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To date, studies have generally indicated that acute
heavy-resistance exercise stimulates an increase in peripheral blood concentrations of testosterone in males
FLECK. Hormonal and growth factor responses to heavy resist- (9, 13, 19, 29). Furthermore, it has been suggested that
ance exercise protocols. J. Appl, Physiol. 69(4): 1442-1450, training may influence resting values of testosterone (14estosterone (14lun
ingivale t
1990.-To examine endogenous anabolic hormone and growth training m ai
factor responses to various heavy resistance exercise protocols 16). Limited data also indicate that human growth hor(HREPs), nine male subjects performed each of six randomly mone may increase in response to an acute bout of
assigned HREPs, which consisted of identically ordered exer- resistance exercise (25, 29, 33). VanHelder et al. (33)
cises carefully designed to control for load [5 vs. 10 repetitions have demonstrated that human growth hormone elevamaximum (RM)], rest period length (1 vs. 3 min), and total tions may be dependent on specific exercise characteriswork effects. Serum human growth hormone (hGH), testoster- tics such as the load utilized and frequency of lifting
one (T), somatomedin-C (SM-C), glucose, and whole blood exercise. To our knowledge, no data exist regarding solactate (HLa) concentrations were determined preexercise, matomedin-C responses to heavy resistance exercise promidexercise (i.e., after 4 of 8 exercises), and at 0, 5, 15, 30, 60, tocols. The purpose of this investigation was to deter90, and 120 min postexercise. All HREPs produced significant mine the impact of load, rest period length, and total
rod th andmtota
(P < 0.05) temporal increases in serum T concentrations, minte ima toftload, rest p
although the magnitude and time point of occurrence above work on serum testosterone, human growth hormone,
resting values varied across HREPs. No differences were ob- and somatomedin-C response patterns during and after
served for T when integrated areas under the curve (AUCs) different heavy resistance exercise protocols.
were compared. Although not all HREPs produced increases in
serum hGH, the highest responses were observed consequent METHODS
to the H10/1 exercise protocol (high total work, 1 min rest, 10Nine healthy male subjects gave informed written conRM load) for both temporal and time integrated (AUC) responses. The pattern of SM-C increases varied among HREPs sent to participate in this investigation. The physical
and did not consistently follow hGH changes. Whereas tem- characteristics of the subjects were the following: age,
poral changes were observed, no integrated time (AT "-) differ- 24.66 ± 4.27 (SD) yr; height, 178.41 ± 7.77 cm; body
ences between exercise protocols occurred. These data indicate
that the release patterns (temporal or time integrated) observed mass, 81.08 l 12.03 kg; maximal oxygen consumption,
are complex functions of the type of HREPs utilized and the 54.17 ±4.63 ml.kg- min-; and body fat 1596+4.18%.
physiological mechanisms involved with determining periph- All subjects had recreational experience with resistance
era] circulatory concentrations (e.g., clearance rates, transport, training but none were competitive lifters. None of the
receptor binding). All HREPs may not affect muscle and con- subjects had a medical history of any endocrine disorder
nective tissue growth in the same manner because of possible - I none were on medications or hormonal therapy.
Furthermore, subjects reported no history of anabolic
differences in hormonal and growth factor release.
KRAEMER, WILLIAM J., Louis MARCHITELLI, ScoTr E.
GORDON. EVERETT HARMAN, JOSEPH E. DZIADOS, ROBERT
MELLO, PETER FRYKMAN, DINT MCCURRY, AND STEVEN J.

