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Abstract
Chronic renal failure (CRF) is often diagnosed in cats and dogs of old age. CRF is a consequence of metabolic deviations 

because of diseases (for example, generalized atherosclerosis, hypertensive disease, diabetes and others) and incorrect feeding. CRF 
is also a result of the delayed diagnosis of diseases of the urinary system and/or inadequate treatment. 

Aim of research. To study the biochemical parameters of protein metabolism that are important for determination of CRF 
stages and sub-stages in old small animals during correction of metabolic deviations.

Materials and methods. There were analyzed biochemical indices (creatinine concentration in the blood serum; the ratio of 
protein/creatinine (UP/C) in the urine) and measured arterial blood pressure in 5 cats and 5 dogs with chronic renal failure selected 
from patients of the clinic according to medical history, clinical examination and special analysis. 

Results. It was analyzed CRF stages and sub-stages classification according to the International Renal Interest Soci-
ety (IRIS). According to the date of creatinine concentration in the blood serum, CRF of the second stage was observed in 5 cats 
(140–250 μmol/L) and 3 dogs (125–180 μmol/L), and of the third stage – in 2 dogs (181–440 μmol/L). The CRF sub-stage as “without 
proteinuria” (UP/C<0.2) was identified in 1 cat, “marginal proteinuria” (UP/C 0.2–0.4) – in 1 cat and “proteinuria” (UP/C>0.4) – in 
3 cats, and as “proteinuria” (UP/C>0.5) – in 5 dogs.

Conclusions. An important step of the successful treatment of CRF is the definition of the stages and sub-stages according to 
IRIS based mostly on the measurements of biochemical indices in the blood and urine of sick animals ‒ indicators of creatininemia 
and proteinuria, a change of which was caused mainly by metabolic processes of proteins under influence of exogenous factors (the 
traditional treatment of CRF plus enalapril and diet nutrition).
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1. Introduction
Chronic renal failure (CRF) occurs because of delayed diagnosis of diseases of the urinary 

system of cats and dogs and/or inadequate treatment. CRF is caused by progressive destruction 
of nephrons in any progressive kidney disease [1, 2]. In 1 of 3 cats and 1 of 10 dogs, there is CRF, 
which is a common cause of morbidity and death, mostly cats [3]. Usually the etiology of chronic 
renal failure in small animals is unknown, and the primary factor is missing despite the fact that 
kidney damage remains and progresses. An age, genetic predisposition, environmental pollutions 
and diseases of non-contagious and contagious etiology are the most common factors that contrib-
ute to the occurrence of CRF [4, 5].
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2. Aim
To study the biochemical parameters of protein metabolism that are important for determi-

nation CRF stages and sub-stages in old small animals during correction of metabolic deviations.

3. Materials and methods
Experiments were carried out in the veterinary clinic “Zooliuks” in Kyiv during the term: 

from September 2014 until January 2016. There were selected 5 cats and 5 dogs with chronic renal 
failure (according to medical history, clinical examination and special analysis) from patients of 
the clinic.

The blood of the animals were taken from the saphenous vein of the forearm in a dry, 
disposable, clear tube and kept to clot formation at a temperature of 37 °C. After coagulation, the 
samples were centrifuged at 3000 rpm for 10 min, and the blood serum was taken off to determine 
the biochemical parameter.

Arterial blood pressure was measured by oscillographic tonometry putting the cuff on the 
root of animal tail. The cuff was connected to the electronic unit and air injection-holder. 

Urine sample was taken by cystocentesis under ultrasound control, centrifuged at 1500 rpm 
for 10 min; the supernatant was collected and biochemical indices were measured.

Creatinine concentration in the blood serum and UP/C in the urine were performed using 
semi-automatic analyzer Rayto RT-9200 and a set of reagents Global Diagnostics.

The cats were under traditional treatment. In addition to the traditional treatment of chronic 
renal failure in the cats, antiproteinuric effect was provided by administration of enalapril per os in a 
dose of 0.25–0.5 mg/kg, 1–2 times/day. The animals were under observation for 2 and 12 weeks [6].

During experimental period, health state of cats and dogs was under investigation depend-
ing on their feeding on ordinary diet and Royal Canin “Renal” diet [7, 8].

4. Results of research
According to medical history, clinical examination and special analysis, there were selected 

5 cats and 5 dogs with chronic renal failure from patients of the clinic. 
It was defined stages of chronic renal failure in small animals according to IRIS classifica-

tion. 5 cats and 3 dogs had CRF of the second stage (creatinine concentration in the blood serum 
was 140–250 μmol/L and 125–180 μmol/L, respectively), and 2 dogs had CRF of the third stage 
(creatinine concentration in the blood serum was 181–440 μmol/L) (Fig 1, 2).

