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The introduction of serum glutamine oxalacetic acid transaminase determination (GOT) in 1954
marked an important step forward in the diagnosis of acute myocardial infarction. At the same
time, it formed the basis of recent advances in diagnostic enzymology (LaDue, Wroblewski, and
Karmen, 1954). In the diagnosis of myocardial infarction alone, 8-10 different enzymes are used,
but most of these tests do not yield more than the original GOT (Hess, 1962). Next to GOT, most
interest has been focused on lactate dehydrogenase (LDH), ca-hydroxybutyrate dehydrogenase
(HBD), and more recently on creatine phosphokinase (CPK).

As yet, organ-specific enzymes have not been demonstrated in the myocardium, so that only the
increase in the activity of plasma non-specific cellular enzymes in the blood has been of diagnostic
significance. With the advent of clinically applicable isoenzyme determinations this will possibly
change, as the isoenzyme pattern characteristic of myocardial LDH appears to be present only in
conditions involving myocardial necrosis (M0ller and Raabo, 1964). The original LDH fractiona-
tion technique, starch gel electrophoresis, was not suitable for routine clinical use. Great interest
was, therefore, displayed in the "chemical" determination of the myocardial LDH isoenzyme which
appeared to be rendered possible by Rosalki and Wilkinson's finding that LDH reduced not only
pyruvate to lactate, but also ac-ketobutyrate to a-hydroxybutyrate, and that this property was par-
ticularly marked in the fast-moving fractions of the LDH molecule, i.e. the "myocardial iso-
enzymes" (Rosalki and Wilkinson, 1960). At the onset, it was not definitely known whether the
butyrate action was due to an enzyme (HBD) different from LDH, but now it seems to have been
finally proved that LDH possesses both properties (Hanson, 1962; Wieme, 1962). The presumption
that the HBD activity in the serum represented particularly the activity of myocardial isoenzymes
was supported by the finding of an HBD ratio for cardiac tissue/hepatic tissue of 4: 1, while the cor-
responding ratio for LDH was 1:2 (Elliott and Wilkinson, 1961).

Most investigators have found that HBD was raised in all patients with confirmed myocardial
infarction for up to 3 weeks after the acute episode (Elliott, Jepson, and Wilkinson, 1962; Elliott
and Wilkinson, 1961, 1962; Hansson, Johansson, and Sievers, 1962; Konttinen and Halonen, 1962;
Pagliaro and Notarbartolo, 1962). A finding of particular interest was that HBD proved to be
normal in patients with diseases of the liver-biliary tract and diseases of the lung. In cases of doubt,
the HBD/LDH ratio gave further information, as a relative increase in HBD allegedly occurred
only in patients suffering from cardiac or muscular diseases or from megaloblastic anemia (Elliott
et al., 1962). In daily investigations of 60 patients with myocardial infarction, Konttinen and
Halonen (1962) found a positive HBD result on the third day in 92 per cent of the patients, but they
have reservations about the differential diagnostic value of this enzyme because, for instance, they
found an increased HBD activity in some cases of pneumonia.
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SERUM ENZYMES IN MYOCARDIAL INFARCTION

In the light of these observations, we felt that it would be of interest to adopt the HBD analysis as
a routine method and to compare its value with a method, introduced almost at the same time, for
analysing another relatively muscle-specific cellular enzyme, creatine phosphokinase (CPK).

CPK determination was introduced into clinical use in 1959 when Ebashi and his associates
demonstrated raised CPK activity in the blood of patients with primary muscular diseases, later
confirmed by others (e.g. Hughes, 1962). The use of CPK in the diagnosis of myocardial infarction
was introduced by Dreyfus et al. (1960) who found a distinct increase in this enzyme in the serum of
patients with recent myocardial infarction. This was confirmed by a number of others (Forster
and Escher, 1961; Scebat, Renais, and Lenegre, 1961; Colombo, Richterich, and Rossi, 1962;
Hughes, 1962; Schneider and Heise, 1963; S0rensen, 1963). While most of these authors favoured
introducing CPK analysis as a routine method for clinical use, Schneider and Heise (1963) were
more sceptical, especially as non-specific actions by striated muscles too often give rise to "false"
results.

The object of the present study was to compare the applicability of two of the "more recent"
enzyme determinations, CPK and HBD, with the more firmly established GOT and LDH analyses.

