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Effects of Acute and Chronic Exercise on
Disulfide-Linked Growth Hormone Variants

JOSEPH R. PIERCE, ALEXANDER P. TUCKOW, JOSEPH A. ALEMANY, KEVIN R. RARICK,
JEFFERY 8. STAAB, EVERETT A. HARMAN, and BRADLEY C. NINDL

Military Performance Division, US Army Research Institute of Environmental Medicine, Natick, MA

ABSTRACT

PIERCE, 1. R., A. P. TUCKOW., J. A. ALEMANY, K. R. RARICK, I. S. STAAB, E. A. HARMAN, and B. C. NINDL. Effects of
Acute and Chronic Exercise on Disulfide-Linked Growth Hormone Variants. Med. Sci. Sports Exerc., Vol. 41, No. 3, pp. 581587,
2009. Purpose: To test the hypothesis that the appearance of disulfide-linked growth hormone (GH) aggregates during and after an
acute resistance exercise test (ARET) in men could be influenced by chronic physical training. Methods: Fourteen men (28 4 1 yr)
underwent two different 8-wk physical training programs designed to improve military performance. Before and after chronic training,
subjects performed an ARET (six sets of 10 repetition-maximum squat) and had venous blood drawn pre-, mid-, and post-ARET (0, 15,
and 30 min postexercise). To determine whether GH molecules were disulfide-linked, serum samples were chemically reduced via
glutathione (GSH). Serum immunoreactive GH (IRGH) and immunofunctional GH (IFGH) concentrations were determined using two
specific immunoassays, in nonreduced (—GSH) and reduced (+GSH) states. Data were analyzed using repeated-measures ANOVA,
Results: No differences were observed in the GH responses of the two training programs; therefore, training group data were com-
bined for analysis. GSH reduction increased the mean GH signal (—GSH: 1.4 + 0.3 p.g-L_‘ vs +GSH: 1.7 + 0.3 ,ug-l._‘; P<0.01)
only when quantitfying IRGH. Post hoc testing indicated that serum contained IRGH disulfide-linked GH aggregates at the mid, 0-, 15-,
and 30-min posttime points of the ARET (P < 0.01), whereas GSH reduction did not affect [FGH concentrations. Chronic physical
training had no effect on the ARET-induced GH response. Conelusion: Acute resistance exercise leads to the appearance of disulfide-
linked IRGH aggregates, and this response does not appear to be affected by 8 wk of chronic physical training. The physiological
significance of increased proportions of disulfide-linked GH aggregates postexercise remains uncertain; however, structural alterations
in GH moieties after acute exercise may represent important regulatory steps in mediating GH biological activity at selected target

tissues. Key Words: SOMATOTROPIN, GLUTATHIONE REDUCTION, RECEPTOR DIMERIZATION, GH DIMERS

ince the early observation of Hunter et al. (11) in

1965, numerous studies have demonstrated that exer-

cise of sufficient intensity and duration elicits in-
creases in circulating growth hormone (GH) concentrations
(7.9.15,25). However, the majority of these studies have
largely ignored the two most important characteristics of
GH physiology: its pulsatile release pattern and its mole-
cular heterogeneity. Utilizing deconvolution analysis, the
importance of the circadian rhythm underlying GH release
at rest and how it can be modulated by acute exercise have
been adequately characterized (14,21,22,27,30,31). Al-
though the pulsatile nature of GH may exert strong in-
fluences on eventual cellular adaptations, it is also evident
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that the structure of the molecule drives its ultimate function
at the target tissue (26). For instance, size exclusion chro-
matography (12) or exclusion assays (28) have been used to
demonstrate that exercise leads to the appearance of diffe-
rent GH isoforms into the circulation. After chronic exercise
training, these different GH isoforms may offer a partial
explanation for the disparate phenotypic outcomes as a re-
sult of different modes of chronic exercise training (20).

