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Abstract:  

Background and study Aim: Wrestling is a strength and endurance sport. Understanding 

the methods and means that support the development and enhancement of muscle strength 

and anaerobic capacity can provide valuable insights and facilitate the design of appropriate 

training programs in competitive wrestling. The aim of this study was the effect of 

supplementation with ashwagandha on changes in muscle strength and endurance of the 

upper and lower limbs in highly skilled wrestlers during an 8-week training program. 

Material and Methods: The study included 26 elite wrestlers. All participants were enrolled 

in a structured sports training program. During the 8-week training period, the athletes 

received either a placebo or an ashwagandha supplement (2 × 300 mg/day). Before and after 

the 8-week supplementation period, selected indicators of muscle strength and anaerobic 

capacity of the upper and lower limb muscles were assessed. 

Results: No differences in muscle strength were observed in wrestlers after the placebo and 

ashwagandha supplementation periods. The rate of decline in maximum upper and lower limb 

muscle power and the time to maintain maximum lower limb muscle power worsened in the 

placebo group, which may be a result of the intensive 8-week preparation period. This effect 

was not observed in the ashwagandha group. 

Conclusions: Ashwagandha does not improve muscle strength in elite wrestlers; however, it 

may enhance athletes’ tolerance to fatigue resulting from an intensive training period, as 

evidenced by measures of anaerobic capacity in the upper and lower limbs. To identify 

measures and methods for optimizing the training process, further research should be 

conducted by extending the duration of supplementation or increasing the dose of 

ashwagandha or other supplements while developing various motor skills in wrestlers, taking 

into account their athletic level, gender, and fighting style. 
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Dictionary:   

 

Greco-Roman wrestling – a sport 

in which competitors wrestle using 

only grips above the waist, without 

using their lower limbs during 

attacks or defense. 

Nutritional supplementation – 

the use of appropriately selected 

nutrients or supplements to 

complement the diet and support 

the body’s proper functioning. 

Muscle strength – the body’s 

ability to overcome or resist 

external forces through muscular 

effort. 

Anaerobic exercise – intense 

physical exertion performed 

without oxygen, lasting a short 

time and based on anaerobic energy 

metabolism. 

Personal safety – a justified sense 

of survival ability in various 

emergency situations, either of 

external nature (e.g. violence, 

aggression, unintended fall, fire, 

tsunami) or internal nature (e.g. 

stress, disease, fear). 
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1. Introduction 

Motor ability constitutes one of the key determinants of athletic excellence across 

sports disciplines. It assumes particular importance in disciplines that require the 

highest level of development of multiple motor abilities. Wrestling exemplifies such a 

sport, as it necessitates a comprehensive manifestation of motor abilities [1-4], with 

athletic success largely dependent on their interrelationships [5-7]. Failure to 

adequately develop any component of physical conditioning reduces the likelihood of 

achieving competitive success. The literature identifies several factors as 

determinants of performance in wrestling, including upper and lower limb strength, 

speed, agility, motor coordination, sport-specific endurance, flexibility, and balance; 

however, there is no full consensus on their relative importance [5-9, 4]. Among these 

factors, strength and anaerobic endurance are considered particularly significant [8, 

10, 11]. Consequently, wrestling is commonly classified as a strength–endurance sport 

[12, 13, 8, 1]. 

Dynamic, short-duration movements, as well as active resistance against an opponent, 

require a high level of muscular strength and anaerobic capacity in both the upper 

and lower limbs. When combined with appropriate somatic characteristics and other 

components of wrestling preparation (technical and tactical), these factors may 

determine an athlete’s competitive success [12, 14-16]. Strength and strength 

endurance, particularly of the arm and trunk muscles, differentiate wrestlers across 

styles and distinguish successful athletes from their less successful counterparts [17, 

10]. For instance, Greco-Roman wrestlers are characterized by greater upper limb 

strength, including that of the biceps brachii muscle [18, 8]. Moreover, maximum 

muscular power in both the upper and lower limbs has been shown to be higher in 

successful wrestlers compared with unsuccessful ones [14, 19, 20, 8]. 

The development of muscular power is widely recognized as a fundamental 

prerequisite for achieving success in wrestling [14, 19, 21, 8]. Wrestling bouts are 

characterized by fluctuating levels of physical exertion, resulting from the frequent 

execution of explosive movements in both offensive and defensive actions. Such 

activity leads to a rapid increase in blood lactate concentration, which may reach 

values of up to 20 mmol/L [22, 23]. An efficient anaerobic energy system is therefore 

essential for the execution of rapid technical actions, during which additional energy 

is supplied through the breakdown of phosphocreatine and glycogen. Actions such as 

lifting, throwing, or resisting an opponent require a high level of strength and 

anaerobic endurance in both upper and lower limb muscles. This reflects the efficiency 

and kinetics of phosphagen metabolism (ATP and phosphocreatine), which underpin 

a high level of speed–strength capacity. Only an adequate development of these motor 

abilities enables the effective execution of technical skills and may ultimately 

determine competitive success or failure [23, 12, 14, 15, 24, 16]. 

