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Abstract 

Clinical biochemistry tests are one of the tests designed to assess the functional status of the liver in domestic animals and 
man. This study evaluated the activities of some serum enzymes and the level of some biochemical parameters in horses with 
acute and chronic liver damage. This study was carried out in Nigerian horses presented for sale at the Obollo Afor horse 
depot, Udenu Local Government Area, Enugu State Nigeria. A total of 100 adult Nigerian horses of either sex were studied 
once a week for a period of 24 weeks. Serum biochemistry parameters indicated for the assessment of liver function were 
evaluated following standard procedures. These parameters include: Alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), alkaline phosphatase (ALP), total proteins, albumin, globulin, total cholesterol, total bilirubin and 
urea. Based on the outcome of the serum biochemistry evaluation, the horses were assigned into 3 groups namely: apparently 
healthy horses (Group 1), horses with biochemical markers of acute liver damage (Group 2) and horses with biochemical 
markers of chronic liver damage (Group 3). The mean serum ALT, AST, ALP and total bilirubin values of group 2 horses were 
significantly (p < 0.05) higher than those of groups 1 and 3 horses.  The mean serum albumin value of group 2 horses was 
significantly (p < 0.05) lower than that of groups 1 and 3 horses. There was no significant (p > 0.05) difference in the mean 
serum urea value of group 2 and 3. A significantly (p < 0.05) lower serum creatinine value was observed in group 2 horses. 
There were no significant (p > 0.05) differences in the mean serum total protein, globulin and cholesterol values across the 
groups. In the spent horses, acute liver damage was characterized by increased serum ALT, AST and ALP activities, and 
decrease in creatinine level, hyperbilirubinemia, slight hypoalbuminemia, normal total protein, globulin and cholesterol levels 
while chronic liver damage was characterized by decreased serum ALT activity, normal serum AST and ALP activities, 
decreased serum urea level, normal total protein, albumin, globulin, total bilirubin and cholesterol levels. 
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Introduction 

The liver is an organ of diverse metabolic functions. 
These functions include bile production and excretion, 
excretion of bilirubin, cholesterol, hormones and drugs, 
metabolism of lipids, carbohydrates and proteins, enzyme 
activation, storage of glycogen, vitamins and minerals, 
synthesis of plasma proteins such as albumin and clotting 
factors, blood detoxification and purification (Coles, 1986; 
Stockham and Scott, 2008). When infectious agents and/or 
their products damage liver cells, changes in the liver 
functional ability and consequent alteration in synthetic, 
excretory and storage ability of the liver occurs. 

Hepatocellular integrity and liver function are evaluated by 
quantitative determinations of the activity concentration of 
many enzymes and the levels of certain biochemical 
substances, hormones in blood, plasma or serum (Coles, 
1986).  

A variety of laboratory tests have been developed to 
detect alterations in hepatocellular integrity and/or liver 
function. These laboratory tests also help to estimate the 
extent of organ damage and efficacy of therapy instituted to 
treat the disorders (Coles, 1986; Sirois, 1995). These 
laboratory tests include determination of serum activity of 
certain enzymes, and tests evaluating hepatic secretion, 
excretion or synthetic abilities. Alterations in serum enzyme 
activity occurs when there is increased release from damaged 
cells due to hepatocellular injury/necrosis, decrease in 
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healing and osteosarcoma (Stockham and Scott, 2008). It is 
elevated during recovery stages of acute toxic liver injury and 
in bile duct hyperplasia (Stockham and Scott, 2008). It is 
also useful in diagnosis of degenerative hepatic disease and 
infectious diseases of horses such as equine salmonellosis 
(Coles, 1986).  