In addition to alternative mRNA splicing of the GH-N
gene leading to different isoforms (e.g., 20-kDa GH), other
molecular weight variants include dimeric and oligomeric
complexes, such as GH bound to GH-binding protein
(GHBP) or GH molecules bound to one another via either
covalent or noncovalent bonds (1). Because binding of GH
to its receptor requires free molecules with two intact bind-
ing sites, GH bound to GHBP would not be available for
receptor binding; however, the potential for receptor dime-
rization is less evident for GH molecules bound to one ano-
ther by disulfide bonds. Investigations by Rubin etal. (23) and
Hymer et al. (12) have established that when compared with
resting serum samples, chemically reducing serum samples
with glutathione (GSH) during and after acute exercise leads
to a preferential appearance of disulfide-linked GH mole-
cules. More recently, investigations have demonstrated that
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Acute exercise test. Both before and after the 8-wk
physical training programs, subjects performed an acute re-
sistance exercise test (ARET). This ARET was comprised
of six sets of the individual’s 10 repetition maximum
(10-RM) squat, separated by 2-min interset rest periods
(12), and chosen due to the previous success in subject to-
lerance and the ability to perturb the hormonal milieu. The
initial 10-RM weight was approximated as 75% of the sub-
ject's one repetition maximum (1-RM) measured during
preexperimental testing sessions. Strong verbal encourage-
ment was provided to the subjects so as to have them com-
plete a full set of 10 squats with good form. If a subject could
not successfully perform 10 repetitions, the weight was
readjusted to facilitate completion of 10 full range of mo-
tion repetitions.

Blood sampling and handling. Before the mitiation
of each ARET, a venous catheter was inserted in a forearm
vein with a saline lock to maintain catheter patency. Sub-
jects had venous blood drawn before (pre), after three
sets (mid), and immediately after (post) as well as 15- and
30-min after (+15 and +30, respectively) of the ARET.
Blood samples were allowed to clot at room temperature
and then centrifuged at 3000 RPM for 20 min at 4°C. After
separation, serum aliquots were frozen and stored at —80°C
until chemical or water treatment and subsequent assay
work were performed.

Chemical reduction of serum samples. At cach
time point, blood was sampled relative to the ARET (see
above); the frozen serum sample was thawed and separated
into two 225-pL aliquots. One of the aliquots was com-
bined with 25 uL reconstituted glutathione (GSH) (Sigma-
Aldrich, St. Louis, MO) at a final concentration of 10 mM
(+GSH), whereas the other aliquot was combined with
25 plL deionized H,O serving as the nonreduced internal
control (—GSH). After the addition of GSH or deionized
H-0, the samples were incubated at room temperature for
18 h (12), and GH concentrations subsequently determined
in their respective assays.

Assays. IRGH concentrations were determined on a
commercially available two-site immunoradiometric
(IRMA) assay from Diagnostic System Laboratories (DSL,
Webster, TX). Briefly. this noncompetitive assay used
polypropylene tubes coated with an immobilized antibody
specific for the GH molecule. After introduction of serum
samples in either nonreduced (—GSH) or reduced (+GSH)
states to the coated tubes, a second GH-specific antibody
radiolabeled with I'*® was added. According to the
manufacturer, only GH molecules that are bound to both
antibodies are detected in the assay. Inter- and intraassay
cocfficients of variation (CV) for the IRGH IRMA
measured in our laboratory were below 8.0%.

The work from Strasburger et al. (24) lead to the devel-
opment of DSL IFGH assay. This assay was an enzymat-
ically amplified “two-step™ ELISA sandwich-type assay,
which used a specific monoclonal antibody and a biotiny-
lated recombinant GHBP targeted to GHR-binding sites

2 and 1, respectively. Therefore, only GH molecules that
are capable of dimerizing the GHR are translated into an
assay signal. Inter- and intraassay CV for the IFGH ELISA
measured in our laboratory were below 8.5%. Both GH
assays were calibrated to the World Health Organization
International Reference Reagent for hGH (code 88/624).

