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Abstract  

ENAL diseases are common disorders of felines, considered a leading death cause, and 

exhibit a diagnostic challenge due to a shortage of early damage markers. The traditional 

biomarkers [e.g., serum creatinine (sCr) and blood urea nitrogen (BUN)] have low diagnostic 

sensitivity; thus, acute cases progress to chronic. This study aimed to clarify the clinicopathological, 

ultrasonographic, and pathological findings of cats affected with renal diseases, and the performance 

of novel renal biomarkers [symmetric dimethyl arginine (SDMA), kidney injury molecule-1 (KIM-1), 

Tamm-Horsfall protein (THP), and N-acetyl-β-D-glucosaminidase (NAG)] against the traditional 

ones. Furthermore, assessing the novel biomarker’s role in the follow-up of treated cases. 86 cats 

were allocated into 4 groups depending on clinical signs, physical examination, sCr concentration, 

and urine specific gravity (USG) as follows: I. Control negative group (15 apparently healthy cats), II. 

Control positive group (22 renal diseased cats), III. Pre-azotemic group (31 cats), and IV. Diseased 

and treated group (18 treated cats). Blood and spot urine samples were collected from all groups. 

Blood samples for hematological, biochemical, arterial blood gas (ABG) analysis, as well as, SDMA, 

and KIM-1 concentrations and spot urine samples for routine urinalysis, some biochemical 

parameters, NAG activity, and THP concentration. Groups II and III showed microcytic hypochromic 

anemia and significant leukopenia, significant increases in serum concentrations of SDMA, and KIM-

1, and activity of urinary NAG; meanwhile, they showed a significant decrease in urinary THP 

concentration. Group IV after treatment revealed an improvement of all measured parameters except 

urinary THP concentration. In conclusion, the current study results found out that SDMA, KIM-1, and 

NAG could serve as efficient biomarkers of early renal injury detection and treatment follow-up. 

Keywords: SDMA, KIM-1, NAG, THP, urinalysis. 

 

Introduction  

Renal diseases are common in cats [1]. They exhibit 

a diagnostic and therapeutic challenge due to a 

shortage of early damage markers. Renal biomarkers 

could be either traditional markers of kidney function 

or novel markers of renal injury. The traditional 

markers; include serum creatinine (sCr), blood urea 

nitrogen (BUN), and urinalysis. The sCr and BUN 

have low diagnostic sensitivity for early acute stages 

of diminished kidney function [2, 3]. Thus, acute 

cases progress to chronic with significant irreversible 

damage to the renal parenchyma, which is common 

in geriatric cats with a prevalence up to 80% and is 

considered a leading death cause [4]. 

Routine urinalysis is a highly beneficial and cost-

effective diagnostic tool that can indicate an ongoing 

kidney disease. Assessing several urinary biomarkers 

is more favorable than relying on a single biomarker 

and, over a comprehensive urinalysis involves 

assessing the physical, chemical, and sediment 

examinations [5]. Time will generate more specific 

urinary biomarker profiles in various early cases [6]. 

Novel biomarkers are various biochemical 

markers that have been proposed as more sensitive 

indicators of renal injury rather than renal function 

[7], and thus, they improve the accuracy of diagnosis 

of renal diseases at earlier stages, allowing early 

therapeutic intervention and decreasing mortality [2, 

3, 8]. They have the potential to reflect the site and 

severity of renal damage. They can help differentiate 

between glomerular and tubular involvement, thus 

improving the diagnosis and staging or grading of 

renal diseases [6, 9]. These biomarkers could be used 

for evaluation of glomerular filtration rate (GFR) as 

symmetric dimethyl arginine (SDMA) or tubular 

injury as kidney injury molecule-1 (KIM-1), Tamm-
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Horsfall protein (THP), and N-acetyl-β-D-

glucosaminidase (NAG) [10]. Whilst KIM-1 and 

NAG indicate proximal tubular injury, THP is 

indicative for distal tubular injury and loop of Henle 

injury. 

The GFR biomarker SDMA is a methylated form 

of arginine found within all nucleated cells. It is 

released into circulation after proteolysis, then 

excreted primarily (≥90%) by renal clearance [11]. 

Therefore, it is a novel renal biomarker considered an 

endogenous marker of GFR [12]. In 2015, the 

International Renal Interest Society (IRIS) amended 

the incorporation of SDMA along with sCr in the 

guidelines for the diagnosis and treatment of chronic 

kidney disease (CKD) in cats [13]. The SDMA 

concentration increases earlier than sCr in cats with 

acute kidney injury (AKI) and CKD when there is a 

25%- 40% decrease in GFR; thus, it is a more 

sensitive indicator [12]. SDMA is suitable for 

diagnosing AKI or CKD but could not differentiate 

between them [14]. It is more specific than sCr as 

well, being less impacted by extra-renal factors 

including advanced age and body condition. 

Therefore, it is more reliable for assessing kidney 

function in animals with conditions associated with 

muscle loss, such as feline hyperthyroidism or 

advanced CKD, in which sCr may underestimate the 

degree of renal dysfunction [11, 15].  

The tubular injury marker, KIM-1, is a proximal 

renal tubular type I transmembrane glycoprotein [16, 

17]. Although KIM-1 is almost undetectable in 

healthy kidney tissue, it is elevated in all 

experimental and clinical kidney diseases while 

proximal tubular epithelial cells become 

active/injured and overexpress KIM-1 at the apical 

membrane [18, 19]. Thus, elevated urinary KIM-1 

concentration is strongly correlated to 

injured/necrosed proximal tubules and is a specific 

excellent novel renal biomarker that predicts 

tubulointerstitial lesions in AKI [20, 21, 22]. Serum 

and urinary KIM-1 concentrations were increased in 

cats with lower urinary tract infections [17]. In 

addition, KIM-1 is also considered a marker of 

regenerating tubular cells [23, 24]. A proximal 

tubular injury biomarker, NAG, is a hydrolytic 

lysosomal enzyme with a high molecular weight and 

very low physiological activity [25]. NAG is 

plentifully expressed in the proximal renal tubular 

epithelium. Under normal circumstances, it is 

secreted in small amounts, maintaining a low urinary 

NAG activity. However, when the renal tubular 

epithelium is damaged, its secretion is enhanced, 

causing significantly increased urinary activity [10, 

26]. In different renal diseases, urinary NAG activity 

was found to be increased before the sCr 

concentration or urinary protein/creatinine ratio 

(UPC) increment [22, 27]. Thus, urinary NAG 

activity is used for early detection of renal damage, 

particularly AKI in cats [8]. 

The distal tubular injury marker, THP (MW 100 

kDa), is synthesized by the cells of the thick 

ascending loop of Henle and the distal convoluted 

tubule and is located predominantly on the surface of 

the luminal cell membrane [10]. THP represents 

nearly 50% of total proteins that are usually lost in 

the urine of healthy cats, and its biological function 

is still not fully understood [6, 28], however, it is 

believed to have roles in water and electrolyte 

balance in Henle’s loop, protection against urinary 

tract infection, and some immunomodulatory 

activity; nonetheless, it is clinically important as it 

represents the matrix of all urinary casts. Normal 

urine has high concentrations of THP, while 

significantly reduced urinary THP concentrations 

were seen in cats with renal disease [9]. Therefore, 

the evaluation of THP as an early AKI biomarker is 

potentially valuable [6]. 

This study aimed to clarify the 

clinicopathological, ultrasonographic, and 

pathological findings of cats affected with renal 

diseases and to evaluate the performance of novel 

biomarkers of kidney injury (SDMA, KIM-1, NAG, 

and THP) against traditional biomarkers of kidney 

function for diagnosing renal diseases in cats during 

their initial phase. Furthermore, assessing the novel 

biomarker’s role in the follow-up of treated cases. In 

addition, measuring the correlation between those 

novel renal biomarkers versus sCr and some urinary 

measurements [protein, microalbumin, and urine 

specific gravity (USG)]. 