Bilirubin is the main bile pigment found in the serum of 
domestic animals (Coles, 1986). It originates from aged and 
defective red blood cells engulfed and lyzed by the 
macrophages of spleen, liver and bone marrow. The liver is 
responsible for its conjugation and excretion. Serum 
bilirubin determination is of great importance in classifying 
icterus and evaluates the response of the liver to therapy 
(Coles, 1986). Hyperbilirubinaemia and hyperbilibinuria 
occur in haemolytic disorders, intra-hepatic or extra-hepatic 
biliary obstruction, in acute/chronic hepatic disease and in 
fasting or anorexia in horses (Engelking, 1993).  Increase in 
serum total bilirubin is seen in diseases such as Theileria’s 
disease in horses (serum hepatitis), equine salmonellosis and 
cholangiohepatitis (Palmer, 1987).  

Alterations in serum protein values are observed in 
association with both hepatic and renal diseases and these 
alterations are attributed to a decrease in the quantity of 
albumin (Coles, 1986).  Hypoproteinemia is commonly 
associated with haemorrhage, malnutrition, malabsorption 
of dietary proteins and loss of albumin (Coles, 1986). 
Hyperalbuminemia is seen in acute dehydration and shock. 
Hypoproteinemia may also result from deficiency of dietary 
protein and albumin synthesis due to a decreased functional 
hepatic mass. Decreased albumin concentration is seen in 
parasitized and/or ascitic animals, and in extensive burns 
and severe haemorrhage. Increased levels of serum globulins 
(gamma) reflect a response of the reticuloendothelial system 
to antigenic stimulation (OECD, 2000). 

The liver plays an important role in cholesterol 
synthesis, esterification and excretion (Coles, 1986). In 
horses, hypocholesterolemia has been observed in a variety 
of liver diseases and in condition of decreased cholesterol 
production by hepatocytes due to a reduction in the 
functional hepatic mass. Hypocholesterolemia is also seen in 
plasma cell myeloma and has been associated with anorexia 
and weight loss in affected horses (Edwards et al., 1993). 
Hypercholesterolemia occurs in condition of increased 
cholesterol production by hepatocytes seen in equine 
hyperlipidemia (Watson et al., 1992; Mogg and Palmer, 
1995), hypothyroidsm, acute pancreatitis, cholestasis, and 
hyperadrenocorticism (Stockham and Scott, 2008).  

Because of the strategic location of the liver and its 
multidimensional function, the liver is prone to many 
diseases. These diseases could be autoimmune, nutritional, 
metabolic, degenerative, inflammatory, infectious, inherited, 
and neoplastic. Also, the liver can be damaged by drugs, 
aflatoxins, pyrolizidine toxicosis and carbon tetrachloride
poisoning in horses (West, 1996, Handan; Mehmet, 2009). 
Hepatic disease/damage is common in large animals and its 
clinical manifestation is often not outwardly characteristic 
hence the need for this study. Also, a search through 
available literature revealed paucity of information on 
specific biochemical markers of liver damage in spent horses. 
Therefore, this present study reports observations on the 
activities of some serum enzymes and the levels of some 
biochemical parameters in spent horses with liver damage. 

functional mass of hepatocytes, induction of enzyme 
synthesis by certain drugs, cell proliferation seen in bile duct 
hyperplasia or neoplasia (osteosarcoma), decreased enzyme 
clearance from plasma/serum and ingestion and absorption 
of colostral enzymes such as gamma glutamyltransferase and 
alkaline phosphatase (Stockham and Scott, 2008). It can 
also occur following physical obstruction to biliary flow or 
metabolic abnormalities that lead to cholestasis (Coles, 
1986; Stockham and Scott, 2008). A decrease in 
plasma/serum activities of most liver enzymes may not be of 
diagnostic importance. Such decreases may be attributed to 
poor sample handling (degraded enzymes), presence of an 
inhibitor (e.g. anticoagulant), reference interval that is not 
appropriate for a given animal species, or specifically because 
of decreased functional mass of tissue/organ of origin 
(Stockham and Scott, 2008).  

