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Enzyme

Origin

Main applications

Acid phosphatase

Prostate, erythrocytes

Metastatic carcinoma of
prostate

Alanine aminotransferase (ALT,
SGPT)

Hepatocytes
Kidney

Hepatocelluar disease

Alkaline phosphatase (ALP)

Hepatobiliary tree
Bone

Gl tract, placenta, kidney

Cholestatic disease
Bone disease

Lipase
Amylase

Pancrease

Pancrease, Salivary glands

Acute pancreatitis
Acute pancreatitis

Aspartate aminotransferase (AST,
SGOT)

Hepatocytes
Cardiac muscle
Skeletal muscle

Hepatocelluar disease
Myocardial infarction
Muscle disease

Cholinesterase

Liver

Organophosphorous poisoning

Creatine kinase (CK)

Skeletal Muscle
Heart Muscle

Muscle disease
Myocardial infarction

Brain

y-Glutamyl transferase (GGT) Liver Cholestasis
Pancrease Alcohol abuse
Kideny

Lactate dehydrogenase (LDH)

Cardiac muscle
Skeletal muscle
Erythrocytes, liver

Myocardial infarction
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Normal Liver Function

Metabolic Functions

Normal Bilirubin Metabolism

Ammonia Is Metabolized Exclusively in the Liver
Cholesterol and Other Lipids

Bile Salts

Drug Metabolism

Synthetic Functions

Protein Synthesis

e Albumin

Alpha-1-Antitrypsin (AAT).
Ceruloplasmin

Clotting Factors



Metabolic Functions
Normal Bilirubin Metabolism

Bilirubin is the major metabolite of heme, the iron-binding tetrapyrole ring,
found in hemoglobin, myoglobin, and cytochromes.

Approximately 250-350 mg of bilirubin is produced daily in healthy adults,
about 85% derived from turnover of senescent red blood cells .

In macrophages mainly in the spleen, methemoglobin from red cells is split
to give free globin chains and heme. The porphyrin ring of heme is oxidized
by microsomal heme oxygenase, producing the straight-chain compound
biliverdin, releasing iron. In this ring-opening reaction, one mole of CO
(carbon monoxide) is released, which is transported ultimately as
carboxyhemoglobin, whose serum levels can be useful in the diagnosis of
hemolytic anemia.

Biliverdin is then reduced to bilirubin by the NADPH-dependent enzyme,
biliverdin reductase.

Bilirubin is then transported mainly in the portal system, bound mainly to
albumin, to the liver where it enters the hepatocyte on its membrane
surface in contact with the sinusoids,
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Yellowing is associated with the
accumulation of bilirubin in the
skin, most often caused by liver
and gallbladder disorders

Normal Jaundice

Lirer

G allbladder

Jaundice is a symptom
where the skin and eyes
become yellow




Before Aﬂer- |
phototherapy phototherapy



O 9 (o Olaidl

(|302H CIO2H

0
0
e
<
()]
T2 W
0
0 2
i
\V]
ZO‘
0
i
@[
0

N
[ H
Bilirubin
COOH HOOC
Gluconuride Gluconuride
Ho Ho
O N N N N o
H H H H

Bilirubin diglucuronide



Jaundice Kernicterus

Yellowing
of eyes

Bilirubin moves
Excess bilirubin from bloodstream
in blood into brain tissue

FADAM.
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Hepatic sinusoi

Urobilinogen

Unconjugated bilirubin
transported with
ligandin or
Z protein

Hepatocyte ;?“ﬂgaﬁ";da‘gd
Conjugated bilirubin
&
Biliary |
system

........

Kidney

Portal vein

Urobilinogen
excreted in
urine

Feces



SYSTEMIC CIRCULATION

Unconjugated Bilirubin

Albumin _> ‘ : )
Unconjugated Bilirubin _— Conjugated Bilirubin )
Urobilogen
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Uptake
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Bilirubin Conjugation
Heme Heptatocyte
Hb Conjugated Bilirubin
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Lab test in hemolysis

Intravascular Extravascular
Peripheral smear schistocytes spherocytes
Haptoglobin decrease/absent mild decrease
Urine hemosiderin ++ negative
Urine hemoglobin ++ negative
Direct DAT usually negative ++++

LDH increase increase



Table 1. NONHEPATIC CAUSES OF ABNORMAL LIVER FUNCTION TESTS

“

———

Test Nonhepatic Causes Discriminating Tests
Albumin Protein-losing enteropathy Serum globulins, a,-antitrypsin
clearance
Nephrotic syndrome Urinalysis, 24-h urinary protein
Malnutrition Clinical setting
Congestive heart failure Clinical setting
Alkaline Bone disease GGTP, SLAP, 5'-NT
phosphatase  Pregnancy GGTP, 5'-NT
Malignancy Alkaline phosphatase electrophoresis
Serum AST Myocardial infarction MB-CPK
Muscle disorders Creatine kinase
Bilirubin Hemolysis Reticulocyte count, peripheral smear,
urine bilirubin
Sepsis Clinical setting, cultures

Ineffective erythropoiesis

Shunt hyperbilirubinemia
Prothrombin time Antibiotic and anticoagulant
use, steatorrhea, dietary
deficiency of vitamin K (rare)

Peripheral smear, urine bilirubin,
hemoglobin electrophoresis, bone
marrow examination

Clinical setting

Response to vitamin K, clinical setting



Investigation of abnormal liver function tests
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HYPERBILIRUBINEMIA
ICTERUS, JAUNDICE

* DIRECT, CONJUGATED

* INDIRECT, UNCONJUGATED

* MIX



INDIRECT (UNCONJUGATED)
HYPERBILIRUBINEMIA

NEONATAL PHYSIOLOGIC JAUNDICE
RBC ABNORMALITIES
CRIGLER — NAJJAR TYPE | SYNDROME

UDP-Glucoronyl Transferase
CRIGLER — NAJJAR TYPE Il SYNDROME
GILBERT DISEASE



DIRECT (CONJUGATED)
HYPERBILIRUBINEMIA

* CHOLSTASIS
* DUBIN —JHONSON SYNDROME
* ROTOR SYNDROME



Metabolic Functions
Normal Bilirubin Metabolism

* Inits most common isomeric (trans-) form, bilirubin is highly insoluble in water, and
most of it is transported bound to albumin, with only a small fraction of free
bilirubin.

