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Abstract
In this study, calf in Turkey live cattle stock in an important position in terms of the Kars dairy cattle-feeding operation, maintenance 
practices and differences in the level of knowledge and is intended to determine the economic losses due to calf mortalities. The 
material of the study was constituted by the data obtained from the interviews conducted with 108 dairy cattle business owners in 
the central villages of Kars. In the interviews, data about 0-180 days old patients and deceased calves were collected from livestock 
enterprise owners in 2016-2017. In this study, economic losses due to calf mortality were determined by taking into account the 
calculation methods in the literatüre. In the study, it was determined that 281 (24.65%) of 1140 calves had various diseases in 2017 
and 63 (5.52%) of them died. It was calculated that an average of 156.32 TRY ($43.95) was spent per animal and the economic loss 
due to calves that died was estimated as 4.597 TRY ($1.293). As a result, it has been shown that training studies aiming to increase 
producer knowledge levels in minimizing calf diseases and deaths are important.

Keywords: Calf mortality, Economic loss, Treatment and medicine expenses

Kars İlinde Buzağı Ölümlerine İlişkin Meydana Gelen Ekonomik Kayıpların 
Tahmini

Öz
Bu araştırmada Türkiye’de canlı sığır stoku açısından önemli bir konumda olan Kars ili süt sığırcılık işletmelerindeki buzağı bakım-
besleme uygulamaları ve bilgi düzeyindeki farklılıklar ile buzağı kaybına bağlı ekonomik kayıpların tespit edilmesi amaçlanmıştır. 
Araştırmanın materyalini Kars merkez köylerinde bulunan toplam 108 adet süt sığırcılık işletme sahiplerinden elde edilen veriler 
oluşturmuştur. Yapılan görüşmelerde 2016-2017 yıllarında işletme sahiplerinden 0-180 günlük yaştaki hasta ve ölen buzağılara ilişkin 
veriler toplanmıştır. Çalışmada buzağı ölümlerine bağlı ekonomik kayıplar literatürde yer alan hesaplama yöntemleri dikkate alınarak 
tahmin edilmiştir. Yapılan çalışmada 2017 yılında 1140 buzağıdan 281 (%24.65) tanesinin hastalandığı, hastalananlardan 63 (%5.52) 
tanesinin ise öldüğü belirlenmiştir. Yapılan çalışmada 2017 yılında cari fiyatlar üzerinden işletmelerin 281 hasta buzağı için tedavi, ilaç 
ve bakım masrafı olarak toplam 11.346 TL ($3.190); hayvan başına ortalama 156.32 TL ($43.95) harcama yapıldığı ve ölen bir buzağının 
ekonomik kaybının tahmini olarak ortalama 4.597 TL ($1.293) olduğu hesaplanmıştır. Sonuç olarak buzağı hastalıkları ve ölümlerinin 
en aza indirilmesinde üretici bilgi düzeylerinin artırılmasına yönelik eğitim çalışmaları önem arz etmektedir.

Anahtar sözcükler: Buzağı ölümleri, Ekonomik kayıp, Tedavi ve ilaç masrafları

INTRODUCTION
Breeding calves for meat and dairy production, which 
also ensures the continuation of the herd, has economic 
values for enterprises. The survival of each newborn calf, 
the income from the calf sale, the increase in the milk yield 

of cows and the growth of the herd; these three reasons 
are important for dairy farms [1]. In dairy farming, milk 
accounts for 60% of the income, while the increase in 
calves and inventory value makes up 40% of the income. 
In other words, new-born calves are approximately 40% 
effective in the incomes of enterprises [2].
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The husbandry and feeding of calves is very important 
in the first week following their birth. However due 
to differences in practice during the growth period of 
calves, the likelihood of disease prevalence in livestock 
enterprises, calf mortality and cost of growth can be  change. 
In European countries, neonatal calf mortalities have been 
reported to be 10-15% in livestock enterprises while this 
rate can reach up to 50% in Turkey [3].

One of the most important problem for dairy farming 
in Turkey, as in most countries in the world are calf 
disease. Because economic losses arise resulting from 
veterinary-treatment costs, husbandry costs and death 
of a calf due to diseases the calves can be catch. Growth 
retardation also affects the profitability of the livestock 
enterprises negatively, leading to loss of meat, milk and/
or reproduction [2,4-6]. Due to a lack of records in Turkey, the 
rate of calf mortality is not exactly known. In this study, 
economic losses resulting from calf mortalities In this 
study, the economic loss of calf deaths, one of the most 
important problems of the livestock sector, which is 
important for the contribution of the produced animal 
food products to the economy has been investigated. 
In this study, the economic losses due to loss calf were 
identified in the dairy cattle farms are located in Kars 
province in Turkey.

MATERIAL and METHODS

The material of this study was the data obtained during the 
interviews conducted with a total of 108 cattle breeding 
enterprise owners based in central villages of the province 
of Kars in Turkey. In this study, data on the owners of calves 
aged between 0 and 180 days were collected to determine 
the disease and mortality rates in calves in the study region 
and the economic losses associated with these rates.

In the interviews, a questionnaire was applied to the 
owners of the calves born in the years 2016 and 2017 and 
the information about diseased and dead calves were 
obtained. The questionnaire was consists of two main 
topics: the owner of the livestock enterprises and the 
information regarding the calves. The data obtained from 
the interviews were calculated by using percentage and 
frequency values, average values and Anova test via the 
SPSS 16 statistical package program [7].

The disease prevalence ratio (PR) for the study was found 
using the following formula: 

PR (%) = (Total calf number with a disease symptom/Total calf 
number (calf/year) x 100

The mortality rate (MR) was calculated as follows [8]:

MR (%) = (Number of calf deaths (calf/year)/Total calf number 
(calf/year) x 100

The economic losses in the participating enterprises 
were calculated considering only the diseased calves, 
regardless of the cause of the disease. In the economic 
analysis, the dead calves were divided into three groups 
according to their ages (1st group: younger than 30 days, 
2nd group: 30-89 days, 3rd group: 90-180 days). The method 
used to estimate the calf mortalities is given in Table 1 [9-11]. 
However, for this study, the calculation methods used 
in the literature to calculate the economic loss due to 
calf mortalities were modified according to the research 
conditions. In the calculation of economic losses related 
to calf deaths, the loss of the mother’s milk yield and 
the price of heifers and the developmental delays that 
occurred later were taken into consideration. 

In the economic analysis of calf deaths, the financial 
values of calves, deaths, alternative costs and treatment 
costs due to diseases were taken into consideration. In 
interviews, it was determined that the owners of the calves 
applied traditional animal breeding methods in calves. 
In this context, it was found that calf mortalities reduced 
cows’ milk yield by 20-30%. For all that, in calculating the 
economic losses due to calf mortalities within 30 days, 
milk yield loss was also taken into account. If the calf is 
alive, it is determined that milk, meat and reproductive 
performance are lower than diseased calves. For this 
reason, in calculating the opportunity cost, the value of 
the replacement heifer was taken into account in relation 
to the developmental retardation that occurred in the 
diseased calf. The value of the replacement heifer 65% (60-
70%) of the healthy animal value was considered. In this 
study, 18-month-old animals were considered as heifer in 
calculating the opportunity cost. Therefore, the average 
cost of feeding the calves was calculated as a heifer (12, 15, 
17 per month). In the analysis, the opportunity cost was 
calculated by decreasing the estimated maintenance- feed 
cost from the price of a replacement heifer ($/head).

Table 1. Economic loss calculation method

Group Calculation Method

<30 days old calf (Dead calf’s value) + (250 days * loss of dairy milk * dairy milk price) + (Veterinary and treatment costs) 
+ Opportunity cost (Price of a replacement heifer - estimated 17 months maintenance feed costs)

30-89 days old calf (Dead calf’s value)  + (Veterinary and treatment costs) + Opportunity cost (Price of a replacement heifer 
- estimated 15 months maintenance feed cost)

90-180 days old calf (Dead calf’s value)  + (Veterinary and treatment costs) + Opportunity cost (Price of a replacement heifer 
- estimated 12 months maintenance feed costs)
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The technical and financial parameters used in the financial 
analysis and the values obtained from the relevant 
producer opinions are given in Table 2.

RESULTS
In the interviews conducted, it was found that 108 
producers who participated in the survey study had a 
mean age of 43.24 (min: 18, max: 73), a mean experience of 
21.89 years (min: 1, max: 50) and a monthly average income 
of 1.050 Turkish Lira (TRY)/$287. General information 
regarding the participants is given in Table 3. 

The months when births are frequent in the study region are 
shown in Fig. 1a. It can be seen form Fig. 1a that the enter- 
prises experience birth in every period of the year, however, 
births were concentrated between January and May. 

Questions regarding calf care asked during interviews are 
given in Table 4. As shown in Table 4, it is seen that 89% of 
the enterprises had a separate compartment for the calves 
in the barns. In addition, it was determined that 68.5% of 
the calves drank colostrum within the first 6 h after birth. 

The obtained data on the number of animals in the 
enterprises are given in Table 5. In the interviews, it was 
determined that the total of 313 (29.50%) in 2016 and 281 
(24.65%) in 2017, diseased calves in 108 enterprises. 

Table 6 shows the general condition of the animal shelters 
owned by the participants and the frequency of their 
cleaning owned by the participants. An average of 2.60 
calves in 2017 was found to be diseased. In the analysis, 
no statistically significant relationship was found between 
educational status and number of diseases calves per 

Table 2. Technical and financial parameters used in estimating calf mortality related losses

Parameters Value Parameters Value

30-day average calf price 3000 TRY ($ 845) Cost for 30-day diseased calf (treatment + medication + care) 85 TRY ($24)

30-89 day average calf price 3500 TRY ($ 984) Cost for 30-89 day diseased calf (treatment + medication + care) 145 TRY ($41)

90-180 day average calf price 4000 TRY ($ 1125) Costs for 90-180 days of diseased calf  (treatment + medication + care) 240 TRY ($68)

Annual milk production (lt/cow) 10 Milk loss from cow due to loss of calf (%) 25%  (20-30%)

Price of a replacement heifer 3900 ($ 1097) 1 day calf care-feeding cost 7 TRY ($2)

*1 $ = 3.556 TRY 

Table 3. General information about the participants

Education Status Frequency % Age Average Experience Year Income (TRY)

Illiterate 2 1.9 59.50 29.00 650.00

Primary school 38 35.2 46.89 25.51 885.71

Middle school 32 29.6 46.12 24.34 987.50

High school 29 26.9 36.93 16.03 953.44

University 7 6.5 31.71 13.85 1226.31

Fig 1. a- Months of birth; b- Age distribution of dead animals; c- Seasonal distribution of dead animals
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enterprise (P>0.05). In addition, there is no statistically 
significant relationship between the general structure 
of the barn and the frequency of cleaning and the number 
of diseases calves per enterprise (P>0.05).

The diseases seen in the calves in 2016 and 2017 are given 
in Table 7. Table 7 shows that enteritis, respiratory diseases 
and foot-mouth disease are more common in calves and 
umbilical cord infections, tympani, meningitis and other 
causes were frequently seen.

Table 8 provides information on a total of 135 calves that 

died in 2016 and 2017. In the table, the first cause of 
death is seen as enteritis with a rate of 45.2%, followed 
by respiratory diseases with a rate of 22.2% and foot-and-
mouth disease with a rate of 19.3%.

It was determined that 53.3% of the dead calves were  
female and 46.7% were male. No statistically significant 
difference was found between gender and calf death 
(P>0.05). In the Table 8, when grouped according to 
breeds, it is apparent that the deaths occurred in earlier 
days (47 days) for the local breed and in later days (60 
days) for the simmental breed. However, no statistically 

Table 6. General condition of barns and cleaning frequency

Condition 
of the Barn Frequency % Diseases Calf 

Rate Std. Error Cleaning 
Frequency Frequency % Diseases Calf 

Rate Std. Error

Good 23 21.3 1.65 0.375 1 per day 34 31.5 2.73 0.606

Middle 67 62.0 3.05 0.401 2 per day 55 50.9 2.60 0.335

Bad 18 16.7 2.11 0.598 3 per day 19 17.6 2.52 0.646

Total/Mean 108 100.0 2.60 0.283 Total/Mean 108 100.0 2.60 0.283

F/P Value F=2.301 p=0.105 F=0.30  p=0.971

Table 5. Data on animal numbers

Enterprises Data Year Min. Max. Total Average Std. Dev

Total cattle (head)
2016 3 150 2.584 24.14 19.28

2017 2 140 2.637 24.65 18.65

Number of cows (head)
2016 2 35 1.380 12.89 6.88

2017 2 35 1.458 13.50 7.25

Number of calves (head)
2016 1 22 1.061 9.92 5.08

2017 1 25 1.140 10.65 5.69

Number of diseased calves (head)
2016 0 22 313 29.50 3.25

2017 0 15 281 24.65 2.97

Cost for diseased calf (TRY/head) (treatment + medicine + care)
2016 20 300 7.279 103.98 64.75

2017 25 1.000 11.346 156.32 162.99

Number of calf mortality (head)
2016 1 7 72 6.78 1.05

2017 1 3 63 5.52 0.70

Table 4. Calf care information

Parameters
Yes No

Frequency % Frequency %

Is there a separate compartment in the barn for the calves? 96 88.9 12 11.1

Are diseased calves separated from other calves? 62 57.4 46 42.6

Are umbilical cords cleaned with disinfectant after birth? 60 55.6 48 44.4

Do you feed calves with colostrum within the first 6 hours of after birth? 74 68.5 34 31.5

Parameters Min. Max. Average Std. Dev.

Average daily amount of milk the calves drink (L/day) 1.00 5.00 2.20 1.00

Mean duration of weaning of calves (Months) 1.00 8.00 4.07 1.05
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significant difference was found between race and age of 
death (P>0.05). 

The ages (days) of calves when they died are given in Fig. 
1b. From the table it can be seen that 53.3% of calves died 
in less than 30 days, while 20.7% of deaths occurred within 
61-90 days, followed by 18.5% within 8-20 days and 21-30 
days after birth. 

In Table 9, the findings regarding age and causes of death 

AYVAZOĞLU DEMİR
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Table 7. Diseases seen in calves in 2016 and 2017

Disease
2016 2017

Average
Frequency % Frequency %

Enteritis (Diarrhoea) 23 25.00 24 26.67 25.82

Respiratory Diseases 15 16.30 15 16.67 16.48

Foot-and-Mouth Disease (FMD) 12 13.04 13 14.44 13.74

Umbilical Lesions 4 4.35 4 4.44 4.40

Enteritis - Respiratory Diseases 14 15.22 14 15.56 15.38

Enteritis - Umbilical Lesions 6 6.52 11 12.22 9.34

Other 18 19.57 12 13.33 16.48

Total 92 100.00 90 100.00 100.00

Table 8. Information on the dead calves

Parameters DAK/Local Hybrid Brown Swiss Simmental Total

Number of calves (head) 31 (23.0%) 46 (34.1%) 41 (30.4%) 17 (12.6%) 135 (100%)

Mean Age of Death (X±SS) (Day) 47.1±44.1 52.8±52.5 57.2±38.1 59.8±56.0 53.78±46.80

Gender
(head)

Female 20 (64.5%) 27 (58.7%) 16 (39.0%) 9 (52.9%) 72 (100%)

Male 11 (35.5%) 19 (41.3%) 25 (61.0%) 8 (47.1%) 63 (100%)

Cause of death 
(Head)

Enteritis 13 (21.3%) 20 (32.8%) 19 (31.1%) 9 (14.8%) 61 (100%)

Respiratory diseases 9 (30.0%) 10 (33.3%) 9 (30.0%) 2 (6.7%) 30 (100%)

FMD 5 (19.2%) 9 (34.6%) 9 (34.6%) 3 (11.5%) 26 (100%)

Umbilical 0 (0.0%) 1 (25.0%) 1 (25.0%) 2 (50.0%) 4 (100%)

Tympany 3 (37.5%) 2 (25.0%) 2 (25.0%) 1 (12.5%) 8 (100%)

Other 0 (0.0%) 1 (16.7%) 2 (33.3%) 3 (50.0%) 6 (100%)

Table 9. Age of death and causes of death

Day Enteritis Respiratory FMD Umbilical Tympany Other Total

1 week 16 (72.7%) 5 (22.7%) 0.0 0.0 0.0 1 (4.6%) 22 (100%)

8 -20 day 14 (56.0%) 6 (24.0%) 3 (12.0%) 0.0 0.0 2 (8.0%) 25 (100%)

21-30 day 14 (56.0%) 4 (16.0%) 2 (8.0%) 3 (12.0%) 2  (8.0%) 0.0 25 (100%)

31-60 day 5 (26.3%) 7 (36.8%) 5 (26.3%) 1 (5.3%) 1 (5.3%) 0.0 19 (100%)

61-90 day 7 (25.0%) 6 (21.4%) 11 (39.3%) 0.0 3 (10.7%) 1 (3.6%) 28 (100%)

91-180 day 5  (31.2%) 2 (12.5%) 5 (31.2%) 0.0 2 (12.5%) 2 (12.5%) 16 (100%)

Total 61 (45.2%) 30 (22.2%) 26 (19.3%) 4  (3.0%) 8 (5.9%) 6 (4.4%) 135 (100%)

Table 10. Estimated economic loss due to calf mortalities (TRY)

Groups Per Animal Total Loss

<30 day 3.978 194.922

30-89 day 4.395 184.590

90-180 day 5.420 238.480

Mean/Total 4.598 617.992
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are given. As can be seen from the table, enteritis with a 
rate of 72.7% and respiratory diseases with a rate of 22.7% 
were the leading causes of deaths within the first week 
after birth. More deaths were seen related omphalitis and 
tympani on the 21st and 30th days following birth and foot-
and-mouth disease on the 31st and 90th days.

The breakdown of the deaths of calves seen in the 
enterprises over the years is shown in Fig. 1c. As can be 
seen from Fig. 1c, calf mortalities showed an increase with 
the start of winter and peaked in spring. 

Estimated economic losses from animal and per calf deaths 
per farm are shown in Table 10. As can be seen from the table, 
economic loss due to calf mortalities is estimated to be 
4.597 TRY ($1.293) per animal, with a total loss of 617.992 
TRY ($173.788) considering the total of 135 calf mortalities. 

DISCUSSION
In the interviews, 62% rate of the participants stated that 
the current status of their stables is moderate. This result is 
close to the findings (58%) of the study conducted by Tilki 
et al.[12]. On the other hand, Demir et al.[9] and Demir et al.[13] 

reported that the majority of the barns in the region were 
technically inadequate, traditional and of the same type and 
that a large part of the barns was inadequate for ventilation 
and lighting. In this study, it was determined that 89% 
of the enterprises had calves present in the same barn 
but in separate sections and the barns were technically 
inadequate. In the interviews, it was stated that the winter 
was harsh and the animals were kept together due to 
heating problems. Bozukluhan and Gökce [14] stated that 
the septicaemia neonatorum was found in calves because of 
the contamination of the barns in the region and the presence 
of many cattle from all age groups in the same barn. 

Feeding a calf with sufficient amount of colostrum is 
very important for health and vitality. However, it was 
determined that only 68.5% of the enterprises in the region 
gave calves colostrum within the first 6 h after birth. The 
low rate is due to the fact that many farmers in the locality 
think that colostram causes enterit in calves. However, 
postpartum period is the most common case of the calf 
with pathogenic microorganisms, and immune substances 
from the mother can only be transferred via colostrum [14]. 
In addition, the colostrum protects the offspring from 
diseases which they may encounter within the first 3-4 
months of their lives [15]. From this point of view, it can be 
said that producers do not have enough knowledge about 
the importance of colostrum.

In this study, data were collected on 0-180 day old diseased 
and dead calves in the region. As a matter of fact, studies on 
diseased animals such as cattle and sheep reported that 
the highest amount of disease in the entire age group 
was observed in the 0-6 month period [14,16]. For the cattle 
brought to the clinic of Kafkas University Veterinary Faculty, 

the rate of calves was determined as 56.30% [17]. This 
situation was attributed to an inadequate immune system 
against bacterial, viral and parasitic infections in calves [18].

In this study, it was determined that average 13 cattle and 
10 calves per enterprise. Approximately 30% of 1061 calves 
in 2016 year and 25% of 1140 calves in 2017 year were 
found to be diseased. This rate was found to be close to the 
morbidity rates between 20-30% in other studies [19,20]. But 
this rate found to be lower than the other study conducted 
by Erdoğan et al.[21] (51.1%, 36.3%) in 2001 and 2002 in the 
province of Kars. This situation has been interpreted as 
increasing the knowledge of livestock enterprises about 
maintenance and feeding. 

In some studies, conducted in developed countries, it 
is considered that average of 2-12% of calf mortality is 
acceptable in an enterprise [2,19,20]. In the studies conducted, 
the general mortality rate in calves was determined as 
Sivula et al.[19] 11.8%, and Wells et al.[20] 6.3%. In Turkey, 
the neonatal calf mortalities are reported to be 15-20% 
in public enterprises. However, in the present study, the 
calf mortality ratio was calculated as 5.52%. It was found 
that a significant portion of these mortalities is due to 
inadequate and incorrect nutrition methods, but with 
a good husbandry-nutrition method, the mortality rate 
can be reduced by 3-5% [3,15,22]. Similar to the findings of 
this study, conducted by Tokgöz et al.[23] found that the 
mortality rate in calves was 5.45%. 

In this study, it was determined that enteritis cases were 
seen in at least 26% of the enterprises. Similar to the 
findings of this study, Erdogan et al.[21] found that the ratio 
of enteritis in neonatal calves was 28.8% and that of Citil et 
al.[24] was 30.4%.

Among the causes of deaths, enteritis ranks first with a 
rate of 45.2%. It was determined that 72.7% of the deaths 
during the first week of birth were due to enteritis. In 
parallel with this finding, Citil et al.[24] reported that enteritis 
in new-born calves was more common in the first week 
after birth in their study of the region. These diseases cause 
very important economic losses as new-born calves with 
enteritis and an ongoing disease lead to high mortality 
and growth retardation [5]. 

In this study it was found that respiratory system diseases 
were the other most common disease in calves. Demir and 
Bozukluhan [9] reported that the frequency of diseases in 
their study conducted in Kars was 24.4% in calves and 
cows. Other studies also showed that respiratory system 
diseases are among the top 3 in terms of the frequency of 
occurrence in the region [17,25]. In this respect, respiratory 
diseases are of great importance in terms of aquaculture 
and they lead to significant economic losses [26]. As a matter 
of fact, the study by Demir and Bozukluhan [9] reported 
that the average economic loss due to respiratory tract 
diseases in the region was $202 per calf.
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In this study, mortalities due to respiratory system diseases 
in calves were observed from the first week following 
birth, but the highest mortality was found between 31-60 
days (37%). As a matter of fact, in the study by Erdogan et 
al.[25], it was reported that pneumonia cases appeared after 
the 4th week of birth. Although it is not seen in this study 
results, it has been reported that calf deaths or high-cost 
traumatic problems occur due to extraction force in dairy 
farms [27].

In interviews with producers, it was found that calves 
also frequently had umblical infections in dairy farms. In 
the study conducted by Celik [3], reported that, in parallel 
with this study, umbilical lesions were seen in 5% to 15% 
of newborn calves. In this study, it is thought that this 
situation is related to the fact that the rate of navel cord 
cleaning performed immediately after birth is as low as 
55.6%. According to these findings, birth hygiene and 
nutrition are not fulfilled adequately by producers [28]. 

In the study conducted, mortalities due to navel infection 
in calves were found to be more frequent between the 21st 
and 60th days following birth. Belge et al.[28] reported that 
76.8% of the total 112 calf lesions detected in the navel 
lesion occurred between 0 and 3 months. 

In the interviews, it was determined that the enterprises 
spent an average of 103 TRY ($29) per animal only as 
treatment, medicine and maintenance costs in 2016, which 
increased to 184 TRY ($52) in 2017. If the calf smaller than 
30 days dies, the cost estimate for this case is calculated  
as 3.978 TRY ($1.119). This figure was found to be 4.395  
TRY ($1.235) in the 30-89-day calf and 5.420 TRY ($1.524)  
in the 90-180-day calf.

In conclusion, calf diseases, which are one of the most 
important problems in animal production, cause inefficiency, 
development retardation, treatment costs and even deaths 
which, in return, cause significant economic losses in 
Turkey and around the world. The most important issue 
in livestock enterprises, as it is in every business, is to 
be able to produce high quality and healthy production 
at the maximum amount with a minimum cost. For the 
profitability and continuity of a dairy farming enterprises, 
calves need to be grown in a healthy way and at a low cost. 
In this way, calf mortalities can be reduced and dairy cattle 
farms can become more profitable.
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Abstract
The objective of the study was to determine the optimum concentration of BSA in lecithin-based extender for post-thawing quality and 
incubation resilience (0 h, 6 h and 10 h) of ram sperm. Ejaculates were collected from five rams via electro ejaculation. Ejaculates were mixed 
to obtain pooled semen. Then, pooled semen was diluted with soybean lecithin-based extender without BSA (control) or supplemented with 
different concentrations of BSA (2.5 mg/mL, 5 mg/mL, 7.5 mg/mL and 10 mg/mL), at a final concentration of 150x106 spermatozoon/mL. 
Sperm motility, plasma membrane functional integrity (HOST), mitochondrial activity (rhodamine123), capacitation status (CTC), and DNA 
integrity (TUNEL) were evaluated. At the 10 h incubation, motility, plasma membrane functional integrity and mitochondrial function were 
better preserved in the BSA5 group compared to the control group. It was determined that high doses of BSA (5 mg/mL, 7.5 mg/mL and 10 
mg/mL) affected acrosome reaction. The highest acrosome reaction rates were obtained in BSA10 groups in 6 h and 10 h incubation (P<0.05). 
TUNEL assay demonstrated that there were no differences among groups for DNA fragmentation at post-thaw and during incubation periods. 
The study shows that BSA supplemented extenders may have beneficial effect on ram semen parameters at 0 h, 6 h and 10 h of incubation. 
The results of the present study demonstrated a remarkable advantage of using 5 mg/mL of BSA in 1% lecithin-based extender.

Keywords: Bovine serum albumin, Cryopreservation, Incubation resilience, Ram spermatozoa

Sığır Serum Albumini İlave Edilmiş Lesitin Bazlı Sulandırıcı İle Sulandırılan 
Koç Spermasının Dondurma-Çözdürme Sonrası Uzun Süreli 

İnkübasyon Direnci

Öz
Bu çalışmanın amacı koç spermasının dondurma çözdürme sonrası ve inkübasyon direnci göz önüne alınarak (0, 6 ve 10. saatler) lesitin 
bazlı sulandırıcı için uygun Sığır Serum Albumini BSA konsantrasyonunun belirlenmesidir. Bu amaçla 5 koçtan sperma örnekleri alınmıştır. 
Alınan spermalar bir araya getirildikten sonra final konsantrasyonu 150x106 spermatozoon/mL olacak şekilde farklı dozlarda BSA içeren (2.5 
mg/mL, 5 mg/mL, 7.5 mg/mL and 10 mg/mL) ve içermeyen (kontrol) soya fasülyesi lesitini bazlı sulandırıcılarla sulandırılmıştır. Spermanın 
değerlendirilmesi amacıyla motilite, plazma membran fonksiyonel bütünlüğü (HOST), mitokondriyal aktivite (Rhodamine123), kapasitasyon 
statüsü (CTC) ve DNA bütünlüğü değerlerine bakılmıştır. İnkübasyonun sonunda (10. saat) BSA5 grubunun motiliteyi, plazma membran 
fonksiyonel bütünlüğü ve mitokondriyal fonksiyonu diğer gruplara göre daha fazla koruduğu görülmüştür. BSA’nın yükselen dozları (5 mg/
mL, 7.5 mg/mL and 10 mg/mL) akrozom reaksiyonunu etkilemektedir. İnkubasyonun 6 ve 10. saatlerinde en yüksek akrozom reaksiyonu 
oranları BSA10 grubunda gözlemlenmiştir (P<0.05). TUNEL sonuçları göz önüne alındığında; çözdürme ve inkübasyon sonrası gruplar arası 
DNA bütünlüğü bakımından bir fark olmadığı görülmektedir. Çalışma sonucunda; sulandırıcıya BSA ilave edilmesinin inkubasyonun 0, 6 
ve 10. saatlerinde koç sperm parametreleri üzerinde yararlı etkisi olduğu görülmektedir. Çalışma sonucu elde edilen veriler göz önüne 
alındığında %1 lesitin bazlı sulandırıcıya 5 mg/mL BSA ilavesinin önemli bir avantaj oluşturduğu görülmektedir.

Anahtar sözcükler: Sığır serum albumini, Kriyoprezervasyon, İnkübasyon drenci, Koç sperması
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INTRODUCTION
Semen cryopreservation is the pillar of the reproductive 
biotechnology [1]. This reversible process brings semen 
metabolism to a standstill, in this way it is possible to 
storage genetic material throughout long time [2]. Even 
though cryopreservation is a reversible operation, there 
are some detrimental effects (cold shock, ice crystallization, 
lipid peroxidation etc.) of this process [2,3]. These adverse 
effects may cause irreversible decrease on motility, viability 
and fertilization ability of spermatozoa [4,5]. Therefore, the 
success of semen cryopreservation depends on minimizing 
the adverse effects and maintaining the post-thaw semen 
quality [1,5]. There are a lot of research, aim of which was 
to increase success of ram semen cryopreservation with 
different procedures and additives [6-10].

Lecithin is a low-density lipoprotein fraction that is mainly 
found in plants and plays an important role in the regulation 
of an animal cells’ bio-membrane [11]. In addition, it is used 
for semen cryopreservation either as an ingredient of egg 
yolk or as an extracted substance [11,12]. Many researchers 
have obtained acceptable post-thaw semen parameters 
with using lecithin-based extender [11-16] but upgrading 
these results is possible with optimized lecithin base 
extenders. 

Bovine Serum Albumine (BSA) has multifunctional effect on 
sperm with its macromolecular structure and antioxidant 
capacity. Therefore, BSA increases the post-thaw motility [17,18], 
protects the membrane against cold shock [17] maintains 
DNA integrity during freezing-thawing and incubation 
periods [18]. In addition, it induces the capacitation [19,20] 

and acrosome reaction [21]. In brief; BSA not only protect 
the spermatozoa against freezing-thawing process but 
also stimulates the capacitation and acrosome reaction. 
Besides, BSA increase the possibility of sperm-zona 
pellucida interactions and fertility results. As a consequence 
of these, BSA supplemented extenders are used for 
cryopreservation or liquid storage of bull [18], ram [22], goat [23,24], 
stallion [25], buffalo [26], rabbit [27] and turkey semen [28].

Many researchers used lecithin or BSA based extenders 
to improve post-thaw quality and fertilization ability of 
spermatozoa [16-18,20,21,28]. However, collaborate using of 
these ingredients for ram semen cryopreservation has not 
been performed yet. The aim of this study was determining 
the appropriate dose of BSA in lecithin-based extenders 
for improving motility, viability, DNA integrity in 0 h, 6 h 
and 10 h of incubation. Also, we aimed to recognize the 
capacitation and acrosome reaction of ram spermatozoa 
at the same time periods.

MATERIAL and METHODS
Scientific Ethical Committee (Uludag University, Bursa, 
Turkey) have approved all issues concerning the experimental 
setups and evaluation techniques (2015-07/03).

Chemicals 

All chemicals used in the study were obtained from Merck 
(Darmstadt, Germany) and Sigma (St. Louis, MO, USA).

Experimental Design

This study was designed to evaluate the efficacy of BSA 
supplementation to the extender in ram sperm cryo-
preservation. Therefore, we used various concentrations 
of BSA (0 mg/mL, 2.5 mg/mL, 5 mg/mL, 7.5 mg/mL or 10 
mg/mL) in lecithin-based extenders during non-breeding 
season.

Semen Extender Preparation 

Extenders contained 223.7 mM Tris, 55.5 mM fructose, 66.6 
mM citric acid, 100.4 mM Trehalose, 4.03 mM EDTA, 1 mM 
cysteine, 4 g/L penicillin G, 3 g/L dihydrostreptomycin, 1% 
lecithin in distilled water. Relevant concentrations of BSA 
according to experimental design added to each group of 
extenders, but the control. 

Semen Collection and Dilution

Semen collection from Kivircik Rams, which were maintained 
with same conditions at Uludag University, Faculty of 
Veterinary Medicine in Bursa, Turkey, was performed by 
electrically stimulated ejaculation (Ruakura Ram Probe 
Plastic Products, Hamilton, New Zealand) five times in 
every other day. After the collection, the ejaculates were 
transferred to a water bath (37°C). Rapid wave motion 
and motility evaluated by phase-contrast microscope 
(Olympus BX51, Olympus Optical Co., Tokyo, Japan) with 
a warm slide (37°C). Spermatozoa concentration on native 
semen was evaluated with hemocytometric method. 
For this purpose, semen was diluted with alcohol (1:200 
semen/semen-alcohol dilution) then the solution was 
dropped to Thoma’s Couting Slide and the concentration 
of spermatozoa were counted. Ejaculates have rapid 
wave (>+3 on 0-5 scale), >75% motility and >1.0x109 

spermatozoon/mL were chosen for cryopreservation. In 
order to eliminate individual differences, ejaculates were 
pooled.

Briefly, pooled ejaculate was split into five equal aliquots 
and diluted (37°C) to final concentration of approximately 
150x106 (spermatozoon/mL) with BSA supplemented 
extenders and control extender. Within 1 h, diluted semen 
was gradually cooled to 4°C and then equilibrated for 2 h 
at 4°C. 

Semen Freezing and Thawing 

After the equilibration, semen was loaded into 0.25  mL 
French straws. Semen was frozen at 3°C/min from  +5°C 
to  -8°C and at 15°C/min from  -8°C to  -120°C in liquid 
nitrogen vapor using the Nicool Plus PC freezing machine 
(Air Liquide, Marne-la-Vallée Cedex 3, France). The straws 
were then plunged into liquid nitrogen at  -196°C where 
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they were stored. Three straws from each group were 
thawed at 37°C for 30 s in a water bath and incubated in 
humidified air chamber with 5% CO2 for 10  h at 39°C to 
evaluate post-thaw semen characteristics.

Semen Evaluation

We evaluated sperm motility, plasma membrane integrity 
(hypoosmotic swelling test [HOST]), mitochondrial activity, 
(R123; Invitrogen TM, Eugene, OR, USA), capacitation status 
(Chlortetra cycline [CTC) staining) and DNA integrity (using 
terminal deoxynucleotidyl transferase-mediated dUTP 
nick-end labeling [TUNEL]) at three-time points (post-thaw 
at 0 h, 6 h and 10 h). All processes and measurements were 
conducted by the same person during the study. Sperm 
motility was assessed subjectively using a phase-contrast 
microscope (400×) with a warm slide (37°C).

Assessment of plasma membrane functional integrity 
was performed with HOST test described by Leboef et 
al.[29] with little modification [30]. Mitochondrial activity 
was evaluated using a combination of fluorescent stains, 
Rhodamine 123 (R123) and PI methodology of Fraser et al. 
was used to performe [31]. Capacitation status evaluation 
was performed as described by Pérez et al.[32]. For the 
TUNEL technique, we used the In Situ Cell Death Detection 
Kit with fluorescein (Roche Diagnostics GmbH, Mannheim, 
Germany) according to the manufacturer’s protocol with 
slight modifications [33]. 

Statistical Analysis

All data obtained from study were analyzed using SPSS 
(SPSS 20.0 for Windows; SPSS, Chicago, IL, USA). Data 
were represented as mean ± standard deviation. Shapiro 
Wilk test was used as normality test. Means of obtained 
semen parameters were analyzed using Kruskal Wallis 

test. Statistical differences between the various treatment 
group means were determined by Mann Whitney U test. 
Differences with values of P<0.05 were considered to be 
statistically significant.

RESULTS
The standard semen parameters of the BSA were evaluated 
in 5 independent experiments by the same person. Per-
centages of sperm motility, plasma membrane functional 
integrity, mitochondrial activity and DNA fragmentation 
were indicated in Table 1. Capacitation status are showed 
in Table 2.

Sperm motility was progressively reduced after incubation 
(Fig. 1) (P<0.001). Post-thaw sperm motility rates in BSA7.5 
group was higher than the control and BSA2.5 groups at 0 
h (P<0.05). After 6 h incubation, BSA2.5 group had higher 
motility rate than the control group (P<0.05). At the end of 
the 10 h incubation, mean motility rates better preserved 
in the BSA2.5, BSA7.5 and BSA10 groups than the control 
groups (P<0.05). The highest percentage of motility was 
observed in BSA5 group at post-thaw and incubation 
periods (P<0.05). 

Plasma membrane functional integrity deteriorated after 
post-thaw and incubation (P<0.001). Membrane functional 
integrity was better preserved in the BSA7.5 and BSA10 
groups than the control group at 0 h (P<0.05). The BSA2.5 
group had higher membrane integrity percentage than 
the control group at 6 h (P<0.05). After 10 h incubation, 
the similar result was obtained in the BSA2.5, BSA7.5 and 
BSA10 groups (P>0.05). Membrane integrity was protected 
in BSA5 group compared to the other groups (P<0.05).

Mitochondrial function decreased with the freeze-thaw 
process (P<0.001). While, post-thaw mitochondrial function 

Table 1. The mean of studied sperm resilience parameters on different extender groups

Incubation Period 
(h) Group Motility 

(%)
HOST 

(%)
Mitochondrial
Function (%)

DNA Fragmentation 
(%)

0

Control 53.00±2.54a 63.40±3.25a 58.0±1.46a 4.75±0.96
BSA 2.5 54.00±2.07a 65.40±2.13ab 59.4±2.13a 5.00±0.82
BSA 5 61.00±2.07c 71.20±3.88c 68.0±2.36c 4.60±0.55

BSA 7.5 57.00±2.54b 67.00±1.46b 63.6±4.22b 5.00±1.15
BSA 10 56.00±2.07ab 67.40±2.75b 63.6±3.50b 5.75±1.26

6

Control 22.00±4.14a 32.20±3.17a 26.8±1.78a 9.75±2.50
BSA 2.5 26.00±3.87b 36.40±1.92b 30.20±2.57b 9.60±1.14
BSA 5 35.00±3.27c 43.40±4.56c 38.60±2.50c 8.40±1.14

BSA 7.5 25.00±3.27ab 34.60±3.85ab 29.40±4.37ab 9.00±0.82
BSA 10 24.00±3.87ab 35.20±4.16ab 30.80±4.00b 10.20±0.84

10

Control 2.00±2.54a 10.40±3.50a 7.20±2.01a 19.67±1.15
BSA 2.5 6.00±2.07b 13.40±2.41b 11.40±2.32b 18.25±2.22
BSA 5 12.00±2.54c 21.00±2.17c 20.40±3.62c 18.00±1.41

BSA 7.5 8.00±2.54b 12.20±2.57ab 14.20±2.88b 19.50±3.32
BSA 10 7.00±2.54b 13.40±1.80b 13.60±3.96b 19.50±4.20

a, b, c Values with different superscripts in the same column for each of  incubation time are significantly different (P<0.05)
Data is presented in Mean± S.D.
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values at 0 h in BSA7.5 and BSA10 groups were higher  
than the BSA2.5 and control groups. After 6 h incubation, 
BSA2.5 and BSA10 group had higher mitochondrial function 
rate than the control group (P<0.05). At the end of the 10 
h incubation, mitochondrial function was successfully 
preserved in BSA2.5, BSA7.5 and BSA10 groups compared 
to the control group (P<0.05). Similar to motility and 
plasma membrane integrity, the best mitochondrial 
function was obtained for the BSA5 group compared to 
the other groups (P<0.05).

The post-thaw and after incubation DNA damaged 
spermatozoa percentages were not statistically significant 
in all groups (P>0.05). 

Post-thaw uncapacitated and capacitated status in control, 
BSA2.5 and BSA5 groups were higher than the other 
groups (P<0.05) In addition, acrosome reacted (AR) values 
were not significant among groups. After 6 h incubation, 
uncapacitated rates in BSA7.5 and BSA10 groups were 

lower than the compared to the other groups (P<0.05). 
Capacitation rates in control group were higher than the 
BSA5 group (P<0.05). AR rates in BSA7.5 and BSA10 groups 
were higher than the other groups (P<0.05). At the end of 
the 10 h incubation, uncapacitated rates in control and 
BSA2.5 groups were higher than the BSA7.5 and BSA10 
groups (P<0.05). Capacitated rates were not significant 
between groups. AR rates in BSA10 groups were higher 
than the control, BSA2.5 and BSA5 groups (P<0.05).

DISCUSSION

Cryopreservation process have a detrimental effect on 
spermatozoa because of temperature change, cold shock, 
ice crystallization and lipid peroxidation. These restrictive 
effects provoke to decrease of motility, viability, mitochondrial 
membrane function, DNA integrity and fertilizing ability of 
spermatozoa [11,12,16]. Various supplements were tested to 
minimize the adverse effect of cryopreservation [5-12,14,16,28]. 

Table 2. Effect of BSA on capacitation status of frozen-thawed sperm

Incubation Period 
(h) Group Uncapacitated 

(%)
Capacitated 

(%)
Acrosome Reacted 

(%)

0

Control 24.40±1.82a 58.20±0.84a 17.80±2.68

BSA 2.5 22.20±1.30a 58.80±1.48a 19.00±1.41

BSA 5 22.60±3.05a 59.40±2.30a 18.00±4.47

BSA 7.5 17.80±1.30b 64.00±2.34b 18.20±1.79

BSA 10 15.20±2.28b 67.40±2.41b 17.40±1.14

6

Control 14.40±2.61a 66.40±1.52a 19.20±1.92a

BSA 2.5 15.20±1.10ab 65.40±0.89ab 19.40±1.34a

BSA 5 17.80±1.30b 61.40±2.07b 20.60±1.52a

BSA 7.5 11.00±1.41c 63.00±3.08ab 26.00±3.81b

BSA 10 9.60±0.55c 63.40±2.41ab 27.00±2.12b

10

Control 6.80±0.84a 58.80±1.79 34.40±1.52a

BSA 2.5 6.60±1.52a 58.60±2.07 34.80±1.10a

BSA 5 6.00±0.71ab 57.60±1.34 36.40±1.14ab

BSA 7.5 4.40±1.14bc 56.20±2.59 39.40±1.82bc

BSA 10 3.60±0.89c 54.60±4.39 41.80±4.09c

a, b, c Values with different superscripts in the same column for each of  incubation time are significantly different (P<0.05)
Data is presented in Mean± S.D.

Fig 1. The motility results of the experiment 
groups during incubation
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Bovine serum albumin is one of the attempted supplements, 
because of a good amino acid profile and protective 
functions [17,21]. In the present study, we compared the 
effect of exogenous addition of BSA in lecithin-based 
extender on ram semen quality at post-thaw and during 
the incubation periods. 

Motility is one of the essential semen quality parameters 
as an indicator of attaining to oocyte [33]. The post-thaw 
motility values of ram semen cryopreserved with lecithin-
based extender ranged between 31.0% - 48.1% [5,11,14,34]. 
Our post-thaw motility results clearly higher than these 
studies. Good interaction between lecithin-BSA could be the 
reason of these results. BSA stimulates sperm motility [17,34] 
but there is no enlightening explanation about mechanism 
of its stimulative effect [17]. In our study; although BSA 
supplementation prompted to clear increase on motility, 
BSA2.5 group had not sufficient effect to make statistical 
difference at all incubation times. BSA5 group had better 
motility values than other groups at post thaw and after 
incubation (P<0.05). When sufficient BSA doses (BSA5, 
BSA7.5, BSA10) were compared among each other, it was 
shown that increasing doses of BSA caused gradually 
decrease on motility. 

The sperm-environment interaction is performed with 
plasma membranes that have an essential role in sperm 
metabolism [26]. Therefore, plasma membrane integrity is 
important for capacitation, acrosome reaction and finally 
oocyte fusion of sperm [35]. However, plasma membrane 
permeability and integrity get harmed from cold shock 
and lipid peroxidation (LPO) [33]. Cold shock causes 
phase transition of membrane lipids and then plasma 
membrane could lose its selective permeability [36]. The 
protection against cold shock is possible with increasing 
the fluidity of membrane [37]. The protective effect of BSA 
against cold shock is based on this expected impact. 
BSA attaches to the sperm membrane then changes 
sperm membrane lipid composition and decreases to 
phospholipid concentration [19]. The proper protection 
against cold shock could be evaluated with assessment 
of plasma membrane functional integrity. HOST is the 
optimized test for detecting the subtle changes of sperm 
membrane functional integrity [35]. In the present study, the 
HOST values in BSA5 group were higher than in the other 
groups at post-thaw and after incubation (P<0.05). The 
HOST values are in a good agreement with the previous 
researches [5,11,12,28,33].

The negative effect of cold shock and LPO is not only 
limited to losing of plasma membrane integrity, but 
also the organelle membranes suffered from them as 
well. Membrane integrity loses lead to malfunction or 
dysfunction of organelles [38]. When reactive oxygen species 
(the result of cooling, cold shock or cryostress) induce 
mitochondrial membrane damage for this reason ATP 
synthesis is interrupted and consequently spermatozoon 

loss its motility and metabolism function [38]. Therefore, 
mitochondrial membrane function is important for sperm 
fertilization ability. In the current study, sperm mito-
chondrial function was assessed by R123 fluorescent 
staining. The BSA5 group protected mitochondrial activity 
properly and this protective effect proceeded reach up to 
10 h incubation. 

Capacitation and acrosome reaction are essential for the last 
journey of spermatozoon. It has been related with sperm 
penetration and fusion to zona pellucida [39]. The trigger 
of capacitation process is the increment of intracellular 
calcium concentration so it can be regarded as a key factor 
that regulating induction of sperm capacitation [40]. The 
BSA promotes Ca+2 to influx into spermatozoon and rises 
intracellular Ca+2 concentration. In this way it stimulates 
sperm membrane reorganization [41]. In the study, there 
was no statistical difference between low doses BSA and 
control for uncapacitated spermatozoa rates at 0 h. It is not 
an undesirable result because higher rate of capacitated 
spermatozoa at 0 h may be the indicator of precapacitation. 
Considering the progressive times of incubation, higher 
BSA doses decreased the capacitated spermatozoa rates. 
The decrease of capacitated sperm with higher dose BSA 
groups was relevant with the increase of acrosome reacted 
sperm. Briefly, higher doses of BSA was induce acrosome 
reaction and the highest results of 6 h and 10 h was 
obtained with BSA10 (P<0.05). 

The other adverse effect of cryopreservation is the DNA 
damage [33,42]. On the contrary of the other assessment 
methods; DNA integrity is not the direct indicator of sperm 
fertilizing ability [42]. It is important for identification of 
seriously damaged spermatozoa and embryo development 
ability [42]. According to our data; there were no difference 
among DNA integrities of control or BSA groups. In many 
studies using ram spermatozoa, the post-thaw and after 
6 h incubation results of DNA fragmentation rates are in 
a rate between 3.6%-11.9% [12,35,43] and 5.8%-12.4% [12,43]

respectively. In our study, similar DNA fragmentation rates 
were obtained. 

The results of the present study indicated that BSA5 group 
preserved sperm motility, plasma membrane functional 
integrity and sustained mitochondrial activity better than 
both BSA-free and higher doses of BSA supplemented 
extenders throughout freezing-thawing and incubation 
period. Considering to all sperm parameters mentioned 
above; BSA5 group was the optimum for ram semen 
preservation. Beneficial effect of BSA supplementation 
looked promising to increase the utility of lecithin-based 
extender for ram spermatozoa. Future studies should be 
aimed at confirming the usefulness of the supplementation 
with BSA5 group regarding field fertility.
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Abstract
The lactic acid bacteria isolated from pastirma, produced under controlled conditions using two different curing temperatures (4°C or 
10°C) and two different curing agents (150 mg/kg sodium nitrite or 300 mg/kg potassium nitrate), were subjected to genotypic (16S rRNA 
sequecing) identification. According to the identification results, 68 of 87 isolates (78.16%) was identified as Pediococcus pentosaceus. This 
species was followed by P. acidilactici (14.94%), Lactobacillus sakei (4.60%) and L. plantarum (2.30%), respectively. P. pentosaceus was dominant 
species in all curing applications (4°C/nitrate or nitrite or 10°C/nitrate or nitrite). Another species determined in all groups was P. acidilactici. 
While L. plantarum was only isolated from samples produced with nitrate (4°C or 10°C), L. sakei was isolated from samples produced with 
nitrite (4°C or 10°C). The effect of the curing agent on the biodiversity of lactic acid bacteria in pastirma was more effective than the curing 
temperature.

Keywords: Pastirma, Nitrate, Nitrite, Pediococcus, Lactobacillus, 16S rRNA

Farklı Kürleme İşlemleri İle Üretilen Pastırmada Laktik Asit Bakterilerinin 
Genotipik İdentifikasyonu

Öz
İki farklı kürleme sıcaklığı (4°C veya 10°C) ve iki farklı kürleme ajanı (150 mg/kg sodium nitrit veya 300 mg/kg potasyum nitrat) kullanılarak 
kontrollü şartlar altında üretilen pastırmadan izole edilen laktik asit bakterileri, genotipik (16S rRNA) identifikasyona tabi tutulmuştur. 
İdentifikasyon sonuçlarına göre, 87 izolatın 68’i (%78.16) Pediococcus pentosaceus olarak tanımlanmıştır. Bu türü sırasıyla P. acidilactici 
(%14.94), Lactobacillus sakei (%4.60) ve L. plantarum (%2.30) takip etmiştir. Tüm kürleme uygulamalarında (4°C/nitrat veya nitrit veya 10°C/
nitrat veya nitrit), P. pentosaceus dominant türdür. Tüm gruplarda belirlenen diğer bir tür ise P. acidilactici’dir. L. plantarum yalnız nitrat (4°C 
veya 10°C) ile üretilen örneklerden identifiye edilirken, L. sakei yalnızca nitrit (4°C veya 10°C) kullanılarak üretilen örneklerde tanımlanmıştır. 
Pastırmada laktik asit bakterilerinin biyoçeşitliliği üzerine kürleme ajanının etkisi, kürleme sıcaklığınından daha etkili olmuştur.

Anahtar sözcükler: Pastırma, Nitrat, Nitrit, Pediococcus, Lactobacillus, 16S rRNA

INTRODUCTION
Pastirma, a traditional Turkish dry-cured meat product, 
is made from beef or water buffalo meat. Its production 
stages consist of curing, drying, pressing and çemen 
covering. The production of pastirma takes about one 
month and the heating or smoking stages do not include in 
the process [1]. Curing process is one of the most important 
stages in the production of pastirma. Product-type and 
process conditions are considered in the selection of curing 

agent in meat products [2]. European Parliament and Council 
Directive 2014/601/EC (section 08.3.1) allows use of 150 mg 
nitrite (ingoing amount)/kg and 150 mg nitrate (ingoing 
amount)/kg in non-heat-treated meat products [3]. In the 
same fashion, Turkish Food Codex Regulation on Food 
Additives (2013/28693) also allows the use of 150 mg/kg 
nitrite in non-heat-treated meat products while it forbids 
the use of nitrate in pastirma [4]. However, nitrate is the 
most commonly used curing agent in pastirma [1,2,5-9]. 
These curing agents are important additivies for cured 
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meat products due to formation of color and flavor, anti- 
oxidant and antimicrobial properties [9,10]. On the other 
hand, nitrate must be converted to nitrite for observation 
of the expected effects from nitrate in the processes with 
nitrate [11]. 

In pastirma microbiota, Gr (+), catalase-positive cocci 
(coagulase-negative Staphylococcus and Kocuria) and lactic 
acid bacteria constitute two important microorganism 
groups [12]. Lactic acid bacteria are important microorganisms 
in terms of technological properties and food safety. They 
produce antimicrobial compounds such as bacteriocins and 
organic acids [13]. The number of lactic acid bacteria in the 
final product may vary depending on the process conditions 
of the enterprise where production is made because pastirma 
is produced by traditional methods. It is possible to face 
very low numbers during production performed under 
controlled conditions from raw material with quite a low 
number of initial microorganisms. On the other hand, it 
is also possible to encounter high numbers of lactic acid 
bacteria in pastirma although it is rare. Although the number 
of lactic acid bacteria varied between 104-108 cfu/g in some 
studies [14,15], counts varying between 103-106 cfu/g [16], 102-
107 cfu/g [17], 103-107 cfu/g [18] were reported in other studies. 

Various species belonging to Lactobacillus, Enterococcus, 
Pediococcus, Leuconostoc and Weisella genera were 
determined in studies for the isolation and identification 
of the lactic acid bacteria in pastirma [18-20]. There is a study 
on the biodiversity of lactic acid bacteria in pastirma under 
different curing processing, in which lactic acid bacteria 
were identified phenotypically using API CHL [21]. The aim 
of this study was to genotypically identify the isolates of 
lactic acid bacteria from pastirma produced with different 
curing agents and curing temperatures (4°C or 10°C).

MATERIAL and METHODS
Isolates

Eighty seven lactic acid bacteria isolates, obtained from 
pastirma produced under controlled conditions using 
two different curing temperatures (4°C or 10°C) and two 
different curing agents (150 mg/kg sodium nitrite or 300 
mg/kg potassium nitrate) [21] were subjected to genotypic 
(16S rRNA sequecing) identification. 

Genotypic Identification

A High Pure PCR template preparation kit (Roche, Indiana- 
polis, IN) according to the manufacturer’s protocol was 
used to isolation of genomic DNA. 16S rRNA coding region 
sequence was selected and amplified by PCR (TC-4000 
Techne). Faststart High Fidelity PCR System dNTPack kit 
(Roche) was used in PCR and 27F (5’-AGAGTTTGATCM 
TGGCTCAG-3’) and 1492R (5’-TACGGYTACCTTGTTACGA 
CTT-3’) universal primers were also used to amplify the 
16S rRNA gene. The amplification program was initial 
denaturation at 95°C for 2 min; 35 cycles of denaturation 

at 95°C for 30 s, annealing at 50°C for 30 s, and extension 
at 72°C for 1.5 min; and a final extension step at 72°C for 
7 min. Cycle sequencing reaction products were purified 
with a Sephadex column. 16S rRNA sequence analysis of 
PCR products was carried out by the Macrogen company 
(Netherlands). The sequence results obtained were aligned 
with the NCBI database using the BLAST program (http://
blast.ncbi.nlm.nih.gov).

RESULTS
A total of 87 lactic acid bacteria isolates belonging to four 
different species and two different genera were identified. 
As a result of identification, 68 isolates were identified 
as Pediococcus pentosaceus, 13 isolates as Pediococcus 
acidilactici, 4 isolates as Lactobacillus sakei and 2 isolates 
as Lactobacillus plantarum (Table 1). When they were 
evaluated on the basis of species, it was determined that 
93.10% of the isolates consisted of two species belonging 
to Pediococcus genera, and 6.90% of the isolates consisted 
of two species belonging to Lactobacillus. According to 
the results, P. pentesaceus (78.16%) was found as dominant 
species in pastirma, and this species was followed by P. 
acidilactici (14.94%). The isolation ratios of L. sakei (4.60%) 
and L. plantarum (2.30%) species were quite low.

Twenty four isolates were identified in pastirma samples 
in which nitrite as the curing agent and the curing 
temperature of 4°C were used; 22 isolates were identified 
in pastirma samples in which nitrite as the curing agent 
and the curing temperature of 10°C were used. Twenty 
isolates were identified in pastirma samples in which 
nitrate as the curing agent and the curing temperature 
of 4°C were used; a total of 21 isolates were identified in 
pastirma samples in which nitrate was used at 10°C (Table 
2). Twenty isolates in the combination of nitrite and curing 
temperature of 4°C and 16 isolates in the combination of 
nitrite and curing temperature of 10°C were identified as 
P. pentosaceus. In the groups in which nitrate was used as 
the curing agent, 18 isolates at 4°C curing temperature and 
14 isolates at 10°C curing temperature were identified as P. 
pentosaceus (Table 2).  

Four different species (P. acidilactici, P. pentosaceus, L. 
plantarum, L. sakei) both at 4°C curing temperature and at 
10°C curing temperature were identified independently 
of the curing agent. The isolates were identified as P. 
acidilactici, P. pentosaceus and L. sakei in nitrite-curing 
process, while P. acidilactici, P. pentosaceus and L. plantarum 
were identified in the presence of nitrate. According to 
these results, L. plantarum was only identified in case 
of using nitrate, and L. sakei was only identified in the 
presence of nitrite.

DISCUSSION
In the studies conducted on commercially available pastirma 



301
ÇİNAR, FETTAHOĞLU, KABAN

Ta
bl

e 
1.

