article |

Fundamentals of Nursing exam score and the total of CDMNS
score confirms this information.

It was determined that, with regard to the total CDMNS
score, students receiving FHP based education did better
than those receiving ADLs based education. This difference
was found to be statistically significant. These results can be
explained by the fact that NANDA-I diagnoses are classified
according to FHP and thus it can make the decision easily.
Besides, it should be noted that clinical decision making
can also be affected by a range of other factors, such as:
theoretical knowledge, personal traits, complexity of the
decision-making situation (22).

Relationship between students’ perceptions regarding
nursing diagnoses and clinical decision making

The current study results show that there is a positive
relationship between the subscales of CDMNS and the value
of PND. Nursing diagnosis is a clinical judgment about the real
or potential health problems / life processes of the individual,
the family and the society (25). Positive perception of nursing
diagnoses influences the clinical decision-making process of
the individual’s health care needs. Clinical decision-making
perception being improved facilitates making a correct
nursing diagnosis in the health care process. For this reason,
there being a positive relationship between students’
perceptions regarding nursing diagnoses and clinical decision
making in our study is an expected outcome.

Limitations

The research was limited to the nursing departments in
which the study was conducted and the results cannot be
generalised. Ideally, the study should be repeated for further
sample groups.

5. CONCLUSION

The two models most often used in nursing education in
Turkey are ADLs and FHP. However, there is no information
available as to why one is chosen over another in nursing
programs across the country. At the same time, it is not clear
how students perceive differences between the two models
in terms of effectiveness or ease of use. This study attempts
to explain the relationship between, on the one hand, the
perception of nursing diagnoses and clinical decision making,
and, on the other, the two models which constitute the basis
of the education provided by nursing schools. No difference
was found in perception of nursing diagnoses between the
groups who were taught patient assessment with the two
different models. It was observed that students receiving the
FHP-based education were better than their counterparts
who received the ADLs-based education with regard to
clinical decision-making perception. However, it should be
remembered that clinical decision making may be affected by
a number of different factors. For example, in the study it was
observed that students who attained good exam scores from
the Fundamentals of Nursing course showed high clinical
decision-making ability. In this light it is recommended that,

ideally, a further evaluation should be carried out which takes
more of these factors into account. It is likely too that there
would be definite benefits from repeating the study with a
larger sample and in different schools.

Implication for Nursing Knowledge

This study helps to understand the impact of two nursing
models that are widely used in nursing schools in Turkey,
on the perception of nursing diagnosis and clinical decision
making. As a result of the study, it is seen that the two
nursing models have different advantages in comparison to
each other. Academic staff can decide which to choose in
accordance with their expectations from the students. Thus,
study results will shed light on the reason why they choose
one model but not the other one.
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ABSTRACT

Obijective: Nosocomial infections are the primary reason of morbidity and mortality especially at children’s hospitals. Thus, educating pediatric
health care providers is rather crucial in order to protect children from exposure to infection. This study was planned to examine reliability and
validity of Nurses’ Infection Prevention and Control Observation Questionnaire in Turkish Language.

Methods: This methodological study was carried out at a randomly selected Children’s Hospital from each of the 7 regions of Turkey. In total,
443 pediatric nurses from those hospitals participated in the study. Content validity, construct validity, inter-consistency reliability and item total
correlation of the questionnaire were analysed in order to adjust reliability and validity.

Results: The questionnaire has good content, face and construct validity. The acceptable level for scales’ items was above 0.30 and had one
factor according to results of explanatory factor analysis. The questionnaire model fitted the data according to confirmatory factor analysis. A
level of Cronbach’s alpha at 0.74 was considered to be an acceptable level of reliability and item-total score correlation of the study —except for
four items — was identified above 0.30.

Conclusion: The questionnaire was determined as a reliable and validate tool in evaluation of observation for nurses’ infection prevention and

control.

Keywords: Infection control, pediatric nurse, validity, reliability

\

J
1. INTRODUCTION
Nosocomial infections are among the most frequently * Insufficient number of personnel and
reported problems arising in the provision of healthcare . . L
* Negative factors affecting the patient’s immune

services the world over (1,2). Nosocomial infections represent
the most significant health challenges to modern medicine in
the broader sense that ‘healthcare service-related infections’
are one of the most important healthcare problems in
modern medicine that are predictable and manageable (3-
5). It has been estimated that nosocomial infections develop
in 1.4 million people every day (6).

Nosocomial infections are not only a source of morbidity and
mortality for patients, they also represent a serious financial
loss for the countries involved (6-7). The key risk factors
leading to nosocomial infections are:

* Interventional implementations at the hospital,
. Poor cleaning,

*  Physical shortages,

system (7).

Risk factors leading to the development of nosocomial
infection usually occur due to ignoring infection control
principles  (infrastructure insufficiency of hospitals,
inadequate and uneducated healthcare providers, poor hand
hygiene compliance by healthcare providers and their use of
inappropriate types of medical gloves, unnecessary invasive
interventions and not adhering to asepsis and antisepsis
protocols) (5,7,8).

Nosocomial infection is the primary reason for morbidity
and mortality, especially in children’s hospitals (9). Thus,
educating paediatric healthcare providers is crucial in order
to protect children from exposure to infection. Since the
number of brief and easily understood questionnaires is
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limited in the Turkish language, this study aimed to prove the
reliability and validity of the Nurses’ Infection Prevention and
Control Observation Questionnaire in the Turkish language.

2. METHODS

2.1 Type of Study

The study was methodological design.

2.2 Participants

The study was conducted at children’s hospitals which were
randomly selected from each of the 7 regions of Turkey. A
total of 443 pediatric nurses working at these hospitals
participated in the study. The inclusion criteria were a)
having at list 1 month of clinical experience and holding a
permanent position in the pediatric department, b) working
full time, c) voluntarily signing the informed consent form

2.3 Measurements

Nurse Descriptive Information Form: This form consists of a
total of 8 items, 5 close-ended questions and 3 open-ended
questions and includes the sociodemographic characteristics
of nurses working at the paediatric clinics. It was designed
to be compatible with similar forms found in the literature.

Nurses’ Infection Prevention and Control Observation
Questionnaire: The questionnaire was developed to
determine the observations of intern nurses on infection
control and prevention. It consists of a total of 19 items,
designed as a 5-point Likert-like questionnaire and scored as
follows: 1 = never, 2 = not often, 3 = do not know/cannot
remember, 4 = often and 5 = witnessed poor practice very
often. The lowest score shows positive infection prevention
behaviour. Gould et al. (2013) designed the items of the
questionnaire, but validity and reliability analyses were not
performed.

2.4 Data Collection

The required data were gathered from March 2014 to June
2015. The questionnaire was posted to relevant hospitals,
and then the hospitals re-posted the questionnaires to the
researchers. The study did not incur any loss of data.

2.5 Ethical Considerations

Required permissions were obtained from the Ethic
Committee of Koc University (21.10.2013, 2013.209.
IRB3.142). Participants were informed that the study was
conducted solely for scientific means and that the data
obtained from the study would never be shared with third
parties. The participants confirmed their participation with
their written approvals.

2.6 Statistical Analysis

Number Cruncher Statistical System (NCSS) 2007 Software
(Utah, USA) was utilized to analyse the data. For validity
analysis, the language validity, content validity and construct
validity were tested. Explanatory factor analysis (EFA) and
confirmatory factor analysis (CFA) were used to test the
construct validity. Cronbach’s alpha coefficient and item-
total score correlation were calculated for reliability analysis.
Further, sociodemographic data were calculated using
descriptive statistical methods (averaging, standard deviation
(SD) and percentage).

3. RESULTS

Mean ages of the participants were 30.76 + 6.56 (18-52)
years, and the duration of their professional career at clinics
was 7.49 + 7.06 (1 month to 34.41 years) years. A total of
87.4% (n = 387) of the participant nurses were females, and
12.6% (n = 56) were males.

3.1 Validity

3.1.1 Linguistic validity

The questionnaire was first translated from English to Turkish
separately by two bilingual linguistic experts experienced in
medical and nursing texts. The scales were then translated
back from Turkish to English by two other bilingual language
experts. The back-translated and original scales were
compared, and they were found to be highly similar in terms
of meaning. This completed the language validation.

3.1.2 Face validity

A pilot study was conducted with 30 paediatric nurses to
ensure face validity. No changes in the questionnaire were
deemed necessary.

3.1.3 Content validity

The Turkish scales were presented to 10 experts in
communicable disease nursing and health sciences in order
to test intelligibility and compatibility with the culture;
content validity was ensured by making minor changes, such
as word or sentence corrections, based on their suggestions.
The content validity index (CVI) was calculated. The experts
were asked to rate each item on a 4-point scale (1 = not
relevant, 2 = somewhat relevant, 3 = quite relevant and 4 =
highly relevant) according to the Davis technique (10). Then,
for each item, item-CVI (I-CVI) was computed as the number
of experts stating a rating of either 3 or 4, divided by the total
number of experts. If 80% of the experts rated the item 3 or 4,
the I-CVI score was 0.80. Then, the mean I-CVI was calculated
across items for the questionnaire-CVI (Q-CVI) (11). The
Q-CVI of the form was 1.0. Also, Kendall’s W concordance
analysis was utilized to assess content validity and was found
to be concordant among the experts (Kendall’s W = 0.221, df
=18, c?=19.92, p = 0.337).
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3.1.4 Construct validity

EFAwasappliedtoensure constructvalidity. The Kaiser-Meyer-
Olkin (KMQ) measure was 0.80, indicating the applicability of
EFA. Bartlett’s test of sphericity was statistically significant
(x* = 1220.27; p = 0.000). According to the results of factor
analysis, the questionnaire had one factor and explained
21.63% of total variance. The acceptable level for the scales’
items was above 0.30 according to the results of the EFA
(Table 1).

Table 1. Characteristics of Nurses’ Infection Prevention and Control
Observation Questionnaire

Items Factor Item to total
load correlations

1) Not cleansing hands between patient 0.39 0.33

contacts

2) Wearing rings (excluding wedding bands) 0.44 0.30

3) Failure to apply isolation precautions (eg, 0.59 0.50

not wearing PPE)

4) Poor cleaning (eg, lockers, trolleys, baths, 0.54 0.44

wash bowls)

5) Not changing personal protective clothing 0.47 0.39

between patients

6) Poor practice “sharps” management (eg, 0.55 0.43

resheathing)

7) Using mobile telephones during patient 0.41 0.30

contact

8) Reusing items without cleaning between 0.46 0.35

patients

9) Items stained with blood or body fluids 0.45 0.32

10) Not being “bare below the elbow” 0.34 0.27

11) Dealing with body fluids without wearing 0.58 0.45

gloves

12) Poor practice in relation to urinary 0.57 0.41

catheters (eg, disconnecting catheter from

drainage system)

13) Reuse of scissors during dressing 0.33 0.22

procedures without cleaning

14) Poor management of intravenous therapy 0.53 0.39

(eg, disconnecting lines from access device)

15) Inappropriate storage of sterile items (eg, 0.48 0.32

torn or dusty outer wrapping)

16) Reuse of single-use item 0.40 0.27

17) Insertion of a urinary catheter without 0.46 0.28

gloves

However, CFA was performed to test for construct validity.
The factor model fitted the data (p = 0.000). Goodness of fit
statistics follow: the root mean square error of approximation
(RMSEA) was 0.066; comparative fit index (CFI) was 0.90;
incremental fit index (IFI) was 0.90; root mean square residual
(RMR) was 0.037, goodness of fit index (GFI) was 0.91 and x?/
df index was 3.11, respectively (Fig. 1).

o

o

o

o

o

o

-

o

o

o

Chi-Square=303.41, df=104, P-value=0.00000, RMSE2=0.066

Figure 1. Path Diagram of Confirmatory Factor Analysis for Nurses’
Infection Prevention and Control Observation Questionnaire

3.2 Reliability

The results of item-total score correlation are presented in
Table 1. Cronbach’s alpha coefficient of the questionnaire
was determined as 0.74.

4. DISCUSSION

In the original text of the Nurses’ Infection Prevention and
Control Observation Questionnaire, validity and reliability
analysis had not been performed (1). Consequently, in
the Turkish adaptation of the questionnaire, validity and
reliability analyses were performed using various methods.

Content validity refers to how accurately an assessment
or measurement tool taps into the various aspects of the
specific construct in question (11). In this case, the CVI
was calculated. A CVI score of 0.80 or above means that
all experts are in agreement about relevance. The Q-CVI
of the form was 1.0, which means that the form has an
acceptable content validity. However, according to Kendall’s
W concordance analysis, no meaningful difference was
detected among the views of the experts. These results show
that the questionnaire is appropriate for the Turkish culture.

Construct validity assesses how much the tool reached its
goal to measure an abstract concept, difficult-to-measure
behaviour or dimension. In the present study, explanatory
and confirmatory factor analyses were utilized to ensure
construct validity. EFA is a statistical method used to obtain
information on the nature of the tool and factors being
measured instead of testing a particular hypothesis (11).
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According to KMO measure for sampling adequacy test
values, 0.60-0.69 represents ‘average’, 0.70-0.79 is ‘good’,
0.80-0.89 is ‘very good’ and 0.90-1.00 is ‘perfect’. Bartlett
test evaluates the appropriateness of items for factor analysis
(12). The value of 0.80 ‘very good’ for the KMO measure for
sampling adequacy test and p = 0.000 for the Bartlett test
indicate that the results are statistically significant. Based
on the findings, it may be concluded that the sample of the
present study is appropriate for factor analysis. Factor loads
ranged from 0.33 to 0.59. Factor loads were at acceptable
levels as they were found above 0.30 (13). Two items were
removed from the questionnaire because their factor loads
were under 0.30. Although the original questionnaire has 19
items, the adapted questionnaire has 17 items.

CFAis a multivariate statistical procedure used to test whether
the measured variables represent the number of constructs
(11). The RMSEA fit index is used to assess goodness of fit
statistics in CFA, with RMSEA < 0.05 showing a perfect fit,
while RMSEA < 0.08 shows a good fit (14). The RMSEA value
of the questionnaire was 0.066, which indicated a good fit.
CFl > 0.95 shows a perfect fit, and CFl > 0.90 shows a good
fit. The CFI fit index of the questionnaire, 0.90, represents
a good fit. Another fit index is the IFI where > 0.95 shows
perfect fit, and IFl > 0.90 shows a good fit (15). The IFI fit
index of the questionnaire, 0.90, means a good fit. On the
other hand, RMR fit index is a perfect fit if it is < 0.05, and
< 0.08 is a good fit. In this study, the RMR index was 0.037,
which shows a perfect fit. Another fit index, GFI, means
a good fit if the value is > 0.90, so the GFI fit index of the
questionnaire, 0.91, represents a good fit. Similarly, a x?/df fit
index of < 3 shows a perfect fit, and < 5 shows an acceptable
model fit (14). The x?/df value for the questionnaire was 2.92,
indicating a perfect fit. The questionnaire model fitted the
data according to CFA.

Reliability refers to ensuring determinedness, adequacy,
equality, consistency and stability (11). They are known as
test-retest, parallel or alternate form, item-total correlation,
split-half, Kuder-Richardson (KR-20), Cronbach’s alpha and
interrater reliability (16). In the present study, Cronbach’s
alpha reliability coefficient and item-total score correlation
were used to analyse reliability. Cronbach’s alpha coefficient
of the study was determined as acceptable. A Cronbach’s
alpha coefficient of 0.70 or higher is considered to be
acceptable for reliability (12,16).

The item-total score correlation of the study, except for four
items, was identified as above 0.30. It was suggested in some
sources that the correlation coefficient of the items should
be higher than 0.30 and those items with lower values should
be removed (11,12). The item-total score correlation value of
four items ranged from 0.22 to 0.28. However, those items’
factor loads were from 0.33 to 0.46, so researchers decided
not to remove them in order not to ensure the integrity of
the questionnaire.

Strengths and Limitations of The Study

The sample of the study included 443 paediatric nurses. It has
been stated that reliability and validity analysis should include
5 to 10 times more participants than the total number of the
items (11). Even though 190 participants would have been
enough for the present study, it was conducted with a total of
443 participants. Findings of the study can be generalized to
the country since the participants were selected from seven
different regions in Turkey. All the reliability and validity
analyses resulted in acceptable levels. However, the most
significant limitation of the study was that it was carried out
only with paediatric nurses working at children’s hospitals.

5. CONCLUSION

These results indicated that this scale is a valid and reliable
questionnaire. It is an useful questionnaire for evaluation
of observation for nurses’ infection prevention and control.
Pediatric nurses can easily use this questionnaire. In addition,
since, there is limited number of infection scales, this scale
could be used in future studies and education programmes
for nurses aiming at changing their behaviours and attributes.
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ABSTRACT

Objective: We aimed to investigate neutrophil lymphocyte ratio (NLR), leukocyte count (WBC), mean platelet volume (MPV) and C-reactive
protein levels (CRP) as inflammatory markers according to thyroid function status in hypo-hyperthyroidism patients.

Methods: Data of patients (n=454, age>18) who applied to the Eskisehir Osmangazi University Hospital between March 2018 and December
2018 were evaluated retrospectively. There were 79 patients in hyperthyroidism group (TSH<0.27 plU/ml, group 1), 297 patients in euthyroid
group (TSH=0.27-4.2 plU/ml, group Il) and 78 patients in hypothyroidism group (TSH>4.2 plU/ml, group IlI).

Results: Serum TSH, fT4, fT3, anti-TG and anti-TPO levels were found statistically different between groups (p<0.001) but there were no
significant difference in WBC, NLR and MPV between groups. There was a positive correlation between the NLR and CRP (r=0,295, p<0.01). In
addition, NLR was positively correlated with WBC (r=0,412, p<0.001). Serum CRP levels were statistically higher in group I (3.5 mg/L [1.50-11])
than group Il (2.1 mg/L [0.86-5.42]), (p<0.001). Although CRP levels were higher in group Il (2.5 mg/L [1.18-5.73]) than group Il, there was no
significant difference. CRP showed weak positive correlation with fT4 (r=0,118, p<0.05) and negative correlation with TSH (r=-0,108, p<0.05).

Conclusion: High CRP levels may play an important role in the evaluation of hyperthyroidism in terms of thyroid dysfunction observed in the
present study.

Keywords: Hyperthyroidism, hypothyroidsm, inflammation, TSH, CRP.

