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Circulating Serum Zonulin Levels Before and After
Probiotic Enema Treatment in Dogs with Atopic Dermatitis:
Randomized Clinical Study

Atopik Dermatitli Kdpeklerde Probiyotik Enema Sagaltimi Oncesi ve
Sonrast Dolasim Serum Zonulin Seviyesi: Randomize Klinik Calisma
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ABSTRACT Objective: In the present study, we investigated the ~OZET Amag: Bu calismada, atopik dermatitisli kopeklerde probiyotik
benefits of rectal enema probiotic combination in dogs with atopic ~ kombinasyonlarinin rektal uygulama yararlarinin arastirilmas: ve
dermatitis and detected circulating serum zonulin levels in these. bunlarda serum zonulin seviyelerinin belirlenmesi amaglandi. Gereg
Material and Methods: An open-label, self-controlled case series  ve Yontemler: Acik-uglu, 6z deneyimli olgu serisi atopik dermatitisli
involved 6 privately owned dogs with atopic dermatitis. Diagnosis 6 sahipli kopekten olustu. Tanida korneometrik analiz, Kopeklerde
involved corneometric analytes, Canine Atopic Dermatitis Extent and ~ Atopik Dermatit Yayginlik ve Siddet Indeksi-04 [Canine Atopic
Severity Index version 4 (CADESI-04) scores, visual analogue scale ~ Dermatitis Extent and Severity Index version 4 (CADESI-04)] skoru,
(VAS) pruritus scores and in vitro allergen specific tests. Faecal samples  viziiel analog skala (VAS) kasint1 skoru ve in vitro alerjen spesifik test
were forwarded to dual indexing one-step polymerase chain reaction  kullanildi. Digki 6rnekleri, 10 giin boyunca giinde 1 kez rektal enema
and 16S rRNA targeted metagenomics in an attempt to determine gut  probiyotik dncesi ve sonrasinda bagirsak mikrobiyota degisikliklerini
microbiota alterations before and after rectal enema probiotic once daily ~ belirlemek amaciyla metagenomikleri hedefleyen ikili indeksleme tek
for 10 days. Results: Following rectal enema probiotic treatment, as  adimli polimeraz zincir reaksiyonu ve 16S rRNA analizine génderildi.
the in the vast majority Prevotella genus was significantly detected in ~ Bulgular: Rektal enema probiyotik sagaltimini takiben klinik iyilesme
association with clinical cure and recovery. Median CADESI-04 ve tedaviyle iliskili biiyiik ¢ogunlugu Prevotella cinsi olacak sekilde
(p=0.028) and VAS pruritus scores (p=0.028) along with circulating  6nemli bulundu. Ortalama CADESI-04 (p=0,028) ve VAS kasint1 skoru
zonulin (p=0.026) levels were decreased in atopic dermatitis cases on  (p=0,028) ile zonulin (p=0,026) seviyesi 0. giin degerlerine kiyasla 10.
day 10 in contrast to 0" day values. Corneometric analysis involving  giinde azaldi. Korneometrik analizlerden epidermal pH (p=0,027) ve
median epidermal pH (p=0.027) and hydration values (p=0.028) hidrasyon degeri (p=0,028) belirgin iyilesme gosterdi. Sonuc:
revealed a significant improvement. Conclusion: This positive impact ~ Kopeklerde, bu atopik dermatitis modelinde rektal enema probiyotik
on skin inflammation and diminshed pruritus after application of rectal ~ uygulanmasindan sonra deri yangisi ve azalan kasint1 tizerindeki olumlu
enema probiotic in this model of atopic dermatitis in dogs probably  etki, muhtemelen kronik bariyer bozulmasiin gerilemesi ve siki
presented withdrawal of chronic barrier disruption and healed tigh  baglantilarin iyilesmesini temsil etmektedir. Enema kullaniminda tercih
junctions. The selected Lactobacillus probiotic strains used as an enema  edilen Lactobacillus probiyotik suslari, intestinal denge ile sonuglanan
potentially regulate on skin health by the manipulation of the gut bagirsak mikrobiyotasinin manipiile edilmesi ile deri sagligin

microbiome resulted with intestinal balance. potansiyel olarak diizenledi.
Keywords: Canine atopy; intestinal microbiome; probiotics; Anahtar Kelimeler: Kanin atopi; intestinal mikrobiyom;
rectal enema; zonulin probiyotikler; rektal enema; zonulin