The exploration of novel methods for developing motor abilities that may influence 

the course and effectiveness of wrestling performance constitutes a potential approach 

to optimizing the training process in contemporary competitive wrestling. One of the 

strategies employed to optimize the training process is dietary supplementation. 

Ashwagandha (Withania somnifera) is widely recognized as an herb with properties 

that enhance the body’s resistance to both physical and psychological stress. These 

effects are primarily attributed to bioactive compounds present in ashwagandha root 

extract, including steroidal lactones (withanolides) and saponins, which are 

considered responsible for its adaptogenic properties. The mechanisms underlying 
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these effects are thought to involve the modulation of adrenal and gonadal function 

[25, 26]. Consequently, ashwagandha supplementation is commonly used with the 

aim of improving both mental and physical performance [26]. 

Indeed, a systematic review and meta-analysis conducted by Bonilla et al. [26] 

indicated that ashwagandha supplementation (at doses ranging from 240 to 600 mg 

per day) may enhance strength- and power-related outcomes following resistance 

training programs. However, these findings primarily pertain to untrained 

individuals and recreationally active men who do not regularly engage in structured 

training and conditioning programs. In these studies, muscle strength was most often 

assessed under training conditions using the one-repetition maximum (1-RM) test. 

Moreover, scientific evidence regarding the efficacy of ashwagandha supplementation 

in professional sport remains limited and is largely derived from studies conducted in 

the Indian population [27]. A more recent investigation by Coope et al. [28] examined 

the effects of 28 days of supplementation with ashwagandha root extract (600 mg per 

day) on post-exercise recovery and muscle strength in professional Spanish female 

football players. Compared with placebo, ashwagandha significantly improved 

perceived recovery. Additionally, analysis of variance revealed a significant group × 

time interaction, suggesting a potential increase in handgrip strength (both right and 

left) in the ashwagandha group; however, post hoc comparisons did not reach 

statistical significance. 

Undoubtedly, there is still a lack of research in the scientific literature assessing the 

effects of ashwagandha on exercise performance in athletes (including wrestlers), 

particularly using standardized laboratory methods to evaluate muscle strength (e.g., 

maximal muscle torque under isokinetic conditions) or anaerobic capacity (e.g., the 

Wingate test). We recently published the results of our studies examining the effects 

of ashwagandha supplementation on blood biochemical indicators, including markers 

related to post-exercise recovery (muscle damage), as well as body composition, special 

endurance, and reaction time in highly qualified Greco-Roman wrestlers [29, 30]. 

However, there is still a clear lack of information in the literature on the wrestling 

training process regarding the effects of dietary supplementation on key motor 

abilities, such as muscle strength and anaerobic capacity. Supplementing the data on 

available dietary supplements—including ashwagandha—regarding their effects on 

the motor skills of wrestlers at the highest levels of training can provide valuable 

insights for coaching. 

It is also important to emphasize the broader scope and significance of this line of 

research. Skills acquired through hand-to-hand combat training contribute to the 

development of self-esteem and psychological resilience, while also enhancing self-

defence capabilities. These benefits extend beyond the physical dimension associated 

with sport and combat disciplines, encompassing a wider capacity for personal 

protection, including the safeguarding of both the individual and their property [3133]. 

Accordingly, a more comprehensive approach to interpreting research findings in 

athletes with diverse motor profiles may provide a new perspective, enabling the 

formulation of recommendations that extend beyond the narrow relationship between 

performance outcomes and their direct application in sport. 

The aim of the present study was the effects of ashwagandha supplementation on 

changes in muscle strength and anaerobic capacity of the upper and lower limbs in 

highly trained wrestlers during an 8-week training period. 
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2. Materials and Methods 

Experimental Approach to the Problem 

During 8 weeks, the athletes followed a structured training program in preparation 

for a major sporting event. Muscle strength and anaerobic capacity were assessed 

before (term I) and after the supplementation period (term II). The experiment was 

designed to provide insight into the effectiveness and potential application of 

ashwagandha supplementation for improving wrestlers’ performance. 

Participants 

The study involved professional, highly qualified Greco-Roman wrestlers (juniors) of 

the Polish national team. The exclusion criteria were as follows: chronic diseases, 

orthopaedic injuries or surgeries in the past six months, taking drugs or steroids to 

increase physical performance, intake of sleep or anti-anxiety medications, as well as 

taking herbal or other dietary supplements with antioxidant and anti-inflammatory 

effects in the last three months before the study.  

Twenty-six wrestlers were recruited for the experiment and randomly allocated, in a 

double-blind manner, to 2 groups: ashwagandha (A, n = 12) or placebo (P, n = 14). Five 

wrestlers withdrew from the study, including four participants (1 from group A and 3 

from group P) for personal reasons, and one participant (from group A) due to 

intolerance to the ashwagandha preparation (diarrhoea). Finally, 21 wrestlers (10 

from group A and 11 from group P) completed the study and their results were 

analysed. Study participants were asked to maintain their current eating habits and 

avoid dietary modifications throughout the study period. 

