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     Skeletal muscle damage is a common occurrence and can lead to severe 

complications. Early diagnosis of skeletal muscle damage is a leading factor in successful 

treatment and recovery. The ability to rapidly, accurately, and non-invasively diagnose 

muscle damage is predicated on the ability to detect various biomarkers in blood. 

Creatine kinase (CK) is a biomarker commonly used for this purpose, but limitations 

exist such as tissue specificity. Troponin I (TnI), a contractile protein in muscle, is a 

potential alternative. Enzyme-linked immunosorbent assay (ELISA), a technique used to 

determine the presence of a specific protein based on an antibody (Ab)-antigen (Ag) 

interaction, has been successfully applied in the detection of cardiac TnI (cTnI) to 

diagnose myocardial infarction (AMI). Attempts by other investigators to develop an 

ELISA assay for detecting skeletal muscle damage using skeletal troponin I (sTnI) have 

been unsuccessful because of cross-reactivity of the antibodies used with cTnI. The goal 

of this study was to initiate development of an ELISA for sTnI by testing four 

mammalian monoclonal antibodies (MAbs - 2G3, 8A12, 1F9, and 8F10) previously used 

for food science purposes and not for detecting skeletal muscle damage. These four 

MAbs were first screened for the ability to detect human sTnI by testing them against a 

protein extract from human skeletal muscle; three of the MAbs (2G3, 8A12, 1F9) reacted 

positively. Secondly, these three MAbs were then tested for cross-reactivity to cTnI with 

a beef heart protein extract, and only one of the three MAbs (1F9) was eliminated. 

Thirdly, limit of detection (LOD) was approximated for the MAbs 2G3 and 8A12; the 

approximate LODs were calculated to be 14 ng/ml and 35 ng/ml, respectively. Finally, 

the MAbs 2G3 and 8A12 were tested to see if sTnI could be detected in serum samples 

from human subjects with evidence of skeletal muscle damage based on CK values, but 

the results were inconclusive. In summary, the MAbs 2G3 and 8A12 are specific for 

human sTnI, but experimental conditions need to be further optimized to determine 

whether these two MAbs can detect sTnI in human serum and therefore be used to 

develop an ELISA-based assay for diagnosing skeletal muscle damage. 
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     Muscle damage is a common ailment for the general population and is associated with 

stress from exercise and athletic performance, from mechanical trauma such as car 

accidents, and as a symptom of disease states such as cancer. Athletic performance and 

recreational exercise are closely linked to muscle damage. Symptoms of damage to 

muscle tissue include soreness, pain, fatigue, and general decreases in muscle 

performance. Muscle damage from exercise is easily treated with nutritional intervention 

and other sports medicine modalities. Early treatment of muscle damage prevent 

decrements in performance, allow for more rapid recovery and decrease the risk of 

developing complications which include overtraining syndrome and rhabdomyolysis. 

Therefore, early and reliable diagnosis is paramount to recovery. Symptoms may be 

validated by biomarkers of muscle damage that are easily released due to breaks in the 

plasma membrane of muscle cells and disruptions in the sarcomere (1-4).  

     Current markers of muscle damage include creatine kinase (CK), creatine kinase MB 

(CK-MB), myoglobin, and lactate dehydrogenase. All but myoglobin are enzymes found 

in significant amounts within the cytoplasm and not in extracellular tissue. When 

detectable amounts of each are present in the blood, it suggests that breaks in the cell 

membrane of muscle cells have occurred and muscle damage may exist. Questions of 

reliability have been raised for each of the presently used biomarkers, as well as 

specificity. The current biomarkers for muscle damage are found in various tissue types 

throughout the body and not just skeletal muscle. For this reason false positive tests may  

occur. Another possible complication with the use of the current biomarkers for muscle 

damage is whether or not the marker simply represents a minor compromise in the cell 

membrane. Since the markers are found in high concentrations in the cytoplasm, as well 

as the fact that each are soluble proteins and not bound to a complex, it is possible that 

small gaps in the cell membrane may allow for leakage into extracellular fluid.  
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      Research into bound muscle cell proteins has been explored as possible replacements 

to the current markers. Troponin, a protein found in the contractile apparatus of the 

muscle, is one of these. Troponin has three forms which perform specific functions when 

muscle tissue is contracted. One form, denoted as troponin I (TnI) or the “inhibitory” 

subunit, has been researched extensively for use as a marker for the diagnosis of acute 

myocardial infarction (AMI) in heart muscle. Results have been favorable with TnI and 

AMI diagnosis, and some researchers suggest it to be the gold standard (5). The most 

common means of detecting TnI have been by immunoassay techniques which involve 

antibodies produced against a specific marker protein. The development of monoclonal 

antibodies and sophisticated automated assay equipment has made diagnosis of an AMI 

via TnI detection fast and easy.  

    For diagnosing skeletal muscle damage with antibodies which are directed at skeletal 

TnI, the results have not been as favorable. Several issues have arisen concerning cross-

reactivity of the available antibodies with cardiac TnI. For this reason, several attempts 

by biotechnical companies to produce a test kit for skeletal TnI have failed (6). The 

availability of specific antibodies is required for a reliable kit to be produced. With the 

discovery of specific and sensitive antibodies for skeletal TnI, it would be possible to 

develop an accurate test protocol. The development of a more specific antibody for TnI 

may make this biomarker of skeletal muscle damage as reliable a diagnostic indicator as 

the already successful cardiac version. In addition to a faster and more reliable diagnostic 

tool, researchers will also gain a means of studying muscle damage as well.  

     This current study will focus on the screening of  four antibodies produced against 

mammalian skeletal TnI to determine if any can be used to create a diagnostic test kit for 

skeletal muscle damage. The eventual goal is to create an enzyme-linked immunosorbent 

assay (ELISA) test kit that can quickly and accurately diagnose skeletal muscle damage. 

The specific aims of this research are as follows: 

 

�����������������	� �!��"��#$� $�!�%�&�!�'��("(�'("�'��" �)(*��%�#$��$�$�&��)��"�

�!(*+��*��,��"% �%-�'� �'� !(�("�"���.�"�/��"��+' ��'�������'��"�%�����%�#�''�!��� �

 (�$+��"��"�0 By using an indirect enzyme-linked immunosorbent assay (ELISA) 
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protocol, available antibodies will be screened using a protein extract from human 

skeletal muscle.  

1.� One or more of the four antibodies tested will react with human skeletal TnI from 

a human skeletal muscle protein extract. 

��������������1��	� �!��"����� $���" �)(*��%��(+"*� (�!��� �#� $�$+��"�%-�'� �'��"��

#�''��!(%%2!��� �#� $���!*�����"�0� This will be accomplished by testing the antibodies 

that have a positive reaction to human skeletal TnI against a beef myocardial tissue 

extract with an indirect ELISA to see if there are any cross-reactions with cardiac TnI. 

1.� None of the antibodies which reacted with human skeletal TnI will cross-react 

with beef cardiac troponin I. 

 

��������������3��	� �!��"�� $��'��� �(��*� �� �("�.��	/��(!� $���" �)(*��%�#$��$�

!��� �*�#� $�$+��"�%-�'� �'��"���"*�"( �#� $�)������!*�����"�0�This will be 

accomplished by observing the positive antibody reactions over a variety of descending 

dilutions in human skeletal muscle extract. LOD can be calculated for each positive 

antibody by taking into account protein concentration of the human skeletal muscle 

extract and known percent values of troponin I found in human muscle (1.7%). 

 

��������������4��	� �!��"����� $���" �)(*��%�#$��$�!��� �*��(%� �&�'5�#� $�$+��"�

%-�'� �'��"���"*��'%(�*�*�"( ��!(%%2!��� �#� $�)������!*�����"����"�*� �� �%�"���"�

%�!+��%���'�%��!(���"*�&�*+�'%�#� $��&�*�"���(��%-�'� �'��+%�'��*���,��)�%�*�("�

�!�� �"��-�"�%��.��/�&�'+�%0 This will be accomplished by using ELISA to test serum 

samples form subjects who performed a single leg extensor eccentric load protocol to 

cause skeletal muscle damage. Samples will be selected based on CK values determined 

by the laboratory of Dr. Jeong-Su Kim. 

1.� One or more of the antibodies tested will be able to detect human skeletal 

troponin I in human blood samples exhibiting muscle damage based on previously 

determined creatine kinase (CK) values. 
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 The following review of the current literature will discuss muscle damage, current 

markers of muscle damage, the history of troponin I as a diagnostic tool, and the 

methodological determination of troponin I using enzymatic immunoassay (EIA). 

10���+%�'��	���,��

     Before discussing muscle damage, the term must first be differentiated from that of 

muscle wasting. Muscle wasting appears to be associated with metabolic issues, in 

particular, catabolic breakdown of contractile tissue for either energy deficit or for 

disease-related complications such as uncontrolled diabetes, sepsis, and cancer cachexia 

(7). The mechanism of muscle wasting involves the ubiquitin proteasome pathway and 

takes place in the cytoplasm of the cell. By marking proteins with a molecule called 

ubiquitin in a polymeric chain formation, the protein to be downgraded is then shifted to 

a protein complex known as the 26s proteasome. The 26s proteasome rapidly breaks 

down proteins into smaller peptides and free amino acids (AA) for reuse by the cell. This 

mechanism is useful for recycling amino acids into the free AA pool found throughout 

the body as well as releasing amino acids for the purpose of gluconeogenesis in periods 

of low carbohydrate intake. Since it is difficult to determine with muscle wasting if any 

full complex protein is released into the blood and not completely broken down to 

individual amino acids, it is safe to assume that muscle wasting may not produce a 

significant amount of biomarkers available in serum samples. A study observing muscle 

degradation during exercise with post-bout feeding restrictions found little to no increase 

of myofibrilar proteins in the blood (8). To determine if muscle wasting is present, 

researchers often assess urinary levels of 3-methyl-histidine, an amino acid formed post-

translationally in actin and myosin of skeletal muscle contractile tissue and released upon 

their degradation as a waste product (7).  