Fig. 1. Сoncentration of creatinine in the blood serum of cats (n=5)

There are data of arterial blood pressure on Fig. 3. The arterial blood pressure data show 
that cats had the third (“high risk”) sub-stage of CRF (diastolic blood pressure was ≥130 and systol-
ic blood pressure was ≥180 mm Hg) and dogs had the second (“mild risk”) CRF sub-stage (diastolic 
blood pressure was 100–119 and systolic blood pressure was 160–179 mm Hg).

The ratio of protein/creatinine (UP/C) in the urine of cats was ranged from 0.26 to 7.1 and 
dogs ‒ from 0.5 to 6.9. According to IRIS classification, it was identified such CRF sub-stages as “with-
out proteinuria” (UP/C<0.2), “marginal proteinuria” (UP/C 0.2‒0.4) and “proteinuria” (UP/C>0.4) 
in 1, 1 and 3 cats, respectively, and “proteinuria” (UP/C>0.5) in 5 dogs (Fig. 4, 5).
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Fig. 2. Сoncentration of creatinine in the blood serum of dogs (n=5)

Fig. 3. The arterial blood pressure of cats and dogs in comparison with the norm.  
I – Diastolic blood pressure, II – Systolic blood pressure

Fig. 4. The ratio of protein/creatinine (UP/C) in the urine of cats, where * ‒ number of days from 
diagnosis to its determination at last control patient reception or identification of stable remission

Fig. 5. The ratio of protein/creatinine (UP/C) in the urine of dogs, where * ‒ number of days from 
diagnosis to its determination at last control patient reception or identification of stable remission
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Earlier, we studied the treatment influence on the indices of protein metabolism [6]. In addi-
tion to the traditional treatment of CRF in the cats, antiproteinuric effect was provided by adminis-
tration of enalapril. After 2 and 12 weeks of the experiment, in the urine of cats, it was repeatedly 
measured UP/C ratio, which fell to 0.2 in 20 % and 60 % of animals, respectively.

Royal Canin “Renal” diet was the one of important exogenous factors of decrease of CRF 
progression, reduced the duration of treatment in almost 4 times according to our previous work [7].

5. Discussion of investigation
Creatininemia, arterial hypertension and proteinuria are one of the main indices of progres-

sion of chronic renal failure in small animals. Diagnosing them in small animals with CRF is an 
important step to establish the stages and sub-stages of disease according to International Renal 
Interest Society (IRIS).

CRF stages are determined in order to carry out an appropriate treatment and monitoring. 
Diagnosing the stages of CRF is based on creatinine concentration in the blood serum. Using al-
gorithms recommended by IRIS, the doctor may prescribe some type of treatment and predict the 
course of disease [9, 10].

Then CRF sub-stages were determined depending on the parameters of proteinuria and 
arterial blood pressure. The CRF sub-stages definition depending on the arterial blood pressure is 
respectively classified according to the measurement to risk of target organ damage [10–12].

Measuring blood pressure is an important step for determining the diagnosis of chronic 
renal failure, since hypertension has a negative effect on the kidneys due to the increased hydro-
static pressure in glomerular loops, leading to functional disorders, and later to the anatomical and 
morphological changes.

The final determination of CRF sub-stages is based on multiple blood pressure measure-
ments (it is desirable that there were several patients in different days; it’s also permissible to focus 
on one patient, whose pressure was measured with a difference of two hours) [10, 11]. 

The importance of CRF sub-stages determination depending on indices of proteinuria is to 
identify exactly the causes of proteinuria (before renal, renal, after renal) [10, 13]. International Re-
nal Interest Society divides the daily proteinuria in cats and dogs, which is determined by the ratio 
of protein/creatinine in the urine into three types: “without proteinuria”, “marginal proteinuria” 
and “proteinuria” [10, 14].

Administration of enalapril with antiproteinuric effect decreased UP/C to 0.2 in 20 % of cats 
under the traditional treatment of CRF after 2 weeks and in 60 % of animals after 12 weeks. Enapril as 
other angiotensin-converting enzyme inhibitors decreases the glomerular capillary pressure, has an-
tiproteinuric effect, tends to delay the progression of CRF and to limit the extent of renal lesions [15].

Stabilization of health state in cats and dogs fed on ordinary diet was observed after 210 and 
195 days of treatment, respectively. The treatment of cats and dogs together with feeding according 
to Royal Canin “Renal” diet lowered indices of protein metabolism for 30 and 50 days, respectively, 
and shortened the time of health stabilization approximately in 4 times comparing to the one with 
feeding animals on ordinary diet [7, 8, 16–21].

6. Conclusions
The quantitative value of UP/C in the urine of cats and dogs (>0.4 and >0.5, respectively) 

shows the necessity to diagnose and monitor the disease on CRF in small animals.
The definition of the stages and sub-stages according to IRIS based mostly on measure-

ments of biochemical indices in the blood and urine of sick animals is very important for successful 
treatment of CRF. Indicators of creatininemia and proteinuria show changes caused mainly by 
metabolic processes of proteins under the influence of exogenous factors such as the traditional 
treatment of CRF plus enalapril and diet nutrition. 
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