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Abstract

The present study aimed to investigate the effects of polysaccharides from Maca (MCP) on oxidative
damage induced by exhaustive swimming exercise using rat models. The rats were divided into five
groups: sedentary control group (SC), exercise control group (EC), exercise+50 mg/kg MCP treated
group (EM-50), exercise+100 mg/kg MCP treated group (EM-100), exercise+200 mg/kg MCP treated
group (EM-200). SC and EC groups received distilled water while three MCP treated groups received
different doses of MCP (50, 100 and 200 mg/kg bw) by oral gavage once daily. After 28 days, the rats
were forced to swim in a plastic tank until being exhausted, and the following biochemical parameters of
oxidative damage were measured: aspartate aminotransferase (AST), creatine kinase (CK), lactate
dehydrogenase (LDH), superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx),
glutathione reductase (GR), reduced glutathione (GSH), oxidized glutathione (GSSG), malondialdehyde
(MDA), and 8-hydroxy-2'-deoxyguanosine (8-OHdG). In all MCP treated groups, serum LDH and CK
levels were significantly lower than those in the EC group, whereas in the E-100 and M-200 groups, a
decrease was also seen for serum AST levels. Furthermore, the GSSG and 8-OHdG levels in the E-100
and M-200 groups, as well as the MDA levels in all MCP treated groups were significantly lower. In
contrast, all MCP treated groups exhibited significantly higher levels of SOD, CAT, GPx, GSH and
GSH/GSSG ratio in muscle. The GR levels in muscle were also significantly increased in the E-100 and
M-200 groups. These results demonstrate that MCP might have protective effects on exhaustive exercise-
induced oxidative damage.
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Introduction
It has been reported that strenuous physical exercise is
associated with an increased free radicals and reactive oxygen
species (ROS) production attributed to high oxygen
consumption [1], which may reach 10-20 times the systemic
levels and as much as 100-200 times the skeletal muscle levels,
resulting in substantially increased mitochondrial electron flux
[2]. Under normal circumstances, ROS are neutralized by an
elaborate antioxidant defence system consisting of enzymes
such as superoxide dismutase (SOD), catalase, glutathione
peroxidase (GPx), glutathione reductase (GR), and non-
enzymatic substances such as reduced glutathione (GSH) and
vitamins A, C, E, and selenium [3]. When the ROS production
overwhelms the capacity of the antioxidant defence system,
oxidative stress is initiated [4], consequently oxidative damage
of cellular macromolecules such as lipids, proteins and nucleic
acids may occur. Skeletal muscle is the tissue with the largest
mass in the body consisting of postmitotic cells, which are
more prone to accumulate oxidative damage [5]. Recently, a

number of studies have demonstrated that many antioxidant
compounds, naturally occurring from plant sources, can be a
useful strategy to reduce exercise-induced oxidative damage in
humans and animal models [6]. Maca (Lepidium meyenii
Walp.) from the Brassicaceae family native to the Americas
grows in the suni and puna ecosystems of Peru (altitude>3500
m above sea level) [7]. Maca roots has been commonly used as
traditional medicine and herbal foods for health promotion in
the Andean region for thousands years. Traditionally it has
been used to enhance both female and male fertility, improve
sexual dysfunction, prevent osteoporosis, and relieve
menopausal syndrome and increase physical endurance [8]. In
the past few years, many studies have demonstrated that Maca
roots extracts have a wide range of biological activities
including antioxidant, antidepressant, antiviral, anti-fatigue,
antihyperlipidemic, hypoglycemic, improving sexual
performance, enhancing fertility, spermatogensis, and
preventing estrogen-deficient bone loss [9-14]. To date, its
biological activities are mainly attributed to phytosterols,
alkaloids, isothiocyanates, glucosinolates, macaenes, and
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macamides [15]. Besides, recent studies have suggested that
the polysaccharides from Maca (MCP) also exhibit strong
antioxidant activities [16-18], possibly protecting against
exercise-induced oxidative damage. Based on the
aforementioned considerations, the present study was
undertaken to investigate the protective effects of MCP on
oxidative damage induced by exhaustive swimming exercise
using rat models.