     Muscle damage differs from muscle wasting in that a disruption in myofibril 

continuity occurs. The most notable evidence of muscle damage has been seen with 
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histological examination and is characterized by significant disruption of the sarcomere 

(1, 9) including wider cross-sections, disruption of the A-band pattern, and detached thick 

filament from the Z-disc region (2). In some cases it has been observed that titin, which is 

a long flexible spring-like protein that anchors thick filament to the Z-disc region, has 

been displaced and even degraded (3). Other evidence of muscle damage includes a 

reduction in overall muscle mass as high as 79% (3) and a decrease in overall force 

production (1, 3, 9). The disruptions of contractile apparatus proteins in skeletal muscle 

cells may be the mode by which contractile proteins are released into blood, in particular 

troponin I, because this protein is the smallest protein complex in the troponin family as 

well as the sarcomere. Studies have shown that when muscle damage is present, troponin 

I can be found in serum samples taken from subjects (6, 10). 

     The question then is how do contractile proteins get into the extra-cellular space, and 

the answer involves disruption of the plasma membrane. Animal studies have been 

conducted with a method called hind-limb reloading, which is an experimental design 

used to study the effect of prolonged bed rest, which causes muscle atrophy, and how this 

may lead to muscle damage when physical load is re-introduced. The studies show 

significant muscle damage when load is reapplied to the animals. In rats, staining of an 

extracellular protein, rat serum albumin (RSA), has allowed investigators to observe 

extensive damage to plasma membranes in skeletal muscle tissue (3, 4). Disruption in 

plasma membranes may lead to the eventual release of contractile proteins into the blood. 

The extent of damage may be related to the amount of time the plasma membrane is 

compromised. Breaks in the plasma membrane reportedly may be evident for as long as 

20 days (3).  

     Some causes of muscle damage include drug use, physical trauma, and exercise. Of 

these causes the most common cause for severe muscle damage is excessive exercise. 

Often excessive training is observed in competitive athletes as well as in recreational 

athletes exercising for general health and appearance. The style of training that may be 

the most problematic is resistance training. Resistance training can be broken down into 

three specific movements: isometric contraction, concentric movement, and eccentric 

movement. Isometric contraction is when force is exerted by muscle groups on an object, 

but the object is not being displaced, which places this form of movement in a different 
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category than concentric and eccentric movements. Concentric and eccentric movements 

are related to contraction and lengthening of a muscle over a fixed range of motion for a 

given joint. Concentric movement is the contraction of a muscle shortening which exerts 

force on an object. Eccentric movement is contraction of lengthening of a muscle. 

Generally, eccentric load involves force being exerted by an object on a contracting 

muscle, though the force of the object is too great for the muscle to overcome and 

subsequently the muscle is lengthened. When discussing muscle damage resulting from 

resistance training, eccentric movement is most often the cause (1, 9). 

     When conducting studies on muscle damage, eccentric load protocols are the most 

common method employed to create the required condition due to the association of 

eccentric movements with the condition. McCully et al (1) found that eccentric 

contraction produced significantly more damage than concentric or isometric contraction. 

They caused rat extensor digitorum longus�(EDL) muscle to contract by stimulating this 

muscle with a surgically implanted electrode. In the rat EDL muscle, damage was 

determined by applying force with isometric contraction as compared to force of initial 

stimulation and histological examination of the muscle tissue itself (1). The same group 

later determined that damage increased as duration of load increased and that as velocity 

of the load increased, time to damage decreased (9). Damage to specific muscle fiber type 

can be examined by comparing eccentric load protocol with studies observing hind-limb 

reload in rats, another method for creating an eccentric load. Studies with hind-limb 

reload in rats found more damage to slow-twitch fibers or red fiber (2), whereas studies 

looking at strictly eccentric load found more damage to fast-twitch muscle or white fibers 

(1, 9).  In humans, eccentric load can be applied via the use of a Biodex isokinetic device, 

system 3 pro dynamometer (Biodex Medical Systems, Inc., Shirley, New York). The 

Biodex device is capable of fixing the movement of a joint, usually the thigh, and places 

eccentric force upon the muscle. 

101��+!!�" ���!-�!%�(���+%�'��	���,� 

     Current markers used to determine skeletal muscle damage include creatine kinase 

(CK), myoglobin, and lactate dehydrogenase (LDH). Each of the current markers has its 

strengths, mostly with regard to time-course of release into blood. A general limitation 

for each marker, however, is a lack of specificity.      
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     Creatine kinase (CK) is a standard test used by researchers testing for muscle damage 

as well as a diagnostic tool for physicians. CK catalyzes a reaction involving ATP and 

creatine, which is a vital, rapid energy system. CK appears in the blood relatively early 

when muscle is damaged (4-8 hrs), peaks at about 12-24 hrs, and remains elevated for up 

to 96 hrs which makes it a viable test for a few days. The major drawback of CK is 

specificity, since it is expressed in all muscle tissue including cardiac muscle. Testing for 

CK alone, therefore, does not distinguish the origin of the injury. Not only is tissue 

specificity a problem with CK, but there is also interference from other CK isoforms (11-

16). The most notable isoform is CK-MB, which is coded by the B and M gene for CK 

and found primarily in cardiac muscle.  For this reason, the development of a test 

specifically for CK-MB has been useful for determining damage to heart muscle due to 

AMI. The use of CK-MB in diagnosing cardiac muscle damage has been criticized, 

because CK-MB is expressed to some degree in regenerating muscle. An increased 

expression of CK-MB in skeletal muscle has been found in response to exercise and in 

individuals with Duchenne muscular dystrophy (DMD) (13, 14, 16, 17). It is very 

difficult to distinguish the absolute origin of CK-MB as it relates to total CK, even when 

doing a test for CK-MB and extrapolating for total CK. Generally speaking, if CK-MB 

levels rise above a serum level of 9 µg/L, as well as exceed 2.5% of total CK, the 

diagnosis is considered a myocardial injury (12).  

      A second disadvantage to using CK is that it does not give a clear determination of 

muscle injury. It has been suggested that CK, which is primarily found in the cytosol, 

may be leaked due to temporary membrane compromise and not tissue damage (10, 11). 

As stated earlier, muscle damage is not only a function of plasma membrane breakdown 

in the sarcolemna (3, 4), but it requires disruption of the contractile apparatus as well (1, 

2, 9). The appearance of CK may therefore not necessarily indicate damage beyond 

breaks in the plasma membrane. One study found that CK levels did not differ in 

response to downhill running versus level running protocols, even when delayed onset 

muscle soreness was otherwise significantly apparent in subjects performing the downhill 

run (10). 
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     There are additional issues to consider with the use of CK as a biomarker of muscle 

damage. Renal disease has been shown to elevate blood levels of CK-MB (18). CK 

activity may also be affected by low glutathione levels in the serum. CK may be very 

unstable in extracellular compartments and is susceptible to oxidation. The absence of 

glutathione, an effective physiological antioxidant, can cause the unstable CK molecule 

to form internal disulfide bonds. Oxidation of CK in this manner would produce an 

irreversible loss of action even with the addition of a thiol-reducing agent such as N-

acetylcysteine (NAC) (19).  

     Lactate dehydrogenase (LDH) is also used in research and clinical diagnosis of muscle 

damage, but not as frequently as CK. LDH is the enzyme that catalyzes the conversion of 

pyruvate to lactate in anaerobic glycolysis. Like CK, LDH is found primarily in the 

cytoplasm of the cell. When cells undergo lysis, LDH is released into the blood. The 

time-course of LDH release is different from that of CK. LDH first appears in the blood 

at 10-12 hours, peaks between 48-72 hours and returns to normal around 7-10 days. The 

lag in release time is useful in observing damage several days after the fact. The major 

problem with using LDH as a marker for muscle damage is again specificity (6, 11). 

LDH is found in most metabolically active tissues, especially red blood cells, and not just 

skeletal muscle.  

     Myoglobin has also been used as a marker of muscle damage. Released when muscle 

is damaged, it appears in the blood around 2-4 hours, peaks about 8-10 hours, and returns 

to normal at 24 hours. Myoglobin is excreted rapidly by the kidneys in urine, so it is a 

better indicator of an acute injury. In severe cases of myoglobinuria, commonly seen in 

late stage rhabdomyolysis, urine becomes a dark tea-like color. The problem with 

myoglobin as a marker for muscle damage again revolves around specificity (6). As was 

true for CK, myoglobin is found in all muscle tissue, including cardiac, making the origin 

of the injury difficult to determine. Temporary membrane compromise and myoglobin 

leakage may be responsible for increased serum levels following injury (10, 11). 

 Due to the lack of specificity with the markers of muscle damage previously discussed, 

researchers have turned to proteins of the contractile tissue. If the definition of muscle 

damage involves disruption of the actual contractile apparatus, which has been 

demonstrated by histological studies of damaged muscle (1, 2, 9-11), then the use of 
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contractile proteins as markers of muscle damage may have promise. There are several 

varieties of protein which make up the contractile apparatus, giving rise to several 

potential biomarkers. Myosin heavy chain has been targeted by researchers, but due to its 

delayed release and peak time (approximately 3 days) (10) its use as a diagnostic tool has 

little validity with respect to early detection. Other potential biomarkers include α−actin 

and the three troponin proteins which make up the contractile machinery. The troponins 

have been widely observed as the best possible target for research. The cardiac troponins 

have been studied in depth over the years with success and have in many ways replaced 

other diagnostic serum markers of heart disease as the gold standard (5).       

 103��!(�("�"��$5%�('(,5�

     The smallest functional unit of muscle tissue is the sarcomere. Each single myofibril 

strand is composed of many sarcomere units. Each sarcomere unit is designed to be the 

molecular base for contraction of muscle. The sarcomere is made up of two distinct 

protein complexes known as thin and thick filaments. The two separate filaments are 

arranged so that there are four thin filaments for every one thick filament. The thick 

filament is mainly composed of the protein myosin. Myosin is a protein family that 

consists of several varieties that are found as molecular motors in cells. In the sarcomere, 

myosin II is the form employed and is grouped into hexameric molecules with a central 

core region. The central core is made up of myosin tails and myosin globular head units 

which act as a cross-bridge during contraction based on the sliding filament theory. The 

thin filament is composed of several different proteins which include a helical structure 

called alpha-actin comprised of individual G actin molecules, a long thin molecule called 

tropomyosin which wraps around the helix, and regulatory trimeric units called troponin 

(20).  

