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In :t,he list of en7J111e determinations used for diagnosis, 

creatine phosphokinase (CPK) is one of the more recent deter

minations available. In 1934, Lohmann(l8) first described the 

enzyme CPK and showed with extracts of skeletal. mscle that 

the two labile pho1Sphate groups of adenosine triphosphate 

(ATP) were transferred to creatine in the reaction: 

ATP + Creatine ,;--} ADP � Phosphocreatine. 

In 1935, Lehmaml(l7) showed the reversibility of the reaction. 

Both men claimed that the �ephosphorlation of ATP proceeded to 

a&i'�ic acid and that two 100leeules of phosphocreatine were 

formed. In 194.3, Banga, as quoted by J.imor(6), was able to 

partially purify the enzyme. She stated that another enzyme was 

responsible for the transfer of phosphate from ADP to creatine 

forming the second molecule of phosphooreatine. For llDUl7 years 

chemists studied the enzyme, attempting to purify it, 

ascertain its specific properties, and localize it in the 

various body organs and tissues. Narayaswami in 19.52 described 

the properties of CPI present in cerebral cortical tissue(l9), 

and Wood, in 196.3, (31) continued this investigation using ox 

brain to further purify the en2'3ffl8. 
PROPERTIES AND FUNCTION 

Creatine phosphokinase catalyses the reversible reactioil 

ATP 4 Creatine ,==� ADP 4 Phosphocreatine. 

The forward reaction proceeds optimally at a pH of 10.5 or 

greater(6); the reverse reaction at a pH of 7.2(6). The enzyme 
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has been found to be stable at a pH range of 5.5 to ll.8 

when stored t wo hours at o0 c (32). 

Temperature has a marked effect on enzyme activity over 

long hours of storage. The enzyme can be stcr ed twelve hours 

at -10°c with no loss of activity. By ninty-six hours, eighty 

percent of the activity remains. When stored at 4°c only 

eighty percent actiVity remains after t welve hours; after 

t wenty-.f'our hours of storage !orty-six percent of the activity 

remains. When the enzyme is stored for twelve hours at 25°0, 

sixty-six percent activity remains; after twenty-four hours 

of storage there is only t wenty-seven percent of the activity 

remaining(24). 

Cysteine or sulfhydryl groups are without effect on the 

forward reaction above, but produce acceleration of the re

verse reaction with increasing concentration. Cysteine does 

not affect the equilibrium of the reaction(6). 

Calcium and magnesium ions have been shown to rapi dly 

incr ease the actiVity of the enzyme with increasing ion 

concentration(6,32). There is no en~me activity in the 

absence of either ion(6). Manganese ions can replace mag

nesium ions as the activating metal ion (30). Preincubation 

of the CPK with manganese ions causes inactivation of the CPK, 

which can be stopped but not reversed, by cysteine(JO). 

Inhibition by manganese ions causes loss of the reactive 

sulfhydryl groups which are in close proximity to the substrate 
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binding sites of the CPK (3Qt. 

The enzyme CPK has been shown to be inhibited in its 
I 

actiVity by a variety of chemical. substances, including 

p-chloromercuribenzoate, N-ethylmaleimide, iodoacetate, dinitro

o-cresol, phosphate, citrate, fluQride, aged sodium thiogly

collate (6,.30,32). 'Ihe enzyme is activated by thiols, including 

thioglycollate, cysteine, and glutathione (6, 30). 

CPK cannot catalyze a reaction with adenosine 100nophosphate 

(.AMP) as a phosphorus acceptor (31), substantiating Banga's 

statement that the second molecule of phosphocreatine f ormed 

in the overall reaction: 

ATP t Creatine ___ i Phosphocreatine ,1 Adenylic acid 

requires t wo separate enzymes. 

IDENTIFICATION OF ENZYME ACTIVITY 

After the discovery of the enzyme CPK and its puri fication, 

researchers develop¢ several techniques to identify enzyme 

activity in the serum and organs of animals, including man. 

