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INTRODUCTION 

Rhodiola sachalinensis A. BOR belongs to the family 

Crassulaceae, and the root of the plant (Gao-shan-

hong-jing-tian in Chinese), Rhodiolae Radix, have 

been widely used as a hemostatic, antibechic, tonic, 

and endermic liniment for burns and contusions in 

traditional Chinese medicine (Khanum et al., 2006; 

Ming et al., 2005). Many studies have reported that 

Rhodiolae Radix has many important biological 

activities, including adaptogenic, antihypoxia, 

antioxidant, anti-inflammatory, antivirus, antidia-

betic, anticancer, immune enhancing and sexually 

stimulating properties (Bawa and Khanum, 2009; 

Kim et al., 2007; Li et al., 2011). Rhodiolae Radix is 

reported to contain a range of biologically active 

substance including phenylpropanoids (rosavins, 

rosin); phenylethanol derivatives (salidroside, 

tyrosol), organic acids, flavonoids, polysaccharides, 

tannins and phenolic glycosides (Gupta et al., 2008). 

To date, its biological activities are mainly attributed 

to salidroside and the phenylpropanoids. However, 

recent studies have suggested that the polysaccha-

ride from Rhodiolae Radix (PRR) also exhibit 

significant biological activities, including antivirus, 

antidiabetic, immune enhancing and promote the 

recovery of hematopoietic function in myelosup-

pressed (Li et al., 2011). To our knowledge, there 

have been limited studies investigating the effects of 

PRR on physical fatigue. Therefore, the purpose of 

the present study was to determine the effects of 

PRR on physical fatigue using a forced swimming 

test in male mice. 

 

 

MATERIALS AND METHODS  

Plant materials and reagents  

Rhodiolae Radix was purchased from a local drug 

market and the material was identified by Mr. Wang 

Guang Yao, a botanist of Jilin Agriculture Science 

and Technology College. A voucher specimen (No. 

0429161) has been deposited in herbarium of Jilin 

Agriculture Science and Technology College. The 

dried Rhodiolae Radix was ground in a high speed 

disintegrator (Model HDV, Dongying Hongjiu 

Traditional Medicine Machine Company, Shandong, 

China) to obtain a fine powder (Particle diameter 

size: 1-2 mm). The powder was stored at 4°C until 

use. Assay kits for determination of blood lactic acid 

(BLA), blood urea nitrogen (BUN), tissue glycogen 

were purchased from Nanjing Jiancheng Biotech-
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nology Institute (Nanjing, China). All other chemi-

cals used were analytical grade. Water was purified 

with a Milli-Q purification system and was used to 

prepare all solutions. 

 

Animals  

All experiments were performed in accordance with 

the Guide for the Care and Use of Laboratory 

Animals of the Chinese National Institutes of Health. 

Male Kun-Ming strain mice weighing 20±2g were 

obtained from Jiuzhan Biochemical Factory (Jilin, 

China). The animals were housed in a room main-

tained at 23±2°C with relative air humidity of 45% to 

55% on a 13-hour light/11-hour dark cycle. Mice 

were provided a standard laboratory chow and 

water ad libitum (Sharma et al., 2012). The study 

protocol was approved by the animal research 

ethics committee at Jilin Agricultural Science and 

Technology (Jilin, China).  

 
Preparation of polysaccharide from Rhodiolae Radix  

The powder of Rhodiolae Radix was extracted in a 

Soxhlet apparatus with a mixture of chloroform-

methanol (2:1, 75°C), and pretreated with 80% ether 

twice to remove some coloured materials, oligosac-

charides, and some small molecule materials. The 

organic solvent was volatilized and pretreated dry 

powder was obtained. Then the pretreated powder 

was extracted with distilled water in a microwave 

extraction apparatus (WD800ASL Galanz Co., 

Shunde, China) at a selected extraction conditions 

(solid-liquid ratio of 1:45g/mL, irradiation power of 

480 W, and irradiation time of 8 min). After the 

extraction with microwave treatment, the extracts 

was centrifuged (2000g, 20 min), then the supernatant 

was separated from insoluble residue with nylon 

cloth (pore diameter: 38 um). The extracts were then 

defatted by the method of Sevag, precipitated by the 

addition of ethanol to a final concentration of 80% 

(v/v), and the precipitates were collected by centrifu-

gation (2000g, 20 min). It was then solubilized in 

deionized water and lyophilized to get polysaccha-

rides from Rhodiolae Radix (PRR).  

 

Animals grouping and treatment  

The mice were adapted to diet and environment for 

one week before the experiment began. 96 mice 

were divided randomly into four groups based on 

body weight (n = 24), such as control (C) group, low-

dose PRR supplemented (L) group, middle-dose 

PRR supplemented (M) group and high-dose PRR 

supplemented (H) group. The mice in the control 

group were orally administered physiological saline 

of 50mL/kg bodyweight per day for 28 days, while 

the PRR supplemented group received the same 

volume of PRR of 25, 50 and 100 mg/kg bodyweight. 

The doses used in this study were confirmed to be 

suitable and effective in tested mice according to 

preliminary experiments.  

 

Forced swimming test  

The forced swimming test was employed in this 

study to evaluate the effects of PRR on physical 

fatigue. The apparatus used in this test was an 

acrylic plastic pool (50cm x 50cm x 40cm) filled with 

water maintained at 25±2°C. The water in the acrylic 

plastic pool was 30cm deep. Eight mice were taken 

out from each group to make forced swimming test 

after being administrated with different dose of PRR 

for 28 days. Each mouse’s tail was loaded with 

galvanized wire, which was 5% of its body weight 

(Yao and Li, 2010). Mice were regarded as being 

exhausted when they were underwater for 10s 

(Miao et al., 2010). The time of each group of mice 

was averaged and the data of the different groups 

was analyzed.  