Data analysis. Data were analyzed separately with re-
gards to the assay used (e.g., IR vs IF) using a multifactorial
[5 (ARET time points) x 2 (chemical reduction) x 2 (chronic
training)] ANOVA with repeated measures. All values are
expressed as mean + SE (n = 14), and significance was set at
P < 0.05. When the ANOVA detected a significant F-ratio,
post hoc analysis (least significant difference) was used to
determine statistical differences for within-subject factors.
All statistical analyses were performed on SPSS, version
15.0 (SPSS Inc., Chicago, IL).

RESULTS

Because the main outcome of this investigation was to
examine the GH response to both acute and chronic physi-
cal training and GH concentrations measured before, dur-
ing, and after the ARET were not statistically different
between the two 8-wk exercise training programs (Army
Standardized Physical Training and experimental Army
training program), data from the two physical training
groups were combined for all analyses. Additionally, for
both IRGH and IFGH assay data, the original subject num-
ber of n = 17 was reduced to n = 14 for data analysis, as
three subjects who completed the study consistently fell
below the manufacturer’s reported sensitivity values in both
IRGH (0.01 pg-L™") and IFGH (0.06 ugL ') assays.

Body composition, strength, and performance
outcomes. As a result of the 8-wk physical training, total
body mass did not change significantly (pretraining: 82.8 +
3.2; posttraining: 82.7 + 3.2 kg; P > 0.05); however,
accounting for this nonsignificant change, lean body mass
increased (pretraining: 63.8 + 2.1 kg vs posttraining: 65.6 +
2.1 kg; P<0.01) and fat mass decreased (pretraining: 19.1 +
2.4 kg vs posttraining: 17.1 £ 2.5 kg; P < 0.01) after the
training regimens. As with the GH response to acute
exercise, these differences were not dependent on the mode
of chronic training (10).

In addition. several measures indicative of perfor-
mance improvement occurred as a result of 8 wk of chro-
nic physical training. Moreover, these measures were not
dependent on the mode of exercise in which the subjects
participated (10). For instance, as a result of the training,
VOinax increased 11.8% from baseline (pretraining:
484 + 1.6 mLkg "min~' vs posttraining: 54.1 + 1.4
mLkg "min"'; P < 0.01). In addition, measures of both
upper and lower body strength increased after 8 wk of chro-
nic training. Specifically, the subjects’ 1-RM bench press
increased by 11.1% (pretraining: 74.6 + 3.8 kg vs post-
training: 82.9 + 3.4 kg; P < 0.01), and their [-RM squat
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FIGURE 1—Effects of GSH reduction on mean IRGH and IFGH con-
centrations. Note that the GSH reduction treatment significantly in-
creased the signal only in the IRGH assay, IRGH, immunoreactive GH;
IFGH, immunofunctional GH; GSH, glutathione. *P < 0.05 versus non-
reduced concentration. Values are presented as means + SE; n = 14,

IRGH IRMA

strength increased by 18.0% (pretraining: 86.6 + 4.1 kg vs
posttraining: 102.2 £ 4.2 kg; P < 0.01).

IRGH. Before the ARET, mean GH concentrations were
0.05 + 0.03 pg'L™" and increased significantly (P < 0.05)
throughout the ARET to a peak of 2.8 + 0.6 ug'L™" at the
post-ARET time point. After the termination of the acute
exercise bout, GH concentrations declined but remained
above baseline concentrations at least for 30 min into re-
covery (1.4 + 03 pgL™'; P < 0.05). After reducing the
samples with 10-mM GSH, the mean IRGH concentration
increased from 1.3 + 0.2 to 1.7 + 0.3 pg'L™' (significant
main effect of GSH reduction; P < 0.01), representing a
26% increase (Fig. 1). Upon further inspection of the ARET
response, post hoc testing revealed that the +GSH treatment
increased mean IRGH concentrations over -GSH treatment
(P < 0.01) at mid-ARET (1.3 £ 0.4 vs 1.1 £ 0.3 pgL™"),
post-ARET (3.0 + 0.6 vs 2.5 + 0.6 pg'L™"), +15-min (2.5 +
0.4 vs 1.9 £ 0.3 pLg‘L_’], and +30 min (1.6 + 0.4 vs 1.2 +
0.3 pgl '), indicating that disulfide-linked IRGH
molecules were present for at least 30 min after acute
resistance exercise (Fig. 2). Furthermore, the IRGH AUC
analysis revealed that the total output of IRGH during the
AET increased as a result of chemical reduction (—GSH:
68.7 + 11.4 pgL "min~' vs +GSH: 86.7 + 14.0
,ug-L_‘-min_': P < 0.01). As a result of 8 wk of chronic
physical training, there were no statistically significant
effects observed on the mean IRGH response (pretraining:
2.0 + 0.5 pgL™" vs posttraining: 1.1 + 02 pgL™; P =
0.21), the IRGH AUC response (pretraining: 97.3 + 27.0
pe’l "min"' vs posttraining: 58.0 + 12.1 pgL™"min";
P = 0.26), or the IRGH AUC response after chemical
reduction (P = 0.30) (Fig. 3).