Given the connection between the gut with well recognized.' The gut microbiome had an pivotal
reference to in terms of intestinal microbiome and of regulation and formation of the skin disease. Gut
skin health, denoting the “gut-skin axis”, has been and skin microbiome have been altered together in
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skin diseases. The microbiome has maintained
homeostasis between tissues and organs, and also it
regulates the immune system. Hence, it is important
to follow interplaying between skin and gut
microbiome for the enhanced understanding of
dysbiosis and to shed light on novel therapeutic
approaches.’

Increasing intestinal permeability as resulted by
dysbiosis can be followed with several biomarkers,
one of them a protein called zonulin, that reversibly
activates intestinal permeability through reducing
tight junctions (tJs). So increasing intestinal
permeability induces inflammation and transition of
immune cells to circulation that effect most of system
including skin.®> Thus targeting restoration of the
intestinal dysbiosis, not only prevents the inflamation
but also protects from the onset of skin disorders.

Aroused interest presented that beneficial
bacteria, namely probiotics might mitigate dermal
inflammation, with a great potential of preventing and
treating several dermatological disorders. In a prior
study, supplementation of Lactobacillus plantarum
strain relived atopic dermatitis (aD) and eosinophil
counts were diminished in humans, whereas
Lactobacillus paracasei strain presented decreased

skin sensitivity and transepidermal water loss.**

In the present study, the researchers preferred
probiotic enema involving two Lactobacillus species
for treatment of aD, thereafter analyzed circulating
zonulin levels in an attempt to determine gut
microbiota alterations before and after rectal enema
probiotic (rePt) once daily for 10 days.

I MATERIAL AND METHODS

RESEARCH PERIOD/INCLUSION CRITERIA

This open-label, non-controlled study (self controlled
case series) was performed with regard to written
owner consent. Two subsequent re-evaluations at day
0 and at the end of day 10, after therapeutical
intervention was denoted as the start and endpoints
of the study.

The present study was conducted at the
Veterinary Faculty of Aydin Adnan Menderes
University. Six privately owned dogs with the age of
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2 to 5 years old and both gender were involved in the
study. Dogs with waxing and wanning pruritus were
primarily detected with a presumed canine aD. Data
involved a detailed history, records of clinical signs
(erythema, lichenification and alopecia/excoriation)
which were also scored in association with Canine
Atopic Dermatitis Extent and Severity Index version
4 (CADESI-04) (Table 1) and visual analog scales
(VAS) for pruritus, allergen-specific immunoglobulin
E (IgE) detection (Polycheck Canine Allergy Test,
Gmbh, Germany; distributer RDA Group, istanbul),
corneometric analysis (epidermal pH and hydration
by use of Callegari Soft Plus device, Italy) and
dermatoscopic examination.®® All 6 cases were on a
food trial involving hydrolyzed proteins. Neither
previous  drug
administration was evident, as an inclusion criteria.

treatment  application  nor
Dogs were excluded if other disorders were detected.
Routine blood work and endocrine panels were

available on days 0 and 10 for all dogs enrolled.

MICROBIOME TESTING

This was available in 4 out 6 dogs involved, due to
restricted financial support. Briefly, steps were as
follows 1) Stool sample collection at the university
practice by use of cotton swab directly from rectum
lumen, and storage at 4-8° prior to rePt, into 70%
ethanol tubes provided by the company (Animal
Biome, Oakland, California, USA). 2) Fecal material
isolation, extraction of DNA and concentration
measurement, 3) 16S rRNA gene (505F/816 R)
generation using one step polymerase chain reaction,
4) Alpha and beta diversity analysis involving 100%
Operational Taxonomic Units (OTUs) classified
against SILVA reference database.”'> All of the
procedures were completed at Animal Biome
Laboratory at Oakland, USA by experted and
specialized researchers.