Materials and Methods

Reagents and chemicals
The diagnostic kit for the determination of aspartate
aminotransferase (AST) was purchased from MingFeng
Biological Technology Co. Ltd. (Shanghai, China). The
diagnostic kits for the determination of reduced glutathione
(GSH) and oxidized glutathione (GSSG) were purchased from
Amyjet Scientific Inc. (Wuhan, China). The diagnostic kits for
the determination of creatine kinase (CK), lactate
dehydrogenase (LDH), superoxide dismutase (SOD), catalase
(CAT), glutathione peroxidase (GPx), glutathione reductase
(GR) and malondialdehyde (MDA) were purchased from
JianCheng Biologic Project Co. (Nanjing, China). The enzyme-
linked immunosorbent assay kit for the determination of 8-
hydroxy-2'-deoxyguanosine (8-OHdG) was purchased from the
Control of Aging, Nikken SEIL Co. Ltd. (Shizuoka, Japan).
Water was prepared in ultra-pure water system (Purkinje,
Beijing, China). All other chemicals were of analytical grade
and purchased from local suppliers (Kunming, China).

Plant material and extraction
The dried roots of Maca were purchased from the Yunnan
Chinese Herbal Medicine Company (Kunming, China). The
polysaccharides from Maca (MCP) were extracted according to
a published method with minor modification [12]. Briefly, the
plant material were grind to fine powder and extracted with
distilled water in a ultrasonic cleaner bath set at a selected
extraction conditions (solid/liquid ratio of 1:25, extraction time
of 20 min, ultrasonic power of 200 W and extraction
temperature of 50°C). After filtration to remove debris
fragments, the filtrate was concentrated by rotary vacuum
evaporator at 60°C, and subsequently was dried with a spray
dryer. Then, 20 g Maca extracts was dissolved in 200 ml water,
and 2 ml 10% (w/v) amylase and 1.0 ml 0.2 M phosphate
buffer (pH 6.5) was added then. After enzymatic hydrolysis in
water bath at 50°C for 2 h, 1 ml glucoamylase was added and
incubated for 1 h. Enzymatic solution was heated to 100°C
rapidly to inactivate enzyme reaction, and then cooled and
diluted to 250 ml. The diluents extract solution was centrifuged
(2,000 ×g, 30 min), then the supernatant was precipitated with
addition of 4 times volume 95% (v/v) ethanol, and the
precipitate was collected after centrifugation, redissolved in
distilled water and treated with Sevag’s reagent several times
to remove protein and then dialyzed against distilled water for
48 h at 4°C. MCP was again precipitated with ethanol and the
precipitate thus obtained was lyophilized. The polysaccharides

content was determined by the phenol-sulphuric acid method
using glucose as a standard. Extraction yield of MCP was
calculated as the polysaccharides content of extraction divided
by dried roots of Maca weight, and the calculated extraction
yield of MCP was 2.37% (w/w).

Animal care and maintenance
Male Sprague Dawley (SD) rats, weighing 220 ± 20 g, were
provided by the Experimental Animal Center of Kunming
Medical University (Kunming, China). The animals were
maintained under constant conditions (temperature of 21-23°C
and relative humidity of 50 ± 5%) with free access to standard
rodent diet and tap water under a 12-h light/dark cycle. All
procedures involving the use of laboratory animals were in
accordance with the National Institutes of Health guidelines
and were approved by the Institutional Animal Ethics
Committee (IAEC) of Yunnan University of Finance and
Economics (Kunming, China). Every effort was made to
minimize the number of used animals and their suffering.

Grouping and MCP treatment
After acclimatization to laboratory conditions for 1 week, the
animals were randomly divided into five groups of 10 rats
each. (1) Sedentary control group (SC), (2) exercise control
group (EC), (3) exercise + 50 mg/kg MCP treated group
(EM-50), (4) exercise+100 mg/kg MCP treated group
(EM-100), (5) exercise+200 mg/kg MCP treated group
(EM-200). The rats of control group (SC and EC) were orally
given vehicle (distilled water) in a volume of 1.0 ml once daily
for 28 days. Three MCP treated group (EM-50, EM-100, and
EM-200) were orally given MCP the same volume of MCP
(50, 100 and 200 mg/kg bw) once daily for 28 days.

Exhaustive exercise protocol
In this study, swimming was chosen as the model of exercise-
induced oxidative damage since it is a natural behaviour of
rodents, less stressful and it can prevent foot injury, which may
generate ROS unrelated to strenuous exercise [19]. The
protocol was adapted from a previous study with some
modifications [20]. Briefly, 30 min after the last treatment with
MCP or distilled water, the rats were allowed to swim with
constant loads (tagged to the tail base) corresponding to 5% of
their body weight. The swimming exercise was carried out in
an acrylic plastic tank (90 cm × 45 cm × 45 cm) with 40 cm
deep with water maintained at 28 ± 2°C. The rats were
considered to be exhausted when they could not rise to the
surface to breathe after 10 s [21]. The mean time to exhaustion
was 106.81 min.