Material and Methods 

Animals 

The current study was carried out between 2020 

to 2023 on 86 cats with an average age 7± 2.5 years 

and weight 3.75± 1.25 kg. These cats were admitted 

to the clinic of the Internal and Infectious Diseases 

Department, Faculty of Veterinary Medicine, Cairo 

University, and some clinics and shelters in Giza and 

Cairo governorates. Cats were allocated into 4 

groups depending on clinical signs, physical 

examination, sCr concentration, and USG according 

to [8, 29] as follows: I. Control negative group (15 

apparently healthy cats): those had sCr=1.21± 0.27 

mg/dL and USG=1.036± 0.02. II. Control positive 

group (22 renal diseased cats): those suffered a 

diversity of clinical signs, included vomiting, 

diarrhea, polydipsia, polyuria, different oliguric 

phases in some cases, and pale mucous membrane, as 

well, they had sCr=5.25± 1.29 mg/dL and 

USG=1.020± 0.06. III. Pre-azotemic group (31 cats): 

those had sCr=1.59± 0.14 mg/dL, USG =1.035± 0.01 

[29, 30]. IV. Diseased and treated group (18 treated 

cats): those were treated using patent drugs: Azodyl
®

 

(Vetoquinol, France) with a dose of 2 capsules daily 

(1 capsule a.m., 1 capsule p.m.) and Ipakitine
®

 

(Vetoquinol, France) with the dose of 1 g/5 kg body 
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weight, once in the morning and once in the evening 

with the meal, for 2 weeks and followed up [31]. 

Cats included in the current study were exposed to 

complete physical and ultrasonography 

examinations, then blood and urine samples were 

collected for laboratory examinations. 

Ultrasonography 

Ultrasonographic examination of the kidneys and 

urinary bladders from different groups was 

performed using a C11-3s microconvex transducer 

(Mindray M9, China) according to the procedure 

described by [32]. 

Sampling 

Blood and urine samples were collected from all 

cats under study. Moreover, kidney tissue samples 

were collected from a cat that died in a veterinary 

clinic and used for postmortem pathological 

examination.   

A venous blood sample of 3 ml volume was 

collected from the jugular vein and allocated into 

three parts: one on ethylene diamine tetra acetic acid 

(EDTA) as whole blood for hematological 

examination, another part on lithium heparin for 

arterial blood gas analysis (ABG), and the last part 

on a plain tube for serum separation for biochemical 

exanimation. 

Urine samples were collected via manual 

compression of the urinary bladder, examined 

physically and chemically by dipstick, and then 

centrifuged at 400×g [5]. The supernatant was used 

for biochemical and enzyme-linked immunosorbent 

assay (ELISA) analysis, while the sediment was 

examined microscopically for cytological evaluation.   

Clinicopathological examination 

Hematological examination 

Complete blood count (CBC) included red blood 

cells (RBCs) count, hemoglobin (Hb) concentration, 

hematocrit (Hct), mean corpuscular volume (MCV), 

mean corpuscular hemoglobin concentration 

(MCHC), and total leukocytic count (TLC) were 

evaluated by Animal Cell Counter (ABC Vet, 

France). Differential leukocytic count (DLC) was 

examined according to [33]. 

Arterial Blood Gas (ABG) analysis 

Heparinized blood samples were immediately 

transported in an ice box to the laboratory and 

analyzed by a blood gas analyzer (GEM Premier 

3000, USA) for acid-base balance indices, which 

included blood pH, partial pressure of carbon dioxide 

(PCO2), partial pressure of oxygen (PO2), chloride 

(Cl
-
) concentration, and bicarbonate (HCO3

-
) 

concentration. 

Biochemical examination 

Traditional parameters 

Serum samples were used to evaluate traditional 

kidney function biomarkers, which include sCr and 

BUN concentrations, protein profiles, and 

concentrations of serum electrolytes and minerals.  

 The protein profile includes total proteins, 

albumin, and globulins concentrations as well as 

albumin globulins (A/G) ratio. The serum 

electrolytes and minerals include calcium, 

phosphorus, sodium, and potassium concentrations. 

All the mentioned parameters were evaluated 

according to the manufacturer (Spectrum, Egypt).  

Spot urine samples were used for routine 

urinalysis, spot urinary creatinine concentration 

(uCr), protein concentration, urinary 

protein/creatinine ratio (UPC), microalbumin 

concentration, sodium concentration, fractional 

excretion of sodium (FENa), and activity of urinary 

gamma-glutamyl transferase (uGGT). Routine 

urinalysis included physical examination, 

measurement of specific gravity by handheld 

refractometer (HRM18-T, KRÜSS, Germany), 

dipstick analysis (Medi-Test Combi 10 SGL, 

MACHEREY-NAGEL, Germany), and sediment 

cytology by manual microscopy according to [5]. For 

the UPC ratio, urinary creatinine concentration was 

measured with the Jaff method after dilution of the 

urine sample 50 times, protein concentration was 

measured with the pyrogallol-red method, then the 

UPC ratio was calculated according to [34], 

microalbumin concentration was measured by the 

turbidimetry method. All mentioned parameters were 

evaluated according to the manufacturer (Spectrum, 

Egypt). FENa was calculated according to [35] as 

follows: 

FENa(%) = 

(𝑈𝑟𝑖𝑛𝑒 𝑁𝑎 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 )𝑥(𝑃𝑙𝑎𝑠𝑚𝑎 𝑐𝑟𝑒𝑎𝑡𝑖𝑛𝑖𝑛𝑒 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 )

(𝑈𝑟𝑖𝑛𝑒 𝑐𝑟𝑒𝑎𝑡𝑖𝑛𝑖𝑛𝑒𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 )𝑥(𝑃𝑙𝑎𝑠𝑚𝑎 𝑁𝑎 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 )
 𝑥 100  

Novel parameters 

Novel renal biomarkers were determined using 

specific feline ELISA kits (BT LAB, China). These 

biomarkers included serum SDMA (catalogue No. 

E0022Cat), serum KIM-1 (catalogue No. E0097Cat), 

urinary NAG (catalogue No. E0023Cat), and urinary 

THP (catalogue No. E0113Cat). 

Pathological examination 

The kidneys from a dead cat of group II were 

grossly examined, then the tissue was fixed in 10% 

neutral buffered formalin, paraffin-embedded, 

sectioned, and stained with Hematoxylin and Eosin 

(H& E) according to [36].  

Statistical Analysis 

Statistical analysis was performed using the 

Statistical Package for the Social Sciences (SPSS) for 
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Windows version 25.0 (SPSS Inc., USA); 

significance was set at p ≤ 0.05. Quantitative 

variables were presented as Mean ± SD and 

statistically analyzed by one-way analysis of 

variance (ANOVA) followed by Tukey multiple 

comparison post hoc test for different groups. Group 

IV quantitative variables were statistically analyzed 

by dependent sample t test. The Pearson’s correlation 

coefficient was used to measure the correlation 

between novel renal biomarkers: SDMA, KIM-1, 

NAG, and THP versus sCr and some urinary 

measurements (proteinuria, MAU, and USG). 

Correlation strength was defined as follows: weak: r 

= 0.0–0.39; moderate: r = 0.4–0.69; strong: r = 0.7–

1.0 [37]. 

Results 

Ultrasonographic Findings 

Ultrasonographic examination of cats’ kidneys 

and urinary bladders of groups I and III showed 

normal echogenicity, size, and thickness of the 

tissues without any masses, cysts, or lesions. Group 

II showed different abnormal findings, including a 

slightly enlarged kidney with mild loss of 

corticomedullary distension and multiple cysts (Fig. 

1, c). Some cases showed small irregular kidneys 

with loss of corticomedullary distinction. Dilated 

renal pelvis compressing the normal kidney tissue 

architecture was observed in some cases. As well, 

other cases showed enlarged hyperechoic cortex with 

loss of corticomedullary distinction of the kidney. 

Urinary bladders in some cases exhibited moderate 

thickening of the wall with moderate echogenic 

multiple sediments inside the lumen, as shown in 

(Fig. 1, d).  