 G
en

ot
yp

ic
 id

en
tif

ic
at

io
n 

re
su

lts
 o

f l
ac

tic
 a

ci
d 

ba
ct

er
ia

 is
ol

at
ed

 fr
om

 p
as

tir
m

a 
pr

od
uc

ed
 u

nd
er

 d
iff

er
en

t c
ur

in
g 

te
m

pe
ra

tu
re

 a
nd

 c
ur

in
g 

ag
en

ts

Is
ol

at
e

N
o

Co
de

Sp
ec

ie
s

N
um

be
r 

of
 B

as
e

Id
en

ti
ti

y
(%

)
Is

ol
at

e
N

o
Co

de
Sp

ec
ie

s
N

um
be

r o
f 

Ba
se

Id
en

ti
ti

y
(%

)
Is

ol
at

e
N

o
Co

de
Sp

ec
ie

s
N

um
be

r o
f 

Ba
se

Id
en

ti
ti

y
(%

)

1
K4

P.
 p

en
to

sa
ce

us
11

33
99

30
K5

2
P.

 p
en

to
sa

ce
us

11
00

10
0

59
K9

8
P.

 a
ci

di
la

ct
ic

i
10

11
10

0

2
K5

P.
 p

en
to

sa
ce

us
13

88
10

0
31

K5
3

P.
 a

ci
di

la
ct

ic
i

10
14

97
60

K9
9

P.
 a

ci
di

la
ct

ic
i

12
68

10

3
K6

P.
 p

en
to

sa
ce

us
12

58
10

0
32

K5
4

P.
 p

en
to

sa
ce

us
11

14
99

61
K1

00
P.

 a
ci

di
la

ct
ic

i
11

55
10

0

4
K7

P.
 p

en
to

sa
ce

us
11

69
99

33
K5

5
P.

 p
en

to
sa

ce
us

10
25

10
0

62
K1

01
P.

 p
en

to
sa

ce
us

10
54

98

5
K8

P.
 p

en
to

sa
ce

us
11

41
99

34
K5

6
P.

 p
en

to
sa

ce
us

10
16

10
0

63
K1

02
P.

 p
en

to
sa

ce
us

10
77

10
0

6
K9

P.
 p

en
to

sa
ce

us
11

36
10

0
35

K5
7

P.
 a

ci
di

la
ct

ic
i

10
35

99
64

K1
03

L.
 sa

ke
i

10
74

98

7
K1

0
P.

 p
en

to
sa

ce
us

11
23

10
0

36
K5

8
P.

 a
ci

di
la

ct
ic

i
87

6
99

65
K1

04
P.

 p
en

to
sa

ce
us

11
10

99

8
K1

3
P.

 p
en

to
sa

ce
us

10
48

10
0

37
K5

9
P.

 a
ci

di
la

ct
ic

i
11

20
10

0
66

K1
05

P.
 p

en
to

sa
ce

us
11

53
99

9
K1

4
P.

 p
en

to
sa

ce
us

12
67

10
0

38
K6

0
P.

 a
ci

di
la

ct
ic

i
10

75
10

0
67

K1
06

P.
 p

en
to

sa
ce

us
10

62
10

0

10
K1

5
P.

 p
en

to
sa

ce
us

10
52

10
0

39
K6

1
P.

 p
en

to
sa

ce
us

11
58

10
0

68
K1

07
P.

 p
en

to
sa

ce
us

10
45

10
0

11
K2

1
P.

 p
en

to
sa

ce
us

12
84

10
0

40
K6

2
P.

 a
ci

di
la

ct
ic

i
10

19
10

0
69

K1
08

L.
 sa

ke
i

10
98

99

12
K2

2
P.

 p
en

to
sa

ce
us

11
69

10
0

41
K6

3
P.

 a
ci

di
la

ct
ic

i
11

13
98

70
K1

09
L.

 sa
ke

i
11

27
99

13
K2

3
P.

 p
en

to
sa

ce
us

12
97

10
0

42
K6

4
P.

 a
ci

di
la

ct
ic

i
12

54
10

0
71

K1
10

P.
 p

en
to

sa
ce

us
12

40
10

0

14
K2

4
P.

 p
en

to
sa

ce
us

10
86

10
0

43
K6

6B
P.

 p
en

to
sa

ce
us

12
66

10
0

72
K1

11
L.

 sa
ke

i
99

4
10

0

15
K3

1
P.

 p
en

to
sa

ce
us

11
43

10
44

K6
6S

P.
 p

en
to

sa
ce

us
11

44
99

73
K1

12
P.

 p
en

to
sa

ce
us

91
9

10
0

16
K3

2
P.

 p
en

to
sa

ce
us

11
09

97
45

K6
7

P.
 p

en
to

sa
ce

us
10

45
10

0
74

K1
13

P.
 p

en
to

sa
ce

us
11

39
10

0

17
K3

3
P.

 p
en

to
sa

ce
us

98
9

99
46

K7
2

L.
 p

la
nt

ar
um

10
76

99
75

K1
14

P.
 p

en
to

sa
ce

us
11

09
99

18
K3

4
P.

 p
en

to
sa

ce
us

10
48

99
47

K7
3

L.
 p

la
nt

ar
um

93
4

99
76

K1
15

P.
 p

en
to

sa
ce

us
10

69
98

19
K3

5
P.

 p
en

to
sa

ce
us

11
26

99
48

K7
4

P.
 p

en
to

sa
ce

us
10

46
10

0
77

K1
16

P.
 p

en
to

sa
ce

us
10

41
10

0

20
K3

6
P.

 p
en

to
sa

ce
us

11
13

99
49

K7
5

P.
 p

en
to

sa
ce

us
12

17
10

0
78

K1
17

P.
 p

en
to

sa
ce

us
10

29
99

21
K3

7
P.

 p
en

to
sa

ce
us

12
88

10
0

50
K7

6
P.

 p
en

to
sa

ce
us

10
34

10
0

79
K1

18
P.

 p
en

to
sa

ce
us

11
90

99

22
K3

8
P.

 p
en

to
sa

ce
us

10
61

10
0

51
K7

9
P.

 p
en

to
sa

ce
us

10
72

99
80

K1
19

P.
 a

ci
di

la
ct

ic
i

11
88

99

23
K3

9
P.

 p
en

to
sa

ce
us

12
14

10
0

52
K8

1
P.

 p
en

to
sa

ce
us

11
09

10
0

81
K1

20
P.

 p
en

to
sa

ce
us

11
55

99

24
K4

0
P.

 p
en

to
sa

ce
us

10
89

10
0

53
K8

2
P.

 p
en

to
sa

ce
us

10
41

10
0

82
K1

21
P.

 p
en

to
sa

ce
us

11
06

99

25
K4

1
P.

 p
en

to
sa

ce
us

11
85

10
0

54
K8

3
P.

 a
ci

di
la

ct
ic

i
11

32
99

83
K1

22
P.

 p
en

to
sa

ce
us

11
43

10
0

26
K4

2
P.

 p
en

to
sa

ce
us

10
87

99
55

K8
5

P.
 p

en
to

sa
ce

us
12

04
10

0
84

K1
24

P.
 p

en
to

sa
ce

us
11

77
99

27
K4

4
P.

 p
en

to
sa

ce
us

10
22

99
56

K8
6

P.
 p

en
to

sa
ce

us
11

23
99

85
K1

27
P.

 p
en

to
sa

ce
us

10
23

10
0

28
K4

5
P.

 p
en

to
sa

ce
us

10
04

10
0

57
K8

7
P.

 p
en

to
sa

ce
us

12
35

10
0

86
K1

28
P.

 p
en

to
sa

ce
us

12
59

10
0

29
K5

1
P.

 p
en

to
sa

ce
us

11
45

10
0

58
K9

7
P 

.p
en

to
sa

ce
us

10
41

10
0

87
K1

29
P.

 p
en

to
sa

ce
us

10
90

10
0



302
Genotypic Identification of ...

samples, quite different numbers of lactic acid bacteria 
were determined [14-16,18]. On the other hand, in a study 
investigating the effect of different levels of sodium and 
potassium nitrate on the quality properties of pastirma, it 
was found that the use and levels of sodium or potassium 
nitrate did not cause any differences in the microbiological 
properties of the product [22]. Pediococcus spp. which are 
dominantly available in experimental pastirma were also 
found in samples taken from the market. Sınmaz et al.[18] 

identified 5.7% of the lactic acid bacteria isolated from 
pastirma as P. pentosaceus and 4.7% of them as P. acidilactici. 
Dinçer and Kıvanç [20] isolated P. acidilactici as well as 
L. plantarum, L. sakei and Enterococcus faecium from 
pastirma. However, Pediococcus species were not found in 
pastirma samples in the study carried out by Özdemir and 
Siriken [19]. In another study on lactic acid bacteria isolated 
from pastirma produced with different curing condition, 
72.41% of the isolates were phenotypically identified as P. 
pentosaceus [21]. Similar result (78.16%) was also observed 
in the present study where genotypic identification was 
used. 

Pediococci are homofermentative microorganisms and 
they are important microorganisms for food microbiology 
in terms of being tolerant to salt and also developing in a 
wide temperature range [23,24]. It is stated that the optimum 
growth temperature of pediococci varies between 25 
and 40°C [25]. In addition, it is also indicated that some 
species show a wide tolerance against pH and salt as well 
as temperature [26]. In this present study, it is thought that 
pediococci show tolerance to salt at the curing and drying 
stages, and could survive at later stages.

In this present study, L. plantarum and L. sakei were also 
identified. These species belonging to Lactobacillus genera 
are facultative heterofermentative and produce a high 
proportion of lactic acid by following Embden-Meyerhoff-
Parnas (EMP) called glycolysis [27]. Özdemir and Siriken [19] 
identified 5 isolates from 40 isolates which were isolated 
from pastirma by them as L. plantarum and 8 isolates as 
L. curvatus. Dinçer and Kıvanç [20] identified L. plantarum 
as the dominant species as a result of the biochemical 

tests on 92 isolates obtained from pastirma samples by 
using API50 CH. Çinar [21] reported that L. sakei was not 
determined in pastirma sample, while L. plantarum (2.30%), 
L. curvatus (2.30%), L. brevis (2.30%) and L. collinoides 
(1.15%) were isolated from pastirma samples. In the 
present study, Lactobacillus isolates were identified 
as L. sakei and L. plantarum. Sınmaz et al.[18] identified 
L. plantarum only in one sample and L. paraplantarum in 
another sample as a result of 16S rRNA sequence analysis 
on 14 pastirma samples. In the same study, L. curvatus was 
identified in two samples and it was stated that L. sakei 
was the dominant species. 

As a conclusion, P. pentosaceus was the dominant species in 
pastirma under different curing conditions. In addition, the 
effect of the curing agent on the biodiversity of lactic acid 
bacteria in pastirma was more effective than the curing 
temperature. The species of P. acidilactici, P. pentosaceus, 
L. sakei and L. plantarum were detected both at 4°C and 
at 10°C. However, L. plantarum was only identified from 
pastirma cured with nitrate, and L. sakei was only identified 
from the samples cured with nitrite.
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Abstract
Make sure healthy ovary or follicle is critical for extending egg laying performance in poultry. Transcription factor forkhead box L2 (FOXL2) 
gene have key role in regulate development of ovary. In the present research, different aged Hy-line Brown hens were maintained to explore 
relationships between ovarian developing and FOXL2 expression. Through histological observation, different quantities of follicles from 
various phases of age were observed. It was displayed that FOXL2 expression and number mature follicle were increased as the days of age 
increased and then decreased. In comparison, the expression of FOXL2 in hypothalamus and eyelid were remained in a relative stable level. 
Taken together, these data in our research establish a framework for understanding the potential functions of FOXL2 in regulate chicken 
ovarian developing and may provide a new perspective on the theory and practice to increase egg production or others.

Keywords: FOXL2, Follicle, Ovary, Laying, Poultry

Yumurtacı Tavuklarda Ovaryum Gelişimi İle Forkhead Box L2 Ekspresyonu 
Arasındaki İlişki

Öz
Kanatlılarda yumurtlama performansını artırmada sağlıklı ovaryum veya foliküller kritik öneme sahiptir. Transkripsiyon faktörü forkhead 
box L2 (FOXL2) geni, ovaryum gelişimini düzenlemede anahtar rol oynamaktadır. Bu araştırmada, ovaryum gelişimi ile FOXL2 ekspresyonu 
arasındaki ilişkiyi araştırmak için farklı yaşlarda Hy-line Brown tavuklar kullanılmıştır. Histolojik olarak, değişik yaş evrelerindeki folikül miktarları 
incelendi. FOXL2 ekspresyonu ve olgunlaşmış folikül sayısının, yaşla birlikte arttığı ve sonrasında ise azaldığı gözlemlenmiştir. Hipotalamus 
ve gözkapağında FOXL2 ekspresyonu karşılaştırıldığında göreceli olarak sabit kaldıkları belirlenmiştir. Sonuçlar birlikte değerlendirildiğinde, 
çalışmada elde edilen veriler tavuklarda ovaryum gelişimini düzenlemede FOXL2’nin muhtemel fonksiyonunu anlamada bir çerçeve 
oluşturabilir, teorik ve uygulamada yumurta üretimini artırmada yeni bir bakış açısı geliştirmeye yardımcı olabilir.

Anahtar sözcükler: FOXL2, Folikül, Ovaryum, Yumurtacı, Kanatlı

INTRODUCTION 

As egg laying poultry, the most important economic trait 
is egg production, which is influenced by a variety of 
factors, including genetics, nutrition, and environment 
conditions (such as light time and intensity). All of these 
factors influence egg production could be attributed to 
affecting ovarian development. The ovarian development 
of chickens starts from the early stage of embryos and 
continues until the end of the whole reproductive cycle. 

And the growth, maturation, and differentiation of follicles 
in ovary were regulated under the synergistic of local 
regulatory factors (growth factors and cytokines) and/or 
exogenous hormones (follicle stimulating hormone and 
luteinizing hormone) [1,2]. 

FOXL2 is the first discovered factors that participate in 
ovarian development in a variety of animals such as 
mammals, birds, reptiles and fish. And it’s a highly conserved 
gene that continuously expressed in mammalian ovaries 
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from sexual differentiation to adulthood especially in 
granulosa cells. In addition to causing Blepharophimosis-
ptosis-epicanthus-inversus syndrome BPES, mutations in 
FOXL2 cause many ovarian diseases. Over 95% granulosa 
cell tumors (GCTs) are associated with abnormal expression 
of FOXL2 [3,4]. In many animals, FOXL2 directly activates the 
transcription of CYP19A1 to regulate estrogen synthesis [5,6]. 
FOXL2 is a molecular marker of the early mammalian ovary, 
which begins to express in the mouse embryo of 12.5 d 
old and has female specificity. Further studies identified 
FOXL2 mice cannot form primordial follicles that became 
sterile [7,8]. These data demonstrated that FOXL2 plays an 
important role in the process of sex differentiation and and 
ovarian granulosa cell differentiation.

Although the function of FOXL2 has been well studied in 
mammals, it remains unclear in chicken. Studies in chicken 
embryos have found that FOXL2 and CYP19A1 are both 
female-specific and the expression patterns are highly 
correlated. The expression of FOXL2 was decreased in 
chicken embryos supplemented with CYP19A1 inhibitors, 
but did not completely disappear or have obvious 
sexual reversal, while over expression of CYP19A1, the 
expression of FOXL2 was increased [9,10]. Therefore, it can 
be speculated that during embryonic period, FOXL2 has 
a certain interaction with aromatase and participates in 
the sex determination of chicken embryo gonads. On the 
other side, a non-synonymous replacement of FOXL2 SNP 
A238G causes isoleucine 77-proline mutations associated 
with egg production and egg weight in Chinese Big Bone 
Chicken, and FOXL2 can enhance the regulate role of  
GDF9 in pre-follicular cells proliferation [11,12]. However, 
there is no systematic study on the role of FOXL2 in 
the development of chicken embryo gonads or in the 
development of adult ovarian follicles.

The laying performance of hens is a compelling problem 
in poultry production, and egg production performance is 
closely related to the development of hen ovary. Ovarian 
development is a dynamic process that continues the 
entire process of female reproductive life. FOXL2 has 
been considered as a key factor in controlling normal 
reproductive physiology in mammals. Therefore, we 
identified FOXL2 as a candidate gene for controlling ovarian 
development in poultry, and systematically studied its 
role in the development of poultry ovary. In this research, 
we will compare the expression of FOXL2 and follicle 
developing at different age in egg-laying hens that  
further provide a suggestion for extending egg production 
stage.

MATERIAL and METHODS
Ethics statement

Experimentation with animals was approved by the 
Experimental animal management methods of Xinxiang 
Medical University (Approval number 201206078) and 

followed the Regulations of Experimental Animals of Henan 
Authority.

Animals and sample Collection

Several different-aged Hy-Line Brown hens were purchased 
from Siqing chicken farm (Xinxiang, China) and maintained 
on open floor space under free food and water intake. 
Chickens were divided into 8 groups according to their 
age and 3 chickens in each group (30 d, 60 d, 90 d, 120 d, 
160 d, 220 d, 330 d, 480 d). At times, the hens was selected 
and euthanized by decapitation. Ovary was removed 
and weighted at different age to investigate the follicle 
development of hens. At the same time, different stage 
follicles in ovary were counted. While other organ such as 
hypothalamus and eyelid were excised at the indicated 
ages. Scissors cut appropriate size of organ (50-100 mg) 
and stored in liquid nitrogen until used for RNA extraction. 

Histopathological Analysis

A part of ovary (1 cm3) were removed and fixed with 4% 
neutral formalin at room temperature for 48 h. Serial tissue 
sections were cut to 5-μm thickness after embedding in 
paraffin. Each slide was stained with hematoxylin and eosin 
(H&E) and then examined by light microscopy (Olympus 
BX41, Olympus Optical Co., Tokyo, Japan). 

Quantitative Polymerase Chain Reaction (qPCR)

Total RNA was prepared from 10 mg of collected organ 
homogenized in Trizol (Invitrogen, Carlsbad, CA, USA) 
according to the manufacturer’s instructions. The DNaseI-
treated RNA (0.2 μg) was reverse-transcribed into cDNA 
via an EasyScript First-Strand cDNA Synthesis Super Mix 
(TransGen Biotech, Beijing, China). The following primers 
were used in the qPCR: Foxl2 forward primer, 5’-CTACT 
CCTACGTGGCCCTGA-3’, and reverse primer, 5’-TGATGAAG 
CACTCGTTGAGG-3’; β-actin forward primer, 5’-AGTACCCC 
ATTGAACACGGT-3’, and reverse primer, 5’-ATACATGGCT 
GGGGTGTTGA-3’. The reaction was run on a 7500 thermal 
cycler (Applied Biosystems) with an initial denaturation 
step at 95°C for 10 min, followed by 40 cycles of 95°C for 15 
s, 56°C for 30 s, and 72°C for 40 s. The expression of FOXL2 
was determined using the relative quantification method 
and normalized to control using the 2–ΔΔCT method with 
β-actin as an internal standard. 

statistical Analysis

Data are expressed as means ± standard error (SE). 
Differences in variability among different groups were 
determined by one-way tests of variance using the 
GraphPad Prism (version 6.0; GraphPad Software, San 
Diego, CA, USA); statistical significance was set at P<0.05.

RESULTS 

It was demonstrated that the weight of ovary was obviously 
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increased as the days of age increasing and reached a  
peak value until 220 d and then began a slow decline 
during aging (30, 60, 90, 120, 160, 220, 330, 480) (Fig. 1). 
Before age of 160 d, we could hardly see any mature egg 
in ovary. 

An obvious different morphology of follicle was observed 
in different age’s hens by using HE staining. To further 
explore the relationships between laying and ovary 
weight, the histopathological features of the different 
aged ovary are shown in Fig. 2. Histologically, the normal 
ovarian cavities were infiltrated with small homogeneous 
follicles in low-aged chicken. While the higher aged hens 
contained with a comparatively high number of primordial 
and early follicles. To further deeply exploit follicle 
developing kinetics, the number of primary follicles and 
secondary follicles were detected according to the follicle 
diameter. The table exhibit secondary follicles number 
was obviously increased as the days of age increasing and 

reached a peak value until 160 d and then began a slow 
decline between different ages (Table 1). Above these 
data, it was exhibited that the development of ovary has a 
relationship with hens’ age. 

Many researchers reported that FOXL2 is one of the most 
important sex determination genes. To examine the role 
of FOXL2 on development of follicle or egg production, 
analyses of its expression in ovary were performed by 
real-time PCR on different age’s hens. As shown in Fig.2a, 
the expression of FOXL2 was up-regulated and reached a 
peak value at 120 d, thereafter with a continuous down-
regulated expression. To further confirm its regulated 
role, the expression of FOXL2 in eyelid and hypothalamus 
were also detected (Fig. 3). Different from in ovary, FOXL2 
expression was maintained at a constant level. In hypo-
thalamus, FOXL2 high expression kinetics started earlier 
than 60 d, and sustained a peak value at 60-120 d, and 
there after returning to near basal levels at high age. Based 

Fig 1. Weight of ovary. The weight of ovary were measured at 
indicated age. (N= 3)

Fig 2. Ovary histopathology at day indicated age. Ovary were subjected to H&E staining. a:30d; b:60d; c:90d; d:120d; e:160d; f:220d; 
g:330d; h:480d
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on these data, it’s suggested that a relationship between 
FOXL2 and ovarian developing.

DISCUSSION
Ovarian reserve is a critical factor affecting the function 
of ovary in human being. At present, the ovarian reserve 
function is usually evaluated based on the age, the 
number of follicles. Age was the only independent factor 
that affected the ovarian reserve, the number of follicle 
and high quality embryo could be reduced with advancing 
age [13]. Therefore, the physiological age of women is 
sometimes not exactly compatible with ovarian reserve 
function. FOXL2 is an important regulator in early stage 
of human ovarian differentiation and involved in the 
proliferation and differentiation of granulosa cells. Studies 
have shown that the expression level of FOXL2 in ovarian 
granulosa cells is negatively correlated with serum basal 
FSH, indicating that the expression level of FOXL2 in 
luteinized granulosa cells decreases with the increase 

of FSH, suggesting that the decrease of FOXL2 mRNA 
expression may reflect the decrease of ovarian reserve 
function [14]. Fuhrer et al.[15] reported that FOXL2 may have an 
anti-follicular apoptosis effect, and the reduced expression 
of FOXL2 may promote apoptosis of follicles and decrease 
the number of follicles in the ovary, leading to a decrease 
in ovarian reserve function. Therefore, FOXL2 can be used 
as a direct indicator of ovarian reserve function.

Similarly, there are currently no specific markers for 
independent evaluation of ovarian reserve function and 
ovarian response in laying hens. The follicular development 
process of mature ovary in poultry is different from that of 
mammals and has priority characteristics. The expression 
level of FOXL2 is up-regulated during this process, 
indicating that it has a certain effect on the differentiation 
of granulosa cells during chicken follicle selection [16].  
The results were consistent with the results of Govoroun  
et al.[17] and Qin et al.[12]. Thus, similar to the role in 
mammals, FOXL2 may also affect follicular development 

Table 1. Diameter of follicle in ovary

Age Primary Follicle Secondary Follicle Shrinkage of Secondary Follicle

30 88165.27±4252.37 648.55±866.71 1.57±0.34

60 78231.87±6106.40 5595.47±886.64 2.07±0.64

90 62820.34±11434.69 7553.120±2302.44 2.53±0.65

120 63018.30±10068.41 8684.20±1875.39 2.48±0.53

160 61380.10±7743.69 9868.10±1206.37 2.60±0.50

220 61380.10±7743.69 8168.70±1306.33 3.30±0.49

330 56230.20±8206.77 7168.80±1236.19 3.60±0.59

480 40724.10±3240.64 5164.65±1024.26 5.12±0.84

Fig 3. The expression of FOXL2 
gene in different organ. The mRNA 
levels of FOXL2 in the ovary, eyelid, 
hypothalamus at indicated age 
were determined by real-time PCR 
(N=3)
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by participating in the regulation of the function of ovarian 
granulosa cells in sexually mature chicken ovaries. In our 
study, we aimed to explore the relationship between FOXL2 
and ovarian developing in Hy-Line chicken. From our data, 
with growth of age, the expression of FOXL2 in ovarian was 
increased, and then slowly decreased. By comparison, the 
expression of FOXL2 in hypothalamus and eyelid was not 
change very much over time. Our data was identical with 
other research that expression of FOXL2 has critical roles 
in the regulation of hen ovarian development and may be 
used as a indicator.

In summary, this experiment demonstrated that FOXL2 
plays an important role in the development of chicken 
ovary, but its specific regulatory mechanism needs further 
research. In depth study of the gene regulatory network 
of chicken ovary development and candidate key genes 
can provide ideas for understanding the regulation 
mechanism of chicken follicle development, and provide 
a theoretical basis for genetic improvement of chicken 
laying performance.
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Abstract
A probiotic containing Pediococcus acidilactici and Bacillus subtilis (Smart ProLive) at a 1x107 CFU/mL dose in drinking water were given 
continuously from the d 14 to the end of the treatment (d 35) in broiler chickens. Experimental infection was produced by oral gavage 
of sporulated E. tenella oocysts at 14th d of age. Feed consumption (FC), live body weight (LBW) and feed consumption rate (FCR) were 
measured at weekly basis. Villus height and crypt depth in cecum and ileum, and antibody titers in the blood were performed at 28-day-old. 
Probiotics appeared to be superior to salinomycin on the villus height and crypt depth of cecum and ileum (P<0.05). A numerical, but not 
significant (P>0.05) improvement on the LBW was determined at the groups of probiotic and salinomycin+probiotic than that of control and 
salinomycin groups. Nevertheless, FC and FCR results of the probiotic and salinomycin+probiotic groups were good than that of control and 
salinomycin groups. Probiotics were effective on the villus heights and crypt depths than that of salinomycin alone. Salinomycin appeared to 
be good only than control group in all the parameters. Not a significant difference from antibody titers was existed among the groups. Based 
on these results it can be concluded that a good source of probiotics can be used as natural antimicrobial growth promoters in replacement 
with forbidden anticoccidials in broiler rearing.

Keywords: Broiler, Coccidiosis, Eimeria tenella, Probiotics, Salinomycin, Histology, Antibody

Probiyotiklerin Eimeria tenella İle Enfekte Broiler Piliçlerin Sağlık Durumu 
ve Verim Performansı Üzerine Etkileri

Öz
Pediococcus acidilactici ve Bacillus subtilis içeren bir probiyotik (Smart ProLive) 14. günden 35. güne kadar içme suyu ile birlikte sürekli olarak 
1x107 KOB/mL dozunda broiler civcivlere verildi. Deneysel enfeksiyon 14 günlük civcivlere sporlu E. tenella ookistleri ağız yoluyla verilerek 
yapıldı. Yem tüketimi, canlı ağırlıklar ve yemden yararlanma oranları haftalık olarak takip edildi. Sekum ve ileumda villus yüksekliği ve kript 
derinliği ile antikor titre analizi 28 günlük civcivlerde yapıldı. Probiotiklerin sekum ve ileumda villus yüksekliği ve kript derinliği üzerindeki 
olumlu etkisi salinomisinden daha üstün bulundu (P<0.05). İstatistiki önem ortaya çıkmamakla birlikte (P>0.05) canlı ağırlık artışı probiyotik 
ve probiyotik+salinomisin grubunda control ve salinomisin grubuna göre daha yüksek bulundu. Ancak, yem tüketimi ve yemden yararlanma 
konusunda probiyotik ve probiotik+salinomisin grupları kontrol ve salinomisin gruplarındakinden üstündü. Salinomisin tüm parametrelerde 
sadece control grubundan üstün olabildi. Antikor titreleri bakımından gruplar arasında fark gözlenmedi. Elde edilen bulgular ışığında iyi bir 
probiyotiğin kullanımı riskli ve direnç oluşumuna neden olabilecek antikoksidiyaller yerine doğal antimikrobiyal büyütme faktörü olarak 
kullanılabileceği öne sürülebilir.

Anahtar sözcükler: Broiler, Koksidiyozis, Eimeria tenella, Probiyotik, Salinomisin, Histoloji, Antikor

INTRODUCTION
The poultry industry is one of the most important food of 
animal origin suppliers in the world. The global poultry 
production has been stated to be 111.000 thousand metric 

tons in 2015, and world poultry production is projected to 
increase by 24% over the next decades, reaching 131.255 
thousand metric tons in 2025. Poultry meat production 
will be dominating more than half of the growth of all the 
additional meat produced by 2025 [1]

. The poultry meat 
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market is growing fast, with a significant increase in 
production with time [2-4].

Coccidiosis is a major parasitic disease of poultry with 
great economic impact, which mainly affects the intestinal 
tract of birds. The clinical and economic importance of 
coccidiosis is likely to remain unchanged during the 
coming decades as long as commercial poultry is reared in 
large numbers at high densities, which seems necessary to 
make the poultry industry profitable [5]. Anticoccidial drugs 
play a major role in combating this disease caused by 
protozoan parasites of the genus Eimeria both therapeutically 
and prophylactically [6,7]. Nevertheless, extensive use of 
anticoccidials has led to the development of anticoccidial 
drug resistance [8].  Even with the shuttle and rotation programs 
there is no method to fully prevent drug resistance [2,9].  

Fortification of feeds of food animals with sub-therapeutic 
doses of antibiotics to protect against infections and to 
promote yield performances has recently been an un-
wanted situation in the point of the view of the public 
health [10]. Sub-therapeutic uses of drugs are perceived to 
lead to microbial resistance, as well as consumer concerns 
regarding residues in food products. The relatively recent 
ban of sub-therapeutic doses of certain antibiotics as feed 
additives in the European Union led to a general decline 
in animal health [11]. 

Drug resistance and consumer concerns regarding drug 
usage has been a motivating factor to the practice of live 
vaccines to control coccidiosis. Vaccines have been stated 
to provide an alternative for disease protection, capable 
of limited efficacy as they induce specific protective 
immunity by exposing the chicken’s immune system to 
Eimeria antigens [9,12-14]. However, some drawbacks to live 
vaccines have been stated to occur. Subunit vaccines may 
circumvent most shortcomings of live vaccines; however, 
at present these products has stated to be underperform 
due to the lack of immunogenicity [5]. Immunity to avian 
coccidiosis has been stated to be strongly species-specific, 
therefore the bird will only develop immunity to the 
species of Eimeria present in the vaccine [12,13]. Also, vaccine 
application to the post-hatch chickens has not found to 
be so easy to apply [15].  Some secondary infections such as 
necrotic enteritis may occur after vaccine application [9,14].

The ban on the use of antibiotic growth promoters results 
in higher feed costs [14]. It has been concluded that future 
coccidiosis control is unlikely to be achieved solely by 
using anticoccidial products as feed additives and/or 
through feed composition and management [5]. Use of 
anticoccidial drugs and vaccines are generally considered 
to be successful. Due to the issues related to the, as well as 
the impending ban on animal feed additives, researchers 
has recently focused on ‘natural’ alternatives of drugs to 
controlling and managing coccidiosis [5]. 

Alternative controls include nutritionals and probiotics 

(immunomodulators) or natural feed additives [16-19].  Some  
of the bacteria used as probiotics are Lactobacillus, Pediococcus, 
Bacillus, Saccharomyces cerevisiae and Enterococcus faecium. 
Direct fed microbials (DFM) are include Aspergillus oryzae 
and Bacillus subtilis and also found to be useful [20]. In E. 
acervulina infected broilers, lower intestinal development 
of coccidiosis and lower oocyst production have been 
explained by enhanced local cell-mediated immunity 
when a Lactobacillus-based probiotic supplemented diet 
has been used [21].  In a study performed with a Pediococcus-
based commercial probiotic given to birds infected with 
an E. acervulina or E. tenella infection, increased resistance 
of birds against coccidiosis and a partial protection against 
growth retardation has been demonstrated [22]. In another 
study, a Pediococcus- and Saccharomyces-based probiotic 
has given to birds infected with 5000 oocysts of either 
E. acervulina or E. tenella and less oocyst shedding and a 
better antibody response has been found in probiotic fed 
birds compared to non-probiotic controls [23]. Probiotic 
supplementation is one option currently being explored 
as a means of reducing the amount and severity of enteric 
diseases in poultry and subsequent contamination of 
poultry products for human consumption [24,25].  

Numerous efforts to date have been implemented in 
the control of avian coccidiosis caused by the Eimeria 
parasite. Since the appearance of anticoccidial chemical 
compounds, the search for new alternatives continues. 
Today, no product is available to cope with the disease; 
however, the number of products commercially available 
is constantly increasing [2].  The objective of this study was 
to comparatively evaluate the effect of a commercial 
probiotic product (in the manufacturers’ demonstration on 
the bag, it contains ≥1×1011 CFU/mL probiotics, Pediococcus 
acidilactici and Bacillus subtilis), alone or in combination 
with the anticoccidial medicine salinomycin on broiler 
performance and intestinal health to E. tenella infection as 
evaluated by growth parameters, histological alterations 
within the intestine, and response to routine vaccines.

MATERIAL and METHODS

Preparation of Sporulated E. tenella Oocyst Suspension 
(inoculum)

For preparation of artificial infection material of coccidiosis, 
bloody fecal materials from 15 d old free-range broiler 
chickens in a local flock were collected and mixed in plastic 
bags. Then the bags brought to the lab and examined for  
the presence of presumptive E. tenella oocysts in reference to 
Conway and McKenzie [26]. The positive stool samples were 
used as the primary oocyst source in our preliminary study. 
The samples were filtered, centrifuged and sporulated in 
potassium dichromate at room temperature for seven days. 
The oocysts were recovered by centrifugation in saturated 
NaCl solution by washing with distilled water. Then, the 
material was concentrated by centrifugation and stored 
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in potassium dichromate solution, quantified in Neubauer 
chamber and stored at 4°C [27,28]. In our preliminary study, 
sporulated oocyst suspension was passaged in 9 broiler 
chickens with the age of 7 days for checking pathogenity 
and cecal localization. Each chicken was placed in one 
separate plastic pen with plastic mesh bedding. After 10 
days of oocyst inoculation, all the birds were euthanized 
and bloody content and deformations were clearly seen 
from all the 9 ceca. Not a visual sign of coccidiosis was seen 
in other parts of the intestines. All the cecal content of the 
9 euthanized chickens were collected and sporulated 
oocysts suspension was prepared as mentioned above 
and kept in a refrigerator at 4°C until use in the study.

Preparation of Probiotic Drinking Water 

A commercial probiotic (Smart ProLive) in the form of 50 
g water soluble powder in aluminum bags was purchased 
from a local Veterinary clinic. It is added to the sterile saline 
solution (0.9% NaCl, w/v) at recommended dose of 50 mg/L 
of water, and gently mixed in a sterile Erlenmeyer flask. 
Total aerobic bacteria were counted from this water. The 
10-fold increment serial dilution technique was conducted 
according to Miller and Wolin [29]. One milliliter of the 
homogenized suspension was then transferred into 9 mL 
of 0.9% saline solution (NaCl) and serially diluted from 10-1 
to 10-8 by using the same saline solution tubes. From the 
last three diluted samples, 0.1 mL each was plated on the 
Trypticase soy agar (TSA, Merck, Germany) plates and the 
plates incubated at 37oC for 48 h. All the colonies grown 
on the plates were counted and results were expressed 
as log10  colony forming units (CFU) per gram probiotic 
product. A total of 1.1 x1011 CFU/g live bacteria were 
detected in the probiotic source. After the count of CFU/g 
of probiotic product, the drinking water of chickens was 
fortified by addition of 1 g powdered probiotic to 10 L of 
drinking water to make a probiotic water including 1.1 
x107 CFU/mL live probiotic bacteria in it. The probiotic 
drinking water of the chickens were refreshed 3 d intervals 
during the experiments. The bags of 50 g probiotic source 
used in the study kept at room temperature during use as 
recommended.

Experimental Design and Treatments

The study has been permitted by NEU Ethical Board at 
Meeting No: 2016/2 held at 12th May 2016. The study 
performed was a 35-day grow-out with 90 Ross 308 mix 
sexed broilers housed on 4 plastic mesh cages with 3 
replicate pens in each. The birds at 10th day of breeding 
were purchased from a local farm and transferred to the 
cages after a 30 min journey. A total of 10 birds (5 male 
and 5 female) were located in each of 9 pens. The 1st cage 
was received as the two separate groups such that, the 
upper pen of the 1st cage was received as control that no 
medication, probiotics and infection were applied (Control 
group). The chickens of middle and bottom pen of the 1st 
cage were fed with salinomycin added feed (0.5 g/kg of 

feed) during the course (Group S). All the chickens in the 
three pens of 2nd cage were fed with probiotics via drinking 
water (Group P). All the three flats of 3rd cage were fed with 
probiotics and salinomycin (Group SP).

Each of ten birds in each pen was marked by using 
10 different colors. The male and female birds were 
recorded. Weight gain of each separate bird and also feed 
consumption of each separate pen was recorded weekly. 
At 14 d of age, the birds were infected with sporulated E. 
tenella oocysts by administering them directly into the 
crop via an oral gavage of the oocysts suspension by a 
rubber tube adjusted to a plastic syringe [30]. So, except for 
Control group, four chickens from each pen that marked 
with the same colors (2 male and 2 female) were artificially 
infected with 9×104 Eimeria oocysts. The oocysts doses 
were prepared by the section of parasitology. Mortality 
was recorded during the experiments. Routine vaccination 
program was applied for immunization. Air conditioner 
was used to standardize room temperature to meet Ross 
308 handbook [31]. 

All birds had access ad libitum to their particular diets 
during all the growth period. Both salinomycin via feed 
and probiotic via drinking water were given to the 
chickens from 10th day to 35th day of the experiment. The 
basal diet was a typical mash corn-soybean meal diet that 
was bought a local commercial broiler feed producer. The 
formula of the feed is demonstrated in the Table 1. 

Performance Parameters 

All the chickens were individually weighed at 10 (the d of 
allocation into the pens), 14, 21, 28 and 35th day. The diets 
were removed and weighed prior to the weighting of the 
birds. Weighting was completed in one h in each time. 
Feed consumption (FC) and live body weights (LBW) were 
recorded weekly. So, Feed Conversion Ratio (FCR) of 
each separate pen was calculated by dividing weekly FC 
to LBW. 

Oocyst Shedding

The feces of the chickens were checked for oocyst shedding 
at daily intervals. Feces samples were taken simultaneously 
from feces trays of each 9 separate pen once a d after 3 day 
of oocyst inoculation. The feces samples were examined 
by using the Fulleborn’s saturated salt solution method [32]. 

Histological Examinations

On d 28, a total of the 36 birds, 4 (one infected male, one 
infected female, one non-infected male and one non-
infected female) from each of 9 pens were sacrificed (Ethical 
Commission report No. 1324/13.06.2017). Then, the ceca 
incised. After emptying the content the ceca were washed 
under mild flowing tap water. For micro morphometric 
examinations, the entire segments of the ceca were fixed in 
10% formalin, embedded in paraffin wax, and sectioned to 
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give 4-μm-thick serial paraffin sections. Then, sections were 
stained with hematoxylin-eosin to measure the height of 
intestinal villi and the depth of intestinal crypts under a 
light microscopy [30].  Histological sections were examined 
with a Leica DM500 light- microscope coupled with a 
Leica Microsystem Framework integrated digital imaging 
analysis system (Leica ICCSO HD, Heerbrugg, Switzerland).  
The villous height was estimated by measuring the vertical 
distance from the villous tip to the villous-crypt junction 
level for 30 villi per section. The crypt depth (the vertical 
distance from the villous-crypt junction to the lower limit 
of the crypt) was estimated for 30 corresponding crypts 
per section [30].

Immunological Examinations

Broiler chickens were vaccinated with live attenuated 
vaccines against Newcastle Disease Virus (NDV) Avinew© 
VG/GA strain (Merial-Lyon-France) and Infectious Bronshitis 
Virus (IBV) Nobilis© IB 4/91 strain (Intervet International 
BV.-Boxmeer/Netherland). The vaccination was performed 
at day 1, day 10 with Nobilis and day 1, day 10 and day 18 
with Avinew respectively according to the manufacturer’s 
instructions. On day 28, blood samples from the 36 birds 
that sacrificed for histological analyses were collected and 
used for analysis of immune response against NDV vaccine 
and IBV vaccine. The antibody titers were determined by 

using commercial ELISA test kits against NDV (Biotech, 
TW4 5PY Hounslow, UK) and IBV (SL5 8BP Ascot, UK).

Statistical Analysis

The results of the study were subjected to one-way 
analysis of variance (ANOVA) using SPSS 17.0 for Windows 
(SPSS Inc., Chicago, IL, USA). Differences in experimental 
treatments were tested using Turkey’s honestly significant 
difference following ANOVA with significance reported 
at P<0.05.

RESULTS
The infection dose determined in our preliminary study, 
a total of 5000-6000 sporulated presumptive E. tenella 
oocysts were given per chicken to cause the signs of an 
apparent infection. Oocyst suspensions were given to 
the each separate 14 day-old chickens via intra-crop 
tube inoculation to the experiment groups except for the 
Control Group. In these studies, it was seen that the ceca 
were highly infected 6th day after inoculation (Fig. 1). The 
first oocyst shedding in the feces was seen after 6 d of the 
oocyst inoculation made at 14th day. Except for the Control 
group, all the groups shed oocysts in the faces from 20th day 
to 35th day. No oocyst contamination from other groups to 
the Control group was detected (data has not been shown). 
Both at the preliminary study and at the experimental 
study, visual signs of coccidiosis have been determined 
in the parts of intestines except for the ceca. During the 
1st and 2nd weeks of the experiment, feed consumption of 
Control group was higher than that of other groups. In the 
other 3 groups, not a significant difference was appeared 
during this time period. Nevertheless, at the 3th week of the 
experiment, FC of P and SP groups were significantly lower 
than that of Control and S groups (Fig. 2a). 

At the start d of experiment (d 14), the average LBWs of the 
chickens were ranged from 396 to 417 and there were no 
statistically significance between the groups (P>0.05). After 
that week of infection, LBW of the groups differed slightly 
from each other during experiment. Since LBW of group P 
and SP were higher than that of Control and S groups, there 
were no statistical significance during all the time periods of 
the experiment (P>0.05).  The Mean ±SD values of LBW of the 
groups were such that Control (1207±121 g), S (1309±87 
g), P (1393±63 g) and SP (1372±126 g) at the d 35 (Fig. 2b). 

The FCR of Control group appeared to be higher than that 
of the other groups during the experiment period. Since 
the FCR of all groups were high at the 1st week of the 
experiment, it decreased gradually after this time period.  
The best result was seen in the P group, and 1.56±0.30 
FCR has recorded in the last week of breeding. The second 
FCR was recorded in the SP group (1.79±0.36) at the same 
week. The FCR result of salinomycin applied group (Group 
S) was 2.08±0.49. The results of S group was not better than 
that of group P or SP. Since the positive effect of probiotics 

Table 1. Ingredients and calculated nutrients, energy of diet

Ingredients g/kg (as feed basis)

Maize 580

Soybean meal 310

Soybean oil 42

Monocalcium phosphate 16

Limestone 17

DL-methionine 2

Lysine HCl 0.7

Chromic oxide marker 25

Vitamin-mineral premix* 3

Salt 4

Calculated nutrients and energy

Protein 201

ME (Mj/kg) 13.4

Ca 10

P 7

Na-phytate 4.5

Ca-tP 1.4

* Supplied following per kg of diet: retinol, 5.400 IU; cholecalciferol, 2.600 
IU; α-tochopherol, 11 IU; menadoine sodium bisulphate; 4,4 mg; riboflavin, 
5.49 mg; D-pantothenic acid, 11 mg; niacin, 44 mg; choline chloride, 770 
mg; cyanocobalamin, 13 µg; biotin, 55 µg; thiamine mononitrate, 2.2 mg; 
folic acid, 1 mg; pyridoxine hydrochloride, 3.3 mg; I, 1 mg; Mn, 66 mg; Cu, 
4.4 mg; Fe, 44 mg; Zn, 44 mg; Se, 0.3 mg
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alone (the group P) on the FCR was better than that of S 
and SP groups at the week of oocyst gavage, the positive 
effect of this group on the FCR was good than that of S and 
SP groups at last 2 weeks of the experiment. The Control 
group (FCR 2.61±0.72) and the group S (FCR 2.08±0.49) 
represented higher results of FCR than that of groups P 
and SP at the last week of the experiment (Fig. 2c).  

In our preliminary studies, ceca of the artificially infected 
chickens by using E. tenella oocysts demonstrated highly 
infected and were full of blood after 6 days post-inoculation 

(Fig. 1). At the 6th day of post-inoculation of chickens with E. 
tenella, gametocytes and numerous intracellular schizonts 
containing merozoites were observed between crypt 
epithelial cells of the cecum. Severe bleeding and erosions 
from luminal epithelial tissues were seen (Fig. 3a). 

The chickens were sacrificed at the day of 28 of the 
breeding and histological examinations were made. 
Severe inflammation, infiltrating neutrophils, eosinophil 
and mononuclear leukocytes were observed in the lamina 
propria of the ceca of the infected animals (Fig. 3a). In these 
animals, the villi were partially lost their surface epithelial 
cells and became atrophic. Some of intestinal glands have 
also became atrophic and turned to vacuoles (Fig. 3b).  

In all the infected groups, the epithelial cells of the villi 
were mostly prismatic and some flattened. Nevertheless, 
in the non-infected animals in same group, fully prismatic 
epithelial layers were seen (Fig. 3c). These results have 
demonstrated that epithelial tissue disposition and damage 
have seen clearly in the infected animals. Histological 
results have demonstrated no shedding of the infection in 
each pen from infected to non-infected chickens. 

Neither villus heights nor crypt depths were different 
between the cecum of control and S group chickens 
(P>0.05). Also, neither villus heights nor cd were different 
between the cecum of P and PS group chickens (P>0.05). 
No statistically significant difference have existed between 
the groups in the point of view of crypt depths of 
ceca of infected chickens (P>0.05). Both P and SP have 
demonstrated a positive effect on the villus heights of 
ceca of infected and non-infected chickens (P<0.05). P 
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Fig 1. Feed consumption (a), live weight gain (b) and feed conversion 
ratio (c) results from the study of anticoccidial efficacy of some probiotics 
in comparison with the anticoccidial medicine salinomycin. Control: 
control group chickens that neither oocysts nor salinomycin and 
probiotics were given, S: salinomycin by adding to the feed at a 2.5 g/kg 
dose, P: probiotics added to drinking water at a dose 1.1x107 CFU/mL, 
SP; both S and P at the same doses of the groups of S and P were given

Fig 2. The cecum of a 20 d old broiler chicken infected with E. tenella 
oocysts at the 14th d of its life
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appeared to be more effective on the villus heights of ceca 
of chickens (Table 2). 

All the three of S, P and SP appeared to be effective on 
the villus heights of ileum of infected and non-infected 

chickens (Fig. 4). Except for a result of no statistical 
difference between S and P on the villus height of ileum 
of infected chickens, SP and P appeared to be more 
effective than S and control samples on the villus heights 
of ileum of infected and non-infected chickens (Table 2). 

Fig 3. Histopathological findings from ceca of E. tenella infected chickens. 
a: lesions in the cecum at the 6th day of post-infection of chickens infected 
with E. tenella, arrows (schizonts containing merozoites, 4x), b: lesions in 
the cecum at the 28th day of post-infection, arrows (atrophic intestinal 
glands and vacuoles, 20x), c: normal structure of the cecum of non-
infected chickens at the 28th day of life (10x). Haematoxylin and eosin 
stain (H and E)

Fig 4. Villus heights and crypt depths (Mean±SEM) of ceca and ileum of infected and non-infected (infected by using E. tenella oocysts at 
the 14th day of life) chickens of 28th day age. Control: control group chickens that neither oocysts nor salinomycin and probiotics were given,  
S: salinomycin by adding to the feed at a 2.5 g/kg dose, P: probiotics added to drinking water at a dose 1.1x107 CFU/mL, SP: both S and P at 
the same doses of the groups of S and P were given
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Combined effect of S and P appeared to be more effective 
than that of S or P alone (Table 2). The S or P alone has not 
demonstrated a good action on the crypt depths of ileum 
of infected chickens. All the three of S, P and SP appeared 
to be effective on the crypt depths of ileum of non-infected 
chickens (Table 2). No statistical difference existed between 
S and P groups, also between P and SP groups in the crypt 

depths of ileum of non-infected chickens (P>0.05). The 
Fig. 4 is represented to check out the numerical results 
as figures.

No statistically significant difference has existed among 
the groups in the point of view of Newcastle or infectious 
bronchitis disease antibodies (Fig. 5).

DISCUSSION

Poultry meat industry is one of the leading meat producers 
almost all over the world. Both economical and feasible 
impacts of the industry are forcing it to grow fast. One cause 
for this is also fast growing World’s human population and 
accordingly growing the demand of protein of animal 
origin [4]. The future challenges of the poultry-meat industry 
regarding sustainability, social acceptance of intensive 
animal production, and the introduction and dissemination 
risk of highly infective poultry diseases. Breeding of meat 
poultry has many problems to solve. One leading problem 
is disease and accordingly economical loses [33]. Although 
it is differed from country to country, the most occasionally 
prevailed diseases are respiratory and digestive system 
diseases. These diseases include necrotic enteritis, coli-
septicemia, infectious bronchitis, chronic respiratory 
disease, infectious bursal disease (IBD) and Newcastle 
disease [34]. One of the most important digestive system 
diseases of broiler chickens is coccidiosis. E. tenella is one 
of the most prevailed causative agents of coccidiosis of 
the broiler chickens [35]. This protozoon is located basically 
to the ceca of the chickens. The disease causes to death 
or sub-latent chronic disease. Even though chicken is not 
died, the chronic form and sub-clinic form of the disease 
may cause poor LBW, high FCR and secondary diseases [20,36]. 
In this study, the visible signs of coccidiosis infection in 
the ceca of chickens at 6th day of post-infection has clearly 
demonstrated (Fig. 2). 

After the ban of the most of anticoccidial drugs and 
antibiotic growth promoters, the industry came to face with 
breeding performance problems and also disease control 
problems. From the date of 2006, when such restrictions 
on the use of anticoccidials and AGP’s took place, an 
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Table 2. Statisitical analysis summary of the villus heights and crypt depths of ceca and ileum of infected and non-infected chickens

Compared 
Groups 

Cecum Ileum

Villus Heights Crypt Depths Villus Heights Crypt depths

Infected Non-infected Infected Non-infected Infected Non-infected Infected Non-infected

Control vs S No No No No Yes*** Yes*** No Yes***

Control vs P Yes* Yes** No No Yes*** Yes*** Yes* Yes***

Control vs SP Yes** Yes** No Yes** Yes*** Yes*** Yes*** Yes***

S vs P Yes*** Yes*** No No No Yes*** No No

S vs SP Yes*** Yes** No Yes** Yes*** Yes*** Yes*** Yes***

P vs SP No No No No Yes*** Yes*** Yes* No

Tukey’s Multiple Comparison Test; Significant, P<0.05

Fig 5. Antibody titers (Mean±SEM) of chickens of 28th day age. Control: 
control group chickens that neither oocysts nor salinomycin and 
probiotics were given, S: salinomycin by adding to the feed at a 2.5 g/kg 
dose, P: probiotics added to drinking water at a dose 1.1x107 CFU/mL, 
SP: both S and P at the same doses of the groups of S and P were given
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emergence for research on new friendly anticoccidials 
and replacer for AGP have occurred. After the rest of 12 
year of this new period many researches have conducted 
on the subject. Some plant based extracts, live beneficial 
microorganisms (probiotics) and vaccine applications have 
been recommended by researchers [2,37,38].      

Not a significant difference from antibody titers was existed 
among the groups (Fig. 5). 

AGPs are used as growth enhancers and health promoter 
of digestive system of meat chickens [8,38,39]. Probiotics also 
have been recommended as natural grow promoting 
agents in replacing with AGPs [37,40]. Until now, there is no 
officially recommended probiotic formula or application 
method [30,41]. Thus, research results and recommendations 
have been different from one researcher to another. In  
this study we have used a combination of two live 
probiotic strains (B. subtilis and P. acidilactici) by adding 
drinking water of broiler chickens at a dose of 1.1x107 
CFU/mL from 14 d to 35 d. The results have demonstrated 
that probiotic use may help problems caused by E. tenella 
infection in broiler chickens. All the results determined in 
that study have demonstrated superiority of probiotics 
over salinomycin use. FC, LBW, FCR, villus height and crypt 
depth values appeared to be good in P and SP groups 
when compared with the Control and S groups (Fig. 2, Fig. 4). 

Health promotion and growth enhancing effect of pro-
biotics have been well documented [36]. Nevertheless, there 
are some researchers that have not confirmed positive 
probiotic effect on the broiler chicken growth performance 
or health status [42-44]. Bino Sunder et al.[45] have reviewed 
that anticoccidial resistance is a big problem for broiler 
chicken breeders all over the world and probiotic use 
is one of the promising solutions. The researchers have 
summarized that probiotics modify receptors on entero-
cytes and this impairs or destroys sporozites and/or 
merozoites from pathogenity on enterocytes. Chen et 
al.[38] have also demonstrated that probiotics have been 
effective on the growth rate and the inflammation of broiler 
chickens caused by E. tenella infection.  Health promotion 
(Table 2, Fig. 3, Fig. 4) and growth enhancing effect (Fig. 2)  
of probiotics used in this study were determined clearly 
and the results have confirmed many other researchers’ 
results [2,36,37,41,46]. At the 3rd week of the experiment, FC and 
FCR of P and SP groups were significantly lower than that of 
Control and S groups (Fig. 2a,c). A good source of probiotics 
applied continuously during all the breeding time period 
may be a good alternative to AGPs and anticoccidial health 
promoters in broilers. 

Broiler chickens are fast growing animals and bred intensively. 
The conditions leads the stress and thus immunity of the 
body and especially the digestive system is of importance. 
Also, consistency of mucosal layer of intestines, villus 
heights and also the crypt depths in that absorptive layer 
are so important both on health and growth performances. 

Heak et al.[20] have evaluated the results of 49 different 
studies made on the effect of probiotics on the epithelial 
tissue of the small intestines of chickens and only 32 of 
them have favored the DFM over control on villus heights. 
Nevertheless, the researchers has not been determined 
the positive effect of DFM on the crypt depth when 
checked the 96 studies made before. Our results are in 
agreement with that 32 studies, and we also demonstrated 
the positive effect of probiotics on villus heights of 
cecum and ileum (Table 2, Fig. 4). Taheri et al.[42] have also 
determined positive effect of probiotics on villus height. 
Ştef et al.[47] have also demonstrated the positive effect 
of probiotics on the growth performances, gut health 
and disease prevention. Heak et al.[20] have demonstrated 
that there have not been a significant positive effects of 
probiotics on the crypt depths bot in cecum and ileum 
(n=96 comparisons in research studies). We determined 
in this study that probiotics were more effective on the 
villus heights and crypt depths both in the ceca and ileum 
of chickens both infected and not. Differences among 
the results of the studies may be due to difference from 
analysis days, or any other factor such as breeding strategy, 
difference between probiotic strains, etc. 

Almost all the researchers have chosen about 7th d after 
oocyst gavage in their hispathological studies. These 
researchers have occasionally chosen that day for scoring 
the gross lesions of intestines visually [38]. In this study, we 
chosen the day of histological examination day as the 28th 
day of broiler life. At the 14 d post-infection, examination of 
ceca might be more valuable since gross lesions would be 
recovered and health of the ceca and ileum after recover 
from infection would be more efficiently determined by 
histological examinations. Neither infected nor control 
chicken have demonstrated visible lesion from their 
intestines (data has not shown). In our preliminary studies, 
we demonstrated the difficulty of analysis of the ceca at 
the week of infection due to gross lesions and bleedings. 
So, we think that not the week of infection but 1 week 
after oocyst shedding would be chosen for histological 
examinations of intestines to check out the effect of 
probiotics on the health status of intestines of broiler 
chickens. 

In this study, we determined the positive effect of daily 
water based feeding with a mix strain probiotic source 
at a 1.1x107 CFU/mL in the drinking water during whole 
feeding period can enhance the natural resistance to 
the E. tenella infection. Giannenas et al.[41] have also 
demonstrated such results in their study. The researchers 
recommended a multi-strain probiotic use for a natural 
protection against coccidiosis in broiler chickens. Ritzi 
et al.[18] have also suggested in their study that probiotic 
supplementation via drinking water can be alternative to 
AGPs and can enhance performance and help alleviate 
the negative effects of a mixed Eimeria infection. Ariyadi 
and Harimurti [48] have also suggested that probiotics may 
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stimulate proliferation of intestinal epithelium regulate 
mucosal barrier formed by mucin in the intestine of broiler 
chickens. Giannenas et al.[30] have also suggested that a 
mixture of probiotic substances has given considerable 
improvement in both growth performance and intestinal 
health in comparison with infected control birds an fairly 
similar improvement to an approved anticoccidial during 
a mixed Eimeria infection. Contrary to these findings, Lu 
et al.[49] have demonstrated the superiority of salinomycin 
to a commercial probiotic and some other natural DFM 
alternatives. 

In conclusion, the results of the present study suggest that 
in the absence of in-feed anticoccidial drugs, treatment with 
probiotics could alleviate impact of coccidiosis infection 
on broiler chickens. Beneficial effects of probiotics on 
the intestinal health could minimize the side effects 
of coccidiosis. Economical loses due to the infection and 
also public health concerns due to use of DFMs could 
be minimized. Future researches on the use of probiotic 
sources as alternative to AGPs and anticoccidial drugs can 
support growing regimes that include no AGPs and such 
medicines.
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Abstract
The aim of this study was to investigate the effect of crateagus flavonoid extract in preventing pulmonary hypertension syndrome (PHS) in broiler 
chickens reared at high altitude, encountered ascites was evaluated. A 225 day-old broiler chickens (Ross-308) were randomly assigned to three 
treatments including different drinking levels of crateagus flavonoid extract (0, 0.1, and 0.2 mL per liter of drinking water) in a 42-day trial. Body 
weight gain were increased and feed conversion ratio were decreased significantly (P<0.05) when crateagus flavonoid extract was consumed by 
broiler chickens at levels of 0.1 and 0.2 mL per liter of drinking water in the both starting and growing stages, and throughout the trial. Over-
expression of inducible nitric-oxide synthase in the heart was observed in chickens consumed different levels of crateagus flavonoid extract. Birds 
received crateagus flavonoid extract at levels of 0.1 and 0.2 mL had significantly (P<0.05) higher circulatory concentrations of nitric oxide but 
significantly (P<0.05) lower serum malondialdehyde concentration, hematocrit and heterophil to lymphocyte ratio compared to control group. 
Consuming crateagus flavonoid extract at levels of 0.1 and 0.2 mL reduced incidence of right ventricular hypertrophy and led to a significant decline 
in mortality from PHS. It was concluded that crateagus flavonoid extract is an effective medicinal plant derivative to prevent PHS and ascites in 
broiler chickens by lowering pulmonary blood pressure and increasing serum antioxidant capacities.

Keywords: Chicken, Crateagus flavonoid extract, Cardiac disorder, Gene expression, Ascites

Etlik Piliçlerde Pulmoner Hipertansiyon ve Kalp Yetmezliğini Engellemede 
Etkili Bir Tıbbi Bitki Türü Olarak Alıç (Crataegus oxyacantha) Flavanoid 

Ekstraktı
Öz
Bu çalışmanın amacı, yüksek irtifada yetiştirilen broiler tavuklarında pulmoner hipertansiyon sendromunun (PHS) önlenmesinde alıç flavonoid 
ekstraktının etkisini araştırmaktır. 42 gün süreli çalışmada, 225 adet 1 günlük broiler tavuk (Ross-308) farklı içme suyu seviyelerindeki alıç flavanoid 
ekstraktlarına göre (0, 0.1 ve 0.2 mL/L içme suyu) rastgele üç uygulama grubuna ayrıldı. Başlangıç ve büyüme evrelerinde tüm çalışma süresince 
0.1 ve 0.2 mL/L içme suyu oranında alıç flavanoid ekstraktı tüketen broiler tavuklarda anlamlı derecelerde vücut ağırlık kazanımı artarken yem 
konversiyon oranı azaldı (P<0.05). Farklı seviyelerde alıç flavanoid ekstraktı tüketen tavukların kalplerinde indüklenebilir nitrik oksit sentazın fazla 
ekspresyonu gözlemlendi. Kontrol grubu ile karşılaştırıldığında 0.1 ve 0.2 mL oranında alıç flavanoid ekstraktı tüketen tavuklarda anlamlı derecelerde 
nitrik oksitin daha yüksek dolaşım konsantrasyonuna sahip olduğu (P<0.05) ve serum malondialdehit konsantrasyonu, hematokrit ve heterofil/
lenfosit oranlarının daha düşük olduğu (P<0.05) belirlendi. 0.1 ve 0.2 mL oranında alıç flavanoid ekstraktı tüketilmesi sağ ventriküler hipertrofi 
insidansını azalttı ve PHS’ye bağlı mortaliteyi anlamlı derecede azalmaya neden oldu. Alıç flavanoid ekstraktının, pulmoner kan basınıcını düşürmek 
ve serum antioksidan kapasitesini artırmak suretiyle broiler tavuklarda PHS ve aşitesi önlemede etkili bir tıbbi bitki türü olduğu sonucuna varıldı.

Anahtar sözcükler: Tavuk, Alıç flavanoid ekstraktı, Kardiyak bozukluk, Gen ekspresyonu, Ascites
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INTRODUCTION
Rapid growth in modern broiler chickens has disposed 
these birds to pulmonary hypertension syndrome (PHS) 
due to the imbalance between oxygen-demanding muscles 
and oxygen-supplying organs such as heart and lungs [1]. 
Intensive genetic selection through the past decades in 
broiler chickens for rapid growth has reduced the heart 
and lungs ratio against body muscles mass, whereas 
increased sensitivity of broiler chickens to PHS will be 
increase if they are raised at high altitudes with limited 
atmospheric oxygen supply [2,3]. Succeed vasoconstriction 
of arterioles will be respond to hypoxia and broiler chickens 
develops pulmonary hypertension with subsequent right  
ventricular failure (RVF) that finally leads to ascites and 
pulmonary vascular remodeling which results from 
pulmonary hypertension [4,5]. Research has demonstrated 
the impact of different factors on the development of  
PHS [6-8]. It is of particularly important to know the effects  
of herbal medicine in prevention and control of PHS in 
broiler chickens due to negative effects of PHS on the 
world broiler chickens industry.

