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ABSTRACT 

ReleasecharacteristicsofS-L5, S-LDlrS-ASAT,S-CKandS-CK-MBwerestudied 
in47 consecutiveAMIpatients. Inaddition,previouslyobtaineddataforserum 
myoglobin (S-MYO) werecompared. Serumwassampledatregularintervalsafter 
admission t o  t h e  Coronary Care U n i t  (CCV) . The release rate and half lives of 
theenzymeswerecalculatedaccordingtoaone-compartmentkineticmodel.The 
t i m e  t o  peak values, the t i m e  of to ta l  release and the half lives w e r e  interrelated 
i n  t h e  following order :  MYO<CK-MB<CK<ASAT<LD1<LD which coincides with the 
wellknownappearanceanddisappearancerates inserum. Theratiobetweenmean 
p e a k v a l u e s  andupperreferencelimitsfollowedthereverseorder. 

The finding tha t  the release r a t e  of enzymes and half-lives co-vary is hypotheti- 
callysuggestedtobeattributedtodifferences inrateofmembranediffusion. 
There is indirect  evidence tha t  a slow indicator such as LDl reflects infarct size 
b e t t e r  than f a s t  indicators  with rapid release and removal such as MY0 or CK- 
MB. However, t hese  f a s t  markers have a be t te r  signal t o  noise ra t io ,  whereby 
t h e y  p robab ly  r e f l e c t  changes i n  t h e  i n f a r c t i o n  p r o c e s s  b e t t e r .  

INTRODUCTION 

Anumberofbiochemicalmarkersofacutemyocardialinfarction (AM1)are 
availablesuchasmycglobin (MYO), creatine-kinase (CK) anditsisOenzyme(MB), 
aspartate-aminotransferase (ASAT) , lactate dehydrogenase (LD) and its  soe enzyme 
LD1. It is wellknown that thevariousmarkershavedifferent %alf-lives", i.e. the 
e l imina t ion  from serum follows typical t i m e  courses where MY0 and CK-ME3 have 
t h e  s h o r t e s t  and LD t h e  longest  half-l ives.  I n  the  present study, amodel of 

elimination is chosen which allows an approximation of the release patterns of the 
markers from t h e  myocardium in to  serum. It is assumed t h a t  the  release begins 
simultaneouslyforallmarkersandatthetimeofbeginningnecrosis.The 
questions addressed are  i f  the release ra tes  of the different markers are similar 
andif thereleasethereforeiscompletedat thesametimeandsimultaneousto 
t h a t o f t h e f a s t e s t s m a r k e r , M Y O  (8).Thetimecourseofchanges inserum 
concentrations has beenthoroughlydescribed inmypublications (e.g. 1, 5, 3,  7) 
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butanswerstothequestionsposedinthisstudywillalsoallowadiscussionof 
therelationbetweenpeakvaluesandserumentry, theinf luenceofhalf  l i feon 
peak values of serum enzyme concentrations and of the  capacity of the marker t o  
i n d i c a t e  i n f a r c t  e x t e n s i o n  and s i z e .  

MATERIALS AND METHODS 

P a t i e n t s  
47  consecut ive pat ients  (11 females) with AMI t reated i n  a coronary care unit  
withNewYorkHeartAssociationclassIorIIwereincludedinthestudy. Their 
mean age was 62 5 1 0  years .  An AM1 w a s  subsequently diagnosed i n  a l l  cases on 
t h e b a s ~ s o f l 2 - e l e c t r o d e E C G a n d d a ~ l y e n z y m e d e t e ~ ~ n a t ~ o n s  (ASAT,ALATand 
LD) orautopsyfindings.Venousbloodwassampledonadmissionandafter6,12, 
18, 2 4 ,  48 ,  72 and96hours.  Noneof thepa t ien tswasknowntohavechronic  
renal failure, skeletal or m s c d a r  disorder, severe ethanol intoxication (or abuse) 
or  any serious endocrir~ or neurological disease. Intmmuscdar injections w e r e  not 
g iven .  

The s tudy was approved by t h e  Eth ics  Committee a t  the Karolinska Hospital, 
Stockholm, Sweden. 

Methods 
Tota l  serum CK and LD and ASAT and ALAT w e r e  determined by rout ine  methods 
recommended by t h e  Scandinavian Enzyme Committee ( 6  , 7)  . CK-ME3 w a s  deter- 

mined a f t e r  chromatographic separation essentially according t o M e r c e r  (4) . ID1 
was separated by an immunological procedure based on antiserum against the M 

s u b u n i t  (Roche P roduc t s  N.J., U . S . )  (11). 

The imprecision of these tests was expressed a s  the coefficient of variation and 
wereforCK=4%, CK-MB=6%,ASAT=3%,LD1=6%andLD=3%.Theupperreference 
l i m i t s  forthedifferentenzymeswere0.2 (3%of CX) , 0.7, 2.0and8.0ukat/lr 
r e s p e c t i v e l y .  

