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Abstract

Racecadotril, used as an antidiarrheal drug in humans and some animals such as the dog, inhibits
peripheral enkephalinase, which degrades enkephalins and enkephalinase inhibition induces
a selective increase in chloride absorption from the intestines. The study material consisted
of 46 calves with infectious diarrhea and 14 healthy calves in the age 2-20 days. The calves were
divided into eight groups; healthy calves (HG), healthy calves administered racecadotril (HRG),
calves with E.coli-associated diarrhea (ECG), calves with E.coli-associated diarrhea adminis-
tered racecadotril (ECRG), calves with bovine Rotavirus/Coronavirus-associated diarrhea (VG),
calves with bovine Rotavirus/Coronavirus-associated diarrhea administered racecadotril (VRG),
calves with C. parvum-associated diarrhea (CG) and calves with C. parvum-associated diarrhea
administered racecadotril (CRG). Calves in the racecadotril groups received oral racecadotril
at a dose of 2.5 mg/kg twice a day for 3 days. A routine clinical examination of all calves was
performed. Hemogram and blood gas measurements were made from the blood samples. Stan-
dard diarrhea treatment was applied to the HG, ECG, CG, and VG groups. Clinical score param-
eters such as appetite, feces quality, dehydration, standing and death and some blood gas and
hemogram parameters were evaluated to determine the clinical efficacy of racecadotril. Clinical
score parameters were determined observationally. Blood gas measurements were performed
using a blood gas analyzer. The hemogram was performed using an automated hematologic ana-
lyzer. Statistically significant differences were determined in the blood pH, bicarbonate, base
deficit, lactate, and total leukocyte count in calves with diarrhea compared to healthy calves. After
the treatments, these parameters were found to be within normal limits. At the end of treatment,
42 of the 46 diarrheal calves recovered, while 4 died. We found that racecadotril was effective
in improving both clinical recovery and feces consistency in neonatal calves with diarrhea
caused by E. coli. As aresult, it can be stated that racecadotril, which has an antisecretory effect,
is beneficial in the treatment of bacterial diarrhea caused by such as E. coli.
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Introduction

Calf deaths associated with diarrhea in the neonatal
period are the most important problem of cattle bree-
ding around the world. Neonatal calf diarrhea causes
more economic losses than other diseases (Urie et al.
2018, Boranbayeva et al. 2020, Ok et al. 2020). Eco-
nomic losses result from deaths, poor performance,
growth retardation, loss of time and treatment costs
(Ok et al. 2009, Sen et al. 2009, Coskun et al. 2010,
Trefz et al. 2015).

The most common bacterial cause of neonatal calf
diarrhea is enterotoxigenic E. coli, which is a major
cause of economic loss in calves within the first 4 days
after birth. Bovine Rota and Coronavirus cause diarrhea
after the first week of birth in calves. C. parvum is also
the most common protozoal cause of diarrhea in calves
from 1 to 4 weeks of age (Naylor 2009, Ok et al. 2009,
Sen et al. 2009, Coskun et al. 2010, Trefz et al. 2015,
Ok et al. 2020). E. coli, which has different strains and
produces an enterotoxin, causes diarrhea with distinct
mechanisms. These mechanisms, which alter intestinal
functions, are 1) effacement of microvilli on the epithe-
lial surface of the intestine, ii) rapid inactivation
of sodium-D-glucose transporter, and iii) stimulation
of adenylate cyclase enzyme. The latter mechanism,
associated with enterotoxin, causes secretory diarrhea
characterized by an excessive secretion of intestinal
fluid. It is indicated that E. coli changes other epithelial
events that indirectly affect ion transport, epithelial
integrity, and immune responses in intestinal epithelial
cells (Turgut and Ok 1997, Hodges and Gill 2010).
Viruses and parasites cause loss of villi in the intestines
and reduce the absorption of water-electrolytes from
the intestines, causing osmotic diarrhea (Turgut and
Ok 1997, Field 2003, Hodges and Gill 2010).

In recent years, racecadotril (acetorphan), a prodrug
with an antisecretory effect, has been used to treat acute
diarrhea. Racecadotril is used as an antidiarrheal drug
in human medicine and dog. It inhibits peripheral
enkephalinase, which breaks down enkephalins both
in vitro and in vivo and the inhibition of enkephalinase
causes a selective rise in chloride absorption from the
intestines (Bergmann et al. 1992, Hinterleitner et al.
1997, Duval-Iflah et al. 1999, Primi et al. 1999,
Matheson and Noble 2000, Singh and Narayan 2008,
Mubheet et al. 2018). While these enzymes have potent
antisecretory activity, they have little effect on gastroin-
testinal motility (Rachmilewitz et al. 1983, Schwartz
2000). Former studies on humans and animals reported
that the drug is more effective and safer than other drugs
(loperamide, atropine, diphenoxylate) and probiotics
used to treat diarrhea (Bergmann et al. 1992, Fischbach
et al. 2016). In human medicine, racecadotril is used

without a prescription in many countries (CVMP 2020).
In vitro and in vivo, racecadotril rapidly metabolizes
to the pharmacologically more potent thiorphan.
Racecadotril has a wide therapeutic window and its
interactions with other drugs have not been reported
(Bergmann et al. 1992, Lecomte 2000, World Health
Organization 2007, Eberlin et al. 2012).

The aim of this study was to determine the clinical
efficacy of racecadotril in the treatment of infectious
diarrhea caused by E. coli, Rotavirus, Coronavirus and
C. parvum in neonatal calves. This study is the first clini-
cal study of the effect of racecadotril on calf diarrhea.

Materials and Methods

Animals

The study was carried out at Selcuk University,
Faculty of Veterinary Medicine, Department of Internal
Medicine, Tiirkiye. The Ethics Committee of Selcuk
University, Faculty of Veterinary Medicine (no.
2017/28) approved the use of the animals for this study
and all study protocols. The experimental group of the
study consisted of 46 calves with diarrhea, 2-20 days
old and 40-45 kg of weight in different breeds (29 Hol-
stein and 17 Simmental) brought to the Selcuk Univer-
sity, Faculty of Veterinary Medicine, Internal Medicine
Department with the complaint of diarrhea. All of the
calves in the experimental group were brought within
6-24 hours after the onset of diarrhea and had not
received any treatment. Fourteen healthy Holstein
calves, 2-20 days old and weighing 40-45 kg, obtained
from the faculty farm, formed the control group.
The healthy calves without diarrhea or disease symp-
toms, hematological results within reference limits,
and negative feces fast antigen testing (Rapid BoviD-5
Ag Test Kit (RC13-02DD), BioNote Inc, Gyeonggi-do,
Korea) results formed the control group. All calves
(experimental and control groups) included in the study
were hospitalized for 72 hours in the hospitalization
unit of the Internal Medicine Department. During the
study the calves were housed individually. All calves
were fed 10% of their body weight in fresh milk twice
daily (Amaral-Phillips et al. 2006). Fresh milk was
given by stomach tube to calves with diarrhea and
no/weak suckling reflex. Healthy calves and calves with
a suckling reflex during the treatment period were bottle
fed. Healthy calves forming the control group and
calves with diarrhea whose sucking reflex recovered
during the treatment process were bottle fed.
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Table 1. Clinical feces and dehydration scoring of calves with diarrhea.

