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Abstract
Pre- and during exercise (EX) carbohydrate (CHO) supplements (SUPPL) are known to independently improve endurance EX performance.  There is less known about the potential ergogenic and metabolic effects of combining pre- and during EX carbohydrate supplements.  We examined the effect(s) of different CHO SUPPL on EX metabolism (1 h 75 % VO2max) and performance (fatigue time at 85% VO2max) in 8 trained males.  Four drinks were administered in a randomized, double-masked fashion to each subject: A = 3 d pre-EX SUPPL (177 kcal (81% CHO; 19% PRO)) Æ 600 mL 8% glucose (GLC) polymers/fructose 1 h pre-EX Æ 600 mL 8% GLC polymers/GLC during EXER; B = A + placebo during 3 d pre-EX; C = placebo at all time points; and D = same as B with 8% GLC.  Fatigue time at 85% VO2max ( 24%) and total CHO oxidation were significantly (P < 0.05) greater for A vs. C.  Plasma GLC was higher for A + B vs. C, while plasma K+ was lower for A vs. C (P < 0.05).  SUPPL had no effect upon: hematocrit, plasma Na+, lactate, VO2, nor rating of perceived exertion.  3 d pre-EX PRO + CHO SUPPL followed by 1 h pre- and during EX CHO SUPPL increased t to fatigue, CHO oxidation and decreased plasma K+ compared to placebo. 
(Supported by Resonant Life Int. /GLYCO MAXTM /PerformanceDrinkTM) 
Results: 
A)    Performance. 
The absolute difference between the time to exhaustion between trial A and trial C (Placebo) was significant (95% C.I. = (0.8, 3.3 min) (% = +24 ± 15%).  There was however, no improvement for trial B or D vs. C (Placebo).  (Table 2).
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MIX - mixed CHO supplement as described in text.




 

Over view:

Minimum increase in time to exhaustion 9% average 24% as compared to water. Gatorade is D in study.

 Conclusions: 
            The predominant findings of this study were that, compared to placebo, the combination of 3 d of immediate post-exercise carbohydrate supplementation + 4 x 15 min aliquots of 8% mixed CHO pre-exercise supplement + 4 x 15 min aliquots of 8% mixed CHO during-exercise supplement resulted in: 

1.
An increase in the time to exhaustion during a high intensity cycling trial following 60 min running at 75% VO2max. 

2.
A greater RER (increase carbohydrate oxidation). 

3.
A greater plasma glucose concentration throughout the exercise. 

4.
A lower plasma K+ concentration. 

 Complete study

Introduction 

            Carbohydrate (CHO) availability is the major rate limiting factor to endurance exercise performance at intensities between 65 ñ 85% VO2max (13, 22).  Many strategies have developed over the years using pre- and during-exercise liquid CHO supplements in an attempt to increase CHO oxidation and reduce endogenous glycogen utilization (1, 4, 5, 8, 9, 10, 16, 19, 20, 21, 26, 27).  It is generally accepted that CHO supplements when given during endurance exercise, result in a favorable metabolic response (1, 4, 5, 8, 17, 18, 19, 25) with enhance performance (5, 8, 19, 26) when given during endurance exercise.  In addition, pre-exercise CHO feedings independently improve endurance exercise performance (27), increase CHO oxidation (4) and rebound hypoglycemia (10) does not occur if a pre-exercise warm-up occurs. (6). 

            Although the general consensus is that liquid CHO supplements increase CHO oxidation and performance during endurance exercise, there is still much controversy about the type of CHO.  Glucose polymers facilitate CHO absorption and decrease water efflux into the intestine compared to glucose given in relatively high concentration (17%) (25).  They have been shown to enhance endurance exercise performance compared to placebo (8, 17, 19), but, there is little or no experimental evidence that they are superior to glucose (7).  In theory, the differences in intestinal water secretion (25), and the less sweet taste of polymers (7) may be advantageous. 

            There is ongoing controversy about the potential role of fructose.  It has been demonstrated that fructose ingestion per se does not result in an ergogenic effect as seen for glucose and glucose polymers (2, 7), however, recent evidence provides support for the inclusion of fructose in mixed CHO supplements (1).  Total CHO oxidation was greater when fructose (50 g) and glucose (50 g) were given together as compared to 100 g of glucose given alone (1).  In addition, a glucose polymer:fructose ratio of 5:1 appears superior to a 1:1 ratio in promoting positive CHO balance (4).  Mixed CHO supplements containing fructose and glucose polymers given during exercise increase cycling time to exhaustion as compared to glucose polymers alone (20).  These data provide support for mixtures of fructose and glucose/glucose polymers in supplements for endurance athletes. 

