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Abstract: Rhodiola crenulata (R) and Cordyceps sinensis (C) are commonly used herbs that promote health
in traditional Chinese medicine. These two herbs have also been shown to exhibit anti-inflammation
and antioxidant functions. Regular endurance training reveals potent endurance capacity, body
composition improvement, and metabolic-related biomarker benefits. However, it is not known
whether the combination of Rhodiola crenulata and Cordyceps sinensis (RC) supplementation during
endurance training provides additive health benefits. The purpose of this study was to investigate the
effects of 8-week endurance training plus RC supplementation on body composition, oxidative stress,
and metabolic biomarkers in young sedentary adults. Methods: Fourteen young sedentary adults
(8M/6F) participated in this double-blind randomized controlled study. Participants were assigned
to exercise training with placebo groups (PLA, n = 7, 4M/3F; age: 21.4 ± 0.4 years) and exercise
training with the RC group (RC, 20 mg/kg/day; n = 7, 4M/3F; age: 21.7 ± 0.4 years). Both groups
received identical exercise training for eight weeks. The body composition, circulating oxidative
stress, and blood metabolic biomarkers were measured before and after the 8-week intervention.
Results: Improvement in body composition profiles were significantly greater in the RC group (body
weight: p = 0.044, BMI: p = 0.003, upper extremity fat mass: p = 0.032, lower extremity muscle mass:
p = 0.029, trunk fat mass: p = 0.011) compared to the PLA group after training. The blood lipid
profile and systemic oxidative stress makers (thiobarbituric reactive substanceand total antioxidant
capacity) did not differ between groups. Although endurance training markedly improved endurance
capacity and glycemic control ability (i.e., fast blood glucose, insulin, and HOMA index), there were
no differences in these variables between treatments. Conclusions: In this preliminary investigation,
we demonstrated that an 8-week RC supplementation (20 mg/kg/day) faintly enhanced endurance
training-induced positive adaptations in body composition in young sedentary individuals, whereas
the blood lipid profile and systemic oxidative stress states were not altered after such intervention.
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1. Introduction

Physical inactivity leads to adverse health effects including muscle loss, weight and fat gain,
low-grade systemic inflammation, higher oxidative stress, and increased risk of developing type 2
diabetes, cardiovascular diseases, and certain cancers [1–5]. These chronic metabolic disorders are
known to initiate at younger ages and gradually develop over decades until the clinical diseases
emerge [6]. Although endurance exercise shows multiple benefits against dyslipidemia [7], obesity
development [8], oxidative damage [9], metabolic disorders [10], and future cardiovascular events [11],
endurance training-induced improvements are not exhibited in all of the above aspects. For example,
Meredith and colleagues reported that 12-weeks of endurance training at 70% peak O2 consumption
had no effect on body weight or body composition in young and elderly healthy adults [12]. Meanwhile,
Kitaoka and co-workers found that although endurance training enhanced insulin sensitivity in both
skeletal muscle and adipose tissues in young, normal-weight Japanese women, exercise training did
not influence their fasting insulin/glucose levels, total triglycerides, LDL-C (low-density lipoprotein
cholesterol), and hsCRP (high sensitivity C-reactive protein) [13]. Additionally, another study reported
that 8-weeks of exercise training significantly increased aerobic capacity, but the endogenous antioxidant
status (SOD, catalase, and GSH) were not markedly changed in healthy sedentary individuals [14].
Using Chinese herbal ingredients to maintain or improve human health has been practiced for
hundreds of years. Chinese herbs are widely sought after for their biological properties including
anti-diabetes, anti-oxidant, anti-inflammation anti-allergy, vasodilatory, anti-fatigue, anti-cancer,
and cardio-protection [15–20]. The integration of innovative herbal-based dietary supplements with
effective programmed endurance training for improved performance is needed.

Rhodiola crenulata, one of the Crassulaceae family, is a traditional herb that has been widely
investigated for its bioactive compounds and therapeutic benefits. Rhodiola crenulata is traditionally
used for treating acute mountain sickness, lung disorders, burns, soft tissue injuries, and diabetes
as well as improving physical endurance and sleep quality [21]. Most of the above effects are
attributed to salidroside, p-tyrosol, and rosavins. The major property of these bio-compounds
is their antioxidant capacity [22,23]. A previous study showed that long-term Rhodiola crenulata
supplementation significantly reduced blood glucose level, improved the liver and type 2 diabetes [17].
Another study indicated that this herb decreased plasma insulin, triglycerides, and HOMA-IR
value levels in an animal model with metabolic syndrome and type 2 diabetes [21], suggesting that
Rhodiola supplementation could be used as an effective strategy to improve metabolic derangements.
Cordyceps sinensis, also called Chinese caterpillar fungus, is one of the most valuable Chinese traditional
herbs. Cordyceps sinensis supplementation has been shown to regulate blood pressure by stimulating
vessel dilation via nitric oxide release [18]. This increases tissue oxygen exchange [18], improves the lipid
profile [19], and enhances endurance performance [24]. Cordyceps sinensis extract supplementation for
two weeks appears to increase heart rate variability and muscle anti-fatigue capacity during exhaustive
running testing on sedentary individuals [20]. This suggests that Cordyceps sinensis exerts an ergonomic
effect on human health and performance. In line with the ergogenic effects of Rhodiola crenulata and
Cordyceps sinensis, whether combining these two herbs could further promote human health and
exercise performance is not well understood.

