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Abstract

The present study was undertaken to evaluate the effect of flavonoids from L otus (Nelumbo
nuficera Gaertn) leaf (FFL) on exhaustive swimming exercise-induced oxidant stress by
measuring related biochemical parameters of mice. 32 male mice were randomly divided
into four groups. control group, FLL low dose treated group, FLL middle dose treated
group and FFL high dose treated group. The control group was given distilled water and the
treated groups were given different doses of FLL (50, 100, 150 mg/kg) by gavage once a day
for 28 days. 28 day later, mice were made to swim until being exhausted, then the exhaustive
swimming time and some biochemical parametersrelated to oxidative stress were measured.
The data showed that FFL can extend the exhaustive swimming time of the mice, as well as
increasing the superoxide dismutase (SOD), glutathione peroxidase (GSH-Px) activities, but
decrease the malondialdehyde (MDA) and 8-hydroxy-2'-deoxyguanosine (8-OHdG) levels.
These results indicated that FLL possessed protective effects against exhaustive swimming
exercise-induced oxidative stress.
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| ntroduction medicinal proposes in traditional medicinal. A kmgum-
ber of pharmacological studies have demonstratat th
The well-documented benefits of regular physicatrex Lotus leaf extract exhibit reducing blood pressumeti-
cise include reduced risk of cardiovascular diseaar- hyperlipidemic, antioxidant and hypoglycemic adies
cer, osteoporosis, and diabetes [1]. Exercise eateean [10]. Flavonoids from Lotus leaf (FLL) is considdréo
imbalance between oxidant and antioxidant levesi{ua-  be the principal active ingredients. FLL has besported
tion known as oxidative stress [2, 3]. Althoughuleg to reduce the formation of the lipid peroxidatiordao be
physical exercise decreases oxidative stress, ustbsn an effective antioxidant [11 — 13]. The effect afLFsup-
acute exhaustive exercise can cause oxidativesstted plementation on oxidative stress induced by exiaaist
subsequent damage to cellular proteins, lipidsraraleic ~ exercise is still poorly understood. The main psgpof
acids as well as changes to the glutathione syRtes).  this study was to evaluate the effect of flavondidsn
To avoid or minimize deleterious effect of exhausstex- Lotus leaf (FFL) on exhaustive swimming exercise-
ercise-induced oxidant stress, there is an inargasvi- induced oxidant stress by measuring related biocam
dence that antioxidant supplementation in humard arparameters of mice.
animals can reduce this oxidative stress [6 — 8].
Materialsand Methods
Lotus (Nelumbo nuciferaGaertn) is a perennial aquatic
crop with stout creeping yellowish white colored-rh Materialsand chemicals
zomes [9]. Various parts of Lotus have been empldge  Lotus leaves were collected in September-Augughén
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northwest region of Shandong Province, China. for 28 days. 28 day later, mice were made to switil u
being exhausted with wire of 5% body weight tiedHeir
The plants were identified by Professor Yue Lij@dgist  tails in the pool (length: 90 cm, width: 50 cm, thegs0
of Shandong Normal University (Jinan, China). Acleer  cm) filled with 35 cm depth of water at 28-32 °Cickl
specimen (registration number: 126951) has beensdep were regarded as being exhausted when they wees-und
ited in herbarium of Shandong Normal Universitytd  water for 8 s [15, 16], and their exhaustive swimgni
leaves were dried in the air at 25-30 °C and thewmrgd  time was immediately recorded.
into powder. The kits including malondialdehyde (KD
superoxide dismutase (SOD) and glutathione persgida Analysis of biochemical parameters related to oxidative
(GSH-Px) were purchased from Nanjing Jiancheng Biogtress
engineering Institute (Nanjing, China). DNA exta@ckit  All animals were anesthetized with ethyl ether aadri-
was purchased from Wako Biochemicals (Osaka, Japafjced immediately after the exhaustive swimming rexe
8-hydroxy-2-deoxyguanosine (8-OHdG) enzyme-linked cise. The gastrocnemius muscle of mice was coteael
immunosorbent assay (ELISA) kit was purchased fronhomogenized in buffer, and then they were centeitLigt
Japan Institute for the Control of Aging (Fukurd&pan). 620 x g for 10 min at 4 °C. The samples were tdien

All the other chemicals used were of analyticabigra biochemical estimations (SOD, GSH-Px and MDA).
) ) SOD, GSH-Px activities, and MDA levels were meadure
Preparation of flavonoids from Lotus leaf according to the recommended procedures provided by

Flavonoids from Lotus leaf (FLL) were prepared &s d the commercial diagnostic Kit.
scribed previously [14] with slight modifications. brief,

Lotus leaves powder (100 g) was suspended in 78% et DNA was isolated by the Nal extraction techniquehwi
nol (ratio of solvent to raw material was 35) andr&v the extractor kit. Then the isolated DNA was digdst
soaked for 4h, then under ultrasonication for 28 mi according to the previously published method [THe 8-
ultrasonic cleaner (KQ2200, Kunshan Ultrasonicrlnst OHAG levels of these samples were measured acgordin

ment Co., Jiangshu, China). A deep brown extract wayo the recommended procedures provided by the comme
obtained which was filtrated by using the filterh@@ cjal diagnostic kit.

