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INTRODUCTION

Kidneys are one of the five vital organs of animal body, involved in entire
body homeostasis. The kidneys are two bean-shaped organs found on the left
and right sides of the body in vertebrates.The kidneys receive about 20 percent
of the heart's blood output and play a vital role in keeping the dog in normal
metabolic balance. Each kidney is made up of over a million parallel mass
transfer units which receive their common blood supply from renal arteries.
These functional units are called nephrons and can be viewed as a sequential
arrangement of mass transfer devices (glomerulus, Bowman’s capsule, proximal
tubule, loop of Henley, distal tubule and collecting duct) for two fluid streams:
blood and urine. Kidney function is served by two major mechanisms:
ultrafiltration and a combination of passive and active tubular transport of
electrolytes and other solutes, together with the water in which they are
dissolved, in the complex system provided in the rest of the nephron. They filter
the blood in order to make urine, to release and retain water, and to remove

waste.

The kidneys regulate the balance of ions known as electrolytes in the
blood, along with maintaining acid base homeostasis. They also move waste
products out of the blood and into the wurine, such as nitrogen
containing urea and ammonium. Kidneys also regulate fluid balance and blood
pressure. They are also responsible for the reabsorption of water, glucose,
and amino acids. It also produce hormones including calcitriol and erythropoietin.
The kidneys also make an important enzyme, renin, which affects blood pressure

through negative feedback.

Kidney disease is a common problem of dogs, affecting an estimated
10% of canines in their lifetimes. Kidney failure is always life threatening and
requires immediate attention. The kidneys are uniquely susceptible to injury due
to the large quantity of blood filtered for each cardiac cycle (20-25 % of cardiac
output), regional differences in blood supply within the kidney and a high rate of
metabolic activity of renal tubular cells. Kidney diseases include any structural or
functional change of the kidneys, while kidney failure refers a decline of renal

function below a threshold level. Both the kidney disease and failure can occur
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acutely or chronically. Although renal disease and renal failure are common in

small animal patients, diagnosis and management of renal disease is sometimes

challenging due to limitations of early detection of renal injury. There are a

number of different kidney diseases and causes that may affect different age

groups and have different consequences. Some of important kidney diseases are

as follows;

1)

Renal dysfunction:- Failure of the filtration function of the kidneys leads to
the development of azotemia (an excess of nitrogenous compounds in the
blood), which may be classified as prerenal, renal, postrenal, or of mixed
origin.

Prerenal:- Prerenal causes ("pre-renal azotemia") are those that decrease
effective blood flow to the kidney and cause a decrease in the glomerular
filtration rate (GFR). Both kidneys need to be affected as one kidney is
still more than adequate for normal kidney function. Notable causes of
prerenal dysfunction include low blood volume (e.g., dehydration), low
blood pressure, heart failure (leading to cardiorenal syndrome), liver

cirrhosis and local changes to the blood vessels supplying the kidney.

Intrinsic/ renal:- Intrinsic refers to disease processes which directly
damage the kidney itself. It can be due to one or more of the kidney's
structures including the glomeruli, kidney tubules, or the interstitium.
Common causes of each are glomerulonephritis, acute tubular

necrosis(ATN), and acute interstitial nephritis (AIN), respectively.

Postrenal:- Postrenal refers to kidney injury caused by disease states
downstream of the kidney and most often occurs as a consequence
of urinary tract obstruction. This may be related to benign prostatic
hyperplasia, kidney stones, obstructed urinary catheter, bladder stones,

or cancer of the bladder, ureters, or prostate.

Glomerular Disease:- Glomerular disease is a well-recognized cause of

chronic kidney disease (CKD) in dogs.

Tubulointerstitial disease:-Inflammation and damage to the kidney tubules
and supporting tissues commonly leads to chronic kidney disease. In

many cases there is no identified cause, and thus no option for specific
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treatment. This type of kidney disease can only be confirmed by
microscopic examination of a kidney biopsy specimen, but biopsies are

not usually recommended.

4) Nephrolithiasis:-Some mineral solutes precipitate to form crystals in urine;
these crystals may aggregate and grow to macroscopic size, at which
time they are known as uroliths (calculi or stones). Uroliths generally
contain an organic matrix that is believed to vary minimally among uroliths
and that constitutes ~2%-10% of the stone’s chemical composition. The
remaining 90%—98% of the urolith is composed of minerals that vary
depending on the type of urolith. Urolithiasis is a general term referring to
stones located anywhere within the urinary tract. Uroliths can develop in
the kidney, ureter, bladder, or urethra and are referred to as nephroliths,

ureteroliths, urocystoliths, and urethroliths, respectively.

5) Kidney cancer:- also known as renal cancer, is a type of cancer that starts
in the cells in the kidney. The two most common types of kidney cancer
are renal cell carcinoma (RCC) and transitional cell carcinoma (TCC, also
known as urothelial cell carcinoma) of the renal pelvis (Mulders et al,
2008).

6) Disorders of micturition:- It result from a dysfunction in the storage or
voiding of urine and may beneurogenic or non-neurogenic in origin.
Urinary incontinence is the failure of voluntary control ofmicturition, with
constant or intermittent unconscious passage of urine. Incontinent
animals mayleave a pool of urine where they have been lying or may
dribble urine while walking. The coat aroundthe vulva or prepuce may be
wet, and peri vulvar or peri preputial dermatitis can result from urine
scalding. Failure of urine storage is characterized by inappropriate
leakage of urine due to failure of bladderrelaxation, urethral

incompetence, anatomic defects, or overflow of stored urine.

Among these diseases renal dysfunction is the main cause of renal failure

in dogs.
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Renal dysfunction occurs when there is sudden damage to more than
75 percent nephrons. The two main forms are acute kidney injury, which is often
reversible with adequate treatment and chronic kidney disease, which is often not
reversible.

Acute kidney injuryresults from sudden decline in renal function and is
typically associated with ischemia, acute glomerulonephritis, tubular necrosis, or
poisoning with “nephrotoxins” (e.g. heavy metals, some aminoglycosidesand
excessive loads of free hemoglobin) because of their unique anatomical and
physiological features. The large renal blood flow results in increased delivery of
blood-borne toxicants to the kidney as compared with other organs.is typically
associated with ischemia, acute glomerulonephritis, tubular necrosis, or
poisoning with “nephrotoxins” (e.g. heavy metals, some aminoglycosidesand
excessive loads of free hemoglobin). Acute tubular necrosis accounts for

approximately 76 percent of all causes of acute renal failure (Namita et al., 2005).

The chronic renal failure is the most frequently diagnosed renal disorder
amongst the renal failure in dogs, especially of ageing dogs. Renal failure is
defined as a loss of three-quarters of functioning nephrons and it is associated
with various clinical signs. The most common are polyuria and polydipsia due to
the loss of concentrating ability. Gastrointestinal complications (inappetence,
anorexia, vomiting, diarrhoea, weight loss) are very common and they are usually
the first signs. Neurological abnormalities associated with CRFare very common
as well. They include dullness, lethargy, tremors, seizures, stupor and coma.
Chronic renal failure results from a progressive and irreversible loss of
functioning nephrons and the cause being infectious toxic or iatrogenic, vascular
traumatic, metabolic, neoplastic, idiopathic and non-immune mediated
disorders.is usually caused by chronic glomerulonephritis (of infectious or
immune origin), pyelonephritis (ascending infection of the urinary tract) or

hypertension (leading to nephrosclerosis).

Nephritis essentially involves the inflammation of the kidneys. It is the
responsibility of the kidneys to filter out waste and excess fluid from the body,
and when swelling occurs, their ability to filter properly is reduced. When this
happens, the body accumulates both excess water and wastes in the blood

stream, while blood and protein are lost in the urine. Because nephritis is a
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general term used to describe any kidney inflammation, the outcome and severity
is entirely dependent on the underlying cause. In other cases, nephritis is very
serious andmay lead to kidney disease such as glomerulonephritis,
inflammation such as lupus nephritis, infections such as pyelonephritis, or even

kidney failure in severe cases (Vegad,2005).

Nephrosis is the result of degenerative changes caused by toxins and

poisons that target the kidneys or by ischemia.

Renal failure is the most common complication in case of canines now a
day. Creatinine and BUN are the traditional markers for detection of renal failure
but these markers appear late (approx. after 50-75% damage to nephron) in
serum as well as urine. To overcome this problem there are some markers which

are used for early detection of renal failure.

There are many kidney biomarkers which are helpful for detection of renal
failure such as functional biomarkers (Serum creatinine, Serum cystatin C and
urine albumin), Up-regulated proteins (Neutrophil gelatinase associated lipocalin
(NGAL), Kidney injury molecule 1 (KIM-1), Liver-type fatty acid—binding protein
(LFABP), Interlukin 18 ( IL18), B-trace protein (BTP) and Asymmetric
dimethylarginine (ADMA)), Low-molecular-weight proteins (Urine cystatin C) and
enzymes ( N-acetyl-glucosaminidase (NAG), Glutathione-s-transferase (GST),
Gamma-glutamyl transpeptidase (GGT), Alanine amino peptidase (AAP) and
Lactate dehydrogenase (LDH) ).

Among all these biomarkers Neutrophil gelatinase-associated lipocalin
(NGAL) is a promising biomarker as it comes in serum or urine within 2 hours of
kidney injury where creatinine and BUN increases after 50% to 75% damage of

kidney.

Neutrophil gelatinase associated lipocalin (NGAL) is a protein
belonging to the lipocalin superfamily initially found in activated neutrophils, in
accordance with its role as an innate antibacterial factor. It is a biomarker which
is useful for early detection of renal failure as it occurs in serum and urine within
2 hours after kidney injury. NGAL levels predict the future appearance of acute
kidney injury after treatments potentially detrimental to the kidney and even the

acute worsening of unstable nephropathies (Bolignano et al., 2008).



Beta 2 microglobulin is a biomarker which is useful to detect increased
levels of serum beta-2 microglobulin which found in patients with kidney disease
and are a major constituent of the amyloid fibrils in dialysis related amyloidosis. It
also helps in differentiation between glomerular damage and tubular damage as
its increase level in serum indicates glomerular damage and in urine indicates
tubular damage. Beta 2-Microglobulin is a low molecular weight protein with
sequence homology to immunoglobulins. As a portion of the HLA complex this
protein is an important cell-surface structure. Under normal conditions beta 2-
microglobulin is synthesized and shed by many cells, particularly lymphocytes,
and is detectable in the circulation of normal individuals. Because of its small size
it is normally filtered readily at the glomerulus and is catabolized by proximal
tubular cells of the kidney. Impaired renal function and hyperproduction of beta 2-
microglobulin are both associated with increased serum levels (Ahuja M. et al
2010).

Considering the importance of renal disorders in canines, the study was

undertaken with the following objectives,

1) To study the prevalence of the renal dysfunction in clinical cases of canines.

2) To asses hematobiochemical and urine analysis of canine with renal
dysfunction, and
3) To explore the potential of lipocalin and 32 microglobulin biomarkers for early

detection of renal dysfunction.



2. REVIEW OF LITERATURE:

2.1 Renal dysfunction:

Macdougall et al., (1986) investigated one hundred and eleven dogs with
canine chronic renal disease. In 76 cases, clinical details, blood and urine
biochemistry, serology and kidney tissue for light and electron microscopy, and
imniunohistochemistry were obtained. Forty (52%) had glomerular (GN) and 36
(48%) non-glomerular (NGN) disease. Types of GN identified were (W.H.O.
classification): focal glomerulonephritis (GN) (5), diffuse mesangial proliferative
GN (8), diffuse endocapillary proliferative GN (2), mesangiocapillaryGN type 1(8),
diffuse crescenticGN (1), diffuse sclerosingGN (7), amyloid (6), unclassifiable GN
(3). Eight dogs with GN and 13 with NGN had extra-renal lesion. Proteinuria, but
not age, breed, sex, serum creatinine or hematuria, discriminated between GN

and NGN groups.

Vaden et al., (1997) studied medical records of dogs presented to the
hospital for a diagnosis of ARF. The diagnosis of ARF was based on clinical
signs, renal imaging findings, and clinicopathologic data and, in most cases, was
confirmed by histopathology. 481 dogs presenting to the hospital. Conclusions
from this study were as follows: (1) Intact male dogs and nonsporting dogs were
more likely to develop ARF and be admitted to the teaching hospital. (2) Dogs
with severe azotemia (serum creatinine concentration > 10 mg/dL),
hypocalcaemia (<8.6 mg/ dL), and proteinuria were less likely to survive ARF and
be discharged from the hospital. (3) Dogs that survived in the hospital for more
than 5 days were more likely to recover and be discharged from the hospital.

Sosnar et al., (2003) determined the occurrence of acute renal failure
(ARF), chronic renal failure (CRF) and transitional forms, i.e. of ARF developing
from chronic renal insufficiency (CRI), in dogs. Total number of admitted patients
at the clinic during the period of the study were 935 dogs, the diagnosis of renal
failure was determined in 139 (12.7%) of these patients. The essential condition

to include apatient in the study was the confirmation of intra-renalazotaemia. An



analysis of monitored parameters was done in each patient in order to
differentiate ARF from CRF. Total mortality due to RF was 76.6%. In 45 patients
(32.4%) RF was caused by or connected with another disease. In 38 patients
(27.3%) only acute symptoms were detected. Chronic changes were
demonstrated in 73 patients (52.51%).

Stokes and Bartes (2006) stated that acute renal failure (ARF) is
devastating in dogs and cats, with a mortality rate of over 50%.Causes include
pre-renal, intrinsic/renal, and post-renal conditions. Infectious disease
(leptospirosis, bacterial pyelonephritis, borreliosis) and toxicity (medications,
plants, antifreeze) are the most common causes of ARF in dogs and cats.
Ureteral obstruction in cats is being recognized more frequently as a post-renal
cause of ARF.

Petejova and Martinek (2013) stated that acute kidney injury (AKI) is a
common serious complication of severe acute pancreatitis (SAP) and an
important marker of morbidity and mortality in critically ill septic patients.
AKI due to severe acute pancreatitis can be the result of hypoxemia, release of
pancreatic amylase from the injured pancreas with impairment of renal
microcirculation, decrease in renal perfusion pressure due to abdominal

compartment syndrome, intraabdominal hypertension or hypovolemia.

Oburai et al., (2015) studied 31 CRF dogs, they found clinical and
ultrasonographic alterations of chronic renal failure (CRF) in dogs presented. The
diagnosis involved clinical observations, hematology, serum biochemical profile,
urinalysis and ultrasonography. The respective findings were compared with 10
healthy control dogs. CRF with male predominance especially in 8 to 12 years
dogs and in spitz breed was observed. The predominant signs in CRF dogs
included anorexia, vomition, dullness, weight loss, oral ulcers, polyuria, and
polydipsia, pallor of mucosa, hypertension recumbency and blindness. Blood
picture revealed anemia with mild neutrophilic leukocytosis. Serum urea nitrogen,
creatinine, sodium and phosphorus levels were significantly elevated whereas
total protein and albumin were reduced. Urine had lower specific gravity and

contained higher amounts of protein.



2.2 Incidence of renal dysfunction in canines with respect to age, sex and

breed:

2.2.1. Incidence of renal dysfunction in dogs with respect to age:

Lucre et al., (1980) studiedclinico-pathological findings are described in
thirteen young dogs with advanced renal disease. All but three dogs were less
than 2 years old. Some had signs of renal dysfunction since birth. Presenting

signs were variable but anorexia, lethargy and weight loss were most frequent.

Srinivasan et al.,, (1993) recorded that out of 50 canine patients
diagnosed with primary renal insufficiency, 52 per cent were in the age group of 5
to 10 years, 36 percent were more than 10 years and 12 per cent were less than
5 years age. Chronic renal insufficiency was nearly three times more in males
(76.3%) than in females (23.7%). Acute renal insufficiency was also more
common in males. It was twice more common in male dogs (66.7%) than in
female (33.3%) dogs.

Greco (2001) studied congenital renal diseases at birth and may be
determined genetically; familial renal disorders occur in related animals with a
higher frequency than would be expected by chance, and frequently are
inherited. The most common familial disorders in cats and dogs include renal
amyloidosis, renal dysplasia, polycystic kidneys, basement membrane disorders,

and tubular dysfunction (Fanconi's syndrome).

Ganti and Rao (2006) stated that interstitial nephritis is more common in

older dogs.

Laroute et al., (2005)collected daily urine and assessment of glomerular
filtration rate (GFR) and effective renal plasma flow were performed in ten 2-

month-old Beagle puppies and ten 6-9 year-old Beagle dogs to identify age-



associated differences in renal function. The main differences in puppies
compared to mature dogs were a higher daily urinary volume (+65%), GFR
(+87%), free water reabsorption (+159%), a lower daily protein excretion (—-88%),
and fractional excretion of phosphorus (-35%). Renal function in Beagle puppies,
but not mature dogs, was also quite different compared to data published in

younger adult dogs.

Mrudula et al., (2005) studied canine nephritis over a period of one year
on sixty dogs (60 ) presented at the Small Animal Clinics, Madras Veterinary
College, with clinical signs suggestive of renal insufficiency and 30 dogs with
gross nephritis lesions submitted to the department of Veterinary Pathology. The
mean age of affected animals was 7.8 + 0.34 years. Sixty percent of the animals
affected were males and 40 % were females. Aged dogs (mean — 7.8 + 0.34
years) were more susceptible for nephritis. German shepherd (26.66%) and Spitz
(21.66%) showed a higher incidence of nephritis. E.coli was the principal
organism isolated from urine samples. In this study, out of 56 cases studied
histopathologically, majority of the animals showed subacute and chronic type of
nephritis. The increased incidence of subacute and chronic type oif nephritis
suggested that renal diseases were not diagnosed in the early stages because of

the less sensitivity of routinely used screening tests like BUN serum creatinine.

Polzin et al., (2005) studied that estimation of kidney diseases in dogs to
be in the range between 0.5-0.7 percent. According to them, mean age of

diagnosis of chronic renal failure in dogs was at the age of 6.5 year

Bartlett et al., (2010) concluded that the chronic kidney disease in dogs

occurs at the average 9.9 years of age.

Yhee et al., (2010) observed that 5-6 years of age was most common age

to be affected with chronic renal failure.
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Littman (2011) studied thatrenal failure is arguably the most common
organ failure in dogs. The prevalence of glomerular lesions, mostly immune

mediated glomerulonephritis (IMGN). was found in 43% to 90% of random dogs.

Increased urine protein creatinine ratio (UPC) as an indicator of glomerular
disease, is a negative predictor of outcome. Microalbuminuria is detected in
about 25% of all dogs and cats, increasing with age (36% in dogs between 9-1

years 49% in dogs above 12 years).

Segev et al., (2012) studied Clinical and pathologic manifestations of RA
differ between Chinese Shar-Pei (CSPs) and non-Shar-Pei (NSPs) dogs.
Generally renal amyloidosis is recognized most commonly inmiddle-aged to older
dogs.In this study, CSPs were significantly younger compared to NSPs, in
agreement with previous reports. The relatively early disease presentation in
CSPs supports the breed’s genetic predisposition for RA. An autosomal

recessive trait predisposing CSPs to RA has been suggested previously.

Sharma and Shrestha (2011) conducted a study to evaluate the renal in
the dogs. One hundred serum samples were collected from dogs on the basis of
common signs and symptoms of renal. The biochemical analysis for kidney
function tests was Blood urea nitrogen (BUN) and serum creatinine. In the
agewise prevalence, age groups of 5-10 were found to be more vulnerable for
renal disorders followed by 10-15 and 0-5 years age group. This study, showed
range value of BUN and Creatinine were found to be 7-227 mg/dl and 0.6-

41mg/dl respectively.

Kandula and Karlapudi (2014) studied total of 237 dogs were subjected
for various diagnostic protocol like, urine analysis, urine enzymology, serum
chemistry and ultrasonography for diagnosing renal disorders, 79 cases (33.33%)
cases were diagnosed for renal insufficiency associated with various causes, viz.,
nephritis, cystitis and/urethritis, urolithiasis, pyometra, renal insufficiency
associated with cardiovascular and other systemic causes and mixed conditions.
Of all the causes nephritis (24.05) was recorded as highest prevalent in dogs.
The prevalence was highest (52.63%) among the dogs of above 8 years age and

lowest among up to 4 years(10.53%).
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Oburai et al. (2015) conducted a study in 31 dogs suffering from
chronic renal failure. CRF was highest in 8 to 12 years and least in less than 4

years of age. A male predominance over female was observed.

