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The special protein, zonulin, is gifted to 
unsettling tight junction decomposition, in which 
dedicated for arranging mucosal permeability.1,2 The 
latter protein initially detected as an endogenous 
human analogue of the bacterial enterotoxin, zonula 
occludens toxin, which is harvested by Vibrio 

cholerae.2,3 In an attempt to install tight junction 
decomposition, it has been suggested that zonulin 
trigger epidermal growth factor receptor via 
proteinase activated receptor 2 (PAR2) along with G 
protein-coupled receptor PAR2, transacting 
epidermal growth factor receptor.1,4 Through 
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ABS TRACT Objective: Giardiasis is the most common encountered 
parasitic disease of a wide variety of animal species and intestinal 
malabsorption, and diarrhea are long term outcomes of giardiasis. 
Given elevated gut permeability-within the moneclature synonym- 
leaky gut- has been suggested as a probable contander to inflammaging 
and gut dysbiosis, relatively very few data exist in ruminants. In the 
present study, therefore, field research prompted the present author to 
seek information on the relationship between a leaky gut and giardiasis 
(this subject was dept in analysis), through which are influencing 
growth performance (the special era of interest for her). Material and 
Methods: For this purpose, 11 calves in each group healthy control vs. 
giardia positive diarrheic were included in the study. Sera samples for 
zonulin levels were detected to those of giardia positive diarhheic 
calves. Results: Commercially available ELISA tests revealed that 
serum zonulin concentrations (mean) was higher in diarrheic giardia 
positive calves (n=11) in comparison to healthy ones (n=11) 
(63.35±3.73 ng/mL vs. 34.94±3.72 ng/mL). Conclusion: Results 
obtained from this study might have helped detection of leaky gut and 
intestinal permeability among diarrheic calves with giardiasis in which 
result should be taken into consideration could change treatment 
protocols by the veterinary surgeons. 
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ÖZET Amaç: Giyardiyazis, çok çeşitli hayvan türleri arasında en sık 
karşılaşılan paraziter hastalıktır ve bağırsaklarda emilim bozukluğu 
ve ishal, giyardiyazisin uzun vadeli sonuçlarıdır. Artmış bağırsak 
geçirgenliği göz önüne alındığında -moneklatür eş anlamlısı- sızıntılı 
bağırsak- yangı ve bağırsak disbiyozunun olası bir taşıyıcısı olarak 
öne sürülmüş olup, geviş getiren hayvanlarda nispeten çok az veri 
bulunmaktadır. Bu nedenle bu çalışmada, saha araştırması mevcut 
yazarı, sızıntılı bağırsak ile büyüme performansını (onun için özel bir 
ilgi dönemi) etkileyen giyardiyazis (bu konu analize tabi tutulmuştur) 
arasındaki ilişki hakkında bilgi aramaya sevk etmiştir. Gereç ve 
Yöntemler: Bu amaçla sağlıklı kontrol ve giyardiya pozitif ishalli 
her gruptan 11 buzağı çalışmaya dâhil edildi. Giyardiya pozitif ishalli 
buzağıların zonulin düzeyleri için serum örnekleri tespit edildi. 
Bulgular: Ticari olarak temin edilebilen ELISA testleri, ishalli 
giyardiya pozitif buzağılarda (n=11) sağlıklı olanlara (n=11) kıyasla 
serum zonulin konsantrasyonlarının (ortalama) daha yüksek olduğunu 
ortaya koydu (63,35±3,73 ng/mL’ye karşı 34,94±3,72 ng/mL). 
Sonuç: Bu çalışmadan elde edilen sonuçlar, giyardiyazis ile enfekte 
ishalli buzağılarda, sızıntılı bağırsak ve bağırsak geçirgenliğinin 
saptanmasına yardımcı olmuş olabilir ve bu sonucun dikkate alınması 
veteriner hekimler tarafından tedavi protokollerini değiştirebilir. 
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activation of these 2 receptors decreases 
transepithelial electrical resistance, therefore 
implicating increased intestinal permeability.1 

