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Abstract 
The assay of serum enzymes is very useful for the differential diagnosis and monitoring of various 
hepatobiliary disorders. Aspartate aminotransferases are found in the liver, cardiac muscle, skeletal 
muscle, kidneys, brain, pancreas, lungs, leukocytes, and erythrocytes in decreasing order of 
concentration. Alanine aminotransferases are found in the liver, muscle (cardiac and skeletal), kidneys, 
and erythrocytes and these are specific indicators of hepatocellular injury in dogs and cats not in large 
animals and pigs due to low activity in liver tissue. Alkaline phosphatases are markers of cholestasis, 
present in most tissues but are in particularly high concentration in the osteoblasts of bone and the cells 
of the hepatobiliary tract, intestinal wall, renal tubules, and placenta. Gamma-glutamyl transferase 
occurs mainly in the cells of the liver, kidneys, pancreas, and prostate. Alcoholism and hepatocellular 
damage due to infectious hepatitis are causes of elevated plasma GGT activity. Sorbitol dehydrogenase 
is predominantly found in the liver and kidney and measurement of serum SDH activity has been 
shown to be valuable in assessing hepatocellular injury in various domestic species. Elevated serum 
arginase levels have been observed in naturally occurring liver diseases of horses, cattle, sheep, goats, 
and dogs. Ornithine carbamoyltransferase (OCT) is primarily found in the liver and is regarded as a 
liver-specific enzyme for detecting hepatocellular necrosis in domestic species. This review aims to 
highlight the importance of hepatic enzymes for diagnosis purposes. 
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Introduction 
The liver plays a crucial role in various metabolic processes, such as regulating blood 
glucose levels, eliminating toxins and hydrophobic substances from the body, producing 
most of the proteins found in the blood plasma, and aiding digestion by producing and 
storing bile acids necessary for absorbing fats and fat-soluble vitamins. Any disruptions in 
these metabolic, excretory, synthetic, and digestive functions of the liver can lead to 
noticeable clinical symptoms of liver disease. It's worth noting that the liver has a significant 
reserve capacity, and symptoms of liver failure may not appear until around 70% or more of 
its functional ability is lost. Importantly, even when a substantial portion of liver cells is 
damaged, the liver has the remarkable ability to regenerate, allowing for potential recovery 
from acute injuries. To diagnose liver disease, a comprehensive approach involving the 
assessment of clinical history, physical examination, biochemical tests, hepatic imaging, and 
histopathological examination of liver biopsies is necessary. In clinical patients displaying 
symptoms and a history suggestive of liver disease, laboratory tests are conducted to confirm 
the diagnosis. These tests serve several purposes, including evaluating the extent of liver 
damage, predicting the prognosis, identifying treatable complications resulting from liver 
insufficiency (such as ascites and encephalopathy), and monitoring the patient's clinical 
progress [1].  
The assessment of hepatocellular injury, which involves the loss of cellular integrity and the 
release of intracellular components, is commonly performed by measuring specific enzymes 
that leak out of damaged liver cells. These enzymes include alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), lactate dehydrogenase (LD), sorbitol dehydrogenase 
(SDH), and glutamate dehydrogenase (GLD). Although less frequently used, arginase, 
isocitrate dehydrogenase, and fructose bisphosphatase can also be employed. Typically, 
significant liver injury is indicated by a 3-to 5-fold increase in blood levels of hepatic 
enzymes above the upper limit of normal (ULN), while increases exceeding 10-fold suggest 
moderate to marked injury. The effectiveness of these biomarkers relies on several factors. 
Firstly, they should be specific to the liver, allowing for an accurate assessment of liver 
damage.
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Additionally, these biomarkers need to persist in the 

bloodstream, providing a measurable signal. Their 

persistence is influenced by their concentration within liver 

tissues, their location within subcellular compartments (with 

enzymes released more readily from the cytosol than 

mitochondria), and the rate at which their activity is cleared 

from the blood, known as their half-life. Hepatobiliary 

injury is evaluated by monitoring the presence of specific 

enzymes, known as cholestatic or induction enzymes, in the 

blood. The most commonly utilized enzymes for this 

purpose are alkaline phosphatase (ALP) and γ-

glutamyltransferase (GGT), although occasionally 5'-

nucleotidase is employed. These enzymes are bound to cell 

membranes and their levels increase in the blood due to 

reflux into plasma caused by increased synthesis, canalicular 

injury, cholestasis, or solubilization by bile salts. Increased 

synthesis of these enzymes occurs in response to biliary 

epithelial hyperplasia, which is a proliferative and reparative 

reaction to liver injury. However, this limits their specificity 

for distinguishing hepatobiliary injury from hepatocellular 

injury. ALP has additional limitations as a blood biomarker 

for liver injury, as it also increases during bone growth, 

colostrum ingestion in neonates, liver synthesis induction by 

glucocorticoids and anticonvulsants (in dogs), and certain 

neoplasms, such as mammary tumors [1]. 

