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This study is conce rned with the activity of cret1 tine 

kinase isoenzymes through electrophoretic detection technjques. 

It is well documented that creatine kinase may he elevated 

in a variety of disease states . Howeve r, the only concern 

of the study was with CK elevations due to cardiac involve­

ment, namely ucut.e myocardial infarction. 

The initial step ,-ms devoted to two me thods for the 

determination of total crcatine kinase activity. The s e 

two methods included; (] ) the kinetic method from th8 

Bochrineer Mannheim Corporation ( Bt·iC ), and the luci f cr in­

lucifcrnse method from Antoni!<. Laboratories. Once the totnl 

activity was determined, a standard curve wc10 then d e veloped 

using control sera from Helena Laboratories . 

Completing this phase of the study, it was then necessary 

to turn all the attention to electrophoresis, Commercidlly 

prep.1rcd control sera from various m.:mufacturers were 

obtained and examined for their potential use as creaU.ne 

kinase isoenzymc markers. The elcct:rophorctic setup used 

for the nnaly~i.s was from Helena Laboratories, and the CK 
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substrate was from BMC. It was discovered that no 

commercially pre pared chemistry control s~ra could be 

utilized a s a marker for CK isoenzymes , tmle ss a particular 

control was sold specifically for this purpose. 

Another phase of this study involved the reexamin~tton 

of cord blood sera as potential markers for CK i s oenzyme 

activity . Var ious cord blood samples were obtained from 

the maternity wards of area hospitals and examined for 

their creatine kinase isoenzyme content. Jt was hope d 

that the cord blood specimens would cont ain all three 

isoenzyme fractions s o that the expense of purchasing 

commercially prepared CK isoenzyrne contr ol serum could be 

alleviated . Ten cord s pecimens were examined by the 

fluorome t r ic me thod of Helena, and only MM and BB fractions 

were demonstrated. 

~ligrationo. l s tudies of the CK isoen zyme s were then 

examined in the ir relations hip to serum pr otein electrophore~is . 

It was s hown tha t the MM fraction migrated with the gamma 

globulin f,raction,, BB migrate d with albumin fract.i on., and 

MB mier.J. t: ed with the a l pha -2 g lobulin fraction of total 

pr o t e i n . A~ain the electrophoretic techniques, a s outline d 

by He l ena La borator ies were employed . 

TJ-.e fin a l phase of this study involved a comparative_ 

-xa1 ination of vrir ious sera from patients diagnosed as 

h avi1 g h a d an a cute myoca rdia l infar ction by two t echniques . 

These techniques involved t h e I e t hod by Hf':l ena, and a 

biolumines cent method utilizing ATP, luciferin, and luciferase. 
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The e stablished Helena procedure demonstrated exce llent 

r \::sult s , with MB fra ctions of low activity beine readily 

de t e cted by this method. Howe ver when luciferin-luciferase 

s ystem was us ed , much difficulty was encountered. Most of 

the problems stemmed from diffus ion of the protein molecules 

during de velopment. In an attempt to cor r ct this diffusion 

pr oblem , var ious buffers and solutions were adjusted, 

optimized conditions were sought, and alterations in technique 

were ~nployed . Howe ver a ll endeavors proved futile. 

Through tllis stud.1 1-10-wever , much knowledge of the 

creatine kinase isoen zymes wer~ obtained, as to the ir 

activity, mobility, clinica l ·.·.u sefulness·,, and diagnostic 

importance relating to myocardial infarct ion. 
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CHAPTER I 

INTRODUCTION 

A. Basic Theory of Electrophoresis 

Electrophoresis may be defined as the migration of 

charged particles in a medium under the influence of an 

external electrical field. Micration of proteins in an 

electrical field was first perfected by Tiselius , who 

used a liquid medium. His technique of electrophoresi s 

. k " . b d f l l · ,. l, 2 1.s nown as moving oun ary or ree e e ctrop1ores 1s. 

Today "zone electrophoresis" has become popular because 

1 

it incorporates a stabli.zi.ng mediurn which serves a s a matrix 

for the buffer in which the prot.:eins travel and as a str ucture 

2 to which the proteins become attached. Once a t t ached, th e 

proteins may then be stained and exa mine d. Some important:: 

support media used today are : chromatoeraphy pape r , starch 

gel, Sephadex, agar gel , agarose, polyacrylamide ge l, and 

celJ.ulose acetate. 1 •2 However, besides the support media, 

there exist .· three other basic components for electrophore tic 

analysis by zone electrophoresis and these are: sample, 

buff2r so1uti.on , and electrical field. A simple zone 

electrophoretic sy5tem is shown in Figure 1. 2 

An important a s pect o0 electrophoretic mobili.ty is 

the electrical charge of the proteins. Proteins vary in 

size, sh.ape , and charge. Being amphoteric, proteins, like 
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Figure 1. Simple Zone Electrophore sis Syste m. 2 



3 

peptides or amino acids, can have no net charge, a negative 

charge, or a positive charge, depending upon the pH of the 

surrounding medium (buffer) and the composition of the prot e in. 

The charge de pends on the numbe r of proton donor and accep t or 

f I . 'd . · ct 2 groups o t 1e protein, pepti e, or amino aci s. If a 

protein mole cule, for example, contains an amino and a carboxyl 

group, the cha rge on each group cancels each other r eridering 

to the protein molecule a zero ne t charge. This prote in 

will not mi grate. However, if this protein molecule were 

placed in an acid medium, the exce ss H+ ions would combine 

wi t h the prote in mole cule giving it a positive charge . 2 This 

point is illus trated in Figure 2. 

Therefore once the s ample is applied to the supporting 

medium in the buffe red solution, a voltage is appli ed to 

the "electrophoretic ce ll," resulting in an elect:ricjal 

current and migration of the cha r ged particles begins. Afte r 

migration is completed, the supporting medium is removed from 

the ce ll, and developed for detection as outlined by the 

particular procedure involved. 

B. Cr ea tine Kina s e : Its Reaction and Isoenzymes 

Creatine kinase (CK; EC 2.7.3.2) the structure of which 

has not yet been esta bl i s hed in its entirety, is an enzyme 

foun d in the sera of normal individuals in very small quantities 

of 0-50 I.U./1. at 25°c and has a molecular weight of 82,600. 

It is known t o catalyze the reversible reac t ion in which creatine 

is phosphorylated by adenosine tri phosphate (ATP). (See figure 3) 



H 1 0 p • ' J,' • • I • 
(' . t , 

I Acid ME:dium Alka line ~foci iurn I 

< ' ,, 

H+ -OH 

INH3+-R-COOH I 1, - I NH2 - R-COO -~ 

+ -NH3 -R-COO 

Figure 2. Effect of Buffe r Solution on Protein Molecules . 2 
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CK 
ATP +. CREATINE < Me+~ ADP + CP 

Figure 3. The CK Reaction3 

It is then the role of phosphocreatine to provide 

for the body an anaerobic mechanism for rapid regeneration 

of ATP. This is accomplished by creatine kinase contained 

in muscle ti s s0e. At pH 7.0, the free energy made available 

by hydrolys is of phosphocreatine is about 1500 calories 

per mole greater than that from ATP, thus favoring form­

c1tion of ATP from creai:ine phosphate.Lt Ihos phocrea tine 

cannot serve as the immediate source of energy since it 

cannot be hydrolyzed by actomyosin. Phospbocreatine serves , 

therefor~, as a store of energy to be made available by 

f A ~ f . L~ way o - IP ormation. Shown in Figure L, is the anaerobic 

me chanism catalyzed by CK in providine ene r gy for 1nuscle 

contraction. 

The enzyme is found in high concentrations primar ily 

in skeletal muscle, cardiac muscle , and brain, and to a 

lesser extent in the kidney, thyroid, lung, gastrointestj_r1al 

tract, uterus, and urinary bladder. The CK concentration 

of liver and red blood cells is quite minute if pre sent 

at all, so that diseases of these two tissues are unlikely 

to caus~ measurably increased serum CK levels. 3 •5 •6 A 

listing of multiple causes of total serum CK elevation 

are shown in Table 1. 6 •7 

However, it is now important to evaluate an elevation 

of se1..-um CK in order to establish a prope r diagnosis and 



Lactate 

Relaxed 
Muscle ) 

Contracted I 
Muscle + P. 

l. 

P. + ADP 
l. 

/ ATP 

i\DP 

6 

Glycogen 

Lac t ·ne 

Creatin -

"" 
Pl1osphoc r e atine 

Fieure 4. The Anae robic Mechanism cata lyzed by CK in 
providing energy for muscle contraction. 
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TABLE I 

MULTIPLE CAUSES FOR ELEVATION OF TOTAL SERUM CK6 ' 7 

Heart 

/',cute Myocardial Infarctio.i 
Acute Myocnrditis 
Rejection of Heart Transplant 
Tachyca rdia 
Electrocounter-shock 

Skel e t al Mus cle -Di seas e 

Rha bdomyo1 ys is 
Po lymyositis 
Myopathy 
Muscula r Dys trophy 
Severe Exerci se 
Oper a tive Trauma Ske l e t a l 

Muscle 
Hypot hyroidi sm 
Drug Inje c t ions -Mus cle 

Ne ur oloBic Di sorders 

Subarachnoid He morrhage 
Ce r e bra l Infarc ti on 
Hea d Injury 
Bra in Tumor 
Convul s ions 
Meningoencepha litis 
Acut e Psychos is 

Mis ce l laneou s 

Ma lignan t llypcrthermi.a 
Pulmonary In farcti on 
Hypoka l emia 
Dia be tic Ket oa cidos i s 
El e c t rocountershock 
Pancrea tic Di sease 
Clofribrate Thera py 

3 8 3 5 5 •J · 
WfLUA M F. MAAG LIBRARY 

V {)f f f\ f('C'T()\A/ 1\I C'T ATr l l fdll /rnn,-ru 
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treatment method. When a patient is admitted to the emergency 

room complaining o f chest pains, the attending physician 

will usua lly order a total CK analysis . However, suppose 

the report shows the patient has an elevated CK of 150 

I.U./1 or 3 times the normal leve l. Is the report indica ­

tive of a true myocardial infarction or is the CK ele vated 

due to prolonged exercise? The attending physician cannot 

be sure. Althout:;h other heart r e lated enzymes can be 

examined to help in his diagnosis, the physician canno t 

rely on these t e sts for 100% accuracy f or a true M.I. 

Elevation of CK will surely occur with acute heart damage , 

but o t her clinical conditions will also increase serum l e vels 

of this enzyme. 

Recently, precise procedures for the determination of 

CK isoenzymes h a ve been developed. It has been well 

documented that multiple forms o f CK exist af ter clectro ­

phoresis.6•7•8•9•10•38•39 The se multiple forms are due to 

the fact that CK is a dimer (two peptide chains). Bo t h 

pe ptide chains originating from skeletal muscle have been 

des igna ted MM or CK III. CK from the brain has been 

designated BB or CK I, and the heart muscle of CK containing 

one pept ide chain ft:om skeletal muscle and one peptide chain 

from bra in is de signa t e d MB or CK rr. 8 All three forms of 

the CK isoenz~nes differ in their electrophoretic mobilities. 

The bra in (BB) fraction moves the farthest and is found near 

the a node, the skeletal muscle fraction (MM) is the s lowest 

movinG and is found n ear the point of applicat ion (cathode ), 



and the heart muscle fraction (MB) is found between MM and 

BB. Seve ral othe r human tissue sources, along with brain, 

heart, and skeletal muscle, are listed in Table 2 with the 

percent distr ibution of each CK isoenzyme . 

The MB isoenzyme usually appears in the serum of a 

patient with an acute myocardial infarction 6 hours after 

9 

the onset of chest pains, remains elevated for appr oximately 

24-30 hours, and then begins to return to norma1 . 7 •9 S ince 

the t-m isoenzyme is a very heat labile enzyme which a ppears 

and disappears rapidly; deterrni.natiou of the hB fraction in 

a suspected case of an acute M.I . should be performed as 

soon as possible, This identification of the CK (~m ) 

isoenzyrne, along with the IDH isoenzyrne analysis, provide 

perhaps the most sensitive and specific procedure available 

in the clinical laboratory for the diagnosis of an acute 

myocardial infarction. However, the CK (}'!B) is·oenzymc has 

the distinct advantage of early M.I. detection (6 hours after 

chest pains), whereas LDH isoenzyme activity is not read i ·1y 

determined for 48-72 hours after an acute M.1. 9 •12 Illus­

tration of this infonration is seen in Figure S. 

The normal range commonly used for the 'MB isocnzyme 

fraction, as outlined by Gambino and Galen, 10 is 0-3% 

of the total CK activity . In Table 3 are noted other path­

ological conditions which may show the MB fraction, however 

it should be noted that in no condition is the normal range 

of Gambino and Galen10 exceeded except in the case of an 

acute M,J.. 



TABLE 2 

PERCENT DISTRIBUTION OF CK IS OENZYMES 
IN HU!vll\N TJSSLJE9 

TISSUE BB MB 

Normal Serum 0 0 

Skeletc1 l Muscle 0 0 

Hc~rt 0 t!O 

Brain 90 0 

Lung 90 0 

Bladder 95 0 

Bowel 100 0 

10 

MM 

100 

100 

60 

10 

10 

5 

0 
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Fig\1re 5. CK al'.ldl LDH levels in serum following an acute 
M.I.~' Z 
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TABLE 3 

CONDITIONS \-!HERE THE M13. I S OENZYHE 
MAY BE DETECTED 9 

CK In Pa tient TOTAL CK l U/~ 
Se ra MEAN RAI GE o/., MB 

(I ) Norma l 81 36-134 0 . 8 

(J I ) Acute ~II 139 84-236 12. 1 

(I I I) Non-MI Patien t s 202 152-277 0 . 6 

( a ) Pos t- Operat ive 249 0 . 3 

(b ) Renal l•'ai lur e 22'.5 1 • 6 

( c) /\lcoholi s m 277 0. 2 

( d ) Pneumoni a 21 7 1 • 0 

( e ) Cirrhos is 152 0 . 5 

( f ) Psychos is 170 0 . 0 

12 

RANGE 
- -- --

0 -2 .1 

l i . • 5-19 .9 

0- 1 • 6 



C. The Role of LDH an<l LOH J s oenzymes in the 

Diaenosis of Myocnrdial Jnfnrction 

Another import.:mt heart related enzyme is commonly 

ca lled lactic dehydrogenase or usually referred to as IDH, 

13 

the molecular weight of which is 135,00o. 13 The lnternationa l 

Union prefe rs to call it L-Lactate: NAD ox idorc ductase , 

and has given it an easy number, 1.1.1.27. The chemical 

reaction catalyzed by ]~H can be observed by one of two 

ways : lactate can be oxidized with NAD and the ri se of 

NADH is measured at 3L,O nanome t e rs, or pyruvate can be r e­

duce d with NADH and the fall of NADH i s measured at 340 

nanometers. (See Figure 6) •13 

PYRUVA TE + NADH "- LDH ~ LACTATE + NAD 

Figure 6. The LOH Reaction13 

Ele vated serum IJJH leve ls are observed in many condi tions 

such as : megaloblas tic anemia, myocardia l infarction, 

metastatic carcinoma, hepatitis, cirrhosis, renal disease, 

acute leukemia, hemolytic anemia, and infectious mon­

onucleosis, only to name a few. 14 The main thrust of this 

section will deal with the LDH activity in myocardi a l 

infarction. Total serum LDH activity will generally incr ease 

48-72 hours after the onset of chest pains in a suspe cted 

case of acute M.I. ~1ce e levated , the activity remains 

so for .ipproximately 8-10 days before returning t:o the 
12, norma l level. 



ln 1957 it was first recocnized that the LDH enzyme 

could be electrophoretically scp3rated into five protein 

fractions, and that each of the five isoenzyme fractions 

represented a tctramer containing varying combinations of 

two different monomers, Hand M, under genetic control. 

