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Abstract 

In this prospective, randomized, double-blind, trial conducted in two parts, we examined the ef-
fects of a multi-ingredient pre-exercise workout supplement blend of creatine, betaine and a 
dendrobium extract (MMP) on safety, performance, and body composition in healthy men and 
women undergoing a supervised program of resistance exercise. Part 1 was an acute hemodynamic 
safety study wherein forty young, healthy men and women (26.2 ± 5.3 years, 70.4 ± 3.3 inches, 83.7 
± 14.9 kg, 26.0 ± 3.2 kgm-2) ingest one dose of either the MMP or comparator in a randomized, 
double-blind, comparator controlled, crossover fashion before having their resting heart rate, 
blood, ECG and comprehensive blood chemistry and blood counts completed. Systolic (SBP) and 
diastolic (DBP) blood pressures were generally raised (3.0-5.4 mm Hg, p<0.01) following sup-
plementation with MPP whereas in the comparator group SBP was marginally reduced by 0.3 to 1.2 
mm Hg, p>0.05 at all time points) and DBP was increased (3.0 – 3.9 mm Hg, p<0.05 at all time 
points). No changes in EKG-corrected QT interval were observed, and no serious adverse events 
were reported. Part 2 was a six-week training study wherein forty-three young, healthy men and 
women (24.3 ± 2.9 years, 70.5 ± 3.1 inches, 83.8 ± 9.6 kg, 26.1 ± 2.7 kgm-2) supplemented with 
daily pre-workout doses of either the MPP or a comparator in a randomized, double-blind, 
comparator-controlled fashion while following a standardized resistance training program for six 
weeks. MPP and the comparator were isocaloric and delivered the same amount of caffeine. Sig-
nificant improvements in visual analog scale (VAS) scores for energy (p<0.024) and concentration 
(p<0.041) were found along with consistently higher levels of focus accompanied by less fatigue 
when MPP was consumed in comparison to comparator during upper body muscular 
strength-endurance tests at weeks 3 and 6. MPP supplementation for 6 weeks did not improve 
dual-energy x-ray absorptiometry (DEXA) measures of body composition or objective assess-
ments of exercise performance. Overall, MPP use and administration was well tolerated. 
Self-reported scores for energy and concentration were significantly greater. Over a six-week 
training and supplementation period, MPP use was not associated with improvements in per-
formance or body composition. Future studies should confirm these effects over a more pro-
longed training period. 

Key words: pre-workout, dietary supplement, dendrobium, caffeine, safety, creatine, botanicals, 
sports nutrition 
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Introduction 
Supplementation with various over-the-counter 

dietary supplements and “nutrient timing” are two 
popular approaches used by athletes to aid in per-
formance and recovery [1, 2]. The pre-workout time 
period has become an extremely popular window of 
nutrient administration where athletes ingest various 
combinations of key ingredients in an attempt to 
maximize training adaptations and promote recovery. 
While a near infinite combination of ingredients can 
exist, most multi-nutrient formulations contain a 
combination of key ingredients such as creatine 
monohydrate, amino acids, betaine, selected botani-
cals and plant extracts, carbohydrates, and caffeine 
[3-6]. For example, Kraemer et al. required research 
participants to ingest isocaloric doses of either a 
comparator or a multi-nutrient supplement for seven 
days prior to completing two consecutive days of 
heavy resistance training. Multi-nutrient supplemen-
tation improved vertical jump power, repetitions 
performed at 80% of their one-repetition maximum 
(1RM) and also favorably impacted hormonal changes 
[4]. Additionally, Spillane et al. had 19 non-trained 
males follow a resistance training program for four 
weeks while consuming isocaloric combinations of 
two different multi-nutrient products (NO-Shotgun 
and NO-Synthesize, Vital Pharmaceuticals, Davie, 
FL). Greater improvements in fat mass and fat-free 
mass were found to occur in addition to greater in-
creases in myofibrillar protein content as well as the 
MHC isoforms [6]. Similarly, Fukuda and Smith both 
reported on data from a large group of college-aged 
men and women who consumed a combination of 
amino acids, adaptogens, caffeine, and creatine after 
one dose and one bout of high-intensity interval 
treadmill running as well as after three weeks of tak-
ing the supplement and performing intervals. Greater 
amounts of work were able to be performed when the 
multi-nutrient combination was ingested after just 
one dose [3] and greater improvements in body 
composition were noted after supplementation and 
training [5]. 

As highlighted above, many different nutritional 
ingredients could be included in multi-nutrient for-
mulations, but some of the most popular ingredients 
include creatine, betaine, and caffeine. Over the past 
twenty years, no dietary supplement has received as 
much scientific scrutiny as creatine. Today, creatine 
remains to be one of the most popular natural sup-
plements due to its ability to increase endogenous 
phosphocreatine stores and thus serve as an aid in 
ATP resynthesis [7, 8]. A number of original investi-
gations have also documented its ability to help in-
crease strength and performance while also improv-
ing many components of body composition alone [9] 

or in combination with carbohydrates and protein 
[10]. Many review articles have been published that 
detail the safety and efficacy of creatine supplemen-
tation in humans (for examples, see [7] and [11]). 

Betaine (trimethyglycine: TMG) is another 
widely used dietary supplement that has also been 
shown to enhance exercise performance in re-
sistance-trained individuals. A recent randomized, 
double-blind study reported significant increases in 
total repetitions (P=0.01) and total volume load 
(P=0.02) in a 10-set bench press protocol with betaine 
supplementation [12]. Mechanistically, significant 
reductions (P=0.01) in muscle tissue oxygen satura-
tion during the bench press protocol in the betaine 
supplementation group were found, suggesting that 
enhanced muscle oxygen consumption and/or ex-
traction might be the result of betaine use. 

