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Editor's Note 
 

The first ‘International Congress on Biological and Health Sciences’ was organized online and 

free of charge. We are very happy and proud that various health sciencerelated fields 

attended the congress. By this event, the distinguished and respected scientists came together 

to exchange ideas, develop and implement new researches and joint projects. There were 23 

invited speakers from 11 different countries and also more than 400 submissions were 

accepted. More than 50 countries contributed to the congress. We would like to thank all 

participants and supporters. Hope to see you at our next congress. 

 
Best wishes from Turkey 
 
Assoc. Prof. Dr. Ulaş ACARÖZ 
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Abstract:  
The recent pandemic and the attention of researches on the effects of synthetic or natural products on 
protection or control of diseases, have increased investigations of the antiviral effects of various compounds. 
But pre-analytical conditions like choosing sampling area, material to be used, storage conditions or mediums 
can affect the performance of a laboratory analyses. The aim of this study was to compare 14 different 
sampling techniques to determine the sampling model suitable for antiviral efficacy trials in a Bovine 
Coronavirus (BCoV) model. We compared collection methods of; aspirating whole drop / small droplets of 
virus suspensions or wetted smeared dry virus contaminated area, swab sampling of smeared virus 
contaminated dry area or virus droplets by using pre-wetted or dry rayon swab material, recovering virus 
particles from cellulose filter paper. We also compared BCoV titers at 2nd and 12th hours after inicial of 
incubation at room temperature for each condition. The highest virus titers were obtained by aspiration of 
0.2, 2 and 5ml virus suspensions with same virus concentrations. Recovered virus titers reached 75%, 71% and 
71%, respectively compared to the control virus titer value at second hour. Lowest values determined in the 
swab sampling by pre-wetting (44-52%). After the virus containing speciemens was kept at room temperature 
for 12 hours, the highest titers (compared to the virus control titers) were obtained in the virus particles 
housed in 5 ml liquid (83%) and the lowest titers were obtained in swab sampling of the virus particles leaved 
in a dry environment (25%). According to the results obtained in this study, it is evaluated that the preference 
of the aspiration method will contribute to obtaining the maximum virus titer in the studies to be conducted. 

Keywords: aspiration, bovine coronavirus, cellulose filter paper sampling methods, swab, virus titration. 
 
1. Introduction 

In the light of today's epidemics/pandemics there is need for an effective disinfectant or antiviral as a 

control/protection method. In the last decade, researches on the effects of synthetic or natural products in 

this direction have gained attention. Some have been accelerated, and some have been commercialized, due 

to the search created by the novel coronavirus disease virus (SARS-CoV-2) pandemic. However, literature 

researchs show that most of the studies have been performed on animal models. Looking at the rest, it is seen 

that there is no standard accepted method. The chosen materials at detection procedure affects the analyse 

results. The use of nucleic acid stabilization mix instead of virus transport medium when swab sampling has 

been shown to improve the sensitivity of COVID-19 tests 1. As shown in mentioned study that products that 

can be used during sampling can affect the correct positivity, it is inevitable that the sampling method or the 

experimental protocol will affect the results to be obtained. Therefore, in this study it was aimed to 

determinate the most appropriate sampling model that can be selected in antiviral efficacy trials, which will 

give the highest recovery of virus particules. 
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2. Material and methods 

2.1. Viruses and Cell lines  

BCoV, strain Mebus which is a reference strain for BCoV classified in the genus of Betacoronavirus including 

SARS-CoV-2 was used as the virus in this study. The viral stock is used from the stock of Bursa Uludag 

University Faculty of Veterinary Medicine, Virology Department, which has been stored at −80 ◦C. The titer 

(50% Tissue Culture Infectivity Dose, TCID50) of the virus was log10 10 6.25 / 0.1 ml for main stock.  

MDBK cell line were used for the titration assays as well as for propagation of the virus.  Cells were 

maintained in Dulbecco's Modified Eagles Medium (DMEM) supplemented with heat treated 10 % fetal calf 

serum (FCS), 100 UI/mL Penicillin/Streptomycin and 250 μL/mL Amphotericin B solution. All cell cultures were 

grown at 37 °C, in 5% CO2 athmosphere.  

2.2. Sampling methods  

In this study, 14 different experimental conditions other than control well was performed for comparison of 

the re-collection of the virus suspensions, which has same amount of virus titer. In order to evaluate the 

recovery of BCoV at different times (2nd hour and 12th hour) each experimental conditions were prepared as 

doubled. The experiment prepared for each condition was repeated 3 times. The studied conditions are 

indicated in the Table-1. 

Before starting to the experiments, 1:5 diluation of 100 TCID50 (106.25) virus suspension prepared in DMEM 

(without FDS or any supplement/protector). Samples taken from this diluent at 0, 2nd and 12th hour was 

applied to virus titration assay as internal control (IC) for each analyses. 

Experiment A: 0.2 ml virus suspension released in to the perti dishes as a whole drop. After incubation at 

room temperature for 2 and 12 hours seperately, 1.8ml DMEM was added on the suspension and collected 

from the petri dish. Samples taken at this point used in virus titration assays. 

Experiment B: 0.2 ml virus suspension released in to the perti dishes and spreaded as smear on the surface of 

petri dish.  This inoculation incubated at room temperature for 2 and 12 hours seperately, 1.8 ml DMEM was 

added on the suspension and collected from the petri dish. Samples taken at this point used in virus titration 

assays. 

Experiment C: 0.2 ml virus suspension droped on to the 3x3cm cut cellulose filter paper and incubated at 

room temperature for 2 and 12 hours seperately. At the end of the incubation period papers placed into 1.8 

ml DMEM and vortexed 5 times for 10 seconds. Samples taken at this point used in virus titration assays. 

Experiment D: Total of 0.2 ml virus suspension released in to the perti dishes as 10 small amount droplets into 

petri dish.  This inoculation incubated at room temperature for 2 and 12 hours seperately, 1.8 ml DMEM was 

added on the suspension and collected from the petri dish. Samples taken at this point used in virus titration 

assays. 
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Experiment E: 2 ml virus suspension released in to the perti dishes as a whole drop. After incubation at room 

temperature for 2 and 12 hours seperately samples taken at this point used in virus titration assays. 

Experiment F: 5 ml virus suspension released in to the perti dishes as a whole drop. After incubation at room 

temperature for 2 and 12 hours seperately samples taken at this point used in virus titration assays. 

Experiment G: : 0.2 ml virus suspension released in to the perti dishes and spreaded as smear on the surface 

of petri dish.  After incubation at room temperature for 2 and 12 hours seperately, swab samples were taken 

by dry swab material, placed into 1.8 ml DMEM and incubated for 30 min. Samples taken after vortexing the 

swab was used in virus titration assays. 

Experiment H: 0.2 ml virus suspension released in to the perti dishes and spreaded as smear on the surface of 

petri dish.  After incubation at room temperature for 2 and 12 hours seperately, swab samples were taken by 

dry swab material, placed into 1.8 ml DMEM. Collected samples vortexed 5 times for 10 sec. and virus titration 

assays was applied. 

Experiment I: 0.2 ml virus suspension released in to the perti dishes and spreaded as smear on the surface of 

petri dish.  After incubation at room temperature for 2 and 12 hours seperately, swab samples were taken by 

wettened swab material, placed into 1.8 ml DMEM and incubated for 30 min. Samples taken after vortexing 

the swab used in virus titration assays. 

Experiment J: 0.2 ml virus suspension released in to the perti dishes and spreaded as smear on the surface of 

petri dish.  After incubation at room temperature for 2 and 12 hours seperately, swab samples were taken by 

wettened swab material, placed into 1.8 ml DMEM. Collected samples vortexed 5 times for 10 sec. and virus 

titration assays was applied. 

Experiment K: Total of 0.2 ml virus suspension released in to the perti dishes as 20 small amount droplets into 

petri dish.  This inoculation incubated at room temperature for 2 and 12 hours, collected by a dry swab and 

left in 1.8 ml DMEM for 30 min. at +4 °C.  Swab material vortexed 5 times for 10 sec. and virus titration assays 

was applied. 

Experiment L: Total of 0.2 ml virus suspension released in to the perti dishes as 20 small amount droplets into 

petri dish.  This inoculation incubated at room temperature for 2 and 12 hours, collected by a dry swab and 

left in 1.8 ml DMEM and vortexed five times for 10 sec. and subjected to  virus titration assays. 

Experiment M: Total of 0.2 ml virus suspension released in to the perti dishes as 20 small amount droplets 

into petri dish.  This inoculation incubated at room temperature for 2 and 12 hours, collected by a pre-wetted 

swab and left in 1.8 ml DMEM for 30 min. at +4 °C.  Swab material vortexed 5 times for 10 sec. and virus 

titration assays was applied. 

Experiment N: Total of 0.2 ml virus suspension released in to the perti dishes as 20 small amount droplets into 

petri dish.  This inoculation incubated at room temperature for 2 and 12 hours, collected by a prewetted swab 
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and left in 1.8 ml DMEM and vortexed five times for 10 sec.  Collected samples vortexed 5 times for 10 sec. 

and virus titration assays was applied. 

2.3. Virus titration assay 

In all the experimental conditions after the determined incubation periods, virus titration tests were 

immediately applied by infectivity assay in cell culture. Ten-fold serial dilutions of the samples were made in 

DMEM. One hundred µl of virus dilution placed into 4 replicate wells of 96-well tissue culture plates. Virus 

diluent mixed with an equal amount of cell suspension (2 × 105 cells/mL) and incubated at 37 °C, 5% CO2 

atmosphere. Cells were observed daily for 7 days and the virus titers (TCID50) were determined according to 

the Spearman-Kârber method. 

3. Results  

BCoV Mebus strains were titrated for two different hours to obtain TCID50 in simple format. Titration assay 

applied for 14 different sampling conditions with three repetitions. Each repetitive sample of one condition 

were titrated seperately and simultaneously withought freezing or maintaining at any other conditions. 

Results are summarized in Table 1. For the all experiment conditions, the titer values of all repeated samples 

were similar to each other, with a difference of only one well detectable cytopathogenic effect (CPE) of virus 

growth on a 96-well plate. Though, for the evaluation of the results, it was preferred to take the average of 

the titer values of the three samples repeated for each condition. The virus in control well analyzed in both 

experiments had highest titers, around 4,75 and 4 log 10 TCID50/ml. The titers calculated for both time 

periods and each condition were differed. According to the three replicative assays virus titer results values 

ranged between 0,75 -3,75 log 10 separately, apart from the control results.  

For second hour evaluations, when values were compared, titer values obtained from the experimental assays 

were 75-44% similar to the titer values of their control. But those values were decreased for 12th hour 

titrations. According to titer values comparison, experiment values mostly similar with 70% and 25% lowest 

similarity was seen in 12th hour. The method in which virus particles collected maximum in the second hour 

was the condition that 0.2 mL virus suspension was incubated as a whole drop.  The following highest 

concentration of virus particles collection method was the experimental setup in which the virus suspensions 

at higher volumes (2 and 5 mL) were kept as a single drop. It was observed that the lowest titer obtained in 

the condition where the small drops collected with wet swab and kept in the medium for 30 min. When the 

averages of all the titer values obtained in the dry and wet swab studies were compared, it was seen that 

there was a difference of 0.1 log 10 between them. It was observed that keeping the swab stick in the medium 

for half an hour increased the detectable virus titer values obtained in all swab uses, except collection of 

smeared virus particles at 12th hour. 

Similarly, in the 12th hour comparisons, it was observed that the least titer losses were obtained in conditions 

where the virus particles were kept in a liquid as a whole droplet, especially 5 mL droplet (17%). It was seen 

that the highest loss (75%) was obtained in the collection with dry swab of virus particles left on the surface 
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by the smear method and waited in medium. In all experimental conditions the least titer loss when the 2nd 

hour and 12th hour titer values compared was detected when the virus particles kept in the 5ml single drop. 

Table Ledgends and Footnotes 

Table 1. Average of titration values obtained from different experimental design. 

 Experiment Design¡ 

 

Titration IC A B C D E F G H I J K L M N 

2nd h* 4.8 3.6 2.9 2.5 3.4 3.4 3.4 2.8 2.4 2.3 2.2 2.5 3.0 2.1 2.5 

12th h* 4 2.8 2.5 1.8 2.4 2.3 3.3 1 1.5 1.1 1.8 1.5 2.4 1.3 2 

IC: Internal control,  A:Whole drop (200 µl), B: Smear (200 µl), C: Porrous paper /fabric (200 µl), D: Droplets (20 µl x10), 

E: Whole drop (2 ml), F: Whole drop (5 ml), G: Smear (200 µl)+dry swab + incubation 30 min. in media, H: Smear (200 µl) 

+dry swab, I: Smear (200 µl)+wet swab+ incubation 30 min. in media, J: Smear (200 µl)+wet swab, K: Droplets (20 µl 

x10)+dry swab+ incubation 30 min. in media, L: Droplets (20 µl x10)+dry swab, M: Droplets (20 µl x10)+wet swab+ 

incubation 30 min. in media, N: Droplets (20 µl x10)+ wet swab 

*: Average of 2nd and 12th hour TCID50 10x titer values ¡: All samples (except E and F samples) were collected in 2 ml 

dmem and then vortexed. E and F samples directly collected.  

 

Figure 1. The experimental setup of petri dishes incubated at room temperature 

 

Figure 2. The experiment was repeated 3 times under the same conditions 
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Figure 3. Cell image on day 3 under an invert microscope in 96-well plates, A: Coronavirus infected MDBK cell, 

B: MDBK cell control  

4. Discussion 
 
We reviewed the literatures and lack of measurements on this topic led us to the need to design to determine 
the best sampling methods for an antiviral efficinecy investigation whether it inqluides a liquid based material 
or dry surfaced equipment. Though direct liquid sampling, virus contaminated solid material or swab sampling 
methods were investigated. Swab sampling assays are usually most preferred and recommended procedure 
for most viral disease as SARS-CoV-2 (H et al., 2020; Kahamba et al., 2020).  For this reason, 8 of the 14 
different methods used in this study implemented for swab sampling. In a study examining the effect of three 
different types of nylon swab on SARS-CoV-2 sampling, swab composition and structure has been shown to 
have a significant impact on the amount of fluid sample adsorbed, volume of fluid sample released into 
buffer(Kahamba et al., 2020). Though differences had been related to viral capture capacity, extraction 
capacity and recovery efficiency of collected samples. On the other hand, in a study which utilizes the effects 
of 6 different (cotton, polyester, synthetic flocked or fiber)  swabs and transport mediums (DMEM, PBS, 100 % 
ethanol, 0.9 % normal saline and VTM) for the molecular detection of SARS-CoV-2, it was found that there was 
no meaningful difference for the collection and detection of SARS-CoV-2(Garnett et al., 2020). A study showed 
that RNA recovery of norovirus with the use of pre-wetted cotton swab ranged from 7 -52% (Scherer et al., 
2009).  In another study which compares virus recovery from fomites by different sampling methods it was 
concluded that the most effective method was recovery from nonporous fomites using prewetted polyester-
tripped swabs (Julian et al., 2011). In our study, recovery was more successful in the use of dry swab 
(Experiment G-H-K-L). And the recovering range of virus titers with wet and dry swab were found to be 50-
63% and 44-52%, respectively, compared to the control virus titer using DMEM as transport medium at 
second hour. Although only rayon swab material has been tested, the results show that the dry swab material 
at the time of sampling gives higher virus titer. This situation can be taken into consideration in the selection 
of the swab materials that is presented as a ready kit in the transport medium or contained separately from 
the medium. When collecting swab samples, the sample may be provided from a moist (liquid applied surface, 
cell culture supernatant ex.) or dry (fabric, mask, gas/ light treated surfaces) surface. Due to the high virus 
titers obtained with dry swab material in this study, when the titers of the sample taken from a dry surface 
and the wet droplet surface were compared, re obtained titre vallues were ranged between 50-58% and 52-
63%, respectively. Since those values are at about similar rates, it can be said that the swab-related sampling 
area/surface may not cause differences.  

A

. 

B

. 
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In a study which investigates pre-analytic steps effects on molecular assay, it was shown that there was no 
significant difference between woven or flocked swab sampling(Ferguson et al., 2017). In our study not a 
woven swab was used but a cellulose filter paper preferred. And virus titers reached up to 52% values, similar 
as swab sampling. In a more comprehensive methodology study, Spyridaki et. al. showed that virus detection 
rate changed by 88% (wash), 79% (aspirate), 77% (swab) and 74% (brush) (IS et al., 2009). Those values were 
compatible with our findings. According to all sampling conditions we found that the most recovery rates was 
reached by aspirating the whole fluid samples (ExperimentsA, D, E, F). For 0.2, 2 and 5ml virus suspensions 
with same virus concentrations virus titers reached 75%, 71% and 71%, respectively. Therefore, choosing 
sampling with aspiration method may increase the chance of viral detection rates. In cases where the viral 
load is low, preference of high sensitivite techniques may increase the chance of success with swab sampling. 

Survival rates of viruses in enviromental conditions like laboratories or hospital is another area of interest for 
researchers. Lai et. al. reported the highest survival time of Severe Acute Respiratory Syndrome Coronavirus in 
stool samples with virus transport medium and showed that virus can remain alive in respiratory specimens 
like nasopharyngeal aspirate, throat and nasal swab, and viral transport medium for more than 7 days at room 
temperature(MY et al., 2005).  In our study highest titers were reached at aspiration of whole drop virus 
suspensions both at 2 and 12 hours of inoculation at room temperature. It has been observed that the 
opposite of this situation is in the conditions where the virus particles leaved in a dry environment, asthe 
lowest virus titer was obtained in the condition sampled through swab sampling after being spread on the 
petri dish and kept at room temperature for 12 hours (25-45%). But it was also realised that incubation of the 
swab material in medium does not encreased the recovery change of swab samplig of dry surfaces. According 
to the data obtained from this study, it was seen that in the samples to be taken from the dry surface at 12th 
hour, aspiration of the virus material from the exposed surface provides a higher virus titer (63%). 

5. Conclusion 

There are some studies examining the recovery rate of viruses or their interactions on different surfaces or 
compounds. However, there are few methodology studies to obtain more sensitive results while performing 
those studies. Choosing the methods to obtain the maximum virus titer in experimental or antiviral efficiency 
studies will prevent false negative results obtained from samples where low virus titers are examined. In this 
study, the differences between collecting viruses from a small surface glass area are discussed. And it was 
determined that aspiration method gave higher results in virus recovery compared to other sampling 
methods. Preferring this method may provide more sensitive results in areas with low virus concentrations or 
in experiments to be conducted for efficacy analysis. 
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Abstract:  
Obesity is a complicated medical condition characterized by excessive fat deposition in the body as a result of 
excessive food consumption and insufficient physical exercise. Obesity, which develops as a result of excessive 
fat accumulation, is a worldwide pandemic social problem. Adipose tissue is known as an endocrine organ and 
a regulator of energy homeostasis. Recently, it has been accepted that changes in the biological function of 
adipose tissue rather than changes in adipose tissue mass play an important role in physiological and 
pathological processes. The aim of this study is to investigate the role of α-tocopherol in reducing fat 
accumulation in 3T3-L1 adipocytes via gene expression of a new adipocytokine, CTRP3. In vitro, 3T3-L1 
fibroblast cells (ATCC® CL - 173) were differentiated into adipocyte cells. Fat accumulation in 3T3-L1 adipocyte 
cells was detected by oil red-o staining method. As a result of the application of different doses of α-
tocopherol to 3T3-L1 adipocytes, the cytotoxic activity on adipocytes was determined by MTT method. CTPR3 
and PPAR-γ gene expressions were determined with qPCR. The IC50 value was found to be 104 µg/ml after 48 
hours of α-tocopherol administration to 3T3-L1 adipocytes. As a result of the application of 50, 104 and 200 
µg/ml α-tocopherol to 3T3-L1 adipocytes, the fat accumulation in the cells decreased in a dose-dependent 
manner, according to the fat accumulation analysis performed with the Oil red o staining method. As a result 
of administration of α-tocopherol to adipocyte cells, CTRP3 expression levels were found to be higher 
compared to control cells. When control and adipocyte cells treated with 104 µg/ml α-tocopherol were 
compared, PPAR-γ gene expression levels were found to be lower. In obese individuals, the use of α-
tocopherol with dietary habits or supplements may be beneficial in reducing dose-related side effects in the 
use of hybrid drugs in the treatment of obesity by reducing lipid accumulation in adipocytes. 
 
Keywords: 3T3-L1 adipocyte, Obesity, Alpha-tocopherol, CTRP3, PPAR-γ 

 

1. Introduction 

Obesity is a major health problem worldwide. The health and social complications it creates increases day by 

day. According to the World Health Organization data, approximately 1.9 billion of the adult world population 

is overweight and more than 650 million of them are obese (Emami et al. 2021). Obesity is a chronic disease 
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that occurs when the energy taken into the body through diet is higher than the energy used by the body 

(Koldemir-Gündüz et al. 2019). Complications that are known to be associated with obesity which many 

studies have been conducted on their mechanisms are hypertension, diabetes mellitus, coronary heart 

disease, and dyslipidemia. 

Considering the high prevalence and severity of obesity, the number of weight control drugs is much less 

compared to other chronic diseases. Despite ample evidence of significant weight loss effects and the safety 

of pharmacotherapy of these drugs for patients unable to lose weight with lifestyle changes, these drugs are 

still not used sufficiently. The main reason for this issue is the side effects of these drugs. These side effects 

develop depending on the drug dosage (Koldemir-Gündüz M 2021). Many chemicals, herbal and nutritional 

supplements are used for the treatment of obesity, in addition to pharmacotherapy, low-calorie diets, and 

increased conventional physical activity, of which their effectiveness varies according to the condition, 

amount, and the duration of use of the patient. One such nutritional supplement is vitamin E, whose effects 

on body weight and mass have been extensively studied (Emami et al. 2021). 

Vitamin E, which has an antioxidant effect, plays an important role in energy metabolism associated with the 

expression of various genes (Azzi et al. 2004). Vitamin E consists of four tocopherols and four tocotrienol 

isomers, of which α-tocopherol and γ-tocopherol are the most commonly found ones in diet (Traber MG 

2007). α-tocopherol contributes to the regulation of genes involved in various cell functions (Gray et al. 2011). 

α- It has been shown that α-tocopherol increases adiponectin expression through the activation of PPARγ, 

which is the master regulator of adiponectin expression (Gray et al. 2011). Vitamin E can control energy 

balance and weight by increasing adiponectin expression. In addition, vitamin E shows cholesterol-lowering 

effects (Zhao et al. 2016). Vitamin E prevents the accumulation of cholesterol that leads to obesity through 

amplification of inflammatory responses (Tall AR and Yvan-Charvet L 205) and increased insulin resistance 

(Taverne et al. 2013). 

Cytokines, known as adipocytokines or adipokines, play important roles in fat and carbohydrate metabolism, 

inflammation, hunger, and satiety signal pathways. Adipogenesis is a process of cell differentiation and plays 

an important role in adipose development and systemic energy homeostasis (Abdik et al. 2021). Adipogenesis 

is regulated by various transcription factors such as CCAAT-enhancing binding proteins (C/EBPa) and 

peroxisome proliferator-activated receptor-gamma (PPARγ). PPARγ is also required to maintain the 

differentiation and fat deposition mechanism (Shao et al. 2016). C1q/TNF-related protein-3 (CTRP3) is a new 

adipocytokine that has recently emerged as an important regulatory adipokine of obesity and related 
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metabolic diseases (Chen et al. 2019). CTRP3 has effects on glucose, lipid metabolism, and inflammation (Bei 

et al. 2020). Studies have shown that CTRP3 can be a potential target in the treatment of obesity (Guo et al. 

2020). 

In this study, the cytotoxic effects of α-tocopherol on 3T3-L1 adipocytes were evaluated. Moreover, the role 

of α-tocopherol in reducing fat deposition in 3T3-L1 adipocytes was investigated through gene expression 

analyses of a new adipocytokine, CTRP3. 

2. Materials and Methods 

2.1. Cell Culture 

The 3T3L-1 fibroblast (CL-173™) cell line used in this study was obtained from the American Type Culture 

Collection (ATCC) (Manassas, USA). Cells were cultured in Dulbecco's modified Eagle's medium (DMEM) 

containing, 10% Fetal Bovine Serum (FBS; ATCC, USA) and penicillin/streptomycin (100 µg/ml; Gibco, US). Cells 

were maintained at 37ºC with 5% CO2 in a humidified chamber. 

2.2. Adipocyte Differentiation from 3T3-L1 Fibroblasts 

Differentiation of 3T3-L1 fibroblast cells was performed according to the Miard et al. protocol (Miard et al. 

2009). Briefly, a medium supplemented with 10μg/ml insulin + 1μM dexamethasone + 0.5 mM 3-isobutyl-1-

methylxanthine was added to 3T3-L1 fibroblast cells in DMEM-FBS and incubated for 3 days. Then, the cells 

medium was changed every two days for three times with DMEM-FBS medium containing 10 μ/ml insulin. 

Subsequently, the lipid content formed by the differentiation of 3T3-L1 fibroblast cells into adipocyte cells was 

determined by the oil red O staining method (Lillie and Ashburn 1943). 

2.3. Cytotoxicity Assay 

An MTT-based cytotoxicity assay was performed according to the Yerlikaya et al. method (2010) to evaluate 

the effects of α-tocopherol on 3T3-L1 adipocytes. Briefly, equal numbers of cells were seeded into 96-well 

plates and grown to an exponential phase. Subsequently, cells were treated with various doses of α-

tocopherol (1 µg/ml, 2.5 µg/ml, 5 µg/ml, 10 µg/ml, 25 µg/ml and 50 µg/ml) for 48 hours. Cell survival was 

determined by reading the absorbances at 570 nm with a Bio-Rad Smartspec Plus spectrophotometer. The 

results were analyzed with GraphPad Prism 5 program and the IC50 value of α-tocopherol was obtained by 

using nonlinear regression to fit the data to the log(inhibitor) vs. response. Viability rates of cells after α-

tocopherol administration was calculated compared to untreated control cells. The viability of untreated cells 
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was considered to be 100% and the viability percentages of cells were calculated as follows. % viability: 

(Treated cell / untreated cell) X100 

2.4. RNA Isolation and Real-Time PCR Analysis 

The expression of CTRP3 and PPAR γ gene was determined by quantitative real-time PCR using ABI 

StepOnePlus (Applied Biosystems, Germany) instrument. Total RNA was extracted from cells using the RNeasy 

Protect Mini Kit (Qiagen, Germany) according to the manufacturer's protocol. Total RNA samples were diluted 

in DNase–RNase-free sterile water and stored at -80°C until use. The Transcriptor HiFi cDNA Synthesis Kit 

(Roche) was used for cDNA synthesis. Data were analyzed using 2−▵▵Ct and GAPDH was used as a reference 

gene. Primer sequences were: CTRP3 (forward) 5′-GCT GTT TCC CAG AGG ACT GAC T-3′, (reverse) 5′- AGG GCA 

AGA TGG CTG TAA GGT-3′; PPAR γ (forward) 5′-CCC ACC TTC GGA ATC AG-3′ and (reverse) 5′-AAT GCT GAA 

ATC AAC TGT GGT A-3′; GAPDH (forward) 5′-AGG GCA AGA TGG CTG TAA GGT-3′ and (reverse) 5′-GGG ACC 

AAC TTC GGA ATC AG-3′. 

2.5. Statistical analysis 

The data are shown as the means with their standard errors. All the statistical analyses were performed in 

GraphPad Prism 5 software. The significance of the differences between all the groups was analyzed by a one-

way ANOVA followed by Bonferroni's multiple comparison post-test. A p-value <0.05 was considered 

significant. 

3. Results  

3.1. Cytotoxic Effects of α-tocopherol on 3T3-L1 Adipocytes 

Initially, we examined the antiproliferative and cytotoxic effects of α-tocopherol in 3T3-L1 Adipocytes. 

Adipocytes were treated with increasing doses of the α-tocopherol (1 µg/ml, 2.5 µg/ml, 5 µg/ml, 10 µg/ml, 25 

µg/ml and 50 µg/ml.) in a logarithmic growth phase for a period of 48 h, then viability was determined by an 

MTT-based cytotoxicity assay. An IC50 of 104.5 µg were calculated upon α-tocopherol treatment, indicating 

that 3T3-L1 adipocytes were sensitive to the α-tocopherol. 
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Figure 1. MTT graph after 48 hours α-tocopherol application to adipocyte cells 

The % survival rates of 3T3-L1 adipocyte cells were also calculated after MTT-based cytotoxicity (Figure 2) to 

reflect variable effects of α-tocopherol dosage on cell proliferation. Cell viability of 50 µg/ml, 25 µg/ml, 10 

µg/ml, 5 µg/ml, 2.5 µg/ml and 1 µg/ml α-tocopherol treated cells were 64%, 80%, 91%, %101, 118% and 122% 

respectively when normalized to control cells. It was determined that 50 µg/ml and 25 µg/ml α-tocopherol 

exposure had an anti-proliferative effect on adipocytes while other administered α-tocopherol doses did not 

produce any antiproliferative effect on 3T3-L1 adipocytes (Figure 2). 
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Figure 2. Different concentrations of α-tocopherol have cytotoxic effects in adipocytes. The MTT test was performed 

after 3T3-L1 adipocytes were treated 50 µg/ml, 25 µg/ml, 10 µg/ml, 5 µg/ml, 2.5 µg/ml and 1 µg/ml α-tocopherol for 48 

hours. 

3.2. Effect of α-tocopherol Application on Lipid Accumulation 

Oil Red-O staining was performed to visualize oil droplets after mature adipocyte formation. Different 

amounts of α-tocopherol (50 μg/ml, 104 μg/ml and 200 μg/ml) were administered to mature adipocytes. A 

high amount of oil droplets was observed in control cells. Depending on the α-tocopherol doses, lipid 

accumulation in adipocytes was significantly reduced (Figure 3). These results indicate that α-tocopherol 

reduces the fat content in adipocytes. This shows that α-tocopherol may be effective in the treatment of 

obesity. 
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Figure 3. Effects of α-tocopherol on 3T3-L1 adipocytes. Oil Red O staining of adipocytes treated with 50 μg/ml, 104 

μg/ml and 200 μg/ml α-tocopherol. 

 

3.3. Differences in CTRP3 and PPARγ mRNA Expression Levels 

CTRP3 and PPARγ gene expression levels were analyzed after 50 μg/ml, 104 μg/ml and 200 μg/ml α-

tocopherol administration to adipocyte cells. When 3T3-L1 adipocytes treated with 50 μg/ml α-tocopherol for 

48 hours were compared with control adipocyte cells, CTRP3 and PPARγ gene expression levels were 

increased by about 1.8 and 5.58-fold, respectively (p<0.001) (Figure 4). When 3T3-L1 adipocytes treated with 

104 μg/ml α-tocopherol for 48 hours were compared with control adipocyte cells, CTRP3 gene expression 

levels were found to be increased by 2.14-fold (p<0.001) and PPARγ gene expression levels were found to 

decreased by 0.05-fold (p<0.001) (Figure 4). When 3T3-L1 adipocytes were treated with 200 μg/ml α-

tocopherol for 48 hours and control adipocyte cells were compared, CTRP3 and PPARγ gene expression levels 

were found to increase 3.51 (p<0.001) and 1.2-fold (p<0.01) respectively (Figure 4). 
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Figure 4. Relative mRNA expression levels of CTRP3 and PPARγ genes on α-tocopherol treated groups and control cells. 

Gene expression levels were determined in fully differentiated cells by real-time PCR and were normalized to GAPDH 

mRNA levels.   

4. Discussion 

Obesity is a major public health problem driven largely by associated diseases such as insulin resistance, type 

2 diabetes, dyslipidemia, and cancer. The aetiology of obesity is complex with environmental and genetic 

influences. The main mechanism of its development is the imbalance between the energy received and spent 

by the body. Excess energy is stored as adipose tissue (Hammes et al. 2012). However, we know little about 

the participation of transcription factors in this modulation. 

Majima et al. have investigated the relationship between lipid accumulation and α-tocopheryl succinate in 

3T3-L1 adipocytes and showed that vitamin E ester α-tocopheryl succinate can suppress lipid accumulation in 

adipocytes by regulating lipid metabolic cell signals (Mahima et al. 2021). In our study, we determined that α-

tocopherol decreased lipid accumulation in a dose-dependent manner by the Oil Red O staining method. 

The expression of adipogenesis-related CTRP3 and PPARγ genes was investigated in 3T3-L1 adipocytes to 

evaluate the therapeutic effect of α-tocopherol. In a study investigating the relationship between the serum 

level of a new adipokine, CTRP3, and obesity, the serum CTRP3 level was found to be lower in obese patients 

(Deng et al. 2015). Chen et al. have investigated the serum CTRP3 levels in obese children on obesity, insulin 

sensitivity and pancreatic beta-cell function and found that CTRP3 serum levels were significantly reduced in 

obese children compared to controls, and insulin-resistant obese subjects had lower CTRP3 levels in contrast 
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to non-insulin-resistant obese subjects. (Chen et al. 2019). Li et al. (2018) investigated the relationship 

between CTRP3 gene expression level and adipose tissue inflammation in obese mice and found that CTRP3 

gene expression level was lower in obese mice than in healthy control mice. Li et al. reported that obesity 

impairs glucose metabolism and insulin sensitivity by decreasing CTRP3 (Li et al. 2018). In this study, CTRP3 

gene expression levels have been found to significantly increase when adipocyte cells treated with different 

doses of α-tocopherol were compared with control adipocytes. An increased level of CTRP3 mRNA may 

indicate inhibition of lipogenesis. 

In anti-adipogenic studies, PPARγ gene expression levels are lower than in control adipocyte cells. In this 

study, the mRNA level of PPARγ was found to be 0.05-fold lower when adipocyte cells treated with the 

IC50 dose (104 μM) of α-tocopherol were compared with control adipocyte cells. 

5. Conclusion  

In obese individuals, the use of α-tocopherol may be beneficial within dietary habits or supplements for 

reducing dose-related side effects of drug combinations in the treatment of obesity by reducing lipid 

accumulation in adipocytes. 
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Abstract:  
The main source of industrial enzymes is microorganisms. The use of microorganisms in the production of 

enzymes has some important advantages. Compared to enzymes derived from herbal and animal sources, 

microbial enzymes can demonstrate higher stability under extreme conditions and can be produced in higher 

quantities. In addition, the production of microbial enzymes can be carried out at low cost using organic 

wastes.Thermophilic microorganisms are considered as a crucial source of lipase, especially of industrial 

importance. Lipases produced by thermophilic microorganisms exhibit a very stable structure and high activity 

at high temperatures in organic solvents. Moreover, these lipases show high resistance to chemical 

denaturation and can have high activity at alkaline pH values. Due to their high activity and stability at alkaline 

pH values and elevated temperatures, thermophilic lipases are mainly utilised in the detergent industry. 

Therefore, isolation, identification and characterization of thermophilic bacteria play an important role for the 

production of thermophilic lipase. In this study, lipase production and optimization was carried out with 

Anoxybacillus flavitermus MOB isolated from hot springs using cooking oil as a substrate. As a result of 

analysis, the optimal conditions were determined as; 3 g/L fish peptone, pH:7, 72 hours incubation time and 

temperature 50 oC. Under optimized conditions lipase enzyme activity was increased approximately 3-fold 

(316 U/mL). 

 
Keywords: optimization, production, lipase, Anoxybacillus flavithermus 
 
1. Introduction 

 
Lipids constitute an important part of the world's biomass. Lipolytic enzymes play an important role in the 

conversion of water-insoluble compounds. Lipolytic enzymes, lipases and esterases are characterized by their 

ability to hydrolyze short and long chain carboxylic acid esters (Chandra et al., 2020). Lipases are a group of 

enzymes abundant in nature which are hydrolytic enzymes that catalyze the hydrolysis of triacylglycerol to 

glycerol and free fatty acids. Naturally, lipase enzymes are found in every living organism but the main source 
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of industrial enzymes is microorganisms (Oliart-Ros et al., 2021). The use of microorganisms in the production 

of enzymes has some important advantages. Compared to enzymes derived from herbal and animal sources, 

microbial enzymes can demonstrate higher stability under extreme conditions and can be produced in higher 

quantities (Patel et al., 2020). In addition, the production of microbial enzymes can be carried out at low cost 

using organic wastes. Microorganisms having ability to produce enzymes can be screened easily and quickly 

and the genetic modifications required to increase enzyme production can be performed more easily on 

microbial cells.  

Thermophilic microorganisms are considered as a crucial source of lipase, especially of industrial importance. 

Lipases produced by thermophilic microorganisms exhibit a very stable structure and high activity at high 

temperatures in organic solvents. Moreover, these lipases show high resistance to chemical denaturation and 

can have high activity at alkaline pH values. Due to their high activity and stability at alkaline pH values and 

elevated temperatures, thermophilic lipases are mainly utilised in the detergent industry (Abu et al., 2021).  

In literature, it has been reported that species of bacteria such as Bacillus, Geobacillus and Thermomonas can 

be used as promising sources of thermophilic lipases (Balaji et al., 2020; Druteika et al., 2020). Moreover, 

studies on the discovery of new microorganisms which are able to produce these enzymes are constantly 

increasing due to the industrial and biotechnological importance of thermophilic enzymes. Enzymes are 

supposed to be produced in large quantities in order to respond to increasing demands. However, the average 

cost is regarded as a major issue. To solve this problem, agricultural wastes or by-products are used as 

inexpensive substrates for microorganisms. For instance, waste materials such as coconut, lemon peel, coffee 

peel and soybean residues are used as cost-effective substrates for the production of microbial lipases. 

Similarly, researchers reported that waste frying oil (cooking oil) would be a suitable substrate for the 

production of microbial lipase (Nunes et al., 2021). 

Therefore, the present study was carried out to produce lipase from thermophilic bacteria using the waste 

cooking oil as substrate and to increase the enzyme production efficiency by optimizing some culture 

conditions. 
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2. Materials and Methods 

2.1. Screening of lipase-producing microorganisms 

Six bacteria were screened for their lipase-producing ability. Screening experiments were performed in 

medium containing 10 ml/L frying oil and 3 g/L Bushnell Haas salt medium (pH: 7.0). To do this, the screening 

medium was inoculated with 1 mL (OD600nm= 1.0) of seed culture under aseptic conditions. After 

inoculation, the vials were incubated at 55 °C for 48 hours (Baltaci et al., 2020). Further lipase activities were 

analyzed and the best lipase producer strain was selected for further experiments. 

2.2. Idetification of the best strain 

The strain which has the highest lipase activities was subjected to molecular identification by analyzing 16S 

rDNA sequence. For this purpose Genomic DNA isolation of the test strains was performed according to the 

Promega WizardR Genomic DNA Purification Kit (A2360) protocol. 16S rRNA region, was amplified using 27F 

(5′-AGAGTTTGATCCTGGCTCAG-3′) and 1492R (5′-GGTTACCTTGTTACGACTT-3′) primers, and 30 μL volume of 

PCR mixture containing, 13.1 µL ddH2O, 3 µL 10X PCR buffer, 1.8 µL MgCl2, 1.2 µL DMSO, 0.6 µL dNTP, 3 µL 

(5µM) reverse primer (1492R), 3 µL (5 µM) forward primer (27F), 0.3 µL Taq DNA polymerase and 4 µL 

template DNA. PCR amplification was performed according to the following protocol: Initial denaturation for 5 

min at 94°C, followed by 35 cycles of denaturation at 94°C for 1 min, annealing at 55°C for 30 s, extension at 

72°C for 30 s, and final extension at 72°C for 5 min. The PCR products were visualized on a 1% agarose gel. The 

amplified fragments were cloned into Escherichia coli JM101 strain with the pGEM-T Easy Cloning Vector 

(Promega, Southampton, UK) according to the instructions of the manufacturer. After the cloning, plasmid 

isolation was carried out by selecting colonies that gave the positive result, and the sequence analysis was 

made by the Macrogen Company (Netherlands). The 16S rRNA obtained was compared with the other 

bacterial series in GenBank and EzTaxon (http://blast.ncbi.nlm.nih  and http://www.eztaxon.org). A 

http://blast.ncbi.nlm.nih/
http://www.eztaxon.org/
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phylogenetic tree was constructed with Mega4 software based on the 16S rDNA sequences of the strains 

closer to isolates (Baltaci et al., 2017). 

2.3. Optimization for Maximum Lipase Production 

Test strain were inoculated in lipase production medium (described above) and some culture parameters 

were optimized. Firstly, the incubation time parameter has been optimized (with 12 h intervals up to 96 h). 

Then, nitrogen sources (yeast extract, fish peptone, and ammonium sulfate) and concentration (0-4 g/L), 

temperature (35-60oC with 5 oC intervals), and initial pH (6-10 with 1 interval) parameters were studied, 

respectively(Baltaci et al., 2020). 

2.4. Statistical Analysis 

All the measurements were taken in three biological and two technical replicates. The variance analysis was 

carried out according to the One-Way ANOVA Test using the Prism software 7.0 (GraphPad Software, San 

Diego, CA). 

3. Results  
 
3.1. Screening of lipase-producing microorganisms 

Lipase producing potentials of six thermophilic bacteria isolated from hot springs were determined. As a result 

of the analysis, MOB61 strain showed the highest lipase activity and growth in screening medium. Detailed 

results are given in table 1. 
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Table 1. Screening of lipase activity 

Isolates 
Bacterial 

growth (OD600) 

Lipase enzyme 

activity (U/ml) 

MOB11 1.24 46.8 

MOB25 1.16 49.5 

MOB36 0.78 26.8 

MOB42 0.9 32.2 

MOB53 1.35 51.6 

MOB61 1.58 74.2 

 

After the best strain was determined, this bacterium was identified by molecular methods and a phylogenetic 

tree was constructed via Mega4 program (Figure 1). According to sequence analysis, the isolate coded MOB61 

was found to belong to Anoxybacillus flavitermus at a rate of 99%. 

 

Figure 1. Neighbor-joining showing the phylogenetic position of strain MOB61 based on 16S rDNA gene 

sequence comparison 
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3.2. Optimization of Culture Conditions 

Effect of Incubation time 

To determine the effect of the incubation period on the lipase enzyme activity, MOB61was incubated at 40°C 

for 96 h. The enzyme activity was assayed with 12 h intervals. The results showed that there was continuous 

increase in the lipase activity from 12th to 72 th h. Maximum enzyme activity was detected at 72th h.  

 
Figure 2. The effect of incubation time. Culture conditions: Temperature; 40 °C, initial pH 6.0, nitrogen source 
0 g/L 
 
Effect of Nitrogen Sources 
 
To increase the enzyme activity nitrogen sources such as yeast extract, Fish peptone, and ammonium sulfate, 

were added to the medium at different concentrations (0-4 g/L). As shown in Figure 3 among the three 

nitrogen sources, the highest lipase activity was achieved with 3 g/L fish peptone. 
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Figure 3. The effect of nitrogen source. Culture conditions: Temperature; 40 °C, initial pH 6.0, incubation time 

72 h. 

Effect of temperature 

MOB61 were incubated for 72 h in the presence of 3 g/L fish peptone at different temperatures (35-60 °C). 

After the incubation, it was determined that the maximum activity was achieved at 50 °C. 

 

Figure 4. The effect of temperature. Culture conditions: initial pH 6.0, incubation time 72 h, nitrogen sources 3 

g/L Fish peptone 

 

 



 

39 

Effect of pH 

In the last stage of the optimization study, the effect of pH parameter on the enzyme activity was 

investigated. The optimum enzyme activity was achived at pH 7. 

 

 

Figure 5. The effect of temperature. Culture conditions: temperature 50, incubation time 72 h, nitrogen 

sources 3 g/L Fish peptone 

4. Discussion 
 
Lipases are among the most important enzyme with industrial and biotechnological interest. Although these 

enzymes are present in many organisms, their industrial scale production is mainly carried out using 

microorganisms (Abusham et al., 2009). Studies demonstrated that some nutritional factors (nitrogen and 

carbon sources) as well as physical and chemical factors affect the production of microbial lipases (Fickers et 

al., 2004). It is well known that production of microbial enzymes including lipases are significantly affected by 

culture parameters such as substrate concentration, temperature, pH, surfactants, incubation time, oxygen 

concentration, shaking speed and incubation time. Therefore, in the present study, some (temperature, oil 



 

40 

concentration, pH and incubation time) of these culture parameters were optimized to enhance lipase 

production.  

The first stage of the study was focused on determining the effect of incubation time on lipase 

production. The results showed that there was continuous increase in the lipase activity from 12th to 72 th h. 

Maximum enzyme activity was detected at 72th h. On the other hand lipase activity showed decrease after 

72th h. This decrease was probably due to the lost of the enzyme stability. 

It has been reported in the literature that concentrations of nitrogen sources, temperature, and pH 

significantly affect the amount of enzyme produced. Therefore, these parameters were optimized. As a result 

of analysis, the optimal conditions were determined as; 3 g/L fish peptone, pH:7, and temperature 50 oC. 

5. Conclusion 

As a result of analysis, the optimal conditions were determined as; 3 g/L fish peptone, pH:7, 72 hours 

incubation time and temperature 50 oC. Under optimized conditions lipase enzyme activity was increased 

approximately 4-fold (316 U/mL).In addition, the production of lipase enzyme from a waste material such as 

cooking oil has been carried out successfully. 
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Abstract:  
Some metal ions are essential in the maintenance of DNA stability and structure, but some are also known to 
be mutagenic and carcinogenic. Relevant facts about the mutagenicity and carcinogenicity of metal ions were 
obtained from several research studies conducted on the interactions between d-block elements and DNA. 
Copper (Cu) complexes have the aptitude for interacting with DNA due to their three-dimensional structure, 
cationic ability, the tendency of hydrolyzing DNA, and their redox ability. In order to produce more effective 
and safer therapeutic agents, there is the need to exploit the interaction of DNA with metal complexes. 
Despite that, DNA-metal complexes interaction has not been fully elucidated. Thus, studies investigating the 
interaction of DNA with CuCl2 is extremely limited. Hence, this study aimed to provide data on that. UV-
absorbance spectrophotometry was adopted in investigating the interaction of the ct-DNA with CuCl2. 

Combinations of ct-DNA with prepared concentrations of CuCl2 (1000 µM, 500 µM, 250 µM, 125 µM, and 62.5 
µM) were made in sterile water. Following that, their absorbance intensities were measured. Also, the 
absorbance intensity of only DNA (positive control) and only CuCl2 (negative control) was measured. All 
measurements were done using MultiskanGO UV-absorbance spectrophotometer and prior to the 
measurements, it was calibrated with nuclease-free water. The data obtained from this study indicate that 
CuCl2 incited an increment in ct-DNA absorption intensity (hyperchromism), hence, bind to the DNA via 
groove binding. 