     Troponin consists of three subunits denoted by the letters T, I, and C. Each subunit 

performs a separate task when muscle contraction is initiated by an action potential. The 

troponin T subunit (TnT) is a 37 kDa protein (21) which binds tropomyosin when the 

complex is activated during muscle contraction. The troponin C subunit (TnC) is an 18 

kDa Ca
+2

 binding protein, which is the major trigger for muscle contraction. Finally, the 

troponin I subunit (TnI) is an 18 - 24 kDa protein termed the actomyosin ATPase 

inhibitory subunit. TnI blocks the interaction between actin and myosin when muscle is at 
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rest. When an action potential spreads to the sarcolemma, Ca
+2

 is released into the 

myofibril where it binds with TnC. This causes a conformational change, exposing actin 

to myosin cross-bridges by moving tropomyosin. When actin is exposed, the myosin 

cross-bridge can bind actin and initiate muscle contraction.      

      The development of each troponin subunit differs from one to the other, but there are 

also variations within subunits. The least studied troponin subunit with regard to skeletal 

muscle tissue damage is TnC. The complexity of genetic coding dictates the individual 

differences between skeletal and cardiac subunits, and TnC is only found in two 

isoforms. The isoforms which have been observed are a cardiac/slow twitch muscle 

isoform and a fast twitch muscle isoform (22). Development of the other two subunits 

(TnT and TnI) is more complex in nature; therefore, a greater difference exists between 

isoforms. TnT has three isoforms for cardiac, fast skeletal and slow skeletal, each with 

different amino acid sequences (20). All three are coded by separate genes (21) with 

variations of each isoform being regulated by mRNA splicing (5, 23). TnT is expressed in 

all isoforms in all muscle fiber types during embryonic development, although not in the 

late fetal development stages (5). TnT is found mostly bound to the contractile apparatus, 

although there is a small cytosolic pool (21).  

     Similar to TnT, TnI is also found in cardiac, fast skeletal, and slow skeletal isoforms. 

Concurrently, each TnI isoform is coded by separate genes (5) as well as intra-isoform 

differences coded by mRNA splicing (22). There is a very distinct difference, however, 

between cardiac and skeletal isoforms of TnI in humans. Not only is there about a 40% 

dissimilarity between the two isoforms (12, 14), the cardiac isoform of TnI has 

approximately 30-31 extra amino acid residues on the N terminal. The extra amino acids 

make the cardiac isoform of TnI a longer peptide, with a molecular mass of 24 kDa as 

opposed to 18 kDa for skeletal TnI isoforms in humans (14, 20). Developmentally, only 

slow skeletal isoforms of TnI are found in cardiac muscle, which are no longer expressed 

at nine months postnatal (5). TnI is also found mostly bound to the contractile apparatus, 

although there is a small cytosolic pool as well (24).  

     The differences discussed earlier have made TnT and TnI targets for analysis of 

cardiac and skeletal muscle damage, with TnI being favored due to its vast dissimilarity 

between cardiac and skeletal isoforms. The use of troponins as biomarkers for cardiac 
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muscle injury has been extensively researched for nearly 30 years as discussed in the next 

section.  
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     The use of troponins as a biomarker of muscle injury began with the development of 

immunoassay techniques to better determine myocardial injury with a high degree of 

specificity. With the development of monoclonal antibodies (MAbs) specific for unique 

epitopes found on the extra 30-31 amino acids contained in cardiac TnI, the idea was to 

use the marked differences between cardiac and skeletal TnI to produce a highly 

distinguishable biomarker that would be more specific than the current techniques 

available. The lack of specificity that underlies the use of enzymatic markers like creatine 

kinase (CK) and the heart specific CK-MB was discussed previously. The various 

isoforms of both the TnI and TnT proteins, as well as the relatively low cytoplasmic 

pools, make both strong candidates for use as biomarkers. Methodological considerations 

aside, the use of TnI as a biomarker has shown promise, but still some uncertainty exists. 

     The most common instance of TnI as a biomarker of muscle damage is with the 

diagnosis of acute myocardial infarction (AMI). The idea was to create a more precise, 

specific marker of AMI than the currently available tests. For cardiac TnI, the data 

collected with regard to time-course of release and specificity are relatively strong. 

Cummins et al (17) in 1987 were the first to compare cardiac TnI and CK/CK-MB as 

diagnostic tools for AMI. To determine how specific cardiac TnI could be for diagnosing 

AMI, a group of marathon runners were tested for CK, CK-MB and cTnI post-race. In all 

subjects tested, CK and CK-MB were present in elevated levels, with a 12.8 and a six-

fold increase from baseline levels, respectively (p < 0.05). It was also observed that nine 

subjects met the standard criteria for AMI, expressed as total CK > 160 U/L, CK-MB > 

10 U/L, and relative CK-MB > 6%. With the use of a polyclonal antibody directed at 

cTnI, the study found no significant increases above baseline levels in cTnI in any of the 

nine subjects who tested positive for AMI based on the criteria for CK and CK-MB stated 

earlier (17). The results of the study by Cummins et al (1987) suggest that cTnI is more 

specific than CK or CK-MB in diagnosing AMI based on the findings of nine false-

positive tests. Later studies reiterated the results of Cummins et al with more specific 

monoclonal antibodies for cTnI. Two studies have found elevated CK and CK-MB levels 
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in subjects with muscle damage but no elevation in cTnI (12, 14). In subjects with an 

elevated cTnI and no increase in CK-MB, it is possible that cTnI is a better predictor of 

AMI as well. In a study of nine subjects with elevated cTnI in the absence of elevated 

CK-MB, five were clearly diagnosed with AMI, two were very likely to have suffered an 

AMI, and two had evidence of severe sepsis (14). 

     Studies have also shown favorable results for the time-course of release of cTnI into 

blood in instances of AMI. In a study of 24 subjects with confirmed AMI, cTnI appeared 

earlier than CK-MB (14) in 22 of  the 24 subjects, while in a similar study cTnI detection 

was slightly behind CK-MB (6.8 h and 5.4 h respectively) (12). Peak levels of cTnI in the 

latter study (12), however, were noted earlier than CK-MB (11.2 h cTnI, 13.4 h CK-MB). 

Another possible strength of cTnI as a marker for AMI, with regard to time-course, may 

be in late diagnosis. Levels of cTnI have been found to be still elevated five days post-

injury, whereas CK-MB returns to normal levels at about 69 h (12, 14).  

     Use of cTnI is also useful for distinguishing between skeletal muscle and myocardial 

damage in response to exercise. Smith et al (15) found significant increases from pre- to 

post-marathon levels in CK (195.0 U/L pre – 707.8 U/L post, p < 0.0001), CK-MB (3.6 

U/L pre – 13.5 U/L post p < 0.0001), and lactate dehydrogenase (429.2 U/L pre – 824.5 

U/L post, p < 0.0001), but not in cTnI (0.03 ng/ml pre - .01 ng/ml post). These data 

suggest that the rise in enzymatic markers observed following a marathon are a result of 

the breakdown of skeletal muscle and not the myocardium.  

     Recent studies have focused on risk stratification for subjects who have an incident of 

acute coronary syndrome (ACS) without any evidence of AMI, such as ST-wave 

elevation on an electrocardiogram (ECG) (5, 25). A study of subjects with varying levels 

of cTnI pre-operative, with no evidence of AMI, found that at higher levels of cTnI there 

is a higher risk of adverse cardiac events post-operatively. Those subjects with high 

positive cTnI levels (> 1.5 ng/ml) had a significantly higher incidence of death (p < 0.02), 

low cardiac output syndrome (LCOS) (p < 0.0001), perioperative myocardial infarction 

(PMI) (p < 0.0001), or all three (p < 0.0001) when compared to those with a negative 

cTnI (< 0.1 ng/ml) and low-level cTnI (0.11 – 1.5 ng/ml) (25).  

     Some of the drawbacks associated with the use of cTnI as a diagnostic tool for AMI 

center around false positive detection in some disease states such as Duchenne muscular 
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dystrophy (DMD) and rhabdomyolysis. The results have been relatively consistent which 

raises some concern regarding the specificity of cTnI. The presence of cTnI mRNA in 

skeletal muscle of patients with DMD could mean that the actual protein may be 

expressed as well (22). The discovery of elevated levels of cTnI in subjects with 

rhabdomyolysis and subsequent false positive diagnosis of AMI, have prompted 

questions as to whether cTnI is a specific biomarker (24, 26). It has been estimated that 

approximately 33% of AMI diagnosed with the use of cTnI are false positives, and can be 

traced to patients having rhabdomyolysis. The mechanism for why this is the case is still 

under investigation. Because there are studies in which cTnI is not observed in muscular 

disease states, the mechanism by which these false positives occur is still unknown. 

Bodor et al (13) found no expression of cTnI in DMD subjects, which raises questions 

concerning the specificity of the antibodies used to determine cTnI levels in the samples 

being tested. Cross-reactivity with skeletal TnI subunits in samples may be a possible 

cause for false positive tests. This is possible if low affinity antibodies as well as 

polyclonal antibodies are being used to conduct the assay. There has also been some 

discrepancy as to what level of elevation in cTnI in AMI can be considered a positive test 

(5, 24).  

     The use of cTnT as a marker for AMI in contrast to cTnI has also been researched. 

