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Abstract
The connection among disturbed intestinal ecosystem, namely 

dysbiosis, and central nervous system have been recognized and 
evidence of proofed within the last 10 years. Microbiological alterations 
consequently give rise to elevated intestinal permeability, and thus the 
perception of bacterial fragment and toxins. This could easily hasten 
and instigate local/systemic inflammatory respond, acting on distant 
organs, involving the brain. Moreover the unfication of intestinal 
epithelial barrier exhibits a pivotal role for the microbiota–gut–brain 
axis. Novel discovery on zonulin, a signfifcant tight junction modifyer 
of intestinal epithelial cells, has been recognized to participate within 
the blood–brain barrier functioning. In the present article the present 
authors’ addressed the possible role of zonulin in an attempt to detect the 
relationship among leaky gut, neurological involvement and gut-brain 
axis to those of calves. Serum zonulin levels were determined by use of 
Sandwich ELISA. Clinical signs were recorded and noticed. Comparative 
analysis of serum zonulin levels (ng/mL) were deemed available were 
showing statistical significance (p=0,001) among healthy ones (24,11 
± 2,44) vs. calves with behavioural disturbances (58,03 ± 2,47). 
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Introduction
Emerging literature exhibited a zetsful 

bidirectional connection among gut microbiome 
and the nervous system, denoted as microbiota–
gut–brain axis (Cryan et al., 2019). Several 
conditions influence microbial echology, involving 
stress, nutritional status, environmental reflection, 
and intestinal lumen habitants affecting neural 
reflection (Cryan et al., 2019, Oriach et al., 2016). 
The multiplex interaction among microbiota 
and brain is uniterrupted through inflammatory 
compounds, neuroactive bacteriological metabolites 

neurotransmitters and vagus/enteric nerves (Cryan 
et al., 2019. microbiota–gut–brain axis exhibited an 
inter-relationship among altered gut microbiome 
diversity and neurological diseases (oriach et al., 
2016, Morais et al., 2021, Pap et al., 2022). To our 
knowledge there has been no study evaluating the 
connection of neurological disorders and gut-brain 
axis in calves at field conditions. Therefore our 
aim was to analyze the interaction among calves, 
intestinal permeability and neurological signs, 
which prompted us t oto perform this study.

TJVIM 2023;2(1):8-12

RReesearsearcch Artich Articlele

Intestinal Permeability Among Calves with Behavioural 
Disturbances

 Hasan ERDOĞAN1, Songül ERDOĞAN1 

1Aydın Adnan Menderes University, Vete-
rinary Faculty, Internal Medicine Depart-
ment, Aydın/Türkiye

ORCID:0000-0001-5141-5108
ORCID: 0000-0002-7833-5519

Corresponce 
Aydın Adnan Menderes University, Vete-
rinary Faculty, Internal Medicine Depart-
ment, Aydın/Türkiye

