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ABSTRACT

Exercise-induced proteinuria has been widely investigated in humans, also in relation to
intensity and duration of activity. Instead, there are only limited publications regarding urinary
biochemical parameters and urinary proteins before and after physical activity in dogs. This
paper aimed to investigate the effects of exercise on urinary biochemistry and proteins in
military dogs. Twenty-four dogs were enrolled in this study. All the dogs were clinically sound,
and they were examined before and after activity. Pulse rates (PR) and respiratory rate (RR)
were monitored. Urine was sampled before and after a training session of search activity.
Standard urinalysis was carried out, urine total proteins and creatinine were measured and the
urinary protein:creatinine ratio was calculated; finally, the urinary proteins were separated
using sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE). Clinical
examination before and after activity did not reveal any pathological finding. After activity, the
PR was slightly increased, while the RR was notably increased (p <0.05). Total proteins, albumin,
and their ratio with creatinine were significantly higher after exercise when considering all the
dogs included or only the females while, when considering only the males no significant
difference was detected. The clinical relevance of this study was related to the possibility of
using urine as a non-invasive sample for monitoring health status after training activity and
exercise in dogs. An increase in microalbuminuria after search activity, measured using SDS-
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PAGE could be considered an early biomarker of renal function during training sessions.

Introduction

Military working dogs (MWDs) play a fundamental
role together with the army in managing humanitar-
ian missions on both national and international terri-
tories. Their function is well recognized by
intergovernmental organizations, such as the United
Nations (UN) and the North Atlantic Treaty
Organization (NATO), both of which have the aim of
maintaining international peace and security. Training
carried out correctly can lead to highly specialized
fitness in these dogs, resulting in the prevention of
professional traumatic injuries (Spinella et al. 2022).
Human sport medicine recommends that adults
should engage in moderately-intense cardiorespira-
tory exercise for 150min per week (30min sessions
5days per week) in order to have a proper level of
physical wellness (Hesketh et al. 2020). Adult dogs
should also undergo similar activities; however, while

conditioning, it is of utmost importance to prevent
work overload and muscle fatigue.

Changes in physiological, hematological and met-
abolic parameters during exercise contribute to the
internal load, also defined as ‘the relative biological
stressors imposed on the athlete during training or
competition’ (Bourdon et al. 2017). The internal load
depends on several factors, including the typology of
the exercise and the extent of the canine training as
well as on environmental factors (Cerqueira et al.
2018; Spinella et al. 2021). Depending on the type of
stimulus, regular exercise leads to changes in the
proteome and metabolome in an extremely compli-
cated network of signalling and metabolic pathways
(McGlory et al. 2017).

To monitor the correct execution of the training,
clinical and hematological examinations should be car-
ried out frequently. However, hematological monitoring
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requires repeated blood samplings and could poten-
tially stress dogs. To avoid the invasiveness of sequen-
tial blood samplings, urine could be considered an
interesting alternative for investigating the health status
and pre- and post-exercise changes in athletic and
working dogs.

Urine represents an ideal biological sample as it
can easily be obtained with non-invasive procedures
and repeated after a short time. In veterinary medi-
cine, the application of proteomics to urine samples
has been reported in the literature, for the most
related to companion animals (Ferlizza et al. 2020;
Miller 2020). Urinary protein profiles represent an
interesting opportunity for monitor pathophysiologi-
cal adaptations of kidney function or the possible
site of renal damage. For example, decreased urinary
uromodulin is related to tubular dysfunction in dogs
and cats (Ferlizza et al. 2015, De Loor et al. 2013)
while an abundance of proteins with a high and
intermediate molecular mass (MM) is indicative of
glomerular proteinuria (Hokamp et al. 2018).

The aim of this prospective study was to investi-
gate the effects of exercise on urinary biochemical
parameters and urinary proteins separated using
SDS-PAGE electrophoresis in well trained MWDs.

Materials and methods

A standing agreement between the Italian Army and
the Department of Veterinary Medical Sciences of
Bologna University for the use of their data and for
the development of the present study was stipulated
(f.n. M_D SSMD REG2020 0051733-27/03/2020 SMD
-IGESAN). The study was carried out according to
European Union Directive 2010/63/EU and was
approved by the Animal Welfare Committee of the
University of Bologna (Project ID 914).

