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Abstract: Acute kidney injury (AKI) is a common problem in dogs and is associated with 
high mortality. Early recognition of AKI is lifesaving and could help in clinical manage-
ment. The purpose of this experimental study was to identify the accurate biomarkers for 
early detection of AKI in dogs. Ten healthy mongrel dogs (7 females, 3 males) were used 
in a crossover experimental study. Cisplatin (5 mg/kg BW) was used for induction of AKI. 
Serum urea and creatinine, as well as serum Sodium, Potassium, Calcium, Phosphorus, 
and Bicarbonate, were measured spectrophotometrically using commercial kits. How-
ever, urinary Neutrophil Gelatinase-Associated Lipocalin (NGAL) were determined using 
ELISA. Renal Resistive Index (RI) was calculated using Doppler ultrasound (duplex). All 
examinations were carried out on the same day of induction and for other 4 consecutive 
days. Post-mortem and histopathological examinations were carried out on two dogs. 
Using the repeated measure MANOVA and student T-test, the data were statistically an-
alyzed. There were significant increases of both serum urea and creatinine beginning 
from the second day of infusion, while renal RI was significantly increase beginning from 
the third day of infusion. There are marked changes in serum electrolytes including hy-
perkalemia, hyperphosphatemia, hyponatremia with metabolic alkalosis. However, uri-
nary NGAL showed a non- significant increase during the experiment. It can be concluded 
that renal RI can be used for early diagnosis of acute renal injury in dogs. 
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Introduction 

Acute kidney injury is a common problem in 

dogs. It is costive either for diagnosis or for 

treatment and correlated with high mortality 

(1). The earlier diagnosis of such condition is 

regarded as lifesaving (2). There are many 

methods for detection of kidney injury such as 

estimation of glomerular filtration rate (GFR) 

(3). The routine technique used for detection of 

GFR is to measure serum creatinine concentra-

tion, but it is relatively insensitive with a de-

layed release in serum (4).  

Novel serum and urine biomarker that can 

differentiate between both acute and chronic 

glomerular and tubular renal injury is the Neu-

trophil Gelatinase-Associated Lipocalin 

(NGAL) (5). It is a derived protein which in-

creases in plasma and urine in acute ongoing re-

nal injury after few hours (6). In human, NGAL 
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was investigated in cases of AKI secondary to 

cardiac surgery, contrast-induced nephropathy 

and in critical illnesses. It was reported that el-

evated NGAL concentrations are a marker for 

AKI in such cases (7). Urinary NGAL is more 

sensitive and specific for predicting AKI and it 

was superior to creatinine and other markers of 

renal diseases (8). 

One of the most advanced methods for the 

detection of AKI is the Doppler-based renal re-

sistive index (RI) measurement. This is a rapid 

and non-invasive investigative tool that was 

used for early detection of AKI in the intensive 

care unit patients (9). Moreover, it can differen-

tiate transient from persistent AKI in critically 

ill patients (10, 11). Recently, it was reported 

that an increase in the renal RI is an accurate 

and sensitive tool for early prediction of AKI in 

rats (12). 

This study aims to compare the efficiency of 

selected serum biochemical parameters and the 

renal RI for early diagnose of AKI in dogs and 

to determine the most accurate, rapid, and ap-

plicable method in clinical practice. 

Material and methods 

Animals 

Ten healthy mongrel dogs (7 females, 3 

males) were used in this a cross over experi-

mental study. Their weight ranged from 8 to 20 

Kgs and their age ranged from 9 to 15 months. 

They considered healthy based on physical, he-

matological, biochemical and ultrasonographic 

examinations, in addition to a urine analysis. 

They were housed restless in separate boxes 

with plenty of food and water. The dogs were 

used as a control and treated group. In the con-

trol group, each dog was infused with normal 

saline at a dose rate of 5ml/kg BW. After two 

weeks, the same dogs were used as a treated 

group in which they were infused once with 

Cisplatin (Mylan, France) at a concentration of 

5 mg/kg for induction of AKI. Physical, hema-

tological, serum biochemical profiles, urine 

analysis, and ultrasonographic examinations 

were carried out on each dog of the treated 

group on the same day of induction and for 

other 4 consecutive days. All examinations 

were done after approval of the Ethics commit-

tee in Kafrelsheikh University. 

Samples 

Two blood samples were collected from 

each dog from the cephalic vein in the control 

and treated group. The first blood sample was 

about 5ml that collected in a heparinized test 

tube for hematological examination using Vet 

hematological analyzer (Mythic18, France). 