 Caffeine is a common component of exer-
cise-related dietary supplements largely because of its 
known positive central nervous system (CNS) effects 
including: an attenuation of the perception of effort 
during fatiguing exercise, stimulation of fatty acid 
mobilization and various direct effects on muscle 
function [13]. In addition, caffeine administration is 
well-known to exert both favorable physical and 
mental outcomes including increases in endurance 
performance [14] as well as increases in alertness, 
mental focus and cognition [15]. Moreover, caffeine 
stimulates the CNS by antagonizing adenosine re-
ceptors, thereby inhibiting the negative effects aden-
osine induces on neurotransmission, arousal, and 
pain perception [16, 17]. In short, caffeine is com-
monly used and accepted for its ability to promote 
wakefulness, enhance focus and concentration and to 
prevent the central perception of fatigue [12]. 

 While ingredients such as creatine, betaine and 
caffeine are well established, the MPP tested in the 
present study also contained the proprietary product 
Dendrobex™ (dendrobium extract; stems of genus 
Dendrobium [Orchidaceae]), an herbal medicine 
(Dendrobii Herba) traditionally used in Eastern Asia 
that might have blood pressure-lowering effects while 
serving as a stimulant and a neurotropic (See figure 1 
for supplement facts panel) [18]. 

 The present research was a two-part study 
whereby the first study was an acute (single dose), 
cross-over experiment to assess the effects of MPP on 
markers of safety of the pre-workout supplement 
Craze™ (Driven Sports, NY; multi-ingredient per-
formance product; MPP). The second study was a 
six-week, randomized, double-blind, parallel-group 
experiment in healthy men and women that deter-
mined the impact effects of MPP on: 1) physical per-
formance, 2) body composition, and 3) mood, focus, 
cognition and alertness. As far as the authors are 
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aware, this is the first in vivo trial in humans of a 
pre-workout product containing Dendrobex™ or any 
product containing components of dendrobium. 

 

 
Figure 1. MPP supplement facts panel. 

 

METHODS 
Study Design: Part 1 (Acute Hemodynamic 
Safety Study) 

Subjects 
Forty healthy men and women (26.2 ± 5.3 years, 

70.4 ± 3.3 inches, 83.7 ± 14.9 kg, 26.0 ± 3.2 kg●m-2) 
provided written informed consent to participate in 
this institutional review board (IRB)-approved clinical 
trial prior to commencing any study-related activities 
and agreed to follow all prescribed exercise and sup-
plementation regimens. The study protocol was ap-
proved by a private IRB (Integreview, Austin, TX, 
Protocol # DS-CRZ-001, approval date: 6/8/2012 and 
Protocol # CHR-CRZ-001, approval date: 9/4/2012). 
During their initial visit, participants completed 

medical history paperwork and were screened for 
eligibility by the same study physician. Participants 
were classified as healthy if they were normotensive 
(resting systolic/diastolic blood pressure [SBP/DBP], 
<140/<90 mmHg), had a normal resting heart rate 
(<90 bpm) and basal body temperature (<99°F 
[<37.2°C]). Participants were excluded if they had any 
metabolic disorder including known electrolyte ab-
normalities, diabetes, thyroid disease, hypogonadism, 
or other endocrine disorder and history of hepatic, 
renal, musculoskeletal, autoimmune, or neurologic 
disease. Exclusion criteria also included subjects with 
history of heart disease, hypertension, psychiatric 
disorders, cancer, benign prostatic hypertrophy, caf-
feine sensitivity, gastric ulcer, gastroesophegal reflux 
disease, or any other medical disorder deemed un-
suitable for inclusion in the study by the investigators. 
Participants who reported a history of taking creatine, 
betaine or other dietary supplements were only al-
lowed entry if they had not taken or had refrained 
from taking any dietary supplements containing these 
ingredients for at least 30 days (excluding a mul-
ti-vitamin/mineral). Participants who regularly con-
sumed caffeine were neither excluded nor restricted 
and were instructed to continue with their normal 
daily intake. Participants currently prescribed any 
thyroid, antihyperlipidemic, glucose controlling, an-
tihypertensive, anticoagulant, or androgenic medica-
tions, nitrates/nitrate derivatives, or phos-
phodiesterase (PDE)-5 inhibitors were disallowed. 
Subjects who had taken anabolic steroids, growth 
hormone, insulin-like growth factor (IGF)-1, or other 
hormone medication including oral contraceptives 
during the previous 12 months were also disallowed, 
as were smokers and those with orthopedic limita-
tions or injuries. Female subjects who were pregnant, 
trying to become pregnant, or nursing were also ex-
cluded.  

Diet 
Subjects presented a baseline 24-hour diet recall 

to a licensed, registered dietician. Copies of this recall 
were provided to each participant and they were in-
structed to replicate their food and fluid intake as 
much as possible for each subsequent study visit. No 
strenuous physical activity was allowed for 48 hours 
before each visit. All dietary information was ana-
lysed for average energy and macronutrient content 
as well as macronutrient ratio using NutriBase IV 
software (CyberSoft Inc., Phoenix, AR). 