steroid use. Urine testing of all subjects verified these

anaerobic; insulin-like growth factor; anabolic; males; lactate
AND IN VITRO investigations have demonstrated
that several hormones (e.g., growth hormone, testosterone) influence growth and development (11). Yet, the
exact mechanism(s) by which these growth-promoting
actions occur remains unclear. Heavy resistance training
has been shown to be a potent stimulus for muscle cell
hypertrophy (26, 31). This may be due, in part, to exercisc induccd increases in endogenous anabolic hormones
and growth factors.
IN VIVO
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reports during the study.
A minimum of 2 wk was utilized for experimental
protocol familiarization, descriptive testing, and load
verifications for each experimental exercise protocol.
Percent body fat was determined using hydrostatic
weighing with a computer-interfaced load cell and standard body composition methodology as previously described (10, 37). Maximal oxygen consumption was determined utilizing a continuous treadmill protocol and
plateau criteria as previously described (5).
Experimentaldesign and exercise protocols. Each of the
six heavy resistance exercise protocols was performed In
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random order and by all nine subjects. Subsequent sta- differences in responses occurred as a result of changes
tistical analysis demonstrated no order effects. The ex- in total work, load, and rest period lengths. The exercises
perimental design is shown in Fig. 1. This design allowed utilized, the order used, and the number of sets for the
for a more quantitative approach to examine responses primary workouts are shown in Table 1. Thus two exerto heavy resistance exercise because of specific changes cise series were utilized in this study, with each series
in the exercise protocols. Two exercise series were used having a primary workout (S5/3 and H10/1), a load
in this study, each consisting of three workouts (i.e., a control (S10/3 and HS/1), and a rest control (S5/1 and
primary workout, a rest control, and a load control). H10/3). Control workouts were matched for the total
Series I had significantly (P < 0.05) lower total work work of the primary workout.
(49,161 + 10,100 vs. 59,859 ± 12,675 J) compared with
All exercises were structured proportionally for each
series 2.
subject with grip widths and positions marked and kept
As can be seen in Fig. 1, the "strength workout" was constant for each exercise. The matching of the total
the primary exercise protocol for series 1, which used a work between workouts was performed by a computer
5-repetitions maximum (RM) load and a 3-min rest program, which, given a specific exercise, weight, and
period length between sets and exercises. It was desig- number of repetitions, calculated the number of repetinated as S5/3, meaning S for series 1 (lower total work), tions required to produce the same total work using a
5 for the 5-RM load used, and /3 for the 3-min rest different weight. Lifting work was calculated as weight
periods. The load control workout for series I used a 10- times the vertical distance moved per repetition times
RM load and was designated as S10/3. The rest control the number of repetitions. The program took into conworkout for series I used a 1-min rest period length and sideration the vertical distance moved of both the iron
was designated as S5/1. The same type of terminology plates and the centers of gravity of the lifters' body
was utilized for design.Ating each exercise protocol in segments. These distances were obtained from measureseries 2. The "hypertrophy workout" was the primary ments on the subjects and equipment when they were in
protocol for series 2 and was designated as H10/1, mean- the starting and ending exercise positions. Anthropoing H for series 2 (higher total work), 10 for the 10-RM metric tables were used to locate body segment centers
load used, and /1 for the 1-min rest periods used between of gravity and estimate body segment weights from total
sets and exercises. Similarly, the load control workout body weight (37).
used a 5-RM load and was designated as H5/1, and the
Experimental protocol. One week separated each ranrest control workout used 3-min rest period lengths and domized experimental protocol. Subjects refrained from
was designated as H10/3. Whereas both workouts de- ingestion of alcohol or caffeine for 24 h and did not
velop strength and hypertrophy, the S5/3 workout pro- perform any strenuous exercise for 48 h before the extocol is typical of weight-training protocols used primar- perimental exercise session. Resistance exercise sessions
ily for "strength" development and the H10/1 workout during the entire investigation were controlled as subprotocol is primarily used by bodybuilders for increases jects were only allowed to perform one other light resistin muscular hypertrophy (20). The variations of the ance exercise workout (i.e., 12-15 RM for 4 exercises)
primary workouts were examined to help determine if during each 7-day cycle. One RM testing every other
week demonstrated that no strength changes occurred
glq 72
•over
the course of the study. In addition, all aerobic
exercise was also controlled to allow only two sessions
5 R, I min 051111
(Series I Rest Control)

5 AM, I min (115/11
(Series 2 Load Control)

per week, again with no training effects observed over
the course of the study. Thus all subjects were housed

Increased Load

exercised under similar conditions for the entire duration

(US Army billets), fed (US Army dining facility), and
Decreased Rest

•

air• fltD•IXL1JU
(Primary Workout)
5 RM, 3mli

(S5/3)

w

•

•

(Primary Workout)

•

of the study. Dietary analysis (Nutri-Calc, PCD System,
Penn Yan, NY) for the 3 days before each experimental
session demonstrated normal Recommended Daily Allowance caloric, nutrient, vitamin, and mineral intakes.