The second blood sample was collected in a 

plain test tube to obtain serum for biochemical 

analysis. The serum was collected by centrifu-

gation of the clotted blood at 3000 rpm for 10 

min. It was examined for blood urea nitrogen 

(BUN) using the colorimetric method by (BTS-

302 Spectrophotometer) and (Urea Biosystem 

kit, Germany). Serum creatinine was estimated 

using the fixed time method by (BTS-302Spec-

trophotometer) and (Creatinine Biosystem kit, 

Germany). Some blood electrolytes such as So-

dium, Potassium, Chloride, Calcium, Phospho-

rus and the Bicarbonate were measured in the 

serum using (Cobas C & Cobas E, France). 

Urine samples were assembled by cystocen-

tesis under ultrasonographic guide from each 

dog. Urine was examined macroscopically for 

colour and consistency. The specific gravity 

was measured by a standard Refractometer. The 

chemical examination for urine samples was ac-

complished using (Combi screen urine strips, 

Germany). Urine samples were examined mi-

croscopically for the presence of pus, cells, 

casts, and others. The investigation of Neutro-

phil Gelatinase-Associated Lipocalin (NGAL) 

was carried out using Sandwich enzyme-linked 

immunosorbent assay ELISA- kit (Canine 

NGAL Elisa Kit (Bioporto® Diagnostic) (13). 

Ultrasonographic examination 

Ultrasonographic examination was per-

formed on unsedated dogs in both groups for 

detection of any changes in the tissue architec-

ture, kidneys dimensions using 2-D mode. Re-

nal (RI) for each kidney was measured using 

Doppler ultrasound (duplex), (Mindray Z5 ul-

trasound machine, China), with a linear trans-

ducer 5-10 MHZ.A renal interlobar or arcuate 
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artery was distinguished firstly by color Dop-

pler then switched on the pulsed wave Doppler 

using a gate of 1.5 mm width over the selected 

artery. The obtained image showed the blood 

flow without any aliasing. Multiple pulses from 

one artery in three poles for each kidney right 

and left in each dog was recorded (14). The re-

nal RI was measured atomically by the ultra-

sound machine from the selected artery.  

Post mortem examination 

It was performed on two dogs, one of them 

dead at the 5th day of the experiment and the 

second has been euthanized by a large dose of 

anesthetics and kidney specimens were picked 

in formalin 4% for histopathological examina-

tion. 

Histopathology 

Kidneys were removed, fixed in 4% buffered 

paraformaldehyde, embedded in paraffin with 

usual manner, sections were about 2.5 mm 

thick), and stained with periodic acid-schiff and 

periodic acid-methenamine silver for histologic 

examination under light microscope (15). 

 Statistical analysis 

A doubly repeated measure MANOVA was 

used to test the significant effect of cisplatin on 

the parameter; urea, creatinine, urinary NGAL, 

and the renal RI among the examined animals 

at P value ≤ 0.05. This followed by univariate 

analysis for each parameter to examine its sig-

nificant difference per day. Student T-test was 

used for comparison between serum electro-

lytes before and after the drug infusion and P 

value ≤ 0.05. All analyses applied using SPSS 

version 23.0 (IBM, New York, NY, USA). 

Results 

The physical examination of examined ani-

mals revealed; non-significant changes in all 

digital body parameters such as body tempera-

ture, heart rate respiratory rate and pulse. The 

mucous membranes and superficial lymph 

nodes were normal. Only signs of vomiting and 

diarrhea appeared after half hour of the drug in-

fusion in all dogs. A degree of lethargy was 

clear on 5 dogs that obviously increased with 

time. 

The physical examination of the urine sam-

ples showed changes in its colour beginning 

from the 3rd day of Cisplatin infusion in most 

dogs. The appearance of the urine changed 

gradually from the amber yellow colour to the 

turbid deep yellow then reddish bloody in two 

dogs. By chemical analysis, the urine samples 

showed traces of proteins and glucose begin-

ning from the second day then increased gradu-

ally to three or four pluses at the end of the ex-

periment using strips kits.  The microscopical 

examination of urine sediments revealed a 

marked increase of epithelial cells, pus cells, 

RBCs, urate and phosphate crystals within the 

time of the experiment.  

There were no obvious changes in the 2D ul-

trasonographic measurements between before 

and after the Cisplatin infusion. The renal di-

mensions (length, width, and height) were be-

tween (5.64-6.30 mm, 2.79-4 mm and 2.56-3.3 

mm), respectively. On the other hand, there was 

a significant increase in renal RI of the interlo-

bar arteries beginning from3rd day after infu-

sion at P value ≤ 0.022 as in table 1 and (Fig. 

1). 