Dehydration CRT
Point degree s) Mucose membran Appetite Mental status Standing Feces quality
(%)
3 Normal 1-2 Normal Normal Normal Normal Normal
. . Wobbly gait .
2 5-8 3-4 Hyperemic Slightly reluctant Shght reduction Can only stand up Slightly .SOﬁ’ pastry
in reflexes . consistency
with help
Unable to
Slightly cyanotic, . Mild loss straighten head .
! 9-12 46 slightly cold Suction is weak of consciousness ~ forward Unable to Slightly watery
stand up
. Comple'te loss Lying in the lateral .
Cyanotic, cold, . of consciousness .. Severe diarrhea,
0 >12 >6 : No sucking reflex position
anemic Shock bloody-smelly
Death Shock

CRT — capillary refill time.
Clinical examinations

The breed, age and sex of all calves included in the
study were recorded. Routine clinical examinations
of all calves were performed before enrollment in the
study. Body temperature and respiratory rate were also
recorded. A modified scoring system was used by stan-
dardizing clinical examination findings and scoring
each of the clinical parameters between 0 and 3 accor-
ding to the degree of importance. Feces quality was
evaluated by modifying the fecal consistency scoring
developed by McGuirk (2008) and Renaud et al. (2020).
For this purpose, a scoring system based on seven
clinical parameters including dehydration degree, capil-
lary refill time, mucous membranes, appetite, mental
status, standing, and feces quality was used (Table 1).
In order to evaluate the dehydration status of calves
with diarrhea, the position of the eyeballs in the orbit
was measured with a millimetric caliper. The capillary
filling time of calves with diarrhea was evaluated
as the time it took for blood to re-blood after pressing
the mucous membrane with nails (Trefz et al. 2017).

Fecal samples analysis

Fast antigen testing (Rapid BoviD-5 Ag Test Kit
(RC13-02DD), BioNote Inc, Gyeonggi-do, Korea) was
used to detect the presence of bovine Rota- and Corona-
virus, K99 E. coli, Cryptosporidium, and Giardia anti-
gens in calves with diarrhea. The sensitivity and speci-
ficity of the fast antigen testing for infectious agents
were 99% and 98% for Rotavirus, 98.4% and 98% for
Coronavirus, 97.8 % and 99 % for K99 E. coli, 98.2%
and 99% for Cryptosporidium, 92.1% and 99.1% for
Giardia, respectively. The same test was applied to the
control group. Those with negative test results were
included in the control group. Additionally, diarrheal

fecal samples with positive results on the fast antigen
test for the presence of C. parvum were also examined
by light microscopy for confirmation of the diagnosis.

Design of experimental and control groups

The calves included in the study were divided into
8 groups according to health status and the agents deter-
mined in the fast antigen test (Rapid BoviD-5 Ag Test
Kit (RC13-02DD), BioNote Inc, Gyeonggi-do, Korea).
Calves with diarrhea in which > 1 infectious agent was
identified on fast antigen testing of feces were excluded
from the study. During the study period (2 years), the
number of animals in the experimental groups could not
be equalized because a sufficient number of patients
could not be obtained.

Healthy calves (HG)

This group consisted of 7 calves (n=7) who were
determined to be healthy on the basis of clinical and
laboratory examinations (blood gases, hemogram, fast
antigen test, and microscopic examinations) and the
scoring system. No treatment was applied to the calves.

Healthy calves administered racecadotril (HRG)

This group consisted of 7 calves (n=7) who were
determined to be healthy on the basis of clinical and
laboratory examinations (blood gases, hemogram, fast
antigen test, and microscopic examinations) and the
scoring system. Racecadotril was administered to the
calves in this group.

Calves with E. coli-associated diarrhea (ECG)

This group consisted of 10 calves (n=10) with diar-
rhea detected as E. coli infection according to the fast
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antigen test. The standard treatment protocol was
applied to the calves in this group.

Calves with E. coli-associated diarrhea
administered racecadotril (ECRG)

This group consisted of 8 calves (n=8) with diarrhea
detected as E. coli infection according to the fast anti-
gen test. Calves in this group received racecadotril and
the standard treatment protocol.

Calves with bovine Rotavirus/Coronavirus-
associated diarrhea (VG)

This group consisted of 7 calves (n=7) with diarrhea
detected as Rotavirus/Coronavirus infection according
to the fast antigen test. The standard treatment protocol
was applied to the calves in this group.

Calves with bovine Rotavirus/Coronavirus-
associated diarrhea administered racecadotril
(VRG)

This group consisted of 8 calves (n=8) with diarrhea
detected as Rotavirus/Coronavirus infection according
to the fast antigen test. Racecadotril and standard treat-
ment protocol were administered to the calves in this

group.
Calves with C. parvum-associated diarrhea (CG)

This group consisted of 6 calves (n=0) with diarrhea
detected as C. parvum infection according to fast anti-
gen test and microscopic examinations. The standard
treatment protocol was applied to the calves in this

group.

Calves with C. parvum-associated diarrhea
administered racecadotril (CRG)

This group consisted of 7 calves (n=7) with diarrhea
detected as C. parvum infection according to the fast
antigen test and microscopic examinations. Racecado-
tril and standard treatment protocol were administered
to the calves in this group.

Racecadotril (Raxerin®, 30 mg, oral tablet, Ilco
Pharmaceuticals, Konya, Tiirkiye) was administered
orally at a dose of 2.5 mg/kg at 12 hour intervals for
3 days through a stomach tube. The first administration
of racecadotril was at the time of admission.

Blood sample collection and analysis

Blood samples from all calves were taken from the
jugular vein at the onset of treatment (0™ hour) and then
24 and 72 hours later. Blood was collected into heparin-

ized syringes for blood gas measurements, and into
evacuated blood collection tubes coated on the interior
with spray dried K,EDTA for the hemogram. Blood gas
and electrolyte analysis included power of hydrogen
(pH), partial pressure of carbon dioxide (pCO,), bicar-
bonate (HCO,), base excess (BE), potassium (K),
sodium (Na), and lactate (Lac) and were performed
using a blood gas analyzer (ABL 90 Flex, Radiometer,
Brea, CA, USA). Hemogram parameters including total
leukocytes (WBC) and hematocrit (Hct) were assessed
using an automated hematologic analyzer (MS4e, Melet
Schlosing Laboratories, Osny, France), within 5 to 10
minutes after blood samples were obtained.

Standard treatment protocol for diarrhea calves

In addition to fluid therapy, antimicrobials, hyper-
immune serum, and supportive therapy were adminis-
tered to calves with diarrhea as standard treatment.
According to the blood gas analysis, isotonic (1.3%)
sodium bicarbonate (NaHCO,) (Carbotek®, Teknovet)
with 5% dextrose (Dextrosol®, Vilsan) was adminis-
tered to calves with diarrhea. Calves with diarrhea
in need received the colloid fluid of 6% hydroxyethyl
starch (Voluven®, Fresenius Kabi) in 0.9% NaCl solu-
tion (10 mL/kg/h). Calves with K99 E. coli diarrhea and
Cryptosporidium infections received hyperimmune
serum (15 mL, SC, once, Septicol®, Vetal) and halofugi-
none (0.1 mg/kg, PO, q 24 h for 7 days, Halocur®,
MSD), respectively. Ceftiofur (2.2 mg/kg, IM, q 24 h
for 5 days, Exenell®, Zoetis) was administered to calves
with diarrhea. Calves with diarrhea received supportive
treatment including a vitamin A, D,, and E combination
(I mL, vitamin A, 500.000 U; vitamin D,, 75.000 U and
vitamin E, 50 mg, IM once, Ademin®, DiF) and vitamin
C (3 mL, SC, q 24 h for 3 days, Vita-C Vetoquinol®,
Novakim).