I0 AM, I mrin (11li/)

TABLE 1. Experimental heavy resistance
exercise protocols
Decreased Load

Increased Rest

Repetition Maximum and No. of Sets
Exercise Order

10 AM, 3 min (1SI0/3)
(Series 1 Load Control)

All Series I Workouts
(49,161 J)

10 AM, 3 mrin (H1O/311
(Series 2 Rest Control)

All Series 2 Workouts
(59,159 Ji

Fr;. 1. Experimental design consisting of 2 series of 3 exercise
protocols, each with primnry workout, load control, and rest control.
Aotal work for sories 1 was significantly (P < 0.05) less than series 2.

Series I (S5/3)

1. Bench press
2. Double-leg extension
3. Military press
4. Bent leg, incline sit-ups
5. Seated rows
6. Latissimus dorsi pull down
7. Arm curls

8. Leg press

5
5
5
5
5
5

RM X 5 sets
RM x 5 sets
RM x 3 sets
RM x 3 sets
RM x 3 sets
RM x 4 sets
.5 RM x 3 sets
5 RM x 5 sets

Series 2 iH10/1 I

10
10
10
10
10
10

RM
RM
RM
RM
RM
RM

x 3 sets
x :3sets
x 3 sets
x 3 sets
x 3 sets
X 3 sets
10 RM x :3 sets
10 RM x :3 sets

All exercises were performed on a Universal weight machine except
for exercises 4 and 7, which utilized free weights.
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Prior urine nitrogen determinations verified all subjects
to be in the normal range for positive nitrogen balance
before each test session.
Subjects reported for the experimental session, and
venous blood samples were obtained with the subjects in
a slightly reclined seated position, which was used for all
samples. All testing was conducted at the same time of
day to reduce the effects of any diurnal variations on the
hormonal concentrations. Before a resting blood sample
was obtained, a 20-min equilibration period was utilized.
Subjects knew they would not immediately start to exercise after the resting blood sample was obtained. The
exercise protocol started 10 nin after the resting blood
sample was drawn. During pilot testing, this procedure
was shown to eliminate any significant anticipatory increases in hormonal responses previously thought to
affect the examination of exercise responses (19). Water
intake was allowed ad libitum throughout the exercise
protocols and recovery. The venous blood samples were
obtained from an indwelling cannula in a superficial arm
vein kept patent with isotonic saline (30 ml/h). Blood
samples were obtained preexercise, midexercise (i.e.,
after 4 exercises), and at 0 (immediately postexercise), 5,
15, 30, 60, 90, and 120 min after each exercise protocol.
All blood samples were processed and stored at -120°C
until analysis,
Biochemical analyses. Whole blood lactate and serum
glucose concentrations were determined in duplicate via
a Lactate Analyzer-640 (Wolverine Medical, Grand Rapids, MI) and a 23-Glucose Analyzer (Yellow Springs
Instruments, Yellow Springs, OH1). Hemoglobin was analyzed in triplicate using the cyanmethemoglobin method
(Sigma Chemical, St. Louis, MO), and hematocrit was
analyzed in triplicate utilizing standard microcapillary
technique. The percent changes in plasma volume were
calculated according to equations by Dill and Costill (7).
Serum testosterone, human growth hormone, and somatomedin-C concentrations were determined by radioimmunoassay. All samples were run in duplicate and
were decoded only after analyses were completed. Testosterone was measured using an "25I solid-phase radioimmunoassay (Diagnostic Products, Los Angeles, CA)
with a detection limit of 0.38 nmol/l. Intra- and interassay variances were calculated to be <3.2 and 4.9%,
respectively. Human growth hormone was measured utiliring a "2'I liquid-phase radioimmunoassay with doubleantibody technique (Cambridge Medical Diagnostics,
Rillerica, MA) with a limit of detection of 0.24 lsg/l.
Intra- and interassay variances were calculated to be
<4.4 and 4.9%, respectively. Somatomedin-C (insulinlike growth factor 1) was measured using a "2Idoubleantibody disequilibrium radioimmunoassay with a preliminary octadecasilyl-silica (ODS) extraction procedure
(IncStar, Stillwater, MN), with the limit of detection
being <2.0 nmol/l. Intra- and interassay variances were
<4.6 and 4.8%, respectively,
Statisticalanalyses. Statistical evaluation of these data
was accomplished utilizing a multivariate analysis of
variance with repeated measures. Subsequent post hoc
pairwise differences w-it; duwrmined using Tukey's tests.
The resulting integrated areas under the curve for testosterone, human growth hormone, and somatomedin-C