One major plus for cTnT is that there has been more of an established standard for 

measuring the protein in serum than for cTnI (5). cTnT is also very sensitive as a 

biomarker, with 100% sensitivity in 502 patients with suspected AMI. cTnT in this study 

was also a sensitive indicator for risk stratification in subjects with unstable angina 

(>0.10 µg/l detected with minor heart damage with poor outcome) (21). The major flaw 

with cTnT as a biomarker for AMI is the appearance of mRNA for cTnT as well as cTnT 

protein in damaged skeletal muscle and in end-stage renal failure (18, 22, 23). Few 

explanations have been offered as to why cTnT is found in damaged skeletal muscle. One 

theory is that fetal cTnT is expressed in regenerating muscle (18, 23). Another theory 

centers on the original immunoassay kits available at the time. As new generations of 

enzyme linked immunosorbent assay (ELISA) kits have been produced, less cross 

reaction with skeletal TnT isoforms has been seen with antibodies directed at cTnT 

isoforms (18). Further development of immunoassay technology is needed in this regard. 
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     The most common method for determining TnI in samples, such as serum or muscle 

extract, is immunoassay. The most popular method involves the use of an enzymatic 

immunoassay technique (EIA). EIA involves the production of antibodies by using the 

immune response of an organism to a foreign antigen. When produced, the antibodies can 

be harvested through several techniques and used to determine qualitatively, and in some 

cases quantitatively, if the protein to which the antibody is directed at is present in the 

sample. Antibodies can come in the form of a polyclonal (PAb) anti-serum, which 

consists of many different antibodies including those not directed at the target protein, or 

through a technique known as hybridoma, one antibody producing B-cell can be isolated 

to produce a very specific monoclonal antibody (MAb). Various means of labeling the 

antibody are used to allow the researcher to visualize the amount of antigen present, 

including radioactive isotopes, fluorescent molecules, and enzymes which interact with a 

color substrate. The techniques for visualizing the antibody-antigen interaction are also 

diverse with Western blot (WB) and ELISA as the most popular. With the determination 

of TnI being widely used for the diagnosis of MI, as well as research being conducted for 

its use in skeletal damage, various antibodies and immunoassay techniques have been 

tested with regard to efficiency, accuracy, and specificity.  

     One of the earliest reports on the use of an immunoassay to determine cardiac TnI was 

in 1987. Cummins et al (17) used a PAb antiserum with a radioimmunoassay 

precipitation technique. Though results were favorable, some of the drawbacks from the 

study included slight cross-reactivity with skeletal isoforms (2%) and a relatively high 

limit of detection (10 ng/ml). The radioimmunoassay technique was also slow, in that it 

took 24-36 hrs for a result (12). In the early 1990’s, several studies set out to produce 

MAbs which were cardio-specific, the most notable of them being conducted by Bodor et 

al (12) and Larue et al (27). Both studies were able to produce several cardio-specific 

hybridomas which were classified and characterized. Monoclonal means that the 

antibodies were more specific with less cross-reactivity as well as a lower limit of 

detection (LOD) (1.7 ng/ml Bodor et al 1992, 0.2 ng/ml Larue et al 1993) (12, 27). In the 

late 1990’s another lab developed cardio-specific MAbs by using recombinant cTnI. The 

result of this study was an even lower LOD of 0.09 ng/ml (28). With each lab producing 
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multiple antibodies, sandwich-type immunoassay techniques were designed to rapidly 

and accurately test serum levels of cTnI. 

      The development of MAbs for cardiac TnI led to a series of studies designed to test 

its efficacy against the current methods for diagnosing AMI. Automated chemistry-assay 

equipment was used to make results available faster. The most commonly used system 

was developed by Dade-Behring and called the Stratus II fluorometric enzyme 

immunoassay system. One study was able to determine the time-course of cTnI release 

with the use of the Stratus II system and match it favorably to the time-course of release 

for CK-MB (14). Other studies utilized the Stratus II to determine if cTnI is elevated 

during skeletal muscle injury and renal complications. By using skeletal muscle extract as 

well as immunohistochemistry, cTnI was not found in skeletal muscle, even in disease 

states such as muscular dystrophy (13). Two other studies were able to use the new 

immunoassay to study elevated cTnI in rhabdomyolysis to try and determine a cause. 

Punukolla et al (24) suggested that the elevation of cTnI during rhabdomyolysis may be 

due to stress to the heart during the course of the disease, while Khan et al (29) found that 

the criteria used to diagnose AMI  with cTnI , (0.6 ug/L) and (0.1 ug/L) (24-26, 29), may 

be too low of a threshold. The study by Khan et al (29) suggested that the criteria for 

diagnosing AMI with cTnI be raised to 3.5 µg/L and greater to rule out any non-cardiac 

disease state which may cause a rise in cTnI. Other automated systems have been used as 

well which include the Dimension RXL-HM, also produced by Dade-Behring (25, 30), 

the Access AccuTnI assay by Bechman-Coulter (11, 26), and the Cobas 6000 by Roche 

(28). Each of these systems is based on the same sandwich ELISA technique as the 

Stratus II system. In some cases the conjugated enzyme is different, but the principle 

remains the same.  

     The methodology for using TnI to detect skeletal muscle damage is less well defined. 

Unlike cardiac-specific TnI, antibodies for human skeletal-specific TnI have not been 

successfully produced. All attempts to develop a viable test kit which could be made 

commercially available have failed due to the high cross-reactivity of sTnI MAbs with 

the cardiac version (6). As discussed earlier, the cardiac version of TnI is easier to 

immunize for due to the 30-31 extra amino acid sequence found on the N terminal of the 

protein. The skeletal form, however, does not have a unique region to target. A few 
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techniques have been used in research to determine sTnI in skeletal muscle damage 

states, but ultimately a specific MAbs for sTnI will be needed to create a reliable test kit 

for clinical purposes. Several skeletal specific MAbs have been produced for various 

mammalian species for the purpose of food safety (31) and have yet to be tested to see if 

each react with human skeletal TnI.  

    The two methods often employed when determining sTnI in serum are enzyme linked 

immunosorbent assay (ELISA) and western blot (WB). The ELISA method used involves 

two separate sets of MAbs. Outlined by Rama et al in 1996 (32) and later utilized by 

Sorichter et al in 1997 (10), the method takes an ELISA with highly specific MAbs for 

cTnI and an ELISA with MAbs that react with both cTnI and sTnI and runs them 

simultaneously. This particular technique for determining sTnI in serum samples has 

shown positive results in a study following 63 healthy triatheletes. No cTnI was found in 

blood samples taken from these subjects using the cTnI specific antibody, while the 

cross-reactive antibody produced an increase of 1.74 µg/L in serum TnI concentrations 

(32). This technique has also allowed, to some extent, the ability to determine a time-

course of release against other markers such as MHC and CK (10), but some 

complications may exist. There is always the possibility of a MAbs being too specific for 

the target antigen. In effect, the amount of cTnI in the sample being tested by the specific 

antibody may be misrepresented against the amount of total TnI determined by the cross-

reactive antibody. Though this is only speculation, the chance that the cTnI antibody is 

overly specific may skew results. Also for diagnostic use, it has been suggested that use 

of a cross-reactive MAbs may make it difficult to distinguish the nature of the injury (6). 

The use of WB to determine sTnI has also been explored as a method. The reasoning 

behind the use of WB is to differentiate between intact protein as well as fragmented 

protein. Another rationale is that cTnI and sTnI would form separate bands due to their 

different weights (sTnI - 18.5 kD, cTnI - 24kD). WB involves the use of sodium dodecyl 

sulfate – polyacrylamide gel ectrophoresis (SDS-PAGE). The principle of this technique 

is to run the proteins in the gel via a current. The size of the protein dictates how far it 

moves. After proteins have been separated they are transferred to nitrocellulous paper. 

From there antibodies are added, including a labeled secondary antibody. The 

nitrocellulous paper is then added to a chemoluminescent substrate to visualize the 
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protein which has been selected.  As a precaution, albumin, which has a tendency to non-

specifically bind the antibodies used, can be identified with a dye (Ponceau S) and the 

nitrocellulous paper can be cut at 50 kDa and removed by the investigator (6). Results 

have been favorable for determining sTnI with WB. A strength of WB is that questions 

such as the location of sTnI proteolysis, and the existence of post-translational 

modifications which may affect antibody binding, can be answered. Another advantage 

for WB is the ability to eliminate albumin before adding the antibodies, which is the most 

abundant protein in serum and may non-specifically bind the antibodies.  
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      The use of skeletal muscle TnI for determining skeletal muscle damage has not been 

as successful as the cardiac version. There have been unsuccessful attempts to produce 

commercially available tests kits that are able to detect either the fast twitch or slow 

twitch sTnI in serum. The attempts of two companies to develop a commercial product 

reportedly failed due to extensive cross reactivity with cardiac TnI (6). The problem is 

also compounded by the difference in both isoforms of sTnI, which have about 56% 

similarity, as well as possible posttranslational modifications which may block binding 

(6).  

Sorichter et al (10) were able to use MAbs directed at skeletal TnI and determined it was 

a viable marker for muscle damage when compared to other markers. The study used an 

MAb which detects cTnI specifically and a MAb which recognizes all isoforms of TnI. 

The goal was to extrapolate the difference in cTnI and total TnI by looking at both 

assays. What the study found was that total TnI did rise above baseline levels, peaking at 

6 hr post exercise in response to high-force eccentric exercise, whereas there was no 

observable increase in levels of cTnI (10). The results should be scrutinized, though, 

when considering how the antibodies were used. No limit of detection (LOD) was given 

for the antibodies used to detect total TnI or the antibodies to detect cTnI. For this reason, 

it is possible that the antibodies used to detect cTnI was not sensitive enough and may 

misrepresent the levels reported in this study.  

     Martinez-Amat et al (11) conducted a study to confirm the efficacy of using α-actin as 

opposed to TnI. A difference with respect to α-actin levels was noted for the controls 

(600.9 ng/ml) in comparison to the muscle damage group (1968.51 ng/ml) but not for 
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sTnI levels. The design of the study conducted by Martinez-Amat et al (11) appears to be 

flawed in that there was no mention of antibody specificity for isoforms of TnI. Without a 

clear indication as to which antibodies were used, it is difficult to truly draw a conclusion 

from this study whether TnI determination for muscle damage is a plausible diagnostic 

tool.  