PROBIOTIC ENEMA TREATMENT METHODOLOGY

rePt treatment involved L. paracasei 8700:2 and L.
plantarum HEALDO strains (Probest defense tablet, Abdi
Ibrahim, Turkey). Briefly, each tablet was poured and
then dissolved in 20 mL sterile water, which was then
rectally administered as an enema model. Treatment
trial involved 10 days, and each owner was advised to
be at the clinic everyday at the same time.
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Methodology of and proposed mechanism of efficacy
was shown in Figure 1 and Figure 2 below.

SERUM ZONULIN LEVELS AS DETECTED BY ELISA

Serum zonulin has been determined according to Dog
Zonulin (HP) ELISA Kit supplied by Abbexa Ltd.
United Kingdom.

STATISTICAL ANALYSIS

Descriptive statistics were given as median
(minimum-maximum) and was shown in Table 2. All
data were not normally distrubuted before and after
logaritmic transformation process. Wilcoxon test was

preferred for comparison of available data prior to-

TABLE 1: Proposed benchmarks for atopic dermatitis severity by use of CADESI-04 scores as determined by Olivry et al.5

<10 points

scores of 10-34

35-59 indicated

60-180

Proposed benchmarks for atopic dermatitis severity by use of CADESI-04 scores*

Severity of dermatitis

Normal

Mild

Moderate

Severe

The cases involved at this figure complex are to those of atopic dermatitis cases in the present study. *CADESI-04 score: Canine Atopic Dermatitis Extent and Severity Index version 4.

High zonulin
levels

Faulty tJ
Defective t/ __|

el Low zonulin

Iptact t)

levels

FIGURE 1: Methodology (used in this study) and probable mechanism of action for probiotic enema. Word drawings/cartoon depicts enterocytes with coloring
(Enterocytes: @itight junctions [il). High zonulin levels detected prior to treatment might probably be related to faulty/defective tJ, which was reversed following rePt resul-
ted in lowered zonulin levels and healthy tJ. tJ: Tight junction; rePt: Rectal enema probiotic.
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FIGURE 2: Prior to rePt, rectal catheter should be properly and truly placed at
least 15 cm aside from rectum. rePt: Rectal enema probiotic.

and thereafter rePt. All analysis were performed on
SPSS 20.0 (IBM, USA) and p<0.05 was set as
statistically significant.

ETHICS COMMITTEE APPROVAL

This study was approved by Aydin Adnan Menderes
University Local Ethical Committee on Animal
Experiments with number 64583101/2020/045
(9/7/2020). All animals enrolled in this study were
humanely treated in accordance with the Guide for
the Care and Use of Laboratory Animals
(www.nap.edu/catalog/5140.html).

I RESULTS
DEMOGRAPHIC DATA

Six dogs at the age of 2 to 5 years old, were involved.
All 6 dogs were enrolled, entirely completed the

research. No side effects related to rePt. Analytes
other than aD diagnostic, were entirely normal and
within reference ranges involving endocrine profile.

ANALYTES AND LABORATORY RESULTS

All measurable analytes were shown in Table 2 below.

CADESI-04 AND VAS PRURITUS SCORES

Both CADESI-04 and VAS pruritus scores were
altered in aD cases. Proposed benchmarks for aD
severity by use of CADESI-04 scores revealed.® Pre-
treatment day 0 CADESI-04 scores (50-176)
belonging to 4 severe and 2 moderate aD cases, were
significantly higher than scores on day 10 (7-41)
switching the severity of the disease to mild status in
5 out of 6 cases, whereas 1 dog was mild aD.
CADESI-04 scores [median (minimum-maximum)]
(prior to treatment) was statistically significant 70.5
(50-176) vs. 12 (7-41), in contrast to rePt,
respectively. On the other hand, day 0 VAS pruritus
scores were (ranging between minimum-maximum 5
to 10) 7.5 (5-10) [median (minimum-maximum)]
(prior to treatment), whereas owner VAS pruritus
score was decreased to 2 (0-3) [median (minimum-
maximum)] (p=0.026) (Table 2). No side effect
attributable to the rePt was reported in any dogs with
aD. All cases were monitored for 11 months after
completion of rePt in which no recurrence was
observed. Clinical photographs of a selected case was
shown in Figure 3, describing before and after
treatment records along with gut microbiota changes.
Allergen specific IgE analysis presented at least 1
antigen in each case enrolled (data not relevant to
show, solely for diagnostic interpretation). All dogs

TABLE 2: Analytes recorded at the present study. All parameters were dedicated as useful biomarkers for diagnosis of
canine atopic dermatitis, as to the present authors practice.