Twenty-four trained military working dogs (MWDs)
belonging to the Italian Army were enrolled in this
study (Table 1): 23 German Shepherd dogs and one
Belgian Shepherd Malinois. The inclusion of the one
dog of a different breed is not expected to influence
the results. Fifteen dogs were female (14 intact
females and one spayed) and 9 were male (6 intact,
one neutered and 2 monorchid). The dogs, which
were selected among those available at the military

Table 1. Age, weight, breed, and type of activity of the dogs
enrolled in the study.

All the dogs Females Males (intact/
enrolled (intact/ spayed) neutered/monorchid)

Specimens 24 14/1 6/1/2
Age (months) 32+18 (24) 33+22 (24) 3010 (24)
Weight (Kg) 30+£4.5 (29.5) 27.4+2.6 (27) 34.4+1.9 (35)
Breed 23 GS; 1 BSM 15 GS 8 GS; 1 BSM
Search activity 10 5 5

(Group A)
Search activity 14 10 4

and treadmill

(Group B)

The data are reported either referring to all the dogs enrolled in the
study, or divided into males and females. The data for age and weight
are reported as mean=SD with the median in parentheses.

GS: German Shepherd; BSM: Belgian Shepherd Malinois

centre (not on mission), were those capable of carry-
ing out search activities. All the dogs had a level of
training established by a military veterinarian and
appropriate for search activity. The dogs were fed
with premium (Protein: 26% - Fat content: 17% -
Crude ash: 6.4% - Crude fibers: 1.4%) or super-pre-
mium (Protein: 32% - Fat content: 30% - Crude ash:
7.8% - Crude fibers: 1.8%) commercial food. The
dogs were randomly divided into two groups accord-
ing to typology of activity: ten dogs performed only
a standard 20-minute training of search activity
(Group A) and 14 dogs additionally exercised 10 min
on a treadmill after the search activity (Group B). The
activity on the treadmill was performed at trot with
a mean velocity of 12km/h. Mean environmental
temperature and relative humidity were recorded:
the mean environmental air temperatures ranged
from 26.5°C on the 1%t day to 23.5°C on the 2" and
the 3 days of the study, and the relative humidity
from 71% on thelst day to 75% on the 2" and 3™
days of the study.

All the dogs were routinely monitored by military
veterinary personnel throughout their activity of
MWDs. However, before each work session, all the
dogs underwent complete signalment and physical
examination to ensure their current healthy status.
None of the dogs had received any medication with
steroids or non-steroidal anti-inflammatory drugs
(NSAIDs) within 30days before the study. All the dogs
that participated in the study were normothermic
before performing the exercise. Pulse rate (PR), respi-
ratory rate (RR) and rectal body temperature (BT) were
recorded before the activity; the PR and RR were also
evaluated after the activity. The PR was detected by
palpation of the femoral artery, and the RR was mea-
sured by thoracic visual observation. In both the male
and the female dogs, ten mL of mid-stream urine
were sampled during spontaneous voiding into sterile
urine cups before the daily feeding and watering
activities, and with the animals at rest (T0). Within
30min after the search activity a second sample of
urine was obtained using the same procedure (T1);
this second sample represented the first urination
after the exercise. Moreover, in 12 dogs, the lactate
concentration was also randomly evaluated using a
rapid lactometer (Roche Diagnostics spa, Germany) to
monitor the potential changes induced by exercise.

Urinalysis

All the urine samples were kept refrigerated (+4°C)
and were processed on a routine basis within 2h
after collection. In particular, the urinalysis consisted
of a macroscopic examination evaluating the color
and turbidity. Urine specific gravity (USG) was mea-
sured using a manual refractometer (Giorgio Bormac,
41012 Modena, ltaly), the chemical evaluation was
carried out using a semi-quantitative dipstick test
(Combur10Test, Roche Diagnosticc, Mannheim,
Germany). After centrifugation at 1500g for 10min,
urine sediment at TO was observed under both high



(400x) and low microscopic fields (100x). Urine super-
natants were divided into aliquots and stored in part
at —20°C for a maximum of 7days for total protein
and creatinine determination, and in part at — 80°C
for the subsequent proteomic analysis.