Concerning the blood serum biochemical 

analysis (Table1), revealed a significant in-

crease in both BUN and creatinine at (P-value 

≤ 0.000 and 0.002), respectively from the sec-

ond day after cisplatin infusion. On the other 

hand, the urinary NGAL concentration showed 

non-significant during all the days of this study. 

Regarding serum electrolyte analysis (Table 

2) showed insignificant (P=0.058) decrease in 

serum sodium and insignificant (P =0.09) in-

crease in the serum ionized calcium. While 

there was a significant increase in serum inor-

ganic phosphorus, potassium, and bicarbonate 

ions at (P≤ 0.01, 0.01 and 0.000), respectively.  

PM examination of the first dog revealed 

some congestion in both kidneys and intestine, 

while the second showed no abnormalities ex-

cept slight congestion of kidneys (Fig. 2 A). 

Histopathological examination showed nu-

merous apoptotic renal epithelial cells and 

thickening of the glomerular membranes, peri-

glomerular fibrosis and marked renal tubular 

damage (Fig. 2 B). 
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Table 1 Serum urea, serum creatinine, urinary NGAL and renal RI (mean and slandered deviation) after 

intravenous infusion of Cisplatin in dogs 

*Indicates a significant difference at different time points (p<0.05) 

**Indicates a significant difference at different time points (p<0.01) 
 

 

Table 2: Serum sodium, potassium, ionized calcium, phosphorus and bicarbonate (mean and slandered deviation) 

before and after 5th day of intravenous infusion of Cisplatin in dogs 

 Before infusion After infusion 

Sodium                   (mEq/l) 138 ± 2.58 126.25 ± 12.61 

Potassium               (mEq/l) 4.18 ± 0.23 5.65 ± 0.9* 

Ionized calcium      (mg/dl) 4.78 ± 0.25 5.28 ± 0.64 

Phosphorus             (mg/dl) 4.98 ± 0.13 5.83 ± 0.59* 

Bicarbonate            

(mmol/L) 

18.48 ± 0.66 30.5 ± 4.20** 

*Indicates a significant difference at p<0.05 

**Indicates a significant difference at p<0.01 

 

 

 

Figure 1: Pulsed wave Doppler ultrasonographic image of the interlobar artery before cisplatin infusion 

(A) and at the fifth day after the infusion (B) 

 Control                                   Time post-infusion (day) P value 

  1 2 3 4 5  

 

Urea  

(mg/dl) 

 

24.25±5.56 

 

26±3.16 

 

37.25±2.17** 

 

81.25±31.19** 

 

119.25±46** 

 

327.5±54.65** 

 

0.001 

 

Creatinine 

(mg/dl)  

 

0.94±0.06 

 

0.91±0.07 

 

 

1.35±0.07** 

 

1.71±0.33** 

 

2.72±0.28** 

 

6.71±0.91** 

 

0.000 

Urinary 

NGAL 

(ng/ml) 

 

0.82±0.25 

 

 

2.23±1.09 

 

 

1.67±0.94 

 

2.03±1.18 

 

2.17±0.97 

 

2.15±1.26 

 

0.131 

 

Renal RI 

 

0.62±0.03 

 

0.62±0.02 

 

0.64±0.03 

 

0.68±0.03** 

 

 

0.7±0.03** 

 

 

0.74±0.04** 

 

 

0.001 
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Figure 2: A sagittal section of the kidney showing congestion (A). Histopathological section of the kidney 

(B), shows marked necrotic changes with glomerular tufts which filled with eosinophilic materials (arrow-

head) and marked degenerative and necrotic changes within the renal tubular epithelium (arrow), H&E, 

bar= 40 µm 

 

 

Discussion 

In this study, acute renal injury was induced 

using cisplatin 5 mg/kg BW which is a widely 

used chemotherapeutic agent for different ma-

lignancies. It has a marked nephrotoxic effect 

as it causes renal tubular cell necrosis due to the 

presence of platinum in its structure (16, 17). 

Some of the treated dogs showed vomiting and 

diarrhea after infusion of the drug. This could 

be a side effect of the cisplatin due to its irritat-

ing effect on the mucosa of gastrointestinal tract 

(18, 19). Days after the infusion, there was 

ataxia or muscle weakness appeared on the 

dogs and it may be contributed to electrolytes 

disturbance and dehydration.  

