Hepatic Enzyme Profile in Horses
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For diagnostic purposes, liver enzymes are usually classified into hepatocellular and cholestatic. These two groups of
equine liver-specific enzymes include sorbitol dehydrogenase (SDH), glutamate dehydrogenase (GLDH), y-glutamyl
transferase (GGT), aspartate aminotransferase (AST), lactate dehydrogenase (LDH), and alkaline phosphatase (ALP).
SDH and GLDH mostly reflect hepatocellular injury and cholestasis, while GGT expresses high values in biliary necrosis
or hyperplasia. Likewise, AST, LDH, and ALP also reflect hepatocellular and biliary disease, but these enzymes are not
liver specific. From the clinical point of view of the course of liver or biliary disease, AST and ALP are indicative of chronic
disease, whereas SDH, GGT, and GLDH indicate an acute course.
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| 1. Introduction

Within the concept of liver disease, researchers can include different pathologies that directly or indirectly affect liver
function. In turn, these alterations in liver function may be temporary or may progress to complete and irreversible failure
[, Although liver failure is rare in equines, different authors point out that the clinical manifestation occurs when more than
70% of the function of this organ is lost WEEIM4, | jver disease and liver failure are two distinct and important concepts that
must be differentiated. Among all liver functions, the reserve is extremely important. Therefore, a loss of at least 60—-80%
of the mass of this organ is required to show clear signs of liver failure. This clarification becomes important because
some indicators of liver function, such as albumin or coagulation times, are affected when this organ is insufficient and are
therefore not sensitive for detecting disease in early stages [ZEIE],

Several different etiological causes may be ascribed to the development of horse hepatic diseases L. Pre-existing sepsis,
hypoxia, neoplasia, toxic or metabolic causes in both foals and adult horses can lead to liver damage WIGIZIE The
consumption of toxic plants (e.g., mugwort and clover) and mycotoxins (e.g., aflatoxin, zearalenone, and fumonisin) also
can develop hepatic disease [2[2AL1]122],

Infectious and non-infectious causes of liver and biliary tract inflammation have also been described. These include serum
hepatitis or Theiler’s disease or viral hepatitis (caused by equine herpesvirus, hepatitis, equine hepacivirus, and equine
parvovirus), parasitic hepatitis (caused by large strongyles and ascarids), Tyzzer's disease (Clostridium piliforme),
inflammatory diseases such as cholangiohepatitis (due to cholelithiasis or intestinal obstruction), displacement of the right
dorsal colon with bile duct obstruction, cholelithiasis, hepatic torsion, portal vein thrombosis and hyperlipemia EI23114][15]
[16I17] Other causes of liver disease are primary neoplasms such as hepatocellular carcinoma, cholangiocarcinoma, or
hepatoblastoma. Additionally, metastatic dissemination of lymphomas or malignant melanomas to the liver from other
primary locations B8], The main analytes to evaluate in blood samples related to liver disease are serum enzymes and
indicators of residual liver functional capacity . In general terms, researchers can classify liver enzymes into two main
groups. On the one hand, some are filtered from the cytoplasm of the damaged hepatocyte called hepatocellular, and on
the other hand, those that increase their concentration in the blood due to an increased synthesis as a response to the
decrease or absence of normal bile flow from the liver to the duodenum also called cholestasis. In hepatocellular or
cholestatic forms of liver injury, these liver enzymes are released into the bloodstream and, therefore, increased serum
levels are diagnostically useful 9. Therefore, the so-called liver functionality tests measure the serum level of liver
enzymes and thus reflect hepatocyte integrity or cholestasis rather than the liver function itself El. Thus, in horses with
liver disease, serum enzyme levels are related to the concentration of the enzyme in the hepatocyte, the severity, and
duration of the disease, and the half-life of the enzyme. In general, the duration of elevation of serum liver enzyme activity
depends on molecular size, intracellular location, plasma elimination rate, enzyme inactivation, and increased hepatic
production. 221,



| 2. Types and Characteristics of Hepatic Enzymes in Horses

Standard biochemical indices of hepatocellular disease include sorbitol dehydrogenase (SDH), glutamate dehydrogenase
(GLDH), aspartate aminotransferase (AST), and lactate dehydrogenase (LDH) while indicators of hepatobiliary disease
include y-glutamyl transferase (GGT). Alkaline phosphatase (ALP) indicates both hepatocellular and biliary origin 29,
These enzymes can usually be found in the cytoplasm (AST and LDH), mitochondria (GLDH and AST), nucleus or
membranes (ALP and GGT) of hepatocyte cells, where they catalyze specific reactions 2 (Table 1).

