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ABSTRACT

Previous studies have suggested that chrysin (5,7-dihydroxyflavone) is a potent aromatase inhibitor in vitro, which may increase serum testosterone concentration. Testosterone is a highly anabolic hormone which can stimulate the growth of muscle mass and strength. However, the effects of the chrysin supplementation on body composition, muscle strength, and exercise performance in human have not yet to be discussed. PURPOSE: To investigate whether the chrysin supplementation would improve body composition, muscle strength, and exercise performance by altering the synthesis of testosterone. METHODS: Twenty throwing athletes (14 males, 6 females) of National Taiwan Sport University participated in this study. Subjects were randomly assigned in pairs (matched for athletic events) by use of a double blind design to receive chrysin (group C) or placebo (group P). All subjects were given oral chrysin doses of 3 g or placebo per day for 21 days. Body composition, muscle strength and exercise performance were also assessed at day 1, 8, and 22 in the morning. Body composition was evaluated by body weight, body mass index (BMI),  fat mass, fat free mass (FFM), body fat percentage, skinfold thickness, and body circumference. Muscle strength and exercise performance including maximal isometric force of quadriceps and biceps, vertical jump, standing broad jump, and medicine ball chest pass test were performed. A two-way mixed design analysis of variance (ANOVA) with one within-subject factor (time trial), one between-subject factor (group C and P), and their interaction were used to determine the overall 21-day treatment effect and level of significance. All data were expressed as mean ± SD and values of P<0.05 were considered significant. RESULTS: BMI was reduced in day 8 and 22 at group C (32.1 ( 4.9 vs. 31.9 ( 4.8 kg/m2; P<0.05). FFM was increased in day 8 at group P (72.2 ( 13.4 vs. 73.1 ( 13.0 kg; P<0.05). Waist circumference was reduced in day 22 at group C (97.1 ( 11.4 vs. 95.4 ( 10.6 cm; P<0.05). The data showed no significant difference in body composition, muscle strength, and exercise performance between groups C and P. CONCLUSION: Our data provided by a human study, suggest that chrysin supplementation for 21 days may not improve body composition, muscle strength, and exercise performance.
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Introduction

In order to enhance exercise performance, there are several ways contains legal or illegal methods have been used by athletes. Exercise training combined with nutrition supplementation for athletes is effective in increasing serum testosterone levels (Kraemer et al., 2009; Sharp & Pearson, 2010). Testosterone is a highly anabolic hormone which can stimulate the growth of muscle mass and strength in young and elder males (Bhasin et al, 1996; Schroeder, Terk, & Sattler, 2003; Sattler et al., 2009). 
Chrysin, 5, 7-dihydroxyflavone, is present in Passiflora coerulea, honey, and propolis (Siess et al., 1996). Previous observations have suggested that chrysin was a potent aromatase inhibitor and commonly used in high doses to increase testosterone concentrations (Kao, Zhou, Sherman, Laughton, & Chen, 1998). Aromatase is a member of the cytochrome P450 superfamily that can irreversibly convert androstenedione and testosterone into estrone and estradiol. (Séralini & Moslemi, 2001; Simpson & Davis, 2001). The enzyme is expressed in many tissues in human, including the hypothalamus, amygdala, and hippocampus (Brodie & Njar, 2000). These areas are fundamental for neuroendrocrinal regulation of reproduction and behavior (Conley & Hinshelwod, 2001). 
Previous study has examined the effects of chrysin on urinary testosterone levels that showed no significant changes of the hormonal equilibrium and variations of the concentration of urinary testosterone. These results suggested that the subjects administrated honey and propolis, which contains not high doses of chrysin, may not have significant effects to increase testosterone levels (Gambelunghe et al., 2003).