Shong, Shanghai, China). The filtrate was absorbed

through D101 macroporous absqrptive resin colu_mﬁ (4 gatistical analysis

x 60 cm; Fubang Chemical Science Technologies Cop data were given as means + standard devia&)(
Tianjin, China) at the speed of 20 mL/min. The e@iu  comparisons between the means of various treatment
was eluted with dkD up to the washed liquid colourless groups were analyzed by using Dunnett's t-tesbiolid

and then eluted with 80% ethanol. The eluant wds COhy analysis of variance (ANOVA). P < 0.05 was cdnsi
lected and evaporated by using a rotary evaporatieq to be significant.

(RE52AA, Yalong Biochemical Instrument Co., Shang-
hai, China) under reduced pressure at 40°C to lget t

ELL. Results and Discussion

Selection of animals and care Effect of FLL on the exhaustive swimming time of mice

Male Kunming mice (weighing 18 to 22 g) used irsthi Fo_rced swim_ming of_ animals has be(_an employed z_i's ac
study was purchased from the Laboratory Animal €ent t€rion of their physical work capacity [18]. Prewsly

of Shandong Normal University (Jinan, China). The a Study have pointed out that swimming has advantages
mals were maintained on a 12-hour light/dark Cyc|é)ve_r_oth(_er forms of exercise, including the treddmi
(lights on 07:00-19:00 hours) in a constant tenpeea Tra}lnlng is not required because rodents have_ aradat
(21-23 °C) and 50 + 10% relative humidity colonpmg ~ SWimming ability and they are assumed to be highty

with free access to food and water. The approvahisf tivated to avoid drowning when fatigue is immineas;
experiment was obtained from the Institutional Aaim Suring a high level of performance [19, 20]. Aswh in
Ethics Committee of Shandong University of Finaand ~ Figure 1, the exhaustive swimming time of mice lrGF

Economics (Jinan, China). FMG and FHG were significantly prolonged compared
with that in CG (P<0.05), which was 1.28, 1.35 arll
Exhaustive swimming exercise times longer that in CG, respectively. These ressiig-

After 1 week of acclimation, 32 mice were randomly ~ gested that FLL could elevate the exercise tol@raofc
vided into four groups equally based on body weightmice.

control group (CG), FLL low dose treated group (LG

FLL middle dose treated group (FMG) and FLL higlselo Effect of FLL on the MDA and 8-OHdG levels of mice
treated group (FHG). The control group was givest di Oxidative stress induced by exhaustive exercisesign
tilled water and the treated groups were givenediffit nificantly elevate markers of tissue per-oxidatileanage
doses of FLL (50, 100, 150 mg/kg) by gavage ondaya because physical exercise promotes the productfon o
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ROS due to a substantial increase in oxygen consamp 30-
[21, 22]. The extent of oxidative damage is commonl

measured through quantitative assessment of lipid p 25-
oxidation products such as MDA [23]. 8-OHdG, a DNA
base-modified product generated by reactive oxygpen
cies, is mutation prone and has also been shovire ta
good marker for oxidative damage [24, 25]. As shamwn
Figure 2 and Figure 3, the MDA and 8-OHdG levels of
mice in FLG, FMG and FHG were significantly deceshs
compared with that in CG (P<0.05). These resultk- in
cated that FLL could reduce lipid and DNA per-oxida,
protected skeletal muscles from ROS-mediated oxlat 0o

damage after exhaustive exercise. ca FLG FMG FHG
Group

Figure 3. Effect of FLL on the 8-OHdG levels of mice.
Values are means + SD, each group contains eigbéni
P 0.05 when compared to the control group (CG)
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Figure 1. Effect of FLL on the exhaustive swimming time 0-
of mice. Values are means + SD, each group contain Grou
eight mice. * P 0.05 when compared to the controlg  Figure 4. Effect of FLL on the SOD activities of mice.
(CG). Values are means * SD, each group contains eigbé nfi

P 0.05 when compared to the control group (CG)
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Figure 2. Effect of FLL on the MDA levels of mice.
Values are means + SD, each group contains eigbéni
P 0.05 when compared to the control group (CG).

Figure 5. Effect of FLL on the GSH-Px activities of mice.
Values are means + SD, each group contains eighemi
*P 0.05 when compared to the control group (CG).
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Effect of FLL on the activity of SOD and GSH-Px of
mice 6.
Antioxidant enzymes, which provide the primary deste
against ROS generated during exercise, may beatetiv 7.
selectively during an acute bout of strenuous eserde-
pending on the oxidative stress imposed on theifgpec
tissues as well as the intrinsic antioxidant dedecespac- 8.
ity [26, 27]. SOD catalyses the conversion of thpesox-

ide radical to HO, and HO; GSH-Px reduces 4, to

H,O by oxidizing glutathione (GSH). In addition, GSH-
Px can reduce lipid peroxides directly [28]. Asshoin
Figure 4, SOD activities of mice in FLG, FMG andGH 9
were significantly increased compared with thatGG
(P<0.05). As shown in Figure 5, GSH-Px activitiefls o
mice in FMG and FHG were significantly increasedheo
pared with that in CG (P<0.05). Although GSH-Px\act
ties of mice in FLG were also increased, no sigaift
difference was observed (P > 0.05). These resulgs s
gested that FLL were able to up-regulate antioxXicam
zyme activities to protect against exhaustive dgerc
induced oxidant stress.

In conclusion, the data showed that FFL can extéed
exhaustive swimming time of the mice, as well aseas-
ing the SOD, GSH-Px activities, but decrease theAMD 4
and 8-OHdG levels. These effects might be duestarit
tioxidant property and showed that FFL acted a®@dg

scavenger against free radical generation andlifzere 14

hibits lipid and DNA per-oxidation. These findingwli-
cated that FLL possessed protective effects agairst
haustive swimming exercise-induced oxidative stress
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