The age of the wrestlers in group P was 19.1 ±1.8 years, with a training experience of 

11.0 ±3.0 years, while the wrestlers in group A had an average age of 20.8 ±1.9 years 

and a training experience of 11.6 ±3.5 years. The body height and weight of the 

athletes in group P were 178.7 ±7.3 cm and 78.2 ±10.8 kg, respectively, while these 

indicators in group A were 177.4 ±7.8 cm and 81.9 ±19.6 kg. Prior to the study, written 

consent was obtained from the participants, along with a current medical certificate 

confirming their good health. For those under 18 years of age, the written consent of 

parents/legal guardians has been obtained. The athletes were also informed of the 

risks and benefits of the study prior to any data collection. Participation in the study 

was voluntary and preceded by a detailed explanation of the measurement procedure. 

Study design 

The eight-week experiment was part of a planned training program (the second and 

third phases of the preparatory period) aimed at optimally preparing the athletes for 

the Polish Senior Greco-Roman Wrestling Championships, in accordance with the 

specific characteristics of this sport [34-36]. The preparatory period lasted a total of 

14 weeks. Ten training sessions were conducted each week (in the morning and 

afternoon), each lasting 120 minutes. The average training volume (identified in this 

project only with 'time' among many elements specified in the professional language 

of training theory) and intensity were similar for all participants. The total training 

time was 280 hours, with varying specifics, intensity, and complexity to prevent 

overtraining [37]. In accordance with recommendations in the literature, the first 6-

week portion of the preparatory period (prior to the experiment) focused on developing 

general endurance [38]. The main activities included: refining wrestling technique, 

cross-country athletics (walking-running, running, running games), team sports 



Arch Budo J Inn Agon. 2026, VOLUME 22, 58-73 62 of 16 
 

(simplified basketball, soccer), and coordination exercises with acrobatic elements. 

The effort during this part of the preparatory period was aerobic in nature. The 

average intensity of the athletes’ work was moderate. The second part of the 

preparatory period (5 weeks) focused on improving technical skills through task-based 

sparring (35%), strength endurance (25%), strength (dynamic 15% and static 5%), as 

well as speed (15%) and sport-specific fitness (5%). The training methods used during 

this period were tailored to the specific nature of wrestling (turning around the head, 

bridge exercises, dummy throws). The training was of a mixed nature, and the 

athletes’ average intensity ranged between high intensity and submaximal intensity. 

In turn, training in the third part of the preparatory period (3 weeks), according to 

modern periodization concepts [39], was focused on improving specific endurance 

(40%), technical and tactical skills (30%), speed (20%), and specific fitness (10%). 

During this phase of the preparatory period, specialized exercises and sparring 

matches were primarily used. The effort was of a mixed and anaerobic nature, and the 

average intensity of the athletes’ work ranged from submaximal to maximal intensity. 

Performance intensity was determined based on heart rate (HR) measured 

immediately after physical exertion, where HR <125 bpm – low intensity, 126–145 

bpm – moderate intensity, 146–175 bpm – high intensity, 176–195 bpm – submaximal 

intensity, >195 bpm – maximal intensity [40]. The Polar M400 watch was used to 

record HR. 

During the 8-week training period, participants ingested two capsules per day 

containing either an ashwagandha preparation or a placebo. Each ashwagandha 

capsule contained 300 mg of ashwagandha root extract (KSM-66), standardized to 5% 

withanolides as determined by HPLC. The dosage of ashwagandha extract (2 × 300 

mg daily) was consistent with the manufacturer’s recommendations for physically 

active individuals [26]. 

The placebo capsules were produced by the same manufacturer as the ashwagandha 

supplement and were identical in appearance (size, shape, and colour) to the 

ashwagandha capsules. Participants were instructed to take the capsules twice daily 

after meals (1–2 hours after breakfast and dinner). Each week, athletes were provided 

with capsules in dark, non-transparent bottles and were asked to report the number 

of missed capsules. Three wrestlers in the placebo group (P) and two wrestlers in the 

ashwagandha group (A) reported missing single doses, not exceeding 10% of the total 

number of capsules. Participants were also asked weekly about their mood and any 

potential side effects of supplementation (e.g., abdominal pain, diarrhoea, vomiting, 

headaches, dizziness, or drowsiness). Overall, participants in both groups reported 

good tolerance of the capsules, and no adverse events were observed. As mentioned 

above, only one participant from group A withdrew from the study due to intolerance 

to the ashwagandha capsules. 

Measurements of muscle strength and anaerobic endurance in the upper and lower 

limbs were performed twice during the preparatory period, before and after 8 weeks 

of supplementation. The measurements were conducted in accordance with the 

principles of sports metrology. 

Muscle strength testing was performed on a Biodex System 4 Pro isokinetic 

dynamometer (Biodex Medical Systems, Shirley, NY, USA). During each 

measurement session, two tests were performed in the following order: Test 1—

muscles of the knee extensors and flexors at angular velocities of 60°/s and 180°/s (first 

‘strength’ trial, second ‘endurance’ trial) and Test 2—internal and external rotators of 
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the shoulder joint at angular velocities of 60°/s and 180°/s (first ‘strength’ trial, second 

‘endurance’ trial). 