In conclusion, CuCl2 has the aptitude for interacting with DNA and can bind to DNA via groove binding. Thus, it 
could be used in the development of therapeutic agents such as anticancer agents, as the increment in the 
absorption intensity of the ct-DNA could be due to a degradation of the ct-DNA incited by the CuCl2. However, 
further studies on the interaction of DNA with copper compounds (CuCl2) and the possible DNA cleavage 
activity of copper compounds would provide further data.  

Keywords: ct-DNA, CuCl2, DNA-Interaction, Metal Complexes, UV-vis Spectrophotometry 
 
#The present paper is produced from a portion of the masters’ thesis of the first author under the supervision 

of the second author. 
 

1. Introduction 
 

DNA is a nucleic acid, a genetic material that mediates crucial processes like; transcription, recombination, cell 
survival and proliferation (Williams and Da Silva 2005). Some metal ions are essential in the maintenance of 
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DNA stability and structure, but some are also known to be mutagenic and carcinogenic. Relevant facts about 
the mutagenicity and carcinogenicity of metal ions were obtained from several research studies conducted on 
the interactions between d-block elements and DNA (Lippert 2008). Modifying or inhibiting the activity of a 
cell’s DNA is an essential medical research that enhances the development of new therapeutic agents, mainly 
anticancer agents (Hurley 2002). A wide range of fields including material and biological sciences develop and 
apply metal-containing compounds (Boerner and Zaleski 2005, Zhang and Lippard 2003).  

Copper (Cu) complexes have the aptitude for interacting with DNA due to their three-dimensional structure, 
cationic ability, the tendency of hydrolyzing DNA and their redox ability (Boerner and Zaleski 2005). In order to 
produce more effective and safer therapeutic agents, there is the need to exploit the interaction of DNA with 
metal complexes (Bhattacharjee et al. 2021, Pages et al. 2015). Nonetheless, the interaction of DNA with 
metal complexes has not been fully elucidated (Hannon and Reedijk 2015). Thus, studies investigating the 
interaction of DNA with CuCl2 are extremely limited. Hence, this study aimed to provide data on that.   

2. Materials and Methods 
 

The DNA used in this study was isolated from calf thymus (ct-DNA) using Wizard Genomic Purification Kit 
(Promega, USA) and its concentration at Å 260/280 was 1.84, hence was appropriate for the conduction of 
UV-absorbance spectrophotometry. Also, procured CuCl2 (AM0686890527, Merck, Germany) was prepared 
into 5 different concentrations; 1000 µM, 500 µM, 250 µM, 125 µM, and 62.5 µM. Following that, a 
combination of the ct-DNA was made with the various concentrations of the CuCl2 at a 1:1 ratio in 0.2 ml 
sterile Eppendorf tubes and incubated at 37 ℃ for 1 hour. Prior to the measurement of all absorbance, the 
spectrophotometer (MultiskanGO UV-absorbance spectrophotometer) was calibrated with nuclease-free 
water. After the calibration, the absorbance of only DNA (positive control), only CuCl2 (negative control), and 
ct-DNA + CuCl2 was measured.  
 
3. Results  

 
The UV-absorbance spectrophotometric results obtained from the measurement of only ct-DNA (positive 
control), only CuCl2 (negative control), and ct-DNA+CuCl2 are presented in figure 1, 2, and 3, respectively. As 
expected, while the ct-DNA gave an absorbance peak at 260 nm, the various concentrations of the CuCl2 did 
not manifest any absorbance at the aforementioned wavelength. The ct-DNA+CuCl2 gave absorbance peaks at 
the wavelength 260 nm. However, the absorbance intensities of the ct-DNA+CuCl2 were not as high as that of 
the positive control (only ct-DNA). Again, the absorption intensities obtained from the ct-DNA+CuCl2 exhibited 
a concentration-dependent increment.  
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Figure 1. ct-DNA (Control DNA) UV-absorbance spectrophotometry graph. 
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Figure 2. Only CuCl2- UV-absorbance spectrophotometry graph. 
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Figure 3. UV-absorbance spectrophotometry graph of ct-DNA + CuCl2 (different concentrations) 

4. Discussion 
 

UV-vis absorbance spectrophotometry is one of the many methods used to study the interaction of DNA with 
metals. In view of that, in this study, the DNA binding potential and mode of binding of CuCl2 to ct-DNA was 
investigated adopting this method. Hypochromism is often characterised by decrement in DNA absorption 
wave peak at 260 nm wavelength as the concentration of the binding molecule increases. When a binding 
molecule instigates hypochromism, then the molecule is said to had bind to DNA via intercalation (Chaveerach 
et al. 2010; Chen et al. 2011). From the data obtained from the UV-absorbance spectrophotometry, it was 
observed that in addition to the control, the combinations of ct-DNA with the various concentrations of CuCl2 
gave wave peaks at 260 nm. However, CuCl2 incited an increment in the absorption intensity of the ct-DNA in 
a concentration-dependent manner (Fig.3), even though, it did not give any wave peak at 260 nm when 
measured alone (Fig.2). Thus, CuCl2 instigated hyperchromism. The instigation of hyperchromism by the CuCl2 

indicates that CuCl2 probably bind to the ct-DNA via groove binding and not by intercalation (Dey et al. 2010, 
Vijayalakshmi et al. 2000). 

5. Conclusion 

CuCl2 has the aptitude for interacting with DNA and can bind to DNA via groove binding. Thus, it could be used 
in the development of therapeutic agents such as anticancer agents, as the increment in the absorption 
intensity of the ct-DNA could be due to a degradation of the ct-DNA incited by the CuCl2. However, further 
studies on the interaction of DNA with copper compounds (CuCl2) and the possible DNA cleavage activity of 
copper compounds would provide further data.  
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Abstract:  

The indicators in predicting spermatozoa fertilizing ability include individual motility and movement scores, 

but the indicators have not been able to accurately predict the spermatozoa fertilizing ability, Acrosome 

integrity of spermatozoa cells is an important indicator of the success of the fertilization. Semen 

cryopreservation results in sublethal damage to sperm due to membrane deterioration and an increased 

number of spermatozoa that undergo acrosome reaction, these damages lead to fertility reduction. The 

objective of this study was to compare three methods of staining in order to evaluate bull sperm viability and 

acrosome integrity after cryopreservation. In the study, 55 semen straws obtained from Simmental bulls with 

known breeding quality and frozen at different times were used as the main material. A 30-second slow 

thawing protocol at 37°C was used to thaw frozen semen straws. Motility, spermatozoa concentration, plasma 

membrane integrity and acrosome integrity parameters of all thawed semen were analyzed. In the evaluation 

of acrosome integrity, three different complicated staining protocols were applied and the results obtained 

were compared and an efficient and appropriate staining protocol was tried to be determined. The Computer-

Aided Sperm Analyzer (CASA), (SCA®, Microptic, Barcelona, Spain) was used to assess frozen-thawed sperm 

motility, concentration and movement characteristics. Plasma membrane integrity is vital for spermatozoa 

because the plasma membrane integrity plays an important role in regulating all of the processes in cells. The 

percentage of plasma membrane integrity in frozen Simental bull semen used in this study ranged from 42-

78% and can be considered good. According to our study results, spermatozoa acrosome integrity can be 

easily tested using the Coomassie Blue, Trypan Blue-Giemsa and Spermac staining procedures. TBG staining 

was not very effective in evaluating frozen semen because diluent components were also stained, causing 
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difficulty in analyzing the staining results. In addition, analysis of TBG and Spermac staining results takes more 

time than Coomassie blue staining results. 

Keywords: Acrosome integrity, frozen-thawed semen, HOST, Simmental bull 
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1. Introduction 

The predicting ability of semen fertility of the laboratory tests is still limited, especially because of the 

complexity of sperm and fertilization process. Therefore, it is necessary to increase the accuracy of the 

prediction of bull fertility using other tests that the accuracy of the reproductive potential estimate of the bull 

is in turn improved. Another equally important indicator that can be specifically used to determine the 

fertilizability of spermatozoa is acrosomal integrity of spermatozoa (Sitepu and Marisa, 2020). Motility and 

kinematic parameters serve as indicators in predicting the fertilizing ability of spermatozoa, but the indicators 

are still unable to precisely indicate the fertilizing ability of the spermatozoa. The motility and the individual 

motion of the spermatozoa only indicate that live spermatozoa are able to move normally and pass through 

female reproductive tract. It is necessary for spermatozoa to be acrosome-intact to achieve successful 

fertilization by activating the function of acrosome reaction at the right time, releasing enzymes and 

facilitating spermatozoa to penetrate zona pellucida. Semen freezing process will result in the exposure of 

spermatozoa to low temperature in liquid nitrogen (-196 oC). The cryopreservation process will cause cold 

shock, osmotic stress and formation of ice crystals (Yaniz et al., 2021). It is known that spermatozoa have 

three types of membranes, which are plasma membrane, mitochondrial membrane, and acrosomal 

membrane. The membranes contain polyunsaturated fatty acids (PFA) and hence are very susceptible to 

oxidative stress, especially during cryopreservation procedures (Silva and Gadella, 2006). Oxidative stress is 

one of the factors that increase cell damage due to increase reactive oxygen species (ROS). Excessive ROS 

production in sperms is dangerous due to its negative effects on functional sperm count. The membrane of 

spermatozoa is susceptible to oxidation due to the presence of ROS as it is rich in unsaturated fatty acids. Such 

lipid peroxidation chain reactions occur continuously because each reaction generates a ROS, which leads to a 

new lipid peroxidation reaction and ultimately damages the entire plasma membrane of the spermatozoa. 

Lipid peroxidation can alter membrane functions and thus reduce the metabolism, morphology, motility and 
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fertility of spermatozoa. Acrosome integrity is one of the determining factors for fertilization. Only with the 

acrosome, intact spermatozoa can penetrate the zona pellucida and fuse with the oocyte plasma membrane 

(Prihantoko et al., 2020; Umamageswari et al., 2012). 

The acrosome integrity of spermatozoa can be observed using various staining methods such as Trypan Blue-

Giemsa (TBG), Giemsa, Sperm Blue, Spermac and Coomassie Blue (CB). TBG staining has been used in 

examining the acrosome of the spermatozoa of various species such as bull and pig (Larson and Miller, 1999; 

Saad et al., 2011; Umamageswari et al., 2012), while CB staining has been reported on the spermatozoa of 

rabbits and human (Cross and Stanley, 1989; Kovacs and Foote, 1992). The mentioned staining methods have 

high affinity for protein and are expected to be capable of staining the acrosome of spermatozoa. TBG is 

staining capable of binding to cell protein. Giemsa is known to have low molecular weight and able to pass 

through cell membrane that protects the acrosome of spermatozoa. A previous study showed that Trypan 

Blue-Giemsa staining is considered to be simpler and easier than Coomassie Blue staining. In addition to the 

two abovementioned staining methods, another study (Almadaly et al., 2014) has been conducted to assess 

the acrosomal integrity of spermatozoa using Giemsa staining, which was a simpler and easier method, by 

combining methanol fixation and Giemsa staining. Given that acrosomal integrity is very crucial in fertilization 

processes, the study aimed at evaluating the quality and acrosomal integrity of frozen spermatozoa of 

Simmental bulls and determining the most effective staining method in assessing the acrosomal integrity of 

frozen spermatozoa. 

2. Materials and Methods 

Sperm samples and experimental design 

In the study, a total of 55 frozen sperm straws from the semen of the Simmental bull were used. A 30-second 

thawing protocol at 37°C was used, which is used as the gold standard for thawing frozen sperm pipettes. All 

thawed sperm were tested for motility, viability, concentration, plasma membrane integrity and acrosome 

integrity parameters. 

Sperm motility 

The Computer-Aided Sperm Analyzer (CASA), (SCA®, Microptic, Barcelona, Spain) was used to assess frozen-

thawed sperm motility and movement characteristics. Total motility (0-100%), progressive motility (0-100%), 

VAP (mean path velocity, m/ s–1), VSL (straight-line velocity, m/ s–1), VCL (curvilinear velocity, m/ s–1) and 

ALH (lateral head change, m), BCF (Crossover frequency rhythm Hertz (Hz) values were measured and 

recorded in at least 5 microscope fields in the software system. 
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Hypoosmotic Swelling Test 

The HOS test was used to evaluate the functional membrane integrity of sperm. 1 ml of the HOST solution 

(7.35 g sodium citrate and 13.51 g fructose per 1 l of distilled water) was collected and placed in an eppendorf 

tube at 37°C. It was incubated at 37°C for 30 minutes after adding 10 µl of the semen sample to the HOST 

solution. After incubating the mixture, one drop was placed on the slide and a smear was obtained. After 

drying the slide at a 45-degrees angle, this slide was examined at 40x magnification under the microscope, 

and 200 sperm per slide were counted. Membrane-intact spermatozoa were characterized by swollen tail, 

while sperms with damaged membrane were characterized by straight tails. The percentage of HOS-positive 

sperm was calculated with those with a coiling tail. 

Staining Procedures 

a- Trypan Blue-Giemsa Staining 

First, a 0.25% Trypan blue (Sigma Cell Culture, T-6146) (w/v) staining solution was prepared in 0.81% NaCl, 

isotonic and pH neutral (6.9-7.2). Dyes 86 ml of 1N HCl and 14 ml of formaldehyde solution 37% w/v for 

fixation; and 0.2g of neutral red were prepared. Acrosome staining was prepared from 2.5-7.5% Giemsa stock 

solution with distilled water (pH 6.9). Then, it was started to paint. In this staining, Trypan blue and semen 

were mixed with an automatic pipette on one side of the slide and smeared with a coverslip. The preparations 

were then left to dry. Dried preparations were fixed in a formaldehyde-neutral rejection solution in a steep 

gelatin for 2-5 minutes. It was then quickly rinsed with distilled water. It was dyed at 40 ºC with 7.5% Giemsa 

for 2-4 hours, and it was quickly passed through distilled water. In this second distilled water run, the 

preparations were left in distilled water for 2 minutes. Two hundred cells were evaluated under a microscope 

at 400x magnification. Acrosome-intact spermatozoa were characterized by purple head, while those with 

damaged acrosome were characterized by pale lavender.   

Coomassie Blue G-250 

Sperm were fixed with 4% paraformaldehyde solution (110 mM Na2HPO4, 2.5 mM NaH2PO4, 4% 

paraformaldehyde pH 7.4) for 10 min at 24°C. Sperm were centrifuged and washed twice using 1.5 ml of 

100mM ammonium acetate (pH: 9.0). The final sperm pellet was resuspended in 1 ml of 100 mM ammonium 

acetate, 50 μl of the sperm suspension was smeared on glass microscope slides using another glass slide and 

air dried. Sperm on the slides were incubated in freshly made Coomassie stain (0.22% Coomassie Blue G-250 
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(Fisher Scientific, Fair Lawn, NJ), 50% methanol, 10% glacial acetic acid, 40% water) for 2 min. Slides were 

washed thoroughly using distilled water to remove excess stain. Slides were air-dried and coverslips were 

placed on slides and sealed using Permount mounting medium (Fisher Scientific). Stained two hundred sperm 

cells were examined under a microscope at 400x magnification. 

Spermac Staining 

To determine acrosome integrity, the commercial kit Spermac® were used. For Spermac® staining, a smear 

was made with semen and allowed to air dry at 37°C for 10 min. The slide was plunged seven times in the 

fixative solution before immersion for 10 min and washed in clean tap water seven times. Excess water was 

dried with tissue paper without touching the smear. The slide was plunged seven times in solution A and 

immersed for 90 sec and washed as described before. Then it was plunged in solution B seven times and 

immersed for one minute, washed and plunged in solution C seven times and immersed for 80 sec and then 

washed one last time. Then it was allowed to air dry at 37°C. All the slides were read using a light microscope 

(Nikon Corporation, Tokyo, Japan) and a 1000X objective lens, under oil immersion. The acrosomes and the 

equatorial zone are stained light green, while the rest of the head appears in red, and both the tail and the 

intermediate piece will be dark green. Qualitative and quantitative estimates of acrosomal integrity may thus 

be rapidly and simply obtained. Stained two hundred sperm cells were examined under a microscope. 

Statistical analyses 

Statistics Data were analyzed using the statistical software SAS System for Windows (SAS Institute Inc, Cary, 

NC, USA, 2000). Fifty-five semen straws (n=55) were used for each group. The correlations between the 

staining methods used in the determination of acrosomal integrity and other parameters were evaluated by 

“Pearson Correlation Coefficients Analysis”. Again, Covariance Analysis was used to determine the 

relationship and interaction degrees between important spermatological parameters and acrosomal integrity. 

3. Results  

Spermatozoa motility will decrease due to the freezing process because the thawing process of frozen 

spermatozoa will result in some spermatozoa with low viability and less progressive motility than those of 

fresh semen. In Table 1 summarized the effects of some important sperm parameters on acrosome integrity 

and staining procedures. It has been determined that there is a significant and remarkable relationship 

between the sperm thawing parameters, progressive motility and especially total motility, and the detection 
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of acrosome integrity of staining procedures (P<0.001). When the effects of spermatozoa kinematic 

parameters (VCL, VAP, VSL, STR, LIN, WOB, ALH, BCF) on the effectiveness of staining procedures used for the 

determination of acrosomal integrity are evaluated, especially VCL and ALH kinematic parameters, as well as 

BCF with acrosomal integrity, direct and it was determined that they had a significant positive interaction (P < 

0.001). Other parameters VAP, VSL; STR, LIN and WOB values are VCL; It was determined that they were not 

as effective in detecting acrosomal integrity as ALH and BCF (P > 0.05). No statistically significant interaction 

was found between sperm concentration and staining procedures, especially acrosomal integrity, as well as 

other spermatological parameters (P > 0.05). 

Plasma membrane integrity is an absolute necessity for spermatozoa. Plasma membrane serves as first 

defense of cells against external environment that can damage the cells. The examination results showed 

mean spermatozoa membrane integrity of 59.10±1.00, and the maximum and minimum values ranged from 

42.00% to 78.00% (Table 1). Very strong and significant positive interactions were determined between HOST, 

which is used to determine the plasma membrane integrity of spermatozoa, and acrosomal integrity of 

spermatozoa (P < 0.001). In other words, according to this correlation, it is possible to say that the acrosomal 

integrity is highly preserved in sperm with high plasma membrane integrity, and the interaction between 

these two parameters is extremely effective in determining the fertility of the sperm.  

The success of fertilization is determined by the presence/the status of acrosome, which is able to activate the 

function of the acrosome reaction and the fusion of oocyte. Table 1 also summarized the percentages of the 

intact acrosome of the Simmental bulls identified using CB, TBG or Spermac with the values between 

94,85±0,30, 85,98±0,42 and 88,78±0,42%, respectively. When the staining methods used in the detection of 

acrosomal integrity are compared among themselves in terms of detection success, it is possible to say that 

the CB method is more successful than the others. After that, the sperm staining procedure and finally the 

TBG method were found to be effective. The difference between them was found to be statistically significant 

(P < 0.05). However, all three staining procedures are methods that can be used easily in detecting the 

acrosomal status of spermatozoa. 

According to the results of the “Pearson Correlation Coefficients Analysis”, there is a very strong 86% positive 

correlation between spermatozoa motility and progressive motility (P<0.001, **). The relationship between 

these two basic parameters is already known and accepted relations. It was determined that there was a 40% 

negative correlation between sperm kinematic parameters, BCF, and spermatozoa concentration. A positive 

correlation was also determined between the Coomassie blue staining method, which was used for the 

determination of acrosomal integrity and was determined as the most successful procedure, and VCL, one of 
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the kinematic parameters (P < 0.05). In addition, it was determined that there was a positive correlation 

between motility and progressive motility and Coomassie blue and Trypan blue-Giemsa staining (P < 0.05).  

 

Table 1. Effects of some important sperm parameters on acrosome integrity and staining procedures 

Parameters n Mean±SEM P Value Minimum Maximum 

Motility 55 72,93±1,56 0,011 48,34 91,91 

Progressive motility 55 53,07±1,51 0,462 28,48 79,91 

VCL 55 96,90±2,16 0,028 65,15 130,26 

VAP 55 50,33±1,19 0,886 34,15 70,93 

VSL 55 34,49±1,07 0,806 23,00 53,46 

STR 55 61,75±0,73 0,177 52,44 72,24 

LIN 55 35,37±0,77 0,139 26,02 48,17 

WOB 55 53,28±0,59 0,395 46,54 64,09 

ALH 55 4,39±0,09 0,023 3,05 5,88 

BCF 55 6,54±0,15 0,095 4,90 10,90 

Sperm concentration 55 102,30±3,53 0,809 45,14 180,24 

Plasma membrane integrity (%) 55 59,10±1,00 0,003 42,00 78,00 

Acrosome 

Integrity 

(%) 

Coomassie Blue Stain 55 94,85±0,30a 0,000 87,00 98,00 

Trypan Blue-Giemsa Stain 55 85,98±0,42b -8,872 76,00 93,00 

Spermac stain 55 88,78±0,42c -6,072 82,00 95,00 

 

4. Discussion 

The acrosomal membrane must remain intact until zonal attachment occurs, prior to and during the passage 

of spermatozoa into the isthmus. Early acrosome reactions render the spermatozoa infertile and therefore it 

is important to evaluate acrosome integrity before assisted reproductive techniques. After freezing and 

thawing, spermatozoa moves more slowly than fresh semen. Additionally, freezing process also damages 

spermatozoa and it makes their movement slower. The decrease in the motility of the spermatozoa after 

freezing and thawing may be in the range of 24-64% [Ata et al., 2014]. The reason why the motility decreases 

is that the spermatozoa experience cold shocks and excessive osmotic stress. The decrease in the motility 

relates to mitochondrial activity [Hincapie et al., 2021]. Plasma membrane integrity is vital for spermatozoa 

because the plasma membrane integrity plays an important role in regulating all of the processes in cells 

[Kang et al., 2020]. Phospholipids found in skim milk egg yolks play a role in protecting the plasma membrane 
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from the effects of cold shock [Prihantoko et al., 2020]. Therefore, it can be used as semen extender to 

protect spermatozoa from the effects of cold shock. 

 

Figure 1. Success status of staining methods used to determine acrosomal integrity 

In all mammals, the capacitation and the subsequent acrosome reaction of spermatozoa represent essential 

steps for successful fertilization and formation of a zygote. The determination of the ability of spermatozoa to 

activate the acrosome reaction is supposed to be a useful parameter in evaluating infertility [Jancovicova et 

al., 2008]. One of the key processes in mammalian fertilization is the acrosome reaction (AR) usually triggered 

in spermatozoa upon their biding to the zona pellucida of the egg. The AR involves fusion between the plasma 

membrane and the underlying outer acrosomal membrane, which results in the release of the acrosomal 

contents [Yaniz et al., 2021]. Acrosomes play a crucial role in the process of fertilization. Spermatozoa binding 

to the zona pellucida will stimulate acrosome reaction and cause the release and the activation of acrosome 

enzymes, allowing spermatozoa to penetrate the zona pellucida [Van der Horst and Maree, 2009; Way et al., 

1995]. It can be assumed that the Giemsa can stain the membrane proteins. The damaged acrosome can be 

observed on the basis of the results of spermatozoa staining, whether they absorb color or not. 

The TBG staining was not quite effective in assessing frozen semen because the extender components were 

also stained, which caused the difficulty in analyzing the results of the staining. Additionally, the analysis of 

the Spermac and TBG staining results was more time consuming that that of CB staining results. The analysis 

of the acrosomal status using the CB staining is more efficient than that using the Spermac and TBG staining. 
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Recent reports indicate that the sperm membrane integrity is influenced by centrifugation (Weiss, et al., 

2004), therefore another possible explanation for the different staining patterns obtained on bull sperm is 

that the juxtaposition of the plasma membrane with the nuclear membrane over the equatorial region was 

disrupted by the centrifugation process and allowed the diffusion of the dyes in that portion of the head 

(Maxwell & Johnson, 1997). Several staining techniques have been used to assess both acrosomal integrity 

and viability of ejaculated bovine spermatozoa (Nur et al., 2011; Silva and Gadella, 2006; Almadaly et al., 

2014). These methods typically are used on thawed cryopreserved spermatozoa, or on spermatozoa 

incubated in semen extenders that were used to cryopreserve the spermatozoa. The results of the study 

showed that Coomassie Blue staining is a simple, inexpensive and reliable staining method in frozen-thawed 

Simmental bull semen. With this method, both morphological and acrosomal integrity examination were 

performed in a single smear, allowing rapid evaluation of spermatozoa. It can be said that this method is a 

very advantageous method, considering that this staining method is very easy, can be applied easily in field 

conditions and can be obtained very quickly in terms of morphological characteristics of spermatozoa. 

As a result, it has been revealed that this method is a fast working method in frozen-thawed semen of 

Simmental bulls and does not require complex laboratory conditions in the calculation of dead live and 

acrosomal / morphological disorders. Male fertility assessment based on test inseminations is expensive and 

time consuming, and it would be useful to have simple in vitro test for predicting potential bull fertility. 

Spermatozoa from bulls with superior field fertility displayed increased acrosomal integrity and head width. In 

all likelihood, the repeated analysis of more ejaculates would increase the chance of finding associations 

between in vitro sperm quality and bull fertility. In agreement with our study, Yaniz et al. [2021] have 

described that acrosome integrity, together with viability, were the only sperm attributes that were 

significantly different between high and low fertility bulls. In fact, Yaniz et al. [2021] observed that both 

viability and acrosome integrity could serve as bull fertility biomarkers in the field, while Felipe-Perez et al. 

[2008] described an association between sperm motility and velocity with bull fertility. Given the difficulty in 

clearly discerning the sperm acrosome in most animal species, its evaluation is usually limited to research or 

to occasional studies of sperm quality. 

5. Conclusion 

In our study, we showed that frozen-thawed sperm obtained from Simmental bulls can be stained with Trypan 

blue-Giemsa, Spermac and Coomassie blue staining processes and their acrosomal status can be clearly 

determined. These dyeing procedures are simple, inexpensive and reliable. It does not require fluorescent or 
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DIC optics and 400x magnification is sufficient to view sperm and determine acrosomal status. The staining 

techniques described here can be easily applied in studies to determine fertilization and infertility status. 
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Abstract: 

Alzheimer's disease (AD) affects more than 35 million people around the worldwide and its incidence is 

predicted to triple by 2050. According to The World Health Organization, Turkey will be one of the four 

countries with the highest AD in the world in 2050. In the literature, pathological involvement has been 

observed in subcortical structures that play a role in cognitive process in AD.Therefore we aimed to determine 

the changes in volume ratios in Alzheimer's disease. The study included 24 AD,16 CG, a total of 40 

people.Telencephalon (Telen), Brain Spinal Fluid (CSF), Thalamus (Thal), Hypothalamus (HypoTh), Amygdala 

(Amyg), Mamillary body (Mama) data was obtained from the Type2 L5 statistics table in the web based 

MRICloud program. The SPSS 27.0 program was used in the analysis of the data. TelenL / AmygL, TelenL / 

MamaL, TelenR / AmygR and TelenR / MamaR ratios were found to be higher in the AH group (p <05). 

Although the rates of TelenL / ThalL, TelenL / HypoThL and TelenR / ThalR were higher in the AD group, no 

significant difference was observed (p> 05). CSF / TotAmyg, CSF / ThalamT, CSF / TotHypoth and CSF / 

TotMam ratios were found to be higher in AH group (p <05). The higher ratio of the thalamus, hypothalamus, 

corpus amygdalaodieum and mamillary body volumes to the CSF which are subcortical structures of the limbic 

system makes think that these rates may be more specific for diagnosis in AD group. Multicenter studies with 

more AH are needed to support the decrease of volumes of the thalamus, hypothalamus, corpus 

amygdalaodieum and mamillary body are shrinking in patients with AH. 

Keywords: Alzheimer's Disease, MRICloud, Thalamus, Hypothalamus, Amygdala, Mamillary Body 
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Introduction  

Alzheimer's disease (AD) is the most common type of dementia and forms for 60-70% of dementia cases. 

Initially, AD manifests as progressive memory loss and is accompanied by other cognitive dysfunctions such as 

visual-spatial abnormalities, orientation difficulties, walking problems, and language impairment. These 

cognitive disorders affect daily living activities more. In addition, dementia and most of its behavioral 

psychological symptoms usually occur during the course of the disease (1). 

Thalamus constitutes the largest part of the diencephalon. The two thalamus are separated from each other 

by the third ventricular cavity and are interconnected by interthalamic adhesion. It creates a great station for 

all senses except smell and evaluates sensations such as pain and touch. Thalamic neurons send projections to 

the sensory area of the cerebral cortex. The thalamus also integrates motor functions that transmit impulses 

from the cerebellum and corpus striatum to the motor area of the cerebral cortex. Connections of the 

thalamus with the limbic system affect mood, behavior and memory (2) 

Hypothalamus is part of the diencephalon and forms the walls and base of the lower part of the third 

ventricle. The hypothalamus is separated from the thalamus by a shallow groove in the wall of the third 

ventricle called the hypothalamic sulcus. Hypothalamus can be seen on the ventral surface of the brain, just 

behind the chiasma opticum (tuber cinereum and mamillary body), but its portions are located on the dorsal 

of the chiasma opticum. Tuber cinereum, meaning "gray bulge", is a protrusion located between the optic 

chiasma opticum and mamillary body. are paired structures that form the posterior part of the hypothalamus 

(3). 

Amygdala is located in the temporal lobe of the cerebral hemisphere. It extends deep into the uncus and 

connects with the anterior end of the cornu inferius ventriculi lateralis. Superiorly, It is connected with the 

anterior part of nucleus lentiformis. Inferiorly, it is connected with the gyrus semilunaris, gyrus ambiens and 

gyrus uncinatus, namely the anterior part of the gyrus parahippocampalis. The anterior end of the nucleus 

caudatus is connected with the lower end of the stria terminalis. There is a region of substriatal gray matter 

with cholinergic neurons in the region between the amygdala and the nucleus lentiformis These neurons 

make up the nucleus basalis (4). 

Mamillar region includes nucleus mamillaris and nucleus hypothalamicus posterior. Three to four nucleus 

mamillaris combine to form the mamillary body. Mamillary body is located on the ventral surface of the 
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hypothalamus. Unlike other hypothalamic nuclei associated with the functions of the endocrine and / or 

autonomic nervous systems, the mammillary nuclei are an important target projection area that transmits 

emotional inputs of the hippocampal formation through the fornix. In addition, the informations are 

transmitted to the nuclei mamillaris via the nucleus tegmentalis anterior and posterior. The nucleus 

hypothalamicus posterior contains cells sensitive to the drop in blood temperature. This core acts as a 

"thermostat" and regulates body temperature by maintaining heat and promoting heat production. While 

heat is protected by vasoconstriction of the cutaneous vessels, it is produced by the increase in thyroid 

activity and vibration (5). 

AD affects more than 35 million people around the world, and its incidence is estimated to triple by 2050. 

Countries with a significant number of people currently affected are China, the Western Pacific, Western 

Europe and the USA. 350-400 thousand in Turkey is estimated to be suffering from Alzheimer's. In 2050, 

according to World Health Organization data, Turkey would be the most Alzheimer's patients is one of four 

countries in the world. There are about 400 thousand Alzheimer's patients in Turkey. It is predicted that 

Alzheimer's disease will become more common with aging in the coming years. When we evaluate these 

patients with their families, it is seen that AD is an important public health problem affecting large masses. AD 

disease not only affects the person but also brings serious psychosocial and economic burden to caregivers, 

families and society. ADs need the support and observation of the caregiver. For this reason, caregiving family 

members also experience severe strain and burnout (6). 

In recent years, the most commonly used imaging method in radiolocigal studies is computed tomography 

(CT), which measures tissue density. However, compared to CT, magnetic resonance (MR) images can provide 

a large number of sequences. It reflects not only the structure of the organization, but also functional 

metabolism and dynamic changes. MR imaging provides enhanced tissue contrast.It has a multidimensional 

volume and does not require radiation dose. Various MRI methods have been used to examine AD, including 

resting state functional MRI, voxel-based morphometry, diffusion tensor imaging, as well as arterial spin 

labeling. MRI is a non-invasive imaging technique that creates cross-section images of internal structures using 

non-ionizing electromagnetic radiation. Recently, the use of automated methods to calculate structures such 

as volume, cortical thickness, and subcortical segmentation of the hippocampus has increased (9). One of 

these methods is the morphometry analysis method and provides this service free, online, fully automated, 

widely used MRICloud site for large-scale multimodal processing (7). 
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MRICloud offers web-based volume calculation through automatic analysis of brain data. Technically, Brain 

Imaging Information Technology Initiative and MRI unit in hdr format are used. In addition, it creates a text 

report that includes the infrastructures of the brain such as cerebrospinal fluid (CSF), substantia grisea, 

substantia alba and brain hemispheres, cerebellum and brainstem, intracranial spaces and the volumes of 

tissues. Its reliability and accuracy in whole brain segmentation has been extensively tested and validated (10-

11). Therefore, in our study, we used MRICloud, a widely applied neuroimaging method for free, online, fully 

automated, large-scale multimodal processing (8,9). 

The neuropathology underlying AD has a predominantly cortical distribution, but there is some evidence of 

subcortical involvement in AD. It has been suggested that the role of the hippocampus and the basal ganglia in 

balance control is important. Neuroimaging studies have enabled researchers to clarify the brain areas 

responsible for the clinical symptoms of AD. Several structural factors have been associated with postural 

imbalances, such as ventricular size, white matter hyperintensities, whole brain atrophy, hippocampal 

volume, and focal atrophy of the fronto-parietal or sensorimotor regions. However, despite the evidence for 

the role of subcortical structures in postural control, subcortical structures have not been the focus of 

previous studies. Finally, we aimed to determine the role of subcortical structures in AD. In the literature, 

there are studies assuming that specific subcortical structures will show significant volume loss in AD patients 

compared to postural imbalance (10) 

In our study, we wanted to examine how Thalamus, Hypothalamus, Amygdala, mamillary body, which 

connects both hemisphere structures, are affected in patients with Alzheimer's disease. We used mrıcloud 

assisted morphometry analysis as the method of investigation. We think that volumetric changes occurring in 

these pathways may be helpful in diagnosing and staging Alzheimer's disease (7) 

Materials and Methods 

Approval was obtained for this study from the Non-Invasive Research Ethics Committee of Istanbul Medipol 

University, with decision number 170, dated February 19, 2020. According to DSM-V (Diagnostic and 

Statistical Manual of Mental disorders, 5 th edition) diagnostic criteria, 24 Alzheimer's patients (AH) (Mini The 

demographic characteristics and cranial MRI data of a total of 40 individuals, who were diagnosed with a 

mental test score of 24 and below and those aged 55 and cold, and 16 control group (CG) were scanned using 

retrospective methods. Left Telencephalon (TelenL), Right Telencephalon (TelenR), Cerebrospinal Fluid (CSF), 

Left Thalamus (ThalL), Right Thalamus (ThalR), Left Hypothalamus (HypoThL), Right Hypothalamus (HypoThR), 
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Leftgdala (AmygL), Rightgdala (AmygL) (AmygR), Left Mammillary Body (MamaL), Right Mammillary Body 

(MamaR), Total Amygdala (TotAmyg), Total Thalamus (TotThalam), Total Hypothalamus (TotHypoth), Total 

Mamillary Body (TotMam), Total Telencephalon (TotTelen), TelenL / AmygL, TelenL / ThalL, TelenL / HypoThL, 

TelenL / MamaL, TelenR / AmygR, TelenR / ThalR, TelenR / HypoThR, TelenR / MamaR, CSF / TotAmyg, CSF / 

ThalamT, CSF / TotHypoth, CSF / TotMam in total 28 data web derived from the Type 2 L5 Statistics table using 

the MRICloude based program. The data were evaluated in IBM SPSS Statisrtics Version 22.0 package 

program. Descriptive statistics and Independent Samples T Test statistical analysis methods were used in the 

evaluation. From the patient files; Date of birth, Gender, Diseases, drugs used, Mini mental test score and MR 

images were obtained.  

Results 

It was determined that the mean age of the AD group was 72.3 ± 7.7 years, and the mean age of KG was 68.9 

± 7.5 years. While 58% of the people in the Alzheimer's group were women, 56% of the people with CG were 

women (Table 1). 

Table1. AH and CG average ages (years) and distribution by gender 

Medyan Medyan

72,3 ± 7,7 72,5 68,9 ± 7,5 67,0 0,173 t

Kadın 14 58% 9 56%

Erkek 10 42% 7 44%
                   t 

Bağımsız örneklem t test / 
 X² 

Ki-kare test

Yaş

Cinsiyet 0,896 X²

Alzheimer Grubu Kontrol Grubu
p

Ort±ss/n-% Ort±ss/n-%

 

MRICloud report gives the maximum, minimum and average values of TelenL, TelenR, CSF, AmygL, AmgR, 

ThalL, ThalR, HypoThL, HypoThR, MamL, MamR separately. We obtained TotAmyg, TotThalm, TotHypoth, 

TotMam, TotTelen data by collecting the right and left volume values (Table 2). 
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Table 2. Data of Anatomical Structures Obtained from MRICloud Report 

    Min-Mak Medyan Ort±ss  

TelenL (x10³) 347,4 - 516,7 448,6 444,5 ± 45,9 

TelenR (x10³) 360,4 - 530,5 440,9 446,6 ± 43,6 

CSF (x10³) 71,0 - 198,8 130,4 141,4 ± 36,5 

AmygL 817,0 - 1767,0 1199,0 1204,3 ± 264,5 

AmygR 821,0 - 2081,0 1300,0 1373,5 ± 293,5 

ThalL 2849,0 - 5965,0 4645,0 4673,7 ± 576,0 

ThalR 3618,0 - 5663,0 4690,5 4719,7 ± 505,9 

HypoThL 385,0 - 584,0 510,0 508,1 ± 45,9 

HypoThR 519,0 - 692,0 579,0 595,0 ± 48,7 

MamL 42,0 - 105,0 75,5 74,8 ± 15,8 

MamR 40,0 - 115,0 80,5 80,1 ± 18,9 

TotAmyg 1665,0 - 3848,0 2481,5 2577,7 ± 541,7 

TotThalam 6467,0 - 11619,0 9315,5 9393,4 ± 1046,8 

TotHypoth 909,0 - 1276,0 1088,0 1103,2 ± 82,3 

TotMam 91,0 - 220,0 154,0 154,9 ± 31,6 

 
 

 TelenL and TelenR values did not differ significantly (p> 0.05) between Alzheimer and control groups. In the 

Alzheimer group, DiencL, ResistanceR values were significantly lower (p <0.05) than the control group. 

Mesenc, Metenc, Myelen values did not differ significantly (p> 0.05) between Alzheimer and control groups. 

The CSF value in the Alzheimer group was significantly higher (p <0.05) than the control group. AmygL and 

AmgR values were significantly lower in the Alzheimer group than the control group (p <0.05). ThalL and ThalR 

values were significantly lower in the Alzheimer group than the control group (p <0.05). HypoThL value was 

significantly lower in the Alzheimer group than the control group (p <0.05). HypoThR value did not differ 

significantly (p> 0.05) between Alzheimer and control groups. MamL and MamR values were significantly 

lower in the Alzheimer group than in the control group (p <0.05). (Table 3) 
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Table 3. Calculation of the volume of right and left anatomical data in AH and CG 

        

    Alzheimer Grubu   Kontrol Grubu 
p 

    Ort±ss  Medyan   Ort±ss  Medyan 

TelenL (x10³) 438,1 ± 47,6 444,8  454,1 ± 43,0 466,0 0,298 t 

TelenR (x10³) 440,9 ± 43,3 436,8  455,1 ± 44,1 460,8 0,298 t 

CSF (x10³) 157,1 ± 32,3 156,8  117,8 ± 29,7 120,6 0,001 t 

AmygL 1076,0 ± 200,9 1018,0  1396,8 ± 232,6 1400,5 0,000 m 

AmygR 1259,1 ± 249,1 1194,5  1544,9 ± 276,7 1528,5 0,002 t 

ThalL 4518,4 ± 598,5 4535,5  4906,7 ± 465,7 4920,0 0,035 t 

ThalR 4560,3 ± 502,2 4482,0  4958,7 ± 420,7 4932,0 0,013 t 

HypoThL 494,6 ± 47,3 487,0  528,4 ± 36,4 529,0 0,020 t 

HypoThR 587,6 ± 37,6 579,0  606,2 ± 61,5 587,5 0,456 m 

MamL 67,9 ± 13,9 65,0  85,2 ± 12,5 86,0 0,000 t 

MamR 72,8 ± 18,0 72,0   91,0 ± 15,0 87,0 0,002 t 

                   t Bağımsız örneklem t test /  m Mann-whitney u test        

 
 

 In the Alzheimer group, TotAmyg, TotThalm, TotHypoth, TotMam, TotTelen values were significantly lower 

than the control group (p <0.05). The TotTelen value did not differ significantly (p> 0.05) between Alzheimer's 

and control groups (Table 4). 

Table 4. Calculation of Total Volumes of Anatomical Data in AH and KG 

                          

    Alzheimer Grubu   Kontrol Grubu 
p 

    Ort±ss  Medyan   Ort±ss  Medyan 

TotAmyg 2335,1 ± 433,4 2211,5  2941,7 ± 489,4 2866,5 0,000 t 

TotThalam 9078,7 ± 1054,5 9152,0  9865,4 ± 864,7 9717,0 0,018 t 

TotHypoth 1082,2 ± 75,4 1067,0  1134,6 ± 84,4 1131,0 0,047 m 

TotMam 140,7 ± 28,2 135,0  176,2 ± 24,0 176,5 0,000 m 

TotTelen (x10³) 879,1 ± 89,6 883,8  909,2 ± 86,9 926,8 0,298 t 

                   t Bağımsız örneklem t test /  m Mann-whitney u test        

 
 

 TenL / ThalL, TelenL / HypoThL, TelenR / TahlR, TelenR / HypoThR values did not differ significantly (p> 

0.05) between Alzheimer's and control groups. In the Alzheimer group, TelenL / AmygL TelenL / MamaL, 

TelenR / AmygR, TelenR / MamaR values were significantly higher than the control group (p <0.05) (Table 5). 

 



 

65 

Tablo 5. Ratio of right and left Telencephalon volumes to anatomical formation volumes measured in AH and 

KG 

Medyan Medyan

417,3 ± 71,9 414,5 332,4 ± 59,2 316,3 0,000 m

99,3 ± 22,4 96,0 92,8 ± 7,0 91,5 0,481 m

890,3 ± 102,6 898,7 861,5 ± 86,2 845,8 0,360 t

6773,5 ± 1897,0 6320,4 5415,4 ± 788,4 5341,6 0,009 m

361,0 ± 68,0 359,4 302,7 ± 60,1 281,5 0,008 t

98,0 ± 15,9 95,4 91,9 ± 6,4 90,0 0,219 m

751,4 ± 70,1 750,8 756,2 ± 94,0 744,2 0,659 m

6425,8 ± 1813,1 5824,1 5112,0 ± 866,4 5046,7 0,004 m

                   t 
Bağımsız örneklem t test /  

m 
Mann-whitney u test  

TelenL/
MamaL

TelenR/
AmygR

TelenR/
ThalR

TelenL/
AmygL

TelenL/
ThalL

TelenL/
HypoThL

Alzheimer Grubu Kontrol Grubu
p

Ort±ss Ort±ss 

TelenR/
HypoThR

TelenR/
MamaR

 

 In the Alzheimer group, CSF / TotAmyg, CSF / TotThalm, CSF / TotHypo, CSF / TotMama values were 

significantly higher than the control group (p <0.05) (Table 6). 

Table 6. Ratio of Cerebrospinal Fluid Volumes to Total Anatomical Formation Volumes Measured in AH 

Medyan Medyan

69,2 ± 18,2 69,0 41,5 ± 15,1 38,2 0,000 t

17,7 ± 4,8 18,3 12,1 ± 3,4 12,0 0,000 t

145,3 ± 29,2 146,7 103,4 ± 22,3 102,3 0,000 t

1168,2 ± 388,4 1064,6 675,4 ± 164,4 686,4 0,000 m

                                 t 
Bağımsız örneklem t test /  

m 
Mann-whitney u test 

CSF/
TotMam

CSF/
TotAmyg

CSF/
ThalamT

CSF/
TotHypoth

Ort±ss Ort±ss 

Alzheimer Grubu Kontrol Grubu
p

 

Discussion 

 Cognitive impairment leading to neuropathological findings in Alzheimer's disease contributed to the 

concentration on the medial temporal lobe. Pathologies in other areas are likely to play a key role in impairing 

memory starting at the earliest stages of the disease. One of these areas is limbic thalamus. 

 The main nuclei of the limbic thalamus are nucleus thalamicus anterior, nucleus thalamicus laterais and 

nucleus dorsalis medialis. If anterior thalamic dysfunctions are present from the early stages of cognitive 

impairment, a larger system analysis is required. Among the various groups of thalamic nuclei, the limbic 
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thalamus is important for cognition. Nucleus thalamicus anterior from the thalamic nucleus shows the clearest 

structural changes with normal aging. Anterior thalamic dysfunctions are characterized by episodic memory 

loss. Structural MRI provides information on the condition of the thalamus during the progression of 

Alzheimer's disease and best reflects the late stages of neural dysfunction in the progression of the disease 

(11). 

 The realization that Alzheimer's disease has a long course of treatment over decades makes it desirable to 

examine the state of thalamus in healthy people at high genetic risk of Alzheimer's disease. At first, this logic is 

questionable. Because of it is 'presymptomatic', thalamic abnormalities are examined when there is no 

impairment in memory. In fact, memory loss in the "presymptomatic" stages is often hidden by "cognitive 

reserve." Presymptomatic patients may have smaller memory defects that do not reach the threshold, 

although they do not have a fully developed memory problem in standard neuropsychological tests. 

Therefore, damage to the anterior regions of the thalamus may be a critical threshold when the symptoms of 

Alzheimer's disease first appear (11). 

 Animal studies provide strong evidence that the central nervous system (CNS) directly regulates bone 

remodeling from the hypothalamus via the neural and neurohumoral arms. The neural arm provides 

hypothalamic control of bone remodeling through leptin-mediated increased sympathetic nervous system 

activity. The neurohumoral arm provides hypothalamic control of anterior pituitary hormones such as growth 

hormone (GH) and insulin-like growth factor-1 (IGF-1). There are studies showing that low bone density is 

associated with low hypothalamus volumes in early stage AD. The hypothalamic structural change associated 

with AD, bone remodeling is thought to alter the neural and neurohumoral regulatory systems and cause 

bone loss. A moderate relationship has been observed between hypothalamic atrophy and bone loss. Atrophy 

in the hypothalamus has been associated with increased leptin in the AD group (12). 

