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RESUMO.- [Avaliação da proteína urinária por eletrofo-
rese em cães com hiperadrenocorticismo hipófise de-
pendente durante a terapia com trilostano.] Hiperadre-
nocorticismo (HAC) é uma das doenças endócrinas mais 
comuns em cães. A hipercortisolemia crônica pode causar 
danos glomerulares, pelo aumento da taxa de filtração 
glomerular, podendo levar ao desenvolvimento de doença 
renal crônica. Este estudo avaliou nove cães normotensos 

com hiperadrenocorticismo hipófise-dependente, antes e 
após a terapia com trilostano, durante o período de acom-
panhamento de seis meses, a fim de investigar o desenvol-
vimento de proteinúria patológica por métodos quantita-
tivo (relação proteína e creatinina urinária) e qualitativos 
(eletroforese de proteínas urinárias) e também para moni-
torar a sua intensidade ao longo do curso da doença e tera-
pia. A principal lesão renal detectada em cães com HAC foi 
no segmento tubular, evidenciada pela prevalência de ban-
das de proteínas urinárias de peso molecular mais baixo, 
indicando a falta de absorção destas proteínas no segmento 
proximal do néfron. A proteinúria de baixo peso molecular 
persistiu durante todo o acompanhamento. Em relação ao 
futuro da rotina clínica médica veterinária no tratamento 
de cães com hiperadrenocorticismo, as avaliações de pro-
teinúria pela relação proteína e creatinina urinária e eletro-

Urine protein electrophoresis study in dogs with pituitary 
dependent hyperadrenocorticism during therapy 

with trilostane1

Douglas S. Caragelasco2*, Márcia M. Kogika2, Cínthia R. Martorelli2, 
Khadine K. Kanayama2 and Denise M.N. Simões2

ABSTRACT.- Caragelasco D.S., Kogika M.M., Martorelli C.R., Kanayama K.K. & Simões D. 
M.N. 2017. Urine protein electrophoresis study in dogs with pituitary dependent 
hyperadrenocorticism during therapy with trilostane. Pesquisa Veterinária Brasileira 
37(7):734-740. Departamento de Clinica Médica, Faculdade de Medicina Veterinária e Zoo-
tecnia, Universidade de São Paulo, Av. Prof. Dr. Orlando Marques de Paiva 87, São Paulo, SP 
05508-270, Brazil. E-mail: mv.douglas@usp.br

Hyperadrenocorticism is one of the most common endocrine disorders in dogs. Regar-
ding to the kidneys, chronic hypercortisolemia can cause damage to the glomerulus, and 
evolve into chronic kidney disease. This study evaluated nine normotensive dogs with pi-
tuitary dependent hyperadrenocorticism, before and after therapy with trilostane, during 
the follow-up period of six months, in order to investigate the development of pathological 
proteinuria by quantitative (urinary protein-to-creatinine ratio) and qualitative (urinary 
protein electrophoresis) methods, and also to monitor its intensity over the course of the 
disease and therapy. The main renal lesion detected in dogs with hyperadrenocorticism 
was in the tubular segment, evidenced by the prevalence of urinary protein bands of lower 
molecular weight, indicating the lack absorption of these proteins in the proximal segment 
of the nephron. Low molecular weight proteins persisted throughout the follow-up. Regar-
ding the future of routine veterinary medical clinic in the care of patients with hyperadre-
nocorticism, the assessments of proteinuria determinations by the urinary protein-to-cre-
atinin ratio and urinary protein electrophoresis, according to the results obtained in this 
study, can add more information about the renal damage in these animals, and contribute 
to the prognosis.
INDEX TERMS: Hyperadrenocorticism, proteinuria, electrophoresis, trilostane, dog.

