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Calcium channel blockers (CCB) was studied extensively in cardiology for their tissue

protective effect following myocardial infarction; we hypothesized that administration of

a CCB would interfere with the processes that result in exercise-induced muscle damage

(EIMD) and delayed onset muscle soreness. To investigate the effects of a CCB on a

development and recovery from EIMD, we used a double blind, placebo controlled

protocol to administer CARDIZEM CD, 240 mg/day, for 6 days to 30 college age males

and females. To induce EIMD, subjects performed 4 sets of 10 repetitions of squat, leg

press, leg extension, and leg curl. We observed no treatment related difference in CPK or

DOMS levels. Overall, peak quadriceps force (PQF) were not different between the

Placebo and Diltiazem groups, but PQF was significantly greater in the Diltiazem groups

immediately after the weight lifting bout. Average quadriceps force (AQF) values

decreased in both groups following the exercise bout; however, no difference existed

between the groups (p > .05). The Diltiazem group PQF and AQF values returned to the

pre-exercise levels 24 hours earlier than did the Placebo group. Neutrophils decreased by

21% in the Diltiazem group compare with a 1.4% increase in the Placebo group, due to

large variability in the neutrophil count at the baseline, this difference was not significant.

Lymphocytes were not affected by CCB treatment. Administration of diltiazem did not

interfere with the development of EIMD as measured by CPK release and the DOMS

scores. Diltiazem appeared to affect quadriceps force generation immediately following

the weight lifting bout and to speed the recovery of muscle force to pre-exerciselevel in

our sample of college age adults. Heart rate was significantly lower in the Diltiazem

group after the administration. There was no difference in either systolic or diastolic



blood pressure after the administration between the Diltiazem and Placebo groups. The 

incidence of side effects was very low and similar in both groups. The administration of 

this dose and preparation of diltiazem does not change heart rate or blood pressure in a 

clinically significant fashion, and was well tolerated in our sample of college age adults. 
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The Effect of a Calcium Channel Blocker on Exercise Induced Muscle Damage 

and Hemodynamic Parameters in Young, Healthy Adults 

Chapter 1 

INTRODUCTION 

Exercise induced muscle damage and its most eminent consequence, delayed 

onset muscle soreness, is a classical problem in exercise physiology. Our current 

understanding of the underlying principles and mechanisms of both exercise-induced 

muscle damage (EIMD) and delayed onset muscle soreness (DOMS) is incomplete 

and therefore, unsatisfactory. Active skeletal muscles undergo a continuous sequence 

of contraction-induced damage and regeneration. This process makes muscles more 

resistant to stress and capable of generating greater force. 

Exercise induced muscle damage develops from a preprogrammed cascade of 

events starting with the initial insult and resulting in total repair and improved 

functional capacity. Several factors are capable of initiating this damaging cascade. 

There are two major physical factors associated with EIMD: mechanical stress exerted 

on the muscle fibers, and increased intramuscular temperature (4, 30). Additionally, 

several sequential biochemical phenomena may also occur: (a) decrease in pH caused 

by increased concentration of acidic substances produced by the metabolic activity of 

working muscles (5, 30); (b) an increase in concentration of free radicals which are 

also produced in the metabolic pathways (5, 91); and (c) most importantly, a 

significant, unregulated, long-term increase in intracellular concentration of calcium 

(5, 76). All of these factors combine to produce the initiation of an inflammation-like 

reaction which causes the disruption of functional and structural parts of muscle cells. 

This reaction is manifested by pain, swelling, and stiffness in the involved area, hence 

the close similarity to inflammation (92). Microscopic changes in the morphology of 

muscle fibers and varying degree of infiltration by the immunity cells have been 



2 

reported (32, 92). This is followed in several days by the reparative phase (5, 30, 32, 

92). 

This study was designed to increase current knowledge of mechanisms and 

sub-cellular processes underlying adaptation of muscle tissue to exercise stress. 

Calcium plays a crucial role not only in excitation-contraction coupling in skeletal 

muscles, but also in the exercise-induced muscle damage cascade (4, 74, 76). Increase 

in the intracellular level of calcium has been proposed as perhaps the most important 

factor in the initiation of the whole cell damage cascade (74). Calcium and calcium 

channel blockers (CCB) have been studied extensively in cardiology for the possibility 

of a tissue protective effect after acute myocardial infarction, manifested by smaller 

occurrence of reinfarction and angina pectoris (41, 43, 83). Calcium channel blockers 

form a group of drugs which selectively bind to calcium channels on cell surfaces and 

interfere with the influx of calcium (76). 

This doctoral dissertation was funded by the American College of Sports 

Medicine Foundation and the College of Health and Human Performance at Oregon 

State University. The results of this study are presented in the form of two 

manuscripts. Chapter 2 presents the study titled, "The Effect of a Calcium Channel 

Blocker on Exercise Induced Muscle Damage", to be submitted to Medicine and 

Science in Sports and Exercise for publication. Chapter 3 contains a manuscript titled, 

"The Effect of Administration of Diltiazem on Hemodynamic Parameters in 

Apparently Healthy Young Adults", to be submitted to the Journal of Clinical 

Pharmacology. 

In Chapter 2, we examined the hypothesis that administration of a selected agent 

from the CCB group of drugs will interfere with the processes that result in EIMD, 

thus causing a decrease of functional and morphological damage to muscle fibers. 

Therefore, the purpose of this study was to investigate the effect of the CCB diltiazem 

(cARDIZEM MD) administered for 6 days (180 or 240 mg/day) to college age males 

and females on the development of, and recovery from EIMD in human skeletal 

muscle. Dependent variables were creatine phosphokinase (CPK), perceived DOMS, 

peak and average concentric force of knee extensor muscles, neutrophil leukocyte 
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count, and lymphocyte count. Table 1.1 summarizes the parameters of interest and 

dependent variables by which they were measured. 

Dependent variableParameter (function) tested 
Continuity (disruption) of sarcolemmas 1. Creatine phosphokinase 

2. Perceived delayed onset muscle Extent of muscle damage, degree of 
inflammation-like reaction soreness 

3. Neutrophil leukocytes count 
4. Lymphocytes 
5. Peak concentric knee extensor force at Kinetics of strength loss, regeneration 
30°/s 
6. Average concentric knee extensor force 
at 30°/s 

Table 1.1 Dependent variables in the EIMD study. 

Calcium channel blockers traditionally have been used and studied for the 

management of hypertension. However, in recent years a growing body of knowledge 

has been accumulated around the involvement of calcium in numerous pathological 

processes. For this reason, CCB have potential usefulness in a wide variety of 

conditions. Calcium channel blockers are currently used for several "off-label" 

indications, most commonly for migraine headaches and esophageal spasms (88). 

Both of these conditions occur in a patient population younger than that of 

hypertension patients. In these conditions, prescribing decisions are dependent upon 

the experience and judgment of the physician. However, the physician faces a difficult 

task here, as these drugs were originally developed and tested for older populations; 

therefore, there is inadequate information about theireffects in younger age groups. 

In Chapter 3, the purpose of the study was to investigate the effects of
 

diltiazem administration on heart rate, blood pressure, and the incidence of side effects
 

in our sample of young, apparently healthy, normotensive adults. Dependent variables
 



in this study were heart rate, systolic and diastolic blood pressure, and the incidence of 

side effects associated with diltiazem administration. Table 1.2 summarizes the 

parameters of interest and dependent variables by which they were measured. 

Parameter (function) tested Dependent variables 
Reaction of cardiovascular system to 1. Heart rate 

2. Systolic blood pressure diltiazem administration 
3. Diastolic blood pressure 

Sensitivity of individuals r 4. Side effects incidence rate 

to diltiazem administration 

Table 1.2. Dependent variables in the hemodynamic study. 
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ABSTRACT 

Calcium channel blockers (CCB) have been studied extensively in cardiology 

for their tissue protective effect following myocardial infarction; we hypothesized that 

administration of a CCB would interfere with the processes that result in exercise-

induced muscle damage (EIMD) and delayed onset muscle soreness. To investigate 

the effects of a CCB on a development and recovery from EIMD n the quadriceps, we 

used a double blind protocol to administer diltiazem (CARDIZEM CD®"180-240 

mg/day) for 6 days to 30 college age males and females. To induce EIMD, our 

subjects performed 4 sets of 10 repetitions of squat, leg press, leg extension, and leg 

curl at 50, 60, 70, and 80% of their estimated 1-RM. We observed no treatment 

related difference in CPK or DOMS levels. Overall, peak quadriceps force (PQF) 

were not different between the Placebo and Diltiazem groups, but PQF was 

significantly greater in the Diltiazem groups immediately after the weight lifting bout. 

Average quadriceps force (AQF) values decreased in both groups following the 

exercise bout; however, no difference existed between the groups (p > .05). The 

Diltiazem group PQF and AQF values returned to the pre-exercise levels 24 hours 

earlier than did the Placebo group. Neutrophils decreased by 21% in the Diltiazem 

group compare with a 1.4% increase in the Placebo group, due to large variability in 

the neutrophil count at the baseline, this difference was not significant. Lymphocytes, 

aside of the initial significant difference between both groups were not affected by 

CCB treatment. In conclusion: Administration of diltiazem did not interfere with the 

development of EIMD as measured by CPK release and the DOMS scores. Diltiazem 

appeared to affect quadriceps force generation immediately following the weight 

lifting bout and to speed the recovery of muscle force to pre-exercise level in our 

sample of college age adults. 

KEY WORDS: EXERCISE INDUCED MUSCLE DAMAGE, CALCIUM
 

CHANNEL BLOCKER, IMMUNE SYSTEM
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INTRODUCTION
 

Delayed onset muscle soreness (DOMS) is a long known symptom of exercise 

induced muscle damage (EIMD), yet our knowledge of the underlying 

pathophysiology remains incomplete. Exercise induced muscle damage is thought to 

consist of a sequence of mechanical, biochemical, and immunological events that 

cause a marked deterioration of the cytoskeletons of myocytes (3, 17). This is 

followed by a reparative phase that results not only in total morphological repair of 

damaged muscle cell structures, but remarkably also in improved function (increased 

strength), all part of the reaction and adaptation of muscle tissue to stress. 

The most important factor in initiating the muscle damaging cascade is the 

change in calcium homeostasis (3, 6, 34). Following the bout of exercise, intracellular 

levels of calcium remain very high for an extended period of time. Increased 

intracellular calcium has also been identified as a critical factor in the initiation of the 

cell damaging cascade in acute ischemic injury of the myocardium (41). 

Calcium homeostasis can be impaired as a result of muscle activity in several 

ways. The source of calcium can be identified as either extracellular or intracellular. 

First, calcium can get inside myocytes from the extracellular space through 

microruptures or changes in permeability of the sarcolemma following the strong 

concentration gradient driving calcium into the cells. Second, the function of the 

sarcoplasmic reticulum membrane can be impaired as well as the active transport 

mechanism that normally transports calcium back into storage depots in the 

sarcoplasmic reticulum. The activity of sarcollemal Ca2+-ATPase, very important for 

maintaining of intracellular calcium homeostasis, can be altered during exercise, e.g., 

by the free radicals produced during muscle activity (27, 44). 

Regardless of the mechanism, any long-term unregulated intracellular increase 

in calcium has detrimental effects on intracellular structures (3, 6, 34). Calcium has 

been suggested to activate calcium-sensitive lipases and neutral proteases (3, 17 ). 

Most importantly, increased intracellular calcium activates phospholipase A2, which 
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in turn may initiate an inflammation-like reaction through the production and local 

release of prostaglandins, leukotrienes, and other mediators of inflammation (3, 16). 

An inflammation-like phase, induced by the increased calcium and related 

changes, exacerbates the disruption of functional and structural parts of muscle cells. 

This stage is manifested by pain, swelling, and stiffness of the involved areahence 

the close similarity to inflammation (45). Morphologically, microscopic disruption of 

the continuity of structural proteins at various parts ofmuscle cells has been reported, 

especially in the area of Z-disks e.g. desmin, titin (21). Furthermore, infiltration in the 

damaged areas by the neutrophils and monocytes was reported 24 to 72 hours 

following an exercise bout of weight lifting (45). Leukocyte infiltration is followed in 

several days by a reparative phase, characterized by increased proteosynthetic activity 

and rebuilding of damaged structures of the myocytes (4, 17). It is plausible that this 

inflammation-like reaction is responsible for most, if not all, of the pain and 

discomfort experienced as DOMS (45). 

Calcium channel blockers (CCB) are a group of drugs that selectively bind to 

calcium channels located throughout the body and interfere with the influx of calcium. 

Calcium and CCB have been studied extensively in cardiology for the possibility of a 

tissue protective effect following acute myocardial ischemia (23, 35, 41). The close 

similarity to the role of calcium in tissue damaging cascades observed after myocardial 

ischemia and EIMD led to the hypothesis to be tested in this study. If an increased 

intracellular concentration of calcium is indeed one of the crucial factors starting the 

tissue damaging cascade, then administration of a substance capable of blocking 

calcium channels and thus decreasing the extent of calcium increase should decrease 

the magnitude of muscle damage following exercise. 

The calcium channel blocker diltiazem was chosen for this study for two 

reasons: a very good safety profile of its sustained release preparation CARDIZEM CD® 

(Hoechst Marion Roussel, Kansas. City, MO) and the review of literature showing its 

superiority to verapamil and nifedipine groups of CCB in the so called tissue-

protective effect following myocardial ischemic injury (23). 
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The purpose of this study was to investigate the effects of the calcium channel 

blocker diltiazem (CARDIZEM CD®) administered for 6 days (180-240 mg/day) to 

college age males and females on the development of, and recovery from, exercise 

induced muscle damage in skeletal muscle. Dependent variables were creatine 

phosphokinase (CPK), perceived DOMS, peak (PQF) and average (AQF) isokinetic 

force of knee extensors, and neutrophil leukocytes and lymphocytes count. 

METHODS AND PROCEDURES 

Subjects 

Subjects for the study were solicited from the student population at Oregon 

State University in Corvallis, Oregon. The demographic characteristics of these 

subjects are summarized in Table 2.1. A total of 30 subjects participated in the study, 

16 females and 14 males. Subjects were randomly assigned to groups either Placebo 

or Diltiazem within each gender to control for gender-related differences. Seven 

males were randomly assigned to the Diltiazem group and the same number to the 

Placebo group, eight females into Diltiazem and eight into Placebo groups. All the 

aspects and procedures of the study were thoroughly explained to the subjects and 

informed consent was obtained from each subject prior to the beginning of the 

experiment. This study was approved by the Institutional Review Board for the 

Protection of Human Subjects at Oregon State University. Each subject was paid 

$50.00 for completing all aspects of the study. 

The gender and race of the subjects should not affect the dependent measures, 

but to control for a gender related effect, the effort was made to recruit an equal 

number of women and men for the study. To qualify for participation in the study 

each interested student completed a screening questionnaire. All volunteers with 

previous weight lifting exposure during the preceding 3 months were excluded, as well 
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as those with any contraindication to the administration of diltiazem. After the 

conclusion of the study, one of the subject's data were excluded because of extremely 

high CPK levels (values greater than three standard deviations above the overall mean 

value). 

Males (n=7) Males (n=7)Females (n=7) Females (n=8) 
Placebo DiltiazemPlacebo Diltiazem 

Age (years) 20.0 ± 1.6 19.5 ± 1.1 21.0 ± 3.1 19.6 ± 2.5 

Height (cm) 166.3 ± 1.9 169.2 ± 4.8 180.4 ± 2.9 182.0 ± 4.9 

Weight (kg) 63.7 ± 10.9 60.3 ± 6.2 83.0 ± 7.3 76.3 ± 7.2 

Table 2.1. Subject demographics (Mean ± SD). 

Apparatus 

The weight lifting exercise bout designed to induce muscle soreness took place 

at Oregon State University. Squats were done using free weights, while leg presses, 

leg extensions and leg curls were performed by using pulley machines with fixed 

resistance. 

Peak and average concentric force values of the quadriceps femoris were 

measured at 30 deg/s using a KinCom 500H isokinetic dynamometer (Chattecx, Inc., 

Chattanooga, Tennessee). Subjects were placed in a seated position, with their arms 

crossed over their chest, with a chest belt and a seat belt positioned to ensure that they 

were using exclusively the tested muscle group. The axis of the knee joint was aligned 

with the center of rotation of the lever arm of the KinCom. The pad connected to the 

load cell on the lever arm was placed approximately 3 cm above each subject's ankle. 

Testing was initiated with 4 to 5 repetitions at submaximal intensity to provide a 

warm-up, followed by three maximal efforts. We calculated three trial averages for 

both peak and average quadriceps force. 
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On eight separate occasions, venous blood was drawn from each subject's 

forearm veins by experienced laboratory technicians using vacutainers containing the 

anticoagulant EDTA. After 30 minutes for coagulation, blood was centrifuged for 10 

minutes at 3000 rpm to separate the serum. Serum was then transferred into storage 

vials and frozen at -70 °C. Creatine phosphokinase was assessed by enzymatic assay 

using spectrophotometry (at 520 nm) and acommercial testing kit (kit 520) from 

Sigma Diagnostics (St. Louis, Missouri). The remaining portion of the blood sample 

(approximately 4.0 ml) was stored at 2 °C. At the end of each testing session the 

samples were transported in a cooler to the Hematological Laboratory in the Good 

Samaritan Hospital in Corvallis, Oregon where the white blood cell differential 

analyses were performed. 

Subjects quantified their level of delayed onset muscle soreness using the 

perceived soreness scales (20). We used three scales which differed in verbal and 

numerical descriptions (Appendix X). All of these visual analog scales consisted of a 

horizontal line 100 mm in length, in which 0 mm represented "no soreness present" 

and 100 mm represented "very, very sore." Each subject was asked to draw a vertical 

line at the point that best corresponded to their soreness level after performing a full 

squat. Average from all three scores was used for the statistical analysis as a DOMS 

level. 