* Light can cause photoisomerization of bilirubin, from a trans-form to a more
compact cis-form, making it much more water soluble allowing it to be excreted in
urine .this forms the basis for phototherapy in treatment of neonatal
(unconjugated) hyperbilirubinemia.

* Note that unconjugated bilirubin enters the hepatocyte at the membrane surface
adjacent to the sinusoids, opposite the face which is in contact with bile canaliculi.
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Metabolic Functions
Normal Bilirubin Metabolism

There are two mechanisms by which bilirubin enters hepatocytes:
one is by passive diffusion and the other by receptor-mediated endocytosis.

once in the hepatocyte, bilirubin is ‘handed-off’ from one protein complex to
another in a chain. First, it complexes with the so-called Y and Z proteins and then
binds sequentially to a protein complex called ligandin. From this compley, it is
transported to the smooth endoplasmic reticulum (SER). In the SER, bilirubin
becomes the substrate of the enzyme, glucuronyl transferase, which catalyzes the
esterification of the propionic acid side chains of bilirubin with glucuronic acid
(present as uridine diphosphoglucuronic acid) to form mainly the diglucuronide
conjugate, Some monoglucuronide and a small amount of triglucuronide also form.

The ratio of monoconjugated to diconjugated
pigment in bile is 1:4, whereas the ratio is nearly 1:1 in plasma,

suggesting that monoconjugates reflux into plasma more readily.



Metabolic Functions
Normal Bilirubin Metabolism

the conjugated bilirubin is then transported to the canalicular face of the
hepatocyte at which it is directly secreted, by an energy-dependent mechanism,
into the canaliculi; only conjugated bilirubin can be directly excreted into the
canaliculi while unconjugated bilirubin cannot traverse this membrane.

Once bilirubin is excreted into the canaliculi and ultimately into the intestinal tract,
it is further metabolized by intestinal bacteria which effect its deconjugation and
oxidation or reduction with the formation of compounds collectively called
urobilinogen and urobilin, which can then be reabsorbed from the gut.

The majority of urobilinogen absorbed is re-excreted by the liver. A minor fraction
may be excreted in the urine. Larger quantities are found in the urine in
conditions leading to hyperbilirubinemia or in conditions in which the liver
cannot readily secrete urobilinogen absorbed from the gut. Ultimately, intestinal
urobilinogen is converted to stool pigments such as stercobilin; their absence leads
to clay-colored stools, often an early sign of impaired bilirubin metabolism.



Metabolic Functions
Normal Bilirubin Metabolism

When conjugated bilirubin is present in serum, it can become covalently bound to
albumin, producing biliprotein or delta-bilirubin

While conjugated bilirubin has a half-life of less than 24 hours, delta-bilirubin has a
half-life similar to that for albumin at 17 days causing prolonged jaundice during
recovery from hepatocellular injury or biliary obstruction.

Conjugated bilirubin, being water soluble, can be filtered by the glomerulus and appear in

urine, where it may be detected with dipstick examination; urobilinogen measurement adds
little to standard tests of liver function or injury, however

Urinary bilirubin is elevated in most patients with increased serum conjugated bilirubin
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Causes of Elevated Serum Levels of Unconjugated Bilirubin
Hemolysis.

* Asdiscussed in, in hemolytic anemias, unconjugated
bilirubin rises due to abnormally high levels of
hemoglobin released from erythrocytes.

e If the rate of bilirubin formation exceeds the rate of the
liver clearance, i.e., a state of overproduction of bilirubin,
there will be a rise in the bilirubin level in serum. Virtually
all of this bilirubin will be unconjugated bilirubin. This is
particularly likely to occur in neonates, whose glucuronyl
transferase activity is low. Thus, one manner of confirming
a diagnosis of hemolytic anemia is the finding, in adults,
of elevated indirect bilirubin levels in serum. Usually,
these levels are not dramatically elevated and are generally
in the 1.5-3.0 mg/dL range.



Gilbert's Syndrome and the Crigler—Najjar Syndrome are
Caused by Gene Mutations and Deletions

In Gilbert's syndrome, characterized by a mild

unconjugated hyperbilirubinemia, the most common

genetic lesion appears to be the insertion of two bases into
the promoter region of the UGT1A1 gene resulting in lower
transcriptional rates and an overall lower enzymatic activity
(reduced to about 30% of normal).

In the more serious Crigler—Najjar syndrome, frequently
characterized by high serum levels of unconjugated
bilirubin, multiple mutations are found to occur in this
gene including shifts in the reading frames, stop codons
and critical amino acid substitutions, all of which give rise
to a spectrum of dysfunctional proteins from mildly
dysfunctional to completely nonfunctional proteins



Gilbert's syndrome

In Gilbert's syndrome, which occurs in a significant fraction (3-5%) of the

population, the genetic defect may be necessary but not sufficient since, a
significant percentage of males with this defect were found to have
hyperbilirubinemia while no females with this enzyme deficit were found to have
elevated serum bilirubin level.

In some patients with Gilbert's syndrome, the rate of organic anion uptake has
been found to correlate negatively with serum bilirubin suggesting that an

additional defect may be present to cause hyperbilirubinemia that may be
related to a transport deficit in the sinusoidal membrane of the
hepatocyte. In this condition, total bilirubin, virtually all of which is
unconjugated, is typically elevated to 2—-3 mg/dL; levels can increase

further with fasting but seldom exceed 5 mg/dL. Since passive diffusion

of bilirubin into hepatocytes occurs, this condition is rarely serious and may result
in mild elevations of bilirubin such as those seen in hemolytic anemia as described
above.

Gilbert's syndrome has perhaps been overdiagnosed, since it is most frequently
diagnosed in young adults ranging in age from 20-30 years.