1 Received on August 17, 2016.
Accepted for publication on May 9, 2017.

2 Departamento de Clínica Médica, Faculdade de Medicina Veterinária e 
Zootecnia (FMVZ), Universidade de São Paulo (USP), Av. Prof. Dr. Orlando 
Marques de Paiva 87, São Paulo, SP 05508-270, Brazil. E-mails: mv.doug-
las@usp.br, mmkogika@usp.br, cinthiarm@usp.br, khadinekk@usp.br, de-
nisesimões.usp@gmail.com; *Corresponding author: mv.douglas@usp.br



Pesq. Vet. Bras. 37(7):734-740, julho 2017

735Urine protein electrophoresis study in dogs with pituitary dependent hyperadrenocorticism during therapy with trilostane

forese de proteínas urinárias, de acordo com os resultados 
obtidos neste estudo, podem adicionar mais informações 
sobre a lesão renal nestes animais e contribuir para o prog-
nóstico.
TERMOS DE INDEXAÇÃO: Hiperadrenocorticismo, proteinúria, 
eletroforese, trilostano, cão.

INTRODUCTION
Hyperadrenocorticism (HAC) or Cushing’s syndrome is 
a well-recognized endocrine disorder in dogs characte-
rized by the presence of excessive blood concentration 
of glucocorticoids secreted by the adrenal glands. Hyper-
cortisolemia may be caused by the excessive secretion of 
adrenocorticotropic hormone (pituitary-dependent hype-
radrenocorticism), or by the excessive secretion of cortisol 
due to a tumor in the adrenal gland (adrenal dependent), or 
also by the iatrogenic chronic administration of glucocorti-
coids (Peterson 2007).

Proteinuria is the hallmark of glomerular diseases and 
may be detected as one of the complications of HAC (Cook 
& Cowgill 1996). In previous studies, 43.7% of HAC dogs 
with pituitary dependent hyperadrenocorticism had urina-
ry protein-to-creatinine ratio (UPC) above 1.0 (Cavalcante 
et al. 2007), and UPC < 0.5 in non azotemic dogs is con-
sidered normal (Hurley & Vaden 1998). In another study, 
Cavalcante et al. (2013) noticed UPC >1.0 in 69.2% of HAC 
dogs with systemic hypertension and 47.1% in normoten-
sive HAC dogs, and albuminuria was detected in 100% and 
64.3%, respectively. In untreated dogs with HAC, UPC was 
increased in 46%, and in HAC dogs under treatment, but 
with poor control, 31% had high UPC (Ortega et al. 1996). 
Those studies were conducted using different methodolo-
gies to assess proteinuria (e.g. by Coomassie brilliant blue 
or Pyrogallol red) as well as the HAC dogs were assessed 
only one time which does not allow an adequate interpre-
tation of the results, according to the 2004 ACVIM forum 
consensus of proteinuria in small animals in veterinary 
medicine (Lees et al. 2005). The sequential evaluation of 
proteinuria could be the great value for monitoring the pro-
gression of the disease and completion suitable for analysis 
of data.

Glomerulonephritis associated with hyperadrenocorti-
cism is still poorly understood. Waters et al. (1997) indi-
cated that the immunosuppressive effects and glomerular 
hypertension may be associated with the cause of the re-
nal proteinuria. It seems that chronic hypercortisolemia 
increases glomerular filtration rate (GFR) and, thereafter, 
increases glomerular membrane permeability, leading to 
glomerular injury (Smets et al. 2012b).

Thus currently, four mechanisms have been described 
to trigger renal proteinuria in dogs with chronic hyper-
cortisolemia, and it includes: (1) changing in glomerular 
capillary permeability, (2) increase in tubular secretion of 
proteins, (3) decrease in tubular reabsorption of proteins 
and (4) the excess of volume filtration that allows the pas-
sage of large amounts of proteins through the glomerulus 
that overlaps the capacity of tubular reabsorption (Smets 
et al. 2010, 2012b, 2012c).

Lesions in different locations of the nephrons result in 
particular patterns of urinary proteins according to the 
molecular weights (Zaragoza et al. 2003). Macromolecu-
lar proteinuria, it means, loss of proteins of high mole-
cular weight (HMWP), over 60kDa, has been associated 
with glomerular damage (Schultze & Jensen 1998), and 
micromolecular proteinuria, loss of proteins of low mole-
cular weight (LMWP), under 60kDa, has been correlated 
with tubular and/or interstitial damage (Schultze & Jen-
sen 1998).