 Preclinical models of Alzheimer's disease (AD) show that volumetric reductions in medial temporal lobe 

structures occur before clinical onset. It has been observed that the risk in AD is associated with reduced 

volume (hippocampus / amygdala). Neuroimaging studies have observed atrophic changes in the amygdala in 

the early stages of AD. Both the hippocampus and amygdala are thought to be key subcortical nodes affected 

by AD-related neurodegeneration (13). 

 Alzheimer's disease (AD) is characterized by the extracellular accumulation of amyloid peptides (Aβ) and 

intracellular aggregation of hyperphosphorylated Tau proteins (hp-Tau). Aβ peptides have distinct 
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extracellular accumulation, whereas hp-Tau neurofbrillers lead to entanglement. In order to analyze the 

progression, timing and relationships of Tau and Aβ pathologies, the subiculo-fornico-mammillary system in 

the human brain was examined, and Aβ deposits, complex nodes, neurofibrillary tangles and ghost nodes 

were observed in the mamillary body (14). 

Result 

 The limbic system subcortical structures cause cognitive dysfunction in neurodegenerative diseases. In the 

literature, pathological involvements have been observed in cognitive dysfunction in AD and in subcortical 

structures that play a role in the cognitive process. In addition, it has been observed that most of the 

hippocampal fibers in the fornix cause atrophy in the mamillary body and amyloid plaque (Aβ) accumulation in 

the axons extending from the fornix to the mamillary body (14). 

 In our study, we wanted to take attention to the fact that there may be volume changes in the subcortical 

structures of the limbic system in patients with Alzheimer's. The fact that the ratio of thalamus, 

hypothalamus, amygdala and mamillary body volumes, which are subcortical structures of the limbic system, 

to cerebrospinal fluid is higher in AD group than CG suggests that this ratio may be more specific in diagnosis 

and staging of AD. This study was conducted with a single center and a limited number of patients and control 

groups. Multi-center studies and more studies with AD are needed to support the reduction of thalamus, 

hypothalamus, amygdala and mamillary body volumes. 
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Abstract:  
Implementation of pulmonary rehabilitation (PR) during the waiting period for lung transplantation (LTx) is 
one of the routine applications of transplantation centers. There are few studies related to PR practices in this 
period. The content and effects of PR vary in these cases in the terminal stage. The aim of this study is to 
examine the effectiveness of PR in lung transplant candidates. Before February 2022, two main databases 
were searched: PubMed and Web of Science. The search was limited to in the last 5 years. Articles on 
pulmonary rehabilitation in lung transplant candidates were included. Key words were "lung transplantation", 
"preoperative" and "pulmonary rehabilitation". A total of 20 articles were found without time constraints. 
When the time interval was chosen as the last 5 years, a total of 5 articles were identified. After reading the 
full texts, 2 studies were found that fulfil the inclusion criteria. One of these articles was a review and one was 
a randomized controlled trial. In the review study, researchers were reporting positive effects of PR on quality 
of life and exercise capacity. The second study was a randomized controlled trial and it was reported that PR 
improved exercise capacity, muscle strength and decreased the perception of dyspnea. Preoperative PR has 
positive effects on the clinical status of the waiting list LTx candidates. Preoperative PR improves the exercise 
capacity and muscle strength of the patients and positively affects the quality of life. More randomized 
controlled studies and meta-analyses are needed on this subject. 
 
Keywords: lung transplantation, pulmonary rehabilitation, exercise, quality of life. 
 

1. Introduction 
 

Lung transplantation is the last treatment option in terminal respiratory patients. Preparation for lung 

transplantation is extremely important to increase the success of surgery. In this period, it is aimed to bring 

the patient to the optimal health status (Spruit, Singh et al. 2013). 

Pulmonary rehabilitation (PR) are multidisciplinary programs that help to safely improve the physical 

condition of chronic respiratory patients (Nici, Donner et al. 2006, Maltais, Decramer et al. 2014, Holland, Cox 

et al. 2021). Although it has been shown to be effective in many chronic respiratory diseases such as chronic 

obstructive pulmonary disease, interstitial lung disease and cystic fibrosis, information on the results of 

rehabilitation practices in lung transplantation is limited (Yeung and Keshavjee 2014, Weill, Benden et al. 

2015).  

The aim of the study is to examine the content and effectiveness of pulmonary rehabilitation (PR) practices 

during the waiting period for lung transplantation. 
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2. Materials and Methods 
 

This study was a scoping review. Before February 2022, two main databases were searched: PubMed and Web 

of. The search was limited to in the last 5 years. Articles on pulmonary rehabilitation in lung transplant 

candidates were included. Key words were "lung transplantation", "preoperative" and "pulmonary 

rehabilitation". The full texts of the articles were examined. Studies that did not meet the inclusion criteria 

were excluded. The methodologies of the articles were reviewed and summarized. 

3. Results  
 

A total of 20 articles were found without time constraints. When the time interval was chosen as the last 5 

years, a total of 5 articles were identified. After reading the full texts, 2 studies were found that fulfil the 

inclusion criteria.  

One of these was a review study (Hoffman, Chaves et al. 2017). Two review authors independently selected 

the studies, assessed study quality and extracted data. Studies in any language were included. Researchers 

searched the Cochrane Library, MEDLINE, EMBASE, CINAHL and PEDro databases. 2 RCTs, and two quasi-

experimental and two retrospectives studies, involving 1305 participants were included in the review. 5 

studies included an enhancement reported in quality of life using the Short Form 36 questionnaire. All studies 

included exercise capacity evaluated through 6 min walk test and in five of them, there were improvements in 

this outcome after PR. The researchers were reporting positive effects of PR on quality of life and exercise 

capacity.  

The second study was a randomized controlled trial (Pehlivan, Balci et al. 2018). Thirty-nine cases with a mean 

age of 36 years were included in the study. The content of the program included aerobic training, peripheral 

muscle strengthening and breathing exercises. All patients underwent preoperative pulmonary rehabilitation 

for at least 3 weeks. In pulmonary rehabilitation outcome evaluations, a decrease in dyspnea, an increase in 

exercise capacity and peripheral muscle strength, an improvement in quality of life and a decrease in 

depression were detected. As a result, researchers report that PR increases exercise capacity, muscle strength 

and decreases the perception of dyspnea. 
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Table 1. Summary of the articles. 

 Study 

Type 

Number 

of the 

cases 

Pulmonary rehabilitation 

program content 

Results 

Hoffman at al. Systematic 

Review 

1305 Aerobic exercise training 

and/or resistance exercise 

training. 

QOL↑ 

Exercise capacity↑ 

Pehlivan at al. RCT 39 Aerobic training, peripheral 

muscle strengthening and 

breathing exercises. 

QOL↑ 

Exercise capacity ↑ 

Dyspnea↓ 

Peripheral muscle 

strength↑ 

 

RCT: randomized controlled trial, QOL: quality of life 

4. Discussion 
Lung transplantation is a surgical intervention performed to prolong survival in individuals with advanced lung 

diseases such as chronic obstructive pulmonary disease (COPD), cystic fibrosis, idiopathic pulmonary fibrosis, 

and pulmonary hypertension (Kugler, Gottlieb et al. 2013). Patients who are considered to have an indication 

for transplantation by a chest diseases specialist are referred to the transplantation center. Here, a detailed 

examination is carried out and the transplant is placed on the waiting list. Surgery is performed when a 

suitable donor is found. 

Pulmonary rehabilitation is a comprehensive intervention designed to improve not only exercise, education 

and behavioral changes, but also the physical and psychological state of individuals, based on detailed patient 

evaluation and subsequent patient-specific therapies in individuals with chronic respiratory disease (Spruit, 

Singh et al. 2013). PR is also routinely applied in lung transplant candidates. 

In the British Thoracic Society (BTC) 2013 guideline, PR should be used to reduce dyspnea (evidence level A), 

supervised (evidence level A) and supervised at least twice a week (evidence level D), include strength and 

endurance training in the program. It is emphasized that it is necessary (evidence level B) and that it can be 

applied intermittently and continuously (evidence level A) (Bolton, Bevan-Smith et al. 2013). 

There are no guidelines on how to exercise and patient education in patients who will undergo LTx. Programs 

similar to general PRs in chronic diseases are implemented (Downs 1996, Spruit, Singh et al. 2013). It is 

noteworthy that aerobic and peripheral muscle strengthening programs were chosen similarly in the studies 

reviewed in this review.  

Exercise capacity is severely restricted in lung transplant candidates. This is primarily due to the inability of the 

ventilatory and circulatory system to meet the increased demand with exercise. In these patients, minute 
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ventilation is increased, pulmonary mechanisms are insufficient, and early oxygen desaturation is observed 

(Oelberg, Systrom et al. 1998, Systrom, Pappagianopoulos et al. 1998). The common result of the two studies 

mentioned is that the exercise capacity of the patients increased. 

The quality of life is greatly reduced in terminal lung patients. There is also a decrease in the quality of life in 

transplant candidates and in the post-transplant period. In the pre-transplant period, the quality of life of 

patients whose mobility, daily living activities are reduced and their occupational, social and emotional 

relationships are affected in relation to the disease symptoms also decreases (Feltrim, Rozanski et al. 2008). It 

was reported that the quality of life of the cases increased in the randomized controlled studies and 

compilation studies included in the review. 

5. Conclusion 

Implementation of pulmonary rehabilitation during the waiting period for lung transplantation improves the 

exercise capacity and peripheral muscle strength of the patients and reduces the perception of dyspnea. 

These positive improvements in patient clinics have positive effects on quality of life. More randomized 

controlled studies and meta-analyses are needed on the subject. 
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Abstract:  

This study aimed to determine the morphological characteristics of the Oriental pigeon, which is one of our 

indigenous animal genetic resources. The research was carried out on the oriental pigeon genotype in the 

hands of the breeder in Tekirdağ, Balıkesir provinces, and Lüleburgaz district, with the ethics committee 

decision of Tekirdağ Namık Kemal University (2017/09). The study consisted of 100 pigeons (52 male and 48 

female) from seven different breeders. Each pigeon was morphologically examined in detail and body 

measurements were determined. Three eye colors (white- 75 %, white with yellow speckles - 15 %, white with 

red speckles 10 %) and six basic plumage colors (red- 29 %, black- 25 %, white- 23 %, yellow- 11 %, ashy or 

smoky- 5 %, tiger or speckled- 7 %) were identified in this pigeon genotype. Head length, beak length, beak 

depth, thoracic perimeter, tarsus diameter were significantly affected by sex and age group (P < 0.01; P < 

0.001). Except for body length, male pigeons showed higher values than female pigeons. As a result of the 

present study, it is possible to say that the plumage color of Oriental pigeons is higher in percentages of red, 

black and white, and the body structure is larger than most other indigenous pigeon genotypes/breeds (Bursa 

oynarı, Cakal, Mulakat, Thrace roller, Alabadem and Muradiye Dönek pigeons). We suggest that the Oriental 

pigeon genotype should be preserved as an indigenous breed. Also, the relationship of the Oriental pigeon 

genotype with other pigeon genotypes bred in the Marmara region, and then with other breeds in Turkey 

should be revealed by genetic studies. 

Keywords: Indigenous genetic resource, pigeon, Turkey 
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1. Introduction 

The geography of Turkey the cradle of many civilizations, has a historical and geographical structure that 

includes many indigenous domestic genetic resources. One of these genetic resources is the pigeon, which has 

been traditionally bred in these lands for centuries. The traditional structure of pigeon breeding in Turkey has 

been transferred to the lower generations by the competent for centuries. People who have dealt with pigeon 

breeding for many years and transfer their experiences to each other are called fanciers (ʽmeraklıʼ in Turkish). 

With the intensive and regular selection studies carried out by pigeon fanciers according to the desired traits 

(body traits, ornamental or flight display), many genotypes and breeds have emerged today. Oriental pigeons 

belong to the ʽroller pigeonʼ group. These pigeons are famous for their aerial display characteristics. 

Ornamental features are of secondary importance. There have not been enough scientific studies on pigeons, 

which are considered an indigenous animal genetic resource. In recent years, some researchers have started 

to do research on domestic pigeon breeds in Turkey (Balcı et al. 2018, Erdem et al. 2018, Erdem et al. 2021, 

Özbaşer et al. 2016, Özbaşer et al. 2021, Soysal et al. 2011, Yıldırım et al. 2018). The study aimed to determine 

the morphological and morphometric characteristics of oriental pigeons, one of our indigenous animal genetic 

resources. 

2. Materials and Methods 

The research was carried out on the oriental pigeon genotype in the hands of the breeder in Tekirdağ, 

Balıkesir provinces, and Lüleburgaz district, with the ethics committee decision of Tekirdağ Namık Kemal 

University (2017/09). The study consisted of 100 pigeons (52 male and 48 female) from seven different 

breeders (14, 17, 27, 10, 8, 11, and 13 pigeons per breeder, respectively). The ages of pigeons were classified 

into four groups: 10 - 23 months of age (age group I), 24 - 35 months of age (age group II), 36-47 months of 

age (age group III), and 48 months and over (age group IV). Each pigeon was morphologically examined in 

detail concerning its plumage color, head type, eye color, head crest, presence or absence of head marks and 

body marks, wing and tail marks, and the presence or absence of muffs. Plumage color names of the pigeons 

were described as a result of consultation with local breeders. Body characteristics (Body weight, body length, 

trunk length, head length, head width, beak length, beak depth,  chest depth, chest width, thoracic perimeter, 

wing length, wing span, tail length, and tarsus diameter) were determined individually for each pigeon (Erdem 

et al. 2021, Özbaşer et al, 2020). Effects of sex and age group on body weight and morphometric 

measurements were analyzed by using the General Linear Model (GLM). If GLM showed an acceptable level of 

significance (P < 0.05),  Tukey's test was applied for post hoc comparison. Statistical analyses were performed 

using SPSS for Windows. A value of P < 0.05 was considered statistically significant (Dawson and Trapp 2011). 
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3. Results  

The body structure of the Oriental pigeon genotype is long rectangular, and it has a specific body posture. The 

tail is withholding almost perpendicular to the horizontal line of the body in a normal posture, and the wings 

are kept below the horizontal line of the body, not touching the ground. Oriental pigeons did not have a 

'crest'. The Oriental pigeons had leg feathers referred to as spats ('tozluk' in Turkish). Three eye colors (white - 

75 %, white with yellow speckles - 15 %, white with red speckles 10 %) and six basic plumage colors (red, 

black, white, yellow, ashy or smoky, tiger or speckled were identified in this pigeon genotype. Red (plumage 

color was red) (29 %) (Figure 1. c), black (plumage color was black) (25 %) (Figure 1. a), white (plumage color 

was white) (23 %) (Figure 1. b), yellow (plumage color was yellow) (11 %) (Figure 1. f), ashy or smoky (body 

plumage grayish-blue with two transverse rows of dark stripes on the wings) (5 %) (Figure 1. d), tiger or 

speckled (plumage color was white, and the presence of irregular-shaped black, red or gray spots on the 

plumage color) (7 %) (Figure 1. g,h,ı) were classified as plumage colors (Table 1). Head length, beak length, 

beak depth, chest circumference, and tarsus diameter were significantly affected by sex and age group. Except 

for body length, male pigeons showed higher values than female pigeons (P < 0.01; P < 0.001) While age group 

II was higher than other age groups in terms of head width (P < 0.001), beak depth (P < 0.01), chest width (P < 

0.001), wingspan (P < 0.01), age group III was higher than other age groups in head length (P < 0.001), chest 

circumference (P < 0.001), and tarsus diameter (P < 0.001) (Table 2). 
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Table 1. Morphological characteristics of Oriental pigeons (%). 

Morphological characteristics Ratio (%) 
  

 

 
 

Eye color 
   

White 75 
  

White with yellow speckles 15 
  

White with red speckles 10 
  

Plumage Color 
   

Red 29 
  

Black 25 
  

White 23 
  

Yellow 11 
  

Speckled (Tiger) 7 
  

Ashy (Smoky) 5 
  

Number of wing feathers 
   

11-1-11 87 
  

10-1-11 13 
  

Number of tail feathers 
   

14 27 
  

15 30 
  

16 23 
  

17 11 
  

18 9 
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Table 2. Morphometric characteristics of Oriental pigeons (X ± Sx)̄. 

Variation factors n Body weight (g) Head length (mm) Head width (mm) Beak length (mm) Beak depth (mm) Trunk length (cm) Tail length (cm) 

Sex 
 

*** *** - *** *** *** - 

Male 52 457,70±1,76 52,33±0,21 21,16±0,12 18,84±0,07 5,58±0,05 10,26±0,07 14,07±0,10 

Female 48 438,56±2,33 50,86±0,29 21,18±0,12 18,31±0,14 5,11±0,06 9,75±0,05 14,36±0,19 

Age group 
 

- *** *** *** ** - - 

I 37 445,74±2,65 50,68±0,28a 20,98±0,16a 18,08±0,16a 5,24±0,09ab 10,08±0,08 14,36±0,22 

II 41 451,63±3,12 52,16±0,32bc 21,61±0,09b 18,82±0,09b 5,54±0,05b 10,07±0,08 14,30±0,12 

III 12 451,00±2,48 52,93±0,29c 20,81±0,18a 18,84±0,04b 5,29±0,06ab 9,85±0,06 14,02±0,21 

IV 10 443,00±5,28 51,34±0,38ab 20,48±0,18a 19,16±0,19b 5,05±0,11a 9,75±0,18 13,54±0,27 

Grand mean 100 448,51±1,73 51,62±0,19 21,17±0,08 18,59±0,08 5,35±0,04 10,02±0,05 14,21±0,10 

Variation factors n Chest depth (mm) Chest circumference (cm) Chest width (mm) Wing length (cm) Wing span (cm) Body length (cm) 
Tarsus diameter  
(mm) 

Sex 
 

*** ** - - - *** *** 

Male 52 61,23±0,45 23,90±0,14 58,46±0,36 26,67±0,29 61,73±0,52 35,30±0,22 4,70±0,03 

Female 48 58,81±0,52 23,12±0,20 57,74±0,23 26,32±0,32 62,36±0,38 40,57±0,47 4,47±0,03 

Age group 
 

- *** *** * ** - *** 

I 37 60,34±0,83 22,47±0,16a 58,62±0,37c 26,01±0,39ab 62,29±0,46b 37,31±0,58 4,46±0,04a 

II 41 59,65±0,39 23,98±0,15b 58,64±0,27c 27,00±0,30bc 62,84±0,48b 38,68±0,60 4,69±0,03b 

III 12 61,29±0,65 24,76±0,33c 55,62±0,53a 25,41±0,49a 59,25±1,03a 37,88±0,96 4,72±0,07b 

IV 10 59,33±0,87 24,16±0,32bc 57,07±0,63b 27,60±0,61c 61,10±1,24ab 36,25±0,91 4,52±0,07a 

Grand mean 100 60,07±0,36 23,53±0,13 58,11±0,22 26,50±0,21 62,03±0,33 37,83±0,36 4,59±0,03 

- : P > 0.05; *: P < 0.05; **: P < 0.01; ***: P < 0.001, a–c: means within a column with different letters are significantly different (P < 0.05)
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                 a                                     b                                   c                              d 

            

                f                                       g                                      h                                  ı 

Figure 1. Plumage colors of Oriental pigeons (a. Black, b. White, c. Red, d. Ashy/smoky f. Yellow, g. Black 

speckled, h. Red speckled, ı. Grey speckled) 

4. Discussion 
 

The ashy/smoky body plumage in Oriental pigeons (5 %) is identical to the blue plumage color found in 

Mulakat pigeons (79 %). In addition, it is possible that the red plumage color in Oriental pigeons (29 %) and the 

red plumage color, which covers most of the body in Cakal pigeons (100 %) are mutual traits. Many pigeon 

breeds/genotypes in Turkey have a body color called ʽspeckledʼ, which can be considered a common trait. This 

body color is defined as tiger (kaplan in Turkish) in Oriental pigeons (7 %), ʽşeşʼ in Edremit Kelebek roller 

pigeons (7 %), and kesper (keşbir in Turkish) in Squadron flyer pigeons (43.88 %). In the present study, the 

values obtained for the body weight (448,51 g), head width (21.17 mm), chest circumference (23,53cm), chest 

width (58.11 mm), body length (37,83 cm), and tarsus diameter (4,59 mm) in Oriental pigeons were higher than 

the Alabadem (321.17g, 18.67 mm, 19.78 cm, 51.70 mm, 31.56 cm, and 3.50 mm, respectively), Cakal (374.02 

g, 18.94mm, 20.58 cm, 49.03 mm, 33.60 cm, and 4.25 mm, respectively), Mulakat (328.96 g, 19.03 mm, 20.87 

cm, 51.02 mm, 34.23 cm, and 4.61 mm) and Muradiye Dönek pigeons (319.74 g, 18.56 mm, 19.34 cm, 49.94 

mm, 35.10 cm, and 3.51 mm) (Erdem et al. 2018; Erdem et al., 2021; Özbaşer et al., 2016; Özbaşer et al., 2020; 

Özbaşer et al., 2021). As a result of the intense selection made by the fanciers with the desired characteristics 

(body structure, ornamental traits, and flight display) there is a high variation in terms of morphological 

characteristics among Turkey's indigenous pigeon genotypes. It may be possible to predict common traits by 

comparing studies. However, the relationship among genotypes should be determined by genetic studies. 
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5. Conclusion 

As a result of the present study, it is possible to say that the plumage color of Oriental pigeons is higher in 

percentages of red, black and white, and the body structure is larger than most other indigenous pigeon 

genotypes/breeds (Alabadem, Bursa oynarı, Cakal, Mulakat, Thrace roller, and Muradiye Dönek pigeons). We 

suggest that the Oriental pigeon genotype should be preserved as an indigenous breed. Also, the relationship of 

the Oriental pigeon genotype with other pigeon genotypes bred in the Marmara region, and then with other 

breeds in Turkey should be revealed by genetic studies. 
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Abstract:  
In recent years, the increase in hospitalization rates and the prevalence of hospital infections have made it 
difficult to control infections with resistant bacteria. Carbapenem-resistant Enterobactericeae family 
members are frequently isolated, especially in intensive care unit patients. Rapid interpretation of culture 
results and rapid and accurate reporting of resistance will facilitate the control of these infections. The most 
common mechanism of resistance to carbapenems is the production of carbapenemases. In this review, it is 
aimed to examine the methods used in the detection of resistance in carbapenemase producing isolates. 
Carbapenemases include class A, class B, and class D beta-lactamases in the Ambler classification. Class D 
beta-lactamases are more common in Turkey in epidemiological studies. In particular, OXA-48 is the most 
common carbapenemase. The phenotypic and genotype of carbapenemases can be determined by many 
methods. It is phenotypically defined by combined disk diffusion test, biochemical tests, 
immunochromatographic methods, modified Hodge test, chromogenic media and MALDI-TOF MS. Resistance 
gene regions can be detected by polymerase chain reaction or sequence analysis, which is one of the 
genotypic methods. Combined disk diffusion test is the most preferred method because it is easy to apply, low 
cost, and standardized. Other phenotypic tests are superior to the combined disk diffusion method in that it 
gives faster results. However, many tests are insufficient to detect resistance in some strains. Genotypic tests 
are not frequently preferred because they require high cost and technical infrastructure. Rapid and accurate 
detection of resistance mechanisms is required for the control of infection with resistant microorganisms. 
There is a need to develop new techniques with higher sensitivity and specificity compared to the standard 
method. 

 
Keywords: Carbapenemase, Enterobactericeae, Nosocomial infections 
 

1. Introduction 
 

Today, carbapenems are the members of antibiotics with the widest spectrum of activity and rapid 

bactericidal action. Increasing multi-resistant bacterial infections increase the need for carbapenems (Basaran 

2010). Like all beta-lactams, carbapenems contain a beta-lactam ring and are separated from the others by a 

hydroxyethyl side chain at position 6. Because of this feature, carbapenems are extremely resistant to beta-

lactamase enzymes other than metallo beta-lactamases. Carbapenems differ from penicillins in that they have 

a carbon atom instead of sulfur at position 1 and a double bond between C2 and C3 in the five-membered 

thiazolidine ring. The trans configuration of the hydroxyethyl side chain of the sixth carbon confers both its 

broad spectrum and resistance to beta-lactamases of carbapenem (Topcu 2017). It is known that 
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carbapenems are not affected by AmpC and ESBL in bacteria. Carbapenems bind to PBP. Due to their general 

structure, their transition to bacterial cells is very good. Carbapenems are widely used in the treatment of 

infections caused by many microorganisms (Budak 2012). Carbapenems bind to PBP1 and PBP2 of gram-

positive and gram-negative bacteria, causing cell lysis (Topcu 2017). 

2. Carbapenemases Detection by phenotypic methods 

Combined Disc Method 

The first developed phenotypic method. Discs or tablets contain an inhibitory substance as well as 

carbapenem . Class A carbapenemases It is inhibited by boranic acid, while class B carbapenemases are 

inhibited by ethylenediaminetetraacetic acid (EDTA) or dipicolinic acid . Avibactam inhibits the OXA-48 

enzyme. However, avibactam phenotypic it is not yet included in the tests (Porres-Osante 2014, Huang). Since 

OXA-48 enzyme and carbapenem resistant enterobacteria are seen in our country, the newly developed 

avibactam containing ceftazidime avibactam combination may be a solution to resistance (Kilic 2016). 

Modified Hodge Test 

The Modified Hodge test, which shows the presence of carbapenemase, is a phenotypic method that is easy 

to study. The E.coli ATCC 25922 strain used as an indicator is adjusted at 0.5 McFarland turbidity and diluted 

1:10 and spread on Müller Hinton Agar medium. 10 μg into the center of the plate ertapenem or 10 μg Strains 

to be tested are planted in a straight line from all four sides of the 20-25 mm long disc towards the periphery 

by placing the meropenem disc. Inhibition by the tested isolate after 16-24 hours incubation in an oven at 

37°C The increase in reproduction at the intersection point of the zone is checked. An increase in reproduction 

or clover appearance is considered positive for carbapenemase production and is also known as the cloverleaf 

test (Eraksoy 2018). Dilution methods cannot be routinely studied and it can detect all of the KPC, OXA and 

MBL enzymes, but it is not a useful method in terms of not being able to distinguish enzymes. The 

disadvantages of the test are that it is an open to interpretation and time-dependent test, its sensitivity is not 

the same in every carbapenemase species, and the sensitivity and specificity of the test differ according to the 

type of carbapenemase produced by the bacteria. While the sensitivity of the test was found to be successful 

in studies performed on KPC-producing strains , it was determined that the sensitivity was lower in OXA-48 

and MBL-producing strains , and the results showed differences according to the disc and medium used. ESBL 

or AmpC producing strains, porin loss and alterations may cause false positive results. In order to increase the 

sensitivity in MBL detection , zinc addition to MHA medium is also added to the medium for resistance 

mechanisms such as AmpC production and porin loss. Modifications of the test were developed by adding 

cloxacillin (Topcu 2017, Kilic 2016). 



 

83 

Chromogenic media 

Commercially produced chromogenic media can also show the presence of carbapenemase. Chrom ID carb 

medium and OXA-48 chromogenic When the strains to be tested on the media are cultivated, the presence of 

carbapenemase is evaluated according to their color and reproduction after incubation. Compared with the 

disc diffusion test, which is accepted as a standard method, it was found to be highly compatible (75%) in the 

literature (Demircan 2021). 

Carbapenem Inactivation Method 

A newly developed phenotypic requiring standardization carbapenemase detection method. It is a test that is 

inexpensive, easy to apply, and gives fast results. A suspension is prepared from the isolate to be tested and 

the meropenem disc is thrown into it. Two hours later, the disc was removed and E. coli ATCC 25922 strain 

known to be susceptible to meropenem was planted in Mueller Hinton agar, disc is placed in the middle of the 

medium. If an area of inhibition is not visible around the disc after six hours of incubation, the tested isolate 

should be it is thought to produce carbapenemase and inhibit the disc (Kilic 2016). 

Biochemical or colorimetric tests 

The CarbaNP test is a rapid test that can demonstrate carbapenem hydrolysis in less than two hours. It is 

based on the demonstration of pH change using the phenol red indicator. There are many studies in the 

literature stating that the test has high sensitivity and specificity. The Blue-Carba test is a derivative of the 

Carba NP test. It gives fast results. Bromothymol blue is used as an indicator. The -CARBA test™ is another 

biochemical test that gives results in less than two hours (Kilic 2016, Giske 2013). 

MALDI-TOF MS 

Mass spectrometry is one of the proteomic methods recommended for rapid diagnosis recently. It is widely 

used in microbiology laboratories due to the highly accurate identification of bacteria. It can identify 

carbapenemase resistance by detecting carbapenems and degradation products of bacterial suspensions. 

Sensitivity and specificity are 87%. Each test costs about 1-2 dollars. MALDITOF-MS-based tests cannot 

identify the type of carbapenemase present (Lee 2022). 

Immunochromatographic tests 

Carbapenemases by antigen-antibody reactions on the chromatographic card It is an immunological test to 

detect epitopes. Five major carbapenemases (KPC, NDM, VIM, IMP and OXA-48-like carbapenemases) can be 



 

84 

detected within 15 minutes with the NG-Test® CARBA 5 (NG Biotech) test. The test is 100% sensitivity, 95.3 % 

specificity. RESIST 4 OKNV K (Coris BioConcept) test became available in 2018. It can detect clinically 

important carbapenemases (KPC, NDM, VIM and OXA-48) with 99.2% sensitivity and 100% specificity (Lee 

2022). 

Thin-layer chromatography (TLC) 

Kanlıdrere et al. et all. describe a thin layer chromatography-based method for rapid detection of β-

lactamases including carbapenemases. The method relies on the examination of changes in the migration rate 

of βlactams in chromatography, due to degradation by β-lactamase enzymes (Kanlidere 2019). 

3. Genotypic Methods  

Phenotypic methods have the advantage of being easy to implement, requiring simple equipment, and being 

easily accessible, molecular methods are used to confirm the results. Sensitivity and specificity are high. 

Polymerase chain reaction 

Common carbapenemase types such as VIM, KPC, IMP, NDM, OXA-48 can be detected in a short time using 

single or multiple RT PCR. However, it is not possible for every laboratory to routinely study special resistance 

groups with these methods, due to their high cost, special hardware materials and need for experienced 

personnel. Another disadvantage is the inability to detect new resistance genes or variant genes that have not 

yet been identified. For this reason, a molecular test with a negative result; tested strains cannot conclusively 

demonstrate the absence of carbapenem resistance (Kilic 2016). 

Oligonucleotide Hybridization 

DNA hybridization method is a carbapenemase detection method with high sensitivity and specificity, which 

can study important subtypes quickly and accurately from an isolate. Application of the method; 

1) DNA extraction 

2) dUTP labeled with biotin PCR using nucleotides 

3) Primer in the microchip with the oligonucleotides of the amplified gene your probes hybridization 

4) reading the fluorescence of the labeled nucleotides under UV. 

Validated commercial products are available for the detection of carbapenemases. It gives results in 4-7 

hours. Carbapenemases such as KPC, OXA, NDM, VIM, IMP and their variants can be tested on microchips 
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consisting of microplates. Thus, subgroups can also be identified. The disadvantages of the test are that it 

requires high cost and can be applied in competent laboratories. 

Molecular analysis of clonal association  

Molecular methods are also used to determine epidemiological data in addition to the detection and typing of 

carbapenemase genes. Identification of high-risk isolates, detection of potential epidemics and spreads, 

investigation of clonal relationships, sporadic disease with the strain causing the epidemic. It is used to find 

necessary data for surveillance, such as comparing strains. “Pulsed field gel electrophoresis” (PFGE) can be 

used for this purpose. in PFGE specific The genome extracted with restriction enzymes is cut from certain 

parts. By interpreting the pattern formed by DNA fragments, clonal relationships and closeness of strains are 

examined. Multilocus sequence typing (MLST), which is one of the sequence analysis methods, is one of the 

methods that has become widespread in molecular epidemiology. It is a method based on identifying the 

alleles of the internal parts of bacterial structural genes in the DNA sequence. For each isolate, the alleles at 

the locus determine the sequence type and allelic profile. With this method, the prevalence of specific 

resistance genes, allelic profiles in different geographies, regional or global spread of strains can be monitored 

by sequence typing (Kilic 2016). 

4. Conclusion 

Rapid and accurate detection of resistance mechanisms is required for the control of infection with resistant 

microorganisms. There is a need to develop new techniques with higher sensitivity and specificity compared 

to the standard method. 
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Abstract:  

The aim of this study was to explore the effects of fifth-generation (5G) Radiofrequency Radiation (RFR) 

emitted from mobile phone on histopathological changes in the kidney of diabetic and healthy rats. The study 

was carried out on 28 Wistar Albino adult male rats by dividing them into four groups: Healthy Sham (n=7), 

healthy 5G exposure (n=7), diabetic sham (n =7), diabetic 5G exposure (n =7). In the diabetic groups, diabetes 

mellitus was induced with 45 mg/kg streptozotocin (STZ). Rats in the exposure group were exposed to 3500 

MHz RFR for 2h per day (5 days a week) for one month. The same procedure was applied to the rats in the 

sham groups except the generator was turned off. All the rats were sacrificed at the end of the experiment. 

Kidney tissues were collected for histopathological study. The SAR (Specific Absorption Rate) value was 

calculated as 1,02 W/kg. It was observed that kidney tissues of rats in healthy sham and healthy 5G exposure 

groups had normal histological structure. Tubular dilatation, enlargement of filtration range, atrophy of 

tubular microvilli were observed in Diabetic sham and Diabetic 5G exposure groups compared to the control 

group. However, these changes were found to be higher in the Diabetic exposure group according to Diabetic 

sham group. It has been determined that 5G RFR can increase diabetes-induced nephropathy, but it does not 

cause any effect in the kidney tissue of healthy rats. Based on this study, it is important to increase public 

consciousness of potential adverse effects of 5G RFR exposure. 

Keywords: 5.Generation Technologies, radiofrequency radiation, diabetes mellitus, kidney,  
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1. Introduction 

Electromagnetic (EM) pollution has become an important environmental problem worldwide, especially over 

the last decade. Cell phones, wireless internet providers and other wireless communication sources are 

important factors that rapidly increase EM pollution in today's world. Research results on the health effects of 

radio frequency radiation (RFR) emitted by wireless communication sources are of increasing concern to the 

public every day. With the increase in the number of 5G-based base stations and the Internet of Things (IoT), 

there will be RFR exposure above the frequencies that have been used extensively to date. Therefore, 
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determining whether 5G-sourced RFR has effects on living things will be a very important scientific 

contribution toward the elimination of the concerns that have been raised about this issue. Studies conducted 

on RFR exposure have reported that causes adverse effects, such as disturbed metabolic processes (Volkow et 

al., 2011), cancers (Hardell and Carlberg, 2020), cardiovascular diseases (Bandara and Weller, 2017), DNA 

damage (Bektas et al. 2020, Zothansiama et al. 2017), increase in free radical level and oxidative stress 

(Dasdag and Akdag 2016, Yakymenko et al. 2016), obesity and diabetes (Milham, 2014), etc. The impact of 

electromagnetic field (EMF) in rats causes decreased hemoglobin oxygen-binding capacity; i.e., hypoxia does 

not exclude kidney damage contributions (Singh et al. 2004). The kidneys could absorb EMF from originated 

cell phones (Oktem et al. 2005). Because the mobile phone is usually kept in a pocket that is very close to the 

kidney. Current concerns on mobile phone exposure are mainly focused on the kidney. The harmful effects of 

RFR exposure are poorly elucidated in vital organs such as the kidney. In the present study, therefore, we 

evaluated potentially harmful effects of RFR emitted from wireless technologies on the kidneys of healthy and 

diabetic rat models. In our country and in the world, the 3.5 GHz frequency band, which is the most suitable 

band to meet both coverage and high speed capacity needs, is accepted. For this reason, 3.5 GHz RF signals 

were be used in our study. In this study, it was investigated whether 5G technology caused toxic effects in 

kidneys of healthy and diabetic rats with histopathological analysis. 

2. Materials and Methods 

2.1.Subjects and animal care 

Fourteen Wistar Albino adult male rats with initial average weight of 200-250 g were acquired from the 

Medical Science Application and Research Center of Yuzuncu Yil University. The rats were fed with standard 

pelleted food (Tavas Inc., Adana, Turkey) in a standard Plexiglas cage. They were separated equally into 4 

groups such as healthy sham (n=7), healthy exposed to RFR (n=7), diabetic sham (n=7) and diabetic exposed to 

RFR (n=7), and kept on a 14/10 h light/dark schedule. During the study, the ambient temperature (22°C) and 

the relative humidity (45%) were maintained in the normal range for these animals. All animal procedures 

were in agreement with the Principles of Laboratory Animal Care and the rules of Scientific and Ethics 

Committee of Yuzuncu Yil University Health Research Center. 

2.2.Induction of experimental diabetes 

To induce experimental diabetes, the rats were fasted overnight (diabetic groups) and then 45 mg/kg of STZ 

was administered i.p. at a single dose. Blood samples were taken from rats 72 hr after STZ application for 

diabetes control. Blood glucose levels were measured by a glucometre (IME-DC). Blood glucose levels above 

250 mg/dl were considered as diabetic (Öntürk & Özbek, 2007). 
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2.3.Exposure and field measurements 

A GSM signal generator (3500 PM10 type Everest Comp., Adapazari, Turkey), which produces 3500 MHz band 

RF waveform identical to the one in mobile phones was used in the study to expose the rats. Emitted power 

(omnidirectional on the plane perpendicular to the antenna axis) of the generator was fixed during the 

exposure. The antenna of the generator was equivalent to that of a typical mobile phone. The rats were 

confined in a Plexiglas carousel and exposed to 3500 MHz RF exposure emitted from the generator. The 

carousel was surrounded with electromagnetic absorber material backed by metal to isolate outdoor 

electromagnetic fields from the test set-up during the study duration of one month. experimental set-up is 

illustrated in Figure 1. 

 

Figure 1. Exposure system. 

The rats in the exposure groups were exposed to RFR 2 h per day (5 days a week) for one month. For the sham 

groups, the rats were placed in the carousel and the same procedure was applied to the rats except that the 

generator was turned off , i.e., no RF signal was present. The antenna of the generator was placed at the 

center of the Plexiglas Carousel to provide ideal exposure conditions. The distance of the antenna from the 

head of the rats was 1 cm. All rats were kept under identical conditions for one month with free access to 

food and water. At the end of first month, the rats were intraperitoneally administered a combination of 6 

mg/kg of 2% xylazine hydrochloride (Rompun) and 75 mg/kg ketamine hydrochloride (Ketalar) for anesthesia. 

Afterward, the kidney of each rat was removed. All measurements, analysis and evaluations were performed 

by persons who were unaware of the groups so that the subsequent analysis could be performed blind. 

2.4.Measurement of Power Density and Specific Absorption Rate (SAR) 

Power density and electrical field measurements were performed by TES 593 (Shenzhen, Guangdong, P.R.C). 

Average power density around the brain was measured 3,1 W/m2. However, electric field was measured 

between 39,1 V/m. The specific absorption rate was approximately calculated according to formula: SAR = E2 

(mW/g), where E is the root mean square value of the electrical field, s is the mean electrical conductivity of 

Antenna of generator 
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tissue, and is the mass intensity. The values used to measure SAR based on article of Peyman et al. 

(2001)(Peyman et al., 2001). SAR value was found 1,2 W/kg, adopting  0.7 S/m and 1040 kg/m3. 

2.5.Histopathological Evaluation 

For histopathological evaluation, the kidney was fixed in 10% formalin solution. After going through routine 

histological tissue follow-up stages, it was embedded in paraffin. Sections of 5 µm thickness were taken on the 

microtome. Sections taken were stained with Hematoxylin-Eosin (HE) and examined with a light microscope 

(Olympus BX53, Japan). For histopathological evaluation, random sampling was made for each animal in the 

groups, and evaluation was made in an average of 10-12 fields. The findings were evaluated semi-

quantitatively according to the degree of damage observed in the examined regions. Accordingly, It was rated 

as; - (normal tissue), minor damage: + (damage<25%), minor damage: ++ (25-50%), medium damage: +++ (50-

75%), severe damage: ++++ (damage>75%).  

3. Results  

It was observed that kidney tissues of rats in healthy sham and healthy 5G groups had normal histological 

structure. Tubular dilatation, enlargement of filtration range, atrophy of tubular microvilli were observed in 

diabetic sham and diabetic exposure groups compared to the control group. However, these changes were 

found to be higher in the Diabetic exposure group according to diabetic sham group (Figure 2). 

 

Figure 2. Light microscope images of the kidney tissues of the groups. A: Healthy Sham, B: healthy exposure, 

C: Diabetic sham, D: Diabetic exposure. H-E. x40. 

 



 

91 

4. Discussion 

In this study, it was observed that kidney tissues of rats in healthy sham and healthy 5G groups had normal 

histological structure. Tubular dilatation, enlargement of filtration range, atrophy of tubular microvilli were 

observed in diabetic sham and diabetic exposure groups compared to the control group. However, these 

changes were found to be higher in the Diabetic exposure group according to Diabetic sham group. 

In fact, diabetes causes histopathological changes in the kidneys through oxidative stress. Similar to our study, 

previous studies have reported pathological and functional changes in the kidneys in STZ-induced diabetes 

(Malik et al., 2017; Musabayane, 2012; Yamamoto, Nakamura, Noble, Ruoslahti, & Border, 1993). In addition, 

it has been stated that oxidative stress caused by hyperglycemia causes kidney damage (Kayama et al., 2015; 

Lee, Yu, Yang, Jiang, & Ha, 2003).  

On the other hand, in this study, we found that histopathological changes caused by diabetes were more 

prominent in rats exposed to 5G RFR. Similarly to our results, it was reported that renal tissue was damaged 

due to exposure to RFR emitted from mobile phones (Al-Glaib et al. 2008). Moreover, it was stated that 

kidneys could mainly absorb the RFR from mobile phones because they are often carried in the belt (Oktem et 

al. 2005), which may influence serum creatinine level. Some studies carried on animals have shown that RFR 

raises serum creatinine, a marker of impaired renal tissue (Hasan et al. 2021, Morelli et al. 2005). This may be 

due to renal failure correlated with histopathologic changes.  

In relation to histopathological alterations, Hasan et al., reported that exposure to RFR caused mononuclear 

cellular aggregates and intense venous congestion compared to the control mice (Hasan et al. 2021). 

Moreover, it was demonstrated that RFR exposure induces many atrophied glomeruli, infiltration of 

leucocytes between the tubules of the kidney, and vacuolation of some tubules (Bayazit 2009, Jaya et al. 

2015). Chauhan et al. (2017) stated that RFR exposure causes shrunken glomeruli and irregular kidney tubules 

(Chauhan, Verma, Sisodia, & Kesari, 2017). It is a well-known fact that RFR lead to oxidative stress by 

increasing level of free radicals (Bektas et al. 2020, Dasdag and Akdag 2016). Free radicals damage the lipids of 

the cell and modify their composition and break protein boundary cause cell death. Oxidative stress is an 

important phenomenon in radiation induced tissue damage (Al-Glaib et al. 2008, Markov 2013). The 

histopathological changes observed in this study may be due to oxidative stress caused by both RFR and 

diabetes. 
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5. Conclusion 

This study which is a preliminary investigation indicated that exposure to 5G RFR could lead to degenerative 

changes on kidney histopathology of diabetic rats. Comprehensive long-term studies at the molecular level 

are definitely required in order to draw precise conclusions. 
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Abstract:  

Paracetamol is one of the most widely used analgesics and antipyretic drugs. Paracetamol overdose has life-

threatening effects on liver, kidney and heart so treatment of paracetamol-induced toxicity has life-saving 

importance. The aim of this study was to evaluate the efficacy of medical ozone therapy and the role of 

xanthine oxidase in the experimental model of paracetamol toxication. Twenty-eight healthy three-month-old 

male Wistar-Albino rats were used in this study. The animals were randomly divided into four experimental 

groups including 7 rats in each. These groups were arranged as follows: Control group, ozone group (150 

µg/kg/day, i.p. for 3 weeks), paracetamol group (2 g/kg/ orally single dose) group, ozone (150 µg/kg/day, i.p. 

for 3 weeks)+paracetamol (2 g/kg/ orally single dose) group. Paracetamol was administered on the 21st day of 

ozone application. The animals were sacrificed at the end of the applications. Xanthine oxidase activity (the 

isoform that produces superoxide radical) was determined spectrophotometrically according to Hashimoto's 

method in tissues. There was a significant increase in xanthine oxidase, an important source of reactive 

oxygen species, activities in the blood (p<0.001), liver (p<0.05), kidney (p<0.001) and heart (p<0.001) tissues 

of rats treated paracetamol compared to the control group. It was determined that tissues taken from rats 

treated with ozone+paracetamol had lower xanthine oxidase in the blood (p<0.001), liver (p<0.05), kidney 

(p<0.001) and heart (p<0.001) tissues compared to the paracetamol group. This increased xanthine oxidase 

activity may be responsible for paracetamol-induced tissue damage. There was ozone showed protection 

against paracetamol-induced hepatotoxicity, nephrotoxicity and cardiotoxicity. However, before its clinical 

use, further studies should be planned to determine the possible side effects and long-term effects of ozone 

therapy. 

Keywords: paracetamol, ozone therapy, xanthine oxidase, toxicity 

1. Introduction 

Paracetamol (N-acetyl-p-aminophenol, acetaminophen) is one of the most widely used members of the 

aniline family analgesic and antipyretic drug. Paracetamol is a ubiquitous and highly utilized over-the-counter 
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medication for the relief of pain and fever. Paracetamol is very safe when used in limited doses but the margin 

of safety is relatively narrow, leading to dose-dependent liver, kidney, heart injury in all mammalian species. 

Ninety percent of paracetamol is metabolized by glucuronidation and sulfation to non-toxic metabolites, 2% is 

excreted into the urine unchanged. Less than 10% of paracetamol is metabolized to reactive N-acetyl-p-

benzoquinone imine (NAPQI) via the cytochrome p450 (CYP450) system. Normally, NAPQI is detoxified into 

harmless metabolites by conjugation of the sulfhydryl groups of glutathione (GSH) by glutathione-S-

transferase into mercapturic acid, which is eliminated in the urine (Bertolini et al., 2006; Lancaster et al., 2015; 

Tezcan et al., 2018; Cavusoglu, 2021).   

