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A R T I C L E  I N F O   
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A B S T R A C T   

Objective: The purpose of this study was to examine the influence of a novel “floatation-restricted environmental 
stimulation therapy” (floatation-REST) on growth hormone responses to an intense resistance exercise stress. 
Design: Nine resistance trained men (age: 23.4  ±  2.5 yrs.; height: 175.3  ±  5.4 cm; body mass: 85.3  ±  7.9 kg) 
completed a balanced, crossover-controlled study design with two identical exercise trials, differing only in post- 
exercise recovery intervention (i.e., control or floatation-REST). A two-week washout period was used between 
experimental conditions. Plasma lactate was measured pre-exercise, immediately post-exercise and after the 1 h. 
recovery interventions. Plasma iGH was measured pre-exercise, immediately-post exercise, and after the re-
covery intervention, as well as 24 h and 48 h after the exercise test. The bGH-L was measured only at pre-exercise 
and following each recovery intervention. 
Results: For both experimental conditions, a significant (P ≤ 0.05) increase in lactate concentrations were ob-
served immediately post-exercise (~14 mmol • L-1) and remained slightly elevated after the recovery condition. 
The same pattern of responses was observed for iGH with no differences from resting values at 24 and 48 h of 
recovery. The bGH-L showed no exercise-induced changes following recovery with either treatment condition, 
however concentration values were dramatically lower than ever reported. 
Conclusion: The use of floatation-REST therapy immediately following intense resistance exercise does not ap-
pear to influence anterior pituitary function in highly resistance trained men. However, the lower values of bGH 
suggest dramatically different molecular processing mechanisms at work in this highly trained population.   

1. Introduction 

First introduced in the 1970s, floatation-REST therapy has only recently 
become popular with its use in high-performance populations (e.g., elite 
athletics, military operators) seeking to accelerate the natural recovery 
process from high intensity physical and stressful demands. Floatation-REST 
therapy is thought to mediate recovery by inducing a state of deep relaxa-
tion through the reduction of external stimuli. With the individual essen-
tially floating in an Epsom salt (magnesium sulfate) liquid filled tank or 
room maintained at 35 °C, the brain's perceptual boundaries of the body are 
blurred and also limits the need for thermoregulation. The concentration of 
salt is maintained at a specific gravity of 1.25–1.28 g·cm−3, providing a 
natural buoyancy that allows for effortless floatation. The full support of the 
water reduces the compressive forces of gravity and allows for significant 

muscle relaxation. Additionally, light and sound inputs can be removed, 
creating an environment of reduced visual, auditory, tactile, and gravita-
tional inputs as used in the current study. 

The deep relaxation created by floatation-REST often mimics initial 
sleep phases and its influence on growth hormone (GH) can even be 
stronger than the circadian system's influence which caused us to hy-
pothesize that floatation-REST therapy may, in fact, influence both im-
munoreactive (iGH) and bioactive (bGH-L) isoforms of GH [1]. The en-
docrine system plays a major role in mediating high levels of force 
production via sympathetic/adrenergic responses but is also highly in-
volved in the recovery process and anabolic signaling for tissue re-
modeling processes [2–5]. Interestingly reductions in lactate responses 
following an isokinetic resistance exercise test have been observed fol-
lowing a one-hour floatation-REST session when compared to passive 
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recovery [6]. The known positive associations of lactate and iGH further 
supported our hypothesis that floatation-REST may influence on iGH and 
bGH-L recovery patterns [7]. The study of the 22 kD iGH during recovery 
from exercise, more specifically resistance exercise, has been extensively 
characterized yet less is known about bGH-L [5,8,9]. Furthermore, data 
on various types of growth hormone (GH) molecules have not been ex-
amined in highly resistance trained men or women. We have previously 
shown in women that short term resistance training (i.e., 6 months) did 
result in increases within both resting and acute exercise concentrations 
of bGH-L [10]. While not gender-specific, such data does open the pos-
sibility that with resistance training, highly adapted mechanisms med-
iating iGH and bGH-L secretions may be more sensitive to different forms 
of recovery such as floatation-REST therapy [11]. 