(S ee Figure 7). 

It has been suggested that the two types of LDH 

isoenzymes (1-1 + M) have different f unctional roles. 13 

The H type LDH is thought to functi on in cells with a 

degree of aerobic metabolism, whereas the M type is 

thought to function in cells with high rate of glycolysi s 

or with low oxygen uptake. Therefore , the 1-1 type should 

be located in muscles ready to perform a sustained activity, 

whereas the M type would be a constituent of volun tary 

s triate<l muscle geared for sudden activity. In other words , 

LDH5 predominate s in anaerobically metabolic tissue since 

in high concentrations it functions more efficiently thari 

LDH1 : by cont rast, LDH1 is dominant in a erobic tissue whe re 

high substrate concentrations do not develop. 13 

Fractionation of the LDII isoen zyrnes is usually accomp­

lishe d in one of four me thods: electrophoresis , selective 

heat denaturatj_on, use of substrate analogue, and biochemical 

inhibition. The most .common ,·,method ' is electrophoresis. As 

~ntioned previously, there are five ma jor fractions of 

LDH isoe nzymes separable by electrophoresis. These are 

designated 1 throuGh 5 in order of descending mobil ity , such 

that the fraction closest to the an ode is LDH1 and the fraction 

closest to the cathode is LDH
5

; 2 
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Serum LDH isoenzyrne values from healthy individuals 

are rclati vely constant and are shm .. rn in Table Lt. From 

this it is noted that normally LDII2 is greater than LDH1 • 

However, followinc an acute myocardial infarction, the LDII 1 

fraction is signif icantly increased, r esul ting in a "flipp -·d 

LDH1 /LDH 2 ratio." This flipped ratio occurs in 80% of a ll 

M.I.'s 48 hours after infarct. 8 

Finally, it can be mentioned with a great degree of 

certainty that the two isoenzyme determinations (CK and 

LDH), used in conjunct ior1 with one another, a re th1? only 

enzyme assays necessary to confirm or rule out myocardial 

infarction. 

D. Other Heart Related En zymes 

Used in the Di a gnos · s of Myoca rdia 1 I;1 f ar 0 ri.on 

Seve ral enzyme t ests , though not as specific as the 

CK and LDH isoenzyme · analysi.s pre viously mentioned, can 

be used to aid in the detection of myocardial infarction. 

Some of these heart related enzymes include GOT, GPT , 

HBD, PHI, and MDJ:T. The specificity of these tests may not 

be as great as with the isoenzymc analysis of CK and LDH. 

However, by the use of these enzymes, the physiciru1 will 

be able to follow the course of t he patient's progress. 

Electrocardiograms , used by many clinicians in the 

dete ction o f M.I., may be of little diaenostic value in 

patients with left bundle-branch block, with old changes 

which may obscure the interpret:ations, with intramural 



BAND 

LDHl 

LDH2 
LDH.._ 

.) 

LDHl~ 

LDHs 

TABLE l~ 

PERCENTAGE OF LDH IS OENZYMES IN 
NORMAL SERUM2 

MEAN S.D. 

22.0 4.6 

39.0 4.0 

27.0 {~. 3 

7.5 1. 0 

4.5 0.8 
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RANGE 

15.0-30.0 

33.0-51 .5 

20 .0 3~ r: _j. _j 

2.5-13.5 

0.0- 8. 5 



infarctions which may not change the ECG pattern, or with 

diaphragm::itic infarctions which frequently are missed on an 

ECG. Myocardial infarction and pulmonary embolism often 

exhibit the same clinical symptoms, and often an ECG will 

not distinguish between the two. 12 Necessary information 

for a correct diagnosis therefore can be provided by the 

use of enzyme analysis. 

GOT is elevate d in 92-98% of the cases of myocardial 

infarction with elevation beginning shortly after occurrence, 
. . 12 lL~ usually within 4-8 hours. ' A peak is reac~ed in about 

24 hours, and enzyme levels usually return to normal within 

4-6 days. 12 •14 Observation of the degree of elevation 

reached i s the prime interest to the clinician, as it is 

r oJghly proportional to the extent of the infarction. 15 

Serial determinations of GOT levels are usually taken for 

several days following an M.I. due to variation in time 

required for peak level attainment, and variation in time 

required for return to normal levels. 

The serum value of GOT cannot be used as an accurate 

indicator in the di_agnosis of an acute M.I. Out of many 

hundreds of cases of myocardial infarction, which have 

been studied, approximately 5% have shown no elevation. 15 

Stnce GOT is found in all tissu1=s, it is not unexpe cted that 

a false positive would occur in certain disease states. 

Aside from elevations seen in M.I., increased levels have 

also been seen in pulmonary embolism, congestive heart 

failure with infarct s of other organs, pancreatitis, skeletal 



muscle damage, and myositis. Thus an increase i.n GOT 

l evel is a manifestation of tissue necrosis and is by no 

means specfific for myocardial infarction. 12 • 15 

19 

GPT levels us ual ly remain near normal . or slightly 

increased in an acute M.I. Increased l evels may be obs erved 

when infarction is complicated by prolonged deep shock or 

. d' f ·1 1. · 1· d 12 congestive car iac ·ai ure resu ting 1.n 1.ver amage . 

HBD activity in s e rum is also elevated following a 

myocardial infarction. It has been reported that elevation 

of this enzyme is more specific and 111:Jre prol011ged than 

that of LDH or GOT, returning to norma l 16 to 18 days 

after the onset of the infarction, However, HBD activity 

is also increased in progressive muscular dystrciphy, 

nt?phrot ic S)'Tldrome, ma l ign2.nt :-r.c l c1nor..& , lymphorr,a, leuk0.mia , 

d l bl . . 15 an mega o astic anemia. 

Ma late dehydrogcnase (i'-IDH), which catalyzes the 

oxidation of ma late , is important in the oxidation proces s 

of cell respiration. It is found in cardiac, l idney, liver, 

and skeletal muscle tissue, as well as · in r e d blood cells . 

Following nn M.I. the level of ~IDH rises and falls rapidl y, 

much like CK. Howe ver, this assay is not widely used in the 

clinical J.a boratory, 12 

Finally, the only other enzyme used, which has 

significance for cardiac activity is the phosphohexose 

isomerase (PHI). This enzyme catalyzes the revers ible 

conve r sion of g lucose-6 -phosphate to fructose-6-phosphate. 

Elevation of PHI beg ins within . twelve hours . •and re1hnins : 



elevated for about a weel<.. Serum PfJI activity is also 

increased by malic nancy, and diseases of the heart, liver , 

and skeleta l muscle . 12 

E. Luciferin -Lucife rase Sys tem 

20 

The analysis of CK based on the luciferin-luciferase 

system involves t he phenomenon of bioluminescence . The 

original work on bioluminescence was done by Raphael Dubois 

in 1885, on the li eht emitting orgnns of a Wes t Indian 

beetle, Pyroparus. Of the three components n eP.ded for 

luminescence (lucifer in, lucifcrasc, and AT P ), two were 

i s olated by Dubois, namely luciferin and luciferase . There 

are many different sources of luciferin- luciferase sys ems 

l d f h . 1 . ·r bl 5 16 <.ncwn to ay , some o w 1.c 1 are seen 1.n a e . 

The firefly luciferase has been crystalli7,ed a nd has 

a mo l ecular. weip,ht of 82,600. 16 The structure o f firef ly 

luci. ferin also had been establ ished and is shown in Fi Gure s.16 

OH 

N N 

s 

1/0 
C 

"Oil 

Figure 8. Structure of Firefly Luciferin 
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TABLE 5 

SOURCES OF LUCIFER1N--LUCIFERASE16 

ORGANISM 

Firefly 

0s~racod crustacea 

Bacteria 

Protozoa (dinoflagellate) 

Sea Pansy 

Jellyfish 

SOURCE(S) 

Photinus 
Photuris 
Luciola 

Cypricline 
Pyrocypris 

Achromobact e r fisch erii 
Photobacte rium fischcr ii 

Gonyaulax polyerda 

Renilla r eniformis 

Aequorea 



W. D. Mc Elroy and his colleagues worked out the me chanism 

of the reaction as shown in fieure 9. 16 

This reaction leads to the excited state molecules in 

figure 10 which can go to an enol form or keto form. 16 

22 

The main reaction product, decarboxyketolucifcrin, is forme d 

in a single excited state and emits a quantum of light as 

it goes to the electronic ground state. The enol di.anion 

which is formed emits a yellow- gr e en light of about 562 nm, 

which is typical to the firefly. The keto forms emit a red 

light at approximately 6lL1. nm ,vhich is not charac-~cr-Lstic 

of any firefly forms. 16 
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Fig,ure.9. Mechanism of the Luciferin-Luciferase reaction. 16 



Fieure 10. 

ENOL FORM 

ENOL DIANION 
( firefly 562nm .) 
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Exc~~ed state re~eas~ mechan i sm for h luciferin-
luciferase reaction.16 t e 



CHAPTER II 

REVIEW OF THE LITERAT URE 

A, CK Isoen zyme Methodology 

As it is well documente d that the separation of CK 

isoenzymes can be accomplished by one of three methods: 

ion-exchange column chromatocraphic separation with sub­

sequent demonstration of en zyme activity, eleci~ruphoretic 

separation, or quantitatirn1 by differential substrate 

inhibition. 7 •17 •18 •19 •20 Each of the methods wi ll be 

plained in some detail, and conclusions will be. drawn on 

each. 

Separation of CK Isoenzymes by Ion-Exchanr,e 
Column Chromatography 

25 

The bas ic the ory behind ion exchange column chromatography 

i nvolves the process of revers ible binding of the macro ­

molecules (isoen zymes ) to an anion exchange r esin through 

the formation of electrostatic bonds between charges of 

oppos itesign on the isoenzyme s and the anion exchanger. 

The ion ex changer charge groups are fixe d and ir!tcract 

with the opposite charges on t:he isoenzymes. By changing 

the condi t ions, the isoenzyme s are released from the 

bonding ancl eluted from the column. 20 The firs t procedure 

is to e lute weakly held isoenzymes by introducing ha lide 

ions to t ake up t~e fixed charge positions of the ion 
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exchanger thereby releasing the macromolecules . Adrlitiono l 

elution can be obtained by reducing the net negat ive cha rr,e 

of the macromolecules by lowe ring the pH. The process is 

shown diagramatically in fieure 11 (a) (b) (c). 20 

Recently Mercer, 21 Nealon and llenderson, 18 and 

Yasmineh and Hanson 22 have all described ion- ex chanc;e 

column procedures for the separation and quantitat ion of 

the isoenzymes of CK. Because the CK activity is determined 

by a spectrophotometric, kinetic assay, the column assays 

are thought to be more sensitive than the conv8nti. ana 1. 

electrophoretic methods where densitometers or fluorescent 

. . 11 h f · · 23 scamung 1.s genera y t e means o quant1. tat1.on. 

This point was illustrated in the work of Yasmineh 

22 Rnd Hanson. wh c- 11sPr:l a con t i rn 1nus-erc1rl j ent e 1.ut~i on 

chromatoeraphy on DEAE-Sephadex A-50 indicating that the 

column technique is more s ens itive ·than e lectrophoresis 

on cellulose acetate, especially when the activi ty of a 

CK isoenzyrne is very low wi t:h respect to anothe r, as is 

the case of the MB isoenzyme after an M.I. In their 

experiments, one ml of do~ heart extract containing t~O U 

of enzyme activity was applied to a continuous gradient 

elution on a macro-column (1. 2 x 25 cm) of DEAE-Sephadex 

A-SO as shown in figure 12. As it can be seen, separation 

of the three isoenzymes, MM (97.2'%), MB (2.7%) and BB 

(0.15%) were excellent. 22 Elution of the isoenzymes were 

complete a t NaCl concentrations of 0.10, 0.20, and 0.30 

mol/lite r. Yashmi.nch and Hanson, also r an gradient elution 
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patterns on sera drawn from a patient about 18 hours and 

36 hours after the onset of an acute M.I. Figure 13 

(a) and (b) illustrate these patterns. 22 Values for the 

total CK activity, as obtained by a GE~SAEC centrifugal 

ana lyzer, were 752 and Lt25 U/liter, respectively. In the 

18 hour sample, the MB isoenzyme represented 6.9% of the 

total CK activity or the equivalent of 52 LI/liter. The 

corresponding value for the 36 hour sample was 2 . 6o/., or 

11 U/liter. 

Although Yasmineh and Hanson rec~ived good r esults in 

a relatively short period of time, they felt this system 

was not suitable for routine analysis because of the 

29 

numerous fractions of eluate to be analyzed for
1
Cr activity. 22 

Thus, in the ir laboratory the elution method was us ed in 

conjunction with electrophoresis to monitor the purity of 

CK isoenzyme fractions. 

In a more recent study by Sax, Moore , Giegel and 

Welsh, it was reported that the re exist electrophoret ically 

separab le bands which do not correspond to any of the thrE:<?. 

dimers of CK. 19 This phenomena was illustrated on e l ectro­

phoretograms of eluates from DEA£-Sephadex columns. Both 

the low and medium salt eluates demonstrated a sing le band 

located between MM and MB. (s E.<::: figure lL1); 9 Sax and 

g,t •al., obtained sera from a patient with a known M. I. , 

a high total CK, and an elevated MB and from a patient 

exhibiting an unexplained MB increase with normal total 

CY gave ident ical peak a ctivity e]uates from Sephadcx G-100. 
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The approximate molecular weights were calculated to be 

81,000, inclicatine, that the unusual Mn fraction i.s not 

a macromolecular complex and that it apparently does not 

32 

differ in molecular weie,ht from the usua 1 MM and ~m isocnzymc . 1 9 

The CK isoenzymes were also separated by electrophoresis 

using the Dade procedtrre with cellulose acetate, For 

development, the resulting NADI-1 reacted with nitroblue 

tctrazolium (NBT ) to yield a blue forma zan. Aga in, a sing le 

band, closer to MD , but still unmistakably more cathodal 

appeared. If creatine phosphate was omi t ted the b2nds did 

not result from adenylate kinase or non-specific tctrazolium 

d 
. 19 re uct1.on. 