Urine protein to creatinine ratio

Urine total proteins (uTP) and creatinine (uCr) were
measured using commercial kits (Urinary/CSF Protein,
OSR6170, and Creatinine OSR6178, Olympus/Beckman
Coulter, Atlanta, GE, USA) on an automated chemis-
try analyzer (AU 480, Olympus/Beckman Coulter,
Atlanta, GE, USA). The urine protein:creatinine ratio
(UPC) was calculated using the following formula:
UPC=uTP (mg/dL)/uCr (mg/dL).

One-D-Electrophoresis

After thawing and centrifugation at 3000xg for 10min,
the urinary proteins in the supernatants were separated
using a sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) system (NuPAGE, Thermo Fisher
Scientific, Waltham, MA, USA) as previously described
(Ferlizza et al. 2015); SDS-PAGE is commonly used to
obtain high resolution separation of complex mixtures
of proteins. The method initially denatures the proteins
which will undergo electrophoresis and then separates
them based on their molecular mass. Briefly, three pg of
protein were loaded on 4-12% polyacrylamide gel in
MOPS buffer with SDS (Thermo Fisher Scientific,
Waltham, MA, USA). If the uTP concentration was lower
than 0.100ug/pL, urine was concentrated using spin col-
umns with a molecular mass cut-off of 3kDa (Vivaspin
500, Sartorius, Goettingen, Germany), following the
manufacturer’s instructions. Each gel was also loaded
with standard proteins of known molecular mass
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(Precision Plus Protein Standard, Biorad, Hercules, CA,
USA). The gels were stained with Coomassie brilliant
blue (PageBlu protein staining solution; Thermo Fisher
Scientific, Waltham, MA, USA). After staining, each gel
was digitalized (ChemidocMP, BioRad, Hercules, CA,
USA), and pherograms were obtained using commercial
software (Imagelab, BioRad, Hercules, California, USA).
The bands at 100, 67 and 18kDa were identified on the
basis of the molecular mass as previously reported by
Ferlizza et al. (2020). The quantification of bands at 100
and 67kDa was carried out using an internal standard
of quantity as described by Ferlizza et al. (2020).

Statistical analysis

The data regarding the blood and urine chemistry
were analyzed using statistical software (R version
3.4.4). Normal distribution was tested graphically and
using the Shapiro-Wilk normality test, the data were
expressed as meanzxstandard deviation (SD) or stan-
dard error (SE) with the median in parentheses. The
variables between the TO and T1 samples were com-
pared using the Wilcoxon or the t Student test
depending on their distribution, assuming p < .05 as
a significant probability.

Results

Twenty-three German Shepherd dogs and one
Belgian Shepherd Malinois were enrolled (Table 1) in
this study. Clinical examination before activity started
at 8.30 am of each day with an interval of 10min for
each dog. All the dogs enrolled were found to be
completely sound after a physical examination car-
ried out by two licensed veterinarians. The clinical
values for BTs, RRs, PRs and blood lactate are reported
in Table 2.

Table 2. Clinical data, serum and urinary analytes in specimens grouped as all dogs and as females and males (n=24; except
for blood lactate, n=12) at rest (T0) and within 30min after the search activity (T1).

All the dogs enrolled Female Male

TO T TO T TO T
RR 77 +350 13635 75+31@ 138+39 82+430 133296
PR 81+15 85+18 82+18 82+18 8017 9017

Blood lactate 2.04+0.52 (1.8)
Urine biochemistry

from the dipstick

245+0.61 (2.4)

analysis
pH 6.4+0.6 (6.0 7.1£0.9 (7.0)V
USG 105111 (1052) ™
Pro mg/dL 25+10 (30) 28+7 (30)
UBG pmol/L 2+6 (0) neg
Bil mg/dL neg neg
Glu mmol/L neg neg
Ket mmol/L neg neg
Ery (+/number of ++/2 ++/2
specimens)
Leu (+/number of +/3 +/5
specimens)