Recovery from exercise stress, usually within hours, is an important 
factor in many different scenarios; e.g., from health and fitness trainees to 
athletes. A host of different interventions have been used to enhance re-
covery from physical stress ranging from nutritional supplements to ap-
parel using cold and/or compression or massage [12]. Increased use of this 
novel modality, floatation-REST, now called “floatation-restricted en-
vironmental stimulation therapy,” has been more frequently used in the 
recovery process, yet our understanding of the modality is still in its early 
phases in many areas of study [6]. Outside its potential use for improving 
exercise recovery, it has been used to enhance relaxation and mediate 
return of physiological systems back to resting homeostasis [13–15]. To 
our knowledge, only one study has examined iGH responses with floata-
tion-REST. In that study, examining resting responses of iGH over 240 min 
of floatation-REST was compared to a control rest condition, no significant 
differences in iGH concentrations were observed [16]. How floatation- 
REST may mediate exercise-induced recovery patterns of plasma GH re-
sponses remains unknown. Thus, due to the paucity of data on GH and 
floatation-REST, the purpose of the current study was to examine both iGH 
and bGH-L recovery response patterns to floatation-REST following an 
intense resistance exercise stress protocol in resistance trained men. 

2. Materials and methods 

2.1. Experimental approach and design 

After the informed consent process was completed, each subject 
participated in two familiarization visits to get acquainted with the 
experimental procedures and to determine 1 repetition maximum 
(1RM) strength in the barbell squat. A balanced cross-over design was 
used with two identical exercise trials, but different post-exercise re-
covery interventions (i.e., control or float-REST). A two-week washout 
period was used between experimental conditions. For each trial, 
plasma lactate was measured at three timepoints—pre-exercise, im-
mediately post-exercise, and after the 1 h. recovery intervention. 
Plasma iGH was measured at five timepoints—pre-exercise, im-
mediately-post exercise, after the 1 h. recovery intervention, as well as 
24 h and 48 h after the exercise test. Due to cost constraints the bGH-L 
was measured at two timepoints—pre-exercise and following recovery. 

2.2. Participants 

Nine resistance trained men who had used the squat exercise in their 
training were recruited to participate in this investigation. All participants 
were healthy and cleared of any injuries or medical complications that 
might confound the study findings. The subject characteristics (n = 9) were: 
age: 23.4  ±  2.5 yrs.; height: 175.3  ±  5.4 cm; body mass: 85.3  ±  7.9 kg, 
back squat 1RM: 150.2  ±  21.0 kg; squat-strength to body mass ratio: 
1.76  ±  0.2. Each participant had been involved with a progressive heavy 
resistance training program, including the squat exercise, as represented by 
the high squat to body mass indicator. Each participant signed a consent 
form to participate after having the benefits and risks of the study explained 
to them. The study was approved by The Ohio State University's 
Institutional Review Board for the use of human subjects in research. 

2.3. Procedures 

2.3.1. Familiarization and preliminary exercise testing 
Participants were carefully familiarized with all of the testing pro-

tocols prior to the initial testing. Following anthropometric measure-
ments, a standardized dynamic warmup was completed followed by 3 to 
5 single lifts to determine the one repetition maximum (1-RM) squat 
using a standard protocol previously described in detail [17]. The 1 RM 
squat was performed using an Olympic barbell and power rack (EliteFTS, 
London, OH, USA). A full range of motion was required, with the end-
point of the squat defined by a 90-degree relationship between the femur 
and the lower leg (i.e., knee at 90°). The depth requirement was con-
firmed through the use of a plum line that the bottom of the thigh had to 
reach in order for the repetition to be counted as correct technique. 

