


Haemato-biochemical and Urinary Biomarker Alterations in Canine Hepatic Dysfunction: A Diagnostic Approach



Abstract
	Hepatic insufficiency is a condition in which the liver is unable to adequately carry out its metabolic, excretory and detoxification roles. This impairment may result from a reduction in the number of functional hepatocytes or from alterations in their normal activity. The present study evaluated haemato-biochemical and urinary alterations in dogs with hepatic dysfunction and assessed their diagnostic significance. A total of 12 affected dogs and 10 healthy controls were included. Blood, serum, and urine samples were analyzed using standard methods, and data were statistically evaluated using one-way ANOVA. Among the haematological parameters, haemoglobin, total erythrocyte count and packed cell volume were significantly reduced to 9.74±0.03 g/dl, 4.41±0.06 ×10⁶/µl and 29.38±0.30%, respectively, while total leukocyte count increased significantly to 19.82±1.10 ×10³/µl in dogs with hepatic dysfunction. Biochemical analysis revealed marked elevations in major liver enzymes including ALT (156.94±3.56 IU/L), AST (143.23±3.41 IU/L), ALP (293.37±19.15 IU/L) and GGT (15.83±1.13 IU/L) compared to healthy controls. Total bilirubin was significantly increased to 1.19±0.14 mg/dl, whereas total protein and glucose levels declined significantly to 4.69±0.15 g/dl and 66.45±0.53 mg/dl, respectively. Urinalysis showed increased bilirubin and urobilinogen levels with decreased urine specific gravity in affected dogs.
The study concludes that hepatic dysfunction in dogs is associated with distinct haematological, biochemical, and urinary alterations, and that their combined evaluation provides a reliable tool for early diagnosis and assessment of liver disease.
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 1. Introduction
	The liver is an essential organ that performs a variety of critical functions, including producing carbohydrates, lipids and proteins, aiding in fat digestion, storing vitamins and removing toxins from the body. Liver diseases can cause symptoms that range from mild to severe and in more advanced stages, they may lead to liver failure. This condition can result in serious complications such as ascites, digestive tract ulcers, a higher risk of infections, reduced blood clotting ability and hepatic encephalopathy. Liver failure can occur either abruptly or as the end stage of long-standing liver disease (Ghita, 2025).
	Hepatic insufficiency is a condition in which the liver is unable to adequately carry out its metabolic, excretory and detoxification roles. This impairment may result from a reduction in the number of functional hepatocytes or from alterations in their normal activity. In dogs, liver dysfunction can lead to a variety of clinical signs, including loss of appetite, vomiting, diarrhea, neurological abnormalities, elevated body temperature, disturbances in blood clotting, jaundice (icterus), fluid accumulation in the abdomen (ascites) and increased urination along with excessive water intake (Verma et al., 2024).
	The liver has a remarkable functional reserve, meaning that conventional diagnostic methods typically identify hepatic impairment only after substantial damage generally exceeding 55 per cent has occurred. In such conditions, several hematological and biochemical alterations are evident, including decreased hemoglobin (Hb), packed cell volume (PCV), total erythrocyte count (TEC), total protein and glucose levels. Conversely, increases are commonly observed in leukocyte count, total bilirubin and liver enzymes such as alanine aminotransferase (ALT), aspartate aminotransferase (AST) and alkaline phosphatase (ALP). These changes are often accompanied by prolonged clotting time, diminished protein synthesis and reduced absorption of vitamin K (Tantary et al., 2014). The elevated levels of ALT, AST, ALP, GGT, creatinine and bilirubin in dogs and concluded that the presence of ascites was associated with a hepatic cause (Kamalakar et al., 2016).