CADESI-04 scores 70.5 (50-176)

Epidermal hydration 3.5(0-58)
Epidermal pH 4.9(4.35.7)
VAS scores (1-10) 7.5 (5-10)
Zonulin (ng/mL) 19.5 (9-20)

Bt Median (minimum-maximum)

arePt Median (minimum-maximum) p value
12 (7-41) 0.028
97 (46-100) 0.028
7.0(6.5-7.2) 0.027
2(0-3) 0.026
2.7(1.5-4.2) 0.028

CADES]I-04: Canine Atopic Dermatitis Extent and Severity Index version 4; VAS: Visual analogue scale; Bt: Before treatment; arePt: After rectal enema probiotic treatment.
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FIGURE 3: One of the cases enrolled in the present study. Clinical photographic records were obtained on day 0 and 10, following rePt. Briefly microbiome analysis were
also shown before and after rePt entirely. Left coloumn showed healthy dogs’ average microbiome analysis comperatively. rePt: Rectal enema probiotic.

with aD experienced a strong IgE response against
storage mites.

ZONULIN LEVELS

Linear graphic showing zonulin levels prior to and
after rePt is presented in Figure 4. In dogs with aD
participated in the present research, zonulin levels
[median (minimum-maximum)] after treatment [2.7
(1.5-4.2) ng/mL] were significantly (p=0.028)
decreased in contrast to pre-treatment values [19.5
(9-20) ng/mL].

GUT MICROBIOTAALTERATIONS

Alpha diversity with respect to OTU richness,
evenness and overall diversity was shown in an
attempt to show ecological alterations within the dogs
with aD via the Shannon indices. Alterations in OTU
composition for aD cases involved in the present
study, comparatively data involved day 0 (prior to
rePt) and day 10, end point of the study. The OTU
distribution composed phyla, family and genus
levels.

In the present study, a comparison was made at
time point day O (prior to rePt treatment) and there
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afterwards with the completion of the study at time
point day 10. The OTU distribution was investigated
at the phyla, family and genus levels. At the phylum
level, 16S rRNA analysis highlighted the OTU
abundance differences, which presented that
Firmicutes was significantly higher at time point day
0. At the phylum level, the most common bacteria
phyla found (prior to rePt treatment) were as follows:
case [ (Firmicutes 64.7%, Actinobacteria 20.7% and
Fusobacteria 14.0%), case II (Firmicutes 41.0%,

Bacteroidetes 37.8%, Actinobacteria  8.8%,
25
-
%20 -
R s ase
£ —Case II
= Case III
210
o ~=Case IV
N 5 —Case V
—Case VI
0
Prior to Treatment After Probiotic Enema
Treatment

FIGURE 4: Zonulin levels prior to and after probiotic enema treatment in 6 cases
enrolled.
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Fusobacteria 7.3% and Proteobacteria 5.1%), case III
(Firmicutes 50.5%, Fusobacteria 34.8% and
Bacteroidetes 13.1%) case IV (Firmicutes 34.6%,
Fusobacteria 39% and Bacteroidetes 25.7%). At the
family level abundances of Lachnospiraceae (Blautia
genus 25.5%), Coriobacteriaceae (Colinella genus
16.2%) and Streptococcaceae (Streptococcus genus
15.1%) were evident in case 1. After rePt, case I
of
(Enterococcus genus 44.8%) and Prevotellaceae
(19.7%
abundances at the family levels were as follows for