2.3.2. Testing and controls 
Testing started at 6 AM, with participants reporting to the laboratory 

after an 8 h overnight fast. Other restrictions included 12 h without caffeine, 
24 h without alcohol/medications, and 72 h without exercise. Hydration 
status was assessed at each session via urine specific gravity (USG) using a 
handheld refractometer (Reichert, New York, NY, USA) with a minimum 
hydration requirement of USG ≤ 1.020 prior to testing. Participants re-
mained fasted throughout the entire testing laboratory visit but were en-
couraged to consume water ad libitum. A 3-day diet log approach was used 
to assure the same dietary intakes prior to and during the experimental time 
frame. Prior to the first laboratory visit, participants were carefully in-
structed on how to record their food intakes and record the time of each 
meal or snack. Therefore, they started this 3-day diet record the day before 
or, in other words, 24 h before the start of the first laboratory testing visit. 
They then continued their recording for the next two days. Each participant 
then used that detailed 3-day dietary record and was asked to replicate it for 
their next experimental testing sequence. No other form of recovery inter-
ventions were allowed during each 48-h trial as typical with our work in 
muscle damage studies (e.g., no hot tubs, baths, showers > 10 min, ice, 
compression, heat pads, foam rollers, massage, medications, or other de-
vices that may artificially enhance the speed of recovery) [18]. 

2.3.3. Exercise testing protocols 
Prior to the acute heavy resistance exercise test protocol (AHRET), a 

standardized dynamic warmup was performed. Using the data from 
preliminary 1 RM testing, the acute AHRET consisted of 6 sets of 10 
repetitions at 80% of the 1 RM in the squat exercise with two minutes 
rest between sets [2]. Using the same equipment as in the 1 RM testing, 
the protocol started at the prescribed loading, and then if the partici-
pant could not lift it through a full repetition spotters helped to com-
plete the set and a 10% reduction in the following set was used. 

2.3.4. Floatation recovery intervention 
The floatation-REST sessions took place in our laboratory float room, 

which contains a deluxe Quest Float Suite (Superior Float Tanks, Norfolk, 
VA). The fiberglass tank contained approximately 300 gal of water, creating 
a depth of about 10 in. The water was saturated with greater than 1200 
pounds of USP grade Epsom salt (MgSO4) and maintained at a specific 
gravity of ~1.26 g•cm3. In-tank heaters provided a steady thermal en-
vironment (94 °F), approximating that of skin temperature. Each participant 
showered and inserted earplugs before entering the float tank in the nude to 
reduce any further sensory cues. The session was conducted in the absence 
of light and sound. At the completion of the hour session, a dim light came 
on within the tank, and a gentle voice alerted the participant that the session 
was over. The participant then exited the tank and showered before re-
turning to the lab for a post-recovery blood draw. 

2.3.5. Control recovery intervention 
A relaxing yet sensory-stimulating environment matching the 

timing of the floatation-REST exposure was used for the control re-
covery intervention. The recovery intervention started 20 min after the 
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AHRET protocol. Participants sat in a reclining chair in a well-lit room 
and in order to provide a continuous auditory, and visual stimulation 
watched episodes of Planet Earth (BBC Earth) on a tablet computer. 
These carefully selected episodes of geographic landscapes and pleasant 
wildlife scenes were standardized across participants and chosen to 
minimize emotional arousal, excluding content that may have impeded 
relaxation [15]. At the end of the hour session, participants showered 
prior to returning to the laboratory for the post-recovery blood draw. 

2.3.6. Blood sampling and storage 
At each time point, participants sat in a partially reclined phle-

botomy chair while blood was collected by a trained phlebotomist from 
an antecubital vein with a 21-gauge needle (BD Vacutainer Safety-Lok 
Blood Collection Set, Becton Dickinson and Company, Franklin Lakes, 
NJ). Plasma was immediately centrifuged at 2000 x g for 15 min (4 °C). 
Resulting plasma was aliquoted and stored at −80 °C. Samples under-
went a single freeze-thaw cycle prior to the assay with duplicate ana-
lyses for all assays. 