To our knowledge, only two studies have examined a combination of Rhodiola and Cordyceps on
exercise performance and muscle oxygen saturation in athletes. Our group previously reported that
2-weeks of Rhodiola crenulata and Cordyceps sinensis supplementation (2000 mg/day) markedly alleviated
the physiological stress induced by high altitude training and further improved aerobic performance [25].
Colon and colleagues investigated the short-term Cordyceps sinensis and Rhodiola rosea supplementation
(2000 mg/day) effects on muscle tissue oxygen saturation in male cyclists during maximal exercise. They
reported that this supplementation did not markedly increase muscle oxygen saturation [26]. However,
it is still unclear whether long-term administration of a Rhodiola crenulata and Cordyceps sinensis mixture
is capable of improving health-related variables in young sedentary individuals.
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With this in mind, we hypothesized that regular endurance training plus Rhodiola crenulata
and Cordyceps sinensis mixture (RC) supplementation could generate increased improvement in
health-related variables in young sedentary individuals. The purpose of this study was therefore to
determine the effect of 8-weeks of endurance training plus RC supplementation on body composition,
oxidative stress, and metabolic biomarkers in young sedentary adults.

2. Materials and Methods

2.1. Participants

Fourteen young sedentary individuals (male: 8; female: 6) were recruited in this study. Participants
with cardiovascular disease, diabetes, musculoskeletal disorders, or inability to perform regular
endurance exercise were excluded. Participants were stratified using body weight, maximal oxygen
uptake, and gender and assigned into two groups: exercise training with the placebo group (placebo, n
= 7, four male and three female, age: 21.4 ± 0.4 years) and exercise training with Rhodiola crenulata and
Cordyceps sinensis supplementation group (RC, n = 7, four male and three female, age: 21.7 ± 0.4 years).
All participants were provided a written informed consent after careful explanation of the purpose,
procedures, and possible potential risks in this study. This study was approved by the Institute Review
Board (IRB) of Fu Jen Catholic University (FJU-IRB NO: C103054).

2.2. Experimental Design

A randomized, double-blind, placebo-controlled experimental design was used in this study. One
week prior to the intervention, the participants’ baseline parameters and maximal oxygen consumption
(VO2max) were measured to determine the individual exercise training intensity. This study was
conducted between April to June in 2017. All participants were randomly assigned to follow two
groups: placebo (n = 7) and RC (Rhodiola crenulata and Cordyceps sinensis, n = 7) based on their basic
characteristics (i.e., body weight, VO2max and gender). Participants allocated to the RC group were
supplemented with RC (20 mg/kg/day; ranged 1060–1800 mg/day; ratio of Rhodiola: Cordyceps =

6:4; location/year of Rhodiola harvest: Tibet, China/2014; location/year of Cordyceps harvest: Qinghai,
China/2014; TCM Biotechnology International Corp, Taipei, Taiwan) after breakfast, five days a week
for eight weeks. To ensure the consistency, the same lot of supplements was provided during the entire
study period. The placebo group consumed a placebo (no calorie sweetener, Sentosa, Taiwan) in the
same way as the RC group. To ensure blind masking, the placebo capsules were provided by a blind
research team using capsules with the same appearance and administration route as the active RC
capsules. Both groups participated in identical endurance exercise training (three days/week) with
gradually increased exercise intensity and duration during the eight weeks. A flow chart of this study
is shown in Figure 1. During the eight weeks of intervention, all participants were asked to maintain
their dietary pattern to diminish the potential for confounding factors. Participants were also asked to
report via phone community software (LINE, LINE Corporation, Tokyo, Japan) after completing either
the placebo or RC supplementation.
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Figure 1. Flow chart of the study.

2.3. Maximal Oxygen Uptake (VO2max)

Maximum oxygen uptake was measured using the incremental load protocol after the fasting
blood sample was collected. The VO2max test was performed on a cycle ergometer (Corival, Lode,
Netherlands). The initial warm-up load was set at 45 watts for 5 minutes and then progressively
increased by 15 watts every minute with 75 rpm pedal to exhaustion. The heart rate was measured
using a wireless heart rate monitor (Polar RS800CX, Polar Electro, Kempele, Finland). The following
criteria were used to determine the VO2max during the test: (1) heart rate ≥ HRmax ± 10%; (2) blood
lactate value ≥ 10 mmol/L; 3() rating of perceived exertion (RPE) ≥ 17; and (4) pedal per minute ≤ 60
rpm. When the participant reached at least two of the above criteria, the time and watts at exhaustion
were recorded and the VO2max value calculated using the following formula: VO2max = 10.51 *
exhausted watt + 6.35 * body weight (kg) − 10.49* age + 519.3 mL/min [27]. Once the predicted VO2

max was calculated, the maximal work rate (Wmax) was calculated using the following formula to
determine the training intensity: Watts at the target intensity = [(VO2max mL * target percentage) −
300]/12.5.