 

Hepatic Enzymes 

Liver disease is typically identified through the detection of 

increased levels of liver-specific enzymes in the 

bloodstream. While these enzymes are commonly referred 

to as “liver function tests,” it is important to note that they 

don’t directly measure the overall function of the liver. 

Instead, they indicate changes in the integrity of the cell 

membrane of hepatocytes (liver cells), the death of 

hepatocytes or biliary epithelium, impaired bile production 

or flow (cholestasis), or the activation of enzyme synthesis 

processes [2]. The measurement of serum enzymes is 

commonly used in clinical practice to assess liver and bile 

duct diseases. These enzymes exhibit high levels of activity 

specifically within the liver. When there is liver cell damage 

or cholestasis (impaired bile flow), these enzymes are 

released into the bloodstream, leading to increased serum 

activity levels, which can be used as diagnostic markers. 

The duration of elevated serum enzyme activity depends on 

various factors such as molecular size, intracellular location, 

clearance rate from the bloodstream, rate of enzyme 

inactivation, and, in some cases (e.g., alkaline phosphatase 

[AP] and glutamyl transpeptidase [GGT]), the rate of 

enzyme production in the liver. Certain enzymes, including 

alanine aminotransferase (ALT), aspartate aminotransferase 

(AST), ornithine carbamoyltransferase (OCT), glutamic 

dehydrogenase (GD), sorbitol dehydrogenase (SDH), and 

arginase, show increased serum activity when there is liver 

cell necrosis. Elevated levels of alkaline phosphatase (AP), 

GGT and 5’ nucleotidase (5’-ND) in the serum typically 

indicate either intrahepatic or extrahepatic cholestasis. Due 

to its strategic position between the splanchnic and systemic 

circulation, the liver is susceptible to exposure to numerous 

substances such as toxins, drugs and their byproducts, 

bacterial toxins, and infectious agents. These factors can 

impact the levels of liver enzymes in the bloodstream. When 

evaluating abnormal liver enzyme levels, it is important to 

consider the specific type of enzyme alteration (whether it is 

related to hepatocellular damage or cholestasis), the extent 

of the increase in serum enzyme activity, the rate at which 

the activity levels change (whether it increases or 

decreases), and whether there are fluctuations in enzyme 

activity over time or a consistent pattern of change. Taking 

these factors into account is crucial for a comprehensive 

clinical assessment of liver enzyme aberrations [1]. 

 

Serum Alanine and Aspartate Aminotransferases 

The levels of aminotransferases, specifically AST and ALT, 

in the bloodstream are measured to detect liver cell damage. 

These enzymes play a crucial role in transferring the α-

amino nitrogen from aspartate or alanine to α-ketoglutaric 

acid, resulting in the production of glutamate. AST and ALT 

are involved in important processes like gluconeogenesis 

(formation of glucose) and the synthesis of urea. In the liver, 

ALT facilitates the transfer of α-amino nitrogen from 

alanine to α-ketoglutarate, producing pyruvate, which can be 

used in gluconeogenesis. In muscle tissues, ALT converts 

pyruvate into alanine, which transports non-ionized nitrogen 

from the muscles to the liver as part of the glucose-alanine 

cycle for further processing. ALT activity is significantly 

higher in the liver compared to other tissues. In dogs, 

hepatic ALT activity is approximately 10,000 times higher 

than its concentration in the blood plasma. Similarly, cats, 

humans, and certain experimental rodent species also exhibit 

high hepatic ALT activity, making serum ALT measurement 

a routine practice for assessing liver cell damage. However, 

in horses, cattle, sheep, and swine, hepatic ALT activity is 

relatively lower, and as a result, serum ALT is not routinely 

measured in these species. 

The liver of all domestic species exhibits high activity levels 

of AST, and measuring its concentration in the bloodstream 

is a routine practice for evaluating liver cell damage. 