2.3.7. Biochemical analysis 
Plasma lactate was analyzed using a ChemWell automated chemistry 

analyzer (Awareness Technology, Inc., Palm City, FL) using a lactate 
reagent kit (Pointe Scientific, Inc. is in Canton, MI, USA) with an intra- 
assay CV of 4.7%. Growth hormone immunoreactivity (iGH) was ana-
lyzed by ELISA using a sandwich enzyme immunoassay technique using 
a monoclonal antibody specific for human GH with a sensitivity of 
2.10 pg•mL−1 (USA R&D Systems, Inc., Minneapolis, MN, USA). 
Samples were analyzed in duplicate at the appropriate absorbance 
using a Biotek Synergy H1 monochromatic multi-mode plate reader 
(Biotek, Winooski, VT, USA). The intra-assay variance was 4.3%. 

We again used the same established bGH-L bioassay procedure pre-
viously reported and used many times over the past 19 years [10,19–21], 
which was originally described by Greenspan and Li [22]. Our definition of 
bGH-L is defined and restricted to in vivo growth responses of the test or-
ganism upon injection [11]. Briefly, female Sprague-Dawley rats (Hilltop 
Labs, Scottsdale, PA) were hypophysectomized at 26–28 days of age and 
were used 2 weeks after surgery. Two animals per cage were housed at the 
animal care facility at The Pennsylvania State University following handling 
guidelines for animal care in accordance with the approval of The Penn-
sylvania State University Institutional Animal Care and Use Committee. A 
12:12-h light-dark cycle was employed with food and water ad libitum. 
Animals that had a body mass of < 80 g or > 100 g at the time of sample 
injection were not used in the bioassay. Criteria used as evidence for 
completeness of hypophysectomy were a failure to gain  >  7 g in the 
10 days after the operation, deterioration of body tonus, maintenance of 
infantile (“smooth”) hair, and absence of pituitary remnants in the sella 
turcica at autopsy as determined by visual inspection under magnification. 
Animals were injected intraperitoneally once daily for 4 days with either 1) 
experimental plasma samples, 2) a standard GH preparation (United States 
Department of Agriculture bovine GH B-1 AFP 5200, 1.4 IU/mg at total 
doses of 5,15,45,90 μg), or 3) physiological saline (control). Duplicate 
samples (i.e., 2 animals) were used for the values determined for the stan-
dard curves and for each time point for each participant. At twenty-four 
hours after the last injection, the animals were killed, tibias removed and 
immersed in phosphate-buffered saline for further processing, tibial epi-
physeal plates were stained with silver nitrate, and plate widths were 
measured in double-blind fashion using a computerized ocular micrometer 
(10 readings averaged across the plate width for each sample). Additionally, 
two separate independent readings for determination of the bGH-L values 
were accomplished in a blinded fashion by two different investigators. GH 
responses were expressed in terms of a purified human pituitary preparation 
(3.0 IU/mg). Assay variance was 7.1% and minimal detection limit of 
5 μg·L−1. Average tibial widths of animals injected with bovine GH standard 
were as follows (means ± SD): saline, 141.1  ±  6 μm, 5 μg,152.7  ±  8 μm, 
15 μg 182.0  ±  11 μm,45 μg, 221.8  ±  12 μm, 90 μg 251.4  ±  9 μm, with 
the line of best fit for the standard curve was r2 = 0.95. 

= × +1.00158 169.39102

2.4. Statistical analyses 

Means and standard deviations were calculated for each variable. A 
2 × 2 (Treatment × Time) analysis of variance (ANOVA) was used to 
assess differences in bGH-L, a 2 × 3 (Treatment × Time) ANOVA was 
used to assess differences in lactate while a 2 × 5 ANOVA was used for 
iGH. In the event of a significant F test, pairwise comparisons were 
further evaluated using Fisher's LSD. Statistical significance for all ana-
lyses was set a priori at p ≤ 0.05. All data met the assumptions of linear 
statistics. Data were analyzed using SPSS version 25 (IBM, Armonk, NY). 