Procedures 

Prior to data collection, each subject reported to the HPL for a preliminary 

session during which they were told of all procedures and informed consent was 

acquired. During this session, each subject received instruction regarding the proper 

technique for each of the four resistance exercises to be used in the experiment. They 

also received coded containers of either diltiazem or placebo. The administered dose 

of CARDJZEM CD ® was 180 mg for the first and second days; 240 mg for the third, 

fourth and fifth days; and 180 mg for the last, sixth day of administration. The 
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containers were prepared based on a prescription by the supervisingphysician 

(William B. Reeves, M.D.). The principal investigator and the subjects were blinded 

to the drug/placebo content of the containers by the use of identification codes. Both 

drug and placebo had the same color and identical external appearance to diltiazem 

and were placed in identical caplets. 

The exercise bout was scheduled for the fourth day of administration. Subjects 

signed up for either the morning (7-10 a.m.) or afternoon (1-4 p.m.) session. Each 

session was initiated with the blood draw, DOMS evaluation, and force measurement. 

This was followed by the weight lifting bout. Individual maximum resistance values 

(one repetition maximum or 1-RM) were estimated for squat, leg press, leg extension, 

and leg (hamstring) curl using the methodology described by Brzycki. Based on the 

number of repetitions performed with a given resistance, subjects' 1-RM for each 

resistance exercise was estimated using the formula: 

1-RM = weight lifted/1.0278 .0278X, 

where X equals to number of repetitions performed to exhaustion. 

Estimated 1-RM values were used to calculate the resistances that subjects 

were asked to lift during the exercise bout designed to induce EIMD. This bout 

consisted of 4 sets of 10 repetitions for each exercise, with gradually increasing 

resistance (50, 60, 70, 80% of the predicted 1-RM), with rests for at least one minute 

between sets. However, in most cases, the resistance had to be adjusted due to fatigue 

from the previous sets, so that the subjects were able to do 10 repetitions in each set. 

The principal investigator was present at all times during all parts of the experiment to 

encourage the subjects verbally during the resistance exercises, and to serve as a 

spotter during the squat exercise. 

Within an hour after completion of the exercise bout, the same tests as before 

were conducted (blood draw, DOMS scales, peak and average quadriceps force). 

These tests were then repeated on six successive days during the same time of the day. 

Subjects were asked to avoid any strenuous physical activity one week before the 

experiment and one week afterward. This restriction included avoidance of any high 

intensity physical activity, such as running, rowing, bicycling, moving furniture, etc. 
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Statistical analysis 

This experiment was a double-blind, placebo study utilizing a between/within A x 

(B x S) design with repeated measures on the second factor, specifically, a 2 x (8 x 29) 

ANOVA: Treatment x (Time x Subjects). 

Prior to the statistical analyses we tested whether all assumptions for the tests 

we intended to use were met. We used kurtosis and skewness values and normal 

probability plots and found no violations. 

The data were analyzed using SPSS for Windows 6.1 software (SPSS, 

Chicago, Illinois). The experimentwise alpha level was set at 0.10 since this was the 

first study to investigate the effects of this class of drugs on EIMD. Since we 

conducted six univariate repeated measures ANOVA's (one for each dependent 

variable), the actual critical value against which we tested the significance was .017 

after the Bonferroni correction (.10/6). 

To evaluate the hypothesis that the exercise protocol induced a significant level 

of muscle damage as shown by a significant difference between baseline and peak 

values of CPK and DOMS scores in both groups, we used within-groups effect from 

repeated measures ANOVA. 

A paired t-test was used to evaluate the hypothesis that there was a significant 

difference between Diltiazem versus Placebo groups in the decline of strength 

immediately after the exercise bout. 

To determine whether a significant difference in the rate of return of strength to 

pre-exercise level existed between the Diltiazem and Placebo group, a trend analysis 

of the Treatment x Time interaction was used. A trend analysis was also used to 

determine whether there were a significant differences in the remaining dependent 

variables between the Diltiazem and Placebo groups over the eight day collection 

period. 
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RESULTS 

There are two potentially confounding independent variables in this study 

gender of the subjects and whether the exercise bouts were performed in the morning 

or in the afternoon. Table 2.2 shows the analysis of the differences related to the 

gender main effect in a 2 x 8 (Gender x Trials) between/within ANOVA for each 

dependent variable. Differences between all dependent variables were not statistically 

significant except for the peak and average quadriceps force. These differences were 

expected since women generally have lower absolute strength per kilogram of body 

weight than men. Since both genders were equally represented in both experimental 

groups, we concluded that gender did not confound our results and thus we did not 

employ gender as an independent variable. 

CPK DOMS PQF A F Neutrophils Lymphocytes 

p-value .386 .362 0.004 0.027 0.467 0.460 

power .070 .079 .745 .461 .017 .431 

Table 2.2. Gender-related differences (2 x 8 ANOVA). 

Due to facility scheduling constraints, subjects were divided into two groups 

for administration of the muscle damage inducing exercise bout, either a morning 7 

a.m. starting time or an afternoon 1 p.m. starting time. Data were analyzed with the 

time of day (morning vs. afternoon) as an independent variable in a 2 x 8 (Time of day 

x Trials) between/within ANOVA. No significant differences (p > .25) were found 

(Table 2.3). This finding suggests that true randomization of subjects occurred and 

that no significant diurnal variances were present in our data. The low statistical 

power we observed may have caused a Type II error, and our results must be 

interpreted with caution. 
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CPK DOMS PQF AQF Neutrophils Lymphocytes 

p-value	 .323 .258 .754 .593 .289 .251 

.090 .110 .011 .000 .099 .113power 

Table 2.3 Time of the exercise-related differences (2 x 8 ANOVA). 

No significant differences (p > .23) were observed in the baseline values for 5 

of the 6 dependent variables between the Diltiazem and Placebo groups. Initial 

lymphocyte count was significantly different between the two groups (p = .01), and for 

this variable alone, initial lymphocyte count was used as a covariate in subsequent 

analysis. 

Creatine phosphokinase (CPK) 

Statistical analysis revealed no significant treatment main effect upon CPK 

levels between the Diltiazem and Placebo groups (p = .90, with power of .01). Mean 

and standard deviation values for CPK across the eight serum samples are presented in 

Table 2.4. Given the inter-subject variability and subsequently large standard 

deviations observed, the lack of a significant difference was not unexpected. 

CPK CPK CPK CPK CPK CPK CPK CPK

0 h. awl 24 h. 48 h. 72 h. 96 h. 120 h. 144 h. 

Placebo 10.11 15.30 112.22 83.99 78.77 57.72 53.03 40.94 

Diltiazem 
(6.35) 
7.80 

(10.05) 
11.40 

(123.89) (106.63) (52.17) 
120.19 86.27 65.46 

(42.70 
66.43 

(49.85) 
63.34 

(36.40) 
50.97 

(3.30) (5.63) (149.67) (113.38) (75.13) (84.28) (79.63) (61.89) 

Table 2.4. Creatine phosphokinase over time (Sigma units)Mean (± SD); (awl = 

after the weight lifting bout). 
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Both the Placebo and Diltiazem groups demonstrated significant increases in 

CPK after the weight lifting bout, suggesting our exercise protocol was successful in 

inducing substantial muscle damage. Within groups analysis revealed no significant 

difference in the pattern of CPK release (p < .001). Quadratic trend analysis (Figure 

2.1) revealed no difference in the release of CPK to the circulation. 

o--- Placebo 
Diltiazem 

a 

1 2 3 4 5 6 7 8 9 10 

Testing session 

Figure 2.1. Creatine phosphokinase trends. 

Delayed onset muscle soreness (DOMS) 

No significant treatment main effect upon self-reported DOMS scores was 

found between the Diltiazem and Placebo group (p = .75, power = .01) The means and 

standard deviations of the visual analog scale values across all days are presented in 

Table 2.5. 
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DOMS- DOMSDOMS- DOMS- DOMS- DOMS- DOMS- DOMS
120 h. 144 h.0 awl 24 h. 48 h. 72 h. 96 h. 

Placebo 0.0 26.48 43.06 44.30 22.80 13.08 4.82 1.88 

Diltiazem 
(0) 
0.0 

(14.97) 
38.75 

(18.32) 
38.93 

(19.17) 
42.08 

(12.34) 
21.43 

(9.37) 
12.25 

(4.08) 
5.42 

(2.48) 
2.73 

(0) (18.91) (15.20) (17.29) (15.77) (12.83) (7.24) (5.58) 

Table 2.5 Perceived delayed onset muscle soreness (mm)Mean (± SD); (awl = after 

the weight lifting bout). 

A significant increase (p < .001) between the soreness levels pre- to post

exercise was observed, yet another indicator of effectively induced muscle soreness. 

Quadratic trend analysis (Treatment x Time interaction) displays were not significant, 

revealing nearly identical trends in DOMS ratings over time for both groups (Figure 

2.2). 

E 
E o--- Placebo 

Diltiazem 

0 
O 

0 1 2 3 4 5 6 

Testing session 

Figure 2.2. Delayed onset muscle soreness trends. 
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Peak quadriceps force (PQF) 

There was no significant main effect in peak concentric quadriceps force 

present between the Diltiazem and Placebo groups (p = .67, power = .01). Peak 

quadriceps force values were normalized to the individual subject's body weight (N/kg 

BW). Mean and standard deviation values for both the Diltiazem and Placebo groups 

are presented in Table 2.6. 

PQF- PQF- PQF- PQF- PQF- PQFPQF- PQF
72 h. 120 h. 144 h.0 h. awl 24 h. 48 h. 96 h. 

7.69 8.196.15 7.30 8.13Placebo 7.96 7.34 6.23 
(1.88) (1.82) (1.90) (1.67) (1.47) (1.54)(1.52 (1.91) 

7.11 7.95Diltiazem 7.92 5.98 5.95 6.45 7.77 7.90 

(1.40) (1.44) (1.52) (2.01) (2.05) (1.79) (1.85)(1.65) 

Table 2.6. Normalized peak quadriceps force at 30 °/sec (N/kg)Mean (± SD); (awl 

= after the weight lifting bout). 

Placebo 
- 911- - Diltiazem 

Diltiazem 
ea z 

Q.
 

T 

4
l r

5 6 7 9 t0
0 2 3 

Testing session 

Figure 2.3. Peak quadriceps force trends. 
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The analysis of PQF values immediately following the exercise bout revealed a 

significant treatment by time effect (p = .01, power = .70) between the Placebo and 

Diltiazem groups. Quadratic trend analysis revealed almost identical pattern of the 

return of force to baseline levels for both groups (Figure 2.3). 

Average quadriceps force (AQF) 

Between groups ANOVA revealed no statistically significant difference in 

average concentric quadriceps force related to treatment (p = .80, power = .01). 

Average within trials quadriceps force means and standard deviations across all eight 

days are presented in Table 2.7. 

N/kg AQF- 0 
h. 

AQF-
awl 

AQF
24 h. 

AQF
48 h. 

AQF
72 h. 

AQF
96 h. 

AQF
120 h. 

AQF
144 h. 

Placebo 5.10 4.53 4.03 4.03 4.64 5.00 5.16 5.17 

Diltiazem 
(.95) 
5.11 

(.89) 
4.06 

(1.23) 
4.05 

(1.01) 
4.38 

(1.17) 
4.91 

(.95) 
5.30 

(.83) 
5.27 

(1.1) 
5.17 

(.91) (.93) (.86) (.83) (1.12) (1.21) (.99) (.94) 

Table 2.7. Normalized average quadriceps force at 30 °/sec (N/kg)Mean (± SD); 

(awl = after the weight lifting bout). 

Quadratic trend analysis indicated a faster rate of return of average quadriceps force to 

the baseline values for Diltiazem group (Figure 2.4); however, this difference was not 

significant (p = .36, power = .08). 



20 

F 
03 

o	 Placebo 
Diltiazem 

9 10 
0 1 2 3 4 5 6 7 

Testing session 

Figure 2.4. Average quadriceps force trends. 

Neutrophil leukocytes 

No significant difference in neutrophil leukocyte count was present between 

the Diltiazem and Placebo groups (p = .57, power < .001). Mean and standard 

deviation values for neutrophils are presented in Table 2.8. 

72 h. after Ex.Pre-Exercise 24 h. after Ex. 48 h. after Ex. 

3.51 (1.3) 3.47 (1.09) 3.35 (.79)
Placebo 3.38 (1.14) 

2.87 (.94) 2.92 (.87)3.26 (.95)Diltiazem 3.88 (1.28)
 

Table 2.8. Neutrophil leukocytes (thousands per ml) Mean (± SD).
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There is a significant within groups effect (p = .02, power = .65), as the 

Diltiazem group had a significant reduction in neutrophils over days (p = .02, power = 

.65). Results of the trend analysis of treatment by time effect (p = .01, power = .60) 

confirmed that the neutrophils levels in the Placebo group remained mostly at the 

same level (Figure 2.5), while the Diltiazem group neutrophil count decreased by as 

much as 26%. The wide variability of the responses by individual subjects resulted in 

large standard deviation and an outcome that was not statistically significant. 

o-- Placebo 
Diltiazem 

2.75 

2.50 
4 50 1 2 3 

Testing session 

Figure 2.5. Neutrophil leukocytes trends. 

Lymphocytes 

Lymphocyte count was the only parameter on which the two groups were 

significantly different at the beginning of the study. Using the baseline lymphocyte 

values as a covariate in an analysis of covariance, no statistically significant 
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differences were found either between or within the groups. Lymphocyte mean and 

standard deviation values are presented in Table 2.9. 

Pre-Exercise 24 h. after Ex. 48 h. after Ex. 72 h. after Ex. 

Placebo 2.23 (.70) 1.90 (.39) 1.87 (.53) 1.92 (.42) 

Diltiazem 1.64 (.50) 1.77 (.44) 1.59 (.35) 1.67 (.33) 

Table 2.9. Lymphocyte count (thousands per m1)Mean (± SD). 

The trend analysis revealed a very similar linear relationship over time for both 

groups aside of the initial difference (Figure 2.6). 

3.00 

2.75 

2.50
 

225 Placebo
 

2.00	 
11 --o--- Placebo 

Diltiazem 
1.75 

1.50 Diltiazem 

1.25 

3 4 50 1 2 

Testing session 

Figure 2.6. Lymphocytes trend analysis. 

1.00 
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DISCUSSION 

Creatine phosphokinase (CPK), one of the most widely used markers of EIMD, 

was not affected by the dosage of diltiazem administered to the subjects in our study 

(p = .90, power = .01) (Figure 2.1). Given the heterogeneity of our relatively small 

sample population, this result was not surprising. Recent evidence suggests that 

although CPK is a good marker of EIMD (although indirect), there are some factors 

associated with its release that make it difficult to detect between group differences 

(39). Clarkson et al. (1992) described three types of individuals in relation to CPK 

release: low, medium, and high responders. For yet unknown reasons, some 

individuals react to the same magnitude of muscle damage by releasing CPK in 

several times higher concentration than others. One of the suggested explanations is 

that different individuals possess different capabilities to metabolize CPK, and 

therefore the values observed in the circulation are influenced by other factors aside of 

the original extent of muscle membrane damage (20). Further, because of the well 

documented adaptation of muscle membranes to physical stress (10, 13), there can 

always be some individuals in the sample with muscles more resistant to stress than 

their counterparts from prior exposure to exercise, thus reacting differently to the 

exercise protocol used during the study. 

Some authors suggest that women release CPK less than men after the same 

stress due to protective effect of estradiol on cell membranes (4, 26). Additional 

problem creates natural fluctuation of estradiol levels during different phases of 

menstrual cycle. 

Several of our subjects (20.7%) exhibited a double-peak trend in their CPK 

release, with the first peak approximately 48 hours after the exercise bout, followed by 

a distinct decrease commonly reported in previous studies (13, 30). However, a 

second CPK peak was observed at the interval between 96 or 120 hours post-exercise 

bout, although not as high as the first peak. This second peak in CPK levels occurred 

about the time when subjects should be gradually returning to pre-exercise CPK levels 

(13). 
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Trend analysis revealed very similar quadratic trends for both the Diltiazem 

and Placebo groups; our findings suggest that our intervention did not affect the 

release of CPK to the circulation in a statistically nor practically significant fashion. 

Delayed onset muscle soreness (DOMS) ratings were not significantly different 

between the treatment or control groups. The temporal pattern of subjects' DOMS 

scores over time closely resembled previously reported returns to baseline values (13, 

42). There was an interesting difference in the soreness scores just after the weight 

lifting bout where the subjects from the Diltiazem group reported greater pain (38.8 ± 

18.9) than from the Placebo group (26.5 ± 15.0). This cannot be the true DOMS since 

there was not enough time for it to develop. This difference was not statistically 

significant, but nonetheless interesting. We do not have any explanation why 

individuals taking Diltiazem experience more muscle pain than controls after an 

intense weight lifting bout. We can only speculate that diltiazem administration 

causing differences in calcium concentration in different regions of working muscles 

influences stimulation of pain receptors in those areas, thus resulting in different pain 

sensation after the weight lifting bout. 

Measurement of peak quadriceps concentric force did not indicate any 

statistically significant benefit from the administration of diltiazem. Indeed, just the 

opposite trend was observed. The Diltiazem group had 24.5% less peak quadriceps 

concentric force on Day 1 (immediately post-exercise) compared with the pre-exercise 

levels, whereas the Placebo group lost only 7.8%. Armstrong (1991) previously 

suggested that one of the reasons for the loss of strength after exercise could be 

decreased intracellular availability of calcium necessary for actin-myosin interaction. 

Our results support this hypothesis and suggest that our diltiazem intervention 

decreased the intracellular concentration of calcium, especially since the total volume 

of work done during the weight lifting bout was very similar in both groups (p = .45). 

There is some disagreement regarding the changes observed in post-exercise 

force in our experiment and most of the available literature. Nosaka et al. (1991), 

Clarkson et al. (1988), and Gibal et al. (1995) reported the lowest value immediately 

after the exercise followed by gradual return to pre-exercise levels. The pattern we 
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observed was negatively correlated (p < .02) with DOMS levels at 48 and 72 hours. 