2.68+0.53 (2.4)

6.4+0.6 (6.00?
104416 (1048)M 105114 (1052)? 1044+17 (1042)@ 1050+7 (1048)

20+065 (1.7)  2.22+0.65 (2.1) 2.08%0.43 (1.8)

6.8+0.9 (6.5?  63+0.7 (6.009 7.5+0.7 (7.0)®

1043+16 (1048)

22412 (30) 27+9 (30) 30+0 (30) 30+0 (30)
2+6 (0) neg 2+5 (0) neg
neg neg neg neg
neg neg neg neg
neg neg neg neg
++/2 ++/2 neg neg
neg neg +/3 +/5

The The data for RRs and PRs are reported as mean + SD. The data for blood lactate and urine biochemistry from the dipstick analysis are reported
as mean *standard deviation (SD) with the median in parentheses. In the same row and for each group, the same superscript number indicates a

significant difference between T0 and T1 (p <0.05).

RR: respiratory rate; PR: pulse rate; Pro: Dipstick Urine Proteins; UBG: Dipstick Urine Urobilinogen; Bil: Dipstick Urine Bilirubin; Glu: Dipstick Urine
Glucose; Ket: Dipstick Urine; Ketones; Ery: Dipstick Urine Erythrocytes; Leu: Dipstick Urine Leukocytes; USG: urine specific gravity; Neg: negative; nd:

not determined..
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Urinalysis and urinary protein characterization

The color of the urine samples ranged from light
yellow to yellow and turbidity was clear or slightly
cloudy. The urinary biochemistry data in the spec-
imens grouped as both sexes, females and males
are reported in Table 2. The activity did not influ-
ence body temperature, pulse rate or serum lac-
tate concentration. The pH ranged from 6.3+0.7
at TO to 7.5+0.7 at T1 in males and a significant
increase after exercise was present in all groups
(p=0.00015 both sexes group, p=0,008 females;
p=0.006 males). The USG values for samples col-
lected at both times were within the normal refer-
ence range reported for canine species (Rudinsky
et al. 2019). However, the USG at TO was signifi-
cantly higher than the values measured at T1 in
the group of both sexes (24 dogs) and in the
female group (15 dogs).

Bilirubin, glucose and ketones presented
non-detectable values in all the sample examined.
The dipstick was positive for protein in 19 dogs at
TO (25+£10mg/dL) and in 20 at T1 (28+7 mg/dL);
when considering sex, all the males had dipstick
positive for protein. Urobilinogen resulted positive
(lowest level of positivity) in 3 samples collected
at TO regardless of sex. The microscopic urine sed-
iment evaluation carried out at TO showed the
presence of occasional epithelial cells and erythro-
cytes in 4 samples, and leucocytes in 8 samples.
Calcium oxalate crystals were detected in 5 sam-
ples collected both at TO and at T1.

4 By ¥ T

(a)

Urinary protein separation in 1-DE

Urine samples collected before and after exercise
presented similar profiles characterized by the pres-
ence of the two most abundant bands at an appar-
ent molecular mass (MM) of 103 and 67kDa in the
females and the neutered males (Figure 1 and 2).
The band profile was similar to that reported by
Ferlizza et al. (2020) who identified the proteins as
uromodulin, albumin and arginine esterase at 103,
67, and 18kDa, respectively, using mass spectrome-
try. Therefore, the identity of the bands obtained in
the present study could be hypothesized based on
the apparent MM, and comparing data with those
reported by Ferlizza et al. (2020).

Albumin was present in the majority of the sam-
ples while uromodulin was present in all the sample
examined regardless of the sex. The intensity of albu-
min band was more pronounced in the urine col-
lected after exercise. In addition, the urine samples
from the intact male dogs presented two additional
evident bands having apparent MMs of 18 and
12kDa. The band at 18kDa could be identified as
arginine esterase (Figure 2).

Concentrations of total proteins, uromodulin and
albumin, and their ratio with creatinine (uTP, UPC,
uUC and uACQ) in specimens grouped as both sexes,
females and males are reported in Table 3.