3. Results 

The intense demands of the exercise test are displayed in Fig. 1, as 
evidenced by the significant increase in plasma lactate pre to post-exercise. 

The changes in plasma iGH can be observed in Fig. 2. One can see in  
Fig. 2 panel A the full profile of plasma iGH over the experimental 
timeline. With variations in iGH observed in the prior resting study on 
floatation-REST, we wanted to show the individual responses for the 
two conditions which are presented in the remaining panels B to F [16]. 
Significant increases occurred as expected immediately post-exercise 
and then remained elevated at the post-recovery time point but re-
turned to pre-exercise resting concentrations at 24 and 48 h after the 
exercise test. No significant differences were observed between the 
recovery conditions. Fig. 3 presents the responses of bGH-L to the post- 
exercise recovery interventions. Panel A shows the mean values for 
each treatment condition pre-exercise and after the 1 h. recovery. Panel 
B displays the individual responses. No significant differences were 
noted for treatment or time for bGH-L. 

4. Discussion 

In this study, we examined the exercise recovery process using a novel 
intervention of an acute floatation-REST recovery protocol. Our findings 
showed no recovery treatment differences in plasma GH concentrations as 
viewed from the perspective of two different assays after intense exercise 
that elevated blood lactate beyond 12 mmol• L−1. Our iGH data followed 
the expected increases reflecting the relationship between iGH and blood 
lactate [7,23,24]. We had hypothesized that floatation-REST would impact 
GH responses based on a prior study by Morgan et al. [6] that showed 
floatation-REST reduced blood lactate concentrations after a repetitive 
isokinetic knee extension-flexion test (50 repetitions at 60o • s−1). 

Fig. 1. Lactate (mmol·L−1) response to exercise and recovery. Data presented as 
means ± SD. Values not sharing a common letter are significantly different 
(P ≤ 0.05). 
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However, we saw no such differences. This may be due to the dissim-
ilarities in the exercise testing protocols used, local isolation exercise with 
lactate levels less than 4 mmol• L−1 versus our whole body AHRET pro-
tocol with resulting dramatically higher blood lactate concentrations. 
However, from the perspective of resting iGH concentrations, our data did 
reflect those data reported by Schulz and Kaspar [25] that also found no 
treatment effects for floatation-REST compared to control conditions on 
resting concentrations of iGH over 240 min. 

Interestingly, we also demonstrated a lack of a treatment effect for 
floatation-REST therapy for bGH-L. It is possible that the inability for us 
to be able to measure more time points in our design for bGH-L con-
centrations presented only part of the recovery pattern, especially for 
extended recovery time points. Thus, further study of the recovery pro-
cess is needed to fully understand bGH-L recovery responses to intense 
exercise. However, this study does add to a series of studies done 

previously by our group investigating bGH-L in humans after aerobic or 
resistance exercise [10,19,20,26]. In one of our prior studies, untrained 
women, tested in the early follicular phase of their menstrual cycle, 
performed that same relative AHRET protocol and showed no acute ex-
ercise increases in bGH-L. [10] However, with short term resistance 
training program of 6 months, these same women demonstrated that 
significant increases in resting and acute AHRET exercise responses were 
observed for bGH-L. [10] In two prior studies, McCall et al. [27,28] had 
also reported increases after performing a small muscle group exercise 
protocols (unilateral isometric plantar flexor contractions) in male as-
tronauts. Surprisingly in this study, we did not observe similar responses 
with highly resistance trained men. In fact, no increases in bGH-L con-
centrations were observed, and interestingly, the concentrations were 
dramatically lower even in comparison to untrained or moderately 
trained men or women [10,19,20,26–28]. This may reflect chronic 