Crigler—Najjar syndrome

* Inthe more serious or type | forms of the Crigler—Najjar syndrome,
e.g., homozygously nonfunctioning proteins, the unconjugated

hyperbilirubinemia becomes marked, almost always
exceeding 5 mg/dL causing jaundice, and sometimes

exceeding 20 mg/dL. Affected infants develop severe
unconjugated hyperbilirubinemia, which typically leads to
kernicterus, deposition of bilirubin in the brain, particularly
affecting the basal ganglia, mainly the lenticular nucleus, causing
severe motor dysfunction and retardation.

* Inthe less severe type Il form, enzyme activity is approximately 10%
of normal, and survival to adulthood is possible.

 The danger of kernicterus is a certainty at levels exceeding 20
mg/dL. It is vital to treat these infants with phototherapy, as

discussed above, to cause excretion of the unconjugated bilirubin.



Crigler-Najjar Syndrome (Type |)

Crigler-Najjar syndrome type | is a rare disorder caused by complete
absence of UDP-glucuronyltransferase and manifested by very high
levels of unconjugated bilirubin (25 to 50 mg/dL).

It is inherited as an autosomal recessive trait.

Most patients die of severe brain damage caused by kernicterus (encephalopathy
related to increased bilirubin that leads to permanent brain damage) within the
first year of life.

Phlebotomy and plasmapheresis can reduce the
serum bilirubin, but encephalopathy usually
develops. Early liver transplantation is the only
effective therapy.



Crigler-Najjar Syndrome (Type Il)

* This is a rare autosomal dominant disorder
characterized by a partial deficiency of UDP-
glucuronyltransferase. Unconjugated bilirubin is
usually 5 to 20mg/dL (85 to 34011mol/L).

* Unlike the Crigler-Najjar syndrome type I, type Il
responds dramatically to phenobarbital and a
normal life can be expected.



Causes of Elevated Serum Levels of Conjugated Bilirubin
Excretion Deficits: Dubin—Johnson Syndrome.

In another inborn error of metabolism, called the Dubin—-Johnson
syndrome, there is a blockade of the excretion of bilirubin into the
canaliculi, owing to defects in the ATP-binding cassette (ABC)
canalicular multispecific organic anion transporter,
MRP2/cMOAT/ABCC2 .

This protein is a member of a family of approximately 100 different
transporter proteins that share homology within the ATP-binding
cassette (ABC) region and contain transmembrane domains involved in
recognition of substrates, which are transported across, into, and out of
cell membranes and include proteins involved in multiple drug
resistance (MDR) to chemotherapeutic agents in cancer treatment.
Some protein members utilize ABCs to regulate ion channels. Several
genetic diseases result from transporter mutations including the Dubin—
Johnson syndrome, cystic fibrosis, age-related macular degeneration,
Tangier disease, and progressive familial intrahepatic cholestasis



Dubin-Johnson syndrome

* Dubin-Johnson syndrome is associated with increased
plasma conjugated bilirubin, typically with mild jaundice
(total bilirubin 2-5 mg/dL), and intense dark pigmentation
of the liver due to accumulation of lipofuscin pigment. Thus
conjugated bilirubin accumulates within the hepatocyte
and eventually back-diffuses into the circulation where it
is detected in serum.

* This inborn error can sometimes be confused with the
Rotor syndrome, possibly of viral origin, where there is
also a block in the excretion of conjugated bilirubin but
without liver pigmentation

* In these cases, liver biopsy often will reveal cytosolic
inclusion bodies within hepatocytes



Biliary Obstruction.

In adults, cholelithiasis is the most common cause of
hyperbilirubinemia.

This condition results from the presence of bile stones
(that are composed either of bilirubin or cholesterol) most
commonly in the common bile duct (choledocholithiasis).
Most frequently, patients presenting with this condition are
parous white females in early middle age.

Biliary obstruction due to cholelithiasis results in the
elevation of total bilirubin, with > 90% being direct
bilirubin. In over 90% of such patients, there is a
concomitant rise in alkaline phosphatase.

The levels of enzyme alkaline phosphatase are variable but
are frequently above 300 IU/L.



Biliary Obstruction.

Inflammatory conditions of the biliary tract, such as ascending
cholangitis, also give rise to elevated serum levels of direct bilirubin
and alkaline phosphatase, as discussed later in this chapter. The rise in
direct bilirubin often exceeds 5 mg/dL.

In Gram-negative sepsis, there can be what appears to be a mild
inflammation of the biliary tract, resulting in mild elevations of direct
bilirubin to levels of 2—-3 mg/dL. There is a concomitant elevation of
alkaline phosphatase to levels of 200-300 IU/L.

In hepatitis, in which there is toxic destruction of hepatocytes due to
viral, chemical or traumatic causes, focal necrosis and/or cellular injury
result both in blocking conjugation of bilirubin and in excretion of
conjugated bilirubin. Thus there is an elevation of both direct and
indirect bilirubin. Serum levels of bilirubin are variable, depending on
the severity of infection and the extent of disease. In viral hepatitis,
such as hepatitis B, as discussed subsequently, serum bilirubin levels
often reach levels of 5-10 mg/dL or greater.



other from liver disease

e other from liver disease, elevations of
conjugated bilirubin may occur with a few
other disorders. Septicemia, total parenteral
nutrition, and certain drugs such as
androgens commonly cause increased
conjugated bilirubin, but the mechanism is
not understood.

* Fasting causes increases in unconjugated
bilirubin in normal individuals, but to a lesser
degree than seen in Gilbert's syndrome.



Laboratory Tests for Bilirubin

Bilirubin is typically measured using diazotized sulfanilic acid
which forms a conjugated azo compound with the porphyrin
rings of bilirubin resulting in reaction products that absorb
strongly at 540 nm.

Because unconjugated bilirubin reacts slowly, accelerants

such as caffeine( jendrassic .Grof method) or methanol(
Evelin.malloy method) are used to measure total bilirubin.

Deletion of these accelerants allows determination of
direct-reacting, or direct, bilirubin.