Regarding to the treatment of dogs with pituitary de-
pendent hyperadrenocorticism, trilostane (Vetoryl®; De-
chra) has been recommended in an attempt to inhibit the 
synthesis of glucocorticoids, thus decreasing its circulating 
levels and minimizing organic changes (Vaughan & Feld-
man 2008, Kooistra & Galac 2010, Feldman 2011, Cho et 
al. 2013).

In dogs, few studies have investigated the relationship 
between HAC and renal injury (Waters et al. 1997, Hurley 
& Vaden 1998, Cavalcante et al. 2007, Smets et al. 2012a, 
2012c). Therefore, because of the lack of information re-
garding to the renal origin of proteinuria in HAC dogs, the 
aim of this study was to sequentially evaluate quantitative-
ly and qualitatively, over the course of the disease and tre-
atment, proteinuria and the molecular weights of urinary 
proteins, in order to add more information to detect renal 
lesions and the segments of nephrons involved that may 
have caused the loss of those proteins.

MATERIALS AND METHODS
The study was approved by the Committee on the Ethics of 
Animal Experimentation of the School of Veterinary Medici-
ne and Animal Science, Universidade de São Paulo (Protocol 
# 2254/2011), and conducted with nine normotensives dogs 
with HAC that were diagnosed based on clinical manifestations 
such as polyuria, polydipsia, panting, abdominal distension, 
alopecia, hepatomegaly, physical exam, and consistent results 
on combination of screening methodologies, low-dose dexa-
methasone suppression test and abdominal/adrenal ultra-
sound. Data were recorded before treatment (T0) one month 
after treatment (T1), three months after treatment (T2) and 
six months after treatment (T3). The dogs were treated with 
trilostane at dosage of 1.0mg/kg BID, as described in previous 
publications (Alenza et al. 2006, Vaughan & Feldman 2008, Fel-
dman 2011).

Systolic arterial pressure was determined by an indirect me-
thod (Doppler Ultrasound Parks Medical® Model 811-B), and it 
was taken before any procedure, according to the guidelines of the 
ACVIM Consensus Statement on Systemic Hypertension. Systemic 
hypertension was defined as systolic pressure above 150mmHg 
(Brown et al. 2007). Biochemical profile was performed (analysed 
by Labmax 240 - Labtest®). Serum cortisol was measured using 
radioimmunoassay method (Coat-A-Count Cortisol®). Diagnosis 
of HAC (T0) was considered for serum cortisol values greater 
than 1.4mg/dL after 8 hours of dexamethasone (Feldman 2011). 
For the ACTH stimulation test that was performed at T1, T2, T3, 
serum samples were collected for cortisol serum measurements 
before and one hour after intravenous administration of ACTH 
(0.01mg/kg). The optimal levels of serum cortisol that was con-
sidered for the animals treated with trilostane ranged between 
2mg/dL and 5mg/dL (Feldman 2011).
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Urinalysis and urine bacterial culture were performed on all 
dogs and no bacteriuria, hematuria or leukocyturia were detected 
in order to exclude post-renal proteinuria. The urine supernatant 
was stored at - 80°C for protein determination by Bradford me-
thod (Bradford 1976) (Coomassie brilliant blue G-250, Sigma®), 
and for electrophoresis analysis by sodium dodecyl sulphate 
polyacrilamide gel electrophoresis (SDS-PAGE).

The SDS-PAGE is a high resolution technique using a sensitive 
silver stain for qualitative identification of protein bands accor-
ding to molecular weights (Waters et al. 1997). As standard pro-
teins, Precision Plus Protein Kaleidoscope 161-0375 (BioRad®) 
was used. The image of the proteins bands was evaluated by den-
sitometry system (Epson Expression® densitometer model 1680) 
and analyzed with a specific software program (Works Vision 
Ultra-Violet Products Ltd®). The SDS-PAGE patterns were classi-
fied according to the proteins inherent in it, and the percentage 
of protein concentration in each region (HMWP and LMWP) was 
also determined.