IFGH. In addition to IRGH, an acute bout of resistance
exercise also lead to the appearance of molecules capable of
GHR dimerization (molecules containing both receptor sites).
In a pattern similar to IRGH, post hoc analysis revealed

that the mean IFGH concentration significantly increased
(P < 0.01) throughout the ARET to a peak at immediate-
ly postexercise (pre-ARET: 0.2 + 0.1 pg'L™'; mid-ARET:
1.9 + 0.5 pgL'; and post-ARET: 3.8 £ 0.7 pg'L™"). In the
postexercise recovery period, IFGH concentrations began to
return toward preexercise values but remained above base-
line values (P < 0.01) 30 min into recovery.

Unlike the IRGH concentrations, chemical reduction with
GSH did not increase IFGH concentrations as measured in
the IF ELISA. Figure 1 illustrates that when GSH was
added to the serum samples, no significant differences were
noted in the mean IFGH concentration (—GSH: 2.3 £ 0.4 vs
+GSH: 2.4 + 0.3 pgL™'; P = 0.62). However, similar to
IRGH concentrations, no significant effects were observed
in the IFGH response after chronic physical training (pre-
training: 2.7 + 0.6 ug'L ™' vs posttraining: 2.0 + 0.4 pugL™;
P = 0.30). Furthermore, 8 wk of chronic physical training
had no significant effect on the mean IFGH AUC (pretrain-
ing: 128.2 + 28.0 gL "min~" vs posttraining: 102.5 +
224 p.g-L_"rnin_E; P = 0.49) or the percent increase in
IFGH AUC after chemical reduction (P = 0.96) (Fig. 3).

DISCUSSION

This study evaluated the effects of 8 wk of chronic phy-
sical training on concentrations of IR and IF disulfide-
linked GH aggregates during and after an ARET. As GH
exhibits a great deal of molecular heterogeneity, which is
thought to possibly influence biological activity at the tar-
get tissue (26,28), it is important to study whether exercise
can induce alterations in the structural composition of the
GH molecule, thereby potentially modulating GH action.
The current investigation used two novel methodologies in
an attempt to glean more information on the impact that
acute exercise and chronic physical training exert on GH
physiology: 1) chemical reduction vie GSH to examine
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FIGURE 2—After chemical reduction of serum samples with GSH,
IRGH concentrations were augmented at Mid, Post, +13, and +30 min
of the ARET, suggesting that disulfide-linked IRGH aggregates were
present at these time points. *P < 0.05 versus —~GSH condition. Values
are presented as means + SE; n = 14,
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FIGURE 3—Eight weeks of chronic physical training had no
significant effect on the disulfide-linked GH AUC response (percent
increase in GH AUC with GSH reduction) to acute resistance exercise
for either IRGH (P = 0.30) or IFGH (P = 0.96). Values are presented as
means * SE; n = 14,

disulfide-linked GH aggregates and 2) comparison of a
conventional IR assay to an IF assay that detects GH mole-
cules based on the interaction between the molecule and its
receptor that is required before cell signal transduction. Our
findings demonstrate 1) that disulfide-linked aggregates of
IRGH are present during and after acute resistance exercise
and persist for at least 30 min into the recovery period, 2)
that this response pattern is not altered by chronic physical
training, and 3) that chemical reduction did not increase the
concentration of IFGH, suggesting that these molecules are
not linked vig disulfide bonds.