From these experiments, Sax et. al., concluded that 

the s~r<l of a large nwnber of patients, most of whom have 

myocardial disease but not necessarily a recent ~I . I ., 

contains a CK isocnzyme of about 80i000 molecular wcieht 

that differs from ~M, MB, or J3B in effective cha rge or 

conformation or both. On ion-exchange chromatography , when 

the CK was eluted by both low and medium-salt buffer s, the 

single, unknown, band could be easily mistaken for the MB 

isoenzyme using this technique. So if usinB this technique , 

a falsely positive MB increase should be considered a 

possibility in patients demonstrating persistent above­

normal values for total CK. It is recommended to use a 

suitable electrophoretic method that clearly demonstrates 

this unusual isoenzyme to confirm or rule out actual increase 

in Ml3 .19 



Separation of CK Isoenzymes by Electrophoresis 

CK isoenzymcs have been clectrophoretically separate d 

on cellulose acetate, polyacrylamide gel , agar gel, or 

agarose r,el. Their activities are either measured 

spectrofluorometrically after they _are eluted from the 

ce l lulose acetate strip , or they are measured by a direct 

reaction of NADii fluorescence of the isoenzymes or by 
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reduction of the dye NBT to produce a blue colored formazan. 6 •8 •18 

Listed below are three common electrophoretic methods u s e d 

in the laboratory today . 

The firs t e l ectrophoretic method employs the use of 

a cel l ulose acetate support medium . The strip is pre­

soaked in a buffer for 10-20 minutes . Serum is appli e d 

to the strip and ele ctrophores e cl for 8-'] nd 11uU!S a i.. 3SC 

volts . The strip is then incubated at 37°c with the CK 

isoenzyme substrate which utilized the followin 3 reactions . 8 

(1) Creatine Phosphate +ADP~ CK 
> Creatine + ATP 

( 2 ) ATP· + Glucose ~ HK > Glucose - 6-Jhosphate + AD P 

( 3 ) Glucose - 6-Phosphate + NAD ~G-6-PD > NADH + Phosphoclucona te 

The amount of fluorescence of NADH produced by each CK 

isoenzyme is measured on a fluorescent densitometer . 

Another a l ternate detection method employed , using 

the same electrophoretic syst~m as outlined above , utili~e s 

an agar tray c ontaining a nitroblue tetrazol i.um (NIH ) dye 

and phenazinc methosulfate ( PMS) , in which the cellulose 

acetate is layered and a llowed to devclope . The NBT dye 
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is reduced producine, a blue formazan at the site of isoc n zyme 

acti v ity on the strip . The reaction step for this altcn1ate 

procedure is shown below : 

NA DH + N13T -< Pt'tS >- F orma zan (blue ) 

The membrane strip may then be scanned in a densi t ome ter 
2{~ 

usLng an interfere nce filter between 575 - 600 mm . 

An other electrophorctic method employs the use of an 

Jn this procedure , serum is applied to thin 

plates, electrophoresed, and is th2n l3yered 

of solution containing the reactants as ou t •· 

previous cellulose acetate me thod . After 

deve l opment, the gel p l ate may t hen be scanned with a 

Turner fluororneter mounted ·with a TLC automatic scanning 

a~arose c,el . 

agarose gel 

with 1 • 0 ml 

lined by the 

7 1., 
door , or observed visual l y with a U. V. l ight source .' ' ' 

Aga in the amount of NADI-I detected is directly proporU ona l 

to t he amount of CK a c tivity present . 

The final electrophoretic procedure to be demonstrated 

incorporates the usc of a polyacrylami<le gel. The poly -­

acrylamide disk gel is elcctrophor e scd in a Canalco Model 

12 apparatus at room temperature in c'.l Tris-glycine buffer 

at pH 9 . 2 for 50 minutes under a cons tant voltage of 10 

volts per tube . 5 After electrophoresis, the gels are 

immersed for lf.S minutes at 37°c in a substrate s olution 

s irni liar in rea ctants t o tha t discussed in the above two 

Procedures. Directly after substrate incubation , the CK 

bands arc developed by submerging the gels i n a solution 
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of NBT and P~iS. The to ta 1 activity of samples are then 

d . d b l C d A . d f 1 · I · S ' l <) e term1.n c y t 1c ~onn an n1. o . . uorometr1.c tcc1n1quc . 

Patterns obtained by electrophoresis utili zing this techni que 
c::: 

are shm ... rn in f igurc 15. ::> 

However simple a nd straigh tforward the me thods d escrib d 

above may seem to be , the scanning techn ique employed wi t h 

each had drawn some strong criticism. Several r easons 

why quantitative scanning may tend to be inaccurate were 

pointed out by R. Roberts et . al. , 25 and G.A. ~-Joss. 23 

These include : 25 (l) Isoe n zyme s ma y be distrihute1 asymmet­

rically in the e l ectrophoretic supporting medium so tl1a t 

se l ection of the position used for sca nning may influence 

results, (2) activity o f individual isoenzymes may be 

unuerest imate d because of limited diffusion of s ubstrate 

into the supporting medium or los s of NADPH or dye from the 

medium, and (3) a pparent activity of specific isoenzy mes 

may deviate f rom linearity with respect to time or actual 

activity because of disparate activities of one or more 

isoenzymes i.n a mixture. It is for these reasons that 

Roberts et . a l., has deve1oped and eva luate d a proce d ure 

fo r quantitat ive a n a lysis of CK isoenzymes designe d to 

elimina t e these difficult ies . The systematic procedure 

employed by Roberts et . a l., is outlined be low: 25 

1, CPK i soenzyme s were separat e d by cellulose acetate 
e1ectrophoresis , 

2. After electrophoresis , sect ions o f the cellulose acetate 
strips containing each isoenzyme were cut out, imme rsed 
in 0. 5 to 3 ml of the CPK assay me dium in a dispos ab l ~ 
cuvctte, and incubated at 25°c with constant shaking. 
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Control M. I. Norma l 

Figure 15. Patterns of Polyacrylamidc gel e l ectrophor~sis . 5 
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Incubation time and volume were chosen to provide linear 
reaction rates and sufficient fluorescence from NADl 'll 
generated by the isoenzymes on each selected portion 
of the strip. Analysis of 100 samp l es, e ach sections 
containing the three i soenzymes indicate d that the 
enzymes we re contained with the followinc; ree ions: 
MM, 4mm cathodal to 12 mm anodal ; MB, 12 mm a nodal 
to 37 mm anodal; RB, 37 mm anodal to 47 mm anodal. 

3. NADPH c;enerated was detected by s e rial meas urement of 
fluorescence in the aque ous medium in which the 
s e lecte d portions of the cellulose acetate strips 
were being incuba ted. 
To determine wh e ther NADPl-1 was elute d quantitative ly 
under these conditions they applied JO ~11 ali~ uo ts 
of samples containing known quantities of Ni\DPl! to 
moi s t cellulose acetate me mbra nes , allowed t h e sa1nple0 
to dry for 15 minutes, e lute d the NADPH fr om the 
strips under the same conditions a s t hose us ed i n the 
isocnzyme assay procedure a nd determ ined f l 1orcs c cn cc 
in the aqueous medium with use of spe ctrophotome t r y . 
To determine whether the i s oe nzymc a s say wa s 1 i.n c ar 
with r e spe ct to t i.me and e nzyme activity, a 1 i qu o ts 
of rabbi t skeletal mus cle CPK were applie d t o c e llul ose 
acetate strips but not separated by e l ectro phore s i s . 
Selecte d reeions of the st~ip were ct1t out a n d incubated 
in CPK rP-r1ctjon medium. Fluoresce nce in the aqueous 
medium was d e termini::: cl s ed_a lly \vith < n . min..;o-Bowm n 
fluor ome t e r while the cel lulose acetate strip was 
remove d transiently from the s olu t i on , . 
To a ssess recove ry o f j_s oe nzyme a c t ivi ty from c e lltJlose 
acetate strips , fluores cence detecte d with aliquo t s 
added t o the me dium its e l f was compare d with fluores c ence 
detected whe n correspondjng aliquo t s we r e assaye d in 
cellulose acetate strips immersed in incuba U on medium, 
To dete rmine whether ele ctro~1ores is a ltered r e covery 
of CPK activity , aliquots of r a bbit ske l eta l musc l e 
CPK were subjected to electrophores is before fluorome tric 
assay of CPK acti.vity in appropriate reei on s of the 
cellulose acetate membrane . Pe rcent recove ry was 
calculated by comparison with activity observe d wh e n 
correspond ing aliquots were assayed in solution . Re -
covery of MM and ~rn isoe nzymes in serum samples was 
dete rmined in the orig ina l sample a nd in s erial dilu1-ion s . 
Reliability of t he assay wet s examine d with huma n myo­
cardial supernatant fractions containing MM a nd MB-
CPK. Activities of each were de termine d 10 times from 
aliquots of the initial sample and 10 times each f rom 
aliquots of the sample dilute d to contain 0.2 and 0.1 
IU/ml. Accuracy of the me thod wa s a ssessed with solutions 
for mulate d ,vith selected quantities of BI3 and MI3 i soenzymes . 



The method described includes several advantaccs over 

the conventional scannine procedures . Since isoenzymcs 
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are assayed separately , reaction conditions can be adjusted 

to achieve linearity with respe ct to time and acti.vi ty of 

each isoenzyme. All NADPH cenerated contributes to 

fluorescence since it is eluted int o the aqueous r eact ion 

medium. Availability of substrate to each isoenzyme in the 

supporting med ium is faciliated by constant s haking and 

imme rsion of the supporting medium into the reaction solution . 

The problem of non-uniform distribution of the sample is 

eliminated since the entire rer,i on of the s upporting 

me dium encompas s ing each i s oenzyme is utili zed . Reactions 

are performe d kinetically. The method det e cts individual 

i soenzymes with an activity l evel of less than 0.002 J U/ ml, 

and hence i s capable of quantifyin~ isocnzyme s even when 

to tal serum CPK activity is not increased . Results appear 

to be reproducible . 25 

Dete ction of CK Isoe n zymes by Kin e ic Methods 

The method conventionally u sed for t he detection of 

CK t . . . . h f 01· 26 d d" f· db ac 1v1ty 1n s e ra is tat o - iver , an mo 1 1e y 

Rosalki. 27 Howeve r, this assay cannot be u sed at very 

low co~ccntrations of substrates due to a lack of sensitivity . 28 

Eppenbe r ger et_.al . 1 de monstrated that the MM and Bl3 isoe nzymes 

from both rahbits and chickens exhibited different kinetic 

Properties. 29 In the r e action CP + ADP ~➔ creatine + ATP, 

Km va lues \-Jere found to be lowe r for both ADP and Creatine 

Phosphate (CP) with the BB i s o e n zyfne. Whe n creatine 



phosphate was present in excess the BD isoenzyme was 

inhibited more than the MM isoenzyme. \,1hcn r eact ion r are s 

were compared a t high versus low substrate concentrat ions , 

different ratios of activity for the three i soenzymes w re 

obs e rve ct. 28 129 
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. B~s~d .on th~~6 results Witteveen, Sobel and DeL1 ca
28 

d e ve lope d a kine tic method to assay CK at very low su b s trate 

concentrations by measuring the amount o f ATP production 

with a firefly li[;ht-emit ti n g r eact i on , Thus the reacti on 

CP +ADP~ >- crcatine + ATP is followe d by coupline, the 

ATP f d . h l f . fl 1 · f · 28 . orme wi t t1e · ire y uci erase reaction: 

ATP + luciferin •! · o
2 

~<-....;E __ ➔ Oxyluci ferin + A~1P + Pri + 

co2 + hv, where Eis lucife r ase . 

Under. sel cted conditions the lighl c rn :i. ss ion a t c1ny .,, o r11(;! 11"L 

i s directly proportional to the amount of ATP present a t 

that instant. When CK, ADP, and CP are pres .nt in t he 

reaction medium , the rate of increase of light emis s ion 

is proportional to the rate of ATP formation. By using 

the Rosalki. method for CK activity at high substrate 

concentrati ons and the lucifcrin-luci fcrase react.ion at 

low substrate concentration s , it is possible to determine 

the ammmt of the three isoenzymes in a samp l e . 

\! · -- - 1 28 d l ~itteveen et . a ., measure the tota CK activity 

spec t rophotometri cally base d on the method of Rosalki. 

The luciferase- couple d assay was measured by light e mission 

in an Aminco -Chemglo photometer. The emiss ion o f light 



as a function of time was recorded on a Be r.kman r ecorder, 

To initiate the reaction 0,02 ml of ADP and 0.02 ml of 

CK sample were added and the base line li~1t emission was 

recorded, If myokinase was present in the sample, li gh t 

emission wa~; observed be fore the addition of CP, Thi s 

background light emission was subtracted f r om the final 

light emission observed upon the addition o f CP. The 

light output was measured for 15 second s a nd was Ii.near 

over this per iod, 

. F' . 16 28 
in 1.. gurc • 

A typical CK-luciferase a ssay i ~; s h own 

Acti vi. ty was expressed in a t-bi tr dry trn it s , 

The presence of myokinase in the serum seriously i nterfered 

with the luciferin-lucife rase system at high s ubstra t e 

concentrations, The Rosalki system , which includes O, 01 i'·l AMP , 

i nhibite d the myokina se, They found that this concen trat i on 

of AMP a lso inhibited luci.ferase and coulrt no t be included 

in the luciferase assay, However, at low concentrat i ons of 

ADP used routine ly with the luciferas e assay , the myok innse 

did not interfere , It wa s for thi s reas on t ha t th l uci fera s e 

assay was used on serum samples at l ow substr a te concentr a­

tions and the Rosalki assay at hi~h substrate con centrat i ons . 28 

\\l hen samples of rlM and l3B tho. t had the same activity 

in the Rosalk i. assay were assaye d at low substrate con­

centrat ions wi th the luciferase s ystem, Bl3 isoen zyme 

exhibite d a four-fold hieher activi t y than MM , MB exhibi ted 

intermediate a ctivity und e r these cond itions , 

In conclusion, lvitteve en et.o.hL28 found that the humcrn 

BB isoenzyme sh owe d a highe r activity th.111. MM at lower 
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substrate concentrations, while increasing the substrate 

concentration caused inhibition of the BB fraction, This 

may explain why the BB fraction is not often observed on 

cel lulose ace tate plates when developed with the Rosalki 

. d" 40 reaction me 1.um. The MB isoenzyme was found to be inter-

mediate between BB and MM in its kinetic propertie s. 

B. Activa tion of CK Isoenzymes 

by Thiol Compounds 

It is now commonly accepted that thiol activated 

creatine kinase assay systems measure CK activity more 

accura tely and more reproducibly than non-activated systems. 

However, some differences have arisen in the litera t t1re in 

regards to the nature and course of CK activation . Some 

thiol compounds have been reported to yield hi gher enzyme 

activities tha n others. 30 In the work of Miyada, Dinovo and 

Nakamura , findings were reported on the relative effectivene ss 

of mercaptoethanol , cys teine , glutathione, and dithiothrcitol 

in the reactivation of serum CK using the Oliver-Rosalki 

method. 3o 

Miyada, et. al., pooled human elevated CK sera and 

bubbled oxygen through the serum for 30-45 minutes to 

inactivate CK. The concentrati~.ms of the thiol compo11nds 

used in their study were 0.5, 1 .0, 5.0, and 10.0 mM. The 

BMC reagent system was used for their study because the 

activator could be added s eparately and thus would allow 

for selective use of different activators. Then 0.1 ml 



of the pool e d serum containing the inactivate d CK was 

added to 2.50 ml of substrnte at zero time. The reac tnnts 

were mixed and aspirated into temperature controll d 

cuvettcs. Absorbance measure ments we re obtained at 3t,.O nm 

on the Gilford 300-N Spectrophotometer with Data Li_s tcr 

l~00S. All of their reactions were carri e d out at 37°c 

30 including the pre-incubati on of reagents. 