	The dogs with hepatic dysfunction frequently exhibit low specific gravity as well as the presence of bilirubin, urobilinogen and ammonium biurate crystals in their urine (Bexfield and Watson, 2009). The presence of glycosuria in dogs suffering from toxic liver disease (Webster et al., 2019).
	The liver is especially vulnerable to toxic injury because its extensive blood supply exposes it to high levels of potentially harmful substances. Elevated concentrations of metals such as copper and iron can further contribute to toxicity and may lead to the development of chronic hepatitis (Assawarachan et al., 2020). In Bedlington Terriers, primary copper accumulation is an inherited autosomal recessive disorder characterized by a defect in hepatic copper metabolism that impairs its normal excretion into bile. Consequently, copper progressively builds up within hepatocytes, initiating inflammation that can ultimately advance to liver failure (Hoffmann, 2009). 
	The diagnosis of liver diseases is of utmost importance, as timely initiation of treatment plays a crucial role in improving patient survival. In addition to imaging techniques, toxicological and bacteriological investigations, laboratory assessments particularly hematological and biochemical analyses are essential for achieving an accurate diagnosis of hepatic disorders. This significance formed the basis for the present study, which aimed to evaluate the changes in hematological and biochemical parameters in dogs diagnosed with liver diseases.
2. Materials and Methods
The current research work was conducted at the Department of Veterinary Medicine, Post Graduate Institute of Veterinary Education and Research (PGIVER) in Jaipur. The subjects of this study were canines that were admitted to the Veterinary Clinical Complex (VCC) of PGIVER, Jaipur and Government Veterinary Polyclinic Hospital in Panchbatti, Jaipur, Rajasthan, India during period of June, 2025 to November, 2025. Twelve canines of various age, sex and breed suspected of having hepatic dysfunction with varied symptoms such as inappetence or anorexia, jaundice, ascites, vomiting, lethargy, diarrhoea or constipation, fever, melena, increased urination and thirst, weight gain or loss or a combination of these symptoms and they were analyzed for haematological, haemato-biochemical and Urinary parameters. Changes in blood, serum and urinary parameters in dogs with hepatic dysfunction were compared with those of ten healthy dogs.
2.1. Haematological parameters and Biochemical parameters
A total of 7 ml of blood was drawn using a 10 ml disposable syringe and sterile 22 or 24 gauge needle from either cephalic or saphenous vein. From each sample, 2 ml of blood was collected in sterile tubes containing EDTA (1 mg/ml) as an anticoagulant, while the remaining 5 ml was placed in plain tubes for serum separation and these samples were incubated at 30°C for one hour to allow clot formation, then briefly refrigerated and centrifuged at 2500 rpm for 30 minutes to obtain serum. The fresh blood sample in EDTA tube were examined for various blood parameters by using the “Celltac Nihon Kohden” (automatic haematology analysers) at the State Disease Diagnostic Centre, Panchbatti, Jaipur and sample in another tube having no anticoagulants were analysed using the ‘Merilyzer AutoQuant 200i Vet’ (automatic biochemistry analysers) at the State Disease Diagnostic Centre, Panchbatti, Jaipur, for various serum parameters using automated serum analyser.
2.2. Urinary parameters
Approximately 5 to 10 ml of urine was collected in a clean, dry container either through spontaneous urination under proper precautions or by catheterization. The samples were then aseptically transferred into test tubes and when necessary centrifuged at 1000 rpm for 20 minutes at a temperature of 2-8 °C to remove insoluble particles and cellular debris. The resulting clear supernatant was transferred into small Pyrex tubes for routine dipstick analysis and instantly refrigerated until further examination.
2.3. Statistical analysis
Statistical analysis was performed using one-way ANOVA (Snedecor & Cochran, 2004) with the statistical package SPSS software version 21. Duncan’s new multiple range test (Duncan, 1955) was applied to compare means showing significant differences, with the significance level set at p ≤ 0.05.

