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Maltodextrin and Glycogen Availability
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ABSTRACT

Ruffo AM, Osiecki R, Fernandes LC, Felipe CS, Osiecki AC, Malfatti CRM. Moderate to High Dose of Maltodextrin Before Exercise Improves Glycogen Availability in Soleus and Liver After Prolonged Swimming in Rats. JEPonline 2009;12(4):30-38. Maltodextrin is a carbohydrate polymer utilized preferentially as diet recourse in exercise. The gastric emptying for glucose polymer is faster than glucose solutions, avoiding a sudden drop in blood glucose and hyperinsulinaemia induced hypoglycaemia during exercise. The ideal dose by which maltodextrin causes improvement in glycogen storage is not certain. Therefore, we investigated the effect of different doses of maltodextrin supplementation on liver and muscle glycogen availability after swimming. Adult male wistar rats were submitted to oral supplementation with different doses of maltodextrin (0.7; 1.4; 2.1 and 2.8 g/kg) or placebo group (distilled water) twenty minutes before exercise. In the session, all the groups of animals were submitted to a single 90 min-swimming challenge. Immediately after the exercise, samples were colleted for biochemical analysis. Maltodextrin improved the glycogen available only at moderate to high doses in the soleus (dose/glycogen: 2.1 g/kg: 35.9 (mol/g; 2.8 g/kg: 35.5(mol/g vs placebo: 26.7(mol/g) and liver (dose/glycogen: 1.4 g/kg =106.7(mol/g; 2.1 g/kg:102.5 (mol/g; 2.8 g/kg: 102.8(mol/g vs placebo: 58.9(mol/g) but not in gastrocnemius. The study reported a pre-exercise effect of maltodextrin only in moderate to high doses.
Key Words: Exercise, Glycemia, Diet.
INTRODUCTION

Pre-exercise CHO feeding is proposed as an effective means of enhancing muscle glycogen availability and improving endurance performance (1). Such a muscle glycogen supercompensation regimen increases muscle glycogen stores approximately 20-40% above normal and benefits athletes participating in endurance exercise. In addition to glycogen loading for competition, athletes should ensure their diet contains sufficient CHO to allow for muscle glycogen resynthesis between strenuous training sessions. It is suggested that some of the feelings of tiredness associated with overtraining are related to reduced CHO reserves (2). In addition, carbohydrate (CHO) feedings during prolonged exercise can delay the onset of fatigue and enhance exercise performance (3,4,5). The observed improvements in performance with CHO ingestion have been attributed to maintenance of plasma glucose and glycogen availability (6). In this context, CHO supplementation has been shown to increase the amount of work that can be performed (7,8,9) as well as increase the duration of aerobic exercise (10,11). The elevation of blood glucose (BG) associated with supplementation is suggested to improve aerobic performance through reduction of muscle glycogen use (11,12) or through the use of BG as a predominant fuel source as glycogen becomes depleted (3,8). The reduction in muscle glycogen can potentially result in reduction in performance. Decreased isokinetic force production (13), and accentuated muscle weakness (11) have been reported in the scientific literature in response to reductions in muscle glycogen. In fact, the daily maintenance of glycogen stores appears to be directly related to the CHO in the diet (14). 

Carbohydrate supplementation during exercise has been shown to enhance performance and muscle glycogen recovery after different protocols of exercise in cycling (9) and running (15). However, the pre-exercise supplementation with different doses of maltodextrin and glycogen availability in different muscle fibers and liver after prolonged swimming has not been reported. Therefore, the present study was undertaken to investigate the effects of different doses of maltodextrin ingested pre-exercise on the ability to increase muscle and liver glycogen available following prolonged low intensity swimming.
METHODS
Subjects

The study was performed with thirty-four adult male wistar rats (12 week old). The rats were housed four per cage (40 x 25 x 18 cm) and maintained on a 12:12 h light/dark cycle in constant temperature of 23ºC, with free access to tap water and standard lab chow (Guabi, Santa Maria, RS, Brazil). Animal utilization protocols were in compliance with the policies established by American Physiological Society and have been conducted in accordance with the Policies on the Use of Animals and Humans approved by the University Ethics Committee (protocol n. 30233/04-01). All reagents were purchased from Sigma (St. Louis, MO, USA) and all solutions were prepared with type I ultra pure water.