Biochemical analysis
After the completion of exhaustive swimming exercise, the rats
were anesthetized with sodium pentobarbital (40 mg/kg bw,
ip). Blood samples from the eyeballs were collected in the test
tube without any anticoagulant for measurement of serum
LDH, CK and AST. Serum was prepared by centrifugation
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(2,000 ×g, 10 min) at 4°C, decanted immediately, and was
stored at -80°C until assays were performed. Next, the
gastrocnemius muscles were carefully removed and rinsed in
ice cold physiological saline solution, blotted dry and stored at
-80°C until required for the SOD, CAT, GPx, GR, GSH,
GSSG, MDA and 8-OHdG analyses. All the biochemical
parameters were measured using diagnostic kits under the
manufactures' instructions.

Statistical analysis
The statistical analysis was performed using the statistical
package for the Social Sciences (version18.0; SPSS, Chicago,
IL, USA). Data were expressed as mean ± standard deviation
(SD) and assessed with one-way analysis of variance
(ANOVA) followed by Fisher’s least-significant difference
(LSD). A value of p<0.05 was considered to be significant.

Results and Discussion

Effect of MCP on serum LDH, CK and AST levels of
rats
Effect of MCP on serum LDH, CK and AST levels are shown
in Figure 1. Compared with the SC group, the LDH levels in
the EC, EM-50, E-100 and M-200 groups were significantly
increased (p<0.05) by 60.59%, 40.06%, 24.67% and 18.22%,
respectively; the CK levels in the EC, EM-50, E-100 and
M-200 groups were significantly increased (p<0.05) by
117.52%, 99.92%, 79.93% and 40.01%, respectively; the AST
levels in the EC, EM-50, E-100 and M-200 groups were
significantly increased (p<0.05) by 69.03%, 58.91%,44.87%
and 31.29%, respectively. Compared with the EC group, the
LDH levels in the EM-50, E-100 and M-200 groups were
significantly decreased (p<0.05) by 14.65%, 28.81% and
35.84%, respectively; the CK levels in the EM-50, E-100 and
M-200 groups were significantly decreased (p<0.05) by 9.21%,
20.89% and 55.37%, respectively; the AST levels in the E-100
and M-200 group were significantly decreased (p<0.05) by
16.67% and 28.74%, respectively.

Figure 1. Effect of MCP on serum LDH, CK and AST levels of rats.
Data were expressed as mean ± SD (n=10 rats per group). ^p<0.05
versus sedentary control group (SC).*p<0.05 versus exercise control
group (EC).

Effect of MCP on SOD, CAT, GPx and GR levels in
muscle of rats
Effect of MCP on the SOD, CAT, GPx and GR levels in
muscle are shown in Figure 2. Compared with the SC group,
the SOD levels in the EC, EM-50, and EM-100 groups were
significantly decreased (p<0.05) by 63.82%, 31.04% and
18.89%, respectively; the CAT levels in the EC, EM-50, E-100
and M-200 groups were significantly decreased (p<0.05) by
95.34%, 73.68%, 51.81% and 24.14%, respectively; the GPx
levels in the EC, EM-50, and EM-100 groups were
significantly decreased (p<0.05) by 84.08%, 44.67% and
18.26%, respectively; the GR levels in the EC, EM-50, E-100
and M-200 groups were significantly decreased (p<0.05) by
76.87%, 70.21%, 41.40% and 24.05%, respectively. Compared
with the EC group, the SOD levels in the EM-50, E-100 and
M-200 groups were significantly increased (p<0.05) by
25.02%, 37.79% and 52.93%, respectively; the CAT levels in
the EM-50, E-100 and M-200 groups were significantly
increased (p<0.05) by 12.48%, 28.68% and 57.36%,
respectively; the GPx levels in the EM-50, E-100 and M-200
groups were significantly increased (p<0.05) by 27.24%,
55.66% and 73.18%, respectively; the GR levels in the E-100
and M-200 groups were significantly increased (p<0.05) by
25.09% and 42.58%, respectively.

Figure 2. Effect of MCP on SOD, CAT, GPx and GR levels in muscle
of rats. Data were expressed as mean ± SD (n = 10 rats per group).
^p<0.05 versus sedentary control group (SC).*p<0.05 versus exercise
control group (EC).