However, it's important to note that AST activity is also 

elevated in the kidney, heart, and skeletal muscle. As a 

result, increases in serum AST levels are considered less 

specific indicators of liver disease compared to elevations in 

serum ALT levels. The distribution of ALT and AST within 

the hepatocyte (liver cell) differs. In dogs, the majority of 

hepatic ALT and AST activity is found in the cytosol, while 

a significant portion of AST (20%) and a smaller portion of 

ALT are present in the mitochondria [3]. Additionally, the 

distribution of these transaminases within the acinar zones 

of the liver also varies. ALT exhibits the highest activity in 

Zone 1 hepatocytes, while AST has the highest activity in 

Zone 3 hepatocytes. The relative levels of ALT or AST in 

the bloodstream may reflect the specific acinar zone where 

liver injury has occurred [4]. The most significant increases 

in serum ALT levels are observed in cases of hepatocellular 

inflammation and necrosis. In such conditions, a progressive 

decrease in ALT activity may indicate recovery and a 

reduction of 50% or more in serum ALT activity over 

several days is considered a positive prognostic indicator. 

However, it is important to note that some animals with 

severe liver disease may have normal serum ALT activity. 

In these cases, a decline in serum ALT activity could 

indicate a significant reduction in viable hepatocytes or a 

decrease in transaminase synthesis (e.g., due to toxins like 

microcystins or aflatoxin). In all domestic species, AST 

activity is high in the liver, and an increase in serum AST 

activity is typically seen in both acute and chronic liver 

injuries. However, since AST activity is also elevated in 

other tissues like muscle, kidney, pancreas, and red blood 
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cells, damage to these tissues can also result in elevated 

serum AST levels. 

Determining the specific source of increased serum AST 

activity is not a straightforward process, and there is no 

direct method for it. However, additional laboratory tests 

can be useful. For example, in cases of skeletal muscle 

disease (including trauma or degenerative conditions), 

measuring serum creatine kinase (CK) levels may provide 

valuable information. In muscle diseases, both AST and CK 

are expected to be elevated. In acute muscle injuries, CK 

levels may increase before AST reaches its maximum 

elevation, and CK levels typically decrease before AST 

activity fully declines. In cases where both myopathy and 

liver disease are present in dogs and cats, measuring serum 

ALT levels may be helpful. However, it's worth noting that 

severe primary muscle diseases can also be associated with 

increased serum ALT activity. Dogs have been observed to 

exhibit increased transaminase activity after intense exercise 
[5]. However, the source or origin of this enzyme in such 

circumstances remains unclear [6, 7]. A 1.4- to 2-fold increase 

in plasma AST levels in dogs was observed after short-term 

exercise, along with increases in CK and lactic 

dehydrogenase activity [8]. Similar increases in plasma AST 

and lactic dehydrogenase were also detected following 

electro-physiological stimulation of hind limb muscles. The 

main utility of measuring serum AST and ALT levels lies in 

detecting hepatocellular injury and monitoring the progress 

of clinical conditions. However, as both enzymes can be 

elevated in various liver diseases, their value for differential 

diagnosis is limited. While elevated aminotransferase levels 

are generally indicative of hepatocellular injury, severe liver 

diseases often involve a combination of hepatocellular and 

cholestatic forms of hepatic injury. The most significant 

increases in aminotransferase activity are associated with 

acute hepatic injury, but more moderate increases can be 

observed in chronic liver diseases such as chronic 

hepatocellular disease, cirrhosis, parasitic hepatopathy, and 

primary or metastatic neoplasia. 

 

Sorbitol Dehydrogenase 

Due to the relatively low activity of ALT in the livers of 

large domestic species, alternative liver-specific enzymes 

have been established for clinical purposes [9, 10]. One such 

enzyme is SDH, which is predominantly found in the liver 

and kidney. The measurement of serum SDH activity has 

been shown to be valuable in assessing hepatocellular injury 

in various domestic species, including dogs, horses, and 

ruminants [11, 12]. However, in dogs and cats, SDH does not 

offer any clear advantages over ALT [2]. It is important to 

note that SDH activity in serum is not stable and declines 

rapidly. Therefore, it is crucial to perform the SDH assay as 

soon as possible after the sample is collected, ideally within 

8 to 12 hours, to ensure accurate results. 

 

Arginase 

The conversion of arginine to urea and ornithine, the final 

step in the urea cycle, is facilitated by the enzyme arginase. 

In mammals, there are two forms of arginase: arginase type 

I and arginase type II. These isoforms differ in their genes, 

tissue distribution, intracellular location, and molecular 

characteristics [13, 14]. Arginase type I is found in the cytosol 

and is primarily expressed in the liver, where it plays a 

crucial role in urea synthesis. On the other hand, arginase 

type II is a mitochondrial enzyme present in various tissues, 

including the kidney, and it is involved in regulating the 

availability of arginine for nitric oxide synthesis and the 

production of ornithine, which serves as a precursor for 

polyamines, glutamate, and proline [14, 15]. The liver exhibits 

higher arginase activity compared to other organs [16] 

leading to the consideration of elevated serum arginase 

activity as a liver-specific marker [9, 17]. Reliable assays have 

been developed for measuring serum arginase activity [18]. 