     A study conducted by Simpson et al (6) in 2005 utilized SDS-PAGE to do a western 

blot by using an anti-sTnI MAb (LOD of 0.5 ng/ml) on serum samples from patients 

hospitalized with severe muscle damage due to sepsis, trauma, and rhabdomyolysis. The 

study found sTnI in multiple protein states, including intact protein as well as some 

cleaved products. When developing a diagnostic test kit for sTnI, it is thus crucial to take 

into account possible modifications in sTnI and the degradation of metabolites of sTnI. A 

possible flaw with the study by Simpson et al (6) was the subject population used. As 

discussed above, many of the subjects used were admitted to the hospital with varying 

severe muscle disorders. The subjects’ CK values were extremely high, including one 

subject with a peak CK level of 134,540 U/L (6). The severity of muscle damage 

observed may have skewed results for sTnI in this study. When considering that SDS-

PAGE requires high concentrations of target protein, it is possible that this technique for 

determining sTnI would not be useful to diagnose early onset muscle damage.  

     An ELISA-based diagnostic test could be developed for sTnI similar to those tests 

developed for detecting cTnI if antibodies specific for sTnI, with little to no cross-

reaction with cTnI, could be identified. The previous studies that have attempted to 

develop an ELISA assay for detecting skeletal muscle damage using sTnI have been 

unsuccessful due to cross-reaction of the antibodies with cTnI (6).  

     A number of IgG class MAbs for sTnI developed for various mammalian and non-

mammalian species by the laboratory of Dr. Peggy Hsieh may have the potential to detect 

human sTnI.  These MAbs were produced for the original intent of testing for meat 

product adulteration and food safety because sTnI is a thermally stable protein and could 

be detected in heat-treated samples. Dr Hsieh’s laboratory has carefully characterized 

several of these sTnI MAbs that are capable of detecting sTnI from non-related species 

such as rat (31). This inter-species homology of sTnI has also been suggested by a study 

looking at structural conservation of sTnI in quail muscle. Through DNA sequence 
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comparison and S1 mapping, similarities were found between quail sTnI and that of 

various other vertebrates (33). It is thus possible that the sTnI antibodies developed by 

Dr. Hsieh’s laboratory could react with human sTnI. The focus of this current study was 

therefore to test these available MAbs previously produced by Dr Hsieh’s laboratory 

against various mammalian sTnI to see if one or more might react with human sTnI and 

thus lead to the eventual development of an ELISA-based diagnostic test for skeletal 

muscle damage.  
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     Human skeletal muscle tissue (Hu) and blood samples taken from subjects exhibiting 

skeletal muscle damage were used to test a set of available antibodies directed against 

skeletal muscle troponin I (sTnI) of various mammalian species. This study was approved 

by the Florida State University Institutional Review Board (IRB) (appendix A). The 

human skeletal muscle sample was collected post-mortem by The Southeast Tissue 

Alliance (SETA) and was sent over night on dry ice; upon receipt, the sample was 

immediately transferred to storage at -80°C. The blood samples were collected as part of 

an ongoing study being conducted by Dr. Jeong-su Kim and colleagues which has also 

been approved by the Florida State University Institutional Review Board (IRB) 

(appendix B). Dr. Kim’s study involves an eccentric load protocol which has been shown 

to cause skeletal muscle damage and is being conducted on healthy males with an age 

range of 55 to 80 years. Subject recruitment and blood drawing were handled by Dr. 

Kim’s lab. Blood samples were tested for creatine kinase (CK) by Dr. Kim and were 

stored at -80°C for an average of one week. Beef heart (BH) was used to test whether the 

same antibodies being tested against human skeletal troponin I would react with cardiac 

troponin I (cTnI). The beef heart was purchased at a local grocery store and stored at -

20°C. 
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�����Human skeletal muscle tissue (Hu) and beef heart (BH) were used to extract both 

skeletal muscle and myocardial contractile proteins, respectively, to test whether the 

available antibodies produced with bovine skeletal troponin I (sTnI) (8A12, 1F9, 8F10, 

2G3,) which also react with various other non-related mammalian species, would react 

with human skeletal TnI and not with beef cardiac TnI. Raw human skeletal muscle 

tissue and raw beef heart samples were removed from the freezer and thawed at room 

temperature (25°C). Approximately 7g of both Hu and BH were used for the extraction, 
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with the total tissue further proportioned into 2g and 5g aliquots for raw and heat-treated 

extractions, respectively. In a beaker, 5g of Hu or BH (minced) were spread evenly�across 

the bottom, and boiled for 30 min at 100° C. An extraction buffer solution (10 mM PBS 

containing 0.5 M NaCl [pH 7.0]) was added to both heat-treated portions of Hu or BH 

after 2 min cooling time at a ratio of 1:2 (g/ml). Both heat-treated samples (Hu and BH) 

and extraction buffer were then homogenized for 4 min with an Ultra-Turrax® T25 basic 

homogenizer (IKA Works, Inc., Wilmington, NC). Next, 2g of raw Hu or BH (minced) 

were placed in sample bags with extraction buffer at a ratio of 1:5 (g/ml). The mixtures of 

extraction buffer and either raw Hu or BH were then homogenized using the Stomacher 

Lab Blender 400 (Tekmar® Company, Cincinnati, OH). When homogenization was 

finished, both raw and heat-treated samples were kept at 4°C overnight. The next day the 

samples were removed from the refrigerator and allowed to come up to room temp for 10 

min and were then centrifuged at 4°C, at 2054 X g for 30 min with the Eppendorf 

centrifuge 5810 R (Eppendorf North America, Westbury, NY). Upon completion of 

centrifugation, the extract supernatant was filtered through Whatman No. 4 filter paper. 

The filtered extract was then separated into centrifuge tubes and kept frozen at -20°C.�
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     The protein concentrations of human skeletal muscle extract (Hu), beef heart extract 

(BH), and human serum samples (HuSer) collected in Dr. Kim’s study were determined 

to optimize assay protocol. A bovine serum albumin (BSA) standard with a hypothetical 

concentration of 1 mg/ml (10 mg/10 ml with DI water, supplier) was prepared and 

absorbance was measured at 280 ηm using the Bio-Rad Smartspec 3000 

spectrophotometer (Bio-Rad Laboratories Headquarters, Hercules, CA). Beer’s Law 

([(A/ε) x 10] = C [mg/ml], ε = 6.67 L•mol 
-1

•cm
-1

) was then applied to determine the 

actual concentration of the standard. Once the actual concentration of the BSA standard 

was determined, the standard was then diluted to a specified set of concentrations (0.05 

mg/ml, 0.20 mg/ml, 0.35 mg/ml, and 0.50 mg/ml) which represents the acceptable range 

for test and assay accuracy. The dye reagent used to determine protein concentration in 

all samples (Hu, BH, and HuSer) was Bio-Rad, 500-0006 (Bio-Rad Laboratories 

Headquarters, Hercules, CA). Preparation of the dye and its addition to the samples is 
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based on Bio-Rad dye reagent 500-0006 protocol [(25 µl of blank, protein 

standard(BSA), and samples in 500 µl of dye)]. Each solution (200 µl) was pipetted into 

specific wells of a 96-well microtitre plate. The plate was then read using the BioTek 

Power Wave XS Plate Absorbance Reader (595 ηm)�(BioTek Instruments, Inc., 

Winooski, VT). 
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     To determine whether the antibodies directed at mammalian skeletal TnI interact with 

human skeletal TnI in a protein extraction from human skeletal muscle (Hu) and the 

protein matrix of human serum (HuSer), an indirect enzyme-linked immunosorbent assay 

(ELISA) was used. The serum samples were chosen based on creatine kninase (CK) 

levels, with the highest CK values being ideal (found in Table 1 of results and discussion 

chapter). Hu extract and HuSer samples previously frozen (-20° C for Hu extract and -

80°C for HuSer) were removed from storage and thawed at room temperature (25° C). 

One of the HuSer samples underwent two heat-treatment protocols (30 min at 65° C and 

10 min at 100° C) for the purpose of removing albumin and to deactivate any proteases 

present in the sample which may degrade sTnI. Four patented IgG class sTnI-specific 

monoclonal antibodies (MAbs) (8A12, 2G3, 1F9, 8F10), produced against bovine sTnI 

by the laboratory of Dr Yun-Hwa Hsieh, were tested for interaction with human sTnI in 

Hu extract and HuSer. Of the four sTnI specific antibodies tested (8A12, 2G3, 1F9, 

8F10), the three which showed a positive reaction to human sTnI (2G3, 8A12, 1F9), were 

then tested against cardiac TnI found in a beef heart extract (BH) to rule out possible 

cross-reactions. The BH extract was removed from storage at -20°C and thawed at room 

temperature (25° C).  

3040���(" !('%�

�����Positive and negative controls for this assay were used and are as follows: NBc (beef, 

cooked and extracted with 0.5 M NaCl with a concentration of 1.1378 mg/ml) as positive 

control and Bbc (bovine blood, cooked and extracted with 0.5 M NaCl with a 

concentration of  2.3015 mg/ml) as the negative control. Positive and negative controls 

were diluted to assay concentrations before plating (0.02 mg/ml). �����

 

 



 23  

30401�������!( (�('  

     Samples were diluted in four different sample buffers (PBS, PBS-EDTA, Carbonate, 

Carbonate-EDTA) to optimize experimental conditions. The addition 

ethylenediaminetetraacetic acid (EDTA) to sample buffers is done to sequester any Ca
++

 

which may block antibody binding site. All samples were diluted to previously 

determined concentrations (based on protein concentration determined earlier) and plated 

at100 µL per well in duplicate. The plate was then covered with para-film and allowed to 

incubate overnight at 4°C. The next day the plate was removed and incubated at 37°C for 

1 hour, then washed in an automated washer (Bio-Rad immuno-washer 1X PBS 

containing 0.05% Tween) (Bio-Rad Laboratories Headquarters, Hercules, CA). The plate 

was then coated with a non-specific binding block solution (1% BSA in 1X PBS) at 200 

µL per well and incubated for 1 hour at 37°C and washed again. The primary antibodies 

(8A12, 2G3, 1F9, 8F10) were then added to the plate and diluted in a 1% BSA - Tween 

solution at 100 µL. The plate was then incubated for 1 hour at 37°C and washed again. A 

second enzyme-linked conjugated antibody was then added and incubated for 1 hour at 