Prior to the test, participants underwent a standardized five-minute warm-up 

consisting of cycling on an ergometer at a light intensity, as well as mobility and 

stretching exercises for the upper and lower limbs. Participants were then 

familiarized with the device and performed 2–3 submaximal trials for each type of 

movement to minimize the learning effect. Before each measurement series, 

participants were instructed to exert maximum, strongest possible effort throughout 

the full range of motion, both during the concentric extension and flexion phases 

(external and internal rotation in the shoulder joint, respectively). 

The subject performed Test 1 (knee extensors and flexors) while seated in the 

dynamometer chair. The trunk was positioned at a slight angle (85°); the pelvis and 

trunk were stabilized with hip and chest straps; the tested lower limb was positioned 

so that the dynamometer’s axis of rotation coincided with the axis of rotation of the 

knee joint (lateral femoral condyle); the lever arm was attached to the lower leg 

approximately 2–3 cm above the medial malleolus using a soft strap; the contralateral 

limb was stabilized with a belt. The range of motion in the knee joint was determined 

individually, typically between approximately 90° of flexion and near full extension, 

excluding the final few degrees if the patient reported discomfort. This range was 

recorded in the device’s software. Prior to the test, gravitational correction was 

performed according to the manufacturer’s instructions: the gravitational moment of 

the limb and the lever arm were recorded during passive knee extension and then 

incorporated into the calculations by the Biodex software. For each joint, the test was 

conducted in concentric mode (flexion–extension): 60°/s – low speed, assessing 

maximum force moment, 5 maximum repetitions; 180°/s – medium speed, assessing 

the ability to generate force at a higher speed, 10 maximum repetitions. A 30-second 

rest was taken between sets for different speeds. Order of limbs tested (right/left) – 

the examination always began with the dominant limb. The torque of the knee 

extensors and flexors (Nm) was measured. 

The subject performed Test 2 (internal and external rotators of the shoulder joint) in 

a seated position, with the trunk stabilized by straps, the shoulder abducted to 90°, 

and the elbow flexed to 90°. The hand of the tested limb gripped the handle of the 

dynamometer lever, ensuring a proper grip and stability of the distal segment during 

the rotational movement. The forearm was positioned in a neutral position. The 

dynamometer’s axis of rotation was aligned with the axis of rotation in the shoulder 

joint according to the manufacturer’s procedure. The range of internal and external 

rotation was determined individually, most commonly within approximately 45–60° 

of external rotation and 45–60° of internal rotation relative to the neutral position, 

excluding the extreme ranges if they caused pain. Prior to the actual test, 

gravitational correction was performed for the upper limb in the initial position, in 

accordance with the manufacturer’s procedure. The test was conducted in concentric 

mode for external and internal rotation: 60°/s – low speed, 5 maximal repetitions; 

180°/s – medium speed, 10 maximal repetitions. A 30-second rest period was observed 

between sets. The order of testing the upper limbs (dominant/non-dominant) was 

maintained in accordance with the procedure used for the knee joints. External and 

internal rotators of the left and right upper limbs were assessed (Nm). 

The anaerobic capacity of the upper and lower limb muscles was also measured twice 

(before and after the supplementation period) using the 30-second Wingate test [41]. 
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The test itself was preceded by a five-minute warm-up at a load of 50 W. The test 

began 5 minutes after the warm-up ended. The load depended on the individual body 

weight of the subject. For the upper limbs, it was 55 g/kg, and for the lower limbs, 75 

g/kg of the subject’s body weight. The following parameters characterizing anaerobic 

capacity were determined: maximum power (W·kg-1); total work (J·kg-1); mean power 

(W·kg-1); time to reach maximum power (s); time to maintain maximum power (s); 

maximum power decline rate (%). 

Statistical analysis 

Statistical analyses were performed using Statistica version 13.3 (StatSoft, Kraków, 

Poland). The normality of the data distribution was assessed using the Shapiro–Wilk 

test and visual inspection of quantile distribution plots. Homogeneity of variance was 

verified using Levene’s test. All results are presented as mean standard deviation (SD 

or ±). The level of statistical significance was set at p<0.05. 

Intergroup differences (A vs. P) in anthropometric characteristics (age and height) 

were evaluated using an independent samples Student’s t-test. Variables related to 

physical performance were analysed using a two-way repeated-measures ANOVA 

with two factors: group (P vs. A) and time (term I vs. term II). Tukey’s post hoc test 

was applied for multiple comparisons. In addition, the effect size for the ANOVA was 

calculated using eta squared (η²). 

3. Result  

The maximal torque of the knee joint flexors and extensors, assessed at an angular 

velocity of 60°/s under isokinetic conditions in highly trained wrestlers, was found to 

be independent of the preparatory phase of the training process (Table 1). Repeated-

measures analysis of variance revealed no significant main effects (p>0.05). 

Furthermore, Tukey’s post hoc test indicated no significant differences between the 

first and second measurement sessions (p>0.05). No significant differences were also 

observed between groups A and P (p>0.05). A comparable pattern was identified in the 

assessment of maximal torque of the knee joint flexors and extensors at an angular 

velocity of 180°/s, corresponding to the endurance test. 

 

Table 1. Maximum muscle torque of the lower limbs (knee joint) during an isokinetic test 1, 

before (term I) and after (term II) an 8-week wrestling training program combined with 

ashwagandha (A) or placebo (P) supplementation (M & SD). 