This method( jendrassic .Grof method) has acceptable
transferability among laboratories and is currently the
method of choice.



Laboratory Tests for Bilirubin

Until the early 1980s, it was accepted that direct bilirubin was equal to conjugated
bilirubin. The introduction of dry slide technology, using differential
spectrophotometry to measure conjugated and unconjugated bilirubin separately,
led to the observation that the sum of these two entities did not equal total

bilirubin and to the characterization of delta-bilirubin.

Approximately 70-80% of conjugated bilirubin and delta-bilirubin, and
a small percentage of unconjugated bilirubin, are measured in the
direct bilirubin assay.

While there are good data supporting measurement of conjugated bilirubin instead of
estimating it from direct bilirubin the direct bilirubin assay is still widely used.

The accuracy of direct bilirubin assays is dependent on sample handling and reagent
composition.

Prolonged exposure to light causes photoisomerization, increasing direct-reacting
bilirubin.

Use of wetting agents or incorrect pH buffers increase the amount of unconjugated
bilirubin measured as direct bilirubin. Typically, direct bilirubin should be 0-0.1
mg/dL in normal individuals, with rare values of 0.2 mg/dL in the absence of liver or
biliary tract disease.



Laboratory Tests for Bilirubin

e Reference values for total bilirubin are both age and
gender dependent. Bilirubin levels typically reach
peak values around age 14-18, falling to stable

adult levels by age 25. Values are higher in
males than in females at all ages.

* Strenuous exercise causes significant increase in
bilirubin values compared to those seen in
sedentary individuals or those with chronic
exercise.

* African Americans have bilirubin levels significantly
lower than those of other ethnic groups



Diazo Methods

The most widely used chemical methods for bilirubin
measurement

are those based on the diazo reaction.

In this reaction, diazotized sulfanilic acid (the diazo
reagent) reacts with bilirubin to produce two
azodipyrroles (azopigments) which are reddish
purple at neutral pH and blue at low or high pH
values.

Van den Bergh and Mullerl applied this reaction to the
guantitation of bilirubin in serum.



Enzymatic Methods

Enzymatic methods for total and direct bilirubin and for
bilirubin conjugates with glucuronic acid are based on the
oxidation of bilirubin with bilirubin oxidase to biliverdin
with molecular oxygen.

Near pH 8 and in the presence of sodium cholate and sodium dodecylsulfate, all four
bilirubin fractions are oxidized to biliverdin, which is further oxidized to purple and
finally colorless products. The decrease in absorbance, at 425 or 460 nm, is
proportional to the concentration of total bilirubin.

Results by the bilirubin oxidase method were in
good agreement with those obtained by the
Jendrassik-Grofprocedure



Enzymatic Methods

Direct bilirubin is measured at pH 3.7 to 4.5; at this
pH range, the enzyme oxidizes bilirubin conjugates
and delta-bilirubin, but not unconjugated bilirubin.

At pH 10 the enzyme oxidizes selectively the two

Glucuronides.

delta-bilirubin is not oxidized at all, and only 5% of the
unconjugated bilirubin is measured as Conjugates.



Transcutaneous Measurement of Bilirubin

This noninvasive approach for measuring bilirubin was introduced by
Yamanouchi The first bilirubinometer (icterometer) was a
reflectance photometer, which used two filters to correct for the
color of Hb and required measurements at eight body sites.

Efforts to improve the accuracy of such measurements have
been successful and led to the development of devices of
acceptable performance. Recent reports indicate that at

least one of these devices (BiliCheck) provides results
that are within 2 mg/dL of those obtained by a
diazo procedure.

Another study found that the BiliCheck underestimated
serum bilirubin when its concentration was >10 mg/dL



Transcutaneous Measurement of Bilirubin

Although transcutaneous bilirubin measurements may not
substitute for laboratory quantitative determinations,

they provide instantaneous information, reduce the
necessity for serum bilirubin determinations, spare infants
the trauma of heel sticks, and save money.

Furthermore, they are useful in determining whether in a jaundiced
infant it is necessary to draw blood to guide treatment, such as
phototherapy or exchange transfusion.

Another application is predicting those babies that require follow-up
according to the "hour-specific" serum bilirubin nomogram by Bhuta



Urine Bilirubin

Because only conjugated bilirubin is excreted in urine, its presence indicates
conjugated hyperbilirubinemia.

The most commonly used method for detecting bilirubin in
urine involves the use of a dipstick impregnated with a
diazo reagent. Dipstick methods can detect bilirubin
concentrations as low as 0.5 mg/dL.

e A fresh urine specimen is required because bilirubin is unstable
when exposed to light and room temperature, and it may be

oxidized to biliverdin (which is diazo negative) at the normally acidic pH
of the urine. If the test is delayed, the sample must be protected from light and
stored at 2 °C to 8 °C for no longer than 24 hours.

The Chemstrip and Multistix strips for bilirubin in urine are highly specific tests and
have a low incidence of falsepositive results. However, medications that color the
urine red or that give a red color in an acid medium, such as phenazopyridine, can
produce a false-positive reading. Large quantities of ascorbic acid or of nitrite also
worsen the detection limit of the test.



Urine Bilirubin

The reaction mechanism for urinary conjugated bilirubin is the same as
that described in Figure 31-23 except that 2,6- ichlorobenzene-
diazoniumtetrafluoroborate is substituted for diazotized sulfanilic
acid in the Chemstrip, and 2,4-dichloroaniline diazonium salt in

the Multistix.

Another commonly used test, more sensitive than
the Multistix, is the Ictotest reagent tablet (Bayer
Corporation); in this semiquantitative procedure
the diazo reagent is p-nitrobenzenediazonium-p-
toluenesulfonate.



Urobilinogen in Urine and Feces

An increase in urobilinogen in the urine occurs
whenever hepatocellular function is decreased or
there is an excess of urobilinogen in the
gastrointestinal (Gl) tract that exceeds the liver's

capacity to reexcrete it. Examples of such conditions are viral
hepatitis, cirrhosis, and hemolysis.