Studies have reported an additional mechanism by which NAPQI selectively inhibits electron transport system 

in mitochondria and leads to the cessation of ATP synthesis. All of these mechanisms result in ATP depletion 

and cell death. GSH can become depleted after large doses of paracetamol, allowing NAPQI to accumulate. 

When this happens, NAPQI interacts covalently with liver cell components, resulting in cellular toxicity and 

acute oxidative stress by forming reactive oxygen radicals within mitochondria. NAPQI binding to the cell 

membrane and sulfhydryl proteins causes liver, kidney and heart damage (Bertolini et al., 2006; Aminoshariae 

and Khan, 2015; Tezcan et al., 2018). 

In the overdose of paracetamol, it causes severe hepatotoxicity as it is primarily metabolized in the liver. The 

kidneys are affected in the late stages of liver damage or rarely alone without liver damage. NAPQI is 

responsible for paracetamol-induced kidney damage caused by CYP450 enzyme systems. During the 

detoxification of this electrophilic intermediate, different conjugates are formed with sulfhydryl and 

glutathione moieties in cellular proteins. It has been reported that these conjugates increase oxidative 

damage and may be one of the mechanisms of toxicity. In parallel with the increase in oxidative stress, the 

consumption of antioxidant defense systems is also important for paracetamol-induced kidney damage (Hu et 

al., 1993). 

One of the most important enzymatic sources producing reactive oxygen species in the organism is xanthine 

oxidase (XO). It is involved in the catabolism of purine nucleotides and catalyzes the reaction of hypoxanthine 

to xanthine and the oxidation of xanthine to uric acid. XO uses oxygen as the electron acceptor. Thus, 

hypoxanthine is converted to xanthine and xanthine into uric acid, while superoxide radical (O2
.-) and 

hydrogen peroxide (H2O2) is formed (Rootwelt et al., 1995). 

Ozone is defined as three-atom molecules of oxygen (O3). Ozone therapy is applied as a mixture of ozone and 

oxygen (O3/O2). Medical ozone has controversial and unclear effects on human cells, but recent studies have 

shown some beneficial effects. Medical ozone has been used for several decades in skin ulcerative lesions or 
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trauma, diabetic foot, arthritis, arterial obstruction, ulcerative colitis and spinal disk herniation, etc. It has 

been used in an empirical fashion in recent years for therapy of viral hepatitis (Li et al., 2007; León et al., 2008; 

Tezcan et al., 2018). The most important effect of ozone therapy is stimulation of antioxidative responses and 

preservation of mitochondrial integrity. In theory, the molecular effects of medical ozone therapy may protect 

patients from liver failure and decrease associated mortality when ozone is used at low doses (León et al., 

2008; Tezcan et al., 2018) 

In light of these data, we aimed to investigate the effects of ozone therapy as an antioxidant on the toxicity of 

paracetamol exposure by evaluating XO in the tissues of the rat. 

2. Materials and Methods 

In this investigation, 28 healthy adult male Wistar-Albino rats (8 weeks old, weighing 190–250 g) were used. 

The animals were obtained from the Firat University, Experimental Research Centre, Elazig, Turkey. The 

animals were kept under standard laboratory conditions (12-h light: 12-h dark and 24 ± 3°C).  The protocol of 

this study was approved by the Local Ethics Committee. All experimental procedures were conducted in 

accordance with the Guide to the Care and Use of Laboratory Animals. 

The rats were divided into four groups; each group containing 7 rats. Group 1 (control group) didn’t receive 

any treatment, Group 2 (ozone group) received intraperitoneally 150 µg/kg/day ozone for 3 weeks (Siniscalco 

et al., 2018), Group 3 (paracetamol group) received orally 2 g/kg/single dose paracetamol (Ojo et al., 2006; 

Cavusoglu, 2021), Group 4 (ozone+paracetamol group) received a single dose of paracetamol before 20 days 

of ozone post-treatment. The ozone which was used in this study was obtained from the ozone generator. 

Ozone was applied to all rats once a day for 3 weeks according to their body weight. Paracetamol was 

administered on the 21st day of ozone application. 

At the end of the administrations, rats were sacrificed and blood, liver, kidney and heart tissue samples were 

removed. Blood samples were taken into tubes containing anticoagulant (ethylenediaminetetraacetic acid-

EDTA). After the blood samples with EDTA from which their plasma was separated were washed 3 times with 

saline (0.9% NaCl). After washing the erythrocytes, 0.2 ml was taken from the erythrocyte package formed 

and 1.8 ml of distilled water was added to it, and hemolysate was formed to study the enzyme activity. The 

collected liver, kidney and heart tissues were washed with physiological saline solution, diluted at a ratio of 

1:10 with distilled water, and homogenised in a Potter-Elvehjem homogenizer (CAT R50D, Germany). The 

homogenate was centrifuged at 4°C at 3.000 rpm for 15 min to quantify XO activities. XO activity (the isoform 

that produces superoxide radical) was determined spectrophotometrically according to Hashimoto's method 

(1974) in tissues. In the experiment, after adding 2.8 ml of phosphate buffer (50 mM, pH 7.5) and 50 µl of 

xanthine (4 mM) to the blank and sample tubes, they were incubated at 37°C for 30 minutes. After incubation, 
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50 µl of sample was added to the blank tube and then 100 µl of trichloroacetic acid (TCA) was added to all 

tubes and the reaction was stopped. After the TCA addition, the tubes were mixed thoroughly and centrifuged 

at 3.800 rpm for 30 minutes. The absorbance at 293 nm was determined by taking the supernatant 

(Hashimoto, 1974). 

In all statistical analyses, statistical significance between different groups was determined by using SPSS 22 

software package. Shapiro-Wilk normality test was applied to determine whether the raw values of all the 

measured parameters showed normal distribution and as a result of the test, it was determined that the 

values in all parameters showed normal distribution. Based on the result of this test, one-way analysis of 

variance (ANOVA) was used to determine differences between groups, and post hoc Tukey test for paired 

comparisons. All values were calculated as mean ± standard error of the mean (mean ± SEM). The data 

obtained as a result of the study are expressed as mean and standard error. Statistically, P˂0.05 values were 

accepted as significant. 

3. Results  

XO activities were given in Figures 1–4. XO activities in paracetamol treated groups were significantly higher 

than the control group in blood, liver, kidney and heart tissues. Paracetamol treated groups (group 3) showed 

an increase in XO activities by 23.04% (p˂0.001), 6.82% (p˂0.05), 13.56% (p˂0.001), 16.97% (p˂0.001) 

compared with the control group in blood, liver, kidney and heart tissues, respectively. Ozone with 

paracetamol treated groups provided showed a decrease in XO activity compared to the paracetamol treated 

groups of all tissues. Ozone improved the increased activity of XO caused by paracetamol.  XO activities were 

significantly not different in ozone treated group (group 2) compared with the control group in all tissues. 

 

Figure 1: Effects of ozone on XO activities in blood tissue of paracetamol treated rats. 
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Figure 2: Effects of ozone on XO activities in liver tissue of paracetamol treated rats. 

 

Figure 3: Effects of ozone on XO activities in kidney tissue of paracetamol treated rats. 

 

Figure 4: Effects of ozone on XO activities in heart tissue of paracetamol treated rats. 
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4. Discussion 

Hepatic tissue injuries can be caused by generation of toxic metabolites in Phase 1 of drug metabolism, which 

induces the production and accumulation of reactive oxygen species (ROS). Living organisms respond to ROS 

by producing antioxidant enzymes, but once the free radicals and ROS exceed the regulatory ability of the 

body, a state of oxidative stress ensues (Atessahin et al., 2005; Yilmaz and Yilmaz, 2006; Yilmaz et al., 2018). 

Oxidative stress plays an essential role in liver diseases. Paracetamol it turned out to be hepatotoxic due to its 

very reactive intermediate (NAPQI), which is produced in the liver and kidney cells via the CYP450 

metabolizing enzymes. In normal circumstances, this metabolite is detoxified by conjugating with GSH in 

phase 2 reactions, and only a small portion is oxidized via CYP450. In an overdose, mainly CYP450 transforms 

paracetamol to a highly reactive intermediary metabolite NAPQI, which overcomes the detoxification process 

and leads to liver, kidney cell damage. Semiquinone radicals obtained by one electron reduction of NAPQI 

covalently bind to molecules of the cellular membrane and increase the LPO. In this research, the effect of 

ozone on paracetamol‐induced toxicity in rats was examined by determining its free radical scavenging 

activity, XO (Rašković et al., 2018; Ko et al., 2017; Tiwary et al. 2017). 

The toxic effects of acetaminophen on other organ systems including the heart have also been reported. 

According to a report by Lip and Vale (1996), there is no decisive evidence suggesting acetaminophen 

overdose as having a direct cardiotoxic effect. Clinically significant disturbances of cardiac function after 

paracetamol poisoning have been recognized in two circumstances: First, in patients with hepatic damage 

who do not develop hepatic encephalopathy; secondly in association with paracetamol induced hepatic 

encephalopathy. There are many sparse reports of paracetamol induced cardiac effects in these two 

circumstances. Various cardiac effects could occur following paracetamol induced hepatic failure (Smilkstein, 

1996; KhabazianZadeh et al., 2019). Price et al. (1991) describe a case of fatal paracetamol overdose which 

occurred in a 16-year-old female. Her serum paracetamol concentration 11.5 h post ingestion was 154 mg/L. 

Autopsy findings included centrilobular zonal liver necrosis, acute proximal renal tubular necrosis, and diffuse 

alveolar pulmonary damage. Das et al. (2010) studied the effect of taurine on paracetamol induced 

nephrotoxicity in mice. They observed that urea and creatinine levels were based on evaluating the effects of 

oxidative damage on renal function and these values increased.  

XO catalyzes the conversion of xanthine to uric acid. Uric acid, an excretory product of purine catabolism, can 

act as a scavenger of ROS (such as hydroxyl radical (OH.) and O2
.-). Uric acid provides an antioxidant defense 

against oxidants and free radical‐induced aging and cancer. In this study, XO activity was significantly elevated 

https://pubmed.ncbi.nlm.nih.gov/?term=Price+LM&cauthor_id=1856655
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in paracetamol‐treated group compared with the control, whereas pretreatment with ozone in a dose of 150 

µg/kg suppressed elevation induced by paracetamol administration. Ozone therapy showed protection 

against paracetamol induced hepatotoxicity, nephrotoxicity and cardiotoxicity (Pandey et al., 2003). 

Ozone is administered as an O2/O3 mixture in medical procedures. Molecular studies demonstrated that 

ozone has dose-dependent effects. While high dose ozone stimulates harmful oxidative stress, low dose 

ozone (up to 20 mcg) stimulates antioxidant enzymes including superoxide dismutases, glutathione 

peroxidase, glutathione-S-transferases and catalase (Sagai and Bocci, 2011). Secondary to these findings, low 

dose ozone was chosen for the present study. Likewise, Costanzo et al. (2015) investigated intracellular effects 

of low dose ozone in an in vitro HeLa cell model. Their results showed that low concentrations of ozone had 

positive cellular responses in mitochondrial activation. The authors hypothesized that ozone promotes 

oxidative preconditioning and cells become resistant to free radicals (León et al., 1998). In another study, 

ozone therapy was used to investigate livers that were exposed to ionized radiation. The authors 

demonstrated that ozone therapy reduced lipid peroxidation and generation of free radicals which led to 

reduction of tissue damage associated with oxidative stress of radiation (Gultekin et al., 2013). Obstructive 

jaundice is another hepatocellular damage model. The effects of ozone on obstructive jaundice were found to 

be beneficial in this model in which ozone diminished the harmful results of hepatic fibrosis and periportal 

inflammation as shown by immunohistochemical examinations of the liver (Kocaman et al., 2016). Peralta et 

al. (1999) investigated ozone therapy which was administered via rectal insufflation in an 

ischemia/reperfusion model. The authors observed that ozone preserved GSH levels, increased superoxide 

dismutase levels as support for antioxidant defense system and maintained H2O2 levels. These improvements 

led to better liver enzyme results and lower lactate levels compared to control groups. In another study using 

a hepatic I/R model, it was shown that ozone protected liver by modulating endogenous nitric oxide 

concentrations and maintaining cellular redox balance Ajamieh et al. (2004). Ajamieh et al. (2002) compared 

ischemic preconditioning and ozone preconditioning on liver in terms of protecting against I/R injury. The 

authors found that both groups had comparable oxidative stress levels which were lower than control group. 

Both ischemic and ozone preconditioning groups exhibited similar protective effects including increased XO 

activities and attenuated malondialdehyde production which was considered to be associated with the same 

molecular mechanisms.  

Gul et al. (2012) reported better hepatic enzyme results in the paracetamol+ozone group. Additionally, they 

reported on several oxidative stress markers such as malondialdehyde, superoxide dismutase and glutathione 

peroxidase. Based on these markers, they reported that paracetamol+ozone treatment group showed 

decreased oxidative stress and enhanced antioxidant defense system compared to paracetamol-alone group. 
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Signs of hepatic regeneration, diminished hepatic necrosis, and a significant reduction in periportal 

inflammation observed in group paracetamol+ozone support the biochemical analyses in terms of the healing 

effects of ozone. 

5. Conclusion 

It was concluded that ozone therapy has beneficial effects on paracetamol-induced toxicity as shown in the 

rat. The protective effect of ozone is shown at the tissue injury by upregulation of antioxidant defense system 

and beneficial effects on blood circulation and in oxygen metabolism. However, before its clinical use, further 

studies should be planned to determine the possible side effects and long-term effects of ozone therapy. 
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Abstract: 
 
Angora goat (AG) is an important genetic source of Türkiye. It is the best adapted to Ankara region. The main 

yield of AG is mohair. In this study, the performance of AG kids was investigated which fed on pastures at 

different altitude after the weaning period. The project was carried out in the animals followed within the 

scope of the Ankara Goat Conservation Project on the Breeder Conditions conducted by General Directorate 

of Agricultural Research Policies (GDARP). For this purpose, birth, 90th and 180th days live weights (LW) of 67 

kids were investigated between August and October fed in the pastures of Yalım Village in Kalecik District of 

Ankara. Kids remained with their mothers until 4 months of age and were fed with breast milk. They were 

weaned at the age of 4 months and divided into two groups; river (R, n: 30) and plateau (P, n: 37). The Irmak 

group were fed in the pasture at an altitude of 700 m at the coordinates 39.980794, 33.415731 and drank 

from the Kızılırmak river water. The plateau group, on the other hand, fed on the pasture at an altitude of 

1300 m at the coordinates 40.025005, 33.374347 and drank spring water. While LW at birth and 90th days was 

higher in the river group than in the plateau group (p<0.05), LW at 180th days was higher in the plateau group 

(p<0.05). The LW of R group at birth, 90th and 180th days were respectively; 2.12±0.02, 15.59±.050 and 

18.77±.43 kg. The LW of P group at the birth, 90th and 180th days were respectively; 2,03±0,02, 13,95±0,41 and 

21,51±0,56 kg. As a result of the study, it was determined that the growth of grass in the high pasture is better 

and more efficient in the development of kids. It has been determined that the development of kids fed on 

high altitude pasture is better than low altitude. 

Keywords: Angora goat, kid, pasture 

 

Introduction: 

Angora Goat is one of the important domestic animal resources of Turkiye. It came to Anatolia with the Turks 

in the 13th century. It has spread to the Ankara Region and has shown good adaptability. Therefore, its 

homeland is considered to be Turkey. Angora goat has been an important source of income in the Ottoman 

period and the Republican period of Türkiye. For this reason, it was forbidden to go abroad and taken abroad 
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from time to time with special permissions. The number of goat increased to 6 million and the mohair 

production to 10,000 tons during the time whwn it was grown (Kaynar, 2016). Although the number of goat 

has decreased due to different reasons such as mechanization, tendency to synthetic products, mass 

production demand and commercial competition especially after the European industrial revolution, the 

number of goat has started to increase and there are 287,020 Angora Goats now (TUİK, 2020). The number of 

Angora Goats and mohair production at the Ottoman and Republican periods are given in Figure 1. 

 
Figure 1: The number of goat and mohair yield for years (Kaynar, 2016; TUİK, 2020). 
 
Angora Goats are small size, white color, rarely seen in yellow and black, covered with mohair up to the 

inferior extremities, and completely horned in males and females. Since the live weight is low (36 kg), the 

need of nutrients is lower than sheep and other goat breeds. It has the ability to evaluate poor pastures and 

turn them into yields (Erol et al. 2012). In the literature, the birth weight of Angora Goat kids were determined 

as 2.38 – 3.20 kg, the greasy fleece yield in goats was 1.46 – 2.54 kg, and the mohair diameter was in the 

range of 32.59 – 37.15 µ (Snyman, 2012; Erol et al. 2014,2017; Snyman, 2020; Şenyüz, 2021). The twinning 

rate is low and the birth rate is around 90%.  

 

As the number of Angora Goats started to decrease in Turkey, the Ministry of Agriculture and Forestry started 

a conversation project as a precaution. For this purpose, Institute Conservation Project was initiated at the 

International Center for Livestock Research and Training (Lalahan) in 1997 and Conservation Project at the 

Breeder Conditions in 2005. 
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This study was carried out on animals followed within the scope of Breeder Conditions Protection Project 

implemented by the General Directorate of Agricultural Research and Policies of the Ministry of Agriculture 

and Forestry. For his purpose kids at the birth, 90th and 180th day live weight were investigated.  

 

Material and Method: 

 

This study was carried out within the scope of the Conservation Project of Ankara Goat in the Breeder 

Conditions which is carried out by the General Directorate of Agricultural Research and Policies. For this 

purpose, it was carried out in a private farm in Yahşihan District of Kırıkkale Province. The animals grazed in 

the pastures of Irmak Village (Yahşihan, Kırıkkale) and Yalım Village (Kalecik, Ankara) as pasture. Totally 110 

goats and their kids were examined in this farm. Mating was done in a natural way with a free method. The 

mating period was in October-November. Also the birth season was March-April. The kids were weighed with 

an electronic scale with a precision of 10 g within the first 24 hours after the birth, and the live weight for 90th 

days and 180th days was weighed with a 100 g precision electronic scale. Weighing for 90th days was carried 

out on 10 August and 180th days weighed on 22 October. Kids were breastfed from birth to 4 months of age 

and were weaned at 4 months of age. The kids were divided into two groups at the age of 4 months. Irmak 

group (n=30) kids were grazed at 700 m altitude at the coordinates 39.980794, 33.415731 and drank 

Kızılırmak river water. The plateau group was drank natural spring water at the 1300 m altitude at the 

coordinates 40.025005, 33.374347. The animals were fed completely with pasture grass and no additional 

feeding was made during this period.  

 

The kids birth, 90th and 180th days live weight were averaged with descriptive statistics, the difference 

between the groups was tested with ANOVA. In case of difference between groups, Tukey test was used and 

statistics were made using MINITAB software program.  

 

Results: 

 

The kids Birth weight, 90th days and 180th days live weight are given in Table 1. In terms of birth weight of kids, 

males were higher than females (p<0.05), and the river group was higher than the plateau group (p<0.05). 

Also in terms of 90th day live weight, males were higher than females, and the river group was higher than the 

plateau group (p<0.05). After the weaning, live weight of kids for 180th days was higher in the plateau group 

than in the river group (p<0.05). 
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Table 1: The birth, 90th and 180th live weight of kids.   

 
Birth Live Weight 90 th day Live Weight 180 th day Live Weight 

 
n Mean P n Mean P n Mean p 

Male 35 2.12±0.02a 
0.01 

35 15.62±0.45a 
0.01 

35 19.58±0.54 
0.07 

Female 32 2.01±0.02b 32 13.66±0.42b 32 21.05±0.57 

River 30 2.12±0.02a 
0.01 

30 15.59±0.50a 
0.01 

30 18.77±0.43b 
0.01 

Plateau 37 2.03±0.02b 37 13.95±0.41b 37 21.51±0.56a 

Overall 67 2.07±0.02 
 

67 14.69±0.33 
 

67 20.28±0.40 
 

 

Discussion and Conclusion: 

 

Since Angora Goats are small animals, the birth weight of kids are also low. As in general, males have a higher 

birth weight than females. In this study, birth weight was higher in males than females (p<0.05). The birth 

weight of kids were lower than the literatüre (Snyman, 2012; Erol et al. 2014, 2017; Snyman 2020, Şenyüz, 

2021). The reason of the low birth weight is thought to be related to the winter care and feeding conditions 

applied to the goats in the enterprise.   

 As expected, males kids 90th day body live weights were higher than in females. The kids 90th live weight is 

similar with Snyman (2012), Erol et al. (2014, 2017) and Şenyüz (2021), but lower than the values of Snyman 

(2020). Since the 90th  day weighing period of the kids coincides with the spring months which a good quality 

pasture. Therefore, since the goats are fed at a good level, the development of the kid is at the same level in 

parallel.  

The female kids 180th day live weight were were higher than males (p<0.05). The female kids were fed in 

plateau group in this period. Although the birth and 90th day live weight of the kids were higher in the river 

group, the 180th day live weight of the kids were higher in the plateau group (p<0.05). It is thought that this is 

due to the better quality of the plateau pasture and the feeding of the females in the plateau. The values 

stated in the literature (Erol et al. 2014; 2017) are similar with this study.  

 

As a result of the study, it was observed that the quality of pasture is important in the feeding of Angora Goat 

kids, and the quality of pastures at high altitudes is better. It has been concluded that the development of kids 

grazing on high altitude pasture is better. 

 

Acknowledge: The project consists of the data received within the scope of the Ankara Goat Conservation 
Project on the Breeder Conditions carried out by GDARP, and the author thanks GDARP 
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Abstract:  

Orthopedic surgical treatments on the elbow are challenging due to the complex anatomical structure. Among 
them, Monteggia fractures are special fractures that are rare. Although there are defined types for Monteggia 
fractures, there may be unusual Monteggia variant or equivalent fractures which are rarer. In this study, the 
aim was to report an unusual Monteggia variant fracture for the first time, that has not been described 
previously in a cat, and its surgical outcome. A male Bombay cat (5-year-old, 4.5 kg, intact, cryptorchid) was 
brought to Hatay Mustafa Kemal University Veterinary Health Research and Practice Hospital with a history of 
high fall and fractures of both forearms one day ago. As a result of clinical examination and radiographs, ulnar 
fracture accompanying cranio-lateral elbow dislocation was determined bilaterally. This atypical fracture 
dislocation was determined to be an unusual type of Monteggia variant fracture. After stabilization of the 
patient was achieved, open reduction was performed on both legs with a surgical approach. In surgical open 
reduction, ulnar fractures were fixed with Kirschner wire, locked mini titanium plate and screws; then elbow 
dislocations were fixed with two screws and orthopedic wire by lateral stabilization method. Due to the 
infection in the postoperative period, lateral stabilization of the right elbow was a failure on the seventh day 
and revised by reoperation. Despite the delayed union due to infection in the ongoing process, adequate 
fracture healing was achieved in 6 months with medical treatment and continuous check-ups. By examining 
previous studies, it was determined that this fracture was not classified as known Monteggia types due to 
ulnar fracture accompanying cranio-lateral elbow dislocation. Though there are reports of elbow dislocation 
along with diaphyseal forearm bones fractures, to aouthors knowledge, this is the first in which the complete 
elbow dislocation accompanies an ulnar fracture. In conclusion, with this study, a unique Monteggia variant 
fracture of a cat and its surgical outcome was presented.  
 
Keywords: cat, dog, surgery, orthopaedics, veterinary. 
 

1. Introduction 

Elbow fracture dislocations result in pain, disfunction, instability, or stiffness, and surgical treatment is 

necessary in most cases. They are considered complex injuries that can provide a challenge even for 

experienced surgeons (Altug et al. 2015, Watts et al. 2019, Deveci et al. 2021). The elbow joint has got three 

synovial joints: humeroradial, humeroulnar, and proximal radioulnar. The humeroradial joint carries most of 

the forces of the forelimb, the humeroulnar joint restricts movement to the sagittal plane, and the radioulnar 

joint allows rotational (pronation/supination) movements. The joint capsule covers all the three articular 
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parts. The elbow stability is provided by periarticular structures and ligaments (Wiley and Galey 1985, Hung et 

al. 2003, Hassini et al. 2018, Watts et al. 2019). The collateral ligaments provides the primary stabilization 

(Fleming et al. 2004). Since the muscles do not cover the joint effectively, extreme direct loads or forces may 

result in fracture more than a dislocation (Wiley and Galey 1985, Modi et al. 2012).  

Elbow fracture dislocations are more complex cases and mostly caused by motor vehicle accidents, falls, and 

other severe traumas (Modi et al. 2012, Madhar et al. 2013, Altug et al. 2015, Sing et al. 2016). Traumatic 

dislocations are mostly associated with soft tissue and ligament disruption (Frazier et al. 1991, Goni et al. 

2015). The ligament ruptures are reported to be in up to 50% of dislocations (Frazier et al. 1991, Modi et al. 

2012, Madhar et al. 2013, Hassini et al. 2018). Therefore, complex fracture dislocations such as Monteggia 

fractures are often accompanied by suffering significant damage of the soft tissues within the elbow joint and 

surroundings (Frazier et al. 1991, Goni et al. 2015, Hassini et al. 2018). 

With this study, we report a very rare, unusual Monteggia variant fracture lesion consisting of bilateral cranio-

lateral elbow dislocations with proximal ulna fractures in a 4.5-year-old cat. In this study, the aim is to report 

an unique Monteggia variant fracture for the first time, that has not been described previously in a cat, and its 

surgical outcome, in order to remind this rare type of fracture dislocation and also to provide a 

comprehensive review related to this uncommon lesion. 

2. Materials and Methods 

A male Bombay cat (5-year-old, 4.5 kg, intact, cryptorchid) was brought to Hatay Mustafa Kemal University 

Veterinary Health Research and Practice Hospital with a history of high fall and fractures of both forearms one 

day ago. Clinical examination revealed severe decrease in the both elbow’s range of motion, crepitus, pain, 

and considerable swelling. As a result of radiographs, ulnar fracture accompanying cranio-lateral elbow 

dislocations was determined bilaterally (Figure 1). This atypical fracture dislocation was determined to be an 

unusual type of Monteggia variant fracture.  
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Figure 1. Preoperative cranio-caudal (a) and medio-lateral (b, c) radiographs  

After stabilization of the patient was achieved, surgery was performed aiming to reduce and stabilize the ulnar 

fractures and elbow luxations of both forelimbs. After premedication with xylazine HCl (2 mg/kg IM, Alfazyne 

% 2, Egevet, Türkiye), general anaesthesia was induced with ketamine HCl (10 mg/kg IM, Alfamine %10, 

Egevet, Türkiye), followed by isoflurane (2-3 %, Isoflurane - USP, Adeka, Samsun, Türkiye) and 100% O2. 

Isotonic NaCl solution (0.9%, Polifleks, Polifarma, Ankara, Türkiye; 5mL/kg/h IV) was administered 

intraoperatively. Antibiotic prophylaxis was ensured by cephazolin sodium (25 mg/kg, IM, Sefazol, Mustafa 

Nevzat, Istanbul, Türkiye). The cat was placed in lateral recumbency and caudolateral surgical approaches 

were performed to both elbows. In surgical open reduction, ulnar fractures were fixed with Kirschner wire, 

locked mini titanium plate and screws; then elbow dislocations were fixed with two screws and orthopedic 

wire by lateral stabilization method. Due to the infection in the postoperative period, lateral stabilization of 

the right elbow was a failure on the seventh day and revised by reoperation. Also antibiotics continued for a 

month because of the percistence of infection. 

Postoperative radiographs revealed appropriate alignment and positioning of the implants used in the fixation 

of ulnar fractures and elbow dislocations except of a minimal non-compliance of the radial head in the left 

elbow, and confirmed anatomic reduction (Figure 2). Postoperative analgesia was provided with tolfenamic 

acid (3 mg/kg q24h per os / PO, Tolfedine, Novakim, Kocaeli, Türkiye and cephazolin sodium (25 mg/kg, IM, 

Sefazol, Mustafa Nevzat, İstanbul, Türkiye) administration was continued for seven days. The cat’s activity was 

advised to be restricted for 8 weeks. 
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Figure 2. Postoperative cranio-caudal (a) and medio-lateral (b, c) radiographs 

3. Results  

Orthopaedic examinations after surgery (weekly) revealed a mild, weight-bearing lameness of the both 

forelimbs. Surgical site infection was affected the right forelimb and the complete blood count revealed an 

increased WBC. Radiographs revealed displacement of the orthopedic wire used for lateral stabilization of the 

right elbow at the seventh day and reoperated (Figure 3-4). Third week follow-up revealed a mild lameness 

and moderate muscle atrophy. Palpation of the elbow joint exhibited normal extension and mildly reduced 

flexion. There was not adequate callus formation (Figure 5). Second month follow-up revealed the screw 

migration of one in lateral stabilization and one in the mini titanium plate of the right elbow. The elbow was 

stable with improved range of motion, but a mild lameness and pain remained. Therefore, the migrated 

screws and orthopedic wire in the right forelimb removed at second month follow-up. Despite the delayed 

union due to infection in the ongoing process, at the third month it was still inadequate in terms of fracture 

healing (Figure 6). Physiotherapy exercises were recommended to increase muscle growth and the elbows 

range of motion.  

Adequate fracture healing was achieved in 6 months with medical treatment with continuous follow-ups 

(Figure 7). Clinically the cat was with a good gait starting from three months and it was excellent at the sixth 

month follow-ups. One year follow-up radiographs revealed better fracture healing and remodeling (Figure 8). 

Clinical examinations revealed excellent muscle healing and good range of motion of both elbows. The cat’s 

gait was excellent and there only remained a little  
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Figure 3. Postoperative seventh day cranio-caudal (a) and medio-lateral (b, c) radiographs 

 

 

Figure 4. Postoperative cranio-caudal (a) and medio-lateral (b) radiographs of second surgery 

 

Figure 5. Postoperative third week cranio-caudal (a) and medio-lateral (b, c) radiographs  
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Figure 6. Postoperative third month cranio-caudal (a) and medio-lateral (b, c) radiographs 

 

Figure 7. Postoperative sixth month cranio-caudal (a) and medio-lateral (b, c) radiographs 

 

Figure 8. Postoperative one year cranio-caudal (a) and medio-lateral (b, c) radiographs 
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4. Discussion 

The Monteggia fracture was described as an ulnar fracture with a dislocation of the radial head (Bush and 

Owen 2009). Monteggia fractures are special and rare among elbow fracture dislocations (Altug et al. 2015). 

The classification of Monteggia fractures as 4 types according to the direction of dislocation of the radial head 

was reported by Bado (1967). Also, Monteggia variant or equivalent lesions were described as special forms 

(Bush and Owen 2009, Hassini et al. 2018). Although there are defined types for Monteggia fractures, there 

may be even rarer unusual Monteggia variant fractures (Bush and Owen 2009). In fact, the information and 

experience about their physiopathological characteristics and therapeutic methodizing are lacking. 

This study reports the successful repair of bilateral unusual Monteggia variant fractures of a cat caused by a 

high fall. The treatment was achieved by intraoperative manual reduction and stabilization using mini titanium 

plates, screws, and orthopedic wires. The cat returned to normal function with a good range of motion 6 

months postoperatively. 

The classical term of Monteggia fracture is defined as dislocation of the radial head accompanying an 

ipsilateral ulnar fracture at any level (Bush and Owen 2009). Pursuant to this definition, the orthopedic injury 

in our case may be classified as a Monteggia variant fracture since not only the radial head dislocated but 

complete elbow luxation. To the author's knowledge, there are no studies in cats or other animal species 

reported this type of fracture. Similar cases have been reported among complex elbow fracture dislocations in 

humans or other Monteggia variant fractures in animals (Bush and Owen 2009, Hassini et al. 2018). 

Contending accurate identification is important because a number of factors unique to this injury pattern can 

influence both treatment and prognosis (Ring et al. 1997). 

The radiohumeral luxation may lead to the disruption of the joint capsule and the collateral ligaments. The 

ulnar fractures necessarily disrupt the annular ligament and at least the proximal portion of the interosseous 

membrane and ligaments if at the level of distal to the coronoid process. However, the interosseus ligament 

and interosseus membrane may remain preserved in other Monteggia fractures (Schwarz and Schrader 1984, 

Vallone and Schulz 2011, Garcia et al. 2021). In this case, the interosseus membrane and ligaments was 

remaining preserved because the complete elbow dislocation didn’t separate connections of the radius and 

ulna. Therefore, it was not necessary to apply a radioulnar positional screw in the surgical treatment and the 

prognosis was more favorable. 

Osteoarthritis with consequent elbow range of motion reduction has been reported to be the most common 

complication after Monteggia fracture repair (Bado 1967, Schwarz and Schrader 1984, Garcia et al. 2021). In 
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the present case, septic osteoarthritis was caused by surgical site infection and lead to loosening of the 

implants in the right elbow. Although a strict aseptic technique and sterile inert implant materials were used, 

surgical site infection developed. Reoperation of the right elbow to renew lateral stabilization on the seventh 

day, and removal of three screws and orthopedic wire of the right elbow with the use of antibiotics enabled 

infection resolution. Even though this case was successfully treated, different implants and surgical methods 

may be considered to provide a better result for such cases. 

5. Conclusion 

By examining previous studies, it was determined that this fracture was not classified as known classic 

Monteggia types due to cranio-lateral elbow dislocation accompanying ulnar fracture. Though there are 

reports of elbow dislocation along with diaphyseal forearm bones fractures, to authors knowledge, this is the 

first in which a complete elbow dislocation is cranio-lateral accompanied an ulnar fracture. In conclusion, with 

this study, a unique Monteggia variant fracture of a cat that has not been reported previously and its surgical 

treatment was presented.  
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Abstract:  
Allergic rhinitis, which manifests itself with complaints such as runny nose, sneezing, nasal congestion, itching 
in the eyes, is a term used to describe the clinical symptoms associated with type 1 allergic diseases, defined 
as allergic rhinoconjunctivitis. The incidence of this disease, which is seen in all countries, in all ethnic groups 
and in people of all ages, is in the range of 10-40% on average. Allergic rhinitis has negative effects on the 
patient's quality of life and daily activities. Various therapeutic agents are used in the treatment of allergic 
rhinitis for eliminate and alleviate these effects. Among all these therapeutic agents, Bilastine stands out with 
its various properties. These are mainly features such as having low side effects, showing peripheral effects, 
not being metabolized and at the same time having a fast action compared to other antihistamines. However, 
Bilastine does not cause sedative or cardio-toxic effects. However, when used in tablet form, the 
bioavailability rate remains at 61%. So as to increase this rate and to minimize unwanted interactions in the 
gastrointestinal environment, the design in the form of "Orally Dispersible Tablets" will be the most 
appropriate method. In the study carried out for this purpose, direct compression method, which is the most 
widely used among the methods used to produce orally dispersible tablet form, such as Direct compression, 
fast melting technology, Sublimation, and lyophilisation was used. As a result of this study, the tablets 
obtained disintegrate in 40 seconds at a pH value of 6.8, which is the pH value of the mouth saliva, and the 
solubility value of this tablet was found to be 93%. 
 
Keywords: Bilastine, orally disintegrating tablet, antihistaminic, rhino conjunctivitis. 
 

1. Introduction 
 

Respiration is a system that is directly affected by the atmosphere until the last breath of living things. The air 

in the breathing environment is filtered, humidified, heated, oxygen supplied to the body and carbon dioxide 

removed from the blood is carried out by the respiratory system. Since the respiratory system directly affects 

vital functions, it has gained some features that can tolerate some negative environmental effects over time. 

However, with the rapid industrialization in recent years, increasing indoor allergens and the effects of global 

warming, this system is becoming increasingly vulnerable. Currently, respiratory disorders that occur in the 

face of these negative effects are allergic rhinitis and asthma (Sanjay et. al. ,2011). Various therapeutic agents 

are used in order to increase the quality of life of people exposed to these diseases and to suppress the 

negative effects. Among these, agents in the group of H1 receptor antagonists are the most common used. 

Bilastine, which is in this group, has been widely used in recent years due to its low side effects, non-

metabolization, low half-life and peripheral effects (Sadrani et al., 2021). 

Among the drug groups in which the bilastine molecule is used, the most widely used are core tablet, solution 

and orally dispersible tablet forms. However, when these product forms are examined, the bioavailability rate 
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is approximately 60%, for this reason we need new tablet forms. In order to increase this rate and to minimize 

undesirable interactions in the gastrointestinal environment, the design in the form of an orally dispersible 

tablet would be the most appropriate method. Within the scope of the study carried out for this purpose, 

"Direct compression", which is the most widely used method among the methods used for the production of 

orally dispersible tablet form, such as "Direct compression, Fast melting technology, Sublimation, 

Lyophilisation" will be used (Sinko et al., 2006). This work based on ‘Design of Orally Disintegrating 

Antihistaminic Tablet and Investigation of Kinetic Properties’. 

2. Materials and Methods 
 
2.1. Materials 

Bilastine active pharmaceutical ingredient purchased from Lee Pharma, Micro Cyristalline Cellulose excipian 

material purchased from Ranq Pharmaceuticals and Excipients Co.;  Other excipians Sodium Starch Glycolate 

and Primogel purchased from DFE Pharma; Crosscarmellose Sodium and Mannitol purchased from Raquette 

Frères Pharma; Polyplaston and Acdisol purchased from Ashland Inc., Menthol purchased from BASF 

Chemical; Aerosil 200 purchased from Evonik Industries, Talc purchased from Imerys SA., Acetonitrile and 

Methanol purchased from Scharlau. 

2.2. Methods 

2.2.1. Analytical Methods 

For this study, instrumental device of High-Performance Liquid Chromatography was used. Firstly, suitable 

method for Bilastine raw material was made and then confirm and validation developed this method. 

Validation step is very critical process for analytical device. Because of this reason we use ICH Guideline Q2 

(R1) validation of analytical procedure section (Anonymous). 

Within the scope of the study, Distek Dissolution device was used to determine the dissolution rate and 

Erweka Disintegration device was used to disintegration time. The samples were taken into Waters HPLC vial 

for analysis after dissolution test, and then the analyzes were performed with a suitable HPLC method 

developed for Bilastine. 

2.2.2. Synthesis of Bilastine Sublingual Tablet 

For production of orally dispersible sublingual Bilastine tablet, "Direct Compression" method was used. All 

excipients were passed through a 60  mesh sieve. After all the materials were weighed, they were thoroughly 

mixed to obtain a homogeneous mixture. The resulting mixture was made into tablets at 40-60 N  pressure, 

adjusted to 125 mg weight using a flat-shaped punch. 
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Figure 1. Produced Sublingual Tablet 

 

 

 

 

 

 

 

 

 

Figure 2. Disintagration of bilastine tablets in pH 6.8 solution (a) initially and,(b) after a while 

3. Results  
 
3.1. Results for Validation of Analytical Method 

Mainly there is some validation parameter for use of validation. For instance, accuracy, precision, specificity, 

detection limit, quantitation limit and linearity range. During this study, Linearity step was used. In figure 3 

include of linearity data for bilastine is given. It can be seen that the R2 value which must be ≥ 0.98 in suitable 

method was found to be 0.999892. 

 

 

 

 

 

 

 

 

 

  (a) (b) 



 

121 

 

 

Figure 3. Linearity data of bilastine. 

3.2. Results for Dissolution and Disintegration 

Using HPLC device and some calculation, as it seen in the figure 4, dissolution rate was found to be 93%. The 

tablets obtained disintegrate in 40 seconds at a pH value of 6.8, which is the pH value of the mouth saliva.  

Table 1. Dissolution Rate of Bilastine Tablets 

Sample/Time (min) 5 10 15 20 30 45 60 Infinity 
Tablet 
Weight 
(mg) 

1 94.4 92.6 95.2 95.7 96.4 95.7 95.5 95.2 123.6 

2 96.7 92.7 92.8 92.7 93.3 93.3 94.0 93.0 123.2 

3 88.0 94.2 95.2 97.2 97.3 97.8 97.7 98.3 123.9 

Mean 93.0 93.2 94.4 95.2 95.7 95.6 95.7 95.5 123.6 

Std. Dev. 4.5 0.9 1.4 2.3 2.1 2.3 1.9 2.6 0.4 

% RSD 4.8 1.0 1.5 2.4 2.2 2.4 1.9 2.8 0.3 

MAX 96.7 94.2 95.2 97.2 97.3 97.8 97.7 98.3 123.9 

MIN 88.0 92.6 92.8 92.7 93.3 93.3 94.0 93.0 123.2 

 

4. Discussion 

During this study, some formulation for good soluble drug tablet is tried and examined. As a result, produced 

tablets  have 40 seconds disintagration time at pH value of 6.8, which is the pH value of the mouth saliva, and 

the solubility value of  93%. 

5. Conclusion 

So as to increase bio availability rate and to minimize unwanted interactions in the gastrointestinal 

environment, the design in the form of "Orally Dispersible Tablets" is to be the most appropriate method. For 

this purpose, direct compression method, which is the most widely used among the methods to produce 

orally dispersible tablet form is  carried out in this study.  
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Abstract:  
Tea is an aromatic beverage prepared by pouring hot or boiling water over the dried leaves of the plant 

known as Camellia sinensis. The chemical composition of teas can vary depending on the brewing conditions. 

The aim of this study is to determine the sensory and antioxidant properties of imported black tea, which is 

lovingly consumed by the public in Şanlıurfa, Turkey, at different brewing (infusion) times. For this purpose; 

analyzes of total phenolic substance, total flavonoid substance, antioxidant activity (DPPH and ABTS) and color 

values of the tea sample were performed after 15, 30 and 60 minutes of brewing. It was observed that there 

was a significant increase in the total phenolic and total flavonoid substance amounts of the tea sample 

during the brewing period (p‹0.01). In the antioxidant activity of the tea sample; It was observed that DPPH 

and ABTS radical scavenging efficiency increased significantly in parallel with increasing the concentration 

amount (p‹0.01). In addition, the highest DPPH and ABTS radical scavenging efficiency was observed in 60 min 

brewing time. In the color analysis of the tea sample; It was observed that L* (whiteness/darkness) and b* 

(yellow/blue) values increased for 30 minutes during brewing but decreased again for 60 minutes, a* 

(red/green) value increased during the brewing period, and its value decreased for 30 minutes and increased 

again for 60 minutes. It was observed that there was a positive correlation between total phenolic substance 

and a* and b* value, and a negative correlation between L* value. It was observed that there was a positive 

correlation between total flavonoid substance and L* and b* values and a negative correlation a* value. As a 

result, it has been concluded that imported tea, which is frequently preferred by the people in Şanlıurfa 

province, has high antioxidant activity and that prolonging the brewing time has a positive effect on the 

sensory and antioxidant properties of this tea. 

Keywords: Antioxidant activity, imported black tea, brewing time, color 
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1. Introduction 
 

Tea is an aromatic drink made by pouring hot or boiling water on the dried leaves obtained from the plant 

known as Camellia sinensis. After water, tea is one of the most important drinks in the world, with a history of 

5000 years, and reported to be drunk by approximately two-thirds of the global population (Üstün and 

Demirci, 2013).  In study from the UK, the USA, and Germany, it was shown that 30%-40% of the participants 

drank 2-3 cups of tea per day (Sedova et al., 2018).. Tea plantations are widespread and tea production is 

intense in India, China, Sri Lanka, Indonesia, Kenya, Turkey and Japan, with 80% of the world tea produced in 

these countries (Amirahmadi et al., 2013).  In our country, in the Eastern Black Sea Region grown teas and 

imported teas are consumed. Imported teas, which are frequently consumed especially in the southeast, 

originate from Sri Lanka. It is loved and consumed by the people (Takım and Aydemir, 2018) 

Tea is referred to as one of the best sources of polyphenolic compounds in literatüre. The polyphenols found 

in the tea plant have antioxidant, antimicrobial, anticancer, antiinflammatory and anti-viral effects on human 

health. Benefits have also been reported of lowering cholesterol, blood presssure, and the risk of 

cardiovascular disease, and reducing the risk of osteoporotic fractures in the elderly (Zhang et al., 2013).  

These benefits of tea on health are due to the phytochemicals it contains. However, the chemical composition 

of teas can also vary depending on the particle size of the tea used, the brewing conditions (brewing time, 

brewing temperature, amount of extraction, number of extractions, exposure to light) (Pastoriza ve ark., 

2017). 

Folk tea is brewed with a period of time that starts with a brewing time of at least 15 minutes. After brewing, 

it consumes up to 1 hour at the earliest. So what happens to the tea drunk in this interval? Is the phenolic 

content increasing or decreasing? Does the antioxidant capacity increase or decrease? Questions like this 

await answers. The aim of this study is to determine the sensory and antioxidant properties of imported black 

tea, which is lovingly consumed by the public in Şanlıurfa, Turkey, at different brewing (infusion) times. 

2. Materials and Methods 
 

The tea sample was obtained from the market in Şanlıurfa. The tea sample was brewed at the rate of 1/5 (1 g 

tea 5 ml tap water). Tea sample were performed after 15, 30 and 60 minutes of brewing. Analysis of the total 

phenolic substance, total flavonoid substance, antioxidant activity (DPPH and ABTS) and color values of the 

tea sample was performed. 
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2.1.  Total phenolic substance:The Folin-Ciocalteu method was used to calculate the total amount of 

phenolic substances. The total amount of phenolic substance was calculated as mg Gallic acid equivalent per 

gram tea (Takım and Işık, 2020). 

2.2. Total flavonoid substance: Determined using aluminum chloride colorimetric method. The total 

flavonoid content of the extract was expressed as milligrams of quercetin acid equivalents/g (Marinova et al. 

2005) 

2.3. Antioxidant activity: DPPH and ABTS were determined by looking at the free radical scavenging activity. 

Antioxidant capacity was expressed in Trolox (Takım and Işık, 2020). 

2.4. Color values: Color measurements were made using the CS-10 8mm portable digital colorimeter 

(Tuodapu, Inc., China) The color characteristics of the tea, L* (whiteness/darkness), a* (redness/greenness) 

and b* (yellowness/blueness) parameters were determined. 

2.5. Statistical Analysis: Analysis of variance (ANOVA) Duncan test was used using SPSS version 21.0 package 

program. All analyzes were performed in triplicate (SPSS, 2012). 