The enzyme was found to be in the .· cytoplasm of cells in brain, 

heart, and skeletal muscle, or loosely bound to protein particles 

in serum or tissue (31). Sinc~t was isolated in greatest 

quantities in these three tissues, it was earlier theorized, 

and later shown, to be composed of three isoenzymes, one for 

heart, skeletal. muscle, and brain. 

Eppenberger, et al.(7), undertook extensive research tracing 

t he embryonic development of the enzyme CPK in rats and chicks. 

Using fetal and newborn animals, they took samples of brain, 
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heart, and skeletal nro.scle and ran CPKphoresis on these 

samples. They found that the isoeney-me olf,ralll was the first 

to appear, and it could be identified early in all three tissues, 

remaining in brain as the only isoenzyme of CPK. The heart 

isoenzyme develops next, and finally that of skeletal mscle. 

Veen and Willebrands ( 28), using the following technique, 

determined the presence of three fractions of the eneyme CPK, 

and tested many tissues for the presence or absence of each of 

the three fractions, and the relative quantity of e&ch fraction. 

Using agar gel electrophoresis, they based the final quantity 

of identifiable enzyme fraction on the following reactions. 
!PK 

1. ADP + Phosphocreatine ~ ATP + Creatine 
Hexokinase 

2. ATP .+ Glucose ~ ADP + Glucose-6-P04 
~ucose-6-P04 

3. Glucose-6-P04 +NADP dehydogenase 6-phospho ➔ NADPH2 

4. NADPH2 + Phenazine 
Methosulfate 

(PMS) 

- -- ·····~ gluconic acid ~- - -
~ NADP + reduced PMS 

5. Reduced PMS + Ni troblue ~ PMS ~ reduced NBT 
Tetrazolium (viol et color) 

(NBT) 

Baeed on the amount of color formed on the gel strip, they 

quantitated their results on normal tissue,s, t small amount, 

➔~ moderate anount, ~t~ large amount, of the fraction of CPK. 

Tibl-e l is a tabulation of their results. 
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Table 1 -
Tissue Fraction 1 Fraction 2 Fraction) -
Heart Muscle ± +-++ ++t 
Skeletal Muscle - - +++ 

Brain ·I-++ - ± 
Liver + 

Kidney -f 

Lung + 
Spleen -+ 

Red Blood Cells .. 
CPK Fraction in Varioua Tissues - - . 
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Duel and Van Breenen (3) selected agar gel electrophoresis 

for identifying creatine phosphokinase isoenzymes. They compared 

' preparations of CPK from brain, heart, and skeletal muscle, 

assaying homogenates of gel strips for enzyme activity by 

dipping the gel into substrate and subsequently i nto phosphate 

reagent solutions providing a color reaction for the deter

mination of the isoenzymes. Using these same gel homogenates, 

t hey also covered them with a substrate containing gel followed 

by detection of loss of fluorescence due to oxidation o~ NADH2. 

Using both techniques, comparable results were obtained. They 

found that the e1nzyme migrated both toward the anode and cathode. 

The isoenzyme band from brain migrated with greater electro

phoretic motility than did the ·single band obtained from 

skeletal muscle. Heart preparations contained five bands, 

t-wo of which migrated in a pattern similar to the bands from 

skeletal muscle and~rain. 

In clinical. medicine, most work with pathologic sera has 

been based on the total CPK determination, using serum as the 

source of enzyme. 0killOa, at al (23), were aroong the first to 

describe a method for determination of t he total CPK. They 

begin each t@st with two solutions, A and wbi~h differ :in 

that solution B contains creatine as the substrate. Solution 

A contains ATP, Mgoo4, tromethamine, and serum. The reaction 

is begun by the further addition of ATP and incubated thirty 

minutes at JB0 c. The reaction is stopped by adding cold 
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trichloracetic acid. Then the inorganic phosphorus generated 

is determined by the method of Fiske and Subbarow(8) using 

acid molybdate solution and Enol 1s solution. A blue color 

develops which can be determined colorimetrically using a 

known standard of phosphorus. The difference in the quantity 

of phoephorus in Solutions A and B is equal to the trans

phorylated phosphorus generated from the phoephocreatine 

obtained in the following reaction: 
CPK 

ATP ~ Creatine ~==~ Phosphocreat:ine + ADP. 