Specifically, when muscle soreness was greatest, our subjects were able to generate the 

lowest peak quadriceps concentric force, but according to the literature they should be 

already recovering. Cleak and Eston (14) reported a similar pattern to the one 

observed in our study with the lowest level of isometric force at 24 hours after the 

exercise bout. On explanation for the difference observed in our study could be in the 

protocol we used to induce muscle damage. Unlike all the other studies cited, where 

they mostly used eccentric contractions of elbow flexors, we used regular weight room 

lifts with both concentric and eccentric muscle actions of several muscle groups. 

There was also a difference between the groups in the correlation between peak 

quadriceps force and DOMS immediately after the exercise bout. The correlation in 

the Diltiazem group was negative (r = -.61, r2= .37) and significant (p = .02), whereas 

in the Placebo group, it was non-significant (p = .73) and only slightly negative (r = 

.10, r2= .01). This finding could provide additional evidence for the role of calcium in 

force generation and pain receptors stimulation in myocytes. As described above, the 

Diltiazem group exhibited greater pain values and lower peak force immediately after 

the exercise bout compared with the Placebo group. The time to return of peak force 

to the pre-exercise values was otherwise very similar in both groups, as illustrated in 

the trend analysis curves (Figure 2.4). We also checked for the presence of learning 

effect (by comparing the baseline values with the values measured on the last day of 

experiment) on KinCom for both groups (p = .55 for Placebo, p = .96 for Diltiazem 

group), therefore there was no learning effect present. 

Average quadriceps force was unaffected by diltiazem, but exhibited two other 

noticeable differences. First, the changes over time in AQF closely resembled those of 

AQP; however, they were neither statistically significant nor of the same magnitude 

(11.2% for Placebo, 20.6% for Diltiazem group). Second, as can be seen on trend 

analysis, the rate of return of average quadriceps force to pre-exercise level was faster 

in the Diltiazem compared to the Placebo group. The Diltiazem group reached the 

baseline value at 96 hours compared with 120 hours necessary for the Placebo group. 

Although this finding was not statistically significant, a recovery time shortened by 24 
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hours is certainly relevant from a practical standpoint. Average quadriceps force was 

significantly correlated with the DOMS scores immediately after the weight lifting 

bout in the Diltiazem group (r = -.64, r2= .41, p = .01) but not in the Placebo group (r = 

-.08, r2= .006, p = .79). Further, AQF was significantly correlated with the DOMS 

levels at 48 hours (r = -.37, r2= .14, p = .05), and 72 hours (r = -.43, r2= .19, p = .02) in 

the Diltiazem group. In the pattern similar to that observed for PQF, AQF was lowest 

when DOMS scores were highest, irrespective of treatment group. 

For both the PQF and AQF the question remains: were the differences 

observed caused by the insufficiency of muscle function, or by an unwillingness of our 

subjects to work hard through the pain. Since all our subjects received verbal 

encouragement to perform maximally, we believe that the differences are associated 

with the diltiazem administration. 

We are very interested in the connection between EIMD and inflammation, as 

previously proposed by Smith (1991). One hypothesis tested in this study was that 

administration of diltiazem would decrease intracellular concentration of calcium, 

which in turn should decrease the degree of activation of the inflammation-like 

reaction, resulting in smaller magnitude of EIMD. To determine the involvement of 

the immune system, we analyzed white blood cell count and differential, namely 

neutrophils and lymphocytes. The neutrophil count in the Diltiazem group decreased 

as much as 26% between pre-exercise and 48 hours afterwards, whereas for the 

Placebo group, there was an average increase of 2.6%. One explanation of this result 

is that there was an increased movement of neutrophils from the intravascular to the 

extravascular compartments. One of the sites for possible neutrophil migration could 

have been the muscle tissue damaged by the exercise, thus contradicting our theory 

about diltiazem decreasing the extent of inflammation-like reaction following the 

EIMD. As discussed above, other markers of EIMD measured (e.g. CPK, DOMS) 

were almost identical in both Diltiazem and Placebo groups. Neutrophil count 

changes were not significantly correlated with any other observed variables. Further 

analysis reveals a significant within-group effect for both groups (p = .02, power = 
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.65), suggesting an exercise induced change in this component of immune system, 

indicating the activation of immune system following the EIMD. 

As mentioned previously, lymphocytes were significantly different between 

the groups at the beginning of the experiment. Since our randomization procedures 

were very strict, we believe that this difference could have been caused by the 

presence of outliers (subjects in pre- or post-illness state) in our sample. The 

administration of diltiazem did not influence the level of circulating lymphocytes in 

any fashion, which was expected since lymphocytes typically are activated by antigens 

and it takes them several days to respond to such an activation. Therefore, even if 

there are any substances in the circulation associated with EIMD which would possess 

antigen properties (none has ever been discussed), because our last examination of 

lymphocyte count occurred 72 hours after the exercise bout, it was perhaps too early to 

detect significant change in lymphocyte count. 

In summary, short term administration of the selected dosage of diltiazem did 

not interfere with the development of EIMD as measured by CPK release and the 

DOMS scores. Diltiazem appeared to affect the quadriceps force generationcapacity 

immediately following the weight lifting bout and facilitate the recovery of force to 

pre-exercise levels in our sample of college-age adults. There were no treatment 

related differences observed in measured immunoparameters, although the decrease in 

neutrophils certainly deserves further investigation. 

Further research is undoubtedly warranted in this area, especially since several 

of our statistical analyses had very low power. Future experiments should address the 

potential gender-related differences, specifically those related to the effects of estradiol 

in women. Furthermore, future studies should include a larger sample size, carrying 

out the exercise bout and following blood draws and tests during the same hours and 

with identical time intervals between subsequent tests. Moreover, since we did not 

encounter any significant negative side effects associated with the administration of 

this preparation of diltiazem, the increase in dosage could be considered. And finally, 

identification of more specific and sensitive markers of EIMD would provide better 

tools to detect intervention-related differences. 
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ABSTRACT
 

The purpose of this study was to investigate the effects administration of 

diltiazem (CARDIZEM CIA) on heart rate, blood pressure, and incidence of side effects 

in 30 young, healthy, normotensive adults, males and females for 6 days in a double 

blind placebo study. The administered dose of CARDIZEMCD® was 180 mg for the 

first and second day, 240 mg for the third, fourth and fifth day, and 180 mg for the 

last, sixth day of administration. Heart rate was significantly lower in the Diltiazem 

than in Placebo group after the administration (p = .015). There were no differences 

observed in either systolic or diastolic blood pressure after the administration between 

the Diltiazem and Placebo groups (p = .27, power = .22). The analyses of trends over 

time revealed no significant differences in any of the observed variables. The 

incidence of side effects was very low and was similar in both groups (p = .41), except 

for the swelling of hands (p = .002), which occurred in the Diltiazem group. We 

concluded that the administration of this dose and preparation of diltiazem did not 

change heart rate or blood pressure in a clinically important fashion, and was well 

tolerated in our sample of college age adults. 

KEY WORDS: CALCIUM CHANNEL BLOCKER, HEART RATE, BLOOD 

PRESSURE, YOUNG, HEALTHY ADULTS. 
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INTRODUCTION
 

Calcium channel blockers (CCB) have been used primarily for the 

management of hypertension. However, in recent years an extensive body of 

knowledge has been accumulated around the involvement of calcium in numerous 

pathological processes:2.13'14 For this reason, CCB have potential usefulness in a wide 

variety of conditions.18 

Calcium channel blockers are currently used for several "off-label" indications, 

most commonly in the treatment of migraine headaches2'8'16 and esophageal spasms:5 

Both of these conditions occur in a patient population typically younger than 

hypertension patients. In these conditions, prescribing decisions are dependent upon 

the experience and judgment of the physician. However, the physician faces a difficult 

task because these drugs were originally developed and tested for older populations; 

therefore, there is inadequate information about their effect in younger age groups. 

Triggle (1991) summarized additional current and proposed future indications for this 

group of drugs (Table 3.1). 

Cardiovascular Non-cardiovascular Other 
Angina Achalasia Aldosteronism 
Atherosclerosis Asthma Cancer chemotherapy 
Cardioplegia Dysmenorrhea Epilepsy 
Cerebral ischemia Eclampsia Glaucoma 
Hypertension Intestinal hyperactivity Manic syndrome 
Congestive heart failure Premature labor Motion sickness 
Hypertrophic. Urinary incontinence Tinnitus 
cardiomyopathy 
Peripheral vascular disease Tourette's syndrome 
Pulmonary hypertension Vertigo 
Subarachnoidal hemorrhage 
Tachyarrhytmias 

Table 3.1. Current and potential indications of calcium channel blockers. 

http:conditions.18
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The purpose of this study was to investigate the effects of the administration of 

diltiazem (CARDIZEM CD()) 180 to 240 mg per day for 6 days on resting heart rate and 

blood pressure among young, normotensive adults in a double blind placebo study. 

METHODS AND PROCEDURES 

Subjects 

Subjects for the study were solicited from the student population at Oregon 

State University in Corvallis, Oregon. A total of 30 subjects participated in the study, 

16 females and 14 males. Subjects were randomly assigned to either the Placebo or 

Diltiazem groups. Males and females were randomly assigned to the groups in equal 

numbers, e.g., 8 women and 7 men in each of the groups. All the aspects and 

experimental procedures of the study were explained thoroughly to the subjects and 

informed consent was obtained prior to the beginning of the experiment. This study 

was approved by the Institution Review Board for the Protection of Human Subjects at 

Oregon State University. The demographic characteristics of these subjects are 

summarized in table 3.2. 

Females (n=7) Females (n=8) Males (n=7) Males (n=7) 
Placebo Diltiazem Placebo Diltiazem 

Age (years) 20.0± 1.6 19.5 ± 1.1 21.0 ± 3.1 19.6 ± 2.5 

Height (cm) 166.3 ± 1.9 169.2 ± 4.8 180.4 ± 2.9 182.0 ± 4.9 

Weight (kg) 63.7 ± 10.9 60.3 ± 6.2 83.0 ± 7.3 76.3 ± 7.2 

Table 3.2: Subject demographics (Mean ± SD). 
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To qualify for participation in the study, each interested student completed a 

screening questionnaire. Those with any known contraindication to the administration 

of diltiazem were excluded, e.g., hepatic and kidney impairment, pregnancy, breast 

feeding, clinically significant cardiac dysrhythmias, or a resting blood pressure below 

90/65 mm Hg, were excluded from the study. 

Experimental Procedures 

Each subject was randomly assigned a number from 1 to 30 and received coded 

containers with either diltiazem or placebo. The dose of CARDIZEM CD® administered 

on the first and second days was 180 mg, 240 mg for the third, fourth and fifth days, 

and 180 mg for the sixth day of administration. The containers were prepared, based 

on a prescription by the supervising physician (WBR). The principal investigator and 

the subjects were blinded to drug/placebo content of containers by the use of codes 

(numbers) for the identification. Furthermore, both drug and placebo had the same 

color and identical external appearance to diltiazem (white sugar/starch pellets ) and 

were placed in identical caplets. 

Baseline measurements of heart rate and blood pressure were obtained during 

the initial session. Subjects came back for re-testing at 24, 48, 72, 96, 120, and 144 

hours after the beginning of administration. Heart rate and blood pressure were 

measured and the side effects questionnaires were completed during each testing visit 

(Appendix E). 

As an added safety precaution for the subjects a physician was available for 

consultation during the entire experiment. 



37 

Apparatus 

We administered a sustained release preparation of diltiazem CARDIZEMCD® 

(Marion Hoechst Roussel, Kansas City, MO). Blood pressure was measured using an 

auscultation method and aneroid sphygmomanometer by Sigma (New York, NY) and 

a standard stethoscope. The phase I Korotkoff sound was used for the detection of 

systolic blood pressure, the disappearance of sound (Korotkoff phase V) for diastolic 

blood pressure. Heart rate was measured by palpation of the radial artery for 15 

seconds. Possible side effects associated with the administration of diltiazem were 

monitored by means of a questionnaire that the subjects completed every day they 

participated in the study. 

Statistics 

This a double blind, placebo study used a repeated measures , between/within 

design. Specifically 2 x (7 x 30): Treatment x (Testing Sessions x Subjects). The 

data were analyzed for normality using skewness, kurtosis, normal probability plots, 

and box-plots to determine whether all the basic statistical assumptions were met. To 

test for the difference in the pre-administration values of the Placebo and Diltiazem 

groups, we used an independent t-test. For the difference between and within the 

groups post-administration, a two-way ANOVA was employed. The side effects 

incidence (for each side effect separately, and all combined for the overall difference 

between the Diltiazem and Placebo group) was analyzed using the Mantel-Haenszel 

excess test. The significance level was initially set at a = .05, but was adjusted using a 

Bonferroni correction (.05/3 = .017) to control for Type I error. 
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RESULTS
 

Gender related differences 

Because our sample population consisted of both males and females, we tested 

for a gender effect on observed dependent variables. No significant difference (p > 

.03) in heart rate, systolic or diastolic blood pressure were observed at the onset of the 

study between the males and females (Table 3.3.). 

Heart rate Systolic BP Diastolic BP 

(mean ± SD) (mean ± SD) (mean ± SD) 

Females (n=16) 68.8 ± 6.2 110.8 ± 11.7 70.6 ± 7.7 

Males (n=14) 67.7 ± 7.1 119.7 ± 8.8 76.5 ± 9.9 

p-value .65 .03 .08 

Table 3.3. Gender related differences at baseline (independent t-test). 

We further investigated gender-related differences after the administration. 

Significant differences were observed in systolic and diastolic blood pressure (p < 

.017) between the male and female subjects (Table 3.4.). 

Heart rate Systolic BP Diastolic BP 
p-value (power) p-value (power) p-value (power) 

Between gender effect .595 (.0001) .002 (.802) .017 (.684) 

Within gender effect .991 (.009) .418 (.054) .954 (.04) 

Table 3.4. Gender related effect (ANOVA) of diltiazem and placebo administration. 
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Both systolic and diastolic blood pressure values revealed a significant gender-

related difference; however, this was expected since women tend to have lower blood 

pressure than men. Based upon these findings we felt that we could proceed with the 

statistical analysis with the treatment effect as the only independent variable in the 

study. 

Heart rate 

Statistical analysis revealed no significant difference in baseline resting heart 

rates between the groups at the beginning of the study (p = .34) The heart rates were 

significantly lower in the Diltiazem than Placebo group (p = .015, power = .56) over 

the course of administration. Heart rate means and standard deviations over the six 

days of administration are presented in Table 3.5. 

Baseline 24 h. 48 h. 72 h. 96 h. 120 h. 144 h. 

Placebo 69.5 78.4 77.7 79.7 76.8 77.6 76.8 
(6.5) (7.0) (6.4) (5.3) (5.2) (5.7) (4.65) 

Diltiazem 67.1 69.2 72.5 74.0 72.7 71.7 70.0 
(6.6) (10.8) (10.8) (9.8) (8.7) (8.8) (7.64) 

Table 3.5. Heart ratebeats per minute (Mean ± SD). 

Within-group analysis revealed a significant time effect (p = .001), indicating a 

difference between the pre- and post-administration resting HR values. The Time x 

Treatment interaction effect was not significant (p = .30, power = .33). Lines of best 

fit (quadratic) presented in Figure 3.1. further illustrate that the reactions of both 

groups to diltiazem or placebo administration were very similar. 



40 

o Placebo 
Diltiazem 

Days 

Figure 3.1. Line of best fit (quadratic) for means of heart rate. 

Systolic blood pressure 

No statistically significant differences in baseline systolic blood pressure 

were present between the groups (p = .06). Means and standard deviation over the six 

days of administration are presented in Table 3.6. There was no significant treatment 

related effect between the groups over the time of administration (p = .27, power = 

.11). 

The time effect analysis revealed no significant differences between the 

baseline and post-administration values (p = .03). The Treatment x Time interaction 

was not significant (p = .23, power = .37) suggesting similar pattern of changes over 

time in both groups. The trends of changes over the time of administration are 

presented in Figure 3.2. 
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Baseline 24 h. 48 h. 72 h. 96 h. 120 h. 144 h. 

Placebo 118.7 117.4 111.9 113.6 118.7 113.5 112.9 
(12.4) (10.7) (9.7) (8.4) (10.0) (11.6) (11.0) 

Diltiazem 111.1 110.5 110.5 111.9 113.7 111.1 111.3 
(8.7) (10.2) (9.9) (9.0) (12.0) (13.8) (14.0) 

Table 3.6. Systolic blood pressure (mm Hg)Mean ± SD. 

o-- Placebo
A-- Diltiazem 

Figure 3.2. Lines of best fit (linear) for means of systolic blood pressure. 

Diastolic blood pressure 

There were no initial differences in diastolic blood pressure between the groups 

(p = .05) at the beginning of the study. Administration of diltiazem caused no 



42 

significant changes in diastolic blood pressure over the six days of treatment (p = .22, 

power = .13). Means and standard deviations of the diastolic blood pressures over the 

duration of experiment are presented in Table 3.7. 

Baseline 24 h. 48 h. 72 h. 96 h. 120 h. 144 h. 

Placebo 76.5 73.7 74.2 76.9 74.7 74.4 74.7 
(10.0) (9.4) (7.9) (6.5) (7.5) (11.1) (10.7) 

Diltiazem 70.1 73.2 73.5 71.5 73.7 71.9 70.7 
(7.2) (6.8) (6.1) (5.8) (5.1) (7.4) (5.9) 

Table 3.7. Diastolic blood pressure (mm Hg)Mean ± SD. 

The time effect analysis was not statistically significant (p = .90, power = .08), 

as well as the Treatment x Time interaction (p = .15, power = .46). The trends of 

changes in diastolic blood pressure over time are presented as the lines of best fit 

(linear) in Figure 3.3. 
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Figure 3.3. Lines of best fit (linear) for means of diastolic blood pressure. 