3. Results  

As a result of the analyzes made, the total phenolic and total flavonoid amounts of the tea sample are in table 

1, Antioxidant activity (DPPH, ABTS) in table 2, color analysis values (L* (whiteness/darkness), a* 

(redness/greenness), b* (yellow/blueness)) are given in table 3, Correlation between color values of tea 

sample and total phenolic and total flavonoid are given in table 5. 

 
Table 1. Total phenolic and total flavonoid amounts depending on the brewing time of the tea sample 
 

  15 min. 30 min. 60 min. 

Total phenolic (Gallic acid)   

32,56±0.2 72,49±0.32 155,83±0.56 

Total flavonoid (Quercetin) 20,44±0.4 22,43±0.44 104,30±0.28 
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 Table 2. Antioxidant activity of tea sample depending on concentration and brewing time 

 

Table 3. Color analysis values depending on the brewing time of the tea sample 

 

L* a* b* 

Tea sample 

15 min 30 min 60 min 15 min 30 min 60 min 15 min 30 dk 60 min 

3,97±0,37B 6,61±0,86A 4,41±0,56B -0,55±0,94C 3,37±0,51B 6,55±0,61A 10,41±1,99B 8,52±0,69B 13,40±1,18A 

A-C: The mean values with different letters in the same line are significantly different (P < 0.05). 

 

Table 4. Correlation between color values of tea sample and total phenolic and total flavonoid 

  Total phenolic Total flavonoid 

Tea sample 

L* a* b* L* a* b* 

-0,686 0,564 1,00** -0,947 0,11 0,886 

L* (whiteness/darkness),  a* (redness/greenness), b* (yellow/blueness), **(P < 0.01) 

4. Discussion 
It was observed that there was a significant increase in the total phenolic and total flavonoid substance 

amounts of the tea sample during the brewing period (p‹0.01).   In the antioxidant activity of the tea sample; 

It was observed that DPPH and ABTS radical scavenging efficiency increased significantly in parallel with 

increasing the concentration amount (p‹0.01).In addition, the highest DPPH and ABTS radical scavenging 

efficiency was observed in 60 min brewing time. In the color analysis of the tea sample; It was observed that 

L* (whiteness/darkness) and b* (yellow/blue) values increased for 30 minutes during brewing but decreased 

again for 60 minutes, a* (red/green) value increased during the brewing period, and its value decreased for 30 

minutes and increased again for 60 minutes. It was observed that there was a positive correlation between 

total phenolic substance and a* and b* value, and a negative correlation between L* value. It was observed 

that there was a positive correlation between total flavonoid substance and L* and b* values and a negative 

correlation a* value. It has been reported that the infusion time has an effect on the extraction of catechins, 

and an increase in the infusion time means the extraction of more bioactive compounds (Yu et al. 2021). Our 

study supported this. As the brewing times of the tea increase; the extraction rate increased, as the extraction 

  250 μg/ml 500 μg/ml 1000 μg/ml 

15 min. 30 min. 60 min. 15 min. 30 min. 60 min. 15 min. 30 min. 60 min. 

ABTS(Trolox) 116,98±0,24 114,76±0.25 167,99±0,17 176,86±0.29 157,79±0,41 
237,19±0,16 

305,95±0,98 
315,27±0,4 332,12±0,91 

DPPH(Trolox) 

156,02±0,91 96,90± 0.21 144,80 ±0,3 191,19 ±0,5 239,60±0,46 271,20±0,17 341,54±0,76 346,12±0,56 371,60±43 
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rates increased; The total amount of flavonoid compounds increased, and this increase affected the color of 

the teas and caused an increase in red color. 

5. Conclusion 

As a result, it was determined how the quality characteristics of Sri Lankan origin black tea, which is frequently 

consumed in Şanlıurfa, change at different brewing times. it has been concluded that imported tea, which is 

frequently preferred by the people in Şanlıurfa province, has high antioxidant activity and that prolonging the 

brewing time has a positive effect on the sensory and antioxidant properties of this tea. Even if the 

prolongation of the brewing time has positive effects on the quality criteria of the tea, we do not recommend 

extending the brewing time because the excess amount of antioxidants may have pro-oxidant effects and may 

lead to negative health consequences. 
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Abstract:  
In these times when the value of healthcare professionals is better understood, psychological violence 

experienced by healthcare workers gains a special importance. Within the scope of this study, which deals 

with the effect of psychological violence (mobbing) perception on health workers' job satisfaction, a research 

was conducted on 199 healthcare workers in Kocaeli Province. Leymann's Inventory Psychological Terror and 

Minnesota Satisfaction Questionnaire were used within the scope of the research. SPSS 22 package program 

was used for data analysis in the study. Frequency, independent t-test, one-way ANOVA, pearson correlation 

and linear regression analyzes were used for analysis. The total mean of the mobing scale items is 1.39 ± 0.63. 

The average of all the items of the job satisfaction scale is 2.71 ± 0.93. There is a positive relationship between 

the mobing scale and only the sub-dimension of external job satisfaction and social relations. In the regression 

analysis performed with external job satisfaction, a significant relationship was found with mobbing sub-

dimensions and it explains 6.1% of the total variance on external job satisfaction of mobing. According to the 

analysis results; statistically significant differences were found between the variables of marital status and 

year of work at the current institution and position at work and mobbing scale. As a result of the study, 

mobbing was found to be low and job satisfaction was found to be moderate in health studies. In addition, it 

was concluded that mobbing negatively affects job satisfaction at a low level. There were also many significant 

differences with the socio-demographic characteristics of the participants. As a result of the study, it was 

concluded that the exposure of health workers to mobbing negatively affects their job satisfaction.  

Keywords: psychological violence, mobbing, job satisfaction, health professional. 

 

1. Introduction 

The word ”mob“ derives from the Latin words ”möbile vulgus" "unstable crowd". In the English language; It 
means a group of people who are disorderly or in revolt, a gang or crowd that commits unlawful violence, a 
large group of people or things, and so on. Mobbing is defined as a psychological terror practiced by one or 
more individuals in an institution or organization, against another individual, by regularly using vindictive and 
immoral communication (Leymann, 1996). 

It has been found that mobbing has a lot of negative effects in organizations in terms of productivity and job 
satisfaction of employees. The unwillingness of the employees to work due to the low job satisfaction reduces 
the creativity level of the employees to the lower levels. As a result of psychological violence occurring in 
businesses, the attention of employees distracts them from the importance of organizational goals and 
responsibilities. Not only the employees who are exposed to mobbing, but also those who witness the events 
in the process lose their faith in the business with the fear that one day mobbing may be applied to them. 
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1.1. Psychological Violence and Process 

The theory of psychological violence found its place in the literature for the first time towards the end of the 
sixteenth century. Derived from the English verb “mob”, which means to form a crowd in order to attack 
someone, the Turkish expression “Mobbing” means “Psychological Violence”. This term was first used by the 
Austrian scientist Lorenz, who conducted studies on animal acts, to describe the attacks carried out by a group 
of small animal herds in the last quarter of the 20th century in order to frighten a single relatively larger 
animal (Davenport et al., 2003). 

Regarding the concept, the generally accepted definition in the academic field was made by Leymann (1990). 
According to him, psychological violence is defined as a kind of psychological terror applied by one or a few 
individuals against another individual in a systematic, vindictive and immoral way. 

Psychological violence, which occurs by showing itself with disturbing behaviors, starts to hurt the person 
exposed to psychological violence as time progresses, and events accelerate regularly; It is a formation made 
up of various levels. It is very important to recognize the symptoms that indicate psychological violence in this 
formation. 

Psychological violence behavior is usually initiated by a bully individual. As time progresses, colleagues or 
managers cannot change the behavior of this individual, and as a result, the power of the bully rises to higher 
levels and even other employees in the organization participate in the behavior of psychological violence 
(Altuntaş, 2010). 

The occurrence of psychological violence can occur only from indirect acts of violence, or only from direct acts 
too. It is also possible for two types of behavior to occur simultaneously. In this direction, psychological 
violence that starts with indirect behaviors at the first level continues with direct behaviors at the second level 
and may even turn into open attacks including the use of physical force over time (Zapf and Gross, 2001). 

Heinz Leymann (1990) lists the steps related to this process as follows; 

1.Group: Prevention of self-expression and communication 

2.Group: Isolation from social relationships 

3.Group: Attacks on reputation 

4. Group: Attacks on the quality of life and occupational position 

5.Group: Direct attacks on health 

In the formation of psychological violence, there are spectators besides the victim and the perpetrator of 
psychological violence. These people are described as spectators from the moment they realize the 
phenomenon of psychological violence. Even if they are not directly involved in psychological violence, they 
somehow participate in, perceive and become victims of psychological violence because they are aware of this 
situation (Hecker, 2007). 

The followers of psychological violence generally prefer to deny the negative situation in the organization and 
try to stay away from the victim as much as possible. The spectators may also be depressed, be afraid of 
negative experiences, and even consider quitting like the victims (Duffy, 2009). 
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1.2. Job Satisfaction 

In addition to the fact that those who work in business life gain work-related knowledge, they also experience 
the accumulation of different emotions that occur every working day. As a result of these experiences, an 
individual's mental and emotional attitude towards work occurs. These attitudes are expressed as “job 
satisfaction”. (Eğinli, 2009). 

Job satisfaction can be expressed as the financial benefits obtained from the work and the happiness of the 
employee to create a work with his colleagues with whom he enjoys working (Şimşek et al., 2003). If the 
employee can see a work that he has created, this will be a source of pride for him and he will be satisfied 
with this situation. 

The attitudes of the employees towards their jobs and towards the organization they work for affect their 
performance. Since the factors affecting the attitudes of the employees are related to the opportunities 
provided by the management in terms of meeting their own needs and expectations and the organizational 
structure in terms of sustainability, ensuring job satisfaction is of particular importance for each. 

Along with job satisfaction, anxiety and the discomforts that will come with anxiety decrease. Job satisfaction 
ensures that the person's unrevealed tensions are eliminated and his wishes come true. People have high 
learning potential. In addition, occupational accidents are at a very low level. The level of job satisfaction 
within the organization reduces the tendency of people to seek other jobs (Çetin, 2004). Likewise, it has been 
observed that people with high job satisfaction exhibit participatory behavior that helps others, approaches 
and serves customers more (Arnold and Feldman, 1986). 

In world markets where there is intense competition, businesses need to use their resources effectively and 
efficiently in order to ensure sustainability and compete, and thus increase their overall performance. One of 
the most important and most volatile resources of the enterprises is their employees, and the performance of 
the employees is the most important factor affecting the success of the enterprises in terms of reaching the 
goals of the enterprise and ensuring long-term profitability. The ability of employees to show high 
performance and work efficiently depends on their satisfaction from their work (Erdil et al., 2004). In this 
respect, providing job satisfaction of employees has become one of the most basic business objectives (Bernal 
et al., 2005). 

One of the main determinants of deteriorating working conditions in organizations is low job satisfaction. Low 
job satisfaction is one of the main reasons behind sudden strikes, slowing down, truancy, low productivity and 
similar problems. This situation constitutes a very high cost for the enterprise. In this sense, high job 
satisfaction both relieves managers and shows that the business is well managed (Bernal et al., 2005). 

In the light of the information given above, the aim of the study is to reveal whether the psychological 
violence levels of health workers affect their job satisfaction, and if so, to what extent. 

2. Materials and Methods 

In this section, the universe and sample, research hypotheses, data collection and analysis methods of the 
research conducted to determine the effect of mobbing perception on job satisfaction of health workers are 
explained. 

2.1. The Universe and Sample of the Research 

The universe of the research is health workers working in health institutions in Kocaeli Province. The sample 
of the research is; It consists of 199 people working in District Health Directorates, Family Physicians and 
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Hospitals between September 9, 2020 and October 21, 2020. An online questionnaire was used as a data 
collection method in the research. 

2.2. Data Collection Tools     

In the questionnaire form, there are 9 statements that we can reach demographic data about the participants. 
These are the participants; their gender, age, education, profession, marital status, ways of operation, 
working year, year of work at the current institution and position at work. In the next two sections, scales are 
given. 

2.2.1. Leymann Inventory of Psiychological Terror (LIPT) 

The scale used to evaluate mobbing behaviors is the Leymann Inventory of Psychological Terror scale, which 
consists of 45 statements defined by Heinz Leymann (1996). The translation of the scale, which was originally 
in German, into our language was made by Osman Cem Önertoy in 2003 by publishing it in his book 
"Mobbing: Harassment in the Workplace". 

The scale consists of five sub-dimensions; prevention of self-expression and communication, isolation from 
social relationships, attacks on reputation, attacks on the quality of life and occupational position and direct 
attacks on health. The scale is measured as a 5-point Likert type (1: Never, 2: Rarely, 3: Sometimes, 4: Often, 
and 5: Always). 

2.2.2. Minnesota Satisfaction Questionnaire (MSQ) 

Minnesota Satisfaction Questionnaire (MSQ), Weiss et al. (1967) was developed by. The scale consists of 20 
statements. The Minnesota Job Satisfaction scale was introduced to the Turkish literature by Deniz and Güliz 
Gökçora (1985) from Hacettepe University. The scale has two sub-dimensions as internal job satisfaction and 
external job satisfaction. While internal job satisfaction consists of 12 expressions, external job satisfaction 
consists of 8 expressions (Act. Öztürk, 2004). 

The internal job satisfaction score consists of items related to satisfaction related to the internal nature of the 
job, such as achievement, recognition or appreciation, the job itself, job responsibility, job change due to 
promotion and promotion. It is found by dividing the sum of the internal job satisfaction scores by 12. The 
external job satisfaction score consists of elements of the work environment, such as corporate policy and 
management, type of supervision, relations with the manager, work and subordinates, working conditions, 
and wages. It is found by dividing the sum of external job satisfaction scores by 8. The scale is measured as a 
5-point Likert type (1: Not at all Appropriate, 2: Not Appropriate, 3: Somewhat Appropriate, 4: Appropriate, 
and 5: Completely Appropriate). 

2.3. Analysis Methods 

The data obtained from the research were transferred to the SPSS 22 program and analyzed. Before testing 
the hypothesis, the reliability of the data was checked. Then, the frequency distributions of the participants 
and the descriptive information of the scales were examined. Afterwards, correlation analyzes were 
performed for the relationship between the scales and regression analyzes for the effect. Finally, independent 
sample t-test and one-way variance (ANOVA) analyzes were applied to measure the differences in socio-
demographic data on the scales. 
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2.4. Reliability of Scales 

Table 1. Reliability Analysis Results of Scales 

Scales and Sub-dimesions Number of Items Cronbach's Alpha 

Prevention of self-expression and communication 11 0,910 

Isolation from social relationships 5 0,934 

Attacks on reputation 15 0,971 

Attacks on the quality of life and occupational position 9 0,954 

Direct attacks on health 5 0,886 

Leymann Inventory of Psiychological Terror (LIPT) 45 0,982 

Internal Job Satisfaction 12 0,938 

External Job Satisfaction 8 0,908 

Minnesota Satisfaction Questionnaire (MSQ) 20 0,961 

In order to determine the reliability of the scales, the Cronbach's Alpha Coefficient was calculated with the 
SPSS 22 program. The data in this analysis; 0.7≤α<0.8 is acceptable, 0.8≤α<0.9 is good, 0.9≤α is excellent. 
Table 1 shows the results of the reliability analysis of the scales and their sub-dimensions. According to these 
results, it was concluded that the data of the scales and their sub-dimensions were reliable. 

2.5. Hypotheses 

Depending on the purpose of the research, the following hypotheses have been developed to be tested: 

H1: There is a statistically significant relationship between mobbing and job satisfaction for the participants. 

H2: There is a statistically significant effect between mobbing and job satisfaction for the participants. 

H3: There is a statistically significant difference between mobbing and socio-demographic characteristics of 
the participants. 

H4: There is a statistically significant difference between the job satisfaction of the participants and their 
socio-demographic characteristics. 

3. Results  

In this section, analysis of the research results is given. First, the socio-demographic information of the 
participants participating in the study and the descriptive information of the scales were included, and then 
the hypothesis tests.  
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Table 2. Socio-demographic Information of Participants (n=199) 

Variable N % 

Gender Woman 146 73,4 

Man 50 25,1 

Age 20-29 32 16,1 

30-39 51 25,6 

40-49 96 48,2 

50 and above  12 6,0 

Education High School 12 6,0 

Associate Degree 37 18,6 

Bachelor 109 54,8 

Master's and Above 38 19,1 

Profession Doctor  27 13,6 

Midwife 37 18,6 

Nurse  77 38,7 

Health Officer 53 26,6 

Marital status Maried 149 74,9 

Single 46 23,1 

Ways of Operation Regular hours 136 68,3 

Shift method 25 12,6 

Watch (16-8) 14 7,0 

Other 16 8,0 

 

Working Year 

0-5  30 15,1 

6-10  40 20,1 

11-15 25 12,6 

16-20  28 14,1 

20 and above 74 37,2 

Year of Work at the Current Institution 1 and less 16 8,0 

1-5  73 36,7 

6-10 51 25,6 

11-15 26 13,1 

16-20  15 7,5 

20 and above 17 8,5 

Position At Work Worker 170 85,4 

Service Officer 19 9,5 

Manager 9 4,5 

Table 2 shows the socio-demographic characteristics of the participants. When the data is examined, 74.5% of 
the participants are women; 50.3% are 40-49 years old; 55.6% of them are bachelor graduates; 38.7% are 
nurses; 76.4% are married; 71.2% of them work regular hours; 37.6% of them have been working for 20 years 
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or more; 36.9% of them have been working in their institution for 1-5 years and 85.9% of them are worker in 
the institution. 

Table 3. Descriptive Findings of the Scales and their Sub-Dimensions 

Scales and Sub-dimesions Number of 

Items 

Mean (X̄) Standard Deviation (S.D.) 

Prevention of self-expression and communication 11 1,59 0,66 

Isolation from social relationships 5 1,29 0,70 

Attacks on reputation 15 1,31 0,69 

Attacks on the quality of life and occupational position 9 1,41 0,78 

Direct attacks on health 5 1,23 0,59 

LIPT 45 1,39 0,63 

Internal Job Satisfaction 12 2,82 0,98 

External Job Satisfaction 8 2,56 0,93 

MSQ 20 2,71 0,93 

Table 3 shows descriptive information about the LIPT and MSQ scales. The mean of LIPT expressions is 1.39 ± 
0.63. Accordingly, it is seen that the participants mostly chose never and rarely expressions about mobbing 
expressions. When the sub-dimensions are examined; prevention of self-expression and communication 1.59 
± 0.66; isolation from social relationships 1.29 ± 0.70; attacks on reputation 1.31 ± 0.69; attacks on the quality 
of life and occupational position 1.41 ± 0.78 and direct attacks on health 1.23 ± 0.59 have averages. The mean 
of the MSQ scale is 2.71 ± 0.93. While the average of internal job satisfaction from the sub-dimensions was 
2.82 ± 0.98, the average of external job satisfaction was determined as 2.56 ± 0.93. 

Table 4. LIPT and MSQ Correlation Analysis Findings  

 

  

External Job 
Satisfaction 

Internal Job 
Satisfaction 

MSQ 

Prevention of self-expression and communication r -,095 -,069 -,082 

p ,189 ,338 ,256 

Isolation from social relationships r ,144* ,077 ,107 

p ,047 ,291 ,140 

Attacks on reputation r ,095 ,056 ,074 

p ,188 ,436 ,305 

Attacks on the quality of life and occupational position r ,047 ,042 ,045 

p ,517 ,566 ,534 

Direct attacks on health r -,013 -,037 -,028 

p ,862 ,614 ,703 

LIPT 
r ,037 ,016 ,025 

p ,614 ,827 ,730 

* The correlation is successful at the 0.05 level. (2-tailed). 
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Table 4 shows the results of the pearson correlation analysis to examine the relationship between LIPT and 
MSQ. According to the results of the analysis, there is a statistically significant positive but weak relationship 
between only external job satisfaction and isolation from social relationships. Since no other relationship was 
found between both scales and sub-dimensions, the hypothesis about the relationship between mobbing and 
job satisfaction scales was rejected.  

Table 5. LIPT and MSQ Regression Analysis Findings 

Dependent Variables Independent Variables β p F 
p 

(Model) 
Reg. R2 

Internal Job Satisfaction 

Prevention of self-expression and 
communication 

-0,183 0,087 

1,651 0,149 0,017 

Isolation from social relationships 0,127 0,372 

Attacks on reputation 0,166 0,402 

Attacks on the quality of life and 
occupational position 

0,088 0,581 

Direct attacks on health -0,212 0,114 

External Job Satisfaction 

Prevention of self-expression and 
communication 

-0,265 0,012 

3,465 0,005 0,061 

Isolation from social relationships 0,281 0,045 

Attacks on reputation 0,209 0,283 

Attacks on the quality of life and 
occupational position 

-0,026 0,867 

Direct attacks on health -0,187 0,154 

MSQ 

Prevention of self-expression and 
communication 

-0,223 0,036 

2,37 0,041 0,035 

Isolation from social relationships 0,195 0,168 

Attacks on reputation 0,189 0,337 

Attacks on the quality of life and 
occupational position 

0,043 0,786 

Direct attacks on health -0,208 0,118 

 

Table 5 shows the results of multiple linear regression analysis to examine the effect of LIPT on MSQ. In the 
regression analysis of the internal job satisfaction sub-dimension, no significant relationship was found with 
the LIPT sub-dimensions. (p>0.05) In other words, sub-dimensions of LIPT do not affect internal job 
satisfaction. 

In the regression analysis performed with external job satisfaction, a significant relationship was found 
between the sub-dimensions of LIPT and external job satisfaction (p<0.05), and the sub-dimensions of LIPT 
explain 6.1% of the total variance on external job satisfaction. With external job satisfaction, one of the sub-
dimensions of LIPT, “Prevention of self-expression and communication” was negatively significant (p=0.012, 
β=-0.265), and “Isolation from social relationships” sub-dimension (p=0.045, β=0.281). there is a positive 
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significant relationship. Accordingly, while the increase in the "Prevention of self-expression and 
communication" sub-dimension decreases external job satisfaction, there is a positive significant relationship 
with the "Isolation from social relationships" sub-dimension (p=0.045, β=0.281). Here, an increase in 
"Prevention of self-expression and communication" is an expected result to increase external job satisfaction, 
but it is not an expected result as an increase in "Isolation from social relationships" sub-dimension increases 
external job satisfaction. 

In the regression analysis performed with the MSQ, a significant effect was found between the sub-
dimensions of LIPT (p<0.05) and the sub-dimensions of LIPT explain 3.5% of the total variance on the MSQ. 
There is a negative correlation (p=0.036, β=-0.223) with “Prevention of self-expression and communication”, 
one of the sub-dimensions of MSQ and LIPT. Accordingly, increasing the "Prevention of self-expression and 
communication" sub-dimension decreases the MSQ. According to these results, the hypothesis written as 
mobbing affects job satisfaction was accepted. 
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Table 6. Difference Analysis Findings of Socio-demographic Characteristics with LIPT 

LIPT N X̄ S.D. T P 

Gender Woman 146 1,40 0,68 
0,644 0,929 

Man 50 1,39 0,48 

Age 20-29 32 3,38 1,02 

2,290 0,080 
30-39 51 3,47 0,67 

40-49 96 3,31 0,38 

50 and above  12 3,58 0,48 

Education High School 12 1,12 0,16 

2,021 0,112 
Associate Degree 37 1,59 0,94 

Bachelor 109 1,37 0,57 

Master's and Above 38 1,36 0,44 

Profession Doctor  27 1,47 0,50 

2,227 0,086 
Midwife 37 1,30 0,33 

Nurse  77 1,29 0,42 

Health Officer 53 1,56 0,97 

Marital status Maried 149 1,84 1,05 
3,579 0,001 

Single 46 1,26 0,34 

Ways of Operation Regular hours 136 1,34 0,54 

1,662 0,177 
Shift method 25 1,63 0,97 

Watch (16-8) 14 1,53 0,86 

Other 16 1,36 0,42 

Working Year 0-5  30 1,43 0,75 

2,078 0,085 

6-10  40 1,61 0,99 

11-15 25 1,27 0,30 

16-20  28 1,22 0,27 

20 and above 74 1,36 0,46 

Year of Work at the Current Institution 1 and less 16 1,84 1,07 

2,316 0,045 

1-5  73 1,42 0,75 

6-10 51 1,26 0,30 

11-15 26 1,43 0,49 

16-20  15 1,23 0,37 

20 and above 17 1,32 0,43 

Position At Work Worker 170 1,39 0,65 

0,052 0,949 Service Officer 19 1,35 0,39 

Manager 9 1,36 0,66 

 

Table 6 shows the results of the independent sample t-test and ANOVA analysis performed to analyze 
whether there is a significant difference between the LIPT scale and the socio-demographic characteristics of 
the participants. According to the results of the analysis, while there was no statistically significant difference 
according to the gender, age, education, profession, ways of operation, working years and position at work, a 
statistically significant difference was found for marital status and year of work at the current institution. 
When the reasons for the difference are examined, it is seen that the LIPT scale scores of the single 
participants for the marital status variable are higher than the married ones. The difference was revealed by 
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the fact that the LIPT averages of the participants who worked at the institution for less than 1 year according 
to the working year were higher than the other groups. It can be stated that participants who are new to their 
institution feel more mobbing than other participants. As a result, the H3 hypothesis was accepted for the 
variables of marital status and year of work at the current institution, while it was rejected for the other 
variables. 

Table 7. Difference Analysis Findings of Socio-demographic Characteristics with MSQ  

MSQ N X̄ S.D. T P 

Gender Woman 146 2,67 0,87 
0,530 0,669 

Man 50 2,73 0,95 

Age 20-29 32 2,82 1,14 

2,316 0,077 
30-39 51 2,71 0,86 

40-49 96 2,60 0,89 

50 and above  12 3,31 0,62 

Education High School 12 2,89 0,82 

0,159 0,924 
Associate Degree 37 2,69 1,13 

Bachelor 109 2,71 0,89 

Master's and Above 38 2,72 0,86 

Profession Doctor  27 2,75 0,81 

0,008 0,999 
Midwife 37 2,75 0,92 

Nurse  77 2,73 0,94 

Health Officer 53 2,73 0,95 

Marital status Maried 149 2,83 0,99 
0,877 0,382 

Single 46 2,69 0,91 

Ways of Operation Regular hours 136 2,76 0,91 

0,455 0,714 
Shift method 25 2,68 1,13 

Watch (16-8) 14 2,51 0,73 

Other 16 2,56 1,09 

Working Year 0-5  30 2,79 1,00 

0,979 0,420 

6-10  40 2,85 0,96 

11-15 25 2,42 0,84 

16-20  28 2,60 1,02 

20 and above 74 2,74 0,89 

Year of Work at the Current Institution 1 and less 16 2,22 0,90 

2,098 0,067 

1-5  73 2,84 0,88 

6-10 51 2,54 0,88 

11-15 26 2,82 1,09 

16-20  15 3,07 0,99 

20 and above 17 2,62 0,87 

Position At Work Worker 170 2,71 0,89 

2,695 0,070 Service Officer 19 2,96 1,05 

Manager 9 2,10 1,27 

 
Table 7 shows the results of the independent sample t-test and ANOVA analysis performed to analyze 
whether there is a significant difference between the MSQ scale and the socio-demographic characteristics of 
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the participants. According to the results of the analysis, no statistically significant difference was found 
according to the participants' gender, age, education, profession, marital status, ways of operation, working 
year, year of work at the current institution and position at work. Accordingly, the H4 hypothesis was 
rejected. 
 
4. Discussion and Conclusion 
 
A study was conducted on 199 health workers to determine the effect of the perception of psychological 

violence (mobbing) on the job satisfaction of health workers. 

The total mean of the LIPT scale items is 1.39 ± 0.63. Accordingly, it is seen that the participants mostly chose 

never and rarely statements about mobbing items. When the sub-dimensions were examined, the average of 

the "prevention of self-expression and communication" sub-dimension was 1.59 ± 0.66; The average of the 

“isolation from social relationships” sub-dimension was 1.29 ± 0.70; The average of the “attacks on 

reputation” sub-dimension was 1.31 ± 0.69; The average of the sub-dimension "attacks on the quality of life 

and occupational position" is 1.41 ± 0.78, and the average of the sub-dimension "direct attacks on health" is 

1.23 ± 0.59. Buna göre ortalaması en fazla çıkan alt boyut kişinin kendisini göstermesi ve başkalarıyla 

iletişiminin engellenmesine yönelik yıldırma davranışı alt boyutudur. Accordingly, the sub-dimension with the 

highest average is the sub-dimension of prevention of self-expression and communication. This result shows 

that the most common mobing situation of the participants is prevention of self-expression and 

communication. This result is similar to Gökdemir's (2016) study. 

The mean of all items of the MSQ scale is 2.71 ± 0.93. While the average of internal job satisfaction from the 

sub-dimensions is 2.82 ± 0.98, the average of external job satisfaction is 2.56 ± 0.93. Again, in Gökdemir's 

(2016) study, the average of internal job satisfaction is higher than the average of external job satisfaction. 

According to the results of LIPT and MSQ Pearson Correlation analysis, there is a positive relationship between 

external job satisfaction and isolation from social relationships sub-dimension. This result confirms the 

hypotheses about the relationship between job satisfaction and mobbing. In Gökdemir's (2016) study, a 

negative correlation was found between internal and external job satisfaction and mobbing sub-dimensions, 

and a different result was obtained from our findings.  

According to the results of multiple linear regression analysis to examine the effect of mobbing perception on 

job satisfaction, no significant effect was found with LIPT sub-dimensions in the regression analysis related to 

the internal job satisfaction sub-dimension (p>0.05). In other words, LIPT sub-dimensions do not affect 

internal job satisfaction. In the regression analysis performed with external job satisfaction, a significant effect 

was found between LIPT sub-dimensions and external job satisfaction (p<0.05), and LIPT sub-dimensions 

explain 6.1% of the total variance on external job satisfaction. There is a negative significant effect with 

"prevention of self-expression and communication", (p=0,012, β=-0,265) which is one of the LIPT sub-

dimensions, and a positive significant effect with the "isolation from social relationships" (p=0,045, β=0,281) 

sub-dimension on external job satisfaction. Accordingly, increasing the "prevention of self-expression and 

communication" sub-dimension decreases external job satisfaction, while increasing the "isolation from social 

relationships" sub-dimension increases external job satisfaction. Here, it is an expected result that the 

increase in "prevention of self-expression and communication" will increase external job satisfaction. On the 



 

140 

other hand, it is not an expected result that increasing the "isolation from social relationships" sub-dimension 

will also increase external job satisfaction. The result of negative significant effect on external job satisfaction 

and "prevention of self-expression and communication", one of the LIPT sub-dimensions, coincides with 

Gökdemir's (2016) study. 

In Gökdemir (2016) study, only the "prevention of self-expression and communication" sub-dimension of LIPT 

has a negative effect on external job satisfaction (p=0.041<0.05). LIPT sub-dimensions explain 3.5% of the 

total variance on the MSQ. There is a negative significant (p=0.036, β=-0.223) effect with job satisfaction and 

“prevention of self-expression and communication” sub-dimensions of mobbing. Accordingly, increasing the 

"prevention of self-expression and communication" sub-dimension reduces job satisfaction.  

According to the results of the difference analysis of mobing level and job satisfaction level by gender, the 

gender variable does not make a difference for mobbing perception and job satisfaction (p>0.05). In 

Gökdemir's (2016) study, gender variable internal and external job satisfaction sub-dimensions make a 

difference for the "prevention of self-expression and communication" sub-dimension, and a different result 

was obtained from our study. According to the results of the Fourth European Working Conditions Survey 

(2007), it is stated that women are exposed to mobbing and sexual abuse 3 times more than men. Based on 

the countries in the same research sample, it was stated that women in Ireland, Finland and Luxembourg 

were exposed to mobbing more than women in other countries. On the other hand, according to the research 

conducted by Bahçe (2007) on employees of five sectors operating in two public, two private and one service 

sectors in Ankara, it was concluded that it does not matter whether the employees in the enterprises are 

exposed to mobbing practices, whether they are male or female. In the study conducted by Yıldırım and 

Yıldırım (2010) on academics working in the field of health, it was concluded that gender has no effect on 

being exposed to mobbing. 

According to the results of the difference analysis of LIPT and MSQ levels according to age, no significant 

difference was found for the age variable (p>0.05). Although there is no significant difference with the MSQ, it 

can be stated that the participants aged 50 and over have higher job satisfaction. In Gökdemir's (2016) study, 

the job satisfaction of participants over the age of 40 is higher. 

According to the results of the difference analysis of LIPT and MSQ levels according to marital status, a 

difference was found between the marital status variable and LIPT (p<0.05). Single participants averaged 

higher for LIPT than married participants. Accordingly, single participants feel more mobbing perception. In 

Aksoy's (2008) study, it was stated that single workers were exposed to more mobbing and the reason for this 

was that single workers were young and inexperienced. There was no significant difference between married 

and single participants for MSQ (p>0.05). In Gökdemir's (2016) study, awareness was found only in external 

inner satisfaction among married and single participants. 

According to the results of the difference analysis of LIPT and MSQ levels according to educational status, no 

significant difference was found for the education variable (p>0.05). 

According to the results of the difference analysis of LIPT level by occupation, no significant difference was 

found for the occupation variable (p>0.05). In the study of Çöl (2008), it was stated that nurses were exposed 

to mobbing the most. No significant difference was found in MSQ and its sub-dimensions (p>0.05). In 
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Gökdemir's study, although there was no significant difference in mobbing sub-dimensions, it was determined 

in job satisfaction sub-dimensions. 

According to the results of the difference analysis of the LIPT level according to ways of operation, no 

significant difference was found for the working type variable (p>0.05). There was no significant difference for 

MSQ either (p>0.05). This result coincides with Gökdemir's (2016) study. According to the results of the 

difference analysis of LIPT level according to working years, no significant difference was found for working 

years (p>0.05). There was no significant difference for MSQ either (p>0.05). 

According to the results of the difference analysis of the LIPT level according to the years of work in the 

institution where the participants are located, no significant difference was found (p<0.05). In the variable of 

working years, the average LIPT level of the participants who worked less than 1 year in the institution they 

are in is higher. According to this result, it can be stated that the participants who are new to their institution 

feel more mobbing than the other participants. Although there is no significant difference for MSQ, it can be 

stated that the job satisfaction of the participants working in the institution for less than 1 year is lower than 

the other participants. 

According to the results of the difference analysis of LIPT level according to their positions at work, no 

significant difference was found for the variable of their positions at work (p>0.05). Although there is no 

significant difference in job satisfaction and its sub-dimensions, it is seen that the MSQ of the service workers 

is higher than the other participants. 
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Abstract:  

The histological effects of CoQ10 supplementation were investigated by examining seminiferous tubule 

morphometry in rat testicles in this study. For this purpose, a total of 30 Sprague Dawley rats obtained from 

DEHAM (Ondokuz Mayis University Experimental Animal Application and Research Center, Samsun Turkey) 

were used and divided into three groups; control (n=10), vehicle (n=10), and CoQ10 (n=10). The control group 

was given only pellet feed and water during the study. While the vehicle group was given only olive oil by oral 

gavage for 23 days, the CoQ10 group was given 20 mg/kg CoQ10 by oral gavage after being dissolved in olive 

oil for 23 days. At the end of the experiment, rats were euthanized under ketamine xylazine anesthesia. 

Testicular tissues were removed and fixed in Bouin's solution. Epithelial thickness and diameters of 10 

seminiferous tubules were measured for each rat. In addition, histology of the epididymis was evaluated. 

While the diameter values did not differ significantly between the groups, a statistically significant difference 

was observed between the control and CoQ10 groups in epithelial thickness (P<0.05). Sperm density in the 

epididymis did not differ significantly between groups. The increase in the thickness of the seminiferous 

tubular epithelium containing germ cells can be considered as a factor indicating increased spermatogenesis. 

As a result, this increase in thickness suggested that CoQ10 may have a positive effect on spermatogenesis. 

Keywords: CoQ10, rat, seminiferous tubule 
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1. Introduction 

 

Infertility is caused by a host of intrinsic and extrinsic factors. Male fertility may be adversely affected by many 

causes such as drugs, infections, pollutants or radiation exposure (Olayemi 2010; Wong et al. 2000). Healthy 

male germ cells require a certain amount of reactive oxygen radicals (reactive oxygen species - ROS) for the 
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regulation of spermatogenesis. However, if too much oxidative stress is present, fertility is negatively affected 

(Tafuri et al. 2015). The main adverse effects of oxidative stress include reduced sperm motility, count and 

pathological changes in sperm morphology (Aitken and Fisher 1994). 

The use of antioxidizing agents may reverse or prevent this unwanted process. The use of supplements such 

as Vitamin E and Vitamin C is known to reduce sperm DNA damage (Ahmadi et al. 2016). Also, previous 

studies suggest that the administration of antioxidants increases sperm motility and count (Hadwan et al. 

2012, 2014). CoQ10 has been successfully used for antioxidative properties. It has been widely used for 

oxidative stress studies in experimental testicular damage models (Güleş et al. 2019; Mazen and Elnegris 

2013). 

The aim of this study is to determine the effects of CoQ10 on the seminiferous tubules of healthy adult male 

Sprague-Dawley rats by histological morphometric evaluation. 

2. Materials and Methods 

A total of 30 Sprague Dawley rats was obtained from DEHAM (Ondokuz Mayis University Experimental Animal 

Application and Research Center, Samsun, Turkey). For this experimental study, approval was provided from 

Ondokuz Mayıs University Animal Experiments Local Ethics Committee (No: 2018/50). They were kept under 

standard conditions of temperature, humidity and light and dark cycles. Rats divided into three groups; 

control (n=10), vehicle (n=10), and CoQ10 (n=10). The control group was given only pellet feed and water 

during the study. While the vehicle group was given only olive oil by oral gavage for 23 days, the CoQ10 group 

was given 20 mg/kg CoQ10 (Roth, Germany) by oral gavage after being dissolved in olive oil for 23 days. At the 

end of the experiment, rats were euthanized under ketamine xylazine anesthesia. Testicular tissues were 

removed and fixed in Bouin's solution. After tissue samples were embedded paraffin, sections were cut 4-5 

µm and stained with hematoxylin-eosin. For histopathological evaluations, epithelial thickness and diameters 

of 10 seminiferous tubules were measured for each rat. In addition, histology of the epididymis was 

evaluated. Statistical analyses were performed using the GraphPad Prism version 5.00 (GraphPad Software, 

San Diego California USA). Significant differences among means were analyzed with one-way analysis of 

variance ANOVA followed by Dunnett’s posthoc test. p-value of <0.05 was considered significant. 

3. Results 

The normal histological structure that the germ cells at different stages in the seminiferous tubules were 

arranged in a certain order, and Sertoli cells were found in the basal lamina of the seminiferous tubules in all 

groups. (Figure 1) The mean diameters of the seminiferous tubules were measured as 278.4 µm in the control 

group, 272.9 µm in the vehicle group, and 277.9 µm in the CoQ10 group. Epithelial thicknesses of tubules 



 

145 

were measured as 65.51 µm, 66.83 µm and 71.02 µm, respectively. (Figure 2) While the diameter values did 

not differ significantly between the groups, a statistically significant difference was observed between the 

control and CoQ10 groups in epithelial thicknesses (P<0.05). Sperm density in the epididymis did not differ 

significantly between CoQ10 and control groups. (Figure 3) 

Figure 1. Seminiferous tubule (1) Tip A Spermatogonium, (2) pachytene spermatocyte, (3) step 7 round 

spermatid, (4) residual body, (5) mature spermatid, (6) sertoli cell.  A) control group x20, B) vehicle group x20, 

C) CoQ10 group x20 

Figure 2. Diameters of the seminiferous tubules (STD) and epithelial heights (EH). A) control group x20, B) 

vehicle group x20, C) CoQ10 group x20 

Figure 3. Epididymis A) control group x4, B) vehicle group x4, C) CoQ10 group x4 

4. Discussion 

In this study, the effect of supplemental CoQ10 administration on spermatogenesis was investigated 

histologically in Sprague Dawley rats kept under physiological conditions. The use of antioxidant supplements 

in male fertility has been the focus of many studies. Antioxidants such as zinc (Ebisch et al. 2006), vitamin C 

(Colagar and Marzony 2009) and vitamin E (Ross et al. 2010), carnitine (Lenzi et al. 2004), selenium and N-

acetyl-cysteine (Safarinejad and Safarinejad 2009) are used to improve semen parameters. CoQ10, also known 
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as ubiquinone, is one of the important antioxidants (Ernster and Forsmark-Andree 1993). A positive 

correlation between CoQ10 concentration and sperm motility has been reported (Gvozdjáková et al. 2015). 

Histological evaluation of testicular tissue is performed with semi-quantitative and quantitative methods. 

Morphometry of the seminiferous tubules is one of the methods used to evaluate testicular tissue (Yalçın et 

al. 2020). During spermatogenesis, spermatogonial cells transform into spermatozoa within the seminiferous 

tubule (Hess and Franca 2009). Thickening of the seminiferous tubules is previously reported to positively 

affect fertility (Tripathi et al. 2015). Previous reports show a correlation between reduced spermatogenesis 

and thinning of the epithelial layer (Kianifard et al. 2012). The results of our study show that there was an 

increase in epithelial height in the seminiferous tubules in the CoQ10 group compared to the control group. 

5. Conclusion 

The increase in thickness of the seminiferous tubule epithelium containing germ cells can be considered as a 

factor indicating increased spermatogenesis. As a result, this increase in thickness suggested that CoQ10 may 

have a positive effect on spermatogenesis. 
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Abstract:  
Glucose level is used as a marker in diabetes mellitus. Since complications such as retinopathy due to diabetes 

mellitus may occur, it is very important to make a quick and easy determination. In this study, it is aimed to 

compare the electrobiochemical glucose method and glucose oxidase method, which can be an alternative to 

glucose determination, which is important in terms of diagnosis and follow-up of treatment. For method 

comparison studies, a total of 200 results were obtained from 5 different solutions containing different 

amounts of glucose. All samples were analyzed with both the electrobiochemical glucose sensor and the 

spectrophotometric glucose oxidase method. Analysis results were compared statistically. In the ANOVA test 

performed according to the results of the samples used in the comparison of the obtained values, it was 

determined that the results of the two methods were in correlation with each other. In addition, ROC 

(Receiver Operation Characteristics, Receiver Operating Characteristic) curve has been drawn and its 

acceptability as an alternative method has been shown. In our study we obtain ROC curve value as 66,5 %. 

This shown that both of two methods can use a new laboratory method for glucose determination. Electro 

biochemical glucose sensor method can be evaluated as an alternative method to glucose oxidase method. 

Keywords: glucose oxidase, electro biochemistry, glucose. 
 
1. Introduction 

 
Diabetes mellitus (DM) is a chronic disease with an increase in blood glucose level. Diabetes occurs as a result 

of the absence or lack of insulin secretion, decreased effect of insulin or decreased insulin receptor sensitivity 

Ingrosso et al. (2022). Genetic causes, immunological factors, environmental factors play a role in the etiology 

Hussein Al-Ansary et al. (2021). Today, DM; It is classified under four main headings as Type I DM, Type II DM, 

Gestational DM and other specific types (Beta cell functional disorder, insulin dysfunction, exocrine pancreatic 

disease, drugs, infections, genetic syndromes, etc.) Alizadeh et al. (2022). 

Hyperglycemia and lack of insulin cause various organ dysfunctions in patients with DM. Diabetes has negative 

effects on the eyes and lungs as well as on other organs. Lung complications; infections, pulmonary function 

abnormalities, pleural effusion, obstructive sleep apnea Mehta et al. (2022). 
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Glucose level is used as a marker in diabetes mellitus Achmad et al. (2022). Since complications such as 

retinopathy due to diabetes mellitus may occur, it is very important to make a quick and easy determination. 

In this study, it is aimed to compare the electrobiochemical glucose method and glucose oxidase method, 

which can be an alternative to glucose determination, which is important in terms of diagnosis and follow-up 

of treatment. 

2. Materials and Methods 
 

Glucose oxidase method: The glucose oxidase enzyme reacts with glucose to form gluconic acid and hydrogen 

peroxide. Hydrogen peroxide reacts with oxygen acceptor substances in the presence of peroxidase enzyme 

to form a pink colored complex. It is based on the spectrophotometric detection of the color formed at a 

wavelength of 546 nm Xu et al. (2021). 

Electrobiochemical sensor method: In this method, glucose oxidase enzyme and hydrogen peroxidase enzyme 

were immobilized to the graphite electrode by bovine serum albumin (BSA) and gelatin. The principle of this 

method is bienzymatic and it is based on the principle of electrobiochemical measurement of the potential 

change resulting from the oxidation of hydrogen peroxide, which is formed as a result of the reaction of the 

glucose oxidase enzyme immobilized on the graphite electrode surface, with glucose around +0,70 V with the 

help of a biosensor. 

In both methods, the amount of glucose is measured indirectly. When blood sample was used in the working 

environment, glucose was studied in a way that corresponds to 80, 100, 150, 200 and 300 mg/dL glucose 

concentrations. Solutions corresponding to five different concentrations used in method comparison were 

measured 20 times each. 200 measurements were taken with each method, a total of 200 results were 

obtained. 

2.1. Statistical analysis 

ANOVA test was performed using the data obtained from both methods using the SPPS 22.0 statistical 

program. In addition, since the electrobiochemical sensor is a new method, ROC (Receiver operating 

characteristic) analysis was performed and its curve was drawn in order to compare it with the Glucose 

oxidase method. 

3. Results  
 
In the results obtained for the five concentrations studied, a separate ANOVA test was performed for each 

concentration. No statistically significant difference was found in either method. (P>0.005) The averages of 

the results of the study conducted with a total of 200 samples from each concentration according to five 

different concentrations are given in Table 1. 
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Table 1. International congress on biological and health sciences 

 Electrobiochemical sensor method (n=100) Glucose oxidase method (n=100) 

80 mg/dL Glucose 82,75 84,16 

100 mg/dL Glucose 101,97 98,13 

150 mg/dL Glucose 149,06 154,32 

200 mg/dL Glucose 201,29 204,58 

300 mg/dL Glucose 297,86 306,41 

 

The ROC curve is used to compare the two analytical methods. A comparison of specificity and sensitivity is 

made on the ROC curve. When the comparative analysis of the test results is made, as seen in Figure 1, the 

area under the blue line constitutes 66.5% of the total area. If the area under the curve in the ROC analysis is 

over 50%, that method indicates that acceptable results are obtained. 

 

 

Figure 1. ROC curve of the results obtained from the electrobiochemical glucose sensor study according to the 

glucose results obtained from the Glucose oxidase method. 