Knee joint (Nm) 

Group P Group A Main effects: p-values; effect size η2 

term I term II term I term II term group 
term x group 

interaction 

Tensile test (60 deg/s) 

torque of the extensor muscles of 

the left knee joint  

238.2 

±42.06 

232.0 

±34.98 

219.6 

±52.74 

221.6 

±58.12 

p = 0.71 

η2 = 0.008 

p = 0.49 

η2 = 0.03 

p = 0.48 

η2 = 0.03 

torque of the flexor muscles of 

the left knee joint 

116.4 

±26.11 

120.5 

±23.32 

115.2 

±14.04 

114.0 

±20.20 

p = 0.65 

η2 = 0.01 

p = 0.69 

η2 = 0.009 

p = 0.40 

η2 = 0.04 

torque of the extensor muscles of 

the right knee joint 

240.5 

±28.61 

237.6 

±31.38 

214.4 

±44.63 

216.5 

±56.93 

p = 0.95 

η2 = 0.0002 

p = 0.20 

η2=0.09 

p = 0.65 

η2 = 0.01 
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torque of the flexor muscles of 

the right knee joint 

127.9 

±26.09 

123.6 

±24.84 

112.5 

±25.68 

112.2 

±23.45 

p = 0.52 

η2 = 0.02 

p = 0.24 

η2 = 0.08 

p = 0.58 

η2 = 0.02 

Endurance test (180°/s) 

torque of the extensor muscles of 

the left knee joint 

166.3 

±28.99 

168.3 

±28.79 

149.6 

±39.26 

156.2 

±40.41 

p = 0.24 

η2 = 0.08 

p = 0.36 

η2 = 0.05 

p = 0.51 

η2 = 0.03 

torque of the flexor muscles of 

the left knee joint 

92.48 

±21.60 

92.58 

±19.86 

91.45 

±24.59 

80.35 

±17.52 

p = 0.13 

η2 = 0.13 

p = 0.48 

η2 = 0.03 

p = 0.12 

η2 = 0.13 

torque of the extensor muscles of 

the right knee joint 

164.8 

±20.63 

166.2 

±21.35 

166.6 

±43.11 

162.1 

±41.28 

p = 0.62 

η2 = 0.01 

p = 0.94 

η2 = 0.004 

p = 0.33 

η2 = 0.05 

torque of the flexor muscles of 

the right knee joint 

93.5 

±17.09 

94.62 

±19.24 

92.59 

±21.72 

87.15 

±23.55 

p = 0.42 

η2 = 0.04 

p = 0.65 

η2 = 0.01 

p = 0.23 

η2 = 0.08 

The training loads applied during the preparatory period did not influence changes in 

the maximal torque of the internal and external rotators of the shoulder joint, as 

assessed at an angular velocity of 60°/s under isokinetic conditions in highly trained 

wrestlers (Table 2). No significant differences were observed between athletes in 

groups P and A (p>0.05). A similar pattern was found in the evaluation of maximal 

torque of the shoulder joint rotators at an angular velocity of 180°/s, corresponding to 

the endurance test. 

Table 2. Maximum upper limb muscle torque (shoulder joint) during an isokinetic test 2, before 

(term I) and after (term II) an 8-week wrestling training program combined with ashwagandha 

(A) or placebo (P) supplementation (M & SD). 

Shoulder joint (Nm) 

Group P Group A Main effects: p-values; effect size η2 

term I term II term I term II term group 
term x group 

interaction 

Tensile test (60 deg/s) 

external rotators of the left upper 

limb  
39.79 ±15.12 37.72 ±7.93 35.81 ±8.47 37.91 ±6.90 

p = 0.16 

η2 = 0.11 

p = 0.17 

η2 = 0.11 

p = 0.09 

η2 = 0.23 

internal rotators of the left upper 

limb 
80.78 ±16.89 74.10 ±14.0 

75.65 

±18.69 

75.44 

±15.33 

p = 0.20 

η2 = 0.09 

p = 0.79 

η2 = 0.004 

p = 0.23 

η2= 0.08 

external rotators of the right upper 

limb  
44.83 ±15.68 43.06 ±15.96 

42.65 

±17.99 
35.16 ±9.18 

p = 0.18 

η2 = 0.10 

p = 0.43 

η2 = 0.04 

p = 0.39 

η2 = 0.04 

internal rotators of the right upper 

limb  
82.57 ±17.31 80.88 ±15.63 

76.14 

±22.93 

78.84 

±22.32 

p = 0.78 

η2 = 0.005 

p = 0.63 

η2 = 0.01 

p = 0.23 

η2 = 0.08 

Endurance test (180°/s) 