In contrast, when biliary excretion of bilirubin (e.g., cholestasis) is

impaired, urinary excretion of urobilinogen decreases owing to the
limited delivery of bilirubin to the gut.
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Bili QC
 The regular use of serum controls in both the normal and abnormal
range is recommended as part of a quality control program. It is good

practice to run a normal and abnormal control with each batch of
samples.

 The value of each control should fall within the acceptable limits.
Control samples should be protected from light to prevent
deterioration.

It should be noted that by using controls, one evaluates the
performance of the assay procedure and the instrument system.

The method of the instant invention yields linear results up
to about 20 mg/dL bilirubin. If the total bilirubin in the
sample exceeds this level, it is recommended that the
assay be repeated with diluted serum.



Bili QC

* When analyzing hemolyzed samples it is
recommended that a serum blank be run to

correct for the color of hemoglobin itself. When
using a serum blank, hemoglobin levels up to
500 mg/dL do not interfere with bilirubin
assay of samples containing up to 20 mg/dL
unconjugated bilirubin.
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Tests of Liver Injury
Plasma Enzyme Levels

As metabolically complex cells, hepatocytes contain high levels of a
number of enzymes.

With liver injury, these enzymes may leak into plasma and can be
useful for diagnosis and monitoring of liver injury.

1-Cytoplasmic enzymes include lactate dehydrogenase (LD),
aspartate aminotransferase (AST), and alanine aminotransferase
(ALT).

2- Mitochondrial enzymes, such as the mitochondrial isoenzyme of
AST, are released with mitochondrial damage.

3- Canalicular enzymes, such as alkaline phosphatase and gamma-
glutamyl transferase (GGT), are increased by obstructive processes.



PLASMA ENZYME LEVELS

Enzymes Primarily Reflecting Hepatocellular Injury
Aspartate Aminotransferase (AST, GOT)
Alanine Aminotransferase (ALT, GPT)
Lactate Dehydrogenase (LD)

Enzymes Primarily Reflecting Canalicular Injury
Alkaline Phosphatase (ALP)
Gamma-Glutamyl Transferase (GGT)
5’-Nucleotidase (5’-NP)

Lucine Aminopeptidase (LAP)



Location of hepatocellular enzymes

 The major diagnostic hepatocellular enzymes are located at various
sites in the hepatocyte, giving rise to different patterns of enzyme
release with different causes of injury. Alanine aminotransferase (ALT)
and the cytoplasmic isoenzyme of aspartate aminotransferase (ASTc)
are found primarily in the cytosol. With membrane injury as in viral or
chemically-induced hepatitis, these enzymes are released and enter
the sinusoids, raising plasma AST and ALT activities. Mitochondrial
aspartate aminotransferase (ASTm) is released primarily with
mitochondrial injury, as caused by ethanol as in alcoholic hepatitis.
Alkaline phosphatase (ALP) and gamma-glutamyltransferase (GGT)
are found primarily on the canalicular surface of the hepatocyte. Bile
acids accumulate in cholestasis and dissolve membrane fragments,
releasing bound enzymes into plasma. GGT is also found in the
microsomes, represented as rings in the figure; microsomal enzyme-
inducing drugs, like phenobarbital and dilantin, can also increase GGT
synthesis and raise plasma GGT activity.



Location of hepatocellular enzymes

@ ASTcC
@® ALT
@ ALP
@ ASTm
@ GGT




Relative Amounts of Enzymes in Various Organs
(Relative to Serum)

Liver 7000 3000 700

Kidney 4500 1200 500 10
Brain 1700
Spleen 700 150

Heart 8000 500 600 5000—8000
Skeletal 5000 300 700 20 000-30 000
muscle

Smooth 300-600
muscle

Red cells 15 7 500 0
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ALT / AST Ratio & AST / ALT Ratio
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ASPARTATE AMINOTRANSFERASE (AST)

e Distributed In ALL Body Tissues

* Has Two Isozymes
CYTOPLASMIC
Hepatocyte : Plasma Ratio Is 7000 : 1
Plasma Half-Life Is 17 h
MITOCHONDRIAL
Plasma Half-Life Is 87 h
Release By Severe Hepatocellular Damage

 AST IS Used For Monitoring Therapy
With Potentially Hepatotoxic Drugs
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* The degree of serum aminotransferase
elevations can provide important diagnostic
clues

* Mild Elevation : < 2-3x NL
* Moderate Elevation : 2-3 to 20x NL

* Marked Elevation : >20x NL



HEPATOCELLULAR INJURY

In Acute Hepatocellular Injury Such as hepatitis Initially AST
Increases More Than ALT

After 24-48 h, ALT Increases More Than AST
ALT / AST > 1.0 in Viral & Toxic Hepatitis

In Acute Alcoholic Hepatitis

AST Increases More Than ALT, Because of Severe Damage
& Pyridoxal deficiency

In Chronic Hepatocyte Injury such As Cirrhosis

ALT Is Elevated More Than AST

But As Fibrosiss Progresses, ALT Activity Declines
So by The Time, AST Is Often More than ALT

Mild & Prolonged Elevated ALT Suggest
Viral Hepatitis C



Acute Injuries and / or
Necrotic Lesions

AST ————Increased
ALT ——— Increased
LD —— Increased
ALP —— Increased
Bilirubin —— Increased
Total Protein—>Normal
Albumin—, Normal
Ammonia ——s/Normal



Hepatic Cirrhosis

AST ——> Normal

ALT —Normal

LD ——> Normal

ALP ——— Normal to Slightly Increased
Bilirubin —— Increased

Total Protein —Decreased

Albumin —, Decreased
Ammonia——=lncreased



Acute Fulminant Hepatic Failure

AST —— Highly Increased
ALT ——— Increased

LD ——uoy Increased

ALP ——Increased
Bilirubin —— Increased

Total Protein—>Decreased
Albumin — Decreased
Ammonia——Increased



Acute Biliary Obstruction

AST ——————— Normal
ALT —— Normal
LD — —— Normal
ALP —— Increased
Bilirubin —— Increased
Total Protein—, Normal
Albumin — Normal
Ammonia —— Normal