Ingesting androstenediol combined with herbal extracts (chrysin and Tribulus terrestris) resulted in increasing serum androstenedione, free testosterone, and estradiol throughout the four weeks. These data indicated that ingestion of herbal extracts combined with androstenediol could not prevent the formation of estradiol (Brown et al., 2001).
   However, previous studies all used either a natural or a complex supplementation to investigate the effects of chrysin. Accordingly, the effects of a single constituent and higher dosage chrysin supplementation for increasing the levels of testosterone in human is still unclear. The purpose of this study was to investigate whether a single constituent chrysin supplementation would alter body composition and improve muscle strength and exercise performance.
Methods

Subjects and Experimental Design. Twenty throwing athletes (14 males and 6 females) from the throwing team of National Taiwan Sport University participated in this study. The throwing team was composed of shot put, javelin, discus, and hammer athletes. All subjects trained 6 days per week, and performed the specific training program according to their events. Participants met all criteria as determined by a medical questionnaire before involved in the study. The principal criteria for eligibility were as follows: (a) absence of clinical disease; (b) no history of gastrointestinal or renal disease; (c) no smoking; (d) no alcoholism; (e) no injury. A written informed consent to participate in the study was performed by all participants after they had been informed of the study procedure, principal criteria, and discomforts involved in the study. This study was approved by the Ethical Committee of National Taiwan Sport University.
Procedures. Subjects were randomly assigned in pairs (matched for athletic events) by use of a double blind design to receive chrysin (group C; age, 20.9 ± 1.3 years) or placebo (group P; age, 20.7 ± 1.5 years). All subjects were given oral chrysin doses of 3 g (6 × 500 mg chrysin per capsule) or an equal volume of microcrystalline cellulose placebo per day for 21 days. Each chrysin capsule contains 500 mg chrysin, rice flour, and magnesium stearate (MRM, Oceanside, CA, USA). Both the subjects and the primary investigator were blinded as to which supplement was given. During the study period, all subjects proceeded with their training program supplied by the coach. Moreover, subjects were instructed to maintain a consistent diet throughout the study period. Body composition, muscle strength and exercise performance were assessed at day 1 (baseline), 8, and 22 in the morning (AM 08:00 - 09:00). Determination of body composition were completed first. After determination of body composition, subjects performed the warm-up to get ready for assessing muscle strength and exercise performance.
Determination of Body Composition. Body weight, body mass index (BMI), fat mass, fat free mass and body fat percentage were measured by using the bioelectrical impedance analysis (BIA) method (Inbody 3.0, Biospace Co., Ltd, Seoul, Korea). Waist, hip, chest and thigh circumferences were measured to nearest 0.1 cm with a plastic inextensible measuring tape. Chest, midaxillary, tricep, subscapular, abdominal, thigh, and suprailiac skinfold thicknesses were measured with a skinfold caliper.
Determination of Muscle Strength. Maximal isometric force (MIF) for the habitual leg extensor and elbow flexor muscles were measured using a Biodex System 3 isokinetic dynamometer (Biodex Medical Systems, Inc., Shirely, NY). MIF were determined at a leg flexion angle of 60 degrees below the horizontal plane and elbow joint of 90 degrees. Subjects were seated in the biodex chair with restraining straps over the trunk, pelvis, and contralateral thigh. All subjects were asked to complete two 4-s MIF of the habitual leg extensor and elbow flexor muscles and exert as much force as possible for 4-s. A strong verbal encouragement was provided while an effort was performing. One minute of rest was set between each MIF trial.
Determination of Exercise Performance. The vertical jump and the standing long jump tests were used to assess the explosive power of legs. The seated medicine ball throw test was performed for measuring arms strength and explosive power. Each test was performed three trials with a 1 minute rest period between trials. To complete vertical jump trials, subjects stood side on to a wall and reached up with the hand closest to the wall. The point of the fingertips was recorded to be the standing reach height. Afterward subjects stood away from the wall, and jumped vertically as high as possible with the assistance in both arms and legs. To complete standing long jump trials, subjects stood behind a line marked on the ground with feet slightly apart. A two foot take-off and landing was asked, with swinging of the arms and bending of the knees to provide forward power. Subjects attempted to jump as far as possible, and landed on both feet without falling backwards. To complete seated medicine ball throw trials, subjects sat with their back to a wall. The ball (3 kg) was held with hands on the side and slightly behind the center of the ball. A ready site of the ball was near the front of the chest, then thrown vigorously out as far as possible. The back should remain in contact with the wall at all times.
Statistical Analysis. A two-way mixed designed analysis of variance (ANOVA), with one within-subject factor (time trial), one between-subject factor (group C and P), and their interaction, was used to determine the overall 21-day treatment effect and level of significance. When significant interactions were observed, specific mean differences were located with the LSD for multiple comparisons. All data were expressed as mean ± SD and values of P < 0.05 were considered significant.
Results