Side effects 

Side effects were closely monitored by having the subjects fill out a 

questionnaire which listed all of the known major side effects on every day of 

administration. Table 3.8 summarizes the incidence of side effects in both groups. 

The statistical analysis revealed no significant differences in the overall incidence of 

side effects (p = .41) between the Placebo and Diltiazem groups. There was no 

statistically significant between the groups difference in incidence of the individual 

side effects (p > .08), except for the swelling of hands (p = .01) (Table 3.8). 
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Placebo Diltiazem Significance 
Dizziness 4.44% 2.22% .21 

Headache 11.11% 6.67% .16 

Slow heart beat 0.00% 2.22% .08 

Irregular heart beats 0.00% 0.00% .50 

Swelling of hands 0.00% 6.67% .01 

Swelling of feet 0.00% 0.00% .50 

Constipation 0.00% 0.00% .50 

Diarrhea 0.00% 1.11% .16 

Drowsiness 11.11% 8.89% .31 

Loss of strength 0.00% 2.22% .08 

Vomiting 0.00% 1.11% .16 

Abdominal discomfort/cramps 4.44% 2.22% .21 

Table 3.8. Side effectsincidence and significance of differences between groups. 

DISCUSSION 

We observed significant gender related differences in both systolic and 

diastolic blood pressures after administration of diltiazem. We expected this result 

since baseline blood pressure values were significantly different among our subjects, 

and women in general tend to have lower blood pressures than men. 

We found lower resting heart rates in the group treated with diltiazem (on 

average by 6 bpm), a result which agrees with previous studies.'2° Wallace et al. (19) 

reported a significant decrease in heart rate (by 6 bpm compare with placebo group) 

after six weeks of diltiazem administration (30 to 90 mg four times daily). Weber et 

al. (20) reported a significant reduction in mean heart rate after 12 weeks of 

administration of Cardizem (120 to 80 mg BID) to six normotensive patients (by 6-7 

bpm). However, we found a statistically significant increase in heart rate in both 

groups post-administration (Figure 3.1.). Therefore, we contend that the changes in 

heart rate associated with the administration of diltiazem have little clinical 

importance. 
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The effect of diltiazem administration on blood pressure was also investigated 

by Wallace et al. (19) , who reported no statistically significant change in systolic 

blood pressure. Belton et al. (3) observed no significant change in systolic blood 

pressure after three months of diltiazem administration with an average dose of 164 

mg/day given to 36 normotensive individuals. Weber et al. (20) reported no 

significant change in systolic blood pressure in their study. Our data show a very 

similar result (Figure 3.2.) with no statistically significant difference; however, our 

statistical power was low (.11); therefore, the possibility of Type II error exists. 

The most clinically significant question is the effect of short term 

administration of diltiazem on diastolic blood pressure. Two previous studies reported 

no significant changes in diastolic BP induced by diltiazem administration (19, 20). 

Conversely, Belton et al. (3) reported a statistically significant reduction in mean 

diastolic blood pressure (3.9 mm Hg) which we contend has little clinical importance. 

We found no statistically significant differences between the Diltiazem and Placebo 

groups related to the administration of diltiazem. In addition, a Time effect and the 

trend analyses revealed no statistically significant differences (Figure 3.3). This 

provides further evidence that the administration of diltiazem had no effect on 

diastolic blood pressure over the duration of our experiment. 

One of the biggest concerns associated with administration of diltiazem to 

young normotensive adults group (18 to 23 years of age in our study) is whether this 

administration would further decrease blood pressure in individuals with already low 

values and potentially put them in danger, e.g., fainting while driving. We believe that 

the lack of significant differences in both systolic and diastolic blood pressures found 

in this study helps to answer this question. 

We observed one case of diarrhea (lasting one day) associated with abdominal 

cramps; however, the subject continued taking the drug and the diarrhea abated, so the 

association of such with diltiazem administration is uncertain. The relatively high 

incidence (10%) of headaches and drowsiness among our subjects was associated with 

the timing of our study. This experiment took place during the last three weeks of 

term, when all of the subjects were very busy in school and under high levels of stress. 
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Reported swelling of the hands was not associated with any discomfort and 

disappeared before the end of our experiment. Furthermore, in our opinion, the 

clinical significance of this side effect is not limiting in the decision making process 

associated with diltiazem administration. Therefore, we concluded that short-term 

administration of diltiazem was well tolerated in our sample of healthy, college age 

adults. 

In conclusion, the administration of extended release formulation of diltiazem 

did not appear to alter heart rate, systolic, or diastolic blood pressure in young, 

healthy, normotensive adults in any clinically important way and was tolerated without 

any clinically relevant side effects. 
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Chapter 4 

CONCLUSIONS
 

In conclusion, administration of diltiazem did not interfere with the 

development of exercise-induced muscle damage (EIMD) as measured by the creatine 

phosphokinase release and the perceived delayed onset muscle soreness scores. 

Diltiazem appeared to affect the force generation immediately following a weight 

lifting bout and speed up the recovery of force to pre-exercise level in our sample of 

college age adults. There were no treatment- related differences in measured 

immunoparameters (although the decrease in neutrophils certainly deserves attention); 

however; there was substantial evidence of involvement of the immune system in 

EIMD cascade. 

Further research is undoubtedly warranted in this area, especially since several 

of our statistical analyses had very low power. We suggest that future experiments 

include single gender studies (preferably with males, because of the questions 

surrounding the estradiol effects in women), with larger sample size, carrying out the 

exercise bout and following blood draws and tests during the same hours and with 

identical time intervals between subsequent tests. Moreover, since we did not 

encounter any significant negative side effects associated with the administration of 

this preparation of diltiazem, an increase in dosage should be considered. The 

availability of more specific and sensitive markers of EIMD would give us better tools 

to detect and describe differences, should they be present. Overall, we believe this 

experiment opened the door for future investigations, especially since this was the first 

study examining the effects of this class of drugs on EIMD in a human model. 

The administration of extended release formulation of diltiazem did not seem 

to alter heart rate, systolic, or diastolic blood pressure in young, healthy, normotensive 

adults in any clinically important way and was tolerated without any clinically relevant 
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side effects. As there is a need for more information in this area, we would 

recommend to use substantially larger sample size to increase the available statistical 

power. 
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REVIEW OF LITERATURE 

This section will summarize current knowledge of mechanisms and sub-

cellular processes underlying exercise-induced-muscle damage (EIMD). Special 

attention will be given to the role of calcium in EIMD. Available information about 

detectable changes accompanying EIMD in the blood, the muscle tissue, and other 

possible methods of quantifying these changes, including MRI and thermography will 

be reviewed. A group of drugs known as calcium channel blockers (CCB) and their 

possible relationship to EIMD will be discussed. 

1.Pathophysiology Of Exercise-Induced Muscle Damage 

Several factors are proposed to be involved in exercise-induced changes in the 

muscle. 

Physical factors contributing to EIMD 

Mechanical forces are exerted on the muscle fibers at all times during any type 

of contraction. The most susceptible areas are around the Z-discs and the basement 

membrane, namely the structural proteins titin and dystrophin. These proteins were 

shown to supports the plasma membrane of muscle cells (37, 64). During repeated 

muscle contractions, the load which is exerted on these structures can exceed the level 

of their mechanical limitations. They are over-stretched, which results in severe 

structural damage of proteins within the given muscle fiber (4, 37, 64). 

Among the two basic types of muscle contraction - concentric and eccentric, 

the eccentric causes much greater muscle fiber damage (4, 18, 30, 77, 84). 

Electromyographic measurements demonstrated that the number of activated muscle 
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fibers during eccentric contraction were significantly lower than during concentric 

one, thus putting several times greater strain on those fibers. Another difference can 

be found in the force-velocity relationship in the adjacent sarcommeras during the 

contraction involving shortening (concentric) versus lengthening (eccentric) of the 

muscle fibers. This is dramatically different between these two types of contractions, 

and can be inferred from the force-velocity curve (37, 64). The difference in the forces 

exerted on the neighboring sarcommeras during the concentric contractions is almost 

negligible-1 to 2% of muscle load; however, the same difference during eccentric 

contraction can reach 50% of muscle load. Therefore the same actinfilament can 

encounter very different forces on opposite ends, which puts tremendously uneven 

pressure on the Z-disks and all structural proteins involved (37, 64). 

The typical structural changes seen after prolonged muscle work (more after 

eccentric type) are Z-band streaming and dissolution with the tear of the Z-filaments, 

with a possible break of the Z-disc in severe cases of muscle damage 

(rhabdomyolysis). There is then observed "A-band disruption, disintegration of 

intermediate filament system and misalignment of myofibrils" (37). Available 

evidence suggests that the difference in the magnitude of forces exerted on the fibers is 

the key factor, as if the structures of the fibers have a certain maximal threshold they 

can withstand. Overloading beyond this point leads to the damage of some areas of 

muscle cell membranes which is one of the starting points of the EIMD cascade (4, 18, 

30). 

An interesting question is which fiber type is more susceptible to damage after 

different modes of exercise. An agreement was reached that the most vulnerable are 

the largest fibers for each given muscle, regardless of the group of fibers they belong 

to (4, 18, 37). 

Another physical factor involved in EIMD is believed to be the rise in 

temperature accompanying physical activity (4, 31, 47). After eccentric exercise 

intramuscular temperature rises 1-2 °C more than after concentric contraction (4, 18, 

31). Increase in local temperature is an important factor in the inflammatory cascade 

and also every heat-shock is accompanied with the synthesis of the heat-stress proteins 



55 

(96, 100). Rise in the temperature of the exercising muscles could also be one of the 

regulating signals for the migration of the immunocytes through the locally present 

lymphokines, necessary for the cell-mediated immune response (47, 61). The exact 

role of these physical factors in EIMD is not well understood. 

Biochemical factors contributing to EIMD 

First, there was reported an increase in intra- and extracellular levels of free 

radicals after muscle activity (4, 53, 91, 102). They are produced as a by-product of 

the flow of reducing equivalents through the electron transport chain in the 

semiquinones in mitochondria and also from the xanthine oxidase reactions in 

capillary endothelium (91). This is an obvious consequence of the increased energetic 

demand and higher substrate turnover necessary during physical activity. There are no 

data available about what type of activity is the most free radical producing. Some 

so-called oxyradicals are by-products of the activity of immunocytes; neutrophils, 

monocytes and tissue macrophages mostly form the xanthine oxidase and NADPH 

oxidase reactions. 

The proposed role of free radicals in EIMD is to make the sarcolemmas more 

permeable through the peroxidation of plasma membrane phospholipids and the 

oxidation of carbohydrates and proteins, all as a virtue of their extreme reactivity (11, 

53, 91). The enzyme Ca2+- ATPase has been proposed as one of the prime targets for 

free radical oxidation. This enzyme is an important part of calcium intracellular 

homeostasis, since it is an important part of the mechanisms involved in transporting 

calcium from the inside of the cells to the storage depots in sarcoplasmic reticulum 

(5).
 

Second, and most likely the most important factor is the change in calcium
 

homeostasis (5, 11, 27, 28, 30). Calcium is essential forexcitation-contraction
 

coupling and the process of muscle contraction. In recent years, great attention has
 

focused on the role of uncoordinated changes in calcium homeostasis in the
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pathophysiology of cell damaging cascades after different insults, including ELVID. 

Calcium is stored in the structures of the sarcoplasmic reticulum, and bound as a 

calsequestrin or calmodulin. It is released after the voltage-gated calcium channels in 

the membrane of sarcoplasmic reticulum are activated. Unlike myocardium and 

smooth muscle cells, extracellular calcium is not necessary for the excitation-

contraction coupling in skeletal muscle. 

The calcium channels involved in the above events are all of L-type, typical by 

long-lasting calcium currents and by high affinity for several pharmacological agents, 

namely group of substances known as calcium channels blockers (17, 71, 86). 

Calcium homeostasis can be impaired as a result of muscle activity through 

several possible ways. The source of calcium can be identified as either extracellular 

or intracellular. First, calcium can enter either through the regular voltage-gated 

calcium channels and/or through the Na+/Ca2+ exchanger in the sarcolemma (76). 

Also, the cell membranes can be damaged due to excessive mechanical forces 

especially typical for eccentric contractions, by excessive local increase in 

temperature, or by peroxidation of the membrane proteins caused by free radicals (5). 

Further, by activation of endogenous calcium dependent enzymes: phospholipase A2, 

and proteases, which will attack and damage the sarcolemmae. Endogenous ATPases 

will utilize all available ATP, thus depleting already scarce fuel supplies of the cells 

(27, 28). All of those above described mechanisms can lead to microruptures in 

sarcolemma or perhaps more likely to changes in membrane permeability, which 

opens the possibility for calcium to get inside following its concentration gradient (74, 

76, 87). Also, so-called stretch-gated ion channels were described previously 

(characterized by influx of calcium when the muscle fibers were stretched beyond their 

physiological limits). Second, the increase of calcium from intracellular sources can 

come from the sarcoplasmic reticulum. The function of the sarcoplasmic reticulum 

membrane can be impaired as well as the active transport mechanism which normally 

transports calcium back into storage depots in the sarcoplasmic reticulum, thus leaving 

calcium in the cytosol. The enzyme Ca2+- ATPase seems to play a crucial role in the 

transport of calcium back to the sarcoplasmic reticulum. Two mechanisms causing 
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impairment in its function were suggested: decreased availability of ATP in the 

vicinity of the enzyme necessary for covering the energy cost of the transport, and/or 

the oxidation by free radicals produced as a by product of cellular metabolism (5). 

Finally, there has been reported an increase in calcium concentration inside of the 

mitochondria, causing swelling and resulting in even deeper impairment of energy 

production (27). Regardless of the mechanism, any long-term unregulated 

intracellular increase in calcium has detrimental effects on intracellular structures and 

can lead to the death of the cells (74, 87). 

Third, there is a decrease in the intracellular pH. This is a natural consequence 

of the metabolic activity of the muscle cells during physical activity because the 

catabolites are mostly acidic. Lower pH creates a potentially dangerous situation for 

all muscle proteins, especially enzymes, since their normal activity requires a certain 

pH range. It was reported that intramuscular pH can reach values between 6.5 to 7.0 

(3, 24, 30, 50). Several enzymes of glycogenolysis are inhibited at this level of acidity 

(50). Also, the high concentration of H+ cations actively competes with Ca2+ for the 

binding sites on troponin or increases the affinity of Ca2+ for calsequestrin, thus 

decreasing its intracellular availability after stimulation (86). All this can result in the 

impairment of the excitation-contraction coupling and can be a plausible explanation 

for the observed decrease in strength after exercise (36). 

The metabolic factors are much more pronounced in concentric contraction 

involving activities since the energy requirements of these are much higher than those 

of eccentric nature. However, although eccentric contractions are much less 

demanding metabolically, they lead to much more muscle fiber damage because of the 

greater magnitude of mechanical strain they put on the adjacent fibers (5, 24, 25). 

Exercise-induced muscle damage cascade 

All of the above described factors contribute to initiate an irreversible cascade 

leading towards the deterioration of muscle cell contractile and structural elements. 
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INITIAL EVENTS:
 

Mechanical + Metabolic
 

Calcium homeostasis impairment 

Inflammation-like reaction: 

1/ Acute phase response 

2/ Phagocytic phase 

Reparative phase 

The cascade starts with the initial events causing changes in the permeability of 

sarcolemmas and impairment of active transport mechanisms maintaining intracellular 

calcium homeostasis. This is followed by the development of the acute inflammation-

like reaction involving neutrophils, monocytes, mast cells and platelets (32, 92). 

These are attracted to the area by the mediators of inflammation released locally as a 

reaction to the disruption of the sarcolemma continuity. Furthermore, recent evidence 

suggests that heat shock proteins produced as a cellular defense mechanism against 

thermal, oxidative, hypoxic and other stresses are a very potent immunostimulator 

once they are extracellular (96). Early response immunocytes (neutrophils) are 

capable of producing additional mediators of inflammation which attract, via 

chemotaxis, other immunocytes, namely monocytes and lymphocytes. Some of the 
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chemotactic factors are leukotriene B4, cytokines, interleukin 2 and complement-

derived chemotactic factor C5a (61). 

The initial events are immediately followed by the "acute phase response". 

This consists of an activated degradative auto-genetic pathway, including 

phospholipase A2, calcium activated proteases, lysosomal proteases and activity of 

early arriving immunocytes: tissue macrophages and neutrophils. During this phase, 

various substances simultaneously attack contractile and structural elements of 

myocytes (14, 32). 

Two to six hours after exercise, the phagocytic phase starts. There are 

numerous reports of significant infiltration by phagocytic elements into the damaged 

muscle cells within hours following exercise and lasting many days thereafter. 

Neutrophil leukocytes infiltrate within several hours after exercise, followed by 

monocytes, both detectable 6-12 hours after exercise (32, 45, 61, 92). 

This closely resembles the typical inflammatory cascade. All common 

symptoms of inflammation are present: increase in local temperature, swelling and 

pain. However, because this takes place under aseptic conditions and is not a process 

caused by any antigens, viruses or bacteria, a more accurate classification would be 

"inflammation-like" exercise-induced muscle damaging reaction. 

We can therefore conclude that exercise is another of the long list of stressors 

attacking the human body and inducing some sort of inflammatory response. The 

close resemblance between non-specific general inflammatory response and the 

processes following the EIMD supports this theory. Furthermore, both are executed 

by the same group of mediators (bradykinine, serotonine, histamine, prostaglandins 

etc.), the same types of cells ( immunocytes), and accompanied by the same symptoms 

(the most pronounced of which is pain). 

The question is however, to what extent is this process beneficial or harmful? 

The difficulty with inflammation lies in that once it starts there is no way to stop it. 

Therefore, the extent of the damage caused by the inflammatory response (the factors 

which are produced as a part of it) is probably much greater than what is necessary and 

desired. This can be supported by the time frame of the changes induced by the 
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exercise. The pain is most intense 24 to 48 hours after exercise and continues in some 

cases for 5 to 7 days (19). Conversely, at the third day after exercise, there is already a 

significant return to the pre-exercise level of absolute strength. Although muscle 

function (force generation) has almost completely recovered, the symptoms 

accompanying the inflammationlike reaction (pain and cellular infiltration of 

muscle tissue) are still present (32, 92). 