Passive Congestion

AST —__, Slightly Increased
ALT —————— Slightly Increased

LD ———- Slightly Increased
ALP ————» Normal to Slightly Increased
Bilirubin —— Normal to Slightly Increased
Total Protein—>Normal

Albumin —— Normal
Ammonia——Normal



Space-Occuping Lesion

AST —__ Normal to Increased
ALT —————— Normal to Increased
LD —— Increased

ALP —— Increased
Bilirubin —— nvormal to Increased
Total Protein—>/Normal
Albumin —— Normal
Ammonia—— Normal



AUTOIMMUNE MARKERS

* Primary Biliary Cirrhosis (PBC)
Antimitochondrial Antibody (AMA)

* Primary Sclerosing Cholangitis (PSC)
Perinuclear Antineutrophil Cytoplasmic
Antibodies (p-ANCA)

Antinuclear Antibodies (ANAs)

Anti-smooth muscle Antibodies (ASMAs)

 Autoimmune Hepatitis
Anti-smooth muscle Antibodies (ASMAs)
Antinuclear Antibodies (ANAs)

Antibodies to Liver-Kidney Microsomal Antigens (Anti-LKM)



TUMOR MARKERS FOR
HEPATOCELLULAR CARCINOMA (HCC)

* Alpha-Fetoprotein (AFP)
Increased in >90% Patients
It Is Not Specific

 Ferritin



Assays for AST and ALT.

There are several variants of assays for these enzymes.

In one, alanine for ALT or aspartate for AST is added to force the reaction to the right
yielding glutamate. Production of the latter is then coupled to the enzyme, glutamate
dehydrogenase, in the so-called indicator reaction, yielding alpha-ketoglutarate. In
this reaction, NAD is converted to NADH that can be measured as an increase in
absorbance at 340 nm. These reactions must be evaluated over short time periods
because one of the substrates for these enzymes, alpha-ketoglutarate, is regenerated
by the indicator reaction.

Another variant for AST involves coupling the oxaloacetate (OAA) that forms from
aspartate in the reaction, to malate dehydrogenase, which converts OAA to malate,
and in which NADH is converted to NAD that is measured by a decrease in absorbance
at 340 nm. For ALT, conversion of alanine to pyruvate allows for coupling to the
pyruvate dehydrogenase complex in which pyruvate is converted to acetyl coenzyme
A and in which NAD is converted to NADH that can be directly measured by an
increase in absorbance at 340 nm.

As noted above, it is vital that pyridoxal phosphate be present in sufficient quantity to
allow these reactions to proceed.
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Reference Intervals

transaminase (tietz 2001)

« When using the new IFCC methods, the AST upper

reference limits for adults, calculated as the 97.5
percentile of the reference distribution, are 31 U/L
for women and 35 U/L for men, respectively.

* The corresponding ALT upper reference
limits are 34 U/L and 45 U/L



AST and ALT / henry 2007

e AST and ALT have respective blood half-lives of 17 and

47 hours and have upper reference range limits of
around 40 IU/L.

e AST is both intra- and extramitochondprial, while ALT is
completely extramitochondrial. Mitochondrial AST
isoenzyme has a half-life of 87 hours

e AST is ubiquitously distributed in the body tissues,
including the heart and muscle, whereas ALT is found
primarily in the liver, although significant amounts are
also present in kidney.



diagnose chronic hepatitis

* Persistence of increased ALTfor more than 6 months after
an episode of acute hepatitis is used to diagnose

chronic hepatitis.

* Most patients with chronic hepatitis have maximum ALT
less than seven times the upper reference limit.

* ALT may be persistently normal in 15% to 50% of patients
with chronic hepatitis C



Cirrhosis diagnosis & transaminase

 The aminotransferase activities observed in
cirrhosis vary with the status of the cirrhotic
process and range from the upper reference limit

to four to five times higher, with an AST/ALT
ratio greater than 1.

 The ratio's elevation can reflect the grade of
fibrosis in these patients.

* This appears to be attributable to a reduction of
ALTproduction in a damaged liver



Transaminase & drugs

* Slight or moderate elevations of both AST and
ALT activities have been observed after
administration of various medications, such as

nonsteroidal antiinflammatory drugs,
antibiotics, antiepileptic drugs,
inhibitors of hydroxymethylglutaryl-
coenzyme A reductase, or opiates



AST linked to immunoglobulins
macro-AST

e Several authors have described AST linked to

immunoglobulins, or macro-AST. The typical
findings are a persistent increase of serum AST
activity in an asymptomatic subject, with the

absence of any demonstrable pathology in organs
rich in AST.

The increased AST activity might reflect
decreased clearance of the abnormal
complex from plasma.

Macro-AST has no known clinical relevance.



Aminotransferases (Transaminases)

* There are two diagnostically very useful enzymes in this
category, aspartate aminotransferase (AST), also known as
serum glutamate oxaloacetate transaminase (SGOT) and
alanine aminotransferase (ALT), formerly called serum
glutamate pyruvate transaminase (SGPT).

* These enzymes catalyze reversibly the transfer of an amino group of
either aspartate (AST) or alanine (ALT) to alpha-ketoglutarate to yield
glutamate plus the corresponding ketoacid of the starting amino acid,

i.e., oXaloacetate or pyruvate, respectively. Both enzymes
require pyridoxal phosphate (vitamin B;) as a cofactor.