E- mail: songultp.09@gmail.com
Doi: 10.5281/zenodo.10474137

8



Material and Method
InfographicData 
The present research was conducted in 4 different 
commercial farms  involving calves, located in Ay-
din Municipality among Aegean Region of Turkey. 
A total of 30 Holstein calves (n=21 female, 9 male) 
out of 119 inspected, to those of which 34-67 days 
old ones were involved at the present study. Solely 
21 healthy calves (14 female, 7 male) were enrolled.
Blood Sampling and Analytes
Blood was taken via Vena jugularis onto anticoagu-
lated tubes once solely. Sera was suddenly seperated 
and transferred to  where its kept. Bovine zonulin 
ELISA Kit (MyBiosource ELISA kits), previoulsy used 
(Alic Ural et al., 2021a, Alic Ural et al.,., 2021b, Alic 
Ural et al.,., 2021c, Alic Ural, 2022a, Alic Ural, 2022b, 
Alic Ural, 2022c, Alic Ural, 2023, Alic Ural and Ural, 
2023) were purchased commercially. ELISA was pre-
ferred for serum zonulin levels similar to previous 
methodology  (Alic Ural et al., 2021a, Alic Ural et al., 
2021b, Alic Ural et al., 2021c, Alic Ural., 2022a, Alic 
Ural, 2022b, Alic Ural., 2022c, Alic Ural., 2023, Alic 
Ural and Ural, 2023, Ural et al., 2023), was adopted. 
Briefly Sandwich ELISA methodology was evident.
Statistical analysis
The mean and standard deviation values of zonulin 
levels for calves in the healthy group and those with 
behavioral disturbances were tabulated. For the com-
parison of the obtained data, the Mann-Whitney U 
test was utilized, and instances where the p-value was 
less than 0.05 were deemed statistically significant. 
The statistical analyses and graphs were conducted 
using the Graphpad Prism (9.5.0, USA) software.
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Results
Circulating serum zonulin levels (ng/mL) 
were shown in table 1 for both groups. Be-
sides boxplot analysis were shown in Fig 1.

Table 1. Circulating serum zonulin levels among 
healthy and behavioural disturbance calves.

Parametre Healthy 
Calves

Calves with 
behavioural 
disturbances

P value

Zonulin 
(ng/mL)

24,11 ± 2,44 58,03 ± 2,47 0,001

Fig. 1. Boxplot analysis of serum zonulin levels for 
both group of calves.

Discussion
Intestinal permeability, exhibiting a pivotal role 
among microbiota-gut-brain axis, permits the 
piercing of luminal content through the circulatory 
system (Bischoff et al., 2014). Intestinal epithelial 
layer barrier functioning is maintained through 
ntercellular junctions, composed of tight/adherens 
junction and desmosome (Camillerei et al., 2019). 
Through existence of leaky gut”, tight junctions and 
their relevant constituents patricipate (Tripathi et 
al., 2009, Sturgeon and Fasano, 2016). In the present 
study fort he first time under our era and geograp-
hy, we herein showed evidence of proof for leaky 
gut among calves with beahvioural disturbance.
About 24 years ago, Fasano and his colleagues desc-
ribed the finding of zonulin, modifying paracellu-
lar permeability (Fasano et al., 2000,. Moreoever 
the influence of the zonulin pathway on the modi-
fication of intestinal permeability has been deter-
mined by phase 2 clinical (Hoilat et al., 2022). Des-
pite the fact that the vast majority of available data 
regarding zonulin has been asscoiated to intestinal 
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diseases, its significant participation in exactly all 
organs, including brain etc., has currently been 
recognized (wang et al., 2000, Rittirsch,  et al., 
2013,  Ghanadi, K.; Naghdi 2022, Yu et al., 2021, 
Smecuol et al., 2005, Miranda-Ribera et al., 2022). 
Interestingly a novel cohort study established the 
association of sera zonulin levels and severity of 
respiratory disorder among diseased calves. In the 
latter study calves diagnosed with bovine respi-
ratory disease were subjected to specific Bovine 
Zonulin ELISA test kits. The mean zonulin levels 
(ng/mL) healthy calves (21.03 ± 10.57), calves wit-
hout severe pneumonia (Score <5) (39.53 ± 11.90) 
and calves with pneumonia (Score >5) (64.69 ± 
17.98) presented statistically significant alterati-
ons (p<0.05). In that study zonulin, not only limi-
ted to exhibition of intestinal inflammation, but 
also conducted to show lung injury (lung perme-
ability) (Alic Ural and Ural, 2023). Another study 
validated the intercation among fecal scores and 
sera zonulin concentrations as a biomarker for in-
tesinal inflammation among calves with diarrhea. 
Specific Bovine Zonulin ELISA test kits  revealed 
diarrheic calves with score 2 and score 3 expres-
sing ser zonulin levels 41.04 ±4.5 and 61.27 ±4.80, 
with significant changes in comparison to healthy 
calves 20.35±2.93 (p<0.05). In that study intesti-
nal inflammation showed correlation with serum 
zonulin levels (Alic Ural, 2023). Moreover a pros-
pective field study aimed to detect zonulin value 
as a noninvasive selected biomarker for intestinal 
barrier functioning and leaky gut. Circulatory zo-
nulin concentrations (ng/mL) showed as (±SEM), 
exbitied significant alterations (p<0.001) betwe-
en healthy and diarrheic calves (26.43±3.528 vs. 
57.97±4.250), respectively (Alic Ural 2022a). On 
the other hand zonulin levels might be affected 
by both in seasonal/spatial distribution at diffe-
rent day/night. Calves were subjected to analysis 
for mean zonulin levels (ng/mL) at 12 pm and 
08:00 am in the January group were 28.04±12.49 
vs. 11.55±8.45, respectively (p=0.012), whereas at 
June group the mean zonulin levels at 12 pm and 
08.00 am were 58.54±19.16 vs 24.03±9.9, respe-
ctively (p=0.012). The latter study showed that 
heat stress coudl be capable of influencing intes-
tinal integrity and seasonal dissipation of zonulin 
concentration (Alic Ural 2022b). In the present 
study in comparison to aforementioned researc-
hes serum zonulin levels (ng/mL) exhibited statis-
tical significance (p=0.001) among healthy calves 
(24.11 ± 2.44) vs. calves with behavioural distur-
bances  (58.03 ± 2.47). The reason for this results 

