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Background & objectives: Several biological activities of total saponins of Radix notoginseng (TSRN), a
trational Chinese medicine have been reported. The present study was carried out to investigate anti-

fatigue activity of TSRN in male Kunming mice.

Methods: Mice were divided into four groups. The first group designated as control group was
administered with distilled water by gavage every day. The second, third and fourth groups designated
as TSRN treatment groups were administered with TSRN of 20, 40 and 80 mg/kg body weight/day,
respectively. The treatment continued for 28 days. Exhaustive swimming time, blood lactate and tissue
glycogen contents of mice after swimming were determined.

Results: TSRN extended exhaustive swimming time of mice, effectively delayed the increase of lactate in
the blood, as well as increased the tissue glycogen contents.

Interpretation & conclusions: TSRN showed promising anti-fatigue activity in animal model. However,
further study is needed to elucidate the mechanism of the effect of TSRN on fatigue.
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Panax notoginseng (Burk.) F.H. Chen is cultivated
throughout Southwest China, Burma, and Nepal.
The root, the commonly used part of this plant called
Radix notoginseng or Sanchi, has a long history
as a remedy in oriental traditional medicine'. In
China, R. notoginseng is used to promote blood
circulation, remove blood stasis, induce blood clotting,
relieve swelling, delay fatigue and alleviate pain*’.
R. notoginseng is reported to be beneficial for coronary
heart disease, cerebral vascular disease, cancer, diabetes
mellitus as well as learning and memory improvement
in experimental studies®®. These therapeutic effects are
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attributed to its active ingredients, namely saponins,
flavonoids and polysaccharides®!!. Total saponins
of R. notoginseng (TSRN) are considered to be the
principal active ingredients, and are a mixture of
more than 20 Dammarane type saponins, including
ginsenoside Rgl, Rg2, Rbl, Rb2, Rb3, Rc, Rd, Re,
Rh, F2 and notoginsenoside R1,R2, R3, R4, R6, Fa,
Fc, Fe, etc'?. Although many biological activities
and pharmacological functions of TSRN are known.
It is known that there have been limited studies
investigating its effects on physical fatigue. Therefore,
the present study was designed to investigate the anti-
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fatigue activity of total saponins of R. notoginseng in
rat model.

Material & Methods

The study was conducted in the Laboratory of
Biochemistry, Zhengzhou University (Zhengzhou,
China).

Plant materials: Dried R. notoginseng sample was
obtained from the Henan Chinese Herbal Medicine
Company, (Zhengzhou, China), and was authenticated
by the Department of Botany, Zhengzhou University
(Zhengzhou, China.). The sample was identified by
macro-morphological and microscopic characteristics
and thin layer chromatography (TLC). Based on the
Chinese Pharmacopoeia, it was identified as the root of
Panax notoginseng (Burk.) F.H. Chen.

Preparation of total saponins of R. notoginseng
(TSRN): Dried R. notoginseng was ground to powder
and passed through a 40 mesh sieve. TSRN were
prepared by the method of Sun ez al/". In brief, the
powered samples (1 kg) were extracted with 70 per
cent ethanol at 100°C (3x4 1), and concentrated in
vacuum (40°C) to evaporate the solvent to give a
small volume. After extracting with ether (3x0.5 1), the
water layer portion was extracted with n-Butanol until
n-Butanol layer became colourless. The n-Butanol
solution was concentrated and dried in vacuum (60°C).
The dried extract was subjected to D101 resin column
chromatography, washed with H,O, and eluted with
Etanol to give TSRN. TSRN contained 64.3 + 1.15 per
cent of notoginsenoside as determined by thin layer
chromatography and spectrophotometric method.

Animals: Male Kunming mice, weighing between 18-
22 g, were obtained from Laboratory Animal Center,
Medical College of Zhengzhou University (Zhengzhou,
China.), and were fed a commercial diet and water ad
libitum. The commercial diet consisted of 12 per cent
fat, 60 per cent carbohydrate, and 28 per cent protein.
The animals were housed under a 12-h light/dark cycle
at a temperature of 22 + 1°C and a humidity of 50 = 5
per cent. The mice were allowed to acclimate to the
laboratory environment for at least 1 week before the
experiments. Ethical clearance for performing the
experiments on animals was obtained from Institutional
Animal Ethics Committee.