37°C and washed for a final time. ABTS�substrate solution (2,2'-azino-bis(3-

ethylbenzthiazoline-6-sulphonic acid)) was then added to generate color for any positive 

reactions. The plate was allowed to sit for 30 min before adding the stop solution (0.2 M  

citrate buffer). The plate was then read with the Bio-Tech power wave XS plate reader at 

an absorbance 415 ηm (BioTek Instruments, Inc., Winooski, VT). 
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     To determine limit of detection (LOD) for the antibodies (2G3, 8A12) found to react 

positively with human sTnI but not react with cTnI (beef heart extract [BH]), an indirect 

ELISA was performed using the raw human skeletal muscle extract (Hu) diluted in 

carbonate-EDTA, the sample buffer which gave the best positive signal based on 

absorbance (A) (see ELISA protocol stated earlier). The sample concentrations began 

high (1:2 dilution) and were further diluted until an absence of color change was 

observed (1:500 dilution). Based on the approximate protein concentration determined 

earlier for the raw skeletal muscle extract (4.1572 mg/ml) and the approximate percent of 

that protein which is expressed as skeletal TnI (1.7), LOD was estimated.  
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�����All data were collected and saved on a Microsoft Excel™ template used to determine 

protein concentration based on standard curve (R
2
) which correlates absorbance (A) with 

an approximation of protein concentration (mg/ml). Comparisons of all samples were 

based on results from ELISA which was mean absorbance (A) determined by the Bio-

Tech power wave XS plate reader at 415 ηm (BioTek Instruments, Inc., Winooski, VT) 

and compared to the mean absorbance (A) of positive and negative controls. Student’s T-

test was used with Microsoft Excel™ to determine significance with regard to antibody 

buffer. 
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      To determine which of four antibodies (2G3, 8A12, 1F9, 8F10) produced against 

various mammalian species skeletal troponin I (sTnI) react with human sTnI, an indirect 

enzyme-linked immunosorbent assay (ELISA) screening process was employed. Human 

skeletal muscle (Hu) was collected post-mortem via an organ donor organization and a 

protein extraction process was performed on the tissue to give a solution of myofibrillar 

proteins, including sTnI. Extraction of the human skeletal muscle tissue was performed 

on both a raw Hu sample and a heat-treated Hu sample. The purpose of the heat treatment 

is based on the understanding that sTnI is a heat stable protein. By heating the human 

skeletal muscle tissue, it was possible to create a more concentrated solution of sTnI by 

denaturing and removing non-heat stable proteins found in the tissue. The results of the 

protein extraction process performed on human skeletal muscle was a raw extract with a 

protein concentration of 4.1572 mg/ml and a heat-treated extract with a protein 

concentration of 1.4362 mg/ml. 

     The antibody screening using both the raw and heat-treated Hu extracts resulted in a 

positive reaction for three (2G3, 8A12, and 1F9) of the four antibodies tested (Figures 1 

and 2). For both raw Hu and heat-treated Hu samples, three different dilutions were used 

(raw Hu 1:20, 1:50, 1:100 and heat-treated Hu 1:4, 1:10, 1:20) for antibody screening. 

The positive reactions observed with the three antibodies 2G3, 8A12, and 1F9, were 

consistent across all dilutions for all samples (Figures 1 and 2).  

     To optimize experimental conditions, four sample buffers were tested (PBS, PBS-

EDTA, Carbonate, Carbonate-EDTA) to determine which one would result in the 

strongest signal based on absorbance (A). The chemical ethylenediaminetetraacetic acid 

(EDTA) is an amino acid that is often used to chelate di- and tri- valent metal ions in 

solution. For this experiment, EDTA was added to both a PBS salt buffer with a pH of 

7.2 and a carbonate buffer with a pH of 9.6. The reasoning for adding a chelator to the 

sample buffers is the high levels of Ca
++

 found in skeletal muscle. The protein sTnI is 
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part of a complex of proteins which involve Ca
++

 binding, so the addition of EDTA to the 

solution should free up any binding site that may be blocked by Ca
++

. Based on results of 

the antibody screening, significant differences with regard to the four different sample 

buffers (PBS, PBS-EDTA, Carbonate, Carbonate-EDTA) were only observed in raw Hu 

samples and not heat-treated Hu samples (Figures 1 and 2). For all three dilutions of raw 

Hu samples (1:20, 1:50, 1:100), the samples diluted in Carbonate-EDTA buffer showed a 

significantly higher signal based on absorbance (A) than the other three buffers tested 

(PBS, PBS-EDTA, and Carbonate, p < 0.01) (Figures 1A – 1C). It is safe to assume that 

the addition of EDTA had an effect on signal strength even with a similar result absent 

from adding EDTA to PBS buffer. Both sample buffers containing no EDTA (PBS and 

Carbonate) resulted in a greatly reduced signal compared to that of Carbonate-EDTA 

based on absorbance (A). The explanation for dissimilar results between Carbonate-

EDTA and PBS-EDTA is that EDTA is soluble at higher pH levels (Carbonate-EDTA 

pH 9.6 and PBS-EDTA pH 7.2).  

     For heat-treated samples, differences between the four different buffers (PBS, PBS-

EDTA, Carbonate, Carbonate-EDTA) were not significant for the three antibodies (2G3, 

8A12, and 1F9) which tested positive (Figures 2A – 2C). Based on absorbance (A) for all 

three positive antibodies (2G3, 8A12, and 1F9), it does appear that the presence of EDTA 

did enhance the signal slightly for all dilutions (1:4, 1:10, 1:20) (Figures 2A – 2C). A 

possible explanation for the reduced importance of the addition of EDTA to the various 

sample buffers is that heat caused precipitation of Ca
++

 in the form of salts which were 

thus removed from the solution during the heat-treated extraction process. This would 

make less Ca
++

 available in the solution to block the antibody binding site on human 

skeletal TnI. 
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     The three antibodies (2G3, 8A12, 1F9) which reacted positively to human skeletal TnI 

in both the raw and heat-treated human skeletal muscle extracts (Hu) were tested for 

cross-reactivity with cTnI.  
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Fig. 1. Antibody screening for sTnI in raw human 

skeletal muscle extract (Hu). Four different 

antibodies (2G3, 8A12, 1F9, 8F10) were 

screened with four different antibody buffers 

(PBS, Carbonate, PBS-EDTA, Carbonate-

EDTA) with (A) being a 1:20 dilution (B) 

being a 1:50 dilution and (C) being a 1:100 

dilution. (*) signifies that absorbance (A) is 

significantly higher for CARB-EDTA buffer 

for all positive antibodies (p < 0.01).
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Figure legend and controls. Positive controls are NBc (beef, cooked 

and extracted with 0.5 M NaCl with a concentration of 1.1378 

mg/ml) and negative controls are Bbc (bovine blood, cooked and 

extracted with 0.5 M NaCl with a concentration of  2.3015 mg/ml). 
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�0 Fig. 2. Antibody screening for sTnI in heat-

treated human skeletal muscle extract 

(Hu). Four different antibodies (2G3, 

8A12, 1F9, 8F10) were screened with four 

different antibody buffers (PBS, 

Carbonate, PBS-EDTA, Carbonate-

EDTA) with (A) being a 1:20 dilution (B) 

being a 1:50 dilution and (C) being a 

1:100 dilution. No significance observed 

with different antibody buffers.
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Figure legend and controls. Positive controls are NBc (beef, cooked 

and extracted with 0.5 M NaCl with a concentration of 1.1378 

mg/ml) and negative controls are Bbc (bovine blood, cooked and 

extracted with 0.5 M NaCl with a concentration of  2.3015 mg/ml). 
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 Attempts by other investigators to produce antibodies that react with sTnI have failed 

due to cross reactivity with cTnI (6). Since human cardiac tissue was unavailable, beef 

heart tissue was used instead to prepare an extract containing cardiac TnI. The same 

extraction technique used to produce the raw and heat-treated Hu extract was used to 

produce both raw and heat-treated beef heart extracts (BH). The extraction produced a 

raw BH extract with a protein concentration of 4.0842 mg/ml and a heat-treated BH 

extract with a protein concentration of 2.4215 mg/ml. 

Based on the greater absorbance (A) values observed when the human skeletal muscle 

samples were diluted in the Carbonate-EDTA buffer, only Carbonate-EDTA was used to 

dilute both the raw and heat-treated BH extracts. Of the three positive antibodies which 

reacted positively with skeletal TnI (2G3, 8A12, 1F9), the antibodies 2G3 and 8A12 did 

not reaction with either raw or heat-treated BH extract. The antibody 1F9, however, did 

show a weak cross-reaction with both raw and heat-treated BH extracts (Figure 3). This 

suggests that 1F9 does cross-react with cardiac TnI.  

     Even with no reaction to beef cardiac TnI, it is still possible, but not likely, that 2G3 

and 8A12 may react with human cardiac TnI. There are two possible explanations for 

this. The first explanation is that both 2G3 and 8A12 were originally produced against 

beef skeletal TnI, so if there was going to be a cross-reaction, beef heart extract would 

have produced one. The second possible explanation stems from the fact that 2G3 and 

8A12 react with various mammalian species skeletal TnI, including porcine, horse, sheep, 

and rat. A study looking at structural conservation of sTnI in quail muscle found through 

DNA sequence comparison and S1 mapping that there were similarities with quail sTnI 

to that of various other vertebrates which would suggest evolutionary homology for sTnI 

(33). With that in mind, the same structural conservation observed with sTnI should hold 

true for that of cardiac TnI.  