Statistical analysis

The statistical package program SPSS 25 (IBM
Corp. Released 2017. IBM SPSS Statistics for Win-
dows, Version 25.0. Armonk, NY: IBM Corp.) was used
to evaluate the data. The Kolmogorov-Smirnov test was
used to determine the normality of variables and the
homogeneity of variances. Parametric data (blood gas
and hemogram parameters) were expressed as mean +
SD and were evaluated using one-way analysis
of variance (ANOVA) and the post hoc Tukey test.
Nonparametric data (clinical score parameters) were
expressed as median (min-max) and were evaluated
using the Kruskal-Wallis test and the post hoc Mann
Whitney U test. A value of p<0.05 was accepted for the
significance level of the tests.
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Table 2. Effect of racecadotril on clinical score parameters in calves with diarrhea caused by Escherichia coli.

HG HRG ECG ECRG
Parameters
0t h 24™h 72" h 0t h 24hh 72 h 0™ h 24%h 72" h 0t h 24™h 72" h
Degree ; . . . .
of dehvdration 3 3 3 3 3¢ 3 20 20 3¢ 1.5° 3 3
%) 4 (3-3) (3-3) (3-3) (3-3) (3-3) (3-3) (1-2) (2-3) (3-3) (0-3) (2-3) (2-3)
ac ac ac a ac ac b be ac b be ac
CRT (s) 3 3 3 3 3 3 1 2 3 1 2 3
(3-3) (3-3) (3-3) (3-3) (3-3) (3-3) (0-2) (0-3) (2-3) (1-2) (1-3) (1-3)
M cose 3.\ 33 3d 3a 3d 3:1 lh 1‘53b 3a 1h Zdb 3.\
! (3-3) (-3) (3-3) (3-3) (3-3) (3-3) (1-3) (1-3) (2-3) (0-3) (1-3) 2-3)
Appetite 3 3¢ 3 3¢ 3¢ 3 0.5° A 3¢ 0.5° 20 3
PP (3-3) (-3) (3-3) (3-3) (3-3) (3-3) (0-1) (1-3) (2-3) (0-1) (1-3) (3-3)
Mental status 3d 3%1 34 3u 34 3‘a 2bc 3c 3ac ]h 2'5'(117!; 3uc
(3-3) (3-3) (3-3) (3-3) (3-3) (3-3) (1-2) (1-3) (2-3) (0-2) (1-3) (3-3)
Standin 3«1 3d 34 3d 3<1 3‘a 2b 3ab 3(1 I'Sh 3(41) 3«1
¢ (3-3) (3-3) (3-3) (3-3) (3-3) (3-3) (0-3) (2-3) (3-3) (0-3) (2-3) (3-3)
Feces qualit 3 32 32 32 3 32 0.5° 1° 2.5% o° 1 32
ey (3-3) (2-3) (3-3) (3-3) (2-3) (3-3) (0-2) (0-1) (2-3) (0-2) (0-3) (2-3)
Body 37.9 383 38.5 385 38.5 383 38.5 38.5 38.4 383 38.7 38.5
temperature °C (37.5-39.0) (37.8-39) (37.8-39.0) (37.9-38.9) (38.2-38.8) (37.9-38.5) (36-39.2) (37.9-39.2) (38-39.2) (33.0-39.0) (38.2-39.4) (38-38.8)

Data are presented as Median (min-max).

Different letters (a, b, ¢) in the same line indicate statistically (ANOVA, posthoc Tukey; p<0.05) significant difference between groups. HG — healthy control group,
HRG - healthy control + racecadotril administered group, ECG — Escherichia coli infected group, ECRG — Escherichia coli infected+racecadotril administered group,

CRT - capillary refill time.

Results

Clinical scoring findings

According to the feces and dehydration scoring sys-
tem, all parameters except body temperature were sta-
tistically different (p<<0.05) in calves on ECG (Table 2).
After the treatment, the degree of dehydration, mental
status, and feces consistency improved after 24 hours
in the ECRG and after 72 hours in the ECG. It was
observed that racecadotril contributed significantly
to clinical improvement and solidification of feces
consistency in calves with diarrhea caused by E. coli.

According to the feces and dehydration scoring sys-
tem, all parameters except mucosa and body tempera-
ture were statistically different in Cryptosporidium
parvum infected calves (p<0.05; Table 3). It was deter-
mined that the differences had improved at the 24" and
72" hours (fecal quality) following the treatment
and racecadotril did not contribute to the improvement
of these parameters.

According to the feces and dehydration scoring
system, all parameters were found to be statistically
different (p<0.05) in the group of calves with bovine
Rotavirus/Coronavirus- associated diarrhea, except for
body temperature (Table 4). It was determined that all
parameters had improved at the 24" hour following the
treatment and racecadotril did not contribute to the
healing process, except for feces quality. The clinical
score parameters in ECG, CPG, and VG were found
to be similar, except for body temperature. Of the 46

diarrheal calves included in the study, 42 responded
to treatment, while four died. Of the four calves that
died, two were in CPG, 1 in VG, and 1 in VRG.

Lethargy, insufficiency in the sucking reflex, dehy-
dration, difficulty in standing or maintaining sternal
recumbency, watery feces, decreased interest in the
environment, and hypothermia were observed in all
of the calves with diarrhea. After 24 hours of treatment,
no signs of depression, dehydration, or weakness/diffi-
culty standing up were observed in calves with diar-
rhea, while sucking reflexes and appetites were obser-
ved to have increased significantly. After 24 hours of
treatment, the feces consistency was slightly solidified,
but the feces consistency did not reach normality. After
the 48" hour of treatment, it was determined that most
of the calves with diarrhea were standing and seemed
environmentally aware. The feces consistency contin-
ued to solidify but did not reach normal levels. At the
end of 72 hours of treatment, 21 of 46 calves with diar-
rhea had improved feces quality and scored 3 points
according to feces scoring (Table 1). When the fecal
quality of the calves was compared at the end of the
treatment, it was observed that the fecal quality of
5 calves in the ECG, 1 in the ECRG, 3 in the CPG,
4 in the CPRG, 7 in the VG, and 5 in the VRG were
slightly soft (2 points).

Blood gas and hemogram findings

Racecadotril did not cause any changes in blood gas
and hemogram parameters in healthy calves. Blood pH,
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Table 3. Effect of racecadotril on clinical score parameters in calves with diarrhea caused by Cryptosporidium parvum.