2.2.2. Incidence of renal dysfunction in dogs with respect to sex:

Wilcock and Patterson (1979)found progressive renal disease in 13
related Doberman pinscher dogs had the histological criteria of
membranoproliferative glomerulonephritis. Polyuria, polydipsia and weight loss
were the usual initial abnormalities and were observed at one year of age or less
in seven of | 1 dogs diagnosed antemortem as having renal disease. There was
no sex predilection. All dogs were traced to a common male dog no more than

four generations previously.

Macdougall et al., (1986)stated there was no clear evidence of any

predisposition to renal disease related to sex or breed.

Robertson (1986) studied that renal disease is common in dogs. The
incidence of significant renal disease increases with age. Many disease
processes are subtle and subacute, and so many are not detected until they
result in chronic renal failure. The causes of many renal diseases are not known

but one must suspect immune-mediated damage in some.

Srinivasan et al., (1993) recorded that chronic renal insufficiency was
nearly three times more in males (76.3%) than in females (23.7%). Acute renal
insufficiency was also more common in males. It was twice more common in
male dogs (66.7%) than in female (33.3%) dogs.

Vaden et al.,, (1997) evaluated retrospectively demographic and
clinicopathologic factors that may be associated with the diagnosis and outcome
of acute renal failure (ARF) in dogs presented to a large referral hospital. Medical

records of dogs presented to the hospital were searched for a diagnosis of
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ARF. They found Intact male dogs and nonsporting dogs were more likely to

develop ARF and be admitted to the teaching hospital.

Ganti and Rao (2006) stated that interstitial nephritis and uremia is more

common in male than female.

Mrudula et al., (2005)studied canine nephritis over a period of one year
on sixty dogs (60 ) presented at the Small Animal Clinics, Madras Veterinary
College, with clinical signs suggestive of renal insufficiency and 30 dogs with
gross nephritis lesions submitted to the department of Veterinary Pathology. The
mean age of affected animals was 7.8 + 0.34 years. Sixty percent of the animals
affected were males and 40 % were females.

Vegad (2005) stated that in dogs, nephritis is 2-3 times more common in

male than female.

Sharma and Shrestha (2012) conducted a study to evaluate the renal in
the dogs. One hundred serum samples were collected from dogs on the basis of
common signs and symptoms of renal. The biochemical analysis for kidney
function tests was Blood urea nitrogen (BUN) and serum creatinine. The result
showed the higher prevalence of both renal. They found that in sex wise

distribution, males were more vulnerable than females.

Kandula and Karlapudi (2014) studied total of 237 dogs were subjected
for various diagnostic protocol like, urine analysis, urine enzymology, serum
chemistry and ultrasonography for diagnosing renal disorders, 79 cases (33.33%)
cases were diagnosed for renal insufficiency associated with various causes, viz.,
nephritis, cystitis and/urethritis, urolithiasis, pyometra, renal insufficiency
associated with cardiovascular and other systemic causes and mixed conditions.
Of all the causes nephritis (24.05) was recorded as highest prevalent in dogs.

Further renal insufficiency was highly prevalent in female dogs (63.16%).

Oburai et al.,(2015) conducted a study in 31 dogs suffering from chronic

renal failure. CRF was highest in 8 to 12 years and least in less than 4 years of
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age. He observed male dogs were predominately affected by renal failure than

female dogs.

2.2.3. Incidence of renal dysfunction in dogs with respect to breed:

Wilcock and Pattessons (1979) studied progressive renal disease in 13
related Doberman pinscher dogs had the histological criteria of
membranoproliferative glomerulonephritis. Polyuria, polydipsia and weight loss
were the usual initial abnormalities and were observed at one year of age or less
in seven of 11 dogs diagnosed antemortem as having renal disease. There was

no sex predilection.

Chew et al., (1983) studied renal failure was diagnosed in 22 young
Doberman Pinscher dogs. The clinical findings were anorexia, weight loss,
vomiting, lethargy, polydipsia, polyuria, and dehydration.

Picut and Lewis (1987%) studied ten cases of juvenile renal disease in
Doberman Pinschers were examined by light microscopy and 8 of them
additionally by electron microscopy. Two distinct basic ultrastructural lesions of
the glomerular basement membrane (GBM) were observed. One is characterized
by lamellation of the lamina densa with intramembranous focal areas of lucency
containing electron-dense particles, the second by diffuse attenuation of the
lamina densa with intramembranous and/or subendothelial deposition of matrix
entrapping cross-banded fibres (collagen). Based on similar ultrastructural
changes in other hereditary nephropathies in man and dogs, a metabolic or

biochemical basis for the structural lesions is suspected.

Cook et al., (1993) foundatrophicglomerulopathy resulting in chronic renal
failure 4 related Rottweilers, each < 1 year old and 4 dogs had severe azotemia

and massive protein-losing nephropathy.

Rawdon (2001) studied case of juvenile nephropathy is reported in a 16-

week-old Samoyed bitch. Clinical, laboratory and gross postmortem findings
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followed by histological analysis of kidney, liver and cerebrum and transmission

electron microscopy of renal tissue are described.

Mrudula et al., (2005)studied canine nephritis over a period of one year
on sixty dogs presented at the Small Animal Clinics, Madras Veterinary College,
with clinical signs suggestive of renal insufficiency and 30 dogs with gross
nephritis lesions submitted to the department of Veterinary Pathology. They
reported that in German shepherd (26.66%) and Spitz a higher incidence of
nephritis was present.

Kandula and Karlapudi (2014) studied that the prevalence of renal
insufficiency was 33.33% in dogs (n=79). The prevalence rates of various renal
disorders including renal tissue pathology associated disorders, cystitis and/or
urethritis, urolithiasis, systematic causes associated with renal diseases and
mixed infections were 24.04%, 22.79%, 15.19%, 11.39% and 17.72%,
respectively. The prevalence was higher in dogs of above 8 years of age
(52.63%) as compared to dogs upto 4 years of age (10.53%). The breeds
affected were Labrador retriever (21.05%) followed by German shepherd

(15.79%) and Boxer, Doberman pinscher, Pomeranian and Pug (5.26%, each).

Oburai et al., (2015) conducted a study in 31 dogs suffering from chronic
renal failure. Among the affected breeds, Spitz breed showed highest incidence

followed by German shepherd, and least in Doberman pinscher.

2.3 Haematological and biochemical alterations:

Wright et al., (1976) studied clinical and morphological analysis of eight
cases of chronic glomerulonepshritis is described and a comparison made with
eight dogs suffering from severe chronic interstitial nephritis. Clinically and
biochemically, the two diseases were virtually indistinguishable, both resulting in
uraemia. A possible distinguishing feature of chronic interstitial nephritis was the

anaemia which was absent from chronic glomerulonephritis cases.
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Sperschneider (1977) stated that during a chronic renal insufficiency an
anaemia develops. The pathogenetic points of view are very diverse and include
disturbances of the formation of erythrocytes and a shortened life span of the

erythrocytes.

Picut (1985) reported that there was decrease in the values of PCV, RBC
Hb and normocytic normochromic anemia in hereditary kidney disease in dogs.
He further stated that there was two or threefold elevation in the levels of BUN

and creatininelevels too.

Macdougall et al., (1986) found one hundred and eleven dogs with
canine chronic renal disease, presented to 24 veterinary practices in East Anglia
and the West Midlands (geographical area 8,600 squaremiles) were identified.
More than 20 different breeds were represented.In 76 cases, clinical details,
blood and urine biochemistry were obtained. Forty had glomerular (GN) and 36
non-glomerular (NGN) disease. They found that level of creatinine did not differ

significantly between the two groups.

Cowgill (1992) while studying the chronic renal failure cases in dogs
reported that the dehydration as a result of renal insufficiency may lead to

reduction in haematocrit value by an average of 0.15 percent points per day.

Oishi et al., (1993) evaluating the erythropoietin (EPO) production
response to phlebotomic stimulation in the 1/2- and 1/4-kidney dogs surgically
prepared. The results showed that the reduction in functional renal tissue caused
a decrease in EPO production, which led to the delay in recovery from anemia. In
the anemic progress stage, the plasma EPO level showed a transition
proportional to the quantity of functional renal tissue immediately after the
operation for tissue reduction. The 1/2-kidney dog group still kept such
proportional relation even in the recovery stage. Thus, the half of the normal renal
tissue was considered sufficiently contributory to EPO production needed to
maintain homeostasis of red blood cell production. However, the 1/4-kidney dog
group precipitously decreased in plasma EPO level in the recovery stage and fell

into an extremely unfavorable anemia. This indicated that homeostatic
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maintenance in erythropoiesis would be impossible more below a quarter of
normal renal tissue. These findings disclosed that reduction in functional renal
tissue quantity would sensitively influence homeostatic maintenance of red blood
cell production through the decrease in EPO production, even if it does not affect

renal function concerned with urine production.

Oishi et al., (1995) determined erythropoietin (EPO) levels in plasma
from 124 clinically anemic dogs were determined by in vivo bioassay. In 81
anemic dogs with normal renal function, the concentration of plasma EPO
showed a close correlation with the hemoglobin concentration. The plasma EPO
level was obviously decreased in 43 anemic dogs with renal failure. Of these
dogs with renal failure, 17 showed no detectable plasma EPO and resulted in the
death of these dogs. In the remaining 26 dogs having detectable plasma EPO,
the plasma concentration rate of EPO related to blood urea nitrogen and serum

creatinine values.

Miyamoto et al., (1997) reported a case of six-month-old male Golden
retriever with a three-month history of polyuria and polydipsia. Haematological
examinations revealed nonregenerative anaemia, azotaemia, high serum
creatinine level, hypercalcemia, hypophosphatemia, hypercholesterolemia,

hyperamylasemia, and low level of total serum protein.

Adin and Cowgill (2000) studied 36 cases of dogs suffering from
leptospirosis and reported acute renal failure in all cases. The average BUN
concentration was 122 + 71 mg/dL whereas the average Serum creatinine
concentration was 7.5 = 5.0 mg/dL in cases of leptospirosis resulting in acute

renal failure.

Benjamin (1985) cited that elevated serum levels of BUN and creatinine

indicates kidney damage.

DiBartola (2005) stated that serum creatinine is considered to be a more

reliable parameter than urea for evaluating renal function.

Robertson and Seguin (2008) stated anemia occurs in up to 50% of

dogs with chronic renal failure and is often normocytic, normochromic and non-
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regenerative reduced production of or response to erythropoietin. Neutrophilic
leucocytosis can be seen with a variety of inflammatory lesions of the renal
system. Chronic renal failure can be associated with lymphopenia, which reflects
the effects of endogenous glucocorticoids or stress of chronic disease. Mild
mature neutrophilia is commonly seen associated with this glucocorticoid effect,
too. Increases in urea in renal failure are caused by impaired ability to excrete
proteinaceouscatabolites because of marked reduction in glomerular filtration rate
(GFR). Increases in creatinine are also a result of decreased renal excretion.
Hypoalbuminemia can occur secondary to renal loss in PLN. Hypoalbuminemia
may also be seen with renal inflammatory disease (albumin is a negative acute
phase reactant). Hyperalbuminemia can occur secondary to hemoconcentration
from dehydration in any type of renal disease.

Koyner et al., (2010) studied diagnostic and prognostic utility of novel
and traditional AKI biomarkers was evaluated during a prospective study of 123
adults undergoing cardiac surgery. They found that AKI patient had higher

baseline serum creatinine.

Polzin (2011) noted hematobiochemical changes in chronic kidney
disease. The haematological data revealed normocytic normochromic,
hyperproliferativeanemia as the renal function deteriorates in dogs with chronic
kidney disease. The anemia in chronic renal disease is due to inadequate renal
production of the hormone erythropoietin which is essential for erythrocyte
production. The ulcerations due to uremia leads to chronic low-grade
gastrointestinal blood loss resulting in moderate to severe anemia, decreased red

blood cells life span in uremic environment and chronic inflammation.

Sharma and Shrestha (2011) evaluated the renal disorder in the dogs.
One hundred serum samples were collected from one hundred dogs showing the
common signs and symptoms of renal. The result showed the higher prevalence

of renal disorder. There were increase in BUN and creatinine level.
Bradea et al., (2013)studied dogs with progressive chronic renal failure

register hematological alteration of different intensities reflected on the complete

blood count parameters. Dogs with CKD typically present normochromic,
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normocytic, nonregenerative anemia, induced by conjunctive substitution
phenomenon in renal parenchyma level with reduced erythropoietin secretion in
this level. 12 dogs with CKD were included in this study to evaluate changes in
hematological parameters. This study correlated hematological parameters (red
blood cells and white blood cells) with parameters that reveal and characterize
the level of renal functional alteration in CKD (blood urea nitrogen, creatinine,
phosphorus, sodium and potassium). In 10 out of 12 individuals, an alteration in
hematological profile elements by decreased levels (hypochromeanemia)with
hematocrit values that varied between 15.2% and 33.5% and a decrease in
hemoglobin levels between 6.4 and 11.7 g/dl. Platelets number was near the
upper limit and in severe cases, in 2 dogs (16.66%) were over 682 K/uL. White
blood cells series registered inconstant and uncharacteristic modifications
correlated mainly with etiopathogenetic inductor context such as lymphopenia in
4 dogs (33.33%) varying from 24.58 and 39.6 K/uL, granulocytes increased
levels in 3 out of 12 dogs (25%) varying between 14.7 -16.2 K/pL.

Kandula and Karlapudi (2015) studied renal insufficiency induced
haematological and serum biochemical alterations in affected dogs. The study
was conducted on 79 dogs presented at the clinic showing clinical signs of renal
insufficiency and ten healthy dogs were included in the study that served as the
control. The study revealed that the haematological parameters, viz., TEC, Hb
and PCV were significantly lower, and the TLC was significantly higher in dogs
with renal insufficiency, compared to the normal dogs. The neutrophils were
significantly higher, while lymphocytes and eosinophils were significantly lower,
compared to the normal dogs, indicating leucocytosis with Neutrophilia,
Lymphopenia, and Eosinopenia. The serum biochemical parameters, viz., Blood
Urea Nitrogen and Creatinine were significantly higher in dogs with renal
insufficiency, compared to the normal dogs, while Total Proteins, Albumins, were

significantly lower than the normal dogs.

Oburai et al., (2015) conducted a study in 31 dogs suffering from chronic
renal failure. The blood picture revealed anemia with mild neutrophilic
leucocytosis. Serum urea nitrogen, creatinine, sodium and phosphorus levels
were significantly elevated whereas total protein and albumin were reduced. CRF

dogs had a significantly (P<0.05) lower erythrocyte count and an associated
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decrease in packed cell volume and haemoglobin concentration compared to

control dogs.

2.4 Urinalysis:

Various studies have indicated a positive co-relationship between
persistent proteinuria and renal insufficiency and mortality. Therefore it is

essential to give proper attention to urine analysis.

Brown et al., (1985) studied Gentamicin-associated acute renal failure
was diagnosed in 10 dogs. The disease was characterized by a poor prognosis
and lengthy hospitalization. Hypoalbuminemia, disorders of potassium
homeostasis, proteinuria, hematuria, and cylindruria were common during
therapy for renal failure. Fever and dehydration were the most commonly
identified potential predisposing factors.

Picut and Lewis (1987°) studied hereditary nephropathies in dogs
represent multiple complex clinicopathological entities which cause renal failure
in juvenile, adolescent, and young adult dogs. He concluded that the specific
gravity of urine was decreased to 1.008 to 1.010 g/ml and found that damaged

kidney tubules were not able to concentrate urine leads to dilution of urine.

Robertson and Seguin (2008) stated that patients in renal failure can
have isosthenuric urine (specific gravity [SG] 1.008-1.012). Cats and dogs with
early renal insufficiency may have minimal ability to concentrate urine. A SG of
less than 1.035 in a dehydrated feline patient or less than 1.025 in a dehydrated
canine patient is considered suspicious for decreased renal function.
Concentrating ability generally decreases before the development of azotemia.
Patients with  PLN may maintain some concentrating ability before the
development of secondary tubular damage. An active sediment (bacteriuria,
white blood cells, red blood cells or casts) may suggest infection. An attempt
should be made to localize the infection to the upper or lower urinary tract
because this may affect therapy. Casts are cylindric molds of the renal tubules

and are composed of aggregated proteins or cells. The presence of casts in the
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urine sediment localizes activity to the kidney itself. Occasional hyaline and rarely
seen fine granular casts per low power field may be considered normal if there
are no other findings associated with renal disease. Cellular, coarse granular and
waxy casts are always pathologic. The UPC offers a technique for quantitative
measurement of proteinuria in dogs and cats. The UPC can be used to screen for

early renal disease.

Harley and Langston (2012) described proteinuria is defined as the
presence of protein in the urine. Normally, circulating serum proteins are blocked
by the glomerulus due to size and/or charge. Any small proteins that pass
through a healthy glomerulus are reabsorbed by the renal tubules or broken
down by renal tubular epithelial cells. Persistent proteinuria, in the absence of
lower urinary tract disease or reproductive tract disease, is usually an indication
of renal damage or dysfunction. Less commonly persistent proteinuria can be
caused by increased circulating levels of low molecular weight proteins. This
article reviews mechanisms of proteinuria in dogs and cats and discusses the

importance of screening for and ultimately treating proteinuria.

Oburai et al., (2015) in their study in 31 dogs suffering from chronic renal
failure observed that urine had lower specific gravity and contained higher

amounts of protein.

2.5 Estimation of biomarkers:

2.5.1 Lipocalin estimation:

Dent et al., (2007) studied acute kidney injury (AKI) is a frequent
complication of cardiopulmonary bypass (CPB). First, in a cross-sectional
pilot study including 40 plasma samples (NGAL range 60 to 730 ng/ml)
and 12 calibration standards (NGAL range 0 to 1,925 ng/ml), NGAL
measurements by enzyme-linked immunosorbent assay and by Triage

NGAL Device were highly correlated (r = 0.94). Second, in a subsequent
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prospective uncontrolled cohort study, 120 children undergoing CPB were
enrolled. Plasma was collected at baseline and at frequent intervals for 24
hours after CPB, and analyzed for NGAL using the Triage(R) NGAL
device. AKI developed in 45 patients (37%), but the diagnosis using serum
creatinine was delayed by 2 to 3 days after CPB. In contrast, mean plasma
NGAL levels increased threefold within 2 hours of CPB and remained
significantly elevated for the duration of the study. For the 2-hour plasma
NGAL measurement, the area under the curve was 0.96, sensitivity was
0.84, and specificity was 0.94 for prediction of AKI using a cut-off value of
150 ng/ml. The 2 hour postoperative plasma NGAL levels strongly
correlated with change in creatinine (r = 0.46, P < 0.001), duration of AKI (r
= 0.57, P < 0.001), and length of hospital stay (r = 0.44, P < 0.001).
Plasma NGAL is an early predictive biomarker of AKI, morbidity, and

mortality after pediatric CPB.

Bolignano et al., (2008) stated that neutrophil gelatinase-associated
lipocalin (NGAL) is a protein belonging to the lipocalin superfamily initially found
in activated neutrophils, in accordance with its role as an innate antibacterial
factor. However, it subsequently was shown that many other types of cells,
including in the kidney tubule, may produce NGAL in response to various injuries.
The increase in NGAL production and release from tubular cells after harmful
stimuli of various kinds may have self-defensive intent based on the activation of
specific iron-dependent pathways, which in all probability also represent the
mechanism through which NGAL promotes kidney growth and differentiation.
NGAL levels predict the future appearance of acute kidney injury after treatments
potentially detrimental to the kidney and even the acute worsening of unstable
nephropathies. Furthermore, recent evidence also suggests that NGAL somehow
may be involved in the pathophysiological process of chronic renal diseases,
such as polycystic kidney disease and glomerulonephritis. NGAL levels clearly
correlate with severity of renal impairment, probably expressing the degree of
active damage underlying the chronic condition. For all these reasons, NGAL
may become one of the most promising next-generation biomarkers in clinical

nephrology and beyond.
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Devarajan (2008) studied the incidence of both acute kidney injury (AKI,
previously referred to as acute renal failure) and chronic kidney disease (CKD).
The evidence for the role of NGAL measurements in a variety of clinical situations
leading to AKI (cardiac surgery, kidney transplantation, contrast nephropathy,
haemolytic uraemic syndrome and in the intensive care setting) or to CKD (lupus
nephritis, glomerulonephritides, obstruction, dysplasia, polycystic kidney disease,
IgA nephropathy) is explored. The emerging utility of standardized clinical
platforms for reliable measurement of NGAL in plasma and urine will help to

improve prognosis.