Effect of MCP on GSH and GSSG Levels, and GSH/
GSSG ratio in muscle of rats
Effect of MCP on the GSH and GSSG levels, and GSH/GSSG
ratio in muscle are shown in Figure 3. Compared with the SC
group, the GSH levels in the EC, EM-50, and EM-100 groups
were significantly decreased (p<0.05) by 56.16%, 35.47% and
23.83%, respectively; the GSSG levels in the EC, EM-50,
E-100 and M-200 groups were significantly increased (p<0.05)
by 57.69%, 46.15%, 26.92% and 15.38%, respectively; the
GSH/GSSG ratio in the EC, EM-50, E-100 and M-200 groups
were significantly decreased (p<0.05) by 137.17%, 90.58%,
38.61% and 18.23%, respectively. Compared with the EC
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group, the GSH levels in the EM-50, E-100 and M-200 groups
were significantly increased (p<0.05) by 15.27%, 26.11% and
46.80%, respectively; the GSSG levels in the E-100 and M-200
groups were significantly decreased (p<0.05) by 24.24% and
36.67%, respectively; the GSH/GSSG ratio in the EM-50,
E-100 and M-200 groups were significantly increased (p<0.05)
by 24.44%, 71.11% and 100.61%, respectively.

Figure 3. Effect of MCP on GSH and GSSG levels, and GSH/GSSG
ratio in muscle of rats. Data were expressed as mean ± SD (n=10 rats
per group). ^p<0.05 versus sedentary control group (SC).*p<0.05
versus exercise control group (EC).

Effect of MCP on MDA levels in muscle of rats
Effect of MCP on MDA levels in muscle of rats is shown in
Figure 4. Compared with the SC group, the MDA levels in the
EC, EM-50, EM-100 and M-200 groups were significantly
increased (p<0.05) by 69.78%, 48.90%, 44.51% and 31.32%,
respectively. Compared with the EC group, the MDA levels in
the EM-50, E-100 and M-200 groups were significantly
decreased (p<0.05) by 14.02%, 17.49% and 29.29%,
respectively.

Effect of MCP on MDA levels in muscle of rats. Data were
expressed as mean ± SD (n = 10 rats per group). ^p<0.05 versus
sedentary control group (SC).*p<0.05 versus exercise control group
(EC).

Effect of MCP on 8-OHdG levels in muscle of rats
Effect of MCP on 8-OHdG levels in muscle of rats are shown
in Figure 5. Compared with the SC group, the 8-OHdG levels
in the EC, EM-50, EM-100 and M-200 groups were
significantly increased (p<0.05) by 138.98%, 87.29%, 74.58%
and 29.66%, respectively. Compared with the EC group, the 8-
OHdG levels in the E-100 and M-200 groups were
significantly decreased (p<0.05) by 27.60%, 36.89% and
84.31%, respectively.

Figure 5. Effect of MCP on 8-OHdG levels in muscle of rats. Data
were expressed as mean ± SD (n=10 rats per group). ^p<0.05 versus
sedentary control group (SC).*p<0.05 versus exercise control group
(EC).

Discussion
Over the past few decades, ROS have been identified as likely
components in cellular differentiation, aging, mutagenesis,
carcinogenesis, pathophysiology of many diseases and
oxidative damage during strenuous exercise [22]. Numerous
studies have demonstrated that an increased dietary intake of
natural antioxidant compounds, such as vitamin C, vitamin E,
polysaccharides, polyphenols, resveratrol, curcumin,
carotenoids, flavonoid, and saponins, may prevent and/or
reduce ROS-related diseases in human and animals [23].
Scicchitano et al. [24] reported that resveratrol, curcumin, and
carotenoids play a peculiar role in ameliorating human
dyslipidaemia. Sahin et al. [25] discovered that lycopene
protects against diethylnitrosamine-induced
hepatocarcinogenesis. Li et al. [26] found that Ganoderma
Lucidum Polysaccharides has an antihyperglycemic effect.
Ciccone et al. [27] demonstrated the anti-inflammatory action
of carotenoids (i.e., lutein, lycopene, and α- and β- carotene)
and their protective effect on cardiovascular events. Qi et al.
[28] found that ginsenosides-Rb1 possesses protective effects
on swimming exercise-induced oxidative stress. The present
study was designed to investigate the effects of MCP, a natural
antioxidant compounds and principal active ingredients of
Maca, on exhaustive exercise-induced oxidative damage in
rats.

Exercise-induced oxidative stress can significantly increase the
risk of muscle damage, and ROS play an important role in
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muscle damage [29], which leads to a temporary loss of the
exercising capacity of muscle for force production and an
increases in muscle soreness postexercise [30]. LDH and CK
are released into blood as the result of the destruction of the
cell membrane by oxidative stress or muscle damage, as well
as the direct destruction of the cell wall and tissue necrosis
[31]. Therefore, serum LDH and CK have been used as
accurate indicators of muscle damage after strenuous exercise.
It has also been reported that muscle damage is mostly
associated with release of AST enzymes into the blood stream.
AST is present in both cytoplasm and mitochondria and is
released into the blood after injury or death of cells [32]. Many
studies have indicated that strenuous exercise elevates the
levels of LDH, CK and AST in blood [33]. The results of this
study showed that MCP could protect muscle damage after
exhaustive exercise by decreasing the LDH, CK and AST
levels in blood.