In contrast to the study by Rubin et al. (23), which de-
monstrated that disulfide-linked GH aggregates were pres-
ent during but not after acute aerobic exercise in men, we
report that disulfide-linked GH molecules remain present
during and after acute resistance exercise into the recovery
period in men. Hymer et al. (12) also reported that disulfide-
linked GH aggregates are present immediately after acute
resistance exercise in women; however, plasma GH con-
centrations were only measured pre- and immediately post-
exercise in their investigation. An explanation for this
disparate response could be the modes of exercise used:
incremental aerobic exercise used by Rubin et al. (23)
versus resistance exercise with constant relative workload
used by Hymer et al. (12) and the current investigation.
Although the reason for a disproportionate GH response
is not apparent, it may be that aerobic and resistance ex-
ercise exert a disparate release pattern for GH variants of
altered biological half-lives (28) that may modify down-
stream GH function (lipolytic vs somatogenic actions) (18).

As a consequence of the 8 wk of chronic training, mea-
sures indicative of positive changes in performance and
body composition were observed; however, there were no
differences observed between the two training groups (10).
In accordance with GH’s metabolic properties, as well as
its potential for altering body composition due to exercise
training, we also observed no differences in the GH res-

ponses to acute exercise between the two exercise training
programs. A possible explanation for this finding is that
the two different exercise programs both involved whole-
body exercise, gradually progressed throughout the train-
ing, and also shared in some overlap in terms of running
and sprinting exercises (10). Therefore, given the time con-
straint of 8 wk, we were not able to distinguish any statis-
tical differences between the two exercise training groups.
Perhaps, if the study were of longer duration, we may have
observed more discernable changes in performance and
body composition, both of which might be explained by
differences in the hormonal milieu.

In contrast to our hypothesis, we did not observe a
significant decrease in the exercise-induced GH response
(using the same relative workload) after 8 wk of training.
However, a previous investigation by Weltman et al. (29)
demonstrated that the exercise-induced GH response is di-
minished after 6 wk of chronic aerobic training when exer-
cising at the same absolute workload. In agreement with
our study, Kraemer et al. (16) showed no difference in GH
immunoreactivity after 24 wk of chronic resistance training
in women. More importantly, they demonstrated that GH
bioactivity increased among all the fractions examined.
Therefore, despite the current apparent decrease or the
previous significant decrease (29) in the exercise-induced
GH response after chronic exercise, the GH released into
the circulation may be of higher bioactivity after chronic
training. If the GH response to acute exercise is reduced
after chronic exercise training, then altering the binding
potential of the molecules released could be an important
regulatory step in mediating GH biological activity at
selected target tissues.