Procedures

Adaptation of animals
The rats were handled 4 to 5 times per week and were submitted to gavages stress and adaptation to exercise (ten minutes per day) in water during the 4 weeks before the experiments. The time and volume of exercise is not sufficient to fitness adaptation, where the rats are characterized as untrained.
Oral supplementation

The oral supplementation with different doses of maltodextrin (DNA - Design Nutrition Advanced) or placebo (water distilled) was performed in 5 experimental groups, where group 1 (M1; maltodextrin 0.7 g/Kg; body weight (g) = 310.29 (10.29; n=7), group 2 (M2; maltodextrin 1.4 g/Kg; body weight (g) = 313.57 (11.34; n=7), group 3 (M3; maltodextrin 2.1 g/Kg; body weight (g) = 312.86 (5.17), group 4 (M4; maltodextrin 2.8 g/Kg; body weight (g) = 312.14 (5.91; n=7) and placebo group 5 (Pb; distilled water; body weight (g) = 321.0 (5.67; n=7). The maltodextrin were dissolved in distilled water and administered by gavage procedure twenty minutes before exercise. The rats were fasted 12 hours before supplementations.
Protocol of exercise
The session of aerobic exercise was realized as follows: four rats swam together in a round swimming pool (75 cm in diameter, 40 cm deep) that had its temperature kept at 32 ( 1 oC throughout the experiments. The dimensions of the pool allowed the animals to swim freely, and not float passively, as it was deep enough so that they could not rest upon an extended tail. In the session, all the groups of animals (maltodextrin and placebo) were submitted to a single 90 min-swimming challenge with a low intensity exercise (predominant aerobic workload), using 6% of body weight in accordance with protocol proposed by Gobatto et al. (16).
Biochemical analysis
Immediately after the swimming session the animals were sacrificed and approximately 3 to 4 mL of blood samples were colleted for plasma preparation. The liver tissue, soleus and gastrocnemius muscles were rapidly excised, placed in an ice-cold in equal time point of 15 s and dissected free of connective tissue, followed with biochemical analysis in laboratory.

The blood samples were centrifuged at 1500 rpm during 8 minutes for plasma separation. 

The plasma glycerol and glucose were dosed by glycerol phosphate oxidase/peroxidase and oxidase/peroxidase assay, respectively. In both methods a kit of BioSystems register was used. The glycogen was measured by a modification of the Passenneau and Lauderdale method (17). 

The plasmatic insulin was determined by chemiluminescence technique using the DPC immulite 2000R.

Statistical Analyses

All data are expressed as means ( SD. Statistical analysis was carried out by one-way analysis of variance (ANOVA) and F-values are presented only if P<0.05. Post-hoc analysis was carried out, whenever appropriate, by the Student-Newman-Keuls test.

RESULTS

Muscular and hepatic glycogen storage
Figure 1 shows that the maltodextrin supplementation significantly improved muscle glycogen storage for the soleus, but not in the gastrocnemius.  The difference between the soleus and placebo group occurred only in high doses (maltodextrin in dose of 2.1 and 2.8 g/kg vs placebo group without maltodextrin) of maltodextrin supplementation [F(4,30)=4.1, P<0.05; Figure 1A-B]. Maltodextrin supplementation also significantly improved hepatic glycogen storage after swimming [F(4,30)=5.1, P<0.05; Figure 2] in the three major doses (maltodextrin in dose of 1.4, 2.1 and 2.8 g/kg vs placebo group without maltodextrin). 
Plasmatic parameters 
The triglycerides hydrolysis of adipose tissue during exercise can be determined for plasma glycerol concentration (18). In the present study, there was no statistical difference in plasmatic glycerol concentration between placebo and different doses of maltodextrin supplementation groups after exercise. The plasmatic glucose and insulin concentration (Table 1) showed no statistical different among groups.