Nguyen and Devarajan (2008) studied acute kidney injury (AKI),
previously referred to as acute renal failure (ARF), represents a persistent
problem in clinical medicine. These include a plasma panel [neutrophil
gelatinase-associated lipocalin (NGAL). In renal failure it occurs early in plasma.

Yilmaz et al., (2009) studied sixty patients with symptomatic UTI and 29
healthy controls and measured their urine NGAL by enzyme-linked
immunosorbent assay. Mean uUNGAL level was significantly higher in the UTI
group than in the controls (91.02 ng/ml vs 14.29 ng/ml, p = 0.0001) and using a
cutoff 20 ng/ml for uNGAL for diagnosis of UTI, sensitivity, and specificity were
97% and 76%, respectively. Mean uNGAL/creatinine ratio (UNGAL/Cr) was also
significantly higher in the UTI group [201.81 ng/mg creatinine (Cr) vs 18.08 ng/mg
Cr; p = 0.0001], and using a cut off 30 ng/mg Cr for uNGAL/Cr for diagnosis of
UTI, sensitivity and specificity were 98% and 76%, respectively. They have
concluded that both uNGAL and uNGAL/Cr can be used as a novel, sensitive
marker for early prediction of UTI in the absence of acute kidney injury and
chronic kidney disease, and the optimal cutoff value for prediction of UTI is lower

than the values determined for acute kidney injury.

Cruz et al.,, (2010) performed this study to estimate the diagnostic
accuracy of plasma NGAL for early detection of AKI and need for renal
replacement therapy (RRT) in an adult intensive care unit (ICU). 301 patients
were included in the analysis. Serial blood samples were analyzed for plasma
NGAL using a standardized clinical platform. Plasma NGAL was a good

diagnostic marker for AKI development within the next 48 h and for RRT use.
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Plasma NGAL is a useful early marker for AKI in a heterogeneous adult ICU
population, in which the timing of renal insult is largely unknown. It allows the
diagnosis of AKI up to 48 h prior to a clinical diagnosis based on AKI consensus

definitions. Additionally, it predicts need for RRT and correlates with AKI severity.

De Geus et al., (2011) studied the ability of plasma and urine NGAL to
predict severe AKI in adult critically ill patients. Samples were analyzed by Triage
immunoassay for NGAL expression. The primary outcome measure was
occurrence of AKI based on Risk-Injury-Failure (RIFLE) classification during the
first week of ICU stay. A total of 171 (27%) patients developed AKI. Of these 67,
48, and 56 were classified as RIFLE R, I, and F, respectively. The areas under
the receiver operating characteristic curves for plasma and urine NGAL were for
RIFLE R (0.77 + 0.05 and 0.80 *+ 0.04, respectively), RIFLE | (0.80 + 0.06 and
0.85 + 0.04, respectively), and RIFLE F (0.86 = 0.06 and 0.88 = 0.04,
respectively) and comparable with those of admission estimated glomerular
filtration rate (eGFR) (0.84 + 0.04, 0.87 = 0.04, and 0.92 £ 0.04, respectively).

Lee et al., (2011) studied retrospective case-series to evaluated the
prognosis of 853 dogs with acute kidney injury (AKI) based on the RIFLE (Risk,
Injury, Failure, Loss and End-stage renal failure) criteria, derived from human
medicine. The 30-day mortality of dogs with AKI in each class was found to be
23.8 per cent (40 of 168) dogs for Risk, 41.0 per cent (107 of 261) dogs for Injury
and 78.5 per cent (333 of 424) dogs for Failure. The mortality of dogs in either the
Injury or Failure class was significantly higher than that of dogs in the Risk class
(P<0.05). The longest median survival time was observed in the Risk class (nine
days) and the shortest median survival time was observed in the Failure class
(three days). Using a multiple logistic regression model, a new score that
simultaneously considered RIFLE class, diarrhoea status and serum phosphorus

level was calculated to predict prognosis.

Adiyanti and Loho (2012) stated that the kidney has a remarkable
capacity to withstand insults for an extended period of time. The Acute Kidney
Injury Network (AKIN) defined Acute Kidney Injury (AKI) as "functional and
structural disorder or signs of renal damage including any defect from blood and

urine test, or tissue imaging that is less than 3 months". RIFLE (Risk, Injury,

24



Failure, Loss, End-Stage Kidney Disease) criteria is the most frequently used
system. Ideal biomarker for AKI should be affordable, quick and measurable,
precise and accurate, with prognostic ability to define severity of renal
dysfunction, specific for renal, increase in the early stage dysfunction, with high
sensitivity and specificity. Efforts to detect AKI in the earlier stage has resulted in
some promising biomarkers such as KIM-1, NGAL, IL-18, Clusterin, etc. Cystatin
C is a biomarker for glomerular filtration function, while beta2-microglobulin, 1-
microglobulin, NAG, RBP, IL-18, NGAL, Netrin-1, KIM-1, Clusterin, Sodium
Hydrogen Exchanger Isoform and Fetuin A are biomarkers for tubular

reabsorption function.

Fagundes et al., (2012) studied impairment of kidney function in two-
hundred and forty-one patients with cirrhosis, 72 without ascites, 85 with ascites,
and 84 with impaired kidney function. Urinary levels of NGAL were measured by
ELISA. Patients with impaired kidney function had higher urinary NGAL levels
compared to patients with and without ascites. Patients with urinary tract infection
(n = 25) had higher uNGAL values than non-infected patients. Patients with acute
tubular necrosis (ATN) had uNGAL levels markedly higher (417 ug/g creatinine
(239-2242) median and 1Q range) compared to those of patients with pre-renal
azotemia due to volume depletion 30 (20-59), chronic kidney disease (CKD) 82
(34-152), and hepatorenal syndrome (HRS) 76 (43-263) pg/g creatinine (p
<0.001 for all).

Lee et al., (2012) studied lipocalin for the early prediction of canine
acute kidney injury (AKI). 39 dogs at different time points after surgery
were selected for study and NGAL was measured in serum and urine with
ELISA. At 12 h after surgery, compared to the group without AKI (12
dogs), the NGAL level in the urine of seven dogs with AKI was significantly
increased (median 178.4 pg/mL vs. 88.0 pg/mL), and this difference was
sustained to 72 hours. As the increase in urine NGAL occurred much
earlier than the increase in serum creatinine, urine NGAL seems to be
able to serve as a sensitive and specific biomarker for the prediction of AKI

in dogs.
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Schinstock et al., (2012) examined random and 24 h urine samples
obtained from 125 normal volunteers foranalytic validation of aurinaryenzyme-
linked immune sorbent assay for NGAL. NGAL was stable in urine for 7 days
when ambient, 4°C or frozen (-20 or —70°C). The assay was linear between 0.24
and10000 ng/mL with a limit of quantitation of 0.24 ng/mL. Intra- and inter-assay
precision were excellent (coefficient of variation <5%); however, urinary white
blood cells were associated with increased NGAL levels. The 95th percentile
reference value for NGAL in females is <65.0 and <23.4 ng/mL in males. Urinary
NGAL levels increased with AKI stage but had only fair sensitivity (65%) and
specificity (65%) to differentiate no AKI versus Stages 1, 2 or 3 (area under the
curve 0.70). Urinalysis with microscopy was very specific (91%) but not
verysensitive (22%) with an area under the curve of 0.57. Increased urinary
NGAL was associated with AKI by the AKIN criteria; however, the sensitivity and
specificity were only fair, in part because patients with prerenal causes are not

excluded by AKIN criteria.

Ahn and Hyun (2013) conducted study on sixty-two dogs with CKD and
eight normal healthy dogs were enrolled in this study. All dogs were also
physically examined, including complete blood cell counts, routine biochemical
panels and urinalysis to screen for the presence of other concurrent diseases
such as, chronic inflammatory diseases and other systemic diseases. The dogs
with CKD were grouped based on the international renal interest Society (IRIS)
stage classification, and selected animals at stages I-IV. The supernatants were
stored at —80°C or dry ice for shipping. The serum NGAL levels were measured
using a commercial ELISA-based kit (BioPorto, Denmark) according to the
manufacturer’'s recommendations. The median serum NGAL concentration in this
study population was 12.89 (range 5.03—-19.35) pg/ml in the control group, 43.95
(range 22.19-157.36) pg/ml in the IRISi group, 34.89 (range 23.07-108.54) pg/ml
in the IRIS ii group, 53.35 (range 20-200) pg/ml in the IRIS iii group and 76.04
(range 68.69-200) pg/ml in the IRIS V group. The median serum NGAL
concentration in control dogs was approximately 4—10 times lower than dogs with
CKD.

Cobrin (2013) stated that canine chronic kidney disease (CKD) is

estimated to have a prevalence of 0.57%. Neutrophil gelatinase-associated
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lipocalin (NGAL), a protein detectable in blood and urine that increases
secondary to renal dysfunction.She studied 42 dogs free of urinary tract disease
(normal history, physical examination, clinicopathologic results, and blood
pressure measurement), 11 dogs with CKD, 21 dogs with lymphosarcoma, 12
dogs with carcinomas, and 16 dogs with induced endotoxemia. Serum and urine
NGAL concentrations were measured using a commercially available canine-
specific ELISA kit. She found that Serum (sNGAL (ng/ml) 7.77 (2.88-35.3) in
normal dogs and 24.79 (2.79-61.3) in dogs with CKD) and urine NGAL (UNGAL
(ng/ml) 0.55 (0.12-12.90) in normal dogs and 26 (0.77-82.14) in dogs with
CKD)levels were elevated in dogs with CKD compared to that of normal dogs.

Daure et al., (2013) stated that neutrophil gelatinase-associated lipocalin
(NGAL) is a promising biomarker in humans and dogs with kidney disease. Urine
culture and measurement of UNGAL level were performed in 80 non-azotemic
dogs suspected of UTI and 19 healthy dogs. Dogs were divided in three groups:
19 healthy dogs, 25 dogs with positive culture and 55 dogs suspected of UTI but
with negative culture. uNGAL and uNGAL/Creatinine was significantly higher (P <
0.0001) in dogs with UTI (14.22 ng/mL;19.74 ug/g) compared to Healthy (0.24
ng/mL;0.11 ug/g) and Negative (1.13 ng/mL;1.28 ug/g) dogs. AuNGAL value
<3.38 ng/mL had a negative predictive value for UTI of 87%. Presence of UTI has

to be considered when uNGAL is used to detect kidney disease.

Moon et al., (2013) studied urinary biomarker of acute kidney injury (AKI).
Urinary biomarker, neutrophil gelatinase associated lipocalin (NGAL) was
measured every 2 days for 8 days in 66 patients with AKI. At day 0, he found that
there were no significant differences in plasma creatinine and BUN between AKI
patients in the recovery (n = 33) and non-recovery (n = 33) groups. Plasma
creatinine concentrations were significantly lower in the recovery group (3.0 + 2.0
mg/dL) than in the non-recovery group (5.4 £ 1.9 mg/dL) on day 4 after AKI
diagnosis (P < 0.001). In contrast, there were significant differences in urine
NGAL between the two groups starting on day 0 (297.2 + 201.4 vs 407.6 + 190.4
ng/mL, P = 0.025) through the end of the study (123.7 £ 119.0 vs 434.3 £ 121.5
ng/mL, P < 0.001). This observations state that urine NGAL can be a highly
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versatile marker for early detection of the recovery phase in established AKI

patients.

Segev et al., (2013) studied urine neutrophil gelatinase-associated
lipocalin (NGAL)/creatinine in ninety-four dogs. Dogs were classified as follows:
(1) healthy dogs, (2) dogs with lower urinary tract disorders, (3) dogs with chronic
kidney disease (CKD), (4) dogs with azotemic International Renal Interest Society
(IRIS) AKI Grades IlI-V, and (5) dogs with IRIS AKI Grade | (nonazotemic).
Urinary NGAL was quantitated in each dog using an ELISA assay and
concentrations were expressed as a ratio to urinary creatinine concentration from
the same specimen, and designated the urinary NGAL/creatinine ratio (UNCR).
Both the azotemic and nonazotemic AKI groups had higher UNCR when
compared with all other groups (P < .001 for all pairs). There was a statistically
significant difference in UNCR between dogs diagnosed with CKD compared with
dogs with lower urinary tract diseases (P = .005) as well as between dogs with
CKD and healthy dogs (P = .001).

Hsu et al., (2014%) studied serum and urine NGAL in dogs with renal
disease (57) and control dogs without any disease (12). NGAL was measured by
ELISA system. Demographic, hematologic, and serum biochemical data were
recorded. Survival attributable to AKI and CKD was evaluated at 30 days and 90
days, respectively. Serum and urine NGAL concentrations in azotemic dogs were
significantly higher than in nonazotemic dogs and were highly correlated with
serum creatinine concentration (P < .05). Among CKD dogs, death was
associated with significantly higher sNGAL and uNGAL concentrations compared
with survivors. The best cutoff point for SNGAL was 50.6 ng/mL, which gave a
sensitivity and a specificity of 76.9 and 100%, respectively. They observed dogs
that had higher concentrations of SNGAL survived for a significantly shorter time.

SNGAL is a useful prognostic marker when evaluating dogs with CKD.

Hsu et al., (2014°) examined eighty-one urine samples from dogs with
different forms of renal disease (41), pyuria (19) and a number of non-renal
related diseases (10), as well as healthy dogs (11).uNGAL concentrations was
measured by ELISA. The uNGAL concentrations of dogs with pyuria (median:

15.35 ng/mL) were significantly higher than those of the healthy control animals
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(median: 3.92 ng/mL) (p < 0.01), but lower than those of dogs with renal diseases
(median: 23.77 ng/mL).

Martensson and Bellomo (2014) studied that neutrophil gelatinase-
associated lipocalin (NGAL) has been considered the most promising biomarker
of acute kidney injury (AKI). Systemic inflammation, commonly seen in critically ill
patients, and several comorbidities contribute to the release of NGAL from
haematopoietic and non-haematopoietic cells. They concluded that adding NGAL
to the clinical evaluation of critically ill patients with or at risk of AKI will give good
prognosis.

Steinbach et al., (2014) studied dog’s plasma NGAL concentration and
urine NGAL-to-creatinine ratio (UNCR) in 18 healthy control dogs, 17 dogs with
CKD, and 48 dogs with AKI. Plasma and urine NGAL concentrations were
measured with a commercially available canine NGAL Elisa Kit (Bioporto
Diagnostic) and UNCR was calculated. Median (range) NGAL plasma
concentration in healthy dogs, dogs with CKD, and AKI were 10.7 ng/mL (2.5—
21.2), 22.0 ng/mL (7.7-62.3), and 48.3 ng/mL (5.7-469.0), respectively. UNCR
was 2 x 1078 (0-46), 1,424 x 1078 (385-18,347), and 2,366 x 1078 (36—994,669),
respectively. Plasma NGAL concentration was significantly higher in dogs with
AKI compared with dogs with CKD (P = .027).Plasma NGAL could be helpful to
differentiate AKI from CKD in dogs with renal azotemia.

Cortellini et al., (2015) examined fifteen dogs with sepsis requiring
laparotomy (study dogs) and 10 dogs undergoing surgery for intervertebral disc
disease (control dogs) to determine whether NGAL increases in dogs with sepsis
undergoing emergency laparotomy and whether it is correlated with development
of AKI and survival. Serum neutrophil gelatinase-associated lipocalin (SNGAL),
urinary NGAL normalized to urinary creatinine concentration (UNCR), and serum
creatinine concentration were measured at 4 time points (admission, after
anesthesia, and 24 and 48 hours postsurgery). Development of AKI (increase in
serum creatinine concentration of 0.3 mg/dL) and in-hospital mortality were
recorded.Serum NGAL and UNCR were significantly higher in study dogs across

all time points (P = .007 and P < .001, respectively) compared with controls.
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Serum neutrophil gelatinase-associated lipocalin and UNCR are increased in

dogs with sepsis requiring emergency laparotomy.

2.5.2 Beta 2 microglobulin:-

Hall and Vasiljevic (1973) studied simple immunodiffusion test for $2-
microglobulin  which will measure concentrations above 16 pg/ml. This
concentration is readily achieved in the urine in conditions associated with
primary renal tubular disorders but not in the normal urine or that from patients
with glomerular diseases. p2-Microglobulin proteinuria can be detected in
untreated urine from individuals whose urines are negative for protein by dipstick
and sulfosalicylic acid screening methods. The data show that this method is
highly selective and more sensitive than the other methods tested in screening
populations for the presence of tubular proteinuria.

Bernier (1980) Stated that beta 2-Microglobulin is a low molecular weight
protein with sequence homology to immunoglobulins. As a portion of the HLA
complex this protein is an important cell-surface structure. Under normal
conditions beta 2-microglobulin is synthesized and shed by many cells,
particularly lymphocytes, and is detectable in the circulation of normal individuals.
Because of its small size it is normally filtered readily at the glomerulus and is
catabolized by proximal tubular cells of the kidney. Impaired renal function and
hyperproduction of beta 2-microglobulin are both associated with increased
serum levels. A function for beta 2-microglobulin as a modulator of lymphocyte

surface and as a potential regulator of the immune system is proposed.

Karlsson et al., (1980) stated that the production of beta 2-microglobulin
in normal subjects is quite constant, about 0.13 mg/h kg. The catabolism almost
exclusively through renal elimination. The protein readily passes the glomerular
membrane; subsequently more than 99.9% of the filtered beta 2-microglobulin is
reabsorbed and degraded in the proximal tubules, only about 5 micrograms/h of
the protein appearing in the final urine. Proximal tubular dysfunction leads to an

increased urinary concentration. The serum level of beta 2-microglobulin is
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determined by the glomerular filtration rate and the rate of synthesis. Increased
production, with raised serum levels, is sometimes observed in malignancy--
mainly at an advanced state, in conditions with neoplastic proliferation of
lymphoid B-cells or in inflammatory disorders connected with an activation of the
lymphopoetic system. In body fluids, other than plasma and urine, the content of
beta 2-microglobulin seems to often reflect a local production. In this review a
presentation of the current status and usefulness of beta 2-microglobulin

measurements in clinical medicine is included.

Weise et al., (1981) stated that urinary excretion of the low molecular
weight protein beta 2-microglobulin is very sensitive parameters for proximal
tubular lesions. In patients with preeclampsia the renal excretion of beta 2-
microglobulin allows to differentiate between a primary preeclampsia and a
preeclampsia superimposed upon chronic pyelonephritis. In the first group the
increase is 3 to 4 fold and in the second group up to 300 fold. In patients with
kidney transplantation the urinary excretion of beta 2-microglobulin is several
times higher than in normals. In case of a rejection episode a further increase of
these proteins occur in more than 80% several days before clinical symptoms are
present. The application of analgetics (paracetamol, acetylsalicylic acid) in
healthy individuals in therapeutical dosages on 3 consecutive days does not
show any tubular alteration by the measurement of urinary beta 2-microglobulin.
Aminoglycosides (tobramycin, UK 18,892) lead to a cumulative increase of the
renal excretion of beta 2-microglobulin and AAP while cephalosporins induce an

increase of total proteins in the final urine under the same conditions.

Portman et al., (1986) studied fractional excretion (FE) of beta 2
microglobulin (B2M) in children with glomerular (N 114), tubular (N 50) or other
(N = 18) renal diseases. FE-B2M (normal 0.36%) was significantly (P0.001) lower
in glomerular diseases (mean 0.104%) than in tubular lesions (mean 4.27%).
Unexpectedly, several patients with glomerular disease were found to have
increased values for FE-B2M. To determine whether this was due to a tubular
component in a primary glomerular disease process, FE-B2M was measured in
30 children with various glomerulopathies who underwent renal biopsy. Thirteen
of these patients had tubulo-interstitial lesions in addition to their glomerular

disease. FE-B2M in these patients averaged 3.76% (range 0.14 to 44.6%); only
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two results were normal. Mean FE-B2M in the 17 patients without biopsy
evidence of tubulo-interstitial disease was 0.063% (range 0.02 to 0.34%); all

values were in the normal range.