The importance of disulfide-linked GH molecules has not
yet been fully elucidated; however, there are some interes-
ting speculations about this phenomenon. One potential
reason for the formation could be to extend the biological
half-life of the GH molecule (2,28), whereas another
plausible reason for linking molecules together may be to
create functional molecules from potentially nonfunctional
molecules (e.g., antagonists) (17,32). As demonstrated by
Langerheim et al. (17), substituting the Gly residue for an
Arg on the GH molecule (hGH-G120R) results in a mutated
molecule with only binding site 1 intact (site 2 is rendered
nonfunctional). The mutated GH molecules were then
linked to form homodimeric complexes and had their func-
tionality evaluated via the Nb2 cell bioassay. Interestingly,
the dimeric complexes with each constituent of the com-
plex having only an intact site 1 due to the mutation were
capable of inducing in vitro cell proliferation (17). Sub-
sequent investigations also demonstrated that GI120R
dimeric complexes also lead to JAK2 phosphorylation and
downstream STATS activation in a human fibrosarcoma
cell line (C14), albeit with less activity than intact GH
molecules containing both binding sites (32). Relating this
to the current study, if the IRGH molecules detected only
had binding site 1, it is possible that they could possibly
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interact with the IRMA immobilized antibodies but not
interact and translate into an assay signal in the IFGH
ELISA (requiring both binding sites). Thus, IRGH may
not be considered bioactive by standards of the IFGH
ELISA, but if the IRGH molecules were disulfide-linked
in response to acute exercise as indicated presently, dime-
ric GH may still induce signal transduction with the GHR
by having only two site | available for binding (17.32).
Although not statistically significant, the percent change in
IRGH AUC with GSH reduction during acute exercise ap-
peared higher after chronic exercise training, suggesting
that a higher percentage of IRGH was disulfide-linked after
8 wk of exercise. Bioactive molecules as measured by the
[FGH assay already have two intact binding sites required
for receptor dimerization and wouldnot have to be disulfide-
linked to induce signal transduction at the target cell (de-
monstrated by our inability to observe increased IFGH
concentrations with chemical reduction in response to acute
and chronic exercise). Therefore, it is plausible that aggrega-
tion of GH molecules, due to acute and chronic exercise, is
one mechanism to enhance biological activity of IRGH
molecules, which only contain one binding site and other-
wise might not be able to initiate cellular signal transduction.

Our findings indicate that in addition to an IRGH
molecule only, acute exercise also leads to the release of
[FGH, which is in agreement with previous investigations
(4,12,19,23,27). However, in contrast to the existing studies
that have examined [FGH responses to acute exercise and
have consistently observed that the IF concentrations were
about 50% of the IRGH concentrations (4,19.27), we ob-
served that the GH concentrations measured by the IF as-
say were higher than the IR concentrations. It is important
to note that we used a different assay for measurement of
IRGH (DSL IRMA) than the previous studies (DSL hGH
ELISA (4) or Nichols IRMA (19,27)). Although our ob-
servation that IFGH concentrations were higher than IRGH
concentrations cannot be fully explained and differs from
previous reports, this finding was confirmed by indepen-
dent laboratory analysis (unpublished observations). Consitt
et al. (4) also reported that in resting conditions, IFGH
concentrations were higher than IRGH at rest, lending the
to the notion that the [FGH assay may detect segments and
fragments of GH that are not detected in the IRGH assay.
Importantly, the documented disparity for GH measurement
across immunoassays can be attributed to antibody speci-
ficity, matrix effects, reference standard preparation, and
tracer used (6.13).

Although the potential modulation of GH bioactivity
through aggregation is interesting, some additional limita-
tions of the currently used IFGH assay must be considered.
In comparison to available bioassays (8,33), the IFGH
ELISA assay only allows information to be gleaned at the
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GH dimers may also induce GH receptor (GHR) dimeriza-
tion and signal transduction (17,32). The role that circula-
ting disulfide-linked GH molecules have during exercise
remains to be investigated, particularly in terms of chronic
exercise response patterns.

Immunoassays used in the measurement of GH can vary
considerably in antibody specificity and reference prepara-
tion (3) and may also lack some precision in assessing GH
bioactivity. Bioassays measuring in vitro cell proliferation
(33) or in vivo tibial growth (8) may provide a better under-
standing of signal transduction induced by GH molecules,
yet they can be time consuming and costly. Altemnatively,
Strasburger et al. (24) developed an ELISA for the detection
of GH molecules possessing both binding sites intact for
signal transduction using an anti-GH monoclonal antibody
and a biotin-labeled recombinant GHBP. Because this im-
munofunctional (IF) assay only detects GH molecules capa-
ble of dimerizing GHR, it has been proposed that this assay
become the gold standard for diagnosing GH bioactivity
(24). The few studies that have used this assay indicate that
[FGH (GH molecules that have the capability to initiate
signal transduction at the target cell) only represents ap-
proximately 50% of the total GH concentration (4,19,27).
Although the IFGH assay does not directly assess a phy-
siological outcome, it does provide insight on GHR bind-
ing and could provide further evidence on the bioactivity of
the GH dimer.