were computed after preexercise values were subtracted
from each time point. Differences between arens under
the curve were analyzed using an analysis of variance
with repeated measures and Tukey's post hoc analyses
to determine pairwise differences. Significance in this
study was chosen at P < 0.05.
RESULTS
In general, this investigation demonstrated variations
in response patterns between the different heavy resistance exercise protocols. The most prominent differences
in response patterns were observed for serum human
growth hormone and whole blood lactate values, which
maintained sustained elevations over time. In contrast,
alterations in serum testosterone and somatomedin-C
response patterns were more irregular. At the onset, it is
also important to note that between the six heavy resistance exercise protocols, no significant differences in resting baseline values were observed for any of the blood
variables measured.
Figure 2 shows the responses of serum glucose (A) and
whole blood lactate (B). No exercise protocol in series I
or 2 elicited any significant changes in serum glucose
concentrations. For whole blood lactate significant group
and time effects were observed. Subsequent post hoc
analyses with preexercise values demonstrated significant increases above rest at various time points in both
exercise series, which are shown in Fig. 2B.
Total work comparisons (i.e., S5/1 vs. 145/1 and $10/
3 vs. HI0/3) showed no pairwise differences in whole
blood lactate between S5/1 and H5/1, but H10/3 values
at midexercise, 0, 5, and 15 min postexercise were significantly greater than S10/3 at those time points.
Evaluation of the effects of rest period changes in
series I showed that decreasing the rest period length to
1 min (S5/1) significantly increased the concentrations
over S5/3 values at midexercise and 0 and 5 min postexercise. Similarly, in series 2, increasing the rest period
length from 1 to 3 min (1110/3) significantly decreased
whole blood lactate values at midexercise and at 0, 5, 15,
30, and 60 min postexercise. A significant interaction
effect in whole blood lactate was seen between total work
and rest period changes.
In series 1, no significant differences were observed in
whole blood lactate when the load was lightened [(S5/3)
5 RM vs. 10 RM (S10/3)]. Conversely, in series 2, when
the load was increased from 10 RM to 5 RM (H10/1 vs.
H5/1) significant decreases were observed in whole blood
lactate at midexercise and at 0, 5, 15, 30, and 60 min
postexercise. Again, a significant interaction with total
work was observed in load changes.
Figure 3 shows the responses of serum testosterone to
the various heavy resistance exercise protocols. Significant group and time effects were observed. No differences
were observed for area under the curve comparisons
(inset). The temporal increases in testosterone above
resting values are shown for each heavy resistance exercise series.
When total work comparisons (i.e., S5/1 vs. H5/1 and
S10/3 vs. H10/3) were examined, post hoc analyses demonstrated the only difference was that S5/1 was greater
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FIG. 2. Serum glucose (A) and whole blood lactate (B) concentrations (means ± SE) for various time points and
resistance exercise protocols. * P < 0.05 from corresponding resting values.