The reparative phase starts to take over on the third day after strenuous 

eccentric exercise (5, 18, 30). Heat shock proteins can play a very substantial role 

during this phase, since they were shown to be potent stimulators of proteosynthesis 

(96), thus initiating rebuilding of the cells. As a result of all these processes, damaged 

structures of muscle fibers heal and become more stress resistant. This remarkable 

property is behind the improvement of physical performance of all exercising people 

after training. 

However, there are still many questions to be answered about the whole 

EIMD cascade so we can fully understand it, and with some success, prevent it. 

2. Methods of Ouantification of Exercise-Induced Muscle Damage 

Functional markers 

Delayed onset muscle soreness, a well known painful sensation, fully develops 

24 hours after exercise and remains at maximum levels until the third day. Then it 

starts to diminish slowly before it is fully gone, typically 5-7 days afterwards. In 

severe cases (as with eccentric exercise) it can be felt even for 10 days (5, 12, 21, 29, 

60, 64, 77). The pain is caused by stimulation of free nerve endings in the muscles by 

kinins, prostaglandins (PGA2), and other substances, similarly as during normal 

inflammation (61, 92). This pain is more pronounced after eccentric activity than after 

concentric. Both types of contractions can elicit a great degree of DOMS. This is 



61 

evaluated by having exercising subjects complete various questionnaires rating 

perceived painful sensation. This is a rather subjective, and hence an unsatisfactory, 

method of measurement, but currently the only way to assess perceived pain. 

The development of muscle tenderness follows a time pattern similar to 

DOMS, although it generally does not last as long usually up to five days (18, 20, 

30). It is caused by the combination of local swelling and pain, thus very similar to 

normal inflammation. 

Loss of strength was repeatedly reported to be greatest immediately following 

cessation of muscle activity and can persist up to 10 days after exercise. However, it 

very quickly returns to 90 % of the pre-exercise level, after which it takes 5 to 9 days 

to fully recover (30, 42). This outcome is very dependent upon the type and intensity 

of the exercise. The decrease in strength after performing eccentric, concentric or 

isometric lifting was similar for all lifting-unaccustomed subjects. However, the 

return of strength was faster for eccentric and isometric groups (30, 42). 

A very interesting finding was that there is no correlation in the magnitude and 

time kinetics between the loss of strength and the histological and biochemical 

markers after exercise. The greatest strength loss is immediately after exercise, 

whereas the others only start to develop in following hours. Also, there is still 

measurable loss of strength (although very modest) without the presence of muscle 

soreness (79, 84). 

Loss of strength is the most accurately and reliably measurable parameter of all 

functional changes, compared with, for instance, muscle soreness evaluation. It seems 

to be very feasible that the peripheral and central nervous systems play a leading role 

in the return of strength capacity to 100 % function since the peripheral changes in the 

muscles or the blood alone have not been able to give reasonable explanation (5, 30, 

79, 84). 

The type of exercise plays a crucial role in the response of involved structures 

and systems in each particular form of stress. For example, the involvement of the 

CNS will be much greater after maximal squats or sprinting 60 meters than after a 30

minutes jog. The functional system of the CNS that is responsible, as well as time 
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frame, magnitude and neurochemistry of these adaptations, is not known. There are 

other parts of the nervous system which can be of great significance for understanding 

this, namely the neuromuscular junction. The post-synaptic acetylcholine receptor, 

with its different activity states and resulting different affinity for acetylcholine can 

also play a significant role. 

Muscle shortening ability measured by the change in the range of motion is 

another parameter affected by E1MD. It is typically measured as the angle of the 

elbow when the subject tries to flex the forearm with elbow fixed at the side next to 

the body. The greatest change is observed immediately after exercise with an ensuing 

gradual decrease in the following days. The course of these changes is almost 

reciprocal to the time course of the loss of strength. The decrease in muscle strength is 

responsible for an inability of forearm muscles to perform their function with the 

resulting change in the flexed arm muscle angle (14, 30). 

Spontaneous muscle shortening measured by the change in the range of motion 

can be assessed using the relaxed arm angle measurement, defined as the angle at the 

elbow with the arm freely next to the body in natural position. Immediately after 

exercise the angle decreases with a peak on the third day afterwards, then returns to the 

pre-exercise level sometime over the next 7 days (14, 30). 

Several theories have been proposed to explain the underlying mechanism for 

this change, but no single theory is fulfilling. First, there is an ongoing argument if it 

is either the shortening of muscle fibers themselves and/or surrounding connective 

tissue. There have been no changes reported in EMG activity for damaged muscles, 

however, the observed increase in intracellular concentration of calcium could be 

responsible for a certain degree of interaction between actin and myosin filaments, 

even without any neuronal stimulation, with resulting shortening of the muscles. 

Second, the cause could be the edema and swelling of the tissue in the damaged area 

that is regularly reported. However, the measurement of the time course of the 

circumference of the arm did not support this theory, because the circumference 

gradually increased after exercise with maximum at 5th day, and then reached pre 

exercise level at 1 lth day (29, 30). 
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Biochemical markers 

Creatine phosphokinase (CPK) : Increase in this enzyme, as well as of all 

other intracellular substances, is most likely due to the increased sarcolemma 

permeability caused by exercise. There are numerous reports of a significant increase 

in serum CPK after exercise (5, 30, 21). Release of CPK into peripheral circulation 

starts immediately after exercise, peaking in the following 2 to 4 days. The magnitude 

of the CPK serum level is closely related to the subjects' previous physical training 

experience and to the mode of exercise used in the study. The highest response was 

reported after repeated eccentric muscle contraction e.g. negative biceps curls. Using 

repeated measurements with the same subjects, a significantly smaller response in 

post-exercise CPK level was reported (12), even with a six-month period between the 

trials. We can conclude that muscle tissue possesses a high degree of adaptability to 

prevent the leakage of this enzyme. 

The increase of CPK was reported after various kinds of exercise: running, 

biking, and cross-country skiing. An interesting issue is the delay of the maximum 

observed values, taking typically 24 hours from the cessation of exercise to the peak of 

CPK serum level. A plausible explanation seems to be that the increased permeability 

of the sarcolemmas is not only a result of direct trauma caused by muscle contractions, 

but also a consequence of the following events, closely resembling traditional 

inflammatory response. The time kinetics of CPK supports this assumption. If the 

only reason for CPK release to the circulation is the direct trauma to the sarcolemmas, 

the peak plasma concentration would appear much sooner than it really does. This 

suggests the involvement of other factors, e.g., the effects of substances produced by 

the immunocytes which can damage the myocytal membranes. Altogether, this allows 

the primarily intracellularly located substances to leak out and be present in increased 

concentration in the circulation (5, 30) 

Myoglobin: This substance is very specific for muscle tissue. The time 

course of its presence in the circulation is very similar to CPK, with the maximum 

observed 3-5 days after the exercise bout. The adaptation to the leakage of myoglobin 



64 

after repeated exercise is not so pronounced as CPK. The specificity of myoglobin for 

muscle tissue does not help much in the assessment of exercise-induced muscle 

damage, especially since all we can tell is that there is indeed damage to muscle cell 

sarcolemmas somewhere in the body without any further specification (5, 12, 14, 30, 

81). 

Lactate dehydrogenase + isoenzymes: These intracellular enzymes are 

another proof of exercise-induced sarcolemma leakage. However, because they are 

present not only in the muscle cells, the significance of these findings is questionable. 

There was repeatedly reported their increase both during and after-exercise, peaking 1 

to 2 days afterwards followed by gradual decrease to the pre-exercise levels (31, 81, 

84). 

Carbonic anhydrase III (CA-III): This enzyme, located in the sarcoplasm, is 

specific for type I fibers and therefore a very selective representative of their damage. 

The increase of this enzyme in the blood is faster than of any other substance; there 

was observed an increase even during the exercise bout itself (96). This is most likely 

due to the size of molecule which is the smallest of all other observed substances. The 

peak is at 24 hours after exercise, returning to the baseline fairly quickly, usually by 

the third day after exercise (96, 97, 100). 

Galactosylhydroxylysyl glucosyltransferase: The increase of this enzyme 

was first observed in an association with neuromuscular and hepatic diseases. The 

significant increase after exercise is presumed to be associated with increased collagen 

biosynthesis. It is significantly increased 24 hours after endurance exercise (96, 97), 

however, no correlation was observed between increase of this enzyme and the 

exercise-induced increase of creatine kinase and carbonic anhydrase (96). The 

significance of this finding is that there is no association between the acute markers of 

muscle cells membrane damage: CPK, CA-III, and the marker of increased collagen 

tissue turnover and leakage: GGT (96, 97). 

Prolyl- 4- hydroxylase: The kinetic of this enzyme is closely correlated with 

the previous one (GGT), having the same metabolic role and significance. It is 

another non-specific marker of the rate of the collagen metabolism (103). 
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Carboxy-terminal propeptide of type I procolagen [S-Pro(I)-C-1] and 

Amino-terminal propeptide of type III procolagen [S- Pro(III) -N -P]: These can be 

released into circulation during the synthesis of collagen. They have been used to 

estimate collagen production during some muscular diseases. S-Pro(IIl)-N-P was 

shown to increase after heavy exercise (96), yet in another study there was no 

difference observed (103). The same study (64) showed a decrease in S-Pro(I)-C-P 

just after exercise followed by an increase starting two days after exercise. Because 

most of the type I collagen is found in bones, the assumption that exercise is one of the 

prime stimuli for bone development and remodeling may be confirmed. 

3-methylhistidine: It is a part of the amino acid composition of actin and 

myosin. In the case of its increased catabolism, it can be detected in urine as well as 

considered an indirect marker of the breakdown of the amino acids forming actin and 

myosin. The reports in the available literature are controversial. There has been 

reported an increase or no change in 3-MH after weight lifting. Recent results show a 

slight increase in 3-MH plasma level (84). Together with CPK as 3-MH/CK ratio 

there was reported a decrease 48 hours after exercise, suggesting decreased 

degradation of muscle proteins during this period accompanying muscle damage, as 

shown by increased CPK and myoglobin levels (84). 

Hydroxyproline: Exercise induces higher turnover and degradation of 

collagen in connective tissues, which elicits the release of hydroxyproline into 

circulation. Because it is not recycled and this amino acid is exclusive to collagen it is 

considered to be the best single representation of collagen turnover. Therefore, it 

could give us inside information about the involvement of supportive connective tissue 

in EIMD. There was reported an increased level of hydroxyproline in subjects who 

suffered connective tissue injury after strenuous physical activity. Measurement of 

hydroxyproline level has been suggested as a screening test for people with a higher 

risk of connective tissue injury (68). 

Urea: The amount of excreted urea is thought to be a measure of protein 

breakdown in the body resulting form the higher rate of utilization as an energy 

source. There are many difficulties with studies of urea metabolism. Because urea is 
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excreted through the sweat, urine, and the gastrointestinal tract, it is very difficult to 

measure its production accurately. It is also very difficult to precisely estimate its 

source at a given moment, hence it should only be used as a very approximate estimate 

of total protein breakdown in the body. There was reported increased oxidation of 

leucine but an unchanged urea level after exercise (108, 109), corresponding with the 

findings of another study showing increased leucine oxidation during exercise(46). 

Another study showed no significant increase after submaximal running on a 

treadmill.(13) Most researchers agree that urea production increases as a consequence 

of exercise, Nit is either incorporated back into body proteins or lost through the sweat 

and the alimentary canal, thus disabling precise measurement of its production. 

Histological and immunological markers 

Many significant histological changes in muscle tissue after exercise have been 

reported. Typically it is an increased cellular infiltration of the muscle tissue starting 

within hours after exercise and reaching peak 24 to 48 hours thereafter. It usually 

begins with the presence of neutrophils followed by monocytes. Immunocytes can be 

still observed 4 to 6 days after exercise (61). A single bout of interval running caused 

activation of granulocytes as measured by the increased concentration of granular 

enzymes and changes in expression of receptors on the surface of cell membrane (45). 

Also was reported an increase in neutrophil count in the blood 8 and 24 hours after 

eccentric lifting (93). As mentioned before, this closely resembles the inflammatory 

cascade and is most likely a part of a sterile inflammation-like reparative mechanism. 

An interesting observation is that the administration of various anti-

inflammatory drugs did not change the outcome of exercise as measured by delayed-

onset muscle soreness, maximal force and elbow angles. Aspirin (35), ibuprofen (2, 

26, 35), and flurbiprofen (60) were the substances administered. One of the reasons 

for these findings could be the fact that most anti-inflammatory drugs manifest their 

effect through the inhibition of cyclo-oxygenase, thus blocking the prostaglandin 
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synthesis. This takes one of the major mediators of inflammation out of the picture. 

However, there are many others which can obviously manage to trigger, maintain, and 

finish the whole inflammatory cascade even without prostaglandins (2). 

Other methods used in the assessment of EIMD 

Magnetic resonance imaging: This modern diagnostic tool can provide a 

non-invasive inside picture of muscle fiber structural and metabolic changes. It is 

capable of assessing the levels of muscle phosphagens: ATP, phosphocreatine, 

inorganic phosphate, as well as intracellular pH. Pi/Kr ratio can serve as a measure 

of mitochondria] respiration as well as an estimate of maximal oxidative capacity of 

given muscle tissue (69, 70). A significant increase was observed in the PiPP'Cr ratio 

after exercise peaking at 24-48 hours (69, 70), with changes still detectable 3 to 7 days 

after exercise. From the morphological standpoint it was shown that MRI can detect 

areas within the muscle with different degrees of muscle tissue damage (33, 62). 

Scintigraphic analysis: Radioisotope methods can be used to assess exercise-

induced morphological changes in muscles. A study using technetium as radioisotope 

and pyrophosphate as a labeled ligand reported increased uptake of the radiolabeled 

ligand in certain areas of the muscles which correlated with perceived soreness. Areas 

identified through increased radioligand uptake were subsequently validated using 

muscle biopsy (23). This method can be used for the detection of the areas with the 

damaged fibers which are responsible for the leakage of intracellularly located 

substances e.g., creatine kinase (23). 

Thermography: This could become a very useful tool in detection of 

inflammation related alterations, because these are accompanied with an increase in 

local temperature. Thermography is considered a helpful diagnostic tool in the cases 

involving both acute and chronic inflammatory changes and is very sensitive in 

detection of early post-traumatic changes in muscle tissue (82). In other studies 

thermography was reported to be 90 to 100% sensitive in diagnosis of low back 
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dysfunction (38). It is non-invasive, relatively inexpensive and, with now available 

computerized analysis of the results, it can give an inside view of the EIMD. 

However, our knowledge of the usage and interpretation of thermographic results in 

muscle physiology is so far very superficial. 

Available methods of quantification and detection of ElMD are still very 

limited and unsatisfactory. The parameters measured during and after exercise are 

mostly very non-specific representatives of what is happening inside the muscle cells. 

Furthermore, most of the more accurate methods are invasive and therefore useless for 

everyday practical applications. The utilization of new, non-invasive methods is still 

in its infancy so there are many questions to be answered before we will be able to 

understand and explain one of the basic questions in exercise physiologywhat is the 

pathophysiology behind exercise-induced muscle damage. 
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3. Calcium Channel Blockers and their Tissue Protective Effect - Significance for 

Exercise-induced Muscle Damage 

Calcium channel blockers-an overview: 

Calcium channel blockers (CCB) are a chemically heterogeneous group of 

substances with one common featuregreat affinity for the L-class of calcium 

channels and thus an inhibition of entry of calcium into the cells. 

The L-class is one of the several kinds of voltage-gated calcium channels (P, L, 

N, T); however, the L-class is the only one expressed on the surface of muscletissue 

cells and myocardium. There are four main chemical classes of CCB 

phenylalkylamines (verapamil), 1,4-dihydropiridines (nifedipine, nicardipine, 

nimodipine, amlodipine, felodipine), benzothiazepines (diltiazem), and 

diphenylpiperazines; in parenthesis are the generic names of the best known 

representatives of each group approved for usage in the U.S.A. Each of these groups 

interacts with a distinct binding site on the receptor, which reciprocally determines the 

affinity, efficacy and therapeutic effects for each substance at different target tissue. 

Also, various substances vary in their tissue selectivity, having different affinities and 

efficacies and obviously different therapeutic uses. This seems to be the virtue of very 

different structures of the molecules of these drugs. Also, different substances seem to 

prefer different activity states of the same receptor within the same tissue, which 

creates the potential for distinct therapeutic use. Regardless of all previously 

discussed factors, they exhibit their effect through blocking the entry of calcium ion 

into the cells, thus interfering with the sequence of physiological events in these cells, 

such as a decrease in muscle tone in the case of smooth muscle in arterial walls 

resulting in decreased peripheral resistance (55, 98). 

Calcium channel blocker effects on vascular tissue is due to a great 

dependency of smooth muscle tissue on the entry of calcium ions from the 
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extracellular space. Calcium channel blockers cause vasodilatation through blocking 

of the inward current. This effect varies significantly among different agents. 

Calcium channel blocker effects on myocardium is distinct in different areas, 

depending on the excitability and character of the myocardial cells involved. 

Verapamil and diltiazem have a significant effect on sinus node (negative chronotropic 

effect): they decrease atrio-ventricular conduction (negative dromotropic effect), and 

automaticity of atrio-ventricular node (secondary pacemaker); therefore, they have 

important anti-arrhythmic properties. Verapamil is the only substance which 

significantly alters the contractility of myocardium. 

Some dihydropyridines have a significant coronary vasodilatation effect, 

verapamil has somewhat smaller, and diltiazem has the least pronounced coronary 

vasodilatation effect. 

