Effect of propolis supplementation on redox state of human serum albumin during kendo training camp
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Abstract

Human serum albumin (HSA) is a mixture of human mercapt- (HMA, reduced form) and nonmercaptalbumin (HNA, oxidized form) and is known to be one of the major extracellular scavengers for reactive oxygen species. Using a high-performance liquid chromatographic (HPLC) system with ES-502N column (Showa Denko Co., Japan), we studied the redox state of HSA for male Japanese fencing (“kendo”) athletes (n = 11) before and after an intense kendo training camp. In order to clarify the effect of propolis (an antioxidant nutriment) supplementation on HSA redox state during camp, subjects were divided into two groups (placebo group, n = 5; propolis group, n = 6). Propolis used in this study is a product of Brazil. During camp, the observed decrease in mean values of [(HMA)/(HMA+HNA)] (f(HMA)) in the placebo group was statistically significant (76.8+-1.66% before and 63.0+-2.29% after camp; P<0.05). Similarly, decreased values for the propolis group were also statistically significant (77.0+-0.94% before and 70.5+-1.51% after camp; P<0.05). For the propolis group, however, the degree of the decrease in f (HMA) value was significantly small compared with that of the placebo group (P<0.05). In addition, the f (HMA) value of the propolis group during training camp was roughly within the range of normal healthy male subjects (73.2+-2.34% (n = 20)). These findings suggest that propolis may be an effective supplement to improve the redox state of HSA for kendo athletes in repetitive and intense training camp. 
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Introduction 

In every molecule of serum albumin (HSA) there exists one highly reactive free sulfhydryl group. Albumin containing a sulfhydryl group in its unbonded state is called reduced albumin or mercaptalbumin (HMA). Conversely, if the sulfhydryl has formed a covalent bond with cysteine or glutathione in the blood, or oxidized to a higher state, it is called oxidized albumin or nonmercaptalbumin (HNA) in general, and HNA(Cys), HNA(Glut), or HNA(Oxi) respectively (CARTER, HO, 1994; PETERS, 1996). Thus, albumin might have powerful antioxidant properties against reactive oxygen species because it possesses the distinctive sulfhydryl group and it is present in relatively high concentration in extracellular fluids.

In previous experiments, we used a high performance liquid chromatography (HPLC) system with a special column able to separate HSA into HMA and HNA, and analyzed the HSA of normal healthy adults. Compared to young adults (normal HMA range of about 70~75%), aged subjects were found to have a significantly lower percentage of reduced form albumin, and as age increased, the redox state in the body was found to shift to the oxidized state (ERA et al., 1995). In another study, rats engaged in severe exhaustive exercise were found to have a significantly lower percentage of reduced form albumin (RMA) (HAYASHI et al., 2002). In addition, we also reported significant decreases in reduced form albumin (HMA) levels of college students participating in repetitive strenuous training (sports camp) conducted over several days (IMAI et al., 2002). 

Building on those findings, our present study focused on the antioxidant properties of the health suppliment propolis, a bee product. Research of this kind is increasingly popular in recent years (BANSKOTA et al, 2001). This time, we investigated the HSA redox state of male university student athletes before, during, and after an intensive kendo training camp (kendo is a traditional Japanese sport). Utilizing a double blind test, students ingested either propolis or a placebo in order to discover the effect that ingesting propolis may have on the HSA redox state during intense physical exercise. 

Material and Methods

The experiment took place during G University's kendo training camp, from October 31 to November 3, 2000. Chosen as subjects were 11 male members of the kendo club (average age = 20.1 +- l .2 years, average kendo experience = 12.4 +- 2.0 years). Subjects were divided into two groups, and ingested either a placebo (Group A: n = 5) or propolis (Group B: n = 6). (After a thorough explanation of measurement methods, only those volunteers consenting to the conditions, including the taking of blood samples, were used as subjects). 

Practices during training camp were 2 hours in the afternoon of the first day, and 2 hours in the morning and 3 hours in the afternoon on the second through fourth days, for a total of 7 practices. Daily practice at the training camp was constructed as follows: about 60 minutes of kihon-keiko (the act of practicing to acquire the basic movements.), 90 min. of gokaku-keiko (keiko practiced by persons who are almost equal in their skills, also keiko in which the participants treat each other with equal respect even if there is a difference in their skill.), 30 min. of kakari-keiko (the keiko method where the trainee for a short period practices striking the motodachi (person acting as instructor) with all his/her might, using all waza (motor skill) he/she has learned, and without thinking of being struck or dodged), and approximately 120 min. of shiai-keiko (a method of keiko performed with referees, as in a match.). The VO2 max percentages for kihon-keiko, gokaku-keiko, and kakari-keiko were approximately 40, 55 and 70%, respectively, and shiai-keiko at its maximum value was nearly the same as the rate for  kakari-keiko (OSAWA, NIWA, 1975; TATSUMI, HATTORI, 1988). The environment was controlled throughout the training camp period, with an average temperature of 19. 1 +-1.0 `C and average humidity of 49 .6 +- 5.4 %. 

Blood samples were taken from the first day of camp (Oct. 31, 8:00 a.m.) to the day after camp (Nov. 4, 5:00 p.m.), for a total of 10 samples. After each sampling, specimens underwent immediate pressure filtration. Plasma specimens were stored at -80 `C until HPLC analysis. 