In mammals, the most commonly used markers of liver 
(hepatocellular) disease/damage are the alanine 
aminotransferase (ALT), aspartate aminotransferase (AST) 
and alkaline phosphatase (ALP). Aspartate 
aminotransferase is a cytoplasmic enzyme, which occurs in 
almost all cells. Very high levels of it are found in the liver, 
erythrocytes, cardiac and skeletal muscle cells (Bain, 2003). 
Therefore, increased serum AST activity occurs when there 
is hepatic necrosis and sublethal injury or massive cardiac 
and skeletal muscle necrosis. As a leakage enzyme, the 
assessment of its serum activity is diagnostically important 
in large animals (horses and cattle) and small ruminants 
(goat and sheep), in detecting liver and muscle diseases. In 
the horse, elevated AST values are observed in azoturia, 
hepatitis, chronic active hepatitis, septicemia and intestinal 
complications (Stockham and Scott, 2008). It is also 
associated with infectious diseases of horses such as equine 
salmonellosis (Radostits et al., 2007). Increased serum 
activities in the horse also have been associated with 
halothane and chloroform anaesthesia, and carbon 
tetrachloride poisoning. It has been reported to be of value 
in predicting copper poisoning. Decrease in serum aspartate 
aminotransferase activity occurs in conditions of chronic 
hepatic damage due to a decrease in functional hepatic mass 
(Messer and Johnson, 1994). 

Serum alanine aminotransferase (ALT) activity also 
evaluates hepatocellular integrity in small animals such as 
dogs, cats, rats, guinea pigs, and in man. Highest level of 
ALT is found in the hepatocytes (Bain, 2003). Increased 
serum activity occurs in conditions of hepatic degeneration 
and necrosis. The magnitude of increase is proportional to 
the number of hepatocytes affected in acute liver damage. It 
is usually presumed that ALT is  not to be a useful indicator 
of hepatic damage in the horse and cattle due to its relatively 
low levels in hepatocytes compared to muscle cells (Lassen, 
2004). Serum ALT activity is said also too low to measured 
accurately in the horse, hence it’s of little diagnostic 
importance (Lassen, 2008). Alkaline phosphatase (ALP) 
occurs in every tissue but its highest levels are found in the 
liver, bone, intestine, kidney and placenta. When serum 
ALP activity increases in dogs, cats and horses, it is most 
probably as a result of hepatocellular injury and/or biliary 
obstruction. Increased serum ALP occurs following 
administration of glucocorticoids, cholestasis, and in 
conditions characterized by increased osteoblastic activity 
such as in primary and secondary hyperthyroidism, bone 
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Materials and Methods  

A total of 100 adult horses of either sex were evaluated 
in the study. The 100 horses were horses bought on the days 
of research visit to the Obollo Afor horse Lairage, Udenu 
Local Government Area, Enugu State, Nigeria located 
between latitude 6° 54' 56'' north and longitude 7° 30' 55''. 
Obollo Afor horse market has both a horse lairage and a 
slaughter slab where Nigerian local (Arewa) breed of horses 
and their crosses with Arabian, Dongola, Barb-arab and 
Sudanese breeds are kept, sold and also slaughtered for meat. 
The research visits were made once a week for a period of 24 
weeks. All horses bought on each day of visit were evaluated. 
Each of the horses was physically examined, aged before 
blood samples were collected for serum biochemistry 
evaluations. The blood samples were dispensed into clean 
plain glass test tubes and allowed to stand for one hour at 
room temperature to clot. Serum for the assays was 
thereafter separated from clot by centrifugation. All the 
clinical biochemistry determinations were carried out 
immediately after separation of the serum from clot. 