external rotators of the left upper 

limb 
35.65 ±7.58 36.63 ±9.28 32.29 ±6.90 32.56 ±9.08 

p = 0.66 

η2 = 0.01 

p = 0.31 

η2 = 0.06 

p = 0.81 

η2 = 0.003 

internal rotators of the left upper 

limb 
70.90 ±15.20 71.34 ±11.64 

69.20 

±18.93 

66.36 

±15.84 

p = 0.49 

η2= 0.03 

p = 0.63 

η2 = 0.01 

p = 0.35 

η2 = 0.05 

external rotators of the right upper 

limb 
36.35 ±9.74 39.12 ±9.84 33.65 ±9.34 

33.28 

±10.26 

p = 0.52 

η2 = 0.02 

p = 0.32 

η2 = 0.06 

p = 0.40 

η2 = 0.04 

internal rotators of the right upper 

limb 
71.92 ±15.74 72.26 ±13.31 

66.91 

±21.87 

66.04 

±18.04 

p = 0.87 

η2 = 0.002 

p = 0.48 

η2 = 0.03 

p = 0.70 

η2 = 0.009 
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For the upper limbs, no significant main effects were observed for maximum power, 

total work performed, or the time required to reach and maintain maximum power 

(p>0.05). A trend toward a time × group interaction was noted for mean power (p = 

0.05); however, post hoc analysis did not reveal any significant differences (Table 3). 

The only statistically significant effect was observed for the rate of decline in 

maximum power (time × group interaction; p = 0.04), with a significant increase in 

group P (p<0.05), whereas no change was found in group A (p>0.05). 

 

Table 3. Changes in anaerobic capacity of upper limbs indicators in elite wrestlers before (term 

I) and after (term II) an 8-week wrestling training program combined with ashwagandha (A) or 

placebo (P) supplementation (M & SD). 

Anaerobic 

capacity 

(indicator) 

Group P Group A Main effects: p-values; effect size η2 

term I term II term I term II term group 
term x group 

interaction 

maximum power 

(W·kg−1) 

11.74 

±2.89 

13.25  

±1.96 

13.14 

±1.43 

13.32 

±3.64 

p= 0.27 

η2 = 0.07 

p= 0.42 

η2 = 0.04 

p= 0.37 

η2 = 0.04 

total work (J·kg−1) 
191.9 

±28.24 

186.5 

±37.28 

188.8 

±39.55 

197.7 

±42.07 

p= 0.71 

η2 = 0.007 

p= 0.80 

η2 =0.003 

p= 0.14 

η2 = 0.12 

mean power (W·kg−1) 
6.90  

±0.95 

6.57  

±1.38 

6.65  

±1.37 

6.96 

 ±1.47 

p = 0.93 

η2 = 0.0004 

p = 0.90 

η2 0.0008 

p = 0.05 

η2 = 0.19 

time to reach maximum 

power (s) 

1.66  

±1.29 

1.01  

±0.48 

1.01  

±0.17 

1.11 

 ±0.51 

p = 0.24 

η2 = 0.07 

p = 0.29 

η2 = 0.06 

p = 0.11 

η2 = 0.13 

time to maintain 

maximum power (s) 

6.14 

±5.16 
3.97 ±3.55 

3.66 

±1.79 

3.67 

±2.08 

p = 0.15 

η2 = 0.11 

p = 0.33 

η2 = 0.05 

p = 0,15 

η2 = 0.11 

maximum power decline 

rate (%) 

59.59 

±12.32 

72.13 

±11.53* 

69.98 

±14.34 

65.42 

±14.17 

p = 0.32 

η2 = 0.05 

p = 0.67 

η2 =0.009 

p = 0.04 

η2 = 0.21 

* p<0.05, significant differences between term I and term II, within the same group. 

 

Similar patterns were identified for the anaerobic capacity indicators of the lower 

limbs (Table 4). No significant main effects were observed for total work, mean power, 

or time to reach maximum power (p>0.05). In the case of maximum power, only a 

trend toward a time × group interaction was observed (p = 0.06), with no significant 

differences in post hoc comparisons. A tendency toward a significant time effect was 

noted for the rate of power decline (p = 0.07), with an increase observed in group P 

(p<0.05). Additionally, a significant time × group interaction was found for the 

duration of maximum power maintenance (p = 0.049), characterized by a significant 

decrease in group P (p<0.05), while no changes were observed in group A (p>0.05). 
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Table 4. Changes in anaerobic capacity of lower limbs indicators in elite wrestlers before (term 

I) and after (term II) an 8-week wrestling training program combined with ashwagandha (A) or 

placebo (P) supplementation (M & SD). 

Anaerobic capacity 

(indicator) 

Group P Group A Main effects: p-values; effect size η2 

term I term II term I term II term group 
term x group 

interaction 

maximum power (W· kg−1) 
16.91 

±2.11  

17.89 

±1.73    

17.76 

±1.83  

16.77 

±2.38    

p = 0.98 

η2 = 0.0001 

p = 0.87 

η2 = 0.001 

p = 0.06 

η2 = 0.18 

total work (J· kg−1) 
264.2 

±21.51  

263.2 

±25.22    

256.4 

±15.88    

254.5 

±20.9  

p = 0.71 

η2 = 0.007 

p = 0.36 

η2=0.05 

p = 0.89 

η2 = 0.0009 

mean power (W· kg−1) 
9.32  

±0.78  

9.22 

 ±0.83 

9.07  

±0.52    

8.95 

±0.80  

p = 0.41 

η2 = 0.04 

p = 0.42 

η2= 0.04 

p = 0.93 

η2 = 0.0004 

time to reach maximum power 

(s) 