Sequential evaluation and statistical analysis were performed 
at four different time points (T0, T1, T2, T3). Data distribution 
was analyzed by the Kolmogorov-Smirnov test. Parametric tests 
were ANOVA followed by the Dunnett´s post-hoc test to compare 
each time points (T0, T1, T2, T3) with the control group. Diffe-
rences were considered significant at P values less than 0.05, and 
data were presented as mean ± standard error of mean (SEM) un-
less otherwise noted.

RESULTS
Nine normotensive dogs with hyperadrenocorticism (age 
ranged from 56 to 151 months; 101±9.2 months) and nine 
clinically normal dogs (age ranged from 36 to 108 months; 
62.4±10.1 months) were included in the study. Five out of 
9 dogs with hyperadrenocorticism were female (55.5%). 
Poodle (6 out of 9; 66.6%) was the most frequent breed, 
followed by Pit Bull Terrier (1 out of 9; 11.1%), Yorkshire 
Terrier (1 out of 9; 11.1%), and Golden Retriever (1 out of 
9; 11.1%).

The most common clinical signs reported initially were 
polyphagia in 100%, polyuria in 100%, polydipsia in 90%, 
abdominal distention in 100%, endocrine alopecia 90% 
and panting in 60% of the cases. After six months of tre-
atment (T3), the clinical signs of polyuria, polydipsia and 
polyphagia disappeared in all the dogs, the signs of endo-
crine alopecia and abdominal distention were ameliorated 
in 80% and 50% respectively, in the dogs that initially had 
these alterations, as shown in Figure 3.

All HAC dogs in the study were non-azotemic and the me-
ans and SEM of serum urea observed in the dogs along the 
follow-up period were 42.06±8.77mg/dL, 48.24±9.86mg/
dL, 43.04±10.06mg/dL and 46.51±14.08mg/dL respecti-
vely, at T0, T1, T2 and T3 (Table 1). The means and SEM 
of serum creatinine observed in the dogs along the follow-
-up period were 0.80±0.08mg/dL, 0.85±0.08mg/dL, 0.86 
±0.07mg/dL and 0.91±0.10mg/dL, respectively, at T0, T1, 
T2 and T3 (Table 1). No significant changes on serum urea 
or creatinine were detected after treatment with trilostane 
in these dogs (ANOVA, P=0.18 and P=0.36 respectively).

For follow-up of the patients were performed the serum 
measurement of serum protein, albumin, alkaline phospha-
tase, alanine aminotransferase, cholesterol, triglycerides 
and glycemia, as described in Table 2.

Abdominal ultrasonography was performed in all dogs, 
and all dogs with HAC presented bilateral enlargement of 
the adrenal glands, and seven dogs with HAC (#1, #3, #4, 
#5, #6, #8, #9) revealed a marked increase in hepatic echo-
genicity and no abnormalities was found in the kidney of 
the HAC dogs.

 The means and SEM of UPC observed in all HAC dogs 
along the follow-up period were 1.18±0.42, 1.13±0.40, 
0.99±0.44 and 0.90±0.38 respectively, at T0, T1, T2 and 
T3 (Table 1). No significant changes on UPC were detec-
ted after treatment with trilostane in these dogs (ANOVA, 
P=0.36). No alterations on UPC, along the follow-up when 
observed the dogs individually, were detected. Six dogs 
with HAC (#1, #2, #3, #5, #6 and #8) were non-proteinuric 

Table 1. Summary statistics for serum urea (UREA), serum 
creatinine (CREAT), urinary protein-to-creatinine ratio 

(UPC), percentage of high molecular weight protein  
(% HMWP), percentage of low molecular weight protein 
(% LMWP), numbers of protein bands of high molecular 
weight protein (NPB of HMWP) and numbers of protein 

bands of low molecular weight protein (NPB of LMWP) in 
clinically normal dogs (control; n=10 dogs) and in dogs with 

hyperadrenocorticism (n=9 dogs), before (T0) and after  
(T1, T2 and T3) treatment with trilostane

   T0 T1 T2 T3 Control ANOVA P
        (T0 - T3)