Supplementation 
In a randomized, double-blind, compara-

tor-controlled, crossover fashion, participants were 
instructed to consume one dose of their assigned 
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supplement after observing a modified fast of 8-10 
hours. Specifically, participants were instructed to fast 
overnight and to consume no food or fluid with ca-
loric content after midnight prior to each test. All tests 
were scheduled between hours of 0600 and 1000 to 
limit within-subject variation. Participants were in-
structed to ingest each dose with 8-16 fluid ounces of 
cool water per manufacturer instructions. The mul-
ti-ingredient performance product (MPP) was trade-
marked as Craze™ (Driven Sports, NY) and a copy of 
the supplement facts label is shown in figure 1. The 
comparator was an isocaloric beverage of similar 
taste, color, smell and texture with identical caffeine 
intake. CrazeTM and comparator were produced in 
accordance with current Good Manufacturing Prac-
tices (cGMP) in a United States Food and Drug Ad-
ministration (FDA) registered facility. Prior to pro-
duction, all raw materials were tested for purity and 
potency. A sample of the lot from the comparator and 
MPP finished product was tested by an independent 
third party laboratory to verify ingredient label claims 
and was shown to be within +/- 2% for the botanical 
actives and had a 10% overage on ascorbic acid (vit-
amin C) of the actual formulation for the main bioac-
tive ingredients (Samples: Lot # 1208079 “A” and “B” 
for the acute study-part 1 and Lot # 1202485 “A” and 
“B” for the 6 week study-part 2). Samples from both 
MPP and comparator lots utilized in this trial were 
also analyzed via 
gas-chromatography-mass-spectrometry (GC/MS), 
using analytical reference standards for a variety of 
potential amphetamine and controlled substance 
adulterants by a 3rd party Drug Enforcement Admin-
istration (DEA) registered, cGMP and ISO 17025 
compliant analytical laboratory (Lab ID# 12-0429-06 
and 12-00341-03) with no detection, except for caffeine 
at 16.4 mg/g and 21.9 mg/g, respectively. An addi-
tional sample of the aforementioned MPP lot was ex 
post facto analyzed for presence of N, 
α-diethylphenylethylamine via liq-
uid-chromatography-mass-spectrometry (LC-MS) of 
reference standard PEA and its analogues by a 3rd 
party, U.S. Food and Drug Administration 
FDA-registered, cGMP compliant and DEA-licensed 
laboratory (Lab ID# 061913DR1526) with no detec-
tion.  

A random order of supplementation admin-
istration was followed and both testing conditions 
were separated by a minimum of three days. Partici-
pants were allowed to continue normal activities, but 
were restricted from strenuous exercise for 24 hours 
prior to the second testing session. 

Testing Protocol 
At baseline, subjects completed a health history 

questionnaire and underwent physical examinations 
by the same study physician. Blood pressure and 
heart rate assessment occurred at baseline 
(pre-ingestion) and 30, 60, 90, 120, 150, and 180 
minutes post-ingestion by an automated device 
(Omron HEM-780, Lake Forest, IL). In addition, a 
standard 12-lead ECG was performed at baseline and 
180 minutes post-ingestion to determine the presence 
any abnormalities or arrhythmias secondary to sup-
plement ingestion. These time points were selected to 
capture typical half-life responses of caffeine and 
other alkaloids. The QTc interval, measured in milli-
seconds, was analyzed with guidance from the Guide 
for the Analysis and Review of QT/QTc Interval Data 
© Minister of Public Works and Government Services 
Canada 2010. Fridericia’s formula was then employed 
to correct for possible R-R interval (heart rate) influ-
ence on QTc values (QTc=QT/3√RR). Additional ad-
justment was performed using population specific 
linear modeling where QTc values were regressed on 
(1-RR) values using the initial baseline study time 
point. 

Participants were required to remain in the re-
search laboratory between evaluations and were al-
lowed to watch television and remain in a rested state 
with no exertion. All blood samples were analyzed for 
clinical chemistry analysis (plasma glucose, blood 
urea nitrogen [BUN], creatinine, aspartate transami-
nase [AST], alanine transaminase [ALT], creatine ki-
nase, lactate dehydrogenase, total bilirubin, alkaline 
phosphatase [ALP], triacylglycerides [TG], total cho-
lesterol [TC], LDL, HDL, uric acid, sodium, potassi-
um, total protein, albumin, globulin, iron, complete 
blood cells, and platelet count) using automated clin-
ical chemistry analyzers (Quest Diagnostics, Pitts-
burgh, PA branch). 

Statistical Analyses 
All statistical analysis were completed while 

group assignments were still blinded. After confirm-
ing no order effects, safety data were analyzed via 
independent-sample Student's t-test for be-
tween-group comparison of change vs. baseline as 
well as paired-sample Student's t-test for with-
in-group comparison of change vs. zero. In all anal-
yses, a statistically significant difference was assumed 
when the probability of a type I error was <0.05 
(P<0.05). Statistical analyses were carried out using 
SPSSv21.0 software. 

Study Design: Part 2 (6-week Efficacy Study) 

Subjects 
Healthy men and women aged 18–45 years (24.3 

± 2.9 years, 70.5 ± 3.1 inches, 83.8 ± 9.6 kg, 26.1 ± 2.7 
kg/m2) with body fat 10–25% and body mass index 
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(BMI) ≤30 kg/m2 who had been undergoing re-
sistance training regularly (defined as completing an 
average of three workouts/week) for ≥2 years were 
eligible for inclusion. Exclusion criteria were the same 
as described for Part 1. The study was approved by a 
private IRB (Integreview, Austin, TX, Protocol # 
DS-CRZ-001, approval date: 6/8/2012 and Protocol # 
CHR-CRZ-001, approval date: 9/4/2012) and all sub-
jects provided written informed consent to participate 
in this clinical trial prior to commencing any 
study-related activities. 