HG HRG CPG CPRG
Parameters
0" h 24"h 72" h 0"h 24%h 727 h 0"h 24"h 72" h 0" h 24%h 72 h
Degree ; . ; . ; ; . \ .
Ofdeh draﬁon 34! 3d 3d 3d 3d 3-1 1'5b 3db 3db 1b 24b 3d
%) Y (3-3) (3-3) (3-3) (3-3) (3-3) (3-3) (1-2) (2-3) (2-3) (1-3) (2-3) (2-3)
a a a a a a b ab ab b b ab
CRT (s) 3 3 3 3 3 3 1.5 2 2 1 1 3
(33) (33) (33) (33) (33) (33) (-2 (13) (0-3) (13) (1-2) 23)
Mucose 3 3 3 3 3 3 1 1.5 2 1 2 3
u (3-3) (3-3) (3-3) (3-3) (3-3) (3-3) (1-3) (1-3) (1-3) (1-3) (1-3) (1-3)
A etite 34! 3'«! 3J 3‘« 34 3‘-1 lb Z.Sab 34b Oh zub 3ab
PP (3-3) (3-3) (3-3) (3-3) (3-3) (3-3) (0-2) (0-3) 03) (0-3) (1-3) (1-3)
Mental stams 3d 3d 3;1 34 3a 3‘-1 2¢lb 2‘db 33b 2h 3ab 3ah
(3-3) (3-3) (3-3) (3-3) (3-3) (3-3) (0-3) (0-3) (0-3) (13) (1-3) 23)
Standin 33 3d 33 3d 33 3d 1 'Sab 2ab 3ab 1b 3ab 33
& (3-3) (3-3) (3-3) (3-3) (3-3) (3-3) (0-3) (0-3) (1-3) (0-3) (1-3) (3-3)
F lt 33 3ac 33 3d 3ac 3d Ob lb 33[) lbc lb zab
R ) 23) (3-3) (3-3) 23) (3-3) 1) (0-3) (1-3) (0-2) 0-2) (1-3)
Body 37.9 38.3 38.5 38.5 38.5 38.3 38.2 38.1 38 37.3 38.2 38.1

temperature °C (37.5-39.0) (37.8-39) (37.8-39.0) (37.9-38.9) (38.2-38.8) (37.9-38.5) (37.3-39.7) (37.1-38.4) (35.5-39) (33.2-39.1) (37.8-39.4) (38.0-39.0)

Data are presented as Median (min-max).

Different letters (a, b, ¢) in the same line indicate statistically (Kruskal-Wallis; p<0.05) significant difference between the groups. HG — healthy control group, HRG — healthy
control + racecadotril administered group, CPG — Cryptosporidium parvum infected group (CPG), CPRG — Cryptosporidium parvum infected + racecadotril administered

group, CRT — capillary refill time.

Table 4. Effect of racecadotril on clinical score parameters in calves with diarrhea caused by Rota/Coranavirus.

HG HRG VG VRG
Parameters
0" h 24" h 72 h 0t h 24%h 72 h 0" h 24"h 72" h 0" h 24%h 72 h
Degree
Of dCh dration 32 3;\ 32 3;\ 3a 3;\ lb 2;\b 3ah 1h 2ab 3;\b
%) Y (3-3) (3-3) (3-3) (3-3) (3-3) (3-3) (1-2) (2-3) (2-3) (1-2) (1-3) (1-3)
CRT (s) 3:! 3a 3a 3a 3a 3:1 lsb zab 3ab lb Zab 2.Sab
(3-3) (3-3) (3-3) (3-3) (3-3) (3-3) (1-2) (1-3) (1-3) (1-2) (1-2) (1-3)
3a 3a 3a 3a 3a 33 lb 1.Sab 3ab 1b zab 2.Sﬁb
Mucose
(3-3) (3-3) (3-3) (3-3) (3-3) (3-3) (1-3) (1-3) (1-3) (0-1) (0-3) (0-3)
A etile 32 3a 3a 3;\ 3a 3;1 Ob 2.Sab 3a Ob 3a 32
PP (3-3) (3-3) (3-3) (3-3) (3-3) (3-3) (0-2) (1-3) (1-3) (0-1) (1-3) (2-3)
Mcntal Status 32 3:\ 32 3;\ 3a 3;1 211 3:\b 3a 1h 3ab 32
(3-3) (3-3) (3-3) (3-3) (3-3) (3-3) (1-3) (2-3) (2-3) (1-2) (2-3) (0-3)
Standin 32 31\ 32 3;\ 3a 3n lzh 3nh 3ah lh 3ab 3nb
¢ (3-3) (3-3) (3-3) (3-3) (3-3) (3-3) (0-3) (2-3) (3-3) (1-3) (2-3) (2-3)
Feces allt 32 31\ 33 3:! 33 3a Ob lh 2ah Oh lb 2ah
quatity (3-3) (2-3) (3-3) (3-3) (2-3) (3-3) (0-1) (0-2) (2-3) (0-1) (0-2) (1-3)
Body 37.9 383 38.5 38.5 38.5 383 36.2 383 38 38.1 38.8 38.5

temperature °C (37.5-39.0) (37.8-39) (37.8-39.0) (37.9-38.9) (38.2-38.8) (37.9-38.5) (33.2-38.7) (37.3-38.9) (35.5-38.4) (36.3-39.4) (37.0-39.2) (37.5-39.6)

Data are presented as Median (min-max).

Different letters (a, b, ¢) in the same line indicate statistically (Kruskal-Wallis; p<0.05) significant difference between the groups. HG — healthy control group, HRG —
healthy control + racecadotril administered group, VG — Rotavirus and/or Coronavirus infected, VRG — Rotavirus/Coronavirus infected+ racecadotril administered group,

CRT — capillary refill time.

HCO,, BE, Lac, and WBC values in ECG were found to
be significant (p<0.05) compared to HG (Table 5).
Blood pH, HCO,, BE, K, sodium (Na), and WBC val-
ues were found to be statistically different (p<0.05) in
CPG compared to HCG (Table 6). Blood pH, HCO,,
BE, K, Na, Lac, and WBC values were found to be sta-
tistically different (p<0.05) in VG compared to HCG

(Table 7). It was determined that these differences dis-
appeared 24 hours after the treatment. The common pa-
rameters varying in relation to HCG in calves in ECG,
CPG, and VG groups were pH, HCO,, and BE. While
Lac changed in ECG and VG, the covariate parameter
of CPG and VG was WBC.
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Table 5. Effect of racecadotril on some blood gas and hemogram parameters in calves with diarrhea caused by Escherichia coli.

HG HRG ECG ECRG
Parameter
0" h 24hh 72" h 0t h 24th 72 h 0t h 24hh 72" h 0t h 24%h 72 h
pH 7.40£0.03*  7.394+0.01* 7.36+0.03* 7.40+0.02* 7.41+0.04* 7.38+£0.02* 7.19£0.11 7.31£0.11** 7.36+0.07* 7.10+£0.11¢ 7.36+0.04* 7.37+0.06*

pCO,(mmHg) 44.9+1.64 4554226 45.1£2.17 44.5£582 39.8+3.44 45.1+3.52  458+11.5 473520 46.4+7.87 443142 46.8£6.98 48.4£7.30

HCO, (mol/L) 25.7+2.32* 26.3+1.56* 24.4+1.62* 24.5+1.55* 24.7+2.19* 253+0.98" 16.1+4.14" 22.3+4.83* 24.7+3.50* 12.4+3.08" 24.7+3.10* 25.5+2.32°

BE (mmol/L) 2.54+2.82* 3.14£2.10* 0.7742.19* 0.86+1.74* 0.93+2.42* 2.16+1.11* -10.31£6.55" -2.08+6.63* 0.95+4.85* -15.9+5.12> 1.23+3.83* 2.78+2.34*

K (mmol/L)  4.37+0.14 4.28+0.24 4.91+0.38 4.25+0.43 4.40+0.56 4.08+0.17 4.89+0.84 4.70£0.54 5.44+1.74 5.12+0.67 4.68+0.67 4.55+0.31

Na (mmol/L)  142+45.09 142.844.41 142.4+6.10 143.1+2.85 141.6£2.50 144.6+2.33 138.7+6.68 139.4+6.40 140.2+4.47 139.0+6.99 144.3+£5.28 140.3+6.41

Lac (mmol/L) 1.5140.67¢ 1.05+£0.35°¢ 1.65+0.63¢ 1.15+0.74° 0.45£0.08° 1.78+2.09" 4.71+3.04*> 2.28+1.31" 1.75+£0.42" 7.074£3.63* 2.27+1.14* 2.054+0.92"