4. Discussion 
 

Hyperglycemia and lack of insulin cause various organ dysfunctions in patients with DM. Diabetes has negative 

effects on the eyes and lungs as well as on other organs. Lung complications; infections, pulmonary function 
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abnormalities, pleural effusion, obstructive sleep apnea. According to the literature, the prevalence of 

hyperglucosemia in our country has reached approximately 12% in our country's population. Due to this 

feature, glucose is one of the important parameters among the continuous examination requests. 

In our study, the results obtained from the electrobiochemical sensor and the glucose oxidase method were 

compared according to the glucose levels in equivalent amounts. Statistically, there was a correlation 

between the two methods. It is seen in the drawn ROC curve that the electrobiochemical sensor can be used 

as an alternative to the Glucose oxidase method. (Figure 1) The methods that remain above the green 50% 

area line added by the program in the ROC curve are considered as alternative methods to the compared 

method. 

5. Conclusion 

As a result, it is seen that electrobiochemical studies are faster, cheaper and more practical than traditional 

methods in the literature. From this point of view, it is expected that the use of electrobiochemical sensors 

will become widespread for a valuable parameter such as glucose, which is also used as an emergency test. 
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Abstract: 

Antibiotic resistance, which has increased rapidly in recent years as a result of uncontrolled and unconscious 

antibiotic consumption, poses a great threat to public health. The inadequacy of existing antibiotics has 

increased the need for new effective and less toxic antibiotic raw materials or antibiotic derivatives. Propolis is 

a resinous mixture that honey bees collect from nature for the hygiene and safety of their hives. This natural 

bee mixture contains many different polyphenols, and volatile oils has wide biological active properties is 

frequently used in complementary medicine. Raw propolis is usually extracted in 70% ethanol, and used as 

antimicrobial and antiviral agent. In this study, the antimicrobial activity of ethanolic chestnut propolis was 

investigated. Antibacterial activity was investigated against Staphylococcus aureus, Mycobacterium 

smegmatis, Chromobacterium violaceum and Candida albicans was by agar well diffusion assay. Anti-quorum 

sensing, anti-biofilm and anti-swarming activities were investigated against Chromo bacterium 

violaceumATCC31532, Chromo bacterium violaceum ATCC 12472 and Pseudomonas aeruginosa PAO1 

respectively. The results were showed that the chestnut Turkish propolis extract were showed high 

antimicrobial and anti-quorum sensing activity. The high antimicrobial capacity of ethanolic propolis extracts 

against bacteria with strong resistance to antibiotics needs to be clarified by further research. 

Keywords: Chestnut, anti-swarming, propolis, anti-quorum sensing, anti-biofilm 

1. Introduction 

 

 Propolis is a bee product and is collected as raw propolis by scraping from honeybees' hives. Honeybee 

propolis is a paste-like mixture created by processing the resinous products collected from the bark and leaves 

of trees with their own secretions (Salatino et al. 2005). It can be used as a plug in the cracks, cavities and 

holes of the hives, and its main function is to protect the hygiene and health of the colony. It has a wide range 

of biological activities such as antioxidant, antibacterial, antiviral, antitumoral and anti-inflammatory. Propolis 

is an important natural product for human health as well as the health of bee colonies, and it has recently 

been widely used as a complementary medicine agent. The composition of the balsamic part of propolis is a 

mixture of secondary metabolites consisting mostly of polyphenols and completely herbal agents. Polyphenols 
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family, on the other hand, are secondary metabolites of plants and consist of natural organic molecules with 

nearly 10 thousand members. They are aromatic cyclic structures with very large members, including phenolic 

acids, flavonoids, coumarins, stilbenes, lignins, procyanins, anthocyanins and their subclasses (Hano, & 

Tungmunnithum, 2020). 

 The effectiveness of existing antibiotics on microorganisms has been decreasing rapidly in recent years. 

With the increase in antibiotic resistance, this problem poses a great threat to public health (Ekşi et al., 2020).  

 Propolis is a natural mixture whose composition varies according to the flora of the region where it is 

collected, and consists of high amounts of phenolic acid, flavonoids, stilbenes and lignin. However, the most 

common sources of propolis are poplar propolis (poplar spp.), and chestnut, pine, oak, juniper, spruce, fir, 

linden, fruit trees and  citrus fruits are important sources.  Black Sea Region is rich in chestnut forests and has 

a high propolis yield,  dark red colored of chestnut propolis is an unknown species in the world, and 

antimicrobial activity of the chestnut propolis was investigated in this study. 

2. Materials and Methods 

2.1. Sample 

 

 The chestnut propolis was supplied from Zonguldak region of Turkey, and the raw material was  extracted 

ethanol (70%).  For this extraction, 10 g powdered propolis was mixed 50 ml 70% ethanol, and shaked at 24 h. 

After filtrations, the solutions was used for tests. 

 

2.1. Antimicrobial activity 

 Staphylococcus aureus (ATCC 25923),Mycobacterium smegmatis (ATCC 607), Chromo bacterium violaceum 

(ATCC 12472), Candida albicans (ATCC 10231) were used in the screening of the extract. 

 The antimicrobial activity was measured by agar diffusion assay with 50 μL of the extracts. Petri dishes 

were incubated for 18 h for bacteria and 36 h for Candida. Minimal Inhibitory Concentration (MIC) was 

determined using BHIB for M. smegmatis and Mueller Hinton broth-II for other bacteria (Woods et al. 2003). 

RPMI 1640 with 0.2% glucose was used to determine the MIC of Candida species (CLSI, 2008). To determine 

the Minimum Bactericidal Concentration (MBC), 50 µL samples were taken from the MIC well and the 

previous three wells, inoculated into plates with the relevant medium, and incubated at 37°C for their species 

times for each microorganism (Woods et al. 2003). The MIC value before the first well where growth started 

was determined as MBC before it.  

2.2. Anti-quorum sensing activity 

 Sub-Mic concentrations were determined for the violacein pigment suppression activity of the extracts in 

C. violaceum strains. Before the experiment, Chromobacterium strains were incubated in 5 mL of LB medium 

at 37°C overnight at 175 rpm. For the study 50 µL of C. violaceum strains was added to 5 mL of soft LB agar, 

poured onto LB agar petri dishes and left to dry. 50 µL of the determined Sub-Mic concentrations of the 

extracts were added to the wells opened on LB agar and allowed to incubate overnight. Extracts in which 
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growth occurred, but no pigment formation was observed in C. violaceum strains and that formed a 

transparent zone were accepted as positive (Franklin et al. 2015). 

2.3. Anti-biofilm activity 

P. aeruginosa PAO1 strain was adjusted to a McFarland concentration of 0.5 and diluted to 1%. Each well of 

the micro-plates was adjusted to 125 µL of LB medium, 40 µL of extract and 35 µL of P. aeruginosa PAO1. 

Prepared micro-plates were incubated for 24 hours at 37oC. Micro-plates were washed three times with 

distilled water and kept in 0.3% crystal violet for 15 minutes. Then, the micro-plates were washed three more 

times with distilled water, kept in 95% ethanol for 15 min and absorbance was measured at 570 nm (McLean 

et al. 2004; Truchado et al. 2009). The graph was created by taking the mean value of three repeated 

experiments. 

2.4. Anti-swarming activity 

The sub-MIC values of the extracts were determined againts P. aeruginosa PAO1 strain and a lower value was 

used with this value. Relevant concentrations of the extracts were added into 5 mL LB soft agar medium, 

poured into LB agar petri dishes and left to solidify. A colony from the LB agar culture of P. aeruginosa strain 

was added to the middle of the petri dishes containing “swarming” medium with a sterile tooth pick and 

incubated for 16-18 hours at 37oC (Rashid and Kornberg 2000; Rice et al. 2005). Swarming action was tested 

by measuring the diameter of the scatter from the point of inoculation to the periphery. The results were 

evaluated by comparing with the PAO1 strain without plant extract added. 

3. Results 

3.1. Antimicrobial activity 

 

Table 1. Antimicrobial activity results 

Microorganisms Zon diameter 

(mm) 

MIC 

(µg/mL) 

MBC 

(µg/mL) 

Controls 

S. aureus 22.66±0.57 125 250 30.00±3.0 

C. violaceum 14.66 ±1.15 125 250 26.00±0.0 

C. albicans 26.00±1.00 62.50 125 30.66±0.5 

M. smegmatis 25.00±1.0 62.50 125 30.00±1.0 
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Figure 1. C. albicans antimicrobial activity results; A; first day, B; Second day. 

3.2. Anti-quorum sensing  

Table 1. Anti-quorum sensing activity results 

Propolis extract C. violaceum ATCC 12472 C. violaceum ATCC 31532 

+ + 

 

 

Figure 2. Anti-quorum sensing activity results 

3.3. Anti-biofilm and anti-swarming activity 

 It was determined that ethanolic chestnut propolis extract did not show anti swarming activity. The extract 

was found to have anti-biofilm activity, but the results of the repeated experiments were not statistically 

significant. 

4. Discussion 

 The antimicrobial activity of propolis against many pathogens has been investigated and widely known for 

many years (Temiz et al., 2011). Numerous studies have demonstrated that propolis possesses a marked 

antibacterial and moderate antifungal activities. But, chestnut propolis is not studied in detailed. Similar to 

our study, Sorucu and Ceylan (2021) determined that propolis extracts showed antimicrobial and anti-quorum 

A B 
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sensing activity, but different kind of propolis samples were showed similar effects.  They mention that there 

is no activity against gram negatives in their studies and literature. However, antimicrobial activity against 

gram-negative bacteria C. violaceum was determined in this study. This study results shows a stronger result 

than the literature by showing high antifungal activity against C. albicans fungus. Lamberte et al. (2011) 

determined the ethanol extract propolis has anti-QS activity against C. violaceum ATCC 12472. While 

Lamberte et al. (2011) reveal that low doses prevented biofilm formation than the high doses, the present 

study was increasing the dose-dependent. Similarly, this study shows that anti-biofilm activity is dose 

dependent. 

5. Conclusion 

The results of the study showed that chestnut ethanolic propolis extract has high antimicrobial and anti-

quorum sensing potential. 
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Abstract:  
Honey is a natural bee product that is produced by collecting the nectar (flower honey) in the flowers of 

plants or the sweet secretions (secretory honey) produced by some insects by making use of the living parts of 

the plants, collected by honey bees, modified and stored in the honeycomb cells. Sunflower honey is a flower 

honey produced mostly in Marmara and Thrace regions in Turkey. Since this honey crystallizes very easily, it is 

not preferred among the people. In this study, the bioactive components and antioxidant properties of 

sunflower honey were investigated. Moisture, pH, conductivity, color, optical rotation values and proline were 

determined as physicochemical properties. Total polyphenol, total flavonoid and total antioxidant values were 

calculated. Total phenolic content of the honey was found 21.35 ±1,30 mg GAE/100 g, and total antioxidant 

capacity was 2030 µmol Fe2SO4.7H2O/g. The phenolic profile was performed with 19 phenolic standard HPLC-

UV and determined sunflower honey was rich in myricetin and chrysin. It was determined that sunflower 

honey also contains p-OH benzoic acid, catechin, syringic acid, caffeic acid, protocatecquic acid, catechin, p-

coumaric acid, ferulic acid, resveratrol, luteolin, t-cinnamic acid, pinosembrin and daidzein phenolic acid and 

different flavonoids in varying amounts. It was determined that sunflower honey, which is a light-colored 

flower honey, has rich content in terms of bioactive components. 

Keywords: Sunflower honey, phenolics, antioxidant capacity, flavonoids, flower honey  
 
1. Introduction 

 
Honey is a natural bee product that is produced by collecting the nectar (blossom honey) in the flowers of 

plants or the sweet secretions (dew honey) produced by some insects by making use of the living parts of the 

plants, collected by honey bees, modified and stored in the honeycomb cells. Today honey is accepted as a 

functional food, with a wide range of biological active properties, and  functions. The biological value of this 

natural product, which consists of 95% sugar by dry weight, depends on 5% differences. The features that 

make honey different from each other are due to the bioactive compounds of honey, such as polyphenols, 

pigments, vitamins, minerals and volatile aroma compounds (Küçük et al. 2007; Can et al. 2015; Kanbur et al. 

2021). 
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Turkey is at the intersection of three continents and has rich flora according to the climate characteristics of 

Asia, Europe and Africa. It is also home to a rich variety of honeys depending on the variety of rich honey 

plants. The most produced honeys as flower honeys in Turkey are heterofloral highland honeys, as well as 

thyme, astragalus, blackthorn, acacia, linden, chestnut, heather, citrus, cotton, lavender and sunflower 

honeys. Sunflower honey is an industrial plant honey produced in the regions where sunflowers are produced 

intensively, especially in the Marmara and Thrace regions (Sert et al. 2011). This honey, which is very high in 

terms of monofloral value, is a bright yellow colored, unique aroma and very easily crystallized honey. The 

biological value of this honey, which is not preferred by the Turkish people because it crystallizes easily, is not 

known exactly. The aim of this study is to reveal the chemical properties and bioactive components of 

sunflower honey. 

2. Materials and Methods 
 
Sunflower honey was supplied from Silivri region of Istanbul, Turkiye, by Silivri Municipality. The authentic 

structure of honey was determined by melisopalynological analysis and honeys containing more than 45% 

sunflower pollen are considered monofloral honey(Louveaux et al. (1978). 

2.1 Physicochemical analysis  

The physico-chemical parameters of pH, Brix (%), moisture (%), electrical conductivity (mS/cm2), and optical 

rotations were determined by the in agreement with the Honey Codex (Can et al. 2015). Sugar analysis of the 

honey were carried out according a high-performance liquid chromatography (HPLC-RID) with a  refractive 

index detector(Can et al. 2015).Prolin content was measured by spectrophotometric method (Meda, et al. 

2005). The results were expressed in mg/kg. 

2.1.1 Total phenolic contents (TPC) 

Ethanolic extracts of the samples were prepared. 3 g of honey was dissolved in 30 ml of ethanol (99%) and 

stirred for 24 hours, then filtered first with a coarse and then with a fine filter paper. The total phenolic 

content(TPC) of the honey samples were measured using Folin-Ciocalteu’s assay (Slinkard and Singleton, 

1977). Total phenolic content of the samples was calculated as mg gallic acid equivalents (GAE)/g sample 

using a standard curve. For preparation of the standard curve, gallic acid standards (from 0.031 to 1.0 mg 

GAE/mL) were used.  
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2.1.2 Total flavanoid contents (TFC) 

Total flavonoid content (TFC) of the samples were measured according to Fukumoto and Mazza (2000). TFC 

was expressed as mg quercetin equivalent (QUE)/g sample using a standard curve. For preparation of  the 

standard curve, quercetin standards (from 0.031 to 0.5 mg QUE/mL) were used.  

2.1.3 Ferric reducing antioxidant power (FRAP)  

Total antioxidant capacity of the samples was measured using the ferric reducing antioxidant power assay 

(FRAP) method (Benzie and Strain, 1999). For preparation of  the standard curve, different concentrations of 

FeSO4.7H2O (from 1000 to 31.25 µmol/ml) were used to prepare the standard curve. The results were 

expressed as µmol FeSO4.7H2O equivalents/g sample using the curve.  

2.1.4. Determination of phenolic profiles 

Nineteen phenolic standards of were analyzed using HPLC (Elite LaChrom Hitachi, Japan) in a UV–VIS detector, 

and C18 column (150mm x 4.6 mm, 5 mm; Fortis).  The mobile phase consisted of (A) 2% acetic acid in water 

and (B) acetonitrile: water (70:30). The samples and standard injection volume were 25 mL, with a column 

temperature of 30 °C and flow rate of 1.5 mL/min. The programmed solvent used began with a linear gradient 

held at 95% A for 3 min, decreasing to 80% A at 10 min, 60% A at 20 min, 20% A at 30 min, and finally 95% A at 

50 min (Can et al., 2015). For quantitative determination, all phenolic component calibration curves were 

between 0.998 and 1.000. 

 

3. Results  
 
The results of the palynological and physicochemical analysis of the sunflower honey are summarized in Table 

1. It was determined that honeydew major pollen was 80% sunflower pollen and it was one of the honeys 

with high unifloral honey quality. 
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Table 1. Palynological and physicochemical analysis  

Parameter Values 

Sunflower pollen % 72±1.2 

Moisture % 17±0.9 

pH 4.40±0.1 

Optical Rotations -2.20±0.01 

Electrical 

Conductivimetry (mS/cm) 

0.40±0.02 

Prolin (mg/kg) 476±2.11 

Fructose (%) 37.80±0.9 

Glucose (%) 35.87±0.9 

Sucrose (%) 0.56±0.01 

Maltose (%) 2.05±0.01 

 

Table 2 shows the phenolic content and antioxidant value of sunflower honey. One of the most important 

bioactive components of honey is polyphenols, and it was determined as 21.35 mg / 100 g in sunflower honey.  

Table 2. Total phenolic and antioxidant capacity of the honey 

Total phenolic contents 

(mg Gallic acid/ 100 g) 

 

21.35 ±1.30 

Total Flavanoid contents 

(mg Quercetin/100 g) 

 

0.50±0.10 

Total antioxidant Capacity 

µmol Fe2SO4.7H2O/g 
2030±56.30 

 

 



 

162 

Table 3. Phenolic composition of the sunflower honey by HPLC-UV (µg /100g) 

Gallic acid 102 

Protocatequic acid 34 

p-OH benzoic acid 243 

Catechin - 

Caffeic Acid 144 

Syringic Acid 35 

Epicatechin 164 

p-coumaric acid 56 

Ferulic acid 88 

Rutin - 

Myrecetin  264 

Resveratrol - 

Daidzein 18 

Luteolin - 

t-cinnamic acid - 

Hesperetin 30 

Cyrisin - 

Pinocembrin 323 

CAPE 159 

 

The phenolic composition is summarized in Table 3. In the study in which 19 standards were used, 

Pinocembrin and myricetin were the highest phenolic compounds, followed by hydroxy benzoic acid, caffeic 

acid, CAPE, epicatechin.   

4. Discussion 
 
The high negative content of the optical rotation value supports that the honey is flower honey. While this 

value is always positive in dew honeys, it is negative in flower honeys. While the conductivity value of honey 

was determined as 0.4 mS/cm, it was found to be suitable for Flower honeys. It is reported in the honey codex 

that this value should be greater than 0.8 mS/cm in dew honeys (Kolaylı et al. 2018). While the proline value is 

determined as 476 mg/kg, the minimum value is 300 mg/kg according to the Turkish honey codex (Can et al. 

2015). While the F/G ratio of honey was found to be 1.05, low amounts of sucrose and maltose were 

determined. It is stated in the literature that there is a correlation between the F/G ratio and the 
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crystallization value of honey. This value is higher than 1.4 in chestnut, pine and oak honeys that do not 

crystallize easily, and the low F/G ratio (1.05) is an important reason for sunflower honey to crystallize easily 

(Suriwong et al. 2020). Easy crystallization does not mean that honey is bad. It was determined that the 

physicochemical values of sunflower honey were compatible with the literature (Pauliuc, & Oroian, 2020). It 

was reported that TPC value was to be approximately 100 mg GAE/100 g in chestnut honey, and 16 mg 

GAE/100 g was detected in acacia honey (Can et al. 2015). It contains total polyphenols, similar to light-

colored flower honeys. It was not possible to compare the TPC values of sunflower honey because there was 

not much study in the literature. Depending on the total phenolic substance content, the total flavonoid 

amount was also found to be lower than the dark-colored flower honeys (Kaygusuz et al. 2016). While total 

antioxidant capacity was determined according to FRAP type, it was found that honey had higher antioxidant 

value than light colored honey (Can et al. 2015). In a study conducted in 1992, it was reported that this honey 

is rich in pinocembrin, similar to our study, followed by chrysin and galangin (Sabatier et al. 1992).  In a study 

conducted on Romanian honeys, it was reported that sunflower honey is rich in pinocembrin (Oroian & 

Ropciuc, 2017). 

5. Conclusion 

Sunflower honey is one of the light colored monofloral honeys. Its production is quite high in Turkey, 

especially in the Thrace region. In this study, the physicochemical and biochemical properties of sunflower 

honey were determined. It was determined that sunflower honey, which is a light-colored flower honey, has 

rich content in terms of bioactive components. It is clear that sunflower honey has potential for apitherapy 

applications. 
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Abstract:  
In this work, an liquid chromatography- tandem mass spectrometry (LC-MS/MS) methodology is proposed for 
the multi-class multi-residue screening of veterinary drugs, pesticides and mycotoxins in bovine urine, using 
an LS-MS/MS both in positive and negative mode.The method currently covers 72 analytes belonging to 
different families such as antibiotics, steroid hormones, β-agonists, lactones, thyreostatics 
and contaminants such as pesticides and mycotoxins. After comparing different sample preparation 
procedures, extraction with sodium acetate and phosphate buffer followed by enzymatic hydrolyze with β-
glucuronidase and solid phase extraction with OASIS cartridges was selected as the most 
appropriate methodology. In the validation study were included linearity, limit of detection, limit of 
quantification, decision limit, detection capability, accuracy and precision of the method. The method was 
linear with R2>0.99. The limit of quantification were established between 0.19 μg/l and 16.7 
μg/l, demonstrating the usefulnes of LC-MS/MS as an ideal tool for compliance monitoring in regulatory 
laboratories. The results for accuracy, expressed as recovery, were with values from 65 – 115%. Intra-day 
precision (repeatability) and inter-day precision (reproducibility) were expressed thought coefficient of 
variation. The CV was from 1.26 to 23.31 % for intra-day precision and from 2.29 to 29.42 % for inter-day 
precision. The results for accuracy and precision fulfill the criteria prescribed in the Commission Decision 
2002/657/EC. The method was successfully applied for routine analysis of bovine urine samples. The routine 
analysis showed that the target components were not detected in the bovine urine samples. 
 
Key words: veterinary drug residues, pesticide residues, mycotoxins, bovine  urine,validation study, LC-MS/MS 
 
This work was supported by the IAEA project Integrated radiometric and complementary techniques for mixed 
contaminants and residues in food (D52041). 
 

1. Introduction 
 

Veterinary drugs such as different class of antibiotics are widely administered in food-producing animals to 

prevent or treat of diseases. Also, some veterinary drugs like anabolic hormones, β-agonists, thyreostats show 

growth-promoting effects and are commonly used for these purposes. The residues of veterinary drugs in 

food from animal origin cause side effects on human health. Due to the side effects, the monitoring of 

veterinary drug residues in live animals and animal tissues is very important to protect public health (Biselli et 

al. 2013; Uzunov et al. 2019). The measures to monitor the residue of veterinary drugs in live animals and 
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food from animal origin are prescribes in Council Directive 96/23/EC (96/23/EC). Also, animals are often 

simultaneously exposed to mycotoxins mixtures along with other contaminants such as pesticides or heavy 

metals, making multi-residual and multi-toxin exposure study relevant from a public health perspective. 

(Agriopoulou et al. 2020; Chinaza et al. 2021). 

The development of analytical methods for the determination of residues and contaminants in food of animal 

origin plays a key role in the protection of public health. Therefore, a large number of analytical method for 

determination of residues and contaminants separately, but only several  multi-residue and multi-class 

analytical methods have been established for the determination of veterinary drug residues and contaminants 

such us pesticides and mycotoxins in food matrices (Zhan et al. 2013; Hajrulai-Musliu et al. 2021; Danezis et al, 

2016; Gómez-Pérez et al. 2015). On the other hand, methods for the simultaneous determination of residues 

and contaminants in urine (multi-class and multi-residue methods) are very rare or non-existent. There are a 

lot of published sensitive and reliable analytical methods, both for screening and confirmation purposes, for 

determination of residues and contaminants in urine. Most of these methods have been developed for the 

analysis of each group of residues and contaminants separately. (Ahn et al. 2010; Akre and Mizuno 2016; 

Escrivá et al. 2017; Uzunov et al. 2019).  

The aim of this study is to develop and validate a reliable quantitative method for determination and 

quantification of a total of 72 residues and contaminants as follow: veterinary drug residues, pesticides and 

mycotoxins in bovine urine utilizing liquid chromatography-tandem mass spectrometry (LC-MS/MS). 

 

2. Materials and Methods 
 
2.1. Chemicals and reagents 
 
Methanol, acetonitrile and water with LC-MS/MS grade, ethylacetate, dichloromethane, ammonium 
hydroxide, acetic acid, ammonium acetate (HPLC grade) were purchased from Carlo Erba Reagent S.A.S (Val 
de Reuil, France); formic acid (LC-MS/MS grade), sodium acetate (p.a.), sodium dihydrogen phosphate hydrate 
(p.a.), disodium hydrogen phosphate dihydrate (p.a.), sodium chloride (p.a.), β-glucuronidase aryl sulfatase 
and trichloroacetic acid (≥99.5 %) and Oasis HLB cartridges (500mg/6ml) were from Waters (Milford, MA, 
USA).  
 
2.2. Analytical standards 

 
Amoxicillin (99.6 %), ampicillin (99.8 %), benzylpenicillin (99.3 %), cloxacillin (98.7 %), oxacillin (98.4 %), 
lincomycin (100.3 %), tylosin (87.9 %), trimethoprim (99.5 %), tetracyclin (96.8%), cephapirin (98.5%), 
clenbuterol HCl (99.1 %), isoxsuprine HCl (100 %), salbutamol (99.4 %), zilpaterol HCl (96.0 %), ractopamine 
HCl (95.5 %), terbutaline hemisulfate salt (100.0 %), taleranol (99.5 %), 19 nortestosterone (99.8 %), clostebol 
(99.1 %), boldenone (99.1 %), methyltestosterone (99.5 %), testosterone (100.0 %), carbofuran (99.9 %), 
carbaryl (99.9 %), parathion (99.7 %), malathion (99.2 %), diazinon (98.3 %), dimethoate (99.8 %), atrazine 
(99.5 %), cypermethrin (98.4 %), permethrin (98.1 %), deltamethrin (99.9 %), coumaphos (99.7 %), dichlorvos 
(99.8 %), chlorpyrifos (99.8 %), boscalid (99.5 %), fentoate (98.8 %), fenthion (98.5 %),  fenvalerate (99.4 %), 
monocrotophos (99.8 %), malaoxon (99.0 %), methamidophos (98.1 %), metacrifos (96.1 %), amitraz (99.8 %), 
omethoate (98.4 %), vamidothion (≥98.0 %), phosmet (99.8 %), thiouracil (100 %), propylthiouracil (99.6 %), 
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methylthiouracil (≥ 98.0 %),  tapazol (99.7 %),  heptenophos (98.7 %), bifenthrin (99.0 %), methomyl (99.0 %), 
were purchased from Sigma-Aldrich (St. Louis, MO, USA). Brombuterol (98.0 %), mabuterol HCl (98.0 %), 
cimbuterol (98.0 %), clenpenterol HCl (98.0 %) were obtained from Witega (Berlin, Germany). Zeranol (99.9 
%), stanozolol (99.8 %), ceftiofur (98.01 %), cephalexin (96.6 %), oxytetracycline (96.5 %), enrofloxacin (99.74 
%), ciprofloxacin (98.0 %), sulfadimidine (99.6 %), sulfamethoxazole (99.7 %), sulfadiazine (99.8 %), 
sulfachloropyridazine (99.1 %) and sulfadimethoxine (99.7 %) were obtained from Dr. Ehrenstorfer GmbH 
(Augsburg, Germany); ochratoxin A (≥ 98.0%) and zearalenone (99.0%) were obtained from Trylogy Analytical 
Laboratory, Inc. (Washington, USA). 
 
2.3. Preparation of stock standard solutions, intermediate and working standard solutions 

 
The individual stock standard solutions were prepared in methanol. The concentration of individual stock 
solutions was in range from 0.5 to 1.0 mg/ml. In the next step, mixed working solutions from standards for 
construction of calibration curve and fortification of the samples were prepared in methanol. The 
concentration of these standard solutions was 10 µg/ml.  
 
2.4. Sample preparation 

 
In the first step, 30 ml urine was centrifuged 5 minutes, on 2000 rpm, at room temperature. After 
centrifugation, 5 ml of urine sample was fortified with the standards. Prior to extraction the samples were left 
to stand for 10 min at room temperature. In the next step, 5 ml of 0.2 M sodium acetate buffer (pH=5) and 5 
ml 0.02 M Phosphate buffer (PBS) (pH=7.2) (1:1, v/v) were added, then the samples were shaken for 1 min on 
a vortex and 20 µL of β-glucuronidase aryl sulfatase was added. The samples were incubated 17 h at 37°C. 
After cooling at room temperature, samples were centrifuged 5 minutes, on 2000 rpm, at room temperature. 
The Oasis HLB cartridges were used for clean-up procedure. The cartridges were activated and conditioned 
with 5 ml of methanol and 5 ml of water. The whole extract was passed through the cartridges at one drop 
per second and the cartridge dried, washed with 5 ml of water and dried again. The residues were eluted with 
two eluent mixtures, first 4 ml of eluent mixture I (48.5:48.5:3, v/v/v, methanol:acetonitrile:ammonium 
hydroxide) and then with 4 ml of eluent mixtute II (1.5:8.5, v/v, methanol:dichlormethane).  
In the next step the solution was evaporated under nitrogen to near dryness at 35°C. The residue was 
reconstituted with 1 mL of the mobile phase (95:5, v/v, Mobile phase A: Mobile phase B). Prior to LC–MS/MS 
analysis the extracts were filtered through a 0.45µm membrane filter into 2 mL autosampler vials. 
 
2.5. LC-MS/MS analysis 

 
LC-MS/MS (Waters, Milford, MA, USA) were used for identification and quantification of the target 
compounds. LC-MS/MS is equipped with a binary pump, vacuum degasser, thermostatted autosampler, 
thermostatted column manager and triple quadrupole detector. For chromatographic separation was used LC 
column Kinetex C18 (50 x 2.1 mm, 2.6 μm, Phenomenex, Torrance, CA, USA). For instrument control, data 
acquisition and processing of results was used software (MassLynx version 4.1, Waters, Milford, MA, USA). 
The LC conditions were as follow: flow rate of mobile phase: 0.2 ml/min; column temperature: 40°C, elution 
program: 0–1 min, 95-80 % A; 1–4 min, 80-60 % A; 4–8 min, 60-95 % A; 8-12 min, 95 % A; mobile phase A 
contains: water with 5 mMol ammonium acetate, 0.01 % formic acid and 0.01 % trichloroacetic acid; mobile 
phase B contains: methanol with 0.1% formic acid, temperature in sample chamber: 4°C; injection volume: 5 
µL. The MS/MS conditions were optimized as follows: capillary voltage of 3.0 kV; source temperature of 
150°C; desolvation temperature of 400°C; cone gas at 100 L/h; desolvation gas at 300 L/h.  
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3. Results  

 
3.1. MS/MS optimization 

 
For optimization of MS/MS conditions and selection of appropriate diagnostic ions the standard working 
solution with concentration of 1.0 µg/mL were infused to the MS/MS detector. ESI in both positive and 
negative ion modes was evaluated for detection of 72 compounds included in the study. The optimal 
parameters for each compound, such as: polarity, precursor ion, product ions, collision energy, cone voltage 
and retention time are shown in Table 1. The optimal dwell time which provides suitable signal to noise and 
good peak shape was 0.025 s. 
 
Table 1. MRM parameters  

Standard Polarity 
Precursor 

ion (m/z) 

Product 

ion (m/z) 

Collision 

energy 

Cone 

voltage 

Retention 

time 

Thiouracil TU + 128.80 

112.0 

69.86 

59.77 

20 

18 

18 

30 1.43 

Methylthiouracil MTU + 142.83 

125.90 

83.85 

41.86 

18 

22 

18 

30 1.55 

Propyltiouracil PTU + 170.88 

154.30 

111.91 

69.86 

20 

24 

22 

32 1.90 

Tapazole TAP + 114.82 

110.15 

87.83 

56.84 

16 

16 
36 0.82 

Testosteron TEST + 289.16 

108.99 

96.95 

178.18 

24 

28 

28 

36 6.78 

Methyltestosteron MEST + 303.22 

96.96 

109.0 

178.18 

28 

24 

24 

36 7.05 

Boldenon BOLD 

+ 

287.16 

121.03 

135.02 

171.20 

24 

16 

20 

34 6.55 

19 Nortestosteron 19 NO 

+ 

275.14 

80.56 

109.0 

93.18 

34 

26 

32 

38 6.68 

Stanozolol STZL 
+ 

329.22 
80.95 

95.00 

46 

46 
64 7.52 
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121.00 42 

Clostebol CLBL 

+ 

323.16 

130.98 

142.96 

157.13 

26 

26 

22 

40 7.14 

Zeranol ZENL 

- 

321.03 

90.87 

40.90 

259.2 

40 

40 

36 

74 6.34 

Taleranol TANL 

- 

321.03 

90.87 

40.90 

259.2 

34 

40 

42 

74 6.70 

Clenbuterol CLEN + 276.97 

202.95 

131.87 

166.77 

16 

30 

30 

22 3.84 

Brombuterol BROM + 366.90 

292.84 

211.42 

57.00 

20 

34 

38 

26 4.34 

Mabuterol MABT + 310.95 

236.99 

216.96 

57.00 

18 

26 

30 

24 4.51 

Clenpenterol CLEP + 291.00 

202.92 

131.89 

167.79 

16 

30 

28 

28 4.60 

Isoxuprin ISOX + 302.04 

106.96 

164.01 

120.95 

30 

16 

28 

26 3.31 

Cimbuterol IMB + 234.03 

159.98 

142.94 

57.0 

16 

28 

26 

22 2.26 

Ractopamine RACT + 302.04 

164.01 

106.96 

120.95 

16 

28 

24 

24 3.86 

Salbutamol SALB + 240.03 

147.96 

165.98 

56.94 

20 

14 

24 

22 1.99 

Zilpaterol HCl ZILP + 262.03 

202.05 

185.01 

156.98 

22 

24 

32 

22 1.95 

Terbutalin 

hemisulfate TERB 
+ 226.00 

152.00 

106.97 

170.00 

14 

30 

16 

26 1.87 

Amoxicillin AMOX + 367.07 159.96 16 28 5.55 



 

170 

90.89 40 

Ampicillin AMP + 349.97 
105.95 

159.94 

20 

14 
34 3.93 

Benzylpenicillin BNPC + 334.99 
90.96 

80.94 

42 

52 
44 5.52 

Lincomycin LINK + 407.06 
126.02 

41.75 

34 

72 
22 2.80 

Tylosin TYLS + 916.3 
173.99 

100.88 

46 

52 
74 6.31 

Trimethoprim TRIP + 290.97 
122.94 

229.94 

28 

24 
26 2.90 

Cephapirin CEPR + 423.93 
291.93 

151.89 

14 

28 
42 2.04 

Tetracycline TETC + 445.03 
410.01 

153.90 

20 

34 
40 5.33 

Cloxacillin CLCN + 435.94 
159.97 

276.96 

18 

14 
26 6.15 

Oxacillin OXIN + 402.05 
159.96 

243.03 

10 

12 
24 5.95 

Cefalexin CEFA + 347.97 
157.86 

173.93 

8 

14 
30 2.75 

Ceftiofur CEFT + 523.96 
241.00 

125.17 

16 

58 
34 4.90 

Enrofloxacin ENRO + 360.05 
245.09 

72.02 

30 

36 
36 3.68 

Ciprofloxacin CIPR + 332.01 
245.05 

230.94 

40 

28 
38 3.56 

Oxytetracyclin OXTT + 462.01 
426.02 

200.93 

38 

30 
36 3.17 

Sulfachloropyridazin 

SUPZ 
+ 284.90 

155.93 

91.93 

16 

34 
28 2.93 

Sulfadiazin SUDI + 250.97 
91.93 

155.93 

30 

14 
28 1.92 

Sulfadimetoxin SUDM + 310.97 
155.93 

91.93 

20 

32 
36 4.36 

Sulfadimidin SULD + 278.95 
185.93 

91.93 

18 

36 
34 2.71 

Sulfamethoxazol SULM + 253.91 
92.00 

155.94 

30 

16 
28 3.01 

Carbofuran CRL + 222.1 
165.0 

123.0 

12 

22 
32 5.38 
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Carbaryl CRB + 202.0 
145.05 

127.0 

10 

32 
26 5.74 

Parathion PTN + 292.0 
210.0 

180.0 

12 

26 
30 6.02 

Malathion MTN + 331.1 
98.93 

127.0 

14 

26 
30 6.76 

Diazinon DNN + 304.97 
168.94 

153.00 

24 

24 
44 7.38 

Dimethoate DIM + 229.90 
198.83 

124.84 

10 

20 
30 3.36 

Atrazine ATRZ + 216.0 
174.22 

104.14 

15 

30 
32 7.00 

Permethrin PEMT + 390.97 
355.02 

182.92 

6 

12 
34 8.68 

Cypermethrin CIRM + 433.0 
192.80 

90.93 

20 

12 
28 8.27 

Deltamethrin DELM + 229.84 
198.83 

124.85 

30 

14 
30 3.37 

Coumaphos COU + 362.90 
226.86 

306.86 

26 

18 
52 7.39 

Dichlorophos DIRP + 220.78 
108.89 

78.83 

20 

30 
44 5.25 

Chlorpyrifos CHRS + 351.78 
96.79 

199.77 

32 

16 
38 8.11 

Fenvalerat FERT + 419.97 
166.89 

124.88 

14 

42 
38 8.33 

Boskalid BOS + 342.94 
306.94 

139.85 

20 

20 
56 6.68 

Fentoate FETE 
+ 

320.86 
162.87 

246.84 

12 

12 
28 7.25 

Fenthion FEON 
+ 

278.82 
168.87 

104.86 

18 

28 
38 7.33 

Monocrotophos MOCR + 
223.16 

192.87 

97.83 

8 

12 
30 2.70 

Malaoxon MAON  + 
314.94 

126.84 

98.80 

14 

26 
38 5.60 

Methamidophos MEDF  + 
141.78 

93.80 

46.82 

14 

24 
38 1.96 

Metacrifos MECF + 
240.93 

208.83 

124.83 

8 

20 
32 6.40 

Amitraz AMRZ + 294.05 162.96 14 30 7.87 
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121.91 32 

Omethoat OMAT + 
213.84 

182.82 

154.84 

12 

18 
32 1.78 

Vamidothion VAON + 
287.78 

145.92 

117.87 

14 

24 
30 3.59 

Phosmet FOST + 320.86 
246.84 

162.87 

14 

58 
32 6.90 

Heptenophos HEPH + 250.78 
126.83 

89.04 

16 

34 
42 6.26 

Bifenitrin BFNT + 440.03 
180.96 

165.87 

22 

42 
24 8.65 

Methomyl MEML + 162.84 
87.88 

105.90 

8 

10 
30 2.35 

Zearalenone ZEAN - 316.97 
130.87 

174.91 

30 

26 
62 6.85 

Ochratoxin A OTAA + 404.03 
238.92 

101.8 

30 

10 
46 6.92 

 

3.2. Optimization of mobile phase 

During the development of the method due to the differences in the chemical structure between components 

included in this study six different mobile phases were investigated. The composition of the mobile phases is 

shown in Table 2. 

Table 2. Composition of mobile phases 

No. Mobile phase A Mobile phase B 

1 
Water with 5 mM ammonium acetate and 

0.1 % formic acid 

Acetonitrile with 0.1% formic acid 

2 
Water with 5 mM ammonium acetate and 

0.1 % formic acid 

Acetonitrile:methanol (50/50; v/v) with 

0.1% formic acid 

3 
Water with 5 mM ammonium acetate and 

0.1 % formic acid 

Methanol with 0.1% formic acid 

4 
Water with 5 mM ammonium acetate and 

0.01 % formic acid 

Methanol with 0.1% formic acid 

5 

Water with 5 mM ammonium acetate, 0.1 

% formic acid and 0.01 % trichloroacetic 

acid (TCA) 

Methanol with 0.1% formic acid 

6 
Water with 5 mM ammonium acetate, 

0.01 % formic acid and 0.01 % TCA 

Methanol with 0.1% formic acid 
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Тhe results of the investigation of mobile phases from 1 to 5 (Table 2) showed that some compounds were not 

detected, moreover, poor separation, bad peak shape, low signal intensity or detection only one daughter ion. 

The chromatograms for poor separation and bad peak shape are shown in Figure 1 and Figure 2, respectively. 

 

 

Figure 1. Chromatogram of fentoate – poor separation 

 

 

Figure 2. Chromatogram of metacrifos – bead peak shape  

The optimal mobile phase which provides improved separation, good peak shape, high signal intensity, the 

best peak symmetry and resolution as well as detection of all target components was water with 5 mM 

ammonium acetate, 0.01 % formic acid and 0.01 % TCA as mobile phase A and methanol with 0.1% formic acid 

as mobile phase B. The chromatograms are given in Figure 3 and Figure 4. 

 

 

Figure 3. Chromatogram of dimethoate 
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Figure 4. Chromatogram of brombuterol 

3.3. Optimisation of the sample preparation 

Four extraction protocols were investigated for the extraction of 72 compounds from urine. In the first 

protocol was used liquid-liquid (LLE) extraction without enzymatic hydrolyze, in the second protocol was used 

LLE with enzymatic hydrolyze, in third extraction protocols were used solid phase extraction (SPE) without 

enzymatic hydrolyze, while in fourth protocol was used SPE with enzymatic hydrolyze. The enzymatic 

hydrolyze was performed with β-glucuronidase aryl sulfatase from Helix pomatia. In the first step, for all 

protocols, 30 ml urine samples were centrifuged 5 minutes, on 2000 rpm, at room temperature. This step was 

used to remove the proteins. 

In the first and second protocols with LLE, after centrifugation, 5 ml of urine samples was fortified with the 

standards. Prior to extraction the samples were left to stand for 10 min at room temperature. In the next step, 

5 ml of 0.2 M sodium acetate buffer (pH=5) and 5 ml 0.02 M Phosphate buffer (PBS) (pH=7.2) (1:1, v/v) were 

added, the samples were shaken for 1 min on a vortex. After this step, in the first protocol, samples were 

centrifuged 5 minutes, on 2000 rpm, at room temperature and the next step was LLE, while in the second 

protocol for the enzymatic hydrolyze 20 µL of β-glucuronidase aryl sulfatase was added. The samples were 

incubated 17 h at 37°C. After cooling at room temperature, samples were centrifuged 5 minutes, on 2000 

rpm, at room temperature. LLE was the same for both extraction protocols, as follows. In the first step from 

LLE was used 10 ml methanol:acetonitrile:acetic acid (49:49:2, v/v/v). The samples were shaken for 1 min on a 

vortex and centrifuged 5 minutes, on 2000 rpm, at room temperature. After that, the supernatant was 

transferred in test tubes. In the second LLE step 10 ml of ethylacetate:hexane (40:60, v/v) was used. The 

samples were shaken for 1 min on a vortex and centrifuged 5 minutes, on 2000 rpm, at room temperature. 

The supernatant was fused to the first supernatant. The samples were evaporated under nitrogen to near 

dryness at 35°C. The residue was reconstituted with 1 mL of the mobile phase (95:5, v/v, Mobile phase A: 

Mobile phase B). Prior to LC–MS/MS analysis the extracts were filtered through a 0.45µm membrane filter 

into 2 mL autosampler vials. 

In the third and fourth protocols after centrifugation, 5 ml of urine sample was fortified with the standards. 

Prior to extraction the samples were left to stand for 10 min, at room temperature. In the next step, 5 ml of 

0.2 M sodium acetate buffer (pH=5) and 5 ml 0.02 M Phosphate buffer (PBS) (pH=7.2) (1:1, v/v) were added, 

the samples were shaken for 1 min on a vortex. After cooling at room temperature, samples were centrifuged 
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5 minutes, on 2000 rpm, at room temperature. The next step in the third protocol is SPE extraction, while in 

the fourth protocol the next step is enzymatic hydrolysis. For this purpose, 20 µL of β-glucuronidase aryl 

sulfatase was added. The samples were incubated 17 h at 37°C. After cooling at room temperature, samples 

were centrifuged 5 minutes, on 2000 rpm, at room temperature. The SPE step is the same in the both 

protocols. SPE: Oasis HLB cartridges were activated and conditioned with 5 ml of methanol and 5 ml of water. 

The reconstituted extract (10 ml) was passed through the cartridges at one drop per second and the cartridge 

dried, washed with 5 ml of water and dried again. The residues were eluted with two eluent mixtures, first 4 

ml of eluent mixture I (48.5:48.5:3, v/v/v, methanol:acetonitrile:ammonium hydroxide) and then with 4 ml of 

eluent mixture II (1.5:8.5, v/v, methanol:dichlormethane).  

After solid phase extraction the eluent was evaporated under nitrogen to near dryness at 35°C. The residue 

was reconstituted with 1 mL of the mobile phase (95:5, v/v, Mobile phase A: Mobile phase B). Prior to LC–

MS/MS analysis the extracts were filtered through a 0.45µm membrane filter into 2 mL autosampler vials.  

For optimization of extraction procedure, for all extraction protocols, blank urine samples were spiked with 

standards at 3 concentration levels. 

The thyreostats were not detected with LLE protocols. In the protocols with SPE extraction without enzymatic 

hydrolysis the results shown low recovery < 55 % for anabolic steroids and zeranol. Stanozolol and taleranol 

with this protocol were not detected. The optimal recoveries were obtained by SPE extraction with enzymatic 

hydrolysis and the recoveries were from 65.0 % for mabuterol (spiked at concentration at 0.2 μg/L) to 115.0 % 

for brombuterol (spiked at concentration at 0.2 and 0.4 μg/L). 

 

3.4. Method validation 

 
3.4.1. Linearity 

The linearity of the method was evaluated using matrix-matched calibration curve. The blank urine samples 

were fortified at six concentration levels. For each concentration levels three replications were performed. 