Diet 
Subjects recorded their dietary intake over a 

three-day period (two week days, one weekend day) 
according to instructions given by a licensed, regis-
tered dietician. Each subject's baseline diet was ana-
lyzed by NutriBase IV software (CyberSoft Inc., 
Phoenix, AR) to determine its energy and macronu-
trient contents. Follow-up three-day dietary records 
were collected and analyzed at weeks 3 and 6 to verify 
that eating habits remained consistent throughout the 
study. 

Resistance Training 
This study was conducted and all data were 

collected at the Center for Applied Health Sciences 
(CAHS), Stow, OH. All subjects followed a specific 
four-day/week workout designed by a certified 
strength and conditioning specialist. The workout 
was designed to train the upper body and lower body 
two times/week each on a 4-day split (upper body, 
lower body, upper body, lower body) with gradually 
increasing volume and intensity based off of the work 
of Kerksick [19]. The workout consisted of 10-12 exer-
cises including but not limited to the following: bench 
press, lat pulldown, shoulder press, seated row, 
shoulder shrug, dip, biceps curl, triceps pushdown, 
leg press, squat, deadlift, lunge, leg curl, leg exten-
sion, and calf raise. A simple linear periodization was 
followed whereby participants trained using three 
sets of 12-15 RM loads initially and completed the 
program using 4-6 sets of 8 RM loads. For the bench 
press exercise, %1RM load assignment was used, but 
for all other loads, loading was used according to 
repetitions maximums, pre-determined repetition 
ranges and following previously instructed loading 
rules (i.e., 2 x 2 rule). Using this rule, participants were 
instructed to increase their weight when they could 
perform more than two repetitions (above the target 
range) on two consecutive sets. Thus, progression was 
followed and as strength and endurance improved, 
training loads were increased to maintain recom-
mended ranges. Rest periods between exercises were 
1–3 minutes and between sets were 60–120 seconds. 

Daily workouts were not supervised by study inves-
tigators, but study participants were given a training 
log to complete for each workout and each workout 
was signed off by a training partner or a member of 
the fitness staff. 

Supplementation 
Subjects were randomized into two groups 

matched for age, weight, and resistance-training ex-
perience using a double-blind approach to ingest ei-
ther a multi-ingredient performance product (MPP) or 
a comparator. As highlighted previously, the mul-
ti-ingredient performance product (MPP) was trade-
marked as Craze™ (Driven Sports, NY) and a copy of 
the supplement facts label is figure 1. The comparator 
was an isocaloric beverage of similar taste, color, 
smell, texture, caffeine content and packaging. All 
subjects ingested one serving of their prescribed sup-
plement (MPP or comparator) and mixed it with eight 
fluid ounces (240 mL) of cold water 30 minutes prior 
to starting each training session. On non-training 
days, subjects took their allocated supplement in the 
mornings before or during breakfast; hence subjects in 
both groups took MPP or comparator product every 
day throughout the 6-week duration of this study. 
Compliance was monitored by having participants 
complete a supplementation log while also being re-
quired to return their empty canisters. In addition, 
weekly text messages and emails were sent to remind 
study participants of all study requirements. 

Testing Protocol 
Prior to pretesting, subjects were instructed not 

to do any strenuous exercise for ≥48 hours and not 
consume any food or fluid with caloric contact past 
midnight the night before testing; most participants 
observed a ten hour fast. Subjects were familiarized 
with the experimental procedures and practiced the 
exercise tests prior to pre-supplementation/baseline 
testing. Physical activity levels and health history 
were determined by a standardized questionnaire. 
Subjects were contacted every week to determine 
whether they had experienced any idiosyncratic re-
sponses to the supplementation protocol; moreover, 
on weeks 3 and 6 subjects filled out a questionnaire to 
monitor individual changes in delayed-onset muscle 
soreness (DOMS), appetite, thirst, muscle cramping, 
stomach distress, and any other side effects. Addi-
tionally, vital signs such as blood pressure and heart 
rate were assessed at baseline and weeks 3 and 6. 
Fasting blood lipids (TC, LDL, HDL, and TG), whole 
blood cell counts, and serum markers of hepatic/renal 
function (AST, ALT, BUN, creatinine, total bilirubin, 
ALP) were recorded at baseline and end of study 
(week 6) (Quest Diagnostics, Pittsburgh, PA). 
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 Lean mass, fat mass, and %fat were determined 
by dual-energy x-ray absorptiometry (DEXA; General 
Electric Lunar DPX Pro) at baseline and weeks 3 and 
6. All DEXA scans were performed by the same tech-
nician and analyzed by the manufacturer's software 
(enCORE version 13.31); reliability assessments using 
our device and protocol have been published previ-
ously [20]. Female subjects were measured during the 
early follicular phase of their menstrual cycle to con-
trol for diurnal changes in estrogen and its physio-
logical effects (e.g., fluid retention, etc.). Briefly, sub-
jects were positioned in the scanner according to 
standard procedures and remained motionless for 
approximately 15 minutes during scanning. DEXA 
segments for the upper and lower limbs and trunk 
were directed using standard anatomical landmarks. 
Percent fat was calculated by dividing fat mass by 
total scanned mass. Lean to fat mass ratio was com-
puted using a simple ratio between the two values.  
Quality control calibration procedures were per-
formed prior to all scans using a calibration block 
provided by the manufacturer. Prior to this study, we 
determined test–retest reliability for repeated meas-
urements of lean mass, bone mineral content, and fat 
mass using this DEXA using intra-class correlation 
coefficients; all values were >0.98 [20]. 