As a result of thei r work, it was shown t hat a ll fou r 

thiol compound s did indee d reactivate serum CK, and tha t 
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CK activity increased ~ith increasin g act ivn tor conc c 11t ration 

· 1 . . . . . d 3o H D. d unt1. maximum act1v1ty 1s atta1ne . owever , 1.novo a n 

Nakamura found that al l four thio1. compounds rnaxirna 1ly 

reactivate CK at diffe r ent concen tration s . They d emons trate d 

that although r eaction line arity was observe d for all 

activators and at all conce ntra tions , the r e act ion rates 

with lower activator concent r a tions were only a ·f r a c tio1 1 

of the maximum rate . This attainment of lin e arity without 

attaining max imum enzymatic activity was obse rved wi th 

a ll activator systems and they fee l t hat it r ef lec ts either 

exhaustion of thiol activator or the attainment of an 

active-inactive enzyme equilibrium. 

The y also tabulated their results to show that the 

lag timE.; using the Oliver: - Rosalki method for CK measurement 

is de pe ndent upon the specific activa tor as we ll as its 

conce n tration. 30 (see table 6) He re they def ined l a13 

Phase as the time interv a l (lag time ) for an enzyme reacti on 

to atta in linearity, which includes the time necessary t o 

activate t he e n zyme as well as the t ime to attain stead y 



Thi.al Tested 

DDT 

Glutathi.one 

Cystei.ne 

Mercaptoe thanol 

TABLE 6 

CK ACTIVITY AND LAG TI ME 
VERSUS THIOL CONCENTRL\TIONJO 

Thiol Concentra tion {rnmo1Lli_t c r 2 
0.5 1 • 0 s .o 

Activity (U/liter) 590 717 721 
Lag time (min) 11 8 3 

Actj_vi.ty 337 616 71 3 
La g Time (min) u~ 12 s 
Activity 438 675 78] 
Lag Time (min) 7 6 3 

Activity 5t+8 793 985 
Lag Time (min) 13 9 !t 

1 0 . 0 

76 8 
1. 

750 
3 

818 
1 - 2 

781,. 
2-3 



levels of inter mediates when usinc a coupled enzyme system 

such as the Oliver-Rosalki mc thod . 30 Therefore from table G, 

it can be seen that lag time decreases with incrcasine; 

concentrations of thiol activntors, but that it is neve r 

eliminated. 

In another study by Morin31 using a ma croporous stronB 

anion exchanger for separating MM and l'-IB i. soenzyrnes of 

creatine kinase, it was also demonstrated that certain 

thiol activators ma rkedly enhance the activity of BD and MD . 

Ih · table 7, Morin point s out a comparison of s ulfhydry l 

activation on the three j_s oen zymes of CK as con tras t e e! 

l h . 31 to g utat 1_one. In his study, Morin, al s o demonstrated 

that M}'l is relatively stable up to t.,7°c. HB and Bl3 , how­

ever, become very uns tabl e at 44°c, losine virtually all 

activity in 10 minutes. Unfortunately, ;,m hybricij zes 

rapidly at thi s temperature to form the more stabl ~ ~~l 

and also shows a short-live d increa se in activity because 

31 of the formation of BB . The mean los s of activity in 30 

sera for Ml3 

' 
was 2~% in 2 hours at ambient t emper a ture , and 

84-% to 100~~. loss in 21~ hours refrigerated. The prompt 

addition o f 10 mM of DTT or ME per li ter allowed 96% 

recovery of a ctivity after 24 hours refriBcrat ion. 31 

Finally, Morin, points out t hat enhancement of activity 

by certain thiol compounds merits further study, both to 

determine whether the increas ed activity merely represents 

activation of inactive enzyme, a shift in active-inactive 

enzyme cqu il ibr ium,or an enhancement of t he activi t y of 



Isoenzymes 

MM 

MB 

BB 

TABLE 7 

COMPARISON OF SULFHYDRYL ACTIVATION 
ON ISOEN2Yi'H~S 31 

Cysteine DTE DTT 

1.00 1.06 j • 05 

1 • Ot1 1. 4-0 l • t, 3 

1.03 l. 91 1. 89 

46 

: ME 

1 • 08 

l • 4-l 

1 • 92 



47 

already active enzyme, and to further assess its potential 

1 
. · . . . 31 as a too J.n quantJ.tatinr, 1.socnzymes. 

C, Elevated CK Levels Can be Misleadinc 

Although elevated serum crcatinc phosphokinas e activity 

is well known to be a sensitive detector of myocardial 

necrosis, caution must be used and consideration given 

to the many conditions that may affect it, The clinician 

must becognizant of these pathological conditions, and be 

careful not to b~ misled in his diaenosi s , 

It is well known that creatine phosphokinase is found 

in various organs of the body with the hi.ghGst cone 'ntra i on s 

in skeletal muscle, myocardium, and brain, and to a lesser 

extent in the k idney , bladder, bowel, lung, uterus , and 
~ l) 

gastroi.ntcstional tract ,~ 1
/ 

Nevin, gj::. al., showed in their study or fift · con-

secutive patients adrnjtted to the coronary care uni t ( CCU) 

that of the 15 patients with transmural infarction, the 

mean maximum CK l evel was 605 IU/1:i.ter usine a n ultraviole t 

spectrophotometric method (modified Oliver-Rosalki me thod) 

in which the normal ran[;e of CK was r eported to be 0 t.o 50 

IU/1.iter . ( see table 8) Maximum CK leve l w;is generally 

achieved within the first 24 hours. All patients had 

maximum e l evations at least twice the upper limits of 

normal,3 

Of 12 patients with prolonged ches t pain due to coronary 

disease , the mean max imum CY level was 1~6 IU/liter, The 



ii of patients 

Mean CK (IU / L) 

Range (IU/ L) 

% Twice Normnl 

TABLE 8 

t-'u\XIMUM CK I N so CONs5cuTIVE 
CCU AD MISS l ONS 

Final Diagnosis 

Transmural Sube ndocard i a l 
MI Infarction 

15 12 

605 14G 

100-1 , 500 Ui--580 

100 25 

48 

No Cu.rd i.:1c 
Jschcmia 

23 

69 

lG-215 

22 



pathological findings in these patients at the time of CCU 

discharge was subendocardial infarction or coronary 

. ff. . 3 1.nsu · · 1.c1.ency. 
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The third group consisted of 23 pa tients who had 

symptoms due to disorders other than acli:tt:ie coronary cl is ea s e 

such as congestive heart failure, syncope , pericarditis, 

arrhythmia::;. or cholc cystitis. ]n this ~roup the mean 

maximum CK level was 69 IU/li t e r, 3 

Of the five patien ts in the non-coronary catc i_; ory ,vi th 

CK elevation 8reater than two time s normal, two ha d t achy ­

cardia, two had received recent i ntramus cular injec ti on s , -

and one had experienced chest pain afte r strenuous snow 

shoveling , Tachycardia , injections, and exe rcis e a ll arc 

potP-nti;:i.1 c ;-i uses of el.evnted CK l evel t ha t must be excluded 

b f 1 • ct· . f d" 1 . 3 e · ore ma,u.ng a 1.agnos 1.s o myocar J.a n c cros 1.s . 

Elevations in CK levels ma y al s o be obs e rve d in mus ·1 

disorders such as , in all forms of m11scular dystrophy , a s 

well as polymyositis and othe r myopathics, Several clinical 

forms of n~opathy occur in alcoholic pati ents whose CK 

leve l may be elevated in about 75% of th e cases and may 

achieve l evels as much as 8 to 29 times normal. The 

pathogenes is of al coholic myopathy is unknown, but alcohol 

npparencly has a direct toxic effect . 3 

Muscle injury due to trauma or sureery, may caus e 

markedly increased CK levels. After a n operation the maximum 

CK leve l occurs from 24 to 48 hours, and normal results may 

not be obs crvc cl for four or five:. days. 



Intramuscular injections are an important cause o f 

serum Cl' elevation , 3 Some injectable drugs that have been 

known to elevate CK are liste d in table 9. 

A rare, but frequently fatal , cause of hi Bh CK l eve l 

is the syndrome of malignant hyperth e rmia, in which seem-

o ingly normal people develop a temperature as high as 11 2 f 
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during r,en e ral anesthesia , apparently because t he a n esthetic 

precipitates an acute metabolic r eaction in ske l etal. nus cl0 . 

It is believed that this tendency in some families is 

genetically transmitted a s an autosomal dominant trai t . 3 

Another important area of CK e l evation is found in 

neurologic and psychiatric disorde rs. It is we ll docum8nted 

that the brain, after h eart and s ke l eta l musc le; i s ~h E 

richest source of CK. 317 P mong these neuro l o 0 ic disord e rs 

that are capable of CK elevations as much a s 100 t: i mes 

norma l are subarachnoid h emorrhage , s trokc, head inj11ry , 

b . 1. . . . d h 1· · 3 , 7 r ain tumor , con vu s 1.ons , men 1ng1_ t 1.s , an enccp a . 1 t1. s . 

In patients suffering from acute psychosis, e l e vations in 

CK l e v e l were 2 to 35 times normal, but r a r e l y were ab­

norma l values seen in n e ur otics or lonG- tcrm p s ychotic s . 

Othe r conditions which may cause elevate d CK l e ve l s , 

but to a les s er extent than those previously mentione d , 

are l1ypc.,ka l emia, pulmona ry dis ease, hypothyroid i s m, pro­

longed coma, e clampsin, h e morrhag ic pa ncreati t i s , ganerene 

of the ~a ll bladder , panc~eat ic carcinoma, dia betic 

kctoaci closis , electric countershock, urologic procedures , 

radiothera py, sleep d e privat ion, and dis secting aneurysm . 3 ' 7 



TABLE 9 

INTRAl'lUSCUlAR INJECTIONS \-JHICI-1 ARE 
Kl\0.-JN TO CA USE ELEVATED CK LEVEI..S 3 

Carbenicillin disodium 

Arnpicillin trihydrate 

Chlorpromazine hydrochloride 

Lithium carbonate 

Furosemidc 

Morphine s ulfate 

Meperidine hydrochloride 

Chlordia?..epoxide hydrochlor id e 

Trimethobcnzamidc hydrochloride 

Dexamethasone 
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So as it can be seen that, be cause of the lack of 

specificity of CK determinations, the clinician must be 

~ware of the many condi ions which affect the r e sults . 

Referral to othe r more spe cific t e sts such a s CK I s ocn zymes 

may be the rule of thumb. 
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CHAPTER IIJ 

MATERIALS AND APPARATUS 

A. Materia l s 

All serum samples used in this study were ob tained from 

either the James on Memorial Hospj_tal or the Youngstown 

Hospital Association, Norths ide branch. The sampl8s wcr0 

procured from each hospital after the ir dail y run ,,·as 

completed , Only those samples which exhibited abnormally 

hi gh values of CK were studied for a possible d i agno0 i. s of 

M, J ¢ Thes P samp i.r::>s wPrP usu;-1. J J y a 1i_q 11ored ;_ n G. S : o 1 . 0 ,111 

quanti U es and if not ana lyze d the same cl.1y, t h e y her kept 

frozen f or no longer than one we k . 

Also obta ine d fr om the Jameson Memorial Hospj_ta l and 

St. Eli zabeth ' s Hospital were varj_ous cord blood spec imen s 

from the hospital's maternity ward . These samples were 

especially benefic jal in this study, for it was be lie ved 

that the cord s era contained all thr ee fract ion s of the 

CK isoen zyme s , name 1.y MM , MB , and BB. With this possibility 

in mind, it was thought tha t the cord sera could be pooh~cJ 

and used as CK isoenzyme markers , All cord blood was 

Obtained from the maternity wa rd usually within one hour 

after de livery. The specimen was then centrifuged at 2800 

rpm for 10 minutes , a liquotcd in 1.0 ml volumes and frozen 



until electrophoretic analysis was pe rformed. AGai.n, no 

sample was k e pt froze n for more than one week b e fore th 

analysis was pe rformed. 
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Other samples us e d in this study included var ious 

commerica1ly prepare d control refe r e nce sera as t hose li s ted 

below: 

Phadebas Reference Huma n S e rum 
SMA Re f e r e nce Serum 
Pre cipath E 
Validate 
Validate A 
Enza -Trol 
Hel e na Control Sera 
Si gma CPK J s o trol 
Kemtrol ( Normn l) 
Kemt rol (Abnor ma l) 

These crn1trol sera were reconstitute d by followin g the 

l o beled ins truction s printed on each vial. Once recon st i. t11tccl, 

the analysi s on each wa s carrie d out the s a me d a y . 

Antonik Labora t orie s, o f Elk Grbvc Villa g e , I Jlinoi s 

s e nt two kits in orde r to ass i st in thi s s tudy . On e ki t 

containe d 48 tube s for total CK analys i s . Ea ch tube wa s 

rec onstitute d for u s e by the a ddition of 3.5 ml of deion ized 

wate r. The othe r kit obtaine d from Antonik Laboratorie s 

conta ined 24 tubes of lucife rin-lucife rase to be us e d i n 

the d e velope r syste m of the biolumines c cmce technique . 

The s e Antonik tube s we re store d in the cold room ·( s 0 c) whe n 

not in us e , 

Also r e ceive d from the Boe hringer Mannheim Corpora t ion 

(BMC) we r e two kits for total CK analysis from the ir U.V.­

lO s yste m. These vials, whe n reconsti.tute d with 2.0 ml 



of 20% sucrose, ,vere used i.n the de veloper system of 

fluores cence usi.ne the Helena technique . The c vials were 

reconstituted, as needed, each day and discarded. The kit 

was stored in the cold room wh e n not in use. Stability of 

the BMC kit was approxima tel y one year. 
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All water used in this study, either for reconstitl1tion 

of the control ser a, recon s titution of huff rs, or the 

preparation of solutions, was distille d-d e ionize d. 

The buffer used for electrophore sis system was r ece i. v e cl 

from Helena Laboratories of Beaumont, Texas. Their buffe r 

was diluted with the specific amount of deioni zed wa t e r as 

outline d in Chapter IV, stored in the c old room when no t 

in use, and prepared once every month. 

All other reagents 11s ed such as the sucrose , di:J:d .o thrc ito1 , 

trie than olamin~ , \i)P, cre c.1tine pho::-phate , glac i a L acet 1 c 

acid, and magnes ium acetate were r ~agen t gr ad~ . 

Fina lly, the heat ina ctivated serum used f or th e 

dilution of the control reference s pe c imen s wa. obtained 

from t he Jameson Me morial Ilos pi ta l. This he at i.nact iva t ecl 

serum was pre pare d fresh da ily by pooling the sera from the 

hospita l's morning run, and heating it to 56°c for 30 

minutes in a water bath. 

B. Apparatus 

The apparatus us e d for the de termination of the total 

CK Value by kinet ics was t:he Perkin Elme r Double Beam 

Spectrophotome ter Model 124D a t the J ames on Memorial Hos pital 



in New Castle, Pennsylvania. 