SUBJECTS AND METHODS
Serum enzyme analyses on venous blood were performed in 130 patients, 55 of whom had acute myo-

cardial infarction where the occurrence of the episode could be fixed within an interval of 2 hours. The other
75 patients comprised 12 with angina pectoris, 16 with other heart diseases, and 47 patients suffering from
non-cardiac diseases (Table I). In all the patients with myocardial infarction, GOT, CPK, LDH, and
HBD analyses were made on venous blood drawn every 6 hours during the first 24 hours after admission
and thereafter once daily, until all values were normal. The diagnosis of infarction was based on clinical
criteria aided by an increase in the erythrocyte sedimentation rate, leucocytosis, electrocardiographic
changes, increase in temperature, and a raised SGOT.

TABLE I

DISTRIBUTION OF CASES

Diagnosis Number of patients

A. Cardiac diseases
Acute myocardial infarction .. .. .. 55
Angina pectoris .. .. .. .. .. 12
Heart failure .. .. .. .. .. .. 11
Others.. .. .. .. .. .. .. S

B. Non-cardiac diseases (47)
Pulmonary .. .. .. 4
Cerebral .. .. .. .. .. 8
Hepatic and biliary .. .. .. .. .. 12
Neoplastic .. .. .. .. .. .. 12
Others . . .. I.. . . .1

Total ... . . . . . .130

Determinations of serum GOT (Henley and Pollard, 1955), LDH (Wroblewski and LaDue, 1955),
iHBD (Elliott and Wilkinson, 1961, 1962), and CPK (Tanzer and Gilvarg, 1959) were carried out with reagents
from Sigma and Boehringer. As a terminal phase, all four methods have a pyridine-nucleotide system in
-which the extinction fall in the reaction DPNH+H+-÷DPN+ is measured in a Beckman DU spectrophoto-
meter (340 m[± in a 10 mm. cuvette at 250 C.). The activities for all 4 enzymes are given as V±U/min., corres-
-ponding to ,uMol./ml./min. converted DPNH.

The normal ranges for LDH, HBD, and CPK were determined on blood samples from 40 normal adults
(medical and nursing staff, and medical students). No age or sex differences were found in the normal
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522 NISSEN, RANL0V, AND WEIS-FOGH

TABLE II

NORMAL RANGES AND ANALYTICAL CONSTANTS USED IN DETERMNIG GLUTAMINE OXALACETIC Acm TRANSAMINASE
(GOT), LACTATE DEHYDROGENASE (LDH), a-HYDROXYBuyRATE DEHYDROGENASE (HBD), and CREATNE PHOSPHO-

KINASE (CPK) IN SERUM

Enzyme Normal range (9570) Incubation Length of Reading pH*
ptU./ml./min. temperature incubation (min.)

______(0C.) (min.)

GOT 035-155 370 10 2 7*40
LDH 3-4-9-8 250 30 6 7*39
HBD 2A4-6-5 250 30 6 7*39
CPK 0-0-1s5 250 10 lot 8*68

* pH estimated by means of a glass micro-electrode and pH-meter 22 (Radiometer) at the respective temperatures.
t Following addition of creatine buffer solution.

values. The normal range for SGOT is derived from a previous normal series. The analytical constants
and normal ranges are listed in Table II.

All blood samples were obtained with a minimum of stasis and immediately centrifuged to prepare
serum. If the serum could not be analysed immediately the specimens were deep frozen at -250 C. and
analysed the following morning. This procedure did not reduce the enzyme activity. Serum specimens with
hmmolysis were discarded.

RESULTS

In assessing the value of an enzyme estimation in the early diagnosis of acute myocardial infarc-
tion, the time when an increase occurs and the time of maximum serum activity are of decisive
importance. From Fig. 1 it will be seen that CPK, which was raised in half the cases as early as the
3rd-6th hour with its maximum activity occurring in the 12th-24th hour after the onset of infarction,
was in this respect the "best" enzyme, closely followed by SGOT. The LDH and HBD activities
increased more slowly, reaching a peak on the 2nd or 3rd day. On the other hand, the increase in
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FIG. 1.-Mean time activity relation of 4 serum enzymes in 55 patients with acute myocardial infarc-
tion. (CPK=creatine phosphokinase, GOT=glutamine oxalacetic acid transaminase, HBD=a-
hydroxybutyrate dehydrogenase, LDH=lactate dehydrogenase.)
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FIG. 2.-Creatine phosphokinase (CPK) activity in the serum of patients with non-occlusive cardiac
diseases and other conditions.

these two enzymes lasted longer, as the activity in most cases did not return to normal until the
10th-12th day. In the late diagnosis, therefore, LDH and HBD are the most suitable enzymes.

The optimum result of CPK analysis apparently may be expected in the 12th-24th hour (89%
positive), of the SGOT determination on the 2nd day (98% positive), of the LDH determination on

the 4th day (100% positive), and of the HBD determination on the 2nd day (96% positive). As far
as the last two enzymes are concerned, there were no differences on the 2nd-4th days.