Given the gastrointestinal tract for a 1 month old 
preruminant, milk is the foremost nutritional support, 
whereas among forestomach abomasum is dominant. 
As rumen endure behindhand as because of stunted 
starter intake, following weaning it is prone to 
development due to elevated starter intake. However 
at this time point elevated amount of starch existing 
by the starter might result with ruminal acidosis, 
bypassing the rumen injuring the lower intestinal 
compartments. The latter condition results in leaky 
lower gut, as tight junctions among enterocytes 
disconnected and elevated permeability permitted 
antigens launch into circulation.5 In the present study 
the author (with the field support of veterinary 
surgeons) aimed at detecting sera samples for zonulin 
levels were detected to those of giardia positive 
diarrheic calves, for preliminary detection of leaky 
gut and therefore intestinal permeability. 

 MATERIAL AND METHODS 

STUDY AREA  
The research was performed (with participation of 
veterinary surgeons at field conditions who withdraw 
blood samples for serum zonulin analytes) in a 
private farm at Aydın Municipality of Türkiye. Each 
group healthy control vs. giardia positive diarrheic 
involved 11 calves. 

GIARDIASIS DETECTION 
Microscopic examination involved diagnostic 
intervention along with Giardia duodenalis positive 
calves. The latter parasitic infection was 
microscopically detected (i.e. cysts presence among 
fecal samples).6-9 Fecal samples were mixed with a 
well recognized 33% ZnSO4 solution and centrifuged 
at 880 x g for 5 min4 similar to what have been 
described elsewhere.6-9 

SAMPLING AND FIELD RESEARCH  
One mL blood was withdrawn (whom were 
experienced veterinary surgeons, were cited by 
names at the bottom of the paper) from Vena jugularis 

into anticoagulated tubes. Sera samples were stored at 
-20°C until the analytes were outcome. 
Commercially available Bovine Zonulin ELISA test 
kits (MyBiosource ELISA kits, USA) were 
performed according to the procedure described by 
the manufacturer. The methodology was similar to 
previous experience by the present author and her 
teammate evolved at the relevant researches.10-12 

ETHICAL APPROVAL 
All animals in the study were treated humanely  
in accordance with the Guide for the Care  
and Use of Laboratory Animals 
(www.nap.edu/catalog/5140.html) and the relevant 
Experimental Animals Ethics Committee Approval 
Report was obtained. There was any administration 
that affect the animal welfare in the study. 

The study approval was obtained by filling out 
the information consent form from the owners. This 
study was approved by Aydın Adnan Menderes 
University Animal Rights Experiments Local Ethics 
Committee (date: February 19, 2021, no: 
64583101/2021/017).  

STATISTICAL ANALYSIS 
The data of zonulin levels of healthy and diarrheic 
calves were tabulated as mean and standard error. 
After examining the homogeneity of the obtained 
data, the non-parametric Mann-Whitney U test was 
used for comparison between groups. All analyses 
were done by using Graphpad (Prism, IBM) and p 
value p<0.05 were set as statistically significant.  

 RESULTS 
The slides were microscopically examined under 
400x power for visualization of Giardia cysts gave 
positive results for 11 diarrheic calves. An 
experienced veterinary surgeon microscopically 
detected cysts. 

Circulating serum zonulin levels (ng/mL) was 
shown on Table 1 and Figure 1 box plot along with 
statistical analytes. Serum zonulin levels were 
deemed statistically (significantly altered) in 
diarrheic giardia positive calves (n=11) in 
comparison to healthy ones (n=11) (63.35±3.73 
ng/mL vs. 34.94±3.72 ng/mL) (p<0.001). As p value 
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p<0.05 were set as statistically significant, as reported 
above, this could be briefly explained with the 
association among leaky gut and giardiasis among 
calves involved herein. 

 DISCUSSION 
Intestinal permeability (ip) might be altered by 
several factors. Different researches presented ip 
changes among clinical conditions [i.e. food 
allergy/intolerance, rheumatoid arthritis, non-
steroidal anti-inflammatory drug therapy, IgA-
associated nephropathy, and infectious diseases and 
tropical malabsorption] were reported to be 
associated with increased ip.13-17 In the present study 
in an attempt to detect ip, serum zonulin levels were 
deemed available. 