Exercise of sufficient intensity can lead to a robust res-
ponse of GH and its molecular variants (12,16,28), but the
mechanisms leading to their preferential release and what
role these variants play during and after exercise remain
unanswered. One of these variants, disulfide-linked GH, is
released in response to acute exercise (12,23), and its
functional effect may be 1) to sustain the biological half-life
of GH or 2) to establish function in nonfunctional mole-
cules. Currently, the only studies examining this particular
exercise-induced response have only been designed around
acute bouts of aerobic (23) and resistance exercise (12),
whereas no studies have examined the chronic effects of
physical training on this response. Therefore, the purpose of
this study was to test the hypothesis that the acute exercise-
induced appearance of the disulfide-linked GH aggregates
would be altered by 8 wk of chronic physical training. A

secondary purpose of this investigation was to determine
how acute and chronic exercise possibly alters the GHR-
binding potential of disulfide-linked GH aggregates as
compared between the immunoreactive GH (IRGH) and the
immunofunctional GH (IFGH) assays.

METHODS

Subjects. Seventeen healthy, untrained men (28 = 1 yr)
were recruited for this study, had all experimental methods
explained to them, and only participated in these studies
after giving their free and voluntary written informed con-
sent. Their physical characteristics (mean + SE) were as
follows: height = 177.6 + 2.0 cm; weight = 82.9 + 3.2 kg;
body mass index = 26.3 + 1.0 kg'm™*. All were prescreened
via a health history examination, a physical examination by
a physician, and were excluded if they had any conditions
known to affect hormonal responses. Before implementa-
tion, all methods were reviewed and approved by the Hu-
man Use Review Committee of the US Army Research
Institute of Environmental Medicine. The investigators ad-
hered to the policies for protection of human subjects as
prescribed in Army Regulation 70-25, and the research
was conducted in adherence with the provisions of 32 CFR
Part 219.

Experimental design. The study was designed to
examine the effects of chronic (8 wk) physical exercise
training on acute resistance exercise-induced hormonal res-
ponses. Toward this end, subjects were randomly assigned
to one of two training regimens aimed at improving per-
formance on simulated battlefield physical activities (e.g.,
load carriage and physical training) and performed an acute
resistance exercise test (ARET) before and after the chronic
training. The two 8-wk training exercise programs were 1)
the recently implemented Army Standardized Physical
Training that consisted mainly of calisthenics, body weight
exercises, and running and 2) an experimental Army train-
ing program that emphasized free weight and machine
exercises, agility drills, and interval running. Both groups
trained for 1-1.5 h-d™", 5 d'wk ™', for the 8 wk of training
(10). Table 1 provides a detailed description of the two
training regimens designed to improve performance on the
military tasks.

TABLE 1. Typical training week for standardized and experimental Army physical training groups.

- B ........ _ Teestey Wednestey Ty ____ e
Army Standardized  Conditioning drills, military Conditioning drills, Conditioning drilis, militzry Conditioning drills, military  Condifioning drills,
Physical Training  movement drills, body weight military movement maovement drills, body movement drills, and military movement
exercises, and progressive drills, streiching dills, weight exercises, and 300yd  progressive distance drills, stretching drills,
distance running based on run  and interval sprinting shuttle run running based on run time  and body weight
time performance performance EXEICISES
Experimental Amny  Warm-up, stretching, free Warm-up, stretching, Warm-up, stretching, 8-km Warm-up, stretching, free Wanm-up, stretching,
Physical Training ~ weights, machine exercises, agility drilis road march with additional weights, machine exercises,  and interval sprinting
and 3.2-km run load carriage that progressed ~ and 3.2-km run
(0-33 kg) throughout the
training

Description of two different exercise training regimens designed to improve performance on military tasks. The Army Standardized Physical Training emphasized calisthenics and body
weight exercises, whereas the experimental Army training program emphasized free weights and machine exercises. For further clarification of training regimens, see Harman et al. (10).
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