The use of serial analyses appreciably reduced the number of false negative results. Thus, all
CPK values were found to be normal in only one patient who was admitted on the 2nd day. In this
case, a possible increase may have subsided (the activity of the other 3 enzymes was distinctly in-
creased). GOT, LDH, and HBD were normal in one patient who died within 24 hours (CPK
3.92). The HBD was normal in one patient who had shown a moderate increase in all the other
enzymes for several days.

None of the enzymes showed significant differences between men and women or between patients
having anterior wall and posterior wall infarcts. Patients who died had higher maximum values
than the average.

Figure 2 gives the distribution of the CPK values in patients with diseases other than acute myo-
cardial infarction. No patients with angina pectoris (a total of 12) or heart failure (a total of 11)
had raised CPK values. On the other hand, a raised GOT was found in 3 and a raised LDH as well
as HBD in 6 patients with heart failure. A suspicion of coronary occlusion was not entertained in
any of these cases. Isolated increases in GOT, LDH, or HBD were observed in 3 patients with
angina pectoris, LDH +HBD increase in one, and GOT+LDH+ HBD increase in one.

Raised CPK values were found in a few patients suffering from non-cardiac diseases, stroke,
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TABLE HI

ENzYmE AcTrrry iN SERUM OF 9 PATENTS BEFORE AND AFTIR MAJOR SURGICAL PROCEDURES

Enzyme Enzyme activity (,aU./ml./min.)

1st day 2nd day 3rd day 4th day

pre-op. post-op.
8.00 a.m. 3.00 p.m. 8.00 a.m. 8.00 a.m. 8.00 a.m.

CPK 0-24 1 45 3-58 3*25 1 94
GOT 1 12 2*60 2-46 1 68 1 95
LDH 6-66 10-06 9-66 7-65 7 00

Operations finished at 10.00-12.00 a.m.

TABLE IV

HBD/LDH RATIO IN SERUM OF PATIENTS WITH ACUTE MYOCARDIAL INFARCTION, OTHER CARDIAC AND NON-CARDIAC
DISEASES

Diagnosis No. of analyses/ Mean HBD/LDH
No. of patients values

Coronary occlusion .. .. .. .. .. .. .. 067
Within 24 hr., 0-3 hr. .. .. .. .. .. .. 10/10 0-69
Within 24 hr., 3-6 hr. .. .. .. .. .. .. 17/17 0-66
Within 24 hr., 6-12 hr. .. .. .. .. .. .. 23/23 0-60
Within 24 hr., 12-24 hr. .. .. .. .. .. 39/39 0-68
Within 48 hr. .. .. .. .. .. .. .. 49/49 0-71
Within 72 hr. .. .. .. .. .. .. .. 47/47 0-69
On 4th day .. .. .. .. .. .. .. 49/49 0-67
On 5th day .. .. .. .. .. .. .. 43/43 0-67
On 6th day .. .. .. .. .. .. .. 43/43 0-72
On 7th day .. .. .. .. .. .. .. 41/41 0-69
On 8th day .. .. .. .. .. .. .. 40/40 0-68
On 9th day .. .. .. .. .. .. .. 31/31 0-65
On 10th day .. .. .. .. .. .. .. 27/27 0 70
On 11th day .. .. .. .. .. .. .. 25/25 0-65
On 12th day .. .. .. .. .. .. .. 21/21 0-65

Heart failure .. .. .. .. .. .. .. .. 18/9 0-62
Angina pectoris .. .. .. .. .. .. .. 20/9 0 64
Cardiac neurosis .. .. .. .. .. .. .. 8/3 0-63

Hepatic cirrhosis (active) .. .. .. .. .. .. 1916 0.53
Hepatic cirrhosis (inactive) .. .. .. .... 4/2 0-66
Cholelithiasis .. .. .. .. .. .. .. 6/2 0'64
Stroke .. .. .. .. .. .. .. .. 11/5 0-63
Malignant tumour .. .. .. .. .. .. .. 13/6 0 57

thyrotoxicosis, hepatic coma, and advanced metastatic cancer, while the CPK activity was normal in
pleural effusions and ascites caused by cardiac decompensation or neoplastic disease.

From Table III it is seen that major surgery gave rise to an increase in the enzymatic activity in
the serum, presumably due to the incision of striated muscles.

In Table IV the HBD/LDH ratio is calculated for the majority of the patients. The variations
from group to group are not significant.

DISCUSSION
The diagnostic use of a raised serum level of intracellular enzymes involves a number of pitfalls.