Grouping of animals: Ninety six mice were randomly
divided into four groups, each consisting of 24 mice.
The first group designated as control group (Control)

was administered with distilled water by gavage every
day. The second, third and fourth groups designated as
TSRN treatment groups were administered with TSRN
of 20, 40 and 80 mg/kg body/weight day, respectively.
The administration of distilled water or TSRN was
continued for 28 days. The doses of TSRN and 28 days
treatment time used in this study were confirmed to
be suitable and effective in tested mice, according to
preliminary experiments.

Exhaustive swimming test: After the final treatment
with TSRN or distilled water, the mice were allowed to
rest for 30 min. Then, eight mice were taken out from
each group for exhaustive swimming test. The animals
were placed in the swimming tank (50 x 50 x 40 cm)
30 cm deep with water maintained at 25 + 2°C. The tail
of each mouse was loaded with a bundle of lead pieces,
which was 10 per cent of its body weight. Exhaustion
was determined by observing loss of coordinated
movements and failure to return to the surface within 10
sec'. The swimming time was immediately recorded.

Measuring biochemical parameters related to fatigue:
After the final treatment with TSRN or distilled water,
the mice were allowed to rest for 30 min. Then, eight
mice were taken out from each group for blood lactate
analyses. Mice were forced to swim for 30 min after
weight loading (2% body weight), and blood was
collected from the tail vein before and after swimming.
Blood lactate contents were measured according to the
recommended procedures provided by the commercial
diagnostic kit (Nanjing Jiancheng Bioengineering
Institute, Jiangsu, China).

The remaining eight mice were taken out from
each group for tissue glycogen analyses. Mice were
forced to swim for 90 min without loads. After resting
for an hour, mice were killed by cervical dislocation
under anaesthesia. The liver and gastrocnemius muscle
were collected'®. Tissue glycogen contents were tested
according to the recommended procedures provided
by the commercial diagnostic kit (Nanjing Jiancheng
Bioengineering Institute, Jiangsu, China).

Statistical analysis: All the tests were conducted in
triplicate. The experimental data were expressed
as mean =+ standard deviation. One-way analysis of
variance (ANOVA), LSD and Dunnett’s T3 tests were
performed to determine the significant difference
between samples within the 95% confidence interval,
using SPSS 13.0 software (SPSS Inc., Chicago, IL,
USA).
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Results

Effects of TSRN on exhaustive swimming time of
mice: Exhaustive swimming time of the third and
fourth groups increased significantly (P<(0.05) when
compared with the control group. However, exhaustive
swimming time of the second group showed no
significant changes compared with the control group
(Fig. 1). The swimming time of the second, third and
fourth groups increased by 21.15, 27.41 and 34.01 per
cent, respectively.

Effects of TSRN on blood lactate contents of mice after
swimming: There was no significant difference in the

300

Swimming time (sec)

200

100 ~

Control Group 20 40 80

TSRN treatment groups (mg/kg body wt/day)

Fig. 1. Effects of total saponins of R. notoginseng on exhaustive
swimming time of mice. Values are expressed as mean + SD of 8
mice per group. "P<0.05 compared to the control group.
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Fig. 2. Effects of total saponins of R. notoginseng on blood
lactate contents of mice after swimming. Values are expressed
as mean £ SD of 8 mice per group. "P<0.05 compared to control

group.

22 1 I Liver
20 4 [ Muscle

Glycogen (mg/g)

First Second Third Fourth
Group

Fig. 3. Effects to total saponins of R. notoginseng on liver and
muscle glycogen contents of mice after swimming. Values are
expressed as mean + SD of 8 mice per. "P<0.05 when compared
to first group.

blood lactate contents between TSRN treatment groups
and control group before swimming. After swimming,
blood lactate contents of each TSRN treatment groups
decreased significantly (P<0.05) when compared to
control group (Fig. 2). The results indicated that the
blood lactate contents of the second, third and fourth
groups decreased by 47.14, 57.59 and 61.96 per cent,
respectively.