The linearity along the research range presented values for coefficient of correlation (R2) from 0.9904 for 

cypermethrin to 0.9997 for lincomycin and ochratoxin A. The range of calibration curve and R2 for all 

compounds are given in Table 3. 
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Table 3. Linearity of the method 

Analytes Calibration range (μg/L) R2 

Thiouracil TU 0-100.0 0.9920 

Methylthiouracil MTU 0-100.0 0.9942 

Propyltiouracil PTU 0-100.0 0.9931 

Tapazole TAP 0-100.0 0.9954 

Testosteron TEST 0-100.0 0.9968 

Methyltestosteron MEST 0-100.0 0.9940 

Boldenon BOLD 0-100.0 0.9952 

19 Nortestosteron 19 NO 0-100.0 0.9917 

Stanozolol STZL 0-100.0 0.9948 

Clostebol CLBL 0-100.0 0.9987 

Zeranol ZENL 0-100.0 0.9935 

Taleranol TANL 0-100.0 0.9972 

Clenbuterol CLEN 0-50.0 0.9914 

Brombuterol BROM 0-50.0 0.9931 

Mabuterol MABT 0-50.0 0.9973 

Clenpenterol CLEP 0-50.0 0.9935 

Isoxuprin ISOX 0-50.0 0.9995 

Cimbuterol CIMB 0-50.0 0.9931 

Ractopamine RACT 0-100.0 0.9931 

Salbutamol SALB 0-100.0 0.9964 

ZilpaterolHCl ZILP 0-100.0 0.9959 

TerbutalinTERB 0-100.0 0.9919 

Amoxicillin AMOX 0-100.0 0.9965 

Ampicillin AMP 0-100.0 0.9913 

Benzylpenicillin BNPC 0-100.0 0.9936 

Linkomycin LINK 0-100.0 0.9997 

Tylosin TYLS 0-100.0 0.9993 

Trimetoprim TRIP 0-100.0 0.9963 

Cephapirin CEPR 0-100.0 0.9981 

Tetracyclin TETC 0-100.0 0.9962 

Cloxacillin CLCN 0-100.0 0.9986 

Oxacillin OXIN 0-100.0 0.9954 

Cefalexin CEFA 0-100.0 0.9996 

Ceftiofur CEFT 0-100.0 0.9940 

Enrofloxacin ENRO 0-100.0 0.9964 

Ciprofloxacin CIPR 0-100.0 0.9932 

Oxytetracyclin OXTT 0-100.0 0.9936 
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Sulfachloropyridazin SUPZ 0-100.0 0.9980 

Sulfadiazin SUDI 0-100.0 0.9931 

Sulfadimetoxin SUDM 0-100.0 0.9944 

Sulfadimidin SULD 0-100.0 0.9910 

Sulfamethoxazol SULM 0-100.0 0.9968 

Carbofuran CRL 0-100.0 0.9921 

Carbaryl CRB 0-100.0 0.9915 

Paration PTN 0-100.0 0.9964 

Malation MTN 0-100.0 0.9910 

Diazinon DNN 0-100.0 0.9914 

Dimethoat DIM 0-100.0 0.9975 

Atrazine ATRZ 0-100.0 0.9985 

Permetrin PEMT 0-100.0 0.9959 

Cypermetrin CIRM 0-100.0 0.9904 

Deltametrin DELM 0-100.0 0.9946 

Coumaphos COU 0-100.0 0.9934 

Dichlorophos DIRP 0-100.0 0.9943 

Chloropyrifos CHRS 0-100.0 0.9940 

Fenvalerat FERT 0-100.0 0.9943 

Boskalid BOS 0-100.0 0.9925 

Fentoate FETE 0-100.0 0.9913 

Fention FEON 0-100.0 0.9963 

Monocrotophos MOCR 0-100.0 0.9991 

Malaoxon MAON  0-100.0 0.9945 

Methamidophos MEDF  0-100.0 0.9941 

Metacrifos MECF 0-100.0 0.9956 

Amitraz AMRZ 0-100.0 0.9973 

Omethoat OMAT 0-100.0 0.9921 

Vamidothion VAON 0-100.0 0.9951 

Phosmet FOST 0-100.0 0.9925 

Heptenophos HEPH 0-100.0 0.9920 

Bifenitrin BFNT 0-100.0 0.9959 

Methomyl MEML 0-100.0 0.9974 

Zearalenone ZEAN 0-100.0 0.9935 

Ochratoxin A OTAA 0-100.0 0.9997 

 

3.4.2. LOD, LOQ, CCα and CCβ 

 
The LODs and LOQs were determined as the lowest concentration of the standards which were used for 

construction of calibration curve (n=20). The LOD was calculated as the mean value plus 3.3 times the 



 

178 

calculated standard deviation (SD), while the LOQ was calculated as the mean value plus 10 times the 

calculated SD. The LODs were from 0.06 μg/L for clenbuterol to 5.51 μg/L for metacrifos, while the LOQs were 

from 0.17 μg/L for clenbuterol to 16.70 μg/L to metacrifos. The CCα and CCβ were determined according to 

the criteria prescribes in the Commission Decision 2002/657/EC. CCα were ranged from 0.11 μg/L for 

clenbuterol to 10.88 μg/L for cephapirin, while CCβ were ranged from 0.15 μg/L for clenbuterol to 15.23 μg/L 

for tylosin. The results are shown in Table 4.  

Table 4. CCα, CCβ, LOD, LOQ and MRPL 

Analytes CCα (μg/L) CCβ (μg/L) LOD (μg/L) LOQ (μg/L) MRPL (μg/L) 

Thiouracil TU 7.17 9.46 2.03 5.08 10 

Methylthiouracil MTU 2.26 4.88 1.64 3.56 10 

Propylthiouracil PTU 2.23 5.22 2.48 4.75 10 

Tapazole TAP 5.03 8.42 4.22 7.15 10 

Testosterone TEST 9.86 12.35 2.46 7.45 / 

Methyltestosterone MEST 1.36 1.78 0.47 1.45 2 

Boldenone BOLD 0.69 0.95 0.31 0.95 1 

19 Nortestosterone 19 NO 0.55 0.88 0.21 0.63 1 

Stanozolol STZL 1.15 1.64 0.62 1.88 2 

Clostebol CLBL 4.36 8.02 2.22 6.80 / 

Zeranol ZENL 1.77 1.93 0.65 1.84 2 

Taleranol TANL 1.27 1.83 0.42 1.29 2 

Clenbuterol CLEN 0.11 0.15 0.06 0.17 0.2 

Brombuterol BROM 0.13 0.16 0.07 0.19 0.2 

Mabuterol MABT 0.13 0.18 0.07 0.19 0.2 

Clenpenterol CLEP 0.32 0.47 0.12 0.36 0.5 

Isoxuprin ISOX 0.28 0.38 0.17 0.32 0.5 

Cimbuterol CIMB 0.25 0.41 0.13 0.41 0.5 

Ractopamine RACT 0.48 0.67 0.18 0.56 1.0 

Salbutamol SALB 0.71 0.92 0.22 0.66 1.0 

Zilpaterol ZILP 0.56 0.78 0.14 0.40 1.0 

Terbutaline 1.77 2.62 0.76 2.30 3.0 

Amoxicillin AMOX 7.86 11.54 3.08 9.28 / 

Ampicillin AMP 9.22 10.56 2.04 6.15 / 

Benzylpenicillin BNPC 9.88 13.54 4.07 12.33 / 

Lincomycin LINK 6.64 9.51 4.48 13.28 / 

Tylosin TYLS 10.15 15.23 3.28 9.90 / 

Trimethoprim TRIP 3.79 6.14 5.08 15.40 / 

Cephapirine CEPR 10.88 13.56 2.12 6.51 / 

Tetracyclin TETC 4.46 8.78 5.00 8.86 / 

Cloxacillin CLCN 8.76 10.15 3.32 10.06 / 

Oxacilln OXIN 7.86 9.22 3.12 9.35 / 

Cefalexin CEFA 9.13 7.11 4.51 13.70 / 

Ceftiofur CEFT 6.54 9.25 3.88 11.65 / 

Enrofloxacin ENRO 4.12 8.01 4.52 13.25 / 

Ciprofloxacin CIPR 6.57 8.22 2.12 6.35 / 

Oxytetracycline OXTT 5.00 7.54 3.36 9.98 / 

Sulfachloropyridazin SUPZ 5.36 7.48 2.11 6.48 / 

Sulfadiazine SUDI 4.28 8.20 2.88 7.01 / 
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Sulfadimetoxine SUDM 8.32 11.56 3.51 10.23 / 

Sulfadimidine SULD 7.15 10.02 3.13 9.56 / 

Sulfamethoxazole SULM 7.28 10.78 4.01 12.15 / 

Carbofuran CRL 5.23 8.11 3.35 10.15 / 

Carbaryl CRB 5.78 9.01 2.02 6.10 / 

Parathion PTN 7.81 9.94 4.38 13.15 / 

Malathion MTN 9.14 13.25 1.11 3.40 / 

Diazinon DNN 8.64 12.08 3.88 11.65 / 

Dimethoate DIM 7.35 10.11 2.31 7.00 / 

Atrazine ATRZ 7.22 9.21 2.78 8.45 / 

Permethrin PEMT 4.36 6.58 3.56 10.51 / 

Cypermethrin CIRM 8.54 10.12 3.11 9.42 / 

Deltamethrin DELM 7.12 9.54 4.02 12.18 / 

Coumaphos COU 5.48 8.82 2.57 7.65 / 

Dichlorvos DIRP 6.54 9.11 3.11 9.39 / 

Chlorpyrifos CHRS 6.78 9.82 1.56 4.80 / 

Fenvalerate FERT 8.25 11.34 3.11 9.50 / 

Boskalid BOS 6.34 8.14 2.78 7.90 / 

Fentoate FETE 7.85 10.26 2.33 7.41 / 

Fenthion FEON 7.00 9.11 3.56 10.70 / 

Monocrotophos MOCR 6.29 9.54 4.01 12.20 / 

Malaoxon MAON  8.48 12.08 4.09 12.40 / 

Methamidophos MEDF  4.35 7.95 3.37 10.15 / 

Metacrifos MECF 6.88 9.02 5.51 16.70 / 

Amitraz AMRZ 4.64 7.12 2.92 8.80 / 

Omethoat OMAT 6.58 9.04 2.11 6.55 / 

Vamidothion VAON 6.12 9.15 2.64 8.02 / 

Phosmet FOST 7.32 10.48 3.22 9.70 / 

Heptenophos HEPH 10.12 14.11 4.11 12.20 / 

Bifenthrin BFNT 8.22 12.56 3.51 10.50 / 

Methomyl MEML 6.48 10.14 2.31 7.48 / 

Zearalenone ZEAN 5.29 7.78 4.68 14.20 / 

Ochratoxin A OTAA 7.79 10.64 4.00 12.10 / 

 

3.4.3. Accuracy and precision 

 
Recovery of the method was used for evaluation of the accuracy. Recovery was studied at three concentration 

levels obtained by fortification of urine samples by mixed standard solution. The recovery range was from 65 

% for mabuterol to 115 % for brombuterol. The intra-day precision (repeatability) and inter-day precision 

(reproducibility) were studied, as well as recovery, but for inter-day precision the fortified samples at three 

concentration levels were prepared and tested at three consecutive days. Intra-day and inter-ay precision 

were expressed thought coefficient of variation (CV, %). The CV for intra-day precision was from 1.26 % for 

lincomycin to 23.31 % for malathion, while the CV for reproducibility (inter-day precision) was from 2.29 % for 

lincomycin to 29.42 % for carbaryl. The results are summarized in Table 5. 
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Table 5. Accuracy and precision of the method 

Analytes 

Added 

concentration 

(μg/L) 

Average 

concentration 

in the 

samples (μg/L) 

(n=6) 

Standard 

deviation 

(μg/L) 

Recovery 

(%) 

Repeatability 

(CVr, %) 

Reproducibi-lity 

(CVR, %) 

Thiouracil TU 

10 

15 

20 

9.44 

13.27 

18.25 

1.06 

1.78 

2.55 

94.40 

88.47 

91.25 

11.23 

13.41 

13.97 

16.54 

18.28 

17.36 

Methylthiouracil MTU 

10 

15 

20 

8.55 

14.02 

18.54 

0.74 

2.56 

3.04 

85.50 

93.47 

92.70 

8.65 

18.27 

16.40 

13.53 

21.00 

19.88 

Propyltiouracil PTU 

10 

15 

20 

8.11 

16.42 

21.54 

0.98 

1.15 

1.95 

81.10 

109.47 

107.70 

12.08 

7.00 

8.87 

16.46 

13.08 

12.95 

Tapazole TAP 

10 

15 

20 

8.45 

13.80 

19.14 

1.12 

2.04 

2.46 

84.52 

92.00 

95.70 

13.25 

14.78 

12.85 

17.00 

18.54 

16.48 

Testosteron TEST 

10 

15 

20 

10.79 

15.90 

20.20 

2.26 

1.80 

3.74 

107.3 

106.0 

101.0 

20.95 

11.32 

18.51 

22.94 

15.38 

24.35 

Methyltestosteron MEST 

2.0 

3.0 

4.0 

1.46 

2.74 

3.56 

0.22 

0.41 

0.61 

73.0 

91.3 

89.0 

15.07 

14.96 

21.07 

20.80 

17.46 

22.38 

Boldenon BOLD 

1.0 

1.5 

2.0 

1.01 

1.62 

2.16 

0.14 

0.17 

0.45 

101.0 

108.0 

108.0 

13.86 

10.49 

17.13 

17.45 

13.12 

21.35 

19 Nortestosteron 19 NO 

1.0 

1.5 

2.0 

0.84 

1.23 

1.76 

0.11 

0.22 

0.17 

84.0 

82.0 

88.0 

13.10 

17.89 

9.66 

17.10 

19.46 

12.08 

Stanozolol STZL 

2.0 

3.0 

4.0 

1.79 

3.30 

4.31 

0.13 

0.51 

0.28 

89.5 

110.0 

107.8 

7.26 

15.45 

6.50 

9.92 

19.46 

9.12 

Clostebol CLBL 

10 

15 

20 

10.25 

14.60 

19.88 

1.36 

2.17 

3.51 

102.5 

97.3 

99.4 

13.27 

14.86 

17.65 

16.35 

16.87 

22.14 

Zeranol ZENL 

2.0 

3.0 

4.0 

1.55 

2.48 

3.41 

0.08 

0.21 

0.19 

77.5 

82.7 

85.3 

5.16 

8.47 

5.57 

7.17 

10.02 

6.46 

Taleranol TANL 2.0 1.64 0.12 82.0 7.32 9.01 
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3.0 

4.0 

2.78 

4.01 

0.35 

0.40 

92.7 

100.3 

12.59 

9.98 

15.38 

14.46 

Clenbuterol CLEN 

0.2 

0.3 

0.4 

0.14 

0.22 

0.34 

0.02 

0.04 

0.06 

70.0 

73.3 

85.0 

14.29 

18.18 

17.65 

16.01 

21.35 

19.12 

Brombuterol BROM 

0.2 

0.3 

0.4 

0.23 

0.33 

0.46 

0.04 

0.03 

0.09 

115.0 

110.0 

115.0 

17.39 

9.09 

19.56 

20.48 

13.04 

22.56 

Mabuterol MABT 

0.2 

0.3 

0.4 

0.13 

0.21 

0.30 

0.01 

0.04 

0.06 

65.0 

70.0 

75.0 

7.69 

19.05 

20.0 

8.12 

21.03 

22.74 

Clenpenterol CLEP 

0.5 

0.75 

1.0 

0.56 

0.69 

0.87 

0.04 

0.07 

0.05 

112.0 

92.0 

87.0 

7.14 

10.14 

5.75 

10.46 

12.88 

7.46 

Isoxuprin ISOX 

0.5 

0.75 

1.0 

0.40 

0.72 

0.94 

0.02 

0.07 

0.17 

80.0 

96.0 

94.0 

5.00 

9.72 

18.09 

9.25 

12.23 

21.08 

Cimbuterol CIMB 

0.5 

0.75 

1.0 

0.48 

0.63 

0.84 

0.05 

0.03 

0.11 

96.0 

84.0 

84.0 

10.42 

4.76 

13.10 

16.35 

7.04 

16.12 

Ractopamine RACT 

1.0 

1.5 

2.0 

0.85 

1.55 

2.10 

0.04 

0.12 

0.14 

85.0 

103.3 

105.0 

4.71 

7.74 

6.67 

6.12 

8.45 

9.12 

Salbutamol SALB 

1.0 

1.5 

2.0 

0.90 

1.50 

2.14 

0.07 

0.21 

0.27 

90.0 

100.0 

107.0 

7.78 

14.0 

12.62 

10.15 

19.23 

16.08 

ZilpaterolHCl ZILP 

1.0 

1.5 

2.0 

0.77 

1.22 

1.78 

0.04 

0.13 

0.27 

77.0 

81.3 

89.0 

5.20 

10.70 

15.20 

7.78 

18.14 

18.37 

TerbutalinTERB 

3.0 

4.5 

6.0 

2.90 

4.73 

5.44 

0.22 

0.57 

0.89 

96.7 

105.1 

90.7 

7.58 

12.05 

16.36 

8.24 

15.31 

17.08 

Amoxicillin AMOX 

10.0 

15.0 

20.0 

9.77 

15.46 

20.07 

0.52 

1.31 

1.12 

97.7 

103.1 

100.4 

5.32 

8.47 

5.58 

8.46 

9.12 

7.68 

Ampicillin AMP 

10.0 

15.0 

20.0 

10.46 

16.45 

19.56 

1.43 

2.15 

3.78 

104.6 

109.7 

97.8 

13.67 

13.07 

19.33 

15.21 

16.35 

22.18 

Benzylpenicillin BNPC 

10.0 

15.0 

20.0 

8.22 

12.78 

17.56 

0.76 

1.74 

1.22 

82.2 

85.2 

87.8 

9.25 

13.62 

6.95 

13.35 

16.08 

8.57 



 

182 

Linkomycin LINK 

10.0 

15.0 

20.0 

11.13 

16.51 

20.85 

0.14 

1.40 

1.78 

111.3 

110.1 

104.3 

1.26 

8.48 

8.54 

2.29 

13.58 

9.88 

Tylosin TYLS 

10.0 

15.0 

20.0 

11.00 

16.38 

20.17 

0.56 

1.12 

1.35 

110.0 

109.2 

100.9 

5.09 

6.84 

6.69 

8.19 

9.38 

9.56 

Trimetoprim TRIP 

10.0 

15.0 

20.0 

11.00 

16.25 

21.41 

2.01 

2.64 

3.51 

110.0 

108.3 

107.1 

18.27 

16.24 

16.39 

22.89 

17.23 

21.64 

Cephapirin CEPR 

10.0 

15.0 

20.0 

10.85 

16.04 

21.52 

0.45 

1.13 

1.46 

108.5 

106.9 

107.6 

4.15 

7.04 

6.78 

7.08 

10.12 

8.68 

Tetracyclin TETC 

10.0 

15.0 

20.0 

10.14 

16.39 

19.86 

0.28 

0.36 

0.75 

101.4 

109.3 

99.3 

2.76 

2.20 

3.78 

6.02 

3.88 

7.45 

Cloxacillin CLCN 

10.0 

15.0 

20.0 

10.01 

16.20 

21.08 

1.46 

2.05 

2.26 

100.1 

108.0 

105.4 

14.59 

12.65 

10.72 

22.14 

14.65 

14.78 

Oxacillin OXIN 

10.0 

15.0 

20.0 

8.43 

14.48 

18.35 

0.86 

1.33 

1.78 

84.4 

96.5 

91.9 

10.20 

9.19 

9.70 

14.56 

15.02 

13.06 

Cefalexin CEFA 

10.0 

15.0 

20.0 

8.13 

12.78 

16.90 

1.22 

2.01 

2.26 

81.3 

85.2 

84.5 

15.01 

15.73 

13.37 

19.25 

18.48 

16.30 

Ceftiofur CEFT 

10.0 

15.0 

20.0 

8.22 

12.05 

16.11 

1.45 

2.18 

2.48 

82.2 

80.3 

80.6 

17.64 

18.09 

15.39 

22.11 

22.08 

17.66 

Enrofloxacin ENRO 

10.0 

15.0 

20.0 

9.72 

14.05 

18.65 

0.88 

1.12 

2.41 

97.2 

93.7 

93.3 

9.05 

7.97 

12.92 

14.46 

10.12 

15.11 

Ciprofloxacin CIPR 

10.0 

15.0 

20.0 

10.77 

15.52 

20.90 

0.67 

0.69 

1.25 

107.7 

103.5 

104.5 

6.22 

4.45 

5.98 

8.99 

9.05 

10.12 

Oxytetracyclin OXTT 

10.0 

15.0 

20.0 

9.46 

15.05 

17.96 

1.45 

1.33 

2.08 

94.6 

100.3 

89.8 

15.33 

8.84 

11.58 

18.14 

11.68 

15.12 

Sulfachloropyridazin 

SUPZ 

10.0 

15.0 

20.0 

10.67 

16.07 

19.07 

1.41 

2.28 

3.04 

106.7 

107.1 

95.35 

13.21 

14.19 

15.94 

16.18 

20.08 

18.81 

Sulfadiazin SUDI 
10.0 

15.0 

9.20 

14.23 

0.45 

1.48 

92.0 

94.87 

4.89 

10.40 

7.00 

13.56 
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20.0 20.18 2.03 100.9 10.06 11.12 

Sulfadimetoxin SUDM 

10.0 

15.0 

20.0 

10.73 

15.21 

21.12 

0.44 

0.92 

2.08 

107.3 

101.4 

105.6 

4.10 

6.05 

9.85 

6.48 

12.21 

14.03 

Sulfadimidin SULD 

10.0 

15.0 

20.0 

11.00 

15.56 

21.64 

1.35 

1.78 

3.45 

110.0 

103.7 

108.2 

12.27 

11.43 

15.94 

14.64 

14.92 

21.08 

Sulfamethoxazol SULM 

10.0 

15.0 

20.0 

10.96 

15.79 

19.66 

2.04 

2.95 

3.66 

109.6 

105.3 

98.3 

18.16 

18.68 

18.61 

22.46 

20.51 

21.03 

Carbofuran CRL 

10.0 

15.0 

20.0 

9.90 

16.02 

21.08 

0.48 

0.75 

2.31 

99.0 

106.8 

105.4 

4.85 

4.68 

10.96 

7.01 

8.12 

15.36 

Carbaryl CRB 

10.0 

15.0 

20.0 

8.04 

13.80 

17.36 

1.74 

2.04 

1.46 

80.40 

92.00 

86.80 

21.64 

14.78 

8.41 

29.42 

19.58 

12.35 

Paration PTN 

10.0 

15.0 

20.0 

8.20 

13.46 

18.20 

1.35 

1.74 

2.07 

82.00 

87.73 

91.00 

16.46 

12.93 

11.37 

21.02 

17.46 

16.58 

Malation MTN 

10.0 

15.0 

20.0 

8.75 

12.64 

16.58 

2.04 

2.51 

4.02 

87.50 

82.27 

82.90 

23.31 

19.86 

19.93 

29.11 

23.46 

21.35 

Diazinon DNN 

10.0 

15.0 

20.0 

9.94 

15.80 

19.10 

1.36 

2.08 

2.41 

99.4 

105.3 

95.5 

13.68 

13.16 

12.62 

17.46 

15.21 

17.88 

Dimethoat DIM 

10.0 

15.0 

20.0 

10.64 

14.82 

19.43 

1.46 

1.02 

3.12 

106.4 

98.8 

97.18 

13.72 

6.88 

16.06 

16.99 

12.08 

19.35 

Atrazine ATRZ 

10.0 

15.0 

20.0 

9.35 

14.47 

21.68 

0.66 

0.88 

2.51 

93.5 

94.47 

108.4 

7.06 

6.08 

11.58 

9.78 

9.65 

15.48 

Permetrin PEMT 

10.0 

15.0 

20.0 

8.95 

14.88 

21.34 

1.11 

1.45 

2.96 

89.50 

99.20 

106.70 

12.40 

9.74 

13.87 

15.35 

10.18 

17.48 

Cypermetrin CIRM 

10.0 

15.0 

20.0 

9.28 

13.00 

17.48 

0.48 

1.92 

3.01 

92.80 

86.67 

87.40 

5.17 

14.77 

17.22 

8.87 

21.23 

19.48 

Deltametrin DELM 

10.0 

15.0 

20.0 

8.39 

14.00 

20.43 

0.25 

0.61 

1.48 

83.9 

93.3 

102.2 

2.98 

4.36 

7.24 

5.96 

8.11 

9.08 

Coumaphos COU 10.0 9.23 0.14 92.30 1.52 3.99 
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15.0 

20.0 

16.04 

20.14 

0.75 

1.95 

106.93 

100.70 

4.68 

9.68 

5.80 

14.03 

Dichlorophos DIRP 

10.0 

15.0 

20.0 

8.01 

13.50 

18.35 

1.15 

1.75 

3.14 

80.10 

90.00 

91.75 

14.36 

12.96 

17.11 

16.08 

16.69 

21.36 

Chloropyrifos CHRS 

10.0 

15.0 

20.0 

10.08 

14.86 

21.80 

1.12 

2.35 

2.78 

100.8 

99.1 

109.0 

11.11 

15.81 

12.75 

16.22 

22.08 

14.35 

Fenvalerat FERT 

10.0 

15.0 

20.0 

9.23 

13.51 

18.64 

0.21 

2.04 

3.22 

92.30 

90.07 

93.20 

2.28 

15.09 

17.27 

6.02 

16.33 

22.18 

Boskalid BOS 

10.0 

15.0 

20.0 

10.45 

14.83 

18.94 

0.92 

1.95 

2.08 

104.5 

98.87 

94.7 

8.80 

13.15 

10.98 

16.35 

17.18 

14.46 

Fentoate FETE 

10.0 

15.0 

20.0 

8.88 

14.41 

17.56 

0.65 

2.13 

3.07 

88.80 

96.07 

87.80 

7.32 

14.78 

17.48 

10.56 

18.68 

22.95 

Fention FEON 

10.0 

15.0 

20.0 

9.80 

14.65 

21.32 

0.88 

1.02 

1.95 

98.0 

97.67 

106.60 

8.98 

6.96 

9.15 

13.01 

11.35 

17.12 

Monocrotophos MOCR 

10.0 

15.0 

20.0 

8.95 

15.12 

18.46 

1.45 

1.52 

2.03 

89.5 

100.8 

92.3 

16.20 

10.05 

11.00 

21.08 

12.06 

13.88 

Malaoxon MAON  

10.0 

15.0 

20.0 

10.42 

15.78 

19.35 

1.88 

3.15 

3.02 

104.20 

105.20 

96.75 

18.04 

19.96 

15.61 

22.01 

22.96 

17.36 

Methamidophos MEDF  

10.0 

15.0 

20.0 

8.12 

12.99 

17.84 

1.25 

2.08 

2.14 

81.20 

86.60 

89.20 

15.39 

16.01 

12.00 

18.48 

20.02 

16.11 

Metacrifos MECF 

10.0 

15.0 

20.0 

9.35 

14.48 

21.04 

0.88 

1.36 

1.22 

93.50 

96.53 

105.20 

9.41 

9.39 

5.80 

12.36 

14.08 

8.01 

Amitraz AMRZ 

10.0 

15.0 

20.0 

9.98 

15.35 

21.85 

0.65 

0.99 

2.04 

99.80 

102.33 

109.25 

6.51 

6.45 

9.34 

9.66 

7.35 

11.08 

Omethoat OMAT 

10.0 

15.0 

20.0 

8.46 

16.35 

21.53 

1.04 

1.22 

1.95 

84.60 

109.00 

107.65 

12.29 

7.46 

9.06 

13.06 

9.54 

12.03 

Vamidothion VAON 

10.0 

15.0 

20.0 

8.98 

13.10 

19.44 

0.48 

0.61 

0.77 

89.8 

87.3 

97.2 

5.35 

4.66 

3.96 

7.08 

6.36 

5.12 
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Phosmet FOST 

10.0 

15.0 

20.0 

9.24 

14.61 

17.46 

1.23 

1.35 

3.04 

92.40 

97.40 

87.30 

13.31 

9.24 

17.41 

15.64 

10.66 

21.88 

Heptenophos HEPH 

10.0 

15.0 

20.0 

8.05 

14.46 

18.48 

0.27 

1.54 

1.95 

80.50 

97.40 

92.40 

3.35 

10.65 

10.55 

5.12 

14.45 

12.95 

Bifenitrin BFNT 

10.0 

15.0 

20.0 

9.00 

16.43 

21.24 

0.62 

1.13 

3.35 

90.0 

109.5 

106.2 

6.89 

6.88 

15.77 

9.35 

8.18 

16.35 

Methomyl MEML 

10.0 

15.0 

20.0 

9.54 

14.23 

22.35 

1.25 

1.17 

3.06 

95.4 

94.9 

111.8 

13.10 

8.22 

13.69 

15.64 

17.82 

16.38 

Zearalenone ZEAN 

10.0 

15.0 

20.0 

10.34 

15.58 

21.38 

0.22 

0.95 

1.36 

103.4 

103.9 

97.2 

2.13 

6.10 

6.36 

3.56 

8.81 

11.25 

Ochratoxin A OTAA 

10.0 

15.0 

20.0 

10.63 

15.37 

18.05 

0.45 

1.92 

2.04 

106.3 

102.5 

90.25 

4.23 

12.49 

11.30 

6.64 

13.58 

14.61 

 

4. Discussion  

 
According to Commission Decision 2002/657/EC for banned substances, thyreostats, anabolic hormones, 

lactones and β-agonists were selected one precursor ion and three product ions, while for other substances, 

antibiotics, pesticides and mycotoxins were selected one product and two precursor ions. The most abundant 

product ion was used for quantification, while the second product ion was used for confirmation. 

Sample preparation is the critical step during the application of methods for simultaneous detection of 

different class of compounds from samples and the crucial steps in achieving the purifying effect and 

satisfactory recovery simultaneously are extraction procedure and clean up (Hajrulai-Musliu et al., 2021). The 

preparation of urine samples can be relatively convenient and easy in conditions when aqueous characteristic 

of urine is combined with LC-MS/MS as one of the advanced separation techniques. Urine is widely used to 

monitor the illegal use of growth-promoting agents and veterinary drugs, besides that these substances in the 

urine generally show high clearance rates (Stolker and Th Brinkman 2005; Stolker et al. 2007). The simplest 

methods for detection of pesticides in urine are direct injection of urine samples or dilute-and-shoot 

procedures but urinary salts or macromolecules cause major problems such as decrease of the instrument 

sensitivity, clogging on the injection syringe or clogging on the ESI probe. To avoid adverse effects and to 

achieve more efficiency are used solid phase extraction (SPE) and liquid-liquid extraction (LLE) for residues 

from veterinary drugs and contaminants extraction (aKaufmann et al. 2008; bKaufmann et al. 2011; Hu et al. 

2005). 
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In this study four extraction protocols were tested. The optimal recoveries were obtained by SPE extraction 

with enzymatic hydrolysis. The results are comparable with Kellman et. all (2009) and Makarov et al., (2006) 

who conclude that the LLE is simpler and easier than SPE, but interferences from urine may remain in the 

extract and cause a serious matrix effect or lead to low extraction efficiency. 

From the validation study can conclude that the results for R2 showed good linearity for all compounds 

included in the study. The gained results for LOD, LOQ, CCα and CCβ showed that the method was sensitive, 

while from the results for recovery and precision can conclude that the analytical method demonstrated good 

accuracy and precision. The results are in agreement with the criteria described in 2002/657/EC and would be 

useful for multi-class and multi-residue screening of veterinary drugs, pesticides and mycotoxins in bovine 

urine. 

4.1. Real sample analysis 

In order to test the applicability of the developed method, the method was applied to the analysis of real 

bovine urine samples. A total of 65 local samples from bovine urine were collected and tested. According to 

gained results can conclude that residues of the target compounds weren’t detected in bovine urine samples. 

5. Conclusion 

The method describes extraction, clean up, identification and quantification of 72 residues of veterinary drugs 

and other contaminants in bovine urine. In the method development were optimized MS/MS methods and 

extraction procedure, while in the validation study were evaluated linearity, LOD, LOQ, CCα, CCβ, accuracy 

and precision of the method. The gained results fulfill the performances prescribed in the Commission 

Decision 2002/657/EC. Consequently, the method could be used in routine analysis of bovine urine samples 

for simultaneous detection of veterinary drug residues and contaminants. 
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Abstract:  
In order to search for new sources of plant raw materials for the creation of medicines containing triterpene 
glycosides, we studied the triterpene saponins of common ivy (Hedera helix L.) from the flora of Azerbaijan. 
The aim of the study is to develop a method for the efficient isolation of saponins from common ivy berries 
based on certain optimal conditions. The paper presents the results of chemical investigation of triterpene 
saponins (substances A, B, C and D), isolated from the berries of common ivy. Applying classical chemical 
methods, such as acid, alkaline, and analytical partial hydrolysis, methylation with diazomethane, complete 
methylation followed by methanolysis, periodate oxidation as well as IR spectroscopy and thin layer 
chromatography (TLC) were established that two saponins are biosids of corresponding sapogenins. The 
carbohydrate chain of these compounds consist of one molecule L-arabinose and L-rhamnose. It has been 
found that is saponin A C41H66O11 oleanolic acid 3-O-[α-L-rhamnopyranosyl-(1 → 2)-α-L-arabopiranosyd] (β-
hederin) and saponin B C41H66O12 has the same carbohydrate chain associated with hederagenin (α-hederin). 
Saponin C is pentaosid of oleanolic acid. The carbohydrate chain includes one molecule of L-rhamnose, D-
glucose, D-galactose and two molecules of L-arabinose. On the basis of results of the experiments and their 
analysis found complete chemical structure of individual glycoside as oleanolic acid 3-O-α-L-arabinopiranozyl-
(1→2)-β-D-galaktopyranosyl-(1→2)-[β-D-glucopyranosyl-(1→4)]-α-L-rhamnopyranosyl-(1→2)-α-L-
arabinopiranozyl. This glycoside is isolated from the berries of common ivy for the first time. For the first time, 
triterpene saponins from raw materials were isolated separately by a special approach - sequential fractional 
extraction and their physicochemical properties were studied. 
 
Key words: triterpene saponins, oleanolic acid, hederagenin, α-hederin, β-hederin. 
 
1. Introduction 

 
The search for new sources of plant materials for the creation of medicines is of great importance for 
pharmaceutical science. Based on this, it is of great interest to study the plant flora of Azerbaijan in this 
direction. The object of the study was common ivy Hedera helix L., widespread in Azerbaijan, containing 
triterpene saponins. Older European medical literature suggests that children develop significant toxicity 
including vomiting, diarrhea, respiratory depression, and coma after ingestion of berries or leaves from 
Hedera helix [1]. 
The aim of the study is to develop a method for the efficient isolation of saponins from common ivy berries 
based on certain optimal conditions. 
 
2. Materials and methods 

 
Dried and crushed ivy berries, which grow in Azerbaijan, were used as raw materials. To determine the 
number of triterpene saponins and aglycones, thin-layer chromatography (TLC) was used. As a stationary 
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phase, standard Silufol and Sorbfil plates were taken, and systems of various solvents were taken as a mobile 
phase: solvent system I - n-butanol - ethanol - 25% ammonia (10 : 2 : 5), solvents system II - chloroform - 
ethanol - water (15 : 15 : 5), solvent system III - ethyl acetate - isopropyl alcohol - water (65 : 23 : 12); solvent 
system IV - benzene - methanol - acetic acid (1: 3: 1). The last two systems were used for the determination of 
monosaccharides. For the detection of substances in the chromatogram, a 25% alcohol solution of 
phosphotungstic acid was used, followed by heating for 5–10 minutes at a temperature of 1000 C [2]. 
Monosaccharides and methyl derivatives were detected on the chromatogram with aniline phthalate. The 
melting point of the substances was determined using a Kofler bench, and the specific rotation was measured 
using a P-161 polarimeter. IR spectra of triterpene saponins were recorded on an Agilent Cary 630 FTIR 
spectrometer from Agilent Technologies in the range of 600-4000 cm-1.  
1.2 kg of raw material was degreased first with petroleum ether, then with benzene. From the rest of the raw 
material, polar glycosides were extracted first with 50% ethanol, then low-polarity glycosides, with 80%. After 
appropriate purification processes, low polar and polar glycosidic fractions were obtained, each of which 
consists of two glycosides. These fractions were then separated into individual glycosides by silica gel 
adsorption column chromatography (2.5 x 40 cm). Glycosides A and B were isolated from the less polar 
fraction, glycosides C and D were isolated from the polar fraction. Individual glycosides A, B and C were 
subjected to a deeper chemical study [3,4].      
 
3. Results 

 
Rf values of isolated individual triterpene glycosides in solvent systems I and II: for glycoside A were 0.84 and 
0.75; for glycoside B were 0.81 and 0.71; for glycoside C were 0.46 and 0.40. Glycoside A has the composition 

С41Н66О11, molecular weight 734, melting point 228-2300 C,  =+17.80 (c 0.5; 80% ethanol). Glycoside B has 

the composition С41Н66О12, molecular weight 750, melting point 236-2380 C, =+16.20 (c 0.7; 80% ethanol). 

Glycoside C has the composition С58Н94О25, molecular weight 1190, melting point 188-1900 C, =+90 (c 0.1; 
50% ethanol).  
 
4. Discussion 

 
The results of experimental studies on the above triterpene glycosides showed that glycoside A is a biosid of 
oleanolic acid, the carbohydrate chain of which includes one molecule of L-rhamnose and L-arabinose each. 
This glycoside has the following chemical structure: oleanolic acid 3-O-α-L-rhamnopyranosyl-(1→2)-O-α-L-
arabinopyranoside and is a well-known glycoside β-hederin. Glycoside B is also a biosid, but contains 
hederagenin as an aglycone. The carbohydrate chain of this glycoside has a similar set and sequence of 
monosaccharides, as in glycoside A. The chemical structure of glycoside B is identical to α-hederin. As shown 
by the results of a chemical study of glycoside C, it is a pentaosid of oleanolic acid, the composition of the 
carbohydrate chain of the molecule of which includes one molecule of L-rhamnose, D-glucose, D-galactose 
and two molecules of L-arabinose. Moreover, all monosaccharides are interconnected, forming one 
carbohydrate chain at the hydroxyl in position 3 of the oleanolic acid molecule. 
 
5. Conclusion 

 
For the first time, triterpene saponins from raw materials were isolated separately (glycosides A, B, C and D) 
by a special approach - sequential fractional extraction and their physicochemical properties were studied. 
The chemical structures of individual saponins were determined: glycoside A is biosid of oleanolic acid, 
glycoside B is biosid of hederagenin, glycoside C is pentaosid of oleanolic acid. Glycoside C was first obtained 
from this raw material, and its chemical structure was fully determined. 
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Abstract:  
 
Many drug delivery systems are being studied for biomedical purposes. Among these, nanoparticular 
systems are of great interest. Zinc oxide nanoparticles (ZnO NP) are among the few nanoparticles 
classified as safe by the FDA. It has been shown to have anti-tumoral and antimicrobial effects. In 
addition, it can also be used in bioimaging due to its unique optical properties. Its use as a drug delivery 
system continues to be investigated. Albumin (Alb) is a protein synthesized in the liver and abundant in 
plasma. The use of albumin as a nano drug delivery system has advantages such as being non-toxic, non-
antigenic and biodegradable. Doxorubicin (Dox) is a highly effective and widely used anti-cancer drug. 
However, it has serious side effects such as vomiting, myelosuppression and cardiotoxicity. Therefore, 
studies are still being carried out on many smart drug delivery systems to reduce the side effects of 
doxorubicin and increase its therapeutic index. 
The aim of this work is to synthesize zinc oxide and doxorubicin-carrying nanoparticulate formulation 
that can have controlled release of the drug especially at acidic region resulting in improved therapeutic 
index for cancer therapy. 
In this study, aqueous synthesis of zinc oxide nanoparticle was carried out. Then, the obtained zinc oxide 
nanoparticles were encapsulated with albumin using desolvation method. Doxorubicin loading was 
carried out simultaneously with the encapsulation of zinc oxide nanoparticles, and albumin 
nanoparticles loaded with doxorubicin and zinc oxide nanoparticles (Dox-Alb-ZnO NP) were obtained. 
Nanoparticles were characterized with SEM, TEM and FTIR. It was found that nanoparticles are in 
spherical shape. Also, FTIR analysis revealed that encapsulation was successful. Drug loading and 
desolvation yield was calculated and found as 51.8% and 98.2%, respectively. Cumulative drug release 
was monitored for 48 hours against buffers at pH 5.5 and pH 7.4. Slower drug release rate was observed 
at pH 5.5 compared to pH 7.4. When the release study data were evaluated in terms of kinetic 
modeling, it was found to be suitable for the Kors-Meyer Peppas model. Therefore, it was concluded 
that the nano drug delivery system is pH sensitive and can be used for chemotherapeutic purposes. 

 
Keywords: Zinc oxide nanoparticles, doxorubicin, albumin, drug release, drug loading. 
 
1. Introduction 
 

Zinc has been used biomedically for many years. However, although many metal ions have a role in 

controlling biological processes, their use in high amounts can cause toxicities. Therefore, researchers 

are trying to modulate these undesirable effects by developing metallic nanoparticles. Zinc oxide 

nanoparticles are also highly preferred in the biomedical sense due to their essential role in biochemical 
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reactions, being used for a long time, biocompatibility, biodegradability, easy functionalization, drug 

loading, ease of synthesis and low cost. Its use against many diseases such as wound healing, 

cardiovascular and ischemic diseases, use as a microbial agent and cancer is being investigated (Bariu et 

al., 2018). Zinc oxide nanoparticles also exhibit beneficial optical properties. For example, it can be used 

as a cell imaging agent because of its excitonic blue and near-UV emission. In addition, it can generate 

reactive oxygen species (ROS) due to UV illumination, indicating that it can be used for photodynamic 

therapy purposes. In addition to these, many properties such as high catalytic activity, high absorption 

capacity, high isoelectric point that can provide protein adsorption, and semiconducting property allow 

them to be used in biosensors (Zhang et al., 2013). 

Albumin is the globular protein synthesized in the liver and the most abundant protein in plasma. The 

use of albumin in nanomedicine is preferred due to its easy availability, water solubility, low 

immunogenicity, non-toxicity, biocompatibility and biodegradability. AbraxaneTM and AlbunexTM which 

are based on human serum albumin, have been on the market since 2005 following FDA approval and 

used in the treatment of breast cancer. In addition to being used alone in the preparation of 

nanoparticle form, it is a good coating agent that can be used for purposes such as solving the 

aggregation problem and increasing biocompatibility, especially in metallic nanoparticles (Nosrati et al., 

2018; Ak et al., 2014). 

Cancer is now the largest cause of death following cardiovascular disease. In addition to applications 

such as surgery and radiotherapy for cancer treatment, chemotherapeutics is being widely used. 

Doxorubicin is one of the frequently used chemotherapeutics. Doxorubicin, like many 

chemotherapeutics, causes systemic toxicities with low selectivity, such as vomiting, cardiotoxicity, 

myelosuppression, and hair loss. Therefore, nanomedical solutions are being developed to reduce side 

effects and increase the therapeutic index. FDA-approved DoxilTM is one of the results from these 

efforts. However, research on the development of more effective and biocompatible drug delivery 

systems with lower doses of chemotherapeutics is still ongoing. 

The aim of this work is to synthesize zinc oxide and doxorubicin-carrying nanoparticulate formulation 

that can have controlled release of the drug especially at acidic region resulting in improved therapeutic 

index for cancer therapy.  

2. Materials and Methods 
 
2.1 Materials 

BSA was purchased from Sigma-Aldrich, 1-ethyl-3-carbodiimide hydrochloride (EDC) was obtained from 

Merck and Dox was supplied commercially. All the other reagents were of analytical grade. Fouirer 

Transform Infrared (FT-IR) spectroscopy analysis was performed at Ege University Research and 

Application Center of Drug Development and Pharmocokinetics, scanning electron microscopy (SEM) 

analysis was performed at Ege University Central Research Test and Analysis Laboratory Application and 

Research Center (MATAL) and transmission electron microscopy (TEM) analysis was performed at 

Çanakkale Onsekiz Mart University Science and Technology Application and Research Center (ÇOMÜ-

ÇOBİLTUM). 
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2.2 Synthesis of Zinc Oxide Nanoparticles (ZnO NP) 

0.2 M zinc sulphate dissolved in distilled water and mixed with mechanical stirrer at 3000 rpm and 60ᵒC. 

0.5 M NaOH heated to 60ᵒC was rapidly added to it. The reaction is continued for 1 hour at 60°C and 

with mechanical stirring at 3000 rpm. At the end of the time, the mixture containing the nanoparticles 

formed is cooled to room temperature. Nanoparticles were precipitated by centrifugation at 9000 rpm, 

washed 3 times in distilled water, and then dispersed in pure water. The dispersed nanoparticles were 

subjected to ultrasonication 4 times for 15 minutes. The obtained product was dried at 80ᵒC, then 

ground in a mortar and dried at 60ᵒC overnight (Pourrahimi et al., 2014). 

Morphological evaluation was performed by SEM analysis and structural evaluation was performed by 

FT-IR analysis. 

2.3 Synthesis of Albumin Coated Zinc Oxide Nanoparticles (Alb-ZnO NP) 

A combination of methods from Kumar et al. 2013, Nosrati et al. 2018 and our previous study were used 

in the synthesis of albumin-coated zinc oxide nanoparticles (Kumar et al., 2013; Ak G. et al., 2014; 

Nosrati et al., 2018). Briefly, 15 mg ZnO NPs dispersed in 1.5 mL distilled water with ultrasonication for 

10 minutes. 0.25 mL distilled water and 0.5 mL of albumin solution with a concentration ranging from 5 

to 50 mg/mL is added to 0.25 mL of ZnO NP suspension and mixed thoroughly at 300 rpm for 15 minutes 

in orbital shaker.  Then, 4 mL of acetone is dropped at a flow rate of 1 mL/min. Immediately after the 

addition of acetone, 100 µL of 10 mg/mL EDC is added and allowed to react for 2 hours at room 

temperature. At the end of the time period, the formed nanoparticles were precipitated by 

centrifugation at 13.000 rpm for 30 min and washed with distilled water 3 times under same conditions. 

The desolvation efficiency was determined by measuring the amount of albumin remaining in the 

supernatant using the Bradford method and was calculated using the equation below (Bradford M.M., 

1976; Ak G. et al, 2014). 

Desolvation Efficiency (%) =  Eq.1 

Morphological evaluation was performed by TEM analysis and structural evaluation was performed by 

FT-IR analysis. 

 

2.4 Doxorubicin Loading to Alb-ZnO NP (Dox-Alb-ZnO NP) 

0.5 mL of 20 mg/mL concentration of albumin solution and 0.25 mL of Dox solution in concentrations 

ranging from 1 to 10 mg/mL were added onto the dispersed ZnO NP suspension at a concentration of 10 

mg/mL and a volume of 0.25 mL. Then, 4 mL of acetone is dropped at a flow rate of 1 mL/min. 