Clinicopathological Findings of Different Groups (I, 

II and III) 

Clinicopathological findings of different groups 

are illustrated in (Table 1.) Erythrogram results 

revealed a significant decrease in the RBCs count, 

Hb concentration, Hct, MCV, and MCHC, 

representing a microcytic hypochromic anemia of 

group II (control positive group) compared to group I 

(control negative group). Meanwhile, in comparison 

to group I, group III (pre-azotemic group) showed a 

significant decrease in Hb concentration, Hct, MCV, 

and MCHC, representing a microcytic hypochromic 

anemia, and non-significant change in RBCs count. 

Leukogram results revealed a significant decrease 

in TLC due to a significant decrease of neutrophils, 

monocytes, and eosinophils associated with a 

significant increase of lymphocytes in groups II and 

III compared to group I.  

The ABG revealed a significant pH decrease in 

group II, indicating acidosis, and a non-significant 

difference in group III when compared to group I. 

PCO2 and PO2 showed non-significant change 

among the different groups. Chloride concentration 

showed a significant increase in group II and a non-

significant change in group III; meanwhile, HCO3- 

concentration showed a significant decrease in group 

II and a non-significant change in group III 

compared to group I.  

Traditional renal biomarkers showed a significant 

increase of BUN concentration in group II compared 

to group I, along with sCr concentration and USG, 

confirming azotemia in group II. BUN concentration 

showed a significant decrease in group III compared 

to group II, meanwhile it showed a non-significant 

change when compared to group I; thus, group III 

cats were non-azotemic. 

The protein profile exhibited a significant 

decrease in serum total proteins concentration due to 

a significant decrease in globulins concentrations 

with a non-significant change in albumin 

concentration, as well as a significant increase in the 

A/G ratio of group II when compared to group I. 

Furthermore, a non-significant difference was found 

in the protein profile in group III when compared to 

group I.    

Electrolytes and minerals revealed a non-

significant change of calcium concentration among 

different groups, a significant increase of 

phosphorous concentrations in group II, and a non-

significant change in group III when compared to 

group I. A significant decrease of sodium and a 

significant increase of potassium concentrations 

occurred in group II compared to group I; 

meanwhile, non-significant change occurred for both 

in group III compared to group I. 

Novel serum renal biomarkers showed significant 

increases of SDMA and KIM-1 concentrations in 

groups II and III compared to group I 

Clinicopathological Findings of Group IV (before 

and after treatment) 

Clinicopathological findings of group IV were 

illustrated in (Table 2.) Before treatment, they were 

similar to that of group II when compared to group I. 

However, erythrogram after treatment revealed a 

significant increase of the RBCs count, Hb 

concentration, and Hct with a non-significant change 

of MCV and MCHC when compared to their values 

before treatment. 

Leukogram after treatment revealed a significant 

increase of TLC due to a significant increase of 

neutrophils, monocytes, and eosinophils associated 

with a significant decrease of lymphocytes when 

compared to their count before treatment.   

ABG after treatment revealed non-significant 

changes in all ABG parameters except HCO3- 

concentration, which showed a significant increase 

compared to their concentrations before treatment. 
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Traditional renal biomarkers after treatment 

exhibited a significant decrease in sCr and BUN 

concentrations, thus confirming an improvement in 

renal function. 

The protein profile after treatment was improved 

and showed a significant increase in total proteins 

and globulins concentrations, a significant decrease 

in the A/G ratio, and a non-significant change in 

albumin concentration compared to their 

concentrations before treatment. 

Electrolytes and minerals concentrations after 

treatment showed a significant decrease of calcium 

and potassium concentrations, and a non-significant 

change in concentrations of phosphorous and sodium 

compared to their concentrations before treatment. 

Serum SDMA and KIM-1 concentrations showed 

a significant decrease compared to their 

concentrations before treatment. Thus, improvement 

of the renal function, indicated by reduced 

concentrations of sCr and BUN, is accompanied by 

improvement of SDMA of KIM-1 concentrations. 

Complete Urinalysis Findings of Different Groups (I, 

II and III) 

Complete urinalysis findings for different groups 

are shown in (Table 3.) Physical examination of the 

urine samples in all cases of group I and the majority 

of cases in-group III revealed yellow colour, 

urinepherous odour, and a clear aspect. In contrast, in 

group II, urine samples appeared red with an 

ammoniacal odour, and a turbid aspect. Urine 

specific gravity (USG) exhibited a significant 

decrease in group II and a non-significant change in 

group III compared to group I; however, urine pH 

showed a non-significant change among the different 

groups. 

Chemical examination of the urine samples in all 

cases of group I and the majority of cases in group III 

showed absences of protein, blood, and leukocytes, 

while in group II, urine samples exhibited 

proteinuria, hematuria, and pyuria.  

Microscopical examination of the urine sediment 

of all group I cases and the majority of group III 

cases showed normal RBCs and pus cells, with the 

absence of crystals and casts, while in group II, 

samples revealed an increased number of RBCs and 

pus cells with the presence of crystals “crystalluria” 

(triple phosphate and calcium oxalate crystals). 

The urinary biochemical parameters revealed a 

significant increase of urinary proteins, UPC, 

microalbumin, sodium (Na), FENa, and uGGT, and a 

significant decrease of spot uCr concentration in 

group II compared to group I. Furthermore, in 

comparison to group I, group III showed a significant 

increase of urinary proteins, UPC, microalbumin, and 

uGGT and a non-significant change of sodium and 

FENa with a significant decrease of uCr.  

Novel urinary renal biomarkers showed a 

significant increase of urinary NAG activity and a 

significant decrease of THP concentration in groups 

II and III compared to group I.  

Correlation between Serum Novel versus Traditional 

Standard Biomarkers 

Pearson's correlation coefficient analysis of novel 

serum biomarkers showed that there was a strong 

positive correlation between sCr and SDMA 

concentrations (r=0.764, p<0.0001), a moderate 

positive correlation between sCr and KIM-1 

concentrations (r=0.604, p<0.0001), and a strong 

positive correlation between SDMA and KIM-1 

(r=0.702, p<0.0001). In addition, proteinuria had a 

strong positive correlation with sCr concentration 

(r=0.816, p<0.0001) and SDMA concentration 

(r=0.840, p<0.0001) and a moderate positive 

correlation with KIM-1 concentration (r=0.556, 

p≤0.01). Also, MAU had a very strong positive 

correlation with sCr concentration (r=0.925, 

p<0.0001), a strong positive correlation with SDMA 

concentration (r=0.793, p<0.0001), and a moderate 

positive correlation with KIM-1 concentration (r = 

0.615, p<0.001). Urine specific gravity had a 

moderate negative correlation with sCr, SDMA, and 

KIM-1 [(r=-0.556, p≤0.01), (r=-0.586, p≤0.01), and 

(r=-0.46, p≤0.05), respectively].  

Complete Urinalysis Findings of Group IV (before 

and after treatment) 

Complete urinalysis findings for group IV are 

shown in (Table 4.) Physical examination of the 

urine samples in the majority of cases in group IV 

before treatment appeared red with an ammoniacal 

odour, and turbid aspect, while after treatment all 

cases revealed yellow coloured urine with a 

urinepherous odour, and clear aspect. Urine specific 

gravity revealed a significant increase after treatment 

compared to its concentration before treatment; 

however, urine pH showed a non-significant change. 

Chemical examination of the urine samples in the 

majority of cases in group IV before treatment 

exhibited proteinuria, hematuria, and pyuria, while 

after treatment the majority of cases showed 

absences of protein, blood, and leukocytes. 

Microscopical examination of the urine sediment 

in the majority of cases of group IV before treatment 

revealed an increased number of RBCs and pus cells 

with crystalluria (triple phosphate and calcium 

oxalate crystals), while after treatment all cases 

showed normal number of both RBCs and pus cells 

with the absence of crystals. 

The urinary biochemical parameters of group IV 

before treatment were similar to those of group II 

when compared to group I; however, after treatment 

they revealed a significant increase of spot uCr, a 

significant decrease of protein, UPC, microalbumin, 

and FENa, and a non-significant change in sodium 
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and uGGT when compared to their values before 

treatment. 

Novel urinary renal biomarkers concentrations 

were similar to that of group II when compared to 

group I; however, after treatment they showed a 

significant decrease of NAG activity, and a non-

significant change of THP concentration compared to 

their result before treatment. 