WBC (m/mm?) 9,67+1,29% 9,84+1,66*> 8,42+2,25> 11,5+6,39* 10,3+4,86™ 8,63+2,73" 12,3+4,44* 12,4+6,01** 10,1+2,90° 17,5+7,19* 12,3+£5,08" 11,2+3,50*

HTC (%) 29.05+£5.99 2924523 29.8+4.40 28.8£7.54 27.9+6.93 28.8+7.41 36.7£8.10  32.6+6.53 31.4+7.39 39.1£8.48 33.9+8.39 31.5+6.67

Data are presented as mean+SD.Different letters (a, b, ¢) in the same line indicate statistically (ANOVA, posthoc Tukey; p<0.05) significant difference between groups.
HG - healthy control group, HRG — healthy control+ racecadotril administered group, ECG — Escherichia coli infected group, ECRG — Escherichia coli infected+ racecadotril
administered group, pCO, — partial pressure of carbon dioxide, HCO, —bicarbonate, BE — base deficit, K — potassium, Na — sodium, Lac — lactate, WBC — total leukocytes,
HTC — hematocrit.

Table 6. Effect of racecadotril on some blood gas and hemogram parameters in calves with diarrhea caused by Cryptosporidium parvum.

HG HRG CPG CPRG
Parameter
0" h 24hh 72" h 0" h 24" h 72" h 0" h 24" h 72" h 0™ h 24hh 72" h
pH 7.40+0.03*  7.39+0.01* 7.36+0.03** 7.40+0.02** 7.414+0.04* 7.38+0.02** 7.15+0.08¢ 7.29+0.10* 7.37+0.06* 7.20+0.11¢¢ 7.31+0.04**¢ 7.38+0.10*

pCO,(mmHg) 44.9£1.64*" 455£226"™ 45.142.17" 44.5+5.82" 30.8+£3.44® 451352 37.1+5.68" 45.9+7.09" 51.3+10.6* 3744632 473+270" 48.4+14.2*

HCO, (mmol/L) 25.7+2.32* 26.3+1.56™ 24.4+1.62** 24.5+1.55 24.7£2.19* 253+098" 12.8£3.37° 20.9+£5.65" 27.043.83* 14.5+£3.42¢ 21.9+2.54° 2584248

BE (mmol/L)  2.54+2.82% 3.1442.10" 0.774£2.19" 0.86+1.74"™ 0.93+2.42" 2.16+1.11" -15.6+£5.66° -4.05+7.58" 4.24+4.99* -13.245.35¢ -2.07+3.22% 2.64+2.74*

K (mmol/L)  4.37+0.14" 4.284+0.24 4.91+0.38" 4.25+£0.43" 4.40+0.56™ 4.08+0.17" 5.68+1.55* 4.10+1.18> 3.78+0.38° 5.33+1.09" 4.34+0.72%¢ 4.43+(.52%

Na (mmol/L)  142+5.09" 142.8+4.41* 142.4+6.10" 143.1+2.85" 141.6+2.50"" 144.6+2.33" 143.6+18.1" 154.8+15.7* 149.4£14.7* 127.4+5.62" 140.5+9.80" 138.2+8.86™

Lac (mmol/L)  1.51+0.67 1.05+0.35  1.65+0.63  1.15+0.74  0.45+0.08 1.78+2.09 3.38+2.31 3.35+2.42 3.18+2.52 3.57+3.71 1.63£0.67 1.27+1.39

WBC (m/mm?®) 9.67+1.29%  9.84+1.66* 8.42+2.25¢ 11.5£6.39*¢ 10.3+4.86 8.63+2.73% 25.549.90* 22.5+9.98" 17.948.16" 24.24+7.65" 17.3+£10.9%¢ 16.9+5.96"

HTC (%) 29.05£5.99 29.2+523  29.8+4.40 28.8+7.54 27.9+6.93 28.8+7.41 38.7x12.2 35.0+114 354+13.12 40.8+8.91 37.5+6.83  35.8+9.67

Data are presented as mean+SD.

Different letters (a, b, ¢) in the same line indicate statistically (ANOVA, posthoc Tukey; p<0.05) significant difference between groups. HG — healthy control group,
HRG - healthy control + racecadotril administered group, CPG — Cryptosporidium parvum infected group (CPG), CPRG — Cryptosporidium parvum infected + racecadotril
administered group, pCO, — partial pressure of carbon dioxide, HCO, —bicarbonate, BE — base deficit, K — potassium, Na — sodium, Lac — lactate, WBC — total leukocytes,
HTC —hematocrit.

Discussion calves. Rotavirus and Coronavirus cause osmotic diar-

rhea by attaching to the villous epithelial cells of the

Diarrhea is the most serious disease encountered in small intestine and epithelial cells on the crypt surfaces
newborn calves (Ok et al. 2009, Sen et al. 2009, Coskun of the colonic mucosa, causing villous loss. In particu-
et al. 2010, Trefz et al. 2015, Ok et al. 2020). Entero- lar, Coronavirus does not only cause severe diarrhea
toxigenic E. coli is the most common bacterial cause of and dehydration due to villous damage but also creates
diarrhea in newborn calves. E. coli serotypes (K99, an environment for the reproduction of E. coli. This
K101, F41) with adhesion factor plus antigen cause situation leads to systemic infection in severe cases,
secretory diarrhea by releasing enterotoxin. The most increasing the risk of death significantly (Tsunemitsu
common among these is enterotoxigenic E. coli with et al. 1999, Ok et al. 2009, Ok et al. 2020). Another
K99 pilus (Ok et al. 2009, Gibbons et al. 2014, Ok et al. important infectious agent causing diarrhea in neonatal

2020). Generally, after 5 days of age, Coronavirus, calves is C. parvum (Bjorkman et al. 2003, Ok et al.
Rotavirus, and C. parvum causes diarrhea in neonatal 2009, Ok et al. 2021).
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Table 7. Effect of racecadotril on some blood gas and hemogram parameters in calves with diarrhea caused by Rota/Coronavirus.
HG HRG VG VRG
Parameter
0™ h 24" h 72" h 0™ h 24" h 72" h 0™ h 24" h 72" h 0™ h 24" h 72" h
pH 7.40+0.03*  7.39+£0.01* 7.36+0.03* 7.40+0.02* 7.41+0.04* 7.38+0.02* 7.03+£0.13> 7.32+0.09* 7.29+0.09a 7.14+0.11* 7.3140.05* 7.38+0.05"

pCO,(mmHg) 44.9£1.64 45.5+2.26 45.1£2.17 44.5£582 39.8+3.44

45.1£3.52  51.7x144 47.1£6.32 50.5+4.61 40.8+7.78 45.1£4.61 47.1£7.11

HCO,(mmol/L) 25.7£2.32* 26.3+1.56" 24.4£1.62" 24.5+1.55* 24.7+2.19*

253+0.98* 12.2+3.77° 22.7+4.61* 21.9+4.11* 13.743.93"> 21.343.61* 25.9+5.13*

BE (mmol/L)  2.54+2.82* 3.14+£2.10* 0.77+2.19* 0.86+1.74* 0.93+2.42*

2.16x1.11* -16.4+7.03" -1.4046.49* -2.14+5.44* -14.4+6.79" -3.04+4.84* 2.42+6.41"

K (mmol/L) 4.3740.14> 4.28+0.24> 4.91+0.38" 4.25+0.43" 4.40+0.56"