Urine sampled before exercise presented a low
concentration of albumin (1.2+£0.4mg/dL) and a high
concentration of uromodulin (11.4+2.6mg/dL). In the
group of both sexes, the total protein concentration

Intensity
<— 250kDa
<— 150kDa
B | <— 100k03 ! > <— 103 kDa
[
W «— 75kDa ke
! Sa— . «— 67kDa
W <— 50kDa [ d
W <+— 37kDa
| | — <— 32kDa
W <«— 25KDa
W <— 20kDa |
s <«— 15kDa ‘
W <— 10kDa B

Figure 1. Representative SDS-PAGE gel of the proteins in theurine sampled at TO and T1 from three female dogs (a). the black
continuous box indicates uromodulin (103kDa); the black dotted box indicates albumin (67 kDa); and the black dashed box
indicates the internal standard of quantity (1pg). a molecular mass marker (M) was also loaded. A representative pherogram

(lane 6) is reported in (b).
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Figure 2. Representative SDS-PAGE gel of the proteins in the urine sampled at TO and T1 from two intact male dogs (lanes
1, 2, 5 and 6) and one neutered male dog (lanes 3 and 4) (a). the black continuous box indicates uromodulin (103kDa); the
black dotted box indicates albumin (67 kDa), and the black dashed box indicates the internal standard of quantity (1ug); black
dashed and dotted box indicates arginine esterase (18 and 12kDa). a molecular mass marker (M) was also loaded. A repre-

sentative pherogram (lane 6) is reported in (b).

(p=0.004), albumin concentration (p=0.002), UPC
(p=0.015), and uAC (p=0.002) were significantly
higher after exercise. When considering the group of
males, the urine sampled after exercise did not pres-
ent significant differences from that sampled before
exercise while, in the female group, the total protein
concentration (p=0.01), albumin concentration
(p=0.005), UPC (p=0.0011), and uAC (p=0.004) were
significantly higher in the urine sampled after exercise.

Regarding the type of activity, no significant dif-
ferences were found between Groups A and B
(Table 15).

Discussion

The aim of this study was to examine the effects of
routine exercise on urinary biochemical parameters
and urinary proteins in well-trained MWDs. To the
Author’s knowledge, studies aimed at integrating the
different aspects of urinalysis when monitoring the
health status of athletic dogs are lacking in veteri-
nary medicine in the literature. As reported by Zhao
et al. (2020), urinalysis and proteomics may provide
the clinician with fundamental information regarding
health status, since changes in the blood may even
be magnified in the urine inasmuch, as urine does
not have the homeostatic mechanisms of blood.

In the present study, significant differences were
observed for uTPs, the UPC, albumin concentration,
and the uAC before and after exercise both in the

entire group (both sexes and both activities) or in
the female alone group, although clinical examina-
tion of the MWDs before and after activity did not
reveal any pathological findings.

Both respiratory and pulse rates showed a physio-
logical increase after exercise; however, respiratory
rate showed a persistent elevation, probably related
to the environmental air temperatures (= 23.5°C) and
relative humidity, which led the dogs to a physiolog-
ical increase in panting. Similar results have previ-
ously been observed in working and sports dogs
carrying out specific activities (Rovira et al. 2008;
Spoo et al. 2015; Diverio et al. 2016; Cerqueira et al.
2018; Lopedote et al. 2020). A return to normal phys-
iological ranges is generally observed in well-trained
dogs within 30min after exercise. Specific and cor-
rect conditioning is an essential requirement for
trained dogs in order to produce a physiological
adaptation to the activity and to decrease the risk of
musculoskeletal injury (Pellegrino et al. 2018; Spinella
et al. 2021). In particular, this is mandatory for mili-
tary dogs, which generally perform missions in for-
eign countries with highly and repeatedly modifiable
environmental conditions (Spinella et al. 2022).

A constant concentration of blood lactate is con-
sidered to be the gold standard for evaluating aero-
bic activity in humans, dogs, and horses (Miranda
et al. 2014; Alves and Santos, 2016). In this study, no
significant differences were observed for lactate
blood concentration before and after exercise, pro-
viding proof of adequate training as also reported in


https://doi.org/10.1080/01652176.2023.2241551

AL
PINELLA ET

S

G.