Correlation between Urinary Novel versus 

Traditional Standard Biomarkers 

Pearson's correlation coefficient analysis of novel 

urinary renal biomarkers showed that there was a 

moderate positive correlation between NAG activity 

and sCr concentration (r=0.634, p≤0.01), a moderate 

negative non-significant correlation between the THP 

concentration and sCr concentration (r=-0.415, 

p≤0.07), and a moderate negative correlation 

between NAG activity and THP concentration (r=-

0.554, p≤0.01). In addition, proteinuria had a strong 

positive correlation with NAG activity (r=0.756, 

p<0.0001) and a moderate negative correlation with 

THP concentration (r=-0.507, p≤0.05). Also, MAU 

had a strong positive correlation with NAG activity 

(r=0.702, p<0.0001) and a moderate negative 

correlation with THP concentration (r=-0.481, 

p≤0.05). Urine specific gravity had a moderate 

negative correlation with NAG activity (r=-0.526, 

p≤0.05) and a moderate positive correlation with 

THP concentration (r=0.514, p≤0.05).  

Pathological Findings 

Gross Findings 

Postmortem examination of a dead cat from 

group II revealed a marked decrease in the size of 

both kidneys with adhered capsules. Both kidneys 

were pale in colour and firm in texture.  

Histopathological Findings 

Photomicrographs of H& E-stained renal tissue of 

a dead cat from group II (Fig. 2) revealed extensive 

scarring that extends into cortical and medullary 

zones of the kidney. Interstitial fibrosis with 

distortion of tubules, as some of the renal tubules 

were atrophied and had reduced luminal diameter, 

and others appeared ectatic, lined by flattened 

epithelium, producing cystic dilatation with 

homogeneous proteinaceous casts. Also, renal 

tubules suffered from tubulitis with necrobiotic 

changes in their lining epithelium. Interstitial tissue 

was infiltrated with lymphoplasmacytic cells. The 

renal corpuscles have contracted glomeruli with 

thickened hyalinized Bowman’s capsules and 

periglomerular fibrosis. Renal tophi of urate crystals 

were deposited in the interstitium and intratubular 

lumen. Arteriolonephrosclerosis was detected with 

vacuolation of media and fragmentation of elastic 

lamina. 

Discussion 

This study aimed to evaluate the performance of 

novel biomarkers (SDMA, KIM-1, NAG, and THP) 

in cats versus traditional biomarkers for detecting 

kidney injury and assess their role in the follow-up of 

treated cases. 

Ultrasonographic findings of group I and III 

kidneys showed normal echogenicity, size, and 

thickness of cortex and medulla with distinct 

corticomedullary junction. Meanwhile, group II 

showed different abnormal findings including 

slightly enlarged kidneys, which contributed to the 

presence of multiple cysts with mild loss of 

corticomedullary distension, a case known as 

polycystic kidney disease (PKD). PKD’s cysts are 

several thin-walled ovoid structures of varying 

diameters characterized by anechoic content [38]. 

The causes of PKD are mostly congenital [39]. Other 

cases showed small irregular kidneys with loss of 

corticomedullary distinction due to decreased cortical 

thickness in cases of CKD [40]. Meanwhile, an 

enlarged hyperechoic cortex with loss of 

corticomedullary distinction is a characteristic of 

acute nephritis, which may be attributed to interstitial 

nephritis and gradual loss of nephron function [39]. 

Renal pelvic dilation as a result of obstruction is 

typically the indication for hydronephrosis, and 

substantial tissue loss may occur as a consequence of 

pressure necrosis in the renal parenchyma. A thin 

border surrounding a significantly dilated pelvis may 

be the only remaining tissue in extreme cases [41].  

Ultrasonographic findings of groups I and III urinary 

bladders revealed a normal wall thickness, and a 

lumen filled with echoic urine. Urinary bladders of 

some cases in group II exhibited moderate bladder 

wall thickening, which may be attributed to a degree 

of cystitis, and moderate echogenic multiple urine 

sediment inside the lumen is characteristic for cystic 

urolithiasis [38, 41]. 

The sCr and BUN are metabolic waste products 

that are excreted from the kidneys; the blood 

concentration of both increases in different renal 

diseases [29]. Beside the clinical signs and physical 

examination findings, sCr, BUN and USG were 

evaluated in the current study to allocate cats in 

different groups. Significant increase of sCr and 

BUN with significant decrease of USG confirm the 

azotemic state accomplished group II (the renal 

diseased cases), while group III (the pre-azotemic 

group) showed non-significant change of sCr, BUN 

and USG confirming their non-azotemic state. Thus, 

the novel renal biomarkers’ competence to detect 

early stage of renal injury can be assessed in group 

III. Decreased sCr and BUN after treatment of group 

IV may suggest hypertrophy alterations in the 

glomerular apparatus of the kidneys, leading to an 

enhancement in their excretory function [42].  
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Hematological evaluations performed in the 

current study revealed the presence of microcytic 

hypochromic anemia in groups II and III. This type 

of anemia is associated with the inflammatory states 

(in both acute and chronic renal diseases), which 

contribute to a relative iron deficiency by inducing 

hepcidin production. Hepcidin is an acute-phase 

protein that hinders the release of iron stored in 

macrophages and hepatocytes, thus eventually 

leading to anemia by reducing the bioavailability of 

iron for hemoglobin production. In addition, 

inflammatory cytokines and uremic toxins can 

adversely affect RBCs survival, causing hemolysis 

[43, 44]. Gastrointestinal mucosal bleeding and 

hematuria may contribute to the anemia [43, 45], 

these observations agreed with [46]. 

The significant leukopenia in groups II and III 

may be due to compromised bone marrow function 

as they had low count of neutrophils, eosinophils, 

monocytes, and lymphocytes; lymphocytosis was an 

exception of group II, similar to findings of [47], 

who conducted a study on collected data of elderly 

over 3 years from the CKD Research of Outcomes in 

Treatment and Epidemiology (CKD-ROUTE) and 

observed a correlation between leukopenia and CKD 

progression; in addition, Krofič Žel et al., 2024 [48] 

found that more neutropenic cats were found in early 

CKD group than in advanced CKD group. 

Furthermore, oxidative stress and the increased 

apoptosis of neutrophils can lead to neutropenia and 

a decline in their functionality; moreover, 

lymphopenia was accounted for as an accelerated 

lymphocyte apoptosis [49] and uremia [39]. 

Lymphocytosis in group II may reflect reactive or 

transient lymphocytosis; this finding agreed with 

[50] and disagreed with the finding of [49], who 

mentioned that lymphopenia was observed more 

frequently in cats suffering from end-stage renal 

disease. Monocytopenia can happen whenever there 

is neutropenia due to the common bipotential stem 

cell for both [48]. 

In the current study, group II exhibited metabolic 

acidosis, which resulted from increased 

concentrations of uremic acids [51], the inability of 

the kidney to eliminate nitrogen molecules [52], and 

H+ with reduced production and reabsorption of 

HCO3- [53]. Bicarbonate-assisted metabolic acidosis 

correction permits an intracellular shift of K+ in 

exchange with H+, which is combined with HCO3- 

and eliminated [53], explaining the significant 

decrease of HCO3-. Hyperchloremia of group II may 

be due to metabolic acidosis from mineral acids (e.g., 

NH4CL or HCL) [53]. Group IV after treatment 

showed a non-significant change in ABG parameters 

compared to their concentrations before treatment 

except for the significantly increased HCO3-, which 

may be due to the enhancement of renal tubular 

reabsorptive function [53] and is considered a 

compensatory mechanism for the metabolic acidosis 

state of the diseased cases. 

Reported hyperphosphatemia in group II resulted 

from decreased renal excretion of phosphorous 

associated with reduced GFR since phosphate is 

freely filtered at the glomerulus; this finding was 

similar to that of [4, 52]. Hyperkalemia detected was 

owing to a reduction in GFR which has a direct 

impact on the capacity of tubules to retain and 

reabsorb water and salts, as well as the excretion of 

potassium, resulting in the development of uremia, 

acidosis, and hyperkalemia that was similar to 

findings of [52]. Extracellular pH directly influences 

cell membrane excitability and stability, boosting 

potassium efflux and aggravating pre-existing 

hyperkalemia [52]. In addition, hyperkalemia usually 

accompanied CKD with oliguria and metabolic 

acidosis, as exhibited in the current study, which 

triggers translocation of potassium out of cells in 

exchange with hydrogen ions entering the cells [53]. 