2.4. Major Chemical Compound Analyses of Rhodiola/Cordyceps

The RC product used in this study was manufactured by TCM Biotechnology International Corp,
Taiwan. The commercialized RC supplement was manufactured/packed and quality analyses were
performed in autumn 2015. The expiration period for this product was 3 years after manufacturing and
packing, and the RC supplements used in our human trial were all provided in prior to the expiration
date to ensure the bio-stability (human trial experiment period was conducted between late spring to
early summer in 2017). In addition, all used supplements were stored in the condition suggested by the
manufacturer. Based on the quality analyses, the stability of primary functional ingredients between
lots are shown as follows (difference between lots: salidroside = 0.17%; uridine = 0.16%; guanosine =

0.03%; adenosine = 0.02%; polysaccharide = 1.53%; the lots for current study were analyzed in autumn
2015, and the compared lots were analyzed in spring 2016). The major RC chemical compounds were
analyzed using high-performance liquid chromatography (HPLC) and alcohol precipitation according
to the individual compound chemical properties.
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According to the results of the chemical analyses of the current using supplements (Rhodiola, Lot
no. FD09023; Cordyceps, Lot no. 10T121-TM; analyses were performed in autumn 2015), the major
bioactive functional compound in Rhodiola was salidroside (14.27 mg/g, 1.43%), and the bioactive
compounds in Cordyceps were uridine (3.07 mg/g, 0.307%), guanosine (4.91 mg/g, 0.491%), adenosine
(3.89 mg/g, 0.389%), and polysaccharide (94 mg/g, 10.25%). Figure 2 presents the obtained chemical
analyses results for Rhodiola (2A) and Cordyceps (2B).

Figure 2. Chromatographic fingerprints of the Rhodiola (A) and Cordyceps (B) supplement by
high-performance liquid chromatography (HPLC) analysis.

2.5. Eight-Week Training Program

The ergometer training protocol was performed three days/week for eight weeks. The initial
exercise intensity was set as 60% Wmax and gradually increased to 75% Wmax. The exercise duration
was gradually increased from 30 min to 60 min, as seen in Table 1. During training, heart rate, and power
output were monitored to ensure the participants’ physical status and exercise intensity. All training
processes were supervised by professional trainers to ensure the training quality and consistency.

Table 1. Eight week training program.

Week Frequency (times/week) Intensity (%Wmax) Duration (min)

Week 1 3 60 30/40/50
Week 2 3 60 60
Week 3 3 65 30/40/50
Week 4 3 65 60
Week 5 3 70 30/40/50
Week 6 3 70 60
Week 7 3 75 30/40/50
Week 8 3 75 60

2.6. Anthropometric Measurements

All participants were informed to not perform any type of exercise three days before the
measurement. Blood pressure was measured in the sitting position after 5 minutes rest using a digital
sphygmomanometer (Microlife BP3AQ1, Microlife AG, Widnau, Switzerland). Participant height
was measured using a stadiometer (Dong Sahn Jenix Co. Ltd., Seoul, Korea). The body composition
(body mass, fat mass, muscle mass) was measured using the bioelectrical impedance analysis (BIA)
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system InBody 230 (Biospace Co., Ltd, Seoul, Korea) after 10 hours of overnight fasting. To ensure
the accuracy and precision of the body parameter measurements, we verified the consistency of our
current using the BIA instrument through repeatedly measuring a health young individual for eight
tests within one hour. According to the verification data, the intra CV% in different parts of the body
were obtained and ranged from 0.0–3.4% (muscle mass measurement intra-CV% = 0.3–1.0%; adipose
tissue measurement intra-CV% = 0–3.4%), which provided us with strong confidence in using the BIA
instrument to evaluate the primary outcomes in this study. In brief, the participants were asked to
wear similar light clothing to ensure consistency for both the pre-and-post tests. To ensure stability for
the BIA measurements, the participants were measured in the upright steady standing position with
their bare feet positioned on the footpad electrodes and their hands on the handle electrodes. During
the BIA measurement, a small electrical current was transmitted through the body. The resistance was
recorded and total body water and the percentage of fat mass were calculated using the built-in InBody
230 system software. Additionally, to eliminate possible confounders, the drinking of water and all
liquids containing caffeine were prohibited, and all wearable metal items were asked to be removed
before the body composition measurement.

2.7. Hematological Analyses

All participants were instructed not to use alcohol, medicine, or other nutritional supplements for
one week and to not perform any type of exercise for three days before the blood collection. Fasting
venous blood samples (5 mL) were collected in the morning (8:00 am) after ten hours of overnight fasting.
The blood lipid profile (triglyceride, total cholesterol, LDL-cholesterol, and HDL-cholesterol) and
glucose were used on UniCel DxC-800 Synchron Clinical Systems (Beckman Coulter, Inc., Brea, CA, USA)
for analysis. The serum insulin concentration was evaluated using the INS-IRMA KIP1251-KIP1254 kit
(BioSource, Nivells-Belgium) according to the radio-immuno assay method. PerkinElmer Automatic
Gamma Counters (1470 Wizard Series, PerkinElmer Automatic, Santa Clara, CA, USA) were used to
determine the insulin level.