Crataegus oxyacantha (common hawthorn) is an endemic 
member of the Rosaceae family that grows in Europe, Africa, 
and Asia, where is commonly found as a shrub or small 
tree 5-10 m tall [9]. Scientific evidence has demonstrated 
that hawthorn fruit, leaves, and flowers possesses potent 
antioxidant and free radical scavenging activities, due to 
the presence of different bioactive compounds, such as 
epicatechin, hyperoside, and chlorogenic acid [9]. These  
compounds are reported to have many pharmacological 
effects, including neuroprotective, hepatoprotective, 
cardioprotective, and nephroprotective [9,10]. Furthermore, 
hawthorn fruit possesses tonic effects on the heart and 
could reduce cardiovascular occurrence [11]. 

In broiler chickens potential of free radicals in creation of 
PHS has been addressed [12]. Antioxidants play a vital role in 
protecting cells against reactive oxygen species (ROS) by 
reducing chemical radicals and disrupting the process of 
lipid peroxidation [13]. Low quantities of antioxidants in the 
body of birds with PHS could therefore lead to an inability 
to control lipid peroxidation [12]. Cawthon et al.[14] observed 
lower levels of primary antioxidants, and α-tocopherol, 
and glutathione (GSH) in the mitochondria in the liver of 
birds with PHS. Dietary supplementation of vitamin E [15],  
or as an implant [12], and vitamin C in the diet [15,16] have 
been used to improve body antioxidant status and to 
prevent ascites.

Ahmadipour et al.[1] showed that body weight gain and feed 
to gain responses improved when Kelussia odoratissima 
Mozzaf (KOM) was included in broiler diets at 0.05 and 
0.75% in the growing stage and throughout the trial. Over-
expression of inducible nitric oxide (iNOS) synthase in the 
heart, higher circulatory concentrations of NO, but lower 
serum MDA concentration, hematocrit and heterophil 

to lymphocyte ratio were observed in chickens fed KOM 
compared to the birds fed the control diet. Feeding KOM 
prevented from right ventricular hypertrophy and led to a 
significant decline in mortality from PHS (P<0.05).

Based on the report of Tekeli [17] the use of 10 and 20 g/
kg of rosehip in the rations under cold stress conditions 
in broiler chickens significantly reduced T3 hormone, Na, 
cholesterol, RBC, HCT and HGB compared to the control 
group (P<0.05). 

There is no information about the antioxidant effect of 
crateagus flavonoid extract on the antioxidant status, PHS 
and ascites incidence in broiler chickens. According to  
the facts that some compounds in crataegus oxyacantha 
have strong antioxidant potential and some of its 
compounds have lowering blood pressure effects, the 
objectives of the present study were to examine the 
effects of different drinking levels of crateagus flavonoid 
extract in preventing pulmonary PHS of broiler chickens. 
To the best of our knowledge, there has been no report 
on the effect of crataegus oxyacantha on pulmonary 
hypertension in birds. 

MATERIAL and METHODS
Experimental Facility and Hypoxic Condition

The experiment was conducted in the experimental facility 
of Shahrekord University, Shahrekord, Iran. The study 
was ethically approved by the Ethical Review Committee 
of College of Public Health and Medical Sciences of 
Shahrekord University, Shahrekord, Iran. Management 
of the chickens in the experimental setting followed 
the guidelines for animal handling, care and use as pre- 
scribed by the Ethical Review Committee at Shahrekord 
University.

Birds were reared at altitude of 2.100 m above sea level 
under hypoxic conditions known as hypobaric hypoxia 
faced with ascites. Hypoxic condition was defined as 
reduced partial pressure of oxygen that occurs at high 
altitude as the altitude increases up to 1.800 m [1]. The 
partial pressure of oxygen falls down 7 mmHg for each 
1.000 m altitude approximately. This is equal to a reduction 
of approximately 2.5% of the air oxygen for each 1.000 m 
altitude [18]. Therefore, compared to sea level with partial 
pressure of oxygen equal to 21%, the partial pressure 
of oxygen in the experimental facility of Shahrekord 
University was calculated to be 15.75%. At this altitude, 
hypobaric hypoxia will be associated with a high degree of 
PHS occurrence and could be leads to ascites [5].

Birds and Management

A total of 225 day-old mixed broiler chickens (Ross 308) 
from a parent stock of age 42 weeks were randomized 
across 15 floor pens with 2 square meter area (15 birds 
per pen). All chicks were allocated to pens so that all pens 
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had equal average body weights (46.8±1.2 g). Each pen 
was equipped with a bell drinker and a feed trough. The 
temperature of the experimental house was set at about 
32°C during week 1, then at a rate of 3°C reduced through 
week 2 to week 4, and finally fixed at 22°C until the  
end of trail. All chicks had free access to feed and water  
and provided with 23 h light and 1 h dark throughout  
the trial.

Treatments 

A mash diet based on corn and soybean meal were 
formulated for the starting (1-3 weeks of age, AME:CP=139) 
and growing (3-6 weeks of age, AME:CP=160) stages 
according to NRC (1994) recommendations for all treat-
ments (Table1). Experimental treatments were prepared by 
adding 0.0, 0.1 and 0.2 mL of crateagus flavonoid extract 
(HE 00152, Crateagus-Drop 6260) per liter of drinking 
water (pH=7.05; TDS=2.000 ppm) of broiler chickens. 
So each liter of drinking water contained 0.25 and 0.50 
mg of total flavonoids compounds. In this way, birds in 
groups of 0.1 and 0.2 received 0.05 to 0.10 mg of total 
flavonoids compounds daily. Generally, flavonoid extract 
of crataegus oxyacantha containing biologically active 
flavonoid compounds (polyphenols) like anthocyanidins 
and proanthocyanidins (also known as bioflavones or 
procyanidins). Each mL of oral crataegus-Drop 6260 
contained 2.5 mg of total flavonoids compounds in form of 
hyperoside (21.4% polyphenols and 19.7% procyanidins), 
produced by Iran-Darouk Pharmacy Co, under production 
code of 3067-88-02. Determination of total phenolic 
compounds in crataegus-Drop 6260 was done through 
colorimetric method according to the standard extraction 
procedure by mentioned company [19].

Measurements 

Mass body weight of birds in each pen was obtained at 21 
and 42 days of age. Body weight gain and feed intake were 
calculated for 1-21 day, 21-42 day, and 1-42 day periods. 
Feed conversion ratio (FCR) data corrected for mortality 
weights, was also calculated for all of periods. At 42 days 
of age, 10 birds per treatment were selected for blood 
collection and processing. The selected birds had body 
weights within approximately 5% of the average pen body 
weight. Blood samples (3 mL) were collected from the 
brachial vein and centrifuged at 2500 g for 10 min to obtain 
sera. Serum samples were used for the determination of 
NO and MDA. Serum NO was measured according to the 
method described by Chapman and Wideman [20]. Serum 
MDA concentration as biomarker of oxidative stress was 
assayed by the method of Nair and Turner [21].

For measuring hematocrit, samples of blood were collected 
in micro-hematocrit tubes. An aliquot of blood was also 
obtained on glass slides to prepare the blood smear for the 
determination of differential leukocyte count. Thereafter 
the May-Grunwald and Giemsa staining, 100 leukocytes, 

including granular (heterophils) and non-granular (lympho- 
cytes) were enumerated and the heterophil to lymphocyte 
ratio (H:L) was calculated. All chemical reagents were 
obtained from Sigma-Aldrich Co. (Sigma-Aldrich Co., St. 
Louis, MO, USA). After the blood collection, the birds were 
killed by decapitation. Data obtained at processing time 
were included live body weight, hot carcass weight, breast 
weight, and thigh weight. The hearts were also removed 
and the ventricles were dissected and weighed to 
calculate the right-to-total ventricular weight ratio (RV: TV 
ratio). The RV: TV is indicative of pulmonary hypertension [7]. 
In addition, total mortality and mortality from PHS was 

Table1. Composition of the basal diet for broiler chickens during starter 
and grower stages

Item 
(% Unless Noted)

Starter 
(1-21 Days)

Grower 
(22-42 Days)

Corn 47.4 55.8

Soybean meal (44% CP) 37.3 33.5

Fish meal (60% CP) 3.6 1.1

Wheat bran 0.5 1.3

Soy oil 7.5 4.7

Dicalcium phosphate 1.3 1.2

Oyster shell 1.45 1.5

Salt 0.35 0.3

DL-Methionine 0.1 0.1

L-Lysine - -

Mineral supplementa 0.25 0.25

Vitamin supplementb 0.25 0.25

Calculated composition

AME (kcal/kg) 3200 3200

CP 23 20

AME:CP 139 160

Met 0.52 0.41

Met+Cys 0.86 0.74

Lys 1.3 1.06

Thr 1 0.91

Arg 1.46 1.29

Ca 1 0.91

Available P 0.45 0.35

Na 0.18 0.15

Cl 0.27 0.29

K 0.91 0.92

Na + K – Cl (mEq/kg) 237 238
a Provided the following per kg of diet: vit. A (trans retinyl acetate), 3600 IU; 
vit. D3 (cholecalciferol), 800 IU; vit. E (dl-α-tocopheryl acetate), 7.2 mg; vit. 
K3, 1.6 mg; thiamine, 0.72 mg; riboflavin, 3.3 mg; niacin, 0.4 mg;  pyridoxin, 
1.2 mg; cobalamine, 0.6 mg; folicacid, 0.5 mg; choline chloride, 200 mg.
b Provided the following per kg of diet: Mn (from MnSO4.H2O), 40 mg; Zn 
(from ZnO), 40 mg; Fe (from FeSO4.7H2O), 20 mg; Cu (from CuSO4.5H2O), 4 
mg; I [from Ca (IO3)2.H2O], 0.64 mg; Se (from sodium selenite),0.08 mg
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checked daily throughout the trial and whenever the RV: 
TV was greater than 0.25 are considered as pulmonary 
hypertension [22].

PCR Analysis 

At the end of trail (42 days of age), 10 chickens from the 
control group and the groups received different levels 
of crateagus flavonoid extract were randomly selected, 
weighed and killed by decapitation. The hearts were 
harvested and the right ventricles were dissected and 
immediately frozen in liquid nitrogen and stored at -70°C 
for subsequent RNA analysis. Specific primers of SOD1, 
iNOS and β-actin were designed with Primer-Blast (NCBI). 
Details of the primers are listed in Table 2.

Polymerase chain reactions (PCRs) were carried out in 
a realtime PCR cycler (Rotor Gene Q6000, Qiagen, USA) 
in three replicates for each sample of ventricles. The 
quantitative polymerase chain reaction (qPCR) methodology 
was followed as explained with slight modification [23]. 
One microliter cDNA (complementary DNA) was added to 
the 10 µL of SYBR® Premix Ex Taq II Mix and 1 µL of each 
specific primer in a total volume of 20 µL. The thermal 
profile was 95°C for 30 s, 40 cycles of 94°C for 40 s, 64°C 
for 35 s and 72°C for 30 s. At the end of each phase, the 
measurement of fluorescence was done and used for 
quantitative objectives. Gene expression data were 
normalized to β-actin. Data were analyzed using LinReg 
PCR software version 2012.0 (Amsterdam, Netherland), to 
give the threshold cycle number and reaction efficiency [24]. 
Relative transcript levels and fold changes in transcript 
abundance were calculated using efficiency adjusted Paffl 
methodology [25]. 

Statistical Analysis 

Results were analyzed by GLM procedure using SAS (2007) 
software in a completely randomized design. Data were 
subjected to a nested design when there was sampling 
effect within pens. The statistical model used for growth 
performance data was Yij = µ + Ti + eij. For other traits, the 
model was Yijk = µ + Ti + eij + ɛijk. In these models, Yij and Yijk 
are observations; μ is the general mean; Ti is the effect of 
treatment i; eij is random error; and ɛijk is subsampling error. 
Means were separated by Duncan’s multiple range test.

RESULTS 

Effects of different drinking levels of crateagus flavonoid 
extract on broiler chickens growth performance and the 
rate of mortality are shown in Table 3. Body weight gain 
and FCR improved when drinking crateagus flavonoid 
extract was used by broiler chickens at levels of 0.1 and 0.2 
mL throughout the trial (P<0.05). However, no significant 
effect was observed among treatments in terms of feed 
intake in 1-21 days of age. Significant decline in mortality 
percentage of birds was observed through different stages 
of trail in the groups received 0.1 and 0.2 mL of crataegus 
flavonoid extract compared to the control group (P<0.05).

Table 4 indicates blood and serum variables of broiler 
chickens received different levels of drinking crateagus 
flavonoid extract. Broiler chickens received drinking 
crateagus flavonoid extract at levels of 0.1 and 0.2 mL had 
higher concentrations of NO, but lower concentrations of 
MDA than that of control group (P<0.05). Both levels of 
drinking crateagus flavonoid extract caused a reduction 
in heterophil to lymphocyte ratio and hematocrit when 
compared to the control (P<0.05). 

The expression of SOD1, iNOS, and ET-1 genes in the 
heart of broiler chickens affected by different levels of 
drinking crateagus flavonoid extract (Table 5). Superoxide 
dismutase-1 was highly over-expressed in broiler chickens 
consumed drinking crateagus flavonoid extract at both 
levels of 0.1 and 0.2 mL. Inducible nitricoxide synthase was 
also highly over-expressed in the right ventricle of birds 
consumed drinking crateagus flavonoid extract at levels 
of 0.1 and 0.2 mL. On the other hand, crateagus flavonoid 
extract significantly suppressed the expression of ET-1. 

Table 6 depicts the carcass characteristics of broiler 
chickens consumed different levels of drinking crateagus 
flavonoid extract at 42 days of age. Carcass yield was 
higher in broiler chickens consumed levels of 0.1 and 0.2 
drinking crateagus flavonoid extract compared to control 
group, but breast and thigh yields were not affected by 
different levels of drinking crateagus flavonoid extract. 
However, inclusion of crateagus flavonoid extract in 
drinking water of broiler chickens reduced the proportions 
of liver, heart and abdominal fat when compared to the 

Table 2. Details of the primers used for quantitative real time PCR analysis of chicken mRNAs

Target Primers PCR Product (bp) Accession No

β-Actin 5’-AGCGAACGCCCCCAAAGTTCT-3’
5’-AGCTGGGCTGTTGCCTTCACA-3’ 13 NM_205518.1

SOD1 5’-CACTGCATCATTGGCCGTACCA-3’
5’-GCTTGCACACGGAAGAGCAAGT-3’ 223 NM_205064.1

iNOS 5’-AGGCCAAACATCCTGGAGGTC-3’
5’-TCATAGAGACGCTGCTGCCAG-3’ 371 U46504

ET-1 5’-GGACGAGGAGTGCGTGTATT-3’
5’-GCT CCAGCAAGCATCTCTG-3’ 141 XM418943

SOD1: superoxide dismutase 1; iNOS: inducible nitric oxide synthase; ET-1: endothelin 1; bp: base pair
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Table 3. Effects of drinking crataegus flavonoid extract on broiler’s growth performance and mortality percentage

Parameter Age
Drinking Levels of Crataegus Flavonoid Extract

SEM
Control (0 mL) 0.1 (mL) 0.2 (mL)

Weight gain (g/bird)

1-21 days of age 664.13b 713.00a 703.49a 16.84

22-42 days of age 1334.09b 1473.64a 1534.79a 41.64

1-42 days of age 1998.22b 2186.64a 2238.18a 40.47

Feed intake (g/bird)

1-21 days of age 1051.75 1031.25 1012.93 26.42

22-42 days of age 2860.96 b 2945.33 a 2898.24ab 33.61

1-42 days of age 3887.71b 4001.58a 3961.17ab 41.48

Feed conversion ratio

1-21 days of age 1.58a 1.45b 1.44b 0.02

22-42 days of age 2.14a 2.00b 1.89c 0.02

1-42 days of age 1.95a 1.83b 1.77c 0.03

Mortality percentage (%)

1-21 days of age 8.25a 6.09b 5.98b 0.38

22-42 days of age 23.27a 16.43b 16.17b 0.66

1-42 days of age 31.52a 22.52b 22.15c 0.91

Table 4. Effect of drinking crataegus flavonoid extract on serum and blood variables in broiler chickens measured at 42 days of age

Parameter
Drinking Levels of Crataegus Flavonoid Extract

SEM
Control (0 mL) 0.1 (mL) 0.2 (mL)

Plasma nitric oxide (μmol/L) 5.32c 6.71b 8.06a 0.36

Malondialdehyde (μmol/L) 2.09a 1.06b 0.84c 0.11

Heterophil to lymphocyte (%) 1.03a 0.70b 0.61b 0.16

Hematocrit (%) 39.75a 36.13b 32.50c 1.65

Superscripts in the same row with different letters are statistically different (P<0.05)
Each mean represents values from 10 replicates

Table 5. Effect of drinking crataegus flavonoid extract on expression of SOD1, iNOS, and ET-1 genes in the right ventricle of broiler chickens measured at 42 
days of age

Item Control (T1) 0.1 (T2) 0.2 (T3) T2/T1 Ratio T3/T1 Ratio SEM

SOD1 0.0001c 0.006b 0.021a 60 210 0.008

iNOS 0.001c 0.024b 0.603a 24 603 0.016

ET-1 0.047a 0.001b 0.001b 0.021 0.021 0.024

Superscripts in the same column with different letters are statistically different (P<0.05). SOD1: superoxide dismutase1; iNOS: inducible nitricoxide; ET-
1:endothelin1; CAT: Catalase. Number of observation=20

Table 6. Effect of drinking crataegus flavonoid extract on carcass characteristics of broiler chickens at 42 days of age (as % of carcass weight)

Item (%)
Drinking Levels of Crataegus Flavonoid Extract

SEM
Control (0 mL) 0.1 (mL) 0.2 (mL)

Carcass yield 67.68b 70.78a 70.66a 1.39

Breast yield 35.27 35.05 36.35 0.87

Thigh yield 30.21 30.54 30.22 0.45

Abdominal fat 1.39a 1.14b 1.05b 0.10

Liver 2.88a 2.52b 2.26c 0.07

Heart 0.83a 0.71ab 0.63b 0.06

RV:TV (ratio) 0.32a 0.25b 0.22b 0.02

Superscripts in the same row with different letters are statistically different (P<0.05)
Each mean represents values from 10 replicates. RV:TV right ventricle to total ventricle weight ratio
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control. In addition, using of drinking crateagus flavonoid 
extract decreased the RV:TV ratio (P<0.05). 

In Table 7 compared the total mortality with mortality 
from PHS in broiler chickens consumed different levels of 
drinking crateagus flavonoid extract up to 42 days of age. 
Consuming different levels of drinking crateagus flavonoid 
extract at both levels of 0.1 and 0.2 mL caused a reduction 
in PHS mortality (P<0.05).

DISCUSSION 

In this study increase of body weight gain and decrease 
in FCR was observed in broiler chickens after consuming 
different levels of drinking crateagus flavonoid extract 
which can be attributed to positive effects of this compound. 
As a rule, the RV:TV ratio is an index of pulmonary 
hypertension in chickens so that the RV:TV values greater 
than 0.25 regards as pulmonary hypertension [1,6]. In 
the control group the mean value of RV: TV was greater 
than 0.25, implicated to further number of birds in this 
group which suffered from pulmonary hypertension. 
Increased growth performance of birds in the groups 
received drinking crateagus flavonoid extract can also be 
attributed to the polyphenols (flavonoids) and oligomeric 
proanthocyanidins (OPCs) compounds in crataegus 
oxyacantha. The plant polyphenols including flavonoids 
and non-flavonoids exhibit a broad spectrum of beneficial 
biological properties such as growth-promoting, anti-
oxidative, sedative, antibacterial and anti- viral actions [26]. 
Increased serum concentration of NO as a result of 
consuming different levels of crateagus flavonoid extract 
to broiler chickens is due to the over- expression of iNOS 
gene in broiler’s heart. It has been demonstrated that iNOS 
gene is normally expressed in the heart of broiler chickens 
and contributed in normal NO production in myocardio-
cytes. NO is an important regulator of cardiac function 
by involvement in the control of myocardial energetics, 
myocardial regeneration, hyper- trophic remodeling and 
improvement of ventricular diastolic distensibility [1,27]. It 
has been suggested that impaired NO synthesis and local 
reduction of iNOS gene expression in the heart ventricles 
are involved in the pathophysiology of cardiac failure 
in broiler chickens with pulmonary hypertension [28]. On 
the other hand, consuming different levels of crateagus 
flavonoid extract especially at level of 0.2 mL per liter 
in drinking water of broiler chickens caused significant 
reductions in circulatory level of MDA. MDA is an indicator 

of lipid oxidation in the body and it is an index of oxidative 
stress. It is clear that chickens are very susceptible to 
oxidative stress because of their higher metabolic rate [29]. 
Increased metabolic rate resulted in higher production 
of ROS [1,12]. Moreover, birds have a body temperature 
about 3oC higher than in mammals, which expands the 
production of ROS [30,31].

As well as, chicken’s blood glucose concentration as a 
potent oxidative factor is at least twice as high as that of 
mammals [32], so antioxidant potency is crucial to broiler 
chickens against oxidative agents [33]. Some of compounds 
in crateagus flavonoid extract such as flavonoids, 
particularly OPCs contribute to the productive roles 
against oxidative stress and lipid peroxidation (reduced 
MDA concentration) along with increase the activities of 
the antioxidant enzymes glutathione peroxidase, super- 
oxide dismutase and catalase, which counteract the 
oxidative stress [9,34]. Additionally, some organic acids such 
as chlorogenic acid and ferulic acid has ferric reducing 
ability and by involvement in Fe2+/H2O2 systems exerts 
antioxidant activity [34-36]. Following mechanisms through 
using flavonoids can also prevent oxidative stress 
including: direct scavenging of ROS, activation of anti-
oxidant enzymes, metal chelating activity, reduction of 
α-tocopheryl radicals, inhibition of oxidases, and increase 
in uric acid level [3,26]. Flavonoids have great amount of 
vitamin P (citrin bioflavonoid) which can synergistically  
act with vitamin C which counteract the oxidative 
products [37,38]. Significant reductions observed in the H:L 
ratio and hematocrit in birds consumed different levels 
of crateagus flavonoid extract are in accordance with 
decreased oxidative stress. The H:L ratio is an index to 
describe stress in the chicken [39]. Therefore, consuming 
crateagus flavonoid extract suppresses ROS production 
and deduces the oxidative stress of birds, which led to 
increase the growth performance and reducing the MDA 
level and H:L ratio. 

Also in this study similar to previous experiment [1], 
abdominal fat deposition and liver percentage was 
significantly reduced in chickens consumed different levels 
of crateagus flavonoid extract. crateagus flavonoid extract 
has lipolytic effect [40,41]. Lipolytic effect of crateagus 
flavonoid extract is attributed to flavonoids and OPCs as 
well as phenolic compounds [40,42]. Lipid-lowering effects 
of flavonoids have been well documented [43]. Reduced 
liver percentage compare to live body weight in chickens 

Table 7. Effect of drinking crataegus flavonoid extract on total mortality and mortality from PHS in broiler chickens reared up to 42 days of age

Item (%)
Drinking Levels of Crataegus Flavonoid Extract

SEM
Control (0 mL) 0.1 (mL) 0.2 (mL)

Total mortality 31.52a 25.52b 22.15b 2.91

PHS mortality 28.72a 22.32b 18.41b 2.88

Superscripts in the same row with different letters are statistically different (P<0.05)
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consumed different levels of crateagus flavonoid extract is 
in line with decreased lipogenesis as appeared in reduced 
abdominal fat. Liver in the chicken is the primary site of 
lipogenesis [44] and declined liver weight reflects lower 
lipogenesis due to the consuming of crateagus flavonoid 
extract in broiler chickens diets. The proportion of heart 
percentage to live body weight and RV:TV ratio have been 
reduced by consuming of crateagus flavonoid extract 
to birds. These observations confirm ability of crataegus 
oxyacantha flavonoid extract to prevent heart hypertrophy 
and particularly right ventricular hypertrophy. It is evident 
that birds of the control group (RV:TV more than 0.25) are in 
pre-ascitic condition and this situation has been improved 
when birds consumed crateagus flavonoid extract at levels 
of 0.1 and 0.2 mL per liter of drinking water. Although 
other research findings in this regard point to this fact that 
the RV:TV more than 0.27 can be considered as ascetic 
condition [43]. In this regard, a significant decline in total 
mortality and mortality from PHS was observed in the 
groups received consumed different levels of crateagus 
flavonoid extract when compared to the control group.

Crataegus oxyacantha flavonoid extract significantly 
promoted over expression of SOD in the heart of chickens. 
Research has shown that over expression of SOD 
reduces hypertension, increases availability of NO and 
endothelium-dependent relaxation in different models 
of hypertension [1,45]. This finding explains significant 
reduction in the incidence of PHS in birds consumed 
crateagus flavonoid extract at levels of 0.1 and 0.2 mL 
per liter of drinking water. According to previous reports, 
the vascular remodeling in lung vessel beds contributes 
to mortality of broiler chickens with PHS [5,7]. Flavonoid 
content of crateagus extract prevents the proliferation 
of vascular smooth muscle cells and inhibits thickening 
of the intima and narrowing of the vessels, as well as 
exerts considerable collagen stabilizing effect [46,47]. Thus, 
flavonoids and OPCs contribute to be the effective factor 
in preventing cardiovascular diseases [11,47]. Flavonoids and 
OPCs has also vaso-relaxant potential and considering 
the fact that flavonoids and OPCs is the main constitute 
of crataegus oxyacantha, this medicinal plant could 
effectively prevent PHS in broiler chickens. Furthermore, 
flavonoids as the main constitute of crataegus oxyacantha 
have endothelium-independent vaso-dilating effects and 
by possessing lowering blood pressure potential [33,48] 
further improved cardio-pulmonary function and helped 
to prevent PHS [11,46]. It is worth noting that the vasodilatory 
effect of flavonoid compounds may be intensified by over 
production of NO synthesis [1,48]. Significant decrease in the 
expression of ET-1 by consuming of crateagus flavonoid 
extract further suggests the potential of this plant extract 
in preventing pulmonary hypertension. 

In conclusion, consuming different levels of crateagus 
flavonoid extract could significantly prevent PHS and 
cardiac disorders in broiler chickens reared at high altitudes 

encountered to ascites. Beneficial effects of crateagus 
flavonoid extract are attributed to antioxidant actions 
that mediated through flavonoids and OPCs bioactive 
compounds. Therefore, crateagus flavonoid extract is an 
effective medicinal plant derivative to prevent pulmonary 
hypertension in broiler chickens under the terms of ascites 
and reared at high altitude. 
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Abstract
This study was undertaken to perform a three-dimensional (3D) reconstruction of the tarsal bones of chinchillas using multidetector 
computed tomography (MDCT) images and reveal biometric ratio of the bones and compare between sexes. For this purpose, a total of 
12 adult chinchillas (Chinchilla lanigera) of both sexes (six males and six females) were used. After anesthetizing the animals, MDCT images 
were obtained in DICOM format, and 3D reconstruction was performed on a computer using the Mimics 13.1 program. The volumes and 
surface areas of each of the bones that constitute the tarsus of the chinchilla were automatically measured by the program based on the 
3D model. After all values of each tarsal bone were expressed as ratios with in tarsus, they were analyzed statistically to reveal differences 
between sexes. The results showed that there were statistical differences (P<0.05) in calcaneus, talus, central tarsal bone and tarsal bone 
IV in term of volume ratio and in central tarsal bone, tarsal bone I and tarsal bone IV in term of surface area ratio between sexes. It is 
considered that 3D tarsus models are useful in revealing anatomic structures and also in assisting clinical diagnosis and treatment.

Keywords: Tarsus, Chinchilla, 3D imaging, Anatomy

Chinchilla (Chinchilla lanigera) Tarsus’unda Üç Boyutlu Rekontrüksiyon 
Görüntülerine Dayalı Biyometrik Oranlar

Öz
Bu çalışma şinşillanın tarsal kemiklerinin multidedektör bilgisayarlı tomografi (MDBT) görüntülerini kullanarak üç boyutlu 
(3B) rekonstrüksiyonunu yapmak ve kemiklerin biyometrik oranlarını ortaya koymak ve cinsiyetler arasında karşılaştırmak amacıyla 
gerçekleştirildi. Bunun için her iki cinsiyetten (6 erkek, 6 dişi) toplam 12 adet yetişkin şinşilla (Chinchilla lanigera) kullanıldı. Anestezi 
altında hayvanların MDBT görüntüleri alındıktan sonra DICOM formatında depolandı ve Mimics 13.1 programının olduğu bir bilgisayarda 
3B rekonstrüksiyonları gerçekleştirildi. 3B modeli ortaya konulan şinşilla tarsus’unu oluşturan tarsal kemiklerin her birinin hacimleri 
ve yüzey alanları otomatik olarak program tarafından ölçüldü. Her bir tarsal kemik değerinin tarsus’daki oranları belirtildikten sonra, 
cinsiyetler arasındaki farklılıkları ortaya çıkarmak için istatistiki analiz yapıldı.  Sonuçlar hacim oranına göre calcaneus, talus, os 
tarsi centrale ve os tarsale IV’de ve yüzey alanı oranına göre os tarsi centrale, os tarsale I ve os tarsale IV’de cinsiyetler arasında istatistiki 
farkın (P<0.05) olduğunu gösterdi. 3B tarsus modellerinin anatomik yapıları ortaya çıkarmada ve ayrıca klinik tanı ve tedaviye yardımcı 
olmada yararlı olduğu düşünülmektedir.

Anahtar sözcükler: Tarsus, Şinşilla, 3D görüntüleme, Anatomi

INTRODUCTION
The skeletal dimensions are important when there are 
no key points that allow the body to be recognized. Sex 
discrimination is important in the recognition of the body [1]. 
In forensic medicine anatomically, short bones have some 
advantages than other bones [2]. Measurements of hand and 

tarsal bones  have been shown to be sexually dimorphic 
by previous researchers [3,4].

The tarsal bones are morphologically less recognizable 
than long bones by non-specialists and can be easily 
misidentified due to their similarities in animals of similar 
sizes [5]. Three-dimensional (3D) models of the tarsal bones 
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assist in determining the shape and size of these bones, as 
well as the joint geometries, by observing the relationship 
between the different bones. These models also facilitate 
the diagnosis and treatment of foot deformities [6]. 

Measurements obtained from 3D model of bones uses in 
sexual dimorphism [7]. Computer-based volume calculations 
from 3D models and volumetric ratios are significant in 
determining the gender [8].

A review of the literature reveals studies on the tarsal 
bones on the leopard (Panthera pardus) [9], the Indian 
blackbuck (Antilope cervicapra) [10], rabbit [11], the grasscutter 
(Thryonomys swinderianus) [12] and the Indian spotted  
deer (Axis axis) [13]; computerized tomography imaging in 
dogs [14] and African hedgehogs (Atelerix albiventris) [15]; 
and the 3D reconstruction of the tarsal joint in mice [16], 
laboratory mice, white-footed mice, rats [17], and red-
footed tortoises (Chelonoidis carbonaria) [18]. Furthermore, 
research has been undertaken for the 3D reconstruction 
of human foot bones, and the 3D reconstructed images of 
the tarsal bones have been utilized in clinical trials, as well 
as anatomical studies [17,19]. 

The anatomy of a lot of domestic rodents such as guinea 
pigs, rats, mice, and hamsters, has been well described. 
Chinchillas are being popularity as pets [20]. Çevik-Demirkan 
et al.[21] investigated the anatomy of the hindlimb of 
the chinchilla. In another study, the radiological images 
of the chinchilla skeleton were analyzed and provided 
osteological contribution [22]. Also 3D reconstruction of 
femur and vertebral column performed and morphometric 
measurements revealed [23,24]. However, to the best of our 
knowledge, no study has been conducted to perform 3D 
reconstruction of the chinchilla’s tarsal bones, identify their 
volume and surface area ratios and determine whether 
there are any differences between the sexes. This current 
study was carried out to fill this field in the literature. 

MATERIAL and METHODS

This study was accepted by the ethics committee of the 
Veterinary Faculty of Selcuk University on April 27, 2018 
(Decision number: 2018/39). In the study, a total of 12 adult 
chinchillas (Chinchilla lanigera) of both sexes weighing from 
500 to 600 g. were used. The 3D models of the tarsal bones 
were obtained with the Multimodal Immersive Motion 
rehabilitation with Interactive Cognitive Systems (Mimics) 
13.1 software. In order to obtain 3D reconstruction via 
this program, the MDCT images of the tarsal bones were 
obtained at high resolution. The animals from which 
the images were to be taken were anesthetized with 
a mixture of 60 mg/kg ketamin (Ketalar, Pfizer®) and 6  
mg/kg xylazine (Rompun, Bayer®) intravenously. Under 
anesthesia, the MDCT images were taken of the animals in 
a prone position. The parameters of the MDCT instrument 
(Somatom Sensation 64; Siemens Medical Solutions, 

Germany) were adjusted as; physical detector collimation, 
32 x 0.6 mm; final section collimation, 64 x 0.6 mm; section 
thickness, 0.50 mm; gantry rotation time; 330 msec; kVp; 
120; mA, 300; resolution, 512 x 512 pixel; and resolution 
range, 0.92 x 0.92. The dosage parameters and scans were 
performed by utilizing standard protocols and taking the 
literature [25,26] into consideration. Radiometric resolution 
(MONOCHROME2; 16 bits) was obtained at the lowest 
radiation level and with optimum image quality. The 
images were stored in DICOM format and transferred to a 
personal computer installed with Mimics 13.1. 

Two of the experts in the field of anatomy obtained similar 
results by performing reconstructions of tarsal bones at 
different times. In the automatic segmentation process, the 
limits of tarsal bones were determined and were assigned 
different colors (Fig. 1). The limits of the images were 
determined, and the reconstruction of the tarsal bones 
was carried out using the 3D transformer component 
of Mimics 13.1. The volume and surface area of all tarsal 
bones in the chinchilla both right and left side were 
measured automatically using the 3D program. After all 
values of each tarsal bone were expressed as ratios with in 
tarsus, they were analyzed statistically to reveal differences 
between sexes. The materiality control of the differences 
between the average values was undertaken using the 
SPSS 16.00 software program and an independent t- test.

Fig 1. Limitation of tarsal bones on coronal section with different colors

1: Calcaneus, 2: Talus, 3: Medial tibial tarsal bone, 4: Central tarsal bone, 
5: Tarsal bone II, 6: Tarsal bone III, 7: Tarsal bone IV, 8: Tarsal bone I
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RESULTS

The volume and surface area of the chinchilla tarsal bones 
were obtained from 3D reconstruction formed using  
the Mimics 13.1 program to process the MDCT images  
(Fig. 2, Fig. 3). The statistical results the ratio of the mean 
values were found significant at the level of P<0.05 (Table 
1, Table 2).

The 3D reconstructed images of the tarsal bones of the 
chinchilla revealed eight bones. The proximal row of the 
tarsus consisted of the calcaneus articulating with the 
fibula, the talus articulating with the tibia, and the medial 
tibial tarsal bone in the medial of the talus. In the distal 
row were the tarsal bone I to IV. In both proximal and 
distal rows, the central tarsal bone was observed (Fig. 1, 

Fig. 2, Fig. 3). It was determined that the central tarsal bone  
did not articulate with the calcaneus and medial tibial 
tarsal bone.

Both right and left side of the tarsal bones a statistically 
significant difference was found for calcaneus, talus, 
central tarsal bone and tarsal bone IV in term of volume 
ratio between sexes. Also for central tarsal bone, tarsal 
bone I and tarsal bone IV was seen statistical difference 
between sexes in term of surface area ratio (Table 1, Table 2).

For both male and female chinchillas, the order of the 
tarsal bones from the greatest to the smallest volume was 
as follows: the calcaneus, talus, tarsal bone IV, central tarsal 
bone, tarsal bone III, tarsal bone I, tarsal bone II, and medial 
tibial tarsal bone. The order of the tarsal bones according 
to their surface area from the largest to the smallest was; 
the calcaneus, talus, tarsal bone IV, tarsal bone III, central 
tarsal bone, tarsal bone I, tarsal bone II, and medial tibial 
tarsal bone for female chinchillas, and the calcaneus, talus, 
tarsal bone IV, central tarsal bone, tarsal bone III, tarsal 
bone I, tarsal bone II, and medial tibial tarsal bone in male 
chinchillas (Table 1, Table 2).

DISCUSSION
In this study, 3D model obtained from the MDCT images 
of the tarsal bones in the chinchilla. Three-dimensional 
reconstructions for bone are clearer and more useful and it 
is used in tarsal bones [14]. 

Female chinchillas are larger than male chinchillas. They 
born larger and grow for a longer time [27]. Depending on 
gender, there will be biometric differences between male 
and female. The most important thing is the difference in 
the ratio of the measured values.

In this study, the volume and surface area ratio of the tarsal 
bones differed between the male and female chinchillas. 
This is consistent with the results of previous study 
indicating that sexuel dimorphism in chinchilla [27]. Also 
sexuel dimorphism were showed in tarsal bones in human [4].

The limitation of this study is the number of the animal. In 

Fig 2. Dorsal view of 3D model of tarsal bones

1: Calcaneus, 2: Talus 3: Medial tibial tarsal bone, 4: Central tarsal bone, 
5: Tarsal bone II, 6: Tarsal bone III, 7: Tarsal bone IV, 8: Tarsal bone I

Fig 3. 3D model of tarsal bones

1: Calcaneus, 2: Talus, 3: Medial 
tibial tarsal bone, 4: Central tarsal 
bone, 5: Tarsal bone II, 6: Tarsal 
bone III, 7: Tarsal bone IV, 8: Tarsal 
bone I
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this study we used 12 chinchillas. If we have more animals 
we would be able to get strengthen statistical result. 
Three-dimensional reconstruction method helps user 
to better understand the anatomical structures that are 
difficult to understand with other methods by allowing the 
user to transform 3D image into what they need [28]. Three-
dimensional reconsructive models uses in anatomical 
studies [23,24,29-31] and clinical studies [32-34]. The validity and 
reliability of 3D models were proven on comparison of 
biometric measurement values [35]. Three- dimensional 
reconstruction with small bones the section thickness of 
the MDCT images should be very little.  

In conclusion, this was the first study to perform biometric 
ratios on the tarsus of the chinchilla based on 3D re-
constructed images. The 3D volume and surface area ratios 
of tarsal bones in chinchilla revealed and sexuel dimorphism 
showed on chinchilla tarsus. Three-dimensional tarsus 
models can be useful for the investigation of the anatomy 
and morphology of the tarsal bones with a rather small 
and complex structure, help clinicians in the diagnosis 
and treatment processes, assist surgeons in planning 
operations and in forensic medicine. In further studies the 
the tarsal joint should be study with its ligaments.
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Abstract
We aimed to examine the effect of hot-iron disbudding on serum thiol-disulphide homeostasis levels as a marker of oxidant stress in 
relationship with trauma in calves under sedation, local anaesthesia, and the non-steroidal anti-inflammatory drug ketoprofen. A total of 
30 Holstein calves were enrolled in the study and allocated into three groups: disbudded following sedation with xylazine (n=10) (group 
I); disbudded following sedation (xylazine) and local anaesthesia with lidocaine (n=10) (group II); and disbudded after sedation (xylazine), 
local anaesthesia (lidocaine), and ketoprofen (n=10) (group III). Blood samples were withdrawn before (0. min) and 30, 60, 90, and 120 min 
after dehorning. Serum native thiols, total thiols, and disulphide levels were detected with a novel assay. Native thiol and total thiol levels 
were reduced in all groups without any significance during the study period. At the 90th min of the study, native thiol levels in group II were 
significantly lower than in groups I and III. There were no significant alterations in total thiol levels in both groups. Disulphide levels showed 
no significant changes in group, time, and group by time interactions, but at the 60th min, groups I and III had the lowest levels. Disulphite/
native thiol, disulphite/total thiol, and native thiol/total thiol levels had significant group alterations in the 60th min. The reduction of native 
thiol and total thiol levels in all groups without significance might be related to the antioxidant activity of plasma; however, it is thought that 
the pain management procedures should be related to the sensitive oxidative balance by thiols.

Keywords: Calf, Disbudding, Sedation, Thiol-disulphide

Buzağılarda Sıcak Koter İle Boynuzsuzlaştırmanın Tiyol-Disülfit 
Homeostazı Üzerine Etkisi

Öz
Bu çalışmada sedasyon, lokal anestezi ve non-steroidal bir ilaç olan ketoprofen uygulanmış sıcak koterizasyon işlemi ile boynuzsuzlaştırılan 
buzağılarda oksidatif stresin değerlendirilmesinde tiyol-disülfüt homeostazına olan etkilerinin belirlenmesi amaçlandı. Çalışmaya toplam 
30 adet Holstein buzağı dahil edilerek üç gruba ayrıldı: sedasyon (xylazine) işlemini takiben boynuzsuzlaştırılan (n=10) (grup I); sedasyon 
(xylazine) ve lidokain ile lokal anestezi işlemi sonrasında boynuzsuzlaştırılan (n=10) (grup II); ve sedasyon (xylazine), local anestezi (lidocaine) 
ve ketoprofen uygulaması sonrasında boynuzsuzlaştırılan (n=10) (group III). Kan örnekleri, boynuzsuzlaştırmadan önce (0. dak) ve 30, 
60, 90 ve 120 dakika sonra olacak şekilde toplandı. Serum natif tiyol, total tiyol ve disülfür seviyeleri yeni bir test ile belirlendi. Çalışma 
süresince natif tiyol ve total tiyol seviyelerinde istatistiksel anlamlı olmayan azalmalar belirlendi. Araştırmanın 90. dakikasında grup II’de 
bulunan hayvanların natif tiyol seviyelerinin grup I ve III’e göre istatistiksel anlamlı düşüktü. Total tiyol seviyelerinde ise gruplar arasında 
istatistiksel anlamlı farklılıkların olmadığı belirlendi. Disülfit seviyelerinde grup, zaman ve grup zaman arasında farklılıklar belirlenmezken, 
araştırmanın 60. dakikasında grup I ve III’te en düşük seviyelere geldiği belirlendi. Disülfit/natif tiyol, disülfit/total tiyol ve natif tiyol/total tiyol 
seviyelerininde 60. dakikada gruplar arasında istatistiksel anlamlı değişimler gösterdiği belirlendi. Natif tiyol ve total tiyol seviyelerindeki bu 
azalmaların plazmadaki antioksidan kapasite ile ilişkili olabileceği, ancak uygulanan ağrı yönetimi prosedürlerinin tiyol ile oluşturulan hassas 
oksidatif dengeyi etkilediği düşünüldü.

Anahtar sözcükler: Buzağı, Boynuzsuzlaştırma, Sedasyon, Tiyol-disülfit
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INTRODUCTION 

Dehorning is one of the frequently applied practices in 
livestock and is depended on to keep animals safe from 
injuries. Dehorning is a stressful and painful process that 
results in many homeostatic changes in animals [1]. The 
disbudding procedure is another term for dehorning in 
calves up to 3 months of age. The disbudding procedure 
can be applied to calves in different ways, such as 
hot-iron disbudding, chemical disbudding with caustic  
pastes, and surgical disbudding using scoop dehorners. 
In calves up to 8 weeks of age, hot-iron disbudding can 
be used [2]. However, this provokes third-degree burns 
in the area where it is performed [3]. Along with hot-
iron disbudding, inflammatory changes, severe pain, 
behavioural/physiological alterations, and acute stress 
responses exist in calves [2,4-6]. Numerous reports have 
described behavioural and physiological reactions to 
disbudding in calves [1,7-9]. Many inflammatoric conditions 
cause an increase in oxidative stress mediators that are 
provoked by pro-inflammatory cytokines in castrated and 
dehorned calves [10,11]. Previous studies and the American 
Veterinary Medical Association indicate the essentiality 
of pain management by pharmacological agents. These 
studies point out several methodologies, such as local 
anaesthesia [4,12,13], non-steroidal anti-inflammatory drugs 
(NSAIDs) [13-15], and sedatives [16,17].

Oxidative balance is described as the equilibrium among 
free radical eradication and production. Cell damage 
initiated by free radicals is limited to oxidative balance, 
and the imbalanced free radical production derives 
oxidative stress. Thiol is a novel and substantial antioxidant 
used to eliminate reactive oxygen via non-enzymatic and 
enzymatic pathways [18,19]. The plasma thiol pool includes 
both low molecular weight thiols (e.g. glutathione, cysteine, 
and homocysteine) and protein thiols. Thiols have an 
antioxidant role in oxidation reactions by composing 
disulphide bonds. Dynamic thiol/disulphide homeostasis 
is crucial for detoxification, apoptosis, and the processes of 
controlling enzymatic reactions and signalling pathways. 
Many inflammatoric conditions are initiated by anomalous 
thiol/disulphide levels [20-25]. Korkmaz et al.[9] described the 
alterations of oxidative stress parameters in calves and 
mature cows undergoing hot iron dehorning, and defined 
the amputation process [9,26]. To our knowledge, dynamic 
thiol/disulphide homeostasis has not been studied 
previously in calves. Therefore, in the present study, we 
aimed to evaluate the alterations of thiol/disulphide 
homeostasis in calves undergoing disbudding with different 
analgesia and anaesthesia procedures.  

MATERIAL and METHODS

Experimental Design, Calves, and Treatments

The study included 30 Holstein calves from both sexes (17 

male and 13 female) at 10 weeks of age (BW= 85.6±8.9 kg). 
All calves were assigned to individual pens 7 days prior to 
the study and weaned at 7 weeks of age. Calves were fed 
with ad libitum access to water and a calf starter during 
the entire period. Study procedures was approved by Local 
Animal Ethic Committee of Adnan Menderes University 
with a number of 2017-058. 

Calves were randomly divided into three groups. Study 
groups were designed as the treatment procedure: group 
I (n=10) xylazine group (with disbudding under sedation 
with an intramuscular injection of xylazine [Xylazinbio®, 
Interhas, Czech Republic (dose of 0.25 mg/kg)]); group II 
(n=10) to those of calves administered xylazine and local 
anaesthesia [with disbudding under xylazine sedation and 
subcutaneous infiltration of 20 mg of lidocain (Adokain®, 
Sanovel, Turkey) for horn buds prior to disbudding]; and 
group III (n=10) received xylazine, local anaesthesia, and 
subcutaneous injection of meloxicam (Maxicam®, Sanovel, 
Turkey) with a dose of 0.5 mg/kg before dehorning. All 
treatment and disbudding procedures were performed by 
the same researcher. Furthermore, the local anaesthesia 
procedure was carried out with a ring block and corneal 
nerve block between the horn bud and lateral canthus 
of the eye. Calves were deprived from calf starter 12 h 
prior to the study (in an attempt to decrease the risk of 
bloat whereas personnel controlled the calves during 
reanimation. 

Sample Collection and Analysis

Peripheral blood specimens were withdrawn from Vena 
jugularis starting prior to the dehorning and after drug 
application at 0, 30, 60, 90, and 120 min in lithium 
heparinised tubes. Immediately after the blood samples 
were taken, plasma samples were removed using a 
portable centrifuge in the eppendorf tubes. Plasma samples 
were stored at -80°C, then moved to the laboratory and 
analysed.

Total thiol (-S-S- + -SH) includes native and reduced thiol. 
A novel automatic and spectrophotometric technique 
established by Erel and Neselioglu [27] was used to determine 
the thiol/disulphide concentrations. The principle of this 
method is based on the degradation of dynamic disulphide 
bonds (–S–S–) to functional thiol groups (–SH) with a 
sodium borohydride (NaBH4) solution. The remaining 
NaBH4

 
residue was totally removed by formaldehyde. 

Thus, this inhibited extra reduction of 5,5’-dithiobis-2-ni- 
trobenzoic acid (DTNB) along with any disulphide bonds 
resulting from the reaction with DTNB. The following 
reaction with the DTNB-modified Ellman reagent was used 
to detect the amount of total thiol. The disulphide levels 
were counted automatically as half of the quantity of total 
thiol and native thiol. Disulphide/total thiol percent ratios, 
disulphide/native thiol percent ratios, and disulphide/total 
thiol percent ratios were calculated from the measured 
disulphide, total thiol, and native thiol parameters. 
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Statistical Analyses

All repeated measurements were tabulated as means and 
standard errors according to descriptive statics. Normality 
tests were confirmed using the Shapiro-Wilk test. Obtained 
data were evaluated using both parametric repeated 
measures of ANOVA and non-parametric and Kruskall 
Wallis tests for group, time, and group-time interactions. 
The SPSS 22.0 packet program was used for all tests and 
P<0.05 was considered significant. 

RESULTS
There was no statistical difference in native thiol levels in 
any of the calves in the study groups. Native thiol levels 
were determined to be statistically lower in group I and III 
compared to group II at the 90th min following disbudding. 
The native thiol levels decreased in a statistically insignificant 
manner regarding all the treatment groups depending 
on time. Total thiol levels were found to be lowest at the 
60th min of the study, while no significant differences 
were observed in group, time or group-time interaction 
in any treatment group. The total thiol levels increased 
from the 60th min of administration to the 90th and 120th 
min, but were lower than values measured at min 0. In the 
disulphide levels, the differences in terms of group, time, 
and group-time interaction in the application groups were 
not statistically significant. The disulphide concentrations 
decreased to the lowest level in groups I and III at the 60th 
min of application but increased in group II compared to 
min 0. There was no statistical difference in terms of time 
and group-time interactions in any of the disulphite/native 

thiol, disulphite/total thiol, and native thiol/total thiol 
levels. There were differences at the 60th min of application 
between all groups (Table 1).

DISCUSSION 

In livestock, the pain management of dehorning or 
disbudding procedures is an important animal welfare 
issue [28]. In addition to local anaesthesia, NSAID analgesia 
appears to be generally beneficial, but the lack of specific 
recommendations for analgesic protocols may reflect 
the diversity studied in the literature. It is the current 
recommendation of clinicians and veterinarians that local 
anaesthetic and NSAIDs in North America can be obtained 
in full compliance [29,30]. Different methodologies might be 
used for dehorning (e.g. surgical amputation, chemical 
methods, or cautery), but disbudding with a cautery is 
still the most preferred method by livestock producers 
in the United States, Canada, and North America [29-31]. 
For managing pain and cortisol spikes in calves after the 
cautery disbudding process, local anaesthetic agents, 
non-steroidal anti-inflammatory drugs, and sedatives are 
used together or solely [30]. Stock et al.[1] reported that the 
suppression of increases in cortisol levels reduced the 
pain-related inflammatory response. In our study, the 
calves undergoing the disbudding process were divided 
into groups based on commonly used pain management 
methods.

In a study that evaluated serum oxidant and antioxidant 
status, the concentrations of nitric oxide (NO) and 
malondialdehyde (MDA) levels did not reveal any difference 

Table 1. Time-dependent disulfide concentrations pursuant to treatment groups

Parameter Group 0. min 30. min 60. min 90. min 120. min Interactions P value

Native thiol 
(μmol/L)

Group I 273.4±13.2 271.5±11.7 249.1±19.6 254.1±16.8 247.6±9.3 Group 0.028

Group II 240.0±11.6 230.0±11.9 221.4±16.9 224.7±9.2 232.7±14.4 Time 0.211

Group III 269.6±8.1 254.4±5.4 260.2±2.7 263.3±2.9 251.7±13.2 Group & time 0.779

Total thiol
(μmol/L)

Group I 317.2±12.7 318.3±14.8 284.1±24.0 299.4±19.2 290.3±12.2 Group 0.134

Group II 285.4±14.8 274.6±17.2 269.7±19.1 268.8±8.1 281.6±11.7 Time 0.168

Group III 313.5±7.2 289.2±9.6 287.8±4.2 292.5±2.8 294.1±16.5 Group & time 0.823

Disulphide 
(μmol/L)

Group I 21.9±3.7 23.4±3.4 17.5±4.2 22.5±3.3 21.3±2.8 Group 0.106

Group II 22.7±2.3 22.3±3.0 24.2±2.8 22.0±2.8 24.4±2.1 Time 0.271

Group III 22.0±1.6 17.4±2.7 13.8±2.1 14.6±1.5 21.2±2.4 Group & time 0.451

Disulphide/native 
thiol (%)

Group I 7.4±1.4 8.6±1.3 6.9±1.6 9.1±1.3 8.6±1.1 Group 0.014

Group II 9.4±0.8 9.5±1.0 11.2±1.4 10.1±1.6 11.0±1.5 Time 0.435

Group III 8.2±0.8 6.8±1.0 5.3±0.8 5.6±0.6 8.4±0.7 Group & time 0.284

Disulphide/total 
thiol (%)

Group I 6.7±1.1 7.3±0.9 5.8±1.2 7.5±0.9 7.3±0.8 Group 0.017

Group II 7.9±0.6 7.9±0.7 9.0±1.0 8.2±1.9 8.9±1.0 Time 0.342

Group III 7.0±0.6 5.9±0.8 4.8±0.7 5.0±0.5 7.1±0.5 Group & time 0.312

Native thiol/total 
thiol (%)

Group I 86.3±2.3 85.5±1.9 88.4±2.5 84.8±1.8 85.5±1.6 Group 0.019

Group II 84.2±1.1 84.2±1.5 82.0±1.9 83.6±2.2 82.3±2.0 Time 0.342

Group III 85.9±1.1 88.2±1.6 90.5±1.3 90.1±1.0 85.7±1.0 Group & time 0.285
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between control and Dex (dexketoprofen trometamol) 
groups. In addition, glutathione (GSH) significantly increased 
at 15 min after disbudding in the Dex group, and total 
antioxidant activity did not show any difference between 
groups. There were no significant alterations in the examined 
parameters in both groups during the study period [9]. 
Among the adverse consequences of stress, oxidative 
stress, which is characterised by the accumulation of 
radical oxygen species (ROS), can affect life [32]. 

The thiol-disulphide homeostasis situation has important 
responsibilities in antioxidant protection, apoptosis, signal 
transduction, detoxification, regulation of enzymatic 
activity, and cellular signalling mechanisms [20,21]. Further-
more, thiol-disulphide homeostasis is increasingly being 
evaluated in various medical conditions in humans, such 
as diabetes [22], rheumatoid arthritis [23], cancer [25], multiple 
sclerosis [33], hepatic disorders [24], and surgery [34]. The plasma 
thiol pool is constituted by cysteine, GSH, homocysteine, 
and albumin. In expanded oxidative stress conditions, 
thiol concentrations are decreased to compensate for the 
reactive oxygen radicals, wherein the sulfhydryl groups of 
the thiols play an important role [35]. Under oxidative stress 
conditions, thiol molecules engage disulphide bonds, which 
are reduced back to thiols to tolerate thiol/disulphide 
homeostasis [36]. In our study, thiol-disulphide homeostasis 
was evaluated in calves undergoing the dehorning 
process with different pain management regimens. Native 
thiol and total thiol concentrations were decreased in 
all groups of calves during the study period. Native thiol 
concentrations were found to be significantly different 
at the 90th min of the study period between group II and 
both groups I and III. In contrast, total thiol levels showed 
no significant alterations in group, time, or group-time 
interactions, but the lowest levels were examined at the 
60th min of the study. This might be explained by thiols’ 
negative reduction properties as electron acceptors. Thiol 
groups interact with oxidants and are neutralised to a 
less toxic product called disulphide. Total thiol and native 
thiol concentrations have been shown to be reduced by 
oxidation [27]. In our study, another interesting finding was 
detected in disulphide levels. There were no significant 
alterations in disulphide concentrations in both groups. 
In the 60th min of the study, the disulphide concentrations 
reached minimum levels in groups I and III. However, 
in group II, the disulphide concentrations were greater 
than at the beginning of the study. Reductions of thiol 
concentrations without a rise in disulphide levels might be 
the outcome of inadequate intake or increased devastation 
because of its use in other syntheses instead of conversion 
to disulphide [37]. The calculated parameters of disulphite/
native thiol, disulphite/total thiol, and native thiol/total 
thiol levels were significant in group interactions at the 60th 
min of the study. In this study, decreases in native thiol and 
total thiol concentrations without increases in disulphide 
levels might be related to nutritional factors instead of 
oxidative stress. Furthermore, oxidative stress might be 

suppressed by pain management strategies. This study is 
thought to be limited by the fact that pain management 
cannot be measured by cortisol levels. 

In conclusion, to the best of our knowledge, this is the 
first study to examine thiol disulphide homeostasis 
in calves undergoing dehorning. Examining thiol/
disulphide homeostasis during dehorning with different 
pain management procedures might be beneficial as an 
early evaluation test to recognise the best strategies in 
calves. Further studies are warranted to understand the 
association between oxidative stress and dehorning.
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Abstract
This study aimed to evaluate the occurence, virulence properties, genetic diversity, antimicrobial susceptibilities and genetic determinants 
of resistance of thermophilic Campylobacters from dogs and cats under different housing conditions. Rectal swabs were taken from 136 dogs 
(household dogs, n=56; shelter-housed dogs, n=80), and 14 shelter-housed cats. Antimicrobial susceptibilities of the isolates were performed 
by disc diffusion method. Tetracycline (tetO), ampicillin (blaOXA-61), aminoglycoside (aph-3-1) resistance and multidrug efflux pump (cmeB) genes 
were investigated by multiplex polymerase chain reaction (mPCR). The genetic diversity among the isolates was determined by sequence 
analysis of short variable regions (SVRs) of flaA gene. The presence of virulence and toxin genes was also investigated by PCR. Campylobacter 
spp. were isolated from 33.8% of dogs and 28.6% of cats. C. jejuni was the most common species in both dogs (52.2%) and cats (100%), followed 
by C. coli, which was isolated from 41.3% of dogs. High rates of resistance against nalidixic acid (78.7%), ciprofloxacin (74.5%), ampicillin (68.1%), 
tetracycline (53.2%) were observed. The frequency of flaA, virB11, cdtA, cdtB, cdtC, racR, cadF, ciaB, dnaJ and pldA genes was 100%, 2.1%, 83%, 
72.3%, 72.3%, 57.4%, 93.6%, 12.8%, 53.2% and 44.7%, respectively. Based on flaA-SVR typing, 17 different alleles were determined among the 
isolates. The results of this study suggested that pet animals were colonized with antimicrobial resistant thermophilic Campylobacter spp. having 
high pathogenic potential and genetic diversity.