            Exercise induced increases in plasma [K+] and cellular K+ depletion may contribute to fatigue by altering muscle membrane potential (28).  It is known that the elevation in plasma [K+] during exercise is attenuated with endurance training (12) and with the consumption of caffeine (15).  Therefore, we felt that the addition of K+ to supplements before and after exercise (when the sodium/potassium ATPase pumps are not operating at maximum), and having little or no K+ in supplements during exercise would prevent intra-cellular K+ depletion and attenuate acute exercise increases respectively. 

            After exercise, several studies have demonstrated the effectiveness of early (minutes) consumption of CHO to maximize the rate of glycogen storage (14).  Although this may be important to the elite athlete in preventing glycogen depletion with repeated training/racing on the same day, its effect on next day performance has not yet been examined.  More recent work from this same group (30), has demonstrated that the addition of protein to CHO drinks potentiates the insulin response and glycogen storage post-exercise.

            The current study is novel in that it examined the metabolic effect and ergogenic potential of a post-exercise (3 d before testing), a pre-test (1 h before), and a during-test (simulated duathlon race) mixed CHO supplement as compared to a standard glucose supplement and to placebo.  In addition, there have not been any published studies that have looked at the potential ergogenic benefits of consuming a CHO supplement in the immediate post-exercise period in the days prior to a competition.  We hypothesized that the addition of fructose to a pre-race supplement would increase total CHO oxidation and that 3 d post-exercise + 1 h pre-test + during test mixed supplements would increase endurance exercise performance compared to glucose supplements and to placebo. 

Methods: 

            Subjects.  Eight highly trained endurance athletes (mean VO2max = 68.6 ± 3.8 mLkg-1min-1) volunteered for the study after being informed of the risks and benefits of participation and obtaining written consent.  The study was approved by the McMaster University Ethics Committee.  Four subjects competed in triathlon/duathlons, and 4 competed predominantly in running.  Four day, weighed food records were collected from each subject (including 1 weekend day) and were analyzed for nutrient content using a computerized program (Nutritionist III, N-Squared Computing, Silverton, Oregon).  The physical characteristics, training history and habitual dietary intakes are given in Table 1. 
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cte: tic Mean (SD:
Age ) 25 (4.7)
Weight (kg) 68.6 (7.5)
VOpy (mL:-kg-min’) 68.8 (3.8)
Years training (y) 6.5 (2.4)
Weekly training (h/wk) 8.5 (1.5)

Nutritional Analysis (/d):

Energy (kcal) 2842 (422)
Protein (g-kg'-a') 1.65 (0.34)
Protein (%) 16 (3)
Fat (%) 20 (8)

cHO (%) 64 (11)




  Design: 

            Subjects had  their VO2max determined on a motorized treadmill within 2 weeks of the commencement of the study using an incremental protocol and an open circuit gas analysis system.  Each subjectís percent body fat determined by hydrostatic weighting, as described previously (23, 29).  Inclusion criteria were a VO2max of at least 62 mLkg-1min-1 and a history of regular endurance training for at least 2 years.  Subjects were randomly allocated to each of 4 x 4 d trials in a double blind manner: 

TRIAL A:  3 d of post-exercise (pre-test) supplementation (450 mL; 177 kcal (81% CHO; 19% protein (PRO); K+ = 14.6 mmol/L; Na+ = 45.1 mmol/L)) consumed within 10 min of daily training.  On the 4th day subjects consumed 600 mL 8% glucose polymers (75%):fructose (25%)(K+ = 5.7 mmol/L; Na+ = 17.8 mmol/L) in a 4 x 150 mL aliquots every 15 min before the testing session.  During the 1 h run at 75% VO2max they consumed 600 mL 8% glucose polymers (63%):glucose (37%)(K+ = 2.8 mmol/L; Na+ = 17.8 mmol/L) in 4 x 150 mL aliquots. 

TRIAL B:  Identical to trial A except that artificially sweetened placebo (see below) was given as the 3 d post-exercise supplement. 

TRIAL C:  Placebo trial (all supplement drinks contained only aspartame as described above. 