Ahuja et al.,, (2010) stated that increased levels of serum beta-2
microglobulin are found in patients with kidney disease and are a major

constituent of the amyloid fibrils in dialysis related amyloidosis

Zeng et al.,, (2014) studied after filtration through glomeruli, beta 2-
microglobulin is reabsorbed in proximal tubules. Increased urinary beta 2-
microglobulin indicates proximal tubule injury and measurement of beta 2-
microglobulin in urine is useful to determine the source of renal injury. This study
was designed to evaluate the correlation of urinary beta 2-microglobulin
concentration and KIM-1 expression as evidence of proximal tubule injury.
Diagnoses included glomerular and tubule-interstitial disease. Linear regression
analysis was applied to correlate the values of urinary beta 2-microglobulin and
KIM-1 staining scores and P < 0.05 was considered statistically significant. Thirty
patients had elevated urinary beta 2-microglobulin. KIM-1 staining was positive in
35 kidney biopsies. There was a significant correlation between urinary beta 2-
microglobulin and KIM-1 staining (P < 0.05). Sensitivity was 86.6%, specificity
was 43.7%, positive predictive value was 74.2%, and negative predictive value
was 63.6%. Increased urinary beta 2-microglobulin is significantly correlated with
KIM-1 staining in injured proximal tubules. Measurement of urine beta 2-

microglobulin is a sensitive assay for proximal tubule injury.

2.6 Gross lesions of renal disorders in dogs:

Ganti and Rao (2006) observed various types of gross lesions in kidney.
In pyaemic nephritis, tiny abscesses were noticed on the cortical surface (same
age and same size).In pyelonephritiskidneys were enlarged; grey spots were
noticed on the surface. Pelvis was dilated with pus. In interstitial nephritis in the
acute type, the kidney may be of normal size or slightly enlarged. Capsule strips

off easily. In subacute and chronic types of interstitial nephritis kidneys were
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smaller in size, pale to grey in color, was hard to cut and capsule peeled off with
difficulty. The surface was uneven due to irregular contraction of the fibrous
tissue “Small granular contracted kidney”. In glomerulonephritisin acute type,
both the kidneys were enlarged and pale, capsule peeled off easily. In sub acute
type, kidneys were enlarged, pale and smooth with non adherent capsule. In

chronic type, kidneys were shrunken and contracted with finely granular surface.

Jeong et al.,, (2006)at necropsyinvestigated canine renal failure
syndrome in three dogs. They observed systemic hemorrhage in various organs
including kidney. In addition to this hemorrhagic right kidney was smaller than the
left kidney, and the left kidney had severe yellow-white mottled areas near the
cranial part, and there was hemorrhage at the caudal part. They found green-

yellowish colored nephroliths in the renal pelvis.

Heiene et al., (2007) examined dogs with pyometra were examined for
evidence of secondary renal damage and persisting renal disease through two
retrospective studies. In Study 1, light microscopic lesions of renal tissue were
graded and compared in nineteen dogs with pyometra and thirteen age-matched
control bitches. In Study 2, forty-one owners of dogs with pyometra were
interviewed approximately 8 years after surgery for evidence ofclinical signs of
renal failure in order to document causes of death/euthanasia. They found out
that interstitial inflammation and tubular atrophy were more pronounced in dogs
with pyometra than in the control animals. Glomerular lesions classified as
glomerular sclerosis were present in both groups. No unequivocal light
microscopic features of glomerulonephritis were observed in bitches in any of the
groups. Tubulointerstitial inflammation was observed, but glomerular damage
beyond age-related changes could not be demonstrated by light microscopy in
the dogs with pyometra. However, severe proteinuria after surgery may

predispose to development of renal failure.

Chandrasekaran et al., (2011) conducted 10 post mortem examinations
of dogs that died during treatment for canine leptospirosis. Liver & kidneys were

enlarged with varying degrees of vascular & degenerative changes.

Sangle (2014) found symmetrically small kidneys with thin granular cortex

and increased peri pelvic fat in chronic glomerulonephritis.
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2.7 Histopathological changes of renal disorders in dogs:

Wright et al., (1976) stated that chronic renal disease is an important
clinical problem in dogs. Until recently, diffuse renal fibrosis with chronic renal
failure has been attributed mainly to chronic interstitial nephritis, itself considered
to be the end stage of acute leptospiral nephritis. Morphologically, the two
diseases (chronic interstitial and glomerular nephritis) appeared to be
distinguishable on three grounds; the pattern and severity of fibrosis, the degree

of fibrin deposition and the immunofluorescence findings.

Chew et al., (1983)studied renal failure in 22 young Doberman Pinscher
dogs. The kidneys were characterized pathologically by glomerular sclerosis,
cystic glomerular atrophy, tubular dilatation, tubular atrophy, mononuclear
interstitial inflammation, interstitial fibrosis, interstitial mineralization, and

hyperplasia of the collecting duct epithelium.

Macdougall et al., (1986) showed that in dogs, as in humans, glomerular
disease is a common cause of chronic renal disease accounting for 52% of
cases. Forty eight percent of cases were nonglomerular diseases. Interstitial
nephritis, defined as chronic tubulo-interstitial disease without evidence of
glomerulonephritis or pyelonephritis was less common than in earlier reports. Of
the 40 cases of canine glomerular disease, 31 were classified as
glomerulonephritis by currently accepted W.H.O. criteria used for human
glomerulonephritis and six were amyloid. A classification similar to that of the
W.H.O. has recently been proposed for animals by Winter and Majid.
Mesangiocapillary glomerulonephritis has frequently been reported as a common
type of canine glomerulonephritis. The histology showed typical hypercellularity,
and capillary wall thickening due to mesangial interposition. An unusual feature in
some of the dogs was the large size of the mesangial deposits in comparison
with human glomerulonephritis. There were two cases of diffuse endocapillary
proliferative glomerulonephritis, which has not previously been separated from

other types of proliferative glomerulonephritis in the dog.
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Eubig et al., (2005) renal histopathology was evaluated in 16 dogs, and
other tissues, including liver, heart, and lung, were evaluated in 10 of these dogs.
The most consistent lesion present in biopsy or postmortem samples from 15 of
16 dogs was moderate to severe, diffuse renal tubular degeneration, especially in
the proximal tubules. Proteinaceous and cellular debris often was present in
dilated tubule lumens. They also found congestion and degenerative changes in

liver as well as in other organs.

Ganti and Rao (2006) studied nephritis among animals. They observed
following microscopical changes in different visceral organs in canine renal
failures. |. Pyaemic nephritis — abscesses with leucocytic infiltration in the
glomerular loop and in tubules. Il. Pyelonephritis — purulent process with
neutrophils and a few lymphocytes, which may be found as streaks among the
tubules. IlII. Interstitial nephritis - In acute type, infiltration of lymphocytes and
plasma cells, with less number of neutrophils in interstitial tissue. In chronic type,
there was cystic dilatation of tubules with hyaline casts. Cirrhotic changes may be
noticed in liver. IV. Glomerulonephritis - Acute type, there is increased cellularity
of the glomeruli, sub acute type- proliferation of epithelial cells of the parietal
layer of the bowman’s capsule results in epithelial crescents, Chronic type —

fibrosed glomeruli and disappearance of tubules.

Wakamatsu et al., (2007) studied juvenile onset renal disease is
described in 2 male and 2 female young Rottweiler dogs. Histologic changes in
all dogs were cystic dilatation of Bowman’s space, mesangialhypercellularity, and
glomerulosclerosis. Three dogs also had glomerular crescents and moderate to
severe interstitial fibrosis. Electron microscopy revealed glomerular basement
membranes of variable thickness, with extensive splitting or lamellation of the
lamina densa. These ultrastructural findings are similar to those found in people

and in other breeds of dogs with inherited defects in type IV collagen.

Chandrasekaran et al., (2011) conducted 10 post mortem examinations
of dogs that died during treatment for canine leptospirosis. Histopathologically,
liver revealed varying degrees of vascular & degenerative changes with scattered

areas of mononuclear cell infiltration and kidney revealed vascular changes,
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cystic dilatation, tubular necrosis with interstitial lymphoplasmacytic& neutrophilic

infiltration.

George et al., (2011) expressed that the presence of suspected primary
glomerular disease is the most common and compelling reason to consider renal
biopsy. Pathologic findings in samples from animals with nephritic or nephrotic
glomerulopathies, as well as from animals with persistent subclinical glomerular
proteinuria that is not associated with advanced chronic kidney disease,
frequently guide treatment decisions and inform prognosis when suitable
specimens are obtained and examined appropriately. Ultrasound-guided needle
biopsy techniques generally are satisfactory; however, other methods of locating
or approaching the kidney, such as manual palpation (e.g., in cats), laparoscopy,
or open surgery, also can be used. Visual assessment of the tissue content of
needle biopsy samples to verify that they are renal cortex (i.e., contain glomeruli)
as they are obtained is a key step that minimizes the submission of uninformative
samples for examination. Adequate planning for a renal biopsy also requires prior
procurement of the fixatives and preservatives needed to process and submit
samples that will be suitable for electron microscopic examination and
immunostaining, as well as for light microscopic evaluation. Finally, to be
optimally informative, renal biopsy specimens must be processed by laboratories
that routinely perform the required specialized examinations and then be
evaluated by experienced veterinary nephropathologists. The pathologic findings
must be carefully integrated with one another and with information derived from
the clinical investigation of the patient”s illness to formulate the correct diagnosis
and most informative guidance for therapeutic management of the animal‘s

glomerular disease.

Sangle (2014) found large glomeruli with accentuation of lobules Irregular
thickening of glomerular basement membrane by interposition of mesangial cells
between endothelium and basement membrane Causes tram track / double
contour appearance (PAS or silver stain), crescents in 20% Neutrophils often

present May have hyaline aggregates of immune complexes in capillary lumina.
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2.8 Histochemical findings in renal disorders in dogs:

Ramos-Vara et al., (2004) studied renal cysts in the cortex of a juvenile
Belgian Malinois dog with acute renal failure were studied by means of light,
scanning and transmission electron microscopy, immunohistochemistry for
intermediate filaments, and binding for wheat germ agglutinin (WGA), peanut
agglutinin (PNA), and Maclurapomifera agglutinin (MPA) lectins to determine the
morphological and histochemical features of the epithelial cells of these cysts.
The parietal podocytes expressed vimentin and cytokeratins and had affinity for
WGA as do normal immature podocytes. These features suggest that the parietal
podocytes are derived by metaplasia of the parietal cells. The basement
membrane of Bowman's capsule was irregularly thickened and showed multifocal
glycosylation changes with lectinhistochemistry (WGA, PNA, MPA) in areas
adjacent to the parietal podocytes. Histologic and ultrastructural findings in this
dog are consistent with glomerulocystic kidney disease.

Lavoue et al., (2010) studied familial juvenile glomerulonephropathy
(JGN) in several breeds of dogs. Clinical signs were typical of progressive
glomerulopathy with resultant renal failure. They found increased blood urea
nitrogen, creatinine and total cholesterol concentrations, and proteinuria in all
patients. Affected dogs had abnormal kidney structure on abdominal ultrasound
examination. Histopathologic examination revealed extensive cystic glomerular
atrophy, glomerular hypercellularity, and capillary wall thickening without immune
complex deposition when tested with  immunohistochemistry  or
immunofluorescence. Electron microscopy did not disclose specific primary
glomerular lesions. Mean age at death was 20 months and mean length of
survival after diagnosis was 6 months. Both males and females from healthy
parents were affected. An autosomal recessive mode of transmission is

suspected, but a more complex mode of inheritance cannot be excluded.
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3. MATERIALS AND METHODS

The present study was undertaken in the Department of Veterinary
Pathology, Bombay Veterinary College, Mumbai for clinicopathological studies of
canine renal dysfunction with special reference to estimation of lipocalin and beta
2 microglobulin biomarkers. Following materials were used and methods were

employed for completion of this study.

3.1 Collection of clinical samples:

Fifty (50) clinical cases were collected from medical ward,BSPCA
Hospital, Parel and private clinics in and around Mumbai from February to
September, 2017. 50 Blood and urine samples were collected for further
investigation and those cases were categorized clinically as follows, 1) Renal
diseases (AKI; 30 and CKD; 14) and 2) Control (6). The dogs were considered
healthy on the basis of physical examination, complete blood count, biochemistry
profile and urinalysis. While collecting samples, the detailed information regarding
age, sex and breed were noted by generating a proforma for clinical case record

of each and every case.

3.2 Collection of blood samples:

Five milliliters of blood were collected from the cephalic or saphenous
vein, using a dry sterile syringe and needle, and two milliliters was immediately
transferred to a vial containing Ethylene Diamine-Tetra-Acetate (EDTA) as an
anticoagulant. Three-millimeter blood was transferred to plane vial for serum
sample, which was collected in three aliquots for evaluation of liver and renal
function tests as well as estimation of lipocalin (NGAL) and beta 2 microglobulin
biomarkers. Serum samples for estimation of biomarkers were stored at -80°c

until assayed (Schinstock, et al, 2012).



Table 1: Clinical case information

Case | Breed Sex Age Clinical History of Dogs
No. (Years)
01 GSD Male 10 Anorexia, weakness, vomiting,
anemia, oliguria, prognosis poor
08 Inappetence and vomiting of bile,
02 anorexia, loose motion, dull, dark
ND Male yellow urine, dehydration, prognosis
poor
03 Pomeranian | Female | 12 Anorexia, vomiting, dullness, unable
to walk, increase in creatinine,
04 04 Anorexia, vomiting, increase in KFT
Doberman | Male and LFT, very dull and poor
prognosis
05 Spitz Female | 13 Anorexia, vomiting, acute onset of
azotemia
11 Anorexia, vomiting, cardiac
enlargement, increase in KFT and
06 Labrador Female LFT, dehydration, dyspnea,
dullness, poor prognosis
1.2 Vomiting and loose motion 3-4 days,
07 Labrador Male anorexia, increase KFT, prognosis
poor
08 ND Male 1.5 Anorexia, vomiting, AKI,
09 Labrador Male 3.5 Sudden onset of azotemia,
leptospirosis?
10 Labrador Female | 08 Vomiting, loose motion with blood,
anorexia, increase creatinine
11 06 Efforts for urination, history of
Labrador Male anuria/oliguria, acute onset of
azotemia and icterus, dyspnea
12 Pomeranian | Female | 15 Inappetence, vomiting, azotemia,
weakness
13 Labrador Male 10 Anorexia, vomiting, dyspnea, poor
prognosis
14 Labrador Female | 05 Anorexia, vomiting, history of
pyometra, weakness
15 Labrador Male 3.5 Anorexia, oliguria, vomiting, loose
motion, weakness, dehydration
16 Pomeranian | Female | 09 Inappetence, vomiting, oliguria and
proteinuria, weakness
17 Pomeranian 06 Anorexia, vomiting, dehydration,
cross Female loose motion, dullness
18 Labrador Male 02 Vomiting, anorexia, increase KFT
and LFT, anemic, Leptospirosis?
19 Labrador Female | 4.5 Anorexia, vomiting, hematuria,
weakness
20 Labrador Female | 05 Inappetence, vomiting, loose motion,
Increase in KFT
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21 Pomeranian | Male 11 Inappetence, vomiting, loose motion
22 Pomeranian | Male 10 Inappetence, vomiting, loose motion,
history of trypanosomiasis
23 Doberman | Male 7.5 Inappetence, vomiting, oliguria,
sudden onset of azotemia
24 6.7 Inappetence, weakness,
Labrador Male dehydration, anuria, sudden onset of
AKI
25 ND Male 09 Inappetence, vomiting, loose motion,
Increase in KFT
26 Labrador Male 02 Inappetence, vomiting, loose motion,
Increase in KFT and LFT
27 Doberman | Female | 13 Inappetence, increase in KFT and
LFT, Oliguria, Thrombocytopenia
28 ND Female | 05 Inappetence, vomiting, unable to
stand, weakness
29 6.5 Inappetence, vomiting, loose motion,
Labrador Male Increase in KFT and LFT, dullness,
anemia, oliguria
30 Labrador Male 08 History of tick fever, anorexia, mild
dehydration, anemic, hematemesis
31 03 Inappetence, very weak,
ND Male dehydration, ulcers were present in
mouth, azotemic smell
32 Labrador Male 04 Inappetence, azotemia
33 Labrador Male 10 Anorexia, vomiting, increase in KFT
and LFT, Proteinuria
34 GSD Male 09 Vomiting 3-4 times a day, anorexia,
dehydration, dullness
35 04 Anorexia, vomiting, polyuria followed
by oliguria, severe dehydration,
GSD Male anemic, severe dullness, poor
prognosis
36 Boxer Female | 07 Inappetence, vomiting, increase in
KFT and LFT
37 Pomeranian | Female 07 Inappetence, increase in KFT,
vomiting, dullness, anemia,
38 C. Spaniel | Female | 08 Inappetence, increase in KFT,
vomiting, dullness, anemia, polyuria
39 Pug Male 06 Anorexia, severe dehydration and
weakness, increase in KFT, vomiting
40 GSD Male 10 Inappetence, azotemia
41 Labrador Male 07 Anorexia, vomiting, hematuria,
polyuria, anemic
42 Pug Male 05 Anorexia, hematuria, vomiting
43 Pug Male 10 Anorexia, hematemesis, hematuria,
anemic, polyuria followed by anuria
44 ND Female | 08 Inappetence, polyuria, azotemia,
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weakness, dehydration
45 Doberman Female | 04 Healthy
46 Labrador Male 6.5 Healthy
47 Rottweiler Male 0.7 Healthy
48 Labrador Male 05 Healthy
49 Labrador Female | 5.6 Healthy
50 Labrador Female | 02 Healthy

3.3 Hematological Parameters:

Hematological parameters were estimated with the help of automatic cell

counter (Abacus- Diatron) by impedance method (Benjamin, 1985). The

parameters studied were as follows,

1) Hemoglobin (Hb) (gm/dl),
2) Packed Cell Volume (PCV) (%),

3) Total Erythrocyte Count (TEC) (108 / cumm),
4) Total Leukocyte Count (TLC) (10®/ cumm),

5) Platelet count (Lacs /cumm),

6
7
8

)
)
)
9)

Mean corpuscular volume (MCV) (fl),

Mean corpuscular Hemoglobin (MCH) (pg),

Mean Corpuscular Hemoglobin Concentration (MCHC) (g/dl) and
Differential Leucocyte Count (DLC) (%).

3.4 Serum biochemistry:

The serum was separated by centrifuging the clotted blood in Eppendorf

tubes, at 3000 rpm for 15 min. and following parameters were estimated by using

semiautomatic biochemical analyzer (Erba- Chem.7), using commercial reagent
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kits from ROBONIK (INDIA) Pvt Ltd., Navi Mumbai (MH) by following the procedure

provided with respective kits.

3.4.1 Estimation of total serum protein (TSP) (gm/dl):

Total Protein was estimated by Biuret method (Tietz, 1986) by using
diagnostic kits from ROBONIK (INDIA) Pvt Ltd., Navi Mumbai (MH).

3.4.2 Estimation of serum albumin (ALB) (gm/dl):
Albumin was estimated by BCG method (Doumas et al., 1972) by using
diagnostic kits from ROBONIK (INDIA) Pvt Ltd., Navi Mumbai (MH).

3.4.3 Estimation of Serum Glutamic Pyruvic Transaminase (SGPT) (IU/L):
SGPT levels were estimated by IFCC method (Tietz, 1986) by using
diagnostic kits from ROBONIK (INDIA) Pvt Ltd., Navi Mumbai (MH).

3.4.4 Estimation of Serum Glutamic Oxaloacetic Transaminase (SGOT) (IU/L):

SGOT levels were estimated by IFCC method (Tietz 1986) by using
diagnostic kits from ROBONIK (INDIA) Pvt Ltd., Navi Mumbai (MH).