Effects of TSRN on tissue glycogen contents of mice
after swimming: After swimming, liver and muscle
glycogen contents of each TSRN treatment groups
increased significantly (P<0.05) when compared with
that of control group (Fig. 3). The liver glycogen
contents of TSRN treatment groups increased by 58.12,
115.84 and 153.58 per cent, respectively. The muscle
glycogen contents of treatment groups increased by
58.54, 83.74 and 73.98 per cent, respectively.

Discussion

The present study was designed to investigate the
anti-fatigue activity of total saponins of R. notoginseng
(TSRN). Forced swimming of animals has been
employed as a criterion of their physical work capacity.
Many studies pointed out that swimming has advantages
over other forms of exercise, including the treadmill!*°,
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'’*. The
present study showed that TSRN extended exhaustive
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swimming time of mice, which indicated that TSRN
had anti-fatigue activity and could elevate the exercise
tolerance.

To explore the mechanisms, some biochemical
parameters were determined in the mice after
swimming. Blood lactate is the glycolysis product
of carbohydrate under an anaerobic condition, and
glycolysis is the main energy source for intense
exercise in a short time?!?2, Thus, blood lactate is one
of the important indicators for judging the degree
of athletic fatigue. In the present study, the TSRN
effectively delayed the increase of lactate in the blood
and the appearance of fatigue. Energy for exercise
is derived initially from the breakdown of glycogen,
after strenuous exercise muscle glycogen will come
exhaust, and later, energy will came from circulating
glucose released by the liver. Thus, the liver and
muscle glycogen contents are sensitive parameters
related to fatigue®*%. In the present study, the TSRN
significantly increased tissue glycogen contents of
mice after swimming.

In conclusion, the results suggested that TSRN
had anti-fatigue activity, which extended exhaustive
swimming time of mice, effectively delayed the
increase of lactate in the blood, as well as increased
the tissue glycogen contents. Further study is needed
to elucidate the exact mechanism of the effect of TSRN
on fatigue.

Acknowledgment

The authors thank Dr Zhang Jian (Jilin University) for
statistical analysis of data and Dr Li Min (Henan Institute of Sports
Science) and the laboratory members for the helpful comments.
This work was financially supported by Zhengzhou University,
Zhengzhou, PR China.

References

1.  Wang CZ, Xie JT, Zhang B, Ni M, Fishbein A, Aung HH, et al.
Chemopreventive effects of Panax notoginseng and its major
constituents on SW480 human colorectal cancer cells. Int J
Oncol 2007; 31 : 1149-56.

2. Gupta YK, Briyal S, Gulati A. Therapeutic potential of herbal
drugs in cerebral ischemia. Indian J Physiol Pharmacol 2010;
54:99-122.

3. Sungnoon R, Chattipakorn N. Anti-arrthythmic effects of
herbal medicine. Indian Heart J 2005; 57 : 109-13.

4. Choi RC, Jiang Z, Xie HQ, Cheung AW, Lau DT, Fu Q, et
al. Anti-oxidative effects of the biennial flower of Panax
notoginseng against H,0,-induced cytotoxicity in cultured
PC12 cells. Chin Med 2010; 5 : 38.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Lei XL, Chiou GC. Cardiovascular pharmacology of Panax
notoginseng (Burk) F.H. Chen and Salvia miltiorrhiza. Am J
Chin Med 1986; 14 : 145-52.

Chan P, Thomas GN, Tromlinson B. Protective effects
of trilinolein extracted from Panax notoginseng against
cardiovascular disease. Planta Med 2002; 68 : 1024-8.

Kim HC, Shin EJ, Jang CG, Lee MK, Eun JS, Hong JT, ef al.
Pharmacological action of Panax ginseng on the behavioral
toxicities induced by psychotropic agents. Arch Pharm Res
2005; 28 : 995-1001.

Chuang CM, Hsieh CL, Lin HY, Lin JG. Panax notoginseng
Burk attenuates impairment of learning and memory functions
and increases ED1, BDNF and beta-secretase immunoreactive
cells in chronic stage ischemia reperfusion injured rats. Am J
Chin Med 2008; 36 : 685-93.