 

Analysis of blood lactic acid contents  

Eight mice were taken out from each group for BLA 

analyses after being administrated with different 

dose of PRR for 28 days. Mice were forced to swim 

10 min without a load. 20μL of blood from the inner 

canthus of the eye was collected using capillary 

tubes after the last administration of PRR. Another 

20μL of blood samples was collected immediately 

after mice have been swimming. Then BLA was 

tested following the recommended procedures 

provided by the kits.  

 

Analysis of blood urea nitrogen and tissue glyco-

gen contents  

The other eight mice were taken out from each 

group for BUN and tissue glycogen analyses after 

being administrated with different dose of PRR for 

28 days. Mice were forced to swim 90 min without a 

load. Rested for 60 min, the mice were killed to 

collect blood samples, liver and gastrocnemius 

muscle. Then BUN, liver glycogen and muscle 

glycogen was tested following the recommended 

procedures provided by the kits. 
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Statistical analysis  

All data in table are expressed as mean ± SD and 

differences between groups were assessed by 

analysis of variance (ANOVA) and Student’s t-test. 

Differences were considered to be statistically 

significant if P<0.05. All statistical analyses were 

carried out using SPSS for Windows, Version 11.5 

(SPSS, Chicago, IL). 

 

 

RESULTS AND DISCUSSION 
Effect of PRR on exhaustive swimming time of mice  

The forced swimming test has been used to evaluate 

the anti-fatigue effects of medicine, since this 

apparatus works well for evaluating the endurance 

capacity of mice and gives a high reproducibility 

(Zhang and Wang, 2012). To standardize the 

workload and reduce the swimming time, weights 

at specific body weight percentages were added to 

the chest or tail of the animal (Hao and Zhaobao, 

2010). As shown in figure 1, the exhaustive swim-

ming time of L, M and H groups were significantly 

longer than that of C group (P < 0.05). The results 

indicated that PRR had anti-fatigue effects and 

could elevate the exercise tolerance. 

 

Effect of PRR on blood lactic acid contents of mice  

Lactic acid was considered a metabolic end product 

of glycolysis and a potential candidate for inducing 

fatigue (Yao and Li, 2010). Some studies indicated 

that when lactic acid builds up in myocytes, intra-

cellular pH drops, contributing to the onset of 

fatigue (Murase et al., 2006). As shown in figure 2, 

before swimming, BLA contents were not signifi-

cantly different between groups (P>0.05), but after 

forced swimming, the BLA contents of L, M and H 

groups were significantly lower than that of C 

group (P<0.05). The results indicated that PRR could 

effectively delay the increase of lactate in the blood 

and postpone the appearance of physical fatigue. 

 
Effect of PRR on Blood Urea Nitrogen Contents of Mice  

Blood urea nitrogen is a sensitive index to evaluate 

the bearing capability when human bodies suffer 

from a physical load (Zhang et al., 2006). Growing 

evidence indicates that urea nitrogen in the blood 

rises significantly for a long-run athlete after 

exercise (Wang et al., 2006; Zhang et al., 2009). There 

is a positive correlation between the urea nitrogen in 

vivo and the exercise tolerance. As shown in figure 

3, after forced swimming, the BUN contents of H 

group were significantly lower than that of C group 

(P<0.05). Although the BUN contents of M and L 

groups were also decreased, no significant differ-

ence was observed (P > 0.05). The results indicated 

that high doses of PRR might reduce catabolic 

decomposition of protein for energy, which is 

indicative of enhanced endurance. 

 

Effect of PRR on Tissue Glycogen Contents of Mice  

Energy for exercise is derived initially from the 

breakdown of glycogen, after strenuous exercise 

muscle glycogen will be exhausted, and later, energy 

will form circulating glucose released by the liver. 

Thus, the glycogen contents are sensitive parameters 

related to fatigue (You et al., 2012; Zhang et al., 2010). 

As shown in figure 4, after forced swimming, the 

liver glycogen and muscle glycogen contents of L, M 

and H groups were significantly higher than that of C 

 
Figure 1: Effect of PRR on exhaustive swimming time of 

mice. *P < 0.05 when compared to the C (control) group. 
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Figure 2: Effect of PRR on blood lactic acid contents of 

mice. * P < 0.05 when compared to the C (control) group. 
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group (P<0.05). The results indicated that PRR could 

promote sparing of glycogen. The glycogen sparing 

effect of PRR can provide an important survival 

advantage in situations requiring extended periods of 

prolonged endurance exercise. It is possible that PRR 

might have promoted glycogenolysis restraint or 

gluconeogenesis.  

 

 

CONCLUSIONS  

In conclusion, the data suggest that PRR can extend 

the exhaustive swimming time of the mice, as well 

as increase the tissue glycogen contents, and 

decrease the blood lactic acid and blood urea 

nitrogen contents. From the present findings, we can 

conclude that PRR had significant anti-fatigue 

effects. However, further studies to clarify the 

detailed mechanisms involved in the anti-fatigue 

effects of PRR are necessary. 
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Figure 3: Effect of PRR on blood urea nitrogen contents of 

mice. *P < 0.05 when compared to the C (control) group. 
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Figure 4: Effect of PRR on liver glycogen and muscle glycogen 

of mice. *P < 0.05 when compared to the C (control) group. 
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