3.4.5Estimation of Total and Direct Bilirubin (BIT &BID) (mg/dl):

Total and Direct Bilirubin levels were estimated by Jendrassik and Grof
method (Pearlman and Lee, 1974) by using diagnostic kits from ROBONIK (INDIA)
Pvt Ltd., Navi Mumbai (MH).

3.4.6 Estimation of Blood Urea Nitrogen (BUN) (mg/dl):
BUN levels were estimated by GLDH-UV Kinetics method (Tietz, 1976) by
using diagnostic kits from ROBONIK (INDIA) Pvt Ltd., Navi Mumbai (MH).

3.4.5 Estimation of creatinine (mg/dl):

Creatinine levels were estimated by modified Jaffe’s method by using
diagnostic kits from ROBONIK (INDIA) Pvt Ltd., Navi Mumbai (MH).
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Staging of Kidney Diseases

Table 2: IRIS (International Renal Interest Society) AKI Grading Criteria

AKI Blood Clinical Description
Grade creatinine
Grade | <1.6 (mg/dl) a. Documented AKI: (Historical, clinical, laboratory,
(<140 pymol/l) or imaging evidence of acute kidney injury, clinical
oliguria/anuria, volume responsiveness) and/or
b. Progressive non azotemic increase in blood
creatinine; 20.3 mg/dl (226.4 pmol/l) within 48
hours
c. Measured oliguria (<1 ml/kg/hr) or anuria over 6
hrs
Grade ll | 1.7 —2.5 mg/dI Mild AKI:
(141 — 220
pmol/l) a. Documented AKI and static or progressive
azotemia
b. Progressive azotemic increase in blood
creatinine;
20.3 mg/dl 226.4 umol/l) within 48 hours),
or volume responsiveness}
c. Measured oliguria (<1 ml/kg/hr) or anuria over 6
hrs
Grade 2.6 — 5.0 mg/dl Moderate to Severe AKI:
1] (221 - a. Documented AKI and increasing severities of
439umol/l) azotemia and functional renal failure
Grade | 5.1 -10.0 mg/d
v (440 - 880
pgmol/l)
Grade V >10.0 mg/dI

(>880 umol/l)
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Table 3: IRIS Staging of CKD:-

CKD Stage | Blood Clinical Description
creatinine
At Risk <125umol/l History suggests the animal is at increased risk
<1.4 mg/dl of developing CKD in the future because of a
' number of factors (such as, exposure to
nephrotoxic drugs, breed, high prevalence of
infectious disease in the area, or old age).
1 <125umol/l Nonazotemic. Some other renal abnormality
<1.4 mg/dl present (such as, inadequate urinary
' concentrating ability without identifiable nonrenal
cause, abnormal renal palpation or renal
imaging findings, proteinuria of renal origin,
abnormal renal biopsy results, increasing blood
creatinine concentrations in samples collected
serially)
2 125-180 ymol/l | Mild renal azotemia (lower end of the range lies
1.4-2.0 mg/dl within reference ranges for many laboratories,
B but the insensitivity of creatinine concentration
as a screening test means that animals with
creatinine values close to the upper reference
limit often have excretory failure). Clinical signs
usually mild or absent.
3 181-440umol/l | Moderate renal azotemia. Many extrarenal
2.1-5.0 mg/di clinical signs may be present.
4 >440umol/l Increasing risk of systemic clinical signs and
>5.0 mg/dl uraemic crises
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3.5 Estimation of Biomarkers:

3.5.1 Estimation of lipocalin (NGAL) by Enzyme Linked Immunosorbent
Assay(ELISA)

The blood samples were allowed to clot for 10 to 20 minutes at room
temperature and centrifuged at 2000-3000 rpm for 20 minutes.

The ELISA assay procedure was carried out as per the instructions given
by the Canine NGAL ELISA kit (Plate 1).

1. All reagents were brought to room temperature before use. The assay was
performed at room temperature and dilute samples with sample diluent.

2. 100 ul standards/ calibrator dilution were added to the standard well (A to H)
and 100 ul sample diluent added to one well as a blank.

3. 100 pl of diluted serum samples were added to sample wells in duplicates, the
plate was covered with a sealer and incubated at room temperature for 60
minutes.

4.The sealer was removed and plate was washed 3 times with 300 ul wash buffer
each time. After that the plate was blotted onto a paper towel.

5. 100 ul Biotinylated Dog-NGAL Antibody was added to each well. Plate was
covered with a new sealer and incubated for 60 minutes at room temperature.

6. The sealer was removed and plate was washed 3 times with 300 pl wash
buffer each time. After that the plate was blotted onto a paper towel.

7. 100 pl HRP-Streptavidin was added to each well. Plate was covered with a
new sealer and incubated for 60 minutes at room temperature.

8. The sealer was removed and plate was washed 3 times with 300 ul wash
buffer each time. After that the plate was blotted onto a paper towel.

9. 100 pl TMB Substrate was added in each well. Plate was covered with a new
sealer and incubated for 10 minutes at room temperature in the dark which
developed blue color by reaction between HRP streptavidin and TMB substrate.

10. 100 pl stop solution was added to each well where the blue color changed to
yellow immediately.

11.The Optical Density (OD) value of each well was measured immediately using
a microplate reader set at 450 nm.
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3.5.2 Estimation of beta 2 microglobulin by Enzyme Linked Fluroscent

Assay (ELFA)

The assay principles combine a two-step enzyme immunoassay sandwich

method with a final fluorescent detection (ELFA).

1. Allow all the reagents to come at room temperature for at least 30 minutes.

2. Use one B2M strip and one B2M SPR for each sample, control or calibrator to
be tested.

3. Type or select B2M to enter the test code. The calibrator must be identified by
S1 and tested in duplicate.

4. Mix the calibrator, controls and samples using a vortex type mixer.

5. Pipette 100 pl of calibrator, sample or control into the sample well.

6. Insert the SRPs and strips into the instrument.

7. Initiate the assay, all the assay steps are performed automatically by
instrument. The assay will be completed within approximately 40 minutes.

3.6 Urine analysis

Urine samples were collected in a sterile container and examined for
routine urine analysis. (Benjamin, 1985). Following parameters were studied
1) Physical Examination of urine
2) Chemical Examination of urine

3) Microscopic Examination of urine

3.6.1 Physical Examination of urine :

Colour, odour, pH and transparency of urine samples were evaluated.
(Benjamin, 1985).

3.6.2 Chemical Examination of urine :

Protein in urine is estimated by routine chemical examination of urine.
The test is known as Heller’s Nitric Acid ring test. Procedure is as follows,

1. Take a sterile test tube and add 3 ml of conc.HNOs3,
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2. Add 3 ml of urine in conc. HNOs in such a way that urine would not get
mixed with HNO3 and forms a separate, distinct layer over it.
Interpretation:- White colour ring at the junction of two layers confirms the

presence of protein in urine (Benjamin, 1985).

3.6.3Microscopic examination of urine sediment:

The well mixed urine samples in Eppendorf tube were centrifuged for 10
minutes at 1000 — 2000 rpm. The supernatant was discarded and Eppendorf
tube was shaken to break up the sediment and one drop of it is taken on the
glass slide and covered with coverslip. The unstained slide is examined
immediately under low power (10 X objective) and high power (40 X objective) of
light microscope according to the method given by Brar (2000). Smear will be

prepared of the sediment and stained with the field stain for further examination.

3.7 Post mortem and gross examination

Two post mortem cases of dogs suspected for renal disorders were
selected for this study. Detailed postmortem examination was carried out. Piece
of kidney and liver of clinical cases were collected in 10 percent neutral buffered

formalin for histopathological examination.

3.8 Histological staining and classification

Tissue samples of kidneys and liver of clinical cases were dehydrated in
ascending grade of alcohol cleared in xylene and embedded in paraffin wax. Four
to five micron thick sections were stained with routine hematoxylin and eosin-

staining method by Luna, (1968) and tissue were examined.
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3.9Histochemistry:

For histochemistry Masson’s trichrome staining and van kossa staining

were performed.

3.10Statistical analysis

All the data recorded during the study was subjected to statistical analysis
by applying Completely Randomized Design (CRD) as suggested by Snedecor
and Cochran, (2004).
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4. RESULT AND DISCUSSION

The present study entitled withclinicopathological studies of canine renal
dysfunction with special reference to lipocalin (NGAL) and beta 2 microglobulin
(B2M) biomarkers was undertaken in the Department of Veterinary Pathology,
Bombay Veterinary College, Parel, Mumbai to find out the incidence rate of
canine renal dysfunction in and around Mumbai, to asses clinicopathology of

renal failure by using biomarkers such as lipocalin and beta 2 microglobulin.

Fifty (50) cases of renal failure in dogs from different breed, sexwas
included in this study. Dogs were categorized in 3 groups,acute kidney failure
on the basis of symptoms of acute kidney failure include lethargy, poor or absent
appetite, decrease in the frequency and amount of urination, vomiting and
hemato-biochemical observations. Chronic kidney failure on the basis of
Depression, Weight loss, Increased thirst, Lack of appetite (anorexia), Blood in
the urine (hematuria), increase in the frequency and amount of urination and
hemato-biochemical observations. Healthy dogs were selected on the basis of
clinical examination and hemato-biochemical observations.Serum samples were
collected from dogs having acute kidney failure (30) and chronic kidney failure

(14). 6 serum samples were collected from healthy dogs.

Result and discussion is as follows according to chronology of research
work,

4.1 Incidence of canine real disorders with respect to age, breed and
sex

4.2 Haematological alterations in canine renal disorders

421 Hb

422 PCV

423 TEC

4.2.4 Erythrocytic indices (MCV, MCH & MCHC)
425 TLC

426 DLC
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4.3 Biochemical alterations in canine renal disorders
431 LFT
432 KFT
4.4 Urine analysis
4.5 Estimations of renal biomarkers in canine renal disorders
451 Lipocalin (NGAL) estimations by ELISA method
4.5.2 Beta 2 microglobulin estimations by ELFA method
4.6 Gross lesions of renal disorders in dogs

4.7 Histopathological examinations

4.1 Incidences of canine renal disorders with respect to age, sex and breed

Serum biochemistry data of the clinical cases of renal disorders (serum
creatinine> 1.5 mg/dl) over a period of two years (2015- 2017) were studied in
order to record the incidence of renal failure cases. Over a period of 8 months
(February 2017- September 2017), total of fifty clinical samples and three post
mortem cases were considered for this study. On the basis of clinical signs,
clinical cases were divided into three groups, on the basis of age, clinical cases
were divided in three groups and on the basis of breeds, clinical cases were

divided into five groups.

4.1.1 Age wise incidence:

On the basis of departmental survey of clinical samples of last five years,
observations of the total and percent population affected in relation to different
age groups are presented in Table 4. The age of the dogs affected with canine
renal disorders in the survey study varied from 1 year to 11 years. Highest
incidence was recorded in the age group of 6-10 years (66.67%), followed by 0-5
years of age (22.22%) and11-15 years (11.11%).
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Observations of the clinical samples in relation to different age groups are
presented in Table 5. The age of the dogs affected with canine renal disorders in
the present study varied from 0.5 years to 11 years. Highest incidence was
recorded in the age group of 6-10 years (52.27%; ARF(73.33%) and
CRF(26.67%)), followed by 0-5 years of age (34.1%; ARF(56.52%) and
CRF(43.48%)) and lowest in the age group of 11-15 years (ARF:13.63%)

respectively.

These findings are in accordance with findings of Srinivasan et al. (1993)
found that out of 50 canine patients diagnosed with primary renal insufficiency,
52% were in the age group of 5-10 years, 36% were more than 10 years and
12% were less than 5 years old. Polzin et al., (2005), they had reported the mean
age of diagnosis of chronic renal failure in dogs of 6.5 years. Mrudula et al.,

(2005) found that the mean age of affected animals was 7.5 years.

This might be due to the fact that with advancing age blood flow to the
kidney decreases and there is a loss of nephrons, the resorption process with in
the prevailing nephrons also gets impaired with advance in age (Grauer and
Lane,1995).

Yhee (2010) reported that the 5-6 years of age was most common age to
be affected with chronic renal failure. Bartlett et al., (2010) found that the chronic
kidney disease in dogs occurs at the average 9.9 years of age. Sharma and
Shrestha (2012) reported that 5-10 years age group found to be more vulnerable
for renal disorders, followed by 10-15 years and 0-5 years old. Kandula and
Karlapudi (2014) found prevalence of renal failure was higher in dogs of above 8
years of age as compared to dogs upto 4 years of age. This is in agreement with

the present study.
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4.1.2 Sex wise incidence:

On the basis of departmental survey of clinical samples of last two years,
observations of the total and percent population affected in relation to different
age groups are presented in Table 4. In the survey study, out of 27 cases, 18
cases were recorded in males (66.67%) and 9 cases were recorded in females
(33.33%).

Observationsof the clinical samples in relation to sex are presented in
Table 5. In the present study, out of 44 cases, 28 cases were recorded in males
(63.63%; ARF(64.29%) and CRF(35.71%)) and 16 cases were recorded in
females (36.37%; ARF(75%) and CRF(25%)).

These findings of the present study were supported by Srinivasan et al.
(1993), Vaden et al., (1997), Sastry and Rama Rao (2001), Mrudula et al.,
(2005), Vegad (2005), Sharma and Shrestha (2012) and Oburai et al, (2015) they
found that prevalence of renal insufficiency was more in male dogs than female
dogs. Higher prevalence of renal failure inmale dogs could be due to more risk
associated withurolithiasis in male than female due toanatomic
characteristics as male dog has long urethra along with OS-penis (Bjorling,
2003).

Whereas, Kandula and Karlapudi (20142) found prevalence of renal
insufficiency in female dogs(63.16%). This might be due to various unhygienic
managemental practices during puerperal stage that may lead to genital

infection, which may progress as urogenital complaints (Tilley and Smith, 2007).

4.1.3 Breed wise incidence:

On the basis of departmental survey of clinical samples of last five years,
observations of the total and percent population affected in relation to different

age groups are presented in Table 4. In this survey study, maximum incidence
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was observed in Labradors (29.62%) and non-descript breeds (25.92%) followed
by Pomeranian (11.11%) and German shepherd (3.70%).

Observations of the clinical samples in relation to different breeds are
presented in Table 5. In this study, maximum incidence was observed in
Labradors (40.90%) and Pomeranian breeds (15.90%) followed by non-descript
(13.63%), and German shepherd (9.09%).

Higher incidence of renal disorders is seen in Labrador. It might be due to
inadequate knowledge about the feeding (giving more than required amount of
protein) (Sharma and Shrestha, 2012) and distribution of a particular breed in the

geographical area where the study was carried out.

Kandula and karlapudi (20142) reported high prevalence of renal
insufficiency inbreeds affected were Labrador retriever (21.05%) followed by
German shepherd (15.79%) and Boxer, Doberman pinscher, Pomeranian and
Pug (5.26%, each). Tufani et al., (2015) recorded highest incidence in Labrador
(18%) followed by Pomeranian (16%).
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Table 4: Incidence of renal disorders in canines- Departmental survey (2015

-2017)
Age Total cases | Creatinine (1.5-5 | Creatinine (above
mg/dl) 5 mg/dl)
0-5 6 4 2
6-10 18 14 4
10-15 3 1 2
Total 27 19 8
Sex
Male 18 14 4
Female 9 5 4
Total 27 19
Breed
Pomeranian 3 2 1
Non-descript 7 3 4
German shepherd 1 1 0
Labrador 8 7 1
Other Species 8 6 2
Total 27 19 8
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Table 5: Summary of Incidence of renal disorders in canines(clinical cases)

Age Total cases ARF CRF Healthy
0-5 19 11 04 4
6-10 25 13 10 2
10-15 06 06 00 00
Total 50 30 14 6
Sex

Male 31 18 10 3
Female 19 12 4 3
Total 50 30 14 6
Breed

Pomeranian 7 6 1 0
Non-descript 6 4 2 0
German 4 1 3 0
shepherd

Labrador 22 15 3 4
Other Species 11 4 5 2
Total 50 30 14 6
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4.2 Hematological alteration in canine renal disorder

The mean value of hemoglobin (Hb) were 10.60 £ 0.55, 7.75 + 0.16
and12.20 + 0.42, Total erythrocyte count (TEC) as 5.01 + 0.24, 3.72 + 0.13 and
5.6 £ 0.14 and Packed cell volume (PCV) as 33.43 = 1.47, 23.34 + 4.0.68 and
36.02 £ 0.99 respectively for groups ARF, CRF and Healthy. The mean of MCV
were64.19 + 1.25, 66.88 + 1.16 and 65.74 + 1.05, MCH were 22.08 + 0.38, 21.74
+ 0.48 and 21.56 + 0.18 and MCHC were 32.35 + 0.47, 32.82 + 0.41 and 33.12 +
0.53respectively for groups ARF, CRF and Healthy. The mean of mean of TLC
were 18.5 £1.23, 19.75 + 2.7 and 12.99 + 1.68 respectively for ARF CRF and
Healthy groups.

The observations of mean + S.E. values of Hb, PCV, TEC, MCV, MCH,
MCHC, TLC, Neutrophils and platelets of renal failure dogs were given in Table
6,7,8,9 and figure 1 to 6.

There was statistically significant (P < 0.05) difference in the values of
Hb, PCV, TEC and TLC values in different groups (Table 10).

In the present study, out of 50 clinical cases, 24 cases (48%) showed
reduction in the values of Hb, 22 cases (44%) showed reduction in values of PCV
and 22 cases (44%) showed reduction in TEC values.

There was no significant reduction in the values of MCH but 16 and 9
cases showed reduction in the values of MCV (32%) and MCHC (18%)

respectively in the cases of renal failure in dogs.

Out of 50 clinical cases 14 cases (28%) showed reduction in the value of
platelets. 24 cases(48%) showed increase in the value of TLC. There were28

cases (56%) which showed increase in the value of neutrophils.
There were statistically non-significant(P < 0.05) variations in

hematological parameters within different breeds of dogs (Table 11) anddifferent

age group (Table 12).
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Decrease in Hb (anemia), PCV and TEC in dogs suffering from renal
failure might be due to degeneration of tubular epithelium along with fibrous
tissue proliferation in interstitial space as well as around glomeruli. Due to this
there is less production of erythropoietin from juxtaglomerular apparatus which
ultimately leads to reduction in the erythropoiesis (Cowgill et al. 1998) and
increase in TLC and neutrophils might be due to various inflammatory lesions in

kidneys and other systems of the body (Senior et al, 1986).

These findings were in accordance with the reports of previous studies by
Wright et al., (1976), Miyamoto et al., (1997), Robertson and Seguin (2008),
Polzin (2011) and Sperschneider (1977) recorded anemia in chronic renal
insufficiency. Picut (1985), Cowgill (1992) and Oishi et al., (1995) observed
decrease in hemoglobin, TEC and PCV values in cases of renal insufficiency.
Whereas, Bradea, et al., (2013), Kandula and Karlapudi (2015) and Oburai et al.
(2015) found that there was decrease in values of Hb, PCV and TEC and

increase in leukocytes along with neutrophilia.
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Table 6: Mean values of Hematological Parameters in clinical cases: (Group

wise)
Parameters Group of Animals
ARF CRF Healthy
Hb (g/dl) 10.60 £ 0.55° 7.75+0.16° 12.20 £ 0.42°
PCV (%) 33.43+1.47° 24.34 + 0.69° 36.027 + 0.99°
TEC (10%cumm) | 5.01 £ 0.242 3.72+0.13° 5.603 + 0.14°

MCV (fl)

64.19 + 1.25NS

66.88 + 1.16NS

65.748 + 1.05NS

MCH (pg ) 22.08+0.37™ | 21.74 £ 0.48" 21.560 £ 0.18"
MCHC (g/dI ) 32.35% 0.47% | 32.82 % 0.41" 33.125 £ 0.53"
TLC (10%cumm) | 18.50 & 1.23° 19.75 £ 2.7° 12.997 * 1.68°
DLC | N (%) 79.20 £ 1.45% | 76.50  2.61N 72 £ 2.460%

L (%) 18.200+ 1.28"5 | 20.214+ 2.7 24.33% 2.37"8
PLT(Lacs/cumm) | 2.49 £ 0.27" 2.078 £ 0.52" 3.022 £ 0.52™

Values (mean £ SE) in the same row bearing at least one common superscript

do not vary significantly (P < 0.05).