Following acute liver injury, serum arginase levels initially 

increase and then rapidly decrease [9, 19]. Prolonged elevation 

in serum arginase activity indicates an unfavorable 

prognosis. Elevated serum arginase levels have been 

observed in naturally occurring liver diseases of horses, 

cattle, sheep, goats, and dogs [20]. Simultaneous 

measurement of serum arginase and GGT activities can be 

useful in distinguishing hepatocellular injury from 

cholestasis [21]. 

 

Glutamate Dehydrogenase 

GD (Glutamate dehydrogenase) is an enzyme primarily 

found in the mitochondria that plays a crucial role in 

detoxifying ammonia. It functions as an ammonia scavenger 

by catalyzing the conversion of α-ketoglutarate to glutamate 

through animation. The produced glutamate is further 

transformed to aspartate by mitochondrial AST (aspartate 

aminotransferase), which is involved in urea synthesis. 

Moreover, glutamate is utilized in the mitochondrial 

production of N-acetyl glutamate, an allosteric activator of 

carbamoyl phosphate synthase, the enzyme responsible for 

the initial step in urea synthesis [22, 23, 24]. GD has 

demonstrated utility in evaluating hepatic necrosis in sheep, 

goats, and cattle. The liver of these species, as well as other 

domestic animals, exhibits a high concentration of GD 

activity [10, 25]. Elevated GD activity has been observed in 

ruminants with hepatic necrosis [26], in association with 

parturition [47] and in cases of bile duct obstruction [28]. 

 

Ornithine Carbamoyltransferase 

OCT (ornithine carbamoyltransferase) is an enzyme that 

operates within the mitochondria and plays a vital role in the 

urea cycle by facilitating the reaction between ornithine and 

carbamoyl phosphate, resulting in the formation of citrulline 

and inorganic phosphate. It is primarily found in the liver 

and is regarded as a liver-specific enzyme for detecting 

hepatocellular necrosis in domestic species [29]. The liver of 

cattle [47] and pigs [17] contain almost all the OCT activity. In 

terms of diagnostic sensitivity for hepatic necrosis in dogs, 

OCT and ALT exhibit similar performance as tests. Swine 

also exhibit a similar association between OCT and 

hepatocellular injury [30]. 

 

Serum Alkaline Phosphatase 

The alkaline phosphatases (APs) are a group of zinc 

metalloenzymes found in most tissues, with high 

concentrations in the intestine, kidney, bone and liver. 

Studies using light and electron microscopy have shown that 

alkaline phosphatase activity is highest on the surfaces of 

cells involved in absorption or secretion [31]. The exact 

physiological functions of alkaline phosphatase are not fully 

understood, but its localization on cell surfaces responsible 

for active transport suggests a role in membrane transport. 

Some evidence suggests that alkaline phosphatase in 

osteoblasts may play a role in bone calcification, and its 

activity against nucleotides indicates involvement in nucleic 
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acid metabolism. In normal animals, the primary sources of 

serum alkaline phosphatase are the liver and bone [32, 33]. 

Elevated serum alkaline phosphatase activity can be 

observed in growing animals or in adults with increased 

osteoblastic activity. It can also be elevated in acute and 

chronic liver diseases, with higher levels indicating 

cholestasis. The most significant increases in serum alkaline 

phosphatase activity are seen in animals with cholangitis, 

biliary cirrhosis, or obstruction of the bile duct outside the 

liver. Unlike serum AST and ALT, elevated alkaline 

phosphatase levels are not solely due to leakage from 

damaged cells. 