 On the same day as blood sampling and body 
composition assessment, upper body muscle strength 
was estimated by 1-RM bench press protocol that was 
adapted from standard NSCA protocols [21]. Only 
upper-body was assessed due to previous experience 
indicating that greater stability and reliability of the 
data is present when assessing upper body vs. lower 
body activities [22]. After a general warm-up of 3–5 
minutes light activity (upper body ergometry) and 
static stretching exercises of the involved muscula-
ture, the subject performed a warm-up set of eight 
repetitions at approximately 50% of the perceived 
1-RM followed by a set of three repetitions at 70% of 
the perceived 1-RM. Thereafter, the subject performed 
single lifts at progressively heavier weights until fail-
ure. At failure, a single lift of a weight approximately 
midway between the last successful and failed lift was 
attempted and this process was repeated until the 
1-RM was determined. No more than five maximal 
attempts were completed in one testing session. Up-
per body muscle endurance was estimated by the total 
number of repetitions completed (repetitions to fail-
ure; RTF) during three successive sets (separated by 
1-minute rest intervals) of isotonic bench press at a 
load equal to 100% of subjects’ pretesting body 
weight. The aggregate or total number of repetitions 
performed were used for statistical determination of 
muscular endurance. Upper body power production 
(average power [AP], average velocity [AV], peak 

power [PP], peak velocity [PV]) was assessed during 
the bench press exercise using a Tendo unit. Previous 
studies have incorporated the use of a Tendo into 
their study design [23] and Stock and colleagues [24] 
recently published data to indicate it is a reliable 
means of assessment. The unit consists of a position 
transducer that measures the rate of linear displace-
ment providing velocity and acceleration in addition 
to power production.  

Subjective levels of fatigue, energy, focus, and 
concentration were assessed by visual analog scale 
(VAS) immediately before commencing each 
workout. Using VAS, subjects were asked to mark 
their feelings on a 15-cm straight line anchored with 
verbal cues such as "high" and "low" at each end. The 
validity and reliability of VAS to assess fatigue and 
energy have been previously established [25]. 

Statistical Analyses 
All statistical analyses were completed while 

group assignments were still blinded. All collected 
data were first screened to meet normality and sphe-
ricity assumptions. Between-group differences in 
body composition, muscular performance, and safety 
markers were assessed by analysis of covariance 
(ANCOVA) using baseline scores as the covariate. 
When significant interaction effects were found, main 
effects were decomposed using independent samples 
t-test for between group determinations and paired 
sample t-tests for within-group assessments. In all 
analyses, a statistically significant difference was as-
sumed when the probability of a type I error was 
<0.05 (P<0.05). Statistical analyses were carried out 
using SPSSv21.0 software. 

RESULTS 
Part 1: Acute Hemodynamic Safety Study 

Subjects 
A total of 40 subjects were recruited for part 1. 

Twenty-two participants were randomized to receive 
the comparator first, while 18 received the MPP dur-
ing the first experimental trial. Baseline demographic 
information for both the MPP and PLA groups are 
provided in table 1.  

Safety Profiles 
Following supplementation, SBP and DBP were 

generally raised in the MPP group whereas SBP was 
marginally elevated and DBP reduced in the compar-
ator group (Table 1). In subjects taking MPP, statisti-
cally significant (3.4-5.4 mm Hg, p<0.01) increases in 
SBP were noted at 30, 60, 90, and 120 minutes 
post-ingestion and of DBP at 60, 90, and 120 minutes 
post-ingestion (2.3-4.2 mm Hg, p<0.05). Following 
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ingestion of comparator, no significant changes of SBP 
were noted at 30, 60, 90, and 120 minutes 
post-ingestion whereas DBP was significantly in-
creased at 30, 60, 90, and 120 minutes post-ingestion 
(3.0-3.6 mm Hg, p<0.01). Intergroup comparison of 
changes of SBP from baseline following ingestion of 
MPP versus comparator revealed significant differ-
ences at all measurement time-points, whereas 
changes of DBP from baseline following supplemen-
tation with MPP versus comparator were 
non-significant at all assessment time-points (Table 1). 
Following ingestion of MPP, no significant change in 
heart rate from baseline was noted at 30, 60, 90, and 
120 minutes post-ingestion whereas following inges-
tion of comparator, significant reductions of this pa-
rameter were noted at 30, 60, 90, and 120 minutes 
post-ingestion (Table 2). Moreover, significant inter-
group differences of change of heart rate from base-
line were noted following ingestion of MPP™ versus 
comparator at 60, 90, and 120 minutes (p<0.008).  

 
 
 

Table 1. Acute safety study: changes in blood pressure from 
baseline to post-baseline time-points. 

Parameter (time)/statistic MPP Comparator P-value1 
SBP (30 minutes)   0.026 
 Mean (SD), mmHg 3.4 (8.1) –0.3 (6.5)  
 P-value2 0.012 0.753  
SBP (60 minutes)   <0.001 
 Mean (SD), mmHg 4.9 (8.2) –1.2 (6.7)  
 P-value2 0.001 0.255  
SBP (90 minutes)   0.001 
 Mean (SD), mmHg 5.4 (7.7) –0.6 (8.5)  
 P-value2 <0.001 0.644  
SBP (120 minutes)   0.020 
 Mean (SD), mmHg 4.9 (8.7) 0.0 (9.6)  
 P-value2 0.001 0.987  
DBP (30 minutes)   0.390 
 Mean (SD), mmHg 2.3 (7.1) 3.6 (6.7)  
 P-value2 0.052 0.002  
DBP (60 minutes)   0.446 
 Mean (SD), mmHg 4.2 (6.1) 3.1 (6.1)  
 P-value2 <0.001 0.003  
DBP (90 minutes)   0.925 
 Mean (SD), mmHg 3.7 (7.1) 3.9 (7.6)  
 P-value2 0.002 0.003  
DBP (120 minutes)   0.405 
 Mean (SD), mmHg 4.3 (6.6) 3.0 (7.3)  
 P-value2 <0.001 0.014  
1Independent-sample Student's t-test for between-group comparison of change vs. 
baseline. 
2Paired-sample Student's t-test for within-group comparison of change vs. zero. 
SBP, systolic blood pressure; DBP, diastolic blood pressure. 