C a l c u l a t i o n s  
For each separate case and enzyme the apparent ha l f - l i fe  and cumulative release 
orserumentrywerecalculatedaccordingtoaone-compartmentmodelofe1~- 
t i o n  from t h e  serum pool as  i n d i c a t e d  by t h e  e q u a t i o n  ( 9 ) .  

e . +  e n- 1 

i 
1 ( i + l )  CR= c("- A t i  + kd* 2 

i = l  
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Cumulative release, CR, is expressed i n  &at/ (l*h) ; A e  is the differencebetween 
twoconsecutivedeterminationsofserumenzymeactivityconcentrationswitha 
t i m e  difference of A t .  K,-J is the apparent and individually calculated elimination 
constant .  This  w a s  determined from t h e  " f i n a l  slope", o r  the "betaphase", 
occurr ing a f t e r  the  enzyme peak,  defined as the  maximal value observed on the 
curverepresentingtheserumenzymeactivityconcentrationvstime.Thetimeto 
peak w a s  t h e  t i m e  f o r  t h e  peak va lue  p lus  t h e  t i m e  between onset of symptoms 
and admission. Completed cumulative release was considered t o  have been reached 
when t h e  increment between two measurements w a s  zero. The t i m e  t o  completed 
cumulative r e l e a s e  was t h e  t i m e  between onset  of symptoms and the  t i m e  for 
completed cumula t ive  r e l e a s e .  

RESULTS 

Mean dura t ion  of symptoms a t  onset of the  studywas 6.2 hours (range 0.5-21.5 

hours) . Peak values of the  different  enzymes correlated significantly. The best 

c o r r e l a t i o n  of those  tested was foundbetween LD1 and ASAT (-0.92) whereas 
t h o s e b e t w e e n A S A T a n d C K - M B  ( r=0 .82)  andLD1andCK-MB (r=0.82) ,wereof  
t h e  same o r d e r  of  magnitude. 

Table 1. 
onset  of 
pat ients  
xxx p < 

Timetopeakconcentrationsandtimetomaximalrateofreleaseafter 
pa inandapparen tha l f l i ves fo rLD,  LD1,ASATI  CKandCK-MBin47 
with AM1 . Stat is t ical  interrelationships between successive mrkers are: 

0 . 0 0 1 ,  xx p < 0 . 0 1 ,  x p < 0 .05 ,  N S  n o n - s i g n i f i c a n t .  

L D  LD1 ASAT CK CK-MB 

T i m e  t o  
Peak conc 4 0 5 1 7  x 37+17 xxx 25+9 xxx 2 2 2 1 0  xxx 2 1 + 8  

( h o u r s )  

T i m e  t o  
Max r a t e  

( h o u r s )  

t 0 . 5  

( h o u r s )  

1928  N S  1927  xx 1556 xx 1 4 5 6  N S  13+5 

87237 xx 67226 xxx 30211  xxx 1 9 5 4  xxx 1 2 5 3  
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F i g u r e l .  Cumulativereleasevstime forstudiedmarkers. Completedreleaseis 
indicatedaslOO%.Values forMYOhavebeentakenfromapreviouswork(9) 
while va lues  f o r  t h e  o the r  enzymes aremeans from a series of 47 consecutive 
p a t i e n t s .  x x x p  < 0 . 0 0 1 ,  x x p <  0 . 0 1 ,  x p <  0 . 0 5 ,  ~ s n o n s i g n i f i c a n t .  

ThemainenzymereleasecharacteristicsarepresentedinTablel. Fig.1shows 
t h e  cumulative r e l e a s e  f o r  t h e  d i f f e r e n t  enzymes. Values for  MY0 are  froma 

previous publication (9) . The t i m e  t o  peak concentration of LD and LD1 d i f fe r  
slightlyandtheirtimetocompletedcumulativereleaseoccurs simultaneously 
beingendedabout60hoursafteronsetofanginalsymptoms.Thereleaseofthese 
m a r k e r s i s d i s t i n c t l y s l o w e r t h a n t h e r e l e a s e o f  ASAT, CKandCK-MB. Even 
within t h i s  group t h e r e  are  differences, ASAT being the slower and CK-ME3 the 
fasterenzyme.MY0hasthe fastestreleasebeingcompleted24-30hourspost 

o n s e t  of symptoms. 

When the  character is t ics  of the different  enzymes w e r e  campared, highly signifi- 
can t r e l a t ionswereob ta ined  ( F i g 2 ) .  Thus, thetimetocompletedrelease 
correlated posit ively with the logarithm of the apparent half-life and negatively 
with t h e  logarithm of t h e  r a t i o  between mean peakvalue andupper reference 
l i m i t .  
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DISCUSSION 

For the study of AMI development , release characteristics are of primary interest 
and i n  t h i s  study w e  have attempted t o  estimate the kinet ics  of the release of 
theenzymes.Thereleaseanddisappearanceoftheseserummarkersares1ow 
processes i n  relation t o  the distribution rate and therefore a kinetic one-compart- 
mentmodelmaybeausefu1approximationfordescribingthetimeevents.Using 
t h i s  concept, w e  have calculated the  release by estimating rate c~nstants for the 
disappearance of enzymes from serum a f t e r  reaching a peakvalue (9 )  . Dynamic 
parametersoftwooftheabove-mentionedphasesarethuspresented. 