than H5/1 at 90 min. No differences as a result of total
Subsequent post hoc comparisons to determine the
work were observed when area under the curve analyses effects of total work (i.e., S5/1 vs. H5/1 and S10/3 vs.
were examined.
H10/3) on serum human growth hormone showed that
Changing the rest period length in series I (S5/1 vs. there were significant pairwise differences at 0 and 5 min
S5/3) demonstrated only one significant pairwise differ- postexercise for the 5-RM load (S5/1 > H5/1). No difence at 30 min postexercise where S5/3 was greater than ferences were observed between the S10/3 and H10/3
S5/1. In series 2, iacreasing the rest period length to 3 protocols. Furthermore, io differences for total work
min (H10/1 vs. H10/3) resulted in significantly lower comparisons were observed when area under the curve
values at midexercise and at 0, 5, and 15 min postexer- responses were examined.
cise. In addition, significantly lower serum testosterone
Changing rest period length in series I resulted in
concentrations for H10/1 vs. H10/3 were observed at 120 serum human growth hormone responses for S5/1 that
min postexercise. No significant interactions with total were significantly greater than S5/3 at 5 min postexerwork were observed for changes in serum testosterone cise. In series 2, increasing the rest period length to 3
concentrations. Again, no significant differences were min (H10/3) significantly reduced the serum concentraobserved for area under the curve analyses.
tions of human growth hormone at midexercise and at 0,
Alterations in load for series 1 (S5/3 vs. S10/3) dem- 5, 15, and 30 min postexercise. Consistent with the
onstrated that there were significant pairwise differences temporal findings, the integrated area under the curve
at 30 and 60 min postexercise. No significant differences analyses supported the finding that increasing the rest
were obser-od for load changes (H10/1 vs. H5/1) in series period length to 3 min significantly reduced the serum
2. No significant interactions were observed with total human growth hormone levels (H10/1 > H10/3). No
work. Area under the curvc analyses demonstrated no significant interactions with total work were observed
differences between heavy resistance exercise protocols.
for human growth hormoae responses.
Figure 4 shows the responses of human growth horNo significant differences in serum human growth
mone to the various heavy resistance exercise protocols. hormone responses were observed in series 1 when the
Significant group and time effects were observed. The load was changed (S5/3 v;. S10/3). In series 2 when the
various significant increases above resting concentra- load was changed trom 10 to 5 RM (H10/1 vs. H5/1),
tions for each exercise protocol are shown. The inte- significantly lower serum human growth hormone congrated area under the curve results demonstrated that centrations were observed at midexercise and at 0, 5, 15,
the H10/1 protocol response was significantly greater and 30 min postexercise. The integrated area under the
than that of any of the other exercise protocols examined curve analyses supported the trend observed in the tem(inset).
poral responses as no differences were observed in series
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FIG. 3. Serum testosterone concentrations (means ±+SE) for various time points and resistance exercise protocols.

•P < 0,05 from corresponding resting values. Inset, area under the cui-ve (AUC) testosterone responses (means :t
SE).

1. In series 2, a significant reduction in human growth
hormone responses resulted when the load was changed
(i.e., 1-1/1 < H10/1). No significant interactions with
total work were observed with load changes.
Figure 5 shows the responses of serum somatomedinC (insulinlike growth factor 1) to the various heavy
resistance exercise protocols. Significant group and time
effects were observed. The various significant increases
above resting concentrations are shown. No significant
differences were observed in somatomedin-C when the
integrated areas under the curve for the various heavy
resistance exercise protocols were compared (inset).
Total work produced two pairwise differences in somatomedin-C responses, one at 30 min postexercise
where the 85/1 protocol was significantly greater than
the 141;/1 protocol and one at 90 rain postexercise wlic ie
the S10/3 protocol was significantly greater than the
H10/3 protocol. No integrated area under the curve
differences were observed.
When the rest period length was changed in series 1,
significant differences were observed at 30 rain postexercise (S5/3 < S5/1). In series 2, the H10/3 protocol had