 
 

Table 2. Acute safety study: changes in heart rate from baseline 
to post-baseline time-points. 

Parameter (time)/statistic MPP Comparator P-value1 
Heart rate (30 minutes)   0.183 
 Mean (SD) –2.1 (7.1) –4.2 (5.8)  
 P-value2 0.058 <0.001  
Heart rate (60 minutes)   0.003 
 Mean (SD) 1.1 (8.6) –3.9 (5.8)  
 P-value2 0.001 <0.001  
Heart rate (90 minutes)   0.008 
 Mean (SD) 0.0 (8.6) –4.5 (5.5)  
 P-value2 1.000 <0.001  
Heart rate (120 minutes)   0.005 
 Mean (SD) 0.6 (8.9) –5.8 (6.7)  
 P-value2 0.657 <0.001  
1Independent-sample Student's t-test for between-group comparison of change vs. 
baseline. 
2Paired-sample Student's t-test for within-group comparison of change vs. zero. 

 
 
Analysis of ECG data extracted for all subjects 

failed to uncover any significant influence on the 
primary outcome variable, corrected QT interval 
(QTc) according to Fridericia’s formula. Specifically, 
the change in QTc value was 2.6 msec in the compar-
ator group (from 411.5 to 414.1) and 6.8 msec in the 
MPP group (from 411.1 to 417.9), resulting in no in-
tergroup difference (p<0.11). 

Part 2: Six-week Efficacy Study 

Subjects 
A total of 43 subjects were recruited and ran-

domized to receive MPP (n=22) or the comparator 
product (n=21). At baseline, subjects in the two 
treatment groups were well matched as shown in ta-
ble 1. From a compliance/attrition perspective, 21 of 
22 subjects (95.5%) in the MPP group and 18 of 21 
subjects (85.7%) in the comparator product group 
completed the study; no difference (p>0.05) was 
found regarding rates of compliance for each group. 
No changes across groups and over time were noted 
in dietary habits (i.e. energy, carbohydrate, protein 
and fat intake [data not shown]). 

Efficacy Biomarkers 
Efficacy analysis revealed consistently higher 

levels of energy and focus in subjects who took MPP 
versus those who took the comparator product during 
all sets of upper body muscular endurance testing 
(weeks 3 and 6). Significant differences of energy were 
noted at week 3 (Sets 2 and 3 [P=0.006 and 0.024, re-
spectively]) and week 6 (Set 3 [P=0.008]) (figure 2). 
Meanwhile, significant improvements in concentra-
tion were noted in the MPP versus comparator group 
at week 3 (Set 3 [P=0.041]) and week 6 (Sets 2 and 3 
[P=0.034 and 0.040, respectively]) (Fig. 3). 
Self-perception of focus was higher and fatigue lower 
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in the MPP versus comparator group consistently 
during all sets at weeks 3 and 6, although the differ-
ences did not reach statistical significance. 

 
 

 
Figure 2. Efficacy endpoints: time-course of energy. 

 
 

 
Figure 3. Efficacy endpoints: time-course of concentration. 

 
 
 

No statistically significant difference was noted 
between the MPP and comparator product groups in 
terms of DEXA-determined tissue mass (p=0.781), fat 
mass (p=0.256), lean mass (p=0.351), or L:F ratio 
(p=0.170) at any assessment time-point or changes 
from baseline after six weeks of training (Table 3). 
Subjects who took MPP increased their L:F ratio 
slightly from 4.5 at baseline to 4.7 at week 6 whereas 
the L:F ratio of subjects in the comparator group re-
mained at 4.0 throughout the study. 

No significant intergroup difference was noted 
in terms of bench press maximum weight (MPP: 
9.64 ± 4.82 vs. PLA: 8.73 ± 5 kg, p=0.563) and bench 
press 1-RM relative to lean mass (MPP: 0.13 ± 0.01 vs. 
PLA: 0.12 ± 0.08, p=0.836) at any assessment 
time-point or changes of these parameters from base-
line. No significant intergroup differences were noted 
in terms of either absolute values of AP (MPP: 378 ± 
99 vs. PLA: 403 ± 119 watts, p=0.262), AV (MPP: 0.88 ± 
0.06 vs. PLA: 0.88 ± 0.10 meters/second, p=0.403), 
PP (MPP: 563 ± 138 vs. PLA: 593 ± 189 watts, p=0.649), 
and PV (MPP: 1.31 ± 0.12 vs. PLA: 1.30 ± 
0.22 meters/second, p=0.442) at any assessment 
time-point or their changes from baseline. No signifi-
cant intergroup differences were noted in RTF at any 
assessment time-point or changes in this parameter 
from baseline (MPP: 20.6 ± 13.4 vs. PLA: 21.1 ± 
12.6 reps, p=0.151) with the exception of a signifi-
cantly greater change of RTF versus baseline noted in 
the MPP group than in the comparator group at week 
3 (mean [SD]: MPP group, 3.8 [4.0]; comparator group, 
–0.9 [8.3]; P=0.024). Moreover, in the MPP group the 
change of RTF at week 3 versus baseline was itself 
statistically significant (p<0.01). 