Since, in diagnosing myocardial infarction, we are dealing exclusively with organ non-specific
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SERUM ENZYMES IN MYOCARDIAL INFARCTION

enzymes, an increase can be interpreted only as a sign of a local action upon the myocardium
provided first that local actions upon other organs can be ruled out and second that general meta-
bolic disturbances are not present. The difficulty of distinguishing between these factors may be
illustrated by a few examples.
A patient with acute rheumatic carditis is being treated with high doses of salicylic acid. An

increased activity of CPK and GOT in the serum may be due to myocarditis as well as to a general
metabolic effect of the salicylic acid (Drivsholm and Madsen, 1961).
A patient is admitted with angina pectoris following strenuous physical exercise. An increase in

CPK may be due to myocardial anoxia (infarction) as well as to hypoxia of striated muscles (physio-
logical phenomenon following exercise) (Colombo et al., 1962).
A patient recently operated on has a heart attack. An increase in GOT and CPK may be

due to myocardial infarction, incision of striated muscles, or to a general metabolic effect of the
anesthetic.

Theoretically, it is hardly possible to differentiate, on the basis of a single enzyme analysis,
between local action on an organ and a general metabolic disturbance. On the other hand, there is
a greater likelihood of being able to distinguish between the various local actions upon different
organs. The introduction of the HBD analysis was expected to afford a more specific method for
organ differential diagnosis, as it seemed likely that HBD represented the myocardium-specific
fraction of LDH. However, experience of HBD proved disappointing, and the enzyme appeared
to behave exactly like total LDH, evident also from the fact that the HBD/LDH ratio was constant
and of no diagnostic importance.

Theoretically, the almost muscle-specific enzyme CPK ought to afford advantages above GOT
and LDH. Its activity is increased in 90-100 per cent of patients with myocardial infarction, the
enzyme is not present in the lungs or liver, and it is usually possible to rule out muscular diseases on
the basis of the history. However, it is an advantage as well as a disadvantage of this enzyme that it
is so easily released from the muscle cells. It is an advantage in that even small myocardial infarc-
tions are demonstrable, but a disadvantage in that striated muscle readily gives off this enzyme to the
blood-stream (Colombo et al., 1962; Schneider and Heise, 1963). Moreover, it is uncertain whether
CPK can contribute to the differential diagnosis between angina pectoris and myocardial infarction.
In the present series, it is true, CPK was found to be normal in all patients with angina pectoris,
but other authors have found raised CPK in a large proportion of these patients. This may,
however, be due to the use of different diagnostic criteria (Forster and Escher, 1961; Schneider and
Heise, 1963).

Accordingly, the advantages ofCPK over GOT are modest. Nevertheless, we believe that owing
to its relative tissue-specific occurrence CPK deserves a place in the diagnosis of recent myocardial
infarction, pending the advent of better methods.

CONCLUSION
As a result of this study we now use routinely the GOT+CPK determination when the presumed

infarction is of less than 48 hours' duration, and the GOT+LDH determination when it is of several
days' standing. We see no reason to continue using the HBD analysis.

Very probably, however, the CPK, GOT, as well as LDH determinations, will soon be abandoned
and replaced by more organ-specific enzyme studies. This development has been initiated by the
electrophoretic separation of LDH, and routine methods for the fractionation of other enzymes are
being developed. As a result enzymatic diagnosis will become more exact, but not less complicated.

SUMMARY
On the basis of serial analysis, the diagnostic value of the four enzymes, creatine phosphokinase

(CPK), glutamine oxalacetic acid transaminase (GOT), lactate dehydrogenase (LDH), and a-
hydroxybutyrate dehydrogenase (HBD) was studied in the sera of 130 patients. A group of 55 had
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acute myocardial infarction, confirmed by the usual clinical criteria, including electrocardiographic
changes and increase of GOT.

In all 55 cases the time of onset of the occlusion could be fixed within an interval of 2 hours.
As a result, the onset of an increase and the time of maximum serum activity of each individual
enzyme could be accurately recorded. The optimum result of a CPK analysis was obtained 12-24
hours after the episode (89% positive), of the GOT analysis on the 2nd day (980/ positive), of the
HBD analysis on the 2nd day (96% positive), and of the LDH analysis on the 4th day (100% positive).
In the present study the HBD was not superior to LDH, the serial analyses showing a complete
parallelism between the serum activities of these 2 enzymes. The CPK proved to be normal in 12
patients with angina pectoris and in 11 patients with heart failure. A number of these patients had
raised GOT and LDH values.

It is concluded that the combination of CPK-GOT is best suited for the early diagnosis of acute
myocardial infarction, while the combination GOT-LDH is most suitable in its later diagnosis.

The investigations were aided by grants from the F. L. Smidth Jubilee Foundation and from the Henry L. and
Grace Doherty Charitable Foundation.
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