The hemodynamic consequences after administration of CCB are caused by the 

decrease in peripheral arterial tone, resulting in a decrease in blood pressure. There is 

almost no change in venous tone. This is, naturally followed by the sympathetic 

reaction (tachycardia, positive inotropy). 

All the above mentioned effects vary dramatically even among the members of 

the same chemical class. 

Pharmacokinetics most of them is almost completely absorbed after an oral 

administration. They show significant first-pass effect. They are bound to plasma 

proteins (70-99%); their peak plasmatic value is ordinarily 30-60 minutes after oral 

dose. Their elimination takes usually 1.5-5 hours. 

Side effectsas any drug, CCB also have undesired side effects. Most of 

them result from excessive vasodilatation-nausea, dizziness, low blood pressure, 

headache. More severe consequences would involve peripheral edema, and/or 

pulmonary edema with coughing and wheezing. They can have potentially dangerous 

side effects in certain groups of cardiac patients: AV blocks, decreased perfusion of 

certain areas of myocardium resulting in angina pectoris etc. 

Therapeutic useas mentioned above, this will be very different from one 

agent to another. The following list is of current and potential clinical uses (99). 
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1/ Cardiovascular: 

- angina pectoris 

atherosclerosis 

cardioplegia 

cerebral ischemia 

hypertension 

congestive heart failure 

hypertrophic cardiomyopathy 

migraine 

peripheral vascular disease 

pulmonary hypertension 

subarachnoid hemorrhage 

tachyarrhythmias 

2/ Non-cardiovascular: 

achalasia 

- asthma 

dysmenorrhea 

- eclampsia 

esophageal spasm 

- intestinal hyperactivity 

- premature labor 

- urinary incontinence 

3/ Other: 

- aldosteronism 

cancer chemotherapy 
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- epilepsy 

- glaucoma 

- manic syndrome 

- motion sickness
 

tinnitus
 

- Tourette's syndrome 

- vertigo 

It is very important to understand that many of above mentioned indications 

are in the stage of laboratory, pre-clinical or clinical test and most of them are not 

FDA approved (Trigg le). 

The following table summarizes main current clinical uses of the three best 

known representatives of each class: 

verapamil nifedipine diltiazem 
Angina -H-+ +++ -H-+ 

Paroxysmal supra- +++ ++ 

ventricular tachyc.
 
Atrial fibr., flutter +++ ++
 

Hypertension ++ +++ ++
 

Raynaud's syn. ++ ++ ++
 

Vasospam +
 
Myocardial ++
 

protection
 

Diltiazem (CARMEN') 

Inhibits the influx of calcium into excitable tissues smooth muscle, myocardium and 

skeletal muscles. Interestingly, the decrease in blood pressure following the 

administration of diltiazem is very modest in people with normal blood pressure, but is 

much more pronounced in hypertonics. Effectiveness of diltiazem in treatment of 

angina pectoris is thought to be caused by the ability of diltiazem to decrease the 
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oxygen demand of myocardium through a decrease in heart rate and peripheral 

vascular resistance, thereby putting less stress on working myocardium fibers. 

Diltiazem also has a significant coronary vasodilatatory effect. No significant 

negative inotropic effects, change in cardiac output, ejection fraction, left ventricular 

pressure, or diastolic pressure have been observed in studies of patients with good 

ventricular function. 

Ilharmacokinetics: Diltiazem is absorbed easily from the gastrointestinal tract; 

however, a very significant first-pass phenomenon occurs. Absolute bioavailability 

was estimated to be around 40%. In plasma, it is bound extensively to plasma 

proteins-70% to 80%. The elimination half-life and time kinetics of peak plasma 

levels depend on the type of preparation used available are CARDIZEM, CARDIZEM SR, 

or CARDIZEM CD. A single dose of 360 mg of CARDIZEM CD will be detectable in 

plasma within 2 hours, the peak plasmatic concentration between 10 to 14 hours. The 

minimum therapeutic plasma concentration is thought to be between 50 to 200 ng per 

milliliter. 

Diltiazem is therapeutically used for the treatment of hypertension, and chronic 

stable angina pectoris. 

Contraindications: 

patients with sick sinus syndrome except those with functioning pacemaker. 

- patients with II. or III. degree AV block except those with functioning pacemaker. 

- patients with hypotension (less that 90 mm Hg systolic). 

- patients with hypersensitivity to the drug. 

- patients with acute myocardial infarction and pulmonary congestion (X-ray
 

documented).
 

Warnings:
 

- cardiac conduction: used together with 13-blockers and digitalis may result in
 

dangerous effect on cardiac conduction causing slow heart rate, in extreme cases AV
 

blocks.
 

congestive heart failure: caution when used together with b-blockers in the patients 

with impaired ventricular function. 
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- hypotension: decrease in blood pressure can in some cases produce systemic 

hypotension. 

- acute hepatic injury: some elevation in transaminases with or without increase in 

alkaline phosphatase and bilirubin was observed, typically at the beginning of the 

therapy (first 8 weeks). Liver enzymes usually return to the norm thereafter. In rare 

cases, signs of acute hepatic damage can be observed increase in alkaline 

phosphatase, LDH, SGOT, SGPT; however in most cases it is fully reversible with 

discontinuation of the therapy. 

Precautions: Liver and kidney function should be regularly monitored during long-

term therapy. Some skin reaction can be observed with administration, although it 

usually disappears by itself. If not, the drug should be withdrawn immediately. 

Carcinogenesis, Mutagenesis, Infertility: None was observed after very high doses 

in experiments on mice. 

Pregnancy: In experimental studies on animals, doses five to ten-times greater than 

the daily recommended dose for humans caused embryonal and fetal death. There 

have not been controlled studies performed on pregnant women; therefore, its use is 

not recommended, unless this risk is outweighed by the potential benefits of this 

therapy. 

Nursing women: It is not recommended to administer; the drug is secreted into milk. 

Following side effects were reported in patients with hypertension and angina 

(with frequency less than 1%): 

Cardiovascular: Angina, arrhythmia, AV block (II. or III. degree), bundle brunch 

block, congestive heart failure, EKG abnormalities, hypotension, palpitations, 

tachycardia, ventricular extrasystoles. 

Nervous system: Abnormal dreams, amnesia, depression, gait abnormality, 

hallucinations, insomnia, nervousness, paresthesia, personality change, somnolence, 

tinnitus, tremor. 

Gastrointestinal: Anorexia, constipation, diarrhea, dry mouth, dysgeusia, mild 

elevation of SGOT, SGPT, LDH, alkaline phosphatase, thirst, vomiting, weight 

increase. 
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Dermatological: Petechiae, pruritus, photosensitivity, urticaria.
 

Other: Amblyopia, CPK increase, dyspnea, epistaxis, eye irritation, hyperglycemia,
 

hyperuricemia, impotence, muscle cramps, nasal congestion, nocturia, osteoarticular
 

pain, polyuria, sexual difficulties.
 

Adverse reactions: The following table shows the most common adverse reactions
 

associated with the administration of CARDIZEM (patients with hypertension and
 

angina).
 

Adverse reaction CARDIZEM CD (n=607) placebo (n=301) 
Headache 5.4% 5.0% 
Dizziness 3.0% 3.0% 
Bradycardia 3.3% 1.3% 
AV block I. degree 3.3% 0.0% 
Edema 2.6% 1.3% 
EKG abnormality 1.6% 2.3% 
Asthenia 1.8% 1.7% 

Other side effects have been documented in rare cases; however, the causative 

association between these events and administration of CARDIZEM has not been 

established. 

Overdose: The LD50 in dogs was established at 50 mg/kg of body weight after oral 

administration. In mice and rats it was even higher. The exact values for humans are
 

not known. Symptoms of overdose were observed after doses of 1 to 10 grams.
 

Dosage:
 

Hypertension: Usual dose is from 240 to 360 mg per day, some patients required dose
 

up to 480 mg once a day.
 

Angina: Usual dose is from 120 to 180 mg once daily.
 

In both indication the dose needs to be adjusted by titration for each individual patient.
 

(Source: CARDIZEM insert by Marion Hoechst Roussel, Kansas City, MO).
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Calcium channel blockerstissue protective effect: 

This class of drugs has a surprisingly broad spectrum of current and future 

therapeutic uses, many of them are still in the experimental stage as described above. 

For this project the most interesting and important is the suggested tissue-

protective effect (TPE) of CCB's. The theory explaining this effect is based on the 

multifactorial effects of uncontrolled changes in the calcium homeostasis inside the 

cells. It was proposed that a long-term unregulated increase in intracellular 

concentration of calcium is crucial in starting the cells damaging cascades (74). This 

was studied extensively after acute ischemia of myocardium because of 

understandable clinical implications (59, 75, 83, 87). In both cases, calcium was 

indeed identified as the key component in often irreversible tissue impairment. The 

same role of calcium was proposed in the development of exercise-induced muscle 

damage (5, 11). There is a close similarity among those three events even though the 

etiology is not necessarily the samesevere hypoxia in myocardial damage versus the 

combination of many factors initiated by acute exercise stress. In all cases there is an 

initial insult, causing impairment in intracellular processes resulting in activation of a 

cascade leading first to damage and then, in less severe cases, to reparation of the 

tissue. However, in severe cases, these cells are lost permanently, with possible fatal 

implications for the whole organism in the case of extensive myocardial or cerebral 

damage(5, 74). Calcium was suggested to play the role of the link between the initial 

insult and start of the damaging cascade, which usually closely resembles 

inflammation. All initial events can lead to s severalfold increase in the calcium 

intracellular concentration (in cytoplasm and mitochondria), which persists for 

prolonged periods of time (hours) when compared with a normal situation, where all 

calcium is quickly removed to the storage vesicles or to the outside of the cells (32, 

92). Calcium channel blockers can also have an important effect on the replenishment 

of ATP utilized as the energy source in the cells. Duan et al. (27) showed a significant 

increase in intracellular and intramitochondrial calcium levels after downhill walking 

(eccentric muscle action). They also observed the protective effect of some chelating 
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agents and verapamil which were able to significantly reduce this increase. However, 

Lowe et al. (66) recently reported that muscles damaged by eccentric contractions 

were able to maintain intracellular concentration of calcium through buffering and, at 

the same time, no activation of calcium-dependent degradative enzymes was observed. 

In another study, Duarte et al. (28) reported a protective effect of nifedipine in 

exercise-induced muscle damage in mouse. Therefore, the literature is inconclusive 

and there are no data available studying the effect of CCB in humans. 

Calcium channel blockers received a great deal of attention in cardiology for a 

possibility to reduce the extent of irreparable tissue damage after myocardial infarction 

and post-infarction angina. Reimer et al. (83) studied the effect of verapamil on the 

extent of myocardial damage in dogs. They found a significant difference in the size 

of ischemic injury after pre-ischemia verapamil administration after short periods of 

ischemia (up to two hours), no effect was observed after longer ischemia. Gottlieb et 

al. (43) reported no change in CPK, left ventricular ejection fraction and clinical 

outcome in patients with "low risk" myocardial infarction between Placebo and 

Nifedipine groups in a double-blind study. It needs to be pointed out that the 

administration of treatment started 8.0 t 2.5 hours after the beginning of pain; 

therefore, at a time when calcium imbalance in the cells has long been established and 

thus the chance for CCB to be beneficial is very low, if any. Similarly, no significant 

effect was reported by Muller et al. (72) after administration of nifedipine to limit 

progression of anginous pain to myocardial infarction and a size of myocardial 

damage with the beginning of administration 4.6 ± 1.0 hour after the onset of pain. 

Crea et al. (22) examined the effect of verapamil on the frequency of 

occurrence of angina and reinfarction after acute myocardial infarction. The rationale 

for this study was the effectiveness of verapamil in relieving the angina in patients 

without acute myocardial infarction; therefore, they wanted to see if it is as efficient in 

the patients with acute infarction. Patients were admitted into a coronary care unit 

within 12 hours after onset of pain, treatment was initiated within one hour after 

admission. They reported no significant difference between Verapamil and Placebo 

groups (22). 
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Unlike the above discussed agents, several studies showed positive effects of 

diltiazem administration. Gibson et al. (41) reported a significant effect of 

administration of diltiazem (90 mg every 6 hours) on the frequency of reinfarction and 

the incidence of angina in a double-blind, randomized study (n = 576). Therapy was 

initiated 24 to72 hours after the onset of clinical symptoms. Nakamura et al. (73) 

reported positive effect of diltiazem administration on incidence of post-infarction 

angina. 

Timing of administration of CCB seems to be crucial for the success of the 

intervention as noted by Nay ler et al. (76) on the frequency of reinfarction and 

incidence of angina after acute myocardial ischemia. They concluded that the best 

chance to achieve a significant tissue protective effects is when the CCB is present in 

the blood in therapeutic concentration at the time of ischemic attack. Pathophysiology 

of muscle damage implies that the therapy needs to be initiated as soon as possible to 

prevent dangerous accumulation of calcium inside of the cells. When CCB was 

administered prior to ischemia, positive effects were observed in the study of Reimer 

et al. (83) administering verapamil. 

There is one other considerable problem, which slowed down this research in 

the pastthe negative inotropic effect of classical CCB. This is a highly undesirable 

and possibly dangerous consequence for the patients in a critical cardiac situation. 

However, this has been changing in the last several years because of the development 

of new agents with almost negligible negative inotropy while preserving other 

efficacies. Van der Heide et al. (103) compared a new substance, Ro 40-5967,with a 

very small negative inotropic activity with verapamil in limiting the myocardium 

infarct size in dogs. Both substances were found to be effective in significantly 

reducing the myocardium infarct size with no significant difference between them. 

Kloner et al. (59) summarized 10 years of research in this area. They 

concluded that CCB showed a positive effect in the reduction of infarct size and 

limiting the extent of reperfusion tissue injury in experimental models using animals. 

Diltiazem was shown to be the most effective substance compared with verapamil and 

nifedipine. Some new experimental CCB showed a similar promising effect as 
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diltiazem. Results from clinical studies using verapamil (2) and nifedipine (2) were 

inconclusive. As mentioned before, the study by Gibson et al. (41) reported a 

significant effect of administration of diltiazem. 

Recently developed substances such as amlodipine and felodipine, with a long 

half-life and minimal negative inotropic effects, could be the answer for most 

problems encountered previously and definitely justify further research in this area. 

In summary: we chose diltiazem to be administered in this study for the 

following reasons. First, its extended release preparation is available, it has neither 

negative effects associated with the onset of administration nor the withdrawal effect, 

and most of all, it has a very low incidence of side effects. Second, from the available 

literature, in the experiments studying the effects of calcium channel blockers on tissue 

protection, diltiazem was shown to produce a positive, significant effect in most cases, 

which was not the case with either the verapamil or nifedipine group of drugs. 

Based on the facts presented above, we feel that exercise-induced muscle 

damage can serve as a useful model for the research of the effects of CCB on muscle 

tissue. It presents an opportunity to gain further insights into the pathophysiology of 

stress-induced damage of skeletal muscle tissue. 
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OREGON STATE UNIVERSITY-DEPARTMENT OF EXERCISE AND SPORTS SCIENCE 

INFORMED CONSENT 

TITLE: The Effect Of Calcium Channel Blockers On Exercise Induced Muscle 

Damage 
INVESTIGATORS: Roman Dvorak, M.D., Rod A. Harter, Ph.D., Department of 

Exercise and Sport Science, Oregon State University, Corvallis, Oregon 
SUPERVISING PHYSICIAN: William B. Reeves, M.D., Good SamaritanHospital, 

Corvallis, Oregon 

PURPOSE: To determine whether the short-term administration of a United States 

Food and Drug Administration (FDA) approved medication, a calcium channel 
blocker diltiazem (CARDIZEM CD), commonly prescribed for patients with high blood 

pressure, will interfere with the development of exercise induced muscle damage and 
accelerate the healing of muscle tissue damage. This is a so called "off-label" use of 
this drug and it has not been approved for this purpose by the FDA; however, 
hundreds of drugs are prescribed by physicians for "off-label" indications every day. 

For example, diltiazem is prescribed "off-label" for migraine headache. 

I have received an oral and a written explanation of this study and I understand that as 

a participant in this study the following things will happen: 

1.	 I must be 18 years or older to participate in the study. 
2.	 I will be paid $50.00 for completing all aspects of this study. Since only those
 

data from subjects who finish all parts of the study can be used for statistical
 
analysis, the researchers cannot give prorated payments to those subjects who
 
complete only portions of the study.
 

3.	 I will come to the weight room in Langton Hall, OSU for training session (Friday) 
lasting approximately 60 minutes. During the initial session I will learn proper 
techniques for performing all resistance exercises used in the experiment. 

4. During this session I will also receive a coded container with either the medication 
CARDIZEM CD (diltiazem) or identically shaped/flavored placebo pill, containing no 
medication and perform all lifts to estimate my maximum strength. 

5. The investigators will thoroughly explain to me the potential side effects of 

CARDTZFM® and provide me the specific instructions on how and when to take the 
tablets. 

6.	 I will come to Langton Hall, OSU during subsequent two days for blood pressure 
measurements and the side effects assessment (Saturday, Sunday). 

7. On the following Monday I will report to the Human Performance Laboratory in 
Women's Building, OSU. The initial part of this session will consist from several 
preliminary measurements. This testing will include measurement of knee 
extensor and flexor strength with a KinCom isokinetic dynamometer, 10 ml blood 
sample (approximately two tablespoons) from forearm veins, blood pressure 
assessment, and completion of a paper and pencil rating scale measuring perceived 

muscle soreness. 
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8.	 Next, my maximum strength in several exercises will be determined. This part 
will take place again in the weight room in Langton Hall. Individual maximum 
resistance values (one repetition maximum or 1-RM) will be estimated for squat, 

leg press, leg extension, lunges, leg (hamstring) curl, bench press and seated row. 