Theserumconcentrationsoftheenzymeactivities i n thepa t i en t s  inthisstudy 
follow the  same pattern as  t ha t  described i n  numerous reports during AMI (cf. 1). 

The cumulative release calculated according t o  the model reveals that the release 
o f t h e  fivestudiedenzymesandMY0 (data fromapreviousstudy) a resubjec t to  
similarbutgraduallychangingtimecourses. Thus,threemaingroupsofrelease 
character is t ics  could be assumed, the fastest amprising MYO, an intermediary CK, 
CX-MB and ASAT and a slow group of LD and i t s  isoenzyme LD1. 

Asdemonstratedabove,thecalculationofcumulativerelease includestherate 
constantandthisisestimatedfromtheobserveddeclineoftheserumconcentra- 
t i o n  of t h e  enzymes. The means of the estimated invivo half-l ives show a wide 
v a r i e t y  (Table 2 )  but  the  plots  of cumulative release reveal a high degree of 

parallelism. (Fig. 1) This is evenmore emphasized i f  the cumulative release is 
p l o t t e d  aga ins t  the  logarithm of the  t i m e .  The segments between 25% and 100% 

can then be described as  straight lines w i t h  correlation coefficients between 0.97 

(MYO) and 1 . 0 0  ( L D  and LD1) . Cumulative MY0 release has been demonstrated t o  
occursimultaneouslywiththecumulativechange i n t h e Q R S v e c t o r o f t h e  
electrocardiogram (13) . Thus, MY0 is released a t  the same t h  as the tissue loses 

T a b l e 2 .  C a l c u l a t e d h a l f - l i v e s  f o r  enzymemarkers  i n  A M I .  ( hour s )  

LD LD1 ASAT CK CK-MB 

____ 

Mean 8 6 . 5  6 7 . 0  2 9 . 9  8 . 6  1 2 . 2  

SD 3 7 . 2  6 . 0  1 0 . 5  3 . 9  3 . 1  

n 4 3  44  4 6  4 6  4 6  
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Figure 2. The logarithm of the r a t io  between peak value andupper reference l i m i t  
(above) and t h e  logarithm of t h e  ha l f  l i v e s  (below) related t o  the t i m e s  of 
completed release (from Fig. 1) for  the studiedmarkers. Values aremeans f r m a  
series of 47  p a t i e n t s  except f o r  M Y 0  wherevalues have been extracted from a 
p r e v i o u s  work ( 9 ) .  

its e lec t r ica l  integri ty  and the  release of MY0 therefore appears t o  indicate the 
t i m e  course of cell necros is  of t h e  myocardium. This  process appears t o  be 
completed about 20  hours a f t e r  the onset of symptoms. In the present study the 

markers studiedhadslowerreleaseratesandlongertimesofcompleterelease 
thanMYO. CK-MBhadareleasealmostas  f a s t a s M Y O w h i l e L D w a s s l o w e s t .  
Thus, t hese  enzymes s e e m  t o  be released from the  necrotic areas a t  different 
r a t e s  and t h e  r e l e a s e  cont inues a f t e r  the necrosis has been completed. This 
difference could be at t r ibuted to  differences in the rate of membrane diffusion or 
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releasefromthesubcellularstructureswhichsupposedlyaredamagedduringthe 
h y p o x i c  s t a t e  of  t h e  myocardium. 

A n  inverserelationbetweenthelogarithmsoftheratiopeak-value/reference 
valuevs.  t i m e  f o r  complete elimination exists (Fig. 2a) . On theaverage, a m r e  

t h a n  30-fold increase of M Y 0  is obtained whereas f o r  LD, the slowest of the  

markers , t h e  increase is only abut three-fold. A relationship between the means of 
half- l ives  and t h e  t i m e  f o r  complete eliminationalso eXists, indicating a longer 
h a l f - l i f e  f o r  t h e  s l o w  m a r k e r s  ( F i g .  2 b ) .  

Markerswhichcombineahighserument ryra tewi thashor tha l f l i fewi l lbe  
p a r t i c u l a r l y  s u i t e d  t o  fol low rap id  changes i n  t h e m 1  process (1) . Usually 
markerscombinealowserumentryratewithalonghalf-lifeorhighratewitha 
shor t  half- l i fe .  Wethereforehaveaccesstosuitabletools t o  followtheprocessof 

AM1 (MYOandCKMB) aswellastoolssuitableforevaluatingthesizeand 
progress ion  of AM1 ( L D  and ASAT) . The g r e a t e r  v a r i a b i l i t y  i n  CK-ME3 is thus 
probably due t o  a biological ra ther  than an analytical variation. Availability of 

LD1andCK-MBimprovesthediagnosisandsupenrisionofAMIandeliminatesthe 
need f o r  de te rmina t ion  of ASAT. A combination of a f a s t  and sensitivemarker 

( e . g .  M Y 0  and  CK-MB) and s l o w  and s p e c i f i c  m a r k e r  

(LD1) wouldseemtobeofoptimalvalue inthemonitoringandevaluationofAMI. 
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