TRIAL D:  Placebo for the 3 d post-exercise supplement and 8% glucose (K+ = 3.7 mmol/L; Na+ = 32.4 mmol/L) for the 1 h before and during exercise. 

  

Each trial supplement was completed over a 4 week period with at least 6 d between trials.  Subjects kept detailed diet records during each trial and were instructed to keep dietary composition and amounts consistent between trials.  Analysis of the diet records demonstrated good consistency: C.V. = 5% energy; 4% CHO; 4% PRO.  For the 3 d prior to each trial subjects consumed a solution (~450 mL) within 10 min of completing their daily exercise.  During trials B, C, and D the solution was artificially flavored placebo drink (Crystal Lite, Kraft-General Foods, Don Mills, Ontario), while during trial A the drink was a CHO solution as described above.  Training was tapered during the 3 d prior to the test day as though they were preparing for a race according to a schedule of 60, 45, 30 min.  Subjects were asked to keep the intensity and type of exercise identical between trials. 

            All trials occurred at the same time in the morning after an overnight fast.  Subjects also abstained from caffeine containing products for 12 h prior to each  test.  A 250 kcal defined formula diet snack (Ensure, Ross Laboratories, Columbus, OH) was consumed 3 h before starting the trial.  One hour before starting the trial, a 22 Ga plastic catheter was inserted in a retrograde manner into a forearm vein for blood sampling (t = -60).  The catheter was kept patent with a 0.9% NaCl flush (3 mL following each sample).  Blood samples were taken and immediately centrifuged after a micro-capillary sample was removed for hematocrit determination.  They were immediately transferred into pre-chilled tubes and kept at ñ300 C for less than 60 d before analysis of glucose, lactate, [K+], and [Na+].  The subjects then consumed 150 mL aliquots of allocated trial solution every 15 min x 4 for 60 min at rest and during 60 min exercise trial. 

            During the final 15 min before exercise they performed a standardized muscle stretching routine.  The subjects then ran on a treadmill for 60 min at 76% VO2max in a climate chamber at 30% relative humidity and 15 ± 10 C.  Blood samples were taken at 30 and 60 min (t = 30, 60) for analysis as described above.  Gas samples were taken for determination of VO2 and RER at 20, 40, and 60 min using the same gas analysis equipment as for the initial VO2max testing.  In addition, they were asked to rate their perceived exertion (RPE) on a 10 point Borg scale at t  = 20, 40, and 60 (3). 

            Within 3 min of completion of the treadmill run, subjects were placed on an electrically braked cycle ergometer set to elicit a power output requiring about 78% VO2max (treadmill) (~85 ñ 90% VO2peak cycle), and were asked to cycle until exhaustion.  Exhaustion was determined as the time at which the subject could no longer maintain a pedal cadence of 60 rpm in spite of vigorous encouragement.  An immediate blood sample was then taken (t = FAT). 

Analyses: 

            Plasma glucose was determined using a spectrophotometric glucose oxidase method (Sigma Kit #640, St. Louis, MO).  The intra and inter-assay C.V.ís were less than 5%.  Plasma lactate was determined using a micro lactate analyzer (Yellow Springs Instruments, Model 23L, Yellow Springs, OH).  The Intra-assay c.v. was 2.7% and the inter-assay C.V. was less than 5%.  Sodium and potassium were determined using K+ and Na+ sensitive electrodes (KNA 2, Radiometer, Copenhagen, Denmark).  The intra- and inter-assay C.V.ís were 0.33 and 0.25% respectively for Na+ and 0.99 and 0.50% respectively for K+.  The change in plasma volume (dPV) was determined from the standard equation: dPV = {[(Hctr ñ Hctt)/Hctt][1/(1 ñ Hctr)]}; (where r = rest value; t = test value). 

            Statistical analysis was performed using a 2-way repeated measures Analysis of Variance (ANOVA), with diet (trial A, B, C, D) and time being the two factors.  When a significant (P £ 0.05) main effect was identified, the location of pairwise differences was located using a Student-Newman-Keuls post-hoc test.  The data on the time to exhaustion were analyzed as the absolute time difference from the placebo (Trial C) to each of the 3 intervention trails (i.e., normalized to each individualís placebo trial).  The normalized time to exhaustion was analyzed using paired t-test and 95% confidence intervals (95% C.I.) (i.e., boundaries within which the same difference between trials would be expected to fall 95% of the time if the study were repeated). 