Table 1. Characteristics of hepatic enzymes in horses based on location and function.

Origin Type Location Function (Catalysis)

SDH Cytoplasmatic Conversion of fructose to sorbitol
Hepatocellular Mitochondrial, in the

GLDH centrilobular areas of the liver

Conversion of glutamate to 2-oxoglutarate

Cytoplasmatic of hepatocytes
AST and other tissues, including
skeletal muscle

Conversion of aspartate and alpha-ketoglutarate to oxaloacetate
and glutamate

LDSH' Cytoplasmatic Reversible transformation of pyruvate to lactate
Microsomal membranes in the Cleaves C-terminal glutamyl groups from amino acids and
biliary epithelium, and also in transfers them to another peptide or amino acid. GGT is
GGT the canalicular surfaces of important in glutathione metabolism (reduced and oxidized GSH
hepatocytes are the main targets) and amino acid absorption (cysteine in the
Biliary <5% is found in the cytoplasm kidney)
Epithelium of biliary canalicular Non-specific metalloenzyme which hydrolyzes many types of
ALP membrane, and sinusoidal phosphate esters at an alkaline pH in the presence of zinc and
membrane of hepatocytes magnesium ion

SDH: sorbitol dehydrogenase; GLDH: glutamate dehydrogenase, AST. aspartate aminotransferase; lactate
dehydrogenase (LDH); y-glutamyl transferase (GGT); alkaline phosphatase (ALP).

Cytoplasmic enzymes are released at the beginning of cell degeneration, whereas mitochondrial enzymes are released
after advanced cell necrosis 29, Based on this, GLDH, AST, and LDH activity are increased in hepatocellular damage
while GGT and ALP enzymes are increased in cholestatic liver disease in horses 21, Based on their specificity, liver-
specific enzymes include SDH, GLDH, and GGT, where, on the one hand, SDH and GLDH reflect hepatocellular damage
and GGT, on the other hand, is indicative of biliary damage. Other enzymes such as AST and LDH also reflect
hepatocellular disease while ALP indicates biliary damage. However, these last three enzymes are not specific to the
equine liver & (Table 2).

Table 2. Reference value interval, half-life, sensitivity, specificity, and stability of the hepatobiliary enzymes in horses.

Enzyme Reference Value Interval (Ul/l) Half-Life Sensitivity Specificity Stability
SDH 2-8 <12 h +++ ++++ +
2-10
GLDH In foals, GLDH increase is compared to adult 12-24h B A M
AST 150-300 7-8 days +++ + ++++
GGT 5-20 3 days ++++ +++ ++++
ALP 120-250 3 days ++ + 4+

Foal and growing: 100-fold greater than in adults

SDH: sorbitol dehydrogenase; GLDH: glutamate dehydrogenase, AST: aspartate aminotransferase; y-glutamyl transferase
(GGT); alkaline phosphatase (ALP) lowest (+); highest (++++).

These parameters are estimated values based on a review of available reports [2[8120]22]123]

SDH is a liver-specific enzyme in horses. The reference range of SDH in equines is 0-8 IU/L 24, A drawback is the
instability of this enzyme in serum or plasma, even when refrigerated or frozen. According to Fouche et al. 23 plasma



SDH activity in refrigerated samples at 4 °C is suitable for analysis for 24 h. It is not recommended to store plasma for
more than 4 h at room temperature or =20 °C. This enzyme has a half-life of 12 h, and after an acute event, baseline
values can be observed 3-5 days later [8],

The GLDH enzyme is found in the mitochondria of hepatocytes, and horses with an acute hepatocellular disease and its
blood levels are abnormally high. The range of reference plasma values for GLDH in the equine species is <3.5 |U/L [24],
GLDH is more stable compared to other enzymes and has a somewhat longer half-life than SDH and, because of its
stability, is a recommended test for detecting acute hepatocellular disease [@El23] However, this parameter should be

interpreted with caution in foals, as GLDH levels are usually increased in young lactating foals without actual liver disease
[29]

AST is present in the cytoplasm of liver cell mitochondria. The reference range of AST in equines is 150-270 IU/L 24,
Serum levels are usually increased in liver disease and reflect hepatocellular injury. However, since it is also found in the
liver, heart, skeletal muscle, and kidney, elevated serum activity can only be interpreted in conjunction with other more
specific liver enzymes to diagnose disease. It is also important to note that this enzyme can be increased by hemolysis,
as it is present in erythrocytes, and by lipemia &,