Body Composition. Table 1 displays body composition changes for this study. BMI was significantly reduced in day 8 and 22 at group C (P < 0.05). FFM was significantly increased in day 8 at group P (P < 0.05). Waist circumference was significantly reduced in day 22 at group C (P < 0.05). No significant differences were identified for other parameters by time, groups, or interaction. 
Muscle Strength and Exercise Performance. Table 2 displays muscle strength and exercise performance changes for this study. No significant differences were identified for muscle strength and exercise performance by time, groups, or interaction.
Discussion

Ingestion of a single constituent chrysin supplementation could not alter body composition, muscle strength, and exercise performance in throwing athletes. The muscle strength values observed in this study are in line with those reported previously for healthy young males (Brown et al., 2000). The previous study suggested that the addition of androstenediol and herbal extracts did not prevent aromatization of the ingested androgens (Brown et al., 2001). To our knowledge, there are currently little studies on chrysin as an aromatase inhibitor in human, and therefore the dose of chrysin necessary for armomatase inhibitor has not been determined. Although the present study used a single constituent and higher dosage (4.8 to 10 times greater than reported in previous studies) chrysin supplementation, the results still showed no significant differences in body composition, muscle strength, and exercise performance between groups. These results would probably be associated with no change in testosterone levels. The correlation between muscle strength and testosterone levels indicated that basal testosterone levels may be the important factor to develop muscle strength and muscle cross-section area in strength athletes (Ahtiainen, Pakarinen, Alen, Kraemer, & Häkkinen, 2003). 
    Although previous studies have shown improvements in body composition, muscle strength, and exercise performance after a period of training (Ahtiainen et al., 2003; Hanson et al., 2009; Sedano Campo et al., 2009; Tresierras, & Balady, 2009; Velez, Golem, & Arent, 2010), the effects of training on body composition, muscle strength, and exercise performance in the current study have not almost been found. Two possible explanations accounting for no change in the majority of experimental parameters in this present study are the short-term experimental period (3 weeks) and the non-modified training protocol. Ahtiainen et al. (2003) and Häkkinen et al. (1988) suggested that there may be a relationship between the volume or intensity of strength training and basal testosterone levels. Furthermore, the data showed that there were no differences in muscle strength and muscle cross-section area in strength-trained men during the former 7 weeks of 21-week training.
In conclusion, our data provided by a human study, suggest that a single constituent chrysin supplementation for 21 days may not improve body composition, muscle strength, and exercise performance. Although the previous studies suggest chrysin as a potent inhibitor of aromatase, the necessary dose of chrysin and different designs of supplementation in human still need further investigation to clarify.
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	Table 1. Effects of chrysin supplementation on body composition