Hyponatremia of group II indicates excess sodium 

loss and may be associated with vomiting [53]. 

Metabolic acidosis correction with HCO3- allows an 

influx of K+ intracellularly as the H+ is combined 

with HCO3- and removed [53], which explains the 

significant hypokalemia in group IV after treatment. 

Hypoproteinemia in group II is associated with 

anemia, suggesting anemia of chronic disease [50]. 

Hypoproteinemia develops in many cats with 

glomerular disease due to hypoalbuminemia [54], 

which results from inflammation as a negative acute 

phase protein and/or protein-losing nephropathies 

associated with heavy proteinuria [55]. However, in 

the current study, hypoalbuminemia in group II may 

be masked by dehydration. Hypoglobulinemia with 

normal albumin occurs due to acquired immune 

deficiency [56]. This finding disagreed with [50], 

who revealed mild hyperglobulinemia suggesting 

mild subclinical inflammation.  

Serum SDMA originates from the intranuclear 

methylation process of L-arginine facilitated by 

protein arginine methyltransferase. It is 

predominantly excreted through the kidney, 

indicating its potential as an endogenous marker for 

glomerular filtration rate (GFR) [8]. The production 

rate of SDMA in the body is relatively stable, but 

protein breakdown could potentially contribute to 

changes in serum concentration [30]. Serum SDMA 

concentrations were shown to be significantly 

increased in group II due to glomerular pathological 

affections that cause a decrease in GFR and an 

elevation in the serum concentrations of SDMA [57]. 

This finding was identical to the findings of [57, 58], 

who found that serum SDMA concentrations were 

increased above the normal reference range before 

elevation of sCr concentrations above their normal 

reference range. SDMA concentrations for group III 

were found to be increased in association with non-

significant changes of both sCr and BUN 
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concentrations, that proving the sensitivity of SDMA 

is significantly higher than sCr and BUN. The 

current study finding disagreed with Wun et al., 2024 

[59], who concluded that under their experimental 

conditions, there is no evidence to suggest that serum 

SDMA is more effective than sCr in detecting 

impaired renal function caused by meloxicam-

induced renal injury in cats. However, SDMA 

concentration in group IV after treatment was 

significantly decreased than before treatment; this 

may be facilitated by an increase in glomerular 

filtration [42], revealing its usefulness as a follow-up 

marker for renal repair.  

The KIM-1 is a 38.7 kDa type I transmembranous 

glycoprotein with immunoglobulin and mucin 

structural domains. Elevated serum KIM-1 was 

found shortly after renal tubular injury [10]. The 

current study revealed a significant increase of KIM-

1 in group II, confirming renal tubular injury, similar 

to findings of Xavier Júnior et al., 2022 [60], who 

quantified KIM-1 in feline urine to evaluate it as a 

biomarker of AKI, and identical to findings of 

Elkhiat et al., 2019 [17], who measured serum KIM-

1 concentration in cats affected with lower urinary 

tract disease and concluded that its increase may be 

due to renal tubular impairment after acute renal 

failure. KIM-1 concentrations of group III were 

increased in association with non-significant change 

of both sCr and BUN concentrations, proving that the 

sensitivity of KIM-1 is significantly higher than both 

sCr and BUN. Concentration of KIM-1 was 

significantly decreased in group IV after treatment 

compared to its concentration before treatment, 

establishing its convenience as a follow-up marker 

for renal repair. Zou, Wang, and Lu, 2022 [61] 

illustrated that correlating uKIM-1 and sKIM-1 can 

improve the accuracy and precision of detecting 

severe acute tubular necrosis, and this enables early 

treatment. Thus, further studies measuring and 

correlating serum and urinary KIM-1 in cats are 

required. 

Physical examination of the urine samples of 

group II revealed that urine samples appeared red 

with ammoniacal odour, and turbid aspect. Red urine 

may be caused by hematuria (presence of intact 

erythrocytes in the urine) or hemoglobinuria due to 

lysed erythrocytes either prerenal or in dilute or 

alkaline urine; both react positive for blood on a 

urine dipstick [62]. Hematuria, confirmed by 

microscopic sediment examination and revealed that 

RBCs were > 5/HPF, may be attributed to 

inflammatory renal disease or disease of the lower 

urinary tract [5]. Our findings were similar to that 

reported by [39]. Despite the fact that urine odour 

may not be considered pathognomonic for any 

disease, it is found that ammoniacal odour suggests 

urinary infections mostly with urease-positive 

bacteria [62]. Under disease conditions, urine 

turbidity is associated with an increase in the number 

of cells, crystals, deposits, and/or organisms [62]. 

Physical examination of the urine samples in the 

majority of cases in group IV after treatment showed 

normal yellow coloured urine with urinepherous 

odour, and a clear aspect indicating relief of the 

urinary tract infection and inflammation [62].  

The USG is a metric that quantifies the weight 

ratio of 1 L urine to 1 L water. It serves as a crucial 

indicator of the kidney's capacity to concentrate or 

dilute urine [62]. USG decrement of group II 

indicates reduced urine concentrating ability by 

kidneys and holds clinical significance serving as an 

early indicator of kidney disease; this finding was 

identical to findings of [63, 64]. Group IV after 

treatment showed a significant increase of USG, 

confirming that their kidneys retained the 

concentrating ability of urine [62]. 

The chemical examination of most urine samples 

in group II exhibited proteinuria, hematuria, and 

pyuria. Hematuria associated with substantial pyuria 

can give rise to concomitant mild­to­moderate 

proteinuria by dipstick [5]. Microscopical 

examination of most urine samples’ sediment of 

group II revealed active sediments, an increased 

number of RBCs and pus cells in association with 

crystalluria (triple phosphate and calcium oxalate 

crystals). Active sediment with proteinuria indicates 

of inflammatory kidney or urogenital disease [5]. 

Crystals in urine, or crystalluria, are common even in 

healthy states. However, struvite crystal is mostly 

found in basic urine, and calcium oxalate 

monohydrate crystal increases suspicion of ethylene 

glycol poisoning [62]. Most cases in group IV after 

treatment showed absences of protein, blood, and 

leukocytes. All cases in group IV after treatment 

showed normal number of both RBCs and pus cells 

without presence of crystals owing to increased renal 

integrity. 

Significant proteinuria in groups II and III may be 

due to a damaged barrier of the glomerular filtration 

system, the inability of the tubules to completely 

reabsorb filtered proteins, and/or leakage of proteins 

and enzymes from tubular epithelial cells [8, 9]. This 

agreed with the findings of Ribeiro et al., 2020 [63], 

who performed a transversal study in dogs suffering 

from CKD and observed that the higher the protein 

loss, the higher the stage of the disease was. High 

urine protein and low specific gravity were linked to 

more severe acute illness and the onset of AKI, 

according to a human study on urinalysis [65]. 

Proteinuria in most cases of group IV after treatment 

was significantly decreased than its concentration 

before treatment, thus indicating an enhancement in 

the kidney's concentration function. This 

improvement may be linked to the hypertrophy of 

intact nephrons [42]. 

Spot uCr concentrations in groups II and III were 

significantly decreased, which accounts for impaired 
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renal excretory function for creatinine, identical to 

the findings of [60]. Spot uCr concentration in group 

IV after treatment was significantly increased, 

accounting for enhanced renal excretory function for 

creatinine.  

The UPC is a commonly employed technique for 

quantifying proteinuria in the veterinary routine as a 

substitute for the 24-hour urinary protein excretion 

measurement and has been validated in cats [66]. 