Table 7: Mean values of Hematological Parameters in clinical cases: (Age

wise)
Parameters Group of Animals
0-5 years 6-10 years 11-15 years

Hb (g/dI) 11.16 £ 0.81NS 10.069 + 0.63NS 11.25+ 1.08Ns
PCV (%) 33.87 £ 2.36M8 32.44 + 1.8NS 34.67 £ 3.07Ns
TEC (10%cumm) | 5.27 + 0.36NS 4.73 + 0.29N8 5.28 + 0.45NS
MCV (fl) 64.87 + 1.8NS 64.6 + 1.25N8 67.22 + 2.13N8
MCH (pg) 22.17 £ 0.49N8 22.61 + 0.39NS 22.9 + 0.92Ns
MCHC (g/dl) 33.38 £ 0.42N8 31.93 £ 0.54N8 32.47 £ 0.85N8
TLC (10%cumm) | 21.76 + 2.12NS 17.36 £ 1.74NS 17.61 £ 0.59NS
DLC | N (%) 80.67+ 2.25NS 76.78 + 1.85N8 78.5 £ 2.06NS

L (%) 16.8+ 2.07NS 20.35 + 1.85NS 18.17+ 1.18NS
PLT(Lacs/cumm) | 2.85 + 0.5NS 2.47 £ 0.24N8 3.32 £ 0.93\

Values (mean + SE) in the same row bearing at least one common superscript

do not vary significantly (P < 0.05).
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Table 8: Mean values of Hematological Parameters in clinical cases: (Breed

wise)
Parameters Breed
Labrador German Nondescript
Shephard
Hb (g/dl) 9.91 + 0.69NS 8.07 + 1.38NS 13.08 + 1.24NS
PCV (%) 31.72 + 1.79\8 25.47 + 4.83NS 40.11 + 3.58NS
TEC (108%/cumm) 4.75 + 0.32\8 3.91 +0.78NS 6.03 + 0.48NS
MCV (fl) 64.58 + 1.61NS 67.26 + 2.92NS 63.17 + 3.27\S
MCH (pg) 21.64 + 0.34NS 22.03 + 1.44Ns 21.46 + 0.63NS
MCHC (g/dl) 32.04 + 0.68NS 33.62 + 1.03NS 33.62 + 0.65NS
TLC (103/ cumm) 18.77 + 1.73NS 24.76 + 1.84NS 20.46 + 3.75NS
DLC | N (%) 76.83 + 1.93NS 72.75 + 7.78NS 81.83 + 1.92N8
L (%) 20.78 + 1.77NS 24+ 7.3NS 16+ 2.4NS

PLT (Lacs/ cumm) | 2.17 + 0.21NS 3.45 + 1.55N8 3.16 + 0.62NS

Values (mean = SE) in the same row bearing at least one common superscript

do not vary significantly (P < 0.05).

Table 9: Mean values of Hematological Parameters in clinical cases: (Breed

wise)
Parameters Breed
Pomeranian Other breeds
Hb (g/dl) 10.51 + 0.76M° 11.51+ 0.9
PCV (%) 31.31 + 1.95NS 36.58 + 2.66NS
TEC (10%cumm) 4.80 + 0.37M 5.40 + 0.36NS
MCV (fl) 64.35 + 1.66NS 66.79 + 1.44NS
MCH (pg) 22.89 + 1.04NS 22.25 + 0.56NS
MCHC (g/dlI) 32.57 £ 0.75M 32.06 + 035Ns
TLC (10°/ cumm) | 14.67 + 1.33NS 18.81 + 3.36Ns
DLC | N (%) 77.85+ 1.74N 81.88 + 2.3NS
L (%) 18.71+ 1.2N8 14.66x 2.29NS
PLT (Lacs/ cumm) | 2.56 + 0.37NS 3.32 £ 0.66NS

Values (mean + SE) in the same row bearing at least one common superscript

do not vary significantly (P < 0.05).
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Table 10: Analysis of variance of Hematological parameters in clinical

cases: (Group wise)

Parameters | S°Urceof ¢ | gs MS Fcal |CDvalue
variation at 5%
Treatments 2 124.349 62.175 11.910 .
2.654
Hb (g/dl) Error 47 | 245.350 5.220 -
Total 49 - - -
Treatments 2 947.246 | 473.623 | 10.707 | 7.726"
PCV (%) Error 47 | 2078.994 | 44.234 -
Total 49 - - -
Treatments 2 22.360 11.180 | 10.174 | 1 218"
TEC (108 )
Error 47 51.649 1.099 -
/cumm)
Total 49 - - -
Treatments 2 71.481 35.741 0.975
MCV (fl) Error 47 | 1723.700 | 36.674 - NS
Total 49 - - -
Treatments 2 2.000 1.000 0.266
MCH (pg) Error 47 176.438 3.754 - NS
Total 49 - - -
Treatments 2 4.229 2114 0.397
MCHC
Error 47 250.199 5.323 - NS
(g/dl)
Total 49 - - -
Treatments 2 455.291 227.646 3.796
TLC (103 .
Error 47 | 2818.463 | 59.967 - 8.995
/cumm)
Total 49 - - -
Treatments 2 281.880 140.940 1.952
N (%) Error 47 | 3394.300 | 72.219 - NS
Total 49 - - -
Treatments 2 3.956 1.978 0.614
PLT (10° Error 47 151.378 3.221 - NS
/cumm) Total 49 - - -

NS Non-significant

* Significant at P< 0.05
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Table 11: Analysis of variance of Hematological parameters in clinical

cases:(Age wise)

Parameters | S°Urc€of | ¢ | gg MS Fcal |CPvalue
variation at 5%
Treatments 2 13.754 6.877 0.699

Hb (g/dl) Error 41 | 403515 | 9.842 - NS
Total 43 - - -
Treatments 2 32.987 16.494 0.204

PCV (%) Error 41 | 3314.336 | 80.837 - NS
Total 43 - - -
Treatments 2 3.296 1.648 0.827

= Error 41 | 81714 | 1.993 ~|Ns

cumm )

Total 43 - - -
Treatments 2 33.502 16.751 0.399

MCV (fl) Error 41 | 1719.200 | 41.932 - NS
Total 43 - - -
Treatments 2 8.783 4,391 1.075

MCH (pg) Error 41 167.485 4.085 - NS
Total 43 - - -
Treatments 2 18.991 9.495 1.745

MCHC (g/dl) | Error 41 | 223.065 5.441 - NS
Total 43 - - -
Treatments 2 185.943 92.971 1.449

TLC (10° Error 41 | 2630.353 | 64.155 ~ |Ns

/cumm)
Total 43 - - -
Treatments 2 137.140 68.570 0.904

N (%) Error 41 | 3108.746 | 75.823 - NS
Total 43 - - -
Treatments 2 117.436 58.718 0.850

L (%) Error 41 | 2832.451 | 69.084 - NS
Total 43 - - -
Treatments 2 3.778 1.889 0.654

PLT Error 41 118.433 2.889 - NS

(Lacs/cumm) | Totg 43 - -

NS Non-significant

* Significant at P< 0.05
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Table 12: Analysis of variance of Hematological parameters in clinical

cases: (Breed wise)

Parameters | S°Urc€of | ¢ | gg MS Fcal |CPvalue
variation at 5%
Treatments 4 78.317 19.579 2.253

Hb (g/dI) Error 39 | 338.952 | 8.691 - NS
Total 43 - - -
Treatments 4 692.536 | 173.134 | 2.543

PCV (%) Error 39 | 2654.787 | 68.071 - NS
Total 43 - - -

TEC 6 Treatments 4 13.937 3.484 1.912

e (19 Error 39 | 71.073 | 1.822 ~|Ns

cumm)
Total 43 - - -
Treatments 4 75.338 18.835 0.438

MCV (fl) Error 39 | 1677.364 | 43.009 - NS
Total 43 - - -
Treatments 4 10.132 2.533 0.595

MCH (pg) Error 39 | 166.135 4.260 - NS
Total 43 - - -
Treatments 4 19.042 4.760 0.832

MCHC (g/dl) | Error 39 | 223.014 5.718 - NS
Total 43 - - -
Treatments 4 277.644 69.411 1.06

TLC (10° Error 39 | 2538.652 | 65.004 ~ |Ns

/cumm)
Total 43 - - -
Treatments 4 354.057 88.514 1.194

N (%) Error 39 | 2891.829 | 74.149 - NS
Total 43 - - -
Treatments 4 379.347 94.837 1.439

L(%) Error 39 | 2570.540 | 65.911 - NS
Total 43 - - -
Treatments 4 11.896 2.974 1.05

PLT Error 39 | 110.315 2.829 - NS

(Lacs/cumm) | Totg 43 - R -

NSNon-significant

* Significant at P< 0.05
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Figure 1: Mean values of Hb in clinical cases: (Group wise, Age wise, Breed
wise)
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Figure 2: Mean values of PCV in clinical cases: (Group wise, Age wise,
Breed wise)
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Figure 3: Mean values of RBC in clinical cases: (Group wise, Age wise,
Breed wise)
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Figure 4: Mean values of TLC in clinical cases: (Group wise, Age wise,
Breed wise)
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Figure 5: Mean values of Neutrophils in clinical cases: (Group wise, Age
wise, Breed wise)
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Figure 6: Mean values of platelets in clinical cases: (Group wise, Age wise,
Breed wise)
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4.3 Biochemical alterations in canine renal disorders

In the present study, the mean of BUN and creatinine was 114.2 + 15.66,
91.75 + 22, 20.46 £+ 2.45 and 10.74 £ 0.96, 4.42 + 0.89, 1.05 £ 0.13 respectively
for ARF, CRF and Healthy groups. The mean of SGOT was 73.37 + 9.89, 42. 96
+ 3.58 and 41.27 + 3.41, SGPT was 88.44 + 9.89, 62.67 + 7.9 and 50.04 + 4.76,
ALP was 358.55 + 121.07, 132.38 + 15.3 and 108.8 + 29.27, TB was 1.43 + 0.35,
056 + 0.2 and 0.62 + 0.13, TP was 6.36 + 0.18, 6.59 + 0.16 and 6.42 + 0.34, ALB
was 2.58 + 0.08, 2.55 + 0.15 and 2.61 + 0.22 respectively for ARF, CRF and
Healthy groups.

The mean £ SE values of SGPT, SGOT, ALP, serum total protein, serum
albumin, serum globulin, TB, DB, IB, BUN and serum creatinine in clinical cases
of canine renal failure according to group wise, age wise and breed wise were
recorded in Table 13, 14, 15, 16 respectively and graphical representation of

these values was given in Figure 7 to 14.

There was statistically significant (P < 0.05) variation in the values of BUN
and creatinine within the groups (Table 17). These findings might be due
because of ARF and CRF there might be damage to kidney leading to increase in

BUN and serum creatinine level.

In the present study, out of 50 clinical cases, 10 cases (20%) showed
elevation in the values of SGPT, 14 cases (28%) showed elevation in values of
SGOT and 19 cases (38%) showed elevation in ALP values. There were 8 cases
(16%), 4 cases (8%) and 8 cases (16%) having elevated values of TB, IB and DB

respectively.

There were statistically non-significant (P < 0.05) variations in biochemical
parameters within different breeds (Table 18) but there was statistically
significant variation found in the values of SGPT within different age group (Table
19).

In renal insufficiency there is increase in the level of creatinine and BUN
which might be due lesions were seen in glomeruli which results inreduction in

the rate of glomerular filtration rate which invariably caused increase in the
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values of BUN and creatinine as there is rate of production exceeds rate of
excretion. Higher amount of BUN in circulation causes endothelial degeneration
and hepatic degeneration which leads to elevation in values of SGPT and ALP.
There is decrease in the values ofTP and ALB could be due to an increased
filtration of protein and albumin through glomeruli owing to its molecular size and
excretes through urine (Booth, 1990 and Shaw and Ihle 2013).

These results were in accordance with the findings of previous studies by
Picut (1985), Macdougall et al., (1986), Benjamin (2001), DiBartola (2005) and
Sharma and Shrestha (2011) they found that increase in creatinine and BUN
level in renal failure dogs. Miyamoto et al. (1997), Robertson and Seguin (2008)
and Kandula and Karlapudi (2015) had recorded elevation in creatinine and BUN
level whereas, decrease in total protein and albumin in dogs with kidney
failure.Adin and Cowgill (2000)observed average BUN concentration was 122 +
71 mg/dL whereas the average Serum creatinine concentration was 7.5 = 5.0
mg/dL in cases of acute renal failure and Koyner et al., (2010) found that AKI
patient had higher serum creatinine. Cowgill (1992), Bradea, et al., (2013) and
Oburai et al. (2015) found increase in the values of creatinine and BUN in dogs
with CKD.
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Table 13: Mean values of Biochemical parameters in clinical cases: (Group

wise)
Parameters Group of Animals
ARF CRF Healthy
SGPT (IU/L) 88.44 + 9.19\S 62.67 + 7.9"S 50.04 + 4.76NS
SGOT(IU/L) 73.373 £ 9.89N | 42.96 + 3.58NS 41.27 + 3.41NS
ALP(IU/L) 358.55 132.38 £ 15.30NS 108.8+ 29.27NS
+121.07N8
TP (g/dl) 6.36 + 0.18Ns 6.59 + 0.16NS 6.42 + 0.34NS
ALB (g/dl) 2.58 + 0.08Ns 2.55+0.15N8 2.61+0.22N8
GLB (g/dl) 3.76 £ 0.19NS 3.94 £ 0.23\ 3.81+£0.3N
TB (mg/dl) 1.43 £ 0.35NS 0.56 + 0.12Ns 0.62 £ 0.13Ns
DB (mg/dl) 0.75 £ 0.21NS 0.26 + 0.05Ns 0.28 + 0.06Ns
IB (mg/dl) 0.67 £ 0.17NS 0.29 £+ 0.06Ns 0.34 £ 0.07Ns
BUN (mg/dl) 114.2 £15.66° 91.75 £ 222 20.46 + 2.45°
CREAT (mg/dl) | 10.74 £ 0.96° 4.42 + 0.89° 1.05+0.13°

Values (mean = SE) in the same row bearing at least one common superscript

do not vary significantly (P < 0.05).

Table 14: Mean values of Biochemical parameters in clinical cases: (Age

wise)

Parameters Group of Animals

0-5 years 6-10 years 11-15 years

SGPT (IU/L) 100.81 + 14.22° 63.64 + 7.07° 92.48 + 15.942
SGOT(IU/L) 73.63 + 16.62NS 50.9 + 3.51NS 82.883 + 21.14NS
ALP(IU/L) 543.21+ 223.89N | 154.35 + 41.08NS | 153.382 + 40.84NS
TP (g/dl) 6.55 + 0.24NS 6.32 £ 0.18Ns 6.573 + 0.42N8
ALB (g/dl) 2.72 + 0.1NS 25%0.1N8 2.697 £ 0.26 NS
GLB (g/dl) 3.79 £ 0.28Ns 3.82 £ 0.19" 3.877 £ 0.41N8
TB (mg/dl) 1.28 + 0.46MNS 1.09 £ 0.36MS 1.048 £ 0.3NS
DB (mg/dl) 0.7 + 0.19NS 0.46 + 0.25NS 0.503 + 0.24 NS
IB (mg/dl) 0.58 + 0.28Ns 0.62 + 0.13Ns 0.545 £ 0.79Ns
BUN (mg/dl) 92.56 + 22.03\s 101.41 £ 16.63NS | 165.032 + 23.65NS
CREAT (mg/dl) | 8.32 + 1.08Ns 7.98 £ 1.27N 12.618 £ 1.97\S

Values (mean £ SE) in the same row bearing at least one common superscript

do not vary significantly (P < 0.05).
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Table 15:Mean values of Biochemical parameters in clinical cases:(Breed

wise)
Parameters Breed
Labrador German Shephard Nondescript

SGPT (IU/L) | 78.74 + 10.97NS 68.57 + 4.86 NS 75.98 + 19.61NS
SGOT(IU/L) | 68.83 +14.15NS 43.5+7.45N8 62.04 + 8.18NS
ALP(IU/L) 266.92 + 64.18NS 91.35+ 34.79NS 671.52 + 513.37NS
TP (g/dl) 6.46 + 0.23 NS 6.3+ 0.57NS 6.31 + 0.25NS
ALB (g/dl) 245+ 01N 2.56 + 0.2NS 2.86 + 0.15NS
GLB (g/dl) 3.99 + 0.25NS 3.74 £ 0.37NS 3.45+0.37NS
TB (mg/dl) 1.77 £ 0.57 NS 0.42 +0.01Ns 0.85 + 0.23Ns
DB (mg/dl) 0.94 + 0.34Ns 0.29 + 0.23Ns 0.39 +0.11NS

IB (mg/dl) 0.82 +0.27NsS 0.21 + 0.01Ns 0.46 + 0.12NS
BUN (mg/dl) | 88.19 + 18.37NS 187.15 + 49.44 NS 99.52 + 34 42 NS
CREAT 8.66 + 1.44NS 10.92 + 3.53 NS 8.05 + 3.39NsS
(mg/dl)

Values (mean = SE) in the same row bearing at least one common superscript

do not vary significantly (P < 0.05).

Table 16: Mean values of Biochemical parameters in clinical cases :(Breed

wise)
Parameters Breed
Pomeranian Other breeds

SGPT (IU/L) | 86.94 + 14.33Ns 88.75 + 18.92NS
SGOT(IU/L) |82.02 +21.19N8 45.91+4.19Ns
ALP(IU/L) 126.15 + 19.95M8 281.84 + 142.17 NS
TP (g/dl) 6.48 + 0.26 NS 6.48 + 0.33NS
ALB (g/dl) 2.63+0.13Ns 2.74 £ 0.24Ns
GLB (g/dl) 3.84 £ 0.28M 3.74 £ 0.35M

TB (mg/dl) 0.61 +0.04Ms 0.86 + 0.23Ns

DB (mg/dI) 0.26 + 0.02Ns 0.48 + 0.18Ns

IB (mg/dl) 0.34 +£ 045N 0.38 + 0.49N8
BUN (mg/dl) | 116.78 + 30.83N® 106.66 + 23.41 NS
CREAT 10.62 + 1.8NS 6.87 £ 1.43NS
(mg/dl)

Values (mean £ SE) in the same row bearing at least one common superscript

do not vary significantly (P < 0.05).
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Table 17: Analysis of variance of Biochemical parameters in clinical cases:

(Group wise)

Source of CD

Parameters variation Df | SS MS F cal value

at 5%

SGPT Treatments | 2 11156.820 5578.410 2.940

(IU/L) Error 47 | 89175464 | 1897.350 - NS
Total 49 - - -
Treatments | 2 10750.711 5375.355 2.773

(SIS/%T Error 47| 91096.459 | 1938223 - |Ns
Total 49 - - -
Treatments | 2 656845.735 | 328422.868 | 1.163

ALP (IU/L) | Error 47 | 13269115.794 | 282321.613 - NS
Total 49 - - -
Treatments | 2 0.513 0.257 0.287

TP (g/dl) Error 47 41.998 0.894 - NS
Total 49 - - -
Treatments | 2 0.053 0.026 0.096

ALB (g/dl) | Error 47 12.913 0.275 - NS
Total 49 - - -
Treatments | 2 0.283 0.141 0.142

GLO(g/dl) Error 47 46.859 0.997 - NS
Total 49 - - -
Treatments | 2 8.698 4.349 1.714

TB (mg/dl) | Error 47 119.273 2.538 - NS
Total 49 - - -
Treatments | 2 2.834 1.417 1.561

DB (mg/dl) | Error 47 42.670 0.908 - NS
Total 49 - - -
Treatments | 2 1.626 0.813 1.409

IB (mg/dl) Error 47 27.119 0.577 - NS
Total 49 - - -
Treatments | 2 44411.016 22205.508 3.302

BUN Error 47 | 316043749 | 6724.335 - | 5332

(mgldi) Total 49 - - i
Treatments | 2 691.778 345.889 16.417

CREAT Error 47| 990215 21.068 ~ | 95.256*

(mgldi) Total 49 - - i

NSNon significant

* Significant at P< 0.05
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Table 18: Analysis of variance of Biochemical parameters in clinical cases:

(Age wise)
Source of cD

Parameters A Df | SS MS F cal value
variation o

at 5%

Treatments | 2 13586.781 6793.391 3.434

SGPT .