1. INTRODUCTION

The thyroid gland is an important endocrine organ that
regulates basal metabolism and metabolic activity, secreting
two major hormones triiodothyronine (T3) and thyroxin (T4).
The secretion of these hormones are regulated by thyroid
stimulating hormone (TSH) in the pituitary gland controlled
by thyrotropin-releasing hormone (TRH) in the hypothalamus
(1). Hyperthyroidism, hypothyroidism, and thyroid nodules
are the most common disorders of the thyroid gland (2).
The lack or absence of thyroid hormones (THs) causes
hypothyroidism, and the excess of these hormones causes
hyperthyroidism (3).

and neutrophil levels were found to be high, normal or mild
in hyperthyroid patients (5).

The effects of THs were observed on the immune system in
experimental research (6). TSH has been shown to be both
produced and used by leukocytes as well as controlling
thyroid hormone production and metabolic function (7).
Moreover, lymphoid and myeloid cells also have a TSH
receptor. There are studies showing the ability of TSH to
influence lymphocyte function and it has been shown to
have an enhancing effect on the proliferation of lymphocytes
(8). Apart from these effects, T3 and T4 hormones may
indirectly affect the immune system. Immune dysfunction
has been demonstrated in cells with low TSh levels (9). The
presence of a thyroid hormone receptor was also showed on
haematopoietic progenitor cells (10).

Neutrophil/lymphocyte ratio (NLR) has been recently

THs play a crucial physiological role and regulate human
hematopoiesis. A study was performed in which all
hematological parameters were normal in euthyroid state
(4). In the evaluation of white blood cells and platelets, total
leukocyte count and neutrophil levels decreased slightly in

hypothyroid patients. Furthermore, total leukocyte count

researched and is a marker of inflammation that can be easily

Clin Exp Health Sci 2020; 10: 142-147
ISSN:2459-1459

Copyright © 2020 Marmara University Press
DOI: 10.33808/clinexphealthsci.600151


https://orcid.org/0000-0001-8356-9806
https://orcid.org/0000-0001-7375-8486
https://orcid.org/0000-0001-7434-4234
https://orcid.org/0000-0003-0670-9187

Thyroid function status and inflammation

| Original Article |

identified in the follow-up of the inflammatory process in
patients with hyperthyroidism (11). One of the most commonly
used acute phase reactants (APRs) is C-reactive protein (CRP)
in the case of inflammation; a rapid increase is observed in the
rate of damage and quickly returns to normal in recovery (12).
Although thyroid disorders appear to cause changes in a large
number of hematological parameters and the relationship
between NLR and inflammation, there is inconsistent data
on hypo-hyperthyroidism. In addition, many thyroid diseases
involve inflammation processes, but so far, CRP is not used as
a significant biomarker in thyroid diseases.

In the present study, the levels of hematological parameters
(leukocyte, neutrophil, lymphocyte counts and mean
platelet volume), serum inflammation markers (CRP) and
their association with thyroid function tests (Serum free T4,
free T3, TSH, anti-thyroglobulin and anti-thyroid peroxidase
antibody) were evaluated in hypo-hyperthyroidism.

2. METHODS

Before obtaining the data, the research protocol was approved
by Eskisehir Osmangazi University Non-invasive Clinical
Research Ethics Committee (decision number:30, 30.04.2019)
and handled according to the declaration of Helsinki.

Data of patients (n=454, age>18) who applied to the Eskisehir
Osmangazi University Hospital between March 2018 and
December 2018 were evaluated retrospectively. Patients
with known chronic inflammatory disease, such as diabetes
mellitus, with malignancy, hematological disease and
acute infection were excluded from the study. The causes
of hypothyroidism and hyperthyroidism such as chronic
autoimmune response (Hashimoto thyroiditis), iodine
status, genetic, drug-induced, transient thyroiditis, thyroid
infiltration and escalated stimulation, Graves disease like
secondary to TSH receptor antibodies were not specifically
evaluated in our study.

TSH levels were used to detect the thyroid disorder group of
all participants. There were 79 patients in hyperthyroidism
group (TSH<0.27 ulU/ml, group 1), 297 patients in euthyroid
group (TSH=0.27-4.2 plU/ml, group 1) and 78 patients in
hypothyroidism group (TSH>4.2 ulU/ml, group IIl)

Complete blood count (CBC), inflammation and thyroid
function test parameters of the patients who visited our
laboratory for routine control and were not included in the
exclusion criteria were used in the study. fT4, fT3, TSH, anti-
thyroglobulin (anti-TG) and anti-thyroid peroxidase antibody
(anti-TPO) levels for thyroid function tests; leukocyte (WBC),
neutrophil (Neu), lymphocyte (Lym) counts, mean platelet
volume (MPV) and CRP were recorded for all patients. NLR
was calculated by dividing neutrophil counts by lymphocyte
counts.

Sysmex XN-9000 (Sysmex Co., Kobe, Japan) automatic analyzer
was used for hematological analyses. Thyroid hormone levels,
CRP, anti-TG and anti-TPO levels were analyzed by Roche Cobas

8000 (Roche, Mannhaim, Germany). The original kits provided
by the manufacturer were used for all analyzes.

2.1. Statistical analysis

All data were evaluated statistically with SPSS software (SPSS
21.0; SPSS Inc., Chicago, IL, USA). The results were evaluated
using Kolmogorov-Simirnov and Shapiro Wilk normality tests.
The data were performed according Kruskal-Wallis One Way
Analysis of Variance on Ranks, Median (%25-%75) and p<0.05
values were considered significant.

3. RESULTS

There were 454 patients between the ages of 32-66 who
were classified according to TSH levels. Hyperthyroidism
patients (group I, n=79) mean age was 47.0 years (37.0, 66.0),
euthyroid patients (group Il, n=298) mean age was 44.5 (33.0,
57.0) and hypothyroidism patients (group Ill, n=78) mean age
was 46.5 years (32.75, 58.25).

As shown in Table 1, TSH, fT3 and fT4 were significantly varied
between groups (p<0.001). TSH levels were significantly
higher in group Ill than group | and group Il (p<0.001).
The median serum anti-TPO values in group Il was also
significantly higher when compared with the group | and
group Il (p<0.001). The mean serum anti-TG levels were
similar in group | and group Il. However, serum anti-TG levels
in group Il were significantly higher in comparison with
group Il.

Table 1. Thyroid function test and thyroid autoantibody levels
between groups

Thyroid Function  Groups Median Pairwise
Tests (%25-%75) Comparisons
Group |  0,01(0,01-0,07)
TSH Group Il 1,81(1,04-2,62) <0.001 1-3,1-2,2-3
(WIU/mL)
Group Ill 6,50 (5,28-9,51)
Group| 3,94 (3,08-5,72)
13 Group Il 3,10(2,79-3,35) <0.001 1-3,1-2,2-3
(pg/mL)
Group Il 2,77 (2,40-3,17)
Group |  1,82(1,48-2,31)
fa Group Il 1,24(1,13-1,37) <0.001 1-3,1-2,2-3
(ng/dL)
Group Ill 1,09 (0,92-1,24)
Group|  16,8(11,6-88,2)
Anti-TPO Groupll  16,1(11,5-359) <0.001  1-3,2-3
(Iu/mL)
Group Il 140 (13,3-235)
Group |  15,2(11,3-227)
Anti-TG Group Il 13,4 (10,4-43,6) 0,001 )3
(1U/mL) Group lll 64,78 (11,99-
365,03)

p<0.05 is significant, Kruskall Wallis Test

TSH: Thyroid stimulating hormone, Anti-TPO: Anti-thyroid peroxidase
antibody, Anti-TG: Anti-thyroglobulin
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Table 2 summarizes levels of inflammation-related
blood count parameters and CRP in hypothyroid and
hyperthyroid patients. There were no significant differences
for Neu, Lym, NLR, MPV and WBC between groups. In
group |, NLR were slightly higher than other groups.

However, no statistical difference was observed (p=0.485).
Serum CRP levels were statistically higher in group | than
group Il (p<0.001). Although CRP values were higher in group
Il than group Il, no significant difference was noted (p=0.342)
(Table 2).

Table 2. Levels of inflammation-related blood count parameters and CRP between groups

Blood Count Patameters and
CRP Levels

Median (%25-%75)

Pairwise Comparisons

Group | 3,95 (3,00-5,40)
Neu
Group Il 4,10 (3,20-5,00 ,
(10°/u) P ( ) >0.05 NS
Group I 3,93 (3,10-5,20)
Group | 1,90 (1,50-2,30)
Lym
Group Il 2,01 (1,61-2,50 |
(10%ul) P ( ) >0.05 NS
Group Il 2,05 (1,59-2,40)
Group | 2,00 (1,54-2,85)
NLR Group Il 1,94 (1,46-2,56) >0.05 NS
Group Ill 1,91 (1,56-2,83)
Group | 9,20 (8,40-10,60)
’\?fli_\)/ Group I 9,30 (8,50-10,20) >0.05 NS
Group IIl 9,50 (8,55-10,20)
Group | 6,60 (5,60-8,20)
WBC Group Il 6,93 (5,80-8,26) 50.05 NS
(10%/uL)
Group IIl 6,70 (5,30-8,45)
Group | 3,50 (1,50-11,00)
CRP Group Il 2,10 (0,86-5,43) <0.001 12
(mg/L)
Group Il 2,50 (1,18-5,73)

p<0.05 is significant, Kruskall Wallis Test; NS: Non significant. CRP: C-reactive protein levels, NLR: Neutrophil / lymphocyte ratio, MPV: Mean platelet volume,

WBC: Leukocyte count, CRP: C-reactive protein levels.

We determined that there was a positive correlation
between the NLR and CRP levels (r=0,295) as shown in Table
3. CRP levels were positively correlated with fT4 (r=0,118,
p<0.05) and had a weak negative correlation with TSH

Table 3. Correlation analyses between the variables in all groups.

(r=-0,108, p<0.05). No statistical difference was observed
in the correlation of CRP with other parameters (p>0.05). In
addition, NLR was positively correlated with WBC (r=0,412,
p<0.001).

Spearman’s rho AntiTG
Correlation
. 712%* -,538** 1,000 -,058 J412%* ,295%* -,048 -,054 -,008 ,041 -,076
Coefficient
NLR Sig.
) ,000 ,000 . ,217 ,000 ,311 ,253 ,872 ,385 ,108
(2tailed)
Correlation
. ,406** ,016 ,295%* -,024 1,000 -,004 -,054 -,090 ,118* -,108*
Coefficient
CRP 5
ig.
mg/L g ,000 ,731 ,000 ,606 ,938 ,248 ,055 ,012 ,021
(2-tailed)

*p<0.05, **p<0.01

NLR: Neutrophil / lymphocyte ratio; CRP: C-reactive protein levels; MPV: Mean platelet volume, WBC: Leukocyte count; TSH: Thyroid stimulating hormone;

Anti-TPO: Anti-thyroid peroxidase antibody; Anti-TG: Anti-thyroglobulin
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4. DISCUSSION

Thyroid dysfunctions, which are identifiable and treatable
endocrine diseases, can cause serious metabolic problems
when ignored (13). Despite advanced laboratory techniques
and increased awareness of the disease, there are still cases of
excessive dysfunction. (14, 15). Hypo — and hyperthyroidism
are usually caused by pathological processes in the thyroid
gland, but may be caused by hypothalamus or pituitary
(central hypothyroidism) or functional thyroid disorders in
certain situations (16). In our study, CRP levels were found
to be increased in patients with hyperthyroidism when
compared with hypothyroidism and euthyroid patients. As
far as we know this is the first reported relationship between
hypo-hyperthyroidsm and inflammation such as NLR and CRP
parameters.

Recently, NLR has been evaluated as a simple systemic
inflammation indicator in experimental and observational
studiesin different clinical situations (17). In a study examining
inflammation in different thyroid diseases it was found that
NLR correlates with the size of thyroid tumors and functions
(18). When compared with the healthy control group,
patients with Hashimoto’s thyroiditis (HT) had significantly
lower TSH levels (control: 1.9+1; HT: 1.2+1) associated with
this increased NLR (control: 1.9 [0.6-3.3]; HT: 2.1 [1.3-5.8])
(19). Keskin et al. (11) concluded that NLR was statistically
elevated in euthyroid Hashimoto patients, but also positively
correlated with NLR and autoantibody levels. Dagdeviren
et al. found that NLR did not increase in hyperthyroid
patients and this rate decreased in Graves’ disease patients.
They found a negative correlation between fT3 and NLR in
hyperthyroid patients (r=-0.28, p=0.001). Oguzhan et al.
found that NLR levels were higher in HT patients than the
control group (HT: 2.37 + 1.46, control: 1.80 + 0.67; p<0.003).
In the same study, they found a negative but not statistically
significant correlation between NLR and anti-TG and anti-TPO
antibodies (20). According to Turan’s study, NLR decreased in
untreated Graves’ patients (21). Although previous studies
have shown a negative relationship between the fT3 level and
NLR (22, 23), we found no statistically significant correlation
in our study (r=-0,008, p= 0,872). It is observed in the studies
that NLR can be used as an inflammatory marker in thyroid
diseases and other diseases. However, in our study, there
was no statistically significant difference between the groups
in the presence of an increased NLR in hyperthyroidism, but
no significant correlation was observed with thyroid function
tests (p>0.05).

There are some studies reporting changes in lymphocyte
levelsinthyroid diseases (24, 25). Inone of these studies, there
was no significant difference in lymphocyte levels between
the hypo-hyperthyroid groups (p>0.05). This ratio is parallel
to the data obtained in our study. However, we observed
that these studies have inadequate and inconsistent results.
We have shown that NLR is not an appropriate parameter
in hypo-hypertyroid patients. The change in parameters
(WBC) is also associated with thyroid dysfunction. According
to the results of Dorgalaleh and colleagues, they did not

observe a statistically significant difference in WBC levels in
hypothyroidism and hyperthyroidism groups in a similar way
to our results (p>0.05) (2). In another study, WBC levels in the
euthyroid and hyperthyroid groups were slightly higher than
those in the hypothyroid group. Although different results
were obtained at the WBC levels between the groups, the
underlying mechanism is unknown. These inconsistencies
are largely attributable to differences in exclusion criteria and
origin of thyroid dysfunction.

CRP responds quickly to inflammatory processes and is one
of the best known inflammatory markers. Several studies
have shown that NLR is correlated with CRP (26, 27). Steven
et al. found this correlation value as r=0.438, whereas in our
study it was found to be r=0.295 (26). Lee and colleagues
found that CRP levels in hypothyroidism (0.99+0.36)
were significantly higher than control (0.93 + 0.37) and
hyperthyroidism (0.43+0.08) groups. However, they did not
find a direct correlation between CRP and fT4 (r=0.062) and
TSH levels (r=0.038) (28). Thus, they concluded that there
was a weak relationship between thyroid status and CRP. On
the other hand, we concluded that CRP increased in the case
of hyperthyroidism (3.50 mg/L [1.50-11.0]) and showed a
weak correlation with fT4 and TSH in our results. According
to the Savas and his friends’ findings, CRP levels were
significantly higher in both hypothyroidism (5.62+4.75 mg/L)
and hyperthyroidism (5.62+4.75 mg/L) compared to the
control group (3.59+0.87 mg/L) (p<0.001), but there was no
statistically significant difference in the case of autoimmune
(HT and Graves’s disease) and non-autotoimmune thyroid
dysfunctions (p=0.087) (29). In the same study of these
researchers, they found that MPV levels of hypothyroid,
hyperthyroid and non-autoimmune patients were minor
compared to the controls (30). In our findings, there was
no change in MPV levels between the groups. In contrast
to our results, MPV levels increased in both hypothyroidism
and hyperthyroidism patients in different studies evaluating
thyroid functions (30-32). In a comprehensive study by
Pearche et al., no statistically significant difference was
detected in the distribution of high CRP levels (>10 mg/L) in
different thyroid diseases, before and after treatment (33).
However, we were unable to find any significant differences
in CRP levels according to thyroid function status. These
results show that CRP levels are limited in the evaluation of
thyroid function states.

5. CONCLUSION

According to the data we obtained, patients with
hyperthyroidism and hypothyroidism should be able to follow
CRP and NLR changes regularly. Failure to include all risk
factors for hypothyroidism and hyperthyroidism has limited
our study. Elevated levels of CRP for thyroid function status
observed in current study confirm that inflammation has
an important role in pathogenesis of hyperthyroidism. The
effect of inflammation parameters on thyroid dysfunction
requires further investigation
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ABSTRACT

Obijective: The term general anaesthesia refers to a state of unconsciousness under control using pharmacological or non pharmacological
agents in which patient reflexes are compeletely or partially lost. Concious sedation is a drug-induced state in which the conscious patient
is rendered free of fear, anxiety, and apprehension while remaining comfortably relaxed. Both of these methods are used for various
reasons in dental clinics for many years and their use in dentistry practice is increasing. Aim of this study is to quantify the number and
demographic data of patients that received a dental general anaesthesia (DGA) or conscious sedation (CS) following referral from a general
dental practice. Study also aimed to determine the reasons of referral and dental treatment modalities performed during the sessions.
Methods: This study includes patient records who had undergone dental general anaesthesia and conscious sedation in Medipol University
Dental Hospital General Anaesthesia Clinic. Data were collected from records of the University Dental Hospital. The collected information included
gender, age, type of DGA/ CS, reason for DGA, treatment modalities as tooth extraction, restorative, endodontics, periodontics and pedodontics.
Results: 896 patients were referred for DGA/CS during the two-year period. The mean age was 15.5 years and 27.3% were underaged children.
The most common reason for DGA was dental anxiety (46.5%). 79.4% of patientd received DGA, while only 20.6% received CS. The highest
mean in treatments is for decidious pulp capping (4.57) followed by decidious pulp amputation (3.57).

Conclusion: Majority of the patients receiving DGA/CS are formed by dental anxiety patients. Also, the rate of underaged children were very

high (27.3%).

\

Keywords: Dentistry, General Anaesthesia, Conscious Sedation, Pediatric Dentistry, Dental Anxiety

1. INTRODUCTION

When behaviour management techniques are inadequate
for patients with special needs, general anaesthesia and
conscious sedation may take a role for these patients’ dental
treatments. Patients with dental anxiety, intellectual disability,
dementia, physical limitations, behavioural disorders and
chronic systemic conditions can be included into the group
called ‘patients with special needs’ (1). Although treatment
of pediatric patients may be held out without using any
pharmacological agents, incorporation with some patients
may require sedation and general anaesthesia (2,3).