     The cross-reactivity to beef cardiac TnI observed with the antibody 1F9 would suggest 

that it would cross-react with human cardiac TnI. All three antibodies tested (2G3, 8A12, 

1F9) were produced with purified bovine sTnI (1mg/ml). The possible reason why 1F9 

would react to beef cardiac TnI is that the epitope to which 1F9 binds to on sTnI is 

similar enough to an epitope on the beef cardiac TnI that a weak binding occurred, thus 

producing a reaction with ELISA. 
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Fig. 3. Antibody screening for cross-reaction to cTnI in 
beef heart protein extract (BH). The three positively 
screened antibodies (2G3, 8A12, 1F9) for sTnI were 
used. Chart (A) represents raw BH at three dilutions 
(1:10, 1:50, 1:200), chart (B) represents heat-treated 
(HT) BH at three dilutions (1:4, 1:20, 1:100) and chart 
(C) are controls with positive controls are NBc (beef, 
cooked and extracted with 0.5 M NaCl with a 
concentration of 1.1378 mg/ml) and negative controls 
are Bbc (bovine blood, cooked and extracted with 0.5 
M NaCl with a concentration of  2.3015 mg/ml). The 
(*) indicates significantly higher absorbance values for 
1F9 (p < 0.01).
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     To determine limit of detection (LOD) for the two positive antibodies (2G3 and 8A12) 

for human skeletal TnI which also had no cross reactions with beef cardiac TnI, a panel 

of descending dilutions with raw Hu extract in Carbonate-EDTA was tested. The panel of 

dilutions began with a very high concentration (1:2) and then the aliquots were further 

diluted to a concentration where the signal fell below negative controls (1:1000). Based 

on the soluble protein concentration of the raw Hu extract (4.1572 mg/ml) and the 

percent of sTnI found in muscle (1.7%) (34), LOD for both positive antibodies was 

approximated. The antibody 2G3 stopped reacting after a dilution of 1:500, thus the LOD 

is approximately 14 ng/ml. The antibody 8A12 stopped reacting after a dilution of 1:200; 

therefore, its LOD is approximately 35 ng/ml.  
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     Based on the method used to determine LOD for the antibodies 2G3 and 8A12, it is 

possible that the reported value is lower than what it may actually be. The protein 

concentration of the raw Hu extract may not only represent myofibrillar proteins but also 

sarcoplasmic proteins. Since it is difficult to know the exact protein concentration of the 

raw Hu extract that represents strictly myofibrillar proteins, the LOD for the antibodies 

2G3 and 8A12 are only estimations. The success of diagnostic tests for acute myocardial 

infarction (AMI) is based on successful production of antibodies for human cardiac TnI 

with low LODs. A series of antibodies found to react with human cardiac TnI have 

reported LODs of 1.7 ng/ml (12), 0.2 ng/ml (27), 0.09 ng/ml (28).  
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Fig. 4. Represents the decline in signal form both 2G3 and 8A12 as the solution of raw 

human skeletal muscle extract (Hu) becomes more diluted to illustrate estimation of 

LOD.
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     To test whether detection of skeletal TnI in human serum (HuSer) is possible, both 

positively screened antibodies 2G3 and 8A12 were tested against blood samples obtained 

from the laboratory of Dr. Jeong-su Kim from male subjects with an average age of 61 

performing a single leg extensor eccentric load protocol known for mimicking skeletal 

muscle damage. Two subjects were chosen for the screening of 2G3 and 8A12. Both 

subjects had relatively high serum creatine kinase (CK) values when compared to other 

subjects who took part of the study. Both subjects were also chosen based on the 
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distribution of CK, with subject #1 having a high peak CK value and subject #2 having a 

consistently high CK value throughout multiple blood draws. A sample from a third 

subject with comparable serum CK values was used to test the effect of heat treatment 

(Table 1). The heat treatment was done to deactivate any proteases present which may 

have denatured sTnI in the sample and to denature any non heat stable proteins in the 

sample to give a more concentrated sTnI solution. To ensure the best results, the 

Carbonate-EDTA sample buffer was again used to dilute the various serum samples. The 

results were negative for all samples and for all conditions.  
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All CK values were measured and provided by the lab of Dr. Kim 

 

     Since two of the four antibodies tested (2G3 and 8A12) reacted positively to human 

skeletal troponin I within human skeletal muscle extract, there are several possible 

reasons why these antibodies did not give a positive reaction in HuSer with evidence of 

muscle damage. The CK values reported for the samples used in this study are 

comparable to that of other studies observing muscle damage in human subjects 

performing a similar single leg eccentric load protocol as well as whole body damage 

such as competitive rowers. Two such studies report CK values as high as 3000 U/L 

which are similar to that of the average CK levels observed in this current study (35, 36). 

Since CK values in this study are similar to those of other studies and since this suggests 

that the subjects analyzed have skeletal muscle damage, experimental design is the most 

probable explanation for the inconclusive results observed with HuSer. It is possible that 

serum samples in this study may have been diluted to concentrations of sTnI which are 

too low for testing with the antibodies 2G3 and 8A12 (dilution factors for this study were 
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between 1:5 and 1:300). Another possible factor which may have affected the outcome of 

this experiment is the possibility of protease activity denaturing sTnI. Other factors such 

as time release of sTnI post-injury should be taken into consideration when experimental 

conditions are further optimized in the future. 
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     Skeletal muscle damage is a common occurrence and can lead to severe 

complications. Early detection of skeletal muscle damage is an important factor for 

treatment and recovery. Other investigators have attempted to develop an ELISA-based 

diagnostic test using skeletal troponin I (sTnI) as a biomarker for detecting skeletal 

muscle damage. To date, known of these previous attempts have been successful because 

of cross-reaction of sTnI monoclonal antibodies (MAbs) with cTnI as a limiting factor.  

     In this study, four MAbs (2G3, 8A12, 1F9, 8F10) , initially produced against sTnI for 

various mammalian species for food science purposes and not for detecting human 

skeletal muscle damage, were tested for the ability to detect sTnI in a protein extract from 

human skeletal muscle; three reacted positively (2G3, 8A12, 1F9). Of these three, two 

(2G3, 8A12) did not cross-react with beef cardiac TnI (cTnI), suggesting specificity for 

sTnI. While beef heart was used in this study instead of human heart to test cross-

reactivity, evidence that structural conservation exists within sTnI across several different 

species suggests that the same would hold true for cTnI (33). The MAbs 2G3 and 8A12 

would therefore likely not cross-react with human cTnI as well, but this remains to be 

tested.  

     Sensitivity of the MAbs 2G3 and 8A12 was then assessed by approximating the limit 

of detection (LOD). The estimated LODs for MAbs 2G3 and 8A12 were 14 ng/ml and 35 

ng/ml, respectively. 

    Lastly, this study tested the ability of MAbs 2G3 and 8A12 to detect sTnI in human 

serum samples (HuSer) from subjects with apparent skeletal muscle damage based on 

creatine kinase (CK) values.The results of this test, however, proved inconclusive within 

the constructs of this experimental protocol. One possible explanation may be that the 

HuSer samples were over-diluted due to the high concentration of albumin in blood. 

Albumin represents 60% of the total protein content of blood.  HuSer samples were 

diluted on the basis of protein concentration, which may have caused the levels of sTnI, 

present in trace amounts relative to albumin, to fall below the LODs for the two MAbs 
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being screened. Another issue with albumin in the HuSer samples is its large molecular 

size, approximately 66 kDa. If situated close to sTnI in a microtitre well, albumin may 

structurally block the binding site for the MAbs being screened. To prevent over-dilution 

of sTnI concentrations in HuSer samples and reduce the chance of structural blocking of 

the MAbs, removal of albumin prior to analyzing HuSer samples may therefore be 

advisible. 

 A second explanation as to why MAbs 2G3 and 8A12 did not appear to detect sTnI in 

the HuSer samples analyzed in this study is because of possible denaturation of sTnI due 

to protease activity at some point during cold storage, thawing and/or incubation. 

Denaturation of a protein via protease action may disrupt its ability to bind with MAbs, 

because not all epitopes are continuous amino acid sequences and may only be the result 

of protein folding. The addition of a protease inhibitor to blood samples immediately 

upon drawing the blood may thus reduce the risk of subsequent denaturation of sTnI. 

     A final possibility for the inconclusive results of the screening of MAbs 2G3 and 

8A12 in HuSer may be due to differences in the timing of peak levels in serum for sTnI 

and CK, which are 6-7 hours and 48 hrs respectively. Because HuSer samples were 

provided by the laboratory of Dr. Kim whose focus was on CK and not sTnI, the blood 

draws were taken with CK peak times in mind. The earliest blood draw in Dr. Kim’s 

study was at least eight hours post injury which may have been beyond the time for peak 

concentrations of sTnI. 

     Development of an ELISA-based diagnostic test involves several steps, the first of 

which are to screen for suitable antibodies. In this study MAbs 2G3 and 8A12 were found 

to react with human sTnI in a protein extract from human skeletal muscle and not cross-

react with beef cTnI. Future studies employing the procedural modifications suggested 

are needed to further determine if these two MAbs can also detect sTnI in human serum 

and thus be utilized in the development of an ELISA-based assay for detecting skeletal 

muscle damage. 
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Office of the Vice President For Research 

Human Subjects Committee 

Tallahassee, Florida 32306-2742 

(850) 644-8673 . FAX (850) 644-4392 

 

APPROVAL MEMORANDUM 

 

Date: 1/11/2008 

 

To: William Fredericks 

 

Address: 1493 

Dept.: NUTRITION FOOD AND MOVEMENT SCIENCES 

 

From: Thomas L. Jacobson, Chair 

 

Re: Use of Human Subjects in Research 

ELISA determination of skeletal TnI in human serum as a biomarker for skeletal damage 

 

The application that you submitted to this office in regard to the use of human subjects in 

the proposal referenced above have been reviewed by the Secretary, the Chair, and two 

members of the Human Subjects Committee. Your project is determined to be Expedited 

per 45 CFR § 46.110(7) and has been approved by an expedited review process. 

 

The Human Subjects Committee has not evaluated your proposal for scientific merit, 

except to weigh the risk to the human participants and the aspects of the proposal related 

to potential risk and benefit. This approval does not replace any departmental or other 

approvals, which may be required. 

 

If you submitted a proposed consent form with your application, the approved stamped 

consent form is attached to this approval notice.  Only the stamped version of the consent 

form may be used in recruiting research subjects. 
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Office of the Vice President For Research 

Human Subjects Committee 

Tallahassee, Florida 32306-2742 

(850) 644-8673 . FAX (850) 644-4392 

 

APPROVAL MEMORANDUM 

 

Date: 7/5/2007 

 

To: Jeong-su Kim 

 

Address: 432 Sandels Building 

Dept.: NUTRITION FOOD AND MOVEMENT SCIENCES 

 

From: Thomas L. Jacobson, Chair 

 

Re: Use of Human Subjects in Research 

Effects of feeding 3 or 6 grams of ß-hydroxy-ß-methylbutyrate (HMB) on 

indicators of muscle tissue degradation, damage, and performance in the 

elderly sarcopenic population 

 

The application that you submitted to this office in regard to the use of 

human subjects in the research proposal referenced above has been reviewed 

by the Human Subjects Committee at its meeting on 5/9/2007 2:30:00 PM.  Your 

project was approved by the Committee. 