Keywords: Thermophilic campylobacter, Antimicrobial resistance, Virulence, flaA-SVR typing

Köpek ve Kedilerden Thermofilik Campylobacter İzolasyonu ve Moleküler 
Karakterizasyonu

Öz
Bu çalışmada, farklı koşullarda barındırılan köpekler ve kedilerde termofilik Campylobacter türlerinin varlığı, virülans özellikleri, genetik çeşitliliği, 
antimikrobiyal duyarlılık ve direnç genlerinin belirlenmesi amaçlandı. Rektal svab örnekleri 136 köpekten (sahipli, n=56; barınak, n=80) ve 
14 barınak kedisinden alındı. İzolatların antimikrobiyallere olan duyarlılıkları disk difüzyon metodu ile belirlendi. Tetrasiklin (tetO), ampisilin 
(blaOXA-61), aminoglikozid (aph-3-1) direnç ve multidrug efluks pompası (cmeB) genleri multipleks polimeraz zincir reaksiyonu (mPZR) ile 
araştırıldı. İzolatlar arasındaki genetik farklılık, flaA geninin kısa değişken bölgelerinin (SVR’ler) dizi analizi ile belirlendi. İzolatlar arasında virülans 
ve toksin genlerinin varlığı ise PZR ile araştırıldı. Campylobacter spp., köpeklerin %33.8’inden ve kedilerin %28.6’sından izole edildi. C. jejuni 
hem köpeklerde (%52.2) hem de kedilerde (%100) en sık izole edilen tür iken; C. coli sadece köpeklerin %41.3’ünden izole edildi. Nalidiksik asit 
(%78.7), siprofloksasin (%74.5), ampisilin (%68.1) ve tetrasikline (%53.2) karşı yüksek oranlarda direnç gözlendi. flaA, virB11, cdtA, cdtB, cdtC, racR, 
cadF, ciaB, dnaJ ve pldA virulens genleri sırasıyla %100, %2.1, %83, %72.3, %72.3, %57.4, %93.6, %12.8, %53.2 ve %44.7 oranlarında saptandı. flaA-
SVR tiplendirme metodu ile C. jejuni ve C. coli izolatları arasında 17 farklı allel belirlendi. Bu çalışmanın sonuçları, pet hayvanlarının antimikrobiyal 
dirençli, yüksek patojenik potansiyele ve genetik çeşitliliğe sahip termofilik Campylobacter spp. ile kolonize olduğunu göstermektedir.

Anahtar sözcükler: Termofilik campylobacter, Antimikrobiyal direnç, Virulens, flaA-SVR tiplendirme

INTRODUCTION
Campylobacter spp. are among the most frequently reported 
causes of foodborne gastroenteritis in the world. The 

vast majority of human infections were attributed to 
consumption of contaminated poultry meat [1]. However, 
repeated contact with dogs and cats has also been identified 
as an important source of Campylobacter infection to their 
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owners [2-4], and human infections originating from pet 
animals have been reported [5]. Dogs and cats are mostly 
subclinical hosts of Campylobacter spp., infected mainly 
by C. helveticus, C. upsaliensis, C. jejuni and C. coli [6,7]. 
However, gastroenteritis cases related with these agents 
have also been reported in dogs and cats [4]. The most 
of Campylobacter infections are self-limited and do not 
require antimicrobial treatment, however, in severe cases, 
fluoroquinolones (FQ) and macrolides are drug of choise 
used for the treatment of clinical campylobacteriosis. 
However, increasing prevalence of antibiotic-resistant 
Campylobacter from various sources such as humans, 
animals and food, especially FQ, became as serious threat 
to public health [8-10].

Campylobacter produce a number of virulence factors 
playing important role in their pathogenesis. The factors 
involved in pathogenesis of Campylobacter include flagella 
mediated motility, chemotaxis, adhesion to intestinal 
mucosa, invasion, translocation and production of toxin 
and secreted proteins [11].

Many molecular methods have been developed to 
investigate the diversity within C. jejuni and C. coli isolates. 
Each molecular method has advantages and disadvantages 
to determine the genetic relatedness of the Campylobacter 
isolates [12]. Of these methods, sequence analysis of  
short variable regions (SVRs) of flaA gene is widely used 
method for genotyping of Campylobacter isolates [13,14]. 
This method was reported as one of the effective and 
reliable methods for typing of Campylobacter spp. and 
has discriminatory power comparable to Pulsed Field Gel 
Electrophoresis (PFGE) and Multilocus Sequence Typing 
(MLST) [15]. In addition, the depositions of the flaA-SVR 
nucleotide alleles in a central web site (http://pubmlst.org/) 
make access to the flaA-SVR allele types of Campylobacter 
spp. possible.

The studies on the occurence of Campylobacter spp. in 
pets in Turkey are scarce, and have mainly focused on 
poultry [9,16,17]. Investigation of the prevalence and other 
characteristics of Campylobacter in cats and dogs is 
an important step to assess their role as a potential 
source of human infections. Therefore, the present study 
aimed (i) to determine the prevalence and antimicrobial 
susceptibilities of thermophilic Campylobacter spp. in 
stray and household pets and its resistance mechanisms, 
(ii) to investigate genetic diversity of C. coli and C. jejuni 
isolates using flaA-SVR sequence-based typing and (iii) to 
determine the presence and frequency of these virulence 
genes.

MATERIAL and METHODS
Ethical Statement

The study was approved by Mustafa Kemal University 
Animal Ethic Committee (2016-2/3).  

Study Area and Sample Collection

From March 2016 to June 2016, individual rectal swab 
specimens were taken from owned household pets (dogs= 
56), unowned pets (dogs, n=80; cats, n=14). Unowned 
pets were housed at Hatay Metropolitan Municipality 
Kennel. Age and sex distribution of dogs and cats were 
recorded during the sampling. Age proportion of male/
female dogs and cats were 63/73 and 9/5, respectively. 
Immediately after sampling, the swabs were placed in 
Amies Transport Medium with charcoal (LP Italiana, 
11898, Italy) and transported to the laboratory and 
processed immediately upon arrival. 

Isolation of Campylobacter spp.

The rectal swabs were directly streaked on modified charcoal 
cefoperazone deoxycholate agar (mCCDA), containing 
CCDA selective supplement for primary isolation. The plates 
were incubated at 41.5ºC for 36-48 h under microaerophilic 
conditions. One presumptive colony from each mCCDA 
plate was subcultured onto blood agar supplemented with 
5% defibrinated sheep blood. The isolates, microscopically 
curved Gram negative rods with characteristic seagull-
winged morphology, catalase and oxidase positive were 
accepted as Campylobacter spp. and stored within cryo-
beads in deep freeze (-80ºC) untill use.

DNA Extraction and PCR Analysis for Identification of 
Genus/Species Level

Chromosomal DNA was obtained by boiling method as 
previously described Wang et al.[18]. Briefly, one colony 
was suspended in 200 µL RNase and DNase free water and 
heated at 100ºC for 10 min and centrifuged at 10.000 g 
for 10 min. Supernatant was transferred to another steril 
eppendorf tube and used as template DNA.

For genus confirmation and species determination, a multi-
plex polymerase chain reaction (mPCR) assay targeting 
Campylobacter genus, C. jejuni and C. coli was performed 
using primers and reaction conditions described by Wang 
et al.[18].

Antimicrobial Susceptibility Testing

Antimicrobial susceptibilities of the isolates were determined 
by disc diffusion method according to Clinical Laboratory 
Standards Institute (CLSI, 2008) guidelines [19]. Following 
antimicrobial discs were used: nalidixic acid (NA, 30 µg), 
ciprofloxacin (CIP, 5 µg), ampicillin (AM, 10 µg), tetracycline 
(TE, 30 µg), chloramphenicol (C, 30 µg), gentamicin (CN, 
10 µg), and erythromycin (E, 15 µg). C jejuni (NCTC 12500) 
and C. coli (NCTC 12525) were used as control strains for 
antimicrobial susceptibility testing.

Detection of Antimicrobial Resistance Genes

All Campylobacter spp. were tested for the presence of tetO 
(tetracycline), aph-3-1 (aminoglycoside), blaOXA-61 (ampicillin) 



343
ASLANTAŞ

and cmeB (multi-drug efflux pump) genes by mPCR as 
previously reported by Obeng et al.[20].

Genotyping by flaA-SVR

PCR amplification of a fragments of 641 bp of the flaA 
gene comprising the SVRs were performed following the 
procedures described by Lévesque et al.[21]. The flaA types 
were determined by comparing the nucleotide sequences 
with those in the PubMLST Campylobacter database 
(http://pubmlst.org/campylobacter/).

Detection of Virulence Genes

Presence of putative virulence genes responsible for 
adhesion, colonization, invasion and toxin production 
were investigated by PCR as previously described by Bang 
et al.[22], Konkel et al.[23], Bacon et al.[24], Datta et al.[25], and 
Nachamkin et al.[26].

Statistical Analysis

Differences in frequencies of isolation rates according to 
age groups and genders were evaluated using Pearson’s 
chi-square test. SPSS 14.01 was used for statistical analysis. 
Any P value equal to/or less than <0.05 was accepted as 
statistically significant. 

RESULTS
Overall, 33% (50/150) of the samples tested were positive 
for Campylobacter spp. including 33.8% (46/136) of 
dog samples and 28.6% (4/14) of cat samples. Of the 
Campylobacter isolates, 56% (28/50) were identified as C. 
jejuni, and 38% (19/50) were determined to be C. coli by 
PCR. The remaining three isolates (6%) were different than 
C. jejuni and C. coli and were not characterized further to 
species level.

The results of antimicrobial susceptibilities of Campylobacter 
isolates are given in Table 1. C. jejuni isolates from dogs 
showed high resistance rate to nalidixic acid (79.2%), 
ciprofloxacin (75%), tetracycline (66.7%) and ampicillin 
(62.5%), while low resistance were observed to erythromycin 

(12.5%), gentamicin (12.5%) and chloramphenicol (4.2%).  
Considering C. coli isolates from dogs, similarly high 
resistance rates to nalidixic acid (78.9%), ciprofloxacin 
(73.7%), ampicillin (68.4%) and tetracycline (31.6%), but 
low resistance rates to  erythromycin (21.1%), gentamicin 
(15.8%) and chloramphenicol (5.3%) were recorded. C. 
jejuni isolates from cats were resistant to ampicillin (100%), 
nalidixic acid (75%), ciprofloxacin (75%), tetracycline 
(75%), gentamicin (25%), and erythromycin (25%), except 
chloramphenicol.

Multi drug resistance (MDR) was frequently observed in 
C. jejuni and C. coli isolates. The most common multidrug 
pattern detected among C. jejuni isolates was nalidixic 
acid, ciprofloxacin, ampicillin and tetracycline, which was 
observed in 35.7% of the isolates, whereas the most 
common MDR pattern among C. coli isolates was nalidixic 
acid, ciprofloxacin and ampicillin, which was observed in 
26.3% of C. coli isolates (Table 2).

Of the 19 tetracycline resistant C. jejuni isolates, 16 carried 
tetO, and two C. jejuni isolates, despite carrying tetO 
gene, were susceptible to tetracycline. aph-3-1 gene was 
detected in one phenotypically resistant C. coli isolates. 
Among the ampicillin resistant 19 C. jejuni isolates, 14 
were found to carry blaOXA-61. While blaOXA-61 was found 
in 8 ampicillin resistant C. coli isolates, one isolate that 
harbored blaOXA-61 was susceptible to ampicillin. Four of 
the ampicillin resistant isolates did not carry blaOXA-61. cmeB 
gene was only detected in C. coli (89.5%, 17/19) isolates 
(Table 3) (Fig. 1). 

The results of flaA-SVR sequence typing of the 28 C. jejuni 
and 19 C. coli isolates are given in Table 4. Among C. jejuni 
isolates, nine alleles were detected. In C. coli isolates, eight 
alleles were identified. Two flaA alleles (alleles 23 and 120) 
were identical in both C. jejuni and C. coli isolates.

The frequency of virulence genes detected in the isolates 
is given in Table 5. Among 28 C. jejuni isolates, 12 virulence 
associated gene profile was detected. Whereas 10 virulence 
associated gene profiles were detected among 19 C. coli 
isolates. The frequency of flaA, virB11, cdtA, cdtB, cdtC, 

Table 1. Antimicrobial resistance of C. jejuni and C. coli isolates from dogs and cats

Antimicrobial

Shelter Household

Cats Dogs Dogs

C. jejuni (n=4) C. jejuni (n=18) C. coli (n=15) C. jejuni (n=6) C. coli (n=4)

Nalidixic Acid 3 (75) 14 (77.8) 13 (6.7) 5 (83.3) 2 (50)

Ciprofloxcin 3 (75) 13 (72.2) 11 (73.3) 5 (83.3) 3 (75)

Ampicillin 4 (100) 13 (72.2) 9 (60) 2 (33.3) 4 (100)

Tetracycline 3 (75) 11 (61.1) 5 (33.3) 5 (83.3) 1 (25)

Chlorampenicol 0 (0) 1 (5.6) 1 (6.7) 0 (0) 0 (0)

Gentamicin 1 (25) 2 (11.1) 2 (13.3) 1 (16.7) 1 (25)

Erythromycin 1 (25) 3 (16.7) 2 (13.3) 0 (0) 2 (50)
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racR, cadF, ciaB, dnaJ and pldA was 100%, 2.1%, 83%, 
72.3%, 72.3%, 57.4%, 93.6%, 12.8%, 53.2% and 44.7%, 
respectively.  

DISCUSSION
The findings from this study revealed that 19.6% of 
household dogs, 43.8% of stray dogs and 28.6% of stray 
cats were colonized with Campylobacter spp. Such a high 
level colonization rates were not reported in earlier studies 
conducted in different countries. In Italy, Giacomelli et 
al.[27] reported a prevalence of Campylobacter spp. of 11% 
in household dogs, 26% in shelter dogs and shelter cats. 
Another study carried out in Italy, Gargiulo et al.[28] isolated 
C. jejuni with a prevalence rate of 16.8% in stray cats. In 

Taiwan, Tsai et al.[29] found that 2.7% of household dogs 
and 23.8% of stray dogs were positive for Campylobacter 
spp. In New Zealand, Bojanić et al.[30] reported prevalence 
of Campylobacter spp. in household dogs and cats as 36% 
and 16%, respectively. In Korea, Cho et al.[31] reported 
prevalence of thermophilic Campylobacter spp. in stray, 
breeding and household dogs as 25.2%, 12% and 8.8%, 
respectively. In Malaysia, Goni et al.[6] reported frequency of 
Campylobacter in stray dogs and cats as 16.3% and 32.6% 
respectively, while in household dogs and cats as 12.5% 
each. These findings clearly indicate that dogs and cats 
were imporant reservoirs of Campylobacter spp. in Turkey.

The species distribution of Campylobacter from dogs and 
cats differs considerably according to populations studied, 

Table 2. Multidrug resistance patterns determined among C. jejuni and C. coli isolates from dogs and cats

Resistance Profile 

Shelter Household

Dogs Cats Dogs

C. jejuni (n=18) C. coli (n=15) C. jejuni (n=4) C. jejuni (n=6) C. coli (n=4)

NA, CIP, AM, TE, CN, E 1 1 1 - -

NA, CIP, AM, CN, E - - - - 1

AM, TE, CN, C, E 1 1 - - -

NA, CIP, TE, CN - - - 1 -

NA, CIP, AM, TE 6 - 2 2 1

NA, CIP, TE 1 2 - 2 -

NA, CIP, AM 3 5 - - 1

NA, AM, TE 1 1 - - -

NA, CIP 1 4 1 - -

AM, E 1 - - - 1

NA 1 1 - - -

TE 1 - - - -

Susceptible 1 - - 1 -

Table 3. Distribution of resistance genes among the isolates

Source Species Resistance Phenotype and the 
Occurence of Related Gene

No of The Isolates

tetO blaOXA-61 aph-3-1 cmeB

Household

C. jejuni (n=6)

Resistant with genes 5 3 - -

Resistant without genes 1 1 - -

Susceptible with genes - 1 - -

C. coli (n=4)

Resistant with genes 1 2 1 4

Resistant without genes - 2 - -

Susceptible with genes - - - -

Shelter

C. jejuni
(n=22)

Resistant with genes 11 11 - -

Resistant without genes - 2 - -

Susceptible with genes 2 1 - -

C. coli (n=15)

Resistant with genes 3 6 - 13

Resistant without genes - 2 - -

Susceptible with genes 2 1 - -
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isolation protocols, region, fastidious character of the 
agent and years [6,32]. In different studies, C. upsaliensis [6,30,33] 
and C. jejuni [27,29] have been reported to be most prevalent 
species in dogs and cats. In this study, C. jejuni was found 
as the most prevalent species among Campylobacter-
positive dogs and cats. This is an important finding from 
public health point of view, since C. jejuni is the species 
most frequently associated with human gastroenteritis [34]. 

Housing conditions were defined as a risk factor for 
Campylobacter infection in dogs and cats. Unsanitary 
conditions observed in shelters may increase the spread 
of infection among sheltered dogs [27]. Acke et al.[35] 
reported that close contact between shelter-housed 
animals facilitates infection transmission. Humprey [36] 
suggested that animals under stresfull conditions could 
produce noradrenaline, leading to increased susceptibility 

to infectious agents. Abovementioned factors could explain 
the higher prevalence of Campylobacter infection in 
shelter-housed dogs compared to household dogs.

The ages of pets animals have been reported to be a risk 
factor and association between age and Campylobacter 
carriage [6,37]. Similarly, in this study, significantly higher 
carriage rate found in younger dogs compared with older 
dogs (P<0.0001). However, a conradictory finding reported 
by Rahimi et al.[3], who found no significant influence of the 
age of dogs and cats on Campylobacter infection.

Rising trend of antimicrobial resistance have been observed 
in Campylobacter isolates [38,39]. FQs (danofloxacin and 
enrofloxacin) are frequently used drugs in veterinary field 
for the treatment and control of infectious diseases of 
pets and food-producing animals in Turkey. In this study, 
high resistance rate was determined against ciprofloxacin 
(73.7% in C. coli and 76.9% in C. jejuni). Higher resistance 
rate to ciprofloxacin is highly important, because the FQs 
are drug of choise for the treatment of Campylobacter 

ASLANTAŞ

Table 4. flaA alleles detected in C. jejuni and C. coli isolates

Source Animal Species flaA-SVR Allel Number of 
the Isolates

Shelter

Dog C. jejuni

120 4

85 4

82 4

43 3

80 1

23 11

41 1

Cat

C. jejuni

41 1

44 1

80 1

82 1

C. coli

90 5

51 3

62 2

84 1

120 1

23 1

61 1

118 1

Household Dog

C. jejuni

82 2

36 1

23 1

41 1

43 1

C. coli

118 2

51 1

90 1

Fig. 1. Agarose gel electrophoresis showing antibiotic resistance genes. 
Lane M: 100 bp plus molecular marker, Lane 1: tetO (559 bp)-blaOXA-61; 
Lane 2: tetO (559 bp)-blaOXA-61-cmeB (241 bp)
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infections. These findings are almost similar to previous 
studies in broilers [9], chicken meat [8] and humans [10] in 
Turkey.

Resistance to ampicillin in Campylobacters are mainly  
due to synthesis of beta-lactamases, low affinty binding  
of the beta-lactams to the target [penicillin binding  
proteins (PBP)] or reduced permeability of outer membran 
porins [40]. In this study, high level ampicillin resistance 
observed in Campylobacters might be due to the wide-
spread use of beta-lactams or combination of beta-lactams 
with other antimicrobials for the treatment of infections 
in pet animals. Besides, resistance to ampicillin in 68.8% 
(22/32) of the isolates were found to be associated with 
enzymatic inactivation by blaOXA-61. Therefore, it should be 
noted that Campylobacter resistance to ampicillin is not 
only associated with enzymatic inactivation by blaOXA-61, 
but also other resistance mechanisms mentioned above.

In this study, 20 out of 25 (80%) tetracycline-resistant 
isolates were found to possess tetO. The frequent detection 
of tetO in tetracycline-resistant isolates is also reported 
previous studies [9,20]. However, tetO was also detected 
in four tetracycline-susceptible Campylobacter (two C. 
jejuni and two C. coli), and the gene was not detected 
in one tetracycline-resistant C. coli isolate. This finding 
is not surprising because similar findings have already 
been reported by some investigators [9,20]. Guévremont et 
al.[41] reported that tetO might be present in tetracycline 
resistant isolates but might be detected by primers used. 
Another study conducted by Abdi-Hachesoo et al.[42], 
presence of tetA gene was reported in some tetracycline 
resistant Campylobacter isolates. 

In this study, low levels of resistane were observed for 
chloramphenicol (4.3%), gentamicin (14.9%), and erythromycin 
(14.9%) in Campylobacter spp. isolates. These findings are 
also similar to previous studies carried out in Iran [3,38].

Several virulence factors have been documented for 
Campylobacter spp. contributing its pathogenicity. Of these 
virulence factors, flaA gene is necessary for colonization [43], 
which was detected in all Campylobacter isolates in present 
study. Similarly, Cho et al.[31] reported this gene in 100% of C. 
jejuni and C. coli isolates. Other virulence genes responsible 
for adherence and colonization (cadF, racR and dnaJ) and 
invasion (pldA, ciaB and virB11) were found at varying 
rates. Frequency of cadF, racR, dnaJ, pldA and ciaB genes in 
C. jejuni and C. coli isolates were 91.9%-94.7%, 75%-36.8%, 
64.3%-31.6%, 57.126.3%, 14.3%-10.5%, respectively. In 
contrast, Cho et al.[31] reported higher prevalence rate for 
racR, dnaJ, cadF, pldA and ciaB genes in C. jejuni and C. 
coli isolates as 73.2%-0%, 100%-100%, 100%-100%, 78%-
0%, and 73.2%-0%, respectively. The virB11 gene was only 
detected in one (2.1%) C. jejuni isolate from shelter-housed 
of dog.

CDT is a bacterial protein toxin consisting of three subunits 
encoded by the cdtA, cdtB and cdtC genes that products 
of all three gene are required for functionally active toxin. 
The toxin exerts its effect by inhibiting transition of the 
cell from G-2 phase-mitosis [44]. Cho et al.[31] detected cdt 
genes in 100% of the isolates. However, the authors found 
that only some of these isolates show CDT production in 
the HEp-2 cell cytotoxin assay. Similar observation was 
also reported by Açık et al.[45]. Since cytotoxity assays are 
influenced by in vitro factors such as repeated subcultures 

Table 5. The frequency of virulence genes detected among the isolates

Virulence Gene Patterns No of The Isolates
Species

C. jejuni C. coli

flaA, dnaJ, cadF, pldA, racR, cdtA, cdtB, cdtC, virB11 1 1 -

flaA, dnaJ, cadF, pldA, racR, cdtA, cdtB, cdtC, ciaB 3 2 1

flaA, dnaJ, cadF, pldA, racR, cdtA, cdtB, cdtC 13 10 3

flaA, dnaJ, cadF, pldA, racR, cdtA, cdtC, ciaB 1 1 -

flaA, dnaJ, cadF, racR, cdtA, cdtB, cdtC, ciaB 2 1 1

flaA, dnaJ, cadF, racR, cdtA, cdtB, cdtC 5 4 1

flaA, cadF, pldA, racR, cdtA, cdtB, cdtC 2 1 1

flaA, cadF, racR, cdtA, cdtB, cdtC 1 1 -

flaA, dnaJ, cadF, cdtA, cdtB, cdtC 1 - 1

flaA, cadF, cdtA, cdtB, cdtC 6 1 5

flaA, cadF, cdtA, cdtB, cdtC 3 - 3

flaA, cadF, cdtA 4 4 -

flaA, cadF, cdtC 2 - 2

flaA, cadF, pldA 1 1 -

flaA, cdtC 2 1 1
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of isolates, cell types, therefore, it has been suggested that 
more sensitive methods should be applied to cytotoxity 
assays for accurate determination cytotoxic activity of 
isolates [31].

flaA gene-based typing methods have been used for geno-
typing of Campylobacter for a long time. Of these methods, 
flaA-SVR typing has been reported as reliable method, 
giving reliable and reproducible results comparable to 
PFGE analysis [46]. In this study, discriminatory power (DI) 
of flaA-SVR analysis for C. jejuni isolates were 0.845 and 
0.8538 for C. coli isolates.

In conclusion, to the author’s knowledge, the study 
is the first to investigate the occurence, antimicrobial 
susceptibility, virulence properties and flaA-SVR typing of 
C. jejuni and C. coli in dogs and cats under different housing 
conditions in Turkey. Regardless of their origin, dogs and 
cats was found a significant source of Campylobacter 
infection in humans. The high antimicrobial resistance to 
some antimicrobials, particularly FQ, is another striking 
finding, making treatment options of Campylobacter 
infections very limited. Therefore, continuous surveillance 
is needed to determine the emergence and dissemination 
of resistant Campylobacter in different origin of animals. 
Occurence of high rate of virulence genes observed in 
this study indicate potential pathogenicity of the isolates. 
Given cohabitation of dogs and cats with humans, good 
hygiene paratices should be promoted, contact with stray 
pet animals should be reduced to minimise the risk of 
transmission.
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Abstract
PCR single-strand conformation polymorphism (SSCP) and DNA sequencing techniques were used to analyze the genetic polymorphism of 
mannose-binding lectin (MBL) gene 3 introns in Hu sheep. The results showed that 3 introns of MBL gene had polymorphism, 3 genotypes 
were identified in intron1, which were controlled by 2 alleles, respectively; 3 genotypes were identified in intron2, which were controlled 
by 2 alleles, respectively; 3 genotypes were identified in intron3, which were controlled by 2 alleles, respectively; 6 new single nucleotide 
polymorphisms(SNPs) mutation sites were found, g.288T>A in intron1, g. 1091 T>C, g.1096A>C, g.1770G>C in intron 2, g.2297C>T, g.2331G>A 
in intron3. Use ELISA to detect MBL serum level in Hu sheep, then use One-way ANOVA analyze the relationship of different genotypes and 
MBL serum level. And the result showed that the MBL serum level of AA genotype was higher than BB genotype (P<0.05) in intron1, CC 
genotype was higher than DD, GG genotype was higher than HH (P<0.05) in intron2. So, AA, CC and GG genotypes may be related to disease 
resistance; BB, DD and HH genotypes be related to disease susceptibility. The point mutation in intron3 couldn’t lead to the change of MBL 
serum level.

Keywords: Sheep, MBL, Mycoplasma pneumonia, PCR-SSCP, ELISA, Introns

Hu Koyunlarında MBL Gen İntronlarının Polimorfizmi ve MBL Serum 
Seviyeleri ile İlişkisi

Öz
PCR single-strand conformation polymorphism (SSCP) ve DNA sekanslama teknikleri, Hu koyunlarında mannoz bağlayan lektin (MBL) gen 
3 intronunda genetik polimorfizmi analiz etmede kullanılmıştır. Sonuçlar MBL geninin 3 intronunda polimorfizmin olduğunu gösterdi, ve 
intron 1’de sırayla 2 allel tarafından kontrol edilen 3 genotip, intron 2’de sırayla 2 allel tarafından kontrol edilen 3 genotip, intron 3’de de 
sırayla 2 allel tarafından kontrol edilen 3 genotip tespit edildi. 6 yeni tek nükleotid polimorfizm (SNPs) mutasyon alanı (g.288T>A intron 
1’de, g. 1091 T>C, g.1096A>C, g.1770G>C intron 2’de, g.2297C>T, g.2331G>A intron 3’de) bulundu. Hu koyunlarında MBL serum seviyelerini 
belirlemek amacıyla ELİSA uygulandı, sonrasında Tek yönlü ANOVA kullanılarak farklı genotipler ile MBL serum seviyeleri arasındaki ilişki 
analiz edildi. Sonuçlar intron 1’de AA genotipinin MBL serum seviyesinin BB genotipinden daha fazla olduğunu (P<0.05), intron 2’de CC 
genotipinin DD genotipinden, GG genotipinin HH genotipinden daha fazla olduğunu (P<0.05) gösterdi. Bu nedenle AA, CC ve GG genotipleri 
hastalık dirençliliği ile ilişkili olabilirken BB, DD ve HH genotipleri hastalık duyarlılığı ile ilişkili olabilir. İntron 3’de nokta mutasyon MBL serum 
seviyesinde değişime neden olamaz.

Anahtar sözcükler: Koyun, MBL, Mycoplasma pneumonia, PCR-SSCP, ELISA, İntronlar

INTRODUCTION
Mannose-binding lectin (MBL) is a serum protein mainly 
produced by the liver and belongs to the C-type calcium 
ion-dependent lectin, which plays an important role in 

innate immunity. MBL function involves the formation of  
a complex-activated complement system, which binding 
to a serine protease associated with MBL in the lectin 
pathway [1]. It plays an important role in adaptive immune 
responses, and inflammatory responses by affecting 
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cytokine release [2]. Sheep MBL gene has 4 exons and 
3 introns with a full length 4462 base pair (bp) [3]. The 
study found that there are 5 exons in the MBL gene, and 
6 single nucleotide polymorphisms (SNPs) associated 
with MBL expression levels [4]. The above polymorphism 
and their haplotype have the greatest influence on serum 
MBL2 content, at the same time, it’s essential for its anti-
infective effect to maintain a certain level of MBL serum 
concentration, so MBL polymorphism has become a hot 
topic in current research. The study has been shown that 
the level of MBL in the blood is mainly determined by 
the structure of the MBL gene, which is affected by the 
variation of the gene structure region and the regulation 
of the activity of the gene promoter region [5]. For example, 
three SNPs in the exon I of the human MBL gene, known 
as the D-allele (Arg52Cys), B-allele (Gly54Asp) and C-allele 
(Gly57Glu), interfere with the formation of high MBL oligomers, 
It is speculated that it can affect the level of serum MBL by 
initiating different levels of gene expression [6-8].

Promoter is a cis-actin element of eukaryotic gene 
expression regulation, contains important information of 
gene expression regulation network, determines the 
degree of gene expression and its specificity [9,10]. On the 
other hand, the mutation of the intron area may influence 
the transcription, which results in incomplete translation 
in the functional areas. Therefore, this makes MBL protein 
to change in structure, and hinders the realization of MBL 
biological function. Resulting in a significant decrease in 
MBL serum levels of the body, and ultimately the disease 
resistance is reduced due to weakening of the body’s 
immunity.

We use PCR-SSCP and DNA sequencing techniques to 
analyze the genetic polymorphism of 3 introns in the Hu 
sheep’s MBL gene, and conduct the statistical analysis on 
the association between different genotypes in the MBL 
gene and MBL serum levels in Hu sheep. In order to lay 
the foundation for comprehensive study, the study on the 
correlation between the polymorphisms of the sheep MBL 
gene and diseases.

MATERIAL and METHODS

Collection of Sheep Blood Samples

Whole blood was collected from 105 healthy individuals of 
the Hu sheep that aged 4 months and weighted 10-12 kg 
were from different sheep farms in the ninth agricultural 
unit of the Xinjiang Production and Construction Corps, 
Tacheng, China. Fresh blood samples were mixed immediately 
with EDTA buffer. Sera were separated by centrifugation at 
3000×g for 10 min, and were then transferred to 1.5 mL 
Eppendorf tubes and stored at -80°C. 

DNA Extraction, Primer Design and PCR Amplification

Genomic DNA was extracted from EDTA anticoagulated 

blood samples using phenol/chloroform method [11]. Primer 
sequences of sheep MBL introns-1,2,3 and annealing 
temperatures of the PCR (Table 1) were designed with 
Primer 5.0 from the sequences of the MBL gene of 
sheep available in GenBank (accession numbers FJ977629). 
Primers were synthesized at Sangon Biological Engineering 
Technology Company (SBETC, Shanghai, China) and were 
used in a 25 µL PCR reaction to amplify a some sections 
of the intron-1,2,3 region of the MBL gene (Table 1). A 
25 µL PCR reaction contains 1 µL (50 ng) of genomic 
DNA extracted from an individual Hu sheep, 2.5 µL 10× 
PCR buffer, 1 µL (5mM) of each primer, 2.5 µL dNTPs (2.5 
mM), 1.5 µL MgCl2 (15 mM), 0.6 µL (1.5 units) Taq DNA 
polymerase, and 14.9 µL MilliQ H2O. The PCR reagents were 
supplied by the SBETC. The conditions for PCR reactions are 
94°C for 5min, followed by 30 cycles of 30 s at 94°C, 45 s at 
annealing temp (Table 1), 30 s at 72°C, and a final extension 
at 72°C for 10 min. PCR products were electrophoresed on 
1.5% agarose-gel using 0.5×TBE buffer; the agarose gel 
was stained with ethidium bromide.

PCR Single-Strand Conformation Polymorphism Analysis

PCR products were analysed by SSCP, following protocols 
described [12]. Aliquots of 2 µL PCR products were mixed 
with 8 µL denaturing solution (98% formamide, 25 mM 
EDTA, 0.025% xylene-cyanole and 0.025% bromophenol 
blue), were incubated at 98°C for 10 min and were then 
chilled on ice for 10 min. Denatured PCR products were 
electrophoresed on 12% PAGE gel (80 mm×73 mm×0.75 
mm) in 0.5×TBE buffer at 140V and 12°C for 20 h. The gel 
was stained with 0.1% silver nitrate solution.

Cloning of PCR Products and DNA Sequencing

PCR products representative of different SSCP patterns 
in the Hu sheep were cloned using pGEM-T Easy Vector 
System (Promega) and competent Escherichia coli cells 
following the manufacturer’s instruction. 6 to 12 colonies 
were selected for each SSCP pattern and cultured over-
night in Terrific Broth medium that contained 50 mg/
mL ampicillin. To isolate plasmids, a 50-mL aliquot of the 
overnight culture was centrifuged at 13.000 rpm for 2 min; 
the supernatant was discarded. The pellet was mixed with 
30 mL (10×) TE buffer, was boiled for 10 min, and was then 
centrifuged at 13.000 rpm for 2 min. One µL of the super- 
natant was used in a PCR with primers MBLF and MBLR  
(see above for primer sequences). The PCR products from 
isolated plasmids were electrophoresed on 12% PAGE gels 
under the same conditions described above for the PCR 
products from the genomic DNA. The PCR products with  
MBLF and MBLR from both isolated plasmids and genomic 
DNA were sequenced at BGI (Beijing, China; http://www.
genomics.cn).

Measurement of MBL Protein Levels in Serum

Serum samples from the Hu sheep were stored at −80°C. 
MBL levels in serum samples were measured using the MBL 
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Oligomer ELISA Kit (ADL, America), which contains a 96-
well test plate, standards of known MBL concentrations, 
wash buffers, a MBL antigen and a biotinylated monoclonal 
antibody specific to MBL, an enzyme (streptavidin-per-
oxidase) and a substrate solution. Serum samples from the 
Hu sheep and standards of known MBL concentrations 
were loaded into the wells on the test plate: 50 µL of each 
serum sample or standard per well. The MBL antigen and 
the biotinylated monoclonal antibody specific to MBL 
were added to each well and were incubated at 37°C for 60 
min. The wells were washed and the enzyme, streptavidin-
peroxidase, was added. After incubation at 37°C for 30 min, 
the wells were washed to remove unbound enzymes; the 
substrate solution, which reacted with the bound enzyme 
to induce a colour, was added. The intensity of the colour 
was proportional to the concentration of MBL protein 
present in the serum samples. It was measured with an 
ELISA reader at 450 nm and was then converted into MBL 
concentration (µg/L) in serum, using an established human 
antigenic MBL level of 1670 µg/L as a reference.

Statistical Analysis of the Association Between 
Polymorphisms in MBL Gene and MBL Protein Levels  
in Serum

Differences in haplotype frequencies were analysed 
using a chi-square test (χ2 test). The association between 
polymorphisms in MBL gene and MBL protein levels in 

serum were evaluated using One-way ANOVA test. All 
statistical analyses were performed with SPSS for Windows 
(version 17.0).

RESULTS

PCR products for MBL gene had 13 specific fragments 
containing 3 introns. They were subject to a test by 
1.5% agarose gel electrophoresis and then found to be 
consistent with the results of the target fragment without 
specific bands so could be subject to SSCP analysis.

PCR-SSCP analysis results showed that 1, 4, 6, 8,10 and 13 
primers had polymorphisms. Primers 1 is intron 1 had 3 
genotypes, respectively defined as AA, BB, AB, which were 
controlled by A and B alleles. primers 3 is intron 2-1 had 2 
genotypes, respectively defined as PP and OP, which were 
controlled by O and P alleles. primers 4 is intron 2-2 had 3 
genotypes, respectively defined as of CC, CD, and DD, which 
were controlled by C and D alleles. primers 6 is intron 2-4 had 
3 genotypes, respectively defined as EE, EF and FF, which 
were controlled by E and F alleles. primer 8 is intron 2-5 had 
3 genotypes, respectively defined as GG, GH and HH, which 
were controlled by G and H alleles. primers 10 is intron 3-2 
had 3 genotypes, respectively defined as II, IJ and JJ, which 
were controlled by I and J alleles. primers 13 is intron 3-5 
had 3 genotypes, respectively defined as KK, KM and MM, 

Table 1. Primer sequences Information of MBL Gene

Serial 
Number Loci Sequence Location Length/bp Annealing 

Temperature/°C

1
Intron1

F: GTGATGGTGCCAAGGGAGAA
R: GGGATGCCAGAATCAGAGCC 1145-1329 185 58

2 F: ATCATTTGAAACAGAGGCACG
R: TCCCAGGGGAAAGGAGACAC 1289-1494 206 56

3

Intron2

F: GTTTACTTTAGCAAGGTCCAG
R: CAGGCATCTCACAAGGGTTT 1696-1917 222 59

4 F: AGCCAAACCCTTGTGAGATG
R: ACAATAGCCAGCGTGTAAGT 1894-2111 218 58

5 F: GTCTCACTTACACGCTGGCTAT
R: AATACAACGTGGTGGAAGCA 2087-2290 204 59

6 F: TGCTTCCACCACGTTGTATT
R: TCCCTGAGTTTGTCCTGTTAA 2271-2478 208 59

7 F: TAACAGGACAAACTCAGGGA
R: TGCCAAGCTACTCACTAATT 2458-2650 193 60

8 F:AGTAGCTTGGCATGTGGAGA
R:GGGGTAGGGTACCTTTTGAA 2639-2914 276 60

9

Intron3

F: CTGAAGTTTGGTAAAGTGAA
R: CTCATTAGTTCTATGCGTTT 3062-3231 170 60

10 F: GCATAGAACTAATGAGTAGCA
R: TCACTTGGGTCAGTCGTGTC 3215-3488 270 59

11 F: CGACTGACCCAAGTGAGCAT
R: GTCTCAGGGCAAGCAACAGG 3473-3653 181 60

12 F: CACCTCTTTCCCTTTGTTATG
R GGTTAAATCTAGCAGCCCTAA 3583-3800 218 57

13 F:TGTTCAGATTAGGGCTGCTAGA
R:GCCGCATAAAATATGGTATGTCC 3771-3978 208 59
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Fig 1.  SSCP analysis of PCR products amplified with primers. Each product is represented by one of these letters 
A-M. These letters correspond to the primer 1-13, respectively
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which were controlled by K and M alleles. Primer 2, 5, 7, 9 
were not found to have genetic polymorphisms (Fig. 1).

Let the PCR fragments of different genotypes for all paired 
primers be cloned and sequenced. The comparison of 

sequencing results indicated that Hu sheep MBL gene 
intron had 6 single nucleotide mutation points, respectively 
being intron 1’s g.288T> A (Fig. 2-a); intron 2’s g. 1091 T> C, 
g.1096A> C (Fig. 2-b), and g.1784G> C (Fig. 2-c); intron 3’s 
g.2297C> T and g.2331G> A (Fig. 2-d).

ZHAI, MOU, ZHU, LIANG
WANG, ZHAO, ZHANG

Fig 2. Comparison of sequences of different genotypes of MBL intron primer in Hu sheep (a- primer1; b- primer4; 
c- primer8; d- primer10)
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According to the phenotype indicated in the electrophoreto- 
gram, then statisticed genotype frequencies. Carried out χ2 
test on different genotypes of 6 pairs of primers distributed 
in Hu sheep, and results showed all pair of primers had 
a genotype frequency distributed in Hu sheep which 
was characterized by an extremely significant difference 
(P<0.01), respectively (Table 2).

According to the introns and sheep MBL ELISA test kit 
results, it was indicated that in this study with 105 Hu 
sheep, MBL gene intron had 3 genotypes, i.e. AA, BB and 
AB genotypes whose number was respectively 49, 24, 
and 32. According to the different genotype of intron 1, 
the single factor ANOVA analysis was made for MBL serum 
levels; the results showed that there were extremely 
significant differences between AA and AB (P<0.01), AB 
and BB (P<0.01), AA and BB (P<0.01) (Fig. 3).

According to the introns and sheep MBL ELISA test kit 
results, it was indicated that in this study with 105 sheep, 
MBL gene intron 2-2 had 3 genotypes i.e. CC, CD and DD. 
The number of CC, CD, and DD was respectively 36, 44 
and 25. According to the different genotype of intron 1, 
the single factor ANOVA analysis was made for the MBL 
serum level; the results showed that there were extremely 
significant differences between CC and CD (P<0.01), CD 
and DD (P<0.01), CC and DD (P<0.01) (Fig. 3).

Mannose-binding lectin gene intron 2-6 had 3 genotypes 
i.e. GG, GH and HH whose number was respectively 19, 71 

and 15. According to the different genotype of intron 2-6, 
the single factor ANOVA analysis was made for the MBL 
serum level; the results showed that there were extremely 
significant differences between GG and GH (P<0.01), GH 
and HH (P<0.01), GG and HH (P<0.01) (Fig. 3).

Mannose-binding lectin gene intron 3 had 3 genotypes i.e. 
II, IJ, and JJ whose number was respectively 58, 33, and 14. 
According to the different genotype of intron 3, the One-
way ANOVA analysis was made for the MBL serum level; 
the results didn’t show significant differences between II 
and IJ (P>0.05), (P>0.05), II and JJ (P>0.05) (Fig. 3). 

DISCUSSION
Mannose-binding lectin is the most important natural 
anti-infective immune molecule in humans and animals [13]. 
It is secreted by the liver and secreted into the blood. It 
induces and activates the body’s immune response before 
the antigen-antibody reacts specifically. MBL’s protection 
features are closely related to MBL levels. In other words, 
a certain concentration of circulating MBL is maintained. 
Level is the basis of its physiological function. The lower the 
MBL level, the higher the susceptibility to pathogenic micro- 
organisms. The expression level of MBL in serum is closely 
related to the MBL gene polymorphism, that is, MBL serum 
level is mainly removed by MBL gene. Affected by structural 
gene mutations and promoter region activity, mutations in 
the MBL gene can result in decreased MBL levels in serum, 
affecting the complement activation system [5,14].

Table 2. Statistics of frequency of genotype and allele at the MBL gene intron in Hu sheep

Primer Number Genotype Genotype Frequency Allele Allele Frequency χ2

1

AA 0.467 (49) A 0.619

13.147**AB 0.305 (32) B 0.381

BB 0.229 (24)

4

CC 0.343 (36) C 0.552

2.445**CD 0.419 (44) D 0.448

DD 0.238 (25)

6

EE 0.238 (25) E 0.571

13.692**EF 0.333 (70) F 0.429

FF 0.095 (10)

8

GG 0.181 (19) G 0.519

13.184**GH 0.676 (71) H 0.481

HH 0.143 (15)

10

II 0.553 (58) I 0.710

5.925**IJ 0.314 (33) J 0.290

JJ 0.133 (14)

13

KK 0.114 (12) K 0.443

11.551**KM 0.657 (69) M 0.557

MM 0.229 (24)

χ2
0.01(100) = 119.56; ** P<0.01



355

An intron, corresponds to an exon and is a special type 
of non-coding DNA sequence. The exons are alternately 
arranged to form an intervening gene [15]. It does not 
occur in mature mRNA sequences as it is cleaved during 
transcriptional translation of the precursor RNA. Very few 
connates have been found in prokaryotic genome sequences, 
and almost all introns are included in eukaryotic genome 
sequences, except that inferior eukaryotes have relatively 
few intron sequences. Therefore, in this experiment, 3 introns 
of the MBL gene were not involved in protein synthesis, 
but their mutations affected the exon coordination and 
the encoded protein. There also may be a position effect, 
it also may affect the correct shearing in the MBL gene 
expression. Thereby affecting the translation of the protein, 
leading to low MBL serum levels, ultimately making the 
body susceptible to the disease [16]. However, the specific 
function needs a further research.

This paper carried out the polymorphism analysis for 3 
intron areas of the MBL gene in Hu sheep, detected and 
compared all the MBL serums which corresponded with 
genotypes. The results showed that in the Hu sheep MBL 
gene, intron 1’s AA-type corresponds to a low level of MBL 
serum concentration, BB-type and AB-type correspond to 
a high level, so it can be predicted that BB is resistant and 
AA susceptible. Similarly, intron 2-2’s CC-type is susceptible 

and DD resistant; intron 2-6’s GG-type is resistant and HH 
susceptible; in intron 3, the difference between II and JJ 
is not significant, so the mutations affect the MBL serum 
level. From the above, it is indicated that in the MBL gene, 
AA of intron 1 and CC and CG of intron 2 are resistant, while 
BB, DD and HH are susceptible. Intron 1 and 2 genotype 
differences in MBL serum levels are significant, which 
indicates that MBL gene can be used as candidate gene for 
disease resistance.it found that +328 site of the pig MBL1 
intron has a C/T mutation and that different genotypes 
have a significant difference in serum C3c concentration 
and complement hemolytic activity [17], further confirming 
that the pig MBL1 gene can be used as a function and  
a positional candidate gene for complement hemolytic 
activity.

As conclusion, the Hu sheep’s MBL gene intron has a wealth 
of genetic polymorphisms, and lays the genetic basis for 
relevant genetic markers in screening, generation, disease 
resistance or susceptibility. According to the analysis for 
the correction of Hu sheep intron polymorphisms with 
MBL serum levels, this experiment screens the resistant 
and susceptible alleles to lay a solid foundation for the 
further validation of whether resistant alleles can be used as 
genetic markers for resistance to mycoplasma pneumoniae 
in sheep.

ZHAI, MOU, ZHU, LIANG
WANG, ZHAO, ZHANG

Fig 3. Comparison of MBL serum concentration in different genotypes of MBL
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Abstract
The intramammary administration of platelet concentrate is expected to treat subclinical mastitis and prevent disease recurrence effectively; 
therefore, it was aimed to evaluate its efficacy in terms of somatic cell count (SCC) and Milk Amyloid A (MAA) measurements. A total of 120 cow 
mammary lobes with subclinical mastitis were randomly assigned to one of the following three groups: Antibiotic Group (ABG, n=40), Platelet 
Concentrate Group (PCG, n=40) or Combined Group (CG, n=40). Platelet concentrates were prepared by the double centrifugation method from 
blood collected from donor cows. All groups received intramammary treatments for 3 days. Analysis of MAA using a commercially available 
ELISA method and measurement of SCC were performed from milk samples collected on days 0, 7, 14, and 21. Treatment success and absence 
of recurrence were found to be statistically significant for all three treatment protocols (P<0.001). It is concluded that intramammary platelet 
concentrate administration can be an effective alternative to intramammary antibiotic use for the treatment of subclinical mastitis.

Keywords: Subclinical mastitis, Platelet concentrate, Milk amyloid A, Somatic cell count, Dairy cow

Sütçü İneklerde Subklinik Mastitis Tedavisinde Meme İçi Platelet 
Konsantresi Etkinliğinin Somatik Hücre Sayımı ve Süt Amiloid A 

Seviyeleri İle Değerlendirilmesi

Öz
Meme içi platelet konsantresi uygulamasının, subklinik mastitisi tedavi etme ve hastalığın rekürrensini engellemede etkin olabileceği beklenmekte 
olup; uygulamanın etkinliğinin somatic hücre sayısı (SHS) ve Süt Amiloid A (Milk Amyloid A: MAA) ölçümlerine dayandırılarak değerlendirilmesi 
amaçlanmıştır. Subklinik mastitisli ineklere ait 120 meme lobu rastgele Antibiyotik Grubu (ABG, n=40), Platelet Konsantresi Grubu (PKG, n=40) 
ve Kombine Grup (KG, n=40) olmak üzere üç gruba ayrıldı. Platelet konsantreleri donör ineklerden alınan kandan çift santrifüj metoduyla 
hazırlandı. Gruplara 3 gün boyunca meme içi tedavi uygulandı. Çalışmanın 0, 7, 14 ve 21. günlerinde alınan süt örneklerinde SHS ölçümü ve 
ELISA yöntemiyle MAA analizi yapıldı. Uygulanan her üç tedavi protokolü için de iyileşme başarısı ve rekürrens görülmemesi durumu istatistiksel 
açıdan önemli bulundu (P<0.001). Subklinik mastitis tedavisinde meme içi platelet konsantresi uygulamasının meme içi antibiyotik kullanımına 
alternatif olabileceği sonucuna ulaşıldı.

Anahtar sözcükler: Subklinik mastitis, Platelet konsantresi, Süt amiloid A, Somatik hücre sayısı, Sütçü inek
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INTRODUCTION

Milk and dairy products are important sources of food 
consumption for the vast majority of the world’s population [1]. 
The inflammation of mammary tissue is called mastitis, 
usually caused by intramammary bacterial infections [2]. 
Subclinical mastitis is characterized by inflammation with 
no clinical findings in milk or mammary tissues [3,4].

Mastitis is the most common pathology seen in the 
dairy industry and is the main cause of antibiotic use 
and economic loss [1,5,6]. Most cases of mastitis are 
subclinical with almost 20-50 cases of subclinical mastitis 
recorded for every clinical mastitis case [7]. Intramammary 
administration of antibiotics is used to reach the highest 
drug concentration in cases of clinical mastitis and in 
almost all subclinical mastitis cases, except for those where 
the mammary tissue has excessive swelling or fibrosis [8]. 
Mastitis is difficult to treat due to various direct and indirect 
issues including treatment costs, unusable milk, labor and 
time loss, recurrent mastitis, a decrease in milk production 
and quality, increase in the number of discarded animals, 
affected animal welfare, etc. [1,3,5]. Among the problems 
caused by administering antibiotics to animals produced 
for consumption are antibiotic residue in food and micro-
organisms acquiring antibiotic resistance [1,6]. 

Platelet activation is the first step of healing process that 
occurs after tissue damage. This process consists the 
release of several bioactive factors that plays role in the 
recruitment of cells associated with healing to the damaged 
tissue. New treatment protocols of platelet concentrate 
administration, so the highly concentrated bioactive factors, 
has become popular in recent years. It has several advantages 
as being safe, easy and has a wide range of application  
area [9]. Platelets contain growth factors, chemokines, cyto-
kines and active metabolites which are required for rapid 
wound healing and tissue regeneration. Local application 
of these growth factors at high concentrations through 
platelet concentrate increases the repair rate of the tissue 
by optimizing the area of healing [10]. Alpha-granules of 
platelets contain various factors as transforming growth 
factors (TGF), platelete-derived growth factors, epidermal 
growth factors, insulin-like growth factor-1, chemokins 
and cytokines which play role in healing process and 
tissue regeneration [11]. Throughout these factors, TGF-α 
was reported to have an impact on mammary epithelial 
proliferation and morphogenesis of the mammary gland [12] 

which may play important role during healing from mastitis. 

Blood products containing intensive amounts of platelets 
have become widely used in many areas of human 
medicine. Although there is limited information on 
their use in veterinary medicine, platelet-rich plasma 
applications have also become popular in recent years, 
especially for tendon injuries in equine medicine. The 
use of platelet concentrate obtained through a double 

centrifugation method for the treatment of mastitis is 
of current research interest as an alternative method to 
stimulate the regeneration of glandular tissue by providing 
growth factors at supraphysiological concentrations [10]. 

Regarding the evaluation of mastitis, the use of various 
parameters such as haptoglobin, milk amyloid A (MAA), 
lactoferrin, lysozyme, lactate dehydrogenase enzyme, nitric 
oxide, and heat shock proteins have become widespread 
in bovine medicine [13]. One of these parameters, MAA, is 
a specific isoform of serum amyloid A and is secreted only 
in the presence of inflammation directly from mammary 
epithelial cells. It is a highly sensitive marker that allows 
the detection of subclinical mastitis in milk [13,14].

In addition to the use of antibiotics for the treatment of 
mastitis, which is the most important and common problem 
in dairy farms, there is a need for new antimicrobial treatment 
methods. Optimally, such new methods would not create a 
basis for bacterial resistance and would not leave antibiotic 
residue in nature and animal-origin food and, therefore, 
would not threaten human health. Considering the growing 
interest in organic livestock and organic animal-origin 
food production in recent years, the development of a 
novel approach to mastitis treatment could be regarded 
as a milestone. The absence of information on the use of 
platelet concentrate in subclinical mastitis screening in the 
literature confirms the authenticity of our study and the 
lack of knowledge on this subject. 

The intramammary administration of platelet concentrate, 
which was previously prepared for use and stored in a 
laboratory environment, is expected to treat subclinical 
mastitis and prevent disease recurrence effectively; therefore, 
it was aimed to evaluate its efficacy in terms of somatic cell 
count (SCC) and MAA measurements.

MATERIAL and METHODS

Study Design 

The study was approved by Istanbul University Local 
Committee on Animal Research Ethics (Permit no. 2016/79).

Milk samples were collected from 3- to 6-year-old cows 
in the 2nd lactation period [15] with subclinical mastitis, at 
a private Holstein dairy cattle farm in Istanbul. The mean 
milk yield of the animals were 24±3.4 L/day. They were 
kept in 10 m2 barns per animal and milked by machine 
twice per day in milking parlors. The machine milking 
procedure applied in the private farm was consisted of 
these following steps: preparation of the staff, cleaning 
of teats with a pre-milking germicide dip solution, drying 
of teats, foremilk stripping, application of the machine, 
milking, detaching of the machine and finally post-milking 
teat germicide dipping [16]. The animals received a complete 
diet prepared according to their nutritional requirements 
by the Department of Animal Breeding. The study was 
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performed during autumn (October-December).

Mastitis screening was performed at a pre-visit (Dpre) to 
the farm by evaluating clinical examination findings and 
California Mastitis Test (CMT) results. Milk samples were 
aseptically collected from 210 mammary lobes with no 
clinical findings, pre-diagnosed with subclinical mastitis 
by evaluating CMT scores as +, ++, and +++. Subclinical 
mastitis diagnoses were confirmed in 187 samples having 
≥200.000 cells/mL according to SSC results. Bacteriological 
analysis was performed on milk samples for isolation 
of microbial pathogens and antibiotic selection. Of 
these, 120 mammary lobes with bacterial growth were 
randomly selected to create study groups consisting of the 
Antibiotic Group (ABG, n = 40), the Platelet Concentration 
Group (PCG, n = 40), and the Combination Group (CG, 
n = 40) which was a combination of both treatment 
protocols, AB and PC. On the initial day of treatment (D0), 
two milk samples were taken from each mammary lobe 
following aseptic conditions. After the mammary lobes  
were completely emptied, depending on their assigned 
group, the applications, (intramammary antibiotics, intra-
mammary platelet concentrate, or intramammary antibiotics 
+ platelet concentrate) were performed. Intramammary 
antibiotic solutions were applied using commercial 
injectors (amoxicillin + clavulanic acid, Synulox LC, Pfizer). 
The platelet concentrate in a 5-mL sterile syringe was 
administered intramammary after the sterile teat catheter 
was advanced halfway into the teat [10]. The treatment was 
continued for 12 days at 3-day intervals and teat dipping 
was applied after each application. Milk sampling was 
repeated on the 7th, 14th, and 21st (D7, D14, D21) days of 
the study. SCC and MAA measurements were performed 
on the milk samples. 

Milk Sample Collection

Before taking the milk samples, the mammary quarter 
was washed, cleaned with 70% alcohol, dried, and the 
first three milking streams were discarded. Milk samples 
were collected in sterile tubes under aseptic conditions, 
preserved cold and delivered to the laboratory within 2 
h. Milk samples were collected for SCC measurement and 
microbiological analysis on Dpre and for SCC and MAA 
measurements on D0, D7, D14, and D21.

SCC Measurement

Somatic cell count measurements were performed on 
milk samples for the verification of subclinical mastitis 
diagnosis on Dpre and to evaluate treatment success on 
D0, D7, D14, and D21. SCC measurements were performed 
using a Fossomatic 90 cell counter (Foss Electric, Hillerod, 
Denmark) after heat treatment at 40°C for 15 min.

Bacteriological Analysis

Milk samples were double inoculated onto 5% sheep blood 
Columbia Agar, MacConkey agar, and Sabouraud dextrose 

agar. The inoculants were incubated at 37°C for 24-72 h 
under aerobic and microaerobic conditions. Morphology 
and colony characteristics formed at the end of incubation 
were examined and the samples with three or more types 
of colonies were evaluated as contaminated. Gram staining 
was performed on the colonies in the samples suitable for 
isolation and identification. The isolated microorganisms 
using pure culture were identified by classical methods [17].

Preparation of Platelet Concentrates

Platelet concentrates were prepared in the Accredited 
Blood Bank Laboratory of Istanbul University-Cerrahpasa, 
Faculty of Veterinary Medicine.

To prepare allogeneic platelet concentrate, whole blood 
from v. jugularis of healthy, non-pregnant, non-lactating 
cows that received no antibiotic treatment in the last two 
months, was transferred with 16-gauge needles into 450 
mL blood transfusion bags containing citrate-phosphate-
dextrose-adenine (CPDA-1) [10,18]. Blood samples were taken 
to the laboratory within two hours under cold conditions. 
The blood bags were weighed on a precise balance (Precisa 
XT 6200C, Dietikon, Switzerland) and confirmed to be of 
equal weight. The blood bags were placed perpendicularly 
in a centrifuge (Beckman Coulter J6-M1, JS-4.2, California, 
USA) set at 4200g for 5 min at 22°C with acceleration and 
deceleration cycles set to 5 min. The blood bags were 
then carefully removed from the centrifuge, placed in a 
plasma extractor (Terumo Teruflex ACS201, Tokyo, Japan) 
from which platelet-rich plasma samples were transferred 
into 50 mL Falcon tubes. The second centrifugation for 
preparing the platelet concentrate was performed at 
1500 g for 10 min at 4°C. Cell counts of prepared platelet 
concentrates were performed using a blood counting 
device (Abacus Junior Vet, Diatron, Budapest, Hungary) 
and platelet concentrates with the standard of 1×109 
platelets/mL [10] were stored in 50 mL sterile Falcon tubes. 

The prepared platelet concentrates were frozen three 
times at -80°C (Sanyo MDF-U2086S, Tokyo, Japan), and 
thawed at 37°C in a plasma heater (DH2 QuickThaw Plasma 
Thawing System, Helmer, Noblesville, IN, USA) to release 
platelet-derived factors, then stored at -20°C [10]. Various 
preparation stages of platelet concentrate are shown at 
Fig. 1.

MAA Analysis

Milk Amyloid A concentrations of D0, D7, D14, and D21 
milk samples were determined using a commercial ELISA 
kit according to the manufacturer’s instructions (Milk 
Amyloid A (MAA) ELISA Kit, Cat. No.: TP-807, Tridelta 
Development Ltd., Ireland). The sensitivity of the assay 
is 0.10 µg/mL, the intra-assay and inter-assay coefficient 
of variations are 6.62% and 9.99%, respectively. Optical 
densities were read on an automatic plate reader (BioTek 
EL×808 Absorbance Microplate Reader, USA) at 450 
nm and reference 630 nm. MAA concentrations were 
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calculated based on a standard curve using references 
provided by the manufacturer. Samples were diluted 1:50 
as mentioned in the manufacturer’s instructions.

Statistical Analyses

Statistical analyses of the collected data were performed 
to evaluate the success and recurrence status of the 
intramammary treatments. The results of the MAA 
measurements were evaluated using a Kruskal-Wallis test, 
while SSC results were evaluated by one-way ANOVA. 
The significance control of the groups was tested by the 
Duncan method and the statistical software program SPSS 
13.0 was used for the analyses.