(IU/L) Error 41| 81112.086 | 1978.344 - 51.873
Total 43 - - -
Treatments | 2 7431.346 3715.673 1.665

SGOT Error 41 91500.060 2231.709 - NS

(IU/L)
Total 43 - - -
Treatments | 2 | 1496520.107 | 748260.053 | 2.508

ALP (IU/L) | Error 41 | 12231312.623 | 298324.698 - NS
Total 43 - - -
Treatments | 2 0.586 0.293 0.320

TP (g/dl) Error 41 37.530 0.915 - NS
Total 43 - - -
Treatments | 2 0.528 0.264 1.014

ALB (g/dl) | Error 41 10.664 0.260 - NS
Total 43 - - -
Treatments | 2 0.028 0.014 0.013

GLO(g/dl) Error 41 43.822 1.069 - NS
Total 43 - - -
Treatments | 2 0.414 0.207 0.068

TB (mg/dl) | Error 41 125.443 3.060 - NS
Total 43 - - -
Treatments | 2 0.550 0.275 0.407

DB (mg/dl) | Error 41 27.745 0.677 - NS
Total 43 - - -
Treatments | 2 0.042 0.021 0.019

IB (mg/dl) Error 41 44.784 1.092 - NS
Total 43 - - -
Treatments | 2 24050.586 12025.293 1.663

BUN Error 41 | 296514.544 7232.062 - NS

(mg/dl)
Total 43 - - -
Treatments | 2 105.846 52.923 1.716

CREAT Error 41| 1264391 30.839 - |Ns

(mg/dl)
Total 43 - - -

NSNon significant

* Significant at P< 0.05
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Table 19: Analysis of variance of Biochemical parameters in clinical cases:

(Breed wise)

Source of CD

Parameters variation Df | SS MS F cal value

at 5%
SGPT Treatments | 4 2365.006 591.251 0.250

(IU/L) Error 39| 92333.862 | 2367.535 - NS
Total 43 - - -
Treatments | 4 7299.732 1824.933 0.777

(SIS,?)T Error 39| 91631674 | 2349.530 ~ |Ns
Total 43 - - -
Treatments | 4 | 1228822.488 | 307205.622 | 0.959

ALP (IU/L) | Error 39 | 12499010.241 | 320487.442 - NS
Total 43 - - -
Treatments | 4 0.220 0.055 0.057

TP (g/dl) Error 39 37.896 0.972 - NS
Total 43 - - -
Treatments | 4 1.002 0.251 0.959

ALB (g/dl) | Error 39 10.190 0.261 - NS
Total 43 - - -
Treatments | 4 1.430 0.358 0.329

GLB(g/dl) Error 39 42.420 1.088 - NS
Total 43 - - -
Treatments | 4 12.289 3.072 1.055

TB (mg/dl) | Error 39 113.568 2.912 - NS
Total 43 - - -
Treatments | 4 3.939 0.985 0.939

DB (mg/dl) | Error 39 40.888 1.048 - NS
Total 43 - - -
Treatments | 4 2.348 0.587 0.882

IB (mg/dl) Error 39 25.947 0.665 - NS
Total 43 - - -
Treatments | 4 33070.689 8267.672 1.121

BUN Error 39| 287566553 | 7373.501 ~ |Ns
(mgldi) Total 43 - - -
Treatments | 4 78.167 19.542 0.590

CREAT Error 39 1292.071 33.130 - NS
(mgldi) Total 43 - - -

NSNon significant

* Significant at P< 0.05
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Figure 7: Mean values of SGPT in clinical cases: (Group wise, Age wise,
Breed wise)

SGPT
100
£ g0
2
c 60
2
- 40
G 20
)
0 |
ARF CRF Healthy
SGPT
120
= 100
2 80
o
2 60 t
E 40
»n 20
0 T T
0-05 years 06-10 years11-15 years
SGPT
100

SGPT(unit/lit)
N A O ®

OO0 o oo

| o—

| —

| ——




Figure 8: Mean values of SGOT in clinical cases: (Group wise, Age wise,
Breed wise)
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Figure 9: Mean values of ALP in clinical cases: (Group wise, Age wise,
Breed wise)
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Figure 10: Mean values of TP in clinical cases: (Group wise, Age wise,
Breed wise)
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Figure 11: Mean values of ALB in clinical cases: (Group wise, Age wise,
Breed wise)
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Figure 12: Mean values of TB in clinical cases: (Group wise, Age wise,
Breed wise)
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Figure 13: Mean values of creatinine in clinical cases: (Group wise, Age
wise, Breed wise)
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Figure 14: Mean values of BUN in clinical cases: (Group wise, Age wise,
Breed wise)
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4.4 Urinalysis

The Summary of the findings of urinalysis in clinical cases was given in
Table 20. In the present study, all clinical cases were positive for protein in
chemical examination of urine except 6 healthy cases which have taken as
control. All samples were ammonical in odour. Color varied from faint yellow to
dark yellow to brown and pH varied from 4.5 to 5.5. Microscopic examination of
urine samples revealed uric acid and triple phosphate crystals in some cases.
This is in agreement with the findings of Brown et al., (1985), Picut and Lewis
(1987P), Robertson and Seguin (2008), Harley and Langston (2012) and Oburai
et al. (2015).

Any small proteins that pass through a healthy glomerulus are reabsorbed
by the renal tubules whereas, persistent proteinuria, is usually an indication of
renal damage or dysfunction and less commonly persistent proteinuria can be
caused by increased circulating levels of low molecular weight proteins (Harley
and Langston, 2012).
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Table 20: Summary of Urinalysis of urine samples collected from clinical

cases
Parameters | Protein | Colour Odor pH | Transparency
Case No.
1 Present | Pale Ammonical | 5.0 | Cloudy
Yellow
2 Present | Yellow Ammonical | 6.5 | Cloudy
3 Present | Yellow Ammonical | 6.5 | Cloudy
4 Present | Brown Ammonical | 5.0 | Cloudy
5 Present | Yellowish | Ammonical | 7.0 | Cloudy
brown
6 Present | Pale Ammonical | 5.5 | Hazy
yellow
7 Present | Yellow Ammonical | 5.5 | Clear
8 Present | Pale Ammonical | 5.5 | Hazy
Yellow
9 Present | Brownish | Ammonical | 6.0 | Clear
Yellow
10 Present | Faint Ammonical | 5.0 | Slightly cloudy
yellow
11 Present | Faint Ammonical | 4.5 | Cloudy
yellow
12 Present | Yellow Ammonical | 5.5 | Clear
13 Present | Faint Ammonical | 6 Clear
yellow
14 Present | Yellow Ammonical | 6.5 | Cloudy
15 Present | Faint Ammonical | 6.5 | Clear
yellow
16 Present | Faint Ammonical | 5.0 | Cloudy
yellow
Present | Yellow Ammonical | 4.5 | Clear
17
18 Present | Dark Ammonical | 6.0 | Cloudy
Yellow
19 Present | Brown Ammonical | 6.0 | Cloudy
20 Present | Yellow Ammonical | 6.5 | Clear
21 present | Dark Ammonical | 4.5 | Clear
yellow
22 Present | Brown Ammonical | 5.0 | Clear
23 Present | Yellow Ammonical | 6.5 | Cloudy
24 Present | Pale Ammonical | 6.0 | Cloudy
25 present | Yellow Ammonical | 5.5 | Clear
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...Summary of Urinalysis

Parameters | Protein | Colour odor pH Transparency

Case No.

26 Present | Faint Ammonical | 5.0 Clear
Yellow

27 Present | Yellow Ammonical | 5.5 Cloudy

28 Present | Dark Ammonical | 5.5 Clear
Yellow

29 Present | Yellow Ammonical | 6.0 Cloudy

30 Present | Dark Ammonical | 6.0 Cloudy
Yellow

31 Present | Faint Ammonical | 6.0 Clear
yellow

32 Present | Yellow Ammonical | 6.5 Clear

33 Present | Faint Ammonical | 4.5 Cloudy
yellow

34 Present | Brownish | Ammonical | 6.0 Hazy
yellow

35 Present | Pale Ammonical | 6.0 Hazy
Yellow

36 Present | Yellow Ammonical | 6.5 Clear

37 Present | Brown Ammonical | 4.5 Clear

38 Present | Yellowish | Ammonical | 5 Clear
brown

39 Present | Faint Ammonical | 5.5 Clear
yellow

40 Present | Yellow Ammonical | 4.5 Cloudy

41 Present | Dark Ammonical | 7.0 Hazy
Yellow

42 Present | Yellow Ammonical | 6.5 Cloudy

43 Present | Reddish Ammonical | 6.5 Turbid
brown

44 Present | Brown Ammonical | 5.0 Clear

45 Absent | Yellow Ammonical | 5.5 Clear

46 Absent | Dark Ammonical | 6.5 Cloudy
yellow

47 Absent | Dark Ammonical | 4.0 Clear
yellow

48 Absent | Yellow Ammonical | 4.5 Clear

49 Absent | Yellow Ammonical | 5.0 Cloudy

50 Absent | Brown Ammonical | 6.5 Clear
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4.5 Estimation of renal biomarkers in canine renal disorder

4.5.1 Estimation of lipocalin (NGAL):

The mean of NGAL in present study was 187.76 + 13.2, 117.71 + 17.37
and 53.33 £ 7.08 for ARF, CRF and Healthy groups respectively.

Fifty dogs were included in the study. Six dogs (3 males and 3 females)
were classified as healthy. Fourteen dogs (10 males and 4 females) were
diagnosed with chronic renal failure. Thirty dogs (18 males and 12 females) were
diagnosed with acute renal failure.

Samples were processed by ELISA (BIOPORTO). A standard curve for
NGAL was obtained by using 8 calibrators (ranging from 0 to 400pg/ml) of canine
NGAL reference standard. The concentrations of NGAL in clinical samples were

calculated from a standard curve (Plate 2).

The age of all dogs was in the range of 0.7 to 15 years. Compared with
the dogs in the healthy group, the azotemic dogs were older and had higher

serum creatinine and serum NGAL.

For all fifty cases, serum creatinine was significantly correlated with serum
NGAL concentration and number of white blood cell count was also associated

with serum NGAL concentration.

There was statistically significant difference in the values of NGAL within
the groups (P < 0.05) (Table 21) and (Figure 15 & 16). Dogs with AKI had the
highest serum NGAL concentration when compared with CKD and healthy
groups, whereas dogs with CKD had higher concentration of serum NGAL than

that of healthy group.
These findings were in accordance with the findings of previous studies of

Lee et al., (2012) who recorded the NGAL level in the serum of seven dogs with

AKI was significantly increased and this difference was sustained to 72 hours but
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it increases quickly in urine as compare to serum. Ahn and Hyun (2013) they
found that the median serum NGAL concentration in control dogs was lower than
dogs with CKD. Hsu et al., (2014?) found serum and urine NGAL concentrations
in azotemic dogs were significantly higher than in nonazotemic dogs. Hsu et al.,
(2014P°) observed that the uNGAL concentrations in dogs with renal diseases
were higher than dogs of control group. Steinbach et al., (2014) found plasma
NGAL concentration was significantly higher in dogs with AKI compared with
dogs with CKD (P =.027) and lower in healthy dogs as compare to AKI and CKD.
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Table 21: Mean values of NGAL in clinical cases: (Group wise, age wise and

Breed wise)

Parameter Group of Animals

Group wise ARF CRF Healthy
NGAL (pg/ml) 187.76 £ 13.20° 117.71 £ 17.37° 53.33 £ 7.08°
Age wise 0-5 Years 6-10 Years 11-15 Years

NGAL (pg/ml)

165.5 £ 22.17NS

179.222 + 13.85
NS

76.5 £ 35.38NS

Breed wise

Labrador

German
Shephard

Nondescript

NGAL (pg/ml)

190.857 + 16.22N

162 + 41.01NS

142.667 + 15.49N8

Pomeranian

Other breeds

122.5 + 27.67NS

196 + 36.43NS

Values (mean + SE) in the same row bearing at least one common superscript do

not vary significantly (P < 0.05).

Table 22: Analysis of variance of serum NGAL in clinical cases:(Group
wise, Age wise and Breed wise)

Parameters | 5°Ur¢€ of | pe | g5 MS Fcal | CDvalue
variation at 5%

Group wise | Treatments 2 98507.520 | 49253.760 | 13.729

NGAL Error 35 | 125563.322 | 3587.523 - 70.199*

(pg/ml) Total 37 - - -

Age wise Treatments | 2 | 34723.948 | 17361.974 | 3.132

NGAL Error 31 | 171837.111 | 5543.133 - NS

(pg/ml) Total 33 - - -

Breed wise | Treatments 4 23591.827 | 5897.957 1.254

NGAL Error 27 | 126998.048 | 4703.631 - NS

(pg/ml) Total 31 - - -

NSNon significant

* Significant at P< 0.05

75

** Significant at P < 0.01




Figure 15: Mean values of NGAL in clinical cases: (Group wise, Age wise,
Breed wise)
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Figure 16: Graphical comparison of NGAL concentration between the groups
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4.5.2 Estimation of Beta 2 microglobulin (B2M):

In this estimation amongst these 50 samples, 14 CRF samples were

included. This includes 10 males and 4 females.

These samples were processed by ELFA (mini VIDAS) for presence of
amyloidosis in kidney. The result for B2M was negative as all the 14 values were

in normal range (0.3 to 3.0 mg/l).

As all the samples were in normal range, it indicates there was no

deposition of amyloid in kidneys of these 14 cases (Ahuja, et al 2010)

4.6 Gross observations of renal disorders in dog

Among 50 cases of renal dysfunction 23 dogs have died (46%;
ARF(73.91) and CRF (26.09%)). Necropsy examination of 3 cases was done
(Case no. 9, 31 and 34). Gross observations of kidneys and liver of necropsy

cases revealed following information

In case no.9, kidneys were of normal size or slightly enlarged. Capsule

peeled off easily. Grey areas were present in the outer medulla as well (Plate 3)

In case no. 34, kidneys were larger in size and hemorrhagic patches were
seen on the surface of kidney and cystic cavity were present at the

corticomedullary junction (Plate 4 A, B).

In case no. 31, kidneys were of smaller in size and contracted, capsule
was hard to peeled off, cortex was shrunken. The surface was uneven due to

irregular contraction of the fibrous tissue (Plate 5 A, B).

Apart from clinical cases, departmental necropsy cases were included in

histopathological study to check renal lesions.

Gross observations of the kidneys of 25 necropsy cases revealed

following information
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In some cases, kidneys were of normal size or slightly enlarged. Capsule
peeled off easily. Hemorrhagic patches and congestion were present on surface
of kidney (Plate 7 A, B; 9 A, B).

In 3 cases, kidneys were of normal size, soft and pulpy in consistency and

capsule peeled off easily.

In six cases, kidneys were normal in size and had white necrotic foci on

the cortical surface of kidney (Plate 6and 8).

In most of the cases, kidneys were smaller in size, pale to grey in color,
were hard to cut and capsule was very hard to peeled off. The cortex was
shrunken. The surface was uneven due to irregular contraction of the fibrous

tissue.

These gross findings were in agreement with Ganti and Rao (1968) who
observed in interstitial nephritis in the acute type, the kidney may be of normal
size or slightly enlarged, capsule strips off easily. In subacute and chronic types
of interstitial nephritis kidneys were smaller in size, pale to grey in color, was hard
to cut and capsule peeled off with difficulty. The surface was uneven due to
irregular contraction of the fibrous tissue “Small granular contracted kidney”. In
glomerulonephritis in acute type, both the kidneys were enlarged and pale,
capsule peeled off easily. In sub-acute type, kidneys were enlarged, pale and
smooth with non-adherent capsule. In chronic type, kidneys were shrunken and

contracted with finely granular surface

In case no.9, liver was congested and enlarged with rounding of borders.
Multifocal white patches were found on surface of liver (Plate 11). In case no. 34,
liver was pale, firm and showed diffuse necrotic foci on all lobes of liver (Plate 12

A, B). In case no. 31, liver was enlarged and pale in color.

These findings were associated Chandrasekaran et al., (2011) observed

Liver were enlarged with varying degrees of vascular & degenerative changes.
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4.7 Histopathological examination of kidneys

Histopathological alterations were studied in the kidney and liver of
clinical cases presented with renal failure by staining the sections of these

tissues with hematoxylin and eosin stains as per standard procedure.

In case no. 9 cystic dilatation of tubules, multifocal tubular degeneration
and coagulative necrosis and protein casts in tubular lumen was observed (Plate
13 A, B).

In case no. 31 there was focal glomerular atrophy, diffuse tubular
degeneration and multifocal foci of coagulative necrosis in tubules. There was
infiltration of mononuclear cells (predominantly plasma cells) and proliferation of

fibrous connective tissue (Plate 14).

In case no. 34 dilatation of Bowman’s capsule and variation in the size
of glomerulus. Tubules showed degeneration and necrosis. Infiltration of

mononuclear cells was observed (Plate 15 A, B, C).

In case no. 9, there was degenerative changes and congestion in liver
(Plate 30). In case no. 34, there was presence of atrophy of chords,
degeneration and sinusoidal dilatation (Plate 31) and in case no. 31, there was

degenerative changes in liver.

Apart from clinical cases, 25 departmental necropsy cases were included

in histopathological study to check renal lesions.

The findings of 25 departmental necropsy cases were given in the
following table (Table 21) and (Plate 16 to Plate 29).
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Table 23: Histopathological findings of departmental necropsy cases

Case | Glomerular Tubular Findings Interstitial Findings

No. Findings

2 Focal glomerular Diffuse tubular Multifocal foci of
atrophy (+) degeneration (+++) | infiltration of MNC

(lymphocytes and

Diffuse increase in | multifocal foci of plasma cells) (++)
cellularity of coagulative necrosis
glomerulus (++) (++)

3 Diffuse glomerular | Diffuse tubular Infiltration of MNC
atrophy (++) degeneration (+++) | (lymphocytes) (+)

and coagulative

Pinkish material in | necrosis (++) Proliferation of fibrous
Bowman’s tissue (+)

capsule (BC)

Hyalinization (+)

4 Hyalinization (+) Tubular Infiltration of MNC (+)
degeneration and
necrosis (+) Fibrosis (++)

5 Multifocal tubular Infiltration of MNC (++)

— degeneration (++)

6 Atrophic glomeruli | Diffuse dilatation of | Congestion (++)
(+) tubule (++)

Accumulation of
pinkish material in
the tubules (++)

8 Multifocal areas of | Multifocal are of Multifocal areas of
glomerular tubular degeneration | infiltration of MNC (+++)
atrophy (+) (++)

12 Glomerular Diffuse cellular Multifocal areas of
adhesion with BC | swelling and congestion and
(++) coagulative necrosis | hemorrhages (+)

in tubules (+)
Mild increase in
cellularity (+)

Hyalinization of
glomerulus (+)
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13 Diffuse Diffuse tubular Infiltration of MNC (+)
hyalinization of degeneration (+)
glomerulus (++)

Coagulative necrosis
Diffuse increase in | (+)
thickness of BC
(++)
Fibrosis around
glomerulus (+)

14 Multifocal increase | Multifocal Multifocal infiltration of
in glomerular degenerative and MNC, predominantly
cellularity (++) necrotic changes in | plasma cells (++)

tubules (+)

16 Multifocal atrophy | Multifocal tubular Multifocal infiltration of
of glomerulus (+) | degeneration (++) MNC (++)

Focal proliferation of
fibrous tissue (+)

20 Proliferation of Multifocal cystic Multifocal infiltration of
fibrous tissue dilatation of tubules | MNC (++)
around glomerulus | (++)

(+++) Multifocal proliferation of
Multifocal tubular fibrous tissue (+)

Thickening of BC | degeneration (+)

(++)

22 Multifocal atrophy | Multifocal tubular Multifocal areas of
of glomerulus (+) | degeneration (+++) | fibrosis (++)

24 Diffuse fibrosis of | Diffuse tubular Multifocal areas of
BC (+) degeneration (+) intense infiltration of

MNC (lymphocytes and
Accumulation of plasma cells) (+++)
pinkish material in
BC (+)

26 Multifocal areas of | Diffuse tubular Diffuse intense infiltration
atrophied degeneration (+++) | of MNC (+++)
glomeruli (+)

Accumulation of
proteinaseous
fluid (+)

33 Multifocal areas of | Multifocal tubular Proliferation of fibrous
atrophied degeneration and tissue (++)

glomeruli (++)

Calcification of
wall of BC (+)

necrosis (++)

Multifocaltubular wall
calcification (++)
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36

Multifocal areas of
coagulative necrosis
of tubules (++)

30 Focal minimal Multifocal tubular Multifocal areas of
glomerular degeneration and Infiltration of
atrophy (+) necrosis (++) inflammatory cells in

interstitium of MNC
Increased predominantly Plasma
cellularity (+) cells (++)

71/18 | Increased Multifocal tubular Multifocal Infiltration of
cellularity of degeneration and inflammatory cells MNC
glomerulus (+) necrosis (++) predominantly Plasma

cells (++)

86/18 | Focal minimal Multifocal tubular Multifocal areas of
glomerular degeneration (++) Infiltration of
atrophy (+) inflammatory cells in

Tubular necrosis (+) | interstitium of MNC (+)

83 Multifocal tubular Diffuse Infiltration of
Increased degeneration (++) inflammatory cells in
cellularity of interstitium MNC
glomerulus (+) Tubular necrosis (+) | predominantly Plasma

cells (++)
Atrophy (++)

85/18 | Hyalinization of Focal tubular Thickening of capsule (+)

glomerulus (++) dilatation (+)
Diffuse infiltration of
Multifocal MNC beneath capsule
glomerulopathy and interstitium (++)
(++)
Diffuse proliferation of
fibrous connective tissue
(++)
40 Diffuse tubular
- degeneration (++) -—-
38 Diffuse tubular
- degeneration (++) -—-
23 - Diffuse tubular Congestion (+)

necrosis (+)
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Summary of histopatholgical findings:

In total 27 necropsy cases, Congestion was found in 3 cases (11.11%)
and hemorrhages were found in 1 case (3.7%). Degeneration and necrosis was
found 21 cases (77.8%) and 16 cases (59.6%) respectively. Hyalinization of
glomerulus were present in 5 cases (18.5%). Proliferation of fibrous tissue was
present in 11 cases (40.74%) (Glomerulus: -3 cases and Interstitial tissue: - 8

cases).