Fig. 2. iGH (μg·L−1) response to post exercise recovery. Data presented as means ± SD. Values not sharing a common letter are significantly different (P ≤ 0.05). (A) 
represents the main effect for significant differences over time while the remaining letters display the difference between recovery conditions at each specific 
assessment timepoint (B) PRE (C) IP (D) IR (E) +24 (F) +48. 
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training adaptations of the hypo-pituitary axis and somatotroph proces-
sing to intense high-level training or be an actual sexual dimorphism. An 
obvious difference among all studies has been the dramatically different 
concentrations of GH in the blood using the bGH-L assay. The con-
centrations are often 100 fold or higher than those using iGH assays [5]. 
This suggested that the different types of somatotrophs subpopulations 
may not be functioning in a similar manner [11,29]. How exercise stress 
modulates anterior pituitary function arising from the stimulation of the 
different somatotrophs remains speculative [5]. Obviously, more re-
search will be needed to address these speculations, but as Moller and 
Jorgensen [30] have stated, “…there is a need for study of more direct 
effects of GH during exhaustive exercise”. 

However, in spite of these results, novel insights are presented in 
this study as the different concentrations of iGH and bGH-L may reflect 
differential activity from two different anterior pituitary somatotroph 
subpopulations [11,29]. While the resting and exercise response pat-
terns of iGH were similar to what we and others have observed, we 
speculate that iGH released from lightly granulated [band I] somato-
trophs may be very sensitive to the metabolic demands of the exercise 
protocol, more specifically, its glycolytic demands [7,23]. Our findings 
confirm the fact that dramatic increases in lactate, an indirect marker of 
acidotic changes in pH and H+ ion concentrations follow the same 
pattern of iGH responses with an elevation post-exercise and a return to 
resting values over an hour [8]. Moreover, even while no changes in the 
bGH-L concentrations were observed between floatation-REST treat-
ment and control, we measured bGH-L concentrations that were orders 
of magnitudes lower than has ever been reported in the literature. We 
believe this finding deserves further attention simply because of the 
limited reports on plasma bGH-L in the literature [5,11]. 

The two major findings of our current investigation were totally un-
expected. These were that: a) in a small group of highly trained men, 
plasma concentrations of bGH-L are not affected by heavy resistance 
exercise, and b) that bGH-L concentrations were anywhere from ~15 to 
50 times less than those measured in other cohorts studied previously (see 
later). In spite of these unexpected results, plasma concentrations of iGH 
are similar to those reported repeatedly in the literature of other human 
exercise trials and are therefore unsurprising and expected [8,31]. 

Further studies in this area could benefit from our speculation here 
on how these findings might be possible. Thus, future investigations in 
this study of bGH-L need to carefully understand these underlying 
mechanisms that may well be operationally and differentially re-
sponsive to resistance exercise, training status, and sex of the partici-
pants. Thus the low plasma concentrations of bGH-L measured in this 
study might be attributed to exercise-induced resistance exercise stress 
on the endoplasmic reticulum (ER) of a subpopulation of pituitary so-
matotrophs. Intracellular degradation of misfolded bGH-L forms within 

the ER lumen would ultimately result in producing the low con-
centrations we observed in this study in our highly resistance trained 
men. 

Protein concentrations in the ER lumen are generally thought to be 
high [~100 mg/ml]. In professional secretory cells, such as pancreatic 
endocrine and exocrine cells, as well as somatotrophs, the secretory 
protein rate is estimated to range in the millions of molecules/min [32]. 
A large amount of energy is required to maintain homeostasis in this 
crowded environment and is thought to operate “near the limits of its 
secretory capacity”. During stress, the secretory capacity of a cell will 
be challenged. To meet physiological demands, dynamic, complex, and 
interconnected intracellular signaling pathways are utilized to regulate 
protein folding (e.g., chaperones, glucose regulatory protein, BiP, etc) 
and ultimately maintain homeostasis in that subcellular compartment. 
Somewhat surprisingly, the success rate of this unfolded protein re-
sponse (UPR) program is often quite low, and ER-associated degrada-
tion pathways ensue [33,34]. Thus, our studies that show these high 
values compared to the current study may reflect this low success rate 
in UPR degradation due to metabolism and UPR sub pathways in spe-
cialized (secretory) cells that can proceed from regulation of differ-
entiation to induction of apoptosis [32,35]. 