The term general anaesthesia refers to a state of
unconsciousness under control using pharmacological
agents. Patient reflexes are compeletely or partially lost
including airway control, response to physical or verbal
contact is lost (4). In a study conducted by Nunn et al, it is
described that 340 patients with varying ages had undergone
general anaesthesia for their dental treatments between
1983 to 1993. Also, review made in the same study pointed

out patient quantities in previous researches between
80 and 4000 in variable time periods (5). In 1984, Bennet
defined the conscious sedation term as ‘drug-induced state
in which the conscious patient is rendered free of fear,
anxiety, and apprehension while remaining comfortably
relaxed’ and explained this method is not a method of pain
control (6). Pharmacological agents provide the depression
of consciousness level, but complete loss is prevented and
patient’s airway control ability maintains. Patient’s response
to physical stimulation and verbal contact continues (7,8).
In a study conducted by Varpio and Wellfelt included
146 children with dental phobia; while 48 % of children
were treated with conventional techniques after been
trained by ‘tell-show-do’ method, 25 % were treated with
conscious sedation and 27 % with general anaesthesia (9).
Differentiation of conscious sedation applied in dental clinics
must be seperated from those made by general anaesthetists
made in surgical environments where every kind of patient
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monitoring agents are available. During sedation in dental
clinics, patient communication must be maintained (10).

Regarding the benefits and risks of general anesthesia
and conscious sedation; complex criteria are included
for case and method selection. These criteria included
patient anamnesis and evaluation by a dentomaxillofacial
radiologist, evaluation of the dental operator, availability of
the treatment plan during the selected method and lastly
evaluation of the patient by the general anesthesician and
planning the protocol.

For obtaining maximum treatment plan goals, patients
were all administered for specialist dental operators, tried
to comfort and convince for local anesthesia treatments.
It is demonstrated that comprehensive discussion of the
anesthesia techniques and the specialist reasoning may alter
patients’ attitude towards anesthesia selection (11).

The purpose of this study is to evaluate a group of dental
patients that has undergone dental general anaesthesia
(DGA) or conscious sedation (CS) in aspect of clinical
necessities such as younger age, mental retardation, surgical
necessities, gagging reflex or patient choice due to dental
anxiety.

2. METHODS

2.1. Study Design

Thisstudyis held outin Medipol University, School of Dentistry.
Data for the study cohort was collected retrospectively via
general anesthesia electronic records. Total of 896 patients
were analysed (425 female, 471 male) who received either
conscious sedation or general anesthesia for their dental
treatments. Patients were evaluated by age groups as child
(age under 12) or adult (above age 12). Gender, reason of
anesthesia and type of anesthesia are evaluated in age
groups. Number and ratio of the operated treatments were
also determined.

Because this study was a retrospective research based on
data collection and informed consents of all patients were
taken (which declares that patient information can be used
for scientific research); no ethical regulation was required.

2.2. Statistical analysis

During evaluation of the cohort data, IBM SPSS Statistics
22 (IBM SPSS, Turkey) program was used for the statistical
analysis. Correlation of data for normal distribution was
determined by ShapiroWilks test. Mann Whitney U test was
used for mean, standard deviation and frequency anlyses.
Chi — square test, Fisher Freeman Halton test and Continuity
(Yates) Correction was used for determination of the
comparison of qualitative data. Statistical significance was
determined as p<0.05.

3. RESULTS

This study demographics included 896 patients (425 female,
471 male) treated under general anaesthesia or conscious
sedation. Mean age and standard deviation of the study group
was 15,54+16,63 and female / male percentage was 47,4 %
10 52,6 %. 67% of the study group were child patients (under
age 12). Table 1 demonstrates the reasons for application to
anaesthesia clinic and the technics used for the operation.
It can be concluded that the most common cause for DGA/
CS selection in this study group is dental anxiety (46,5%),
followed by underaged children (27,3%).

Table 1. Reasons for application to anaesthesia clinic and selected
anesthesia types for the operations.

n %
Reasons for Underaged child 245 27,3
anaesthesia
Patient with special needs 127 14,1
Mental retardation 57 6,4
Cerebral palsy 10 1,1
Autism 27 3
Down syndrome 24 2,7
Visual/ hearing impaired 9 1
Gagging reflex 28 3,1
Surgical necessity 79 8,8
Anxiety 417 46,5
Anesthesia type | General anaesthesia 711 79,4
Sedation 185 20,6

No statistical significance is found among genders for
anaesthesia reason, anaesthesia type and distribution of
children with special needs (p>0.05) (Table 2).

Table 2. Distribution of anesthesia reason and type in children aged
<12 among genders.

Female Male
(n=264) (n=336)
n (%) n (%)
Reasons for | Underaged child 118 (%44,7) | 127 (%37,8) |0,307
anaesthesia |Patient with special 32 (%12,1) | 52 (%15,5)
needs
Surgical necessities 3(%1,1) 6(%1,8)
Anxiety 111 (%42) | 151 (%44,9)
Anaesthesia | General anaesthesia 259 (%98,1) | 330 (%98,2) | 0,922
type Sedation 5(%1,9) 6(%1,8)
Patient None 232 (%87,9) | 285 (%84,8) | 0,553
with special | Mental retardation 13 (%4,9) | 16 (%4,8)
needs Cerebral palsy 3(%1,1) 5 (%1,5)
Autism 5(%1,9) 14 (%4,2)
Down Sydrome 9 (%3,4) 10 (%3)
Visual/hearing impaired | 2 (%0,8) 6(%1,8)

Chi-square test p<0.01
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Statistically significant differences were found in patients
over 12 vyears old. In terms of reasons for general
anaesthesia; anxiety was more frequent in females

(p<0.01), while gagging reflex and surgical operation
neccessities were more frequent in male patients (p<0.01).
General properties of patients above 12 years old can be
seen in Table 3. Chi-square test results reveal that female

Table 4. List of dental operations and their relationship between
genders in patients aged below 12 years old

<12 years Gender

Female Male

(n=264)
MeanSD

(n=336)
MeanSD

patients have statistically significant anxiety rates than man Endodontic treatment | 4,9913,00 5,2843,23 0,364
(p<0.01). Applied anesthesia type does not have significance Decidous tooth 2,0942,42 2,1942,39 0,362
in relation to gender. extraction
Permanent tooth 0,11+0,50 0,15+0,56 0,254
Table 3. Distribution of anesthesia reason and type in children aged extractlo-n
>12 among genders Restorative treatment | 5,563,61 5,89+3,65 0,299
n (%) n (%) 2p
Surgery 4 (%1,5) 12 (%3,6) 0,195
Female Male Detartrage 8 (%3) 14 (%4,2) 0,606
(n=161) (n=135) Curretage 1(%0,4) 0 (%0) 0,440
n (%) n (%) Flap surgery 1(%0,4) 1(%0,3) 1,000
1: Mann Whitney U Test
* 2: Continuity (Yates)Correction and Fisher’s Exact Test
Reasons for |\ ieraged child | 2(%12) | o(%o) | 0% y (tates)
anesthesia
Patient with
special needs 22(%13,7) | 24 (%17,8) Table 5. List of dental operations and their relationship between genders
in patients aged above 12 years old.
Gagging reflex 6 (%3,7) 22 (%16,3) >12 years Gender
Surglca.l. 32 (%19,9) | 37 (%27,4) Female Male
necessities (n=161) (n=135)
Anxiety 99 (%61,5) | 52 (%38,5) Mean+SD Mean+SD
. Endodontic treatment 0,34+0,94 | 0,58+1,41 0,128
Anaesthesia | General . 65 (%40,4) | 57 (%42,2) 0,747 : A . . R
type anaesthesia Decidous tooth extraction 0,03%0,26 | 0,11+0,76 0,526
Sedatl 96 (%59.6 Sy — Permanent tooth extraction | 1,7543,36 | 1,16%2,62 0,033*
edation e i) Implant surgery 0,45¢1,37 | 0,87+2,49 0,184
i Restorative treatment 1,14+2,63 | 1,43+2,74 0,123
Pajtlent ' None 141 (%87,6) | 113 (%83,7) 0,219 estorative treatmen
with special n (%) n (%) 2p
needs Mental . 14 (%8,7) 11 (%8,1) Surgery 36 (%22,4) | 40(%29,6) 0,196
retardation Lefort surgery 7 (%4,3) 6 (%4,4) 1,000
Cerebral palsy 2 (%1,2) 0 (%0) Detartrage 45 (%28) 34 (%25,2) 0,686
Curretage 11 (%6,8) 0 (%0) 0,005**
Autism 2 (%1,2) 6 (%4,4) Flap surgery 8 (%5) 1(%0,7) 0,043*
Prosthetic treatment 11 (%6,8) 10 (%7,4) 1,000
Down Syndrome 1 (%0,6) 4 (%3) 1: Mann Whitney U Test
Hearing/ Visual 2: Continuity (Yates) Correction and Fisher’s Exact Test
earing/ Visual | 4 0,6) | 1(%0,7) 9<0.05 **p<0.01
Impaired
Chi-square Test **p<0.01

Table 4 and 5 demonstrates the gender distribution of dental
operations. No statistically significant difference was observed
among genders in patients below 12 years with regard to dental
treatments (p>0.05); on the other hand females had higher
rate for permanent teeth extractions (p<0.01), subgingival
curretage and periodontal flap surgeries (p<0.05).

Table 6 demonstrates the distribution of dental treatments
and their relationships between age groups. Restorative
treatment modalities showed significant differences between
age groups. While pulp capping operations of decidous teeth
and fissure restorations in patients below 12 years age were
more frequent than patients above 12 years old (p<0.01);
permanent tooth pulp cappings and amalgam restorations
were more common in patients above 12 years old (p<0.01).
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No statistically significant differences were found in terms of
tooth extractions between age groups (p>0.01).

With regard to endodontic treatments, statistical significance
was evident between age groups. Decidous tooth pulp
amputations and root canal therapies were more frequent in
patients aged below 12 years (p<0.01) and permanent tooth
root-canal therapies were more common in patients above
12 years old (p<0.01). No statistical significance was found
between age groups according to permanent tooth pulp
amputations (p>0.01).

Table 6. Treatment modalities between age groups

Age sroup

<12 years | >12years Total

Mean+SD MeantSD | Mean#SD
Decidous teeth pulp | 5,55+3,54 | 0,13+0,80 | 4,84+3,79 |0,001**
capping
Permanent  tooth| 0,60+1,48 | 4,55#3,31 | 1,1242,26 |0,001**
pulp capping
Decidous tooth 0,10£0,71 | 0,00£0,00 | 0,09+0,66 | 0,126
extraction
Permanent tooth 0,01+0,18 | 0,03+0,23 | 0,01+0,18 | 0,126
extraction
Fissure restorations | 0,35%0,99 | 0,04+0,25 | 0,31#0,93 | 0,004**
Amalgam 0,04£0,29 | 0,18+0,58 | 0,06+0,35 |0,001**
restorations
Decidous tooth 3,9612,78 | 0,00£0,00 | 3,57+2,89 |0,001%**
amputation
Permanent tooth 0,03+0,29 | 0,00+0,00 | 0,03+0,27 | 0,382
amputation
Decidous tooth root- | 1,17+1,68 | 0,05+0,29 | 1,06+1,63 |0,001**
canal therapy
Permanent tooth 0,45+1,16 | 1,21+1,51 | 0,52+1,21 |0,001**
root-canal therapy
Root extraction 0,05+0,32 | 0,88+0,97 | 0,13+0,5 |0,004**

Mann Whitney U Test
**p<0.01

4. DISCUSSION

The study examined a considerable number of subjects
(896) that a major percentage has undergone DGA (79,4%).
The percentage ranking of the evaluated patient group is as
follows; anxiety (46,5%), underaged child (27,3%), patient
with cooperation problems ( 14,1%), surgical necessity (8,8%)
and gagging reflex (3,1%).

Evaluating dental anxiety, it can both occur in children and
adults. Varience in percentage of populations may occur due
to parent attitudes, population norms, dentist attitude and
cooperation for explanation and social status (12-15).

Studies regarding patient demographics reveal that dental
anxiety is higher in young females than males (16) and
dental anxiety decreases with age (17). In this study, our
demographics also revealed higher dental anxiety in females
above 12 years age, in comparison to males. Coric et al (18)
and Wu and Gao (19) also stated that dental enxiety and fear

in children is with coexistence of the parents, family style and
increases with child age.

Studies about DGA and CS of children have also been carried
out. Tyrer, in his study suggested that the increased need for
dental treatments in many sexants led to more referral for DGA
in children. He also concluded younger age as a referral need
(11). Our study data also includes that 245/ 600 child patients
were underaged. Looking at the total number of patients,
27,3% were underaged children in this study. Richards et al
(20) determined similar percentage of underaged childred
(30,7%) in his study that has evaluated 287 dental patients that
has undergone GA in a 9 year period. Saxen et al (21) provided
evidence that, due to widespread childhood caries, children
having DGA had a peak below age 6.

Evaluating the type of anesthesia, our study group revealed
DGA rates (79,4%) higher than CS (20,6%) in all age groups.
In regard to childrens’ group, these rates are higher for DGA
than CS (98,1% to 1.9%). Whittle, in his study revealed that,
the number of DGA’s diminished 24%, and the number of
CS or inhalation anesthetics have increased slightly from
1997/98 to 1999/2000 (22). Regarding the time limitation, in
contrast to DGA, CS may be handled better in patients having
limited number of treatments to avoid more treatment
sessions (23,24).

5. CONCLUSION

The presented data here was collected from a single dental
hospital that could manage daily hospitalization. Major
maxillofacial surgeries in need of patient hospitalisation were
not involved. This study indicates that a major percentage
of all patients are formed by dental anxiety patients. As all
patients were first evaluated for local anesthesia treatments,
female patients older than 12 years tend to have higher and
more persistent rate of dental anxiety.
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ABSTRACT

after 24-hour application of 50nM Tideglusib.

test and control groups for each cell line (p>0.05).

\

Objective: Tideglusib is a GSK-3 inhibitor activating Wnt/B-catenin signaling pathway which has significant importance in regenerative response.
The aim of this study was to evaluate the cytotoxicity and protein expression impacts of Tideglusib on human periodontal cell lines.

Methods: Cytotoxicity effect of different concentrations (50nM, 100nM, 200nM) of Tideglusib application on human gingival fibroblast (hGF),
periodontal ligament fibroblast (hPDLF), and osteoblast (hOB) cell lines was determined. Type-I and Ill collagen expressions were evaluated

Results: The cytotoxicity of 200nM Tideglusib was higher in hGF and hOB (p<0.05), but no difference was found in hPDLF compared to the
respective control group (p>0.05). The hGF and hOB treated with 50nM Tideglusib expressed an increased level of Type-I collagen (p<0.05), but
no difference was detected in the hPDLF compared to the respective control (p>0.05). Type-Ill collagen expressions were similar between the

Conclusion: Tideglusib is not cytotoxic at 50nM and 100nM concentrations and may have positive effect on bone regeneration rather than
periodontal regeneration since it stimulated Type-I collagen production in hGF and hOB cells, but not in hPDLF.

Keywords: Cell biology, cell signaling biomolecules, Osteoblast(s), Tideglusib, Wnt/B-catenin signaling pathway.

1. INTRODUCTION

Periodontal diseases are inflammatory diseases leading
to progressive loss of tooth supporting structures (1).
Conventional periodontal therapies utilized for the
treatment of advanced periodontal diseases usually result
in the formation of long junctional epithelium with a quality
of repair (2). However, nowadays a complete regeneration is
aimed, and new alveolar bone, cementum and periodontal
ligament lost by disease are attempted to be established
to their original structure and function using regenerative
periodontal procedures. Although several materials have
been tested, so far, none of them succeeded to accomplish
complete regeneration (3).

Reformative responses of an organism include various
signaling pathway activation cascades both in embryonic and
adulthood periods. The activation of Wnt signaling pathway
(WSP), one of the marked trails in the organisms, represents
an early response to tissue damage and is required for the
stimulation of cellular-based repair in all tissues (4). Wnt

signaling mechanism can be in either active or inactive state.
Following binding of the Wnt protein to cellular receptors,
glycogen synthase kinase-3 (GSK-3) molecule which has great
importance in regulating cell division cycle, is inhibited after
a series of phosphorylation. Then, the transcription of the
target genes of WSP begins. This stimulation plays a crucial
role in proliferation, cell cycle and differentiation activities
of the cells. Transcription of the target genes of signaling
pathway is suppressed when Wnt does not bind to the cellular
receptors (5). Several studies have shown that reduction in
Whnt signaling causes bone loss and reduces regenerative
capacity (6, 7). If the Wnt signaling is inhibited in the skeleton
after fracture, due to the decline in the proliferation and
earlier differentiation of skeletal stem and progenitor cells,
non-fused bone appears (8). WSP activation leads to the
proliferation of osteoblasts and fibroblasts resulting in the
improvement of the parameters related to bone growth (9).
In mammals, the healing of skin injuries usually ends with
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scar tissue, but when the WSP is activated, a fully functional
epidermis can be achieved (10). Systemic use of Wnt agonist
R-spondin has been shown to induce mucosal regeneration
in oral mucositis seen after chemotherapy (11). Irregular
anatomical formations were observed after the inhibition of
WSP in planarians possessing a high regenerative capacity
(12). Similarly, healthy fin regeneration was impaired
due to the inhibition of Wnt signaling in zebrafish (13).
Moreover, inhibition of WSPs in animals having continuous
retinal regeneration capacity results in interruption of their
capability (14).

Current knowledge about the role of WSP on the development
and maintenance of the periodontium is limited (15-
18). It was observed that root development discontinued
in Wnt signaling inactivated mice (18). WSP-modulated
mesenchymal mice odontoblast and cementoblast cells by
persistent stabilization of B-catenin have been shown to
lead excessive dentin and cementum formation, and this
finding was interpreted as Wnt signaling cascade might have
therapeutic regenerative potential (15, 17, 19). However,
Nemoto et al. (20) established that the proliferation of
cementoblast cells was supported by WSP activation.
Furthermore, activation of the WSP has been reported
to play an active role in cementoblast differentiation and
cementum regeneration in rat periodontal defect model, and
in in-vitro studies of human periodontal ligament cells (9, 17,
21). In another study, it has been shown that lithium ions,
known as activators of the WSP, increase the proliferation
and differentiation of periodontal ligament cells after their
release from bioactive scaffolds (9). Rooker et al. (17) found
that the number of cells responding to the WSP was higher
in the regions with increased proliferation of periodontal
ligament cells. It is well-known that Wnt signaling plays a
role in both osteoblast differentiation and proliferation,
as well (22). A noteworthy increase in bone growth was
observed in Wnt signaling activated mice (23). Popelut et
al. (24) demonstrated that WSP activation might have a
positive effect on implant osseointegration by enhancement
of osteoblast activity, inhibition of osteoclast activity or
differentiation of pluripotent stem cells.