presented abundace Enterococcaceae

Prevotella genus) families. Relative
other cases: case Il [Prevotellaceae (Prevotella genus
28.3%) and Fusobacteriaceae (Fusobacterium genus
7.3%)]; case 11l [Prevotellaceae (Prevotella genus
18.3%), Fusobacteriaceae (Fusobacterium genus
18.1%)] v
(Fusobacterium genus 39.0%) and Bacteroidaceae
(Bacteroides 25.7%)]. After rePt, relative abundances
were characterized as follows and switched to
Prevotellaceae [(Prevotella genus 35.2%) and
Fusobacteriaceae (Fusobacterium genus 16.8%)];
Prevotellaceae (Prevotella genus 27.1%
Alloprevotella genus 16.5%) and Fusobacteriaceae
(Fusobacterium genus 34.8%) and Lachnospiraceae

and  case [Fusobacteriaceae

and

[(Ruminococcus) gnavus group genus 21.6%], in case
II to 1V, respectively. Interestingly following rePt,
Prevotella genus was significantly detected in
association with clinical cure and recovery to those
of case I; II and III.

At the genus level, case I showed higher relative
of  Blautia, Collinsella
Streptococcus, whereas case II and III presented

abundances and
Prevotella and Fusobacterium. Case 1V showed
evidence of Fusobacterium and Bacteroides.
Comperatively following rePt, at the genus level were
detected as follows: Enterococcus (for case 1),
Prevotella (both for case II and III) and
Fusobacterium (for case IV).

Dogs were monitorized for a total of 1 year
following completion of the study. None of them
were diseased nor recurrence was detected. No
observable side effects were detected during the study
period, whereas probiotic enema was safely used. All
dogs were clinically healthy at the time of writing this
manuscript.
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I DISCUSSION

This treatment modality would have hastened
usefulness of probiotics, whereas oral consumption
of them would not prevent encountering with the
stomach acid. Furthermore regarding the probiotic
profits and the optimum route for administration has
growing interest and with this study results, it would
be foremost modality even in other than veterinary
field.

Given aD as foremost cause of pruritus among
dogs, inflamed and damaged skin along with
dysfunction of the skin barrier involves epithelial
cells and tJs. This tJ comprises epithelial barrier
functions participating
conditions.!* Zonulin, a well recognized 47 kDa
protein, has been responsible for elevated small

in  physio-patological

intestinal permeability acting in the intestinal innate
immune system.'* The latter biomarker, is the only
recognized physiological reversibly
modulating intestinal permeability by intercellular tJ,
has
disorders where the dysfunction of tJ participates.'>

7Tt has been postulated that tJ might participate

protein

increased expression within autoimmune

within the pathophysiology of aD.!”

In a prior study, serum zonulin concentrations of
aD children and healthy ones, were detected. In that
research, the aD children presented a signifcantly
increased (p<0.001) median serum zonulin level in
contrast to the controls (11.00 ng/mL vs 7.8).'% L.
plantarum CJLP133
suppression of aD whereas another strain L.
paracasei NCC 2461 alleviated skin sensitivity and

treatment resulted with

hydration.>® L. plantarum successfully hydrates the
epidermis through the modulating ceramidase mRNA
and serine palmitoyltransferase levels.!” Another
clinical research comprised 110 healthy people with
wrinkles and dry skin, to those of L. plantarum
HY7714 ingestion altered skin hydration and
diminished wrinkle depth.”° Given the latter study, L.
plantarum HY7714 also affected gut microbiome
with remarkable taxonomic differences and caused
diminished inflammatory biomarkers. Strikingly
according to the latter authors, L. plantarum HY 7714
presented regulatory effect on gut tissue.?! On the
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other hand, the same strain HY 7714 ameliorate gut
barrier integrity and suggested as probable treatment
armamentarium for dysfunctions caused by tJ
defects.?? Furthermore arousing data denotted that
lactobacilli  modify gut permeability in
humanbeings.” L. plantarum strain altered relocation
of ZO-1 and occludin in cells located at duodenum
solely after 6 hours of ingestion.?** It was also
suggested that probiotics probably increase tJ
functions even if intestinal barrier function is
abnormal.’ In the present study, tJ functions were
detected by zonulin levels. To those of dogs with aD
enrolled in this study, zonulin levels after treatment
were significantly decreased in contrast to pre-
treatment values. Given elevated zonulin level causes
an increase of intestinal permeability and foreign
antigen entry, a significant decrease in circulating
zonulin levels following probiotic enema treatment
modality in the present study, suggesting that rePt
might decrease zonulin in dogs with aD. Zonulin, a
well known haptoglobin precursor, regulates the
permeability of tJ among digestive tract cells.?**” As
elevations in zonulin is related to elevated gut
permeability, zonulin elucidation is provoked by
local/systemic subclinical inflammation, which is
also evident in aD.?® Given tJ defects obtained in
humans with aD, circulating zonulin levels is
associated with the presence and severity of aD in
children, elevated zonulin levels among allergic
pediatric cases, L. plantarum 1) Restoration of tJ
defects 2)
Modulatory effects on skin health through improving
the of