For the fluorescence technique of CK isoe nzymes the 

system by Helena Laboratories of Beaumont , Texas was us ed . 

This system contained all the necessary i.tems to carry 

out the electrophoresis. To scan the fluores c ent strip, 

the Quick Scan Flur-Vis densitometer by Helena was also 

used. 

In the biolumincscence technique for the total CK 

values a Turner Model ffl 11 Fluoromete r was us e d. To s can 
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the cellulose acetate strip for lumines c e nce of t he l uc ifcri n­

luciferase system a piece of cardboard paper with black 

tape wrapped around it was inserted to block the prima ry 

U.V. light sourc~ . The moist cellulose acetate plate wa s 

then taped on a Turne r Ca mag TLC S canne r , r!ode l 2 ami 

scanned for l umille.scence . f 01.· a quan Li U ve mcasurernen t 

of the lumine s c e nce strip, a Linear In strume nt s In teg rator 

Recorder Model # 252 from Linear Instrume nts Corp orat ion, 

Irvine, Califor nia was used. 
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CHAPTER IV 

EXPERT MENTAL 

A. Pre pa r ati on of Solut ions 

During this study a numbe r of solutions were prcpar d . 

All water used in the pre pa ration of these solutions a n d / 

or buffers was distilled-de ionized, w1le ss othe rwi se 

indicated, 

The fir s t solution prepared was the HR buffer us e d fo r 

e l e ctrophores is , Orig inally Helena Labora t.orj s s n.id 

to dissolve one packet of HR buffe r in 2000 ml of deion5zcd 

wa t er . El e ctrophorct ic d eten ni.na ti ons we r e r un s i. ng both 

buffers, and no app e ciable difCerenccs i_n mi 3 r arton or 

res olution were note d. Once prepared , t hi s buffe r was 

kep t in the cold room , and prepare d monthly . He 1c na 

Laborator i e s s ugeest changing the chambe r buffer daily , 

but the same buffe r may be used up to 10 times i n a sinel 

day, 8 

A twenty perce nt solution of sucros e ( w/ v) wa s prepared 

for us e in the reconstitution of the B1•iC-CKP substrate 

vial and the luciferin-lucife rase tube . The s ucrose 

solution was not essential in the reactions of either system , 

hut was u sed to decrease the amount of diffusion in both 

8Y&tcms . The solution wc1s k e pt jn th cold room, and kept 

approximate l y one month or until mold growth was observe d. 



Anothe r buffer employed in this study was a 0.100 M 

triethanolamine (M,\·L 149, 14 c,m/mole ) solution, This wa s 

pre pared by adding 1.33 ml of the triethanola mine to 80 ml 

of 20°/,, sucrose, adjusting to pll 7 .0 wi t h 5~~. glaci a l acet i c 

acid, and adding a dditiona l 20'% sucrose to bring to t h e 

mark using a 100 ml volumetric flask . This solution was 

also kept in the cold room and prepared once a month . 

The initial d e ve loper for t h e luci fc rin-luci ferase 

system was prepared in 10 ml aliquots and k e p t in t h c o l d 

room for 2-3 ,,.,eeks. T~1e const itue nts of the d eve loper ancl 

their conce n t rations are listed be low: 

0,03 5 }I Creat ine Phosphate 

0,030 M Magnesium Acet a te 

0,001 M ADP 

0,005 M DTT 

Howev e r Szasz , 32 et , a l., re-examined a ll kin c t i 

factors rele vant to an optima l and standardi zed enzyme 

as say at 30° a nd 25°c. 

The y found that the optimum pH ranee for creatine 

kinase activity falls between pH 6,5 and 7.0 with pll 

_ 32 
9p timum at. pl-I 6.7. I n a comparison arr.one, five cli.ffcre nt' 
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buffers ( tab l e 10), all at 100 mmol/lit e r concentration ancl 

pH 6,7, showe d almost identical c reatine kinase activity in 

irnidazo le and triet.h a nolamine , whereas ·in · MOPS, MES, and 

PIPES buffe r s slightly to s i gnificantly lowe r activity wa s 

measure d, 



59 

TABLE l 0 

EFFECT OF TYPE 0F BUFFER ON CREATI NC KINASE . ACTJVJTY 32 

Imidazole 
Acetate 

Triethanolarnine 
Acetate 

Sodium 
MOPS 

S ocl it 1m 
~1E:S 

S orl i um 
Pll'ES 

166 u/1 165 u/1 163 u /l 159 u/1 1. 50 u /1 

Further studies showed the creatine kina se activity i ncr "c'.J Sc s 

up to 30 rnrnol of creatine phos phate per liter, and at 

greater conce ntration s inhibit ion wa s obs e rv0d, ADP 

concentrations of 2 mmol per liter eave maximum c rcatine 

kinase activity , bu t no inhibition of activity was s een 

up to~ mmol per liter of ADP . 32 An oth e r 0ssert · ~ 1 i.tcm 

for creatine kinase activity i s mae,nc s ium ions . ·." i. t h out 

added magnes ium salts only 10% of the max imum act i v i ty wa s 

observed ( Fieure 17). The hiGhe s t activity was ob t ained 

with concentrations of 10 to 20 mmol/lite r. 32 The final 

substanc e pe rtinent to their study was the reactivat ion of 

creatine kinase in scrum by the addition of sul fhydry l 

reaeents, Szasz , Gruber , Bernt e t.al., pointed out that 

such a sulfhydryl compound must quick ly reactivat e the 

enzyme without interfering with the measureme nt, c'.JS well 

aspoffiess ing qualities of practicabili ty , solubility, and 

stability, Of the 27 thiol compounds the y tested, N- acetyl 

cysteine was most suitable at a concentration of 20 mrnol 

Per liter.32 
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F'ieure 17. Effect of Magnesium ions on Crea tine Kinase 
activity.17 
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Takine the sugeestions as outlined by S zasz , ct: . a l., 

a n ew de veloper ,,m s prepared for the luciferin -luc i [eras e 

system. The constituents of the deve lope r and the n e w 

concentrations are lis ted below: 

0.025 M Creatine Phosph r1. te 

0.015 M Magnesium Acetate 

0.002 M ADP 

0.005 M DTT 

These compounds were then d is s olvcd in a O. 100 l tric r han ol arni.n c 

buffer, adjus t e d to pH 6 .7 with 5% glacia l a c e tic acicl e , 

stored in the cold room and pre pared on 0 a month. 

B. Ce llulos e Ace tate Ele ctro1 hores i s of C: ~ 

The electroplloretic procedure for CK is oen zy1:K~ ,_. , a· 

outlined by He l ena Labora t ori s used in thi s wor k , i s 

rath e r simp1 e and stra' ghtfon-;ard . The lfe ena Cl' ·j ,;oc•w.ymn 

procedure s utili zed the follO\vine r ec:t cti on s : 

l. 

2. 

3. 

CK Crea tine Phospha te + ADP ~---> Cre.:.1 ti ne + , 1 J> 

ATP + Glucose < HK ➔ C' 1 6 n 1- 1 + iln J.., , .ucose- · - .i: tlOSp 1a te n 

Glucosc--6-Phosphate + NL\D Q- 6 -P13, NADH + Phosphog Juconate 

The amount of fluorescence of NADH , which is direc t ly 

Prorortional to rK acti vity, is rn~a s ured on a Hel e na 

Quick Scan Flur-Vis dens itome ter . The total time ne e de d 

for 8 the procedure is approxim~tely 45 m5nute s . 

Jn the r sul ts section which follow s , it can be a ssume d 

that a 1.l serum s a mples and controls were e lectrophoresed 
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~xactly as shown below: 

1, Pour 50 ml of buffer (HR diluted to 1800 ml) in each 
of the outer compartments of the electrophoresis 
chamber. Wet two disposable pape r wicks in rhe huffer , 
then dra pe on e over each support bridr,c mo.kin(' sure 
it makes buffer contact . Chamber i s now ready for 
electrophoresis, but should be kept: covered wlli_ le not 
in use. 

2. \'Jet the reciuired number of Titan III-Xiv Zip Zone 
Plates ( each plate holds 4 sampl e s ) by lowe rinG a 
rack of strips into buffe r (HR dilute d to 1800 ml). 
Soak strips approximately 20 minut e s prior to 11se . 
Prior to wetti.ng a strip, it may be codcrl by nark in~ 
on the glossy, hard ( ~ly1ar) s ide wi.th a Sharpie ~l2rker 
or crcnce pencil. It is suggeste d that the mark be 
place d in one corner so that it can lntcr b e u seci 
to he lp distin3u is~'l the mu1 tip l e s.:implc. • t t Lhi s 
time, foi each strip to be used for electrophoresis, 
soak a n additional Titan IJI-XW strip for the dev0lop ­
mcnt phase . 

3. Us ine, the Microd is pens er , f i 11 ever_, other we J l in 
the Sample Well Plate with 5 µl of sample. For 
economy and convenience , do not change the bore 
wi t.h each new samp l e , merely wash it our ,1 i th wa i- er . 
C c,vL➔ :r.' the-! .Sa1 npif-~ \v8i l r;1ci. : 0 wit:h P... ~>, lRs s s l · cc if 
it is not used within 5 minutes . Note: \ 1-1 e l. n a c1~ 
Isoenzyme Cont ro l should be run on e very p l arc , 
Anoth rr enzyme, r-ly ol<.1_113.se, which ca ta ly ~ e. ·chc:: 
r eac tion 

2 ADP ~Mvokinase ~ AMP+ ATP 

is often present in human serum . Since myokinnse 
uti lizes ATP , as does the CK reaction , it wilJ also 
produ""'e fluorescence when prese nt. One myol<inase 
isoe n zyme migrates with albumin just ahead of CK IJ 
( MB ). Even thout3h the myol,inasc band i s compl ete ly 
separated from CK 11, Rn .inexperienced ob sc>rve r mi6 ht 
confuse myokin6s e activity f or a myocardi a l infarction . 
The He lena CK isoenzyme control shows you exactly 8 where CPK migrates and prevents confusion with myokinase . 

4. Load the appli cator by depressine the t5ps into the 
sample we ll s 3 or 4 times . The first loadine s hould 
be wiped off wi t h a paper towel . This primF!S the 
applicator and the second loadinc is mu ch more uniform. 
Cleaning the Zip Zone Applicator prior to s arnple lo.:icline 
with Zip Zone Prep (dilu te 5 drops of concentrate with 
100 ml of ,va t er) insures a uniform sample loading and 
thcr fore unifor m application. Once the applicator i s 
load cl, it mu~t be used within 15 seconds . Move quickly 
throuch t he next two steps. 
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S. Remove the wetted XW plate from the buffer with fin ger 
tips and blot firmly once. Quickly phi.cc the strip -
in the Alie,nin0 13asc cellulos e acetate side up . One 
end of the s trip should alie,n to the top of the Align in g 
Base ( Helena Laboratories printed on the bottom) to 
yie ld an application 1 inch off t he cathodic e nd . The 
Sharpie pen mark should be on the left s ide . 

6 . Depress the applicator tips once more in to th e s ample 
wells to insure maximum pick u11. Now promptly tran s f e r 
the applicator to the Ali~ning Base . Pre ss the button 
quickly and hold the but.ton down 5 sec011ds . Rcpcc1 _ 
3 more times f or a total of 4 applications. 

7 . Quickl y place the strip, cellulose aceta te sid e d own , 
in the chambe r , turn time r to 8 minutes a nd adjust 
voltage to 35 0 v . , Power must be applie d wi t hin 2 
minutes after a strip has been placed j_n the cha mbe r . 
Powe r is aut omatically cut off at the end of t h e ~imc 
period. 

C . Developmen t Techn]gue 

The developing substrate to be used in the utl1av 1.ol , t 

(L' ' ! ' • 1 • t ~ 'J ~ T • • • 
, 1 . \ • ; l° l:;;! cnn1.q ,1~ \ ,/n • no 1 r-0111 h e H :'l 1,1 J .anori-1. 1 or u: s , Du l l l' O ITI 

BMC Cat . # 157 90 , The constituents of this deve lope r arc 

listed in table 11. The de\ elopm •nt pha se of tbc c e llulose 

acetate plates was carried out exactly as shown below : 

The Steps for Ultravi ol.et Deve lopment Were : 

1. The developing substrate should b pre pa r e d 10 mi_nu es 
pr i or to use or imme diat e ly befor e t:he srart of 
ele ctrophoresis . /\.dd 2 ml o f 20~., sucros e to a vial 
of B~C CV substrate and mix thor ouBhly. Note : Sucros e 
i_ s not esscnti.a l in the reactions and only ac ts to 
decrease di f fusion . 

2. Two minutes before the electrophoresis run is complete , 
firmly blot a we tted Ti t a n , I I I - :X\v p la tc and place 
cellulose a cetate side up, on a blotter pad . Let 
pJa te air dry for 30-60 second s . Pipette l ml of 
substrate onto surface of plate , and spread over he 
?urfacc by tiltinr, the blotter . Le t substrate s oak 
Jnto pore s of the membrane for 1 minute . 



3. Immediately after e l ectrophoresis , remove the 
electrophoresed strip from the chamber . Lightly 
blot and layer it, ce llulose acetate s icJ down, ove r 
the subc; tratc strip. The best teclmiciue is to toucl1 
one edee of the strip to the so lu tion first, then 
gradua lly lower the remaininG portion o[ the s tri.p 
onto the de ve lopment plar:c in such a manner a~, to 
a void excess ive strip movement while the str i p is 
in contact with the substrate solution . 

~. Blot off the excess substrate solution . Press rhe 
plates and blo tters between glass slides . 

s. Place into an incubator at 3z0 c for 30 minutes . 
Note: Temperatures up to l'.tS C can be us e d and will 
increase activity . Howeve r, an incr~ase d amo int 
of i soenzyme diffusion ancl ba cl<ground fl uorescence 
may be encountered at hi her temperature. 

6 , Af ter the development is complete , blot and ciuickly 
dry the str i p with a hair drye r until the c o1pletc 
strip turns white . 

D. Detection and Interpretation of Results 

Ir1 this s tudy a. U. V . li g,h t source ,,,2- s used to visw1 l i,:.c 

CK a ctivity. However , sin ce a smal l amount of Cl' 1J ( M!3) 

activity is often found in normal serum, th:i.s method i s 

not very reliable in detect i ng mild myocardi a l infar cts. 

Quantitation , therefore , was carried out in the Hc l.e na 

Quick Scan Flur-Vi s densitome ter to accurately measure 

the scanning pa tterns. By this method t he Cl.: i soe nzyme 

activity was r e ported in terms of % of tota l br IU/ 1. 

Interpre tation of the results were obtaine d in 

one of two ways , visua lly or by fluorec' c ent scanning . 

When the U.V . lamp was used t o visualize the CK i s oe n zyme 

activity the fol lowing scan pattern in figure 18 by Helena 

Was used as a representative sample . 



MM MB BB 

M. I. 0 g , 

Control D ' 
Normc:l ~ 

@ 

Ischemia, 1'1. I . '? ! ' . 

Fir;ure 18. Representative CK i s oenzyrnes pattern by 
He l ena Laboratories . 
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When the results we re obtaine d by fluores cent scanninr, , 

the normal range , set up by Gambino and Galen , were follow~d 

(MB fraction, 0-3%). 9 Three typica l patterns obtai.necl on 

the Quick Scan Fl ur-Vis den s i torneter arc shown in figur e 1 <) . 