 UREA Mean 42.06 48.24 43.04 46.51 39.29 0.18
 (mg/dL) Min 21.50 20.00 17.00 19.90 19.00
  Max 59.8 65 57.2 62 60.10
  SD 26.31 29.59 30.19 39.84 12.94
  SEM 8.77 9.86 10.06 14.08 4.08
 CREAT Mean 0.80 0.85 0.86 0.91 1.12 0.36
 (mg/dL) Min 0.46 0.42 0.54 0.62 0.18
  Max 1.30 1.40 1.30 1.40 1.40
  SD 0.24 0.26 0.54 0.62 0.18
  SEM 0.08 0.08 0.07 0.10 0.05
 UPC Mean 1.18* 1.13* 0.99* 0.90* 0.12 0.36
  Min 0.08 0.04 0.12 0.03 0.03
  Max 3.01 2.93 3.68 2.41 0.04
  SD 1.27 1.21 1.33 1.09 0.12
  SEM 0.42 0.40 0.44 0.38 0.04
 % HMWP Mean 22.5** 21.2** 25.0** 21.5** 45.7
  Min 5.8 0 0 0 28.9
  Max 37.7 61.3 40.7 39.3 80.3
  SD 11.3 20.4 14.4 13.3 14.5
  SEM 3.8 6.8 4.8 4.7 4.6
 % LMWP Mean 77.5** 78.5** 74.9** 78.5** 54.3 0.50
  Min 62.3 38.7 59.3 60.7 19.7
  Max 94.2 100.0 100.0 100.0 71.1
  SD 11.3 20.4 14.4 13.3 4.6
  SEM 3.8 6.8 4.8 13.3 4.6
 NPB of Mean 2.4 1.4 1.8 1.9 2.3 0.94
 HMWP Min 1 0 0 0 1
  Max 4 3 4 4 4
  SD 1.1 1.1 1.1 1.2 0.8
  SEM 3.8 6.8 4.8 13.3 4.6
 NPB of Mean 6.1* 5.2* 5.4* 5.7* 3.7 0.73
 LMWP Min 3 2 4 4 1
  Max 8 7 8 7 8
  SD 1.6 2.0 1.4 1.0 1.9
  SEM 0.5 0.7 0.5 0.4 0.6

Min = minimum, Max = maximum, SD = standard deviation, SEM = stan-
dard error of mean. * Significant difference (P<0.005) compared to the 
control group by Dunnet´s post hoc, ** significant difference (P<0.001) 
compared to the control group by Dunnet´s post hoc.
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(UPC <1.0), and UPC greater than 2.0 was observed in three 
dogs (#4, #7 and #9).

In regard to the ACTH stimulation test after initiation of 
treatment with trilostane, at T2 most of the HAC dogs had 
satisfactory response to ACTH stimulation test, and at T3 
all the dogs had good control as serum cortisol levels were 
in the expected normal range values (Fig.1).

In the assessment of urine protein bands according to 
the molecular weight of control group, an average of five 
bands was found and those bands were distributed on 
average of 44.7% in the region of HMWP (approximately 
with 2 protein bands) and 54.3% in the region of LMWPB 
(approximately with 3 protein bands) (Fig.2). The distribu-
tion of protein bands in dogs with HAC was different to that 
observed in the control group. In HAC dogs, the percenta-
ges of HMWP were 22.5±3.8%, 21.2±6.8%, 25.0±4.8% and 
21.5±4.7% respectively, at T0, T1, T2 and T3, and in the re-
gion of LMWP were 77.5±3.8%, 78.5±6.8%, 74.9±4.8% and 
78.5±4.6% (Table 1).

The HAC dogs also showed different number of protein 
bands in the region of LMWP; the mean was approximately 
6, 5, 5 and 6 bands, respectively, at T0, T1, T2 and T3 (Table 
1). The HAC dogs #1, #2, #3, #4, #5, #8 and #9 had mixed 
pattern of proteinuria (glomerular and tubular), while HAC 
dogs #6 and #7 showed glomerular pattern of proteinuria 
(Fig.3).