2.8. TBARS and TAC Analyses

Plasma thiobarbituric reactive substance (TBARS) and total antioxidant capacity (TAC) were
measured using a commercial kit (TBARS and TAC assay, Caymen chemical, Ann Arbor, IM, USA)
in accordance with the kit instructions. The TBARS concentration read the absorbance at 540 nm in
the enzyme linked immunoassay (ELISA) reader (infinite M200PRO, TECAN, Salzburg, Australia).
The plasma TAC level was read under 750 nm absorbance in the same ELISA reader.

2.9. Statistical Analysis

All data were analyzed using SPSS 22.0 software (SPSS, Chicago, IL, USA). Data are presented as
mean ± standard error of the mean (mean ± S.E.M). All data used the Shapiro–Wilk test to examine the
distribution normality before statistical analysis. Differences in the baseline and changes (Post-Pre)
between groups were analyzed using the independent t-test. The paired t-test was used to determine
the differences between the baseline and post eight-week intervention. Statistical significance was set
at p < 0.05.

3. Results

3.1. Characteristics of Participants

The participants’ characteristics are presented in Table 2. All participants were assigned into the
placebo and RC groups according to the baseline body mass, maximal oxygen uptake, and gender.
There were no significant differences between the two groups in gender, age (21.4 ± 0.4 vs. 21.7 ± 0.4
years), body weight (69.7 ± 5.0 vs. 67.6 ± 4.8 kg), height (168.0 ± 2.3 vs. 167.7 ± 4.0 cm) and VO2max
(36.9 ± 2.2 vs. 35.4 ± 1.1 ml/kg/min) before intervention.
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Table 2. Baseline characteristics of the participants.

Baseline Characteristics PLA RC

Gender (male: female) 4 : 3 4 : 3
Age (years) 21.4 ± 0.4 21.7 ± 0.4

Body weight (kg) 69.7 ± 5.0 67.6 ± 4.8
Height (cm) 168.0 ± 2.3 167.7 ± 4.0

VO2max (ml/kg/min) 36.9 ± 2.2 35.4 ± 1.1

Values are expressed as the mean ± S.E.M. VO2max: maximum oxygen uptake. PLA: placebo; RC: Rhodiola crenulata
and Cordyceps sinensis supplementation.

3.2. Body Composition Assessment

Table 3 shows the body composition assessments. There were no significant differences in body
weight, body mass index (BMI), percentage of body fat, skeletal muscle tissues (included upper and
lower limbs, and trunk), and adipose tissues (included upper and lower limbs, and trunk) between
groups at Pre-test. However, compared to the Pre-test, the body weight, BMI, and percentage of body
fat, upper limbs fat mass and trunk fat mass were significantly lower than the Post-test only in the
RC group after eight weeks of intervention. In order to further compare the effects of providing RC
supplementation after eight weeks of exercise training, we calculated the change values (Post–Pre) to
reflect the degree of improvement in body composition parameters (Figure 3). RC supplementation
generated significant improvement in body weight reduction, BMI (Figure 3A), and upper limb
adipose tissue (Figure 3B) compared to the placebo group following eight weeks of treatment. We also
observed that RC supplementation markedly increased the lower limb muscle mass (Figure 3C) after
the intervention.

Table 3. Body composition assessment.

Body Composition PLA RC

Assessment Pre Post Pre Post

Body weight (kg) 69.7 ± 5.0 69.2 ± 5.4 67.6 ± 4.8 65.7 ± 4.8 †

BMI (kg/m2) 24.6 ± 1.4 24.5 ± 1.5 23.9 ± 0.9 23.0 ± 2.3 †

Body fat (%) 26.6 ± 2.8 26.0 ± 2.8 27.3 ± 2.8 25.5 ± 2.7 †

Skeletal muscle tissue

Upper limbs (kg) 5.4 ± 0.4 5.4 ± 0.4 5.3 ± 0.7 5.2 ± 0.7
Lower limbs (kg) 16.2 ± 1.0 16.3 ± 1.0 15.0 ± 1.6 15.3 ± 1.6 †

Trunk (kg) 22.6 ± 1.2 22.6 ± 1.3 22.2 ± 2.3 21.9 ± 2.2

Adipose tissue

Upper limbs (kg) 2.5 ± 0.5 2.4 ± 0.6 2.3 ± 0.3 2.0 ± 0.3 †

Lower limbs (kg) 5.8 ± 0.8 5.6 ± 0.8 5.3 ± 0.4 5.0 ± 0.4
Trunk (kg) 9.5 ± 1.6 9.4 ± 1.7 9.3 ± 0.8 8.3 ± 0.9 †

Values are expressed as the mean ± S.E.M. BMI: body mass index, † denotes the significant difference from the Pre
value (p < 0.05). PLA: placebo; RC: Rhodiola crenulata and Cordyceps sinensis supplementation.