Creatinine production remains constant daily; 

however, its urinary concentration is consistently 

variable with urine volume. This condition can be 

mitigated by dividing the urinary protein level (in 

mg/dl) by the urinary creatinine level (in mg/dl) [63, 

67]. The significant increase of UPC in groups II and 

III disagreed with Williams, and Archer, 2019 [68], 

who clarified that UPC, and urinary albumin 

excretion are not increased in cats with early 

azotemic CKD. Thus, further research is required to 

examine the biological variability of UPC in cats 

with kidney diseases and overt renal proteinuria, as 

well as in cats with elevated UPC ratios [64]. The 

presence of varying degrees of microscopic 

hematuria may have played a role in the observed 

difference in UPC. UPC in group IV after treatment 

was significantly decreased than that before 

treatment indicating a deceleration of disease 

progression and the progress of glomerular fibrosis 

[69]. 

The MAU, in which small amounts of albumin 

are present in the urine, is defined as a urinary 

albumin concentration >1 and ≤30 mg/dL when urine 

samples are diluted to a standard specific gravity of 

1.010 [6], and thus is considered the earliest sign and 

the best predictor of renal failure progression [70]. 

Similarly, in the current study, microalbumin 

concentration was elevated in groups II and III. 

Microalbumin concentration of group IV after 

treatment was significantly decreased than its 

concentration before treatment; that was accounted 

for by the hypertrophy of intact nephrons, especially 

intact glomerular tuft [42]. As well, this makes 

microalbumin a good marker to follow-up renal 

function improvement.  

Urinary sodium was significantly increased in 

group II, which is supposed to result from increased 

sodium excretion and decreased sodium reabsorption 

per nephron to compensate for the decrease in the 

number of functioning nephrons and decreased GFR, 

especially when sodium intake remains constant [71]. 

Fractional excretion of an electrolyte (FE) is the 

process of determining the percentage of urinary 

electrolyte excretion relative to its serum 

concentration, with the correction made for 

creatinine excretion based on filtration rate [72]. 

Under the influence of aldosterone, healthy kidneys 

reabsorb excess sodium to restore water balance [35]. 

As the kidney tubules are involved in the 

reabsorption and secretion of electrolytes, a 

significant increase in FENa indicates that the cases 

suffered from tubular impairment [72]. Despite the 

non-significant change of urinary sodium 

concentration of group IV after treatment compared 

to its concentration before treatment, FENa was 

significantly decreased after treatment owing to the 

significant decrease of sCr concentration and 

significant increase of spot uCr after treatment and 

their effect on FENa equation [35]. 

The uGGT activity was significantly elevated, 

which may be due to acute tubular damage as it is 

located in the metabolically active region of the 

proximal renal tubules. This was identical to the 

findings of [65] and Xavier Júnior, et al., 2022 [60], 

who studied uGGT activity in urethral-obstructed 

cats and found that its activity was elevated 

immediately after the diagnosis of the cases. The 

uGGT activity of group IV after treatment showed a 

non-significant change compared to its activity 

before treatment, thus it couldn’t be used as a follow-

up biomarker for improvement of renal function. 

The NAG is a hydrolytic lysosomal enzyme 

plentifully expressed in the renal proximal tubular 

epithelium and normally cannot pass through the 

glomerular filtration. Under normal circumstances, it 

is secreted in small amounts, maintaining a low 

urinary NAG activity [22]. The current study 

revealed a significant increase of NAG activity in 

group II, as when kidney tubular cells are damaged 

or injured, they leak NAG into the urine; that was 

identical to the finding of [73]. In addition, NAG 

activity for group III was found to be elevated, 

establishing that the sensitivity of NAG is 

significantly higher than sCr and BUN. NAG activity 

significantly declined in group IV after treatment 

compared to its activity before treatment, indicating 

decreased leakage by injured tubular cells [22], 

establishing its usefulness as a follow-up marker for 

renal repair. 

The THP (MW 100 kDa) is synthesized by the 

cells of the thick ascending loop of Henle and the 

distal convoluted tubules [9]. Recent studies have 

revealed that THP concentrations are lower in 

patients with acute kidney injury than healthy 

individuals [10]. The current study revealed a 

significant decrease of THP in group II, indicating 

damage of the thick ascending loop of Henle and the 

distal convoluted tubules, identical to the findings of 

Crisi et al., 2020 [74], who studied the early renal 

damage in cats infected with Feline Morbillivirus 

(FeMV), and Ferlizza et al., 2020 [75], who 

conducted research on dogs with stage I non-

proteinuric CKD showed declined THP 

concentration and figured out that it was a potential 

early indicator of renal failure in dogs. Precisely, 

group III showed a significant decrease of THP 

concentration, confirming that it is a potential marker 

for early renal tubular damage in cats. Group IV after 

treatment exhibited a non-significant change in 
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concentration of THP when compared to its 

concentration before treatment; thus, it is not useful 

as a follow-up marker for renal function 

enhancement. 

The strong positive correlation between 

SDMA and KIM-1 concentrations, in addition to the 

strong positive correlation of SDMA with sCr and 

the moderate positive correlation of KIM-1 with sCr 

concentrations exhibited by Pearson's correlation 

coefficient analysis, confirm that they are reliable 

indicators as early serum biomarkers for renal injury. 

This result is supported by the strong positive 

correlation of proteinuria as well as MAU with sCr 

and SDMA and their moderate positive correlation 

with KIM-1 concentrations. In addition to the 

moderate negative correlation of USG with sCr, 

SDMA, and KIM-1. 

The moderate negative correlation between NAG 

activity and THP concentration, in addition to the 

moderate positive correlation of sCr with NAG and 

the moderate negative non-significant correlation of 

sCr with THP exhibited by Pearson's correlation 

coefficient analysis, confirm that they are reliable 

indicators as early urinary biomarkers for renal 

injury. This result is supported by the strong positive 

correlation of proteinuria and MAU with NAG 

activity and THP concentration. In addition to the 

moderate negative correlation of USG with NAG 

activity and the moderate positive correlation with 

THP concentration.  

Interstitial fibrosis with distortion of tubules 

found in a renal histopathologic section of a dead cat 

of group II is caused by capillary rarefaction, the 

reduction in the number of capillaries, which is 

strongly associated with fibrosis as it is regarded as a 

significant factor in the development of hypoxia and 

the progression of fibrosis [76]. That was similar to 

the findings of Paschall et al., 2023 [77], who 

assessed the renal peritubular capillary rarefaction of 

CKD. Fibrosis is most likely triggered by injury to 

tubular epithelial cells and pericytes, leading to either 

death or transdifferentiation into myofibroblasts that 

produce extracellular matrix [78]. McLeland et al., 

2015 [79] added that cats with CKD exhibit 

inflammation and scarring in the tubules and 

interstitial tissue, as well as atrophy of the tubules 

and the development of glomerulosclerosis as a 

subsequent effect. 

The interstitial fibrosis that occurs as a result of 

this process increases the distance that oxygen needs 

to diffuse between capillaries and tubular epithelial 

cells, leading to ischemia injury and further damage 

[78, 80]. Ultimately, this results in tubular atrophy 

and the loss of nephrons. The loss of nephrons 

intensifies the workload on the remaining ones and 

worsens the condition of renal hypoxia, which affects 

tubular epithelial cells in particular [78]. 

Arteriolonephrosclerosis is associated with loss of 

functioning glomeruli and causes hyperfiltration of 

remaining glomeruli, leading to podocyte damage 

and sclerosis that was identical to findings of [79]. 

Conclusion 

The current study results found out that SDMA 

concentration, KIM-1 concentration, and NAG 

activity were significantly increased, while THP 

concentration was significantly decreased in the pre-

azotemic group of cats having sCr and BUN 

concentrations near the upper reference ranges. Thus, 

they could serve as efficient early renal biomarker 

indicators of renal injury. In addition, SDMA 

concentration, KIM-1 concentration, and NAG 

activity were significantly declined in the treated 

group of cats, ensuring their usefulness as follow-up 

biomarkers for follow-up marker for renal repair and 

improvement of kidney function. On contrast, THP 

concentration wasn’t changed significantly after 

treatment; therefore, it couldn’t be used as a follow-

up biomarker for renal repair or improvement of 

kidney function. Combining glomerular markers, 

such as SDMA and proteinuria, with tubular markers, 

such as KIM-1, NAG, and USG, could yield a 

valuable ‘biomarker panel’ to enable earlier detection 

of renal disease, enhance the follow-up of cases, and 

permit more precise surveillance of therapy response. 
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Fig. 1. Ultrasonographic findings of kidneys and urinary bladders of different groups 

(a) Sagittal scan of kidney from group I showing normal echogenicity, size, and without any masses, cysts, or 

lesions. 