Pharmacological inhibitors of GSK-3 are thought to be
helpful in several areas such as Alzheimer’s disease, some
neurodegenerative diseases, Type-2 diabetes mellitus,
cancer, psychiatric diseases and regenerative medicine (25).
In an animal experimental periodontitis study, intraperitoneal
administration of GSK-3 inhibitor was found to inhibit
bone loss, suppress systemic cytokine response, local
neutrophil infiltration and IL-17 expression (26). So far, many
GSK-3 inhibitors including lithium, arylindolemaleimides,
amino thiazoles, halomethylketone derivatives and
thiadiazolidinones have been developed and shown to be
applicable (26). Tideglusib belongs to the thiadiazolidinones
group drug which acts as a non-ATP competitive GSK-3
inhibitor assessed in phase-Il clinical trials on a small-scale of
subjects with Alzheimer disease since 2015. In a recent study,
interestingly, Tideglusib was found to support the process of

natural and functional reparative dentin formation in mice
teeth with deep decays (4).

Under the light of these evidences, it was hypothesized that
periodontal regeneration might be obtained by the use of
Tideglusib to activate the WSP. Therefore, the aim of this
study was to evaluate the effects of Tideglusib on human
gingival fibroblast (hGF), periodontal ligament fibroblast
(hPDLF), and osteoblast (hOB) cell lines pointing to assess the
potential efficacy of Tideglusib in periodontal regeneration by
measuring the cytotoxicity and proliferation levels together
with Type-I and Ill collagen expression in these cells.

2. METHODS

2.1. Study Plan

hGF (Catalog no: CRL-2014, ATCC’, USA), hPDLF (Catalog
no: CC-7049, Lonza, Switzerland) and hOB (Catalog no: CRL-
11372, ATCC’, USA.) cell lines were used to investigate the
effects of Tideglusib administration. In the first stage of the
study, MultiTox-Fluor Multiplex Cytotoxicity Test (Catalog no:
G9200, Promega, USA) was applied to examine the effect
of different Tideglusib concentrations on proliferation and
cytotoxicity of the cells at the end of 24 hours. In the second
stage, acommon non-toxic dose of Tideglusib was determined
and applied to all cell lines for 24 hours to investigate Type-I
and Type-lll collagen expressions evaluated by Western blot
analysis. In accordance with this study plan, the cells treated
with Tideglusib were designated as the test group, while the
cells without Tideglusib served as the negative control group.

2.2. Cell Culture

Cells stored at — 152°C were allowed to thaw rapidly and
centrifuged in 10 ml medium at 1300 rpm for 5 minutes.
After the supernatant was removed, the pellet was
resuspended and plated into media containing flasks. hGF
cells were cultured in Dulbecco’s Modified Eagle Medium
(DMEM) (Catalog no: SLM-241-B, Sigma-Aldrich, Germany)
supplemented with 10% fetal bovine serum (FBS) (Catalog
no: 16000-036, GibcoTM, Thermo Fisher Scientific, USA),
2 mM sodium pyruvate, 1% L-glutamine (Catalog no:
W368401, Sigma-Aldrich, Germany), high glucose, sodium
bicarbonate and 0.1% amphotericin/gentamycin. Also,
0.1% fibroblast growth factor and 0.1% insulin-like growth
factor were added to the culture medium for hPDLF cells.
hOB cells were cultured in DMEM (Catalog no: P04-01549,
Pan-Biotech, Germany) and DMEM/F12 (Catalog no: P04-
41500, Pan BioTech, Germany) medium containing medium
appended with 10% FBS, 1% L-glutamine (500ul) and 0.1%
amphotericin/gentamicin.

Cells were incubated in medium in a humid environment
with 5% CO2 at 37°C, and cell proliferation was monitored
for 24 hours. Cell passages with a confluence of 70% in the
flasks were washed three times with phosphate-buffered
saline (PBS) (Catalog no: P5493, Sigma-Aldrich, Germany)
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and incubated with trypsin-EDTA (Catalog no: P10-0235SP,
Pan-Biotech, Germany) at 37°C for 5 minutes. Following the
end of the trypsinization, cells were centrifuged at 1300 rpm
for 5 minutes and resuspended with the medium according
to the pellet amount. In order to determine the cell count,
10ul cell suspension was mixed with 10ul trypan blue. Cells
were counted at 10X magnification in the light microscope
(ZEISS Primovert, Germany). The cells stained with trypan
blue were regarded as dead, whereas, the non-staineds as
alive. The number of cells per ml was calculated according
to the following formula (Cell count/ml=Mean count value X
dilution factor X 10*X 2).

2.3. Viability and Cytotoxicity Assays

MultiTox-Fluor Multiplex Cytotoxicity Test was used to
investigate Tideglusib’s biocompatibility and was repeated
three times for each cell Type. Two protease activities
were measured in order to determine the cell viability and
cytotoxicity in this experiment. For the determination of
cell viability, 100ul of cell suspension containing 5 000 cells
was added to each well and incubated for 24 hours. After
incubation, 50 nM, 100 nM and 200 nM Tideglusib (Catalog
no: SML0339-50MG, Sigma-Aldrich, Germany) dissolved in
dimethyl sulfoxide was applied to the test groups while the
cells without Tideglusib served as negative control groups.
At the end of 24 hours, 50ul of GF-AFC reagent was added to
all wells for the viability test. Plates were orbitally mixed for
5 minutes to ensure homogeneity and incubated at 37°C for
60 minutes. The plates were wrapped in aluminium foil and
protected against light. The fluorescence was measured by
the Multilabel Microplate Reader (EnSpire 2300 Multilabel
Microplate Reader, Perkin Elmer, USA) with fluorescence of
~400 nmEx/~505 nm wavelength.

For the cytotoxicity test, 50ul AAF-Glo™ reagent was added
to all wells and incubated in the dark at room temperature
for 15 minutes. The absorbance values read in the Multilabel
Microplate Reader were used for determining viability and
cytotoxicity scores and specified as percentages of viability
and cytotoxicity.

2.4. Western Blotting

Protein expressions of periodontal cells were examined by
Western blotting method 24 hours after administration of
50 nM Tideglusib, which was selected as the non-cytotoxic
and most viability supporting dose. After incubation, the
medium was removed, the cells were washed with PBS
followed by cell lysis buffer administration containing 20

mM Tris-HCl pH 7.5, 150 mM NaCl, 1 mM Na2EDTA, 1 mM
EGTA, 1% Triton, 2.5 mM sodium pyrophosphate, 1 mM
beta glycerophosphate, 1 mM Na3VvO04, 1 ug/ml leupeptin
and 1 mM PMSF. Total protein extracts were separated by
SDS-polyacrylamide gel electrophoresis and transferred to
nitrocellulose membranes. Blots were blocked with 5% milk
powder-tris buffered saline with tween 20 for 1 hour and
incubated with polyclonal antibodies against Type-I collagen
(Collagen lalpha 1 Antibody, Catalog no: 843368, Cell Signaling
Technology, USA) and Type-IIl collagen (Collagen Il alpha 1
Antibody, Catalog no: NBP2-3332, Novus Biologicals, USA).
The membrane was incubated with chemiluminescence kit
(Western blotting luminol reagent, Santa Cruz Biotechnology,
USA) in dark medium for 1 minute. The resulting radiation
(ChemiDoc™ MP, Bio-Rad, USA) was displayed, and the
density of the protein bands was calculated. The experiment
was performed with four replicates for all cell types.

2.5. Statistical Analysis

The data were analyzed by using the Statistical Package for
Social Sciences package program (SPSS for Windows, Release
25.0, IBM Inc., USA). Descriptive statistics are shown as
meantstandard deviation, median, minimum and maximum.
Data distribution was evaluated with Kolmogorov-Smirnov
test. Kruskal-Wallis test was used to compare the variables
that did not show normal distribution. Mann-Whitney U test
was used for paired comparisons. The results were interpreted
with Bonferroni correction. Statistical significance was set as
p<0.05 level.

3. RESULTS

3.1. The Effect of Tideglusib Administration on Cellular
Viability and Cytotoxicity

Table 1 shows the viability results of different concentrations
of Tideglusib administration in all cell groups for 24 hours.
Viability result of Tideglusib on hGF cells revealed no
significant difference among the control and test groups
(Table 1). On the other hand, there was a significant
difference among the control and different concentrations
of Tideglusib administrations in terms of viability effect on
hPdIf cells (p=0.022) (Table 1). 200 nM Tideglusib decreased
the viability significantly compared to the 50 nM Tideglusib
application to hPDLF cells (p=0.037) (Table 1). The viability of
hOB cells showed no significant difference for all administered
concentrations (Table 1).

Clin. Exp. Health Sci. 2020, 10: 153-162

155

DOI: 10.33808/clinexphealthsci.709924



Effects of Tideglusib on Periodontal Cells

| Original Article |

Table 1. Comparison of viability among different concentrations of Tideglusib administration in all cell groups.

Tideglusib Concentration

w 0nM 50 nM 100 nM 200 M p*
N 3 3 3 3
Mean+SD 100.00£0.00 134.60461.63 130.13460.20 124.08+63.64 0.639
S Median 100.00 100.86 100.24 91.33
Minimum 100.00 97.20 90.73 83.49
Maximum 100.00 205.74 199.44 197.44
N 3 3 3 3
MeanSD 100.0040.00 107.5146.23 105.02+2.36 97.63+1.68" 0.022
é'“ & Median 100.00 110.93 105.11 97.63
B Minimum 100.00 100.32 102.62 95.95
Maximum 100.00 111.30 107.35 99.32
N 3 3 3 3
MeanSD 100.00£0.00 115.7743.20 110.28425.34 101.98+8.90 0.264
Q= Median 100.00 114.16 123.81 103.10
2R
Minimum 100.00 113.69 81.04 92.57
Maximum 100.00 119.46 126.00 110.27

SD: Standard deviation, *Kruskal Wallis test, p<0.05, " Different from 50 nM Tideglusib administration, Mann Whitney-U Test with post-hoc Bonferroni

correction, p=0.037

Table 2 shows the comparison of cytotoxicity values of all cell
lines after 24-hour administration of Tideglusib at 50 nM, 100
nM and 200 nM concentrations. Comparisons of the test and
control groups in each cell line revealed significant cytotoxicity
effect of Tideglusib in hGF (p=0.015), hPDLF (p=0.023) and
hOB cells (p=0.015) (Table 2). However, paired comparisons
demonstrated no significant differences between the test and
control groups in hPDLF when post-hoc Bonferroni correction
was applied (p>0.05). In the paired comparisons, the cytotoxic
effects of 200 nM Tideglusib in the hGF and hOB cells were
significantly higher compared to respective control groups
(p=0.012, p=0.012, respectively) (Table 2).

3.2. The Effect of Tideglusib Administration on Type-1 And
Type-lll Collagen Expression

Following administration of 50 nM Tideglusib onto the
hGF cells, Type-I collagen expression in the test group was
significantly higher than the control group (p=0.029) (Figure
1) (Table 3). There was no significant difference between
the test and control groups in terms of Type-l collagen
expression in the hPdIf cells (p>0.05) (Figure 1) (Table 3),
Type-I collagen expression increased significantly in the test
group compared to the control in the hOB cells (p=0.029).
(Figure 1), (Table 3).
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Table 2. Comparison of cytotoxicity among different concentrations of Tideglusib administration in all cell groups.

Tideglusib Concentration (nM)

0nM 50 nM 100 nM 200 nM
N 3 3 3 3
MeanSD 0.00%0.00 1780.30£203.33 2342.23%82.75 3329.184564.40"
§ g Median 0.00 1816.17 2306.95 3290.34
Minimum 0.00 1561.43 2282.97 2785.20
Maximum 0.00 1963.32 2436.78 3912.0
N 3 3 3 3
MeanxSD 0.00%0.00 1671.58+444.85 5029.05+3326.79 4782.91+2640.26
‘é- g Median 0.00 1924.64 4350.70 4393.20
< Minimum 0.00 1157.93 2093.71 2359.18
Maximum 0.00 1932.18 8642.74 7596.38
N 3 3 3 3
MeantSD 0.00£0.00 157.86%48.83 265.88+25.64 378.85£131.29"
§ g Median 0.00 130.30 254.40 310.56
Minimum 0.00 129.05 247.99 295.79
Maximum 0.00 214.25 295.26 530.22

p*

0.015

0.023

0.015

SD: Standart deviation, *Kruskal Wallis Test, p<0.05,"Different from the control group, Mann Whitney-U Test with post-hoc Bonferroni correction, p=0.012.

Table 3. Type-I collagen expression in all cell groups after 50 nM Tideglusib administration.

Tideglusib hGF hoB
(nM) (Type-I Collagen/GAPDH) (Type-I Collagen/GAPDH) (Type-I Collagen/GAPDH)
N 4 4
MeantSD 1.57+0.09 0.11£0.03 0.06%0.02
g Median 156 0.12 0.06
S
(&)
Minimum 1.47 0.07 0.03
Maximum 1.70 0.14 0.09
N 4 4 4
Mean+SD 2.43+0.30 0.19+0.12 0.16%0.06
= Median 2.55 0.15 0.15
2
Minimum 1.98 0.10 0.09
Maximum 2.66 0.39 0.26
p* 0.029 0.343 0.029

SD: Standard deviation. *Mann Whitney-U Test with post-hoc Bonferroni correction. p<0.05.

Type-lll collagen expression analysis revealed no statistically
significant difference between the test and control groups

after 24 hours of 50 nM Tideglusib administration onto each
cell line (p>0.05) (Figure 1) (Table 4).
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Figure 1. Representative Western blot images of all cell types. Immunoblotting for glyceraldehyde-3-phosphate dehydrogenase (GAPDH)

(bottom panel) showed equal loading of the proteins in each lane. Bands were normalized to glyceraldehyde-3-phosphate dehydrogenase by

densitometry.

Table 4. Type-lll collagen expression in all cell groups after 50 nM Tideglusib administration.
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Tideglusib hGF hPDLF hOB
(nM) (Type-lll Collagen/GAPDH)  (Type-lil Collagen/GAPDH)  (Type-lil Collagen/GAPDH)
N 4 4 4
Mean+SD 0.03#0.01 0.24+0.07 0.81+0.32
-E Median 0.03 0.25 0.73
“ Minimum 0.02 0.15 0.54
Maximum 0.05 0.33 1.24
N 4 4 4
Mean1SD 0.06%0.02 0.18+0.09 0.78%0.24
§ Median 0.07 0.15 0.72
" Minimum 0.03 0.12 0.57
Maximum 0.08 0.33 1.12
p* 0.20 0.34 1.00

SD: Standard deviation. *Mann Whitney-U Test with post-hoc Bonferroni correction. p<0.05.

4. DISCUSSION MultiTox assay protocol was applied to investigate the
cytotoxicity and proliferation outcomes of Tideglusib on
human periodontal cell lines. These tests are performed
by the separation of live and dead cells based on protease
and esterase activity (27). Since protease substrates do not
disrupt cell viability throughout the experimental period,
this assay can be repeated several times, unlike other dye
exclusion (27). It is also possible to measure the number of
both live and dead cells at the same time. Although other
luminescence-based cytotoxicity tests without causing cell
destruction are also available in the fields of toxicology and
pharmacology, the stability of the tests mentioned above is
relatively low as well as the half-life of the luciferase signals
is short (27).

WSP activation is known as an early response to the natural
repair mechanism against tissue damage in mammals (4).
Therefore, the main target in repair/regeneration is WSP
stimulation via several different conducts, one of which
is GSK inhibition. Tideglusib is a small molecule GSK-3
inhibitor which is efficient in reparative dentin formation,
osteoblast proliferation and tissue repair (4). In this study,
the influence of Tideglusib on periodontal cells in terms of
cytotoxicity, viability and Type-I and Il collagen expressions
were investigated in order to clarify any potential role of this
molecule in periodontal regeneration. This is the first study
evaluating the response of periodontal cells treated with
Tideglusib.
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The periods in which cellular responses are intended to be
evaluated in cell culture studies may vary according to the
study plan. Osteoblast activity may be assessed either short-
term or long-term ranging from 15 minutes to 60 hours (28-
30), whereas 24-hour and 72-hour incubation periods were
appraised in studies concerned with fibroblast activity (31).
In this study, a 24-hour incubation period was performed as
suggested by Kim et al. (32) and Scotchford et al. (33)

A recent study of Neves et al. (4) suggesting Tideglusib
stimulated the renewal of living stem cells in tooth pulp
inspired the concentrations used in our study. Different
concentrations of Tideglusib (50 nM, 100 nM and 200
nM) were used for cytotoxicity and proliferation assays
in this study. Cytotoxicity increased significantly after 24
hours administration of 200 nM Tideglusib in the hGF cells
(p=0.012). In the proliferation experiment, there was no
significant increase in the test groups compared to the
control group. Some studies in the literature demonstrated
that WSP activation causes fibrosis by increasing fibroblast
activation and proliferation (34, 35). It has been shown
that Wnt activation can lead to increased proliferation of
lung fibroblasts, increased differentiation of fibroblasts to
myofibroblasts together with increased myofibroblast count
(36). Hamburg et al. (37) reported that continuous activation
of B-catenin, a cytosolic protein that has been associated
with numerous biological tasks utilizing a transcriptional
co-activator in the WSP, may cause fibrosis depending on
its enhancing result in the number of dermal fibroblasts. In
contrast to these studies, Wnt activation and GSK-3 inhibition
have been shown to decrease gingival growth by decreasing
TGF-B1 expression in gingival fibroblasts (38). In our study for
the first time, Tideglusib did not exert any proliferative effect
on hGF cells.