 
 

Table 3. Efficacy endpoints: tissue, fat, lean, and lean:fat (L:F) ratio. 

Parameter MPP Comparator P-value 
Tissue mass at baseline (g) 79,160.3 (6720.1) 81,144 (11,604.2) 0.510 
 Change of tissue at Week 3 (g) 464.5 (1610.3) 1120.4 0.133 
 Change of tissue at Week 6 (g) 520.2 (1881.9) 696.8 0.781 
Fat mass at baseline (g) 16,238.2 (5647.4) 17,257.2 (5738.9) 0.581 
 Change of fat at Week 3 (g) –386.1 (1654.5) 220.2 0.223 
 Change of fat at Week 6 (g) –407.2 (2275.6) 313.9 0.256 
Lean mass at baseline (g) 62,922.2 (6417.6) 63,887.7 (9125.8) 0.701 
 Change of lean at Week 3 (g) 850.7 (1832.9) 900.2 (1502.8) 0.928 
 Change of lean at Week 6 (g) 927.4 (1886.2) 382.9 (1679.4) 0.351 
L:F ratio at baseline 4.5 (2.2) 4.0 (1.3) 0.397 
 Change of L:F ratio at Week 3 0.1 (0.5) –0.1 (0.4) 0.211 
 Change of L:F ratio at Week 6 0.2 (0.7) –0.1 (0.5) 0.170 
Mean (SD). 
L:F, lean:fat. 
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Vital Signs and Adverse Events 
Six weeks of daily supplementation with MPP 

exerted no overall effect on change of vital signs such 
as blood pressure and heart rate (Table 4). A statisti-
cally significant group x time interaction was identi-
fied for delta changes in DBP at week 6 (mean [SD]: 
MPP group, –1.7 [6.9] mmHg; comparator group, +6.9 
[12.8] mmHg; P=0.011). No significant group x time 
interaction was found for SBP (p=0.323). In compari-
son to baseline values, a non-significant decrease 
(p=0.191) occurred for SBP within in the MPP group 
(-2.2 ± 7.4 mm Hg). No other significant differences in 
vital signs were noted between the groups at weeks 3 
and 6. 

 

Table 4. Six-week efficacy study: changes in vital signs from 
baseline to post-baseline time-points. 

Parameter MPP Comparator Group x Time 
P-value 

SBP, Week 3 
(mmHg) 

  0.076 

 Mean (SD) 3.2 (6.6) –0.8 (7.2)  
 Within Group 
P-value 

0.033 0.654  

SBP, Week 6 
(mmHg) 

  0.323 

 Mean (SD) –2.2 (7.4) 0.7 (10.7)  
 Within Group 
P-value 

0.191 0.777  

DBP, Week 3 
(mmHg) 

  0.161 

 Mean (SD) 0.6 (6.6) –2.2 (5.4)  
 Within Group 
P-value 

0.677 0.107  

DBP, Week 6 
(mmHg) 

  0.011 

 Mean (SD) –1.7 (6.9) 6.9 (12.8)  
 Within Group 
P-value 

0.267 0.035  

HR, Week 6 (bpm)   0.709 
 Mean (SD) 2.5 (6.9) 1.5 (9.3)  
 Within Group 
P-value 

0.116 0.502  

Student's t test. 
 
 
No statistically significant change of clinical la-

boratory parameters such as BUN, creatinine, 
BUN:creatinine ratio, total protein, albumin, globulin, 
A/G ratio, cholesterol, LDL, HDL, cholesterol:HDL, 
TG, WBC, RBC, hemoglobin, hematocrit, and CRP 
was noted at any assessment time-point (all p>0.05), 
apart from a significantly (P=0.021) lowered blood 
creatinine level in the comparator group at end of 
study (week 6). However, despite this reduction the 
creatinine level in this group remained within the 
normal clinical reference range. Relative to adverse 
events, subjects taking MPP experienced the follow-

ing: slightly jittery (n=2), more energy (n=6), head-
ache (n=1), upset stomach (n=2) trouble sleeping (n=1, 
for the first week only). Similarly, subjects in the 
comparator group reported: more energy (n=2), 
headache (n=3), nervousness (n=1), upset stomach 
(n=1). None of these differences were statistically sig-
nificant.  

DISCUSSION 
The use of nutritional supplements by competi-

tive athletes and recreationally active fitness enthusi-
asts is growing increasingly popular [2, 13]. The cat-
egory of sports supplements in the "concentrated 
pre-workout" class includes a bevy of mul-
ti-ingredient products typically containing a stimu-
lant blend with caffeine and other alkaloids often in-
cluding creatine, L-citrulline, and other nitrogenous 
compounds aimed at augmenting several metabolic 
pathways for an ergogenic beneficial effect. However, 
much of the hypothetical usefulness of these supple-
ments is based on data on their individual ingredients 
rather than finished products. In our study, six weeks 
of supplementation with MPP in concert with a heavy 
resistance training program was associated with sig-
nificantly higher subjective feelings of energy levels 
and significantly improved concentration over com-
parator product at weeks 3 and 6. Moreover, subjec-
tive feelings of focus were consistently higher and 
fatigue consistently lower during all workout sets 
throughout the study. On the other hand, MPP sup-
plementation resulted in no overall improvement in 
markers of muscular performance such as upper and 
lower body power output (AP, AV, PP, PV), muscular 
endurance (RTF), and strength (1-RM WT, 1-RM/LM) 
compared with subjects who took a positive control 
(comparator) product pre-workout.  