GGT is an enzyme widely distributed in various tissues. Other organs such as the lungs, kidneys, pancreas, and
mammary glands also produce GGT. However, these amounts are small, so this enzyme is considered liver specific.
However, the activity of this enzyme in serum or plasma originates almost exclusively from hepatocytes 2. This fact
confers to GGT a high specificity for diseases of the hepatobiliary system and its reference range in equines is 5-20 IU/L
24 |ncreased GGT activity can be considered normal in foals, donkeys, and mules. In them, serum levels can increase
up to 3 times the normal reference range for horses. In foals, during the first month of life, values were 1.5 to 3 times
higher than the upper physiological reference values for healthy adult horses. In neonatal foals, serum levels increase
during the first two weeks of life because GGT concentrations are higher in colostrum and milk (28],

ALP reflects biliary injury, but is not specific to the liver, as it is also produced in bone, intestine, and macrophages. Care
must be taken with the interpretation of this enzyme in growing animals, where normal values are 2 to 3 times higher than
reference values in adults due to increased bone turnover associated with physical growth [24. The reference range of
ALP in equines is 73-194 IU/L 24, In equids, ALP activity is used as a test of liver excretory function. ALP increases after
48 h of liver damage and is usually higher in cholestasis than in hepatocellular damage 241,

LDH isoenzyme 5 (LDH-5) is a non-specific enzyme as it is abundant in the liver, although it is also present in kidneys,
muscle, myocardium, and red blood cells . The reference range of LDH in equines is 162—412 IU/L [24],

Based on the clinical point of view of the course of liver or biliary disease, AST and ALP are indicative of chronic disease,
whereas SDH, GGT, and GLDH indicate an acute course 2. The initial activity of an enzyme in plasma or serum is usually
a reflection of the amount and turnover of the tissue containing this enzyme. Thus, serum concentrations of specific liver
enzymes are usually higher in acute liver disease than in chronic liver disease. Increased activities of SDH, GLDH, and
AST occur even with mild acute hepatocellular injury, and the magnitude of the enzyme increase may not correspond to
the functional state of the liver Bl. However, in chronic liver diseases with severe fibrosis and a reduction in the number of
functional hepatocytes, plasma/serum liver enzyme activities may be within normal limits (41211,

| 3. Assessment of Liver Enzyme Abnormalities

The increase in one or more enzymes is usually expressed as increments of levels above the upper limit of the reference
interval. Usually, a 2- to 3-fold increase above the reference range is considered mild, while a 4- to 5-fold increase is
moderate, and when the value approaches or exceeds a 10-fold increase, it is considered marked (Table 3). The degree
of the increase in hepatocellular-damage, enzyme activities may help stage disease severity £,

Table 3. Assessment of liver enzyme abnormalities.

Increase Number of Times Higher than the Upper Reference Interval
Mild <5 times
Moderate 5-10 times

Marked >10 times



Relative increases in hepatocellular versus biliary enzyme activities may point the clinician to a particular process (Table
4). Thus, if GGT activity is greatly increased and GLDH, SDH, or AST activity is only moderately increased, a process
involving the biliary system, such as cholangiohepatitis, is most likely to be suspected. Conversely, if hepatocyte enzyme
activity is very high and GGT activity is slightly increased, then the disease predominantly involves hepatocytes, such as
hepatitis 1229 Other causes of liver disease may result in a similar increase in hepatocellular and biliary enzyme
activities, such as pyrrolizidine alkaloid toxicity and hepatic lipidosis. These processes are probably highly dependent on
the duration of the disease. Thus, if serum enzyme activity decreases by 50% for 2—4 days, it suggests that damage has
ceased. Conversely, if the activity remains constant over time or increases, it suggests that damage is continuing.

Table 4. Patters of alterations of hepatic enzymes.

Number of Times Higher than the Upper Reference

P rn
Interval atte

>10-fold increase in SDH, GLDH, and/or AST, and <3-fold Hepatocellular predominance (acute necrosis, ischemic or toxic
in GGT and/or ALP damage to hepatocyte)

>5-10-fold increase in GGT and/or ALP, and <3-fold in

SDH, GLDH and/or AST Biliary predominance (cholestasis, cholangitis, choletithus)

>10-fold increase in SDH, GLDH and/or AST and GGT and

or ALP Mixed liver injury (acute hepatocellular and biliary damage)
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