I will perform as many repetitions as possible of the squat exercise using 50% of 

my body weight (BW) measured at the beginning of the session. For the 
remaining exercises, I will perform as many repetitions as possible using 75% BW 

for the leg press, 33% BW for the leg extensions, and 20% BW for the leg curls 

and lunges. 
9.	 I will undergo an exercise bout designed to induce muscle soreness in my lower 

body. The amount of weight I will lift will be based on the results of the initial 
tests. This weight will be between 50% to 80% of my estimated maximum 
strength, starting at 50% for first set doing 10 repetitions, and then at 60, 70, 80% 

for second, third and fourth sets again with 10 repetitions for each set. I will rest 

for at least one minute between sets. 
10. After the completion of lifting, isokinetic knee extensor and flexor strength will be 

measured, I will again complete the perceived soreness rating scale, and a 10 ml 

blood sample will be taken, in the Human Performance Laboratory in Women's 

Building. 
11. One of the investigators will be present at all times during all parts of the
 

experiment to serve as a spotter during squats.
 
12. I will report for six follow-up testing sessions (20 minutes each) at intervals of 24, 

48, 72, 96, 120 and 144 hours after the exercise bout inducing muscle soreness, 
and I will perform the same tests as in the initial session, which is Tuesday to 

Sunday. 
13. It is very important not to engage in any other strenuous physical activity while 

participating in this experiment, because of the effect this could have on the data 
being collected. This includes weight lifting and any hard physical work. Further, 

I should not receive any intra-muscular injection during the duration of the study 
without informing the investigators first. Also, I will not take any prescription or 
over-the-counter medication during the study without previous approval by the 

supervising physician Dr. William B. Reeves. 
14. My anonymity will be maintained at all times throughout the study.	 At no time 

will my name appear on record forms or in computer files for this study. I will be 
assigned a code number, and this number will be used to identify my data. 

15. The risks associated with this study are minimal. The potential for injury exists 
from participation in weight lifting exercises. These risks will be minimized by 
the supervision of all weight lifting sessions by the investigators and use of 
spotters where appropriate. The only potential risks or discomforts to me as a 
subject related to collection of blood samples are the possibility of slight 
discomfort when the needle enters the skin and a small bruise or slight bleeding 
after the blood is drawn. In all, a total of 80 ml of blood (about one-quarter cup or 
two ounces) will be drawn during the eight samples. The eight blood samples will 

be taken by trained laboratory personal; only sterile, disposable needles and 
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syringes will be used; therefore, I am at no risk of becoming infected with any 

bloodborne diseases such as hepatitis B or AIDS. 
16. Another minor risk is the potential for side effects from administration of 

CARDI7FM. In healthy adults with normal blood pressure like myself, the 

occurrence of side effects, such as nausea, low blood pressure, dizziness, and/or 
headache is uncommon. Also, the investigators will monitor my blood pressure 

and presence of any side effects on daily basis while I will be on the medication. 
CARDIZEM has been approved by the United States Food and Drug Administration 
and is routinely prescribed by physicians for individuals suffering from high blood 

pressure. The amount of CARDIZEM I may receive is 180 mg first day, 180 mg 
second day, 240 mg third day, 240 mg fourth day, 240 mg fifth day, and 180 mg 
sixth day. The dosage used in this study is within the range of recommended daily 
dosage (240-360, in some cases 480 mg/day) for the prolonged (years) treatment of 
patients with high blood pressure. In this study the drug (or placebo) will be 
administered for six days. I have been provided a copy of both the package insert 

and patient monograph that describe Cardizem CD. 
17. If I am a female I understand that I can safely participate in this study only if I am 

positive I am not pregnant or I am not breast feeding. 
18. The major benefit to me for participating in this study is the direct payment of 

$50.00 upon completion all aspects of this study. I will also learn correct 
techniques for several different weight lifting exercises. My participation in this 

study will help the researchers to understand the mechanisms associated with 
exercise induced muscle damage. This can in the future improve the adherence of 
sedentary and moderately active individuals to regular exercise with many health 

benefits. 
19. The experiment will be conducted under the supervision of a licensed physician,
 

Dr. William B. Reeves, M.D.
 
20. Participation in this study is completely voluntary, and I can discontinue my 

participation any time without prejudice to my relationship with Oregon State 

University, or any of its faculty or staff. 
21. Oregon State University does not provide a research subject with compensation or 

medical treatment in the event the subject is injured as a result ofparticipation in 

research project. 
22. The researchers have offered to answer any further questions I may have. If I have 

any questions regarding this study I can contact Dr. Rod Harter at (541) 737-6801, 
or Dr. Roman Dvorak at (541) 737-6793 at any time. Other questions should be 
directed to the OSU Research Office at (541) 737-3437. 



95 

STATEMENT OF CONSENT
 

My signature, below, indicates that I have read and understand the procedures 
described above and give my informed voluntary consent to participate in the study. I 
understand I will receive a copy of this consent form. 

Subject's signature:
 

Subject's name:
 

Subject's present address:
 

Subject's phone number:
 

Date signed:
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APPENDIX D 

SCREENING QUESTIONNAIRE 
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Blockers on Exercise Induced Muscle Damage. 

Your name: 

Sex: M F Age: Height: Weight: 

Yes No1.	 Do you consider yourself healthy? 
Yes No2.	 Have you ever been diagnosed with liver disease? 

If yes, please provide details: 

Yes	 No3.	 Have you ever been diagnosed with kidney disease? 
If yes, please provide details: 

4.	 Have you ever had high blood pressure (greater than 140/90)? Yes No 

If yes, please provide details: 

What is your current blood pressure (measured within last three months)? 

Systolic: Diastolic: Resting heart rate: 

5.	 Have you ever had heart palpitations or irregular heart beats? Yes No 

If yes, please provide details: 

6.	 For women only: 
Yes NoAre you pregnant? 
Yes NoAre you currently breast feeding? 

7.	 Are you currently lifting weights to improve muscle strength or endurance? 

Yes No 
If yes, how many times per week? 
Are currently taking or have taken during the previous week any prescription 

Yes	 Noor over-the counter medication?
 
If yes, please list them:
 

9. Is there a history of heart problems in your immediate family?	 Yes No 

Signed:
 

Date:
 

Print name:
 

Address:
 

Phone number:
 

E-mail address:
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APPENDIX E
 

SIDE Ek'FECTS QUESTIONNAIRE
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"The Effect Of Calcium Channel Blockers On Exercise Induced Muscle Damage" 

Side effects screening questionnaire
 

I have observed during last 24 hours any of the following symptoms:
 

Dizziness 

Headache 

Slow heart beat 

Irregular heart beats 

Swelling of hands 

Swelling of feet 

Constipation 

Diarrhea 

Drowsiness 

Loss of strength 

Vomiting 

Abdominal discomfort/cramps 

Yes No 

Yes No 

Yes No 

Yes No 

Yes No 

Yes No 

Yes No 

Yes No 

Yes No 

Yes No 

Yes No 

Yes No 

If you have answered any of these questions yes, please give details: 

Code #:Name: 

Signature: 

Date: 

Witness: 
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APPENDIX F
 

PAIN SCALES
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PAIN AS SAO AS IT COMO BE
 

NO PAIN 

PAIN AS 
NO PAINBAD AS IT I 

COULD BE 0 

PAIN AS
 
BAD AS IT I
 I NO PAIN 

COULD BE SEVERE MODERATE SLIGHT 
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APPENDIX G
 

COMPLETE RAW DATA
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Legend to the complete raw data 

Volume = total volume of work performed during the weight lifting bout (resistance * 

repetitions) 

DOMS = delayed onset muscle soreness 

0, 24, 48 ... = time of testing (in respect to the weight lifting bout, 0 = before) 

awl = after the weight lifting bout 

MAX F-Q = peak quadriceps force 

AF Q = average quadriceps force 

PF H = peak force hamstring 

AF H = average force hamstring 

CPK = creatine phosphokinase 

NEU = neutrophil leukocytes 

LYM = lymphocytes 

EOS = eosinophil leukocytes 

BAS = basophil leukocytes 

V LY = variable lymphocytes 

BAN = bands 

NEU/LY = ratio of neutrophils vs. lymphocytes 

VOLPERKG = volume of work per kg of body weight 

HR = heart rate 

SYST = systolic blood pressure 

DIAST = diastolic blood pressure 

REST = variable measured at rest (baseline) 

TU, WE, TH, FR, SAT, SU = days of repeated measurements, drug administered on 

Monday 
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SUBJECT TREATMENT GENDER SESSION AGE WEIGHT HEIGHT VOLUME DOMS 0 
1 0 1 0 22 70.5 163.00 4572.70 .0 

4 0 1 0 19 64.6 168.00 8059.10 .0 

10 0 1 0 21 82.0 168.00 5306.80 .0 

24 0 1 0 19 64.0 166.00 7454.50 .0 

11 0 1 0 18 50.0 168.00 5404.50 .0 

13 0 1 1 19 51.8 165.00 4235.50 .0 

30 0 1 0 22 62.7 166.00 6454.50 .0 

5 0 2 1 26 84.0 . 175.00 10409.10 .0 

25 0 2 1 24 88.6 180.00 10545.50 .0 

8 0 2 1 18 72.7 183.00 9565.90 .0 

14 0 2 1 18 74.1 180.00 8163.60 .0 

20 0 2 1 21 81.8 181.00 10209.10 .0 

22 0 2 0 19 90.9 184.00 8750.00 .0 

29 0 2 0 21 89.1 180.00 10045.50 .0 

18 1 1 1 19 56.4 167.60 6327.30 .0 

2 1 1 1 21 51.0 164.00 5284.50 .0 

21 1 1 1 19 56.8 169.00 5227.30 .0 

6 1 1 1 19 70.4 177.00 6818.20 .0 

26 1 1 0 19 65.9 166.00 6615.90 .0 
27 1 1 1 21 63.6 176.00 6500.00 .0 

28 1 1 1 18 61.8 168.00 5045.50 .0 
15 1 1 1 20 56.8 166.00 3966.00 .0 

3 1 2 1 19 68.1 179.00 9272.70 .0 

7 1 2 0 18 73.0 192.00 7454.50 .0 

19 1 2 0 18 84.1 180.00 9625.00 .0 

17 1 2 0 19 77.3 180.00 10181.80 .0 
23 1 2 0 18 77.3 185.00 10495.50 .0 
12 1 2 1 20 86.4 180.00 11992.70 .0 
9 1 2 1 25 68.2 178.00 10772.70 .0 
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DOMS AWL DOMS 24 DOMS 48 DOMS 72 DOMS 96 DOMS 120 DOMS 144Peak DOMS' 
1.5 56.016.2 1.532.5 56.0 47.3 21.8 

68.014.0 5.0 3.020.0 61.0 68.0 29.0 
.0 80.09.0 10.033.0 50.0 60.0 14.0 
.0 28,7.01.2 .030.5 26.7 13.3 

7.0 58.0
21.0 46.0 58.0 30.0 35.0 10.0 

17.0 57.0 54.5 39.0 16.0 2.0 .0 57.0 
.0 85.311.3 3.033.2 65.3 37.7 18.7 

48.015.0 8.0 2.028.5 41.0 48.0 23.0 
2.0 68.74.044.8 55.2 68.7 45.2 20.8 
1.7 49.75.552.8 31.3 49.7 33.0 14.8 
1.3 61.07.2 5.538.0 61.0 45.0 17.8 

45.012.7 7.5
19.2 31.0 45.0 29.0 21.3 

12.0.0 .0
.2 12.0 11.0 9.0 .0 

.3 14.0 
.0 9.3 14.0 8.5 2.5 .3 

4.5 59.312.7 9.517.2 22.7 59.3 28.2 
.0 52.81.034.8 52.8 45.8 18.5 2.0 
.0 36.71.511.0 6.035.0 32.0 36.7 

46.07.0 .066.0 46.0 40.0 24.0 13.0 
34.3.0 .0

56.7 34.3 6.5 2.0 .0 
56.79.7 2.7 .718.2 41.8 56.7 17.3 

.8 1.0 50.540.0 17.222.7 36.8 50.5 
21.2 65.2

59.7 52.7 65.2 50.7 49.3 27.7 
.0 38.21.349.8 38.2 26.2 5.2 2.3 

47.03.3 .038.7 47.0 32.3 12.7 9.2 
7.0 58.824.2 9.557.8 46.7 58.8 38.7 
.0 72.741.0 20.0 2.763.7 72.7 62.7 
1.5 16.51.011.0 11.3 16.5 4.2 1.2 
5.0 37.031.0 27.0 37.0 28.0 17.0 12.0 

1.3 .0 37.0
19.0 22.0 37.0 2.0 .0 



106 

MAX F-0 0 MAX F-0 AWL MAX F-0 24 MAX F-0 48 MAX F-0 72 MAX F-0 96 MAX F-0 120 
8.67.2 8.36.8 5.7 5.2 5.1 

6.2 6.67.9 7.5 3.8 3.5 6.2 
5.75.4 5.6 3.3 3.4 5.4 5.3 
7.15.2 5.6 7.58.0 5.4 4.9 
7.86.6 7.48.3 6.7 6.2 6.3 

7.1 5.5 5.3 4.9 4.8 5.4 5.9 

7.4 7.7 10.0 9.1 9.88.5 8.0 
7.69.7 10.3 6.7 7.0 7.6 7.8 
9.06.8 7.76.4 6.2 5.8 6.0 

7.4 8.59.0 9.4 6.7 5.5 7.7 
8.88.5 7.7 9.1 8.4 8.5 8.8 
9.272 7.7 8.68.5 7.0 6.7 
10.912.0 11.811.2 11.6 10.3 10.0 
8.46.56.2 6.2 5.7 6.0 6.3 
8.79.8 7.8 7.6 7.5 7.4 7.8 
7.88.3 8.37.9 7.1 6.6 8.6 
8.87.6 9.09.3 6.1 7.6 7.8 
6.57.4 4.8 6.0 5.0 5.0 5.8 
5.85.2 4.9 4.8 5.1 5.6 5.3 
626.6 6.56.6 5.3 5.3 5.9 
6.45.2 4.2 3.8 4.5 5.3 5.8 

5.7 5.96.5 4.6 4.6 4.9 5.1 
11.38.6 10.3 11.49.2 7.0 8.4 
9.86.9 8.38.8 6.7 6.6 7.2 

6.7 5.2 5.5 62 7.0 7.0 8.0 
6.3 6.39.0 3.7 3.7 3.9 5.0 

10.97.6 12.2 12.210.8 7.2 6.9 
7.7 8.5 8.08.0 7.3 7.1 6.9 

8.9 9.08.4 7.8 4.9 7.2 6.8 
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AF Q-72 AF Q-98 AF Q-120MAX F-Q 144 AV F-Q 0 AF 0-AWL AF Q-24 AF 0-48 
8.0 4.2 3.7 3.1 3.1 3.8 4.9 4.6 

7.1 5.0 4.3 2.8 2.7 4.3 4.2 4.3 

5.9 3.1 3.2 2.3 2.3 3.1 3.5 3.9 

7.2 5.7 3.9 3.7 4.2 4.4 5.0 5.1 

7.2 5.4 4.7 4.4 4.5 4.9 5.1 5.3 

6.3 4.9 4.2 4.0 3.6 3.7 4.3 4.5 

8.6 5.8 5.5 5.3 4.8 6.2 6.2 6.2 

7.1 4.6 4.2 2.2 3.5 3.9 4.5 4.4 

9.2 4.8 4.0 4.4 4.4 4.1 5.4 6.3 
8.9 
10.1 
9.4 

5.7 
5.3 
5.4 

5.6 
5.1 
4.5 

3.9 
5.5 
4.9 

3.6 
52 
4.8 

4.7 
5.6 
5.1 

4.8 
5.8 
5.6 

5.0 
5.8 
5.3 

11.5 
8.3 
7.9 
8.0 
9.2 
6.5 
5.0 
6.6 
6.5 
6.2 
11.2 
8.3 
7.5 
6.5 
11.6 
8.4 
9.3 

72 
4.3 
7.0 
5.1 
5.6 
4.8 
3.6 
4.5 
3.9 
5.1 
5.2 
6.1 
3.9 
5.2 
5.9 
5.2 
5.6 

6.5 
3.9 
5.6 
4.8 
4.1 
3.6 
3.5 
3.4 
3.1 
3.2 
4.1 
4.4 
3.3 
2.5 
4.9 
5.0 
5.5 

6.4 
3.6 
5.0 
4.2 
5.0 
4.1 
3.6 
3.5 
2.8 
3.4 
5.5 
4.6 
3.8 
2.4 
4.4 
4.8 
3.7 

6.0 
3.7 
5.0 
5.8 
4.9 
3.9 
3.6 
4.2 
3.2 
3.8 
5.3 
5.0 
4.1 
2.9 
4.3 
4.4 
5.4 

7.5 
3.8 
5.6 
5.3 
5.1. 
3.5 
4.1 
4.6 
4.0 
3.6 
7.0 
5.5 
4.5 
3.7 
7.3 
52 
4.7 

7.0 
3.8 
5.7 
5.2 
6.3 
4.1 
3.9 
4.9 
4.0 
4.1 
7.2 
6.0 
4.6 
3.9 
7.4 
5.8 
6.5 

6.7 
4.8 
6.3 
4.8 
6.0 
4.3 
3.9 
4.5 
4.5 
4.1 
6.9 
6.8 
5.0 
4.6 
6.0 
5.5 
6.1 
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PF H-AWL PF H-24 PF H-48 PF H-72 PF H-96 PF H-120 PF H -144,AF 0-144 PF H-0 
3.94.4 2.3 3.1 2.5 2.2 3.2 4.0 4.0 

4.4 4.7 6.0 3.4 1.8 3.4 3.4 3.4 3.7 

4.9 2.3 3.0 1.9 2.1 2.6 2.7 3.1 2.9 
_ 3.2 3.33.8 3.1 2.4 3.1 3.2 3.0 3.1 

4.1
5.4 3.4 3.5 3.5 2.6 2.8 3.6 4.0 

2.42.1 2.5 2.74.8 2.8 2.7 1.9 2.2 
4.53.8 4.0 4.0 4.54.3 3.8 3.5 3.6 

5.3 5.14.9 5.1 6.3 4.4 4.7 4.9 5.1 
5.75.0 4.1 4.8 5.53.8 3.7 3.1 3.9 
4.84.0 3.7 4.36.2 4.4 5.5 3.9 3.2 
4.85.3 4.9 4.6 4.65.2 4.9 4.4 5.3 