Studies investigating exercise-induced responses on ER stress in-
dicate that the UPR programs in skeletal muscle may lead to atrophy, 
adaptation, and/or insulin resistance [36]. Others indicate that exercise 
may set a new balance between intracellular pathways leading to cell 
survival (e.g. apoptosis, autophagy) [37]. The study by Bugliani et al. 
[37] is particularly relevant from another viewpoint in that a chemical 
ER stressor, palmitic acid, was found to lead to decreased B cell granule 
volume density and obvious physiological consequences. However, this 
response could be reversed using autophagy- activating agents. Col-
lectively, these observations invoke initial involvement of UPR me-
chanisms in the ER that ultimately lead to reversible effects on popu-
lations of cytoplasmic hormone-containing secretion granules. Because 
bGH-L is also contained in 300 nm diameter secretion granules, as well 
as being produced and secreted from subpopulations of somatotrophs, 
the exercise stressor in our current study would result in lower plasma 
concentrations of bGH-L. 

Yet another study by Eizirik's group offers provocative evidence to 
show that exercise training may protect humans against ER stress [38]. 
Their underlying hypothesis proposes that exercise imposes “a mild 
stress,” which, in fact, leads to protection on skeletal muscle, a hormetic 
response. Their data invoke increased expression of plasma IL-6 [a 
myokine] that, in turn, leads to STAT-3 activation pathways and 
downstream signaling. We suggest that the balance between “excessive” 
vs. “mild” exercise stress will have very different physiological out-
comes in terms of bGH-L processing/concentrations. In conclusion, 

Fig. 3. bGH response (μg·L−1) to exercise recovery. Panel A presents bGH-L values for both the control and float treatment conditions, pre black bars, 1 h R post 
treatment, open bars. Panel B presents line graphs to display individual effects for each of the recovery conditions. Dark circles represent the pre-exercise (PRE) 
values while open squares represent values after the one hour recovery (1R). 
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although ER stress mechanisms are well understood (discussed above), 
appreciation of relationships between ER stress and exercise must still 
be considered in its infancy. 

During exercise recovery, rapid changes are made in anabolic sig-
naling, and glandular activity is dramatically accelerated [8]. The most 
frequent and important studies on this subject utilize models that involve 
mis-folded GH molecules that are intended to mimic iGHDII disease in 
humans. The 22 kDa GH isoform comprises all 5 exons spliced together to 
encode the major bioactive form of GH [39]. Splicing of exon 3 generates 
a 17.5 kDa isoform (lacking amino acids 32–71), and the human disease 
is caused by mutations in and around exon 3. This mutation leads to 
lower concentrations of the 22 kDa monomer. The 17.5 variant may be 
retained in the ER, and via UPR mechanisms, disrupts Golgi and impairs 
secretory protein trafficking. In severe mutations, GH storage is im-
paired, and ultimately somatotrophs are damaged to varying degrees 
[40–42]. These events eventually lead to loss of negative feedback con-
trol and up-regulation of GHRH expression; Petkovic et al. [40] char-
acterize this disease as one of “autodestruction of somatotrophs”. 

When the misfolded GH is transfected into COS 7 cells, traffic from the 
ER to the Golgi is disrupted, and GH containing secretory granules are 
defective [42–44]. Electron microscopic images reveal severe damage to 
organelles; vacuolation is estimated to increase 2-3X [45]. Importantly, in 
vivo trials reveal that the growth curves of transgenic mice bearing these 
mutant forms of GH are significantly smaller. Thus, the flow of molecular 
events, from gene mutation - UPR – GH subcellular processing- secretion of 
defective hormone ↓ decreased growth seems established. Our collective 
studies, focused on a) details of GH organization/activity in rat pituitary 
samples coupled with b) study of effects of physical exercise in humans on 
circulating bGH-L [5,11] begin to offer initial glimpses as to how such 
molecular flows within the human GH pituitary system may be occurring. 