4.08+0.17" 6.66+1.61* 4.74+1.13> 527+091*" 5.54+1.80" 4.64+1.31" 4.47+1.00"

Na (mmol/L)  142+5.09% 142.844.41°" 142.446.10™ 143.1+2.85% 141.6+2.50** 144.6+2.33%> 128.1+17.2" 143.3+20.0°" 135.8+12.2* 137.4+10.6™ 144.1+5.15* 147.8+8.04*

Lac (mmol/L)  1.51+0.67° 1.05+£0.35> 1.65+0.63" 1.15+0.74> 0.45+0.08"

1.78+£2.09> 5.65+4.15* 2.31+1.25> 2.54+£2.00° 2.79+2.45® 1.73+£1.00" 1.07+0.49"

WBC (m/mm®) 9,67+1,29" 9,84+1,66" 842+2,25> 11,5+6,39" 10,3+4,86"

8,63+2,73* 27,3+£20,6* 19,1+9,66™ 14,3+4,02* 18,9+9,23*> 11,7+3,58" 10,9+3,51°

HTC (%) 29.05+5.99 29.2+5.23  29.8+4.40 28.8+7.54 27.9+6.93

28.8+7.41 42,6134 36.9+8.56 37.9+6.22 36.9+11.26 31.7+8.19 31.849.29

Data are presented as mean+SD.

Different letters (a, b, ¢) in the same line indicate statistically (ANOVA, posthoc Tukey; p<0.05) significant difference between groups. HG — healthy control group, HRG —
healthy control + racecadotril administered group, VG — Rotavirus and/or Coronavirus infected, VRG — Rotavirus/Coronavirus infected+ racecadotril administered group,
pCO, — partial pressure of carbon dioxide, HCO, —bicarbonate, BE — base deficit, K — potassium, Na — sodium, Lac — lactate, WBC — total leukocytes, HTC — hematocrit.

As reported by previous researchers (Tsunemitsu
et al. 1999, Ok et al. 2009, Gibbons et al. 2014,
Al Mawly et al. 2015, Ok et al. 2020, Ok et al. 2021),
we found that the causative agent was E. coli (K99)
in 2-4 days old diarrheal calves and Rotavirus, Corona-
virus, and C. parvum were the agents in 5-20 days old
diarrheal calves. This is the first study to evaluate the
clinical efficacy of racecadotril in the treatment
of neonatal calf diarrhea. In the clinical evaluation of
recovery, we observed that 42 of the 46 treated calves
recovered and 4 died. Of the dead calves, 2 were
in CPG, 1 in VG, and 1 in VRG. When the calves in the
racecadotril-treated and non-administered groups were
compared in relation to feces scoring it was observed
that although 1 of 8 calves in ECRG treated with raceca-
dotril, 4 of 7 calves in CPRG, and 5 of 7 calves in VRG
improved clinically, feces consistency did not improve
within 72 hours (feces score 2, slightly soft). Although
5 of 10 calves in ECG, 3 of 6 calves on CPG, and
7 of 8 calves on VG improved clinically, feces consis-
tency did not fully return to normal (feces score 2,
slightly soft) within 72 hours. Both clinical improve-
ment and feces full solidification (feces score point 3,
complete solidification) of 7 of 8 calves on ECRG
within 72 hours showed that racecadotril was effective
in reducing intestinal secretion in secretory diarrhea
caused by E. coli toxins. Our view is consistent with
the view that racecadotril reduces diarrhea caused by
cholera toxin in humans and dogs by preventing fluid
secretion in the jejunum (Hinterleitner et al. 1997, Primi
et al. 1999). In addition, Muheet et al. (2018) reported
that the administration of racecadotril at a dose
of 1 mg/kg 3 times a day to dogs with diarrhea improved
feces consistency and shortened the duration of diar-
rhea. We observed that racecadotril administered

at a dose of 2.5 mg/kg twice a day for 3 days in E. coli
diarrheal calves improved feces consistency and
shortened the duration of diarrhea. On the other hand,
it has been observed that racecadotril administration
is not effective in the treatment of neonatal calf diarrhea
caused by Coronavirus, Rotavirus, and C. parvum.
The reason why racecadotril is not effective in these
cases may be related to the fact that viruses and proto-
zoa cause osmotic diarrhea by causing damage to the
cryptic villi and such villi need a long time to regene-
rate. In addition, it was observed that the administration
of racecadotril to healthy calves did not have any side
effects. In conclusion, it can be said that the addition of
racecadotril to the standard treatment of E. coli-induced
calf diarrhea is quite beneficial (Table 2, Table 5).
The beneficial effect of racecadotril may be related
to its antisecretory effect in the intestines and this effect
can reduce fluid-electrolyte losses, which are serious
in young animals.

Metabolic acidosis occurs as a result of extracellu-
lar electrolyte (Na, K, and chlorine) and bicarbonate
loss in calves with diarrhea caused by E. coli, Rotavirus,
Coronavirus, and C. parvum (Sen et al. 2009, Constable
et al. 2016, Ok et al. 2020). In most cases, plasma Na*
concentration is moderately decreased but sometimes
remains at normal levels. Plasma K* concentration is
mainly affected by metabolic acidosis and disruption of
the Na'/K*-ATPase pump and is generally increased
(Sen et al. 2009, Constable et al. 2016). Ok et al. (2020)
determined a decrease in pH, partial pressure of carbon
dioxide (pCO,), partial pressure of oxygen (pO,), satu-
ration of oxygen (SatO,), HCO,, and BE levels and
an increase in Lac and K levels in venous blood gas
in calves with diarrhea caused by E. coli, Rotavirus,
Coronavirus, and Cryptosporidium agents. In the
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present study, a statistically significant decrease in pH,
HCO, and BE levels in the venous blood gas of the
calves in the experimental groups was noted while an
increase in lactate was determined, compared to the
control group. In addition, a statistically significant dif-
ference was observed at 0.th of K and Na concentra-
tions of viral (Rota/Coronavirus) and Cryptosporidium
parvum-infected calves compared to post-treatment
time points. These findings showed that metabolic aci-
dosis developed as a result of gastrointestinal fluid-elec-
trolyte losses in calves with diarrhea (Table 5, Table 6,
Table 7) (Sen et al. 2009, Constable et al. 2016, Ok et al.
2020).

The way to prevent death in calves with diarrhea is
to apply appropriate intravenous or oral fluid therapy
and also chemotherapeutics for infectious agents
(Berchtold 2009). The purposes of the use of these
fluids are to restore fluid and electrolytes lost with
feces, normalize circulation, and reduce multi-organ
dysfunction by increasing the oxygen transport capacity
to tissues (Berchtold 2009, Smith and Berchtold 2014).
Fluids used in calves with diarrhea should be chosen
depending on clinical findings, degree of dehydration,
and acid-base imbalance (Berchtold 2009, Sen et al.
2013, Ok et al. 2020). Dehydration and metabolic
acidosis caused by diarrhea should be corrected
as early as possible. Alkaline agents are used for this
purpose. The most important solution that can be given
in severe acidemia is isotonic sodium bicarbonate
(1.3% NaHCO,). Acetate and lactated polyionic solu-
tions can be used in mild acidemia cases (Berchtold
2009, Smith and Berchtold 2014, Trefz et al. 2017).