Previously, it was believed that the high serum alkaline 

phosphatase levels observed in cholestatic liver diseases 

resulted from decreased biliary excretion of the enzyme 

since bile contains a substantial amount of alkaline 

phosphatase activity. However, it is now known that 

increased synthesis of alkaline phosphatase is involved in 

various conditions, such as extrahepatic bile duct 

obstruction, intrahepatic cholestasis, and infiltrative liver 

diseases where the terminal branches of the biliary tree may 

be obstructed. Additionally, alkaline phosphatase synthesis 

increases during liver regeneration following injury. While 

measuring serum GGT activity offers specificity, total 

serum alkaline phosphatase activity remains the most 

commonly performed test for assessing cholestasis in 

horses, dogs, and cats. Serum alkaline phosphatase is less 

useful for evaluating cholestatic syndromes in cattle and 

sheep due to increases being described in various canine 

cholestatic liver diseases [34, 35]. Modest increases in serum 

alkaline phosphatase can occur with hepatic necrosis [21]. In 

cases of experimental hepatic necrosis in dogs, the serum 

activities of arginase, ALT, and alkaline phosphatase 

increase within one day, whereas GGT activity remains 

unaffected. Following bile duct obstruction, both alkaline 

phosphatase and GGT activities increase significantly along 

with moderate elevations in ALT and AST, while arginase 

activity does not increase. This suggests that arginase 

(indicating necrosis) and GGT (indicating cholestasis) may 

have higher specificity in evaluating the type of 

hepatobiliary disease in dogs [21]. Although GGT activity 

may be less affected during hepatocellular necrosis 

compared to alkaline phosphatase, GGT activity may not be 

as highly elevated as an alkaline phosphatase in cases of bile 

duct obstruction [36]. 

 

γ-Glutamyl transpeptidase 

GGT (gamma-glutamyltransferase) is an enzyme located on 

the cell membrane that facilitates the transfer of γ-glutamyl 

groups from γ-glutamyl peptides, such as glutathione, to 

other amino acids or peptides. Its primary substrates are 

glutathione and glutathione conjugates, which are abundant 

in the body [37]. GGT is predominantly found in cells 

involved in secretion or absorption, including the liver, 

kidney, pancreas, and intestine. It is primarily used as a 

serum marker for hepatobiliary diseases associated with 

cholestasis [38] and serves as a diagnostic tool for liver 

diseases in animals. While GGT activity is relatively high in 

the livers of cows, horses, sheep, and goats, it is 

significantly lower in the livers of dogs and cats. Although 

GGT is present in various tissues and exhibits high activity 

in the kidney, significant elevations in serum GGT activity 

are typically observed in liver diseases. However, urinary 

excretion of GGT has been measured to assess renal injury 

[39]. Experimental studies involving bile duct obstruction 

have demonstrated a substantial increase in serum GGT 

activity in dogs [21], sheep [39], and cattle. In cats, GGT has 

shown similar sensitivity to AP (alkaline phosphatase) as an 

indicator of cholestasis [40]. Within a given species, there is 

often a direct correlation between serum GGT and AP 

activities in cases of cholestatic liver injury. In primary 

hepatocellular diseases, GGT elevations are generally not as 

pronounced as those of AP [41]. The highest levels of GGT 

activity in dogs and cats are found in the kidney and 

pancreas, with lesser amounts in the liver, gallbladder, 

intestines, spleen, heart, lungs, skeletal muscle, and 

erythrocytes [36, 38]. Administration of glucocorticoids and 

certain microsomal enzyme inducers can stimulate GGT 

production in dogs, similar to the effect of these drugs or 

other substances on AP. It is believed that increased GGT 

production following glucocorticoid administration 

originates in the liver. Remarkably elevated serum GGT 

levels have been observed in dogs and cats with primary 

hepatic or pancreatic neoplasia. Neonatal animals of various 

species exhibit increased serum GGT activity after 

consuming colostrum. In neonatal calves, the direct 

relationship between serum GGT activity and immune 

globulin levels allows GGT activity to serve as an indicator 

of successful passive immune transfer [42]. Similar transient 

elevations of serum GGT are observed in neonatal lambs 
[43], crias [44], and pups [45] following colostrum ingestion, but 

apparently not in kittens [46]. 

 

Conclusion 

Liver enzymes present in serum can indicate various liver 

and hepatobiliary pathologies such as obstruction, 

proliferation, inflammation, toxicity, or neoplasia. These 

enzymes serve two main purposes: evaluating and 

determining the type and severity of liver injury and 

providing insights into the treatment and prognosis of liver 

function disorders. Interpreting the data from these enzymes 

is crucial for reaching an accurate diagnosis. Each enzyme 

involved in the evaluation offers valuable information that 

aids in distinguishing liver pathologies from other diseases. 

Overall, variations in enzyme profiles are associated with 

different types of liver pathologies. Therefore, clinicians can 

differentiate and accurately diagnose liver diseases by 

assessing a single hepatobiliary enzyme. However, 

combining the analysis of multiple enzymes along with 

other biochemical markers enhances sensitivity and 

specificity in identifying liver diseases, leading to 

appropriate treatment and prognosis. 
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