Lactobacillus casei and Lactobacillus rhamnosus in

and epithelial barrier functions,

intestinal ~ condition, effectiveness
children with aD all supported the efficacy of rePt
modality in the present study.'”!9?2242930 To the
present authors, knowledge of this treatment modality
would be a role model for future therapeutic
interventions. As elevated zonulin might 1) Lead to
an alteration in gut permeability, 2) Diminish the
integrity of the intestinal barrier which would result
with an entry dietary antigen to facilitate mucosal
immune players, we, with our preliminary results in
a limited subset of dogs with aD, proposed that rePt
effect on zonulin and thereof short term gut
microbiota alterations might be related to the
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probiotic effect on the probable gut and modulation
of intestinal microbiota, as was supported within 16S
rRNA analysis in this study. Furthermore probiotics,
especially to the best of our knowledge when given
with rectal route, as in this study, boost the immuno-
regulation and integrity of the gut epithelial barrier
as proven that HY 7714 strain presented restorative
efficacy against tJ defects in intestinal Caco-2 cells
in humans.?>3%3! The latter Lactobacillus strain
altered tJ proteins induced by tumor necrosis factor-
o, and attenuated levels of pro-inflammatory
cytokines reasonably decrease tJ permeability.
According to the latter researchers, HY7714 might
enhance skin disorder by stabilization of intestinal
permeability.?? In parallel line, a mice study denoted
that L. paracasei strain, which is also another choice
of probiotic strain used as an enema in the present
study, 1) Altered T regulatory cells and cytokines, 2)
Protected intestinal mucus layer and tJ, 3) Enhanced
diversity and composition of intestinal microbiome,
4) Prevented (probably)
disease.”

inflammatory bowel

L. plantarum 1S-10506, a novel probiotic,
isolated from an Indonesian fermented buffalo milk,
1) Suppressed allergic reactions in BALB/c mice via
acting T-regulatory cells cytokines through equating
Th1/Th2 immune response, and 2) Resulted in
decreased Scoring Atopic Dermatitis Index and
circulating concentrations of interferon-y, interleukin-
4 and interleukin-17 in contrast to the placebo group
among children with aD.**3* According to the latter
study, L. plantarum 1S-10506 was suggested as a
therapeutic option for children with aD.?? In our study,
CADESI-04 and VAS pruritus scores tended to
decrease (prior to treatment vs. rePt) significantly.
Moreover corneometric analysis deemed clinical
recovery as epidermal hydration and pH values
improved with a relatively short term rePt. This
positive impact on skin inflammation and diminished
pruritus after application of rePt in this model of aD in
dogs probably presented withdrawal of chronic barrier
disruption and healed tJ. In parallel with the intestinal
balance (restoration of gut microbiome along with 16S
rRNA analysis performed in this study), probiotics (the
first authors’ several years experience) of are
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recognized to present beneficial effects not only on skin
inflammation, but also for restoration of gut
microbiota. It should not be unwise to draw preliminary
conclusion that the selected Lactobacillus probiotic
strains potentially regulate on skin health by the
manuplation of the gut microbiome.*

I CONCLUSION

In conclusion, the positive
and diminshed pruritus

application of rePt in this model of aD in dogs

impact on skin
inflammation after
probably presented withdrawal of chronic barrier
disruption and healed tJs. The selected Lactobacillus
probiotic strains used as an enema potentially
regulate on skin health by the manipulation of the gut
microbiome resulted with intestinal balance.
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