6 @

s and
e
(Alv at
dogs d th.
king trate ecific
wor mOnSH sp t al.
on e de ry p Iero ¢ be
dy ies hav rina s (P can.'c
s stu tudles in uathle_tetions peclfl
previo(l;1 6). ntific iiatioﬂzmane Varlass on;y exe;
2 cie va . es tre d an
gantfjf:érent S;]|uce‘<;nulri"“ (;?6)- 12 the Scausae neWtatus'
Di pro rote l. 2 se cles, ts h s
s Lo musees ¢ alt
erc an iec e resp d re he ed
X vity, fynie be a ys ar? n r.epring Ssesska
gra ; Wo to idne. icatio nito be a taws
g 20201dered h as k entlﬂ o mo s can (PaS exer-
g = consi S Suiheir 'dach t athletfe uf‘”et afteriﬁcant
— -f: ns, ro . a .
2g5cs =5 o9 and appdogs'ca“'nivity wec it S'gcnh‘”g;
'6‘89‘—_"20 ise, iou . in. r (o) a :
gg = ;I % 3 £ ;recoCIc\)Norklr;tgatus ecific dgata S:ased \:édl 1re(Tab|$ al.
m.No+ g in ion sp t dai r ide T e
— 99 2 2% o n C |
- ﬁf&' § < s 3 also drati and pfesehtW " Cons|e5 at wska °C. O-rj
288 H{ue pH) The slig 107 1 m P"“ijaa'f - physi
) Pu3 t . as | r . n
g byal. 202?0H V\;u th§ 5910'7rted t;)rfj 5kn; af:i,dfat'c:,s
= v et he in f 7. epo dr < o tat
& 8 & cise tnces lue o as r.ch ha pH t.oe hyption Sning
8 5.5 c differe m va nd Ws whi se in essiv Hydrat mor s in
= — 5 S © imu re g a XC ) irs ion
S _ 2_3998_ 5 axim rt t do ecre fe 20). fir iatio by
§§§£g S3S 2 21 si")":?1 adur:d, a datiVe 2a|~ éoin ?jal Va:)rtedG of
S i o e c ic e H
‘-"—.N+l_"’ [} 0 ha indi (0] S ivi ep S
o E‘Q"'E:I 8 N §§ : (202 the,r is Inis (Per by U rindlvere ' an U of 2
[ 49 3 S g the octiV'ty Ci0|o-‘>luated d intety w a metative ed in
R 1=} . i r
N 3 | a tic a va I'an aci er, en ide the
© 5 Cad lac be e. idua cap wev pres ons.hin
g n o.dIV~n_h0 re s C it oup
. g can als it s e e G was
= 7 |5 o nt 201 ide e v o the wa
E 3 8 s urine. conce al- cons In thalues ise, in USG sta-
3 358 €8 rine ky et was |ati°n'uSG VeXelrcl s theation the
= N s urin s S o
g s 83‘3;”8’. ot Fod02 000 popu the Alter © ood i g that
P Egei 5 23 g2 1.040+ dog Stud)”terva' of boa goo reatlr-]rming rate
o~ pg F o e - . H
5 Flass %9 «Tw.‘é 55 healthise'ﬂt ted i that ting of confi t the not
S = HwE r8% S 2% he pr epor s an indica rat'onrcise' d tha was
+ s o . r e t n .
£ RRERE < ;bo"e femal |o""er'c0'"ce?ter ¥ urine Ztin'n? proteins
= o he ly e a o re o ro
8 275 i t t (o) g, ur is r Cl
= = gyY S19 |n5‘ no no ion ity, re in |S, re :
IS P ,"?A 8 g 2 tuS did been iltratio tlvlty ionS. uria n 'mpins n
=] = R Sa S ) ine d fi h ac riat in is a ote he
i %négg o & or re ha rular earc d va prote ich IfoIr o i t is
£|2 23825:;_8 Ee the lome by s mine for is Wh'vity eted in th
= Z%‘:;agcﬁ o = fg ced eter ing lysi sitl erpr ich insky
uvq~»+|+<f g% o ence d ni na po int h din
2 =3 s R -8 =8 influ ercise scree tick a Any be rine vt\;y Ru dog
< Q@ ] . .
g = E ci\l E % g o g% Ex first by dl?nsethocihoulgf the zrted healtglil was
E SR = he d e is sh rep fa~st'
Bl || tha'“iccuftanaf?i < il oo by d urc
g 5 in ic ci in en d n r
5 S e g and ipst A i toste in, a afte
o 5 2 %% he dflothe ith'n~ g rep ria t umin ted t of
%_ © S =Ry t ht o S W bein teinu C, alb Collecd tha ns
- F_ie 3 i a S ise. "
§ %ﬁégm § = “tgudy %19) ahe pr?(efcls?rP, uP ur'ne|e5 an humgo)-
° %gggg 35 ] i st al. (2ti0”' Td by ethe uin thef femtiors 'nal. 20 up
£ m~qu+| £ o e la ce ry, er o u et ro
5 @vq"’ﬁ'ﬁ@ 52 opu uen ntra igh oup ra ska 99 act
p - E 'i 3 i 23 2 3 % ﬁot inf![he coant|y hthe 9l;y oth:as’faw ale fd(:ix ':Ldy
= .Ln‘—.-—o g ific in d 7: m o S
c $&5 £ g On igni ivity rte 200 the e ious the
. 3 55 s tiv po l. in enc evi at
£ ] We'feicaﬂ a; as f,"}k et ae nceSe IOresm a Prrted thr than
3 23 phys sexe (Senti differ to thdogs" ) repo highe rinary
£ 3z = %g both gs of ted ine 015 tly he u the
S E 8_3 =5 nd df,se”CTy rela | of nt al. (2niﬁca:hat :jue h eric
2|5 _ s;e‘ g a a ab tota.rie sig d t du dime
S| <. = s - he ob a tie as irme en is Ing
S| @ _ mﬁgo— Sy T r of er w. fir iffer Th tur
£ § :@5%@%5% gé WaTesl,o Outdogs’ Erationdy co\,\,naS dlﬂre Za'e denabefore
: = .
g E E\Eé :| fl ‘i‘l & é g ma |Ving re casnt Stuales e (Flglng t ples
£< N-—+I+m'—Q £ o0 invo fo se m ras W am
® 2= +'m"-3. S £2 in C be pre: tact este follo e s
g " §§ 573 ;‘ : Uper. The in Inihine rigin, of th
% ) _:.:| k:J{ aft teomeof argtatic o ent
s g g pro ence pros treatm
I 58 P rotein of ing
= o rote duc
Y— @TE P d re
; . 2 an
g 3 - Y
.; B g .g
g c ; =
3 = © =}
: = fedy 3
© HE 5332
™ = g =
()] =}
)
(]
'—