The clinical biochemistry determinations were carried 
out using commercial test kits, Quimica Clinica Aplicada 
(QCA) test kits (QCA, Spain), Randox tests kits (Randox, 
UK) for total proteins and albumin, and a digital 
colorimeter (Lab-tech, India). Determination of the serum 
alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST) activities were based on the 
Reitman-Frankel method (Reitman and Frankel, 1957). 
The determination of serum alkaline phosphatase (ALP) 
activity was based on the phenolphthalein monophosphate 
method (Babson et al., 1966) while the total bilirubin 
determination was based on the Jendrassik-Grof method 
(Doumas et al., 1973). The total serum proteins were 
determined by the direct Biuret method (Lubran, 1978) 
and the serum albumin was determined by the bromocresol 
green method (Doumas et al., 1971). The serum globulin 
was calculated as the difference between the serum total 
proteins and serum albumin (Colville, 2002) while the 
serum total bilirubin was determined by the Jendrassik-Grof 
method (Doumas et al., 1973). The serum urea was 
determined by the Berthelot-Searcy method (Fawcett and 
Scott, 1960). The serum cholesterol was determined by the 
enzymatic colorimetric method (Allain et al., 1974). 

Based on the outcome of the serum biochemistry 
evaluation, the horses were assigned into 3 groups namely: 
apparently healthy horses (Group 1) which were 61, horses 

with biochemical markers of acute liver damage (Group 2) 
which were 4, while horses with biochemical markers of 
chronic liver damage (Group 3) were 14. The remaining 21 
horses were in poor body condition and the values obtained 
from their serum sample analysis were either higher or lower 
than reference values obtained for Nigerian horses 
(Ihedioha and Agina, 2013). These 21 horses were excluded 
from the study. 

 
Data analysis 
Data generated from the study were subjected to 

appropriate statistics using SPSS 17.0. Analysis of data on 
apparently healthy horses, horses with biochemical markers 
of acute liver damage and horses with biochemical markers 
of chronic liver damage were carried out using one way 
analysis of variance (ANOVA) and variant means were 
separated by the least significant difference (LSD) method 
and Duncan multiple range test. Significant difference was 
accepted at p < 0.05. 

 

Results  

The horses with biochemical markers of acute liver 
damage showed significantly (p < 0.05) higher mean serum 
aspartate aminotransferase, alanine aminotransferase, 
alkaline phosphatase and total bilirubin values than those of 
horses with biochemical markers of chronic liver damage 
and apparently healthy spent horses (Table 1). The horses 
with biochemical markers of chronic liver damage had 
significantly (p < 0.05) lower mean serum alanine 
aminotransferase value, creatinine and serum urea values 
when compared to those of  horses with biochemical 
markers of acute liver damage and apparently healthy horses 
(Tables 1 and 2). The mean serum albumin value of horses 
with biochemical markers of acute liver damage was 
significantly (p < 0.05) lower than that of apparently 
healthy spent horses (Table 2). The mean serum creatinine 
value of horses with biochemical markers of acute and 
chronic liver damage was significantly (p < 0.05) lower than 
that of apparently healthy horses (Table 2). The mean total 
bilirubin value of horses with chronic liver damage did not 
differ significantly (p > 0.05) from that of acute liver 
damage and apparently healthy spent horses. There were no 
significant (p > 0.05) differences between the mean serum 
total protein, globulin and cholesterol values of the horses 
with biochemical markers of acute liver damage, chronic 
liver damage, and apparently healthy spent horses (Table 2). 

Table 1. Serum enzyme activities of spent horses with liver damage compared to apparently healthy spent horses 

Serum biochemistry 

parameters 

Horses with acute liver damage 

(n = 4) 

Horses with chronic liver damage 

(n = 14) 

Apparently healthy spent horses 

(n = 61) 

Means ± Standard error 

Aspartate aminotransferase  

(IU/L) 
120.29  ± 1.11a 89.54 ± 3.54b 93.09 ± 1.12b 

Alanine aminotransferase   

(IU/L) 
25.87 ± 1.36a 2.21± 0.38b 9.48 ± 0.59c 

Alkaline phosphatase  

(IU/L) 
178.76 ± 16.42a 72.52 ± 7.11b 70.19 ± 2.54b 

      a,b,c Different superscripts in a row indicate significant difference between the means (p<0.05). 
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Discussion 