A few rodent studies have addressed the potential role of hypotha-
lamic releasing peptides on pituitary cell events associated with the 
UPR. Do et al. [46] reported that GnRH would induce UPR in a pituitary 
gonadotroph cell line by activating the ER stress sensor EIF2AK3. GH 
cell studies in rodents employing models involving either continuous 
water stress for 5 days or restraint/immobilization stress both defini-
tively show significant changes in somatotroph populations. For ex-
ample, GH cells from water-stressed animals are smaller, have increased 
numbers of secretion granules, decreased concentrations of serum GH, 
and up-regulated GHRH receptor responsiveness to added GHRH [47]. 
Another stress model, viz. animal restraint (both acute and repeated 
immobilization), show somewhat similar changes in the somatotroph 
population; viz. a 20% reduction in pituitary gland volume, a 20% 
decrease in volume density of somatotrophs and a 2 fold increase in the 
concentration of pituitary GH [48]. Although not specifically addressed 
in either of these animal stress studies, we speculate that the changes in 
a specific, highly granulated somatotroph subpopulation reported re-
cently by our group are likely to utilize analogous ER stress mechanisms 
in response to severe stress [29]. 

Membrane-less organelles, formed by liquid-liquid phase separation 
(LLPS), are currently recognized as critical in a myriad of regulatory 
processes used by cells in health and disease. In 2019 we offered cir-
cumstantial evidence to support the idea that a 3.4 kDa peptide (shown 
to have bGH-L activity after purification from human anterior pituitary 
glands), might also function as a membrane-less organelle. Two recent 
studies offer additional roles that may well be related to the general 
issue of ER stress and cellular “noise”. In one of these, the ER (a 
membrane-bound organelle) contacts stress granules (a membrane-less 
organelle) to influence cell behavior. The stress granule may store 
messenger RNAs that, although not actively translated, may do so when 
stress represses translation [49]. The other study is based on the 
knowledge that the expression of proteins inside cells is noisy, causing 
variability in protein concentration among identical cells [50]. Ques-
tioning the hypothesis that linked such noise to LLPS, the investigators 
used physical modeling to show that “… as long as phase separation is 
much faster than protein synthesis and degradation, droplets can re-
duce noise in protein concentration down to the Poisson limit”. 

A striking feature of our previous studies was the large variation in 
the range of circulating concentrations of plasma bGH-L [Fig. 4]; a range 
that makes it impossible to compare effects of physical exercise between 
experiments on this variable. In contrast, the current trial is noteworthy 
not only for the low concentrations of bGH-L but also for their lack of 
extreme variability [Fig. 4]. Obviously, more experimental trials testing 
exhaustive exercise regimens in highly trained individuals will be re-
quired to address and test the mechanistic ideas discussed herein (ER 
stress, membrane-less organelles, quality of released bGH-L molecules, 
and recovery from muscle injury) caused by these exercise protocols. 

5. Conclusions 

The response of both iGH and bGH-L to floatation-REST intervention 
showed no differences between treatments. The responses of iGH followed 
similar patterns to those previously observed with intense exercise stress. 
The lack of changes between treatment conditions reflected what had 
previously been shown with just resting conditions. The lack of changes in 
bGH-L to the exercise was surprising in these highly trained men; however, 
the dramatically lower concentrations has never been observed before. 
This suggested the potential for different types of molecular processing in 
the band 2 anterior pituitary somatotrophs in such highly trained men. As 
such, this study offers opportunities for a new line of research in humans 
studying adaptive mechanisms to intense exercise and training. 
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