(b) Longitudinal scan of urinary bladder from group I showing normal size. 

(c) Sagittal scan of kidney from group II showing slight enlargement with mild loss of corticomedullary 

distension with multiple cysts. 

(d) Longitudinal scan of urinary bladder from group II showing moderate thickening of the wall with 

moderate echogenic multiple sediments inside the lumen. 

(e) Sagittal scan of kidney from group III showing normal ultrasonographic features. 

(f)     Longitudinal scan of urinary bladders from group III showing normal ultrasonographic features 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Histopathological section of feline kidney (H& E) of a dead cat from group II 

(a) Renal medulla showing extensive fibrosis with atrophied renal tubules. 

(b) Renal medulla showing lymphoplasmacytic cells infiltration with arteriolosclerosis and renal cortex showing 

periglomerular fibrosis (black arrow) and interstitial fibrosis (red arrow) in the upper right corner. 

(c) Renal medulla showing lymphoplasmacytic cells infiltration with cystic dilation of some renal tubules and 

atrophy of others filled with hyalinized proteinaceous cast and renal cortex showing needle-shaped crystals 

of renal tophi (arrow) were deposited in the interstitium with mononuclear cells infiltrations in the upper 

right corner. 

(d) Renal medulla showing lymphoplasmacytic cells infiltration with arteriolosclerosis and renal medulla 

showing ectatic renal tubules lined by flattened epithelium, producing cystic dilatation filled 

homogeneous proteinaceous casts (asterisk) in the upper right corner. (scale bar 50 μm) 
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TABLE 1. Clinicopathological Results of Different Groups (I, II and III) 

Groups 

Parameters 
I. Control negative II. Control positive III. Pre-azotemic group 

Hemogram 

      RBCs Count (106/µL) 10.33 ± 1.44a 5.85 ± 0.75b 10.10 ± 0.92a 

      Hb concentration (g/dL) 12.29 ± 1.80a 6.33 ± 0.91c 10.63 ± 1.55b 

      Hct (%) 38.07 ± 3.36a 17.58 ± 2.27c 33.53± 3.56b 

      MCV (fL) 40.44 ± 2.10a 34.08 ± 2.96b 33.95± 2.60b 

      MCHC (g/dL) 32.65 ± 1.96a 28.75 ± 1.98b 27.91 ± 2.31c 

      TLC (103/µL) 14.82 ± 2.62a 12.83 ± 1.70b 7.88 ± 1.09c 

      Neutrophils (103/µL) 11.06 ± 1.42a 8.22 ± 1.34b 4.43 ± 0.68c 

      Lymphocytes (103/µL) 1.93 ± 0.35c 3.71 ± 0.68a 2.52 ± 0.78b 

      Monocytes (103/µL) 0.63 ± 0.12a 0.35 ± 0.14b 0.34 ± 0.15b 

      Eosinophils (103/µL) 1.20 ± 0.33a 0.55 ± 0.16b 0.59 ± 0.16b 

Arterial blood gas analysis (ABG) 

      pH 7.42 ± 0.05a 7.13 ± 0.04b 7.35 ± 0.04a 

      PCO2 (mmHg) 34.00 ± 1.63a 32.13 ± 4.12a 35.27 ± 1.16a 

      PO2 (mmHg) 41.00 ± 2.94a 44.33 ± 3.86a 39.00 ± 3.56a 

      Cl- (mEq/L) 120.67 ± 2.49b 137.00 ± 1.63a 121.67 ± 2.62b 

      HCO3
- (mmol/L) 19.73 ± 1.03a 14.92 ± 0.73b 18.10 ± 1.49a 

Biochemical parameters 

Traditional renal biomarkers 

      Creatinine (mg/dL) 1.21 ± 0.27b 5.25 ± 1.29a 1.59 ± 0.14b 

      BUN (mg/dL) 24.68 ± 1.79b 95.30 ± 12.91a 30.57 ± 7.30b 

Protein Profile 

      Total Proteins (g/dL) 5.44 ± 0.64a 4.15 ± 0.60b 4.93 ± 0.92a 

      Albumin (g/dL) 2.14 ± 0.31a 2.19 ± 0.39a 2.02 ± 0.42a 

      Globulins (g/dL) 3.30 ± 0.67a 1.97 ± 0.63b 2.76 ± 1.09a 

      A/G ratio 0.68 ± 0.20b 1.35 ± 0.84a 0.82 ± 0.45b 

Electrolytes and minerals 

      Calcium (mg/dL) 9.52 ± 1.84a 9.81 ± 1.29a 9.12 ± 1.60a 

      Phosphorous(mg/dL) 5.88 ± 0.68b 8.15 ± 1.01a 6.29 ± 0.73b 

      Sodium (mEq/L) 147.11 ± 9.46a 136.78 ± 5.45b 148.17 ± 7.60a 

      Potassium (mEq/L) 4.82 ± 0.88b 6.26 ± 1.99a 4.42 ± 1.15b 

Novel serum biomarkers 

      SDMA (nmol/L) 40.89 ± 7.56c 191.19 ± 41.24a 145.54 ± 35.69b 

      KIM-1 (ng/ml) 4.03 ± 0.59b 6.47 ± 1.12a 5.83 ± 1.54a 

Means ± SD with different superscript letters in the same row are significantly different at (p≤0.05). 
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TABLE 2. Clinicopathological Results of Group IV 

Groups 

Parameters 
Before treatment After treatment 

Hemogram 

      RBCs Count (106/µL) 6.01 ± 0.50b 9.16 ± 0.56a 

      Hb concentration (g/dL) 6.02 ± 0.60b 12.12 ± 1.97a 

      Hct (%) 18.34 ± 1.87b 33.60 ± 2.24a 

      MCV (fL) 34.72 ± 2.21a 38.23 ± 2.65a 

      MCHC (g/dL) 30.60 ± 0.81a 31.71 ± 2.05a 

     TLC (103/µL) 12.99 ± 0.90b 15.99 ± 1.79a 

      Neutrophils (103/µL) 8.64 ± 1.25b 11.66 ± 2.04a 

      Lymphocytes (103/µL) 3.72 ± 0.69a 2.05 ± 0.56b 

      Monocytes (103/µL) 0.36 ± 0.10b 0.79 ± 0.20a 

      Eosinophils (103/µL) 0.27 ± 0.08b 1.49 ± 0.56a 

Arterial blood gas analysis (ABG) 

      pH 7.28 ± 0.09a 7.31 ± 0.01a 

      PCO2 (mmHg) 34.57 ± 3.14a 32.50 ± 2.04a 

      PO2 (mmHg) 48.67 ± 2.62a 47.67 ± 2.49a 

      Cl- (mEq/L) 137.33 ± 3.68a 135.00 ± 1.63a 

      HCO3
- (mmol/L) 15.97 ± 0.25b 19.65 ± 1.35a 

Biochemical parameters 

Traditional renal biomarkers 

      Creatinine (mg/dL) 2.90 ± 0.66a 1.73 ± 0.07b 

      BUN (mg/dL) 43.65 ± 4.68a 28.99 ± 4.20b 

Protein Profile 

      Total Proteins (g/dL) 4.35 ± 0.62b 5.50 ± 0.69a 

      Albumin (g/dL) 2.42 ± 0.14a 2.36 ± 0.27a 

      Globulins (g/dL) 1.93 ± 0.70b 3.14 ± 0.87a 

      A/G ratio 1.25 ± 0.27a 0.75 ± 0.13b 

Electrolytes and minerals 

      Calcium (mg/dL) 10.93 ± 0.57a 9.11 ± 0.33b 

      Phosphorous(mg/dL) 7.38 ± 1.17a 7.97 ± 0.83a 

      Sodium (mEq/L) 135.27 ± 10.23a 134.46 ± 4.78a 

      Potassium (mEq/L) 6.56 ± 0.94a 4.89 ± 0.32b 

Novel serum biomarkers 

      SDMA (nmol/L) 121.97 ± 18.40a 66.83 ± 9.01b 

      KIM-1 (ng/ml) 7.28 ± 1.49a 3.94 ± 0.52b 

   Mean ± SD with different superscript letters in the same row are significantly different at (p≤0.05). 
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TABLE 3. Complete Urinalysis Results of Different Groups (I, II and III) 