The significantly elevated serum activities of aspartate 
aminotransferase and alanine aminotransferase recorded for 
horses with acute liver damage could be attributed to the 
fact that aspartate aminotransferase and alanine 
aminotransferase are cytoplasmic enzymes found in 
hepatocytes, and insult/injury to the hepatocytes can lead to 
an appreciable increase in their serum activities (Coles, 
1986; Stockham and Scott, 2008). The finding of normal 
serum AST activity and low ALT activity in horses with 
chronic liver damage is not clearly understood. This is 
because it has been reported that in chronic liver damage, 
ALT and AST activities may be entirely within the
reference range, even in the presence of cirrhosis (CLF, 
2017). Also, the low ALT activity in these spent horses is of 
little or no significance as ALT is known to be low in liver 
cells of horses and is not helpful in evaluating chronic liver 
disease (Lassen, 2004; Eclinpath, 2017). The increase in 
serum alkaline phosphatase activity recorded for horses with 
acute liver damage may be associated with acute damage to 
the hepatobiliary tract or cholestasis (Naylor et al., 2012). 
This is because alkaline phosphatase is primarily excreted 
through the biliary duct and serum activity increases when 
there is intrahepatic or extrahepatic obstruction to bile flow, 
and/or hepatobiliary injury in the horse (Milne, 1993). The 
normal serum ALP activity reported for horses with chronic 
liver damage could be due to the fact that ALP is a marker of 
cholestasis and that chronic liver damage alone has little 
effect on it (Lavioe and Hinchcliff, 2008). 
Hyperbilirubinemia could be attributed to the decreased 
functional ability of the liver to conjugate bilirubin for 
clearance from the blood stream (Stockham and Scott, 
2008). The finding of a normal serum urea level of horses 
with acute liver damage is not completely understood. In 
horses with chronic liver damage, serum urea is decreased 
due to a decreased conversion of ammonia to urea (Lavioe 
and Hinchcliff, 2008), leading to consequent elevation in 
blood ammonia level.  

The hypoalbuminemia recorded for horses with acute 
liver damage is not in agreement with the report of Lavioe 
and Hinchcliff (2008), who recorded hypoalbuminaemia in 
conditions of chronic liver damage and end stage liver 
disease. The reason for the decrease in albumin 
concentration in chronic liver damage could be due to 
decreased synthesis of albumin by few remaining 
hepatocytes. The finding of normal total protein and 
albumin levels observed in horses with chronic liver damage 
is in agreement with Parraga et al. (1995) and McGorum et 
al. (1999) who recorded normal total proteins and albumin 
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levels in horses with primary hepatic disease. The normal 
globulin level recorded in horses with acute and chronic 
liver damage in this study is in agreement with the reports of 
Pearson (1990) and Parraga et al. (1995) who recorded 
hyperglobulinemia in horses with liver failure, as globulin 
tends to increase only in end-stage liver disease or liver 
failure (Lavioe and Hinchcliff, 2008). The finding of a 
cholesterol value within the reference range in horses with 
acute liver damage is normal because cholesterol level is only 
altered (decreased) in conditions of hepatic insufficiency 
(Lavioe and Hinchcliff, 2008). 

 

Conclusions 

Based on the results of this study, it was concluded that 
in spent horses, acute liver damage is characterized by 
increased serum ALT, AST and ALP activities, and a 
decrease in creatinine level, hyperbilirubinemia, slight 
hypoalbuminemia, normal total protein, globulin and 
cholesterol levels while chronic liver damage is characterized 
by decreased serum ALT activity, normal serum AST and 
ALP activities, decreased serum urea level, normal total 
protein, albumin, globulin, total bilirubin and cholesterol 
levels. These findings could be of diagnostic importance to 
veterinarians and equine clinicians. 
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