The cytotoxicity and proliferation effects of Tideglusib on
hPDLF cells were also evaluated in this study. Rooker et al.
(17) found in their immunohistochemical study that the Wnt
signaling response was higher in the proliferation areas in
the periodontal ligament, however, so far no study exists in
the literature investigating the impact of Tideglusib on hPDLF
cells. Han et al. (9) showed that the proliferation of hPDLF
cells increased compared to the control group when lithium,
as a WSP activator, was applied. In our study, no significant
difference was found between the test groups and the
control group (p>0.05). While our result does not correlate
with the previous studies (9, 17) investigating the influence of
WSP activation on hPDLF cells using Wnt modulators such as
lithium or Dickkopf molecules, this is the first study to asses
the effect of Tideglusib as a WSP activator, and therefore, it
may be necessary to evaluate the impact of Tideglusib on
hPDLF cells for more extended periods of time.

While Tideglusib application did not demonstrate any upshot
on the proliferation of hOB cells, the cytotoxicity of hOB cells
increased compared to the control group after the use of 200
nM Tideglusib (p=0.012). Morvan et al. (39) observed raised
proliferative impression on the osteoblasts of WSP induced
mice. Babij et al. (23) stated that when the WSP is activated,

there will be an increase in bone mass since the number of
osteoblasts enhanced. Caetano-Lopes et al. (40) reported that
activation of the WSP is a factor in osteoblast differentiation
and proliferation. Moreover, Westendorf et al. (22) and Lerner
et al. (41) have shown that WSP plays a critical role in the
trabecular and cortical bone mechanism, but so far there are
no studies published on the effect of Tideglusib on osteoblast
cells. In the present study, osteoblast proliferation was not
affected by WSP activation initiated with Tideglusib, which
is a new promising molecule with its intriguing theraupeutic
efficiency. Further detailed and comprehensive studies are
needed to clarify the consequence of WSP activation on
osteoblast cells through different pathways.

Based on the findings of cytotoxicity and proliferation assays,
the non-cytotoxic dose of Tideglusib that supports the viability
was determined as 50 nM, which was further used for Type-I
and Type-lll collagen experiments. Type-I collagen is the main
component of connective tissues such as gingiva, periodontal
ligament, dentin, cementum and bone. Also, Type-I collagen
is considered as a marker for osteoblast differentiation (42).
Type-lIl collagen exists in the gingiva, periodontal ligament,
cementum, skin, blood vessels, fetal tissues and plays an
essential role in collagen production/destruction mechanism
(43). Type-lll collagen provides tissue resistance at the early
stages of healing and leaves its place to Type-I collagen as the
healing is complete (43). However, there is a limited number
of studies evaluating protein expression associated with the
WSP. Minear et al. (6) created a biochemical approach to
increase the duration and strength of Wnt signaling at the
sites of the skeletal wound and demonstrated that Type-I
collagen appeared faster in the wound area of WSP activated
mutant mice as a result of more vigorous proliferation and
earlier differentiation of skeletal stem/progenitor cells.
Xiang et al. (44) established a significant decrease in Type-I
collagen expression from cardiac fibroblasts of mice having
a genetic deficiency of B-catenin molecule. In the light of
these studies, Type-l and Type-lll collagens were chosen as
common proteins for three cell lines to examine the potential
regenerative capacity of Tideglusib in our research.

After administration of 50 nM Tideglusib to the hGF cell line,
Type-l collagen level was detected to increase significantly
compared to the control group (p=0.029). Roh et al. (45)
hypothesized that the stabilization of B-catenin molecule
which exhibits regulatory properties on target gene
expression for regeneration/repair after its translocation
to the cell nucleus and has a manner of central transducer
property for the WSP in fibroblasts might have a positive
influence on Type-I collagen synthesis. They reported higher
Type-l collagen expression in keloid tissue fibroblasts,
presenting elevated fibrotic activity compared to the
normal dermal fibroblasts. Similarly, improved expression
of Type-I collagen was observed in the liver fibroblasts of
WSP activated mice (46, 47). Moreover, Bergmann et al. (34)
demonstrated that after inhibition of GSK-3 aiming to activate
WSP, a significant upsurge in Type-I collagen expression was
displayed in cultured mice dermal fibroblasts. Svegliati et al.
(48) confirmed an escalation in the amount of Type-I collagen
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expression in conjunction with WSP activation by fibroblasts
causing fibrosis in the punch biopsies of systemic sclerosis
patients. Our result that a rise in Type-l collagen level was
observed in hGF cells was found to be compatible with the
studies performed with other Types of fibroblast cells in the
literature (34, 46-48).

On the contrary, hPDLF cells treated with Tideglusib
expressed a similar level of Type-I collagen as the control cells
(p>0.05). This finding is not parallel to the previous studies
showing that Wnt signaling activation stimulates Type-I
collagen expression in dermal, cardiac and liver fibroblasts
(34, 45, 46). Nevertheless, the collagen expression in hPDLF
cells treated with Tideglusib has not been investigated so far
according to our knowledge. There is, however, a prosperity
of data concerning the role of Wnt signaling in mediating the
behaviours of other types of stem cells (17).

Besides mineralized nodule formation, expressions of Type-I
collagen, alkaline phosphatase, osteonectin and Runx2 were
evaluated as bone formation markers in studies investigating
the result of WSP activation on osteoblast cells (15, 24, 39).
Type-I collagen exists abundantly both in the organic matrix of
gingiva and bone tissues (42, 47). In our study, as a common
marker for both gingiva and bone tissues, Type-I collagen level
was measured after the administration of 50 nM Tideglusib
to the hOB cells and found significantly higher compared
to the control group (p=0.029). Glass et al. (49) observed a
significant increase in the bone mass accompanied by higher
Type-I collagen expression in osteoblast cells of Wnt signaling
activated mice. Kim et al. (15) presented higher Type-I
collagen release and accelerated osteoblast differentiation
together with Wnt signaling activation. Popelut et al. (24)
examined the consequence of Wnt signaling activation on
implant osseointegration and observed a substantial rise in
Type-I collagen level after signal path stimulation. Activation
of WSPs provides an escalation in bone mass and increases
osteoblast activity, and the data revealed from our study may
support the findings that Tideglusib may play a role in the
intensification of bone mass.

There is a limited number of studies in the literature
exploring the significance of WSP activation on Type-lll
collagen expression (45, 50). In our study, Type-lll collagen
expression was not statistically different between the test
and control groups for each cell line. Similarly, Roh et al. (45)
did not observe any sense of B-catenin stabilization on Type-
Il collagen release in dermal fibrosis tissue fibroblasts. In
contrast to the findings of our study and Roh et al. (45), Ge et
al. (50) reported Type-lll collagen increase in hepatic tissue
fibrosis and decreased hepatic cell proliferation after the
blockage of Wnt signaling. However, the differences in the
methods applied and cell lines may explain this inconsistency.

In our study, 24-hour incubation with Tideglusib did not
cause any change in Type-I collagen expression in the hPDLF
cell. Similarly, Tideglusib did not stimulate Type-Ill collagen
expression at 24 hours in any cell line. Short evaluation
period may be considered as a limitation of our study. Protein
expressions were evaluated in the cell culture studies at

periods ranging from 24 hours to 72 hours (15, 24, 28, 31).
Although, Popelut et al. (24) did not observe an upturn in
the amount of collagen after 24-hour protein release test,
they found a significant upsurge after 48 hours of evaluation.
Therefore, it was concluded that more prolonged periods of
time are needed to examine the influence of Tideglusib on
periodontal cells.

5. CONCLUSION

It can be concluded that tideglusib molecule is not cytotoxic
at 50 nM and 100 nM concentrations and may have a possible
positive effect on bone regeneration rather than periodontal
regeneration since it causes type-l collagen increase in hGF
and hOB cells, but not in hPDLF. However, our study is the
first to investigate the impact of tideglusib on periodontal
cells. Further studies are warranted to examine a wide range
of healing markers to provide a clearer view for screening the
power of Tideglusib on periodontal regeneration.
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ABSTRACT

and MRI findings were evaluated to detect a possible correlation.

augment the success of lesion localisation in FCD patients.

Keywords: EEG, interictal, focal cortical dysplasia.

Objective: To assess the localizing value of interictal scalp EEG in epileptic focal cortical dysplasia (FCD) patients.

Methods: A retrospective observational study of EEG records of epileptic patients seen at the Marmara University Hospital was performed. EEG

Results: EEG findings were consistent with MRI findings in 6 patients (37.5%).
Conclusion: EEG findings were irrelevant in 62.5% (n:10) of patients. Additional imaging techniques such as ictal SPECT, MEG etc. will clearly

1. INTRODUCTION

Focal cortical dysplasia (FCD) is a common malformation of
cerebral cortical development. FCD describes a wide range
of abnormalities resulting from disruption in the migration of
the maturing neurons, disturbance of programmed cell death
in fetal brain and environmental factors (1). Association of
FCD with epilepsy was first described by Taylor in 1971 (2)
Five to 10% of all epilepsy patients have FCD (3). Intractable
epilepsy remains the most common clinical presentation
for all types of FCD (4). Seizures usually tend to start in
early childhood, but may start at any age (5). In pediatric
patients with drug-resistant epilepsy, up to 50% of patients
have magnetic resonance imaging (MRI) visible FCD (3) Scalp
electroencephalography (EEG) is one of the important tools
to localize the epileptogenic zone (6). However, there are
conflicting results from studies which evaluated the role of
EEG in FCD (7,8).

In this study we aimed to analyze the interictal scalp EEGs of
a refined group of FCD patients to see if interictal scalp EEG
correctly localized the epileptogenic zone.

2. METHODS

Aretrospective observational study of EEG records of epileptic
patients seen at the Marmara University Hospital, Turkey
between January 2012 to December 2018 was performed.
Patients who were diagnosed as FCD were included. Age, sex,
EEG findings and MRI findings of the patients were retrieved.
All EEGs are 30 minutes interictal scalp EEGs which were
performed using the 10-20 system. Patients were grouped
according to their demographic variables. EEG and MRI
findings were evaluated to detect a possible correlation.

This is a retrospective descripitive study thus there was no
control group. Since the patient group was relatively small,
the results were not statistically analyzed and given as ratios
and percentages.

3. RESULTS

Sixteen epileptic patients who were diagnosed as FCD were
included in the study. Nine patients (56.25%) were female
while 7 patients (43.75%) were male. Mean patient age was
35,375 years with ranging from 18 to 72 years old.
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Six patients(37.5 %) had FCD on left hemisphere, 5 patients
(31.25%) had on right hemisphere and 5 patients (31.25%)
had bilateral lesions.

43.75 % (n=7) of patients’ lesions were found in frontal, 25
% (n=4) in perisilvie, 18.75% (n=3) in temporal, 6.25% (n=1)
in parietal lobe. One patient (6.25%) had bilateral dual
pathology (mesial temporal sclerosis with occipital FCD).

EEG findings were normal in 7 patients (43.75%) and
pathological in 8 patients (56.25%). EEG findings were
consistent with MRI findings in 6 patients (37.5%) and
irrelevant in 62.5% (n=10) as shown at Table 1.

Table 1. MRI and EEG findings of the patients.

Pa:snt Sex Age(years) MRI findings EEG findings
1 22 Temporal(L) | Temporooccipital E.A.(L)
1 27 Frontal (L) Normal
8 1 56 MTST;)C'p'ta' Temporal E.A.(B)
0 35 Frontal (R) Normal
5 0 44 Perisilvien (B) Normal
Anterior temporal
6 1 34 Temporal (R) EAR)
7 0 35 Perisilvien (B) FIRDA
3 1 19 Frontal (L) Bifrontal |nt.erm|ttant
slowing
9 0 18 Temporal (L) Normal
10 0 26 Frontal (L) Normal
1 1 16 Superior frontal Normal
(R)
12 1 72 Frontal (L) Normal
13 0 25 Parietal (R) Frontocentral E.A.(R)
14 0 35 Frontal(R) Frontocentral E.A.(R)
15 1 43 Perisilvien (B) Jeneralized E.A.
16 1 29 Perisilvien(R) Frontal E.A. (R)

0=male, 1= female ,L=left, R=right, B=bilateral, E.A=epileptifrom activity,
FIRDA=Frontal intermittant rythmic delta activity

4. DISCUSSION

In this study we aimed to evaluate the localizing value
of interictal scalp EEG in FCD. We found out that in 37.5%
(n=6) of our patients, EEG findings were consistent with MRI
lesions.

Epilepsy, the most common manifestation of FCD can ocur
at any age but most commonly develops in childhood (9).
Seizures from FCD are commonly refractory to medical
treatment (10). With the evolving modern imaging
technologies such as MRI, 18-fluorodeoxyglucose-
positron —emission tomography (FDG-PET), ictal-single
photon emission computed tomography (SPECT) and
magnetoencephalography (MEG), cortical dysplasia are more
frequently diagnosed in epileptic patients (11). Certainly the
MRI lesion is not enough for epilepsy surgery decision. It

is necessary to meticulously determine where exactly the
seizure arises. Despite the variation between different types
of FCD, rythmic epileptiform discharges on interictal scalp
EEG have been determined to correlate with the anatomic
extent of the lesion (7,8)

Interictal and ictal scalp EEG findings have been formerly
studied to demonstrate electrographic signs by Noachtar et
al. (12) Lerner et al. has shown that interictal and ictal scalp
EEG correlated with the region of cortical dysplasia in 49-68%
of patients (13). Our findings are close but less supportive
than the former studies. We showed that interictal scalp EEG
only localized 37.5% of the FCD patients. There may be a
few reasons for this discordance. One of them is clearly the
relatively small number of patients. The second reason may
be the lack of ictal scalp EEG implementation.

5. CONCLUSION

As a conclusion, our relatively different results from the
previous studies may be interpretad as the necessity of dual
practice of ictal and interictal scalp EEG in FCD patients.
Additional imaging techniques such as ictal SPECT and MEG
etc. should be performed to augment the success of lesion
localisation clearly in FCD patients.

Acknowledgement: Special thanks to Mrs. Berrak Kizilap for
her generous support in the EEG laboratory.
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ABSTRACT

Obijective: The aim of this study was to examine the effect of applying cold band treatment to migraineurs on the duration and severity of
migraine headaches, and on migraine-specific life quality.

Methods: Patients referred to neurology clinic and diagnosed with migraine by a neurologist were examined prospectively. A self-controlled
research design was applied to minimize individual differences. The sample group participating in the study were monitored over the course of
four migraine attacks: two before and two during application period.

Results: Comparison of the mean values of pain duration for pre-application and application periods revealed no statistically significant
difference (p>0.05). However, there was found to be a significant difference between mean pain intensity total scores (p<0.05). At 30th and
60th — minute points, it was noted that the mean value of the total pain scores for the application period decreased significantly (p<0.05). Also,
it was recognized that the 24-hour Migraine Quality of Life Scale showed statistically significant increase in total score and in subscale scores
when compared to pre-application period (p=0.0001).

Conclusion: The application of a cold band to forehead was found to have a positive effect in reducing pain severity and also improving quality

of life.

Keywords: Cold application, migraineurs, nursing, pain, quality of life.

1. INTRODUCTION

The International Headache Society (IHS) defines migraine
as a headache which reoccurs, which is so intense that it
can seriously affect quality of life and which might last for
hours; it emphasizes that migraine can alter individuals’
physiological and emotional states, as well as their social and
economic conditions (1). It is evident that the unpredictable
nature of migraine can often cause individuals to experience
fear and anxiety (2). Also, it can negatively affect their daily
life activities, work / school performance and their general
social functioning (3-5). Furthermore, it is commonly felt that
the pain and incapacity experienced during a migraine attack
is not limited only to the period of the attack itself, but also
continues to affect the individual between attacks (6).

The main goal in the care and treatment of migraineurs is to
enhance quality of life by reducing the frequency of attacks,
and the severity and duration of the pain (6).

It is necessary to teach these individuals methods and
practices for coping with pain by raising the level of their
physical, social and psychological well-being, thereby
improving their quality of life (4, 6).

A number of studies have advocated the use of herbal
products, vitamins and minerals and also the benefits
of methods such as applied pressure and hot and cold
applications to prevent or relieve migraine (3, 7-9). In
particular, cold application to the head is a method that
has been used for many years in migraine treatment and
is generally a responsibility of nursing staff (10-13) (Turkish
Nurses Association, 2011). Some previous studies into the
effects of cold application on headaches employed different
application methods, such as: a complex helmet system
that combines cold, heat and pressure (14); a cold gel cap
attached at the neck and surrounding the whole head (15);
and a cold neoprene band wrapped around the neck (13).
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However, to date, there do not appear to have been any
studies carried out on this subject by nursing practitioners.
The focus of this study was the use of a cold band applied
to the forehead during migraine attacks. This method was
chosen because the time of occurrence of migraine attacks
is uncertain and this method is easy to use in any setting.
Similarly, the forehead is the most commonly-reported locus
for the experience of migraine and the band can be easily
applied there.

In this context, the study was designed to evaluate the
effect of local cold application to the forehead on headache
intensity level and duration, and also on quality of life. It is
anticipated that the results of this study might provide useful
evidence for the improvement of patient care guidelines in
future.

In this study, the following hypotheses were tested during
any follow-up that was conducted.

Hypothesis (H) 1: Local cold application on the forehead of
the migraineurs shortens the length of pain.

Hypothesis (H) 2: Local cold application on the forehead of
the migraineurs decreases the severity of pain.

Hypothesis (H) 3: Local cold application on the forehead of
the migraineurs increases the quality of life.

2. METHODS

2.1. Study Design and Sampling

The study was completed within one year (August 2015 —
August 2016) using self-controlled pre-test and post-test
research design at a single center. Ethical approval from
Medipol University Clinical Research Ethics Committee was
obtained (No: 108400987-379).

After the research sample was determined, an effect test
was performed using the Visual Analogue Scale (VAS) scores
from the study results previously obtained by Suprouse-
Blum and colleagues (2013). Based on these calculations, it
was considered necessary to include 22 migraineurs in the
sample with 0.80 power value, 0.05 level of significance,
0.05 deviation. Finally, it was decided to proceed with the
study with 30 patients who met the inclusion criteria, so
that parametric tests could be applied, bearing in mind
it was likely there would be some drop-out from the total
number starting the study. These individuals were monitored
throughout the duration of four attacks in total, two in the
pre-application period and two in the application period, for
pain severity, pain duration and quality of life.

Individuals who were diagnosed by a physician with migraine
according to International Classification of Headache
Disorders-Il (CHD-II) criteria, and who met certain specified
criteria, were included in the study. The participants had to
be 18 years of age or above, who were not pregnant, who
took only nonsteroidal anti-inflammatory (NSAID) analgesics,
who had not used the cold application method before in

order to relieve migraine, who had no record of cold allergies
and whose attack frequencies were usually less than two
months.