Once each sampl e was scnnned , the area und er cr1.ch 

peak was intecrnted • and the results were report ed out 

as a% of the total or in IU/Lit e r. 

E . Elcctrophoretic JJroceclure as Outlined 

by the l .ucifcrin-Luci [ erase Sys tern 

As it ,vas shown previously, t hi.s phe nomena of hio-

luminescence involves three main chemi ca l specie s : ATP , 

luciferin , and luci ferase . With the concentrations o f 

crea tine phosphate , ADP , and Mr;+++ in the L-L Sys r ern 

l>eing constant:, the amount o f L\TP produced de1ends Jpon 

the amoun· of CK in the sample. 

The e l e ctrophore t i c proc dure used here \\1as e xact 1 y 

tho s ame as previously outlined in the secti on dea 1ing 

with che He l ena System . Bri ef ly, s erum wa s applj_ ed f o11r 

times to a buffered cel lulose acetate Ti tari III-XW plate , 

elcctrophor sed for 8 minutes at 350 vol ts . 

1 • 

2. 

The Steps in the Luciferin-Luc:j-ferase 
Deve lopment Meth ~)d were: J 1 

< 

As elec rophoresis continues , 0.3 ml to 0.7 ml of 
di stilled water i s added to reconstitute t he luciferin ­
luciferase . 

The Tita n JJI - X\v plate is then blotted, after which 
~he entir amoun t of recunstitut d lueiferin-luc i ferase 
18 added to the plate which is to be develope d. 
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Myocardial Infarct i.on Pattern 

Normal Pattern 

Control Pat t ern 

Figure 19. Quick Scan Flur-Vi.s densi tometer patterns . 



3, The Titan III plate is then placed on the Tur ner 
Cama~ S conner and ana ly zf'd over periods up to l 12 
hours . 
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The de tection t e chnique involve d wi t h t his system 

employed the use of a Turner Model 11 1 Fluorometcr with 

Camag TLC scanner , Attache d to this fluorome ter wa s n 

Linear Instruments r ecorde r , which a l lows for qu anti.tat i on 

of results as well as a visual picture o f the s e para tions 

obtained . Also be cause of problems found in gcttinr, good 

separations , many times a vi.sua l indi cation by a U , \ . 

light source was us ed . This was performed to be sure 

that s e pa r at ion had occured befor e biolumin cs ccn t der-cct j o11 

of the peaks wa s tried , A scanning s peed of!_;; in . / min . 

was used on the Turne r TLC Cama~ Scanner and the Lineri.r 

1itsi.:rurne11i.: s Rt::coni er.· 11 ,ainrainc>d ::i cha rt sp E~ Pc.l nr :~ i.n, / rnir~ . 

These above two sett ings wer e a lways u ced unlos s oL 1E:r,,,r i. s..., 

3£'.1 noted . 
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CHAPTER V 

RESULTS AND DISCUSS JON 

A. Dete rmi.nat ion of the Tot a l CIT Value 

of the Helena Control 

The ini tial step taken in t his study w;:is to determine 

the total CK activi ty of the Hele na Ts oenzymo Control Scrum . 

The control serum ,vas ourchas e d from U l c na Lctbor, tor ic s 

in Beaumont, Texas . Accordine to the pa ckc.ie' in sert , t-h c 

control, as ana l yzed by the Clinicard Syst m had a total 

CK activity of Li2L~O I.U, with a norma.l ranee of 11-205 J . U. 

This value ,vt.1s to be otaine d if the cont r ol v i a l \vcL 

r econs tituted with 0,5 ml of di s tille d or dc i.onizc~ wat e r. 

However , s ince no Clinicard System was a va il-bl e fo r 

comparing CK activity of various other con-rol s .ra with 

the Helena c ontrol s e ra , two othe r metbods were us e d , Th0 

two procedures employed were t he UV -system CK f rom Boehrinecr 

Mannheim Corporation (Cat , No . 15790) and CK s ys tern from 

Antonil- Laboratories , Elk Grove Vil l a.ge , J 11 inoi s . 

The method o f assayin g CK act ivity by the BMC proce dure 

Utilize J creat ine phosphate and ADP as substrates instcc:i.d 

of crcatint:: o.nd ATP. The method was init:ially devi s ed 

by Oliver, 26 l a ter modi f ied by Rosa lki, 27 and further 

modi fied f or opti1n-1 l subs trate conclitio11s by Bcrern2yer . !+l 

It is on this modification tha t the BMC assay is based. 35 
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This methodol.oey has a faster reaction rate in the so 

called "revers e re.'.lction" which m.1kcs the t e st more, sens i tive: , 

thereby allowing the test to be performed with small er 

sample volumes . 

In this system, the formation of NADI-1 i s meas111.- e d 

kinetically, where the rate of formation i s djrectl y 

proportional to the CK enzyme activity, 

The components of the BMC substrate system are li sted 

in table 11, and those of the BMC buffer sy · tem are li s t e d 

be low: 

100 mi'! Id cthanolarnine buffer , p~l 7. 0 

20.8 mM D-glucose 

10.4 mM Magnesium ace tate 

To prepare the working s oluti.on, 2,5 ml of buffer Pere 

add ed to one vi a l of CK substrate and t he via ]. was mi xed 

by gentle invers ion, This solution is s table fo r ap1rox ­

irnate l y 5 hours at ambi .nt tempe rat\lrc s , and 2L1 l10Lir s at 

0 35 4 C, Then O .1 ml of the lielcna Control ser um wa s acldecl 

to the r e const i tut:ed via 1 and incubated for five mi. nu t es 

nt 30°c. Af ter incubat ion, the contents of the vial were 

poured into a 1.0 cm cuvet . The wave l ength us ed was 

340 nm and the tempe rature of the sample compartment of 

the double bea m s pectrophotometer was 30°c, The cuvo t 

Was i.:he n placed in the spe ctrophotometer and the chanee 

in abs orbance per minute was record ed. Recordings of at 

~ three abs orbance chan8es were taken for the dctcrmj_natj on 



TABLE 11 

COMPONENTS OF THE Bl--fC SUBSTRATE SYSTE~lJ S 

CONCENTRA I I Ol\ 

2.6 p rno l es 

25 .9 )Jmoles 

1 • 6 µ mo l es 

91 • 0 p mo l es 

>- 3 u 

;> 3 u 

~23 11mo l e s 

COMPONEl':T 

l\DP 

NAD l 

Cre atine l 'l:os pl1a t c 

Hex o ,in.:1s c 

G- G-PD!t 

Glutathionc , r ecluce cl 

/ l 
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of the mean4 A/min used for the calculations. The instruni nt 

did not have an inte~rator pe n connected with it, s o all 

readings were taken visually anc.1 recorded manually . 

However, when rend in.gs we r e taken on the I-le] c n a Contro 1 

serum, the activity was too great t:o accurately meas ure 

by the manual methorl and only a range of 900 to 1200 J . 11. 

was obta ine d. Another 0.1 ml sample of f-Icl ena contro l 

was taken and diluted with 0.9 ml of deionized wate r t o 

give a 1:10 dilution, This dilution was then thoro1ghly 

mixe d on a vortex mixe r. Anothe r vial of CK substr.:.1te 

was diluted with buffe r ancJ 0.1 ml of the 1 :IO dilu tion 

of Hele n a control was a d ded. The vi a l was incubated and 

ana lyzed as mentione d previously , This t ime s ix ~bsorbanc8 

r eadir.gs were taken at one min u t e interva l s r esu l t j ng in 

a mean value of 151 .G or 152 I . LI . (See Ta~le 12). The 

va l ue of the He l e na contro l undU.u tecl , therefore., would 

be a pproximately 1520 I, U, 

Another dilution of the Helena control was utili zed 

to sec if consis tency i n results could be obta ine cl. This 

time a 1:20 dilution was prepa r e d by addin~ 50 µl of 

con trol to 0.95 ml deioni zed water. The sample was 

added to a Bl'-'lC CK vial r econstituted in the manner pre­

vious ly mentione d, All r eaction times and tempera tures 

Were a l s o followed as outline d above. Aga in six abs orbnnce 

readin g s we r e taken a t one mi11ute intervals resulti.ne in 

a mean va lue of 78.8 I.U. or 79 I.U. (See Table 13). 
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TABLE 12 

BMC DETERi'II lATTON OF llli LENA er Crn!TROL O;'\ A l: 1 0 .) J l I" ·1 C\ 

TI ME ( vJl 1 LJTES ) c m ~CENTRATJO0 ( T . U . ) 

1 1118 

2 152 

J 152 

t,. 1511 

5 1 52 

6 152 



TABLE 13 

BMC DETEPMINATION OF HELENA CK CONTR OL 
ON A 1 : 20 DILUT ION 

TIME ( MINUTES ) CONCENTR TION (I . u.) 

l 80 

2 79 

3 7p, 

4 79 

5 78 

6 79 

-- -

'·•,, 



So by mutliplying the mean value obtained by the dilt1tion 

factor, a resultinc ac t ivity of 1580 J.lJ. for th e HE'l ena 

Control was obse rved, The value from the 1: 20 diluti on 

and the 1 :1 0 dilution were then coupled toge ther, and a 

value of 1550 I . LI . was used for the total activity of th~ 

undiluted Helena Control . 

The other method u sed f or determining the total CK 

activity of the Helena Control was fr om An t onik Laborncorics. 

This method utilizes the f i refly che:,rnicc1ls l ucifcri.n anc:l 

luciferase . Antonik Laboratori es list severa l artvnnt8B s 

f 1 . h. 1 1 · d b 1 JJ' Jti o . t1e1r system w 1c1 are 1ste e ow: 

1. Highly spec i fi c-The firef l y chemiccJ. 1. s produce li e,h t 
only with ATP . No se lec t i ve hydrolys i s a s in th e 
colorimetric method s . 

2. Sensitivity-The firef ly method is the most sen sl tivP 
for AT I' t ha t is 1:-n m,.rn . 

3. Kinetic method-Tlle kine -i c method o r- th<➔ ti m""' r .:1 tc 
me thod i s preferr e d since d iffe ren t conc0n trai- i ons 
of th e cn 7,yme prorluce diffe r ent curve s . This me -11 , c 
presents actual prod11ction ( a c t ivity ) not accum1 1lat i011, 
of the end produc t . 

4. Direct appro~ch-Coupl ed r e a ct ion s arc des irea blc on Jy 
when J'\O. E of the r e .::tctants can be me a sur e d cli.re ctly . 
The Ant onik Procedure measur e s one of t he reactants 
directly. 

5. Dependa bl e accuracy-Easy to us e -Due to he simplic i ty 
of operc1 tion, th e test is Jess open t o error tha n 
found in more c ompl ex react ions . 

a . Recons titute the t ube wit h water . 
b. Add sample . Incuba te . 
c. Pl~ce in photomete r and read t he li ght emission . 

6. Economical -Technolog ists spend less work hour s by 
far than previously existi ng procedures . 

7• Ideal for sta t-Because of the simplicity , the day 
and nigl t crews use t he same proce dure . 
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The kit contained individual tube s of the freeze dried 

substrate which contained creatinc phosphate , L\DP, 

lueifedn, luciferase , dithLothre itol and magnes ium ~.!OPS 

buffer . 33 For ana l ysis , 3.5 ml of deionized water was 

added to the l yophi.lized subs trate tube s , which inc 111cl •d 

a tube for each unknm,m sample and one tube for a blank . 

Only one blank tube was needed for each batch . The tu bes 

were then inverted 5 or 6 times until a solution was 

ob t ained . After the tubes reached room temperature , 

0 .1 ml of sample was adrlccl to t 11bc number one , a stop 

watch wa0 started , the tube was aea in invert e d , and the 

ot he r samples we re adde d at 30 second intervals . To thr 

bla nk wa s added O.l ml of 0.85% saline . Aft ~r exactly 

15 minutes incuhation at room temperature, each sa1n ple 

was rea d in a time d sequence in a fluorome ter , hj c h 

ho.d been zeroed with the bl a nk . A Turner fl uoromcl:or 

Model 111 was us e d a nd a piece of ca rdboard (3" x 3") 

wrapped with blnck tape blocked of f tlie . V. li ght sourcE: . 

All dilu t ions of controls or serum sampl.e s more than SX 

the normul range were diluted e i t he r with hea t inacti vate d 

serum (56°c for 30 minutes ) or 0. 85% sal ine . Table 1~ 

illustrates typical results obtained when a 1:10 dilut ion 

of the lklena control was assayed by the Antonik CK ki t. 

Result s a re expressed in -Turner Lir;ht Units ( TLU ). 

From Table 14 it can be observed that as the volume 

of the He l e na CK control increases with increas ine con­

centration, the CK activi ty is far too Ereat to be measur e d 



TUBE 

I 

2 

3 

4 

TABLE 14 

ANALYSIS OF HELENA CK CO:'JTR OL (1 :10) DJLUTION 
US Ji"';G THE ANT01\lTK KIT 

S UBSTRATE ml OF COi\TR OL SCALE READ I NGS IN TLU 
VOLUME ( ml ) (1 : 1 0 DI L UTT ON ) Smi n l Orr. in lSmin 20mi n 

3.5 0 .1 1. 0 26 57 94 

3.4 0 . 2 23 96 . 5 100 

3.3 0 . 3 B4 100 

3.2 0 . 4 l 00 

25min 

100 

;-.J 
: ..:_:i 



with any dec;ree of accuracy. Thus the 3.5 rnl substrate 

to 0.1 ml sample ratio was used throur,hout the s tudy. 

Using this method and the l :10 dilution of th llelcna r.K 

control a value of 120 I.U. was obtained from a stancl.--tn.1 

curve. The undiluted control value , multiplied by t h <' 

dilution factor, gave 1200 I.U. 

B. Estc1blishrn0nt of ;i Standard C11rve 

Once the total values of the Ile lena CK control h'crc 

determined us ing thf' -BMC method , , a s tancl.:.trcl ref crcncc 

or response curve was needed . 

The first item though , ·was to observe \vlw t t.ype o f 

activity would be seen with heat inactivated serum as 

the diluent instead of deionize d water . For this A 

l :20 dilu t ion was prepar ed by a ddi.nr, 50 pl. of ll e lena 

78 

CK control serum to 0.95 ml of heat ina ctivatc cl · scrurn . 

Varyin3 volumes of the 1: 20 dilution we re used ,vi J1 va ryi.ng 

volumes of substrate. Table 15 illustrat e s the Ti 1rnc r 

Lir,ht Unit s obtained at var ious timed inte rvals . 

Aga in from this table it is shown that the 3.5 ml 

subs trate to O. l ml control ratio -is preferred . · fl. ls o 

sliBhtly increased TLU readinBs were observed t1sinc the 

heat inact ivated scra ai oppos e d to de ionized water 2s 

the diluent. , This may indicate that the dE:'ionizcd water 

may have a sli.eht inhibitory effect on the CK analysis of 

Antonik. 