3.3. VO2max, Metabolic Parameters and Oxidative Stress Markers Assessment

The VO2max, metabolic parameters, and oxidative stress markers are displayed in Table 4. After
eight weeks of intervention, VO2max was markedly enhanced in both groups; furthermore, the levels
of glucose, insulin, and HOMA-IR were significantly decreased in both the placebo and RC groups.
The diastolic blood pressure, systolic pressure, and mean arterial pressure showed no significant
differences in both groups at pre and post-intervention. There were no significant changes in total
cholesterol (CHOL), triglyceride (TG), high-intensity lipoprotein (HDL-C), low-intensity lipoprotein
(LDL-C), LDL-C-to-HDL-C ratio (LDL/HDL), and CHOL-to-HDL-C ratio (CHOL/HDL) in both groups.
We did not observe a marked change in TBARS and TAC levels in both groups after eight weeks
of intervention. Figure 4 shows the degree of improvement in the metabolic and oxidative stress
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parameters after eight weeks of intervention. There were no significant differences in the changes in
glucose, insulin, McAuley index, and HOMA-IR in both groups after treatment (Figure 4A). The changes
in blood pressure are displayed in Figure 4B. There were no significant changes in systolic blood
pressure, diastolic blood pressure, and mean arterial pressure between the placebo and RC groups.
The changes in lipid profile are shown in Figure 4C. The changes in blood CHOL, TG, HDL-C, LDL-C,
LDL/HDL ratio, and CHOL/HDL ratio showed no significant differences in both groups after eight
weeks of intervention. The changes in TBARS and TAC showed no marked differences between the
two groups after treatment (Figure 5).

Figure 3. Changes in the body composition between the placebo and RC groups after eight weeks of
intervention. The RC group showed lower body weight, BMI (A) and upper limb adipose tissue (B) after
intervention. Compared to the placebo group, the RC group showed higher muscle mass in the lower limb
(C) after treatment. BW: Body weight; BMI: Body mass index; % BF: Percentage of fat mass. Open blue
circle: PLA group; Open red circle: RC group (Figure 3A). Blue open triangle/diamond: Left/right arm
and leg in PLA; Blue solid circle: Upper limb/Lower limb (sum of left + right arm/leg in PLA). Red open
triangle/diamond: Left/right arm and leg in RC; Red solid circle: Upper limb/Lower limb (sum of left +

right arm/leg in RC) (Figure 3B,C). * denotes the significant difference between the placebo and RC groups
(p < 0.05). Values are expressed as the mean ± S.E.M.
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Table 4. The changes in VO2max and metabolic parameters and oxidative stress markers after eight
weeks of intervention.

Metabolic and Oxidative Stress PLA RC

Measurement Pre Post Pre Post

VO2max (mL/kg/min)
Glucose (mg/dL)

36.9 ± 2.2
80.0 ± 3.3

40.2 ± 3.0†

75.9 ± 2.9 †
35.4 ± 1.1
80.1 ± 1.3

39.5 ± 1.7†

73.3 ± 2.1 †

Insulin (µIU/mL) 13.2 ± 1.7 7.9 ± 0.8 † 13.8 ± 2.0 8.7 ± 0.9 †

McAuley Index 7.5 ± 0.5 9.2 ± 0.8 7.6 ± 0.7 8.8 ± 0.6
HOMA-IR 2.6 ± 0.4 1.5 ± 0.2 † 2.7 ± 0.4 1.6 ± 0.2 †

SBP (mmHg) 112.9 ± 3.2 110.0 ± 4.9 119.7 ± 2.9 110.4 ± 5.5
DBP (mmHg) 70.4 ± 2.1 67.1 ± 3.0 69.0 ± 2.2 68.1 ± 3.6
MAP (mmHg) 84. 6 ± 1.9 81.4 ± 3.0 85.9 ± 1.8 82.2 ± 3.6
CHOL (mg/dL) 179.8 ± 10.6 177.7 ± 10.5 180.4 ± 7.6 187.8 ± 10.0

TG (mg/dL) 78.1 ± 15.0 67.7 ± 17.2 69.5 ± 9.1 67.2 ± 15.7
HDL-C (mg/dL) 55.3 ± 6.7 56.8 ± 6.5 55.5 ± 3.7 59.9 ± 4.9
LDL-C (mg/dL) 106.8 ± 8.6 101.1 ± 11.8 108.0 ± 4.9 105.7 ± 6.9

LDL/HDL 2.1 ± 0.3 2.0 ± 0.4 1.9 ± 0.1 1.8 ± 0.2
CHOL/HDL 3.4 ± 0.4 3.4 ± 0.5 3.3 ± 0.2 3.2 ± 0.2
TBARS (µM) 4.1 ± 0.4 4.2 ± 0.9 5.0 ± 0.5 4.6 ± 0.4
TAC (mM) 4.9 ± 0.5 4.8 ± 0.4 4.3 ± 0.5 4.3 ± 0.4