These histopathological findings were associate with previous studies of
Wright et al., (1976)observed that diffuse renal fibrosis with chronic renal failure
has been attributed mainly to chronic interstitial nephritis. Chew et al.,
(1983)reported that the kidneys were characterized pathologically by glomerular
sclerosis, cystic glomerular atrophy, tubular dilatation, tubular atrophy,
mononuclear interstitial inflammation, interstitial fibrosis and interstitial
mineralization. Ganti and Rao (2006) reported that in acute interstitial nephritis,
infiltration of lymphocytes and plasma cells, with less number of neutrophils in
interstitial tissue. In chronic type, there was cystic dilatation of tubules with
hyaline casts. In acute glomerulonephritis, there is increased cellularity of the
glomeruli, in sub-acute type, proliferation of epithelial cells of the parietal layer of
the bowman’s capsule results in epithelial crescents whereas, in chronic type,
fibrosed glomeruli and disappearance of tubules.

These histopathological findings were in agreement with Eubig et al.,
(2005) they observed congestion and degenerative changes in liver and
Chandrasekaran et al., (2011) recorded varying degrees of vascular and

degenerative changes.
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Plate 1: ELISA procedure for lipocalin;

A) Step 1: - Dog NGAL Calibrator and serum samples in ELISA plate,
B) Step 2: - Biotinylated Dog NGAL Antibody in ELISA plate,

C) Step 3: - HRP streptavidin in ELISA plate,

D) Step 4: - TMB substrate in ELISA plate,

E) Step 5: - Stop solution in wells which changes blue to yellow,

F) Final results



Plate 3: Necrotic foci on the surface of kidney

Plate 4(A): Congestion in cortical surface of kidney

Plate 4(B): cystic area in cortex of kidney



Plate 5(A): Capsule intact with kidney surface, contracted kidneys

Plate 5(B): Small granular contracted kidneys

Plate 6: Pale foci on cortical surface of kidney



Plate 7(A): Haemorrhagic spots on cortical area

Plate 7(B): Congestion in cortical area

Plate 8: Necrotic patch on cortical area



Plate 9(A): Congested kidneys

Plate 9(B): Congestion in corticomedullary area

Plate 10: Depressions on the cortical surface of the kidney



Plate 11: Congested, enlarged with rounding of borders and multifocal white
patches were found on surface of liver

Plate 12(A & B): Diffuse necrotic foci on the surface of liver
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Plate 15(A): Pinkish fibrinous deposition in glomerulus (H & E; 40 X)
Plate 15(B): Infiltration of MNC in interstitial tissue (H & E; 10 X)
Plate 15(C): Tubular degeneration (H & E; 40 X)



Plate 16(A): Atrophied glomerulus (H & E; 40 X)

Plate 16(B): Diffuse glomerular atrophy (black arrow) and
degeneration of tubules (blue arrow) (H & E; 40 X)

Plate 16(C): Fibrous connective tissue in interstitial tissue
(Masson’s Trichrome stain; 40 X)



Plate 17: Tubular degeneration and coagulative necrosis (H & E; 10X)

Plate 18(A): Multifocal areas of tubular degeneration (black
arrow) and infiltration of MNC in interstitial tissue (double head

blue arrow) (H & E; 10 X)

Plate 18(B):

40 X)

Infiltration of MNC (Plasma cells) (H & E;



Plate 19(A): Adhesion of glomerulus with Bowman’s capsule (H & E; 40 X)

Plate 19(B): Diffuse tubular cellular swelling and tubular coagulative
necrosis (H & E; 10 X)

Plate 19(C): Fibrous tissue proliferation in glomerulus and interstitial tissue
(Masson’s Trichrome stain; 40 X)



Plate 21(A): Thickening of Bowman'’s capsule (H & E; 40 X)

Plate 21(B): Tubular degeneration (blue arrow) and necrosis (black arrow)
(H&E; 10 X)



Plate 23: Multifocal cystic dilatation tubules (black arrow), infiltration
of MNC (blue arrow) and fibrosis (green arrow) (H & E; 10 X)

Plate 24: Diffuse cystic dilatation of tubules (black arrow),
Multifocal infiltration of MNC (blue arrow) (H & E; 10 X)



Plate 25(A): Hyalinization of glomerulus (H & E; 40 X)

Plate 25(B): Tubular necrosis (black arrow) and fibrous connective
tissue proliferation in interstitial tissue (blue arrow) (H & E; 10 X)

10 X)

Plate 26: Multifocal tubular degeneration (H & E;



Plate 27(A): Infiltration of MNC (Plasma cells) (H & E; 40 X)

Plate 27(B): Diffuse tubular degeneration (blue arrow) and
severe infiltration of MNC (black arrow) (H & E; 40 X)

Plate 28: Multifocal areas of tubular coagulative necrosis (black
arrow) and degeneration (blue arrow) (H & E; 40 X)



Plate 29(A): Multifocal glomerular atrophy (blue arrow) and calcification
at Bowman'’s capsule (black arrow) (H & E; 40 X)

Plate 29(B): Typical tubular calcification (black arrow) and degeneration
(blue arrow) (H & E; 40 X)

Plate 29(C): Calcification shown in black colour (Von kossa stain; 10 X)



Plate 30(A & B): Degeneration (black arrow) and congestion
(blue arrow)

Plate 31: Atrophy of chords (black arrow), degeneration (orange
arrow) and sinusoidal dilatation (blue arrow)



5. SUMMARY AND CONCLUSIONS

The present study, entitled ‘clinicopathological studies of canine renal
dysfunction with special reference to lipocalin (NGAL) and beta 2 microglobulin
(B2M) biomarkers’ was carried out in the Department of Veterinary Pathology,
Bombay Veterinary College, Mumbai.

Sample survey of serum biochemistry data of the Department of
Veterinary Pathology was carried out. Serum samples from the year 2015 - 2017
were analysed and those samples having serum creatinine value > 1.5 mg/dI
were included in this study and age, sex and breed wise incidence were

recorded.

Sample survey revealed that the highest incidence of renal disorders was
recordedin the age group of 6-10 years (66.67%), followed by 0-5 years of age
(22.22%) and11-15 years (11.11%). In the survey study, out of 27 cases, 18
cases were recorded in males (66.67%) and 9 cases were recorded in females
(33.33%) and maximum incidence was observed in Labradors (29.62%) and non-
descript breeds (25.92%) followed by Pomeranian (11.11%) and German
shepherd (3.70%).

Fifty clinical cases of renal disorders were collected from affiliated medical
ward, BSDPAH, Parel, and private clinics in and around Mumbai on the basis of
serum creatinine. Three post mortem cases of dogs suspected for renal disorders

were selected for this study. Detailed postmortem examination was carried out.

The 50clinical case were classified as ARF, CRF and Healthyand study
revealed that the highest incidence recorded in the age group of 6-10 years
(52.27%; ARF(73.33%) and CRF(26.67%)), followed by 0-5 years of age (34.1%;
ARF(56.52%) and CRF(43.48%)) and lowest in the age group of 11-15 years
(ARF:13.63%) respectively. Out of 44 cases, 28 cases were recorded in males
(63.63%; ARF(64.29%) and CRF(35.71%)) and 16 cases were recorded in
females (36.37%; ARF(75%) and CRF(25%)) whereas, maximum incidence was
observed in Labradors (40.90%) and Pomeranian breeds (15.90%) followed by
non-descript (13.63%), and German shepherd (9.09%).



There was significant decrease in the values of Hb, PCV, TECmainly in
CRF cases with 40% of cases showing leukocytosis. Serum creatinine value was
increased in dogs which are affected with renal dysfunction. There was no
significant difference recorded in hematological and biochemical parameters in

between different age and breeds.

Fifty samples were processed for lipocalin (NGAL) by ELISA
(BIOPORTO).There was statistically significant difference in the values of NGAL
within the groups (P < 0.05). Dogs with AKI had the highest serum NGAL
concentration when compared with CKD and healthy groups, whereas dogs with

CKD had higher concentration of serum NGAL than that of healthy group.

Amongst these 50 samples, 14 CRF samples were processed for
B2M by ELFA (mini VIDAS) for presence of amyloidosis and glomerular damage.
The result for B2M was negative as all the 14 values were in normal range (0.3 to
3.0 mg/l).

Nephritis was classified histologically according to Ganti and Rao (1968).
Three kidney samples of clinical cases and 25 kidney samples of departmental
necropsy cases were processed for histopathology. Out of three, 1 case was
diagnosed as membranous glomerulonephritis, 2 cases as interstitial nephritis.
Among departmental necropsy cases 15 cases were diagnosed as interstitial
nephritis (60%), 2 cases were diagnosed as glomerulonephritis (8%), in 1 case
(4%) calcification observed and in remaining cases degenerative and necrotic

changes has been observed.

Based on results obtained in the present study, following conclusions can be

drawn.

1) It was found that renal disorders were seen in all age groups but dogs
of age 6 - 10 years were mostly affected. Males were more prone to
renal disorders than females and incidence of renal disorders was
more in Labradors followed by non-descript.

2) There was reduction in the values of Hb, PCV, TEC mainly in CRF
cases along with leukocytosis. Serum creatinine and BUN value was

increased in dogs which are affected with renal dysfunction.
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3)

4)

5)

6)

It was found that serum NGAL was higher in ARF cases followed by
CRF and Healthy. B2M was in normal range as there was no
amyloidosis.

Macroscopically, in most of the cases, kidneys were smaller in size,
pale to grey in color, were hard to cut and capsule was very hard to
peeled off. The cortex was shrunken. The surface was uneven due to
irregular contraction of the fibrous tissue.

Out of 3 clinical necropsy cases of canine renal disorders, 1 case was
of membranous glomerulonephritis and 2 cases were of interstitial
nephritis.

Among 25 departmental necropsy cases 15 cases were diagnosed as
interstitial  nephritis  (60%), 2 cases were diagnosed as
glomerulonephritis (8%), in 1 case (4%) calcification observed and in

remaining cases degenerative and necrotic changes were observed.
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APPENDIX

Table 1 : Normal range of hematological parameters in dogs

Parameters Range
Hb (g/dI) 12-18
PCV (%) 37-55

TEC (10%cumm) 55-8.5
MCV (fl) 60 -77
MCH (pg ) 19.5 - 24.5

MCHC (g/dl ) 32-36

TLC (103/ cumm) 6-—17

N (%) 60 — 77
L (%) 12-30
PLT (103/ cumm) 2-5

Table 2 : Normal ranges of biochemical parameters in dogs

Parameters Range
SGPT (IU/L) 21-102
SGOT(IU/L) 23 - 66
ALP(IU/L) 20 -156
TP (g/dl) 54-7.1
ALB (g/dI) 2.3-33
GLB (g/dl) 24-46
TB (mg/dl) 0.1-1.0
DB (mg/dI) 0-0.25
IB (mg/dl) 0-0.75
BUN (mg/dl) 10 -28
CREAT (mg/dI) 05-15
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ABSTRACT

This study was undertaken to study incidence and prevalence of renal
disorders in dogs as well as to explore the potential of lipocalin and (32
microglobulin biomarkers for early detection of renal dysfunction. Departmental
survey of canine serum biochemical samples over a 2-year period (2015-2017)
was carried out and cases having serum creatinine value more than 1.5 mg/dI
were considered for survey. Fifty clinical cases of renal disorders (serum
creatinine value > 2 mg/dl) were identified over a period of 8 months (February
2017-September 2017) and detailed hematological, serum biochemical and urine
examinations were carried out. Information regarding age, sex and breed were
noted. Three postmortems of dogs renal disorders cases were selected for this
study. Detailed postmortem examination was carried out. Twenty-five (25)
departmental necropsy cases were included for histopathological examination.

Sample survey of departmental data revealed that the highest incidence
of renal disorders was recorded in the age group of 6-10 years (66.67%) followed
by 0-5 years (22.22%). Males were affected more than females. Common breeds
found to be affected were Labradors (29.62%) followed by non-descript breeds
(25.92%).

The clinical case study of 50 samples reported that the highest incidence
of renal disorders was recorded in the age group of 6-10 years (52.27%;
ARF(73.33%) and CRF(26.67%)), followed by 0-5 years of age (34.1%;
ARF(56.52%) and CRF(43.48%)). Males were affected more than females.
Common breeds found to be affected were Labradors (40.9%) and Pomeranian
dogs (15.9%) followed by Nondescript (13.63) and German Shepherd (9.09%).

There was significant decrease in the values of Hb, PCV, TEC mainly in
CRF cases with 40% of cases showing leukocytosis. Serum creatinine value was

increased in dogs which are affected with renal dysfunction.

Fifty samples were processed for lipocalin (NGAL) by ELISA
(BIOPORTO). There was statistically significant difference in the values of NGAL
within the groups (P < 0.05). Dogs with AKI had the highest serum NGAL
concentration when compared with CKD and healthy groups, whereas dogs with

CKD had higher concentration of serum NGAL than that of healthy group.
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Amongst these 50 samples, 14 CRF samples were processed for
B2M by ELFA (mini VIDAS) for presence of amyloidosis and glomerular damage.
The result for B2M was negative as all the 14 values were in normal range (0.3 to
3.0 mg/l).

Out of 3 clinical necropsy cases of canine renal disorders, 1 case was
diagnosed as membranous glomerulonephritis and 2 cases were diagnoses as
interstitial nephritis. Among departmental necropsy cases 15 cases were
diagnosed as interstitial nephritis (60%), 2 cases were diagnosed as
glomerulonephritis (8%), in 1 case (4%) calcification observed and in remaining
cases degenerative and necrotic changes has been observed. Macroscopically,
small granular contracted kidneys were seen in most of the cases, while

microscopically lesions were primarily evident in interstitial spaces and tubules.

To conclude, it was found that renal disorders were seen in all age
groups but dogs of age 6 - 10 years were mostly affected. Males were more
prone to renal disorders than females and incidence of renal disorders was more
in Labradors and Pomeranian. Dogs with AKI had the highest serum NGAL
concentration when compared with CKD and healthy groups. Therefore serum

NGAL biomarker could be useful for detection of AKI in dogs.
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o HIRTI0

AR AINY Ubed BT AT GATTS fdhRI=1 = gHT0T,
UAR AT ATUTeheld g 921 2 Areprage-a gAusraad] f[Tasea
PRI B JTSETIATATSIT FHIH TN ATIOATHIST  HRUITd AT
ggIfddciiemes furmeiial 2 aui=ar wraradiad (2015—2017) STl
fETE=N==r gaT1oT 1.5 AT/ fSUA UeTT STRA 3Tl == Aig godard
3Tl 8 ARI=IT HraAEaedid (BgaRl 2017 I AR 2017) TGS
PR ATl Radsial fBUSIA goa > 22 Ad /fSua ) 50 za=
Frasvara 3t U1 i JuRNedR IFAgReTvl, Iadsiel Il Aig Jodrd
I, HATUS fdhR AT 3 AT IAAATSET hol ATT IRATH
PRUGT ATl fBergerarsiiceel aRermdrst 25 faunia srafdee e

AT HRUATT 3T

AR TpsaRI=n 991 FdagaR gAfus bR 6—10 ad
FATETd ( 66.67%) B, ATHAR 0—5 a¥ ganTerd ( 22.22%) 8kI. =X

TS § YHATOT SR 8l aR <fsrsik ( 29.62%), AR IMaS! 2dam—

(25.92%) AT SATT=AT TATATHE] SR YHATOMT HATUS [dhR TS

50 2T fFAabd &H IPITHC T IMSBel I, ATTSTAT
fapR 6—10 g gaTTerd (52.27%), THAR 0—5 aY gAITeTd ( 34.1%) BI.
AR TAEMEST B UHIVT STRA 8l aR AdTSiR ( 40.9%), dfakf=a= (15.9%),

TSt a9 ( 13.63%) M1 STHA AHs ( 9.09%) AT STKIT=AT TATATHE STTIRA
AT A0S fdhR s,

T, gRAIET U1 fESH=N ge Ur= HISTRUBT UdhRUTHeER]
STl 3RYA 40 TID UHIUNMHR D ARICRAT ISR el JAUS
PR M FAT TATHHE] FacToTd fBUSHIAD oI digeiel BId.

gferst ((S1TUIRT) /R Sfgdichel ( TASIYUH) AIST 50 IO

T JUTEVATd ATl el TASIIUUA  HodTHe] ARSI ]




XiX

o Rk Bl (U 0.05). ISt YT FREN Terear e
Uh3Ts T TITATHI AT Yool TS QU YHTOT SR BId.

T 50 NaIoTdd AGATAH] FAHTATTSIAE  AMOT TATHBAY BT

IURATATS! ELFA ( fA=1T VIDAS) =R 12 THATST 14ATh ST A9 9o g1d
3Mel. 412 THATSTAT UROIMH FAHhRIHD Bl BIRYT 14 JRT AHRI 207d
Bl (0.3 @ 3.0 /7).

3 fFaNrdd HATYT AT AT SI3Tdl 3T IMMEdl bl 1
TTATAT HaRAH TAHweR GAUS &8 d¥ 2 T saxeRiad g3fus
aTe SIToll Idl.

AR erafd=esaciTa 15 g0l saxRead gAfUs |18, 2 UhRol
TAHBAR FATUSATE, 1 UBROM ( 4%) DHoAIhdber TSl 0T Ia<id
UHROTHER SRS d TBIcIdh daal ATew 3el.  IHAR a1
A0S ATHRM I8 IMhAcel d Wsdsid ATedal d JeAGLIDh
SIRITATTAR AT AT SERITIRNTA AT 0T SYFRAHE IS o

AT IJMHTART AT fAshy HBIevard 3MAT Bl Ad JARTEITA
MR gATUS PR IM@Sdl AT 6—10 AT TANTSIA AT AT SR
3@, R IATIHE 8 YHIUT SR 3T a9 ASTSIR 30T A=+
TR HAUS f[AhR SIRA UH0Td Jeadrd.  UdhITs Al Tar-THe]

ool TASIUUSTT YHTOT Adifddh TS, AHS TSI U T Tl

STafegdhiar IaHTHEY UhATs T ATTHTST 3UFFA 3.
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