TUBE 

1 

2 

3 

TABLE 15 

A0:A LYS IS OF HELE NA CK CONTROL (1 : 20 DILUTION) 
USlI'~G HEAT - INACT T'v"ED SERUM 

SUBSTRATE ml OF CO~TROL SCAJE READINGS I~ T LC 
VOLUME (ml ) (1 : 20 DJ LUTIO;\J ) Smin lOmin lSmin 2 Um i_n _ -~~25 min 

3 . 5 0 . 1 12 2L~ 37 57 86 

3. 4 0 . 2 7 27 68 100 

3 .3 0 . 3 13 56 100 

-..J 
\CJ 



The analysis th.::it need be invest ir,atccl be fore a 

standard curve could be constructed , was to check out 

at what time interval does linearity b c; in. This was 

accornpli s h~d by usinr, a l:30 dilution of the He l e na 

control and varying the volumes of both th e control nnd 

substrate. Table 16 illustrates the values obtajned 
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from such a procedure and fi gure 20 illustrates the cur v ,,~ 

obtained. 

From this data, two conclusions can be drawn : 

( 1) once again 3. 5 ml substrate vo lurne and O. l sau,p l 

volume ratio are mos t consiste nt in r egards to r cact i o11 

rate, and (2) linearity usine; the An toni!· kit ber;in s 

approxinw.t c ly 12 minutes after the addition of tl e salT'plc 

to the substrate anct continues to 25 minutes . 

-Once .::ill condittons h.::icl be en satisfied , ~ f-;t- r1 nda r cl 

curve was construc ted usi nG di.1u t ion s of l :1 0 , l : 20 , 

1: 30, a nd ·1:~0 . All dilu t ion s wer e made wi th heat 

inactivate d scrum, The suhs t r.1.te to s arrple r a ti o \, as 

3.5 ml to 0.1 ml , and t he incubation time was cxac cly 

15 minutes . All readings were taken at 30 scconrt i11ter va J.~ . 

Results of standard curve are shown ln t a ble 17 ancl 

illustra tion of the curve is shown in fic:;urc 21. 



T UBE SUBSTRATE 
VOLUME (ml ) 

1 3 . 5 

2 3 . 4 

3 3. 3 

4 3 . 2 

-

TA BLE 16 

ANALYS rs OF HE LE NA CK CONTROL 
USING A 1. :30 ~ ILUTIOK 

ml OF CO?<TROL SCALE READI NGS I N TLU 
(1 : 30) DILUTION Smln 1 0min lSmin 

0 . 1 6 12 22 

0.2 8 25 56 

0 . 3 4 21 60 

0 . 4 5 30 91 

2 0mi n LSmin 

34 50 

1. 00 

100 

100 

co ....-
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Figure 20. Time of r e action v s. TLU of activity . 

82 

I 
25 



DILUTION 

1:10 

1:20 

1: 30 

1 :40 
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TABLE 1 7 

PRODUCTION OF A STANDARD CURVE 

CALCULATED 
VALUES (I. U.) 

185 

78 

52 

39 

SCALE READI NGS 
(TURNER LIGHT UNITS ) 

100 

26 . 

15 

11 
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Fi gure 21. S tandard cur ve u sing Antoni k system . 



C . The Role of Comme rcially Pre pared Control Sera 

as CK jsocnzvrne ~rkcrs 

It was next decided to experiment with various 

commercially prepared r e ference sera and see how many , 

if any , could be utilized as a CK isocnzymc marker . The 

established He lena CK isoenzyme marker was used as the 

reference control . All specimens examined were clc ctro ­

phoresed by th e Helena method and all conditions were 

followed exactly as those outline d. in Chapt _r IV. Tl c 
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commercial ly prepared control sera , which were c:maly z E.' cl 

are listed in table 18 alon~ with the ir total CK activ i t y 

as determined by the BMC method . 

All controls listed in table 18 were r e constilutcd 

as outli11ed by thej _r corre sponciing p ;;-i ('k:-ige in'-> e rr, ;.rn<J 

all were prep,- r e d fre s h 15-20 minutes before the e l e c t ro•• 

phoretic run. Al ~o the vials of control scrum werc l"c: pt 

in their a mbe r bottles , protected from 1· ght , and stored 

in the cold room when not in use . 

Each contro] sample was electrophorc scd three time s 

on different cellulose acetate strips , and e ach was 

developed with the CK substrate from BMC (Cat . No, J 5790) . 

The samples were obs erve.cl und e r the U. V. licht source for 

i soenzyme band mieration , and compared to the mi g ration 

of the Helena control . 

The Hnlcna control exhibited 3 bright and distinct 

isoen zyme bands , a heavy MM band , a weak BB band , and an 

intermc~i3te MB band. All of the control s pecimens , however , 



TABLE 18 

COMMERCIALLY PREPARED CONTR OL SER'\ 
AND TOTAL CK VALUE a 

CONTR OL 

Precipath E 

Validate 

Validate A 

Kemtrol ( Norma l) 

Kemtrol (Abnormal ) 

Enza-trol 

Sigma CPK Isotrol 

Phadebas Reference Serum 

BMC ( 1. U Jl) 

86 

15 

94 

20 

141 

54, 

970 

52 

a-Control scra were received e ither unas saycd or assayed 
by methods other tha n ·n Mc . 

86 
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exhibite d only a heavy to moderate MM band at or near 

the point of application. No other commer i ca lly prepare- cl 

control scrum e l ectrophorcsed by the Helena system was 

shown to contain a · MB or Bl3 band. Jn f j gure :22 <'1rC 

representative tracings o f s ome o f the control s pe cime ns 

electrophorcscd with the Helen~ control, showin g only J 

MM band a t the point of applicat ion . 

The only control spec imen which gave r esults compa r able 

to those obtained by the He lena cont ro l was a control 

purchase d from the Sigma Company c a ll e d, "Si g ma CPK 

Isotrol." It was then decided to run a cornpa ri..son s t _1c 

on both CK i s oe n zyme controls . Three cellulose ·1c c t: te 

strips were used and one sampl e from each control ( He l e na 

and Sigma ) was a pp li e d to eacl1 strip . Afte r e l e c t:ropho i::-es i 

both controls were e xamine d under the~ U. V. li ght sO11r0c a 1d 

both exhib " t e d th c e c l ear isoenzy mc band s . Quan t 1 tc1t: i o 

was a ·compli s h c d by s canning with the Hel tc n a Quick S ca n 

Flur -Vis d e nsitome ter and computation \-J.:lS pc rf orme d 

manually by intee r a ti.ng the area under each pe ak. Res 11 t: s 

of thi s computation are s hown in tab l e 19 arc! rcpresent:­

ative scans are shown in fir,ure 23. 

After ex;:::.m i ni n e the results of table 19 and fi eur 

23, sevc-.ral conclusions c a n be mad e ; (l) it was cle~r l y 

demon s t 1ated t hat both me thods gave v e ry cons iste nt 

resul t s a s to the% value of each of the ir constituents , 

(2) both controlc contain an adequate amount of Mn and BB, 

(3) eith e r control could be utilized as a CK ma r k e r wjth 
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He l e na Cont:ro l 

Precipat h E 

Validate - .\. 

Kemt rol ( a bn orma l) 

Fieur c 22. Ele ctrophores is of commercially pre pa r e d 
control s cra. 



% NM 

% MB 

TABLE 19 

HELENA VS. SIGMA CK ISOENZYME CONTROL 

-HELENA 
ffl lf2 

7G 

17 

7 

20 

6 

IJ3 

75 

18 

7 

50 

36 

14-

SlGMA 
:fJ2 

50 

36 

14 

89 

:fl 3 

51 

35 



MM 
Helena Con r.ol 

MB 

HM Sigma Cont rol 

Figure 23. El ectropherocrarn of Helena vs . Sigma CK 
Isoe nzyme Control. 
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great satisfaction. The only differ ences that existed 

between the two controls were the higher % MB and BB 

exhibited by the Sigma cont r ol, and the slight amount 

of background seen in the tracings of the Sigma control. 

The He l ena control did not exhibit ba ckground activity 

and returned to the baseline after ea ch peak. Howe ve r, 

the amount of MB and BB in this con t rol was l e ss tha n 
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in the Sigma. The BMC value of the Helena control ca nno t 

be compared directly with the Clinicard value. The 

una ssayed Sigma control was 970 I.U./1 when a ssayed by 

the BMC method. 

D. Cord Sera as CK I s oen zyme Markers 

In a study by Peck and Gebott, it was s t a ted that 

ontogenic studies of crea tine kinase isoenzy111e s in humans 

revealed the presence of all three i s oenzyme s prior to 

ma turity, at which time there is a gradua l reduc t ion of 

the anodic isoenzymes. 11 Peck and Gebott demonstrat ed 

that the adult ti s sue isoenzyme pattern, whi ch is pre ­

dominantly MM, wa s found in children of four years of 

age , and that normal children have all three isoenzyme s 

at ten years of age. 11 Recognition of the transformation 

of CK isoenzymes in human tisst..•es led Peck and Gebott to 

investigate both the total enzyme and isoenzyme activity 

in cord sera. Table 20 reflects both the total activities 

and relative isoenzyme percentages observed after evaluation 

of twenty cord sera. These results led them to believe that 
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TAB LE 20 

I S OE1',ZYME DISTRil3UTirn{ IN NOR!'u'\ L HUM.i\ i': CORD SER A l l 

------------ ------- - - ---- ------ ·------------ - - - ---- ---- - -----------
ISOENZYrJE 

MM (CPK3 ) 

MB (CPK
2

) 

BB (CPK
1

) 

TOTAL ACT IVITY 

MEAN ( ~~ ) 

82 

4. 8 

J 3 

MEAN ( I • U. / L . ) 

l L:-5 

SL'i - 93 

2.3 - 2 0 

1 , ? - 4 1 

6 n 
0 - 261 



cord sera could be e mployed as control specime n s for thf' 

a nalysis of CK i soenzymcs . 11 

In various othe r st\l(iies by the Corning rlecli c a l 

Research Center , it was pointed 011 that corcJ sera e x -
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h . b. d l ~l'I 1 l . h BB 1 d . 1 ,_ . <J 1.. 1. te on y a 1· t" anc s 1g t -:> a n on e e c trop110re s 1s . 

Also in ar,reement with this concept wa s Dr . Sylvan ~l. S a x , 

of \•Jest Penn Hospita l in Pi tt sbuq:;h , Pennsylva nia . Dr . 

Sax, in his work also demonstrate d only two e l e ct r op, o r t i c 

bands with cord se r a , namely, MM and BB . ( prjva t c in t e rv i rw ) 

It was then decid e d to investigate the poss i.; ); l ity 

of utili z inc cord s e ra a s a CK i soenzy me marke r . Co r el 

sera used in this study was obtainc cl from t h r ee s ources : 

J ames on Memori ~,J. Hospital, Youngstown Hospi.t a 1 J\s s ocic1t: i on 

North Si.de Unit , and St . E lizabeth ll osp i tal. ~los t o f t h 

c ord s e ra samples were obtaine d from ea ch h os pi ta 1 ' s 

ma ternity wa rd as soon a s pos sible a fte r deli c r y . Th e 

cord sera wa s immedia te ly c e ntrifueed at 3000 rpm f or 1 0 

minut es , aliquote d in 1 . 0 ml qu.:in t itie s , an d f ro?.'n. 

Analysis of the cord sora was performed as o on as p o s s i b l e , 

and no analysis was performe d afte r one week in the fr ozen 

sta t e , The method of analys is us e d \3.S . t h e He l e na CK 

proc e dure and a ll spe cifics were fo llowed as outl i ne d 

in Cha pte r IV . Total CK activity was also pe rformed on 

each cord specimen using the B~lC me thodology a t 30°c . 

A tota l of ten specimens ,vere e xamined . Th e results of 

Wh i ch a rc shown i n table 21 , a nd a r epresentat ive cellulos e 

acetate plate , as viewed under a U. V. light s ource , i s shown 



TABLE 21 

. HELENA ISOENZYt-.1 E DISTRIBUTION OF CORD S ER.I\ 

SPECIMEN if JSOE:'-JlYME: FRA CT J O:\S en 
Mc-1 HB BI3 

J 100 0 0 

2 97 0 .3 

3 98 0 2 

4 100 0 0 

5 100 0 n u 

6 97 0 3 

7 99 0 1 

8 100 0 0 

9 J 00 0 0 

10 l 00 0 0 



i .n figure 24. All cord sera was e l e ctrophorescd with~ 

Helena Isoe nzyme Control to n ssurc that mi~ration had 

indeed occurred. 
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The total CK activity of all ten cord scra wa s f0tmcl 

to be in the range of £\t+-60 I. lJ . 

· Also analy zed in this study were two cord blood 

specime ns collected with t h e a n ticoaeulant , ethy l e n c u i .:.u1dn c 

tetraacetic acid ( EDTA). These s pecimcns , hm~'e vcr , 0t1 l y 

demonstrated a weak rfr·I band at the point of app l icc1 tio11 

a-:1d the total CK activity corresponded to L11 a t ob t airw cl 

with the cord sera previously mentioned . 

It was concluded then that cord s era contai .n s on l y 

an MM fraction and possi b ly a BR fracti on, but no ~IB 

activity was observed in any of the cord s e ra analy ~cd . 

This observation coincid e d with the \vork of Dr. . Sa x nncl 

the Cor n.inc 11eclical Research Center . 

E . Scrum Pro l c in ~'.i g r a t i on In Corr la _ i on 

\·.Jith CK Isoen zvme -:- !igrat ion 

The next ana lysi s undertaken was to invest i gat e tho 

rnigration.:.11 t endency o f the CK i soen zyme \•lith r espect t:o 

serum pro t ein mj_3ration, 

To accomplish thi s , one strip was electrophores r'd 

for CK isoen zyme activity using the Helena control ser um , 

and one strip was electrophore s Gd for serum protein analys i s 

Hsine a Protein Electropl1oresis Standard by the Ge lman Company. 

The H -l cr.a Cl' isocnzyme analysis was again performed 

to the e·act procedure as outlined in Cha pter IV. The 
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Position 
Position 
Position 
Position 

MB BB 

I 
J 

I 
#1 Helena Jsoen zyrnc Control 
#2 Cord Sera, patient # 3 
# 3 Cord Sera, pa t i ent # 5 
#4 Cord Sera , patient # 7 

Figure 24. Re presentative cellulose acetate plate of 
cord s era. 
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Helena control sE.ra was us e d to as s ure that all three 

CK isoe nzyme frc1ctions would be present. 

The serum protein analysis employed , was also r1 

Helena procedure . The HR buffe r u sed was diluted to 

750 ml with de ionized water. Only one applic, t tion or 

the Gelman standard \vas applied to the eel lulosc c1cetaUJ 

strip. The strip was the n placed in the electro1horct ic 

chamber and ele c trophoresed for 15 minutes at l 80 vol t·s . 

After electrophoresis the str ip wa s s ca j n e e! wj th T'onc E.· :111 

S for four minutes .J.nd d c colorized in three s 1 cc ._ s i.vc 

washes of 5% acetic acid unt i 1 t h e b.1.clq;rounrl , ;a s wh i E' . 

The strip was then place d in me thanol for t\70 minu -cs , 

soaked in a clearing solution of ~lacial n cctic aci d : 

methanol (1 : li) for 5 minutes , ar1d dried in an oven un t · l 

the strip became cle ar . The s tri p was t h e n scann e d ir1 

a d en si.tome tcr to o bserve th <=, location of the indi. vi dun l 

protein fra cti ons . 