1.24  

±0.31  

0.96  

±0.27  

1.29  

±0.88  

1.04 

±0.33    

p = 0.14 

η2 = 0.12 

p = 0.64 

η2 = 0.01 

p = 0.95 

η2 = 0003 

time to maintain maximum 

power (s) 

6.05  

±2.03  

4.65 

±2.15*  

4.01 

 ±2.38   

4.60 

±3.38  

p = 0.40 

η2 = 0.04 

p = 0.31 

η2 = 0.06 

p = 0.049 

η2 = 0.20 

maximum power decline rate  

(%) 

62. 07 

±7.51  

65.40 

±7.30*    

64.22 

±6.25  

64.41 

±5.47 

p= 0.07 

η2 = 0.16 

p = 0.84 

η2 = 0.002 

p= 0.1 

η2 = 0.14 

* p<0.05, differences between term I and term II, within the same group.  

4. Discussion 

The aim of this study was to evaluate the effect of ashwagandha supplementation on 

changes in selected indicators of muscle strength and anaerobic capacity in the upper 

and lower limbs of elite wrestlers during an 8-week training program. 

No significant differences in muscle strength were observed between wrestlers 

receiving ashwagandha and those receiving a placebo following the 8-week 

intervention. Several factors may account for these findings. For instance, the 

athletes’ high level of performance, particularly in terms of muscular strength, may 

have limited the effectiveness of supplementation, or the specific properties of the 

supplement may not have aligned with the requirements for further development of 

this motor ability. Additionally, the training loads applied during the study period did 

not primarily emphasize strength development. 

It should be noted that other studies have reported improvements in muscle strength 

following ashwagandha supplementation using a regimen comparable to that 

employed in the present study (i.e., 600 mg/day for 8 weeks). However, these 

investigations assessed strength under training conditions using one-repetition 

maximum (1-RM) tests [42, 43], and were conducted in untrained individuals 

undergoing resistance training. Ziegenfuss et al. [44], in a cohort of recreationally 

active individuals engaged in resistance training (performed independently, without 

researcher supervision), observed improvements in muscle strength (1-RM in the 

bench press and squat) following ashwagandha supplementation at a slightly lower 

dose (500 mg/day) administered over a longer period (12 weeks). Similarly, Coope et 

al. [28], in a group of professional athletes (female soccer players), reported a 
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significant time × group interaction in handgrip strength, suggesting a potential 

ergogenic effect of ashwagandha supplementation (8 weeks, 600 mg/day); however, no 

statistically significant differences were found in post hoc analyses. Taken together, 

these findings suggest that elite athletes may require higher doses of ashwagandha 

or a longer supplementation period to elicit measurable improvements in strength-

related outcomes. 

On the other hand, in the present study, supplementation with 600 mg of 

ashwagandha (300 mg twice daily) appeared to be a differentiating factor among 

wrestlers with respect to changes in anaerobic capacity parameters of the upper and 

lower limbs in response to an 8-week training program. Although no significant 

between-group differences were observed in the examined indicators after the 

intervention (post-test), significant within-group changes were identified. These 

changes occurred in athletes who received a placebo during the preparatory period 

and were manifested as a decline in selected performance indicators, namely an 

increased rate of power decrease in the upper limbs and a reduced duration of 

maximum power maintenance in the lower limbs during a 30-second maximal 

anaerobic effort. These differences were evident between the two measurement 

sessions (pre- and post-intervention). This effect can most likely be attributed to 

accumulated fatigue resulting from participation in an intensive 8-week preparatory 

training phase. It should be emphasized that during this period, particularly in its 

latter stages, training initially emphasized the development of technical skills 

through task-oriented sparring, strength endurance, and dynamic strength, as well 

as speed and sport-specific fitness. Subsequently, the training focus shifted toward 

the improvement of sport-specific endurance, technical and tactical skills, speed, and 

overall sport-specific fitness. The process primarily involved specialized exercises and 

sparring sessions. Consistent with the adopted periodization model, the workload was 

predominantly of a mixed and anaerobic nature [39, 35, 36]. These findings indicate 

that the applied training methods were appropriately selected and aligned with the 

principles of sports training, in which the development of fatigue, or even a state 

approaching overreaching, may constitute a desirable adaptation. Notably, such a 

decline in performance was not observed in the group receiving ashwagandha 

supplementation. This may suggest a beneficial effect of ashwagandha on recovery 

processes and a more rapid attenuation of fatigue-related effects, as no significant 

changes in the rate of power decline or the duration of maximum power maintenance 

were observed in the experimental group (A). 

One of the mechanisms underlying the attenuation of fatigue during maximal exercise 

following ashwagandha supplementation may involve its favourable effects on stress 

hormone levels and the anabolic–catabolic balance. The biological activity of 

ashwagandha is primarily attributed to ergostane-based steroidal lactones, known as 

withanolides, which represent the principal bioactive compounds found in various 

parts of the plant, particularly in its roots [45]. 