Patients with migraine who visited the neurology polyclinic
and who met the research criteria, were informed on
admission about the aims of the research, its scope, duration
and what was expected from them. Written consent was
obtained from the volunteers before including them in the
sample. During the pre-application period, participants were
not informed about the nature of the treatment in case they
were tempted to try it before application. They were told only
that it was known to be effective as a migraine treatment,
it had no side effects, and it was a non-pharmacological
intervention. They were assured that they would be able
to quit at any time if they did not want to proceed. In fact,
however, no participant withdrew from the study.

2.2. Instruments

The following items were employed in the data collection
process: Patient Information Form, Patient Inspection Form,
VAS and The 24-hour Migraine Quality of Life Questionnaire
(24 h-MQoLQ). Patient Information Form consisted of three
parts. The first included participants’ personal details such
as age, gender, marital status, occupation and educational
status. Part 2 featured questions regarding the duration of
the migraine attack, the location in which it took place, the
frequency of attacks, aura presence, and any methods used
to stop the pain.The third part contained questions about
the effect of the cold application in relieving pain, whether
or not there were any side effects (and, if so, the nature of
these side effects), their intention to use the cold application
again for migraine relief or not, and whether or not they
were using other non-pharmacological applications. Patient
Inspection Forms were prepared separately for the pre-
application and application periods. They listed the contact
details of the researcher and specified the type of data the
patients were required to enter in the course of the attacks.
Pre-application Inspection Form was designed to record the
patients’ own descriptive account of the starting-point and
end-point of migraine attacks and their experience of pain
levels. In the same way application period inspection form,
collected the patients’ descriptions of their experience at
the start and end of the cold application period. VAS was
used to translate the participants’ subjective judgements
into numerical values. The participants were required to
indicate their perception of the pain level experienced on a
10 cm (100 mm) ruler. This registered the complete absence
of pain at one end and severe pain at the other. The 24 h
MQoLQ is a migraine-specific questionnaire which aims to
quantify short-term changes in quality of life within the 24-
hour period after the onset of pain. There are fifteen items
in total covering five pre-defined subscales of quality of life:
Migraine Symptoms, Emotions-Anxiety, Work Functionality,
Social Functioning and Energy/Vitality. It is possible to get a
minimum of 1 point and a maximum of 7 points from each
item in the seven-point Likert — type scale, and a minimum of
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3 and maximum of 21 points from each item on the quality
of life subscale. The minimum possible score is 15, and the
maximum 105. The higher the score on the scale, the better
the quality of the individual’s life in relation to his or her
migraine. The lower the score on the scale, the worse the
quality of life. The Cronbach Alpha Value of the scale was
found to be 0.84. In this study a value of 0.79 was obtained
for the pre-application period, and 0.89 for the application
period (16, 17).

2.3. Data Collection

Individuals participating in the survey were observed during
four migraine attacks: two before the cold application and two
after. During the pre-application period, the first and second
parts of the Patient Information Form were introduced to
the participants, followed by the Pre-application Patient
Observation Form, VAS and the 24h MQoLQ. The forms were
explained in detail and any points requiring clarification were
answered. During the application period, the information on
the Patient Information Form was reviewed and any changes
were recorded. The Application Period Patient Observation
Form, VAS and the 24h MQoLQ were then issued. Instruction
was provided on how to complete the forms. The cold
application process was demonstrated and explanatory
information provided about it and the material to be used.
Feedback was received from the patients. The ‘Cold Migraine
Bands’, with a form explaining the application method, were
distributed to the participants so that they could apply them
to their foreheads as directed as soon as the pain started.

The participants were asked to call the researcher after every
attack in order the ensure all the relevant data was collected
in full. Patients were called every two weeks by the researcher
and questioned as to whether they had experienced a
migraine attack. Those who said they had were invited to
the polyclinic and their forms collected. They were issued
with new forms to complete in the event of a further attack.
The participants were invited to the polyclinic for interview
after the application period had ended. Their forms were
collected and the third part of the Patient Observation Form,
containing the questions for evaluation after application, was
issued to them.

2.4. Statistical Analysis

The data were analyzed using SPSS for Windows (Version
16.0). Descriptive statistics, such as mean, SD, number,
and frequency, were used to characterize the research
participants. The Wilcoxon Marked-Rank Test was employed
to test the difference between groups in non-parametric
data. Since the samples were collected independently from
each other, the t test and ANOVA were used to determine
whether the results were rational. The results were evaluated
at 95% confidence interval, and at p<0.05 significance level.

3. RESULTS

The study was carried out with 30 patients. The average age
of the patients included in the research was 35.4748.95. 23
of the patients were women, 16 had a university degree, 15
were government officers, and 16 were married.

When the sickness characteristics of the participants were
analyzed: 43.3% were found to have been diagnosed with
migraine for 11 years or more; the same figure of 43.3%
was found for those who experienced pain in the pre-frontal
area; 40% experienced a migraine attack once a month;
6.6% experienced a migraine attack every day; and 70%
experienced aura symptoms before pain. The most common
aura symptom was visual disorder, reported by 71.4%; 80%
of participants used medicine to relieve pain; 60% of them
used non-pharmacological methods; and the most common
non-pharmacological method was simply to rest in a dark
and quiet environment, as stated by 33.3% (Table 1).

Table 1. Comparison of pain duration averages during pre-application
and application periods (n=30)

Pre-application  Application
Period
AvgtSD AvgtSD Z* P
Total Pain Duration | 18.29+15.85 20.21£13.27 | -1.48 | 0.138

*Wilcoxon Signed Rank Test

When the pain duration experienced in the pre-application
and application periods was compared, no significant
difference was detected (p>0.05) (Table 2).

Table 2. Comparison of pain level averages in the pre-application and
application periods (n=30)

Percentage
Difference
Between Pre-
Application

Pre-
application
Period

Application

Period

Total Pain and
Duration Application
Avg#SD Avg#SD t* p Periods
Start 5.2+1.6 5.6£1.4 [1.634| 0.113 %8
30.Minute | 6.4+1.4 5.8¢1.0 |[2.169| 0.038 -%9
60.Minute | 7.3t1.5 5.7£1.0 |5.227|0.0001 -%22

*t-test *Anova

When the pain level averages in the pre-application and
application periods were compared, no statistically significant
difference was observed between them at the beginning
(0 min), (p=0.113). The application period pain level at the
30th and 60th minutes points dropped by a significant level
compared to the pre-application period (p<0.05). This drop
in pain level percentages was observed clearly between the
two application periods. The pain level total points averages
obtained were transformed from 0 min <30 min <60 min in
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the pre-application period into 0 min <30 min> 60 min in the
application period (Table 3).

Table 3. Comparison of point averages in the 24 h-MQolLQ during
the pre-application and application periods (n=30)

Average of pre- Average of
application period application period
Subscales of the 24- | Attack 1 and Attack 1 and
hour QOLS Attack 2 Attack 2
Avg#SD Avg#SD z* p

Migraine Symptoms 6.92+1.67 8.70£2.22 -3.430| ,001
Emotion/Anxiety 6.95+5.53 8.38+2.22 -3.114 | ,002
Work Functionality 6.18%2.40 8.6212.30 -4.324 | ,0001
Social Functioning 6.20+2.04 8.83+2.50 -4.001 | ,0001
Energy-Vitality 6.58+1.88 8.22+2.35 -3.230 | ,001
Total 32.83+6.84 42.75+8.98 -4.314 | ,0001

*Wilcoxon Signed Rank Test

It was noted that there was a statistically meaningful increase
in the total points averages of the 24 h-MQolQ in the
application period compared to the pre-application period
(z=4.314, p=0.0001).

4. DISCUSSION

After the data on pain duration from the migraineurs were
collated, the total points average of pain duration for the
pre-application period was determined to be 18.29+15.85
hours, and for the application period the corresponding
figure was 20.21+13.27 hours (Table 1). It is generally agreed
that migraines are rarely shorter than 3 hours and usually last
between 8 and 24 hours. However, they can last a few days
and sometimes even up to a week (6, 9). In this study, our
findings with regard to pain duration are consistent with the
literature though there are only a limited number of studies
on this aspect. However, the evaluation carried out after
implementation of the cold application treatment revealed
no significant difference between the total points averages
over the pre-application and application periods (p>0.05).
Although there are a few studies in the literature examining
the effect of cold applications on migraine pain, none have
focused on their effect on the duration of pain application
period (11-13, 15). With regard to this, H1 hypothesis was
rejected.

In migraineurs the severity of the pain experienced varies
fromindividualtoindividual. Ahigh degree of severity might
prevent them from carrying out their normal everyday
activities (18). The data collected from participants during
attacks showed that there was a statistically significant
increase in the median severity of pain in the case of both
attacks in the pre-application period (p<0.001; Table 2).
For data collected during attacks within the application
period, the median values of pain severity showed similar
distributions (p<0.05, Table 2). When the total pain level

points averages in the pre-application and application
periods were compared, no statistically significant
difference was observed between the averages at the
start point (0 min), (p=0.113). However, at the 30th and
60th minutes points a significant difference was detected
(p=0.038; p=0.0001) (Table 2). Thus, H2 hypothesis was
confirmed. Similar results can be found in previous studies
of the effect of cold application treatment on headaches
(13, 15, 18, 19). In addition, the effect of cold application
was investigated with regard to the experience of pain
across a wide range of conditions, for example: following
total hip surgery; after knee surgery; in cases of acute
low back pain; postpartum episiotomy; for heel pain; in
the post-operative period following an open abdominal
operation; for pain due to chest tube removal; and for
patients with primary osteoarthritis. The results of these
studies indicate that cold application treatment has a
positive effect (19-26).

For migraineurs, recurring episodes of headache, and
persistent fear and anxiety about the uncertainty of when
the next one will occur, can all have a disturbing effect on
themselves and their family, as well as on their work and
social life. A study by Powers et al (2003) found that children
with migraine had similar quality of life scale scores to those
with arthritis and cancer (27). Researchers in Canada revealed
that half of migraineurs were unable to continue their daily
activities during attacks and one third needed bed rest (28).
Ozkan and Ongun (2017), found that 53.1% of migraineurs
were severely restricted in carrying out their normal daily
activities, while the figure obtained by Gul and Mollaoglu
(2012) was 68.3% (29, 30).

When the data on quality of life with migraine were
analyzed, it was found that, for the first and second attacks
in the pre-application period, the total average score for
the 24 h-MQolLQ was 32.83+6.84, rising to 42.75+8.98 in
the application period. Scale point averages were compared
at the end of the pre-application and application period
attacks. As a result, a significant increase in total quality
of life scores in the application period was observed,
compared to the pre-application period (p<0.05, Table 3).
With regard to this finding, H3 hypothesis was confirmed.
Although to our knowledge no studies have been conducted
into the direct effect of cold application on quality of life, it
is recognized as a frequently used treatment method (31,
32). It is asserted that the higher the individual’s score on
the 24 h-MQolLQ, the higher their migraine-related quality
of life will be (16, 17). The increase in migraine-related
quality of life scale scores during the application period
when compared to the pre-application period showed
that the cold application had a positive effect in improving
the quality of life of individuals suffering from migraine.
However, given that the highest possible score on the 24
h-MQoLQ is 105, it was noticeable that quality of life had
not reached the expected level even at the end of the
application period. This was taken as a reflection of the
overall quality of life of the patients.
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5. CONCLUSION

In conclusion, the application of a cold band to the forehead
of migraineurs was found to be an effective intervention in
reducing the level of pain and improving migraine — related
quality of life, but it had no effect on the duration of pain. It
is recommended that a further study should be carried out
with migraine patients, using different non-pharmacological
methods to relieve the pain and then the results compared.

Limitations of the Study

The limitations of the study are as follows; the data’s being
dependent on self-report, the time between the migraine
attacks being too long, the research’s being limited to
the sample group and not being able to perform any
generalizations.

Source of Funding: This study was supported by Istanbul
University Scientific Research Projects Unit. Project no: TDK-
2016-3781
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ABSTRACT

Objective: To investigate the clinical effectiveness of adjunctive hyaluronic acid (HA) application to non-surgical periodontal treatment (NSPT)
on periodontal parameters and gingival crevicular fluid (GCF) volume in smoking patients with stage Il and grade C periodontitis.

Methods: Records of patients who underwent previously NSPT with or without HA gel application were reviewed. The clinical examinations and
radiographs of patients, which were collected, are used as data. At baseline, 1 and 3 months, periodontal parameters such as plaque index (PI),
gingival index (Gl), bleeding on probing (BOP), probing depth (PD) and clinical attachment level (CAL), and GCF volume were assessed.
Results: Total 20 patients (male/female: 15/5) were included in the study who met the eligibility criteria. For 10 of these patients only NSPT
was performed (Control group), the other 10 patients received NSPT with HA gel application (Test group). Intra-group differences in both
groups were significant in periodontal parameters: Pl (both, p<0.001), Gl (both, p<0.001), BOP (both, p<0.001), PD (both, p<0.05) and CAL
(both, p<0.05); and in GCF volume (both, p<0.05). No statistically significant differences were determined between the treatment groups at any
assessment time periods in any outcomes (all, p>0.05) nor in the changes (A) with time (all, p>0.05).

Conclusion: Compared to NSPT alone, the application of HA as adjunct to NSPT did not have any additional clinical effectiveness in smokers

having periodontitis.

Keywords: Gingival crevicular fluid, hyaluronic acid, periodontitis, root planing

1. INTRODUCTION

Hyaluronicacid (HA)isanaturally occurring glycosaminoglycan
with a high molecular weight, which is existing in various body
fluids, including saliva, gingival crevicular fluid (GCF), serum
and synovial fluid. HA plays complex roles in maintaining
homeostasis in the body and regulating various biological
processes (1). It is also a major element of the extracellular
matrix of non-mineralized and mineralized tissues, such
as the skin, the joints, the eyes, and the periodontium (2-
4). HA shows bacteriostatic (5), anti-inflammatory (6),
fungastatic (7), osteoinductive (8, 9), anti-oedematous (10)
and pro-angiogenetic (11). To date, HA-based biomaterials
and exogenous HA have shown success in an extraordinarily
broad range of biomedical usage for the treatment of wound
healing and inflammation in ophthalmology, dermatology
and orthopedics (10).

Hyaluronan synthase enzymes in cells in periodontal tissues
(fibroblasts and keratinocytes in the gingiva and periodontal
ligament, cementoblasts in the cementum and osteoblasts in

thealveolarbone)synthesize hyaluronanin periodontaltissues
(12). It exists a higher amount in the periodontal ligament and
gingiva compared to the cementum and alveolar bone (10,
13-18). HA is a critical component in maintaining of healthy
periodontal tissue, the most abundant glycosaminoglycan
in the periodontal ligament matrix (19). Antioedematous,
anti-inflammatory and antibacterial effects of HA are also
demonstrated in the treatment of periodontal diseases (20).
HA is effective on the reduction of plaque index and sulcus
bleeding index in gingivitis patients (20, 21). However, there
are no differences in bacterial profile and clinical parameters
when HA was applied subgingivally as adjunctive to scaling
and root planning (SRP) in chronic periodontitis patients (22).
On the other hand several clinical studies and reports have
revealed additional clinical improvements in probing depth
(PD) reduction and clinical attachment level (CAL) gain after
the application of HA adjunctively to periodontal operation
(23-25). A systematic review (26) concluded that the use of
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HA as an adjunct to both SRP in chronic periodontitis patients
and surgical periodontal therapy provided positive effects on
the bleeding on probing (BOP), PD, CAL and bone fill. In a
recent systematic review and meta-analysis, it was stated
that adjunctive use of HA may improve the clinical outcomes
when used in conjunction with non-surgical and surgical
periodontal therapy (27).

Smoking is one of the main risk factors for the initiation and
progression of periodontal diseases. In addition to increasing
periodontal destruction, previous data revealed that smoking
also adversely affects the response to periodontal treatment
(28-30).

To the best of the authors’ knowledge, despite all
aforementioned unique properties, there is no information
about the effectiveness of HA as an adjunct to non-surgical
periodontal treatment (NSPT) in smokers with periodontitis.
Thus, the present retrospective study aimed to evaluate
the clinical effectiveness of HA as adjunctive to NSPT in
the management of periodontitis. The null hypothesis was
that additional HA gel application during NSPT would not
influence the outcomes in smokers.

2. METHODS

This retrospective clinical study was approved by Ethical
Committee of Clinical Studies in the Marmara University with
the reference number 2019-345.

2.1. Study Population

The data used in this study were extracted from the records
of subjects who received NSPT from July 1, 2018 to January
1, 2019 at the Periodontology Clinics, Marmara University.

The inclusion criteria of the subjects were as follows: (a)
systemically healthy, (b) periodontitis, (c) smoker (=10
cigarettes/day; >5 years), (d) aged between 18 and 65 years,
(e) not existed any kind of periodontal surgery. Subjects with
incomplete documentation and/or without at least 3-week
follow-up observation were excluded.

A total of 4625 patients’ data were screened and evaluated
based on the inclusion criteria. Among them, 4605 patients’
records were excluded from the study: 2778 patients had
systemic disease and/or were non-smoker and/or presented
presence of less than 16 teeth and/or gingivitis and/or history
of antibiotic, anti-inflammatory; records of 256 patients were
incomplete; 977 patients were not within the defined age
range. Thus, our study proceeded with records of 20 patients
who fulfilled the inclusion criteria. A written informed consent
form was obtained from all subjects before NSPT.

Radiographic (Fig 1) and clinical data of 20 enrolled subjects
were retrieved and the procedures and follow-up sessions
were reviewed in their records, retrospectively. The patients
included in study comply with the periodontitis stage IIl with
regard to the extent and severity and grade C depending on
the smoke (31). The same treatment protocol was applied to

the clinical records of patients, who underwent either only
NSPT or HA gel as adjunct to NSPT, as detailed below.