RESULTS

Microbiological analysis of the milk samples revealed 
Staphylococcus sp. (71.5%), Streptococcus sp. (14.5%), 
Escherichia coli (3.5%), Pasteurella sp. (3.5%), Coryne-
bacterium sp. (3.5%), and Enterococcus sp. (3.5%). In the 
study, for mammary lobes assigned to ABG and CG, an 
intramammary suspension (Synulox LC, Pfizer) containing 
amoxicillin + clavulanic acid was preferred as an antibiotic. 
The compatibility between the bacterial species that 
amoxicilin + clavulonic acid combination has bactericidal 
effect and the microbiological results obtained from our 
study was effective at our antibiotic selection.

Fig 1. Platelet concentrate preparation. 
a- blood bags placed in the centrifuge; b- 
blood bags placed in the plasma extractor 
after the first centrifugation; c- platelet 
concentrate obtained after the second 
centrifugation stored in a Falcon tube

Table 1. SCC measurement (×103 cell/mL) per study groups according to sampling day

Groups

Days

SignificanceD0
Mean±SE

D7
Mean±SE

D14
Mean±SE

D21
Mean±SE

ABG 748.48±37.27Aa 402.98±22.66Ba 265.23±14.84C 223.38±12.89C ***

PCG 623.83±32.14ab 350.45±19.33Bab 256.05±13.19C 213.68±8.68C ***

CG 667.77±33.27ab 318.75±19.69Bb 228.08±9.23C 206.70±7.45C ***

Significance * * NS NS

SE: Standard Error; NS: Not Significant (P>0.05); * P<0.05; *** P<0.001 
a,b Indicates the significance controls in the same column; A,B,C Indicates the significance controls in the same row

Table 2. MAA measurement results of the study groups according to sampling day

Groups

Days

SignificanceD0
Mean±SE
(ng/mL)

D7
Mean±SE
(ng/mL)

D14
Mean±SE
(ng/mL)

D21
MEan±SE
(ng/mL)

ABG 6198.38±228.49Aa 2851.28±238.70B 1530.00±150.60C 1113.85±109.88C ***

PCG 4762.78±358.85Ab 2935.13±292.56B 1826.08±215.40C 1344.68±160.68C ***

CG 4999.83±309.64Ab 2828.35±262.57B 1497.75±134.88C 1137.38±93.64C ***

Significance *** NS NS NS

SE: Standard Error; NS: Not Significant (P>0.05); * P<0.001
a,b Indicates the significance controls in the same column; A,B,C Indicates the significance controls in the same row
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Treatment groups were formed with 120 mammary lobes 
selected from the milk samples with SCC over 200×103 
cells/mL on Dpre. The SCC measurement results of the 
collected milk samples at the beginning of the treatment 
and at the follow-up days are detailed in Table 1.

The MAA measurement results of the collected milk 
samples at the beginning of the treatment and on the 
follow-up days are detailed in Table 2.

In the milk samples taken from ABG mammary lobes, SCC, 
which was 748.48±37.27 × 103 cells/mL before treatment, 
decreased to 402.98±22.66 × 103 cells/mL on D7 as a 
result of intramammary antibiotic administration (P<0.001). 
Also, MAA measurements for the same days decreased 
from 6198.38±228.49 ng/mL to 2851.28±238.70 ng/mL 
(P<0.001). SCC and MAA measurements of milk samples 
taken on the 14th and 21st days after the beginning of 
treatment to evaluate the recurrence status of disease 
were similar to each other and significantly lower than 
those obtained on D0 and D7 (P<0.001). 

For the PCG samples, SCC measurements and MAA 
concentrations at D0 and D7 significantly decreased 
from 623.83±32.14 x 103 cells/mL to 350.45±19.33 x 103 
cells/mL (P<0.001), and from 4762.78±358.85 ng/mL to 
2935.13±292.56 ng/mL (P<0.001), respectively. SCC and 
MAA measurements for D14 and D21 were similar to each 
other but significantly lower than those obtained on D0 
and D7 (P<0.001).

Similar results were obtained for CG samples as those for 
the other treatment protocols. SCC which was determined 
to be 667.77±33.27 × 103 cells/mL on D0 decreased to 
318.75±19.69 × 103 cells/mL (P<0.001) on D7. The MAA 
concentration also decreased from 4999.83±309.64 ng/
mL to 2828.35±262.57 ng/mL (P<0.001). SCC and MAA 
measurements on D14 and D21 which evaluated the 
recurrence status with the combined treatment were 
similar to each other and lower than those on D0 and D7 
(P<0.001).

DISCUSSION
This study was planned considering the need for new 
alternative approaches in the treatment of sub-clinical 
mastitis. The efficacy of intramammary platelet concentrate 
treatment was evaluated through SCC and MAA measure-
ments. According to the current literature, although it 
is recognized that the application of intra-mammary 
platelet concentrate provides a very new perspective 
in the treatment of clinical mastitis [10], no studies were 
found on animals with subclinical mastitis. On the other 
hand, the presence of studies examining methods such 
as the application of various fruit and plant extracts [8,19-21], 
photodynamic therapy [22], and nitric oxide-releasing 
solutions [23] for subclinical mastitis treatment indicates 
the search for alternative methods to antibiotic use world-

wide. The lack of new information on mastitis treatment by 
platelet concentrate applications shows the original value 
of this study.

The causes of mastitis are divided into two as environmental 
or contagious microorganisms. Klebsiella sp., E. coli, and 
Streptococci are the most frequently isolated environmental 
factors. Staphylococcus aureus and Str. agalactiae are the 
most frequently isolated contagious microorganisms [4,5]. In 
our study, the most detected species was Staphylococcus 
sp., (71.5%) followed by Streptococcus sp. (14.5%). The fact 
that the majority of the identified microorganisms were 
contagious factors suggests that the disease may spread 
due to inadequate sanitation.

Intramammary antibiotics are used as a routine protocol to 
treat mastitis and to prevent the spread of infectious factors 
causing this disease [1,5,6,8]. Blood products containing 
high levels of platelets are thought to exhibit antibiotic 
action by secreting antimicrobial peptides as well as 
inducing cell regeneration by stimulating cell proliferation, 
angiogenesis, and cell migration [10,24]. In an in vitro study on 
the antimicrobial efficacy of human platelet-rich gelatin, 
it was shown that this application was highly effective 
on various microorganisms, especially S. aureus [25]. 
In addition, anti-inflammatory and analgesic effects have 
also been reported [24]. In a study by Lange-Consiglio et 
al.[10], where the results were evaluated according to SCC, 
combined treatment in clinical mastitis was reported to 
be more successful than sole antibiotic or sole platelet 
concentrate applications, and it was stated that platelet 
concentrate application was as effective as intramammary 
antibiotic administration. According to the data obtained 
from the present study, all three protocols, antibiotic, 
platelet concentrate, and combined treatment were found 
to be successful in the treatment of subclinical mastitis. In 
all three application groups, a decrease of nearly half was 
detected between pre-treatment (D0) and post-treatment 
SCC measurements (D7) (P<0.001), and this decrease 
continued at other measurement days. Although SCC did 
not decrease below 200 × 103 cells/mL, it was determined 
to be very close to this value. This decrease in SCC since 
the beginning of the treatment was evaluated as recovery. 
Examining the recurrence status of the chronic cases in 
the study mentioned previously, sole platelet concentrate 
application was more successful than other treatment 
applications [10]. In our study, the three treatment protocols 
were also found to be successful in terms of controlling 
subclinical mastitis recurrence. This new treatment protocol 
may easily replace antibiotic usage considering the 
stages of platelet concentrate preparation. It is a simple, 
uncomplicated and economically affordable method. 
It can be performed in the office setting of the farm 
with very limited consumable material supply when the 
infrastructure is created as well as the laboratory. However, 
attention must be paid to work sterile. Lysing or damaging 
platelets should be avoided during process.

EVKURAN DAL, SABUNCU, AKTARAN BALA
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Considering that mastitis cases are mostly subclinical [7], it is 
obvious that the detection of this disease, which can spread 
to the herd without being noticed, is the most important 
step. Accordingly, many parameters can be evaluated 
including CMT; SCC measurements; factor isolation and 
identification; evaluation of electrical conductivity, density, 
freezing point and mineral percentage of milk [26,27]. Among 
these parameters, the one most frequently evaluated is 
SCC. However, it should be remembered that SCC may vary 
depending on the species of microbial agent, lactation 
period and the number of lactations, age and breed of 
the cow, milk yield, milking frequency, season and the 
geographical region that the herd is located, as well as 
non-inflammatory factors [28]. According to the results of 
a study by Risvanlı and Kalkan [29], there was no strong 
correlation between age and breed of cows and SCC 
values in subclinical mastitis. In the present study, factors 
affecting SCC were not evaluated. However, since animals 
were kept at the same farm, being the same breed, of a 
similar age range and lactation period, all milked twice a 
day, and not affected by any disease other than subclinical 
mastitis, we decided that SCC results were minimally 
affected by other factors and accurately reflect subclinical 
mastitis levels. 

In recent years, studies on acute phase protein measurements 
that give more precise results than SCC for subclinical 
mastitis diagnosis and follow-up have become widespread. 
In the present study, MAA, as well as SCC, were preferred 
for evaluating the success of subclinical mastitis treatment 
protocols and recurrence status. In a study in which 
amyloid A was evaluated by a serum ELISA test kit in 
serum samples and by both serum and milk ELISA test kits 
in milk samples, it was determined that the most sensitive 
kit for subclinical mastitis diagnosis was the milk MAA 
ELISA test kit [30]. In a study on the relationship between 
subclinical mastitis pathogens and MAA measurements, 
the lower limit value was 3.9 μg/mL for major pathogens 
and 1.6 μg/mL for all other pathogens [31]. The MAA data 
obtained from the present study were consistent with 
the published literature data and MAA concentrations of 
AB, PCG, and CG before treatments were 6198.38±228.49 
ng/mL, 762.78±358.85 ng/mL, and 999.83±309.64 ng/
mL, respectively. Statistically significant reductions were 
determined in MAA concentrations after treatment in 
all three study groups (P<0.001). MAA concentrations 
continued to decrease at D14 and D21. D14 and D21 
measurements of each group were similar (P>0.05) and 
significantly lower than D0 and D7 (P<0.001). All three 
treatment protocols showed improvement and no 
recurrence was determined during the 21-day period from 
the start of treatment.

Examining the relationship between D0 measurement 
results of all treatment groups, it was seen that the ABG 
had the highest SCC and MAA results (P<0.05 and P<0.001, 
respectively). As a result of this coincidental outcome, 

which was due to the randomization of the groups, it was 
decided that the SCC and MAA measurements actually 
showed a similar pattern in detecting mammary tissue 
inflammation and also MAA measurements yielded much 
more sensitive results. Since SCC and MAA measurements 
are both indicators of healing from mastitis, bacteriological 
examination was not repeated in this study. 

Platelet concentrate heals the mammary tissue by peptide 
growth factors which lead to tissue protection and/or 
repair processes through stimulation of glandular tissue 
regeneration. Additionally, these growth factors increase 
the infiltration of neutrophils and macrophages to fight 
against the microorganisms related to mastitis [11,32]. In 
case of complete healing from mastitis and the lack of 
recurrence, the factors secreted after inflammation and 
platelet concentrate administration are expected to be 
decreased. However, SCC and MAA measurements were the 
target parameters for treatment evaluation in this study. 
Nevertheless, repeating the microbiological examinations 
are considered to be useful for future correspondence.

In mastitis cases, the migration of polymorphonuclear 
neutrophils (PMNs) from blood to mammary glands 
is triggered following the invasion of the pathogenic 
factor into the mammary gland. Activated PMNs, while 
destroying pathogens, can cause tissue damage as a result 
of producing reactive oxygen metabolites and granular 
enzyme release, resulting in the disruption of mammary 
function. Antibiotics frequently used for the treatment 
of mastitis can not protect the mammary gland from 
damage [2]. Therefore, it is understood that damage caused 
at mammary epithelial cells can not be repaired by using 
antibiotics, but it is possible to repair damage due to platelet 
concentrate, which is rich in cytokines, chemokines, and 
various growth factors. The authors of this study suggest 
that, although there are no visible pathological changes 
in subclinical mastitis, changes in the cellular basis that 
occur during treatment with intramammary platelet 
concentrate after the invasion of the mammary gland by 
pathogenic factors can be studied with invasive methods. 
Reexamination of bacteriological evaluation is considered 
to be needed to detect the treatment efficiency of platelet 
concentrate with histopathological examinations for future 
correspondence.

Results of the present study suggest that intramammary 
platelet concentrate may be an alternative to antibiotic 
use in the treatment of subclinical mastitis. It is predicted 
that the risk of antibiotic residues can be reduced in 
nature as in the milk offered for human consumption, and 
the resistance of microorganisms to antibiotics can be 
partially prevented. In addition, this method can become a 
treatment protocol for management systems that produce 
organic milk and dairy products by organic livestock 
farming, which have become increasingly popular in 
recent years. 
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Abstract
The purpose of this study was to establish the model of canine deep layer corneal ulcer by means of alkali burn combined with mechanical 
injury and evaluate the efficacy of conjunctival covering combined with amnion liquid supernatant deep layer corneal ulcer in beagles. 
By using alkali burnand mechanical injury establishd the beagle deep layer corneal ulcer model (n=15) , randomly divided into 3 groups: 
deep layer corneal ulcer (C group), conjunctival covering group (T1 group), conjunctival covering combined amnion liquid supernatant 
eyedrop group (T2 group). On -3, 1, 7, 14, 21, 45 days, examine the levels of Interleukin -1 (IL-1), Interleukin-8 (IL-8), Vascular Endothelial 
Growth Factor (VEGF), Matrix metalloproteinase-1 (MMP-1), Matrix metalloproteinase-2 (MMP-2) and Matrix metalloproteinase-9 (MMP-9) 
in canine aqueous humor; On the 45th day, two experimental canines were randomly selected from each group to collect corneal tissue for 
histopathological observation. C group compared to groups T1 group and T2 group , the levels of IL-1, IL-8, VEGF, MMP-1,  MMP-2, MMP-9 
in canine aqueous humor significantly decreased (P<0.05). Histopathology revealed that in the T2 group corneal epithelial blood vessels 
were less, corneal thickness was moderate, the cornea was more complete, the cornea had fewer blood vessels, and the inflammatory 
cell infiltration was lower. Conjunctival coverage combined with amnion liquid supernatant eyedrop can effectively reduce keratitis cell 
infiltration of canine deep layer corneal ulcer, reduce corneal damage, and improve corneal transparency, the therapeutic effect is better 
than conjunctival coverage individually.

Keywords: Canine, Alkali burn combined with mechanical injury, Amnion liquid supernatant,  Conjunctival cover, Corneal ulcer

Köpeklerde Mekanik Hasar ve Alkali Yakma İle Oluşturulan Derin Korneal 
Ülserde Amniyon Sıvısı Süpernatantı Göz Damlası İle Birlikte Kullanılan 

Konjuktiva Örtüsünün Etkinliği

Öz
Bu çalışmanın amacı, alkali yakma ile birlikte mekanik hasar oluşturularak Beagle köpeklerde derin korneal ülser meydana getirmek suretiyle 
bir model oluşturmak ve oluşturulan bu derin korneal ülsere amniyon sıvısı süpernatantı ile birlikte korneal örtmenin etkisini araştırmaktır. 
Alkali yakma ve mekanik hasar ile derin korneal ülser oluşturmak amacıyla Beagle köpekler (n=15) rastgele olarak 3 gruba ayrıldı: Derin 
korneal ülser grubu (C grubu), konjuktival örtü grubu (T1 grubu) ve amniyon sıvısı süpernatantı göz damlası ile birlikte konjuktival örtü 
grubu (T2 grubu). Çalışmanın -3, 1, 7, 14, 21 ve 45. günlerinde, köpeklerin akuöz humorlarında İnterlökin-1 (IL-1), İnterlökin-8 (IL-8), Vasküler 
Endotelyal Büyüme Faktörü (VEGF), Matriks metalloproteinaz-1 (MMP-1), Matriks metalloproteinaz-2 (MMP-2) ve Matriks metalloproteinaz-9 
(MMP-9) seviyeleri incelendi. Çalışmanın 45. gününde, her bir gruptan rastgele iki köpek seçilerek histopatolojik inceleme amacıyla korneal 
dokuları elde edildi. T1 ve T2 grubu ile karşılaştırıldığında C grubu köpek akuöz humorlarında IL-1, IL-8, VEGF, MMP-1, MMP-2, MMP-9 
seviyelerinin anlamlı derecede azaldığı gözlemlendi (P<0.05). Histopatolojik incelemede, T2 grubundaki hayvanlarda korneal epitelyal 
kan damarları daha az, korneal kalınlık orta derecede, kornea daha fazla tamam, korneada daha az kan damarı ile daha az yangısal hücre 
infiltrasyonu gözlemlendi. Amniyon sıvısı süpernatantı göz damlası ile birlikte konjuktival örtü uygulaması köpeklerde derin korneal ülsere 
ilişkin keratite bağplı hücre infiltrasyonunu ve korneal hasarı etkili bir şekilde azaltmış ve korneal transparanlığı artırmıştır. Bu bulgular, 
Amniyon sıvısı süpernatantı göz damlası ile birlikte konjuktival örtü uygulamasının tek başına konjuktival örtü uygulamasından daha iyi 
tedavi edici etkisinin olduğunu göstermiştir..

Anahtar sözcükler: Köpek, Alkali yakma ile birlikte mekanik hasar, Amniyon sıvısı süpernatantı, Konjuktival örtü, Korneal ülser
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INTRODUCTION
Deep corneal ulcers are severe corneal diseases caused  
by microbial infection, chemical burns, or trauma [1,2]. In 
the absence of timely and effective treatment, it is possible 
to cause blindness in corneal perforation [3]. The purpose 
of this study was to establish a model of deep corneal 
ulcer in canine by alkali burn combined with mechanical 
injury. Conjunctival coverage combined with supernatant 
of canine amnion was used to treat deep corneal ulcer 
in canine. We evaluate the clinical efficacy of treatment. 
This experiment provides reliable data support and new 
treatment ideas for deep corneal ulcer in canine.

MATERIAL and METHODS
Ethics

The animal study was approved by the Institutional Animal 
Care and Use Committee (IACUC). All beagle experimental 
procedures were performed in accordance with the 
regulations for the Administration of Affairs Concerning 
Experimental Animals approved by the school Council of 
Heilongjiang Bayi Agricultural University of China Daqing. 
The study protocol was approved by the Ethics Committee 
on the Use and Care of Animals of Heilongjiang Bayi 
Agricultural University (Daqing, China).

Preparation of Clear Liquid on Amniotic Membrane

Fresh sterile amniotic membrane was extracted by caesarean 
section in healthy immunized female dogs that reached 
the expected delivery date. Add appropriate amount of 
liquid nitrogen to the aseptic fresh amniotic membrane 
and grind it quickly until it becomes powdery. Powder was 
added into the centrifugal tube, and PBS phosphate buffer 
was added in a 1:1 mass ratio for dilution. On the shaking 
table full range 20 min, put in 4°C high speed centrifuge, 
8000 r/min, the centrifugal 10 min, remove the liquid 
supernatant and set aside.

Establishment of Experimental Animal Model

Choose healthy beagles (n=15), weight 4-5 kg, aging1-2 
years old. The model of deep corneal ulcer was established 
by alkali burn combined with mechanical injury. General 
anesthesia was performed on the experimental dogs, 
Bupivacaine was applied to the eyes of experimental dogs, 
and then sterilization filter paper was used to dry the eye 
surface. The circular filter paper with a diameter of 6 mm 
was fully infiltrated in the NaOH solution. The filter paper 
was attached to the corneal surface for 90 s, and then 
the filter paper was removed. Then the normal saline was 
used to rinse thoroughly until the pH value of the ocular 
surface was about 7.0. Negative pressure corneal trephine 
was used to cut the cornea of alkali burns with a cutting 
depth of 0.4 mm and a cutting diameter of 6 mm. After 
cutting, the cornea was peeled off and then washed with 

physiological saline to complete the modeling. After 
modeling, all experimental animals wore Elizabeth collars 
to prevent scratching and biting. 

Grouping of Experimental Animals

The successful model beagles were randomly divided  
into three groups. Deep corneal ulcer group (C group, 
without surgical treatment, gatifloxacin eye drops were 
given 2 drops/time and 5 times/day), Conjunctiva coverage 
group (T1 group, only with gatifloxacin eye drop after 
conjunctiva coverage, 2 drops/time and 5 times/day), 
The conjunctiva coverage in combination with amnion 
liquid supernatant group (T2 group, after the conjunctiva 
coverage was given to Gatifloxacin Eye Drop 2 drops/
time and 5 times/day and amnion liquid supernatant for 
2 drops/time and 5 times/day). During the experiment, all 
experimental animals were given butorphanol (0.02 mg/
kg) analgesic management.

Sample Collection

Three days before the experiment, 1, 7, 14, 21, 45 days 
after the beginning of the experiment, Bupivacaine was 
applied twice to the eyes of experimental dogs, and 
10% iodov solution was used to disinfect the skin and 
conjunctival sac of eyelid of experimental dogs. Use your 
left hand to hold the upper and lower eyelids open, the 
assistant illuminates with a hand-held light source, 1 mL 
syringe needle was used for anterior chamber puncture. 
The puncture position was 1 mm inside the Angle sclera 
margin, and the needle was inserted in the direction of 
parallel iris, and the tip inclined plane was upward. After 
the tip enters the anterior chamber, collect the aqueous 
humor 0.2-0.3 mL. Use 10 times dilution sample diluent, in 
-80°C refrigerators save, waiting for inspection. 

Corneal tissue samples were collected 45 days after 
treatment. Experimental dogs general anesthesia, after 
conventional disinfection of the surgery department, 
eyelid opener was used to expand the eyelids. Corneal 
tissue was collected with a corneal knife and placed in a 
solution of 10% formaldehyde. Routine care was given to 
experimental animals after surgery.

Aqueous Humor Testing Indicators

Interleukin-1, IL-8, VEGF, MMP-1, MMP-2 and MMP-9 
were tested by ELISA kit. All aqueous humor samples 
and reagents were placed in the room for complete 
temperature recovery. First, test samples and standard 
substances of different concentrations were added to  
the orifice plate. Horseradish peroxidase was added 
into each hole and incubated in a incubator for 60 min. 
Get rid of the orifice plate liquid, rinse thoroughly with 
cleaning fluid, then add substrates A and B, 37°C avoid 
light incubation 15 min. Finally, add the termination fluid. 
The absorbance (OD) value in each hole was measured  
by enzyme-labeled instrument, and the standard curve 
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was drawn. Calculate the content of each sample.

Corneal Histopathological Examination Results

The corneal tissue was placed in 10% formaldehyde for 24 
h. dehydration treatment, paraffin embedding, 4 μm thick 
continuous slices, HE staining and observation with an 
optical microscope.

Data Analysis

SPSS 19.0 software was used for statistical analysis of the 
test data using one-way anova. 

RESULTS
The content of VEGF was very significant differences 
between T1 group and T2 group in 7 days (P<0.01) and 
it is significant differences between T1 group and T2 
group in 14 and 21 days (P<0.05). The content of VEGF 
was very significant differences between T2 group and 
group C in 7, 14, 21, 45 days (P<0.01). On the 14th day 
after treatment, VEGF content in the aqueous humor of 
both the experimental group and the C group reached 
the maximum at the same time. The maximum values of 
C group were 673.3914±12.4211 pg/mL, the maximum 
values of T1 group was 462.3956±5.6017 pg/mL and the 
maximum values of T2 group was 446.925±3.4829 pg/mL. 
The specific test results are shown in Fig. 1.

The content of IL-1 in aqueous humor was very significant 
differences between T1 group and T2 group in 7 days and 
14 days (P<0.01) and it is significant differences between 
T1 group and T2 group in 21 days (P<0.05). There was no 
significant difference at other time points (P>0.05). The 
content of IL-1 in aqueous humor was very significant 
differences between T2 group and group C in 7, 14, 21, 45 
days (P<0.01). IL-1 content in canine eye aqueous humor 
in the experimental group reached the maximum on the 
7th day after treatment. The maximum values of T1 group 

were 166.1077±4.1936 pg/mL, the maximum values of T1 
group were 146.8177±2.1139 pg/mL. IL-1 content in canine 
eye aqueous humor in the C group reached the maximum 
on the 14th day after treatment. The maximum values of 
C group were 193.2093±4.2624 pg/mL. The specific test 
results are shown in Fig. 2.

The content of IL-8 in aqueous humor was significant 
differences between T1 group and T2 group in 7, 14, 
45 days (P<0.05). The content of IL-8 in aqueous humor 
was very significant differences between T2 group and 
group C in 7, 14, 21, 45 days (P<0.01). IL-8 content in the 
aqueous humor of canine eyes in both the experimental 
group and the C group reached the maximum on the 7th 
day after treatment. The maximum values of C group were 
168.1898±4.8832 pg/mL, the maximum values of T1 group 
were 145.6043±6.9070 pg/mL, the maximum values of 
T2 group were 137.4154±4.3391 pg/mL. The specific test 
results are shown in Fig. 3.

The content of MMP-1 in aqueous humor was very 
significant differences between T1 group and T2 group 
in 7, 14 days (P<0.01) and it is significant differences 
between T1 group and T2 group in 21, 45 days (P<0.05). 
The content of MMP-1 in aqueous humor was very 
significant differences between T2 group and group C in 
7, 14, 21, 45 days (P<0.01). MMP-1 content in the aqueous 
humor of canine eyes in both the experimental group 
and the C group reached the maximum on the 7th day 
after treatment. The maximum values of C group were 
115.8756±4.2794 ng/mL, the maximum values of T1 group 
were 104.6135±3.8075 ng/mL, the maximum values of 
T2 group were 92.0798±2.0476 ng/mL. The specific test 
results are shown in Fig. 4.

The content of MMP-2 in aqueous humor was significant 
differences between T1 group and T2 group in 7, 14 days 
(P<0.05). There was no significant difference at other time 
points (P>0.05). The content of MMP-2 in aqueous humor 

Fig 1. The content of VEGF was very significant differences 
between T1 group and T2 group in 7 days (P<0.01) and it 
is significant differences between T1 group and T2 group 
in 14 and 21 days (P<0.05). The content of VEGF was very 
significant differences between T2 group and group C in 7, 
14, 21, 45 days (P<0.01)
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Fig 3. The content of IL-8 in aqueous humor was significant 
differences between T1 group and T2 group in 7, 14, 45 days 
(P<0.05). The content of IL-8 in aqueous humor was very 
significant differences between T2 group and group C in 7, 
14, 21, 45 days (P<0.01)

Fig 4. The content of MMP-1 in aqueous humor was very 
significant differences between T1 group and T2 group in 7, 
14 days (P<0.01) and it is significant differences between T1 
group and T2 group in 21, 45 days (P<0.05). The content of 
MMP-1 in aqueous humor was very significant differences 
between T2 group and group C in 7, 14, 21, 45 days (P<0.01)

Fig 2. the content of IL-1 in aqueous humor was very 
significant differences between T1 group and T2 group in 
7 days and 14 days (P<0.01) and it is significant differences 
between T1 group and T2 group in 21 days (P<0.05). There 
was no significant difference at other time points (P>0.05). 
The content of IL-1 in aqueous humor was very significant 
differences between T2 group and group C in 7, 14, 21, 45 
days (P<0.01)
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was very significant differences between T2 group and 
group C in 7, 14, 21, 45 days (P<0.01). MMP-2 content in the 
aqueous humor of canine eyes in both the experimental 
group and the C group reached the maximum on the 7th 
day after treatment. The maximum values of C group were 
145.8769±5.9418 ng/mL, the maximum values of T1 group 
were 139.6685±3.6469 ng/mL, the maximum values of 
T2 group were 128.8777±4.6122 ng/mL. The specific test 
results are shown in Fig. 5.

The content of MMP-9 in aqueous humor was very 
significant differences between T1 group and T2 group 
in 7, 14 days (P<0.05). There was no significant difference 
at other time points (P>0.05). The content of MMP-9 in 
aqueous humor was very significant differences between 
T2 group and group C in 7, 14, 21, 45 days (P<0.01). MMP-9 
content in the aqueous humor of canine eyes in both the 
experimental group and the C group reached the maximum 
on the first day after treatment. The maximum values of C 

group were 194.6672±6.1742 ng/mL, the maximum values 
of T1 group were 194.7671±4.6571 ng/mL, the maximum 
values of T2 group were 194.2776±6.2889 ng/mL. The 
specific test results are shown in Fig. 6.

On the 45th day, the histopathological examination showed 
that the corneal epithelium was relatively intact and the 
corneal epithelium was thickened and healed. Under the 
epithelium, inflammation is very visible, the corpus ciliare 
is ruptured and the dilated and hyperemic vessels are 
seen in the mesenchyme below the epithelium, mainly 
with capillaries (Fig. 7). T1 group corneal epithelium is 
complete, partial thickness corneal thickness, corneal fiber 
hyperplasia, and the junction of conjunctiva blood vessels 
are less, neutrophils is relatively rare, corneal epithelium 
no inflammatory cell infiltration phenomenon (Fig. 8); In T2 
group, the corneal epithelium was intact, the cornea was 
healed, the cornea thickness was moderate, some tissues 
had hyperplasia, and the corneal epithelium had few blood 
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Fig 6. The content of MMP-9 in aqueous humor was very 
significant differences between T1 group and T2 group in 
7, 14 days (P<0.05). There was no significant difference at 
other time points (P>0.05). The content of MMP-9 in aqueous 
humor was very significant differences between T2 group 
and group C in 7, 14, 21, 45 days (P<0.01)

Fig 5. The content of MMP-2 in aqueous humor was 
significant differences between T1 group and T2 group 
in 7, 14 days (P<0.05). There was no significant difference at 
other time points (P>0.05). The content of MMP-2 in aqueous 
humor was very significant differences between T2 group 
and group C in 7, 14, 21, 45 days (P<0.01)
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vessels, few inflammatory cells, and no inflammatory cell 
infiltration (Fig. 9).  

DISCUSSION
After corneal ulcer, the blood vessels of the conjunctiva 
membrane are rapidly growing in the direction of corneal 
damage from the Angle of the sclera. Causes the cornea 

to appear the blood vessel, VEGF plays an important 
role in promoting vascular endothelial cell proliferation 
and angiogenesis [4]. Studies have also shown that VEGF 
overexpression exists in corneal neovascularization caused 
by various causes to varying degrees [5]. IL-1 and IL-8 are two 
important cytokines in the development of inflammatory 
corneal disease [6]. Inflammatory cell infiltration plays an 
important role, and its expression level is closely related 

Fig 9. Corneal epithelium thickness is moderate and 
corneal healing is good in group T2 (HE staining is 
10 x 10)

Fig 7. Large amounts of blood capillary and ciliary 
body fracture in group C (HE staining 10 x 20)

Fig 8. Thick corneal epithelium and subcorneal fibro- 
plasia in group T1 (HE staining 10 x 10)
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to the occurrence and development of inflammation and 
the degree of injury of corneal tissue [7]. In this study, VEGF, 
IL-1 and IL-8 in group C were sustained at a high level, it’s 
consistent with previous research, it may be related to the 
infiltration of inflammatory cells after corneal ulcer. Since 
IL-1 and other inflammatory factors can induce neutrophil 
to chemotaxis to the cornea and aqueous humor. In 
addition, the increase of neutrophils can stimulate the 
release of local secondary inflammatory factors, aggravate 
corneal injury, and a large number of inflammatory cells 
infiltrate and cause local hypoxia. Hypoxia inducible 
factor-1 is one of the important promoters of VEGF, which 
provides support for the continuous high level expression 
of VEGF. In the T2 group, the levels of VEGF, IL-1 and IL-8 
in the aqueous chamber were significantly reduced, 
which may be related to the TIMPs, IL-1ra, PEDF and other 
cytokines in the amniotic epithelial cells and mesenchyme 
cells [8,9]. At the same time, the amniotic membrane 
can achieve anti-inflammatory effect by reducing the 
chemokine’s of neutrophils, improve the surrounding 
environment of corneal tissue, reduce the occurrence of 
hypoxic environment, and further inhibit the expression 
of VEGF. It is indicated that the amniotic fluid can 
synergize the corneal neovascularization and reduce the 
inflammatory infiltration.

Matrix metalloproteinases are important proteases that 
affect the structure of collagen fibers, and are related 
to various tissue damage and repair. More than 90% of 
corneal tissue is the matrix layer, and collagen fiber is an 
important component to maintain the stable structure of 
stromal layer, and it is of great significance to ensure the 
properties and structure of collagen fibers. The changes 
of MMP content directly affect the pathological changes 
of corneal tissue. The stability of collagen fibers in corneal 
stromal cells plays an important role in maintaining hydro-
phobicity of corneal epithelium and corneal transparency.

Studies have confirmed that amniotic membrane may 
inhibit the activity of matrix metalloproteinase (MMP) 
by increasing the expression level of tissue inhibitor of 
metalloproteinase-1 (TIMP-1) in the cornea, thus inhibiting 
the action of corneal ulcer. Paterson et al.[10] confirmed 
that TIMP-1 plays an important role in inhibiting the 
occurrence and development of corneal ulcer. In this 
study, the contents of MMP-1, 2 and 9 in the T2 group 
were significantly lower than that in T1 group, and very 
significantly lower than group C. This is consistent with 
previous research results. This may be associated with 
MMP hydrolyzed substrate, because deep corneal ulcer 
will cause massive damage corneal stromal layer collagen 
fiber, in the case of inflammation, MMP enzymes are 
activated, release, involved in cell migration, the removal 
of the necrotic tissue and wound healing process [11]. In 
group C, the corneal healing was slow, and the cornea 
was in a high state of traction, while the high amplitude 
of traction caused MMP-2 to significantly increase, while 

inhibiting the expression of TIMP, affecting the corneal 
healing. After the conjunctiva coverage, the corneal tension 
was relieved, and the bFGF and other growth factors in the 
amniotic membrane accelerated the fusion of cornea and 
conjunctiva. Meanwhile, the anti-inflammatory action of 
amniotic membrane can improve the corneal environment, 
further reduce the activation of MMP enzyme, and 
achieve the important role of inhibiting corneal ulcer and 
accelerating corneal healing.

In the case of deep corneal ulcer, the integrity of corneal 
tissue is destroyed, and Herretes S [12] research shows that 
amniotic fluid can effectively reduce inflammatory cell 
infiltration in corneal tissue and inhibit the formation of 
new blood vessels. Corneal histopathological observations 
showed that the inflammatory cells in group C were 
significantly infiltrated, and the corneal stromal layer 
was disordered and the capillaries with more hyperemia 
were scattered. This was consistent with the results of 
significantly increased IL, VEGF and MMP in group C. There 
were capillaries between the conjunctiva flap and cornea 
in the T1 group, indicating that the healing was incomplete 
and the conjunctiva was not corneal. The hyperplasia of 
the corneal stroma indicates that the collagen fibers have 
not yet completed the repair of the corneal epithelium and 
corneal stromal layer, and the cornea debridement has not 
been completed. T2 group corneal thickness is moderate, 
vascular hyperplasia of only a small amount. Results show 
that amniotic membrane eye accelerated the supernatant 
points on the cornea of speed, reducing the inflammatory 
cell infiltration, at the same time by reducing the content 
of VEGF inhibition new angiogenesis, and to promote 
healing of corneal transparency has played a positive role.
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Abstract
The widespread prevalence of gastrointestinal nematode (GIN) infections has an important impact on livestock affecting of meat, milk, 
traction and manure in tropical and sub-tropical areas. The present study was aimed to monitor the efficacy of commonly available 
anthelmintic drugs at publicly owned sheep farms. The sheep naturally infected with nematodes were selected, aged between 10 to 18 
months, for field efficacy trial. Selected sheep were divided into five groups (15 animals each group) based on their equal egg per gram (EPG) 
and body weight. Group-I served as control (untreated), while Group-II was treated with albendazole at the recommended rate of 8.8 mL/100 
kg of body weight by oral drench, Group-III was treated with levamisole at the rate of 4.4 mL per 100 kg body weight, Group-IV was treated 
with ivermectin, 200 µg of ivermectin per kilogram of body weight and Group-V was treated with mixture of levamisole and ivermectin at 
the rate of 10 mg/kg by injecting subcutaneous, respectively. The results revealed that the highest efficacy rate (88.25%) was observed in 
sheep treated with mixture of levamisole and ivermectin, followed by ivermectin (86.43%), levamisole (81.32%), and albendazole (51.11%), 
respectively. The data has indicated that nematodes (Haemonchus contortus as the predominant species followed by Trichostrongylus 
colubriformis, Trichostrongylus axei and Oesophagostomum columbianum) might have developed resistance against the major anthelmintic 
drugs, encountered throughout this trial. Overall results showed that anthelmintic resistance resulted because non-judicial use anthelmintic 
drugs without considering the epidemiological knowledge related to occurrence of commonly nematode parasites.

Keywords: Anthelmintic efficacy, Gastrointestinal nematodes, resistance, Ivermectin, Levamisole, Albendazole

Pakistan’ın Barani Bölgesi’nde Koyunlarda Mide-Bağırsak Nematodlarına 
Karşı Bazı Antelmintiklerin Etkisi ve Direncin İzlenmesi

Öz
Gastrointestinal nematod (GIN) enfeksiyonlarının yaygın olması, tropik ve subtropikal bölgelerdeki çiftlik hayvanlarında et, süt, iş gücü ve 
gübre kayıplarına yol açması bakımından önemlidir. Bu çalışmada, halka elindeki koyun çiftliklerinde yaygın olarak kullanılan antelmintik 
ilaçların etkinliğinin izlenmesi amaçlandı. Nematodlarla doğal enfekte 10 ile 18 aylık yaştaki koyunlar, bu çalışma için seçildi. Seçilen koyunlar 
gram başına çıkardıkları yumurtalar (EPG) ve vücut ağırlığına göre beş gruba (her grupta 15 hayvan) ayrıldı. Grup-I kontrol olarak ayrıldı 
(tedavi edilmedi), Grup-II oral sonda ile önerilen dozu olan 8.8 mL/100 kg vücut ağırlığı oranında albendazol ile tedavi edilirken, Grup-III 100 
kg vücut ağırlığı başına 4.4 mL oranında levamizol ile tedavi edildi, Grup-IV, kilogram başına 200 µg ivermektin ve Grup-V ise levamizol ile 
ivermectin karışımı ile 10 mg/kg dozda subkutan olarak uygulandı. Sonuçlar, en yüksek etkinlik oranının (%88.25), levamizol ve ivermektin 
karışımı ile muamele edilen koyunlarda, ardından da ivermektin (%86.43), levamizol (%81.32) ve albendazol (%51.11) uygulanan grupların 
takip ettiğini gösterdi. Veriler, nematodların Haemonchus conttortus, dominant tür, Trichostrongylus colubriformis, Trichostrongylus axei ve 
Oesophagostomum columbianum ana anthelmintic ilaçlara karşı direnç geliştirebileceğini göstermiştir. Genel sonuçlar, antelmintik direncin, 
epidemiyolojik bilgileri dikkate almadan rastgele kullanılan antelmintik ilaçların kullanılmasından kaynaklandığını göstermiştir.

Anahtar sözcükler: Antelmentik etki, Mide bağırsak nematodları, Direnç, İvermektin, Levamizol, Albendazol
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INTRODUCTION
Livestock, particularly sheep and goats help to beat 
economic losses in case of crop deterioration [1]. It 
contributes 11.8 percent to national Gross Domestic Product 
(GDP) and 56.3 percent to Agriculture GDP of Pakistan [2]. 
One of the paramount factors that influence adequate feed 
conversion is gastrointestinal nematode (GIN) infections. 
The widespread prevalence of GIN infections has infested 
many livestock development programs by reducing the 
level of output of meat, milk, traction and manure in 
tropical and sub-tropical areas. Same also reduces their 
asset value due to an increase in mortality rate, especially 
of young stock [3]. 

Although anthelmintic treatment can be used to minimize 
the losses by ensuring the sustainability of sheep production, 
other approaches, such as pasture management, could be 
worth mentioning. There are reports about the increasing 
rates of parasite resistance against chemotherapeutic agents 
across the globe [4-9]. When parasitic populations are not 
killed by the therapeutically recommended dosages of 
previously effective drugs, the resistance is said to have been 
developed [10]. Moreover, anthelmintic resistance causes 
great damage to both agricultural revenue and animal well-
being. The loss of anthelmintic activity was established 
to be one of the important factors of high occurrence 
of GIN infections in small ruminants in Pakistan [9,11-14]. 
Comprehensive drugs screening studies are required 
to know exactly about position of currently available 
anthelmintic drugs. The main objectives of the present 
study were to find the accuracy of treatment with broad-
spectrum anthelmintic using fecal egg count reduction test 
(FECRT) and determine the sensitivity of gastrointestinal 
nematodes (GINs) to benzimidazole, levamisole, ivermectin 
and a mixture (levamisole + ivermectin). The objective of 
the study was also determination of some haematological 
parameters in groups during post treatment period.

MATERIAL and METHODS

Animal’s Selection: The present study was carried out at 
the Small Ruminants Research Program’s farm located in 
the National Agricultural Research Center in Islamabad 
which is present in Barani region, Pakistan. The sheep 
breed used was Bulkhi commonly known as Afghani sheep. 
Sheep were reared in a semi-intensive system, where they 
grazed on permanent pasture during the day and were 
housed in brick sheds with concrete-floored pens at night 
mixed husbandry with goats, cattle, and buffalo. The sheep 
were supplemented fed with pelleted concentrate (PARC 
Feed Technology Brand) at the rate of 0.54/kg/animal/day. 
While green fodder and water were provided ad libitum 
during day and night.

Experimental Design: A total of 75 Bulkhi sheep naturally 
infected with nematodes were selected, aged between 

10 to 18 months, for field efficacy trial. Body weights and 
egg per gram (EPG) of all sheep were recorded. Animals 
were individually weighed before treatment on a Tru-Test 
scale. The accuracy of scale was checked by comparing 
with certified weights. Selected sheep were divided 
into five groups (15 animals each group) based on their 
equal EPG and body weight. All sheep in one group were 
approximately the same weight and had similar excretion 
rates to ensure the correct therapeutic dose. Group-I 
served as control (untreated), while Group-II was treated 
with albendazole (Albazen®) at the recommended rate of 
8.8 mL/100 kg of body weight by oral drench, Group-III 
was treated with levamisole (Levasole®) at the rate of 4.4 
mL per 100 kg body weight, Group-IV was treated with 
ivermectin (Ivomec®) 200  µg of ivermectin per kilogram 
of body weight and Group-V was treated with mixture of 
levamisole and ivermectin (Primisol®) at the rate of 10 mg/
kg by injecting subcutaneous, respectively. The dose of 
each anthelmenthic was calculated (dose rate per kg) as 
provided by the manufacturers. Fecal sampling schedule 
for experimental trial was 7 and 3 days pre-treatment, 0 
day and 7, 14, 21, 28 and 35 days post treatment.

Faecal Collection and Analysis: On the above mentioned 
days, 5 g faecal sample of each sheep was taken directly 
from rectum for faecal egg count reduction test (FECRT). 
Faecal egg counts (FEC) were performed by using the 
modified McMaster method [15] with saturated sodium 
chloride as the flotation fluid. 

Faecal Egg Count Reduction Test: Mean FEC, percentage 
reduction and 95% confidence interval (CI) was determined 
by using the formulae recommended by the World 
Association for the Advancement of Veterinary Parasitology 
guidelines for detecting anthelmintic resistant nematodes 
of sheep [16]. 

    (Pre-treatment mean - Post-treatment mean) 
Anthelmintic Efficacy =  
     Pre-treatment mean

An efficacy of less than 90% and 95% upper confidence 
levels of less than 90% was taken as indicative of the 
presence of anthelmintic resistant for nematodes in the 
sheep flock.

Evaluation of Haematological Parameters: Subsequently, 
on the above mentioned days, along with faecal samples, 
blood samples was also collected via jugular vein puncture 
into 5 mL ethylene di-amine tetra acetic acid (EDTA) 
coated and without (EDTA) coated vacutainer tubes for 
assessment of hematological parameters i.e. haemoglobin 
level, packed cell volume, total protein level, while total 
erythrocytes count, total leucocytes count and differential 
leucocytes count were analyzed on days 0, 7, 14, 21, 28 and 
35, respectively [17].

Coproculture Analysis: The larvae were recovered through 
Baermann procedure to determine the relative composition 

x 100
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of specific nematode species. The identification larvae (L3) 
were carried out by following the keys and description 
given by [18].

Statistical Analysis

Data was analyzed by statistical package POST HOC TEST 
(univariate analysis of variance) using SPSS version 16.0. 
FEC and larval culture records were transformed [log10 
(n+1)] before analysis to stabilize the variance. The values 
of blood parameters and body weight were measured in 
respective units. No transformation was applied to blood 
parameters.

RESULTS
The results illustrated a significant difference of FECRT 
on 7th, 14th, 21st, 28th and 35th days post-treatment with 
mixture of levamisole and ivermectin in Group V (Fig. 
1) compared to control (Group I) (P<0.05) at 95% CI. The 
mean minimum FEC of mixture (66.72±3.3) was noted at 
7th day while that of ivermectin (81.47±4.0) and levamisole 
(143.50±7.1) showed the same at 14th day. No significant 
effects were found on the total FEC regarding albendazole 

(Fig. 1). Moreover, the Group-V and Group-IV were found to 
be proficient enough with greatest efficacy (88.25%) and 
(86.43%), respectively followed by Group-III which showed 
moderate effectiveness with value (81.32%), while Group-
II had lowest effectiveness status with low efficiency 
(51.11%) (Table 1). 

Our findings regarding the individual faecal cultures of 
trichostrongyles larvae (L3) pointed towards the frequencies 
of generic composition describing the existence of 
Haemonchus contortus as the predominant species 
followed by Trichostrongylus colubriformis, Trichostrongylus 
axei and Oesophagostomum columbianum throughout the 
study trail (Table 2).

The results of current study pointed towards an increase 
in live body weight in Group-V and Group-IV, while a slight 
body weight regain was noticed in Group III. Whereas, 
no significant change in body weight was observed 
in Group-II and Group-I (control) seemed to be losing 
weight continuously, being untreated (Fig. 2). A significant 
(P<0.05) increase in the haematological parameters was 
observed viz.; packed cell volume (PCV), haemoglobin 
level (Hb) and protein level (PL) was occurred in Group-IV 

and V as compared to the Group-I and II, in the 
post treatment period. Highest mean values of 
PCV, Hb and PL were recorded at days 7 and 14 
in Group IV (25.70±2.1; 8.32±1.2 and 7.21±1.0) 
and V (26.83±2.64; 8.40±1.4 and 7.30±1.1), 
respectively. Furthermore, lowest mean values 
at day 35 in Group-I (19.20±1.9; 6.71±1.4 and 
6.0±1.0) and Group-II (22.91±2.2; 7.23±1.2 and 
6.40±1.1) were recorded (Fig. 3a, 3b, 3c).  

Our data revealed a significant (P<0.05) increase 
in mean values of Total Erythrocyte Count (TEC) 
(Fig. 4a) and decrease in TLC within the Group 
IV and V after anthelmintic treatments (Fig. 
4b). While in Group II, the mean values of TEC 
showed no significant changes followed by 
Group I. Reasons for the above results for all the 
haematological parameters were found to be 
the same. Furthermore, a significant decrease 
in differential counts (P<0.05) after anthelmintic 
treatment with mixture and ivermectin was 
monitored in Group IV and V but not in Group 
II (Table 3). 

DISCUSSION

The efficacy of various synthetic broad spectrum 
anthelmintic products checked by using FECRT 
against the GINs within the sheep flock revealed 
a significant difference (P<0.05) of FECRT on 
pre-treatment (0) and post-treatment (7th) days 
post-treatment with mixture of levamisole and 
ivermectin in Group V compared to control, 

Fig 1. Group-wise anthelmintic efficacy of broad spectrum anthelmintic drugs in 
Bulkhi sheep
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Group I. The findings in our study are in accordance with 
Arslan and Muhammed [19], Islam et al.[20] and Muhammad 
et al.[21] as they also reported similar trend in albendazole 
treated sheep. The results about anthelmintic efficacy 
among various groups are similar to findings of Nari et al.[22] 
and Zajac and Gipson [23] . Uppal et al.[24] which are about 
80 to 88% verified similar results in India. Many factors 
like genetic, biological or operational contribute in the 
emergence of anthelmintic resistance Raza et al.[13]. Similar 
observations were found in the experimental sheep flock 
where frequent, (6-7/annum), long term use of the broad 
spectrum anthelmintic drug especially the albendazole, 
was responsible for the development of anthelmintic 
resistance the continual use of the said drug might be 

due to its low price, availability and easily 
administrable by the local farmers. Similar findings 
and outcome was reported by Prichard [25] and 
Jackson [10]. 

Presently, a trend of the degree of resistance has 
been noted against the levamisole, ivermectin 
and mixture of both among the Bulkhi flock 
reared at NARC, Islamabad, which is alarming 
for veterinarians and farmers. This compels us to 
think about alternatives and control strategies 
against GINs, particularly in Barani region, Pakistan. 
Other approaches, such as pasture management, 
could be better alternaive. The probable reason 
for the development of anthelmintic resistance 
might be the fact that the climate of Barani 
region, being humid and warm, highly supports 
the development and survival of free living 
stages of trichostrongyles and represent a 
reservoir of infective larvae throughout the 
year. The higher occurrence of GINs, might favor 
the development of anthelmintic resistance. 
Our findings of anthelmintic resistance are in 
accordance with Chandrawathani et al.[3] and 
Muhammad et al.[21]. Farmers carry on using drugs 
without the basic knowledge of their dosage 
and administration hence producing a stern 

anthelmintic resistance as demonstrated in our results.

The development of resistance on this study farm for 
instance could be facilitated by continuous grazing on 
permanent pasture and mixed growing with goats, cattle’s 
and buffaloes throughout the study year by Muhammad 
et al.[21] According to Coles and Roush [16], the optimal 
proposition is to use anthelmintic from various families 
one by one according to the demand of the host. However, 
during the past few decades there have been escalating 
rates of resistance of parasites to chemotherapeutic 
agents all over the world [6]. Correspondingly, in Pakistan, 
one of the important factors of high prevalence of 
gastrointestinal nematode infections in small ruminants 

Table 1. Faecal egg count (epg) reduction (FECR) in the Bulkhi sheep before and after anthelmintic treatments

Groups

Host (Bulkhi Sheep)

No of Animals 
Examined Anthelmintic Drugs

Mean FEC Mean Faecal Egg Count Reduction

Pre-treatments
Mean±SEM

Post-treatments 
Mean±SEM FECR (%)

I 15 Control 
(untreated) 493.2±26.3 774.2±13.5 -

II 15 Albendazole 
(0.75 mL/11.34 kg) 503.4±25.1 246.1±12.3 51.11

III 15 Levamisole 
(2 mL/45.35 kg) 796.3±39.8 148.8±7.4 81.32

IV 15 Ivermectin 
(1 mL/34 kg) 765.92±38.2 104.11±5.2 86.43

V 15 Levamisole + Ivermectin
(1 mL/22.67 kg + 0.5 mL/17.23 kg) 859±42.9 100.9±5.0 88.25

Table 2. Post-treatment generic composition of trichostrongyles larvae (L3) recovered 
from faecal cultures in Bulkhi sheep

Parasite Prevalence (% )

Haemonchus contortus 62

Trichostrongylus colubriformis 15

Trichostrongylus axei 12

Oesophagostomum columbianum 11

Fig 2. Effect of broad spectrum anthelmintic drugs on live body weight in Bulkhi sheep
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may be failure of efficacy of anthelmintics [13]. Suggested 
meaningful study can provide valuable information’s that 
may help in devising strategic guidance for the health and 
management in small ruminants. 

The body weight regain might be a result of parasitic 
load removal, as parasitic free gastro-intestinal tract 
promotes proper digestion, absorption and metabolism 
of feed nutrients which make a sound base for proper 
weight regain. Similar findings were reported by Hussein [26] 

and Kenyon et al.[27]. The logical explanation for current 
observations might be the parasitic infection, responsible 
for the arrested growth.

Our results revealed a significant (P<0.05) increase in 
packed cell volume (PCV), haemoglobin level (Hb) and 
protein level (PL) was occurred in Group-IV and V as 
compared to the Group-I and II, in the post treatment 
period. The reason for the significant decrease in PCV, Hb 
and PL in Group-I and Group-II might be due to heavy 

nematode burden with Haemonchus contortus resulting in 
anemia and hypoproteinemia. Whereas, the high efficacy 
of mixture in Group V and ivermectin in Group IV might 
be responsible for a significant increase in PCV, HB and 
PL values for their action against blood sucking parasites. 
Similar findings have been reported by Chaichisemsari et 
al.[28] and Akanda et al.[29].

A significant (P<0.05) increase in mean values of TEC and 
decrease in TLC within the Group IV and V after anthelmintic 
treatments was observed. The results regarding change in 
TEC and TLC are according to Akanda et al.[29]. Differences 
in leukocytes count might be a result of different levels 
of nematode parasites present within the host, type of 
sampling site, utilization of techniques used for leukocytes 
count and concentration of anticoagulants. In these results, 
again mixture and ivermectin showed the maximum ability 
as compared to albendazole and levamisole. Overall, 
results indicated that all the hematological parameters 
viz, PCV, Hb, PL, and TECs showed positive significant 

MUHAMMAD, AHMED, ALI
SAQLAIN, QAYYUM, SIMSEK

Table 3. Differential leucocyte count (%) in Bulkhi sheep

Groups

Differential Leucocyte Count (%)

Lymphocytes Neutrophils Eosinophils Monocytes Basophils

Day 0 Day 35 Day 0 Day 35 Day 0 Day 35 Day 0 Day35 Day 0 Day35

I 55.57 55.45 38.55 38.23 47.42 47.57 3.53 3.47 0.53 0.54

II 54.86 54.78 37.97 37.56 48.43 48.25 3.86 3.81 0.51 0.50

III 56.54 56.32 38.52 38.11 47.89 48.31 4.01 3.97 0.49 0.50

IV 55.64 53.97 38.31 35.85 48.57 47.12 3.62 3.21 0.53 0.45

V 55.12 54.23 38.43 36.67 48.26 46.87 3.59 3.12 0.54 0.43

Fig 3. Effect of broad spectrum 
anthelmintic drugs on some blood 
parameters in Bulkhi sheep a- Post-
treatment packed cell volume profiles 
in Bulkhi sheep; b- Post-treatment 
haemoglobin levels in Bulkhi sheep; 
c- Post-treatment elevation in protein 
levels in Bulkhi sheep

Fig 4. Effect of broad spectrum 
anthelmintic drugs on Total Erythrocyte 
and Leucocyte Counts in Bulkhi 
sheep a- Post-treatment elevation in 
Total Erythrocyte Count (TEC) b- Post-
treatment decrease in Total Leuco-
cyte Count (TLC) 
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correlation with each other in Bulkhi sheep, while inverse 
correlation within the host worm burden was detected, 
throughout study trail. 

The present findings strongly suggest planning further 
studies on resistant nematode worms prevalent within 
the gastrointestinal tract among different host breeds, in 
different agro-ecological regions of Pakistan. Appropriate 
use of anthelmintic treatments concerning therapeutic 
dose recommended by manufactures is required, as 
overdose uphold homozygous and under dose promote 
heterozygous population of resistant worms Shalaby [30] so, 
it is suggested that the animals from the same sex, breed 
and age class must be weighed precisely for therapeutic 
dosage.
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Abstract
The influence of certain anticoccidial drugs on oxidative stress in broiler chickens infected with Eimeria species was assessed. There were two 
untreated (uninfected and infected), and three groups infected and treated with anticoccidials. The first treated group (Ro) was given robenidine, 
the 2nd a herbal anticoccidial (Herb) and the 3rd the combination of robenidine and the herbal anticoccidial (Ro+Herb). All infected groups were on 
day 14 challenged with oral inoculation of oocysts. The activities of catalase (CAT), superoxide dismutase (SOD) and glutathione S-transferase (GST), 
and the concentration of malondialdehyde (MDA) were estimated in blood taken on days 21 and 40. The oocyst numbers were calculated per gram, 
and chicken body weight and feed conversion ratio (FCR) measured. The activities of CAT, GST and the level of MDA were significantly lower (P<0.05), 
whilst the activity of SOD was higher in infected chickens treated with anticoccidials (P<0.05) in comparison to those untreated. The most prominent 
change in the parameters of oxidative stress was recorded in the Ro+Herb group. In chickens treated with anticoccidials body weight was significantly 
higher (P<0.05), and the FCR and the oocyst counts significantly lower (P<0.05) than in untreated chickens. Oocyst counts were lower in the Ro and 
Ro+Herb groups than in the Herb group. Our study demonstrated that both anticoccidial substances exerted antioxidant and anticoccidial effects.

Keywords: Broilers, ROS, Coccidia, Robenidine, Herbal anticoccidial

Antikoksidiyal Maddelerin Eimeria Türleri İle Enfekte Etlik Piliçlerde 
Oksidatif Stres, Üretim Performansı ve Dışkı Oosit Sayıları Üzerine Etkisi

Öz
Eimeria türleri ile enfekte Broilerlerde bazı antikoksidiyal ilaçların oksidatif stress üzerine etkisi araştırılmıştır. Çalışmada, enfekte edilmeyen ve enfekte 
edilen olmak üzere iki, ayrıca enfekte edilerek uygulama yapılan üç grup vardı. Uygulama yapılan gruplardan ilkine robenidin (Ro), ikincisine bitkisel 
antikoksidiyal (Herb) ve üçüncüsüne robenidin ile birlikte bitkisel antikoksidiyal (Ro+Herb) uygulandı. Tüm enfekte edilen gruplara 14. günde oral oosit 
inookulasyonu yapıldı. Çalışmanın 21 ve 40. günlerinde alınan kan örneklerinde katalaz (CAT), süperoksit dismutaz (SOD) ve glutatyon S-transferaz 
(GST) aktiviteleri ile malondialdehit (MDA) konsantrasyonu incelendi. Her bir gramdaki oosit sayıları hesaplandı ve tavukların vücut ağırlıkları ile 
yem konversiyon oranları ölçüldü. Uygulama yapılmayan grupla karşılaştırıldığında antikoksidiyal uygulanan gruplarda CAT, GST aktivitileri ve MDA 
seviyeleri anlamlı olarak daha düşük (P<0.05), SOD aktivitesi ise daha yüksekti (P<0.05). Oksidatif stress parametrelerindeki en belirgin değişim 
Ro+Herb grubunda kayıt edildi. Antikoksidiyal uygulanan etlik piliçlerde vücut ağırlığı uygulanmayanlara göre anlamlı olarak daha yüksek (P<0.05), 
yem konversiyon oranı ile oosit sayıları ise daha düşüktü (P<0.05). Ro ve Ro+Herb gruplarında oosit sayıları Herb grubundan daha düşüktü. Çalışmamız, 
kullanılan her iki antikoksidiyal maddenin de antioksidan ve antikoksidiyal etkileri olduğunu göztermiştir.