Clinical trial findings suggest that ashwagandha supplementation may be associated 

with a modest reduction in serum cortisol levels and an increase in serum testosterone 

concentrations in both men and women [45]. Another potential mechanism 

contributing to reduced fatigue and enhanced recovery following ashwagandha 

supplementation involves the attenuation of oxidative stress. It has been reported 

that ashwagandha root extract contains compounds with antioxidant and anti-

inflammatory properties [46, 47]. Consequently, ashwagandha may support overall 

health status and facilitate post-exercise recovery. However, some authors emphasize 
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the need for further research to confirm these effects and to better elucidate the 

underlying mechanisms [48]. 

In the present study, an 8-week ashwagandha supplementation regimen appeared to 

contribute to a reduction in fatigue among elite athletes, which may have translated 

into more effective exercise performance. However, no significant effects of 

ashwagandha were observed on changes in maximal power, total work performed, or 

indices of upper and lower limb muscle strength. These findings should be interpreted 

with caution, as they are preliminary in nature. It is noteworthy that the deterioration 

in anaerobic capacity parameters observed in group P, but not in group A, may be 

partially explained by baseline intergroup differences (albeit not statistically 

significant) at the initial testing phase (Term I). Specifically, the mean value of the 

power decline index in Term I was slightly lower in group P than in group A, whereas 

the mean duration of maximum power maintenance was slightly higher in group P 

compared to group A. Due to the limited number of studies investigating the effects of 

ashwagandha on key motor abilities in highly trained Greco-Roman wrestlers, direct 

comparisons with existing literature are challenging. This underscores the need for 

further research aimed at elucidating the mechanisms underlying the potential 

fatigue-reducing effects of ashwagandha. 

It is widely acknowledged that detecting the benefits of various interventions—

including supplementation—is more challenging in highly trained athletes than in 

individuals with low or moderate levels of physical activity. Nevertheless, this does 

not diminish the need to explore novel approaches and strategies aimed at enhancing 

and sustaining athletic performance at a high level, thereby contributing to the 

attainment of athletic excellence. 

One of the strengths of the present study is the use of a pedagogical experimental 

design. Two groups—an experimental group and a control group—were randomly 

selected from among highly trained athletes. It is also noteworthy that the 8-week 

training intervention preceded participation in major competitive events and was 

conducted under the supervision of qualified coaches, with athletes additionally 

supported by a qualified dietitian. Furthermore, wrestling-specific tests were 

employed to assess key motor abilities of Greco-Roman wrestlers. The findings of this 

study provide valuable supplementary evidence regarding the effects of ashwagandha 

supplementation on exercise capacity in highly trained Greco-Roman wrestlers [29, 

30]. 

Among the limitations of the present study is the relatively short duration of the 

supplementation period. Unfortunately, the two phases of the preparatory period (the 

second and third) preceding major competitions of this type were of limited duration, 

and extending them would have necessitated modifications to the training structure 

and its primary objectives. Another limitation is the small sample size, which is 

attributable to the naturally limited population of elite athletes. Moreover, the study 

included athletes competing at the national level, which may further restrict the 

generalizability of the findings. 

Given the specific nature of competitive wrestling, analyses that incorporate multiple 

dimensions of athlete preparation—such as technical, tactical, and psychological 

factors—hold greater practical relevance, particularly in the context of performance 

at the highest competitive level. Such comprehensive approaches may contribute to 

the development of more reliable criteria for talent identification and the formulation 

of effective training strategies. Experimental research is needed to examine the 
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complex and multifactorial determinants of elite athletic performance, thereby 

enabling the identification of new directions for optimizing the training process in 

wrestlers. Future studies should also focus on evaluating the effects of various dietary 

supplements and training interventions on the exercise capacity of wrestlers across 

different levels of athletic proficiency, styles of combat, and genders. A better 

understanding of the factors influencing optimal physical preparation in wrestlers 

may provide a foundation for rationalizing the training process, particularly in the 

domain of physical conditioning. These considerations should be taken into account 

when selecting training methods aimed at the development of specific components of 

a wrestler’s physical fitness. 

The skills developed through hand-to-hand combat training extend beyond purely 

athletic and competitive contexts and are also highly relevant in everyday life, where 

individuals encounter various challenges and demands. The pursuit of new methods 

to enhance combat effectiveness aligns with the second component of the mission 

promoted by the recently established applied science field of INNOAGON [49-53], 

namely, survival in its broadest sense. Improving athletes’ physical performance is 

thus closely associated with personal safety, understood in a comprehensive and 

holistic manner [31-33]. 

5. Conclusions 

In highly trained wrestlers undergoing a preparatory training program, an 8-week 

supplementation regimen with 600 mg of ashwagandha daily does not appear to 

enhance muscle strength; however, it may improve athletes’ tolerance to fatigue 

associated with an intensive preparatory period, as reflected in the anaerobic capacity 

of the upper and lower limb muscles. 

To further identify strategies for optimizing the training process, future research 

should consider extending the duration of supplementation or adjusting the dosage of 

ashwagandha and other supplements, particularly in the context of developing 

muscular strength and endurance in wrestling. It is also recommended that study 

populations be expanded to include athletes of different performance levels, genders, 

and wrestling styles. Additionally, other variables determining performance 

effectiveness in competitive wrestling should be investigated. 
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