The amount of propolis (Brazilian propolis extracted using ethanol, product of Y Co., Japan, propolis extract 52.5 mg/tablet) or placebo (propolis extract replaced with rapeseed oil) ingested by subjects was 15 tablets per day (taken after meals 3 times a day). 

The HPLC system consisted of a Model AS-8010 autosampler, a Model CCPM double-plunger pump, and a Model FS-8000 fluorescence detector (excitation wavelength 280 nm; emission wavelength 340 nm) in conjunction with a Model SC-8020 system supercontroller, all from Tosoh Co., Tokyo Japan. A Shodex-Asahipak ES-502N column (10 x 0.76 cm I.D., DEAE-form for ion-exchange  HPLC, Showa Denko Co., Tokyo, Japan; column temperature, 35 +- 0.5 `C) was used. Elution was carried out with a linear gradient of increasing ethanol concentration from 0 to 5% in 0.05 M sodium acetate - 0.40 M sodium sulfate (pH 4.85) (acetate-sulfate buffer) at a flow rate of 1.0 ml/min. The following ethanol concentration gradient was applied: 0 - 5 min, 0%; 5 - 30 min, linear increase from 0 to 5%; 30 - 35 min, linear decrease from 5 to 0%; 35 - 40 min, 0%. Deaeration of buffer solution was carried out by bubbling it  with helium. Samples were injected by means of an autosampler with fixed volumes of 2 ul. All chemicals and reagents were of analytical grade. All solvents and solutions were filtered through a Sterivex-GS filter unit (0.22um, Millipore Co., USA) before use. 

To determine the value for each fraction of albumin, i.e. f(HMA) = [HMA/(HMA + HNA)] and f(HNA) = [HNA/(HMA + HNA)], the obtained HPLC profiles were subjected to numerical curve fitting; each peak shape was approximated by a Gaussian function. For the purpose of statistical analyses, comparisons between the propolis group and the placebo group utilized the Mann-Whitney U test, while the Wilcoxon signed-ranks test was used for comparisons within the group.

Results and Discussion

Human serum albumin is a mixture of reduced form and oxidized form albumin, with reduced form comprising about 70-75％ and oxidized form about 20-25％ (ERA et al., 1995). The redox state of human serum albumin, therefore, can be thought of as one marker of the human body's state of oxidative stress. Fig. 1 shows the HPLC profile of the HSA of a healthy adult male. In this profile, the reduced albumin [HMA] level is 74.7％, oxidized albumin as a mixture of glutathione and cysteine [HNA(Glut)&HNA(Cys)] is 23.9％, and a more highly oxidized form of albumin [HNA(Oxi)] is 1.4％.
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Fig.1.   HPLC profile of serum from a healthy young male subject (N.K.: 19 years old) eluted from an ES-502N column with an increasing ethanol concentration from 0 to 5% in acetate-sulfate buffer (pH4.85). The ethanol concentration gradient was as follows: 0-5 min, 0%; 5-30 min, linear increase from 0 to 5%; 30-35 min, linear decrease from 5 to 0%; 35-40 min, 0%. Peaks 1, 2 and 3 correspond to HMA, HNA-1 and HNA-2, respectively. The profile is subjected to numerical curve fitting (dashed line) and the obtained values for each fraction are indicated.

Fig. 2 shows the changes in f(HMA) values for the placebo group and the propolis group in data derived from blood samples taken ten times during training camp. In samples taken on the first morning, the first evening just before the start of practice, and on the second morning, f(HMA) levels for the placebo group and propolis group were basically the same. But from the second day thereafter, both groups showed significant decreases (P<0.05) in f(HMA) values before and after practice. From this we theorize that repetitive practice caused increasing oxidative stress in the body. However, the decrease in f(HMA) value for the placebo group was larger. By the third and fourth day of training, the placebo group showed a trend of markedly lower f(HMA) values when compared to the propolis group. In fact, after practice on both the third and fourth days, the propolis group showed significantly higher (P<0.05) f(HMA) values than the placebo group. From this, we postulate that in response to the oxidative stress produced by training, the antioxidants in propolis moderated the f(HMA) decrease. This highlights one of the benefits of propolis, its antioxidant properties, similar to those in antioxidants such as vitamin E, vitamin C, beta-carotene and others (BANSKOTA et al, 2001).                                                
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Fig. 2.  Change of f(HMA) value of HSA during kendo training camp. Points and bars   represent the mean and SE. A: placebo group (n=5), B: propolis group (n=6). 

* P<0.05 (v.s. placebo group) Mann-Whitney U-test.

This study may be the first of its kind to demonstrate the antioxidant effects of propolis on humans. These results indicate that further investigation of propolis' antioxidant effects on the human body would be very fruitful.

Our results led to the following conclusions:

1) When comparing f(HMA) values before and after daily practice (5 hours total) , both the group taking a placebo (Group A) and the group taking propolis (Group B) showed significant decreases (P<0.05). However, Group B's decrease tended to be more moderate. 

2) After the third and fourth days of training, f(HMA) values for Group B showed a significantly higher value (P<0.05) when compared with Group A (* in Fig. 2). 

3) From the end of practice on the second day to the evening of the fifth day (recovery period), the f(HMA) values of Group B showed a trend toward higher values compared to the other group. The change in the f(HMA) value of Group B during training camp was roughly within the range of present data for healthy adult males (70-75 %). 

These results suggest that propolis may be an effective supplement in combating repetitive and increasing oxidative stress from intense exercise, such as that occurring at a sports training camp.
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