 

The Human Subjects Committee has not evaluated your proposal for scientific 

merit, except to weigh the risk to the human participants and the aspects of 

the proposal related to potential risk and benefit. This approval does not 

replace any departmental or other approvals, which may be required. 

 

If you submitted a proposed consent form with your application, the approved 

stamped consent form is attached to this approval notice.  Only the stamped 

version of the consent form may be used in recruiting research subjects. 

 

If the project has not been completed by 7/1/2008 you must request a renewal 

of approval for continuation of the project. As a courtesy, a renewal notice 

will be sent to you prior to your expiration date; however, it is your 
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responsibility as the Principal Investigator to timely request renewal of 

your approval from the Committee. 

 

You are advised that any change in protocol for this project must be 

reviewed and approved by the Committee prior to implementation of the 

proposed change in the protocol.  A protocol change/amendment form is required to be 

submitted for approval by the Committee.  In addition, 

federal regulations require that the Principal Investigator promptly report, 

in writing any unanticipated problems or adverse events involving risks to 

research subjects or others. 

 

By copy of this memorandum, the Chair of your department and/or your major 

professor is reminded that he/she is responsible for being informed 

concerning research projects involving human subjects in the department, and 

should review protocols as often as needed to insure that the project is 

being conducted in compliance with our institution and with DHHS 

regulations. 

 

This institution has an Assurance on file with the Office for Human Research 

Protection. The Assurance Number is IRB00000446. 

 

Cc: Bahram Arjmandi, Chair 

HSC No. 200
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1.   I voluntarily consent to be a participant in the research project entitled “Effects of 

feeding 3 or 6 grams of β-hydroxy-β-methylbutyrate (HMB) on indicators of muscle 

tissue degradation, damage, and performance in the elderly”.  This research is being 

conducted by Jeong-su Kim, Ph.D., Arturo Figueroa, MD, Ph.D., and Lynn Panton, Ph.D. 

who are faculty members and Jacob Wilson, MS., a student in the Department of 

Nutrition, Food and Exercise Sciences at Florida State University.  

 

2. The purpose of the research project is to examine the effects of two week intake of 3 

or 6 grams of β-hydroxy-β-methylbutyrate (HMB), a commonly used supplement to 

increase muscle mass and strength, in the elderly population on indicators of muscle 

tissue degradation, damage, and performance following an acute resistance exercise 

protocol.   

 

3. My participation in this project will require my attendance at the Florida State 

University Exercise Physiology Laboratory for a total six or seven different days to 

complete the experimental protocol described below. 

 

On the first day of the study I will come to the Exercise Physiology Laboratory for an 

orientation to the study and to sign an informed consent and answer questions on my 

medical history.  If I have not done this during my phone interview, I will provide my 

physician’s contact information to the investigator, thus the investigator will directly 

contact and send the Physician Awareness Form, a form that will request my physician to 

provide information on my eligibility to participate in this study. After my physician 

determines my eligibility, I will be requested to come to the study site after 12-hours of 

overnight fasting i.e., no food or drinks except water. After obtaining my consent, the 

investigators who are well trained in blood collection will draw approximately 10 ml of 

blood (about 2 teaspoons) and measure my blood pressure. I will also be asked to provide 

a spot urine sample. Additionally, I will undergo measurements of body composition 

(lean vs fat mass), arterial stiffness, and maximal voluntary knee extension strength of leg 

muscles.  I will be randomly assigned into one of three groups to consume approximately 

3 or 6 grams of HMB, or placebo per day, respectively of HMB divided into 3 equal 

servings throughout the day for 14 days. On the second visit after 14 days of 

supplementation, I will have my fasting blood drawn (about 3 to 4 tablespoons) and urine 

collected to measure levels of serum creatine kinase (CK) and urinary 3-methylhistadine 

(3-MH), respectively, which are known to be indicators of muscle damage and protein 

breakdown in response to acute exercise.  I will also report my perception of soreness in 

my legs using a simple visual scale.  After repeating all the baseline measurements, I will 

undergo a strength testing protocol on the Biodex™ machine which is safe and 

commonly used for therapeutic purposes.  For a warm up, I will complete ten light knee 
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extension exercise with my dominant leg.  I will then be tested for my maximal leg 

muscle strength on the same machine.  I will then rest for three minutes and then will 

complete six sets of ten repetitions of my best voluntary leg exercise on the same leg that 

performed the warm up and strength test.  Immediately after the completion of the 

exercise protocol, I will rate my soreness perception in my legs using the same visual 

scale.  I will repeat all measurements at 8, 24, 48, and 72 hours after the exercise 

protocol.  I will be able to leave the laboratory if needed before the eight-hour 

measurements.  I will be instructed to consume my normal daily diet as well as minimize 

any changes in daily activities.  In addition, I will be given a dietary log to record my diet 

for 48 hours before and during the testing period.  I will also be told to refrain from 

taking any vitamin supplementation or pain medications (i.e., aspirin, Tylenol, or Advil) 

to prevent any further nutritional or drug-related protection against the exercise-induced 

muscle damage.  I will be asked to follow these restrictions for 48 hours before and 

during the testing period.  

 

4.  I understand there is a possibility of a minimal level of risk involved if I agree to 

participate in this study.  The risks will be minimized by using trained technicians and by 

teaching me proper techniques in testing. If I have high blood pressure (greater than 

140/90 mmHg), heart disease or have had a stroke, smoke, take nutritional supplements 

or cholesterol medications, currently participate in any exercise training programs or have 

any contraindications to strength testing, or have any muscle diseases and/or joint-related 

diseases (i.e., osteoarthritis), I will not be able to participate in the study.  Due to the 

requirement of 12-hour fasting measurements, I also can’t participate if I currently take 

any prescribed medications that must be taken with food in the morning.  Either during 

my phone interview or my first visit, I will provide my physician’s contact information to 

the investigator during my first visit, thus the investigator will directly contact and send 

the Physician Awareness Form. My physician will evaluate my participation in this study 

and send the Physician Awareness Form back to the investigator. The investigator will 

determine my participation based on my physician’s evaluation and notify me with the 

final decision regarding my participation status and schedule for further evaluations 

either by phone or e-mail.  

 

5.  I will experience exercise-induced muscle soreness from strength testing.  It is 

recommended that I limit daily activity throughout the experimental period or as long as 

muscle soreness persists. 

  

6. The results of this research study may be published but my name or identity will not 

be revealed.  Information obtained during the course of the study will remain 

confidential, to the extent allowed by law.  My name will not appear on any of the results. 

No individual responses will be reported.  Only group findings will be reported in 

publications.  Confidentiality will be maintained by assigning each subject a code number 

and recording all data by a code number.  The only record with the subject’s name and 

code number will be kept by Dr. Jeong-su Kim, in a locked drawer in his office.  This 

record will be destroyed in 10 years.   
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7. If I develop health problems during the course of the study, Florida State University 

will not provide compensation and will not provide medical treatment without charge for 

any medical charges as a result of this research investigation. 
 ��������
8. I will not be paid for my participation in this research project. However, I will receive 

free health and fitness evaluations as indicated below with no cost to me (please see #11 

for details). I will also receive a pedometer and exercise ball with brief exercise 

instruction and guidance for home base whole body exercise.  

 

9. Any questions I have concerning the research study or my participation in it, before 

or after my consent, will be answered by the investigators or they will refer me to a 

knowledgeable source.  I understand that I may contact Dr. Jeong-su Kim, 

jkim6@fsu.edu, (850) 644-4795, Jacob Wilson, jmw06x@fsu.edu, (850) 656-9149, Dr. 

Arturo Figueroa, afiguero@fsu.edu, (850) 644-8089 or Dr. Lynn Panton, 

lpanton@fsu.edu, (850) 644-4685 regarding any questions I may have about this research 

project or my rights. Group results will be sent to me upon request.   

  

10. In case of injury, or if I have questions about my rights as a subject/participant in this 

research, or if I feel I have been placed at risk, I can contact the chair of the Human 

Subjects committee, Institutional Review Board, through the Office of the Vice President 

for Research, at (850) 644-8633.  

 

11.  Benefits from this study not only include learning about HMB supplementation and 

about what the proper dosage is to maximize its beneficial effects, but also include health 

and fitness evaluations such as body composition, muscular strength, and cardiovascular 

health parameters (i.e., arterial stiffness, blood pressure, and blood lipid levels). These 

tests are conducted at no cost to me. 

 

11. The nature, demands, benefits and risks of the project have been explained to me.  I 

knowingly assume any risks involved. 

 

I have read the above informed consent form. I understand that I may withdraw my 

consent and discontinue participation at any time without penalty or loss of benefits to 

which I may otherwise be entitled.  In signing this consent form, I am not waiving my 

legal claims, rights or remedies.  A copy of this consent form will be given to me. 

 

 

 

 

 

 

(Subject)       (Date) 

�

�

�

mailto:jkim6@fsu.edu
mailto:jmw06x@fsu.edu
mailto:afiguero@fsu.edu
mailto:lpanton@fsu.edu
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     I was born on March 3
rd

 1977 in New York to William and Donna Fredericks. I am 

the middle of three children and am currently unmarried. I lived in New York to the age 

of 12 when we then moved to Naples, Florida. I went to Barron Collier High School and 

excelled sports, music, and in the sciences. I graduated high school in 1995 and decided 

to attend Florida State University. 

     I began my studies at Florida State University in June of 1995 and graduated in 

December of 2000. While at Florida State, my studies included biology with the intent on 

attending medical school. A short period into my biological studies, I decided I did not 

want to be a doctor, which eventually led me to the Department of Nutrition, Food, and 

Exercise Sciences. I would finish a degree in exercise science and pursue a career in the 

health related field mainly as a personal trainer and nutrition counselor. 
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