In the present study, it was observed that crystalloid
(1.3% NaHCO,) and 5% dextrose solutions applied in
42 of 46 calves with diarrhea quickly corrected acide-
mia and caused a marked clinical improvement within
24-48 hours. It was observed that 4 of the calves with
diarrhea (2 in CPG, 2 in VQ) did not respond to the
treatment and died. The effective treatment of calf diar-
rhea is based on replacing the lost fluid electrolytes and
reducing the loss, since the cause of death is acidemia
due to the loss of fluid-electrolytes. As reported by
many researchers (Berchtold 2009, Sen et al. 2013,
Smith and Berchtold 2014, Trefz et al. 2017, Tsukano
etal. 2017, Aydogdu et al. 2018, Ok et al. 2020) for the
treatment of diarrhea-induced acidemia in calves,
the application of 5% dextrose solution with 1.3 %
of NaHCO, was effective in this study. The cornerstone
of diarrhea treatment is fluid therapy to meet fluid,
acid-base, and electrolyte deficiencies and to provide
nutritional support (Smith and Berchtold 2014).
Regardless of the etiology, calves with diarrhea often
have increased coliform bacterial numbers in the small
intestine; small intestinal bacterial overgrowth is asso-

ciated with altered small intestinal function, morpho-
logic damage, and increased susceptibility to bactere-
mia and endotoxemia. Therefore, parenteral adminis-
tration of antimicrobials with a predominantly Gram-
-negative spectrum of activity is recommended
(Constable 2009). Essential oils, probiotics, prebiotics,
and yeast preparations are also used as potential sup-
portive treatments in calves with diarrhea. It has been
reported that these practices reduce the severity and
duration of diarrhea and that more research is needed
to reveal their clinical and economic importance
(Katsoulos et al. 2017, Renaud et al. 2019). In this
study, antibiotics and supportive treatments in addition
to fluid therapy improved both clinical and metabolic
status within 72 hours. Consistent with previous
research results (Constable 2009, Smith and Berchtold
2014, Katsoulos et al. 2017, Renaud et al. 2019),
we observed that antibiotics and supportive treatments
in addition to fluid therapy improved both the clinical
picture and the metabolic picture within 72 hours.
In this study, racecadotril, which has a reducing effect
on intestinal fluid secretion, was used for the first time
in calves with diarrhea and it has been found to be effec-
tive in calf diarrhea caused by E. coli (Table 5). When
the effect of racecadotril on clinical score parameters
was evaluated, it was observed that the degree of dehy-
dration, CRT, mucosa, appetite, mental status, and
standing parameters returned to normal within 72 hours
in calves with diarrhea in the experimental groups
(Score 3). When the effect of racecadotril on feces qual-
ity was evaluated, it was determined that the score was
2 in the CPRG and VRG and 3 in the ECRG within
72 hours (Table 2, Table 3, Table 4). It can be said that
racecadotril is very effective in improving both the
clinical picture and feces quality in calves with E. coli
diarrhea (Table 2).

The number of leukocytes increases in all calves
with diarrhea caused by E. coli and Cryptosporidium
species (Kumar et al. 2010, Malik et al. 2013, Megeed
et al. 2015, Aydogdu et al. 2018, Ok et al. 2020).
The studies on the change of leukocytes in calves with
diarrhea caused by Rotavirus and Coronavirus are very
limited. Ok et al. (2020) determined an increase
in leukocyte counts in calves with diarrhea caused
by Rotavirus and Coronavirus. In the present study,
a statistically significant increase was found in WBC
levels in all diarrheal calves compared to the control
group.

Racecadotril can be used as a supportive treatment
in addition to the etiological treatment of diarrhea
due to bacterial infections. It may also be useful in
non-infectious diarrhea where the integrity of the small
intestine is not impaired.

According to the results of the study, 1) racecadotril



568

B. Tras et al.

is useful in the treatment of bacterial diarrhea, and ii)
studies should be conducted to determine the clinical
effectiveness of racecadotril in diarrhea caused by dif-
ferent bacteria species and dosage regimens of its in
calves.

Acknowledgements

This study was supported by The Coordination Unit
of Scientific Research Projects, the University of Selcuk,
(Project No 18401078). The data supporting this study’s
findings are available from the corresponding author
upon reasonable request.

References

Al Mawly J, Grinberg A, Prattley D, Moffat J, Marshall J,
French N (2015) Risk factors for neonatal calf diarrhoea
and enteropathogen shedding in New Zealand dairy farms.
Vet J 203: 155-160.

Amaral-Phillips DM, Scharko PB, Johns JT, Franklin S (2006)
Feeding and managing baby calves from birth to 3 months
of age. Univ Kentucky Coop Ext Serv 1-6.

Aydogdu U, Yildiz R, Guzelbektes H, Naseri A, Akyuz E, Sen |
(2018) Effect of combinations of intravenous small-volume
hypertonic sodium chloride, acetate Ringer, sodium bicar-
bonate, and lactate Ringer solutions along with oral fluid on
the treatment of calf diarrhea. Pol J Vet Sci 21: 273-280.

Berchtold J (2009) Treatment of calf diarrhea: intravenous fluid
therapy. Vet Clin North Am Food Anim Pract 25: 73-99.

Bergmann JF, Chaussade S, Couturier D, Baumer P,
Schwartz JC, Lecomte JM (1992) Effects of acetorphan,
an antidiarrhoeal enkephalinase inhibitor, on oro-caecal and
colonic transit times in healthy volunteers. Aliment Pharma-
col Ther 6: 305-313

Bjorkman C, Svensson C, Christensson B, De Verdier K (2003)
Cryptosporidium parvum and Giardia intestinalis in calf
diarrhoea in Sweden. Acta Vet Scand 44: 145-152.

Boranbayeva T, Karahan AG, Tulemissova Z, Myktybayeva R,
Ozkaya S (2020) Properties of a new probiotic candidate
and lactobacterin-TK2 against diarrhea in calves. Probiotics
Antimicrob 12: 918-928.

Constable PD (2009) Treatment of calf diarrhea: Antimicrobial
and ancillary treatments. Vet Clin North Am Food Anim
Pract 25: 101-120.

Constable PD, Hinchclifft KW, Done SH, Griinberg, W (2016)
Veterinary medicine: a textbook of the diseases of cattle,
horses, sheep, pigs and goats. 11 th ed., Elsevier Health
Sciences, St. Louis, pp:113-137.

Coskun A, Sen I, Guzelbektes H, Ok M, Turgut K, Canikli S
(2010) Comparison of the effects of intravenous administra-
tion of isotonic and hypertonic sodium bicarbonate solu-
tions on venous acid-base status in dehydrated calves with
strong ion acidosis. J Am Vet Med 236: 1098-1103.

CVMP (2020) List of nationally authorised medicinal products
Active substance: racecadotril. EMA/646224/2020.https://
www.ema.europa.cu/en/documents/psusa/racecadotril-
list-nationally-authorised-medicinal-products-psusa/
00002602/202003_en.pdf

Duval-Iflah Y, Berard, H, Baumer P, Guillaume P, Raibaud P,
Joulin Y, Lecomte JM (1999) Effects of racecadotril and
loperamide on bacterial proliferation and on the central
nervous system of the newborn gnotobiotic piglet. Aliment
Pharmacol Ther 6: 9-14.

Eberlin M, Miick T, Michel MC (2012) A comprehensive review
of the pharmacodynamics, pharmacokinetics, and clinical
effects of the neutral endopeptidase inhibitor racecadotril.
Front Pharmacol 3: 93

Field M (2003) Intestinal ion transport and the pathophysiology
of diarrhea. J Clin Invest 111: 931-943.