Wu W, Zhang XM, Liu PM, Li JM, Wang JF. Effects of Panax
notoginseng saponin Rgl on cardiac electrophysiological
properties and ventricular fibrillation threshold in dogs. Acta
Pharm Sin 1995; 16 : 459-63.

Chen JC, Chen LD, Tsauer W, Tsai CC, Chen BC, Chen Y.
Effects of Ginsenoside Rb2 and Rc on inferior human sperm
motility in vitro. Am J Chin Med 2001; 29 : 155-60.

Wei JX, Wang JF, Chang LY, Du YC. Chemical studies of san-
chi Panax notoginseng 1. Studies on the constituents of San-
Chi root hairs. Acta Pharm Sin 1980; 15 : 359-64.

Li X, Wang G, Sun J, Hao H, Xiong Y, Yan B, et al.
Pharmacokinetic and absolute bioavailability study of
total Panax notoginsenoside, a typical multiple constituent
traditional chinese medicine (TCM) in rats. Biol Pharm Bull
2007; 30 : 847-51.

Sun HX, Pan HJ, Pan YJ. Haemolytic activities and
immunologic adjuvant effect of Panax notogniseng saponins.
Acta Pharmacol Sin 2003; 24 : 1150-4.

Wu JL, Wu QP, Huang JM, Chen R, Cai M, Tan JB. Effects
of L-malate on physical stamina and activities of enzymes
related to the malate-aspartate shuttle in liver of mice. Physiol
Res 2007; 56 : 213-20.

Feng H, Ma HB, Lin HY. Antifatigue activity of water extracts
of Toona sinensis Roemor leaf and exercise-related changes
in lipid peroxidation in endurance exercis. J Med Plants Res
2009; 3 : 949-54.

Matsumoto K, Ishihara K, Tanaka K, Inoue K, Fushiki T.
An adjustable-current swimming pool for the evaluation
of endurance capacity of mice. J App! Physiol 1996; 81 :
1843-9.

Mizunoya W, Oyaizu S, Ishihara K, Fushiki T. Protocol for
measuring the endurance capacity of mice in an adjustable-
current swimming pool. Biosci Biotechnol Biochem 2002; 66
1 1133-6.

Kamakura M, Mitani N, Fukuda T, Fukushima M. Antifatigue
effect of fresh royal jelly in mice. J Nutr Sci Vitaminol 2001,
47 :394-401.

Jung KA, Han D, Kwon EK, Lee CH, Kim YE. Antifatigue
effect of Rubus coreanus Miquel extract in mice. J Med Food
2007; 10 : 689-93.



20.

21.

22.

YONG-XIN & JIAN-JUN: ANTI-FATIGUE ACTIVITYI OF TSRN 155

Ascensdo A, Magalhdes J, Soares J, Ferreira R, Neuparth
M, MarquesF, et al. Endurance training attenuates doxorubicin-
induced cardiac oxidative damage in mice. Int J Cardiol 2005,
100 : 451-60.

Yu B, Lu ZX, Bie XM, Lu FX, Huang XQ. Scavenging and
antifatigue activity of fermented defatted soybean peptides.
Eur Food Res Technol 2008; 226 : 415-21.

Tang KJ, Nie RX, Jing LJ, Chen QS. Anti-athletic fatigue
activity of saponins (Ginsenosides) from American ginseng
(Panax quinquefolium L.). Afr J Pharm Pharmacol 2009; 3
:301-6.

23.

24.

25.

Suh SH, Paik IY, Jacobs K. Regulation of blood glucose
homeostasis during prolonged exercise. Mol Cells 2007; 23
1272-9.

Wei W, Zheng LY, Yu MY, Jiang N, Yang ZR, Luo X. Anti-
fatigue activity of extract form the submerged fermentation
of Ganoderma lucidum using Radix astragali as substrate. J
Anim Plant Sci 2010; 6 : 677-84.

Shang HP, Cao SH, Wang JH, Putheti R. Glabridin from
chinese herb licorice inhibits fatigue in mice. AfrrJ Trad CAM
2010; 7: 17-23.

Reprint requests: Dr Xu Yong-xin, Physical Education College, Zhengzhou University, Zhengzhou 450044, PR China
e-mail: xuyongxinxyx@yahoo.cn; xuyongxinxyx@gmail.com