Anahtar sözcükler: Broiler, ROS, Koksidiya, Robenidin, Bitkisel antikoksidiyal
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Chicken Coccidiosis and Oxidative Stress 

INTRODUCTION
Coccidiosis is one of the economically most important 
diseases threatening intensive broiler production. The 
annual world losses are estimated to reach 2.3 billion 
euros [1]. Like some other pathogens [2-5], coccidia may 
also cause oxidative stress [2,6,7]. Reactive oxygen species 
(ROS) react spontaneously, targeting membrane lipids. The 
oxidative destruction of unsaturated fatty acids causes 
cell membrane damages, its decreased function and 
increases its permeability. These damages lead to a series 
of reactions which result in permanent consequences on 
chicken health, or even death [2,6].

Modern broiler production renders fattening almost 
unimaginable without anticoccidials. To avoid residues 
in meat, synthetic and ionophore anticoccidials are with-
drawn 3-7 days before slaughter [8]. By contrast, herbal 
anticoccidials are administered until the end of the 
fattening period [9]. Leaving no residues, herbal medicines 
in the prevention of certain animal diseases have been 
arousing interest [10,11].

This research was aimed at the investigation into the 
influence of certain anticoccidials on oxidative stress, 
production performance and faecal oocyst counts in 
broiler chickens infected with Eimeria. Thus, the activities 
of antioxidative enzymes (catalase (CAT), superoxide 
dismutase (SOD) and glutathione S-transferase (GST)) 
and the concentrations of malondialdehyde (MDA) were 
measured, and feed conversion ratio (FCR) and shed oocyst 
counts were assessed.

MATERIAL and METHODS
The research was conducted on 250 clinically healthy, 
one-day-old, unsexed broiler chickens (Ross 308 hybrid), 
average body weight of 39.6±1.5 g. They were randomly 
placed into 25 boxes, each containing 10 birds. Five boxes 
chosen at random were assigned to each experimental 
group: two control and three treated groups. Thus, each 
group had five replicates of 10 birds, which were kept in a 
separate place, unable to maintain any mutual contact. All 
chickens were housed on deep litter, except the negative 
control, which was kept in a box with meshed floor. The 
chickens were fed on standard commercial feed. The 
control groups were not treated with anticoccidials. 
The negative control remained uninfected, whilst the 
positive was infected on day 14 [12]. The Ro group was 
administered robenidine. The Ro+Herb group received 
in the first two weeks robenidine, which was followed by 
the administration of the herbal anticoccidial from day 
15 until slaughter. The Herb group was given the herbal 
anticoccidial during the whole fattening period. All treated 
groups were infected on day 14 in the same way as the 
positive control.

The experiment was done at the Institute for animal 

husbandry (Belgrade), approved of by its Ethical committee 
(Decision no. 323-07-2340/2017-05) and performed in 
accordance with the recommendations of the European 
Commission (Directive 2010/63 EEC) [13] and the law on 
animal welfare [14]. 

The synthetic anticoccidial robenidine (Robenz® 66G, Zoetis 
Ltd) was mixed in feed (450-550 g/t), given to chickens 
from day 1 and withdrawn 5 days before slaughter.

The phytogenic feed additive (Herbakoks, Essentico DOO, 
Kula, Serbia), a mixture of essential oils (mainly derived 
from Thymus vulgaris, Origanum vulgare and Coriandrum 
sativum), organic acid salts, dextrose, sodium chloride was 
applied as recommended by the manufacturer. The details 
of the products’ recipe are proprietary.

The oocysts of Eimeria species were obtained from 
naturally infected farm chickens, isolated by flotation and 
preserved in 2.5% potassium dichromate solution [15]. The 
experimental chickens were orally infected with sporulated 
oocysts: 1.5 mL of suspension containing 5x105 sporulated 
oocysts administered with a disposable syringe.

Venous blood was taken on days 21 and 40 in heparinized 
tubes (BD Vacutainer®) and centrifuged to separate the 
plasma. The red blood cells were rinsed three times in 
physiological saline solution and stored at -20°C until 
analysis.

The activities of CAT [16] and SOD [17] were analysed in the 
hemolisates and expressed in units/g of haemoglobin. 
GST activity (mmol of GSH-CDNB conjugate formed/
min/mg of haemoglobin) was determined [18]. The MDA 
levels (nmol MDA/g of haemoglobin) were estimated 
spectrophotometrically [19].

Haemoglobin concentrations were estimated as described 
in Tentori and Salvati [20]. All biochemical analyses were 
done simultaneously in triplicate for each sample using 
the Biobase UV/VIS spectrophotometer.

The chickens were measured individually at the beginning 
and at the end of the experiment. Body weight gain, feed 
consumption and FCR were calculated pen wise.

For FCR and oocyst counts each pen was the experimental 
unit, and for the biochemical and body weight assessment 
it was each animal. Given that the data on FCR were 
heterogeneous, the groups were compared using Kruskal-
Wallis ANOVA followed by Dunn’s multiple-comparison 
test. Data on oocyst counts were heterogeneous, and 
the transformation log10 (value+1) was applied to all data. 
Data on biochemical analyses and live body weight were 
normally distributed (Shapiro-Wilk’s test, P>0.05), and 
along with oocyst yields compared using the two-way 
ANOVA with repeated measures in one factor followed by 
Tukey´s test. All analyses were performed with GraphPad 
Prism 6 (GraphPad, USA).
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RESULTS
Superoxide dismutase activities in the blood of 21- and 
40-day-old chickens are shown in Fig. 1. A significant 
decrease in its activities were detected in the positive 
control in comparison to the negative one (P<0.05) at 
both time points. The activities of SOD were significantly 
higher  in infected chickens treated with both anticoccidials 
in comparison with the infected but untreated broilers 
(P<0.05). The differences in SOD activities between 
the treated groups at both time points did not differ 
significanty (P>0.05).

The activities of the antioxidative enzyme CAT in 21- 
and 40-day-old chickens in all experimental groups are 
presented in Fig. 2. In infected untreated broilers the 
activities were significantly increased in comparison  
to uninfected ones (P<0.05). By comparison with the 
infected but not treated group, a significant decrease 
was noticed in the CAT activity in groups treated with 
anticoccidials (P<0.05) in both 21- and 40-day-old 
broilers. At the first time point the activity of CAT in the 
Herb group did not differ significantly from the one in 
the Ro group. However, at the second time point the 
herbal anticoccidial led to a significant decrease in the 

Fig 3. GST activities in blood in 21- and 40-day-old 
chickens (mean ± SD). Different letters in chickens 
of the same age indicate significant differences 
between the groups (P<0.05). Ro - group treated 
with robenidine, Herb - group treated with a herbal 
anticoccidial, Ro + Herb - group treated with 
robenidine + herbal anticoccidial

Fig 1. SOD activities in blood in 21- and 40-day-old 
chickens (mean ± SD). Different letters in chickens 
of the same age indicate significant differences 
between the groups (P<0.05). Ro - group treated 
with robenidine, Herb - group treated with a 
herbal anticoccidial, Ro + Herb - group treated with 
robenidine + herbal anticoccidial

Fig 2. CAT activities in blood in 21- and 40-day-old 
chickens (mean ± SD). Different letters in chickens 
of the same age indicate significant differences 
between the groups (P<0.05). Ro - group treated 
with robenidine, Herb - group treated with a 
herbal anticoccidial, Ro + Herb - group treated with 
robenidine + herbal anticoccidial
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CAT activity in comparison to robenidine (P<0.05). The 
most pronounced decrease of CAT activity among treated 
groups was observed in Ro+Herb group in 21-day-old 
broilers (P<0.05).

In the positive control there were significant increases in 
the GST activity (P<0.05) in comparison to the negative 
control (Fig. 3). Moreover, in the groups treated with 
anticoccidials the average activities of this enzyme were 
significantly lower than that in the infected but untreated 
group (P<0.05). By comparison of the GST activity between 
the treated groups it was revealed that there were no 
significant differences between groups of 21-day-old and 
40-day-old chickens (P>0.05).

In Fig. 4 the average concentrations of MDA in the 
experimental broilers can be seen. The concentrations 
of this lipid oxidation marker were significantly higher in 
the positive control in comparison to the negative one 
(P<0.05), as well as comparison with infected broilers which 
were treated with anticoccidials (P<0.05). These changes 
apply for both 21- and 40-day-old broilers. As for the 
treated groups, in 21-day-old chickens the lowest average 
MDA concentration was measured in Herb group (P<0.05). 
However, in 40-day-old broilers MDA level was lowest in 
the Ro+Herb group (P<0.05). By comparison of the MDA 
activity between the treated groups it was revealed that 
there were significant differences between Ro and Herb 
groups in 21-day-old chickens as well as between Ro and 
Ro+Herb in 40-day-old chickens (P<0.05). 

The average body weight and FCR were monitored 
throughout the experiment (Table 1). In the beginning, 
on day 0, the average body weight was uniform in 
all experimental groups. However, in the end it was 
significantly lower in the positive control than in all others 
(P<0.05). FCR in the positive control was significantly 
higher (P<0.05) than in uninfected and infected but 
treated groups (P<0.05).

In uninfected broilers in faecal samples taken on days 14, 
21, 28, 35 and 42 oocysts were not detected (Fig. 5). In 
infected untreated chickens eimerian oocysts were first 
detected on day 21 and were continually on increase. In 
Ro group the oocyst counts were significantly lower than 
in the positive control. Similar tendency was observed in 
Ro+Herb group, where a reduction of oocyst counts was 
noticed in comparison to the positive control (P<0.05). 
In Herb group the numbers of oocysts per gram were 
higher than in chickens treated with robenidine and those 
which were treated with both anticoccidials, but remained 
significantly lower than in the positive control. 

DISCUSSION
In spite of plenty of literature data which indicate that 
there are significant differences in the parameters of 
oxidative stress in chickens infected with coccidia, those 
obtained on broilers treated with anticoccidials are scarce. 
Monitoring of the parameters of oxidative stress following 
their application can provide useful information on the 

Fig 4. Concentration MDA in blood in 21- and 
40-day-old chickens (mean ± SD). Different letters 
in chickens of the same age indicate significant 
differences between the groups (P<0.05). Ro - group 
treated with robenidine, Herb - group treated with a 
herbal anticoccidial, Ro + Herb - group treated with 
robenidine + herbal anticoccidial

Table 1. Body weight and FCR in control and treated chicken groups

Groups Initial Body Weight (g)
Mean±SD

Final Body Weight (g)
Mean±SD

FCR
Median (IQR)

Negative control 39.84±1.18a 2821.22±531.82a 1.61 (1.45-1.85)a

Positive control 39.87±0.99a 1858.68±533.93b 2.76 (2.10-3.62)b

Ro 39.67±1.06a 2618.70±494.79ac 1.69 (1.57-2.08)ac

Ro+Herb 39.62±0.91a 2440.35±391.35c 1.91 (1.76-2.07)c

Herb 39.72±0.96a 2523.00±521.94cd 1.82 (1.60-2.28)ac

Ro - group treated with robenidine, Herb - group treated with a herbal anticoccidial, Ro + Herb - group treated with robenidine+herbal anticoccidial
a-d Values within a column with different superscripts are significantly different (P<0.05)
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possible antioxidative effects of anticoccidial drugs. In the 
current research the synthetic anticoccidial robenidine, a 
herbal anticoccidial preparation, and their combination 
were administered to broilers infected with Eimeria. 
The results indicated that the anticoccidials applied 
significantly influenced the changes in the oxidative stress 
parameters (SOD, CAT, GST and MDA) in infected chickens.

The results of this research detected lower activity of SOD 
in the blood of infected but untreated broilers (positive 
control). SOD is involved in the antioxidative defence 
system, the first line of defence against ROS [4]. Lower SOD 
activity in the blood of infected poultry than in uninfected 
probably results from the increased production of H2O2. 
Decreased SOD activity in broilers infected with coccidia 
has also been detected by some other researchers [2,21]. 
The administration of anticoccidials in infected chickens 
resulted in increased activity of SOD, most prominent in 
the Ro+Herb group, which means diminished the effect 
of oxidative stress. It is supposed that the anticoccidials 
prevented the inactivation of SOD by H2O2, which results 
from the dismutation of superoxide anion [22]. Bozkurt et 
al.[12] were the ones who also noticed significant increase 
in the activity of SOD in infected chickens fed with feed 
supplemented with the anticoccidial based on oregano oil. 

Besides SOD, the activity of CAT was monitored following 
the treatment of infected broilers with anticoccidials. 
There are no published data on the influence of the 
combination of herbal and synthetic anticoccidials on 
CAT activity. In our experiment the largest increase in 
the activity of this enzyme was detected in the positive 
control, which is in accordance with the findings published 
by Georgieva et al.[2]. Similar results were obtained by other 
authors, who pointed to the increase in the activity of CAT 
in broilers infected with E. acervulina and E. tenella [21,23]. 
CAT activity is on the increase in oxidative stress, which 
is considered a compensatory mechanism in poultry 
infected with coccidia. In infected chicken groups which 

were administered anticoccidials in feed lower CAT activity 
was detected than in infected but untreated broilers. In 
the treated groups the largest decrease in the activity of 
CAT was noticed in the Ro+Herb group, which means that 
the combination of the two anticoccidials significantly 
influenced the decrease in the oxido-reduction disbalance 
which resulted from the response to the presence of the 
parasites. CAT plays an important role in preserving the 
cellular integrity by degrading the reactive hydrogen 
peroxide, which can lead to the emergence of reactive 
hydroxyl radical. Hydroxyl radical is highly unstable and 
can produce cellular damage via lipid peroxidation, and 
the oxidation of DNA and proteins [24].

The analysis of GST in this research detected its increased 
activity in infected chickens. The same phenomenon in 
broilers, due to some environmental factors, was described 
by Ismail et al.[25] GST is involved in the protection of cells 
from the negative effects of ROS, to which it bonds directly, 
covalently and renders it less reactive [26]. In this research 
the GST activity was lower in treated groups in comparison 
to the positive control, which leads to a hypothesis 
that the anticoccidials influenced the decrease in 
the substrate (ROS) production resulting in decreased 
activity of the detoxication enzyme. The largest decrease 
in the GST activity was observed in the Ro+Herb group. In  
the research conducted by Giannenas et al.[27] it was 
revealed that preparations based on fungi can increase 
the activity of GST and positively influence growth and 
feed utilization, and stimulate the secretion of digestive 
enzymes. Similarly, it was proven that a herbal preparation 
based on rosemary exerts antioxidative effects by increasing 
the activity of GST [28].

Malondialdehyde is produced in the process of lipid 
peroxidation due to the influence of ROS on the poly-
unsaturated lipids. Its concentrations in blood and tissues 
are directly proportional to cellular damages caused by 
ROS and is, for this reason, a useful marker in the analysis 
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Fig 5. Faecal oocyst counts (o.p.g.) in control and 
treated chicken groups. Ro - group treated with 
robenidine, Herb - group treated with a herbal anti-
coccidial, Ro + Herb - group treated with robenidine 
+ herbal anticoccidial
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of oxidative stress [2]. The results of the current research 
revealed increased concentrations of MDA in infected 
chickens, resulting from increased lipid peroxidation. 
Similar data on the changes in the concentrations of MDA 
were reported by some other researchers [2,21,29]. Significant 
decrease in the levels of MDA was detected in broilers 
in all treated groups, which leads to conclusion that 
anticoccidials influenced the decrease in the production 
of ROS and thus led to reduced lipid peroxidation. In 
the research undertaken by Bozkurt et al.[12] it was found 
that herbal anticoccidials mitigate oxidative stress by 
decreasing the concentrations of MDA. Giannenas et 
al.[27] noticed that preparations based on fungi have anti-
oxidative properties and decrease the concentrations 
of MDA. 

The analysis of production performance of the broilers  
in the experiment showed that the lowest average 
body mass was in infected untreated chickens, which 
had the highest FCR. This lower weight gain can be 
attributed to infection with coccidia. Developing in the 
intestines Eimeria produce mucosal disruptions resulting in 
malabsorption and direct negative effect on growth, and 
facilitate infections with other pathogens [30]. It is obvious 
from the performance data that the broilers treated with 
robenidine had highest average body mass and lowest 
FCR. The lowest average body mass was recorded in 
chickens treated with both anticoccidials (Ro+Herb). Our 
results of increased weight gain and body weight in broilers 
treated with both the synthetic and herbal anticoccidials 
are in line with some previous data and resulted from 
their beneficial effects [29,31]. Positive effects on production 
performance resulting from the use of chemical and herbal 
anticoccidials have already been described [32]. Herbal 
anticoccidials, unlike synthetic ones, do not leave residues 
in broiler meat, which is why they are gaining increasing 
interest [33,34]. They contribute to weight gain and decrease 
FCR, which can be explained by increased absorption area 
of the intestines and better enzyme activities resulting 
from healing [12,35,36]. Data showed that herbal anticoccidials 
containing oregano, thyme, coriander, carvacrol, thymol 
and some other active ingredients exert anticoccidial and 
antioxidative effects [9,12,35].

The results obtained in this work showed that infected 
broilers shed significantly lower oocyst counts following 
the treatment with anticoccidials in comparison to those 
untreated. The least average number of oocysts was 
detected in chickens treated with robenidine, proving  
its satisfactory anticoccidial effect. Its mechanism of action 
is based on the inhibition of oxidative phosphorylation 
in the parasite mitochondria, which prevents their 
development. Chickens treated with robenidine and 
the herbal anticoccidial shed small numbers oocysts in 
comparison with the infected untreated group, which 
indicates that this combination of anticoccidials produced 
strong anticoccidial effect. This corresponds to the data 

obtained with the use of combinations of diclazuril and 
oregano essential oil [9] and, amprolium and garlic [32]. The 
analysis of our results obtained by spectrophotometry 
showed that the combination of the two anticoccidials 
significantly influenced the decrease in the oxidative 
stress, given that the values of biochemical parameters 
were closest to those in uninfected broilers. By this 
mechanism, robenidine influenced the decrease of oocyst 
counts in broilers, whilst the use of the herbal anticoccidial 
influenced the increased level of antioxidative defence, 
which resulted in the obtained values of oxidative stress 
parameters. In the current research it was proven that 
herbal extracts (oregano, thyme and coriander) in the 
tested herbal anticoccidial exert antioxidative properties. 
Herbal anticoccidials mainly consist of bioactive compounds 
such as polyphenols, kinins, flavonoids, alkaloids and 
polypeptides. Phenol compounds of aromatic herbs and 
their essential oils are potent sources of natural antioxidants. 
Flavonoids can act as powerful antioxidants by scavenging 
free radicals and stop oxidative reactions [36]. In broilers 
which were administered the herbal anticoccidial faecal 
oocysts shedding was higher than in the other two treated 
groups (Ro, Ro+Herb). Nevertheless, the applied herbal 
preparation exerted powerful anticoccidial effect.

The synthetic and herbal anticoccidials significantly 
influenced the parameters of oxidative stress: the activity 
of CAT and GST and the concentration of MDA were lower, 
whilst the activity of SOD was higher in treated groups than 
in untreated infected broilers, which points to the decrease 
in oxidative stress. Moreover, the anticoccidials led to the 
decrease in the oocysts production. Oocyst counts were 
lower in Ro and Ro+Herb groups in comparison to Herb 
group, which means that the synthetic anticoccidial alone 
and in combination with the herbal one resulted in better 
effect in the control of coccidiosis than the herbal applied 
exclusively. However, it was proven that the tested herbal 
preparation can be used in coccidiosis control and the 
prevention of oxidative stress. These results can help in the 
selection of anticoccidial drugs and influence directly the 
decrease in the economic losses attributed to coccidiosis.
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Abstract
This study was designed to determine relationship between sheep serum before lambing, colostrum and 1-day-old lamb serum total protein 
(TP) and immunoglobulin-G (IgG) concentration and their effect on neonatal diseases and also the linear relationship between serum TP and IgG 
concentration (STPC and SIgGC, respectively) in different days of the neonatal period thereby determining the feasibility of TP concentration in the 
prediction of colostrum quality and passive immunity and to define a cut-off point for STPC and SIgGCat 24 h after birth (STPC-24 and SIgGC-24, 
respectively) associated with increased risk of illness or death in lambs. For this purpose, blood was obtained from the lambs and ewes at day 1 
(n=325), at day 0 (before colostrum intake) and on different days in neonatal periods (n=50) and blood (10-15 days before lambing) and colostrum 
were obtained from the respective ewes related to the lambs. Mean serum TP and IgG concentrations on days 1, 2, 4, 7, 14 and 28 were significantly 
higher than values on day 0 (before colostrum intake) from the lambs remained healthy in neonatal period. The STPC-24 was significantly lower 
in diseased and dead lambs when compared to healthy lambs in the neonatal period (P<0.001 and P<0.001 respectively). The STPC-24 in lambs 
that died or became ill was 62% to 67% in SIgGC-24, respectively. Mean colostral TPC was significantly (P<0.05) higher in dams (n=254) of healthy 
lambs when compared to those of sick lambs in neonatal period. There was a significant correlation between the dams’ STPC and both the 
SIgGC in dams and SIgGC-24 in their lambs (R=0.454, R=0.342, respectively). The study revealed that STPC-24 >55 g/L and SIgGC-24>600 mg/
dL is probably consistent with adequate level of passive transfer. It was also noted that in addition to determining colostrum quality, STPC plays 
an essential role in the prediction and prevention of neonatal diseases in lambs. In conclusion, immediate and inexpensive determination of TP 
concentrations is beneficial in making timely management and treatment decisions related to failure of passive transfer (FPT).

Keywords: Neonatal lamb, Colostrum, Total protein, IgG, Passive transfer failure

Kuzularda Serum ve Kolostral IgG (Pasif İmmünite) Konsantrasyonlarının 
Total Protein ve Sağlık İle İlişkisi

Öz
Bu çalışma kuzulamadan önce koyun serum, kolostrum ve 1. günde kuzularının total protein (TP) ve immunoglobulin-G (IgG) seviyeleri 
arasındaki ilişkinin ve bu parametlerin neonatal hastalıklar üzerindeki etkisinin ve ayrıca neonatal periyodun farklı günlerinde serum TP ve 
IgG konsantrasyonları (STPK ve SIgGK) arasındaki linear ilişkinin belirlenmesi, böylece TP konsantrasyonunun pasif immunite ve kolostrumun 
kalitesinin belirlenmesinde kullanılabilirliğinin belirlenmesi ve doğumdan sonra 24. saat STPK ve SIgGK pasif immunite ve kuzularda hastalık 
ve ölüm riskini artıran eşik değerinin (STPK-24 ve SIgGK-24, sırasıyla) belirlenmesi için dizayn edildi. Bu amaçla tüm kuzulardan 1. gün (n=325), 
kolostrum almadan önce (0. saat/gün) ve sonraki günlerde (n=50) ve annelerinden kuzulamadan 10-15 gün önce kan ve ayrıca kolostrum örnekleri 
alındı. Neonatal periyotta sağlıklı olduğu belirlenen kuzulardan yaşamın 1, 2, 4, 7, 14 ve 28. günlerinde ortalama serum TP ve IgG seviyelerinin 0. 
güne göre (kolostrum almadan önce) önemli seviyede yüksek olduğu belirlendi. Neonatal dönemde hastalanan ve ölen kuzuların STPC-24’ları 
sağlıklı olanlara göre önemli seviyede düşük olduğu saptandı (sırasıyla P<0.001 ve P<0.001). Neonatal sağlıklı kuzuların annelerinin (n=254) 
ortalama kolostral TPK hastalanan kuzularınkine göre önemli seviyede (P<0.05) yüksek bulundu. Annelerin STPK’nun hem anne SIgGK’u hem de 
kuzularının SIgGK-24 ile arasında önemli bir korelasyon olduğu belirlendi (sırasıyla R=0.454 ve R=0.342). Bu çalışma STPK-24’nun >55 g/L ve SIgGK-
24’nun >600 mg/dLolması yeterli konsantrasyonda pasif transferini işaret etmektedir. Bu çalışma ile ayrıca KTPK’larının kolostrumun kalitesinin 
belirlenmesinin yanında, neonatal hastalıkların belirlenmesi ve önlenmesinde önemli bir rolü olduğu da tespit edildi. Sonuç olarak total protein 
konsantrasyonlarının hızlı ve ucuz bir şekilde belirlenmesi pasif transfer yetmezliği ile ilgili sevk-idare ve tedavi kararlarının zamanında alınması 
açısından faydalıdır.

Anahtar sözcükler: Neonatal kuzu, Kolostrum, Total protein, IgG, Pasif transfer yetmezliği
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INTRODUCTION
Neonatal morbidity and mortality are important causes of 
economic loss for sheep farms [1-4], thus making this period 
the most critical [5-9]. The syndesmochorial placenta in 
ruminants does not allow the transfer of maternal antibodies, 
also known as immunoglobulins (Ig), to the fetus during 
pregnancy. Thus, lambs are born hypogammaglobulinemic. 
Therefore, neonatal lambs depend on ingestion and 
absorption of maternal antibodies in colostrum to provide 
humoral immunity during the neonatal period. This 
process is termed passive transfer and is determined by 
measuring serum IgG concentrations. To ensure adequate 
passive transfer of immunity, lambs should receive a 
sufficient volume and quality of colostrum within the first 
12 h of life [5,8-11]. Inability of neonatal lambs to obtain and 
absorb sufficient amount of colostral IgG is a secondary 
immunodeficiency disorder termed as Failure of Passive 
Transfer (FPT). FPT results in hypogammaglobulinemia 
which in turn predisposes neonates to develop diseases and 
death [1,2,5,8-16]. Therefore, passive immunity plays a critical 
determining role in the short-term health and survival for 
lambs until their own immune system begins functioning 
fully. Numerous studies in the past three decades correlated 
neonatal diseases with inadequate serum IgG, in other 
words, FPT in animals and thus suggested the importance 
of IgG in the prevention of infections and enhancing growth 
performance in neonates [1,2,5,8,9,14,16-18].

Currently, the incidence of FPT in lambs ranges from 3.4% to 
20%, with mortality rates fluctuating between 45% and 50% 
in the first 2 weeks of life, particularly the first week [3,5,11-13]. 

Major economic losses may occur in the farms experiencing 
FPT frequently. Thus, FPT is a major economic concern for 
producers. Therefore, it is prerequisite for sheep producers 
to prevent lamb sickness and losses by monitoring immune 
status of lambs [3,8,9].

Several methods are currently being used to detect FPT 
in newborn ruminants. SRID [19] and ELISA [20] are the 
most accurate tests for direct measurement of serum 
IgG concentration (SIgGC). However, these tests require 
significant diffusion time and are expensive [20]. Therefore, 
for the detection of FPT in individual herds, screening with 
indirect methods and confirmatory diagnosis with SRID or 
ELISA may be more appropriate [20]. Other tests, including 
the determination of serum total protein concentrations 
(STPC) [5,12,15], serum GGT activity [5,21,22] and serum γ-globulin 
concentrations [5,14], zinc sulfate turbidity (ZST) test [12,15,23] 
and the serum glutaraldehyde coagulation test [3], provide 
an approximate assessment of SIgGC based on the 
concentration of total globulins or other proteins associated 
with IgG during passive transfer in lambs [8,9,22]. The ability 
to obtain fast and accurate test results on the farm is 
imperative in making timely management and treatment 
decisions. Furthermore, the accurate and rapid availability 
of test results is important in terms of clinical practice, for 
example in the evaluation of prognosis and determination 

of alternative treatments of neonatal diseases [5,24].

Different studies were carried out in calves to quantify 
increased risk of death associated with low SIgGC. However, 
there is a scarcity of data concerning this association in 
lambs [5,20]. In neonatal calves, an increased risk of death 
and illness was associated with SIgGC below 1,000 mg/dL 
as determined by single radial immunodiffusion (SRID) [5,8,9]. 
However, a dividing line between hypogammaglobulinemia 
and normal SIgGC in neonatal lambs has not yet universally 
been accepted. Studies investigating association between 
risk of developing death and SIgGC [1,5,13,22]. Nevertheless, 
there is a lack of universally accepted threshold for the 
SIgGC below which FPT develops in lambs [5,22]. Furthermore, 
studies investigating relationship between passive immunity 
and lamb death beyond neonatal period where ZST test, 
an indirect method, was used and extended the results 
to cover neonatal period [14,15]. Studies evaluated passive 
immunity using ZST test revealed that ZST test units below 
10 [12] and/or 20 [15] had increased of contracting disease in 
neonatal period. Therefore, the association between neo-
natal lamb death and SIgGC is not yet fully understood [25]. 
Furthermore, association between passive immunity and 
diseases encountered beyond neonatal period has not been 
fully elucidated in lambs. For this reason, the direct role of 
SIgGC for the prevention of diseases and data regarding the 
SIgGC or FPT threshold values that increases risk of sickness 
and death in the lambs is not yet clear.

Different methods are presently available for detecting STPC 
in newborn ruminants. These tests are practical, quick and 
inexpensive, as well as suitable for the field use. However, 
the accuracy of STPC to calculate IgG concentrations has 
only been evaluated in healthy lambs [5]. Furthermore, data 
regarding the serum TP threshold values associated with 
lamb health during the neonatal and subsequent periods 
and the accuracy of these threshold values as well as the 
availability of using TP concentration to assess the quality 
of sheep colostrum are either insufficient or lacking entirely.

The objectives of this study as follows; 1- to determine the 
relationship between the level of TP and IgG in the ewe’s 
serum, colostrum and that in the one day-old lamb; 2- to 
determine whether survival or illness of the newborn lamb 
is correlated with concentration of passively acquired TP 
byone day-old lamb, thereby defining a cut-off point for 
STPC and SIgGC associated with increased risk of illness 
or death in lambs; 3- to identify a relationship between 
serum or colostral IgG and TP concentrations, thereby 
determining the accuracy of TP concentrations in the 
prediction of passive immunity (IgG) and colostrum quality;  
4- to determine a relationship between serum IgG and 
TP concentrations in healthy lambs during the neonatal 
period, thereby demonstrating the feasibility of using STPC 
to identify the status of passive immunity in this period.

MATERIAL and METHODS
Animals: The study was conducted after obtaining ethical 
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approval from the Kafkas University Institutional Ethical 
Committee for Animal Care and Use (KAÜ-HADYEK, 2008-
23). Details of animals, farm selection, farm management 
practices, clinical examination and blood and colostrums 
sampling method were given elsewhere [26]. Briefly, 301 
ewes and their 347 lambs on two neighboring and similar 
management practices farms were included in the study.

IgG and Total Protein Assays: Serum IgG concentrations 
were measured using a commercial ELISA kit (Bio-X 
Competitive ELISA kit for Ovine blood serum IgG Assay-
BIO K 350, Bio-X Diagnostics, Belgium). Colostrum IgG 
concentration was also tested with the same kit using 
bovine colostrum calibrator (Bio-X Elisa Kit for Bovine 
Immunoglobulin Assays-BIO K 165). Serum and colostral 
total protein (TP) concentrations were measured by using 
spectrophotometry with a commercial kit (TML, Total 
Protein, Code; A1279, Tani Medical, Turkey).

Statistical Analysis: The lambs were categorized based on 
the clinical examination as healthy or sick. In addition, sick 
lambs were also categorized as dead and recovered. The 
results of clinical examination were categorized in terms of 
life period as neonatal period and the period from 5 to 12 
weeks of life (postneonatal period) to compare morbidity, 
mortality and their relations with serum IgG and TP 
concentrations in lambs. Animals whose serum or colostrum 
TP or IgG concentrations could not be measured for any 
reason excluded (n=22, only serum TP were not measured)
from the analyses. Data was collected and entered into a 
database (Microsoft access).

Independent samples T test was used to compare serum 
or colostral IgG concentrations in different period of life. 
Time-dependent differences were localized by use of the 
Tukey HSD test. The relationship between serum IgG and TP 
concentrations were explored by Pearson correlation and 
simple/multiple regression analysis (SPSS). 

The accuracy of STPC for estimating IgGC was established 
by using standard linear regression analysis previously 

described in detail [5,22,26]. Calculations were performed by 
use of SPSS. Origin 6 program was used to obtain scatter 
diagrams illustrations. For all analyses, values of P<0.05 
were considered significant. Morbidity and mortality risk 
according to different SIgGC-24 and STPC-24 levels were 
calculated according to X2 for trend (X2, Odds ratios).

RESULTS
The morbidity and mortality rates in neonatal and post-
neonatal periods, disease reasons were given elsewere (26). 
The majority of neonatal deaths occurred (84.6%, 11/13) in 
the first week of life. 

The mean± SD (min-max) serum IgG (n=347) and TP (n=325) 
concentrations at the 24th h after birth were, 2198±1162 mg/
dL (19-5302) mg/dL and 73±13 (21-117) g/L, respectively 
and were significantly (R2=0.671, P=0.000) correlated. Serum 
TP and IgG concentrations were significantly (P<0.001) 
higher on days 1, 2, 4, 7, 14 and 28 of the neonatal periods 
compared to day 0 (before colostrum intake) in healthy 
lambs (Table 1, Table 2).

Simple and multiple regression models were calculated 
between variables which had linear correlations (Table 3). 
Multiple regression models were developed to predict 
SIgGC based on lamb’s age and STPC. STPC was linearly and 
significantly (P<0.001) correlated with SIgGC on different 
days during the neonatal period (Table 3).

The most accurate result for predicting SIgGC was on day 1 
(R2= 0.562) compared to other days. Additionally, in healthy 
neonatal lambs, multiple regression model established 
between variables with data obtained on days 1, 2, 4, 7, 14 
and 28 before and after taking colostrum was determined 
as the most accurate model for calculation of SIgGC from 
STPC (R2= 0.701) (Table 3).

The SIgGC and STPC at 24 h after birth was lower in clinically 
ill, recovered and dead lambs compared to healthy lambs 
in the first week of life and the neonatal period (Table 4). 

Table 1. Serum TP (g/L) and IgG (mg/dL) concentrations [mean±SD, (Min-Max)] in neonatal healthy lambs

Parameter
Day

0 1 (±1th) 2 4 7 14 28

TP 
(n=41)

40±6a 

(21-47)
73±11b

(52-107)
73±13b

(47-117)
71±9b

(49-86)
70±10b

(46-88)
63±7c

(48-78)
59±7c

(46-71)

IgG 
(n=50)

26±16a

(8-62)
2666±1316b

(781-5302)
2743±1359b

(805-5308)
2295±1110b

(709-5029)
1714±816c

(493-3518)
1013±401d

(295-1893)
935±357d

(301-1707)

Different letters refer to significant differences between the values in the same rows (P<0.05). Tukey HSD test was used to detect differences

Table 2. The correlation between mean serum TP and IgG concentrations in neonatal healthy lambs (n=41)

Parameter
Day

0 1 2 4 7 14 28

Pearson Correlation 0.157 0.749** 0.735** 0.680** 0.620** 0.729** 0.634**

Sig. (2-tailed) 0.327 0.000 0.000 0.000 0.000 0.000 0.000

Statistically significant (**P<0.01 and *P<0.01). The relationship was determined by Pearson correlation test
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A significant (P<0.0001) linear relationship was noted bet-
ween SIgGC-24 and STPC-24 in healty, diseased, recovered  
and dead lambs (R2=0.327, R2=0.673, R2=0.567 and R2=0.616, 
respectively, Table 3) in neonatal period. STPC and SIgGC 
measured at 24 h after birth were associated with 
developing diseases in the first week of life; but, this was 
not evident during the last 3 weeks of neonatal life (Table 4).

A significant linear relationship was found between SIgGC-24 
and STPC-24 in health, ill, dead and recovered lambs (R2=0.383, 
P< .0001; R2=0.322, P< .0001; R2=0.483, P< .004 and R2=0.289, 
P< .0001, respectively, Table 3) in post-neonata period..

SIgGC-24 and/or STPC-24 markedly differed between sick, 
dead and recovered lambs in the neonatal and postneonatal 
periods of life. This difference was most obvious between 
the first week of life and the last three weeks of the neonatal 
period. Additionally, SIgGC-24 or STPC-24 was lower in 
clinically ill and dead lambs in the neonatal period compared 
to the same groups in the postneonatal period (Table 4). 

The levels of SIgGC-24 were allocated into various categories 
(Table 5). As SIgGC-24 concentrations increased morbidity 
and mortality rate decreased in neonatal period. The 
critical threshold of SIgGC-24 for increased risk of mortality 
and morbidity in the neonatal period was <200 mg/
dL (OR=Undefined x2=293, P=0.0000) and ≤600 mg/dL 
(OR=107.7 x2=76.5, P=0.0000), respectively. The morbidity 
risk of lambs with SIgGC-24 <800 mg/dLwas approximately 

4.4 times higher in postneonatal period when compared 
with lambs having SIgGC-24 above 800 ng/mL (OR=4.37 
x2=6.5, P=0.024). However, no specific SIgGC-24 was 
determined for mortality in this period (Table 5).

The STPC-24 was also categorised (Table 6). As STPC-24 
concentrations increased the morbidity and mortality rate 
decreased during the neonatal period. The critical threshold 
of STPC-24 for mortality and morbidity in the neonatal 
period was ≤45 g/L (OR=51.56 x2=103.8, P=0.000) and ≤55 
mg/dL (OR=256.6 x2=173.2, P=0.000), respectively. The 
morbidity risk of lambs with STPC-24 <70 g/L was 2.5 times 
higher in postneonatal period when compared with lambs 
having STPC-24 above 70 g/L (OR=2.54 x2=14.5, P=0.00001). 
However, no specific TP level that increased the risk of death 
in this period was identified (Table 6).

Colostral IgG concentrations (CIgGC) (n=169) ranged from 
1337 to 12877 mg/dL (mean±SD, 6078 ± 2526 mg/dL) and 
colostral TP concentrations (CTPC) (n=254) were between 
14 and 98 g/dL (42±18 g/dL). There were significant 
correlations (R2=0.683, P=0.000) between these parameters 
(Table 7). Furthermore, a significant linear relationship 
(R2=0.460, P<0.0001) was determined between CTPC and 
CIgGC (Regression model; CIgGC=1941.6+91.35*CTPC, Fig. 
2). However, there was no significant correlation between 
STPC orSIgGCin lambs and CTPC or CIgGC (Table 8).

CTPC and CIgGC were significantly (P<0.05) higher in dams 

Table 3. Simple and multiple regression analyses between IgG and TP of the clinical status of the lambs

Parameter Days n Formulas R2 P

Regression analysis in 
neonatal healthy lambs on 
different days

Simple Regression Analysis

0 41 IgG= 8.043+(0.449 x TP) 0.025 0.327

1 41 IgG= (92.16 x TP)-3960.9 0.562 <0.0001

2 41 IgG= (77.42 x TP)-2826.3 0.540 <0.0001

4 41 IgG= (84.36 x TP)-3562.2 0.462 <0.0001

7 41 IgG= (50.46 x TP)-1723.2 0.385 <0.0001

14 41 IgG= (37.75 x TP)-1294.7 0.532 <0.0001

28 41 IgG= (33.75 x TP)-1032.5 0.402 <0.0001

Multiple Regression 
Analysis

0,1,2,4,7,14,28 287 IgG= [(73.4 x TP) - (29.74 x day)] - 2755.6 0.701 <0.0001

1,2,4,7,14,28 246 IgG= [(72.4 x TP) - (31.75 x day)] - 2657.5 0.617 <0.0001

1,2,4,7,14 205 IgG= [(72.1 x TP) - (79.2 x day)] - 2419.9 0.610 <0.0001

1,2,4,7 164 IgG= [(76.7 x TP) - (125.2 x day)] - 2608.1 0.540 <0.0001

1,2,4 123 IgG= [(83.8 x TP) - (64.4 x day)] - 3239.3 0.531 <0.0001

1,2 82 IgG= [(83.4 x TP) + (67.1 x day)] - 3398.1 0.547 <0.0001

Simple regression analysis 
according to the results of 
clinical examination

Neonatal period

1 325a IgG= (57.84 x TP) - 2047.9 0.451 <0.0001

1 268b IgG= (57.25 x TP) - 2000.5 0.327 <0.0001

1 57c IgG= (58.12 x TP) - 2049.4 0.673 <0.0001

1 44d IgG= (58.29 x TP) - 2074.8 0.567 <0.0001

1 13e IgG= (47.24 x TP) - 1649.2 0.616 <0.0001

Postneonatal period

1 312a IgG= (57.52 x TP) - 1988.6 0.381 <0.0001

1 208b IgG= (60.79 x TP) - 2181.9 0.383 <0.0001

1 104c IgG= (48 x TP) - 1429.2 0.322 <0.0001

1 89d IgG= (43.17 x TP) - 1156.5 0.289 <0.0001

1 15e IgG= (67.15 x TP) - 2423.8 0.483 0.0004

a General (without categories based on clinical examination), b healthy, c ill, d recovered, e died
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of healthy neonates compared to those of sick and recovered 
lambs (P<0.05) but these values did not significantly differ 
in neonatal death (P=0.054 and P=0.125, respectively). 
Similarly, CTPC and CIgGC were not associated with diseases 
or death in the postneonatal period (Table 7).

Maternal STPC and SIgGC did not significantly differ between 
healthy and sick and recovered lambs in the neonatal as 
well as postneonatal period (Table 7). 

The mean concentration of maternal STPC and SIgGC(n=41) 
10-15 days prior to lambing was 62.4±6.9 g/L (range 
52.9-78.3) and 5.463±1.870 mg/dL (range 1.846-11.766), 
respectively, and there were significant (R=0.454) correlations 
between these parameters. A significant positive correlation 
(P=0.01, R=0.388) existed between maternal SIgGC and 
at of lamb born to them. A significant (R=0.314, P=0.045) 
positive correlation existed between the SIgGC of dams and 
STPC of their lambs. Additionally, the correlations between 
maternal STPC and SIgGC of their lambs was positive and 
significant (R=0.342, P=0.029) (Table 8).

DISCUSSION
Veterinarians often use tests for passive transfer to guide 

their decisions in diagnostic, treatment and protection 
in neonatal diseases. Determination of passive transfer 
status (PTS) results in two important consequences; 
either sufficiency which suggests better health and flock 
management system or insufficiency which requires 
diagnosis and treatment of such individuals and taking 
maximum preventive measures [5,8,9]. PTS determination 
of newborns is also valuable in routine herd health 
programs, observation during disease investigations and 
in the assessment of individual neonates with questionable 
colostral intake [8,9,24]. Passive transfer of immunity prevents 
disease and enhances growth performance not only in the 
short term, such as in neonatal period, but also in the long 
term, such as the post-weaning period in lambs [5,8,9,18,27]. 
Inadequate PTS may not be effect health provided that 
sanitation is excellent, but adequate PTS may be sufficient 
even if poor sanitation and extreme infectious pressure 
exist [8,9,27]. FPT in sick neonatal ruminants suggests a 
poor prognosis [5,8,9,24]. Therefore, quick and accurate tests 
for determining FPT applied on farm are ofparamount 
importance.

No currently available assay procedure is entirely satisfac-
tory [5,8,9,20,27]. Being capable of directly measuring IgG 
concentration, ELISA has become available for use in calves 
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Table 4. Effect of STPC(g/L) and SIgGC(mg/dl) determined at 24 h of birth on health status of lambs in neonatal and postneonatal periodsa

Periods

Health Status

Healthy Ill
Outcome

Dead Recovered

1st week

IgG 2319±1097
(271-5302)

475±508b***

(19-1601)
54±32b***

(19-113)
861±419b***, e***

(271-1601)

n 324 23 11 12

TP 74±11
(44-117)

46±11b***

(21-74)
38±8b***

(21-46)
52±10b***, e**

(35-74)

n 302 23 11 12

2nd to 4th week

IgG 2337±1087
(527-5302)

2179±1174c***

(271-4837)
1768±687c***

(1283-2254)
2203±1198c***

(271-4837)

n 287 37 2 35

TP 75±11
(44-117)

72±14c***

(46-99)
62±4c**

(60-65)
72±14c***

(46-99)

n 268 34 2 32

Whole
Neonatal

IgG 2337±1087
(527-5302)

1526±1279b***, d*

(19-4837)
318±674b***,d***

(19-2254)
1860±1205b**, e***

(271-4837)

n 287 60 13 47

TP 75±11
(44-117)

61±18b***, d***

(21-99)
42±11b***, d***

(21-65)
66±16 b***, e***

(35-99)

n 268 57 13 44

Postneonatal

IgG 2409±1113
(371-5302)

1982±1067b**

(271-5017)
2311±1307
(571-4837)

1925±1018b***

(271-5017)

n 225 109 16 93

TP 76±11
(46-117)

70±12b***

(35-99)
72±14
(53-99)

70±12b***

(35-92)

n 208 104 15 89
a Data are presented as the mean±SD. Numbers in parentheses represent the range of values in that group. Independent samples T-test was used to detect differences in the STPC-24 
or SIgGC-24 among healthy, sick, dead and recovered lambs; bSignificantly different from healthy lambs (b***= P<.0001, b**= P<0.01, b*=P<0.05); c Significantly different in the 
same group between the first week and the last three weeks in the neonatal period within the same parameters (i.e. comparison of STPC-24 in sick lambs between the two different 
periods, c***= P<0.001, c**= P<0.01, c*= P<0.05); d Significantly different in the same group between in neonatal and postneonatal periods within the same parameters (d***= 
P<.0001, d**= P<.001, d*= P<0.05); eSignificantly different from deceased lambs (e***=P<0.001, e**=P<0.01, e*=P<0.05)
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and there is only one study evaluating passive immunity 
in healthy neonatal lambs [5,25] and there is no such study 
conducted in diseased lambs. In the current study we used 
ELISA procedure designed to directly determine serum or 
colostral IgG concentrations in dams and their lambs. ELISA 
seems to have some advantages in terms of cost, time, and 
capacity for measuring large number of samples at once, 
better diagnostic performance over SRID, a gold standard 
test [20].

The optimum period to determine passive transfer is 24 h of 
life because neonatal ruminants are capable of absorbing 
many proteins, including macromolecular substances due 
to nonselective absorption by intestines within the first 
24 h [8-10]. In this study mean SIgGC-24 determined before 
colostrums intake was in agreement with previous reports [5,21] 

and increased significantly after colostrum ingestion. The 

IgG concentration of day 1 was similar to that reported 
previously by researchers [5,22,27] but lower than that of 
others [16,21,28]. This variation might be related to the number 
of subjects investigated as previous studies used small 
number of animals, controlled colostrum intake and farm 
management system (vaccination, good hygiene and 
feeding practices etc.) [13,28]. 

Our study found that STPC (40±6 g/L) prior to colostrum 
intake (hour 0), similar to levels expected in severe passive 
immune deficiency, were lower than the levels (58-69 g/L) 
reported by Oztabak and Ozpinar [29], but similar to data 
from Pauli [30], 40.7 g/L. To the best of our knowledge, there 
are no other studies in which STPC is determined prior to 
colostrum intake. The mean STPC on different days of the 
first week of life (70-73 g/L) in our study was similar to figures 
reported by Brujeni et al.[16], but comparatively higher than 

Fig 1. Scatter diagrams illustrating the 
associations between SIgGC-24 and STPC-
24, observed in 268 healthy (A), 57 sick (B), 
44 recovered (C) and 13 diseased (D) lambs 
in the neonatal period. Each data point 
represents a value for 1 lamb, and each 
regression line represents the best fit for the 
data

Table 5. Lamb morbidity and mortality associated with various categories of SIgGC at 24th h after the birth

IgG (mg/dL)
Neonatal Period Postneonatal Period

Morbidity Mortality Morbidity Mortality

Categories n1/n2 % n1/n2 % n1/n2 % n1/n2 %

1-200 11/11 100 11/11 100 0/0 0 0/0 0

201-500 6/6 100 0/6 0 4/6 66.7 0 0

501-600 2/3 66.7 0/3 0 2/3 66.7 1/3 33.3

601-800 0/3 0 0 0 2/3 66.7 0 0

801-1000 3/14 21.4 0 0 6/14 42.9 2/14 14.3

1001-1500 11/67 16.4 1/67 1.5 29/66 43.9 3/64 4.5

1501-2000 11/87 12.6 0 0 25/87 28.7 2/87 2.3

2001-2500 5/42 11.9 1/42 2.4 15/41 36.6 2/41 4.9

>2501 11/114 9.6 0 0 26/114 22.8 3/108 5.3

n1= number of sick or dead lambs, n2= total number of lambs in this category
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that reported by Loste et al.[28], Massimini et al.[5], Pauli [30] and 
lower than that of Bekele et al.[2] and Oztabak and Ozpinar [29]. 
In our study, the mean STPC on day 14 (63 g/L) was lower than 
that reported by Brujeni et al.[16], Oztabak and Ozpinar [29], 

but comparatively higher than that of Loste et al.[28]. 
The mean STPC at day 28 (59 g/L), was lower than that 
reported by Brujeni et al.[16], but comparatively higher than 
that reported by Loste et al.[28]. Differences in the course 
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Table 6. Lamb morbidity and mortality rates associated with various categories of STPC at 24 h after the birth

TP (g/L)
Neonatal Period Postneonatal Period

Morbidity Mortality Morbidity Mortality

Categories n1/n2 % n1/n2 % n1/n2 %. n1/n2 %

1-40 7/7 100 6/7 85.7 1/1 100 0/1 0

41-45 6/7 85.7 4/7 57.1 3/3 100 0/3 0

46-50 5/6 83.3 1/6 16.6 2/5 40 0/5 0

51-55 7/9 77.8 0/9 0 5/9 55.6 2/9 22.2

56-60 2/18 11.1 1/18 5.5 8/17 47.1 2/17 11.8

61-65 6/30 20 1/30 3.3 14/29 48.3 2/29 6.9

66-70 5/52 9.6 0/52 0 21/52 40.4 2/52 3.8

71-75 5/59 8.5 0/59 0 17/59 28,8 2/59 3.4

76-80 7/55 12.7 0/55 0 12/55 21,8 1/55 1.8

81-117 7/82 8.5 0/82 0 21/82 25.6 4/82 4.9

n1= number of sick or dead lambs in this category, n2= total number of lambs in this category

Table 7. Relationship between maternal serum or colostral TP and/or IgG concentrations [mean±SD, (Min-Max)] and lamb health status

Period Sample

Clinical Examination

Healthy Ill
Outcome After the Illness

Died Survived

Neonatal

Serum

TP
(g/L)

62±7
(53-78)

62±6
(56-73) - 62±6

(56-73)

IgG
(mg/dL)

5578±2060 
(1846-11766)

5054.8±890 
(3192-5938) - 5054.8±890 

(3192-5938)

N 32 9 0 9

Colostrum

TP
(g/dL)

43±18 
(15-98)

35± 14a

(14-82)
41±18
(25-82)

27±33a

(14-55)

N 219 35 8 27

IgG
(mg/dL)

6327±2392
(1337-12594)

5123.5±282a

(1800-12877) 
4702±2930

(1887-11127)
5269.4±2829a

(1800-12877)

N 134 35 9 26
a Significantly lower than healthy lambs (P<0.05)

Table 8. Correlations between maternal serum or colostral TP and IgG concentration and serum TP and IgG concentration at 24 h after birth in lambs

 Correlations TPl IgGl TPc IgGc IgGd TPd

TPc

Pearson Correlation -0.018 0.018 1.000 .683** -0.113 -0.160

Sig. (2-tailed) 0.777 0.781   0.000 0.599 0.457

N 238 254 254 154 24 24

IgGc

Pearson Correlation 0.073 -0.009 0.683** 1.000 0.041 -0.241

Sig. (2-tailed) 0.353 0.911 0.000   0.881 0.368

N 162 169 154 169 16 16

IgGd

Pearson Correlation 0.314* 0.388* -0.113 0.041 1.000 0.454**

Sig. (2-tailed) 0.045 0.012 0.599 0.881   0.003

N 41 41 24 16 41 41

TPd

Pearson Correlation 0.230 0.342* -0.160 -0.241 0.454** 1.000

Sig. (2-tailed) 0.148 0.029 0.457 0.368 0.003  

N 41 41 24 16 41 41

l Lamb, c Colostrum, d Dam
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of STPC during the neonatal period might be explained 
based on methods used for measuring STPC such as 
refractometry [5,23,27], the biuret method [15,27], serum protein 
electrophoresis [16], spectrophotometric analysis also used in 
our study adapted to the biuret method [29] and automated 
biochemical analyzer [28] and management practices such as 
colostrum quality, the amount of colostrum taken, feeding 
program implemented. In our study STPC and SIgGC 
peaked within 24 h after colostrum intake in healthy lambs, 
generally remained stable during the first week and then 
declined significantly on day 14 and 28 of the neonatal 
period. Other studies have reported similar findings [16,28,29]. 
However, some studies have shown that STPC and SIgGC on 
day 30 were slightly higher than that of day 15 and have 
claimed that this could be associated with the balance 
between resecretion mechanisms and new IgG production 
or early activation of the immune system in lambs [5,16]. In 
addition, production of indigenous IgG following antigenic 
stimulation of the lambs’ immune system may cause the 
slight increase in IgG concentration around day 30 [16]. 
However, STPC and SIgGC on day 28 were lower than those 
of day 14 in this study.

In the present study, neonatal losses were mainly 
encountered in the first week of life (84.6%) as reported 
earlier [3,11,13-15]. Accordingly, SIgGC were significantly lower 
in both ill and dead lambs in the first week of life when 
compared with other periods (last three weeks of neonatal 
life and postneonatal period) and thus making passive 
immunity a key factor in the first week of neonatal life. On 
the other hand, a study by Bekele et al.[2], reported that 
passive immunity had no effect on neonatal lamb mortality, 
but the threshold value of serum Ig set above 2300 mg/
dL for adequate passive immune status was quite high 
compared to other studies [5,29]. Universally accepted optimal 
threshold value of IgG by the veterinary community, below 
which FPT occurs in lambs, does not exist. Information 
regarding the risk of illness or death associated with varying 

categories of SIgGC is limited for lambs [5,22]. Studies, using 
various threshold values of different indicators, have 
revealed that 24 to 36 hour-old lambs had an increased risk 
of death when SIgGC were below 800 mg/dL [11], 1.500 mg/
dL [8], 600 mg/dL(IgG1) [13] and 500 mg/dL(γ-globulin) [14]. The 
lamb mortality rates of aforementioned studies were 46% 
(27/59), 18% (2/11), 45% (9/20) and %60 (3/5), respectively. 
In our study, the mortality rate in lambs having SIgGC-24 
below 500 mg/dL, 600 mg/dL, 800 mg/dL and 1500 mg/dL 
was 64.7% (11/17), 52.4% (11/20), 47.8%(11/23) and 11.5% 
(12/104), respectively. This finding is in accordance with 
many studies but slightly differs from some [10,13]. However, 
use of different strata of SIgGC may be misleading as all 
lambs having SIgGC-24 concentrations below 200 mg/
dL died in our study. Therefore SIgGC-24 below 200 mg/
dL may be considered as a significant threshold value for 
lamb mortality. A study in which the same categorization 
criteria as ours was used disclosed that the mortality rate 
in 36-hour-old lambs with serum IgG1 concentrations below 
1.000 mg/dL was 3 to 4 times greater when compared 
with higher concentrations [1]. However, the mortality rates 
greatly differed between our study and that of Gilbert et 
al.[1]. The reasons for this difference may be the cut off value 
used by Gilbert et al.[1] as the value was much greater and 
thus variation in mortality might have been wider and also 
the method used for measurement of IgG concentration 
was SRID. Studies disclosed that the threshold value of IgG 
below which passive immunity develops is <1000 mg/dL 
when SRID used while it was <500 mg/dL when ELISA used 
and it is known that SRID is prone to overestimation and 
ELISA is considered more specific [20,26]. It may be concluded 
that SIgGC-24 >200 mg/dL for 1-day old lambs may be a 
reasonable goal for producers to decrease the risk of death 
associated with FPT as all lambs below this figure died in 
the present study.

The STPC-24 was significantly lower in lambs that died 
compared to lambs which were healthy or recovered during 
the first week and neonatal period. This was accordance 
with previous studies [14,15]. Some studies considered that 
lambs with STPC-24 of less than 50 g/L [15] or 58 g/L [17] to 
be hypogammaglobulinemic and claimed that the risk of 
death in those lambs was high. Our study indicated that 
STPC-24 of 45 g/L or less could be a threshold that increases 
the risk of mortality in the neonatal period as 10 of the 13 
lambs died in the neonatal period had STPC-24 ≤45 g/L. A 
close and linear relationship was found between SIgGC and 
STPC on day 1 in lambs died in the neonatal period, and 62% 
of the variation in SIgGC could be explained in association 
with STPC (Fig. 1 D). Furthermore, all lambs with STPC-24 ≤45 
 and died had SIgGC-24 values of less than 200 mg/dL 
(Table 2). This level was established as the SIgGC threshold 
that increases the risk of mortality in the neonatal period 
in the present study. Therefore, STPC-24 of 45 g/L or less 
and SIgGC-24≤600 mg/dL could be used as a threshold for 
passive immunity that indicates a high risk of death in the 
neonatal period.

Fig 2. Scatter plot of colostral IgG and TP concentrations observed in 
154 sheep. In the graph, the solid line represents the best fit for the 
data, as determined by means of simple linear regression
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In contrast to neonatal calves [31], the relationship between 
healthy neonatal lamb and SIgGC has not yet been studied 
in detail and no widely accepted threshold value of SIgGC 
associated with risk of developing illness is available. The 
present study revealed that the risk of morbidity was much 
greater in lambs having SIgGC-24 below 600 mg/dL than 
those having SIgGC-24 above 600 mg/dL. This figure may 
be a candidate for threshold concentration for disease 
development in neonatal lambs. There islimited number 
of studies where passive transfer deficiency is indicated by 
cut off values obtained using indirect methods in lambs. 
Zinc sulfate turbidity (ZST) test was utilized and the results 
were designated by several researchers as <12 [12] and <20 
units [15] in 1- to 2-day-old lambs. The model predicting STPC 
based on ZST units for 1-day-old lambs revealed that STPC 
of 5.2 and 5.4 g/dL were equivalent to 10 and 12 ZST units, 
respectively [18]. This was the only study exist in the literature 
relating STPC with neonatal diseases in lambs and no STPC 
threshold was used for morbidity risk. However, this issue 
has extensively been researched in calves [5,8,9,32]. In our 
study, the sick lambs had significantly lower STPC-24 than 
healthy lambs. The morbidity rates in lambs with STPC-24 
≤55 g/L was 3.9 to 11.8 times higher than those with STPC-
24>55g/L and close and linear correlations noted between 
SIgGC-24 and STPC-24 in sick neonatal lambs. Additionally, 
SIgGC-24 of 23 lambs out of 29 lambs with STPC-24 ≤55 g/L 
was below the IgG cut-off value (≤600 mg/dL), raising risk 
of morbidity. These data may indicate that STPC-24 ≤55 g/L 
could be cut off value predicting illness in advance.

Our study revealed that STPC-24 and SIgGC-24 were  
not associated on mortality rate of lambs in the neonatal 
period. However, other studies conducted in calves and  
lambs [8,9,14,15,31] showed that TP and IgG concentrations 
or passive immunity were associated with deaths in post-
neonatal period and can be used to predict outcomes. In 
our study, STPC-24 and SIgGC-24 ranges had no significant 
prevention effects on death of lambs in terms of post-
neonatal period. This may be attributed to inappropriate 
management regimens (poor sanitation, overcrowded 
housing, absence of vaccination), environmental conditions 
(temperature, season) as reportedcalves up to 12 weeks [15,31,33].