DISCUSSION

In the current study we showed that maltodextrin supplementation before exercise increased muscle and hepatic glycogen storage after prolonged exercise in a dose dependent manner. In addition, we showed that the maltodextrin supplementation improved glycogen availability only in soleus muscle, an aerobic predominant fiber, but not in gastrocnemius. Preview studies showed that this beneficial effect of pre-exercise CHO feeding could be attributed to the increase in liver glycogen and alternatively may increase muscle glycogen for potential oxidation during exercise (19). However, several studies have not observed positive effects of pre-exercise CHO feedings (20,21). Differences in the training status of the subjects, amount of CHO ingested and the failure of the pre-exercise CHO feeding to alter glycogen metabolism may be some of the reasons for the discrepancy between these studies. Apparently, eating approximately 150 g of CHO 4 hr before exercise does not produce a marked elevation of muscle glycogen, blood glucose or CHO oxidation after 105 min of aerobic exercise (22), which may explain why some other authors did not observe an improvement in glycogen available and performance with this amount. 
The type of CHO supplementation is very important. It has been suggested that because of their lower osmolalities, glucose polymer solutions (i.e., maltodextrins) would be preferable to isocaloric glucose solutions as a source of ingested CHO before and during exercise (23). Indeed, several studies have shown that the rates of gastric emptying for glucose polymer solutions are faster than those of isocaloric glucose solutions (24,25). In addition, it has been suggested that glucose feedings (75 g of glucose solutions) during 30 to 45 min before exercise in cyclists might impair exercise performance by causing a sudden drop in blood glucose and an accompanying acceleration of muscle glycogenolysis and glucose oxidation. This is due to the effects of the concomitant hyperinsulinaemia that increases glucose uptake by the exercising muscles, thus resulting in hypoglycaemia, decreasing lipolysis and free fatty acid availability at the start of and during exercise (26).  
In the present study, plasmatic glucose concentration, insulin responses and fat acid mobilization (analyzed by blood glycerol concentration) was not statistical different between all of the groups analyzed after use of glucose polymer (maltodextrin) vs placebo group. 
In fact, up to the present, no investigation has been conducted of the effect of pre-exercise supplementation with different doses of supplement maltodextrin (CHO polymer) in performance, insulin responses, glucose plasmatic, fat acid mobilization and glycogen storage in muscle and liver after prolonged exercise. 
The study showed that maltodextrin improves glycogen available only in the soleus muscle, a predominantly aerobic fiber, signaling that fibers of slow strength, stimulated predominantly in this model of aerobic exercise, would benefit in a dose-dependent manner after supplement use.  
However, this adaptation could not prevent the drop in the glycogen concentration in the gastrocnemius muscle, a glycolytic muscle less utilized if compared to aerobic fiber preferably utilized in this endurance protocol. It is consensus in the literature that in rat model the soleus muscle has a predominant slow-twitch fiber, showing a red muscle prevalently composed of oxidative metabolism, and in the gastrocnemius exists a characterized white muscle, prevalently composed of fast-twitch glycolytic fibers (type IIb) (27). 
Tsintzas et al. (28) studied muscle glycogen breakdown during running at 70% of VO2max and observed that with CHO feeding there was a reduction in net muscle glycogen breakdown in type I muscle fibers (predominantly aerobic fiber) after 60 min, whereas type II fibers (predominantly anaerobic fiber) seemed unaffected. In a follow-up study similar results were obtained (15). In addition, the CHO feeding during exercise “spares” liver glycogen (29). Hepatic glucose output is tightly regulated, ensuring a relatively constant glucose output in the presence or absence of CHO feeding. Although the total rate of appearance of glucose increases somewhat with increasing rates of CHO intake, there is a progressive decrease in endogenous glucose production (liver glycogenolysis and gluconeogenesis) with increasing rates of CHO intake (30). We showed that the pre-exercise supplementation with maltodextrin in three doses (1.4, 2.1 and 2.8 g/kg) enhanced the stores of glycogen in liver after prolonged exercised compared with placebo or minor dose administered (0.7 g/kg). 


Some studies have reported that with high rates of CHO intake liver glucose production returns to its basal levels, whereas others have observed complete locking of hepatic glucose output by CHO feeding 30(19). This liver glycogen sparing means that there is still CHO in the liver toward the end of exercise, which could be beneficial if, for whatever reason, CHO intake cannot supply enough CHO to maintain plasma glucose concentrations and high rates of total CHO oxidation. However, up to the present, was not investigated the better dose for pre exercise supplementation with maltodextrin-induced improved glycogen available post swimming protocol. In contrast with the present study, some studies did not find beneficial results on performance or glycogen sparing with CHO supplementation. Although, these studies used CHO (glucose) in minor doses that did not exceed 1.0 g/kg body weight (31,32).

CONCLUSIONS
In summary, the present study reports that maltodextrin supplementation before exercise significantly improved soleus and liver glycogen-availability only in moderate to high doses after prolonged swimming in rats. Future studies in humans should concentrate on developing individual dosage supplementations with this carbohydrate in different time points before endurance exercise models. 
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Table 1:  Effect of different doses of maltodextrin on plasmatic biochemical parameters after a prolonged swimming protocol.





Maltodextrin


(g/Kg)�



Pb   (0)�



M1 (0.7)�



M2 (1.4)�



M3 (2.1)�



M4 (2.8)�
�
Glucose (mg/dL)�
145.67  (9.5�
150.86  (12.6�
161.86  (35.0�
139.0  (17.0�
144.0  (14.2�
�
Glycerol (mg/dL)�
178.83 (51.9�
176.86 (44.6�
152.86 (57.1�
164.0 (69.2�
163.29 (39.2�
�
Insulin (UI/mL)�
6.9 ( 3.9�
7.3 ( 2.1�
7.8 ( 2.1�
8.2 ( 2.6�
7.5 ( 2.6�
�
Values are means ( S.D. Pb, placebo; M1 (n=7), maltodextrin in dose of 0.7 g/kg (n=7); M2, maltodextrin in dose of 1.4 g/kg (n=7); M3, maltodextrin in dose of 2.1 g/kg (n=7); M4, maltodextrin in dose of 2.8 g/k g (n=7).*Significant difference P<0.05. 





Figure 1. Effect of different doses of maltodextrin supplementation on soleus (A) and gastrocnemius (B) glycogen storage after a prolonged swimming protocol. Data are mean + S.D., N= 7 in each group. *P<0.05 compared to control placebo group without maltodextrin (SNK Test).





Figure 2. Effect of different doses of maltodextrin supplementation on hepatic glycogen storage after a prolonged swimming protocol. Data are mean + S.D., N= 7 in each group. *P<0.05 compared to control placebo group without maltodextrin (SNK Test).