ROS generation during strenuous exercise evokes changes in
the activity of the antioxidant defense systems of the living
body, both enzymatic and nonenzymatic [34]. The main
antioxidant enzymes include SOD, GPx, CAT and GR. SOD
converts superoxide radicals to hydrogen peroxide, which then
can be further converted to water through GPX or CAT. CAT
catalyzes the breakdown of hydrogen peroxide to form water.
GPX utilizes GSH as a hydrogen donor for the removal of
peroxides. The produced GSSG may in the presence of
NADPH be GSH through GR [35]. GR plays a role in the
antioxidant defence processes, by reducing GSSG to GSH with
consumption of NADPH, thus maintaining a high intracellular
GSH/GSSG ratio [36]. In recent years, substantial evidence
indicates that strenuous exercise causes a dramatic drop in
antioxidant enzymes activities in various tissues [28]. The
decrease in antioxidant enzymes activities after strenuous
exercise may be possibly due to their use against the free
radicals and their inhibition by free radical species [37]. The
results of this study showed that MCP could enhance
antioxidant enzymes activities to protect against ROS mediated
oxidative damage.

Glutathione is one of the most important non-enzymatic
antioxidants in antioxidant defense system, which can exist
intracellularly in either an oxidized (GSSG) or reduced (GSH)
state [38]. GSH is oxidized to GSSG in cells in response to an
increase in ROS. When the rate of oxidation is low, much of
the GSSG produced may be reduced to GSH by GR with a
consumption of one NADPH. However, with a more severe
oxidative stress, the rate of GSSG reduction cannot match that
of its formation, thus resulting in the accumulation of
intracellular GSSG [39]. Therefore, GSH/GSSG ratio is a
sensitive index of cellular redox status. It has been shown that
strenuous exercise can promote GSH oxidation to GSSG, cause
disturbances in GSH homeostasis, such as decreasing its
concentration, degrading its cellular redox status, and interfere
with GSH transport [40], as a consequence, lead to an
decreased GSH/GSSG ratio in various tissues. The results of
this study showed that MCP could protect exercise-induced
oxidative damage by enhancing GSH/GSSG ratio and GSH
levels in muscle. It is possible that MCP sntimulate the

production of GSH from GSSG by induction of the GR, and
additional studies are needed to confirm this hypothesis.

Strenuous exercise is known to induce the generation of ROS,
and this increased level of ROS as a result of increase in
mitochondrial oxygen consumption and electron transport flux,
inducing lipid peroxidation [41]. MDA is a three carbon chain
aldehyde produced during decomposition of a lipid
hydroperoxide, and the change in MDA concentration can be
used as an index of oxidative damage [42,43]. The results of
this study showed that MCP could effectively diminish lipid
peroxidation and might attenuate exercise-induced oxidative
damage.

Previous studies provided evidence that ROS produced during
strenuous exercise could cause extensive DNA damage in
multiple tissues, including single-strand breaks and the
formation of modified bases [44]. 8-OHdG is a product of
oxidative DNA damage following specific enzymatic cleavage
after ROS induced 8-hydroxylation of the guanine base in
mitochondria and nuclear DNA [45]. It has been reported that
8-OHdG is extensively investigated in human and animal
exercise studies, which is attributed to its high sensitivity and
considerable stability as it cannot be metabolized once
generated by free radicals [46,47]. Therefore, 8-OHdG has
been the most widely used markers of -induced oxidative DNA
damage. In this study, the results of this study showed MCP
could attenuate oxidative DNA damage induced by exhaustive
exercise. However, further studies are needed to elucidate the
mechanism of attenuate effects.

Conclusion
In conclusion, our data demonstrates that MCP could increase
the levels of SOD, CAT, GPx, GR and GSH, and GSH/GSSG
ratio in muscle, and decrease the levels of LDH, CK and AST
in serum, as well as the levels of GSSG, MDA and 8-OHdGs
in muscle. These results suggest that MCP might have
protective effects on exhaustive exercise-induced oxidative
damage. However, the detailed mechanisms underlying of this
protective effect have not yet been clarified. Further
investigation using other models including humans of different
sporting backgrounds is warranted to extend these findings and
elucidate its detailed mechanisms.
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