Values are expressed as the mean ± S.E.M. VO2max: Maximum oxygen uptake, SBP: Systolic blood pressure,
DBP: Diastolic blood pressure, MAP: Mean arterial pressure, CHOL: Cholesterol, TG: Triglyceride, HDL-C:
High-density lipoprotein cholesterol, LDL-C: Low-density lipoprotein cholesterol, LDL/HDL: LDL-C to HDL-C ratio,
CHOL/HDL: Cholesterol to HDL-C ratio, TBARS: Thiobarbituric acid reactive substances, TAC: Total antioxidant
capacity. † denotes the significant difference from Pre value (p < 0.05). PLA: placebo; RC: Rhodiola crenulata and
Cordyceps sinensis supplementation.

Figure 4. Changes in the metabolic parameters between the placebo and RC groups following eight weeks of
intervention. No difference in the glucose metabolism (A), blood pressure (B), and lipid profile (C) changes
in both groups after treatment. Blue solid circle: placebo (PLA); Red solid circle: RC supplementation
(RC). SBP: Systolic blood pressure, DBP: Diastolic blood pressure. MAP: Mean arterial pressure. CHOL:
Cholesterol, TG: Triglyceride, HDL-C: High-density lipoprotein cholesterol, LDL-C: Low-density lipoprotein
cholesterol, LDL/HDL: LDL-C to HDL-C ratio. Values are expressed as the mean ± S.E.M.
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Figure 5. Changes in the oxidative and anti-oxidative biomarkers between the placebo and RC groups
after eight-week intervention. No significant difference in TBARS and TAC levels between groups after
intervention. Blue solid circle: placebo (PLA); Red solid circle: RC supplementation (RC). TBARS:
Thiobarbituric acid reactive substances, TAC: Total antioxidant capacity. Values are expressed as
Mean ± S.E.M.

4. Discussion

To our knowledge, this study is the first long-term study to investigate the endurance exercise
training plus anti-oxidant supplementation effects using Rhodiola/Cordyceps (RC)-based herbal
supplement on metabolic-related health biomarkers in young sedentary adults. Eight weeks of
endurance exercise training was effective in this study in increasing aerobic endurance and glycemic
control capacity. Of interest, we observed that the combination of endurance training plus RC
intervention further ameliorated body composition (i.e.,↓ body weight, ↓ fat mass in the upper
extremity and trunk, ↑muscle mass in the lower extremity). However, there were no changes in blood
lipid profile, oxidative stress state, and total antioxidant capacity in both training alone and training
plus RC groups. According to our present preliminary findings, in combination with the eight-week
endurance training program, RC supplementation did not change the oxidative stress/antioxidant
capacity status, but did elicit certain degrees of improvements in body composition in these young
sedentary individuals. For better training adaptations, the combination of RC and endurance exercise
training may show the possible benefits of combined intervention through positive changes in body
composition in this young inactive population.

Although there have been numerous studies investigating the independent ergogenic effects of
Rhodiola [28–33] and Cordyceps [34–37] in the literature, the results obtained here are still controversial
among studies using varied experimental models. Short-term Rhodiola extracts (600–1500 mg/day
for 3–30 days) have been demonstrated to exhibit ergogenic benefits among varied experimental
models [28–30]. On the other hand, few studies have reported the positive ergogenic benefits of
Cordyceps (1000–4000 mg/day for 21 days to 12 weeks) on enhancing exercise performance in both
animal and human models [34–37]. These findings thus indicate the possibility of combining these two
herbal-based ingredients to improve exercise adaptations. Still, several previous studies have examined
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the Rhodiola alone for 4–30 days (dose: 170–1500 mg/day) effects on exercise performance [31–33].
These studies reported that short-term Rhodiola ingestion failed to further improve aerobic capacity
and intramuscular ATP turnover in well-trained individuals and physically active youth [31–33].
There have only been two human studies using the combination of Rhodiola and Cordyceps on exercise
performance in athletes [25,26] that lead to the little available knowledge on the effectiveness of
applying these herbal-based mixtures during exercise training in general populations.

After intensively reviewing the related literature, no earlier studies, to our knowledge, have been
conducted to determine the benefits of using a Rhodiola/Cordyceps mixture during long-term exercise
training (>6 weeks) on the metabolic health of exclusively young sedentary individuals. The three
earlier human studies that used Rhodiola [31–33], and the current study, noted similarly that eight weeks
of Rhodiola/Cordyceps mixture supplementation (20 mg/kg/day; ranging from 1060–1800 mg/day; ratio
of Rhodiola:Cordyceps = 6:4) was unable to further promote exercise-induced endurance performance in
these sedentary young adults (Table 4). However, there are several inconsistent findings. For example,
acute Rhodiola administration has been previously reported to ameliorate anaerobic performance
in active females (1500 mg/day for three days) [30]. Cordyceps sinensis (1000 mg/day) for 12-weeks
improved exercise performance in healthy older subjects [35]. Additionally, a two week ingestion of
R/C-based supplement (R: 1400 mg + C: 600 mg per day) was shown to boost aerobic performance
after short-term high altitude training in highly trained athletes [25]. Among the blood lipid profile
parameters, although there were slight but non-significant increases in total cholesterol level in the
RC group (Figure 4C), the cholesterol levels of both groups were still within the clinical normal range
(<200 mg/dL) at this age. This discrepancy could be due to the varied dosage of Rhodiola and Cordyceps,
duration of intervention (three days to 12 weeks), characteristics of the participants (age, genders,
physical activity levels, etc.), the category of outcome measurements (e.g., endurance capacity vs.
anaerobic performance), and training environment (e.g., sea level vs. high-altitude).