should be dept in discussed in below paragraph.
Given disturbed gut microgeography diversity, na-
mely dysbiosis, has been connected with release 
of intestinal zonulin, altered gut permeability, and 
upregulation of inflammatory compounds (Ve-
res-Székely et al., 2023). The extension of intesti-
nal-derived microbial compounds, toxins, and inf-
lammatoric conditions, also composed of zonulin, 
lastly arrive distant organs, involving the central 
nervous system. The latter could prone to elevated 
blood–brain barrier permeability, inflammation 
of the nervous system and behavioral alterations 
could selectively exagerrated through microbio-
ta diminishing  (Miranda-Ribera et al., 2022). Ta-
king into account all aforementioned data denoting 
that dysbiosis and the zonulin route could partici-
pate as major factor in microbiota-gut-brain axis 
associated disorders (Miranda-Ribera et al., 2022, 
Veres-Székely et al., 2023). During SARS-CoV-2 
strike during 2020, denoted as pandemic propor-
tions beacuse of its quick spread and virulence, 
COVID-19 patients exhibited digestive, respira-
toric and neurologic clinical presentation. Given 
neurotropism of the reponsible virus, infection of 
the gut, and related mechanisms involving zonulin 
brain receptor and probable usage of zonulin an-
tagonists were inspected (Llorens et al.,, 2021). To 
the present authors’ knowledge there has been no 
previous study, at least in our country, related to 
zonulin and behavioural disturbances among cal-
ves. The results that we obtained would be further 
investigated with larger sacle population of calves.
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Supplements

Table 2. Table involved calves enrolled at 
the present study. Clinical signs were revi-
sed and adopted from well decsribed data (ht-
tps://www.michigan.gov/mdard/-/media/Pro-
j e c t / We b s i t e s / m d ard / d o c u m e nt s / an i m a l s /
exhibitions/signs/i l lness_barn_posters.pdf ?-
rev=f4f10dec01eb4a60bd7a9613131e40c9&has-
h=D70E252629173B4A72B403184EB4F28D)
Neurological Signs: 
N=2 Behavioral alterations or 

easily startled
N=3 Restlessness/agitation
N=9 Lack of coordination or 

high stepping
N=12 Head rubbing, tossing or 

pressing
N=4 Exaggerated blinking 

and chewing movements
N=6 Trembling or convulsi-

ons




