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Ergogenic substances improve strength or stamina during strenuous exercise. Athletes often use 
pharmaceuticals and illicit substances with ergogenic actions to enhance performance. Before ephedra 
(Ephedra sinica) was banned by the Food and Drug Administration in 2004, it was used in some dietary 
supplements marketed for athletic performance enhancement. Some ergogenic supplements now use 
combinations of herbal caffeine derivatives (guaraná [Paullinia cupana], green tea [Camellia sinensis]) and 
extracts of bitter orange (Citrus x aurantium), a natural source of several biogenic amines, including ρ-
synephrine. "Despite widespread availability of these ergogenic dietary supplements," say the authors, "there 
are no published reports demonstrating efficacy or tolerability of these alleged performance-enhancing 
products." The authors, from the University of California, San Francisco, Department of Medicine, sought to 
determine the effects of exercise on the pharmacokinetics of synephrine and caffeine and to evaluate 
differences in hemodynamic and metabolic responses to exercise after a single dose of a performance-
enhancing dietary supplement vs. placebo. 
 
The authors conducted a three-arm, randomized, placebo-controlled, crossover study of 10 healthy men and 
women who exercised at least 3 times weekly. The Committee on Human Research at the University of 
California, San Francisco approved the study protocol. Subject eligibility was determined by history and 
physical examination and screening laboratory tests, including urine pregnancy testing for women. Subjects 
were told to abstain from coffee and over-the-counter and herbal products for 24 hours before the study.  
 
Subjects were admitted to the General Clinical Research Center on 3 separate occasions on the evening before 
the study and fasted after midnight. The authors report that an identical breakfast was served at 7 a.m. during 
all 3 visits. Subjects were given study medications at 9 a.m., 1 hour before exercise. During 2 of the visits, the 
subjects received a single oral dose of a synephrine and caffeine-containing supplement (Ripped Fuel 
Extreme Cut®; Twin Laboratories Corp., American Fort, Utah) and were randomized to exercise or rest.  
 
The authors report that each capsule dose of Ripped Fuel Extreme Cut contained 21 mg of synephrine (from 
C. aurantium) and 303.8 mg caffeine (from green tea leaf, guaraná seed, and caffeine). Other listed 
constituents (not confirmed by analysis) include niacin, biotin, pantothenic acid, ginger root extract, cocoa 
seed extract, cayenne fruit, quercetin, wasabi extract, naringin complex, white willow bark extract, I-tyrosine, 
catuaba bark, and citrus bioflavanoids.  
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As reported by the authors, placebo was given during the third visit and followed by exercise. If randomized 
to an exercise arm, subjects completed a 30-minute stationary cycling routine 1 hour after dosing. Pre- and 
post-exercise levels of plasma lactate, glucose, and insulin were measured. Blood concentrations of 
synephrine and caffeine were serially measured over 12 hours. Subjective responses of perceived exertion 
were recorded. On the third study visit, subjects received the same dose of dietary supplement, and all 
measurements were performed under resting conditions. A minimum 1-week washout period occurred 
between study visits.  
 
Comparisons of changes from baseline were made between treatments by multivariate analysis using 
ANOVA, paired t-tests, and Wilcoxon signed-ranks tests for non-normal data. Data were analyzed using SAS 
(version 8.2; SAS Institute, Cary, N.C.).  
 
The 10 subjects included 7 men and 3 women. Their average age was 24.3 years (range, 20-31 years). Their 
mean total body weight was 71.9 ± 12.2 kg (or roughly 158.2 ± 26.6 lb), and body mass index was within 
normal weight limits. Seven of the subjects were white, and 3 were Asian/Pacific Islanders. Their VO2max 
measurements of physical fitness ranged from 25.6 to 54.2 ml/kg/min.  
 
The authors report the following results: 

• No significant treatment-related differences in synephrine and caffeine pharmacokinetic parameters 
were observed, but there was a trend toward faster absorption of synephrine under exercise 
conditions. 

• Diastolic blood pressure (DBP) was higher with dietary supplement vs. placebo, and exercise did not 
alter this treatment effect. Peak DBP at 3 hours (90 minutes post-exercise) was 71.7 ± 8.7 mm Hg 
with supplement vs. 63.0 ± 4.9 mm Hg with placebo (P=0.007). Though not statistically significant, 
exercise appeared to diminish slightly the effect of the dietary supplement on systolic blood pressure. 

• No dietary supplement-related effect was reported on mean heart rate during or after exercise.  
• Mean skin temperature was significantly elevated after exercise (33.3 ± 1.4° C or 91.9 ± 2.46° F) 

compared with resting conditions (29.3 ± 4.8° C or 84.7 ± 8.4° F) (P=0.04), but tympanic membrane 
temperature was not altered. No difference was noted between exercise-induced temperature rise with 
supplement vs. placebo, suggesting that the performance-enhancing supplement did not exacerbate 
the thermic effects of strenuous physical activity.  

• Dietary supplement treatment significantly increased mean postprandial plasma glucose. Peak plasma 
glucose 1 hour after subjects ate a midday meal (90 minutes after exercise) was 121.0 ± 31.6 mg/dl-1 
with dietary supplement vs. 103.7 ± 25.5-1 mg/dl with placebo (P = 0.004).  

• No treatment differences in exercise-related oxygen consumption, serum lactate, or insulin were 
observed. 

• Regarding the subjective effects, the dietary supplement sessions were rated easier by the subjects 
than placebo sessions 83% of the time. 

 
"These results may not apply to other supplement brands and cannot be generalized to predict results in other 
people, such as those who are sedentary, overweight, or have pre-existing conditions such as hypertension." 
The authors further urge caution in advising patients about the use of performance-enhancing products until 
further studies have been performed. 
 

―Shari Henson 
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