SDS-PAGE, appeared in the gel separated into one
intense band at 18kDa and a less prominent one at
12-14kDa (Miller et al. 2020). When loading a fixed
quantity of proteins (three ug) onto the gel, the larg-
est percentage was represented by arginine esterase
in the intact males, while in the females and the
neutered males it was represented by uromodulin
and albumin. The presence of arginine esterase in
the urine of the intact male dogs should be taken
into account in clinical settings in order to exclude
false tubular proteinuria, as previously suggested by
Ferlizza et al. (2020).

The intensity of the exercise rather than its dura-
tion influences the origin of proteinuria (Pero et al.
2020). Moderate exercise has been associated with
glomerular proteinuria with an increase in the filtra-
tion of proteins having a molecular mass >60kDa,
such as albumin (Sentlrk et al. 2007). By contrast,
during intense exercise glomerular and tubular
(mixed) proteinuria occurs due to excessive filtration
or the low reabsorption of albumin and other
low-molecular mass proteins by the tubule (Lippi
et al. 2012). Various mechanisms have been reported
to explain transient post-exercise proteinuria, namely
decreased circulation in the renal districts which
results in inflammation (Lippi et al. 2012), hypoxia
(Joyce et al. 2020) and the increased production of
reactive oxygen and nitrogen species (Sentiirk et al.
2007). Hemodynamic changes in kidney vessels pro-
duce an increase in glomerular membrane permea-
bility and the passage into the ultra-filtrate of
macromolecules, such as albumin (Sentirk et al.
2007). The concentration of albumin in urine also
depends on tubular function since this protein is also
reabsorbed mainly in the proximal tubule by an
endocytic mechanism (Christensen et al. 2012).