This method is used at the University of Nebraska Hospital 

Laboratory, available from the Sigma Company in st. Louis, 

Missouri, in a kit containilg all the reagents. Using this 

method, the results are expressed in Sigma units per milliliter 

of CPK. OneJg1.gma unit of CPK will phosphorylate one milli

micromole of creatine per minute at 37°c. 

Preston{24) compared the colorimetric method of Okinaka 

to a spectrophotometric method of Tanzer, which includes an 

auxillary r~action incorporating phosphoenol pyruvate and 

phosphate kinase ( 27). His indicator system consists of the 

conversion of generated pyruvate to lactate in the presence 

of reduced diphosphopyridine nucleotide (DPNH). He then 

measures the quantity of DPNH consumed per unit t!hme using 

the following chemical reactions: 
CPK 

1. ATP t CREATINE ----lo ADP I ""'---- ... Creatine phosphate 
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2. ADP + Phosphoenol 
Pyruvate "--- Pyruvate + ATP 

LDH 
J. Pyruvate ➔ DPNH + H ---'-~--- Lactate 4 DPN 

with the summation of the reactions being: 

Creatine + PEP t DPNH + H ~~~ Creatine f Lactate+ DPN 
,--- Phosphate 

The spectrophotometric determination isfalso available in kit 

form, in the Boehringer CPK-Test Kit, from Calbiochem, Los 

Angelos. Onepru.t of CPK is the moount of enzyme per milliliter 

of serum which at 340 mu and 25°C causes a change in DPNH 

absorbance of 0.001 per minute in a 3.0 ml assay volume. 

Preston found poor correlation between these two method8, 

preferring the spectrophotometric method. 

Because of the variation in techniques available for the 

total CPK determination, clinical studies comparing actual 

laboratory values are difficult, but the trends shown in these 

studies do compare well. The newer technique of isoenzyme 

determination is not currently available in most clinical 

laboratories. 

CLINICAL APPLICATION 

As the laboratory investigation into the characteristics 

of the enzyme CPK proceeded, clinicians began studying the 

relationship between CPK activity and disease. 

The diagnosis of acute myocardial infarction can be aided 

with the total CPK determination. Much investigation has 

been conducted, concluding that serum levels of CPK are elevated 
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as much as fifty percent within three to six hours post 

infarction(22,29). The peak of actiVity is within twelve to 

twenty-four hours after the infarction(22). This information 

is especially useful in early cases when the lactic dehydrogenase 

(LDH) and serum glutarnic-oxalacetic transaminase (SOOT) 

levels have not yet risen above normal. Also) the test can 

be performed in less than two hours after obtaining the 

blood specimen. 

Since CPK is found in skeletal muscle, much work has 

been done to determine its application in the human myopathies. 

In progressive muscular dystrophy, a genetic disorder, the 

activit y of CPK has been f ound to be markedly elevated in 

t hepatient (23) . Also, studies have been conducted on t he 

parents and normal siblings of these patients. In the 

Duchenne type muscular dystrophy, an X-linked recessive disease, 

the total CPK activity of affected individuals is markedly 

elevated. There is also elevated CPK activity in some of the 

female siblings and in the mothers of the affected pati ent(20), 

thus affording a method of identifying the carrier stat e. 

studies in patients -with motor neuron disease, anterior polio

myelitis, polyneuritis, and myasthenia gravis, have revealed 

these p atients to have normal serum CPK activity(23). In 

the muscle of the p-a"tiint with muscular dystrophy, total CPK 

activity is decrea.eed when compared to normal muscle, and the 

isoenzymes of this muscle manifest no characteristic abnormality 
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in their pattem(l3). 