Aerobic training may lead to increased antioxidant activity in animal and human models [38–40].
Previous studies have also indicated the antioxidant enzyme activity in trained individuals was
markedly higher than in sedentary ones [41]. However, the benefits of aerobic training on improving
the antioxidant capacity in humans are controversial. Tiidus et al. (1996) investigated the effects of
eight weeks of endurance training (35 min/3 times/wk) on vastus lateralis muscle antioxidant status.
The results reported a significant increase in aerobic capacity and muscle citrate synthase activity
after training, whereas the endogenous antioxidant status (SOD, catalase, and GSH) were unaltered
in healthy sedentary adults after training [14]. Bergholm et al. reported that antioxidant circulations
(SH-groups, α-tocopherol, β-carotene, retinol) were significantly decreased in fit male individuals
following endurance training [42]. In line with the above studies, we did not observe significant
changes in circulating TBARS and TAC after eight weeks of endurance training. These results indicate
that the improvement in endogenous antioxidant status after endurance training might be affected by
different training modes and individual characteristics.

Rhodiola and Cordyceps supplements have been documented to enhance antioxidant capacity
via reducing free radical production as well as enhancing singlet oxygen and hydrogen peroxide
scavenging [36,43–45]. However, fewer studies have investigated the benefits of RC supplementation
with endurance training on antioxidant capacity in young sedentary adults. Parisi and colleagues
investigated the effects of four week chronic Rhodiola supplementation (170 mg/day) in 14 trained male
athletes. The results showed that this herbal supplement did not affect the blood antioxidant status
and inflammatory parameters. The proposed mechanism might be related to the polyphenol content in
Rhodiola [31]. Chen et al indicated that Rhodiola had higher polyphenol content, which presented higher
potential ability in singlet oxygen and hydrogen peroxide scavenging [45]. Consistent with the finding
by Parisi et al., we did not observe marked changes in all endogenous antioxidant parameters (TBARS
and TAC). Chronic RC supplementation seemingly did not affect circulating redox homeostasis in
these young adults even if they underwent regular endurance training.
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Regular exercise training has been proven to markedly reduce body weight and body fat in
overweight and obese individuals without accompanying dietary restrictions [46–48]. However, in this
study, we found that the placebo group did not exhibit improved body composition even though the
subjects underwent eight week endurance training. This inconsistent result was possibly due to the
different training duration and intensity. Tremblay and colleagues reported that 20-week ergocycle
training (intensity: 60% increased to 80% HR; duration: 30 increased to 45 min; frequency: four times
increased to five times per week) did not generate effective body weight and body fatness improvement
compared to 15-week high intensity intermittent training in young healthy adults when the energy
cost of training was corrected [49]. Note that the exercise training program in this study was similar to
that of Tremblay et al., which indicated that the exercise training intensity could be the major factor
that influenced the body composition effects in these young sedentary participants. Interestingly, a key
finding in the current study was that the RC supplement was capable of decreasing the body weight,
upper extremity fat mass, and trunk fat mass after eight weeks of endurance training. Until now,
the underlying RC supplement benefit mechanisms on body composition after endurance training
were not fully understood. Lin and colleagues investigated the Rhodiola Crenulata extract (RCE) effects
on hepatic lipid metabolism. The related mechanisms underlying such effects reported that RCE
at concentrations of 1.5, 3.0, 15.0, and 30.0 µg/mL significantly suppressed hepatic lipogenesis by
increasing the AMP-activated protein kinase (AMPK) activation and fatty acid oxidation. In addition,
RCE also inhibited protein and gene expression in lipogenesis-related genes (SREBP-1c, C/EBP, and FAS)
in the rat liver [50]. Pomari and coworkers demonstrated 3% salidroside (RS) or 1% salidroside and
3% rosavine (RR) extracts showed a significant increase in GATA3, WNT3A, and WNT10B gene
expressions, which are involved in adipogenesis inhibition as well as a decrease in SLC2A4 and
FGF2 gene expressions, involved in adipocyte function in human visceral pre-adipocytes during
differentiation [51]. Together with the existing evidence, our current findings suggest that the beneficial
effects of RC supplementation on reducing body weight and body fatness might be due to increasing
fat oxidation and adipogenesis inhibition from Rhodiola during intervention.