No significant alterations in the summary statistics 
(ANOVA) were detected along the follow-up period (T0 
to T3) for all the variables such as percentage of HMWP 

Table 2. Summary statistics for serum total protein (PROT) 
albumin (ALB), alkaline phosphatase (ALP), alanine 

aminotrasnsferase (ALT), cholesterol (CHOL), triglycerides 
(TRI) and glycaemia (GLY)  in clinically normal dogs 

(control; n=10 dogs) and in dogs with hyperadrenocorticism 
(n=9 dogs), before (T0) and after (T1, T2 and T3) treatment 

with trilostane

   T0 T1 T2 T3 Control  ANOVA
        P (T0 - T3)

 PROT
 (mg/dL) Mean 6.65 6.14 6.52 6.38 6.30
  Min 6.00 5.50 6.00 5.70 5.70
  Max 7.40 7.40 7.00 6.90 6.80
  SD 0.48 0.50 0.38 0.37 0.33
  SEM 0.15 0.15 0.12 0.12 0.10
 ALB Mean 3.37 3.29 3.23 3.11 3.41 0.54
 (mg/dL) Min 2.90 2.60 2.70 2.60 3.10
  Max 4.10 3.70 4.10 3.60 3.90
  SD 0.33 0.34 0.45 0.40 0.21
  SEM 0.10 0.10 0.14 0.13 0.06
 ALP Mean 157.34* 227.72* 384.20* 371.04* 30.78 0.51
  Min 43.40 38.70 44.30 26.80 20.30
  Max 346.00 850.00 1567.07 1337.00 41.00
  SD 90.03 249.21 556.07 505.39 6.00
 SEM
 ALT Mean 91.62* 81.22* 87.35* 73.81* 27.77 0.92
  Min 9.60 13.20 22.38 20.10 15.20
  Max 219.70 175.30 186.90 153.70 43.30
  SD 62.82 52.76 70.78 52.29 9.56
  SEM 19.87 16.69 22.38 17.43 3.02
 CHOL Mean 403.41* 319.67 297.31 299.81 225.00 0.19
  Min 203.80 171.10 149.90 218.00 155.90
  Max 631.90 598.90 523.10 495.50 295.40
  SD 134.07 141.12 116.62 85.16 52.50
  SEM 42.39 44.63 36.88 28.39 16.60
 TRI Mean 246.95* 152.64* 194.98* 149.55* 56.00 032
  Min 57.00 71.00 57.10 29.80 39.60
  Max 673.70 275.80 442.20 341.90 79.00
  SD 186.28 86.26 121.27 99.23 13.61
  SEM 221.55 113.65 152.95 131.70 60.05
 GLY Mean 90.90* 83.40 82.10 81.00 71.90 0.18
  Min 65.00 65.00 70.00 67.00 54.00
  Max 110.00 99.00 96.00 93.00 88.00
  SD 14.00 10.83 8.95 7.76 11.26
  SEM 4.43 3.43 2.83 2.59 3.56

Min = minimum, Max = maximum, SD = standard deviation, SEM = stan-
dard error of mean. * Significant difference (P<0.005) compared to the 
control group by Dunnet´s post hoc, ** significant difference (P<0.001) 
compared to the control group by Dunnet´s post hoc.

Fig.1. Adrenocorticotropic hormone stimulation test (ACTH) dur-
ing follow-up (T1 to T3), before and after one hour of its ad-
ministration in dogs with hyperadrenocorticism (n=9 dogs); 
the gray box indicates the expected values of serum cortisol 
(%g/dL) in dogs during treatment with trilostane.