Given crucial participation of the intestinal 
epithelium for maintenance of solute and fluid 
alterations along with absorption of nutrient, its 
relationship with gut-associated lymphoid tissue and 
the neuroendocrine network have been elucidated, in 
an attempt to understand the crossing of 
environmental antigens from the intestinal lumen into 
the sub-mucosa.3,18 Suggested hypothesis involved, 
disruption of the mucosal barrier causes elevated 

antigen passage and relevant macromolecules from 
the external environment into the host resulting with 
local/systemic inflammation and immune respond; all 
of which were dedicated as “gut leakiness.”19 In the 
present study as evidenced by proof (elevated zonulin 
levels among diarrheic calves with giardiasis) 
presence of leaky gut and elevated ip among diarrheic 
calves with giardiasis in which result should be taken 
into consideration could change treatment protocols 
by the veterinary surgeons. 

The gravity of bona fide intestinal barrier 
functionality has been heightened among ruminants 
exposure to elevated microbial antigens coming from 
pre-gastric fermentation niche.20 Arousing proof of 
evidence dedicated to the gravity of gut health on 
animal productivity and well-being has been noticed 
in recent era. Different constituents implanted along 
with updated management conditions could exist 
alterations to the animal’s gut health, involving its 
barrier function and leading to leaky gut. Among 
ruminants the latter conditions comprise heat stress, 
ruminal acidosis, weaning, diminished feed intake 
and the transition period among early lactating dairy 
cows.11,12,21-30 On the other hand clarifying reasons 
responsible for leaky gut is not easy as because 
factors contributing for diminished intestinal barrier 
integrity thus could influence the metabolism and 
immune response of other relevant tissues.29 

Examples of these astonishing factors enrolled  
the periparturient period in dairy cows and heat  
stress, 2 of that are chaperone by significant 
homeorhetic adaptations for supporting a novel 
dominant physiological condition.21,31 In a prior study 
(also performed by the present author) performed in 
August 2021 (41.1C with a 36% humidity) serum 
zonulin levels were assessed by ELISA to those of 
calves exposure to heat stress. Serum zonulin 
(ng/mL) levels were elevated (60,07±21,20) at mid 
night 00.00 am whereas mid-day interpretation at 
12.00 pm (34.60±10.90) (p=0.018) were detected. In 
that study elevated zonulin levels determined 
intestinal barrier disruption along with elevated ip in 
relationship with heat stress.11 Another study 
involved the hypothesis that heat stress induce 
dysfunction of intestinal barrier. In that research, 
Holstein dairy cows (n=7, at the age of 2-5 years) 
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Control X±SE Diarrheic X±SE 
Zonulin (ng/mL) 34.94±3.72 63.35±3.73 
p value 0.001 

TABLE 1:  Circulating serum zonulin levels (ng/mL) 
among diarrheic giardia positive and healthy control 

calves.

FIGURE 1: Boxplot analytes for circulating serum zonulin levels.
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housed in Aydin municipality with higher 
temperature conditions in summer were subjected to 
blood sampling for serum zonulin level detection. 
Serum zonulin levels were detected to be 
significantly (p=0.012) altered (at 12 pm and 00 am 
with temperature records of 44°C and 31°C 
respectively). In that research heat stress negatively 
influenced on intestinal integrity among cows.12 
According to the results of this present study as 
commercially available ELISA tests revealed that 
serum zonulin concentrations was higher (p<0.001) 
in diarrheic giardia positive calves (n=11) in 
comparison to healthy ones (n=11) (63.35±3.73 
ng/mL vs. 34.94±3.72 ng/mL), leaky gut and elevated 
ip should be taken into consideration for veterinarians 
on the field.  

 CONCLUSION 
In conclusion for the first-time interpretation of leaky 
gut among diarrheic calves with giardiasis would 
provide insight into its contribution to the 
pathophysiology of common on-farm diseases. It 

should not be unwise to draw preliminary 
conclusions that multidisciplinary field studies are 
warranted for futher data. As no comparative data 
were evident regarding this subject, detailed 
researches should highlight this era. 
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