In the present study, the mean CIgGC was close to that of 
Maden et al.[21], comparatively higher than that of Zarilli et 
al.[34] and lower than other studies [1,10,28]. Dams’CIgGC was 
2-3 times higher than SIgGC of respective lambs at 24-72 h 
of birth and did not correlate which each other as reported 
previously [1]. Lambs born to ewes with low CIgGC and CTPC 
were more likely to be exposed to disease in our study as 
reported by Khan et al.[15], but opposite results were also 
disclosed [13]. No correlation was detected between CIgGC 
or CTPC and lamb serum TP or IgG concentrations. High 
CIgGC could not always be protective in lambs due to 
delayed lactogenesis, malnutrition or under nutrition during 
pregnancy, poor colostral management (delay in colostrum 
intake, inadequate amount of colostrum, colostrum quality 
etc.), infections, prematurity, mismothering, dams’ health, 
low birth weight and weakness of neonates, cold exposure, 

crowded housing [1,13,28,32]. These factors may have played 
a role in the present study. Quigley et al.[32] reported a 
significant linear correlation between colostral protein and 
IgG (R2=0.510) in cows. Similarly, a significant correlation 
(R2=0.683) and a linear relationship (R2=0.460) was found 
between colostral TP and IgG concentrations in our study 
indicating that TP levels could be beneficial in evaluating 
colostrum quality.

A positive correlation was found between STPC prior to 
lambing in ewes and SIgGC-24 in lambs. Similarly, a positive 
correlation was found between SIgGC in ewes and STPC-24 
or SIgGC-24 in their lambs. In addition, positive correlations 
were found between the individual values of IgG and TP in 
ewes before lambing. These results were in agreement with 
that of Andres et al.[17]. Therefore, measuring serum IgG or 
TP in ewes before lambing would be a valuable indicator 
of the risk of lamb diseases or passive immunity. Andres et 
al.[17] suggested that low immunity in lambs may be caused 
by a lower level of gamma globulin (<1.3 g/dL) and TP (<5.9 
g/dL) in the dams. In the present study, mortality rates in 
the lambs of dams with STPC ≥59 g/L were low. However, 
dam’s serum IgG or TP concentration seemed to have no 
effect on lamb’s health [28] that maternal STPC measured 10-
15 days before birth in the first two months had no effect on 
lamb mortality as reported in the present study.

Passive immunity and growth performance are critical 
for lambs in the neonatal period [18]. Determining passive 
immune status accurately and in a timely fashion is important 
for taking preventive measures [5,22]. In the present study, 
the accuracy of STPC, a test that can be adapted to the 
field, for determining passive immunity was demonstrated. 
The linear models that were used to determine SIgG-
24 from STPC-24 in lambs that were healthy (R2=0.33 to 
0.70), diseased (R2=0.67) or died (R2=0.62) in the neonatal 
period were sufficient. However, the calculation of IgG 
concentrations based on TP concentrations was not 
clearly specific according to the linear regression formulas. 
Our study provides useful information for practicing 
veterinarians in terms of validating an alternative way that 
is measurement of STPC for FPT in individual lambs and 
colostrum quality could contribute to the development 
of passive transfer monitoring programs. Measurement 
of STPC for FPT in individual lambs and colostrum quality, 
compared to other tests such as IgG measurement (SRID 
or ELISA), does not require expensive instrumentation, 
provides an immediate result, and is also adaptable to 
field use. These advantages should be beneficial for timely 
management and therapeutic decisions [5,27]. Furthermore, 
in our model SIgGC could be calculated from STPC with an 
accuracy of 70% at any day of neonatal period of lambs.

Overall the present study disclosed that the first week 
of neonatal life was critical for lamb’s health and passive 
transfer of immunity was of paramount importance for 
maintenance of health. The study also revealed critical cut 
off point of SIgGC and STPC at 24 h after birth for increased 
risk of disease and death in the both periods. STPC using a 
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<55 g/L and SIgG-24 ≤600 mg/dL threshold value resulted 
in correct classification of the highest percentage of lambs 
with regard to their passive transfer status. It was also noted 
that CIgGC and CTPC have essential role in prevention of 
diseases in lambs. Furthermore, there was a significant 
linear relationship between CIgGC and CTPC. Therefore, 
serum TP concentration was an important consideration in 
determining passive transfer of immunity and colostrum 
quality in sheep farms.
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Abstract
Our aim was to investigate the protective role of ozone treatment against gentamicin-induced nephrotoxicity in an experimental rat model.
In this study, a total of 30 rats were allocated in 5 groups (n=6 in each group). The control group (Group 1) received isotonic saline only, while 
Groups 2 and 3 received gentamicin at doses of 15 mg/kg/day and 50 mg/kg/day, respectively. In Group 4, intraperitoneal ozone treatment 
(1 mg/kg, 5% O3-95% O2) was performed after administration of gentamicin at a dose of 15 mg/kg/day. Group 5 underwent ozone treatment 
intraperitoneally following the application of gentamicin (50 mg/kg/day). Nephrotoxicity was formed by administration of glycerol. Serum levels 
of urea, creatinine, neutrophil-gelatinase-associated lipocalin (NGAL), lactate dehydrogenase (LDH), total antioxidant capacity (TAC) and protein 
carbonyl were measured, and kidneys were histopathologically examined after the sacrifice of animals on the 5th day.  Group 4 displayed more 
favorable outcomes regarding biochemical markers of oxidative stress such as NGAL, LDH, creatinine, urea, TAC and protein carbonyl. Similarly, 
histopathological alterations indicating gentamicin-induced nephrotoxicity such as hemorrhage, the presence of protein casts and epithelial 
injury in renal tubules were less evident in Groups 4 and 5 which received ozone treatment. To conclude, results of this experimental study 
demonstrated that ozone treatment might ameliorate biochemical disturbances and histopathological alterations linked with gentamicin-
induced nephrotoxicity. However, further trials are warranted to document the actual therapeutic potential of ozone treatment in the clinical setting.

Keywords: Gentamicin-induced nephrotoxicity, Ozone, Oxidative stress, NGAL, Antioxidant defense

Gentamisinin İndüklediği Nefrotoksisitede Ozonun Koruyucu Etkisi ve 
Neutrophil Gelatinase-Associated Lipocalin (NGAL) Düzeyleri: Deneysel 

Çalışma

Öz
Deneysel sıçan modelinde, ozon tedavisinin gentamisin kaynaklı nefrotoksisiteye karşı koruyucu rolünü araştırmak amaçlanmıştır. Bu çalışmaya 
5 grup olacak şekilde toplamda 30 rat dahil edildi (her grupta n = 6). Kontrol grubu (Grup 1) sadece izotonik salin alırken, Grup 2 ve 3, sırasıyla 15 
mg/kg/gün ve 50 mg/kg/gün dozlarında gentamisin aldı. Grup 4’e 15 mg/kg/gün dozunda gentamisin uygulamasından sonra intraperitoneal 
ozon tedavisi (1 mg/kg, %5 O3-%95 O2) uygulandı. Grup 5’e 50 mg/kg/ gün dozunda gentamisin uygulamasından sonra intraperitoneal ozon 
tedavisi (1 mg/kg, %5 O3-%95 O2) uygulandı. Gliserol uygulanması ile nefrotoksisite oluşturuldu. Serum düzeyleri üre, kreatinin, nötrofil-jelatinaz 
ilişkili lipokalin (NGAL), laktat dehidrojenaz (LDH), total antioksidan kapasite (TAC) ve protein karbonil ölçüldü ve 5. gün hayvanların sakrifiye 
edilmesinden sonra böbrekler histopatolojik olarak incelendi. Grup 4’ün; NGAL, LDH, kreatinin, üre, TAC ve protein karbonil gibi oksidatif stresin 
biyokimyasal belirleyicileri ile daha olumlu sonuçlar verdiği gözlemlendi. Benzer şekilde, kanama, protein döküntüleri ve renal tüplerde epitel 
hasarı gibi gentamisin ile indüklenen nefrotoksisiteyi gösteren histopatolojik değişiklikler, ozon tedavisi alan Grup 4 ve 5’te daha az belirgindi. 
Bu deneysel çalışmanın sonuçları ozon tedavisinin, gentamisin kaynaklı nefrotoksisite ile bağlantılı biyokimyasal bozuklukları ve histopatolojik 
değişiklikleri iyileştirebileceğini göstermiştir. Bununla birlikte, klinik ortamda ozon tedavisinin gerçek terapötik potansiyelini belgelemek için 
daha fazla deneme yapılması gerekmektedir.

Anahtar sözcükler: Gentamisin kaynaklı nefrotoksisite, Ozon, Oksidatif stres, NGAL, Antioksidan savunma
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INTRODUCTION

Kidneys are frequently vulnerable to the deleterious effects 
of various drugs. Among these, antibiotics are the most 
common medications resulting in nephrotoxicity. The  
reason for this is excretion of antibiotics or their metabolites 
and high concentration of these substances in renal tissue. 
Nephrotoxicity due to antibiotics may occur due to several 
mechanisms including direct cellular injury, immunological 
mechanisms, hypersensitivity reactions and intratubular 
obstruction attributed to precipitation of drugs. Acute 
renal failure (ARF) linked with acute tubular necrosis, 
or acute interstitial nephritis may be encountered as a 
consequence of these pathological processes. Moreover, 
disturbances of acid-base and electrolyte balances may be 
detected following the use of antibiotics [1-5]. 

Nephrotoxicity is diagnosed in 10-25% of patients treated 
with aminoglycosides. Nephrotoxicity may develop due to 
the toxic accumulation in the renal cortex and diminution 
of glomerular filtration and renal blood flow. Risk factors 
involve advanced age, former renal dysfunction, dehydration, 
pregnancy, hypothyroidism, metabolic acidosis, use of 
other nephrotoxic agents (amphotericin B, vancomycin, 
diuretics, non-steroidal anti-inflammatory drugs, cisplatin, 
cyclosporin) and long-term administration of antibiotics [6].

In current practice, monitorization of serum levels of creatinine 
and aminoglycosides, the omission of simultaneous use of 
other nephrotoxic agents and limitation of the administration 
of aminoglycosides in short-term are recommended 
to decrease the risk of nephrotoxicity. Gentamicin is an 
important aminoglycoside used against Gram (-) bacterial 
infections. Acute renal failure is detected in up to 20% 
of patients even after the use of aminoglycosides at 
therapeutic doses [7-10].

Neutrophil gelatinase-associated lipocalin (NGAL) gene 
was recently shown to be one of the maximally induced 
genes early phase in the postischemic and nephrotoxic 
kidney injury. NGAL production is rapidly increasing in 
response to renal epithelium damage or inflammation. 
Animal models of NGAL protein have been shown to 
increase in renal tubule cells in ischemic and nephrotoxic 
akute kidney injury, as well as in plasma and urine levels. 
Protein carbonyl content is the most general  and  well-
used biomarker of severe oxidative protein damage  [11-15].   

Glycerol administration is an established model for ARF in 
rats [16]. In the present study, we aimed to investigate the 
alterations in biochemical markers, and histopathological 
indicators of renal injury in an experimental model of 
ARF triggered with the administration of glycerol in rats 
receiving aminoglycosides at two different doses high 
doses. Furthermore, we sought whether ozone exhibited 
a protective effect against the hazardous impacts of 
gentamicin on kidneys.   

MATERIAL and METHODS

Study Design 

In this experimental study, ARF was elicited with the use 
of 50% glycerol at a dose of 9 mL/kg intramuscularly in all 
groups else than the control group. Five groups (n=6 for 
each group) consisting of male Sprague-Dawley rats were 
constituted. The animals were kept under a 12 h light/
dark cycle with room temperature maintained at 25°C, 
humidity at 60% and food and water available ad libitum. 
The experiments were performed in compliance with the 
ethical guidelines for investigations in laboratory animals 
and were approved by the Ethical Committee for Animal 
Experimentation (The study was approved from the Kafkas 
University Animal Experiments Local Ethics Committee 
(KAÜ-HADYEK/2018-076).

After the administration of glycerol, rats were followed-up 
for macroscopic hematuria. Gentamicin was parenterally 
given at doses of 15 mg/kg/day and 50 mg/kg/day 
consecutively for 3 to 5 days. In the control group (Group 1), 
isotonic saline (0.1 mL) was administered intraperitoneally 
for five days. Second and third groups received gentamicin 
at doses of 15 mg/kg/day and 50 mg/kg/day, respectively. 
In the fourth group, intraperitoneal ozone treatment (1 
mg/kg, 5% O3-95% O2) was performed after administration 
of gentamicin at a dose of 15 mg/kg/day. The fifth group 
underwent ozone treatment intraperitoneally (1 mg/kg, 
5% O3-95% O2) following application of gentamicin (50 
mg/kg/day). After the treatment protocols were complete, 
intracardiac blood samples were obtained from rats that 
were kept fasting for 8 h. Body weights of all animals were 
recorded in 5 groups. Prior to the intervention, thiopental 
sodium was intraperitoneally given at a dose of 75 mg/
kg. Animals were sacrificed on the 5th day, while those 
with the deterioration of general condition, poor feeding, 
significant macroscopic hematuria were sacrificed on the 
3rd day. Kidneys were rapidly dissected, removed and fixed 
in 10% formaldehyde. Tissues were embedded in paraffin, 
sectioned at 3 mm, stained with hematoxylin and eosin 
(H/E) and evaluated under light microscopy. 

Outcome Parameters

Histopathological examination involved assessment of 
intratubular hemorrhage, intratubular protein leakage, 
tubular epithelial injury, interstitial hemorrhage and 
inflammation, glomerular injury and edema in kidney 
tissue.

Biochemical indicators under investigation were neutrophil 
gelatinase-associated lipocalin (NGAL) (ng/mL), antioxidant 
(Mm), protein carbonyl (nmol/mL), urea (mg/dL), lactate 
dehydrogenase (LDH) (U/L), and creatinine (mg/dL).  

The laboratory investigators were blinded to the sample 
sources and clinical outcomes until the end of the study.



399

ÜSTEBAY, ÜSTEBAY, ÖZTÜRK
ERTEKİN, ADALI

Measurement of Biochemical Indicators

Neutrophil Gelatinase-Associated Lipocalin (NGAL): For 
measurement of serum NGAL levels, ELISA was performed 
in accordance with the previous literature [17]. Microtiter 
plates pre-coated with a mouse monoclonal antibody 
raised against human NGAL (HYB211-05, AntibodyShop, 
Gentofte, Denmark) were blocked with buffer containing 
1% bovine serum albumin, coated with 100 μL of serum 
samples or standards (NGAL concentrations ranging from 
1-1000 ng/mL, Randox Laboratories, Crumlin, UK), and 
incubated with a biotinylated monoclonal antibody against 
human NGAL (HYB211-01B, AntibodyShop) followed by 
avidin-conjugated HRP (Dako, Carpinteria, CA, USA). TMB 
substrate (BD Biosciences, San Jose, CA) was added for 
color development, which was read after 30 min at 450 
nm with a microplate reader (Benchmark Plus, BioRad, 
Hercules, CA, USA). All measurements were made in 
triplicate. The inter- and intra-assay coefficient variations 
ranged between 5-10%. 

Total Antioxidant Capacity (TAC): Total antioxidant 
capacity (TAC) was measured in serum via a commercially 
available kit (Randox Co, England). The assay is based on 
the incubation of 2, 2’-azinodi-(3-ethylbenzthiazoline 
sulphonate) (ABTS) with methmyoglobin and hydrogen 
peroxide to produce the radical cation ABTS+, which has 
a relatively stable blue-green color, measured at 600 nm. 
The suppression of the color is compared with that of 
the Trolox, which is widely used as a traditional standard 
for TAS measurement assays, and the assay results are 
expressed as Trolox equivalent (mmol/L) [18].

Protein Carbonyl: Serum protein levels were measured, 
and the concentration was brought to 0.5-2.0 mg protein 
in the test sample by diluting with high purity water 
(TKA MicroMed, TKA Wasseraufbereitungssysteme GmbH, 
Germany). Protein carbonyls (damaged proteins) in the 
serum were measured using a commercially available 
protein carbonyl content kit (BioVision Inc., USA) according 
to the manufacturer’s instructions [19].

Urea and Creatinine: Serum urea and creatinine were 
determined using the standard assay kit following back 
titration, diacetyl monoxime, and alkaline picrate methods, 
respectively [20].

Lactate Dehydrogenase (LDH): Following serum preparation, 
level of LDH was measured using the method described by 
Buhl and Jackson [21].

Statistical Analysis

Biochemical variables were compared using one way 
ANOVA, and post hoc comparisons were carried out by 
Tukey HSD test under the assumption of equal variances. 
The assumption of normality is assessed with the Shapiro-
Wilk test for each group (P>0.05). The pathological 
variables were compared using the Fisher’s exact tests. 

RESULTS
A comparative analysis of biochemical variables including 
NGAL, protein carbonyl, urea, creatinine, and LDH in 5 
experimental groups is shown in Table 1 and Fig. 1. Our 
results yielded that Group 4 displayed the most favorable 
results in terms of markers of antioxidant defense and 
oxidative stress. Interestingly, an increased dose of 
gentamicin seemed to result in deterioration of oxidative 
system balance in spite of administration of ozone 
treatment. An increased dose of gentamicin without 
administration of ozone treatment was associated with a 
more obvious increase in biochemical variables, whereas 
rats receiving the therapeutic dose of gentamicin together 
with the application of ozone treatment displayed the 
most favorable outcomes. 

In Table 2, an overview of frequencies of histopathological 
alterations is presented. Accordingly, hazardous histo-
pathological effects of gentamicin-induced nephropathy 
such as intratubular hemorrhage, tubular protein cast 
formation and tubular epithelial injury were alleviated by 
administration of ozone treatment in Group 4. However, 
histopathological changes such as interstitial hemorrhage 
and interstitial inflammation did not display any significant 
differences between any groups. Fig. 2-5 demonstrate 
various histopathological alterations that occur secondary 
to gentamicin-induced nephrotoxicity. 

DISCUSSION
The purpose of the present study was to determine the effect 
of ozone treatment against gentamicin-induced nephro- 
toxicity in an experimental rat model. Histo-pathological 
and biochemical evaluations of tissue and serum samples 
obtained from subjects demonstrated that ozone treatment 
alleviated the nephrotoxic effects, particularly in rats 
receiving therapeutic doses of gentamicin. These effects 
were evident both at the tissue level and in terms of 
biochemical oxidative stress marker levels. 

The mechanism underlying aminoglycoside-induced 
nephrotoxicity is not well elucidated. The increase in 
oxidative stress markers and pathological alterations in 
renal tissue may provide important hints on the underlying 
pathophysiology. Histopathological examination of the 
kidneys of rats yielded that intratubular hemorrhage, 
tubular epithelial injury, glomerular injury and edema 
might reflect the renal injury secondary to aminoglycosides. 
As a novel mode of treatment, ozone may have remarkable 
potential as a protective agent against gentamicin-
induced nephrotoxicity. As shown in relevant publications, 
the basis for this potential may be related to antioxidative 
mechanisms [22].

Borrego et al.[23] reported that oxidative preconditioning 
with ozone (O3) displayed protective effects against drug-
induced acute nephrotoxicity in rats. They noted that 
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Fig 1. Demonstration of alteration of neutrophil gelatinase associated lipocalin, antioxidant, protein carbonyl, 
urea, lactate dehydrogenase and creatinine levels in 5 experimental groups

Table 1. Comparison of biochemical variables between groups 

Variable
Groups

Group 1 Group 2 Group 3 Group 4 Group 5 P+

NGAL (ng/mL) 
Min-Max (Mean)

4.2-10.0 
(6.4)

24.7-51.7
(41.52)

45.6-81.3
(68.6)

10.1-22.5
(16.2)

20.5-67.1
(43.1) <0.001

Tukey HSD Test/F value (2.1)b,c,e (10.2)a,c,d (14.3)a,b,d,e (4.2)b,c,e (18.0)a,c,d

TAC (Mm) 
Min-Max (Mean)

2.0-3.8
(2.8)

3.2-3.8
(3.6)

2.1-3.7
(3.1)

3.8-4.6
 (4.2)

3.9-4.7
(4.3) <0.001

Tukey HSD Test/F value (0.7)d,e (0.2) (0.6)d,e (0.3)a,c (0.4)a,c

Protein carbonyl (nmol/mL) 
Min-Max (Mean)

43.4-80.4
(64.5)

75.0-108.8
(87.9)

94.2-115.9
(101.2)

68.8-89.5
(79.3)

68.1-83.6
(77.7) <0.001

Tukey HSD Test/F value (12.8)b,c (12.2)a (8.6)a,d,e (7.9)c (7.4)c

Urea (mg/dL) 
Min-Max (Mean)

34-58
(41.3)

364-632
(488.3)

505-771
(624.0)

58-352
(198.3)

398-771
(498.2) <0.001

Tukey HSD Test/F value (8.8)b,c,e (102.7)a,d (115.9)a,d (112.8)b,c,e (155.1)a,d

LDH (U/L) 
Min-Max (Mean)

736-913
(834.5)

953-1182
(1100.5)

1471-2204
(1769.0 )

354-1380
(839.5)

763-1123
(962.8) <0.001

Tukey HSD Test/F value (71.6)c (80.0)c (319.5)a,b,d,e (350.8)c (145.0)c

Creatinine (mg/dL) 
Min-Max (Mean)

0.45-0.59
(0.50)

4.73-7.98
(6.23)

9.43-11.7
(10.35)

2.85-5.75 
(4.05)

3.04-9.48
(6.11) <0.001

Tukey HSD Test/F value (0.05)b,c,d,e (1.26)a,c (0.88)a,b,d,e (1.30)a,c (3.05)a,c

+ One-way ANOVA is performed; TAC: total antioxidant capacity; NGAL: neutrophil gelatinase-associated lipocalin; LDH: lactate dehydrogenase; Post hoc comparisons 
are conducted for further investigation of the differences between individual groups using the Tukey HSD test which assumes equal variances for the groups. Statistically 
significant differences are presented. a P<0.05 is observed for comparison with Group 1; b P<0.05 is observed for comparison with Group 2; c P<0.05 is observed for 
comparison with Group 3; d P<0.05 is observed for comparison with Group 4; e P<0.05 is observed for comparison with Group 5; The letters a, b, c, d, e in superscripts indicate 
Groups 1, 2, 3, 4, 5, respectively. They indicate the groups with which the group displays significant difference in terms of variable under investigation
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Fig 2. Extensive presence of protein casts and fibrin (H&E; 
100x magnification); green arrowheads denote fibrin and 
white arrowheads indicate protein casts

Table 2. Comparison of frequencies for pathological variables

Pathological Variables Group 1 (n=6) Group 2 (n=6) Group 3 (n=6) Group 4 (n=6) Group 5 (n=6) P+

Intratubular hemorrhage 

None 6b,c,d,e 0a,d,e 0a,d,e 0a,b,c 0a,b,c

<0.001
Moderate 0b,c,d,e 0a,d,e 0a,d,e 4a,b,c 3a,b,c

Mild 0b,c,d,e 1a,d,e 0a,d,e 1a,b,c 3a,b,c

Severe 0b,c,d,e 5a,d,e 6a,d,e 1a,b,c 0a,b,c

Intratubular protein casts

None 6 b,c,d,e 0a 0a,d 0a,c 0a

<0.001
Moderate 0 b,c,d,e 0a 0a,d 4a,c 3a

Mild 0b,c,d,e 5a 3a,d 2a,c 3a

Severe 0 b,c,d,e 1a 3a,d 0a,c 0a

Intratubular epithelial injury

None 6b,c,d,e 1a,d 0a,d 0a,b,c 0a

<0.001
Mild 0b,c,d,e 0a,d 0a,d 5a,b,c 4a

Moderate 0b,c,d,e 5a,d 6a,d 1a,b,c 2a

Severe 0b,c,d,e 0a,d 0a,d 0a,b,c 0a

Interstitial hemorrhage 0 0 0 0 0 -

Interstitial inflammation 0 0 0 0 0 -

Glomerular injury

None 6b,c 0a 0a 3 2
<0.01

Minimal 0b,c 6a 6a 3 4

Edema

None 6 5 5 3 3
N/A

Yes 0 1 1 3 3
+Fisher’s Exact test is performed
a P<0.05 is observed for comparison with Group 1; b P<0.05 is observed for comparison with Group 2; c P<0.05 is observed for comparison with Group 3; d 

P<0.05 is observed for comparison with Group 4; e P<0.05 is observed for comparison with Group 5
The letters a, b, c, d, e in the table indicate Groups 1, 2, 3, 4, and 5, respectively. They show the groups with which the group displays significant difference in 
terms of variable under investigation
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Fig 5. Dilatation and epithelial degenration in tubules (H&E; 
400x magnification), white arrowheads indicate degenerated 
tubular epithelium

Fig 4. Extensive intratubular casts (H&E; 200x magnification), 
intratubular protein casts are demonstrated with white 
arrowheads

Fig 3. Decreased protein casrs in cortical tubules (H&E; 100x 
magnification), green arrowheads show tubules without 
protein casts, while white arrowheads indicate protein casts
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ozone treatment remarkably avoided the decrease in renal 
antioxidant defense mechanisms and thereby avoided 
the deleterious impacts of drugs [23,24]. They implied that 
the beneficial effects of ozone treatment were dose-
dependent. Ozone treatment was supposed not only to 
enhance the biosynthesis of antioxidant enzymes but also 
it could inactivate deleterious pathways of oxidative stress 
injury [23,24]. In conjunction with our results, ozone treatment 
may attenuate renal tubular damage and facilitate the 
regenerative response of damaged renal tubular cells. 
The renal damage caused by aminoglycosides may be a 
consequence of depletion and inhibition of antioxidant 
systems. 

Aminoglycosides have been commonly used due to their 
powerful effects particularly against life-threatening 
Gram (-) infections. However, nephrotoxicity may occur 
in up to 10-15% of patients and may influence the rates 
of morbidity, mortality, cost-effectivity as well as the 
duration of hospitalization [1,2,25]. Aminoglycosides are 
polycationic drugs that are water-soluble, and they 
scarcely bind to plasma proteins. They are excreted from 
kidneys without any significant metabolic change. Some 
amount of drug may bind to the anionic phospholipids 
on the apical membrane of tubular cells, and it may be 
transferred intracellularly to lysosomes using pinocytosis. 
The subsequent release of lysosomal content to the 
cytoplasm may cause deterioration of respiratory functions 
of mitochondria, which leads to the formation of reactive 
oxygen species. Accumulation of drug in renal cortex 
causes a high level of drug at tissue compared to the serum 
drug levels. Binding of aminoglycosides on the double 
phospholipid layer of cell membrane adversely affects 
the transport processes and receptor functions. Thereby, 
the damaged cellular membrane cannot be repaired, 
and necrosis can be evident. Clinically, aminoglycoside-
induced nephrotoxicity may lead to various renal findings. 
Deterioration of proximal tubular transport may result in 
glucosuria, aminoaciduria, and tubular proteinuria. Loss of 
potassium and magnesium may be attributed to an adverse 
effect on membrane transport and cellular permeability. 
Disturbance of the effect of adenylate cyclase on renal 
collecting ducts may cause failure of the concentrating 
function of kidneys in case of aminoglycoside-induced 
nephrotoxicity. Aminoglycoside nephrotoxicity is diagnosed 
clinically as a non-oliguric acute renal failure after 
administration of aminoglycoside treatment for about one 
week. Monitorization of drug levels to foresee nephro-
toxicity is a controversial issue since the increase of 
threshold value is mostly due to the decrease of excretion 
linked with diminution of glomerular filtration rate. In 
other words, the increased threshold already indicates 
the presence of nephrotoxicity. Furthermore, there has 
been no relationship between peak aminoglycoside 
levels and occurrence of renal failure. Thus, follow-up of 
aminoglycoside levels has very limited value for early 
identification of nephrotoxicity [1,2,26-28].

In the literature, there are publications that support the 
beneficial effects of ozone treatment against cisplatin 
-induced nephrotoxicity [23,24]. To the best of our know-
ledge, this study is the first trial that demonstrated 
the protective effects of ozone against gentamicin-
induced nephrotoxicity. We hope that our promising 
results for the use of ozone to ameliorate the hazardous 
effects of aminoglycosides on kidneys may encourage 
implementation of further experimental and clinical trials 
on this topic. The utility of ozone against gentamicin-
induced nephrotoxicity may not only improve the rates 
of mortality and morbidity, but it may also contribute to 
achieving a more favorable cost-effectivity. 

The oxidative features of ozone function as a double-
edged sword. The generation of reactive oxygen species 
(ROS) may trigger either cell-activation or impairment 
depending on the amount. Usually, an optimal amount 
of ROS may activate phosphokinases and enhance the 
intracellular calcium levels; exerting a cytoprotective effect. 
On the other hand, a large amount of ROS is associated 
with hyperoxidation of DNA lipids and proteins, which in 
turn causes further impairment of cellular metabolism [23]. 
Hence, determination of the optimal dose in ozone 
treatment is a key point that remains to be investigated in 
further studies.

Moreover, possible protective roles of other antioxidant 
agents such as vitamin E, ascorbic acid, lipoic acid and 
glutathione against aminoglycoside-induced nephro-
toxicity must be elucidated. Borrego et al.[23] have reported 
that ozone pretreatment had eliminated the increase 
in serum creatinine levels and had inhibited the acute 
tubular necrosis induced by cisplatin in renal tissue. 
Our data demonstrated that ozone might display these 
beneficial effects similarly versus gentamicin-induced 
nephrotoxicity..

Evaluation of both biochemical and histopathological 
aspects of ozone was a strength of the present study. On 
the other hand, lack of investigation of the dose-related 
effects of ozone treatment on gentamicin-induced nephro- 
toxicity was a weakness of our study. 

To conclude, results of this experimental study demonstrated 
that ozone treatment might ameliorate biochemical 
disturbances and histopathological alterations due to 
gentamicin-induced nephrotoxicity. However, further trials 
are warranted to document the actual therapeutic potential 
of ozone treatment in the clinical setting.
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Abstract
The objective of this study was to develop a TaqMan probe-based, sensitive, specific duplex real-time PCR assay for simultaneous 
detection of Mycoplasma hyopneumoniae and Mycoplasma hyorhinis. The specific primers and probes, labeled with FAM and Texas 
Red, respectively, were designed to amplify the p97 gene of M. hyopneumoniae and p37gene of M. hyorhinis. The duplex real-time PCR 
reaction mixtures were established and optimized and the sensitivity, specificity and reproducibility of the assay were assessed. The 
sensitivity of the duplex real-time PCR was found to be 10 copies/μL for both M. hyopneumoniae and M. hyorhinis, respectively. There 
was no cross reaction with other common viral and bacterial pathogens. The concentration of standard coefficient of variation of Ct 
values was less than 5%, indicating a good reproducibility. Clinical samples (n = 937) were tested by the duplex real-time PCR assay, 
including broncho-alveolar lavage fluids, nasal swabs, tissues and cell culture supernatant. Duplex real-time PCR for simultaneous 
detection of M. hyopneumoniae and M. hyorhinis was highly sensitive and can be utilized for diagnosing clinical samples. It is time-
efficient and economic, thereby providing a new approach to control both M. hyopneumoniae and M. hyorhinis.

Keywords: Mycoplasma hyopneumoniae, Mycoplasma hyorhinis, duplex real-time PCR, Swine, Detection

Mycoplasma hyopneumoniae ve Mycoplasma hyorhinis’in Aynı Anda 
Tespitinde Gerçek Zamanlı, Dubleks PCR Metodunun Uygulanması

Öz
Bu çalışmanın amacı, Mycoplasma hyopneumoniae ve Mycoplasma hyorhinis’in aynı anda tespitinde TaqMan prob temelli, hassas, 
spesifik dubleks gerçek zamanlı PCR yönteminin geliştirilmesidir. FAM ve Teksas Kırmızısı ile işaretli spesifik primer ve problar M. 
hyopneumoniae p97 geni ile M. hyorhinis p37 geninin amplifikasyonu amacıyla dizayn edildi. Dubleks gerçek zamanlı PCR reaksiyon 
karışımları oluşturularak optimize edildi ve yöntemin hassasiyetliği, özgüllüğü ve tekrarlanabilirliği hesaplandı. Dubleks gerçek 
zamanlı PCR’ın hassasiyetliği hem M. hyopneumoniae hem de M. hyorhinis için 10 kopya/μL olarak bulundu. Diğer yaygın viral ve 
bakteriyel patojenler ile çapraz reaksiyon yoktu. Ct değerlerinin varyasyonlarının standart katsayısının konsantrasyonu %5’ten az olup 
iyi bir tekrarlanabilirliğe işaret etmekteydi. Bronkoalveoler lavaj sıvısı, nazal svablar, dokular ve hücre kültürü süpernatantlarını içeren 
klinik örnekler (n = 937) dubleks gerçek zamanlı PCR ile test edildi. Mycoplasma hyopneumoniae ve Mycoplasma hyorhinis’in aynı anda 
tespitinde dubleks gerçek zamanlı PCR oldukça yüksek hassasiyetliğe sahip olup klinik örneklerde tanı amacıyla kullanılabilir. Yöntem 
kısa zamanda uygulanabilmesi ve ekonomik olması sebebiyle hem M. hyopneumoniae hem de M. hyorhinis’in kontrolünde yeni bir 
yaklaşım olarak kullanılabilir.

Anahtar sözcükler: Mycoplasma hyopneumoniae, Mycoplasma hyorhinis, Dubleks gerçek zamanlı PCR, Domuz, Tespit
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INTRODUCTION

Mycoplasma hyopneumoniae and Mycoplasma hyorhinis are 
members of the Mycoplasmatales family that affect swine 
health and production in worldwide [1]. M hyopneumoniae 
is the etiological agent of enzootic pneumonia in swine, 
a chronic respiratory disease characterized by highly 
infectious, high morbidity and low mortality rates [2]. In 
the acute phase of the disease, catarrhal pneumonia 
is observed, with exudates in the airways. The bronchial 
and mediastinal lymph nodes are often enlarged. In the 
chronic stage of the disease, recovering lesions, consisting 
of fissures of collapsed alveoli adjoining areas of alveolar 
emphysema, are observed [3]. M. hyopneumoniae is a very 
contagious bacterium and may be transmitted via direct 
contact between pigs [4] or via the environment [5,6]. 

M. hyorhinis is a common pollutant in cell culture  and  
is associated with the development of certain human  
tumor diseases in vitro [7], with unknown the mechanisms.  
It may cause arthritis, polyserositis, ear infections, 
pneumonia, pleurisy, peritonitis, pericarditis, pharyngeal 
tube inflammation and otitis media [8-10], with high 
morbidity and low mortality rates. The mixed bacterial 
infection with porcine enzootic pneumonia and porcine 
reproductive and respiratory syndrome was thought 
to facilitate the development of disease. M. hyorhinis 
generally occurs in 3 to 10-week-old pigs and is generally 
transmitted through nasal secretions by sows to piglets. It 
has been isolated from the nasal secretions of about 30-
40% of weaning pigs or from lung tissue with typical lesions.

The establishment of detection methods for M. 
hyopneumoniae and M. hyorhinis is crucial for epidemiological 
and pathogenesis studies. Many methods are mainly 
based on clinical diagnosis (slaughterhouse monitoring), 
bacterial culture, serology and molecular biology diagnostic 
methods [11-15]. The culture isolation detection method 
is often regarded as the gold standard method for M. 
hyopneumoniae detection. Molecular detection systems 
have the potential to provide a higher degree of sensitivity 
and time-saving compared to culture isolation. PCR 
methods have been applied to lung tissue [16-18], aerosol 
samples [19], nasal swabs [20-23], broncho-alveolar lavage 
fluids and cell culture. Fluorescent, quantitative PCR 
technology is a method of choice to diagnose diseases 
because of its high sensitivity/specificity as well as being 
rapid, quantitative and accurate [24]. This study established 
a method for simultaneous detection of M. hyopneumoniae 
and M. hyorhinis. The double fluorescent quantitative PCR 
method of M. hyopneumoniae is helpful for rapid qualitative 
and quantitative monitoring of M. hyopneumoniae and M. 
hyorhinis infections, providing a useful technology for the 
prevention and control of animal diseases caused by these 
organisms. It is simpler, faster, more accurate and has wide 
application prospect when compared to conventional 
PCR, nested PCR and singleplex real-time PCR.

MATERIAL and METHODS 

The laboratory in which this study was conducted practices 
strict physical separation of all the various steps involved 
in PCR, and a unidirectional workflow was employed to 
reduce risk of contamination.

Bacterial Strains, Virus and Cells

Fourteen bacterial and viral strains were detected. Bacterial 
strains: Actinobacillus pleuropneumoniae, Escherichia coli, 
Haemophilus parasuis, M. hyopneumoniae, M. hyorhinis, M. 
flocculare, M. gallisepticum, and Staphylococcus aureus, as 
well as viruses: Porcine circovirus type 2 (PCV2), Porcine 
reproductive and respiratory syndrome virus (PRRSV), 
porcine parvovirus infection (PPI), classical swine fever 
virus (CSFV) and Swine influenza virus were isolated, 
identified and provided by the Institute of Veterinary 
Medicine, Jiangsu Academy of Agricultural Sciences, China. 
M. hyosynoviae (M60, ATCC® 27720™) was obtained from 
the American Type Culture Collection (Rockville, Md.).

Twelve cell lines, including the parental porcine mono-
myeloid cell line (3D4/21; ATCC CRL-2843), St. Jude porcine 
lung cells (SJPL; ATCC PTA-3256), porcine kidney cell (PK15; 
ATCC PTA-8244) and swine tracheal epithelial cells (STEC) 
were provided by the Institute of Veterinary Medicine, 
Jiangsu Academy of Agricultural Sciences, China. 

DNA and RNA Extraction

Processing of the lung tissue: The dead swine to be tested 
were euthanatized and fresh lung tissues were taken 
and rinsed with sterile phosphate buffered saline (PBS) 
solution. The junctions of normal and diseased tissue were 
cut, and DNA was extracted from the tissue using Column 
Animal DNAOUT Kit (Tiandz Inc., Beijing, China) following 
the manufacturer’s instructions [19]. 

Processing of bronchial alveolar lavage fluids: The trachea 
was filled with sterile PBS solution and gently kneaded to 
ensure full immersion of PBS solution into the lung tissues 
and BALF samples were collected [25]. DNA was extracted 
using Column Bacterial DNAOUT (Tiandz Inc.).

Processing of aerosol samples: Aerosol samples were 
collected using an electromagnetic air pump [26] in pig 
herds, injected into Erlenmeyer flask, and centrifuged at 
12000 rpm/min. The precipitate was collected and used to 
extract DNA using the phenol-chloroform method [27].

Processing of nasal swabs sample: Pigs were tethered  
and a cotton swab was gently touched to the nasal 
septum to stimulate swine sneezing 3 times. The swab was 
pulled and placed into sterile PBS solution at 4°C for 12 h. 
Following centrifugation at 10000 rpm/min for 5 min, the 
precipitate was collected and used to extract DNA using 
Column Swab DNAOUT Kit (Tiandz Inc.) according to the 
manufacturer’s instructions.
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Processing of bacterial and viral strains: DNA of A. 
pleuropneumoniae, E. coli, H. parasuis, M. flocculare, M. 
gallisepticum, M. hyopneumoniae, M. hyorhinis, M. hyosynoviae, 
S. aureus, and PPI was extracted using the Column Bacterial 
DNAOUT kit (Tiandz Inc.). RNA of PCV2, PRRSV, CSFV, Swine 
influenza virus was extracted using the One-Tube Viral 
DNA-RNAOUT kit (Tiandz Inc.). 

Primers and Probes

The real-time PCR method for M. hyopneumoniae p97 
assay has been described previously by Strait et al.[28]. 
The M. hyorhinis-specific real-time PCR assay developed 
according to our previous studies [29] was modified slightly. 
The difference was reflected on the labeling of the probe. 
Optimization included using M. hyorhinis p37 sequence 
as the probe instead of the previously described labeling 
with 5’-6-carboxyfluorescein (FAM) and a 3’ minor grove 
binder (MGB) non-fluorescent quencher, a Texas Red-
labeled probe was used (Table 1). All oligonucleotides 
were synthesized by TaKaRa (Dalian, China).

Optimization of Duplex Real-Time PCR Assay

The concentrations of the primers and the probe were 
optimized to establish the optimum duplex real-time 
PCR reaction system. DNA of M. hyopneumoniae and M. 
hyorhinis were used as template, the primers concentration 
range (3 μM to 10 μM), a probe concentration range (0.5 μM 

to 5 μM), and an annealing temperature (50°C to 60°C). The 
duplex real-time PCR reaction system (20 μL) was composed 
as follows: 10 μL AceQ qPCR probe Master Mix (Vazyme 
Biotech Co., Ltd), 1 μL template (approximately 0.1 ng/
μL), 1 μL ddH2O, the primers and probes (concentrations 
described in Table 1) were merged as a master mix. Each 
run included a positive control (the gradient dilution of 
recombinant plasmid), a negative control (ddH2O). The 
reaction conditions were as follows: 40 cycles of 50°C for 
2 min, 95°C for 10 min; 95°C for 15 s, 60°C for 60 s). The 
reaction was carried out in Quant Studio 5 Real-Time 
PCR System (Applied Biosystems, Foster City, CA, USA). 
Templates were tested in triplicate and the Cycle threshold 
(CT) values were plotted against the copy number in order 
to verify the reproducibility.

Testing Inter- and Intra-Detection Specific of Assay

Positive plasmid of M. hyopneumoniae and M. hyorhinis 
was prepared as described by Strait et al.[28] and Bai et 
al.[29]. The plasmids were diluted 10 times as standard 
template, and optimized reaction mixtures and conditions 
were utilized to detect the sensitivity of the method. DNA 
and RNA extracted from 14 bacterial and viral strains 
were used to confirm the specificity of the assay. These 
strains included A. pleuropneumoniae, E. coli, H. parasuis, S. 
aureus, M. flocculare, M. gallisepticum, M. hyopneumoniae, 
M. hyorhinis, M. hyosynoviae, PCV2, PRRSV, PPI, CSFV, and 
Swine influenza virus (Fig. 1).

Table 1. The primers and probes selected for singleplex and duplex real-time PCR

Primers or 
Probes Sequence 5’-3’ Genomic

Target

Concentration (pmol/reaction)

ReferencesSingleplex Real-
Time PCR

Duplex Real-Time 
PCR

p97F CCAGAACCAAATTCCTTCGCTG

p97

1 0.5
[28]p97R ACTGGCTGAACTTCATCTGGGCTA 1 0.5

p97P FAMa-AGCAGATCTTAGTCAAAGTGCCCGTG–TAMRAb 0.5 0.5

p37F AGAAGGTTCTTTTGCTTGAACACA

p37

1 0.5
[29]p37R TGCTTCCATCTTTTCATTTGCTT 1 0.5

p37P TXRc-ATCAGCAACAAAACCTT-BHQd 0.5 1.5

a FAM, 6-carboxyfluorescein, fluorescence reporter dye; b TAMRA, Carboxytetramethylrhodamine; c TXR, texas-red, fluorescence reporter dye; d BHQ, Black Hole Quencher

Fig 1. The amplification curve of specific 
experiments: M. hyopneumoniae, M. 
hyorhinis and other strains were tested 
using the duplex real-time PCR. M. 
hyopneumoniae and M. hyorhinis tested 
positive, while the other samples (i.e., M. 
flocculare, M. gallisepticum, M. hyosynoviae, 
A. pleuropneumoniae, E. coli, H. parasuis, 
S. aureus, PCV2, PRRSV, PPI, CSFV, and 
Swine influenza virus) tested negative. 
The negative control and other common 
bacterial or viral pathogens did not 
amplify, were straight lines. There was 
no cross reaction with other common 
bacterial or viral pathogens
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Varying concentrations of M. hyopneumoniae and M. 
hyorhinis plasmid DNA (1×106, 1×105, 1×104 copies/
μL respectively), were incorporated into three reaction 
mixtures. Three batches of intra- and inter-assay testing 
were performed in order to calculate the Coefficient of 
Variation (CV) and reproducibility was also measured.

Evaluation of Clinical Samples

The duplex real-time PCR was evaluated for the detection 
of different clinical samples.  Clinical samples tested included 
broncho-alveolar lavage fluids, nasal swabs and tissues. 

One hundred negative samples from known mycoplasma-
negative pigs (15 lung tissues, 65 BALF, 20 nasal swabs) 
were frozen at -70°C by the Institute of Veterinary Medicine, 
Jiangsu Academy of Agricultural Sciences, China. Nasal 
swabs (n=583) were obtained from different eleven pig 
herds in Jiangsu province, China.

Twelve pigs were used in animal experiments to obtain 
different samples. Seven of them were experimentally 
infected with M. hyopneumoniae [7], while the remaining 
five pigs were not inoculated with M. hyopneumoniae. 
The different samples including BALF, blood and tissue 
samples (hilar lymph nodes, lung tissue, muscle, kidney, 
heart, spleen, liver, stomach, brain, pancreas, duodenum, 
jejunum, ileum, colon, rectum and cecum) were from 
these twelve pigs. All experimental procedures were 
approved by the Ethical and Animal Welfare Committee of 
the Jiangsu Academy of Agricultural Sciences (No.161028).

RESULTS

Analytical Specificity, Sensitivity and Reproducibility of 
the Duplex Real-Time PCR

Singleplex assays integrated in the newly developed 
duplex real-time PCR assay have been assessed previously 
with respect to sensitivity and specificity. The sequences 
of all primers and probes included in the duplex real-
time PCR (Table 1) were aligned with publically available 
sequence information (NCBI GenBank) with a special focus 
on porcine viruses. There was no indication of possible 
cross-reactions.

The specific detection: The duplex real-time PCR approach 
has been established to exclude non-specific reactions. 
Nucleic acids extracted from lung tissue, BALF and nasal 
swabs collected from healthy pigs were tested. All samples 
scored negative in assays included in the duplex real-time 
PCR (Table 2, sample ID 01-100). M. hyopneumoniae, M. 
hyorhinis and other strains were tested using the duplex 
real-time PCR. M. hyopneumoniae and M. hyorhinis tested 
positive, while the other samples (i.e., M. flocculare, M. 
gallisepticum, M. hyosynoviae, A. pleuropneumoniae, E. coli, 
H. parasuis, S. aureus, PCV2, PRRSV, PPI, CSFV, and Swine 
influenza virus) tested negative (Table 2, sample ID 101 

to 114). There was no cross reaction with other common 
bacterial or viral pathogens (Fig. 1). 

Establishment of the standard curve: The recombinant 
plasmid of M. hyopneumoniae and M. hyorhinis was 
diluted 10 times with 1×109 copies/μL to 1×104 copies/
μL dilution as a template for duplex real-time PCR. The 
concentration of the amplification results was the abscissa, 
and the corresponding Ct value was the ordinate, and 
two standard curves were obtained (Fig. 2). The linear 
correlation, coefficient R2 and the amplification efficiency 
E of M. hyopneumoniae and M. hyorhinis were -3.207, 1, and 
104.68%; -3.215, 1 and 105.04% respectively. The linear 
relationship of the amplified product was good between 
the Ct value and the concentration.

The sensitivity test: The analytical sensitivity in the duplex 
real-time PCR was evaluated using a series of 10-fold 
dilutions of recombination plasmid of M. hyopneumoniae 
and M. hyorhinis in three replicates per run on three 
different days. The results indicated that the sensitivity was 
10 copies/μL for both M. hyopneumoniae and M. hyorhinis 
(Fig. 3).

The reproducibility test: To test the reproducibility 
of the duplex real-time PCR, standard plasmids of M. 
hyopneumoniae and M. hyorhinis at three different 
concentrations, 1.0×107 - 1.0×105 copies/μL were used 
(Table 3). The variations were assessed by three replicates 
per run on three different days. The results demonstrated 
that the duplex TaqMan Ct values are easily achieved at 
the end of the process with a CV of Ct values between the 
intra-assay test and the inter-assay test being less than 5% 
(Table 3). The study showed that the reproducibility were 
good.

Clinical and Experimentally Infected Sample Detection 
Using Duplex Real-Time PCR

In total, 126 individual samples were tested by the duplex 
real-time PCR, and in the respective singleplex assays, 
simultaneously (Table 2, sample ID 1 to 126). Overall, a 
high agreement could be observed between the Ct values 
obtained in the duplex real-time PCR and each single-
target PCR assay for the clinical samples.

Twelve cell lines of STEC, PK15, SJPL and 3D4/21 were 
examined (Table 2, sample ID 115 to 126). Only a single 
STEC cell line was positive for M. hyorhinis. The detection 
result was accordant to that of the above Single-target 
real-time PCR. It appeared to be contaminated with M. 
hyorhinis (Table 2, sample ID 115). .

Following collection of nasal swabs from 11 pig farms 
(Table 2, sample ID 127 to 709), M. hyopneumoniae and 
M. hyorhinis could be detected, although the Ct values 
were relatively low. The positive rate of M. hyorhinis was 
higher than M. hyopneumoniae, with only a single pig farm 
where the positive rate of M. hyorhinis was lower than M. 

Duplex PCR Method for M. hyopneumoniae and M. hyorhinis
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Table 2. Assessment of diagnosis of M. hyoneumoniae and M. hyorhinis in clinical samples using real-time PCR

No. Sample Material
Duplex Real-Time PCR (Ct*) Single-Target Real-Time PCR (Ct)

M. hyopneumoniae M. hyorhinis M. hyopneumoniae M. hyorhinis

Negative samples

1-15 lung tissue no Ct no Ct no Ct no Ct

16-80 BALF no Ct no Ct no Ct no Ct

81-100 nasal swabs no Ct no Ct no Ct no Ct

Bacterial or viral strains

101 M. hyopneumoniae 20.26 no Ct 20.94 no Ct

102 M. hyorhinis no Ct 22.58 no Ct 23.01

103 M. hyosynoviae no Ct no Ct no Ct no Ct

104 M. flocculare no Ct no Ct no Ct no Ct

105 M. gallisepticum no Ct no Ct no Ct no Ct

106 H. parasuis no Ct no Ct no Ct no Ct

107 PCV2 no Ct no Ct no Ct no Ct

108 pleuropneumoniae no Ct no Ct no Ct no Ct

109 PRRSV no Ct no Ct no Ct no Ct

110 PPI no Ct no Ct no Ct no Ct

111 S. aureus no Ct no Ct no Ct no Ct

112 CSFV no Ct no Ct no Ct no Ct

113 Swine influenza virus no Ct no Ct no Ct no Ct

114 E. coli no Ct no Ct no Ct no Ct

Cell culture supernatant

115 STEC no Ct 37.3 no Ct 37.5

116 STEC no Ct no Ct no Ct no Ct

117 STEC no Ct no Ct no Ct no Ct

118 STEC no Ct no Ct no Ct no Ct

119 PK15 no Ct no Ct no Ct no Ct

120 PK15 no Ct no Ct no Ct no Ct

121 SJPL no Ct no Ct no Ct no Ct

122 SJPL no Ct no Ct no Ct no Ct

123 SJPL no Ct no Ct no Ct no Ct

124 3D4/21 no Ct no Ct no Ct no Ct

125 3D4/21 no Ct no Ct no Ct no Ct

126 3D4/21 no Ct no Ct no Ct no Ct

Clinical samples from different pig herds

127-181 nasal swabs 11/55 39/55 n.t# n.t

182-211 nasal swabs 13/30 9/30 n.t n.t

212-311 nasal swabs 18/100 31/100 n.t n.t

312-359 nasal swabs 19/47 34/47 n.t n.t

360-417 nasal swabs 18/58 25/58 n.t n.t

418-452 nasal swabs 17/35 18/35 n.t n.t

453-494 nasal swabs 18/42 31/42 n.t n.t

495-552 nasal swabs 30/58 37/58 n.t n.t

553-591 nasal swabs 2/39 27/39 n.t n.t

592-649 nasal swabs 20/58 26/58 n.t n.t

650-709 nasal swabs 21/60 23/60 n.t n.t
* Ct –cycle threshold; # n.t.-not tested
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hyopneumoniae (Table 2, sample ID 182 to 211).

Seven animals were inoculated with M. hyopneumoniae, 
while other five animals were not inoculated. The clinical 
samples from twelve pigs, including nasal swabs, BALF, 
blood, lung tissue, hilar lymph nodes, muscle, kidney, 
heart, spleen, liver, stomach, brain, pancreas, duodenum, 
jejunum, ileum, colon, rectum and cecum (Table 4) were 
detected by using the established duplex real-time PCR 

assay. All the samples of hilar lymph nodes, lung tissue 
from seven pigs inoculated with M. hyopneumoniae, BALF 
were positive for M. hyopneumoniae (Table 4 Pig No.1, 
2, 3, 4, 5, 6, and 7). In a few nasal swabs samples of the 
experimentally infected animals with M. hyopneumoniae, 
M. hyorhinis was detected, although the Ct was relatively 
low (Table 4). Pig No.4, 6, 9 and 10, these four nasal swabs 
were positive for M. hyorhinis, whether or not to be 
challenged M. hyopneumoniae.

Duplex PCR Method for M. hyopneumoniae and M. hyorhinis

Fig 2. Standard curve of duplex real-
time PCR: The linear correlation, 
coefficient R2 and the amplification 
efficiency E of M. hyopneumoniae were 
-3.207, 1, and 104.68%, respectively. 
The linear correlation, coefficient R2 
and the amplification efficiency E of M. 
hyorhinis were -3.215, 1 and 105.04%, 
respectively. The standard curve of M. 
hyopneumoniae and M. hyorhinis were y 
= -3.207x + 37.638, y = -3.215x + 36.757. 
The linear relationship of the amplified 
product was good between the Ct value 
and the concentration

Fig 3. Sensitivity test of the real-time 
PCR. A: Amplification curve of M. 
hyopneumoniae, B: Amplification curve 
of M. hyorhinis, The sensitivity of both M. 
hyopneumoniae and M. hyorhinis was 10 
copies/μL, respectively
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DISCISSION
Diseases associated with M. hyopneumoniae and M. 
hyorhinis are difficult to control because of the long 
survival of the organism in the environment, shedding 
by apparently healthy but infected animals and the 

unreliability of diagnostic tests [26,27]. Therefore, a rapid 
diagnosis of the causative agent is crucial [30]. A variety of 
detection methods for swine viruses have been developed 
during recent years, for instance, multiplex PCR [31,32], 
real-time PCR [26,33]. Wu et al.[32] established a duplex PCR 
detection method based on Hps p2 protein gene and M. 
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Table 3. The intra- and inter-detection result of duplex real-time PCR

Agent Concentration of Standard 
(copies/μL)*

Intra-Assay Inter-Assay

CV (%)# CV (%)#

M. hyopneumoniae

1×107 0.03 0.23

1×106 0.11 2.27

1×105 0.15 1.62

M. hyorhinis

1×107 0.08 1.32

1×106 0.22 1.77

1×105 0.17 2.33

* Copies/μL: the DNA copy numbers per microliter, # CV (%): Ct coefficients of variations

Table 4. Detection of M. hyopneumoniae and M. hyorhinis in experimentally infected tissues using a duplex Real-time PCR assay

Specimen

Ct# Values for Detection of M. hyopneumoniae (A) and M. hyorhinis (B)

Pig

1 2 3 4 5 6 7 8-12

A B A B A B A B A B A B A B A B

Nasal Swabs 33.7 no Ct 35.1 no Ct 33.8 no Ct 34.1 35.7 34.1 no Ct 33.8 36.5 31.7 no Ct no Ct

no Ct
37.2
38.2

no Ct
no Ct

Hilar lymph nodes 33.4 no Ct 31.8 no Ct 33.2 no Ct 33.4 no Ct 32.7 no Ct 32.9 no Ct 36.1 no Ct no Ct no Ct

Lung tissue 33.0 no Ct 31.5 no Ct 28.5 no Ct 33.5 no Ct 34.6 no Ct 32.1 no Ct 32.8 no Ct no Ct no Ct

BALF 31.8 no Ct 28.5 no Ct 31.9 no Ct 33.3 no Ct 33.1 no Ct 29.2 no Ct 32.2 no Ct no Ct no Ct

Blood 32.3 no Ct no Ct no Ct no Ct no Ct 36.4 no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct

Muscle no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct

Kidney no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct

Heart no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct

Spleen no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct

Liver no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct

Stomach no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct

Brain no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct

Pancreas no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct

Duodenum no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct

Jejunum no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct

Ileum no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct

Colon no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct

Rectum no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct

Cecum no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct no Ct

A: M. hyopneumoniae; B: M. hyorhinis; Ct –cycle threshold
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hyorhinis p37 protein gene of Haemophilus parasuis and 
M. hyorhinis. The results showed that the sensitivity was 
100 copies/reaction. This method could determine the 
pathogenicity of Haemophilus parasuis, according to the 
size of amplification products.

For detection of several pathogens, or for multiple genetic 
tests of the same pathogen, singleplex PCR is severely

limited, because it will lead to waste of time, human 
resources and detergent. By using multiplex PCR systems, 
several infectious agents can be detected and differentiated 
simultaneously in a single reaction, reducing costs and 
efforts as well as the amount of sample material and time 
required [34]. Duplex real-time PCR has several advantages, 
combining a reduced risk of cross-contamination with a 
high sensitivity and the possibility of quantitative analysis. 
Oligonucleotide probes labeled with different fluorophores 
permit multiplexing in a qPCR format, enabling the 
detection of different target sequences as well as the co-
amplification of internal controls. The duplex real-time PCR 
assay for the simultaneous detection of M. hyopneumoniae 
and M. hyorhinis was developed and validated in this 
study. The probes specific for genome detection of the 
two notifiable bacteria were labeled with the different 
fluorophores, i.e., Texas Red and FAM. A rapid (time to 
completion, <4 h, including DNA extraction), convenient, 
quantitative and reliable screening system is beneficial for 
monitoring the clinical course of M. hyopneumoniae and 
M. hyorhinis and enhances the clinical utility of molecular 
testing. Duplex real-time PCR assay labelling with FAM and 
Texas Red for detection can yield results within 2 h. It does 
not require post-PCR processing, reduces sample handling, 
minimizes the risks of contamination [35], and is beneficial 
for monitoring the clinical course of M. hyopneumoniae 
and M. hyorhinis, which will enhance the clinical utility 
of molecular testing. It is simple, rapid and particularly 
useful for clinic detection, including BALF, nasal swabs, 
blood, and tissues. The test revealed a specificity of 100%, 
has higher sensitivity than Normal PCR [36-38], and equal as 
Real-time PCR described by Dubosson et al.[39], Marois et 
al.[18]  Fourour et al.[26] increased detection of M. flocculare, 
established a multiplex real-time PCR targets the p102, p37 
and fruA genes for M. hyopneumoniae, M. hyorhinis and 
M. flocculare. The detection limits reached 14, 146, and 
16 genome equivalents μl-1, respectively, the sensitivity is 
more than five times lower than this study.

One of the main problems caused by a large number of 
oligonucleotides in the same reaction tube is a possible 
interaction of those molecules with each other, resulting in 
inhibition of the amplification reactions and a subsequent 
reduced sensitivity [5,34,40]. In our assays, only two pairs of 
primers and probes were used in the same reaction tube, 
for each of the large number of clinical samples tested. 
Similar Ct results were achieved in both the single and 
duplex approaches, which is consistent with results of 
Wernike et al.[41]. 