It is well established that among healthy adults 
voluntary participation in physical exercise programs 
is often accompanied by substantial dropout rates of 
approximately 50% during the first 6 months [26, 27]. 
A study conducted in 66 healthy adult men who were 
enrolled in a prospective 20-week physical activity 
program including muscular endurance exercise con-
cluded that self-motivation was highly correlated 
with exercise adherence irrespective of other possible 
confounding factors such as gym setting, exercise 
leader, and interpersonal relationships [26, 27]. It 
therefore follows that a potential benefit of elevating 
energy, concentration, and focus and alleviating fa-
tigue during workouts using MPP might be to im-
prove the subjective experience of performing exer-
cise and thereby increase motivation and exercise 
adherence. 

Although MPP exerted no statistically significant 
beneficial effect over comparator product on total 
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tissue, fat, lean mass and L:F ratio as revealed by 
DEXA, trends were observed for a reduction of fat 
mass accompanied by an increase of lean mass over 
the 6-week efficacy study period. Although specula-
tive at this time, it is conceivable that with a longer 
period for training-supplement interaction, more 
marked improvements of body composition adapta-
tions to the resistance exercise program may be ob-
served. 

Supplementation with MPP was generally safe. 
No changes in clinical laboratory parameters, serum 
electrolytes, liver enzymes, blood lipids, or blood cell 
counts were observed and there were no serious ad-
verse events. In subjects who were supplemented 
with MPP in part 2 (6-wk) of this study, however, 
statistically significant reductions of DBP versus 
baseline were noted at week 6 whereas this parameter 
was increased in the comparator group. Moreover, 
SBP in the MPP group were not changed after 6 weeks 
(P=0.191) as was heart rate, whereas heart rate was 
significantly reduced at all measurement time-points 
following ingestion of comparator product. The find-
ing of a lowered SBP and DBP in the 6-week efficacy 
study is in contrast to that of the acute safety study 
(Part 1) wherein SBP and DBP were significantly in-
creased up to two hours after taking MPP while SBP 
remained unchanged and DBP slightly increased in 
the comparator group. These apparently conflicting 
results are confounded by the observation that sub-
jects in the MPP and comparator groups alike were 
supplemented with caffeine-containing pre-workout 
blends, since caffeine is known to increase blood 
pressure acutely (i.e. peak values at ~30 minutes 
post-oral ingestion and persisting for up to two hours) 
[28, 29]. Caffeine is also known to induce tachycardia 
in some individuals, especially non-habitual con-
sumers [30]. Our results may therefore be attributed 
to an artifact of measurement procedure and the ob-
served SBP and DBP alterations of approximately 2–5 
mm Hg do not warrant clinical concern in healthy 
young adults who were normotensive and exhibit 
normal sinus rhythm at baseline. 

Dietary supplements are highly popular among 
professional and recreational athletes, as well as fit-
ness enthusiasts as a means of enhancing training 
adaptations [2, 31]. However, supplement manufac-
turers often advertise products whose use in sports is 
neither scientifically founded nor safe, resulting in an 
irrational use of dietary supplements that are of little 
benefit, and which may lead to unwanted side effects. 
The proposed or advertised ergogenic effect of many 
supplements is based on a presumptive metabolic 
pathway and may not necessarily translate to quanti-
fiable changes in a variable as broadly defined as ex-
ercise performance [32]. The present randomized, 

double-blind study conducted at a single research site 
was an initial attempt to investigate the safety and 
efficacy of the commercially available pre-workout 
product MPP. More controlled trials should be per-
formed on such widely used products as pre– and 
post-workout supplements so as better to inform 
physicians, consumers, trainers, and other researchers 
of their potential usefulness in this setting. 

As with all studies in free-living humans, our 
study has some limitations. During the chronic 
(6-week) study, we did not monitor daily supplement 
ingestion, or have strict control over workouts or di-
etary intake. We attempted to lessen the impact of 
these limitations by maintaining constant communi-
cation with the participants and requiring them to 
complete various supplementation, training and diet 
logs. Our approach to these concerns is consistent 
with other published studies [33-36]. It is also possible 
that other changes occurred that our chosen meas-
urement procedures did not detect such as changes in 
lower body strength, power and endurance. Finally, 
another fundamental difficulty of conducting studies 
of multiple physiologically impactful ingredients is 
that measured outcomes may only be attributed to 
one ingredient. Certainly conducting multiple arms of 
an identical study protocol with additional study 
participants would address this concern, but this is 
both cost and time-prohibitive and lacks ecological 
practicality because products such as MPP are ex-
tremely popular in the sports nutrition market of the 
dietary supplement industry. 

In summary, pre-workout supplementation with 
MPP, a proprietary blend containing creatine, TMG, 
dendrobium extract (Dendrobex™) and caffeine, sig-
nificantly improved subjective levels of energy and 
concentration and tended to increase focus and lessen 
fatigue versus comparator product containing caf-
feine alone. MPP supplementation bestowed no sta-
tistically significant effect on measures of body com-
position or exercise performance, at least over six 
weeks of intensive training. By improving the per-
ceived exercise experience, MPP might bolster 
self-motivation, a known influencing factor in ad-
herence rates to exercise programs. Supplementation 
with MPP was generally safe and well-tolerated; this 
pre-workout supplement did not induce any harmful 
effects on clinically relevant serum biochemistry pa-
rameters, systemic hemodynamics, or ECG tracings. 
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