Exercise requiring prolonged nruscular activity increases 

serum CPK activity(ll), but the values in men, women, and 

children are different for the same activity. Children have 

greater levels of CPK activi ty than adults, and men have 

greater levels than women(ll). 

In altered thyroid states, the serum CPK activity is 

also affected. In hypothyroid patients the value may be more 

than five to six times normal levels(9). Hyperthyroid patients 

have normal to low normal levels of OPK actiVity(lO). 

Several hypotheses have been proposed to explain the elevation 

of CPK in hypothyroid patients, but no real· explanation has 

been proven. 

Acheson and her colleagues studied twenty-four patients 

for fourteen days following cerebral vascular accidente. 

Fifteen of her patients had elevated serum CPK activity(l). 

The maxi.mun elevation occurred in two to six days, with an 

average of three days. The levels returned to normal by 

fourteen days. Seven patients had a second small rise in the 

CPK activity at day eight or nine, which was significant . 

Using CPK levels alone, Acheson, et al, were not able to 

differentiat.e cerebral infarction from localized intracerebral 

hematoma. They found no correlation between the level of 

CPK activity and the severity of the cerebral. lesion. However, 

they did feel that a high level of CPK activity correlat ed 

-10-



with a poor prognosis and death. 

In obstetrics, the concentration of CPK has been studied 

during pregnancy. Pregnant women were found to have normal 

levels when CoI!lJlared to nonpregnant women(5), except late in 

pregnancy when the CPK actiVity is elevated(l5). No correlation 

could be found between the serum level of CPK and the duration 

of the pregnancy, age, or parity of the pregnant woman{5). 

During delivery, about eighty percent of the women head elevated 

levels of CPK(l5). The first day postpartum the serum CPK 

activity increases, but by post _partum day six, all women 

studied had normal levels(5). Cord blood levels of CPK are 

elevated, being about two times normal(l5). 

In patients with a.cute and chronic hepatitis or cirrhosis 

of the liver, serum levels of CPK have been found to be 

nomal(23). In hepatic coma, however, the serum CPK activity 

is increru!!ed(23). In advanced metastatic carcinoma, some 

patients may have elevated serum CPK activity(22). 

THE EXPERIMENT 

Since serum CPK has been found to be elevated following 

a cerel:r al vascular accident, it was postulated that newborn 

infants who have suf'f ered from cerebral hypoxia might also 

have increased CPK activity. Since no etudies were available 

in the literature investi~ating normal nevhn'!n serum CPK 

activity, this study was conducted to determine the normal 

serum CPK activity in infants less than twenty-four hours 
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of age. 

During June, 1966, twenty newborn infants at University 

Hospital were selected as subjects of this study. .An infant 

was included in the study if his one minute Apgar was five 

or greater, if no rescusitation was necessary for spontaneous 

respiration, if his birth weight was 2500 grams or greater, 

if his newborn physical. examination was withm normal limits, 

and if there was no family history of congenital anomalies, 

mental retardation, neurologic disorders, or muscular dystrophy. 

One child born by Caesarean section, and one child who was a 

frank breech presentation, were included in the study. 

All laboratory measurements were conducted by the same 

technician. mood specimens were collected in capillary 

tubes, using heel blood as the source of the blood sample. 

The samples were taken to the laboratory and centrifuged 

immediately. All determinations were done on serum within 

three hours after collection. Any sample having CPK activity 

greater than twenty-five Sigma units was diluted and the CPK 

determination repeated. Serum CPK was determined using the 

Sigma Company Kit based on Okinaka1 s colorimetric determination, 

as previously described in this paper. 