The newly developed duplex real-time PCR is suitable for 
use with diverse sample materials, such as BALF, nasal swabs, 
blood, tissues (lung tissue, hilar lymph nodes, muscle, kidney, 
heart, spleen, liver, stomach, brain, pancreas, duodenum, 
jejunum, ileum, colon, rectum cecum) and cell culture 
supernatant. The application of real-time PCR in diverse 
clinical samples has been replicated many times [18,29,42,43]. 
M. hyopneumoniae was the persistent organism in the 
trachea and bronchial lymph nodes, and could be re-
isolated from inner organs like liver, spleen and kidneys 
of experimentally infected pigs. The observed persistence 
cannot be explained by dissemination of Mycoplasma 
spp. in internal organs, as this phenomenon seems to be 
transient with no Mycoplasma spp. being re-isolated from 
internal organs at the end of the studies. This suggests that 
M. hyopneumoniae can ephemerally colonize the internal 
organs of the host, indicating that M. hyopneumoniae exists 
in these tissues without causing disease, and maybe spread 
through the lymph circulation or blood circulation. Friis [44] 

isolated M. hyopneumoniae from brains of infected pigs. 
Jin [45] detected M. hyopneumoniae in heart, liver, brain, and 
muscles, indicating that M. hyopneumoniae could colonize 
the internal organs of the host. Wang et al.[46] detected  
M. hyorhinis in blood with the positive rate of 20% (16/80). 
In this study, it was observed that M. hyopneumoniae could 
be detected in a blood sample of two pigs experimentally 
infected with M. hyopneumoniae (Table 4, 1A, 4A). Whether 
Mycoplasma spp. spreads through lymphatic circulation or 
blood circulation remains a problem needed for further 
research.

The STEC cell line, derived from tracheal epithelial, is 
more susceptible to contamination from M. hyorhinis than 
other cells, therefore, it is easier to do M. hyopneumoniae 
infestation experiment. The availability of accurate, 
sensitive and reliable detection duplex real-time PCR 
and the application of robust and successful elimination 
methods provides a powerful means for overcoming the 
problem of mycoplasma contamination in cell cultures. 
The contamination of cell cultures by Mycoplasma spp., 
especially M. hyorhinis, remains a major problem in cell 
culture. Ideal detection methods for contaminating 
mycoplasma should be highly sensitive and specific, but 
also simple, rapid, efficient and cost effective.

In conclusion, the newly developed duplex real-time PCR 
allows the simultaneous detection of M. hyopneumoniae 
and M. hyorhinis combined in a single tube assay with a 
rapid, convenient, and reliable screening system. The 
new system could therefore significantly improve the 
early detection of diseases of swine and could lead to 
a new approach in syndromic surveillance. Our study 
indicates that the reported duplex Real-Time PCR could 
be an accurate diagnostic tool for assessing infection M. 
hyopneumoniae and M. hyorhinis. Future detailed studies 
in diverse geographical locations are warranted to 
investigate the clinical value of this technique.

Duplex PCR Method for M. hyopneumoniae and M. hyorhinis
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Abstract
Diabetes Mellitus (DM) manifests itself with changes in the functional structure of the lungs and impairments in gas exchange. These changes 
in diabetic lung tissue may be due to various factors. Our aim in this study is to correlate the damage of diabetes with lung tissue in terms of 
VEGF, CK19, caspase 3 immunolocalizations. In this study, animals were divided into 4 groups, 60 mg/kg streptozotocin was given to each of the 
groups with experimental diabetes and the physiological saline solution was given intraperitoneally to the control group. On days 7 and 14 of the 
experiment, diabetic and control groups were euthanized, and lung tissues were removed. Tissue samples were evaluated histochemically and 
immunohistochemically by monitoring with standard light microscopy. In the diabetic group, the localization of CK19 and Caspase 3 increased 
on the 7th and 14th days compared to the control group, but the immunolocalization of VEGF decreased. Based on our findings, it was determined 
that lung tissue was one of the target organs of diabetes. The increase in pulmonary parenchyma due to hyperglycemia is accepted as a source 
of fibrosis. We concluded that due to increased CK19 localization of fibrosis source, decreased VEGF localization has increased apoptosis in the 
pulmonary capillary endothelium, which has a significant role in the blood-air barrier in the lung parenchyma, especially in endothelial cells.

Keywords: Experimental diabetes, Lung, CK19, VEGF, Caspase 3

Deneysel Olarak Diyabet Oluşturulan Ratların Akciğer Dokusunun 
Caspase 3, Cytokeratin 19 ve VEGF İmmünolokalizasyonunun 

Değerlendirilmesi

Öz
Diabetes Mellitus (DM), akciğerlerin fonksiyonel yapısındaki değişikliklerle ve gaz değişimlerindeki bozukluklarla kendini gösterir. Diyabetik 
akciğer dokusunda bu değişiklikler çeşitli faktörlere bağlı olabilir. Bu çalışmada amacımız VEGF, CK19, kaspaz 3 immunolokalizasyonları ile 
ilgili olarak diyabetin akciğer dokusuna verdiği zararı ilişkilendirmektir. Çalışmada hayvanlar 4 gruba ayrıldı, deneysel diyabetli gruplara 
60 mg/kg streptozotosin verildi ve kontrol grubuna serum fizyolojik solüsyonu intraperitoneal olarak verildi. Deneyin 7 ve 14. günlerinde 
diyabetik ve kontrol grupları sakrifiye edildi ve akciğer dokuları çıkarıldı. Doku örnekleri, standart ışık mikroskobu ile izlenerek histokimyasal 
ve immünhistokimyasal olarak değerlendirildi. Diyabetik grupta 7. ve 14. günlerde kontrol grubu ile kıyaslandığında CK19 ve Kaspaz 3 
lokalizasyonu artmış, ancak VEGF immunolokalizasyonu azalmıştır. Bulgularımıza göre, akciğer dokusu diyabetin hedef organlarından biri 
olduğunu göstermektedir. Hiperglisemiye bağlı pulmoner parankimde artış fibrozis kaynağı olarak kabul edildi. Sonuç olarak, pulmoner fibrozis 
kaynağının CK19 immünolokalizasyonunun artmasına bağlı olarak, azalmış VEGF lokalizasyonunun, özellikle endotelyal hücrelerde, akciğer 
parankimindeki kan-hava bariyerinde önemli bir rolü olan, pulmoner kapiler endotelyumda apoptosisi arttırdığı sonucuna varıldı.

Anahtar sözcükler: Deneysel diabetes, Akciğer, CK19, VEGF, Caspase 3

INTRODUCTION 

Diabetes mellitus (DM) is a chronic disease with an increase 

in blood glucose levels, and its prevalence has increased 
rapidly in the last ten years. Some of the causes of this 
disease can be expressed as a lack of insulin secretion, 
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decreased insulin action or decreased insulin receptor 
sensitivity [1]. Hyperglycemia and lack of insulin cause 
various organ dysfunction in patients with DM. DM has 
negative effects on the lung as well as in many organs. 
Some of the complications with DM in the lungs can be 
infections, pulmonary function abnormalities, pleural 
effusion, and obstructive sleep apnea. DM can also 
cause lung cancer [2]. Biochemical changes in the lungs 
in diabetics include decreased glutathione peroxidase 
activity, NO-induced endothelial dysfunction, and increased 
heparan sulfate level of the vascular endothelial base-
ment membrane. Biochemical changes in the diabetic  
lung cause structural changes in the lung parenchyma. 
Some of these may be expressed as narrowing and  
interstitial involvement in alveolar areas. Pulmonary 
vessels, alveolar epithelial basement membrane, bronchial 
epithelium, and pulmonary capillaries are also affected by 
diabetes. The most common pathology of this disease is 
the deterioration in the vascular structure [3,4]. It is very 
difficult to examine the damages on diabetic lung 
tissue on the human. Therefore, experimental diabetes 
models have been developed. Streptozotocin (STZ) is 
used as an agent to induce experimental hyperglycemia 
in rats [5]. STZ reduces insulin biosynthesis and secretion 
and induces hyperglycemia as β-cells cause excessive 
free radical production [6]. Therefore, STZ is a widely used 
model to investigate the effects of DM on cells and 
tissues in experimental studies. High blood glucose levels 
can damage the blood vessels and cause endothelial 
dysfunction. Therefore, DM is a risk factor for cardiovascular 
diseases [7]. Vascular endothelial growth factor (VEGF), also 
known as vascular permeability factor, is an angiogenic 
factor that causes the proliferation and permeability of 
vascular wall endothelial cells [8,9].

Oxidative stress plays a major role in the development of 
micro- and macrovascular complications. Accumulation 
of free radicals in the vasculature of diabetic patients is 
responsible for the activation of detrimental biochemical 
pathways, miRs deregulation, disruption of apoptosis 
mechanisms, and epigenetic changes contributing to 
vascular inflammation and reactive oxygen species (ROS) 
generation [10]. So oxidative stress induced by hyper-
glycemia in lung endothelial cells due to DM induces 
apoptosis [11]. Apoptosis is regulated by specific functional 
genes and their protein products. Caspases are vital 
mediators of programmed cell death (apoptosis) in lung 
tissue as well as in many cells. Among these, caspase-3 
is indispensable for apoptotic chromatin condensation 
and DNA fragmentation in all cell types and helps in 
determining the initial stage of apoptosis. Hyperglycemia 
induces apoptosis and causes damage to many organs and 
systems including the reproductive system [12]. Diabetes 
mellitus induces apoptosis by regulating signal molecules 
such as Bcl-2/Bax/Caspase-3-9 in the apoptosis pathway [13]. 
Diabetes mellitus causes pulmonary fibrosis by increasing 
collagen fibers in the lung parenchyma [14,15]. Cytokeratin 19 

(CK19) is a kind of cytoskeleton element for many epithelia 
including bronchial epithelium [14]. In addition, it has 
been reported that CK19 which is a kind of cytoskeleton 
element for many epithelia including bronchial epithelium 
is expressed due to lung cancer, especially from type 2 
pneumocytes [16,17]. However, no studies are reporting the 
localization of CK19 in lung tissue. In this study, we hope 
to provide the first understanding of the mechanism of 
damage in lung tissue due to diabetes and the expressions 
of Caspase3, CK19, and VEGF in the literature and we hope 
to benefit from the development of treatment methods 
with the studies which are planned to be carried out. 

MATERIAL and METHODS

Animals

The animals used in the study were obtained from the 
Experimental Animal Research Laboratory of Cumhuriyet 
University Faculty of Medicine. The rats were housed at 
26-28°C with a 12 h light:12 h dark cycle and free access 
to standard diet and water stainless steel cages. All 
procedures were approved by the Ethical Committee 
(Cumhuriyet University, 65202830-050.04.04-225)

Twenty Wistar albino male rats were used in this study. The 
control group was divided into 4 equal groups on the 7th 
day (n = 5), the control group on the 14th day (n = 5) and 
the DM group on the 7th day (n = 5) and the DM on the 14th 
day (n = 5). One dose of STZ (60 mg/kg) dissolved in citrate 
buffer was given i.p. to an animal in DM group. Citrate 
buffer (vehicle) was given i.p. to the animals of the control 
group. Blood samples were collected after 48 h in the 
diabetic group, and those with glucose levels higher than 
140 mg/dL were included in the study. On days 7 and 14 
of the experiment, rats were anesthetized with a cocktail 
of ketaminehydrochloride (50 mg/kg) and xylazine (5 mg/
kg) which were administered i.p. before the animals were 
killed [18]. 

Histology

Lung tissues were fixed in 10% buffered neutral formalin 
for 24-48 h at room temperature, then washed with 
tap water, dehydrated through 70, 80, 95 and 100% 
alcohol, cleared in two baths of xylene, embedded in 
paraffin and sectioned at 4-6 μm. Paraffin sections were 
stained with Hematoxylin-Eosin (H&E), Van Gieson, Silver 
precipitation methods. Lung sectioning and staining are 
essential methods for studying lung development or lung 
pathology. H&E staining is most widely used in histology 
studies [19,20] and medical diagnosis Verhoess’s Van Gieson 
staining detects elastic fibers and collagen deposition in 
tissues [21]. Silver impregnation lends itself especially well 
to the demonstration of the reticular connective tissue [22].

The stained sections were evaluated according to Zhou 
and Moore [23] methods under the microscope.
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Immunohistochemistry

Briefly, after deparaffinization in xylene and rehydration, 
antigen retrieval was performed by microwaving sections 
in Citrate Buffer, pH 6.0 for 3x5 min. After cooling at room 
temperature, the sections were washed with phosphate 
buffer solution then they were treated with 3% hydrogen 
peroxide (Thermo, Rockford, USA) 10 min. The sections 
were washed three times with phosphate-buffered saline 
(PBS) (pH 7.6) (Sigma, Darmstadt, Germany). The sections 
were treated with blocking reagent for 20 min and 
incubated (90 min) at (37°C) with VEGF Ab1 (RB-222-R7; 
Neomarkers, Fremont, California), Caspase 3 Ab4 (RB-
1197-R7, Neomarkers, Fremont, USA), Cytokeratin 19 
(A53-B/A2.26 (Ks 19.1), ScyTec, Logan, USA) 

Sections then were washed three times in PBS and 
incubated with biotinylated Goat anti-mouse secondary 
antibody for 10 min at room temperature. Sections were 
washed three times in PBS and incubated in streptavidin-
HRP conjugate (TP-125-HL, Lab Vision, Fremont, USA) 
for 10 min at room temperature. After rinsing in PBS,  
the sections were incubated in DAB (3,3 ‘diamino- 
benzidine, TA-XXX-QHCX, Lab Vision, Fremont, USA) for 5 
min for visualization. Sections were washed with distilled 
water and observed under the light microscope (BX51, 
Olympus, Japan) and photographed. The specificity of 
the antibody was previously confirmed. Negative control 
experiments were performed by omitting primary anti-
bodies and were also used for comparison in case of 
residual expression.

RESULTS 

In the diabetic group, the alveolar epithelium was gradually 
thinner than the control group, and the basal lamina of 
the pulmonary capillaries increased, and the alveolar 
parenchyma was steadily increased in the HE staining. 
Van Gieson staining was performed to see the density of 
collagen fiber, and it was determined that diabetic groups 
had more intense collagen life than the control group. 
In the case of silver precipitated preparations regarding 
reticular fiber density, the amount of reticular fiber is 
much higher in diabetic groups than in control (Fig. 1). 
In immunohistochemical studies, the localization of VEGF 
was gradually decreased in DM groups at 7 and 14 days 
compared to the control group, but the immunolocalization 
of CK19 and Caspase 3 increased on DM 7th and 14th days 
compared to the control group (Fig. 2).

DISCUSSION

Diabetes develops some chronic complications, including 
pulmonary dysfunction. Little is known about the effects 
of pulmonary dysfunction on diabetes. Findings in 
human diabetic subjects and experiments with diabetic 
rats thickened alveolar epithelium, pulmonary capillary 
basal lamina, centrilobular emphysema, and pulmonary 
microangiopathy. Other authors describe ultrastructural 
changes in pneumocytes, bronchiolar epithelium and 
connective tissue proteins in streptozotocin-induced 
diabetic rats. These anatomical changes may result from 

Fig 1. Comparison between H&E, Van Gieson and Silver impregnation staining between the control group, the DM 7th-day 
group, and the DM 14th-day group (20X Magnification). In the control and experimental groups, alveoli (→), bronchioles (*), and 
interalveolar septum (▲) are shown
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biochemical changes of the connective tissue components 
caused by proteins and non-enzymatic glycosylation of 
peptides caused by chronic high circulating glucose [24-26]. 
Histological evaluations were done on slides stained 
with H&E, Von Gieson, and silver impregnation. In the 
lung tissue of the diabetic groups, it was determined that 
the alveolar epithelium was progressively thinner than 
the control group, the basal lamina of the pulmonary 
capillaries decreased, and the alveolar parenchyma was 
gradually increased. However, it was seen that the amount 
of collagen fiber and reticular fiber in the diabetic group 
showed much more accumulation on day 14 than on day 7 
(Fig. 1). Researchers have shown that [24,25], diabetes causes 
lung fibrosis by increasing the amount of collagen fiber in 
the lung tissue parenchyma. In this study, an increase in 
collagen accumulation was observed in the lung tissue of 
hyperglycemic rats treated with STZ. In previous studies, it 
is stated that collagen accumulation increases as a result 
of high glucose, high fat and high oxidative stress caused 
by diabetes [26]. 

According to the immunohistochemical findings in our 
study, CK19 localization was observed in 7 and 14 days 
in the diabetic group (Fig. 2). Any study that determines 
the immunolocalization of CK19 in diabetic lung tissue, 
is no found. CK19 is expressed in epithelial cells [16]. In 
some studies, however, CK19 has been reported to be 
profoundly expressed in lung injury [15] or lung fibrosis [15] 

by hyperblastic type II cells. It was emphasized that 
excessive collagen accumulation occurred in the lung 
parenchyma and this resulted in fibrosis. In our study, 
CK19 immunostaining of the bronchiolar epithelium and 
alveolar type II cells were found to be more than 7 days on 
the 14th day with diabetes (Fig. 2). 

However, immunostaining of Caspase 3 significantly 
increased in diabetic group compared to that of control 
groups. In particular, diabetes was observed to be 
more intense localization than 14 days at 7 days (Fig. 2). 
Hyperglycemia induces apoptosis and causes damage to 
many organs and systems [11,13]. Oxidative stress resulting 
from hyperglycemia has been reported to play a major role 
in the initiation of apoptosis [27,28].

However, when compared to the control group, VEGF 
immunolocalization was observed to be decreased 
gradually on the 7th and 14th days (Fig. 2). In diabetics, 
reduced glutathione peroxidase activity due to bio-
chemical changes in lungs, NO-induced endothelial dys-
function, increased heparan sulfate level of the vascular 
endothelial basement membrane, structural changes in 
lung parenchyma, contraction of alveolar areas, and inter- 
stitial involvement. Pulmonary vessels, alveolar epithelial 
basement membrane, bronchial epithelium, and pulmonary 
capillaries are affected by diabetes. The pathology that 
is always associated with the disease is microangio- 

Fig 2. Control and DM groups immunostaining of VEGF, CK19 and Caspase 3 in the lung tissue bronchiolar, parenchymal 
and alveolar areas of DM groups (40X magnification). In the control and experimental groups, alveoli (→), bronchioles (*), 
interalveolar septum (▲) and VEGF, CK 19, CASP3 immunopositive cells (red →) in alveoli, bronchioles, interalveolar septum 
are shown
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pathy [3,4,29]. Microangiopathy is the cause of the multiorgan 
complication of diabetes [29].

In the pathogenesis, elevated glucose levels in the serum 
and extra enzymatic glycosylation of proteins and peptides 
in the extracellular matrix play a major role. As a result of 
nonenzymatic glycosylation occurring in the extracellular 
area of all organs, end products (adversely glycation end 
products, AGEels) are formed. These end products are 
highly concentrated in the vessel walls due to high blood 
pressure. By immunohistochemical methods, these end 
products can be shown in vascular tissue. Microangiopathy 
has been shown in renal, retinal and many other organs [4]. 
Studies on diabetic rats and hamsters indicated that 
the target organ in the lung, thickening of the alveolar 
walls, increased collagen and elastin fiber in the basal 
lamina [29]. It has a dense and extensive capillary system 
network in the lung. However, in the literature, there are 
very few studies investigating the effect of diabetes on 
lung capillaries. In particular, there are few studies that 
express VEGF expression in the diabetic lung [30]. However, 
there is no study on immunolocalization of it. In a few 
studies, it was reported that testicular VEGF decreased 
in diabetic rats and the decrease in VEGF was associated 
with increased apoptosis and testicular damage [9,31]. 
According to the studies, it is known that the pathogenesis 
of the complex biological processes involved in diabetic 
pulmonary dysfunction can make lung tissue one of the 
target organs of diabetes. An increase in lung parenchyma 
due to hyperglycemia is accepted as the source of fibrosis. 
Although this relationship has not been fully elucidated, 
our findings suggest that CK19 immunolocalization 
increases and VEGF immunolocalization decreases hyper-
glycemia-induced fibrosis. The increase in the number of 
apoptotic cells may be due to oxidative stress associated 
with hyperglycemia. In this study, it was determined that 
fibrosis increased with the change of reticular structure 
and collagen accumulation in diabetic lung parenchyma. 
However, the localization of VEGF in the endothelium 
of lung capillaries decreased, and vascular pathology 
developed. Diabetes-induced vascular pathology is caused 
by an increase in apoptosis of the vascular endothelium. 
Thus, immunolocalization of CK19 in diabetic lung tissue 
also increased and triggered lung fibrosis, leading to 
diabetic lung pathology. In conclusion, we believe that 
this study will be useful in understanding the mechanism 
of damage in the lung tissue due to diabetes and the 
development of treatment methods.
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Abstract
Platelet Rich Fibrin (PRF) is rich for growth factors which can improve the Gingival Medicinal Signaling Cells’ (GMSCs) osteogenic differentiation. 
Aggrecan is chondrogenic differentiation marker which has a significant role in the early stage of GMSCs’ osteogenic differentiation. This study aimed 
to analyze the expression of Aggrecan post PRF administration on the osteogenic differentiation in vitro. This research is a true experimental study 
using the post-test only control group design with a simple random sampling. GMSCs were isolated from the lower gingival tissue of healthy male 
Wistar rats (Rattus novergicus) (n=4), weighted around 250 g, a month old, then cultured for 2 weeks and passaged for 4-5 days. GMSCs in the passage 
3-5 were cultured in five M24 plates (N=54; n=6/group) for 7 days, 14 days, and 21 days in three different culture mediums, they were negative control 
group which included α Modified Eagle Medium; positive control group which contained High Glucose-Dulbecco’s Modified Eagle Medium (DMEM-
HG) combined with osteogenic medium; and at last, treatment group which were DMEM-HG combined with both osteogenic medium and PRF. A 
one-way Analysis of Variance (ANOVA) test (P<0.05) was performed. The treatment group showed the highest Aggrecan expression of 16.15±2.15 on 
the 7th day. The lowest Aggrecan expression with a value of 3.67±0.76 on the 21th day occurred in the negative control group. There was a significant 
difference of Aggrecan expression between groups (P<0.05). PRF administration unexpectedly stimulates Aggrecan expression of GMSCs during the 
osteogenic differentiation that useful to accelerate the bone remodeling or neo-cartilage formation.

Keywords: Aggrecan, Gingival medicinal signaling cells, Osteogenic differentiation, Platelet rich fibrin

Erken Osteojenik Farklılaşma (In Vitro) Süresince Wistar Sıçanlarda (Rattus 
novergicus) Gingival Medicinal Signaling Hücrelere Post Trombositten 

Zengin Fibrin Uygulamasının Agrekan Ekspresyonuna Etkisi
Öz
Trombositten Zengin Fibrin (TZF) büyüme faktörlerince zengin olup Gingival Medicinal Signaling Hücreleri (GMSH)’nin (GMSH) osteojenik 
farklılaşmasını geliştirebilir. Agrekan, kondrojenik farklılaşma markırı olup GMSH’nin osteojenik farklılaşmasının erken evrelerinde önemli bir rol 
oynamaktadır. Bu çalışma, TZF uygulaması sonrasında in vitro osteojenik farklılaşmada Agrekan ekspresyonunu araştırmayı amaçlamaktadır. Bu 
araştırma, post-test sadece kontrol grup dizayn kullanan rastgele örneklemeli gerçek bir deneysel çalışmadır. Yaklaşık 250 gram gelen bir aylık sağlıklı 
erkek Wistar sıçanların (Rattus novergicus) (n=4) alt gingival dokularından GMSH izole edildi, sonrasında 2 hafta kültüre edildi ve 4-5 gün pasajlandı. 
3-5. pasajlarda GMSH, beş M24 besiyeri içerisinde 7, 14 ve 21 gün boyunca üç farklı kültür medyumunda (α Modified Eagle Medyum içeren negatif 
kontrol grubu, osteojenik medyum katkılı High Glucose-Dulbecco’s Modified Eagle Medyum (DMEM-HG) içeren pozitif kontrol grubu, hem osteojenik 
medyum hem de TZF katkılı DMEM-HG içeren uygulama grubu) kültüre edildi. Tek yönlü varyans analizi (ANOVA) testi uygulandı (P<0.05). Uygulama 
grubu 16.15±2.15  ile 7. günde en yüksek Agrekan ekspresyonu gösterdi. En düşük Agrekan ekspresyonu, 3.67±0.76 ile 21. günde negatif kontrol 
grubunda meydana geldi. Gruplar arasında Agrekan ekspresyonu bakımından anlamlı derecede farklar bulunmaktaydı (P<0.05). TZF uygulaması 
osteojenik farklılaşma süresince GMSH’nin Agrekan ekspresyonunu umulmadık bir şekilde uyarmaktadır ve bu nedenle kemik remodelleme veya 
neo-kartilaj oluşumunun hızlandırılmasında faydalı olabilir.

Anahtar sözcükler: Agrekan, Gingival medicinal signaling hücreler, Osteojenik farklılaşma, Trombositten zengin fibrin
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INTRODUCTION

Mesenchymal Stem Cells (MSCs) are immature and 
unspecialized cells which possess a potential ability to 
differentiate the various cell lineages [1]. MSCs based on their 
regenerative secretome and capacity for differentiation 
toward multiple mesenchymal lineage show a promise 
for a wide range of regenerative medical applications and 
tissue engineering [2]. In 2017, Caplan changed the name 
of MSCs into Medicinal Signaling Cells because it more 
accurately reflects the endogenous stem cells in defect, 
injury or disease area. These cells secrete the bioactive 
factors which are immunomodulatory and regenerative 
tropically, thus, make MSC as therapeutic and medicinal 
drugs. Site-specific and tissue-specific endogenous stem 
cells that revive the new tissue formation as stimulated 
by the bioactive tropical factors are secreted by MSCs 
exogenously [3]. 

Mesenchymal Stem Cells have an important role to improve 
innovative technologies for tissue engineering such as to 
regenerate or replace damaged, defect or missing tissues by 
in vitro cell manipulation and extracellular niche design [4]. 
Stem cell and tissue engineering therapies are expected 
to be the regenerative medicine strategies in dentistry 
that provide a novel capability to restore various tissues in 
orofacial region such as alveolar bone or condylar cartilage 
of temporomandibular joint [5]. The oral tissues, which are 
easily accessed by dentists, are a rich source of MSCs. MSCs 
from the oral cavity such as Gingival Medicinal Signaling 
Cells (GMSCs) possess an ability to induce the endogenous 
stem cell to differentiate into various types of cells; for 
example, osteoblast and chondroblast [3,4]. 

The ability of GMSCs’ osteogenic differentiation can be 
accelerated by Platelets Rich Fibrin (PRF) administration 
in the osteogenic culture medium [5]. PRF contains with 
abundant and various beneficial growth factor for GMSCs 
to differentiate and proliferate optimally. PRF as a natural 
biomaterial also serves and acts as a bio-scaffold to support 
GMSCs. PRF increases the early indicator of osteogenic 
differentiation such as Bone Alkaline Phosphatase (BALP) 
and Runt-related Transcription Factor 2 (RUNX2) /Core-
Binding Factor Subunit Alpha-1 (CBF-alpha-1) in 7th day and 
late marker of osteogenic differentiation such as Osteo- 
calcin in 21st day [5,6]. Our previous study showed that PRF 
administration in GMSCs’ osteogenic culture medium 
decreases Sox9 expression which is the master gene of 
chondrogenic differentiation [6]. During the early stage 
of osteogenic differentiation and pre-osteoblast, some 
chondrogenic differentiation markers play have important 
role. Even though the osteogenic and chondrogenic 
differentiation are considered as two separate processes 
during endochondral bone formation. The previous study 
mentioned that there is a correlation between them as 
a continuous developmental lineage which defines the 
biological process [6,7]. Furthermore, Aggrecan as the early 

chondrogenic differentiation marker also has an important 
role during the osteogenic differentiation for osteoblast 
formation. It is because RUNX2 as the master gene 
transcription for osteogenic differentiation is not sufficient 
enough to mature osteoblasts which cannot be induced by 
activation of RUNX2 alone. The other transcription factors 
are needed to activate the genetic pathways controlling 
GMSCs osteogenic differentiation [8]. The Aggrecan expression 
is used to evaluate the chondrogenesis for any potential 
endochondral ossification. In the previous study, the 
aggrecan expression between MSCs osteogenic culture 
medium and control medium did not alter significantly 
different [9].

Thus, the hypothesis of this study is that the PRF 
administration in GMSCs osteogenic culture medium can 
increase the Aggrecan expression during the early osteo-
genic differentiation. Furthermore, this study aimed to 
analyze the Aggrecan expression post PRF administration 
to GMSCs culture in vitro during an osteogenic 
differentiation.

MATERIAL and METHODS
Ethical Clearance

This research has been granted an approval of animal 
research ethical clearance with the reference number 289/
HRECC.FODM/XII/2017 from the Faculty of Dental Medicine, 
Universitas Airlangga, Surabaya, East Java, Indonesia.

Study Design and Animal Model 

This study was a true experimental research with a 
post-test only control group design. Sample groups 
were selected by using a simple random sampling. The 
minimum sample size was determined using Lameshow’s 
formula, which was (n=4) for GMSCs isolation. The subjects 
consisted of male Wistar rats (Rattus norvegicus). GMSCs 
were isolated from the lower gingival tissue of four male 
rats aged a month old, healthy, with the weight of 250 g 
each. In minimizing the suffering of animal model used 
rodent anesthesia with an intramuscular (IM) injection at 
the dosage of 0.05-0.1 mL/10 g body weight, they were 
ketamine, xylazine, acepromazine, and a sterile isotonic 
saline from Sigma Aldrich, USA. It followed the method 
of Nugraha et al.[5], GMSCs was passaged every 4-5 days 
also based on the culture method of Nugraha et al.[5] in 
Gingival Mesenchymal Stem Cells (MSCs) [6]. The GMSCs 
in passage 3-5 were cultured in five M24 plates from 
Sigma-Aldrich with (N=54) and (n=6) per group until 7th, 
14th, an 21st day in three different culture mediums, which 
were control negative group, control positive group and 
treatment group (see below for details) [5,6]. The study was 
conducted at an experimental laboratory within the Stem 
Cell Research and Development Centre in Universitas 
Airlangga, Surabaya, Indonesia for stem cell culture and 
animal model. 
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Platelet Rich Fibrin Preparation

Platelet Rich Fibrin was isolated and extracted from whole 
blood of different rat population. PRF isolation was done 
with (n= 36), 36 months-old; with the mean weight of 250 
g each. The rats terminated using the rodent anesthesia 
with the dosages of 60 mg/body weight of ketamine 
and a 3 mg/body weight of xylazine from Sigma Aldrich 
intraperitoneally (IP). Next, the whole blood (6 mL) was 
aspirated using a 10 mL disposable syringe and inserted 
in a non-coagulant vacutainer tube then centrifuged at 
3000 rpm/min for 10 min (Kubota, Tokyo, Japan). Thus, PRF 
obtained mince and it was inserted into each culture plate 
of the treatment group [5,6].

Osteogenic Differentiation in a Combination of Platelet 
Rich Fibrin and Gingival Medicinal Signaling Cells

The analysis was conducted for three groups which 
consisted of two control groups and anexperimental 
group. In the treatment group, GMSCs were cultured with 
PRF which contained with 2 mM L-glutamine, 100 μg/
mL sodium pyruvate, 0.2 mM ascorbic acid-2 phosphate, 
dexamethasone 10-7 M 10 ng/mL TGF-β3 and a high 
dosage of glucose-Dulbecco’s Modified Eagle Medium 
(DMEM-HG) from Sigma Aldrich, USA. While, in the positive 
control group, GMSCs were placed on an osteogenic 
culture plate medium with 2 mM L-glutamine, 100 μg/
mL sodium pyruvate 0.2 mM ascorbic acid-2 phosphate, 
dexamethasone 10-7 M from Sigma Aldrich, USA. Further-
more, in the negative control group, GMSCs were cultured 
with α Modified Eagle Medium (αMEM) also from Sigma 
Aldrich, USA.

Osteogenic differentiation was analyzed on the 7th, 14th, 
21st day of culture cells groups. It employed an immuno-
cytochemical staining by indirect technique using a 
3.3’-diaminobenzidine stain kit by Pierce DAB Substrate 
Paint Kit 34002 from Sigma Aldrich, USA and monoclonal 
antibodies by Abcam, Cambridge, MA, USA. An anti-Aggrecan 
(mouse monoclonal; ab-3773) was performed to analyze 
all samples. The Aggrecan expression was read using a 
light microscope using the CX22 Binocular from Olympus 
at 200x magnification. Every cell expressing Aggrecan in five 
field was examined three times by three experts which were 
WR, EH and FAR; and then, the mean was then calculated. 

Data Analysis

All data were recapitulated and then Statisitical Package 
for Social Science (SPSS) version 20.0 by IBM SPSS, Chicago, 
USA was used to analyze the data. The experiments were 
replicated three times with (n=54). The data was then 
duplicated for (n=108) using an estimation formula and 
SPSS. Saphiro-Wilk normality test and a Levene’s variance 
of homogeneity test (P>0.05) were performed then 
Analysis of Variance (ANOVA) test (P<0.05) was conducted 
to analyze the different between groups.

RESULTS
All data were normally distributed and homogeny (P>0.05). 
The positive expression of Aggrecan was detected in all 
groups (Fig. 1). The treatment group showed the highest 
Aggrecan expression with the value of (16.15±2.15) on 
the 7th day. While, the lowest Aggrecan expression with 
the value of (3.67±0.76) on the 21st day was seen in the 

Fig 1. Aggrecan expression in GMSCs 
of Wistar rats (Rattus novergicus). 
A, B, and C show the Aggrecan 
expression in the negative control 
group; D, E, and F exhibit the 
Aggrecan expression in the positive 
control group; and G, H, and I 
present the Aggrecan expression 
in the treatment group. Aggrecan 
expression in GMSCs is observed 
on the 7th, 14th and 21st day. A 
positive Aggrecan expression is 
marked by a yellow arrow in the 
cell and examined through an 
Olympus CX22 Binocular, at 200x 
magnification
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negative control group (Fig. 2). There was a significant 
difference Aggrecan expression between groups with the 
value of (P< 0.05) (Table 1).

DISCUSSION
The large Chondroitin Sulphated Proteoglycan Aggrecan 
or Aggrecan (ACAN) is the most plentiful non-collagenous 
protein in cartilage and essential for its structure and 
function [10]. Aggrecan is the founding member of lectican 
protein family. Aggrecan includes versican, brevican and 
neurocan. Aggrecan consists of a 250 kDa protein core 
with around 100 chondroitin sulphate glycosaminoglycan 
and also 30 keratan sulphate chains attached to a large 
domain and located between three globular domains. 
Aggrecan comprises an N-terminal domain, two globular 
domains (G1 and G2), two inter-globular domains, a 
selectin-like domain (G3) and a C-terminal domain [11]. The 
aggrecan expression in the osteogenic differentiation or 
bone is lower than in the chondrogenic differentiation 
or cartilage. The function of aggrecan in bone is to help 
endochondral ossification. Aggrecan relatively exists in 
low concentration, but it has an effect on growth plate 
(cartilage) calcification, rather than having a direct effect 
on bone. Thus, it is very substantive and important for 
growth plates [12,13].

Endochondral ossification is a fundamental biology 
process in forming hard tissue when bone replaces the 
cartilage. During endochondral ossification, abundant 

bones are formed, for example it is the primary way that 
long bones increase in length. The cartilage and the 
underlying bone are linked through the deepest layers of 
the hypertrophic chondrocytes, which are surrounded by 
a mineralized matrix [10,11,13]. Aggrecan expression increases 
during the endochondral ossification. In line with that, the 
previous study conducted by Namkoong et al.[9] showed 
that Aggrecan does not show any expression differences 
between the control and the osteogenic mediums. In this 
study, the Aggrecan expression increases on the 7th day in 
the treatment group with a significant different between 
group. PRF administration in osteogenic culture medium 
unexpectedly stimulates the Aggrecan expression during 
the early osteogenic differentiation of GMSCs. This result 
of study is consistent with the research of Sumarta et 
al.[14] which showed that Aggrecan expression increases 
significantly with PRF administration in culture medium. 
Furthermore, the triad tissue engineering consists of 
3 elements, they are MSCs, natural scaffold and niche. 
Growth factor contained in PRF plays an important role 
to enhance MSCs differentiation capability and acts as 
advantageous bio-scaffold. Biodegradable polymerized 
fibrin matrix forms networks that support and stimulate 
the beneficial MSCs secretome [5,6,14].

Platelets Rich Fibrin is abundant with growth factor such 
as Insulin Growth Factor (IGF-I), Transforming Growth 
Factor-β1 (TGFβ-1), Vascular Endothelial Growth Factor 
(VEGF), Insulin Growth Factor (IGF-I), and Platelet Derived 
Growth Factor-β (PDGF-β) [6,14]. IGF stimulates aggrecan 

Table 1. Mean±Standard deviation (SD) and one-way anova test result of aggrecan

Time Aggrecan Expression Negative 
Control Group

Aggrecan Expression Positive 
Control Group

Aggrecan Expression 
Treatment Group

One-way
ANOVA P–value

Day 7 8.17±1.37 12.74±1.35 16.15±2.15

Day 14 4.5±1.16 9.67±0.99 9.49±1.59 0.001*

Day 21 3.67±0.76 6.59±1.22 7.67±0.39

* Information: significant at P<0.05

Fig 2. The average and standard deviation of 
Aggrecan expression on the 7th, 14th and 21st day in 
each group
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proteoglycan synthesis and suppresses catabolism of 
proteoglycans. While, TGF-β increases Aggrecan expression 
in MSCs. PDGF is a strong mitogen and plays an important 
role in the proliferation and maintenance of MSCs. 
Moreover, FGF-2 enhances the Aggrecan expression from 
MSCs [15]. Ten percent concentration of PRF stimulates the 
synthesis of proteoglycan (ACAN) [16]. The highest result is 
shown in the treatment group due to PRF administration in 
GMSC. GMSCs combined with PRF will fulfill all mandatory 
factors that complete the key of tissue engineering, 
for example cells, GFs, and scaffold [17]. In addition, it is 
unexpected that in the treatment group shows the highest 
Aggrecan expression in MSCs osteogenic culture medium 
compared to the other groups. The beneficial result of this 
study surprisingly can be useful as the references for the 
further research to accelerate bone remodeling or neo-
cartilage formation especially PRF administration as a new 
generation of platelet-derived concentration for bone or 
cartilage healing in human. 

Platelets Rich Fibrin unexpectedly stimulates and increases 
the Aggrecan expression of GMSCs during osteogenic 
differentiation. With this the beneficial result, the 
combination of PRF and GMSCs is recommended to be an 
alternative to accelerate bone remodeling or neo-cartilage 
formation as this will support all important substance of 
tissue engineering which are the scaffold, the growth 
factor and the cells. We would like to suggest that further 
research is needed to study combined GMSC and PRF on 
in vivo model. 
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Abstract
Diabetes is a chronic metabolic disorder, as well as a situation of increased oxidative stress. We examined the distribution of somatostatin in gastric 
tissues of cinnamon extract treated streptozotocin-induced diabetic rats using the immunohistochemistry technique. A total of 30 male Sprague 
Dawley rats were used in the study. The rats were assigned to five groups as control, sham, cinnamon, diabetes and diabetes + cinnamon. No 
application was made to the control group, the sham group received intraperitoneally (i.p.) 50 mg/kg sodium citrate, and diabetes was induced 
by i.p. injection of 50 mg/kg STZ in diabetes and diabetes + cinnamon groups. Cinnamon extracts were then given to cinnamon and diabetes 
+ cinnamon groups by oral gavage at a dose of 200 mg/kg for 14 days. The streptavidin-biotin-peroxidase method was used to determine the 
immunoreactivity of somatostatin. Gastric tissue sections were prepared and stained by Crossman’s triple and Hematoxylin-Eosin staining in order 
to examine histological structure of the gastric tissue. We determined that somatostatin immunoreactivity of the control, sham and cinnamon 
groups was stronger than for the diabetes, and diabetes + cinnamon groups. While a weak immunoreactivity was found in the cardia, fundus 
and pyloric mucosa of the gastric tissue in the diabetes and diabetes + cinnamon groups, a strong immunoreactivity was found in the cinnamon, 
sham, and control groups. Also, a statistically significant was observed when all groups compared in terms of count of parietal and principal cells 
(P<0.001). It was determined that there was a statistically significant difference between diabetes, diabetes + cinnamon groups and control, sham, 
cinnamon groups in terms of fasting blood glucose levels (P<0.05). In conclusion, somatostatin, which plays an important role in gastroduodenal 
diseases, was found to be lower in the diabetes and cinnamon + diabetes groups.

Keywords: Cinnamon, Diabetes, Gastric, Immunohistochemistry, Somatostatin

Tarçın Ekstraktı İle Tedavi Edilen Diyabetik Sıçanların Mide Dokusunda 
Somatostatinin İmmunohistokimyasal Dağılımı

Öz
Diyabet, kronik metabolik bir bozukluk olduğu gibi aynı zamanda da artmış bir oksidatif stres durumudur. Çalışmamızda immunohistokimyasal 
teknik kullanarak tarçın uygulanan streptozotosin ile diabet oluşturulan ratların mide dokusundaki somatostatinin salınımını inceledik. Çalışmada 
30 adet Sprague Dawley cinsi erkek rat kullanıldı. Deney grupları kontrol, sham, tarçın, diyabet ve diyabet + tarçın olarak 5 gruba ayrıldı. Kontrol 
grubuna herhangi bir uygulama yapılmadı, sham grubuna intraperitoneal (i.p.) olarak 50 mg/kg sodyum sitrate uygulandı. Diyabet ve diyabet + 
tarçın gruplarına i.p. 50 mg/kg STZ enjeksiyonu yapılarak diabet oluşturuldu. Tarçın ve diyabet + tarçın gruplarına tarçın ekstraktı 200 mg/kg olacak 
şekilde oral gavaj yolu ile 14 gün verildi. Somatostatinin immunoreaktivitesini belirlemek için streptavidin-biotin-peroxidase metotu uygulandı. 
Mide dokularının normal histolojik yapısını incelemek için Crossman’ın üçlü boyama yöntemi ve Hematoksilen-Eosin boyaması uygulandı. 
Kontrol, sham ve tarçın gruplarındaki somotostatin immunoreaktivitesi, diyabet ve diyabet + tarçın gruplarından daha güçlü olduğu tesbit edildi. 
Diyabet ve diyabet + tarçın gruplarında mide dokusunun kardia, fundus ve pilor mukozasında zayıf immunoreaktivite bulunurken tarçın, sham 
ve kontrol gruplarında güçlü immunoreaktivite bulundu. Ayrıca tüm gruplar parietal ve prensipal hücre sayıları bakımından karşılaştırıldığında 
istatiksel olarak anlamlı bulundu (P<0.001). Açlık kan glikoz değerleri karşılaştırıldığında diyabet, diyabet+tarçın grupları ile kontrol, sham ve tarçın 
grupları arasında istatistiksel olarak anlamlı farklılık olduğu belirlendi (P<0.05). Sonuç olarak; gastroduodenal hastalıklarda önemli rol oynayan 
somatostatinin diyabet ve diyabet+ tarçın grubunda daha az olduğu tespit edilmiştir.

Anahtar sözcükler: Tarçın, Diyabet, Mide, İmmunohistokimya, Somatostatin
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Effect of Cinnamon on Somatostatin

INTRODUCTION
Diabetes mellitus (DM) is a systemic disease which is 
characterized by hyperglycemia and causes other disorders 
in the body, because of insufficient level or lack of insulin 
production or incomplete usage of insulin [1].

Studies showed that most of the diabetic patients use 
herbal medicines more than the other supplemental 
therapies because they believe that herbal medicines 
are natural, and healthy, whereas in poor quality and 
with improper use, they can be harmful and cause 
adverse effects [2-4]. Cinnamon has been reported to have 
positive effects on serum lipids and blood glucose. The 
active component cinnamaldehyde found in Cinnamon 
expresses its effect on blood glucose can be attributed to 
it [5]. Cinnamon is suggested to reduce high blood glucose 
levels, repair the damaged β cells and have positive effects 
on diabetes mellitus [6,7]. Mechanism of action for cinnamon 
was suggested to be increased glycogen storage by acting 
on glycogen synthesis activity through its polyphenols, 
and strengthened antioxidant and insulin effects through 
polyphenol type A; cinnamon is thus stated to be benefial 
in glucose tolerence and treatment of diabetes [8-10].

Being a 14-aminoacid peptide hormone that is secreted 
from hypothalamus and D-cells of islets of Langerhans of 
the pancreas; somatostatin is known as the factor inhibiting 
the secretion of growth hormone from hypothalamus [11]. 
Somatostatin is an inhibitory peptide with a wide-spectral 
biological activities [12]. It is included in pancreatic, gastric 
and intestinal mucosa or gastrointestinal system [12,13] and 
myenteric neurons. It reduces hepatic biliary, pancreatic 
and gastric acid secretions and decelerates intestinal 
passage [12].

The aim of this study was to investigate the effect of 
cinnamon on the immunohistochemical distribution of 
somatostatin which exists in many areas of the body and 
whose mechanisms of action differ among organs in the 
gastric tissue of streptozotocin (STZ)-induced experimental 
diabetic rats, and the changes caused by diabetes in the 
gastric structure. This study is based on the view indicating 
that antioxidant properties and pharmacological effects 
of cinnamon in diabetes mellitus, as well as its protective 
effects against possible harms of diabetes would lead to 
alternative ways in fields of medicine and pharmacology.

MATERIAL and METHODS

Animals

Ethical approval of Kafkas University Experimental Animals 
Local Ethical Committee (No: KAÜ-HADYEK/2017-041) was 
obtained to conduct the study. 

A total of 30 male Sprague-Dawley rats were used in the 
study. The rats were kept at 22±2°C, in standard cages 

under 12-h light-12-h dark conditions and fed ad libitum 
using standard rodent chow and tap water. The rats 
were divided into 5 groups including 6 animals in each 
one: control, sham, cinnamon, diabetes and diabetes + 
cinnamon groups. No application was made the control 
group, the sham group received intraperitoneally (i.p.) 50 
mg/kg sodium citrate, diabetes group was administered 
i.p. 50 mg/kg STZ (50 mL citric acid solved in 40 mL 
disodium hydrogen phosphate buffer solution, pH 4.5) [14]. 
Diabetes + cinnamon group was administered i.p. 50 mg/kg 
STZ (50 mL citric acid solved in 40 mL disodium hydrogen 
phosphate buffer solution, pH 4.5) The animals were 
considered as diabetic, if their blood glucose values were 
above 250 mg/dL on the third day after STZ injection [15]. 
And after then Cinnamon extracts were then given to 
cinnamon and diabetes + cinnamon groups by oral gavage 
at a dose of 200 mg/kg for 14 days [6]. At the end of the 
14th day, body weights of the rats were measured, they 
were sacrificed under diethyl ether anesthesia, and gastric 
tissue samples were obtained subsequently.

Histological Examination

Gastric tissue samples obtained were fixed within 10% 
formalin solution. Following routine procedures, they were 
embedded into paraffin blocks, and 5 µm sections were 
obtained. In order to demonstrate histological structure 
of gastric tissue, the sections were performed Crossman’s 
Triple Staining and Hematoxylin-Eosin (HE) staining [16] 
methods and examined under light microscope (Olympus 
BX51; Olympus Optical Co. Osaka, Japan).

Immunohistochemical Examination

The sections obtained from paraffin blocks after de-
paraffinization and rehydration procedures, and incubated 
in 3% H202 prepared in 0.1 M phosphate buffered saline 
PBS for 15 min, in order to inhibit endogenous peroxidase 
activity. Then sections were washed in PBS solution. The 
samples were exposed to maximum temperature in 
citrate buffer solution, pH 6.0, in an 800-watt microwave 
oven for 10 min to release the antigens. Afterwards, 
they were washed again with PBS. In order to inhibit 
non-specific bindings, Blocking solution A was dropped 
(Invitrogen Histostain Plus Broad Spectrum Ref. 85.9943). 
Somatostatin primary antibody (abcam ab183855, diluted 
at a rate of 1/500) was administered on the sections for  
1 h at room temperature and humidity. Rabbit serum 
without primer antibody served as the negative control. 
Following incubation of primary antibodies, streptavidin-
biotin method [17] was used, which is one of the indirect 
methods. For this purpose, Broad Spectrum Antibody 
(Invitrogen Histostain Plus Broad Spectrum (AEC) Ref. 
85.9943), towards the species for which primary antibody 
was produced, was added on the sections and they were 
incubated at room temperature for 15 min. Subsequently, 
HRP streptavidin (Invitrogen Histostain Plus Broad Spectrum 
Ref. 85.9943) was dropped on the sections and incubated at 
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room temperature for 15 min. For chromogen incubation, 
3,3′-Diaminobenzidine tetrahydrochloride (DAB, Dako 
Corp) Substrate Solution was added [18]. The sections were 
immersed into hematoxylin for counterstaining. The slides 
were examined under light microscope and their images 
were obtained. Percentage and degree of staining in 
stained cells were scored by using the semi-quantitative 
method. Degree of the staining was expressed as 0 (no 
staining), +1 (weak staining), +2 (moderate staining), and 
+3 (strong staining) [19,20]. 

Somatostatin positive cells were counted by 100 
square ocular micrometer (eye piece graticule) at 40X 
magnification under Olympus microscope (BX51). All the 
obtained data was converted to number of somatostatin 
positive cells per 1 mm2 unit area [21,22]. Numerical dis-
tribution of somatostatin positive cells were observed in 
six different sections chosen from ten unit area of parietal 
and principle cells of each animals.

Statistical Analysis

SPSS (20.0) package software was used to evaluate the 
data obtained in the study. One Way ANOVA test was 
performed to determine differences between groups 
(control, sham, cinnamon, diabetes, diabetes + cinnamon). 
The Duncan test was used to compare the differences 
between the significant groups.

RESULTS

Blood Glucose Levels

Intra-group and inter-group statistical evaluation of fasting 
blood glucose levels of rats was carried out and the results 
obtained were given in the Table1. There was no statistically 
significant difference between the 3rd and 17th days in 
terms of the mean fasting blood glucoselevels of the rats 
in the diabetes group. However, it was determined that the 
diabetes + cinnamon group had a statistically significant 
decrease in the mean fasting blood glucose levels on the 
17th day (P<0.05). Control, sham and cinnamon groups was 

not statistically significant difference in terms of fasting 
blood glucose level between the days 3rd and 17th (Table 1).

Histological Results for the Gastric Tissue

Histologically, normal cardia, fundus and pylorus tissue 
structures were observed in rats of all groups (control, 
sham, cinnamon, diabetes and diabetes + cinnamon groups) 
(Fig. 1).

Immunohistochemical Results

Somatostatin immunolocalization was determined in 
similar area in the gastric tissue of rats in control, sham, 
cinnamon, diabetes and diabetes+cinnamon groups (Table 
2). Strong (+3) somatostatin immunoreactivity was found 
in the cardia, fundus and pyloric mucosa of control, 
sham and cinnamon groups (Fig. 2a,b,c) and weak (+1) 
immunoreactivity in the diabates and diabetes+cinnamon 
groups (Fig. 2d,e).

A weak (+1) cytoplasmic somatostatin immunoreactivity 
was found in the parietal and principal cells of fundus in  
the diabetes (Fig. 3a), and diabetes + cinnamon groups 
while a strong (+3) cytoplasmic somatostatin immuno-
reactivity in the control (Fig. 3b), sham and cinnamon 
groups. Somatostatin immunoreactivity of parietal and 
principal cells was statistically significant in the control, 
sham, cinnamon, diabetes and diabetes + cinnamon 
groups (P<0.001). Count of somatostatin positive parietal 
and principal cells in among groups were summarized in 
Table 3 and Table 4.

DISCUSSION

In the present study, we evaluated the antioxidant which 
cinnamon on distribution of somatostatin in gastric tissue 
in streptozotocin diabetic rats. Diabetes is a metabolic 
problem which is increased by oxidative stress. It is 
concluded that 14 days of cinnamon administration 
increases somatostatin secretion, which has different roles 
at different stages of life processes such as cell proliferation, 

Table 1. Statistical evaluation of fasting blood glucose levels of rats according to groups

Group
Day

F 
1st day 3rd day 17th day

Control 76.67±2.45ᵇᴬ 76±2.76 cA 80.33±2.21 cA 0.87 

Sham 76.67±1.40ᵇᴬ 78.33±1.72 cA 77.83±2.19 cA 0.22 

Cinnamon 87.83±3.59 aᴬ 77.33±1.85 cA 78±1.31 cA 5.74 

Diabetes 84.50±1.33 aᴮ 373.33±6.31 aA 363.67±6.83 aA 913.13 

Diabetes + Cinnamon 88.83±2.98 aC 331.16±10.27 bA 245.16±34.55 bB 34.6 

F 5.32 718.67 68.02

P 0.00 0.00 0.00
A, B, C The differences between the mean values indicated by different letters on the same line are statistically significant (P<0.05)
a,b,c differences  in the values with different letters in the same column were statistically significant (P<0.05)
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cell differentiation, cell migration, tumor growth and 
apoptosis in rat gastric.

Cinnamon has been shown to lower blood glucose levels, 
regulate lipid metabolism, suppresses the blood sugar 
levels by slowing the absorption of carbohydrates from 
the intestines and have a healing role in type 2 diabetes 
mellitus with an insulin-like effect [23,24]. Shokri et al.[25] 
studied three groups 50, 100 and 200 mg/kg doses of 
cinnamon extract daily by gavages for 6 weeks. They 
determined every doses reduced blood glucose levels. 
But the dose of 200 mg/kg cinnamon extract was the 
most effective other doses. Kumar et al.[26] in their study 
investigating the effects of cinnamon on blood glucose 
levels in rats, have administered 150 mg/kg of cinnamon 
extract for 21 days and observed that cinnamon had a 
decreasing effect on blood glucose levels. The decrease 
in high blood glucose levels and the absence of any toxic 
effect on the histochemical examination of kidney and 
pancreatic tissues after a single daily dose of 120 mg/kg 
cinnamon extract in diabetic female and male rats have 
been considered as positive effects of cinnamon. In 
this case, it was suggested that the cinnamon dose is 
insignificant [27]. In our study, a single dose of 200 mg/
kg cinnamon extract was administered via oral gavage 
for 14 days in diabetic rats in the light of literature [6,28]. 

In our study, the decrease in high blood glucose levels 
especially in diabetes + cinnamon group male rats were 
similar to some literature studies [6,26-28]. In conclusion, we 
have determined in our study, which statistically evaluated 
the effects of cinnamon administration on fasting blood 
glucose that cinnamon administration in diabetic male 
rats may be effective in lowering blood glucose levels.

Diabetes mellitus has been reported to manifest many 
different pathological situations and damage gastro-
intestinal system in the long term [29,30]. It has been stated 
that gastrointestinal symptoms were common in diabetes 
mellitus which were generally associated with autonomic 
neuropathy [31]. It was revealed in the study by Bastaki  
et al.[32] to investigate the morphological alterations in  
the gastric tissues and parietal cells of streptozotocin-
induced experimental diabetic rats with long-term (6 
months) that parietal cells were irregularly distributed in 
diabetic rats compared to those in normal rats, and they 
reduced acide secretion. The present study revealed no 
pathological finding in cinnamon, diabetes and diabetes 
+ cinnamon groups in microscopic evaluation of tissues 
obtained from STZ-induced diabetic rats. This may be 
related to the duration of exposure to STZ, which might 
have changed if STZ was administered to the rats for 
longer than 14 days. 

Table 2. Comparison of somatostatin immunoreactivity among groups

Gastric Structures Diabetes Group Diabetes + Cinnamon Group Cinnamon, Sham and Control Groups

Parietal cells Weak (+1) Weak (+1) Strong (+3)

Principal cells Weak (+1) Weak (+1) Strong (+3)

Pyloric mucosa Weak (+1) Weak (+1) Strong (+3)

Cardia mucosa Weak (+1) Weak (+1) Strong (+3)

Fig 1. Rat gastric tissue. a- Control 
Group, b- Cinnamon Group, c- 
Diabetes Group, d- Diabetes + 
Cinnamon Group; arrow: parietal 
cells, arrowhead: principal cells, 
Triple, Bar = 50 µm
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Cinnamon was stated to have an effect to decrease high 
blood glucose, regulate lipid metabolism, suppress 
blood glucose by slowing down intestinal absorption 
of carbohydrates in rats and to likely have a therapeutic  
role in diabetes mellitus by displaying an insulin-like  
effect [3,23,24]. Cinnamaldehyde, which is one of the components 
of cinnamon, was determined to reduce blood glucose 

level in diabetic rats, to increase plasma insulin levels 
and to regenerate pancreatic β cells damaged by STZ. It 
has been reported that cinnamon releases insulin from 
β cells and results in a reduction in glucose level, and 
protects and regenerates β cells via its antioxidant effect [33]. 
In parallel with the literature review [33-36], somatostatin was 
determined to display immunolocalization in similar zones in 
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Fig 2. Rat gastric tissue. Intense 
somatostatin immunoreactivity in 
control group (a), sham group (b), 
cinnamon group (c); weak somato- 
statin immunoreactivitiy in diabetes 
group (d) and diabetes + cinnamon 
group (e). Bar: 100 µm, IHC

Fig 3. Rat gastric tissue. Weak 
somatostatin immunoteactivity in 
principal and parietal cells in 
diabetes group (a), Intense somato- 
statin immunoractivity in principal 
and parietal cells in control group 
(b), arrow: parietal cells, arrowhead: 
principal cells, Bar: 50 µm, IHC
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control, sham, cinnamon, diabetes, and diabetes + cinnamon 
groups in immunohistochemical examinations in the 
present study. Cytoplasmic and nuclear somatostatin 
immunoreactivity was observed in parietal and principal 
cells in fundus area. We determined that on day 14 
somatostatin immunoreactivity of the diabetes and diabetes 
+ cinnamon groups was weaker than for the control, sham 
and cinnamon groups. Weak immunoreactivity was found 
in the cardia mucosa and pyloric mucosa of the gastric in 
the diabates and diabetes+cinnamon groups and strong 
immunoreactivity was found in the control, sham and 
cinnamon groups. It was reported in previous studies 
that diabetes caused irregular distribution of parietal 
cells in fundus area [28] In the present study, on the other 
hand, diabetes was identified to decrease somatostatin 
immunoreactivity in parietal and principal cells. As a result 
of these results, the present study revealed that diabetes 
negatively influenced somatostatin immunoreactivity in 
fundus area of gastric tissue. 

In conclusion, when compared to diabetes groups, cinnamon 
extract administration was determined to increase the 
secretion of somatostatin which is somatostatin are 
important regulators of gastric acid secretion. Because we 
did not found any study on somatostatin immunoreactivity 
we mentioned in parietal and principal cells, we think 
that this issue needs to be investigated in more details. 
This study evaluated whether or not cinnamon extract 
which is reported to be effective in reducing the level of 
high blood glucose and somatostatin which is reported 
to be secreted from enteroendocrine cells and to have an 
inhibiting role on insulin and glucose metabolisms were 

effective on gastric tissue. We believe that since there is no 
immunohistochemical study explaining the relationship 
between somatostatin, cinnamon, diabetes and gastric 
tissue so far, the present study would contribute to 
literature and further studies should be conducted on the 
subject.
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