Results: 

A)    Performance. 
The absolute difference between the time to exhaustion between trial A and trial C (Placebo) was significant (95% C.I. = (0.8, 3.3 min) (% = +24 ± 15%).  There was however, no improvement for trial B or D vs. C (Placebo).  (Table 2).
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B)     Respiratory and Plasma Measurements.
The mean VO2 during the initial 60 min trial was 76% of the individualís VO2max.  The mean VO2 during the final cycle trial to exhaustion was 78% of the individualís treadmill VO2max.  VO2 did not change with time or diet.  There were no differences in VO2 between trials (Figure 1-B).  The RER was significantly greater at fatigue (FAT) compared to the first 60 min of exercise.  The RER was significantly greater for trial A compared to the placebo trial © at all time periods (P < 0.05) (Figure 1-C).  Based upon nitrogen excretion data from similarly trained male endurance athletes (29), we calculated the no-protein RER and CHO oxidation.  The  contribution of CHO to total energy during the 60 min run at 75% VO2max was: trial A = 84%; trial B = 83%, trial C = 73%, and trial D = 77% (Significant difference only for trial A vs. C (P < 0.05)). 
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Figure 1. A. There was no difference measured in the ration of perceived exertion between any of the trials.  B. VO2 did not change with diet of trial.  C. * - greater at FAT compared to all other time points (P < 0.01); - greater for trial A vs. C (Placebo) (P < 0.05). 

  
Plasma lactate was significantly greater at FAT vs. all other times (P < 0.001) (Figure 2-A).  Plasma glucose was significantly greater at all time points vs. t = -60 (P < 0.001) and plasma glucose was significantly greater for both trials A and B compared to placebo (C ) (P < 0.01) (Figure 2-B).

[image: image6.jpg]
Figure 2. A. # - Greater [lactate] at fatigue (FAT) vs. all other time points (P < 0.001).  B. Greater [glucose] at all time points vs. ñ60 min (P < 0.001); - Greater [glucose] for trials A and B vs. C (Placebo) (P < 0.01).

  

The plasma volume decreased at all time points for all trials compared  to t = -60 (P < 0.001), and was significantly lower (P < 0.001) for t = FAT vs. t = 0, 30, and 60 (Figure 3-A).  Plasma [K+] was higher at t = FAT, t =60 and t =30 vs. t =0 and t = -60 (P < 0.001).  Plasma [K+] was significantly lower for trial A vs. trial C (P < 0.05) (Figure 3-B).  Plasma [Na+] was greater for t = FAT vs. all other time points for all trials (P < 0.001) (Figure 3-C).
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Figure 3. A. * - decreased plasma volume compared to t = -60 (P < 0.001); - decreased at FAT vs. all other time points (P < 0.001).  B. * - greater [K+] for all trials vs. resting samples (P < 0.001); - lower [K+] for trial A vs. C (P < 0.05). C. * - greater [Na+] for FAT vs. all other time points (P < 0.001).

  

Conclusions: 
            The predominant findings of this study were that, compared to placebo, the combination of 3 d of immediate post-exercise carbohydrate supplementation + 4 x 15 min aliquots of 8% mixed CHO pre-exercise supplement + 4 x 15 min aliquots of 8% mixed CHO during-exercise supplement resulted in: 

1.
An increase in the time to exhaustion during a high intensity cycling trial following 60 min running at 75% VO2max. 

2.
A greater RER (increase carbohydrate oxidation). 

3.
A greater plasma glucose concentration throughout the exercise. 

4.
A lower plasma K+ concentration. 

  

Trial B (mixed CHO supplement 1 h before and during exercise) also demonstrated a greater plasma glucose concentration compared to placebo, whereas none of the other changes reached statistical significance.  There were no significant effects of an 8% glucose supplement upon the measure variables in the current study. 

The finding of an ergogenic benefit in trial A is consistent with those of most studies of CHO replacement during endurance exercise at similar exercise intensities (5, 8 , 18, 19, 20), but in contrast to others (16, 21, 26).  The lack of benefit demonstrated in the latter studies may relate to the large amounts of CHO supplement given (> 150 g; (16)) or the relatively low training status of the subjects (~ VO2max = 50 mLkg-1min-1; (21, 26)). 