A greater increase in muscle mass was observed in the group treated with exercise training plus RC
supplementation. Although there is a lack of direct human research evidence on the benefits of either
Rhodiola and Cordyceps on muscle mass, several lines of cell-culture and animal evidence may provide,
at least in part, an explanation for our current findings. Salidroside, one of the primary functional
ingredients of Rhodiola, has been reported to preserve muscle mass in the mouse cancer-cachexia model
via activating mammalian rapamycin signaling (mTOR) [52] and prevent the stress-induced repression
of mTOR signaling [53]. Furthermore, the Cordyceps fruit body extract is capable of activating protein
kinase B (AKT)/mammalian rapamycin (mTOR) target pathways in rodent tissue [54]. In considering
the key role of mTOR in promoting muscle growth, we speculated that the positive changes in muscle
mass in endurance training with RC supplementation might be due to the potential effects of Rhodiola
and Cordyceps on improving muscle hypertrophy. In supporting previous findings based on animal
and cell-culture studies, we further provided human-based evidence on the potential benefits of RC
supplementation in improving fat loss and muscle growth during endurance training. However,
we also observed that the upper limbs and trunk muscle masses were slightly lower in the RC group
after intervention, even though no statistical differences were found. One possible explanation could
be the exercise type (i.e., cycling) used in this study, and the much lower involvement degree of both
the trunk and upper limbs during exercise compared with the lower limbs. Additionally, Rhodiola and
Cordyceps have both been reported to exert the ability to activate both catabolic (AMPK) and anabolic
(mTOR) signaling systems in varied tissues [50,53,54]. It has not been clear whether certain interactions
between both signaling systems in response to RC plus such endurance training intervention would
alter muscle mass changes in relatively less-recruited muscles.

Several recent studies have revealed that the human body seems to be able to tolerate a limited
increase in free radicals. A bursting increase in reactive oxygen species (ROS; free radicals) is needed for
exercise adaptations to occur during intensified training [55]. Several investigations also showed that
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chronic antioxidant treatment could hamper the physiological adaptions obtained from exercise training
due to quenching oxidative stress-mediated adaptation signals [56–59]. This implies the possibility that
long-term antioxidant supplementation might perturb and counteract training outcomes. Rhodiola and
its primary functional ingredient, salidroside, have been demonstrated as effective antioxidants [60].
The three primary functional ingredients of Cordyceps including guanosine [61], adenosine [62,63],
and polysaccharides [64] also exhibit clear antioxidant properties. Although both Rhodiola and Cordyceps
have been proven to have considerable antioxidant benefits in varied experimental models, it has
not been investigated as to whether long-term RC supplementation would negatively influence
exercise adaptations (e.g., maximal oxygen uptake, glycemic control capacity, body compositions, etc.).
Of interest, according to our present observations, using long-term RC (daily dose ranged from
1060–1800 mg, providing at 20 mg/kg body weight) during the eight week intervention should not
perturb endurance training adaption. However, RC administration can still elicit profound benefits by
further suppressing fat accumulation and lower extremity muscle gain during exercise training.

Here, we demonstrated that the provision of RC-based herbal supplementation (20 mg/kg)
showed faintly positive benefits by increasing muscle mass and reducing body fat after eight weeks
of endurance training in young sedentary adults. However, there were no substantial changes in
antioxidant capacity and metabolic health profile following intervention. Note that a research crew
periodically reminded all participants to maintain their physical activity level plus clear dietary
guidance to ensure consistence and compliance. These preliminary results provide evidence that
RC supplementation for a sedentary population further promotes certain training adaptations (i.e.,
↑ muscle mass and ↓ fat mass). For the sedentary populations, although the participants involved
in this study seems unlikely to spontaneously adopt an intensive exercise regime, their motivation
to adhere in the training may be boosted with more substantial training outcomes through utilizing
effective nutritional aids. Our findings, therefore, suggest a potential nutrient approach of using
RC-based herbal supplementation to further enhance endurance training adaptations in individuals
who intend to initiate their training program. However, the precise underlying mechanism(s) by which
RC supplementation induces fat mass loss during exercise training warrants further investigation,
meanwhile the future study with longer intervention would be needed to pursue the possible long-term
effects. One limitation of this study is the relatively small sample size due to the difficulty in recruiting
previously physical inactive young adults (several participants were excluded due to the inability
to match the training arrangement), and this could possibly increase the chance for type 2 errors.
Consequently, a larger sample size study might be needed in the future.

5. Conclusions

In the current preliminary investigation, we demonstrated that eight weeks of herbal-based
supplementation containing Rhodiola and Cordyceps (20 mg/kg/day; ratio of Rhodiola:Cordyceps = 6:4)
faintly elicited positive changes in endurance training adaptations on body composition (i.e., ↓ body
fat and ↑muscle mass), but not on aerobic performance in physically inactive young adults. The blood
lipid profile, systemic oxidative stress state, and total antioxidant capacity seemed to be unchanged
after both interventions in this population. A future study with larger participants is warranted to
further investigate the possible underlying mechanisms due to the relatively small sample size in
this study.
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