 

 

 

 

 

 

 

 
  

 I. Control negative 

group 

II. Control positive 

group 

III.  Pre-azotemic 

group 

Urine color 

Yellow (straw to deep) 100% 40% 100% 

Red 0 60% 0 

Urine odour 

Urinepherous 100% 33% 80% 

Ammoniacal 0 67% 20% 

Urine aspect 

Clear 100% 40% 80% 

Turbid 0 60% 20% 

Urine specific gravity (USG) 1.036± 0.02a 1.020 ± 0.06b 1.035 ± 0.01a 

Urine pH 6.71 ± 1.16a 7.29 ± 0.88a 7.00 ± 0.76a 

Dipstick-protein 

Nil 100% 13% 87% 

≥ 1+ 0 87% 13% 

Dipstick-blood 

Nil 100% 27% 67% 

≥ 1+ 0 73% 33% 

Dipstick-leukocyte 

Nil 100% 13% 80% 

≥ 1+  0 87% 20% 

Urine Sediment  

RBCs 

<5 /hpf 100% 40% 80% 

>10 /hpf 0 60% 20% 

Pus Cells 

<5 /hpf 100% 33% 100% 

>10 /hpf 0 67% 0 

Tripple phosphate 

Nil 100% 13% 80% 

≥+ 0 87% 20% 

Calcium oxalate 

Nil 100% 27% 67% 

≥+ 0 73% 33% 

Urinary biochemical parameters 

Creatinine (mg/ dL) 124.99 ± 3.91a 67.10 ± 4.08c 91.36 ± 7.22b 

Protein (mg/ dL) 24.74 ± 3.40c 83.25 ± 6.73a 33.78 ± 1.73b 

UPC ratio 0.20 ± 0.03c 1.24 ± 0.10a 0.37 ± 0.03b 

MAU (mg/ L) 0.57 ± 0.01c 15.81 ± 1.31a 1.21 ± 0.33b 

Sodium (mEq/L) 56.65 ± 1.67b 92.43 ± 3.77a 46.82 ± 9.39b 

FENa (%) 0.36 ± 0.11b 5.45 ± 0.73a 0.55 ± 0.08b 

uGGT (U/ L) 2.73 ± 0.79c 12.77 ± 2.53a 6.13 ± 0.49b 

Novel urinary renal biomarkers 

NAG (ng/mL) 4.74 ± 0.92c 9.62 ± 2.61a 7.03± 0.88b 

THP (mg/dL) 4.03 ± 0.63a 1.24 ± 0.34b 1.03± 0.16b 
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TABLE 4. Complete Urinalysis Results of Group IV 

Urine color Before treatment After treatment 

Yellow (straw to deep) 27% 100% 

Red 73% 0 

Urine odour 

Urinepherous 0 100% 

Ammoniacal 100% 0 

Urine aspect 

Clear 13% 100% 

Turbid 87% 0 

Urine specific gravity (USG) 1.023 ± 0.01b 1.050 ± 0.01a 

Urine pH 6.86± 0.83a 6.71 ± 0.70a 

Dipstick-protein 

Nil 7% 67% 

≥ 1+ 93% 33% 

Dipstick-blood 

Nil 27% 100% 

≥ 1+ 73% 0 

Dipstick-leukocyte 

Nil 60% 87% 

≥ 1+ 40% 13% 

Urine sediment 

RBCs 

<5 /hpf 27% 100% 

>10 /hpf 73% 0 

Pus cells 

<5 /hpf 0 100% 

>10 /hpf 100% 0 

Tripple phosphate 

Nil 13% 100% 

≥+ 87% 0 

Calcium oxalate 

Nil 17% 100% 

≥+ 73% 0 

Urinary biochemical parameters 

Creatinine (mg/ dL) 65.56 ± 5.87b 108.73 ± 9.87a 

Protein (mg/ dL) 96.61 ± 13.56a 43.94 ± 3.98b 

UPC ratio 1.48 ± 0.22a 0.41 ± 0.04b 

MAU (mg/ L) 26.71 ± 5.94a 15.51 ± 2.09b 

Sodium (mEq/L) 95.22 ± 23.29a 92.50 ± 6.32a 

FENa (%) 1.25 ± 0.44a 0.55 ± 0.04b 

uGGT (U/ L) 5.25 ± 0.87a 5.74 ± 0.97a 

Novel urinary renal biomarkers 

NAG (ng/mL) 8.94 ± 1.89a 4.02 ± 0.78b 

THP (mg/dL) 1.04 ± 0.39a 1.10 ± 0.68a 

Mean ± SD of USG, pH, biochemical and Novel parameters with different superscript letters in the same row are 

significantly different at (p≤0.05). 
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 الحيوية الجديدة مقابل التقليدية الدلالات:  القطط فيض الكلى امرأ

 1شيماء إسماعيل سالمو 2محمد السعيد ،1مهرانأحمد ، خالد محمد 1غادة محمد خليل

 .مصر - جامعة القاهرة - كلية الطب البيطري - جيا الإكلينيكيةالباثولوقسم  1

 مصر. – جامعة القاهرة - الطب البيطري كلية - قسم الأمراض الباطنة والمعدية 2

 

 الملخص

تعُتبر أمراض الكلى من الاضطرابات الشائعة لدى القطط، وتعُتبر من الأسباب الرئيسية للوفاة، كما أنها تشُكل تحدياً 

تشخيصياً بسبب نقص العلامات المبكرة للتلف. تتمتع الدلالات الحيوية التقليدية )مثل مستوى الكرياتينين في السيرم 

( بحساسية تشخيصية منخفضة، وبالتالي، تتحول الحالات الحادة إلى مزمنة. هدفت وتركيز نيتروجين اليوريا في الدم

هذه الدراسة إلى تقييم توضيح النتائج الباثولوجية الإكلينيكية، والموجات فوق الصوتية، والنتائج الباثولوجية للقطط 

 THPو NAGو KIM-1و SDMAالمصابة بأمراض الكلى، وأداء الدلالات الحيوية الجديدة لتلف الكلى مثل 

 4قطة إلى  86ومقارنتها بالدلالات الحيوية التقليدية لوظيفة الكلى ودورها في متابعة الحالات المعالجة. تم تقسيم 

( USG( وكثافة البول النوعية )sCrمجموعات بناءً على الأعراض السريرية، وتركيزات مستوى الكرياتينين في الدم )

 22المجموعة الضابطة للحيوانات المريضة )IIقطة( ،. 15للحيوانات السليمة ظاهريا )المجموعة الضابطة Iكما يلي:.

قطة(. تم  18المجموعة المعالجة )IVقطة(، و.  31.المجموعة ما قبل الأزوتيميا )IIIقطة مصابة بأمراض الكلى(، 

روتيني للبول، بالإضافة إلى تحليل (، كيمياء الدم والتحليل الABGجمع عينات الدم والبول للهيماتولوجي، غازات الدم )

الدلالات الحيوية الجديدة في السيرم والبول. أظهرت نتائج المجموعة الثانية والثالثة أنيميا نقص الحديد والنقص المعنوي 

في البول في حين لوحظ NAGفي السيرم ونشاط  KIM-1وSDMA لكريات الدم البيضاء، زيادة تركيز كلا من 

بعد العلاج تحسنا ملحوظا في كل النتائج فيما عدا  IVفي البول. أظهرت المجموعة  THPكيز انخفاض كبير في تر

أن تكون دلالات  يمكن NAGونشاط  KIM-1وSDMAمن وقد أظهرت نتائج الدراسة أن تركيز كلا  THPتركيز.

 حيوية فعالة للإكتشاف المبكر لتلف الكلى وتحسن وظائفها. 

 .تحليل البول ، SDMA ، KIM-1 ، NAG ، THP  :الدالةالكلمات 