Adopo and colleagues (1) have demonstrated that supplements containing combinations of sugars (fructose + glucose) increased CHO oxidation compared to isoenergetic supplements of either sugar alone, and suggested that this may be ergogenic.  A combination of fructose/glucose polymers and sucrose (fructose and glucose)/glucose polymers given between repeated cycling bouts improved endurance cycling performance compared to water placebo whereas glucose polymers alone did not (18).  Our results, and those of Murray and colleagues (18) suggest that combinations of glucose and fructose may be ergogenic. 

      Higher plasma glucose concentrations during exercise were observed for the trials (A + B) (8% glucose polymers: fructose pre-test Æ glucose: glucose polymers during-test) compared to placebo, yet this was not observed with 8% glucose alone.  It is possible that the combination supplements promoted greater glucose absorption compared to glucose alone, however, testing this hypothesis would require jejunal perfusion studies.  Brouns and colleagues (4) have demonstrated that higher rations of glucose polymers: fructose (1:1) did not promote a net positive whole body CHO balance, whereas a ration of (5:1) did.  Unfortunately, this group did not test the ergogenic potential of mixed fructose: glucose polymers vs. glucose polymers (4). 

      Since the RER in trial A was significantly greater (84% energy from CHO) than for the placebo trial (73% energy from CHO), and was not so for trial B (83%  energy from CHO), we cannot conclude that the mixture of fructose/glucose polymers was the only determinant which increase CHO oxidation.  It is likely that the failure to detect an effect of trial B upon total CHO oxidation was a type II error since the P value was 0.055.  Therefore, a larger N and/or the inclusion of fructose in the during-exercise supplement may have resulted in a significant increase in CHO oxidation for both trial B compared to placebo (1, 4, 18).  We chose a priori not to include fructose in the during-exercise trial since splanchnic blood flow is reduced and the capacity for human absorption of fructose may be as low as 30 g (24), which could result in gastro-intestinal discomfort. 

We did not measure muscle glycogen levels but it is also possible that the 3 d of immediate post-exercise CHO and PRO supplement increased muscle glycogen stores (14).  An increased pre-test muscle glycogen (14, 30) and/or a sparing of glycogen use during the exercise test (9, 26) and/or an increase in exogenous supplement oxidation (1) may have contributed to the increased total CHO oxidation demonstrated for trial A.  Given that the e addition of the post-training supplement was the only difference between Trials A and B, it is possible that this alone resulted in an increased pre-test muscle glycogen (30), and hence CHO oxidation.  We are currently using muscle biopsies and tracer methodology o more clearly elucidate the mechanisms involved in the enhanced CHO oxidation observed in this study. 

      It is know that plasma [K+] accumulation is attenuated with endurance exercise training (12) and with caffeine ingestion (15).  Some of the ergogenic effects of caffeine (11) may be due to this attenuated K+ accumulation (15).  We found that trial A resulted in significantly lower plasma [K+] compared to placebo.  To our knowledge, this is the first report of a CHO supplement (containing small amounts of K+) attenuating the rise in plasma [K+] as compared to placebo (containing no K+).  It is possible that the increased availability of CHO substrate in trial A may have provided energy for Na+/K+ ATPase pumps in non-contractile muscle (12, 15), which attenuated the accumulation of plasma [K+].  Since extra-cellular K accumulation is associated with fatigue (28) the lower [K+] demonstrated in trial A might have contributed to the ergogenic effect demonstrated in this study. 

In spite of the potential theoretical benefits of glucose polymers compared to glucose (25), we did not find a difference in the reduction in plasma volume between placebo, 8% glucose, nor 8% mixed sugar + glucose polymers.  Glucose polymers do not have as great a dehydrating effect due to their lower osmolality for a given concentration of carbohydrate (25).  However, in the current study, the simple measurement of hematocrit as an indicator of plasma volume is likely not sensitive enough to detect small changes in intestinal absorption (or secretion) between the supplements tested.  The deuterium dilution technique as described by Rehrer and colleagues (25), is a more sensitive measure of net water absorption and has provided theoretical justification for the inclusion of glucose polymers in long duration endurance exercise. 

      In summary, this study as demonstrated an ergogenic effect in a simulated duathlon (running and cycling) from a system consisting of 3 days CHO + PRO post-exercise supplement + 1 h pre-test glucose polymers/fructose + and 1 h during-test glucose polymers/glucose supplement as compared to placebo.  Associated with this ergogenic effect were attenuated K+ accumulation, increased [glucose] and increased CHO oxidation.  Further research is required to clarify the potential ergogenic effects and metabolic consequences of mixed fructose/sugar CHO supplements. 
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