Figure 1. Radiographic view of one of the patient

2.2. Treatment protocol

Participants received oral hygiene instructions 1 week
before the experimental period. At baseline, 1 and 3 months
clinical parameters were recorded and GCF samples were
collected. The GCF samples were collected from four distinct
deeper pockets with standardized paper strips (PerioPaper,
Proflow, Amityville, NY) which inserted at 1 mm depth at the
entrance of the periodontal pocket, regardless of the PD, for
30 seconds following isolation of the sampling area. Strips
visibly contaminated with microbial dental plaque, saliva or
blood were excluded. A calibrated Periotron 8000 (OraFlow,
Inc., Smithtown, NY, USA) was used to measure the GCF
volume. SRP was performed with hand instruments (Gracey,
SG 5/6, 7/8, 11/12, 13/14, Hu-Friedy Mfg. Co., LLC, Chicago,
IL, USA) and an ultrasonic scaler (Cavitron®, BOBCAT® Pro,
Dentsply International, USA) in two separate sessions with
one week interval to both group. In the test group HA gel
(Periosyal, Teoxane SA, Geneva, Switzerland) was applied to
the gingival crevicular as an adjunct to NSPT in sessions. The
gel inside the syringe was appled with a needle that allows it
to reach the depth of the pocket until the pocket was filled
with gel. Following this procedure, patients were asked not
to eat or drink for one hour.

2.3.Data extraction

Clinical parameters in terms of plaque index (PI) (32),
gingival index (Gl) (33), BOP, PD, and CAL using the manual
periodontal probe (UNC15; Hu-Friedy, Chicago, IL, USA) were
considered at baseline, 1 and 3 months. The Pl and Gl were
scored at 4 periodontal sites and the PD, CAL and BOP values
were measured at 6 periodontal sites per tooth. The average
scores for the whole-mouth PI, GI, BOP, PD and CAL; and
GCF volume were calculated for each patient. The numerical
readings of GCF volume were converted into actual volume
(ul) with the reference to formulation obtained from the
standard curve.
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2.4. Statistical analysis Tablo 1. Baseline data of patients

SPSS 20 (SPSS Corporation, Chicago, USA) was used for il Uizl s e T

statistical analysis with a significance level of 5%. The
distribution for normality was checked via the Kolmogorov—
Smirnov test. The Mann-Whitney U, the Kruskal-Wallis
and Chi-Square tests were used to analyze intergroup
differences. The Wilcoxon signed-rank and Friedman’s test
were performed to check repeated measurements of clinical (Max-Min) 21-46 21-42 23-46
parameters.

(N=20) (N=10) (N=10)
Gender (F/M) 5/15 2/8 3/7 0.606*

Age (MeanSD) | 31.706.23 31.1046.02 32.3046.70 | 0.739"

*Chi Square, *Mann-Whitney U test, p<0.05

3. RESULTS The periodontal clinical parameters in the control and test

' . ) o groups are shown in Table 2. At baseline, clinical parameters for
In Table 1, the demographic data of subjects without significant all patients were similar for both groups (p>0.05). The 1 and 3

differences in gender and age (p>0.05) is presentefj- No months’ evaluations yielded significant reductions compared
adverse effects were reported throughout the study period. with the baseline values in all periodontal parameters in both

treatment groups (p<0.05).

Table 2: Overview of all examined parameters

Mean1SD DeltatSD

Time Point Control Group Test Group P* Control Group Test Group P*
(N=10) (N=10) (N=10) (N=10)
Clinical Parameters
PI Baseline 1.49+0.34 1.48+0.64 0.315
1% month 0.43+0.21* 0.26+0.35° 0.075 0.77+0.37 1.00£0.30 0.143
3" month 0.32+0.14* 0.19+0.17%® 0.105 0.18+0.09 0.15+0.14 0.075
Intragroup P value 0.000* 0.000*
Gl Baseline 1.26%0.29 1.52+0.46 0.874
1% month 0.49+0.28° 0.51+0.34° 0.143 0.77+0.37 1.00£0.30 0.218
3" month 0.32+0.22* 0.36+0.28%* 0.971 0.18+0.09 0.15+0.14 0.247
Intragroup P value 0.000* 0.000¢
BOP (%) Baseline 31.94+10.14 39.61+10.02 0.075
1% month 4.27+1.26° 4.3742.92° 0.481 27.6619.93 35.24+£10.71 0.190
3" month 3.41+0.70° 3.23+2.45° 0.529 0.86+1.53 1.14+1.85 0.529
Intragroup P value 0.000* 0.000*
PD (mm) Baseline 2.92+0.60 3.20£0.58 0.315
1% month 2.42+0.29° 2.35+0.56° 1.000 0.49+0.48 0.85+0.24 0.089
3" month 2.3610.33¢ 2.30+0.72° 0.853 0.06+0.14 0.05+0.42 0.529
Intragroup P value 0.000* 0.001*
CAL (mm) Baseline 2.98+0.58 3.35£0.54 0.165
1% month 2.48+0.28° 2.79+0.89° 0.436 0.55+0.49 0.56+0.55 0.912
3" month 2.43+0.28° 2.75+0.78° 0.436 0.06+0.18 0.04+0.15 0.796
Intragroup P value 0.002* 0.001*
GCF volume
GCF (x10° CFU/ml) Baseline 0.42+0.12 0.59+0.24 0.105
1% month 0.24+0.06° 0.34+0.15¢ 0.105 0.18+0.09 0.18+0.09 0.143
3 month 0.14+0.07* 0.24+0.14% 0.143 0.25+0.26 0.25+0.26 0.853
Intragroup P value 0.000¢ 0.002*

*Mann-Whitney U test, * Student-t test, *Friedman’s two way test

Pl: Plaque Index, Gl: Gingival Index, BOP: Bleeding on Probing, PD: Probing Depth, CAL: CAL: Clinical Attachment Level, GCF: Gingival Crevicular Fluid
“Wilcoxon Signed Rank, p=0.005, compared to the baseline, *Wilcoxon Signed Rank, p=0.008, compared to the 28th day, ‘Wilcoxon Signed Rank, p=0.005,
compared to the 28th day, “Wilcoxon Signed Rank, p=0.007, compared to the baseline, ¢Wilcoxon Signed Rank, p=0.028, compared to the baseline, 'Wilcoxon
Signed Rank, p=0.017, compared to the baseline, *Wilcoxon Signed Rank, p=0.007, compared to the 28th day
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No statistically significant inter-group differences were detected
in any of the clinical parameters at any time points (all, p>0.05)
and no significant differences in the changes (A) of clinical
outcomes between baseline and 1 month (all, p>0.05) or
changes between 1 and 3 months (all, p>0.05).

The mean values of GCF volume were similar in both groups
at baseline and the treatments led a significant reduction
in the GCF volumes (pl) in both groups at 1 and 3 months
(p<0.05) (Table 1). Comparisons between baseline and follow-
up measurements, and changes (A) revealed no significant
differences in GCF volume between control and test groups
at all evaluation time periods (Table 1).

4. DISCUSSION

The present study aimed to evaluate whether the use of
HA gel may improve the outcomes obtained by NSPT in
smoking patients periodontitis. NSPT is the most usual
periodontal therapy that is effective in reducing PD, BOP and
improving CAL (34-36). Smoking patients with periodontitis
are a therapeutically challenging subpopulation who may
not respond to periodontal treatment as favorably as
non-smoking patients (37-40). Generally, the outcomes
have indicated that smoking promotes an unfavorable
clinical response such as less PD reductions and lower
clinical attachment gains after non-surgical and surgical
periodontal treatments. As the smoking decreases the
clinical effectiveness of SRP, some previous researches have
suggested the use of therapeutic approaches such as local
or systemic anti-inflammatory and antimicrobials agents as
an adjunct to augment mechanical treatment to enhance
the effects of initial periodontal treatment in smokers (41-
43). Considering the potential side effects of antibiotics
together with limited benefits of short-term duration, in
this study, the effect of HA application in addition to NSPT
was evaluated. In a systematic review (26), it is concluded
that most of clinical studies (44, 45) described a beneficial
effect of HA with statistically significant reduction in BOP
(2.28-19.5%), PD (0.2—0.9 mm) and CAL gain comparing to
controls; it was also reported that there were no side effects.
Similarly, in a recently published meta-analysis (27) revealed
that non-surgical treatment with adjunctive HA resulted
in additional PD and BOP reduction (mean -0.36 mm and
-15%, respectively) and CAL gain (mean 0.73 mm) compared
with conventional SRP after 3 months. In the present study,
NSPT with and without HA gel application resulted in an
improvement in all clinical parameters. A similar positive
change of all periodontal parameters in both groups shows
that HA has no adjunctive clinical effect in smokers with
periodontitis. The result of study is consistent with Xu et al.
(22) who studied with chronic periodontitis population and
did not find any difference in PD, BOP and CAL between test
and control groups at 6 and 12 weeks follow-up after NSPT
with or without HA gel. Engstrom et al. (46) also reported
no difference in PD between the groups at 6 and 12 months
after SRP. Furthermore, there is no study evaluating the use

of HA in additional to NSPT in smokers, for that reason we
cannot directly compare our results.

GCF, is a biological fluid used to assess the clinical status of
periodontal tissues, is important for providing site-specific
data. GCF also helps to evaluate periodontal tissue formation
and destruction, disease activity and treatment effectiveness
(47). In this study, the assessment of GCF samples throughout
the study period aimed to support the clinical evaluation.
The volume of GCF has been shown to be associated with the
status of periodontal disease and is an indicator of gingival
inflammation (48). A positive relationship between gingival
inflammation and GCF volume has been reported (47, 48),
as well as result of periodontal treatment, with reduced
periodontal inflammation, a decrease in GCF volume is
expected (49). Kanmaz et al. (50) reported similar volumes
of GCF sample at baseline in the smoker and non-smoker
patients with periodontitis stage Ill or IV, and grade C and
significant reduction in the volumes of GCF following NSPT
in both groups at 1-, 3-, and 6-months. Similarly, in this study
it was found that both groups exhibited a significant and
similar reduction in GCF volume throughout the 3-month
study period.

Small sample size and the absence of a positive control group
including placebo gel application may be the limitations of
the present study. On the other hand, the outcomes obtained
from this study will make important contributions to the
limited information about the subject currently available in
the literature.

5. CONCLUSION

Within the limits of the present study, it may be concluded
that the additional HA gel application to NSPT of smoker
patients with periodontitis may not demonstrate any further
contribution to the rehabilitation.
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ABSTRACT

Obijective: Schizophrenia is a chronic disorder with approximately 1% prevalence and related to disrupted neurodevelopment process. It has
been known that N-methyl D-Aspartate (NMDA) receptor antagonists such as ketamine and MK-801 mimic schizophrenia-like behaviors in
rodents and cellular changes in cell culture. There are certain preliminary reports showing the beneficial effects of Nigella sativa L. extracts
or its main active ingredient, thymoquinone, on psychiatric disorders. In our study, we aimed to investigate the neuroprotective effects of
thymoquinone against ketamine —and MK-801 — induced neurotoxicites, which may be relevant to schizophrenia.

Methods: The neurotoxic concentrations of ketamine and MK-801, and non-toxic concentrations of thymoquinone were determined by
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) test at the 24th hour of administrations in SH-SY5Y cells. Seven different
concentrations of thymoquinone (0.5 pM, 1 pM, 2.5 uM, 5 uM, 10 pM, 20 puM, 30 uM) were tested against two different concentrations of
ketamine (250 pg/ml, 500 pg/ml) and one concentration of MK-801 (100 uM).

Results: Ketamine (250 pg/ml and 500 pg/ml) and MK-801 (100 uM) decreased (P<0.05) the cellular viabilities at the 24 hour of administrations.
Thymoquinone pretreatment prevented (P<0.05) the decrease of cell viabilities against ketamine (250 pg/ml) and ketamine (500 pg/ml) at 1
uM, 2.5 uM, 5 uM, 10 pM, 20 uM, and 2.5 pM concentrations, respectively. Thymoquinone pretreatment also increased (P<0.05) cell viability
compared to MK-801.

Conclusion: We suggested that thymoquinone had neuroprotective effects on the NMDA receptor antagonists induced neurotoxicity and

encourage researchers for further in vivo studies for schizophrenia.

\_ Keywords: Thymoquinone, ketamine, MK-801, SH-SY5Y cells, schizophrenia

1. INTRODUCTION

Schizophrenia is a severe psychiatric disorder with its
complex symptoms. There are certain strong hypotheses
about its neurobiology, even though the exact neuronal
mechanisms are still unknown. According to the
dopaminergic hypothesis, which is the oldest and well-
accepted hypothesis, dopaminergic D2 receptor activity
increased in the mesolimbic dopaminergic pathway while
it decreased at the mesocortical pathway (1). One of the
recognized complementary hypotheses, the glutamatergic
N-methyl D-Aspartate (NMDA) receptor hypofunction
hypothesis, emphasizes that the decrease in glutamatergic
neurotransmission from cortical regions to brainstem cause
a schizophrenia-related dopaminergic dysregulation. The
fact that NMDA receptor antagonists such as ketamine and
MK-801 lead to schizophrenia-like behaviors in humans
and rodents is one of the reliable findings supporting this
hypothesis (2). In addition, it has been shown that NMDA
receptor antagonists mimic schizophrenia-like cellular and

molecular alterations in cell culture (3). For these reasons,
glutamatergic NMDA receptor antagonists are commonly
used to set a schizophrenia model in rodents and cell culture.

There are also two essential hypotheses when the brain is
considered structurally and functionally in schizophrenia.
The first one is the neurodegenerative hypothesis, which was
widely accepted by scientists until the 1990s. According to
this hypothesis, individuals with normal brain functions and
functions until young adulthood have degenerative damage
that causes progressive impairment of neuronal functions
in this period (4). In the neurodevelopmental hypothesis,
which has become more accepted by the scientists in recent
years, it is mentioned that a pathological condition that
occurs during the development of the brain at early stages
such as neuronal migration, neuronal survival, and plasticity
causes disorders, and symptoms of schizophrenia occur in
later periods (5). In both hypotheses, it has been seen that
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cell survival or cell death constitutes one of the main factors
for the beginning of the disease. Therefore, cell viability has
been accepted as an essential parameter in both in vivo and
in vitro schizophrenia researches.

It has been demonstrated that glutamatergic NMDA receptor
antagonist decreased cellular viabilities in various studies.
Xia et al. (6) have demonstrated that the NMDA receptor
antagonist Phencyclidine, which behaviorally creates a
well-validated schizophrenia model in rodents, significantly
increases programmed cell death, apoptosis, in rat
corticostriatal cell culture. Another study has also shown that
MK-801 significantly reduces cell viability in rat prefrontal
cortex neuron culture, and paliperidone, an antipsychotic
drug, can reverse the effect of MK-801 (7). Lei et al. (8)
have shown that administration of Phencyclidine triggers
caspase-3, an apoptotic protein in rat embryonic forebrain
cell culture, cause apoptosis in these cells. They also have
shown that ketamine significantly decreased cell viability as
a result of increased apoptosis triggered by the caspase-3
protein in cells (8). Our previous studies also indicated that
MK-801 decreased the neuronal viability, and this effect was
prevented by an antipsychotic drug in SH-SY5Y cells (3).

Nigella Sativa L. (Ranunculaceae) is a widely used medicinal
plant for various diseases worldwide. It has been proved that
thymoquinone is one of the main constituents of N. sativa
and thought to be responsible for the beneficial effects
of N. sativa in several studies. It has been demonstrated
that thymoquinone has a therapeutical potential with its
antiinflammatory, antioxidant, hepatoprotective, anticancer,
neuroprotective properties. Besides, studies have indicated
it has therapeutical potential for certain neurological and
psychiatric disorders such as Alzheimer’s disease, Parkinson’s
disease, stroke, epilepsy, depression, and anxiety (9, 10).
However, no study examined the effects of thymoquinone on
schizophrenia related neurotoxicity in previous studies.

As a result of the knowledges presented above, it has been
shown that neuronal survival is an important parameter
for schizophrenia researches. Therefore, neuroprotective
agents in cellular schizophrenia models promise hope
for further studies. It has been repeatedly indicated that
thymoquinine had neuroprotective effects against various
neurotoxic agents in previous studies. However, there is
no study that investigates the effects of thymoquinone
in schizophrenia-related cellular and molecular deficits in
rodents or cell culture. In this study, we aimed to investigate
the neuroprotective potential of thymoquinone in ketamine
—and MK-801-induced neurotoxicity, which represents
certain cellular aspects of schizophrenia, in SH-SY5Y human
neuroblastoma cell line.

2. METHODS

2.1. Cell culture and drugs

SH-SY5Y human neuroblastoma cells (ATCC®CRL-2266,
VA, USA) were cultured with Dulbecco’s Modified Eagle’s

Medium (DMEM), supplemented with 10% (v/v) heat-
inactivated fetal bovine serum (FBS), 100U/ml penicillin,
and 100ug/ml streptomycin. Cells were cultivated at 37 °C
under humidified conditions with 5% CO2 and were routinely
tested for any contamination. Thymoquinone was dissolved
in dimethylsulfoxide (DMSO, Sigma Aldrich, Germany) and
added to the incubation media, with the final concentrations
of 0.5—-100 uM in DMSO at 0.5% (v/v). (+)-MK-801 hydrogen
maleate, (SigmaAldrich, Germany) dissolved in atrace amount
(<0.01 w/v) of DMSO and diluted with media. Ketamine
(Ketalar®, Pfizer Pharmaceuticals, USA) was directly diluted
with an appropriate volume of media.

2.2. Experimental design

Theneuronalviabilitywasevaluated by 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) analyses.
In order to investigate the neuroprotective effects of
thymoquinone, it is aimed to determine the neurotoxic
concentrations of ketamine and MK-801 and non-toxic
concentrations of thymoquinone in SH-SY5Y cells. For these
aims, ketamine and MK-801 were used at concentrations
of 50, 100, 250, 500, 1000 pg/ml, and 25, 50, 100, 250, 500
KM, respectively. Thymoquinone was used at concentrations
of 1, 3, 10, 30, 100 uM in concentration determination
experiments. After the first experiments (concentration
determination), non-toxic concentrations of thymoquinone
were treated to media 1 hour before the administrations of
selected toxic concentrations of ketamine (250 pg/ml and
500 pg/ml) and MK-801 (100 uM). Twenty four hours after
the ketamine or MK-801 administrations, cellular viabilities
of SH-SY5Y cells were evaluated by MTT test.

2.3. MTT test

SH-SY5Y cells were seeded at a density of 10.000 cells /
100 pl per well in 96-well plates. MTT test was conducted
for evaluating the cell viability of SH-SY5Y neuroblastoma
cells according to the prior studies (11). In sum, cells were
allowed to adhere to wells for 24 hours. After that, the cells
were exposed to 25 pl of thymoquinone, ketamine, or MK-
801 administrations for 24 hours. Then, the medium carefully
aspired from all wells with a syringe and incubated with 100
pl MTT solution (5 mg/ml in medium) at 37 °C for 4 hours.
The medium aspired from wells with a syringe, and 50 ul
DMSO was added per wells for dissolving MTT salts. The plate
was shaken for 5 minutes in a plate shaker. The absorbances
of each well were measured by a microplate reader at 560
nm (Biotek, Synergy HT, VT, USA). The relative viabilities of
thymoquinone, ketamine, and MK-801 administered cells
were calculated by the following formula: “Absorbance of
treatments /Absorbance of medium x 100.”