« Using ALT as an example, alanine reacts with pyridoxal phosphate
to yield pyruvate plus pyridoxine. Pyridoxine then reacts with alpha-

ketoglutarate to yield glutamate plus regenerated pyridoxal
phosphate



a patient, a known alcoholic, was admitted to a hospital with a presumptive
diagnosis of alcoholic hepatitis, a condition described at length below. His
admission clinical chemistry profile showed normal to low serum
levels of ALT and AST. This finding is unusual in alcoholic hepatitis,
since, as we discuss below, both enzymes become significantly

elevated such that AST levels are higher than those for ALT. During the
course of the next 24 hours, he was treated for his condition, with apparent clinical
improvement. However, a repeat liver function profile showed marked elevations
of both enzymes to levels greater than 200 IU/L. This presented a diagnostic
dilemma, which was resolved when it was realized that, as part of the protocol for

treatment of alcoholic hepatitis, the patient had received vitamin
supplements including vitamins B, and B,,. Since the serum assays
for both ALT and AST required vitamin B, supplied by the patient's
serum and the patient, an alcoholic, was vitamin B,-deficient
(common in alcoholics), the assays for both enzymes showed

normal-to-low levels due to the absence of vitamin B;. Upon
therapeutic intervention, when vitamins were administered, sufficient serum levels
of vitamin B, were present to allow for full enzyme activities. This clinical history
illustrates the central role of pyridoxal phosphate in enzyme catalysis by AST and
ALT and the importance of understanding the chemical basis for enzyme assays.



AST and ALT

Total cytoplasmic AST is present in highest activity in hepatocytes,
with cell AST level approximately 7000 times that in plasma.

ALT is also present in highest activity in hepatocytes, with cell ALT
level approximately 3000 times that in plasma.

With pyridoxine deficiency, hepatic synthesis of ALT is impaired; a
similar phenomenon occurs in hepatic fibrosis and cirrhosis.

The enzyme changes seen in hepatic injury can be readily explained
by differing hepatic activity levels and half-lives of enzymes.

With most forms of acute hepatocellular injury, such as hepatitis,
AST will be higher than ALT initially, due to the higher activity of AST
in hepatocytes.

Within 24-48 hours, particularly if ongoing damage occurs, ALT will
become higher than AST, based on its longer half-life.



AST and ALT

An exception to these observations occurs in acute alcohol-induced hepatocyte injury
as in alcoholic hepatitis. Studies suggest that alcohol induces mitochondrial damage,
resulting in the release of mitochondrial AST, which, besides being the predominant
form of AST in hepatocytes, has a significantly longer half-life than do
extramitochondrial AST and ALT. This frequently results in the disproportionate
elevation of AST over ALT giving an AsT/ALT quotient, also called the DeRitis ratio, of
3-4:1 in alcohol-induced liver disease. There is some disagreement as to whether
cessation of alcohol consumption reduces this ratio. In one early study, serum
mitochondrial AST was measured in cirrhotic and noncirrhotic patients who abuse
alcohol ( Nalpas, 1986). Patients with chronic alcohol abuse, regardless of the extent
of their underlying liver disease, had more consistent mitochondrial AST elevations
than other patients; values dropped more than 50% with abstinence for more than 1
week. On the other hand, in more recent studies, involving over 300 patients, it was
found that high AST/ALT ratios suggest advanced alcoholic liver disease.

It should also be noted that many alcoholics are vitamin B.-deficient,
causing lower rates of synthesis of ALT and suppression of existing
ALT activity.


C:/Documents and Settings/Parda System/Desktop/1393/150.html
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AST and ALT

In chronic hepatocyte injury, mainly in cirrhosis, ALT is more
commonly elevated than AST;, however, as fibrosis progresses,
ALT activities typically decline, and the ratio of AST to ALT
gradually increases, so that by the time cirrhosis is present,
AST is often higher than ALT.

However, in end-stage cirrhosis, the levels of both enzymes
are generally not elevated and may be low due to massive
tissue destruction.

In acute fulminant hepatic failure, the serum levels of both
aminotransferases are markedly increased and are such that
AST:ALT ratio is often significantly greater than 1



AST and ALT

Overall, ALT activity is more specific for detecting liver disease in
nonalcoholic, asymptomatic patients.

Mild elevations are often seen in hepatitis C infections.

AST is used for monitoring therapy with potentially

hepatotoxic drugs; a result more than three times the upper
border of normal should signal stopping of therapy.

Chronic elevation of aminotransferase activities in
asymptomatic patients may have several causes, including

1- alcohol or medication use,
2- chronic viral hepatitis,

3- nonalcoholic fatty liver disease.
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placental ALP

* Because placental ALP is heat stable, incubation of
the serum sample at a temperature as high as 65°C
for 30 minutes provides a convenient test for the
presence of this isoenzyme.

 Other forms of ALP can also be differentiated
based on their stability at high temperature. At
56°C, for example, liver ALP is more stable than the
bone ALP.("Bone burns.") Thus if after 10 minutes
at 56 °C, less than 20% of the serum ALP activity
remains, the enzyme present is probably largely of
bone type



Alkaline Phosphatase (ALP)

Alkaline phosphatase is present in a number of tissues, including
liver, bone, kidney, intestine, and placenta, each of which contains
distinct isozymes which can be separated from one another by
electrophoresis.

Total ALP in serum is mainly present in the unbound form and, to a
lesser extent, complexed with lipoproteins or rarely with
immunoglobulins.

ALP in the liver, which has a half-life of about 3 days, is a
hepatocytic enzyme that is found on the canalicular
surface and is therefore a marker for biliary dysfunction.

The bone isozyme is particularly heat-labile, allowing it to be
distinguished from the other major forms.

small intestinal and placental ALP are antigenically distinct from
liver, bone, and kidney ALP. The bulk of ALP in the serum of normal
patients is made up of liver and bone ALP.



Alkaline Phosphatase (ALP)

In obstruction of the biliary tract from stones in the ducts or ductules,
or infectious processes resulting in ascending cholangitis, or from

space-occupying lesions, biliary tract ALP rises rapidly to values

sometimes in excess of 10 times the upper limit of normal.
The reasons for this increase are probably a combination of increased
synthesis and decreased excretion of ALP.

In obstructive cholestasis, ALP most commonly rises to twice the upper
limit of normal or greater, roughly paralleling the rate of rise in serum
bilirubin. If obstruction is partial, ALP usually increases as much as with
complete obstruction, often out of proportion to the increase in
conjugated bilirubin (dissociated jaundice).