4.7 5.34.0 4.7 4.36.8 4.6 4.3 4.6 
4.84.6 4.3 4.247.0 5.5 4.3 4.46.2 

3.7 3.6 3.9 4.2 4.4 4.3
7.4 4.1 3.8 
4.5 4.7 4.9 4.1 4.2 4.5 ' 4.8 4.3 4.7 

3.5 4.02.9 4.0 3.75.9 3.7 4.1 4.6 
3.8 3.1 4.5 4.0

4.4 4.8 4.1 42 4.7 
4.23.2 3.8 4.46.6 2.9 3.7 3.9 3.1 

2.9 3.0 3.3
4.6 1.8 2.4 2.8 2.8 7 3.0 

2.3 2.72.7 2.9 2.73.8 3.0 2.7 3.2 
2.2 2.8 2.7. 2.9 3.4

4.8 2.5 3.1 2.7 
4.03.9 4.3 3.94.8 4.4 4.4 4.1 4.0 
5.35.1 5.14.1 4.6 4.3 4.1 3.6 5.1 

4.6 4.042 3.1 3.8 3.66.8 3.0 4.4 
3.93.2 3.4 3.55.2 3.0 3.0 2.6 2.9 
4.03.0 3.3 3.4 3.94.9 4.5 4.0 3.3 

4.4 5.1 4.9 4.4
5.0 4.1 4.3 3.5 3.5 

4.1 4.44.8 4.1 4.46.7 4.4 4.4 3.7 
4.8 3.82.7 4.3 4.85.7 4.4 5.0 3.0 
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NEU-0 % LYM-0 %CPK-AWL CPK-24 CPK-48 CPK-72 CPK 96 CPK-120 CPK 144 
7.20 61.43 13.71 99.92 4.93 7.09 7.20 48.70 38.40 

30.30 70.86 52.47 41.69 67.50 94.39 88.76 38.60 52.80 

6.23 
13.06 
6.66 
12.14 
5.10 
14.18 
15.94 
26.40 
21.68 
37.57 
7.85 
9.87 

20.71 
2.43 
10.78 
7.42 
7.98 
17.29 
5.82 
10.35 
10.67 
13.49 
15.66 
20.43 
13.06 
12.14 
2.76 

39.85 
408.12 
22.39 
84.42 
13.67 

132.33 
31.56 
75.20 

305.60 
268.02 
31.60 
26.03 
141.56 
24.66 
26.94 
125.30 
67.18 
38.43 
15.58 
38.35 
37.68 
19.13 

490.99 
261.62 
408.12 
84.42 
22.93 

83.40 
371.90 
19.30 
45.16 
9.44 
67.00 
12.37 
57.41 
246.17 
163.15 

9.91 
24.40 
129.26 
19.67 
17.40 
59.37 
26.07 
26.51 
9.83 
23.80 
15.77 
45.16 
300.66 
188.09 
371.90 
45.16 
15.45 

160.98 
172.80 
35.02 
24.50 
9.87 

63.70 
91.70 
68.26 
117.39 
107.41 
7.96 

101.62 
165.43 
5.03 
65.44 
48.31 
11.54 
15.25 
4.58 7 
72.34 
7.85 
10.98 
135.39 
233.64 
172.90 
24.50 
8.72 

63.16 
125.19 
64.46 
52.53 
10.96 
44.73 
18.11 
57.09 
88.32 
53.08 
6.98 

151.07 
273.23 

7.96 
6.98 
38.65 
8.18 
17.74 
4.88 

167.06 
10.78 
8.37 
80.19 
189.72 
125.19 
52.53 
5.03 

36.92 
125.21 
101.77 
51.88 
8.40 
15.38 
15.84 
59.04 
160.831 
51.12 
8.15 
6.40 

248.77 
13.17 
12.08 
39.42 
8.29 

20.46 
6.83 

184.19 
9.81 
5.99 
39.85 
171.94 
129.21 
51.88 
8.18 

20.54 
82.14 
101.34 
45.54 
7.09 
1126 
17.79 
51.23 
94.29 
34.21 
6.34 
5.42 

194.71 
10.89 
6.66 
19.46 
8.40 
16.12 
3.69 

161.85 
12.95 
13.15 
56.87 
122.36 
82.14 
45.54 
9.78 

56.20 
47.60 
54.90 
62.60 
42.00 
52.40 
56.40 
51.40 
61.80 
59.70 
45.60 
56.90 
51.40 
72.30 
56.10 
70.40 
47.40 
83.30 
59.30 
61.60 
69.90 
67.80 
54.30 
47.00 
67.70 
49.30 
58.30 

31.50 
39.10 
34.00 
28.70 
47.40 
35.70 
25.60 
36.80 
25.60 
24.40 
42.10 
30.60 
36.10 
20.80 
30.50 
18.60 
39.80 
7.70 

29.70 
24.30 
20.20 
20.50 
33.10 
39.60 
20.00 
34.60 
31.30 
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EOS AWL % BAS-AWL % V LY-AWL %- BAN-AWL % NEU-24 % LYM-24 % MON-24 % 

5.7 .5 1.9 .0 65.0 24.5 5.2 

1.8 
2.7 

.5 

.4 
1.8 
1.8 

.0 

.0 
45.8 
N/A 

43.4 
N/A 

5.5 
N/A 

3.0 
1.4 
2.3 
1.4 
2.6 
2.6 
2.9 
.7 

2.4 
2.4 
2.2 
2.7 
2.4 
2.2 
3.0 
3.6 
1.4 
5.1 
1.9 
2.1 
2.0 
2.5 
2.3 
1.9 
1.9 
1.7 

.8 
.6 
.7 

1.0 
.6 
.6 
.6 
.7 
.8 
.8 
1.0 
.9 
.6 
.8 
1.1 
.7 
.7 

1.0 
.9 
.6 
.5 
.6 
.7 
.5 
.5 
.9 

3.6 
1.7 
1.7 
1.9 
2.3 
2.5 
1.8 
1.8 
1.8 
3.2 
2.5 
2.4 
1.9 
3.3 
2.1 
2.4 
2.3 
1.7 
2.1 
1.7 
1.6 
2.3 
2.8 
2.2 
2.5 
2.6 

r 

.0 

.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

4.0 
2.0 
.0 
.0 

10.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

51.7 
58.4 
58.2 
38.3 
N/A 
59.2 
55.2 
59.4 
69.5 
50.1 
59.6 
49.6 
68.0 
53.7 
52.9 
50.7 
63.5 
53.9 
53.9 
65.0 
N/A 
57.9 
46.2 
68.7 
41.7 
48.8 

36.2 
30.6 
30.9 
48.8 
N/A 
26.5 
35.1 
29.2 
18.4 
36.4 
29.1 
39.4 
23.4 
33.4 
34.0 
36.6 
26.1 
28.0 
33.9 
23.3 
N/A 
29.6 
41.8 
20.8 
40.5 
39.0 

5.7 
6.7 
5.5 
6.3 
N/A 
10.0 
5.0 
6.5 
7.5 
6.7 
6.1 
5.2 
5.2 
8.0 
6.8 
7.3 
6.8 
5.5 
6.9 
7.0 
N/A 
6.1 
5.6 
6.1 
10.6 
5.6 
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EOS-24 % BAS-24 % V LY-24 % BAN-24 % NEU-48 % LYM-48 % MON-48 % EOS-48 % 
2.9 .5 1.9 .0 49.1 34.9 6.5 4.9 
2.1 .7 2.5 .0 58.7 32.9 4.4 1.2 

N/A 
2.6 

N/A 
.7 

N/A 
2.9 

N/A 
.0 

61.0 
53.0 

26.0 
35.8 

9.0 
5.0 

3.0 
2.7 

1.6 .7 2.1 .0 60.7 28.0 7.1 1.1 

3.0 .6 1.8 .0 62.9 28.0 4.4 2.2 

1.5 .7 4.5 .0 42.9 46.1 5.1 1.8 

N/A 
1.6 
2.3 

N/A 
.6 
.5 

N/A 
2.2 
1.9 

N/A 
.0 
.0 

63.0 
N/A 
56.3 

25.9 
N/A 
31.0 

6.0 
N/A 
7.5 

J 
2.5 
N/A 
2.2 

1.8 
1.5 

.6 
1.0 

2.5 
2.1 

.0 

.0 
53.0 
53.5 

33.9 
28.0 

6.6 
10.7 

2.4 
2.4 

2.7 
2.2 
2.5 
1.4 
1.5 
3.6 

.8 

.9 

.7 

.4 

.7 
.8 

3.4 
2.0 
2.6 
1.5 
2.6 
1.9 

.0 

.0 

.0 
2.0 
.0 
.0 

53.7 
55.1 
51.5 
51.5 
46.1 
59.0 

35.9 
33.5 
36.3 
37.0 
40.4 
29.0 

6.2 
5.8 
6.5 
5.9 
8.1 
5.8 

1.9 
2.5 
2.5 
2.7 
2.2 
2.8 

2.9 
1.2 
9.5 
2.1 
2.1 
N/A 
4.1 
1.8 

.4 

.6 
1.1 
1.0 
.6 

N/A 
.4 
.9 

2.0 
1.8 
2.0 
2.1 
2.0 
N/A 
2.0 
3.6 

.0 

.0 
.0 

3.0 
.0 

N/A 
.0 
.0 

49.0 
58.4 
54.1 
52.8 
62.9 
56.4 
67.6 
49.5 

T 

37.3 
29.8 
28.9 
33.2 
25.4 
29.2 
22.1 
38.1 

7.8 
7.5 
5.4 
7.2 
5.9 
9.6 
6.2 
6.2 

3.1 
1.6 
8.3 
2.2 
2.8 
2.0 
2.2 
2.0 

1.2 
2.9 

.6 
.6 

2.6 
3.7 

.0 

.0 
65.7 
39.9 

22.2 
42.2 

7.3 
10.7 

1.9 
3.4 

2.1 1.2 3.4 2.0 54.7 35.3 4.8 1.2 
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BAS-48 % V LY-48 % BAN-48 % NEU/LY-0 NEU/LY-A NEWLY-24 NEWLY-48 NEU-0 
.9 N/A .0 1.27 1.39 2.65 1.41 2.87 
.4 2.5 .0 .73 1.17 1.06 1.78 2.77 

1.0 .0 5.0 1.78 2.22 N/A 2.35 2.37 

.9 2.9 .0 1.22 1.61 1.43 1.49 3.84 

.6 2.4 .0 1.61 2.14 1.91 2.17 3.48 

.6 1.8 .0 2.18 2.34 1.88 2.25 5.51 

.9 3.1 12.0 .89 .93 .78 .93 1.86 

.8 1.8 .0 1.47 1.80 N/A 2.43 3.19 

N/A 
.6 

N/A 
2.4 

N/A 
.0 

2.20 
1.40 

2.17 
1.39 

2.23 
1.57 

N/A 
1.82 

2.77 
2.50 

.8 3.3 .0 2.41 4.12 2.03 1.56 5.72 

1.1 4.2 1.0 2.45 2.20 3.78 1.91 3.26 

1.0 
.8 
.8 
7 

2.3 
2.3 
2.4 
2.1 

.0 
.0 

1.0 
.0 

1.08 
1.86 
1.42 
3.48 

1.55 
1.68 
1.44 
1.96 

1.38 
2.05 
1.26 
2.91 

1.50 
1.64 
1.42 
1.39 

2.76 
4.39 
2.79 
6.20 

.8 
1.1 
.4 

2.4 
2.2 
2.4 

.0 
8.0 
.0 

1.84 
3.78 
1.19 

1.07 
2.02 
1.19 

1.61 
1.56 
1.39 

1.14 
2.03 
1.31 

2.97 
4.34 
2.77 

.9 
1.0 
1.4 
.6 

1.8 
2.3 
3.3 
2.3 

.0 

.0 
2.0 
.0 

10.82 
2.00 
2.53 
3.46 

2.74 
1.96 
1.80 
2.66 

2.43 
1.93 
1.59 
2.79 

1.96 
1.87 
1.59 
2.48 

5.60 
3.94 
4.10 
5.53 

.6 2.3 .0 3.31 2.41 N/A 1.93 5.30 

.5 1.5 .0 1.64 2.03 1.96 3.06 3.81 

.8 3.4 4.0 1.19 1.49 1.11 1.30 2.63 

.6 
.4 
.9 

2.3 
3.3 
3.1 

.0 
1.0 
.0 

3.39 
1.42 
1.86 

3.03 
1.65 
1.14 

3.30 
1.03 
1.25 

2.96 
.95 

1.55 

3.47 
2.08 
2.68 
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LYM-0 NEU-24 LYM-24 NEU-48 LYM-48 NEU-72 LYM-72 JOLPERKG 
2.27 2.84 2.04 4.88 1.84 3.05 2.17 64.86 
3.79 2.79 2.39 2.07 1.97 3.12 1.75 124.85 
1.33 2.62 1.18 3.19 2.10 2.44 1.04 64.72 
3.16 3.73 2.32 3.66 1.00 3.48 2.34 116.48 
2.16 3.11 1.46 2.51 1.32 3.39 1.57 108.09 
2.53 4.48 1.92 3.75 1.99 4.69 2.09 81.77 
2.10 1.97 2.12 2.28 2.90 2.23 2.39 102.94 
2.17 3.75 2.08 3.19 2.10 4.81 1.98 123.92 
1.26 3.25 1.50 3.05 1.37 3.49 1.93 119.02 
1.79 2.57 1.85 3.02 1.92 2.82 1.55 131.58 
2.37 6.99 1.70 5.09 2.50 3.87 2.47 110.17 
1.33 4.77 2.17 4.74 1.25 3.21 1.68 124.81 
2.55 2.23 1.43 2.12 1.54 2.32 1.55 96.26 
2.36 4.09 2.44 4.99 2.44 3.91 2.38 112.74 
1.96 3.19 2.21 2.40 1.90 2.88 2.03 112.19 
1.78 4.51 2.30 4.69 1.61 2.58 1.85 103.62 
1.62 2.61 2.43 3.75 2.33 2.24 1.96 92.03 
1.15 2.48 1.22 2.31 1.48 2.93 1.44 96.85 
2.32 1.87 1.56 1.84 1.32 1.73 1.32 100.39 
.52 3.22 1.18 3.00 1.23 2.62 1.34 102.20 
1.97 3.20 1.63 2.57 1.34 2.93 1.56 .81.64 
1.62 4.57 2.53 3.26 2.05 3.43 2.15 69.82 
1.60 4.11 1.55 4.04 1.45 4.00 1.62 136.16 
1.60 4.56 1.89 2.74 1.51 4.04 2.09 102.12 
2.32 3.56 115 2.95 1.51 4.69 1.53 114.45 
2.22 2.99 2.01 2.37 2.14 2.64 2.03 131.72 
1.02 4.03 1.33 3.98 1.21 3.42 1.15 135.78 
1.46 2.49 1.51 1.42 1.38 1.60 1.70 138.80 
1.44 1.61 1.41 1.69 1.35 2.07 1.34 157.96 
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SAT HR SUN HR REST SYST TUE SYST WE SYST TH SYST FR SYST SA SYST 

72 60 108 110 108 110 128 124 

78 78 118 120 120 118 120 110 

54 62 114 110 103 106 108 104 

84 80 118 123 116 122 130 134 

78 78 130 108 114 122 122 122 

66 66 118 114 102 122 114 104 

74 72 118 115 120 114 126 120 

84 78 134 139 116 118 128 130 

66 78 110 106 110 120 102 106 

72 78 96 104 97 98 104 98 

78 78 120 117 104 122 112 112 

84 72 106 102 104 122 102 92 

66 66 110 92 100 108 102 108 

66 66 94 101 104 98 96 92 

72 72 104 108 102 105 108 98 

84 78 132 130 126 118 140 132 

78 72 110 106 106 108 114 114 

66 60 108 116 120 112 112 116 

84 78 116 122 108 126 132 118 

86 80 130 136 138 128 134 140 

72 78 122 112 120 104 132 116 

72 72 117 120 118 112 110 118 

84 78 129 110 100 108 120 98 

66 66 108 106 110 112 116 98 

76 84 137 120 122 112 114 120 

84 78 100 110 103 106 112 104 

78 84 110 106 106 102 108 106 

78 78 122 135 124 123 122 124 

72 72 103 110 112 105 110 104 

66 60 106 110 102 101 108 106 
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SU DIASTSU SYST REST DIAS TU DIAST WE DIAST TH DIAST FR DIAST SA DIAST 
114 70 72 72 74 80 66 70 

116 66 66 68 76 62 62 62 

106 73 88 80 68 72 66 60 

126 78 78 78 66 78 84 78 

116 80 67 74 76 78 84 84 

112 78 76 76 82 68 76 72 

118 84 80 80 76 80 78 80 

108 88 87 84 87 78 87 88 

106 74 72 68 62 76 63 68 
102 68 64 62 68 66 64 64 

118 75 70 70 72 74 72 69 

104 58 66 64 76 62 60 66 
112 72 60 68 74 72 68 72 

92 64 70 66 64 78 64 68 

98 62 68 68 70 70 64 66 
142 98 88 89 90 88 96 96 

116 72 76 78 72 70 80 76 

106 76 70 70 78 74 78 78 
114 74 85 76 78 80 65 78 

148 56 76 78 70 76 80 78 
124 78 74 81 76 80 70 70 
110 63 72 70 78 71 68 74 
109 83 66 78 78 78 84 78 
102 72 72 70 66 68 78 76 
120 72 66 72 74 72 62 60 
102 70 60 62 68 70 64 62 
102 78 76 70 70 72 76 72 
124 84 85 84 82 88 86 84 
98 60 84 84 84 78 72 72 
98 74 70 76 70 68 78 60 