97 

The t \v0 strips were then aliened s o th,t t bo - h point s 

of serum applico.t:Lon correspon ded. from th i s j t H.J.s l or1 ~t, e ci 

that the MM i socnzyme fraction mierc1te d in tl1 e r,amma g l ohul i_n 

rce ion, the MD isoenzymc fract i on rnir,rated in · h e alpha-2 

region , and the BB i s oen zy mc fraction mj c rated in the 

albumin or pre-albumin ic.gion ~2 (See F igure 2 5 ) 

F. Alterat jon s of the Original 

Lucifcrin- Lucifc r ase Proce dure 

!\ sie;nificant portion of this study v,ias devoted to 

the t as k of testinc the Lucifcrin-Lucifcrase proce dure , 
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worke d on by Rnn dy D. Walt e r in h is Master' s thes is nt 

Y S LJ 
. . v, 

ounr,s tmvn ta te n 1 vers 1_ ty . The pro eccl tire wa s des i r ,ncd 

to quanti.tatc the c lectrophoresed crcatine kina se i socn;;.~1m0.~ 

by the reaction of ATP and l 11ciferin i n the presence of 

l uciferase . The biolumines c nee proclucc cl hy the rea c tiun 

was the n detected by a f luorometer and scann ::, d on a r e ­

corder for visual inspect ion. The e stablishe d e l e ct10-

phoretic pro cedure by Helena Laboratories f o r the flu orescen t"" 

detecti_on of CK isoe nzymes was the r Eiference me t hod t1 sc~c1 

in conjuncti on with the L - L system . It shou ld b e n o t e! 

at this time that all sample s us e d in this st11dy we r e 

treated exactly the same for both t eclrni ques . 

In the orig inal L - L system the s c rum sample , from et 

patient suspected of ha vine had an -1. I . and the T-lc l cna 

CK control sampl e , were a ppli e d to a buffe r ed cellulose 

acetat e plc1te . The plat e ,ms the n e l e t rophor0secl for 

9 minutes at 330 vol ts . After e l ectrophoresis the s tri.p 

was blott ed and layer e d with 1.0 ml of a d e vclopinn solLtt i on 

c ontainini::; crea tine phosphate , mag n esium ion, !\D P , a nd 

DTT. Thi s strip w;:i s then s .:mcl wiche d ,vi th anothe r buff creel 

cellu l ose ace tate s trip , press e d be tween two g l ass slid es 

m1d incubate d at 37°c for 30 minutes . Approximat e ly 5 

minutes be fore d e v e l opme nt was comple ted , a tube conta ininc 

l uciferin -luciferase , donated from Antonik Laboratori s , 

was r econst itute d with 1 .0 If\ l of deionize d wate r and 

invert e d several times to insure proper r e con s t i tution . 

Afte r d e ve lopme nt, the strip wa s removed from the ove n and 
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0. 5 ml of the reconstitute d L-L buffe r was .:ippli e d to the 

entire strip . The strip w;is t hen immediate ly pL1ccd 011 

t he Turner TLC Cam.:ic; Scanner , wh i ch in turn wc1s p l aced 

on a Turner Fluoromcter Model ll l and the wet plc1r c has 

scanned for lumine scence . Th e scan l e ver on the sc.:-mnor 

was set at position number 1 (1, 2 c m/ mi.n at GO l1 z ) . To 

record the l uminescence a r e corder from Lin e a r Instrume nt 

Corporati on was connected to the fluorometc~- . Tl c rhar -

spe ed setting on the record e r was mc1intained a t 2 i11./mi1 

These two positions on the scanne r a nd r ecord e r ~ere ~] ~a _.· 

e mployed unless otherwise no ted, 

Also ana l yzed a lont~ wj t h the L-L syste m was a pl~LLC 

c onta ining the same samples but nnalys i s was performed 

with the He l ena methodology as out line d in Cha pter TV . 

The r e sults of this det ermination a re sho1,-1n i n fi 3u r e 26. 

Observing the two s cans , t,oocl re s o J ut.ion and c e t c t ~on 

was s hown wi_ th the He l P-na procedure , hO\•Jc vcr. , ex t-rem~ l y 

poor re~ o l ut ion .. m.d detect i o 1 was encount e r e d \·!i th t:ho 

L- L system due to an excessive a moun t of di f f usion , 

The fir s t s t ep take n to try c:md corre ct thi s di f fu s ion 

invo lvcc acl d ing l . 0 ml of 20~~ sucrosG t o r e cons ti tu -e _! c 

l uciferin- l uci.feras c substrate . Jt was thour,ht that by 

the addition of the 20% s 1crose , \•Jhich is u ~·eclto curta i l 

d iffus ion i n the Hel ena proce dure , the d i ffusion probl e m 

mi ght l e solve d . Another e l c ctrophoretic ana lys i s , using 

both methods were examined . The unknown serum sampl e u s ed 

in hi s botch was from a 52 year old male djagnosed as 
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Figure 26. Ori g inal scan of L-L system vs. Helena 
Fluorescent Sys tem on a patient diagnosed as 
having an acute M.I. A is a fluorescence scan 
by Jlclcna; Bis a biolumineseence scan of the 
L-L system. 



having a n acute myocardial infarction . The results of 

the experiment are shown in fi~ure 27. 

L UL 

A slicht mocli-fication of the e lcctrophoret ic pre c 'clurc 

was at this time introdu ced by He lena Laboratori s in the 

publicat ion of the "He l ena Uprla t e . " 36 ' 3 7 The~ l cc troJ h or c s i 1 [', 

time was changed to 8 min and the vol tar,c tu 350. Thi s 

change , it was later found, had no bcarinr, on a ny rcsulr s 

with either method, It was felt, though , that perhc:t ps 

the developi.ne t ime l\.TP bui ld up was too l onr, ca us in r. 

excessive dj_ ffusj on at thi s · s tep. The time for cl 0 v r~ ] op nen 1.· 

was cut for the lucif e ri11- l11cifero.sc method f r om 30 mi 11 1 it s 

to 1 5 minutes with a 11 other steps r e ma inin1~ t h e s ainc . 

Again dif fusi on plagued t he ex periment with lrn1incs ccnt 

activity coverj n g the plate . (Se e f i e;u r e 2 .C3) 

An.ocher quanti cation was at tempted wi. th t \ o ch.: tri _,cs 

f r om tl e orie i nal method oloc y : (1) th e tj me or d8 vel o ) tn"11t 

was 15 rn irn 1tes at 37°c , a nd (2) the plat e v1as c ompl c ] y 

dr i e d be fore the addit ion of tl1 e L- L substrJ t - s o1ut:ion . 

J t was thm ght that by drying the p L:.i te be for e a d d i n r, U1 c 

substrate , t he diffusion prob l em could b e arres t e d . Aga in, 

howe ver , it was no t to be . The sca ns gave r - s 11l t s s j mil'i.:.lr 

to those in fi c urcs 27 and 28 . 

The final attemp: in·solvine the di ffusjon problem was 

tri ed a fter i ncorporating the ideas of S za[;z , Gr uber, ancl 

Bernt . 32 The plT o f the deve lop ing s olution wa s lowered 

from 7.0 to 6.7, nnd the othe r consti tue nts of crcatine 

Phospli <1 te , !\DP , mae,ncsium ion and DTT were a djus cd ;is 
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Fi gure 27. Scans of CK analysis on a 52 year old ma le wi t h 
an acute M. I. Total CK activity was 189 I . U. 
A i s a fluorescence scan, Dis a bioluminesccnce 
scan , 
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Figure 28 . S Cc'.ln s of CK analysis with 15 minutes incuba t j_on 
of the L-L d e ve lope r . A is Helena Flu,)rcsccnt 
scan; n is a L-L sca n . 
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outlined in Chapter IV. An electrophoretic analysis was 

again attempted with the new developing solution. Since 

the incubation time did not seem to affect the previous 

experiments, it was returned to 30 minutes at 37°c as 

outlined in the original procedure. However, once more 

the diffusion problem was not solved. 

From this experiment, it was observed that the 

intensity of luminescence produced was increased clue to 

the change of the L-L developing reagent. (S ee fi gure 29) 
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Figure 29. Scans of CK ana lysis with new L-L deve lope r . 
A is Helena Control scan; Bis L-L scan. 
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CHAPTER VJ 

CONCLUSIONS 

As a result of the experime nts in th i s study , scvcr-tl 

conclusions may be stated . First, in recnrd to the tota1 

CK analysis by the Antonik Method , it can be c on clucl c rl 

that the test does possess t:he qualities of h a vin r, a 

dire ct approach, easy to use , economica l, and idea l for 

stnt use. 1-Jo,.vever wh e n compare d to tnc 13i'1C kinetic me t-ho l ­

oloc;y , i t c a n be shmvn that the Antonik proc _dun~ llas a 

much greater l ag time (10-12 minutes as compared to 3-5 

minutes) than the B?'-JC k i - , involves a lon r,e r t imc f ,Jr 

analysis tha t: th0 BHC kit, and dilution· o f ·1bncrmo n .y 

hie h CK spcci.me ri s must be perf ormed wi th hc.:it -i r a ct i v, t .cl 

s erum or O. 857~ sa l ine . Al though the mod e 1 of the .f1 uoro­

me ter used i n this phase of the study may not h a ve cont.::ii. nc.' cl 

the mos t sensitive or bes t aliGn c d photom~i p lier known , 

many vari ations of dilution rea dinc;s were oht;erved . So 

f ar as total CK analy s is is concerned, the kinetic 

methodoJ ogy of m1c proved far superior to the Antonik 

Proce dure . 

The second area in which some conclus ions can be 

dra ,m involves the preparation of a standard curve . First 

of all, it should be mentioned that tl1c standard curve was 

to be drawn usinc the Antonik procedure , for no curve was 
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needed for the 13 lC procedure since the meas 11rcmcnt: of ac . i v j ty 

was expressed in the change of absorbanc J er n1j 1 uL c . 7 t· 

was at this time that experiments ,vcrc mad e to see i r 

the time , dilutions and conditions .:is expres sed hy t he 

Antonik Method we r e indeed optimum for this parti c 1l~r 

study. It was concluded that the mi x in B of 3.5 ml recon ­

stitute d luciferin-luci fcrase to O. l ml of unknovm 

or cont rol provide d the most linear n : s t11t s once the l ag 

time was achieved . Also th e incubation tirnc of 1 5 mi111 1tes 

proved ad equate, bccAuse spe cimens of low concs ntFation 

had not achieved li.nearity before 15 mi nutes , and after 

15 minutes a bnormolly hi gh serum concentrations wo ld be 

off scale . It was for this reason that dilu t i ons of 

1:10, 1:20, 1:30, and l :40 of t he He l ena contro l we r e 

used in the exact pr ocedura l outline of An tonik f or th . 

esta.bli s hmc nt of the stand.:1rcl curve . Any d i l 1ti on 1;a d c 

for us e in the production of the standard curve was prepa r ed 

from hea t inactivated scrum ( SG0 c for 30 min ute,., ). 

Another area of study involve d the tes ting of vario11c:; 

commercia l control s era routine ly used in t he l a borato ·y . 

This exarnina tion of the var ious contra ls ,v1as ini t i a tccl 

to determine if they possessed any or all CK i s oenzymc 

fraction s to be used as elec t rophore tic marke rs. The 

conclusions drawn from this phase of the study clea rly 

demonstrated that no routin'e commerci.:i l control possessed 

the a bility to be used as a CK marker. This was · -proba bly 

due to the fact that (1) many control s , a ltho 1g h the y arc 
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of primate tissue orir;in , contai.n m.:ii.nly skclct-:.il rm1 s r.lC' , 

( 2 ) many controls .:ire compos e d of rabbjt musc le , or (3 ) 

that the l.:ibile fractions of MB and DB arc destroyC'rl in 

the lyophili.7.,ation process . I t was for one or all of 

these rc.:isons that only nn MM isoenzyme frnctjon ¼as 

observed upon cle~trophoresi. s . 

Exper iments involving electrophoresis were also 

utilized in the analysi s of cord blood . It was 

. h 1 · ll h d . 11 1n t e 1ternture tat cor sera contains a 

sur;ges ted 

three 

isoenzyme fractions, to a varying deBrec , and can be 

util i zed as a CK marker . Analysis of ten cord scra s ampl 0s 

electrophorcsed by the He l e na procedur e showed on1y a ~!'! 

band and in a few instances a BB band , 

Electrophoretic studies were al s o performed on cord 

p] asma with EDTA .1s the anticoaeulant, but only a ~! band 

was observed . From thi s i..t wc1s concluded tho.t cord s 0r a 

could not be employed as an adequate mnrke r for CK jsoe n zvmc 

analysis. 

Anothe r experiment was performed to stud y the r e la tion­

ship of CK isoenzyme migration to that of total protej_n 

mir,ra tion by the use of the Helena e l ectrophorcL i.c techniq11e . 

From this analysis it was demonstrated that the ~IM fraction 

of CK isoenzymc mir;rated in thE gamma globul i.n reg ion , t he 

MB fraction mierate d in the alpha-2 r egion , and the BB fract ion 

migrated in the albumin or pre - albumin portion , 

The final area in which conclusions may be drawn 

dea ls wi t h the comparative study of the Helena methodoloe y 
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with the lucifer in-lucifc)rasc techniriuc, Much diftjc~11lt:y 

was observe d in this .1.11<1 lysi s , The !J e l ena proced, 1r<' 

performed beauti f ully tl11-our,hout the entire course of 1-111.s 

study. Traub le, · however,, was cncoun t red whe n the-~ 

lucifcrin-lucifcrase detect ion method was a trc.Jmptocl . Til e 

main core of the problem stemmed from diffus ion o f the 

protein mol e cules , Several techniques we re attemptccJ -o 

try to solve the diffusion problem , but all attempts 

proved unsuccessf 11, These a tt empts were: (l) rccon s rit 1t · on 

of the luciferin-lucifcrase s ubstrate ,vith c1 20~;~ !Jt :c rosr! 

so 1.ut ion, ( 2) cho.nginF3 the pll and cons ti. ti 1en t s or the 

developing solution to what i_s beJic ve d to b e opti mum 

cor.di ::: ions, (3) drying the cellulose acetcJ.te pla te i 1 -

corpor~tcd ~ith ATP before tho ~rlrli t inn nf the lucifcri11 -

luci f erase subs t:ra te , and ( t~) chane,i ne th e j n ~1 1b<1 t i on 

time of the deve loping sys t ern from 3 0 mini 1t es to 1 S rn i n1.1 t:C'.', . 

It is for thi s reason that the conclusion can be rn.:i. cic 

that the lucife rin -luciferase detection s ys t e m i s not 

suitable for clinica l use a t thi s time due to tle ma s sivE 

dif f u s ion problem. Perha ps studies can be i n itiate d with 

agar p,el electrophoresis usine the L-L s ys tern , ancl di. ffus i on 

may possibility be curta iled, 

It is the refore recomme~ded that if clinical de termin­

ation of CK Isoenzyme analysis is n eeded, an es tablished 

procedure, ns the one from Helena Laboratories , should be 

employed . 
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