In dogs, microalbuminuria is defined as a concen-
tration of albumin in the urine of >1mg/dL which is
below the limit of detection of semi-quantitative
screening tests (30mg/dl), while an albumin concen-
tration of >30mg/dL is defined as overt albuminuria
(Whittemoreet al. 2006). In this study, the mean albu-
min values measured in dogs before activity were
slightly above (in the female group and that of both
sexes) or under (in the male group) the cut-off of
1mg/dL while after exercise, they did not exceed the
cut-off of 30mg/dL, despite a significant increase in
the female group and that of both sexes.

Albuminuria can also be expressed as the urinary
albumin:creatinine ratio (UAC). In veterinary medi-
cine, UAC values <0.03 are considered to be normal,
while values between 0.03 and 0.3 are indicative of
microalbuminuria, and values >0.3 are indicative of
overt albuminuria (Pastawska et al. 2020; Falus et al.
2022). Gary et al. (2004) found a microalbuminuria
prevalence of 15% in healthy dogs at TO and reported
that mild exercise on a treadmill for 20min did not
affect urinary albumin concentration. In the present
study, the prevalence of microalbuminuria at TO was
25%, regardless of sex; however, after exercise, the
prevalence doubled, indicating that search activity
alone or associated with a treadmill led to an increase
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in post-exercise albuminuria. However, the finding
that the mean concentration of albumin after exer-
cise did not exceed the upper limits of microalbu-
minuria (0.3) gave the Authors the confidence that
the training of military dogs and the intensity of
exercise were correctly set.

Using SDS-PAGE, it was also possible to measure
the urinary uromodulin concentration, obtaining a
mean value similar to that reported in healthy dogs
by Ferlizza et al. (2020). Uromodulin is a glycoprotein
abundantly present in the urine of healthy dogs.
Previous research involving dogs showed that serum
and urinary uromodulin concentration could be cor-
related with the glomerular filtration rate and that its
decrease was considered to be a promising and early
biomarker of renal/tubular dysfunction (Ferlizza et al.
2020; Seo et al. 2022). The concentration of uromod-
ulin in the urine of the dogs analyzed in the present
study did not present significant changes after phys-
ical activity, suggesting the absence of renal/tubular
impairment (Table 3).

Finally, the wide variability of urinary total protein
and albumin concentration determined after physical
activity was in accordance with the data reported by
other authors (Pastawska et al. 2020). In addition to
interindividual physiological variability, the develop-
ment of post-exercise proteinuria could also indicate
underlying medical conditions, such as early renal
disease or diabetes mellitus, requiring additional
investigation. Therefore, the monitoring of protein-
uria by SDS-PAGE at regular intervals in canine ath-
letes could be useful in identifying subjects with a
higher risk of developing renal failure, as it has been
suggested in human medicine (Lippi et al. 2012).

Conclusions

Overall, the results of the present study were in
accordance with those of other authors; however,
also revealed interesting and remarkable findings.
First, the method of separating and quantifying uri-
nary proteins using SDS-PAGE electrophoresis was
sensitive enough to find even a slight increase in
microalbuminuria after search activity in well trained
dogs. Second, albuminuria could be considered an
early and non-invasive biomarker for monitoring
renal function during training sessions. Finally, the
physiological presence of arginine esterase in the
urine of intact males could influence UPC, and uro-
modulin and albumin concentrations and mask the
post-exercise proteinuria.

One limitation of the study was the presence of
intact and neutered specimens in the male group;
additional research is needed to evaluate the effect
of castration on the urinary proteome in male dogs.
An additional limitation of the study was the limited
number of specimens in the male group. Furthermore,
additional studies, also carried out with metabolomic
techniques, are needed to investigate the presence
of other possible urinary biomarkers indicative of the
impairment of renal and muscular function after
physical activity.
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