'lhe Sigma Company established normal values of less than 

twelve Sigma units, and elevation as greater than twenty-five 

Sigma units. 'lhree infants had CPK activity levels less than 

twelve Sigma units. Five others had values between twelve and 
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twenty-five units. The highest value obtained was 114 Sigma 

units. '.Ihe mean value for twenty tests was 41.6 Sigma units 

per ml., with a standard deviation of 32.4 Sigma units. 

For thirteen female infants the mean was 32.3 Sigma units; 

for seven male inf ants the mean CPK was 59 Sigma units. 

(Table 2) 

DIOUSSION 

Eighteen normal inf ants less than t wenty-four hours of 

age and two infants forty-six and fifty-two hours of age 

were studied to determine serum activity of creatine phospho

kinase in the newborn infant. It was found that three inf ants 

had activity levels less than t welve Sigma units, the level 

consider ed normal in adults. Seveeal factors were then 

considered as possibly contributing to the high CPK values. 

It is known that children normally h ave greater than 

normal CPK levels when exercising than when at rest. Thie 

exercise must be strenuous and pri,longed . Each child, when 

blood collection was initiated, cried vigorously. Also, the 

trauma to the foot when the sample was obtained causes a small 

amount of trauma to the foot musculature . However, the aioount 

of activity when the child cried was not great, as they were 

all quiet during ioost of the collection. Also, the amount of 

trauma to each child was about the same, and this should be 

reflected equally among all children, with no child having 

a small CPK value. 
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Table 2 ---
Sex .Age in - Duration of Apgar- Weight CPK 

Hours Labor-Hours 1 minute Grams Sigma units 

F 24 --- 10 2900 3 

F 19 17 51/60 6 3700 11.4 

F 5 3 50/60 7 2799 18 

F 21 9 27/6o 9 2962 18 . 

F 25 11 4o/6o 9 3.595 19 • .5 

F 12 9 30/60 10 3019 24 

F 27 1 46/60 8 4272 24 

F 13 1 5 3427 26 -Breech 

F 45 9 35/60 10 4586 30 

F 22 none 8 3700 32-C-section 

F 22 6 8 3150 40 

F 52 9 3/6o 10 2836 60 

F 5 1114/60 9 3005 114 

Mean 23 7.5 8.4 3406 32.3 

M ll 7 33/60 8 3350 6 

M 7 4 20/60 8 3105 36 

M 28 10 29/60 9 3444 J6 

M 23 25 30/60 9 3312 73 

M 22 4 45/60 6 4139 80 

M 24 5 26/60 9 3444 90 

M 16 16 9 3487 92 

Mean 19 10.4 8.3 3554 59 

Mean-M & F 8.7 8.4 3460 41 
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Hemolysis of the red blood cells could not be considered 

a factor contributing to the high CPK activity, as studies 

(28) have shown that the red blood cell does not contain CPK. 

Parity of the mother was considered a possible factor 

contributing to the elevated CPK levels, believing that the 

trauma of birth would be greater in the primagravida than in 

the rnultipara. However, there was no correlation between 

parity of the mother and the CPK activity, so this factor was 

eliminated as a cause of elevated CPK activity. (Table 3). 

Birth weight was another factor considered, but no 

correlation could be found between birth weight and CPK 

activity. (Table 4). 

Duration of labor was considered as a possible factor, 

but no correlation could be found between the duration of 

labor and the CPK activity. (Table 5). 

.Age, in hours, was also considered a factor contributing 

to the elevation of the CPK activity. The younger the infant, 

the more the trauma of birth was continuing to affect the 

child, with its muscular compression and activity. However, 

there was no correlation between the age of the child and 

the CPK values. (Table 6). 

Since no correlation could be established for each of 

these factors, they were considered as having some effect in 

the elevation of the serum CPK levels, but not the complete 

explanation for the high levels obtained. Perhaps the best 
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explanation is that newborn infants normally have CPK activity 

levels which are greater than the adult, due to 1) the trauma 

to muscle and brain tissue at birth secondary to the molding 

of the child in the pelvis, 2) the proportion of muscle mass 

and brain tissue to the total weight of the infant, and 

3) the muscular activity of the infant when awake and crying. 