After two days of the infusion, urine samples 

revealed an obvious increase of glucose and this 

may due to the failure of reabsorption of the 

glucose from the proximal convoluted tubules 

(20). Beginning from the 3rdday after infusion, 

there was a patent increase in proteins and 

RBCs in urine samples. This increase may be 

related to the decrease of glomerular filtration 

ate which follows the proximal tubular damage 

as an initial toxic effect of the cisplatin (17). Af-

ter two days of infusion, there was a highly sig-

nificant increase in serum urea level compared 

with the control group. However, serum creati-

nine was significantly increased after three days 

of the infusion and this may be attributed to the 

impaired kidney function (15). Although the es-

timation of urea and creatinine level in serum is 

routine work in the interpretation of kidney dis-

ease in the clinical practice, they have some 

limitations such as serum urea level may be in-

creased in other abnormalities rather than kid-

ney diseases such as liver dysfunction or in-

creased dietary protein (21). It may also in-

crease in cases of gastrointestinal bleeding as a 

consequence of increased absorption of nitrog-

enous compound (22). In addition, the magni-

tude of creatinine concentration cannot predict 

the origin and severity of renal dysfunction 

(23). Moreover, its concentration is reduced in 

sepsis and so limits its use as a marker of kidney 

injury in case of bacterial infections (24).  

NGAL is a neutrophil-derived protein re-

lated to lipocalin protein family (25). Its expres-

sion is upregulated by injured epithelia of renal 

tubules, trachea, bronchi, and also increase in 

the acute infections and different types of neo-

plasia (26, 27). NGAL is markedly upregulated 

in damaged proximal tubules in order to induce 

re-epithelization (28). NGAL was reported as 
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an early urinary biomarker for acute renal in-

jury in dogs (29). Besides, it can be used as a 

real-time indicator of progressive kidney dam-

age (30). In this study, NGAL was insignifi-

cantly increasing after the 5th day of infusion of 

cisplatin. This insignificant increase of NGAL 

may be attributed to several causes such as the 

lower dose of cisplatin used in this study and 

the low sensitivity of the test in the detection of 

mild renal injury (28, 31). Therefore, the meas-

urement of urinary NAGL is not efficient for 

the detection of mild kidney injury. Moreover, 

it increases in septic condition, so it gives a 

false positive result in septic cases (32).  

Electrolyte disturbance usually occurs with 

kidney dysfunction especially those related to 

the renal tubules. The results of this study 

showed insignificant hyponatremia which may 

be attributed to reduced sodium conservation 

from damaged renal tubules (33). The signifi-

cant hyperkalemia and hyperphosphatemia may 

have referred to the leakage of potassium and 

phosphate from the intracellular fluids to the 

extracellular fluids (43, 35). The highly signifi-

cant increase of bicarbonate is unusual in such 

cases but, it may be due to vomition which de-

velops an extra-renal cause of metabolic alka-

losis. Alkalosis enhances calcium reabsorption 

in the distal nephron and this clarifies the insig-

nificant increase in ionized calcium (36, 37). 

Ultrasonography is very useful in the diag-

nosis of all aspects of renal diseases in clinical 

practice (38). In this study, each kidney was 

evaluated for any changes in echogenicity, 

length, width, height and volume by the 2 D 

mode. There were non-significant changes nei-

ther in the echogenicity nor in kidney dimen-

sions when compared with the control group 

(39). The Doppler ultrasonography can be used 

for assessing the renal hemodynamic which is 

very useful in the diagnosis of renal arteries and 

veins disorders such as thrombosis (40). 

The renal RI was significantly (p=0.022) in-

crease beginning from the 3rd day of the infu-

sion. It may have referred to vasoconstriction 

resulting from renin release in response to the 

decreased blood flow in the renal arteries sec-

ondary to renal injury (41). This result coin-

cided with other studies on dogs with interstitial 

nephritis or tubular degeneration (42). In the 

present study, the increase of RI was parallel 

with the increase of serum creatinine after the 

third day of infusion. In another study on mice, 

the renal RI precedes the serum creatinine in a 

diagnosis of AKI after cisplatin infusion (12). 

However, there are some limitations for using 

RI in the diagnosis of all kidney diseases be-

cause it is affected by other hemodynamic dis-

orders rather than in kidney as well as the diffi-

culty of measuring RI without sedation of dogs 

which affected on its measurement (10, 12). 

 The histopathological picture supported the 

clinical and biochemical findings which indi-

cating tubular renal injury with secondary glo-

merular affection. This result was similar to that 

described in mice kidney after using cisplatin 

for induction of renal failure (43). 

Conclusion 

The results indicate that increasing renal RI 

go parallel with increasing serum urea and cre-

atinine in dogs with AKI. Although renal RI 

alone is not sensitive for predicting the devel-

oping of AKI, the high increase of renal RI can 

be used as an early signal for Acute renal injury 

because of its high specificity. 
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