Immediately after the addition of acetone, 100 µL of 10 mg/mL EDC is added and allowed to react for 2 

hours at room temperature. At the end of the period, the formed nanoparticles were precipitated by 

centrifugation at 13.000 rpm for 30 min and washed with distilled water 3 times under same conditions.   
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The drug loading yield was calculated by measuring the Dox at the supernatant spectrophotometrically 

at 480 nm. Dox loading yield was calculated by using the equation below (Ak G. et al, 2014). 

DLY (%) = Initial Dox amount (mg) – (Dox amount in supernatant (mg) / Initial Dox 

amount (mg) 

Eq. 

2 

Morphological evaluation was performed by TEM analysis and structural evaluation was performed by 

FT-IR analysis. 

2.5. In vitro Drug Release Studies and Kinetics 
 
The nanoparticles were dispersed 10 mM acetate buffer at pH 5.5 and, 10 mM phosphate buffer at pH 

7.4 and sealed in dialysis tubing (12000 MWCO). In addition, free Dox solution was prepared in the 

relevant buffers and placed in dialysis tubing (12000 MWCO). The dialysis tubings were placed in 10 mM 

acetate buffer at pH 5.5 and, 10 mM phosphate buffer at pH 7.4 containing vessels and then set in a 

water bath at 37°C under constant shaking. Samples were taken at predetermined time intervals and 

replaced with pre-warmed fresh buffer. The amount of Dox released in collected sample was measured 

spectrophotometrically at 480 nm. The cumulative fraction of released Dox versus time was expressed 

by the following equation (Ak G. et al, 2014). 

Cumulative Drug Release (%) = Released Dox (mg) / Initial Dox amount (mg) 
Eq. 

3 

Various kinetic models (zero-order release, first-order release, Higuchi's model, Korsmeyer–Peppas 

model, and Hixon–Crowell model) were studied to evaluate the data to determine drug release kinetics 

behavior. Correlation coefficient (R2) value was used in the evaluation of the model. The highest R2 value 

indicates the best-fit model (Ak G. et al., 2021). 

 
3. Results  
 
3.1. Synthesis of Zinc Oxide Nanoparticles (ZnO NP) 

SEM analysis was performed to determine the morphological structure and size of the synthesized zinc 

oxide nanoparticles. SEM images showed that it was morphologically almost spherical in shape and 

ranged in size from 30 to 60 nm. FTIR of ZnO NPs showed broad peak in the region of 3385 cm−1 which 

corresponds to the O–H bond while peak at 891 cm−1 might be due to the bending of inorganic 

carbonate group. Also, the sharp peak in the region of 560–400 cm−1 is the characteristic peak at of Zn–

O bond present in the ZnO nanoparticles. 
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A B 

  

Figure 1. A) SEM image of ZnO NPs, B) FTIR analysis data of ZnO NP. 

3.2 Synthesis of Albumin Coated Zinc Oxide Nanoparticles (Alb-ZnO NP) 

Desolvation efficiency was found to be over 90% at all albumin concentrations. It was observed that the 

yield was 98.2% at 20 mg/mL concentration and there was no significant difference at higher 

concentrations. Therefore, it was decided that the optimal albumin concentration was 20 mg/mL. In 

TEM images, it is understood that the morphological structures of nanoparticles are close to spherical. It 

is noteworthy that as a result of albumin coating, the dimensions reach a size close to 100 nm. 

A B 

  

Figure 2. A) Desolvation efficiency and B) TEM image of Alb-ZnO-NPs. 

In the comparative FTIR analysis, a decrease is observed in the carboxylic acid signals of albumin at 3072 

cm-1 and 2953 cm-1 after coating with ZnO NP. Similarly, there is a decrease in the signals from ketone 

and carboxylic acid groups in the range of 1400 cm-1 to 1082 cm-1. 
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Figure 3. Comparative FT-IR analysis data of albumin, ZnO NP and Alb-ZnO-NP. 

3.3 Doxorubicin Loading to Alb-ZnO NP (Dox-Alb-ZnO NP) 

When the drug loading efficiency at 5 to 10 mg/mL concentrations was examined, it was seen that it 

ranged from 48% to 52%. However, it was determined that the optimum concentration was 7.5 mg/mL 

with 51.8% yield among the varying concentrations in doxorubicin loading. In the TEM images obtained 

after drug loading, it was observed that the size of drug-loaded nanoparticles increased to around 200 

nm.  

A B 

  

Figure 4. A) Doxorubicin loading yield and B) TEM image of Dox-Alb-ZnO-NPs. 

When the FT-IR data of Alb-ZnO NP and Dox-Alb-ZnO NP are overlapped, signals from Dox are seen in 

the region of 2850 cm-1 and 3350 cm-1. Although the signals between 1400 cm-1 to 1600 cm-1 appear to 

be masked, the signals in the Dox-Alb-ZnO NP in the range of 1200 cm-1 to 1400 cm-1 depend on the Dox. 
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Figure 5. Comparative FT-IR analysis data of Alb-ZnO NP and Dox-Alb-ZnO NP. 

3.4 In vitro Drug Release Studies and Kinetics 

The drug release study was performed in buffer at pH 5.5 to mimic intracellular lysosomal space and, pH 

7.4 to mimic physiological conditions. Drug release was monitored for 48 hours. According to the 48 

hours drug release results, Dox release from nanoparticles is higher at pH 5.5 compared to pH 7.4. On 

the other hand, it is seen that free doxorubicin reaches a similar release amount in 6 hours. 

A B 
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Figure 6. A) Doxorubicin release profile from Dox-Alb-ZnO NPs at pH 5.5 and 7.4, B) Free doxorubicin 

release profile at pH 5.5 and 7.4, C) Korsmeyer-Peppas drug release kinetics and, D) Higuchi drug release 

kinetics model. 

First-order, zero-order, Higuchi, Korsmeyer-Peppas and Hixson Crowell models were studied to 

determine drug release kinetics model. The two models with the highest R2 value among the studied 

models are shown in Figure 6. It was determined from the R2 value that the best model describing the 

drug release kinetics was Korsmeyer-Peppas model, and the n value was calculated as 0.17.  

4. Discussion 
The dimensions of the zinc oxide nanoparticles obtained in a study carried out in 2017 were found to be 

approximately 44 nm in size and spherical by TEM imaging (Kim et al., 2017). Similar results were 

obtained with publication in which the synthesis method was used (Pourrahimi et al., 2014). The shape 

and size of the synthesized zinc oxide nanoparticles were correlated with the literature. The FT-IR 

analysis is similar to the study carried out in 2021. In the related study, -OH group signals on the surface 

of zinc oxide nanoparticles were detected at 3215 cm-1 and Zn-O signals between 457-545 cm-1 which is 

similar to the performed study (Batool et al., 2021). 

When the desolvation efficiency of albumin nanoparticles was evaluated, it was observed that 

nanoparticles that were coacerved with ethanol and cross-linked with glutaraldehyde has 80% 

desolvation efficiency (Ak G., 2014). However, in my work, unlike the other study, coacervation was 

performed with acetone and crosslinking was performed with EDC. The desolvation efficiency was found 

to be approximately 98% for 20 mg/mL albumin concentration. The obtained data shows that cross-

linking is more effective with EDC for synthesis of albumin nanoparticles and only 2% of the synthesized 

albumin remains unreacted. The method shows superiority in terms of reaction efficiency. According to 

the FT-IR results, signals from albumin at 3288 cm-1 are seen at 3298 cm-1 in albumin-coated zinc oxide 

nanoparticles, and signals from 1643 cm-1 to 1529 cm-1 are seen at 1687 cm-1 and 1527 cm-1. The signal 

of Zn-O overlaps with the signal from albumin. This finding indicates that zinc oxide nanoparticles are 

successfully coated with albumin. It has been suggested that the size not increasing significantly after 
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coating with albumin is because of the tight packing of the structure due to the intense electrostatic 

interactions. 

In the Dox loading study of zinc oxide nanoparticles carried out in 2017, it was reported that 1.32% of 

the 4 mg drug (52.8 µg Dox), incorporated in the nanoparticle structure (Kim et al., 2017). In another 

study, doxorubicin was loaded onto PEG-coated and uncoated zinc oxide nanoparticles via adsorption. 

The loading efficiency for the uncoated zinc oxide nanoparticles was 35% and the loading efficiency for 

the coated ones was 65%. In the study, it was observed that the drug loading of zinc oxide nanoparticles 

was increased by coating. They suggested that the loading efficiency of doxorubicin was due to 

electrostatic interactions for zinc oxide nanoparticles, whereas in coated ones this was due to the large 

molecular core of PEG (Batool et al., 2021). Ak et al. found the drug loading efficiency of albumin 

nanoparticles as 65.5% (Ak et al., 2014). When the literature information and the available data are 

evaluated, in this study, the drug loading efficiency is high and the albumin coating has an increasing 

effect on this efficiency. Based on FT-IR analysis performed after drug loading, signals from Dox was 

found at 3273 cm-1, 2953 cm-1, 1388 cm-1 and 1238 cm-1 which suggests the drug was successfully 

loaded to the nanoparticles. In addition, the enlargement of the structure in the TEM analysis also 

indicates that drug loading has occurred. 

In a study conducted in 2017, DOX release was monitored for 144 hours at a pH value of 5.5, which 

mimics intracellular conditions. It was stated that the drug release was 29% in 6 hours and 92.8% in 144 

hours with sustained release (Kim et al., 2017). In our study, it is seen that 29% drug release is reached 

in 3 hours and 80% drug release is observed in 48 hours. 

In drug systems, drug release is dependent on diffusion and dissolution. The Higuchi model is one of the 

most widely used models to explain the controlled drug release pattern. Drug delivery system 

developed in the study is following Higuchi drug release model as the drug release profile is very close to 

trend line or regression line and there is a high value of coefficient of correlation (R2=0,9483). The 

diffusion type of the release profile following the Higuchi model was explained by the Korsmeyer-

Peppas model. According to the data obtained, the n value is less than 0.45 which indicates the 

nanoparticle exhibits a Fickian release because the relaxation time (tr) is greater than the characteristic 

solvent diffusion time (td) (Dash et al., 2010; Gouda et al., 2017). 

5. Conclusion 

In the study, anti-cancer drug delivery system was successfully synthesized. When evaluated together 

with the information in the literature, it is expected that zinc oxide nanoparticles will contribute to 

cytotoxicity together with doxorubicin. Again, the optical properties of zinc oxide nanoparticles are 

suitable for photodynamic therapy, suggesting that the synthesized drug delivery system may have such 

property. Therefore, future studies will be performed to assess if this feature exists. The drug release 

profile showed that the developed drug delivery system is pH-sensitive and, exhibits controlled and 

prolonged release. In the light of these data, the developed drug delivery system has the potential to be 

used for anti-cancer treatment and its further studies may be beneficial. 
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Abstract:  

Acetylcholinesterase (AChE) hydrolyzes acetylcholine, a neurotransmitter, into acetic acid and choline. 

AChE activity enhances in the age-related neurological disorders. Thus, the inhibition of AChE is a crucial 

therapeutic approach to treat the cognitive disorder such as Alzheimer's disease. Natural compounds 

derived from plants are widely investigated as sources of AChE inhibitors. It has been reported that 

phenolic compounds naturally found in plants and fruits have the potential to inhibit AChE activity. 

Gallic acid (GA) and vanillic acid (VA) are phenolic acid derivatives found in plants. These compounds are 

bioactive molecules with anti-inflammatory, antioxidant, antibacterial and antimicrobial effects. In this 

study, the effect of different doses of GA and VA mixture on AChE activity was investigated. A mixture of 

GA and VA was prepared at 50 and 100 µM concentrations of both compounds. This mixture was 

applied to third instar fly larvae. After the application, the heads of adult flies were dissected and 

homogenized. AChE activity was measured by Ellman's method for each group. When the results were 

examined, it was found that 50 µM of GA-VA mixture did not show a significant difference in enzyme 

activity, but 100 µM of GA-VA mixture caused a significant decrease in enzyme activity. It could be 

beneficial to use the synergistic effect of phenolic compounds in the investigation of AChE inhibitors.  

Keywords: ache activity, gallic acid, phenolic acid, vanillic acid. 

1. Introduction 

Acetylcholinesterase (AChE, EC 3.1.1.7) is an enzyme belonging to the family of cholinesterases, a special 

class of carboxylic ester hydrolases. AChE is existed at cholinergic synapses and neuromuscular junctions 

in the nervous system. After activation of acetylcholine receptors on the postsynaptic membrane, it 

hydrolyzes acetylcholine to choline and acetate. As it helps to terminate synaptic transmission at nerve 

endings, AChE activity is necessary for the nervous system to function normally (Lionetto et al. 2013). 

Alteration of AChE activity causes some congenital and acquired diseases (Martyn and Fagerlund 2020). 
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Alzheimer's disease (AD) is the most common type of dementia. This neurodegenerative disease is 

characterized by neurofibrillary tangles and neuritic plaques as a result of accumulation of amyloid-beta 

peptides in the brain. In addition, atrophy due to neural, neuropil and synaptic losses is observed in AD 

(Breijyeh and Karaman 2020). Disruption of cholinergic neurons and loss of neurotransmission in the 

brain are the main causes of decreased cognitive function in the patients with AD (Ferreira-Vieira et al. 

2016). It is reported that there is a decrease in the level of acetylcholine in the brain of these patients 

due to cholinergic impairment. One of the treatment strategies of AD is the use of acetylcholinesterase 

inhibitors to increase the acetylcholine level (Fullwood 2007).  

Phenolic acids are one of the most common bioactive compounds and occur naturally in plants.  Various 

phenolic acid derivatives possess antioxidants, cardioprotective, anticancer, hepatoprotective, 

antimicrobial, anti-diabetic and  antiulcer (Saibabu et al. 2015). In addition, these compounds have the 

inhibitory potential on AChE activity (Jabir et al. 2018). Gallic Acid (GA) is the main phenolic acid in tea. 

Vanillic Acid (VA) is a phenolic acid derivative found in several fruits, cereal grains, olives and wine 

(Kiokias et al. 2020). It has been reported that GA inhibits AChE activity in a dose-dependent manner 

(Balkrishna et al. 2019).  

In this study, the inhibition properties of GA and VA mixture on AChE activity was investigated. The AChE 

activity was measured in the samples treated with the different concentrations of the mixture. 

2. Materials and Methods 

Acetylthiocholine iodate (Sigma), sodium citrate (Sigma), sodiumphosphate dibasic (Sigma), 5,5'-

dithiobis 2-nitrobenzoic acid (Sigma), Ethylenediamine tetraacetic acid (Sigma), Vanillic acid (Merk), 

Gallic acid (Merk) and instant medium (Carolina) were used in this study. 

Third instar larvae of Drosophila melanogaster were grown in the instant medium treated with 50 and 

100 µM concentrations of gallic acid and vanillic acid mixtures. AChE activity was measured in adult flies 

obtained from the larvae. After the heads of the flies were dissected, they were homogenized using 0.1 

M phosphate buffer (containing 0.5% Triton X-100, pH: 7.4). The supernatant was used as the enzyme 

source (Hsiao et al. 2004). AChE activity was determined according to Ellman's spectrophotometric 

method (Ellman et al. 1961). AChE activity was determined according to Ellman's method. For this 

purpose, a mixture containing Tris-HCl solution (1 M, pH 8.0), 5,5'-dithiobis 2-nitrobenzoic acid (0.5 

mM), acetylthiocholine iodide (10 mM) and sample was prepared. The absorbance was measured at 412 
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nm with kinetic read. One unit of AChE activity was defined as the amount of enzyme needed to 

hydrolyze 1 μmol of the substrate per min. 

Statistical analysis of the data obtained from the studies was performed using the Graphpad prism 

program. One-way ANOVA test was used for statistical evaluation. Statistical significance level was 

considered as p<0.05. 

3. Results  

To determine the inhibitory effect of gallic and vanillic acid mixture on AChE activity, stock solutions of 

these compounds were prepared. Then, 50 and 100 µM concentrations of these solutions were applied 

to the larvae. AChE activity in the heads of adult flies developing from these larvae was determined. As a 

result, it was found that 50 µM of GA-VA mixture did not affect the AChE activity statistically compared 

to the control (p>0.05). However, 100 µM of GA-VA mixture caused a statistically significant decrease in 

AChE activity compared to control (p<0.05). The graph of AChE activity results is given in Figure 1. 
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Figure 1. AChE activity in the heads of flies treated with GA-VA mixtures (GA: gallic acid, VA: vanillic acid, 

ns: not significant, *: p-value <0.05) 

4. Discussion 

A decrease in the level of a neurotransmitter acetylcholine causes significant changes in the brain and 

cognitive disorders such as Alzheimer's disease (AD). Therefore, AChE inhibitors are used to restore 

acetylcholine levels. Various plant species have shown pharmacological activities related to the 

treatment of cognitive disorders (Howes and Houghton 2003). Therefore, the therapeutic potential of 

compounds isolated from plants in the treatment of cognitive disorders and neurodegenerative diseases 
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is being investigated. Polyphenols and phenolic acids from the plants has been the subject of increasing 

interest due to their health benefits and investigated for their acetylcholinesterase inhibitory activity 

(Roseiro et al. 2012). In a study, the possible in vitro inhibitory potentials of a number of phenolic 

compounds and flavonoid derivatives against AChE and BChE at 1 mg/ml concentration were 

investigated. It has been reported that some phenolic acids and flavonoids in the prepared solutions 

exhibit beneficial inhibitory activity against AChE and BChE (Orhan et al. 2007). In another study, the 

anticholinesterase activities of nine phenolic acids and six flavonoids, alone or in combination, were 

measured. As a result, p-Hydroxyphenylpyruvic, caffeic, chlorogenic, gentisic, homogentisic, 

nordihydroguaiaretic and rosmarinic acids in pairs exhibited a lower inhibitory activity than the sum of 

the activities of the single compounds. However, inhibitory activity was not observed in some 

combinations (Szwajgier 2015). In this study, it was found that the mixtures prepared from phenolic acid 

derivative gallic acid and vanillic acid showed an inhibitory effect depending on the dose. Studies have 

shown that the anticholinesterase activity of phenolic acids varies according to the compound studied. 

This may depend on the structure of the compound used, the number and/or position of functional 

groupsin the compound. 

5. Conclusion 

In this study, AChE inhibitory activities of different concentrations of gallic acid and vanillic acid mixture 

were investigated. The results showed that the mixture could have inhibitory capacity depending on the 

dose. It may be useful to use a combination of phenolic compounds in the investigation of AChE 

inhibitors. However, further in vivo studies should be performed to evaluate and confirm the potential 

of phenolic compounds as therapeutic AChE inhibitors. 
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Abstract:  
The craniocervical junction is the main structure that is related to the stability of the cervical region. The 

most important and principal formations of the junction are atlanto-occipital and atlanto-axial joints. In 

terms of atlanto-axial joint, there are many different ligaments that serve as a protector for the joint. 

Whereas some of them (transverse ligament of atlas, alar ligaments, apical ligament of dens, superior 

longitudinal band, and inferior longitudinal band of cruciform ligament) seem more important, a few of 

them (Arnold’s ligament, Gerber’s ligament) may be overlooked. Arnold’s ligament is known as 

accessory atlantoaxial ligaments which can seem deep parts of the tectorial membrane. In this case, 

during the routine dissection on a caucasian male cadaver, after removing the bodies of the vertebrae, 

spinal cord, and tectorial membrane, we found an abnormal ligament. According to its position, it seems 

like Arnold’s ligament but in terms of its coursing, it didn’t like a part of the ligaments. Although many 

anatomists overlooked or ignored the ligaments, for surgeons, they are really important for some 

functions and the prognosis of the surgeries. This ligament which we found in that area may be a deep 

part of the tectorial membrane. So there are still unclear pieces of knowledge about the craniocervical 

junction. 

Keywords: Craniocervical junction, tectorial membrane, accessory atlantoaxial ligaments, atlantaxial 
joints 
 
1. Introduction 
 

Even though atlanto-axial joint seems a basic structure, there are many different ligaments in this area. 

The main reason is the articulation between the atlas and the axis. These structures are known as the 

first cervical vertebra and the second cervical vertebra respectively. Especially the articulation process of 

the joint performs among the dens (also called the odontoid process) and the anterior arch of the atlas 

(Koller & Robinson, 2019). 

The ligamentous structure which covers the articulation is consist of the transverse ligament of atlas, 

alar ligaments, apical ligament of dens, superior longitudinal band, and inferior longitudinal band of 

cruciform ligament. Except those ligaments, there are a few other ligaments that are not well defined 

(Standring, 2015). The first one is Gerber’s ligament which is defined as an accessory band below the 

superıor longitudinal band of cruciform ligament (Ishak et al., 2019). The second important one is 
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accessory atlantoaxial ligaments (also called Arnold’s ligament) which course obliquely from the medial 

part of the axis to lateral mass of the atlas. At the same time, all of these structures are parts of the 

craniocervical junction (Debernardi et al., 2015). Beyond these structures, there is an important 

protector which is called as the tectorial membrane. The tectorial membrane is the superıor 

continuation of the posterior longitudinal ligament and has superficial and deep parts. Some of the 

ligaments we mentioned are thought to be related to these parts. 

2. Case Report 
During the routine dissection for education on a caucasian male cadaver, after removing the bodies of 

vertebrae to remove the spinal cord, we noticed an abnormal structure around the craniocervical 

junction (Figure 1). First of all, we removed the spinal cord and tectorial membrane gently from that 

area. We could identify the superior and inferior longitudinal band of the cruciform ligament clearly. But 

there was still an abnormal structure that seem like a deep part of the tectorial membrane. 

 

Figure 1. Posterior aspect of atlantoaxial region. *Our finding 
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3. Discussion 
Though accessory atlantoaxial ligaments and tectorial membrane are rarely encountered in the 

literature and textbooks, it has been mentioned in various books for over 100 years. Actually, these 

ligaments have some connections with the transverse ligament of atlas, alar ligaments, the atlas, the 

axis, and occiput (Bodon et al., 2019). The coursing pattern of the ligaments is towards the lateral side to 

the medial side (Niknejad, van Calenbergh, Demaerel, & van Loon, 2016). In terms of their functions, the 

ligaments have some important features such as assisting alar ligaments to limit the rotation of the 

craniocervical junction (Ishak et al., 2019; Yuksel, Heiserman, & Sonntag, 2006). On the other hand, the 

ligaments can assist to the transverse ligament of atlas to limit the rotation of the atlanto-occipital joints 

as well (Tubbs, Salter, & Oakes, 2004). Although our finding resembles the ligaments in that it appears 

just below the membrane, it can be a variation of the ligaments or a deep part of the membrane. Due to 

the high variability and vital importance of the region, this study may give the surgeon a different 

perspective. 
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Abstract:  
The novel coronavirus (COVID-19) outbreak was declared as a global pandemic by The World Health 
Organization (WHO) on March 11, 2020. Since then, a large number of omics data has been generated 
from different experimental and clinical studies. Due to the complex nature of the disease, the clinical 
use of existing data against COVID-19 remains insufficient. The present study aims to identify critical 
genes and associated main pathways using a bioinformatics approach to elucidate the gene-disease 
relationship. For this purpose, disease-related genes were identified using the Comparative 
Toxicogenomics Database (CTD). The first 100 genes ranked by inference score were used for further 
analyses. The protein-protein interaction (PPI) network of the identified genes was mapped by the 
STRING database. Thereafter, the MCODE plug-in of Cytoscape software was used to identify significant 
clusters in the PPI network. Finally, the most critical hub gene candidates were determined based on the 
Maximal Clique Centrality (MCC) algorithm scores of Cytohubba plug-in of Cytoscape. The ToppGene 
(ToppFun) tool was used to identify functional categories and biochemical pathways. In total, ten genes 
(TNF, IL4, CXCL8, IL6, CCL2, STAT3, JUN, IL1B, IL10, and ICAM1) were identified as highly critical hub 
genes for the disease. The findings of the current study support the hypothesis that core genes involved 
in important mechanisms such as the TNF signaling pathway, Jak-STAT signaling pathway, and FoxO 
signaling pathway may be crucial targets for understanding and managing COVID-19-related 
complications.  

 
Keywords: bioinformatics, covid-19, hub genes, network 

 
1. Introduction 

The 2019 coronavirus disease (COVID-19) has complex clinical manifestations and is therefore different 

from many respiratory-associated viral infections. Although it is known that the most important feature 

of COVID-19 is respiratory involvement, many studies from the beginning of the pandemic to the 

present have revealed the effects of COVID-19 on diverse organ systems (Deer et al. 2021). 

As we know, the most common clinical symptoms of the disease include cough, shortness of breath, 

fever, headache, and fatigue (Gorna et al. 2021). However, it also leads to the emergence of many 

complications as it targets multiple organs and tissues such as the kidneys, large intestine, and heart, 

especially. Different manifestations including encephalitis, loss of smell and taste, and disorientation 

have been reported in COVID-19 positive patients even in the absence of other respiratory symptoms 
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(Asadi-Pooya and Simani 2020). Cheng et al. reported that advanced kidney disease is associated with a 

poor prognosis in patients with COVID-19 (Cheng et al. 2020). Previous studies show that the disease is 

also associated with irregular liver functions (Fan et al. 2020; Jothimani et al. 2020). Additionally, our 

latest study also showed that this disease can contribute to new late-onset cardiovascular anomalies in 

the near future (Ceylan 2021). 

It is well known that non-communicable diseases (NCDs) including cardiovascular diseases, diabetes, 

and cancer are the dominant causes of death worldwide. Moreover, people with underlying such health 

conditions have a higher risk of severe COVID-19 disease (Nikoloski et al. 2021).  Given the complexity 

observed in these diseases, the identification of key genes and pathways using bioinformatics-based 

analyses can help us to reveal specific events and molecular mechanisms for therapeutic interventions. 

As we gain more insight into the drivers of COVID-19, it will be easier to predict the post-COVID 

conditions and long-term effects of the disease and to identify effective treatment strategies. In this 

work, the potential molecular mechanisms that drive long-term ramifications of COVID-19 infection 

were evaluated by bioinformatics analysis. 

2. Materials and Methods 

2.1. COVID-19 related gene screening 

Target genes associated with COVID-19 were mined from the publicly available Comparative 

Toxicogenomics Database (CTD) (Davis et al. 2019). The first 100 genes ranked by inference score were 

used for further analyses. 

2.2. Protein-protein interaction (PPI) network and sub-module identification analyses 

Using the STRING (Search Tool for the Retrieval of Interacting Genes) online tool (Jensen et al. 2009), a 

protein-protein interaction network was constructed to evaluate the relationships among selected 

genes. PPI network was visualized and analyzed by using Cytoscape software (Shannon et al. 2003). 

Then, MCODE (Molecular Complex Detection) plug-in was applied to explore important nodes in the PPI 

network. Finally, hub genes were determined according to the Maximal Clique Centrality (MCC) 

algorithm of the cytoHubba plug-in of Cytoscape. 
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2.3. Functional enrichment analysis 

To identify genes at the biologically functional level, hub genes determined by MCC analysis were 

submitted to the DAVID (Database for Annotation, Visualization, and Integrated Discovery) online 

analysis resource (Huang et al. 2009). p-value <0.05 was set as cut-off criteria 

3. Results  
 
3.1. Screening of disease-related genes 

According to CTD, a total of 9861 genes are associated with COVID-19 or its descendants. However, 

mentioned previously, the first 100 genes ranked by inference score were selected for further analyses. 

Top genes are summarized in Table 1. 
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Table 1. Top 100 disease (COVID-19, MESH:D000086382) related genes obtained from CTD. 

Rank 
Gene 
Symbol 

Inference 
Score 

Rank 
Gene 
Symbol 

Inference 
Score 

Rank 
Gene 
Symbol 

Inference 
Score 

1 TP53 32,1 34 MAP1LC3B 20,07 68 CASP7 17,16 

2 CCL2 31,9 35 MCL1 20,01 69 MAP2 17,14 

3 NFKBIA 28,84 36 NR1H4 20,01 70 INS1 17,12 

4 RELA 28,56 37 CDH1 19,93 71 EDN1 16,84 

5 TNF 27,64 38 BCL2L1 19,84 72 PPARG 16,65 

6 NFKB1 26,92 39 VEGFA 19,8 73 DDIT3 16,62 

7 CASP3 26,48 40 IL2 19,71 74 ABCC2 16,6 

8 CASP8 25,73 41 SQSTM1 19,66 75 CTNNB1 16,46 

9 ABCB1 25,43 42 MYC 19,6 76 APP 16,45 

10 IL6 25,4 43 STAT1 19,45 77 ACTA2 16,44 

11 CXCL8 25,21 44 GLB1 19,38 78 CASP12 16,16 

12 AKT1 24,44 45 FOS 19,25 79 CD36 16,08 

13 NOS2 24,24 46 IFNG 19,24 80 FAS 16,03 

14 IL10 24,2 47 NOS3 19,08 81 CYP2D6 15,97 

15 IL1B 23,89 48 ESR1 19,02 82 ABCB11 15,92 

16 CDKN1A 23,22 49 SERPINE1 18,97 83 NFE2L2 15,84 

17 ICAM1 22,32 50 GPT 18,8 84 MAPK3 15,78 

18 SOD2 22,31 51 AGT 18,71 85 MAPK1 15,76 

19 TGFB1 22,02 52 BBC3 18,6 86 IL4 15,61 

20 IL1A 21,96 53 ALB 18,58 87 MKI67 15,6 

21 CCND1 21,83 54 CS 18,52 88 CYP2C9 15,51 

22 PCNA 21,73 55 RUNX2 17,99 89 CAT 15,48 

23 CYP3A4 21,69 56 MAP2K1 17,9 90 HSF1 15,42 

24 BAX 21,63 57 MMP9 17,85 91 CYP3A23 15,26 

25 HSPA5 21,59 58 TLR4 17,85 92 ABCB1A 15,25 

26 COL1A1 21,54 59 MT2A 17,81 93 JUN 15,24 

27 STAT3 20,74 60 LEP 17,77 94 BAK1 15,15 

28 BECN1 20,7 61 CTSK 17,73 95 EGFR 15,1 

29 BCL2 20,67 62 RB1 17,52 96 RAF1 15,09 

30 HMOX1 20,6 63 CREB1 17,45 97 CTSB 15,05 

31 CTSL 20,35 64 MAPK8 17,37 98 PTGS2 15,03 

32 PARP1 20,14 65 CYP27A1 17,36 99 TIMP2 15,03 

33 SRC 20,12 66 CASP9 17,33 100 CCND2 15,01 

   67 MYH7 17,27    

3.2. PPI network analysis and identification of hub genes 

A PPI network was constructed based on the STRING to analyze the biological functions of the genes 

(Figure 1). Then PPI network was imported into Cytoscape. Subnetwork analysis by using MCODE 

showed two clusters (Figure 2a and 2b). Finally, the top 10 genes, computed using the topological 

scoring method of MCC, from the PPI network were selected as hub genes (Figure 3). Further analysis 

was done using the these ten (TNF, IL4, CXCL8, IL6, CCL2, STAT3, JUN, IL1B, IL10, and ICAM1) genes. 
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Figure 1. Protein-Protein interaction (PPI) network obtained from STRING database for all genes. 

 

Figure 2. The functional sub-network analysis of PPI network. a) Module 1, b) Module 2 
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Figure 3. Visualization of the hub genes using cytoHubba plugin. The red to yellow color grade 

represents decreasing MCC scores. 

3.3. Enrichment analysis of GO term and KEGG pathways 

GO analysis further classified the hub genes into three categories; biological process (BP), cellular 

component (CC), and molecular function (MF), as summarized in Table 2. The results of the KEGG 

pathway enrichment analysis revealed that these genes are involved in many processes that are very 

critical for the cell, including TNF signaling pathway, NF-kappa B signaling pathway, Pathways in cancer, 

and FoxO signaling pathway. The detailed results are shown in Table 3. 
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Table 2. Gene ontology enrichment analysis of the genes. GO, Gene Ontology; MF, molecular function; 

BP, biological process; CC, cellular component. 

Category GO Term p-value Genes 

BP 

immune response 1,89E-08 
IL10, IL4, IL6, CXCL8, IL1B, CCL2, 
TNF 

positive regulation of transcription, 
DNA-templated 

6,28E-08 
IL10, IL4, IL6, JUN, IL1B, STAT3, 
TNF 

positive regulation of sequence-
specific DNA binding transcription 
factor activity 

1,78E-07 IL10, IL4, IL6, IL1B, TNF 

response to drug 2,23E-07 IL10, IL4, IL6, JUN, STAT3, ICAM1 

inflammatory response 6,67E-07 IL10, IL6, CXCL8, IL1B, CCL2, TNF 

negative regulation of cell 
proliferation 

8,29E-07 
IL10, IL6, JUN, CXCL8, IL1B, 
STAT3 

aging 1,09E-06 IL10, IL6, JUN, STAT3, CCL2 

positive regulation of nitric oxide 
biosynthetic process 

1,30E-06 IL6, IL1B, TNF, ICAM1 

positive regulation of ERK1 and ERK2 
cascade 

1,38E-06 IL6, JUN, CCL2, TNF, ICAM1 

positive regulation of transcription 
from RNA polymerase II promoter 

2,82E-06 
IL10, IL4, IL6, JUN, IL1B, STAT3, 
TNF 

cellular response to interleukin-1 5,97E-06 IL6, CXCL8, CCL2, ICAM1 

positive regulation of chemokine 
biosynthetic process 

1,15E-05 IL4, IL1B, TNF 

positive regulation of heterotypic 
cell-cell adhesion 

1,40E-05 IL10, IL1B, TNF 

response to ethanol 1,94E-05 IL4, STAT3, CCL2, ICAM1 

cellular response to tumor necrosis 
factor 

2,23E-05 IL6, CXCL8, CCL2, ICAM1 

cytokine-mediated signaling pathway 3,77E-05 IL6, IL1B, STAT3, CCL2 

CC 

extracellular space 3,74E-07 
IL10, IL4, IL6, CXCL8, IL1B, CCL2, 
TNF, ICAM1 

extracellular region 3,13E-05 
IL10, IL4, IL6, CXCL8, IL1B, CCL2, 
TNF 

external side of plasma membrane 1,26E-04 IL4, IL6, TNF, ICAM1 

MF 

cytokine activity 1,38E-06 IL10, IL4, IL6, IL1B, TNF 

growth factor activity 0,003 IL10, IL4, IL6 

transcription regulatory region DNA 
binding 

0,005 JUN, STAT3, TNF 

chemokine activity 0,026 CXCL8, CCL2 
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Table 3. KEGG pathway enrichment analysis of the genes. KEGG, Kyoto Encyclopedia of Genes and 

Genomes 

Category Term p-value Genes 

KEGG 

TNF signaling pathway 9,90E-08 IL6, JUN, IL1B, CCL2, TNF, ICAM1 

Cytokine-cytokine receptor 
interaction 

1,40E-07 IL10, IL4, IL6, CXCL8, IL1B, CCL2, TNF 

Toll-like receptor signaling 
pathway 

6,30E-06 IL6, JUN, CXCL8, IL1B, TNF 

NF-kappa B signaling pathway 1,60E-04 CXCL8, IL1B, TNF, ICAM1 

T cell receptor signaling pathway 2,40E-04 IL10, IL4, JUN, TNF 

Asthma 6,50E-04 IL10, IL4, TNF 

Jak-STAT signaling pathway 7,00E-04 IL10, IL4, IL6, STAT3 

Insulin resistance 8,20E-03 IL6, STAT3, TNF 

Pathways in cancer 1,20E-02 IL6, JUN, CXCL8, STAT3 

FoxO signaling pathway 1,20E-02 IL10, IL6, STAT3 

Chemokine signaling pathway 2,30E-02 CXCL8, STAT3, CCL2 

MAPK signaling pathway 4,10E-02 JUN, IL1B, TNF 

 

4. Discussion 

According to the latest WHO report, more than 400 million people worldwide have been infected, and 

almost 6 million people have died from the coronavirus disease 2019 (COVID-19). Scientific and medical 

studies have led to significant developments in the diagnosis, treatment, and prevention of COVID-19. 

However, there are many blurry points that are not yet fully understood about the effects after the 

acute phase of the disease. 

Today, there are different effective therapeutic approaches for COVID-19. These approaches are aimed 

at restoring and protecting individual health only in the acute stages of the disease. However, it remains 

unclear what kind of health problems someone who has an illness will face in the process called “long 

COVID-19 or post COVID-19 syndrome", which covers the long-term effects of the disease. Therefore, in 

order to predict the long-term effects of the disease, it is considered very important to identify the 

genes whose expression changes depending on the disease and the molecular mechanisms in which 

these genes are involved. The present study was carried out to identify the critical driver genes and 

pathways involved in COVID-19 by using bioinformatics analysis. 

Analysis of COVID-19 related genes obtained from the Comparative Toxicogenomics Database (CTD) 

revealed that these genes are associated with many critical molecular pathways (see Table 3). According 

to the latest findings, brain damage caused by COVID-19 is associated with TNF signaling. Recent studies 
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have shown that respiratory symptoms can be accompanied by short- and long-term neuropsychiatric 

symptoms (NPs) and long-term brain sequelae (Roman and Irwin 2020). 

Toll-like receptor (TLR) signaling pathway, which plays a role in the triggering and progression of many 

diseases including I/R (ischemia-reperfusion) injury, cancer, and hypertension, is also associated with 

COVID-19. It has been reported that abnormal TLR signaling in COVID-19 patients may be the cause of 

SARS-CoV-2-induced myocarditis (Aboudounya and Heads 2021). 

The FoxO signaling pathway is another essential mechanism for many cellular physiological events. 

Transcription factors (The forkhead box O; FoxO family) in this pathway regulate the expression of genes 

in important cellular physiological events such as cell cycle control, oxidative stress resistance, longevity, 

and apoptosis (Cheema et al. 2021). The evidence considers FoxO regulation as the arsenal for clinical 

management of COVID-19. Since changes in this pathway are associated with the abnormal regulation of 

molecular drivers underlying many diseases, it has the potential to cause various long-term COVID19-

related complications (Barh et al. 2021). 

5. Conclusion 

Although knowledge about COVID-19 has been provided, there are still vital information gaps in terms 

of systems biology. Due to its complex nature, determining a holistic approach strategy with multi-omics 

analysis can provide useful information regarding COVID-19 management. New or adapted therapeutics 

for the pathways identified in this study may provide useful information for controlling potential COVID-

19 associated long-term complications. 
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Abstract:  
Amylases are a group of hydrolase enzymes having ability to degrade starch and similar molecules, 
reducing starch to simple sugars. Amylases are considered as one of the most crucial industrial enzymes. 
There is a large number of applications of amylases in various industries such as food, paper, textile and 
detergents. Moreover, amylase enzymes for industrial applications are supposed to have high 
temperature activity and stability. Thermostable amylases which would be isolated mainly from 
thermophilic microorganisms have found a wide number of commercial applications owing to their 
decent overall stability. The current study focuses on investigation of amylolytic activity of thermophilic 
bacterium AO7 which was isolated from the hot spring situated in Turkey. Genetic analysis performed by 
16S rRNA sequences demonstrated that the isolated strain AO7 belonged to Aeribacillus pallidus. In 
order to make the production process more cost-effective, Potato Peel Powder (PPP), which is regarded 
as waste and has high starch content, was used as substrate for amylase production. As a result of 
optimisation studies for production of amylase enzyme with Aeribacillus pallidus AO7, the optimal 
parameters were determined as PPP concentration of 50 g/L, temperature of 55 °C, initial pH of 7.0 and 
incubation time of 48 h. As a consequence of experiments carried out under optimised culture 
conditions, the amylase activity was detected as 65 U/mL.  
 
Keywords: Amylase, Potato Peel Powder, Aeribacillus pallidus AO7 
 

1. Introductıon 

Enzymes are biological molecules with a protein structure. They are synthesized under genetic control 

and known as organic catalysts. Enzymes, which have very important metabolic functions in cells, have 

entered daily life to be used for various purposes. Enzymes used in almost all areas of industry are 

generally obtained from microorganisms. This is because enzymes from microorganisms have higher 

catalytic activity, are more stable and cheaper than plant and animal enzymes and can be obtained in 

large quantities (1).  

Amylases are a group of hydrolase enzymes reducing starch to simple sugars. They have the ability to 

degrade starch and similar molecules. Another important feature of amylases is their ability to break 

down glycosidic bonds between glucose units making up amylopectin, amylose, and glycogen (2).  

Amylases of microbial origin are valuable as they have the potential to be used as an alternative to the 

chemical breakdown of starch. For this reason, studies on the isolation of enzymes from different 

mailto:akif.omeroglu@atauni.edu.tr
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sources are crucial and there is an intense desire to discover microorganisms with high enzyme 

production capacity (3).  

Microorganisms are among the first sources to meet industrial amylase enzyme requirements due to 

their various technological advantages, including high-throughput production in short amount of time 

and thermal stability. Microbial amylolytic enzymes which break down starch are of great industrial 

importance. Industrially, the production of amylase highly performed using by bacteria and fungi. It is 

reported that microorganisms such as Aspergillus niger, Aspergillus oryzae, Bacillus subtilis, Bacillus 

licheniformis, Micrococcus halobius have amylase enzyme activity (4).  

The purpose of the current study is to perform isolation of bacteria, which has ability to produce 

amylase enzyme, from the hot spring and is to optimise culture conditions for the best enzyme activity. 

2. Materıal and Method 

2.1. Preparation of Substrate 

In order to make the production more cost-effective, Potato Peel Powder (PPP) containing high starch 

content was used as subtrate. For this purpose, potato peels were first washed and were dried at 80 °C. 

Then, the dried peels were ground into fine particles.  

2.2. Isolation of Bacteria Producing Amylase 

Water samples were collected from the hot spring situated in Erzurum, Turkey and they were brought to 

laboratory under aseptic conditions. A serial of dilutions with sterile-saline water (0.9%) was prepared 

(from 10-1 to 10-6) and they were spread on the agar plates containing 1% starch as carbon source. 

Colonies grown on starch agar plates were selected and purified. It was detected that 5 different 

bacteria have ability to produce amylase enzyme. Among isolates with amylase activity, the isolate 

coded with AO7 was determined to demonstrate the best activity. 

2.3. Identification of the isolate coded with AO7 

First of all, DNA isolation of the bacteria was performed. 16S rRNA gene region was amplified using 

universal primers [27F (5′-AGA GTT TGA TCC TGG CTC AG- 3′) and 1492R (5′-GGT TAC CTT GTT ACG ACT 

T-3′)] by PCR. The amplified PCR products were cloned into pGEM-T Easy Vector. Then, the clones 

obtained were sequenced at Macrogen. The obtained sequence was compared with the complementary 

sequences within GenBank and Eztaxon (5).  
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2.4. Production Medium 

The production processes were performed in 250 mL flasks containing 100 mL of the sterilized medium 

composed of 10 g/L PPP and some mineral salts (1.5 g/L KH2PO4, 0.5 g/L MgSO4 and 0.01 g/L CaCl2) (pH 

7.0).  

2.5 Optimisation of Production Medium 

To optimise the culture conditions for the best production of amylase with the isolate coded with AO7, 

different parameters such PPP concentration (10-60 g/L), temperature (35-60 °C), pH (4-9) and 

incubation time (12-72 h) were tested.   

2.6. Amylase Activity Assay 

For determining amylase activity, soluble starch solution was prepared in 0.1 M phosphate buffer (pH 

7.5) and the solution was used as substrate. It was centrifuged at 5000 rpm and then 0.1 mL of 

supernatant was mixed with 1 mL of soluble starch solution and the mixture left to incubation at 55 °C 

for 10 min. Following this, 1 mL of 3,5-dinitrosalicylic acid (DNS) solution was added to the mixture and 

the final mixture was incubated in a water bath at 95 °C for 10 min. After cooling to room temperature, 

the absorbance was measured at 540 nm [6].  

3. Results 

3.1. Identification of the isolate coded with AO7 

Identification of the thermophilic isolate from hot water samples was performed at species level by 

molecular method.  Amplification of 16S rRNA gene region, which would be evolutionarily conserved, 

was carried out after extracting the total DNA from the test isolate. The sequence of the isolate was 

compared with 16S rRNA sequences of other bacteria in the GenBank and the nucleotides were 

analysed using BLAST and EzTaxon. As a consequence of sequence analysis, it was determined that the 

isolate coded with AO7 showed similarity to Aeribacillus pallidus with the rate of 99%.  

3.2. Effect of PPP Concentration on the Enzyme Activity 

While determining PPP concentrations on the amylase activity, the optimal PPP concentration was 

determined to be 50 g/L and enzyme activity was noted as 40.8 U/L. 
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Figure 1. Effect of PPP Concentration on the Enzyme Activity 

3.3. Effect of Temperature on the Enzyme Activity 

The enzyme activity was investigated at different temperature values (35-60 °C). It was noted that 

optimum activity was obtained at 55 °C as 47.5 U/L. 

 

Figure 2. Effect of Temperature on the Enzyme Activity 

 

3.4. Effect of pH on the Enzyme Activity 

To designate optimum pH value for the enzyme activity, different pH values were tested (4-9) and the 

best activity was observed at pH 7 as 54.6 U/L. 
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Figure 3. Effect of pH on the Enzyme Activity 

3.5. Effect of Incubation Time on the Enzyme Activity 

To understand the effect of incubation time on the enzyme activity, 6 different incubation times were 

examined and the optimum incubation time was determined to be 48 h with 65 U/L enzyme activity. 

 

Figure 4. Effect of incubation time on the Enzyme Activity 

4. Discussion 

In the current study, some culture parameters (substrate concentration, temperature, pH and 

incubation time) were optimised. Initially, different concentrations of PPP from 10 to 60 g/L were tested 

and it was designated that the maximal production of amylase (40.8 U/mL) was achieved in the growth 

medium supplemented with 50 g/L PPP. 

The optimal enzyme activity was obtained at 55 °C as 47.5 U/L in spite of the fact that the isolate was 

able to produce amylase enzyme in a wide temperature range from 35-60 °C. 
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While the optimum pH for amylase production was determined, a pH range from 4 to 9 at 55 °C was 

investigated. Maximum amylase production was obtained at pH 7.0 as as 54.6 U/L.  

After determining the optimal parameters for PPP concentration, temperature and pH, optimum 

incubation time for the enzyme activity was also examined in the study. Various incubation times from 

12 to 72 hours were investigated. It was observed that the optimum incubation time was noted as 48 

hours and the maximal enzyme production was 65 U/L as a consequence of the experiments performed 

under optimised conditions.  

5. Conclusion 

The current study revealed that Aeribacillus pallidus AO7 isolated from the hot spring would be able to 

produce amylase enzyme on waste potato peels. It was observed that production of the enzyme can be 

considerably increased by means of the optimisation of the culture conditions. 
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