Passive congestion of the liver can occasionally result in moderate ALP
elevations, more so than abnormal bilirubin levels. ALP is also
moderately elevated in most instances of jaundice resulting from

hepatic injury. When the resulting cholestasis is relieved,
serum ALP levels fall to normal more slowly than bilirubin



Alkaline Phosphatase (ALP)

A high-molecular-weight ALP appears in serum in
cholestasis. This ALP is attached to fragments of
canalicular membrane. Bile salts solubilize the
enzymes from the sinusoidal and canalicular
membranes.

In serum, the membrane-bound enzymes aggregate
with lipids and lipoproteins. This may explain the
relationship that has been observed, for instance,
with lipoprotein X (LpX).



Gamma-Glutamyl Transferase (GGT)

* This enzyme regulates the transport of amino acids across cell
membranes by catalyzing the transfer of a glutamyl group from
glutathione to a free amino acid.

- Its major use is to discriminate the source of

elevated ALP, i.e., if ALP is elevated and GGT is correspondingly

elevated, then the source of the elevated ALP is most likely biliary
tract. The highest values, often greater than 10 times the upper limit
of normal, may be found in chronic cholestasis due to primary biliary
cirrhosis or sclerosing cholangitis. It is also elevated in about 60-70%
of those who chronically abuse alcohol, with a rough correlation
between amount of alcohol intake and GGT activity



Gamma-Glutamyl Transferase (GGT)

* Levels often decline slowly with abstention
from alcohol, and remain elevated for at least
1 month after abstinence begins ( Belfrage,
1977 ; Moussavian, 1985 ). GGT has a half-life
of 10 days, but, in recovery from alcohol
abuse, the half-life may be as long as 28 days.
It tends to be higher in obstructive disorders
and with space-occupying lesions in the liver
than with hepatocyte injury ( Kim, 1977 ).
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Ammonia

« Ammonia is derived mainly from amino acid and nucleic acid
metabolism. Some ammonia is also produced from metabolic
reactions such as the action of the enzyme glutaminase on
glutamine, resulting in the production of glutamic acid and ammonia.
As it happens, ammonia can be metabolized only in the liver
because the liver uniquely contains the critical enzymes for the
Krebs—Henseleit or urea cycle, in which ammonia, a toxic substance,
is ultimately converted into urea, a nontoxic compound that is readily
excreted. In this cycle, ammonia, with the enzyme carbamoyl
phosphate synthetase, is condensed with CO, and ATP to form
carbamoyl phosphate that then, in the rate-determining step,
carboxamidates the delta-amino group of ornithine to form citrulline
using the enzyme, ornithine carbamoyltransferase (OCT), an enzyme
that is unique to the liver. Congenital deficiency of this or other urea
cycle enzymes leads to increased levels of ammonia in serum and in
cerebrospinal fluid



Ammonia

unique feature of liver tissue is its ability to regenerate. To abolish liver tissue
function, over 80% of the liver must first be destroyed.

If most of the liver is destroyed as a result of such conditions as cirrhosis or, less
commonly, acute fulminant hepatic failure, including Reye's syndrome,

the urea cycle enzymes are no longer present, resulting in the toxic build-up of
ammonia and some of the amino acid intermediates in the urea cycle, like
arginine, that has known neurotoxic effects.

The result is the increase of ammonia and these amino acid intermediates in the
circulation and in the central nervous system, giving rise to hepatic
encephalopathy.

In addition, in most cirrhotics, intrahepatic portal-systemic shunting occurs,
thereby causing ammonia to bypass the liver and resulting in elevated serum
ammonia concentrations.

Elevated serum levels of ammonia therefore often indicate some form of liver
failure, although other conditions can also induce increases in serum ammonia
levels



Assays for Ammonia

Ammonia is typically measured by enzymatic assays using glutamate
dehydrogenase, which catalyzes the reaction of alpha-ketoglutarate
and ammonia to form glutamate, with oxidation of NADPH to NADP
as the indicator (decrease in absorbance at 340 nm).

Ammonia is also measured in a dry slide method using alkaline pH
buffers to convert all ammonium ions to ammonia gas, with
bromphenol blue as the indicator.

Because ammonia is a product of cellular metabolism, methods used
in specimen collection and transportation are critical in preventing
artifactually increased levels.

Arterial blood is the preferred specimen for measurement of
ammonia. Although venous blood is not recommended, if used,
tourniquets should be used minimally, and fist clenching and
relaxing avoided during collection. Specimens should be kept in ice
water until separation of cells from plasma



Lactate Dehydrogenase.

As described this cytosolic glycolytic enzyme catalyzes the reversible
oxidation of lactate to pyruvate.

Five major LD isozymes exist, consisting of tetramers of two forms, H
and M, the former having high affinity for lactate, the latter for
pyruvate.

Progressing from HHHH to MMMM, the five possible isozymes are
labeled LD,—LD..

LD, and LD, predominate in cardiac muscle, kidney, and erythrocytes.
LD, and LD, are the major isoenzymes in liver and skeletal muscle.
The upper reference range limit for total LD activity in serum is around
150 IU/L

Serum LD levels become elevated in hepatitis; often, these increases
are transient and return to normal by the time of clinical presentation
because LD isozymes originating in liver (LD, and LD;) have a relatively
low activity in hepatocytes relative to plasma (about 500 times) and a
half-life of approximately 4-6 hours.



Lactate Dehydrogenase.

 More important is the large increase of total LD to levels of 500 [U/L
or more, combined with a significant increase in alkaline
phosphatase (ALP), , to levels > 250 IU/L, in the absence of other
dramatic abnormalities in liver function enzyme levels, especially
AST and ALT.

* These selective increases often accompany space-occupying lesions
of the liver, such as metastatic carcinoma, primary hepatocellular
carcinoma, or, rarely, benign lesions, such as hemangiomata. The
source of the LD, most often the LD. isozyme, is not clear since it can
originate either from hepatocytes, from the tumor, or from both. The
rise in ALP is due to blockage of local canaliculi and ductules by the
masses in the liver as discussed below.