2.4. Statistical analyses

GraphPad Prism 8 was used to perform the statistical analyses
of this study. One-way analysis of variance (ANOVA) was used
for statistical analysis. Multiple comparisons of groups were
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made by Dunnett’s post hoc test. The data were shown as
mean * standard error of the mean (SEM), and P<0.05 was
accepted for the value of significance.

3. RESULTS

The cellular viabilities were measured by MTT test at 24th
hours of administration to determine non-toxic concentrations
of thymoquinone in a range of 1 uM — 100 puM. In parallel
with this, cellular viabilities were investigated 24th hour
after ketamine and MK-801 administrations to find toxic
concentrations in a range of 50 pg/ml — 1000 pg/ml and 25 uM
— 100 uM, respectively. After the determination of non-toxic
concentrations of thymoquinone and toxic concentrations of
ketamine and MK-801, the potential neuroprotective effects of
thymoquinone were evaluated against ketamine and MK-801
induced neurotoxicity in SH-SY5Y cells.

Thymoquinone treatments (1 uM and 3 pM) increased
(P<0.05) the cellular viability compared to medium at the
24th hour of administration in SH-SY5Y cells. Thymoquinone
(100 uM) decreased (P<0.001) the cell viability, while 10 uM
and 30 uM concentrations of its did not alter the viability
compared to medium treated cells (Figure 1).
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Figure 1. The effects of thymoquinone on cellular viabilities in SH-
SY5Y cells. Data were presented as mean + SEM, and statistical
analyses were done with one way ANOVA followed by Dunnett’s
post hoc test. * P<0.05, *** P<0.001 compared to medium treated
cells. (TQ: Thymoquinone)

Ketamine at the concentrations of 50 pg/ml and 100 pg/
ml did not alter the cell viabilities compared to medium at
the 24th hour of administrations in SH-SY5Y cells. However,
ketamine concentration-dependently decreased the cell
viabilities at the 250 pg/ml, 500 pug/ml, and 1000 pg/ml
concentrations compared to medium treated cells (Figure 2).
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Figure 2. The effects of ketamine on cellular viabilities in SH-SY5Y
cells. Data were presented as mean + SEM, and statistical analyses
were done with one way ANOVA followed by Dunnett’s post hoc
test. ** P<0.01, *** P<0.001 compared to medium treated cells.

MK-801 administrations did not alter the cell viabilities at the
concentrations of 25 uM and 50 UM compared to medium treated
cells. MK-801 markedly decreased (P<0.001) the viabilities at the
concentrations of 100 uM, 250 uM, and 500 uM (Figure 3).
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Figure 3. The effects of MK-801 on cellular viabilities in SH-SY5Y cells.
Data were presented as mean + SEM, and statistical analyses were
done with one way ANOVA followed by Dunnett’s post hoc test. ***
P<0.001 compared to medium treated cells. (TQ: Thymoquinone)

Ketamine (250 pg/ml) administration significantly decreased
(P<0.001) cell viability compared to medium in SH-SY5Y
cells. Thymoquinone pretreatments at the concentrations
of 1 pM (P<0.01), 2.5 uM (P<0.001), 5 pM (P<0.001), 10
UM (P<0.001), 20 uM (P<0.01) markedly increased viability
compared to ketamine (250 pg/ml) administrated cells.
However, there is no significant difference between ketamine
and thymoquinone pretreated cells (Figure 4).
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Viability (%)
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Figure 4. The effects of thymoquinone pretreatments on ketamine-
induced cellular death in SH-SY5Y cells. Data were presented as
mean * SEM, and statistical analyses were done with one way
ANOVA followed by Dunnett’s post hoc test. *** P<0.001 compared
to medium, ## P<0.01 and ### P<0.001 compared to ketamine (250
ug/ml) treated cells. (TQ: Thymoquinone)

It has been found that ketamine (500 pg/ml) administration
markedly decreased (P<0.001) the number of living cells
compared to medium treated ones. Thymoquinone
pretreatment at the 2.5 uM concentrations increased the
cell viability compared to ketamine (500 pug/ml) administered
cells while did not alter the cell viabilities at the other
concentrations in SH-SH5Y cells (Figure 5).

Clin. Exp. Health Sci. 2020, 10: 178-182

DOI: 10.33808/clinexphealthsci.734422



Thymoquinone has neuroprotective effects against NMDA receptor antagonists

| Original Article |

Viability (%)

% Wmﬁﬁﬂiil

Medium Medium  TQ(0.5uM) TQ(1uM) TQ(2.5uM) TQ(5uM) TQ(10uM) TQ (20 uM) TQ (30 uM)

+ Ketamine (500 ug/ml)

Figure 5. The effects of thymoquinone pretreatments on ketamine
(500 ug/ml) induced cellular death in SH-SY5Y cells. Data were
presented as mean + SEM, and statistical analyses were done with
one way ANOVA followed by Dunnett’s post hoc test. *** P<0.001
compared to medium, ### P<0.001 compared to ketamine (500 ug/
ml) treated cells. (TQ: Thymoquinone)

It has been seen that MK-801 (100 uM) administration
markedly (P<0.001) decreased the cellular viabilities in
SH-SY5Y cells. Thymoquinone pretreatment significantly
increased the survival at the concentrations of 1 (P<0.01),
2.5 (P<0.001), 5 (P<0.01), 10 (P<0.001) uM whereas it is
ineffective at the concentrations of 0.5, 20 and 30 uM against
MK-801 induced cell death in SH-SY5Y cells (Figure 6).
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Figure 6. The effects of thymoquinone pretreatments on MK-
801 induced cellular death in SH-SY5Y cells. Data were presented
as mean + SEM, and statistical analyses were done with one way
ANOVA followed by Dunnett’s post hoc test. * P<0.05 compared to
medium, ## P<0.01, ### P<0.001 compared to MK-801 treated cells.
(TQ: Thymoquinone)

4. DISCUSSION

In our study, the potential neuroprotective effects of
thymoquinone on ketamine and MK-801, which are widely
used to create an experimental models of schizophrenia
and cell culture, induced neurotoxicity was investigated in
SH-SY5Y cells. Prior to this, it has been examined whether
single thymoquinone administration has neuroprotective
or neurotoxic effects on SH-SY5Y cells and determined the
toxic and non-toxic concentrations of it. After that, toxic
concentrations of ketamine and MK-801 were also determined
in SH-SY5Y cells. Our results showed that thymoquinone has
a neuroprotective effect at the low concentrations (1 uM
and 3 uM) and neurotoxic effect at the high concentration
(100 uM) in SH-SY5Y cells. It has also been found that
NMDA receptor antagonism caused toxicity at the higher
concentrations than 250 ug/ml, and 100 uM for ketamine and
MK-801, respectively. When the neuroprotective potential
of thymoquinone was investigated, it has been seen that

thymoquinone prevented the neurotoxicity induced by both
NMDA receptor antagonists in SH-SY5Y cells.

The studies which aim to enlighten the neurobiology of
schizophrenia have revealed that the hypofunction of
glutamatergic NMDA receptors plays a critical role in the
neurobiology of disease. The fact that NMDA receptor
antagonists, such as ketamine, caused schizophrenia-like
manifestions in healthy volunteers and mimick schizophrenia-
like behaviors and neurobiological findings in preclinical
studies supports this hypothesis (12, 13). In recent years,
some parts of the psychiatry researches shifted to in vitro
studies because of its certain advantages such as low cost,
time-effective, and lack of ethical approval compared to in
vitro or clinical studies. In these studies, neuronal survival and
intracellular signaling pathways are commonly investigated
in certain neuronal cell lines. Zhao et al. (14) showed that
ketamine (5 mM) administration caused neurotoxicity in
embryonic stem cell-derived neuron culture. In another
study, it has been indicated that ketamine (300 uM and 1000
UM) increased cell death at the 24th hour of administrations
in rat hippocampal cells (15). It has also been demonstrated
that ketamine (100 puM) administration induced apoptosis
and decreased neuronal survival in rat cortical neuron culture
(16). When our results were investigated from this aspect, it
has been shown that ketamine administrations at the 250 pg/
ml (900 uM) and 500 ug/ml (1,8 mM) had neurotoxic effects
on SH-SY5Y neuroblastoma in accordance with the previous
researches. For MK-801, our previous study also showed the
neurotoxic effects of 100 uM MK-801 at the 6th, 12th, and
24th hours of administrations in SH-SY5Y cells (3). Besides,
it has been shown that MK-801 caused neuronal death in
prefrontal cortical neurons, and this effect was reversed by
atypical antipsychotic drugs (17). In accordance with these
studies, MK-801 caused neurotoxicity at the 24th hour of
administrations in SH-SY5Y cells in our study.

There are limited number of studies about the effects of
thymoquinone on schizophrenia. It has been indicated that
thymoquinone treatment decreased certain schizophrenia-
related behaviors in mice (18). In addition to this, our previous
studies showed that the hydroalcoholic extract of N. sativa
reversed schizophrenia-like behaviors in acute ketamine
models of schizophrenia in rats (19). Besides, certain studies
may indirectly contribute to the investigation of the effects
of thymoquinone on schizophrenia. It has been known that
neurodegeneration and related inflammatory alterations
play a role in schizophrenia pathophysiology (20). Certain
studies showed that thymoquinone had an antiinflammatory
effect in microglial cell culture besides of its neuroprotective
effect against some neurotoxic agents (21). In these studies,
it has been demonstrated that the usage of thymoquinone at
the concentrations of 0.1 — 1000 uM protected neurons from
neurotoxicity induced by 1-methyl-4-phenylpyridinium (MPP)
and amioid beta, which present Parkinson and Alzheimer like
neuronal conditions (21). At this point, we first reported that
thymoquinone had neuroprotective effects on ketamine and
MK-801 induced neuronal toxicities. Our results provide a
confirmation for neuroprotective effects of thymoquinone

Clin. Exp. Health Sci. 2020, 10: 178-182

DOI: 10.33808/clinexphealthsci.734422



Thymoquinone has neuroprotective effects against NMDA receptor antagonists

| Original Article |

against different neurotoxic agents. Moreover, our results
suggest a therapeutical potential of thymoquinone on
schizophrenia, even though our study provides a preliminary
perspective to schizophrenia pathophysiology and does not
mimic the complete alterations of schizophrenia.

In conclusion, we showed that ketamine and MK-801 caused a
neuronal injury in parallel with its schizophrenia-like effects in
clinical and preclinical studies. We have firstly demonstrated
that thymoquinone may have beneficial effects on ketamine
and MK-801 induced cellular models of schizophrenia. We
suggest that our study will provide a basis for the studies
that will investigate the beneficial effects of thymoquinone
in further studies and will give a promising prospect for
effective treatment of schizophrenia. Also, investigating the
potential beneficial effects of thymoquinone with all aspects
such as behavior and ex vivo analyses will be valuable for
further studies.
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ABSTRACT

Keywords: Gout, wris, acute attack, ulna, tophi.

Gout is one of the most common inflammatory arthritis in adults. This disorder is caused by the accumulation of monosodium urate crystals in
soft tissues and joints because of the hyperuricemia. One of the lower extremity joint especially the first metatarsophalangeal joint is affected
by more than 75% of the gout attacks. In this study, we reported a rare presentation of gout disease, the acute gout attack of the wrist, in a
woman, 72 years aged, who has not been diagnosed before. Gout which occurs with the involvement of the wrist is very rare and no other cases
with distal ulna localization have been reported according to our knowledge. We reported the first case of gout disease which started from distal
ulna. The patient was operated because the symptoms did not recover with conservative treatments.

1. INTRODUCTION

Gout disease is the most common inflammatory arthritis in
the elderly (1). One of the lower extremity joint especially the
first metatarsophalangeal joint is affected by more than 75%
of the gout attacks that is known as podogra (2). Acute gout
arthritis of the wrist is a rare case and we could not find any
other gout lesion which is localized in the distal ulna by our
recent literature search. The incidence of the gout disease
is increasing by aging and is more common in men (3). The
prevalence of self-reported physician-diagnosed gout is more
than 2% in men older than 30 years and in women older
than 50 years. The hand and the wrist involvement is more
common in women (4).

We aimed to present a rare arthritis case which is the first
example of the wrist localized gout in the distal ulna.

2. CASE REPORT

Seventy-two years aged a woman, who complaining swelling
and pain on the right wrist applied to our department. Her
complaints were present for about last 15 days and their
severity was increasing recently. The redness, tenderness
and swelling on the right wrist is very remarkable and
this situation restricted the range of motion of the wrist.
C-reactive protein was high (41.0 mg/dl) and serum uric acid

level was normal (4.7 mg/dl, normal range is between 2.4
and 7 mg/dl for men) found by laboratory results.

She had swellings on her all fingers and wrist, had extreme
sensitivity to palpation and marked motion loss. When we
look at her detailed history, she applied to another hospital
complaining of pain in her left wrist about 3 years ago. She
was told there was a mass lesion on her left wrist around
distal ulna and she should be followed up for her lesion.
Although the patient suffered from pain time to time she
never applied to the hospital for following up again.

There was an expansile lytic view with irregular borders
accompanied by peripheral periost reaction around the
epiphyseal-metaphyseal region of distal ulna on direct graphy.
Besides, a volume increase related to soft tissue edema or
effusion was observed most prominent around the volar
side (Figure 1). Also, there was a view that is heterogenously
hyperintense on t2 weighted image and that is isointense
with muscle on t1 weighted image around distal ulna on
MRI. There has been minimal effusion on distal radioulnar
and proximal carpal joints. Effusion related to tenosynovitis
around carpal tunnel and extensor carpi ulnaris tendon.
A degenerative cystic lesion was observed in lunate bone
(Figure 2).
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Figure 1. There is an expansile lytic view with irregular borders
accompanied by peripheral periost reaction around the epiphyseal-
metaphyseal region of distal ulna on direct graphy.

Figure 2. There is a view that is heterogenously hyperintense on t2
weighted image and that is isointense with muscle on t1 weighted
image around distal ulna on MRI. There has been minimal effusion
on distal radioulnar and proximal carpal joints. Effusion related
to tenosynovitis around carpal tunnel and extensor carpi ulnaris
tendon. A degenerative cystic lesion was observed in lunate bone.

The acute gout attack was thought by considering the
diagnosis criteria of American College of Rheumatology and
clinical, radiological and the history of the patient evaluation
results (5).

Resolution of the attack was seen in five days after the start of
25 mg diclofenac sodium three times a day. The operation was
planned because of persistent pain, swelling, loss of motion
and suspicious diagnosis. The macroscopic appearance of the
lesion gave rise to thought gout in intraoperative evaluation.
Fresh frozen examination was reported as it is coherent with
gout. The lesion was debrided and carpal tunnel release were
performed. The area of involvement in the distal ulna was
completely curetted and debrided. Static wrist splint was

worn for 20 days. The patient was consulted to rheumatology
department for medical treatment.

3. DISCUSSION

Gout is an inflammatory arthritis caused by the accumulation
of monosodium urate(MSU) crystals in synovial fluid and it is
associated with hyperuricemia. It was described for the first
time by Egyptians in B.C. 2640 (3).

The incidence increases by aging and gout is more common
among men. The definitive diagnosis of gout disease is best
established by demonstration of monosodium urate crystals
in the synovial fluid or biopsy (3, 6).

Tophaceous gout occurs years after recurrent attacks of acute
inflammatory arthritis (7). Hand and wrist tophaceous gout,
often seen as the first symptom of the disease process in the
elderly (4). Synovitis and bone lesions on direct radiography
and MRI are common lesions of the wrist even in the first
episode of acute gout arthritis (8). Tophaceous involvement
of the wrist may be limited to either the flexor or extensor
compartment, or it may be permeative and include the wrist
joint itself. Tendon infiltration, tendon rupture and rarely skin
ulcers may develop in neglected aggressive cases (4). The
involvement of radiocarpal, intercarpal and distal radioulnar
joints is rare. Uncontrolled or untreated gout in these joints
may lead to scapho-lunate dislocation and severe joint
damage (2, 4, 8). The involvement of the flexor surface of the
wrist may lead to carpal tunnel syndrome which is often seen
in chronic cases (9, 10).

In addition, Bouaziz et al. reported a case of infected gout
tophus located at the wrist and Skedros et al. reported
compartment syndrome in the wrist in 2018 (7, 11).
Kamimura et al. reported a case of acute gout attack on the
wrist in 2004 (2). Jacob et al. reported a rare and unusual
gout attack on the wrist, induced by a change in the dosage
of anti-hypertensive drug in 2007 (1).

Radiographies and magnetic resonance imaging are usually
helpful to understand the changes in the bone and soft
tissue related to gout and tophus. Also they are helpful to
differentiate gout and tophus from the other joint diseases
and tumoral lesions (12).

The patients with typical podagra can be diagnosed as gout
on clinical examination. Joint aspiration is recommended
for the patients who has atypical joint involvement to
demonstrate monosodium urate crystals and exclude other
causes of acute arthritis (13).

Diseases such as rheumatoid arthritis, osteoarthritis, septic
arthritis, calcium pyrophosphate dihydrate crystal deposition
disease, psoriatic arthritis and tumoral lesions should be
considered in the differential diagnosis of gout (1, 14).

Gout disease has no a specific treatment. Antihyperuricemic
therapies may provide benefit, and low dose steroids may
control the pain and inflammation. Surgical treatment
is indicated in cases refractory to medical therapy and
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suspicious diagnosis. Surgical treatment may be simple
as squeezing the pasty tophaceous material and fluid
aspiration but sometimes surgical decompression may be
needed. Following surgical decompression, pharmacological
treatment and lifestyle modifications are of paramount
importance (15-18).

4. CONCLUSION

It should be kept in mind that inflammatory signs on the wrist
of elderly patients may be related to the first presentation of
gout and that radiographical and MRI changes may be present
even in the first presentation. Surgical treatment may be
used in cases that does not benefit from medical treatment
or are difficult to diagnose. In addition, a multidisciplinary
approach is principle in the treatment of gout.
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