	Body composition（unit）
	Group
	Day 1
	Day 8
	Day 22

	Body weight (kg)
	C
	100.1 ( 16.7
	99.5 ( 16.7
	99.3 ( 16.4

	
	P
	95.3 ( 13.7
	95.8 ( 13.3
	95.3 ( 13.7

	BMI
	C
	32.1 ( 4.9
	31.9 ( 4.8*
	31.9 ( 4.8*

	
	P
	28.7 ( 3.2
	29.1 ( 3.1
	28.9 ( 3.3

	Fat mass (kg)
	C
	26.2 ( 10.0
	25.8 ( 9.2
	25.8 ( 9.2

	
	P
	23.1 ( 8.1
	22.7 ( 8.0
	22.7 ( 7.9

	Fat free mass (kg)
	C
	74.0 ( 11.8
	73.6 ( 11.8
	73.5 ( 11.4

	
	P
	72.2 ( 13.4
	73.1 ( 13.0*
	72.7 ( 12.8

	Body fat percentage (%)
	C
	25.7 ( 7.6
	25.6 ( 6.9
	25.5 ( 6.9

	
	P
	24.4 ( 8.2
	23.8 ( 8.0
	23.8 ( 7.8

	Chest skinfold thicknesses (mm)
	C
	16.2 ( 5.0
	17.2 ( 5.8
	16.5 ( 4.9

	
	P
	14.1 ( 5.8
	15.4 ( 4.9
	17.3 ( 6.7

	Tricep skinfold thicknesses (mm)
	C
	18.1 ( 7.5
	19.4 ( 6.2
	18.1 ( 5.9

	
	P
	16.7 ( 5.8
	18.2 ( 7.1
	17.5 ( 6.8

	Subscapular skinfold thicknesses (mm)
	C
	24.5 ( 9.1
	23.1 ( 8.1
	21.9 ( 8.6

	
	P
	17.1 ( 7.5
	17.4 ( 7.2
	18.2 ( 5.1

	Midaxillary skinfold thicknesses  (mm)
	C
	20.8 ( 8.5
	21.7 ( 9.5
	21.9 ( 8.6

	
	P
	15.8 ( 6.6
	17.3 ( 7.0
	18.9 ( 7.4

	Abdominal skinfold thicknesses (mm)
	C
	29.3 ( 9.3
	30.0 ( 11.0
	31.2 ( 12.0

	
	P
	24.5 ( 9.2
	26.8 ( 10.6
	27.3 ( 10.0

	Suprailiac skinfold thicknesses (mm)
	C
	29.1 ( 12.6
	30.1 ( 9.9
	28.9 ( 10.7

	
	P
	23.4 ( 12.3
	27.1 ( 11.1
	26.6 ( 10.7

	Thigh skinfold thicknesses (mm)
	C
	21.5 ( 8.7
	20.3 ( 7.2
	19.3 ( 7.0

	
	P
	17.9 ( 7.5
	22.7 ( 10.0
	20.7 ( 7.6

	Waist circumference (cm)
	C
	97.1 ( 11.4
	97.5 ( 11.2
	95.4 ( 10.6*

	
	P
	92.6 ( 10.6
	92.7 ( 10.6
	91.3 ( 10.8

	Hip circumference (cm)
	C
	112.8 ( 7.2
	112.3 ( 6.4
	111.9 ( 7.2

	
	P
	110.3 ( 5.8
	110.0 ( 6.3
	110.1 ( 6.4

	Chest circumference (cm)
	C
	106.4 ( 9.0
	105.9 ( 8.7
	105.6 ( 8.9

	
	P
	102.6 ( 7.6
	103.1 ( 7.4
	103.0 ( 7.3

	Thigh circumference (cm)
	C
	70.5 ( 4.6
	70.2 ( 4.8
	70.0 ( 4.4

	
	P
	67.6 ( 4.1
	68.0 ( 4.3
	68.0 ( 4.6

	Data are given as mean ( SD. BMI, body mass index.

*Statistically significant difference from the Day 1 value.


	Table 2. Effects of chrysin supplementation on muscle strength and exercise performance

	Variable（unit）
	Group
	Day 1
	Day 8
	Day 22

	Isometric leg extensor strength (Nm)
	C
	293.7 ± 76.0
	299.7 ± 76.1
	285.7 ± 78.1

	
	P
	294.8 ± 70.8
	299.1 ± 77.2
	302.1 ± 78.9

	Isometric elbow flexor strength (Nm)
	C
	80.0 ± 19.5
	82.4 ± 24.8
	82.6 ± 26.4

	
	P
	72.3 ± 23.7
	75.4 ± 24.4
	72.9 ± 22.2

	Vertical jump (cm)
	C
	60.9 ± 7.8
	60.9 ± 8.4
	60.9 ± 7.9

	
	P
	57.1 ± 10.7
	 60.0 ± 11.1
	 57.4 ± 11.2

	Standing long jump (cm)
	C
	248.1 ± 25.2
	240.2 ± 27.7
	250.7 ± 28.2

	
	P
	246.1 ± 28.7
	235.9 ± 34.3
	246.2 ± 32.1

	Seated medicine ball throw (cm)
	C
	610.9 ± 118.2
	593.7 ± 124.5
	596.8 ± 134.4

	
	P
	576.7 ± 100.2
	588.7 ± 121.3
	577.1 ± 119.9

	Data are given as mean ( SD.
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