significantly higher serum somatomedin-C concentrations than H10/1 at 5 min postexercise (1110/3 > H10/
1). No significant interactions were observed with total
work and no differences were observed for integrated
area under the curve comparisons,
When the load was changed in series 1, only one
pairwise difference was observed. S5/3 somatomedin-C
values were significantly lower than S10/3 values at 90
rain postexercise. No differences were observed for load
changes in series 2. No interactions with total work were
observed and no differences were demonstrated when
integrated areas under the curve were examined.
The hormonal responses were corrected for percent
changes in plasma volume to reduce the influence of
plasma volume shifts on serum conce-trations during
the different exercise protocols. Furthermore, normalization of these data did not yield different results. Peak
values were not correlated with initial concentrations of
the hormones. Changes in plasma volume shifts during
recovery were negligible. The greatest percent changes
in plasma volume were observed pre- to postexercise and
were as follows (means _t SD): series 1: S5/3, -7.68±
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4.28%; S10/3, -3.58 ± 4.25%; and S5/1, -4.86 ± 2.54%;
series 2: H10/1, -8.22 ± 5.52%; H5/1, -3.37 ± 2.74%;
and H10/3, -2.77 ± 2.31%.
DISCUSSION

Heavy resistance exercise has been shown to be a
potent stimulus for increases in muscle cell size (26, 31).
Still, the link between the concomitant in vivo changes
of endogenous anabolic hormones and tissue growth has
not been specifically determined, and increased concentrations of circulating anabolic hormones may not reflect
anabolism at the tissue level. This investigation was a
first step in the future examination of such relationships
and improves our present understanding of the circulatory responses of such anabolic hormones and growth
factors to various heavy resistance exercise protocols.
These data demonstrate that heavy resistance exercise
protocols elicit various temporal increases in peripheral
concentrations of anabolic hormones and growth factors.
In general, the most striking differences between exercise
protocols were demonstrated by changes in human
growth hormone and whole blood lactate. This contrasts
sharply with the less obvious differences between exercise protocols for testosterone and somatomedin-C re-

sponses. Thus, although many acute temporal changes
were observed, the magnitude, direction of change, and
variability of these changes at the various time points
did not result in many significant time-integrated area
under the curve response pattern differences. The type
of heavy resistance exercise protocol utilized in training
may have important ramifications on subsequent adaptations (20). Still, whether any subsequent adaptations
are related to the acute temporal increases or the more
prolonged time integrated increases during a recovery
time period remains unknown.
Testosterone is a potent anabolic hormone affecting
(i.e., direct and indirect effects) muscle tissue growth (11,
21, 23). Testosterone has a direct effect on skeletal
muscle, and these actions are not mediated by a secondary hormone (11). Each heavy resistance exercise protocol in this study increased serum testosterone concentrations above resting concentrations. However, all protocols did not elicit the same magnitude or duration of
serum testosterone increases, even when the identical
total work was performed (Fig. 3). Increasing the rest in
series 2 and decreasing the load in series 1 reduced serum
testosterone concentrations independently of total work
differences. This suggests that such serum testosterone
alterations consequent to changing single factor exercise
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variables may influence differential metabolic and cellular changes. Still, because of the lack of any large
sustained changes, such differential effects in anabolism
and cell growth remain speculative and need to be directly documented. Although increases in testosterone
consequent to an acute exercise session utilizing several
heavy resistance exercises have been previously observed
(9, 35), these data now demonstrate that the manipulation of exercise variables can impact the response pattems observed.
In this investigation a longer recovery period was
examined, and, although possibly as a result of random
variations, these data demonstrated that increases in
testosterone may occur in a rebound fashion later into
recovery (i.e., 90 or 120 min) after certain heavy resistance exercise protocols. Still, the extent to which hormonal pulsations may have influenced these data is not
clear. It might be hypothesized that, regardless of the
mechanism(s) of testosterone increase, the skeletal muscle will be exposed to an elevated peripheral testosterone
concentration. This could increase the likelihood of possible interactions with potential muscle cell receptors.
Alternatively, increased levels coul, theoretically be a

