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ENZYMES IN BLOOD, CLINICAL USES

Dr. D. F. Hardwick

There are always enzymes present in blood plasma and cells.  Those present in the cells are there for cellular functions: those present in blood are there because, for the most part, they have leaked there during the course of metabolism of other tissues.  It is with this latter process that this discussion is concerned.

Enzymes that catalyze cellular functions are produced in all cells.  During the course of metabolism or as a consequence of excretion of enzymes into the bowel or into exudates during inflammation, enzymes leak into the extracellular space and are thus found in blood.  These enzymes are then transported to sites where they are:

a)
excreted
 ‑ bile

        
 ‑ urine

b)
catabolized ‑ liver, ‑ reticuloendothelial system (R.E.S.)

The amount of any particular enzyme that is present in the blood will thus depend on the following factors.

a)  amount of enzyme produced

b)  amount leaked from cells

c)  rate of leakage from cells

d)  rate of catabolism or excretion

l.
ENZYME PRODUCTION
Enzymes are synthesized for intracellular activities such as for oxidative phosphorylation or for extracellular processes such as bone deposition and intraluminal digestion of material in the bowel.  There are two general situations in which enzymes are produced in excess thus leading to increased blood concentrations until the excretory processes can remove the enzymes.

A.  
Overproduction of Enzymes by Normal Tissue
In hyperplasia of normal tissues there are more cells than under typical circumstances.  When the hyperplastic tissue produces an extracellular enzyme, abnormal quantities are found in the blood.  Such a situation exists with osteoblasts.  During deposition of bone, osteoblasts produce nonspecific phosphomonoesterase.  These are measured in the laboratory at an alkaline pH and are thus called an alkaline phosphatase.  Alkaline phosphatase is elevated in blood during periods of osteoblastic hyperplasia.  Such hyperplasia is seen in  a) fracture healing  b) growth of children.

Respecting this latter situation marked growth of bones occurs at two periods in children ‑ during the first l8 months of life and again at puberty.  The amount of alkaline phosphatase found in blood thus varies.
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B.  
Overproduction of Enzymes by Abnormal Tissues
Similar reasoning to the above applies here.  During cancerous growth or neoplasia large numbers of cells are produced.  If these cells produce an enzyme that leaks into the blood then its concentration will rise until the enzyme is degraded of excreted.  Such a situation exists for example in carcinoma of the prostate gland.  Prostatic glandular cells produce a phosphomonoesterase that is measured in the laboratory at an Acid pH.  Thus it is referred to as an acid phosphatase.  In most instances of carcinoma of the prostate, when the carcinoma is extensive enough to have extended beyond the capsule of the prostate gland itself, the concentration of acid phosphatase in the blood will exceed the amount typically seen.  This is a useful tool in diagnostic medicine to determine whether a cancerous process that is present is a primary adenocarcinoma of the prostate.

2.
LEAKAGE OF ENZYME INTO BLOOD
Enzymes are contained inside cells within cellular compartments.  Those involved in intermediary metabolism are typically within mitochondria; those for cellular digestion within lysosomes and those packaged for extracellular action are stored within zymogen granules.  There is normally a small loss of these cellular enzymes into the blood with a consequent low level accumulation in blood.  A balance is struck between this leakage and catabolism or excretion.  When there is cellular dysfunction, for example from mild decreases in cell volume accompanying catabolic states, actual tissue atrophy or the final state ‑‑ frank cell death or necrosis, these enzymes leak from cells.  Of course, other intracellular elements leak into the extracellular space too.  However, because the other elements are normally found in the blood in large concentrations a sudden influx of them is not particularly obvious.

Enzymes in Cell Dysfunction
The essential question that is asked here when one determines one of the enzymes discussed below in a clinical situation is: Has there been cellular atrophy or necrosis in my patient?

Because many of the enzymes are present in many tissues the finding of an elevation in serum does not tell where the necrosis has occurred.  To find out where the cell death has occurred it is necessary to return to History and Physical findings.