3. Results and Discussion
3.1. Haematological examination
           Haematological examination revealed a significant reduction in the mean haemoglobin levels in dogs with liver disorders compared to healthy dogs. The reduced haemoglobin levels observed may be attributed to impaired intestinal iron absorption and limited iron release from macrophages and hepatocytes, likely caused by hepcidin secretion triggered by IL-6 in dogs with portosystemic shunts (Grimes et al., 2012). Reduced haemoglobin levels in dogs with hepatic dysfunction have also been reported by Hassan et al. (2022). The mean total erythrocyte count (TEC) was significantly reduced in dogs with hepatic dysfunction. The reduced TEC values observed at the time of presentation may be attributed to RBC destruction associated with elevated bile acid concentrations. Additionally, diminished hepatic capacity to remove bacteria can further promote haemolysis (Ettinger and Feldman, 2005). A significant decrease in the mean packed cell volume (PCV) was observed in dogs affected by hepatic dysfunction. The reduction in PCV noted in this study is likely a consequence of the decreased red blood cell count, which directly lowers packed cell volume. These findings of decreased PCV and TEC are consistent with earlier reports by Pandya et al. (2022). Neutrophil values indicating a highly significant increase in canines having hepatic dysfunction. Neutrophilia observed in hepatic dysfunction may result from elevated cortisol levels triggered by increased ACTH production, as well as enhanced bacterial translocation due to greater intestinal permeability. It may also arise from the loss of Kupffer cells, which prolongs neutrophil survival in the circulation (Breheny et al., 2020). Increase in values of neutrophils in hepatic impairment was also observed by Verma et al. (2024). The mean value of mean corpuscular volume (MCV, fl) indicating a highly significant decrease. The decreased MCV observed in canines with hepatic dysfunction may result from disturbances in iron metabolism caused by liver impairment. Furthermore, chronic blood loss associated with liver disorders may lead to iron deficiency, which can further reduce MCV (Laflamme et al., 1994). These findings of decreased MCV are consistent with earlier reports by Tandel et al. (2019). A significant reduction in mean platelet count was observed in dogs suffering from liver dysfunction. The reduction in platelet count observed in canines with hepatic dysfunction may result from increased platelet sequestration in the spleen, decreased thrombopoietin production by the liver and enhanced platelet destruction due to aggregation within the liver (Marie et al., 2021). The decreased Platelets are consistent with earlier reports by Prebavathy et al. (2020). The mean value of total leukocyte count (TLC) increased significantly in affected canines. The elevation in TLC may be linked to the inflammatory response typically accompanying hepatobiliary disorders (Bhatti, 2020).  The increased TLC are consistent with earlier reports by Lakshmi et al. (2018). The mean values of lymphocyte count were significantly decreased in canines having hepatic dysfunction. The reduction in lymphocyte levels seen in liver disorders may be associated with elevated endogenous cortisol (John, 2012) and may also arise as a response to viral infections, including infectious canine hepatitis (Mosallanejad, 2010). The decreased lymphocytes are consistent with earlier reports by Prebavathy et al. (2020). Other blood parameter like mean corpuscular haemoglobin concentration (MCHC), mean corpuscular haemoglobin (MCH), eosinophils, monocytes and basophils differ non-significantly in dogs with hepatic dysfunction.