Fig.2. Electrophoresis patterns of urinary proteins by sodium dodecyl sulphate polyacrilamide gel electrophoresis (SDS - PAGE; stained 
with silver nitrate) in six clinically normal dogs, and in dogs with hyperadrenocorticism; Dog #3 showing high molecular weight 
proteins (HMWP) and low molecular weight proteins (LMWP), UPC ranged from 0.08 to 0.13, and Dog # 6 showing predominance of 
LMWP, Dog #6, UPC ranged from 0.14 to 0.42.
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sistence of renal proteinuria in cases of UPC above 2.0 stron-
gly indicates glomerular disease (Lees et al. 2005). Even 
though the means of UPC in T0 to T3 were close to questio-
nable values, three HAC dogs (#4, #7 and #9) showed UPC 
above 2.0 that persisted along the follow-up period, and 
no abnormalities on kidneys ultrasound were found. The 6 
out of 9 dogs with HAC (#1, #2, #3, #5, #6 and #8) were 
non-proteinuric (UPC <1.0), showing that any evident renal 
damage developed. For those non-proteinuric dogs evalua-
ted by UPC, probably the renal damage may not developed 
because of the short period of follow-up, as well as because 
of the time course of the disease, or it could be related to 
therapy with trilostane that may have prevented to the pro-
gression of glomerular injury or glomerular hyperfiltration, 
which could indicate that the therapy may have met bene-
fits to avoid glomerular lesions (Waters et al. 1997, Smets et 
al. 2012b), another evidence that the treatment decreased 
glomerular filtration rate values are found in the serum cre-
atinine, which increased throughout the treatment.

However, UPC solely does not predict the segment of 
the nephron affected that caused the loss of proteins in 
the urine. The qualitative evaluation by electrophoretic 
pattern of urinary proteins and the identification of its 
molecular weight may provide additional information. In 
the study herein, the percentages of HMWP in dogs with 
HAC were lower than the control group in T0 to T3, and 
no significant increase or decrease in percentage of HMWP 
was detected along the trilostane therapy, suggesting that 
hypercortisolemia and/or trilostane therapy did not affect 
the glomerular barrier. In the other hand, with regard to 
the percentages of LMWP, higher percentages as well as the 
higher number of bands of proteins, during all the follow-
-up period (T0, T1, T2 and T3), were detected in compa-
rison to the control group; some HAC dogs had 100% of 
LMWP. These findings may suggest the possibility of corti-
sol to have caused damage, mainly, to the proximal tubule 
cells that could interfere in reabsorption of LMWP. Thus, 
the qualitative assessment of proteins by means of deter-
mination of molecular weights could add more information 
to indicate the possible segment of the nephrons that could 
be associated with loss of those proteins (Zaragoza et al. 
2003, Lees et al. 2005).

According to previous studies (Ortega et al. 1996, Smets 
et al. 2012a) in dogs with HAC, hypercortisolemia may cau-
se not only glomerular proteinuria but also tubular protei-
nuria due to the injury of renal tubular cells of the proximal 
segment. In another study, conducted in HAC dogs by Ca-
valcante et al. (2013), that evaluated only in one visit the 
urinary albumin-to-creatinine ratio as well as the mole-
cular weight of urinary proteins by SDS-PAGE, glomerular 
and tubular injuries were detected, independently of syste-
mic arterial hypertension.

In the study conducted herein, the persistence of LMWP 
bands was noticed even after lowering serum cortisol as 
the result of trilostane therapy.

In proteinuric dogs with HAC (dogs #4, #7 and #9), 
trilostane therapy has not changed or has not decreased 
the number of protein bands as well as the percentages 
of LMWP along the therapy, suggesting that although the 

Fig.3. Clinical manifestations presented by percentage of dogs 
with hyperadrenocorticism before and after initiation of 
treatment with trilostane.

(P=0.5669), percentage of LMWP (P=0.5099), numbers of 
protein bands of HMWP (P=0.9456), and numbers of pro-
tein bands of LMWP (P=0.7307) (Table 1).

DISCUSSION AND CONCLUSION
Hypercortisolemia is associated with the development of 
liver disease and steroidal or vacuolar changes occurring 
once the liver parenchyma, and can be detected by increa-
sed serum ALT and ALP activity. Although still not comple-
tely defined the mechanism by which glucocorticoids cause 
liver damage, Abdou et al. (2013) revealed that dogs with 
liver vacuolation secondary to excess of glucocorticoids, 
hepatomegaly and changes in echogenicity of the hepatic 
parenchyma, throughout the study the serum values of to-
tal protein and albumin remained constant, within the re-
ference value.