Fortunately, a number of the enzymes are somewhat tissue specific, thus localization of the necrotic tissue is sometimes possible.  Often, however, a physical examination and careful quizzing of the patient is needed to find out which tissue or organ is damaged due to the general nature and wide distribution of some of the enzymes.

Enzymes Typically Measured in Clinical Laboratories.

Lactic Dehydrogenase ‑ L.D.H.  This key enzyme that catalyzes the reaction.

                                   H+

    
   
Lactate ────────────────────────────────────────> Pyruvate

                                     LDH
is one of the most frequently performed assays.  Although it may be elevated in Necrosis of most tissues, its most frequent applications are in the diagnosis of necrosis of Heart muscle or liver cells.

When the cells in question become necrotic, there is a delay in release of this enzyme followed by a gradual loss.  For example in myocardial infarction where there is acute death of heart cells there will be an increase in serum LDH that is noticeable at 24 hours but peaks at about 48 hours with a fall to normal levels by 7 ‑ ll days.
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Aspartate Aminotransferase (AAT) (Serum Glutamic Oxaloacetic Transaminase)

This widespread enzyme acts as an aminotransferase enzyme biologically.  It transfers the alpha amino nitrogen molecule from aspartate to ketoglutaric acid and is known as Aspartate aminotransferase (AAT) however, some books continue to use the name SGOT.

Elevation of the AAT is indicative of necrosis in various tissue, but notably, heart, liver, kidney or muscle.

Creatine Phosphokinase (CPK)
This enzyme is typically found in muscle and neural tissue and is low in kidney, liver, lung, pancreas and red blood cells.  Thus as there is an inhibition of release from brain as a consequence of the blood‑brain barrier, marked elevations of this enzyme in serum generally indicates muscular dysfunction.  Two principal uses of this enzyme determination are extant.

l)
Atrophy ‑ In the inherited disease "Progressive Muscular Dystrophy" where there is a continuing loss of muscle, the serum CPK is markedly elevated.  The heterozygous individual also seems to have fragile muscle cell walls and in the carrier state, an intermediate increase in serum CPK is generally found.

2)
Diagnosis of Myocardial Necrosis ‑ When cardiac muscle becomes necrotic, CPK is released rapidly, that is, usually within l2 hours.

3)
Other uses.  In myositis where there is inflammation of a muscle there may be an elevation of CPK.

Some enzymes are more or less tissue specific.  For example, in acute hemorrhagic necrosis of the pancreas, the zymogen granules of the pancreatic acinar cells are destroyed.  The enzymes within them leak into the systemic circulation.  The enzyme most easily measured is Amylase.  Because it is rapidly water soluble and quickly excreted through the kidney it must be measured promptly when this disease is suspected.  These enzymes are typical of those others that have not been described but that have similar utility.  Such enzymes as the following also are used for some centers, aldolase, serum hydroxybutyrate, isocitricdehydrogenase.

3.
OBSTRUCTED EXCRETION OF ENZYMES
There are several enzymes that are normally found in bile.  When the bile ducts are obstructed at any level, excretion of these enzymes is not accomplished and they back up into the blood stream.  Of these, hepatic Alkaline phosphatase is most useful.  Hepatic phosphomonoesterases are normally secreted from the bile canaliculi and thus are eventually excreted into the bowel.  When this route of enzymic excretion is blocked, very high concentration of the enzyme (4‑6X normal) amounts are found in blood.  Obviously, as alkaline phosphatase also comes from bone and bowel, a rise in this enzyme in blood is not diagnostic of biliary obstruction but merely indicates it as a differential possibility.  Other tests are required to diagnose obstruction with certainty.

Decrease in Serum Enzymes
Decreased production.  Decreases in a serum enzyme is an unusual state that is usually an inherited state.

Examples:  In these three conditions there is a depression of specific enzyme.

Hypophosphatasia

‑
decreased Alkaline Phosphatase with bony deformity

Wilson's Disease

‑
absent ceruloplasium with copper accumulation and liver damage

Acholinesterasemia

‑
depressed pseudo‑cholinesterase with intolerance of muscle relaxants during anesthetics.
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