Fischbach W, Andresen V, Eberlin M, Mueck T, Layer P (2016)
A comprehensive comparison of the efficacy and tolerabi-
lity of racecadotril with other treatments of acute diarrhea
in adults. Front Med (Lausanne) 14: 44.

Gibbons JF, Boland F, Buckley JF, Butler F, Egan J, Fanning S,
Markey BK, Leonard FC (2014) Patterns of antimicrobioal
resistance in pathogenic Escherichia coli isolates from
cases of calf enteritis during the spring-calves season. Vet
Microbiol 170: 73-80.

Hinterleitner TA, Petritsch W, Dimsity G, Berard H, Lecomte
IM, Krejs GJ (1997) Acetorphan prevents cholera-toxin-
-induced water and electrolyte secretion in the human jeju-
num. Eur J Gastroenterol Hepatol 9: 887-891.

Hodges K, Gill R (2010) Infectious diarrhea: cellular and mole-
cular mechanisms. Gut Microbes 1: 4-21.

Katsoulos PD, Karatzia MA, Dovas CI, Filioussis G,
Papadopoulos E, Kiossis E, Arsenopoulos K,
Papadopoulos T, Boscos C, Karatzias H (2017) Evaluation
of the In-Field Efficacy of Oregano Essential Oil Adminis-
tration on the Control of Neonatal Diarrhea Syndrome
in Calves. Res Vet Sci 115: 478-483.

Kumar B, Shekhar P, Kumar N (2010) A clinical study on neona-
tal calf diarrhoea. Intas Polivet 11: 233-235.

Lecomte JM (2000) An overview of clinical studies with raceca-
dotril in adults. Int J Antimicrob Agents 14: 81-87.

Malik YS, Kumar N, Sharma K, Sharma R, Kumar HB,
Anupamlal K, Kumari S, Shukla S, Chandrahekar KM
(2013) Epidemiology and genetic diversity of rotavirus
strains associated with acute gastroenteritis in bovine,
porcine, poultry and human population of Madhya Pradesh,
Central India, 2004—2008. Adv Anim Vet Sci 1: 111-115.

Matheson AJ, Noble S (2000) Racecadotril. Drugs 59: 829-835.

McGuirk SM (2008) Disease management of dairy calves and
heifers. Vet Clin North Am Food Anim Pract 24: 139-153.

Megeed KN, Hammam AM, Morsy GH, Khalil FA, Seliem MM,
Aboelsoued D (2015) Control of cryptosporidiosis in buffalo
calves using garlic (Allium sativum) and nitazoxanide with
special reference to some biochemical parameters. Glob
Vet 14: 646-655.

Muheet AT, Ashraf I, Chhibber S, Soodan JS, Singh R, Muhee A,
Nazim K, Majeed A (2018) The use of racecadotril as an
effective adjunct therapeutic measure in the management
of diarrhea. Pharma innov 7: 610-612.

Naylor JM (2009) Neonatal Calf Diarrhea. Food Anim Pract
2009 : 70-77.

Ok M, Guler L, Turgut K, Ok U, Sen I, Gunduz IK, Birdane MF,
Giizelbektes H (2009) The studies on the actiology of diarr-
hoea in neonatal calves and determination of virulence gene
markers of Escherichia coli strains by multiplex PCR.
Zoonoses Public Health 56: 94-101.

Ok M, Sevinc F, Ider M, Ceylan O, Erturk A, Ceylan C,



Evaluation of the clinical efficacy of racecadotril in the treatment ... 569

Durgut, MK (2021) Evaluation of clinical efficacy
of gamithromycin in the treatment of naturally infected
neonatal calves with cryptosporidiosis. Eurasian J Vet Sci
37: 49-54.

Ok M, Yildiz R, Hatipoglu F, Baspinar N, Ider M, Uney K,
Ertlirk A, Durgut MK, Terzi F (2020) Use of intestine-rela-
ted biomarkers for detecting intestinal epithelial damage
in neonatal calves with diarrhea. Am J Vet Res 81: 139-146.

Primi MP, Bueno L, Baumer P, Berard H, Lecomte JM (1999)
Racecadotril demonstrates intestinal antisecretory activity
in vivo. Aliment Pharmacol Ther 6: 3-7.

Rachmilewitz D, Karmeli F, Chorev M, Selinger Z (1983) Effect
of opiates on human colonic adenylate cyclase activity. Eur
J Pharmacol 93: 169-173.

Renaud DL, Buss L, Wilms JN, Steele MA (2020) Technical
note: Is fecal consistency scoring an accurate measure
of fecal dry matter in dairy calves? J Dairy Sci
103: 10709-10714.

Renaud DL, Kelton DF, Weese JS, Noble C, Duffield TF (2019)
Evaluation of a Multispecies Probiotic as a Supportive
Treatment for Diarrhea in Dairy Calves: A Randomized
Clinical Trial. J Dairy Sci 102: 4498-4505.

Schwartz JC (2000) Racecadotril: a new approach to the treat-
ment of diarrhoea. Int J Antimicrob Agents 14: 75-79.

Sen I, Altunok V, Ok M, Coskun A, Constable PD (2009)
Efficacy of oral rehydration therapy solutions containing
sodium bicarbonate or sodium acetate for treatment of cal-
ves with naturally acquired diarrhea, moderate dehydration,
and strong ion acidosis. J Am Vet Med Assoc 234: 926-934.

Sen I, Guzelbektes H, Yildiz R (2013) Neonatal Calf Diarrhea:
Pathophysiology, Epidemiology, Clinic, Treatment and
Prevention. Turkiye Klinikleri J Vet Sci 4: 71-8.

Singh N, Narayan S (2008) Racecadotril: A novel antidiarrheal.
Med J. Armed Forces India 64: 361-362.

Smith GW, Berchtold J (2014) Fluid therapy in calves. Vet Clin
North Am Food Anim Pract 30: 409-427.

Trefz FM, Constable PD, Lorenz I (2015) Quantitative physico-
chemical analysis of acid-base balance and clinical utility
of anion gap and strong ion gap in 806 neonatal calves with
diarrhea. J Vet Intern Med 29: 678-687.

Trefz FM, Lorenz I, Lorch A, Constable PD (2017) Clinical
signs, profound acidemia, hypoglycemia, and hypernatre-
mia are predictive of mortality in 1,400 critically ill neonatal
calves with diarrhea. PLoS One 12: ¢0182938.

Tsukano K, Kato S, Sarashina S, Abe I, Ajito T, Ohtsuka H,
Suzuki K (2017) Effect of acetate Ringer’s solution with
or without 5% dextrose administered intravenously to diarr-
heic calves. J Vet Med Sci 79: 795-800.

Tsunemitsu H, Smith DR, Saif LJ (1999) Experimental inocula-
tion of adult dairy cows with bovine coronavirus and detec-
tion of coronavirus in feces by RT-PCR. Arch Virol
144: 167-175.

Turgut K, Ok M (1997) Veteriner Gastroenteroloji. 1st ed.,
Bahcivanlar Basimevi, Konya, pp 362-383.

Urie NJ, Lombard JE, Shivley CB, Kopral CA, Adams AE,
Earleywine TJ, Olson JD, Garry FB (2018) Preweaned
Heifer Management on US Dairy Operations: Part V.
Factors Associated with Morbidity and Mortality in Prewe-
aned Dairy Heifer Calves. J Dairy Sci 101: 9229-9244.

WHO (2007) World Health Organization. Proposal for the inclu-
sion of racecadotril in the WHO model list of essential
medicines. WHO Essential medicines list for children:
Racecadotril. Paris, France, p 23.