At the present time, only the crudest means are available 

to the physician to assess biI"th trauma in the newborn infant. 

This is particularly true for brain damage. If an inf ant 

has severe, gross, brain damage, it is obvious, but it woul~ 

seem that minor degrees of brain damage are far more common. 

This is substantiated by the fact that the cause of cerebral 

palsy and mental retardation cannot be Q&termined by reviewing 

obstetrical and neonatal records. 

The work of .Acheson, et al, certainly suggests that brain 

damage results in release of creatine phosphokinase into the 

peripheral circulation. Tl'.is study was conceived in an effort 

to determine how widely normal newborn levels vary, and if they 

correlate with various obstetric parameters. No correlation 

was found, but this does not negate the value of the study. 

'vhat it does show, is that if this determination is to be of 

value for this purpose, it is necessary to identify that enzyme 

which arises from brain tissue and distinquish it from that 

arising from muscle in the newborn. At the present time a 

practical laboratory technique for doing this, clinically is 
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not available. However, it can be seen from previously cited 

material that the isoenzYI11es of creatine phosphokinase can 

be separated, and the isoenzyme which arises from brain is 

distinct. Hopefully, a practical laboratory test to identify 

it will soon be available. 

The value for clinical application of such a test i s 

0bvious, since at the present time, there is no way to 

accurately identify the baby with minimal or moderate brain 

damage at birth. If this were possible, early corrective steps, 

special education, physiotherapy, might well minimize some of 

the sequelae of this brain damage. 

SUMMARY 

Measurement of serum creatine phosphokinase activity in 

clinical disease is a relatively new laboratory diagnostic 

tool. Twenty newborn infants, considered normal, were studied 

in an effort to determine the normal serum CPK activity in 

infants. 

A review of the investigation into the prol?erties of the 

enzyme and the methods for measuring enzyme activity has been 

presented. As the reagents become available, the isoenzyme 

determination of CPK activity will become an new diagnostic 

tool for the clinician in determining the source of enzyme 

elevation, either heart, brain, or skeletal muscle. 
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Pariti of Mother 

One 

Two 

Three 

Four 

Five 

Greater than Five 

Birth Weight 

2500-3000 

3000-3250 

3250-3500 

3500-3750 

3750-4000 

4000-4500 

4500-4750 

Table .J. 

Number 

Eight 

Four 

One 

None 

Four 

'Ihree 

Paritz and _2!! 

Table 4 ---
Number 

Four 

Three 

Six 

Four 

None 

Two 

One 

CPK Values 

3,-6, 24, 40, 60, 
73, 92, ll4 

26, 32, 36, 80 

90 

ll.4, 18, 19.5, 36 

18, 24, 30 

CPK Values 

3, 18, 18, 60 

24, 4o, 114 

6, 26, 36, 73, 90, 92 

11.4, 19.5, 32, 36 

24, 80 

30 

. Birth Weight in Grams and CPK 
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Dur at ion of Labor 

0-2 

2-5 

5-10 

10-12 

12-15 

15-20 

Greater than 20 

Table 2. 
Number 

Three 

Three 

Seven 

Three 

None 

Two 

One 

CPK Values 

24, 36, 32 

18, 36, 80 

6, ·18, · 24, 30 
40, 60, 90 

19.5, 36, 114 

11.4, 92 

73 

!Al.ration of Labor in Hours and CPK 

Table 6 --
~e of Infant Number CPK Va ues 

0-10 Three 18, 36, 114 

10-15 Three 6, 24, 26 

15-20 Two 11.4, 92 

20-25 Seven 3, 19.5, 32, 40 
73, Bo, 90 

Greater than 25 Five 18 , 24, 30, 36, 60 

~ in Hours of Infant and CPK 
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