Table 1: Haematological and biochemical parameters in healthy dogs and dogs with hepatic dysfunction 
	                                                               Parameter
	Healthy control
(n=10)
	Dogs with hepatic dysfunction
(n=12)

	Haemoglobin (gm/dl) (**)
	13.72±0.26
	9.74±0.03

	TEC (x 106/µl) (**)
	6.03±0.09
	4.41±0.06

	PCV (%) (**)
	42.79±0.80
	29.38±0.30

	TLC (x103/µl) (**)
	9.48±0.33
	19.82±1.10

	Lymphocytes (%) (**)
	28.01±0.63
	19.88±0.04

	Monocytes (%)
	3.36±0.19
	2.03±0.04

	Eosinophils (%)
	2.73±0.07
	2.41±0.03

	Neutrophils (%) (**)
	65.75±0.65
	75.65±0.05

	Basophils (%)
	0
	0

	MCV (fl) (**)
	66.29±0.50
	50.68±0.13

	MCH (pg)
	22.76±0.34
	22.10±0.37

	MCHC (gm/dl)
	32.41±0.60
	32.95±0.18

	Platelet (105/µl) (**)
	4.15±0.5
	3.19±0.06

	ALT (IU/L) (**)
	40.2±70.54
	156.94±3.56

	AST (IU/L) (**)
	39.39±0.52
	143.23±3.41

	GGT(IU/L) (**)
	4.99±0.06
	15.83±1.13

	ALP(IU/L) (**)
	76.63±1.07
	293.37±19.15

	Total Protein (g/dl) (**)
	6.13±0.06
	4.69±0.15

	Total Bilirubin (mg/dl) (**)
	0.27±0.02
	1.19±0.14

	Glucose (mg/dl) (**)
	96.58±0.70
	66.45±0.53

	Blood Urea Nitrogen (g/dl)
	15.39±0.14
	20.43±1.17

	Creatinine 
	0.74±0.03
	1.10±0.11



3.2. Biochemical examination
	Biochemical examination revealed a significant increase in mean value of alanine aminotransferase (ALT). Elevated ALT levels indicate hepatocellular injury, reflecting liver cell damage. This increase may result from irreversible cell destruction or reversible injury causing cytoplasmic leakage, and can be associated with inflammation, toxins or drugs, hypoxia, and neoplasia (Lawrence and Steiner, 2017). The mean value of aspartate aminotransferase (AST) shows significant elevation in dogs affected with hepatic dysfunction. The increase in serum AST levels typically results from hepatocellular injury (Valentine, 1990). The elevation in ALT and AST was also observed by Tantary et al. (2014). The mean value of alkaline phosphatase (ALP) increased significantly in affected canines. Serum ALP activity may increase in both acute and chronic liver diseases, with higher levels typically suggesting cholestasis. The greatest elevations are observed in conditions such as cholangitis, biliary cirrhosis, or extrahepatic bile duct obstruction (Tennant and Center, 2008). The elevated ALP was also observed by Lakshmi and Padmaja (2021). The mean value of gamma-glutamyl transferase (GGT) shows significant increase in canines having hepatic dysfunction. Elevated serum GGT levels are typically linked to conditions affecting the bile ducts, such as cholestasis or biliary hyperplasia (Lawrence and Steiner, 2017). The mean value of total bilirubin shows significant elevation in dogs having hepatic dysfunction. The elevated serum bilirubin levels may be due to reduced excretion resulting from significant hepatocellular damage. This suggests impaired hepatic uptake or conjugation, which is commonly seen in dogs with advanced liver disease (Selgas et al., 2014).  The increase in GGT and bilirubin was also observed by Webster et al. (2019). The mean glucose level shows significant decrease in canines affected with hepatic dysfunction. Hypoglycaemia may occur due to reduced appetite and intestinal absorption along with impaired glycogenolysis, gluconeogenesis and hyperinsulinemia resulting from decreased hepatic metabolism (Tantary et al., 2014). The mean value of total protein shows significant reduction in dogs affected with hepatic dysfunction. The decreased protein levels may be due to impaired hepatic protein metabolism (Brovida and Rothuizen, 2010), along with reduced intake, poor intestinal absorption and protein-losing enteropathies such as gastroenteritis, gastrointestinal ulceration and chronic gastritis (Tantary et al., 2014). The decrease in blood glucose and serum protein was also observed by Lathamani and Nalinikumari (2015). In contrast, other biochemical parameters including BUN and creatinine did not show any significant changes in dogs with hepatic dysfunction.
3.3. Urine examination
	Urine examination revealed a significant reduction in specific gravity in dogs affected with hepatic dysfunction. In cases of hepatic dysfunction, animals exhibit a diminished capacity to concentrate urine, leading to a lower urine specific gravity (Lawrence and Steiner, 2017). These findings are consistent with Jeena et al. (2020). The mean value of urine protein shows significant rise in dogs affected with hepatic dysfunction. Functional proteinuria occurs due to temporary physiological factors such as stress or fever, whereas pathological proteinuria stems from tubular injury, which may occur in conditions like Fanconi syndrome, copper-associated hepatopathy or exposure to nephrotoxic substances (Schmid, 2021). The mean urobilinogen level shows significant elevation in canines having hepatic dysfunction. Elevated urinary urobilinogen occurs due to liver disorders and enhanced haemolysis, which lead to increased bile pigments (Erik et al., 2021). The mean bilirubin level shows a significant elevation in canines affected with hepatic dysfunction. Bilirubinuria appears when conjugated bilirubin surpasses the renal threshold, commonly seen in liver disease or haemolysis (Callens and Bartges, 2015). Other parameter like urine pH value shows no any significant changes in dogs having hepatic dysfunction.

Table 2: Urine parameters in healthy dogs and dogs with hepatic dysfunction 
	                                   Parameter
	Healthy control
(n=10)
	Dogs with hepatic dysfunction
(n=12)

	Bilirubin (μmol/L) (*)
	0±0
	17.41 ± 6.63

	Urobilinogen (μmol/L) (*)
	0±0
	6.91 ± 2.86

	Protein (mg/dl) (*)
	0±0
	7.50 ± 3.21

	pH
	6.30 ± 0.21
	6.45 ± 0.17

	Specific gravity (*)
	1.028 ± 0.004
	1.022 ± 0.001



4. Conclusion
	The present study concludes that hepatic dysfunction in dogs leads to consistent and significant alterations in hematological, biochemical and urinary parameters. These changes reflect impaired liver function affecting blood cell production, metabolism, detoxification and excretory processes. Marked decreases in erythrocytic indices, proteins and glucose, along with increased liver enzymes and bilirubin indicate hepatocellular damage and cholestasis. Urinalysis further supports hepatic involvement through altered concentration ability and increased excretory metabolites. Overall, the study emphasizes that integrated evaluation of hematological, biochemical and urinary profiles serves as a reliable and effective approach for the diagnosis and assessment of liver diseases in dogs, thereby supporting early detection and better clinical management.
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