Glucocorticoids regulate the differentiation, function 
and distribution of adipose tissue, and its effects are contro-
versial and involve the stimulation of lipolysis in periphe-
ral fat and lipogenesis in central fat (Arnaldi et al. 2010). 
The pathogenic mechanisms are multifactorial, including 
indirect and direct actions in lipolysis, production and de-
gradation of free fatty acids, very low density lipoprotein 
synthesis and accumulation of intrahepatic fat (Arnaldi et 
al. 2010). Therefore, is expected that the lipid metabolism 
is altered in dogs with HAC, and the animals of the present 
study showed significantly higher serum concentrations of 
cholesterol and triglycerides than the control group. Gluco-
corticoids also induces gluconeogenesis and hepatic insu-
lin resistance and thus dogs with hypercortisolism tend to 
have hyperglycemia, as shown by McCowen et al. (2001). In 
the present study it was also found increases in blood glu-
cose levels when comparing the control group with T0 and 
this difference did not persistin long therapy (T1, T2 and 
T3), indicating therefore that with the decrease in serum 
cortisol simultaneously occurred decrease of glycaemia 
and thus the effects of cortisol have been minimized.

According to Lees et al. (2005), UPC between 0.5 and 1.0 
in dogs without azotemia is considered questionable, and 
UPC > 1.0 is pathological (Lees et al. 2005, Grauer 2011). 
According to the consensus of proteinuria, defined by the 
American College of Veterinary Internal Medicine, the per-
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normalization or reduction of serum cortisol was detected, 
as well as the improvement of clinical condition, there was 
no remission of the renal lesion previously detected in the 
proximal segment of the nephron during the period that 
was assessed in this study. Cortisol itself may have affected 
the reabsorption of proteins in the proximal convoluted tu-
bule as higher number of bands as well as higher percen-
tage of LMWP in non-proteinuric HAC dogs were detected 
throughout the course of disease and therapy, indicating 
that renal lesion had persisted. Smets et al. (2012a) also 
have found the persistence of renal proteinuria in dogs af-
ter trilostane therapy.

Another possibility that could be raised the discussion 
regarding to HMWP, which would characterize the presence 
of injury or impaired glomeruli, it refers to the albumin de-
gradation to fragments in urine, since albumin could break 
upon passing through the glomeruli, resulting in LMWP and 
it could range from 60 to 14 kDa. (Schultze & Jensen 1998, 
Zaragoza et al. 2003, Smets et al. 2012a). However, in the 
study herein those albumin fragments were not investigated.

In the present study was observed that hypercortisole-
mia in the absence of concomitant systemic hypertension 
caused the development of renal damage mainly at the le-
vel of the proximal segments of nephrons. Hypertension 
could contribute to progression of renal damage, causing 
glomerulosclerosis as proteinuria and glomerular disease 
may occur in the majority of dogs with chronic kidney di-
sease and systemic hypertension (Schellenberg et al. 2008, 
Bacic et al. 2010, Reusch et al. 2010).

The qualitative longitudinal evaluation of urinary pro-
teins suggested that hypercortisolemia may be more as-
sociated to the development of tubular than glomerular 
damage, and that tubular alteration persisted during the 
treatment period of the study. Even for the dogs that had 
increase in the UPC values (above 2.0), urinary LMWP pre-
dominated, showing that qualitative evaluation of proteins 
could provide more information regarding to the location 
of renal damage, and then adding more information for the 
better understanding of the effect of cortisol on kidneys.

Proteinuria is a frequent clinical finding in dogs with 
HAC. Screening for renal disease in HAC should not only 
include dipstick evaluation of protein in urine, it has also 
to be added more sensitive and specific methods to detect 
tubular and glomerular proteinuria as a marker of tubular 
and early stages of glomerular damage.

Regarding to the future of the clinical routine in veteri-
nary medical care of patients with HAC, evaluations of pro-
teinuria by UPC and urinary protein electrophoresis, in ac-
cordance to the results obtained in this study, those could 
add more information regarding to the renal damage and 
perhaps, in the future, it may dictate the prognosis.

The limitations of this study were that western blotting to 
identify the specific LMWP was not performed as well as the 
limited numbers of animals, and the short follow-up period.
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