result of decreased muscle utilization of testosterone.
Increases in testosterone during exercise and into recovery have been commonly observed in other studies
after high-intensity aerobic and anaerobic exercise (6,
22, 25, 35). Typically, changes in the plasma volume and
a reduction in clearance rates secondary to reductions in
hepatic blood flow have been used to explain such hormonal responses to acute exercise (4, 28, 35). These
mechanisms could theoretically contribute to the exercise responses of each of the hormones examined in this
investigation. The magnitude of the plasma volume shifts
in this investigation was small during the exercise sessions and almost negligible during the recovery period.
It has been previously reported that heavy resistance
exercise produces elevations in human growth hormone
concentrations (25, 29, 33). In this study, only certain
heavy resistance exercise protocols produced significant
elevations in human growth hormone, which confirms
the findings of VanHelder et al. (33), who showed that
exercise variables in resistance training may have an
important role in determining the serum responses of
human growth hormone. It is apparent from these data
that within a series that keeps total work constant,
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changing one program variable alters the serum human
growth hormone response patterns. A variety of possible
mechanisms may have influenced these changes such as
metabolic demands, hyperventilation, breath holding,
and hypoxia (8, 32, 34). These data extend the results of
VanHelder et al. and support suggestions that exercise

that produces greater demands on anaerobic glycolysis

stimulates serum human growth hormone elevations,
Still, it needs to be pointed out that no consistent systematic relationships to blood lactate were observed in
this study, suggesting that a combination of factors related to anaerobic metabolism is involved. It was demonstrated in this study that the blood lactate responses
are significantly influenced by the rest period length and

duration of exercise. The combination of short rest periods and long duration (i.e., time to perform a 10-RM
set was longer than that to perform a 5-RM set) resulted
in greater blood lactate responses to heavy resistance
exercise. When exercise duration was reduced or rest
period length increased, the resulting blood lactate levels
were lowered.

It has been demonstrated that growth effects attributed to human growth hormone are likely mediated
through the effects of secondary hormones (i.e., somatomedins) (2, 30). With the recent biochemical characterization of the growth hormone receptor, the direct
effects of growth hormone-receptor interactions conse30).
(1, 24, tat
to(1,be demonstrated
remain
quent to exercise
Stuiesby
t a.lorni
2) avesugestd
Studies by Florini et al. (11, 12) have suggested that
longer integrated time periods (i.e., 24 h) of human
growth hormone levels are better correlated to somatomedin-C levels. Somatomedins have been hypothesized
to be involved with a variety of physiological roles, ranging from muscle, bone, and connective tissue growth to
changes in muscle strength as a result of the aging
process (12, 19, 27). Furthermore, in vitro studies have

shown that somatomedin-C is one of the most potent
anabolic ligands mediating muscle cell growth (11, 12).
To our knowledge, no other study has evaluated the
acute responses of serum somatomedin-C to heavy resistance exercise. Only random acute temporal increases

were observed for somatomedin-C, and no changes were
observed in the area under the curve response patterns,
Such results probably reflect a more complex set of
regulatory mechanisms related to cellular localization,
stimlatd
tansprte
reeas, proeinbining
nd reeprotein binding and
transporter
stimulated release,
lease, and receptor interactions (17, 30). Blum (3) has

recently demonstrated that binding proteins may act as
a reservoir, constantly releasing small amounts of so-

matomedin-C. This has been hypothesized to create a
steady-state situation for receptor occupancy by a pulsatile release of somatomedin-C from binding proteins
(3). This appears to be more effective than exposing the
receptor to large temporary concentrations of somatomedin-C. Such mechanisms might explain the apparent

lack of changes in response to the various heavy resistance exercise protocols. The large temporal increases
observed at various time points may represent an overload on this reservoir-type mechanism. Thus the physeand source of such large temporal
increases in serum somatomedin-C observed in this study
after resistance exercise remain to be elucidated.
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