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ABSTRACT

This study was conducted to assess the effectsafic daily spinach supplementation on known merké muscle
damage following half-marathon in well-trained hisgl young men. Twenty well-trained men volunteéoedhis
study. Participants were randomized in an openyspldcebo-controlled fashion into two groups, SpméS) (n =
10) and placebo (P) (n = 10). The participants tapplementation or placebo daily for 14 days befamning.
Participants ran 21 km. The spinach supplementati@s prepared at 1 mg/kg body weight. Total Antiamt
Capacity (TAC) was determined as marker of plasmi@ogidant capacity. LDH and bilirubin were measdras
markers of muscle damage. TAC significantly elelafeer supplementation in S group (P<0.05). Thespia level
of LDH and bilirubin were significantly higher in Broup after exercise (P<0.05). These results saggeat
chronic daily oral supplementation of spinach h#le\aating effects on known markers of muscle danfafjowing
a half-marathon in well-trained healthy young men.
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INTRODUCTION

Exercise is beneficial for the maintenance of adgbealth but it generates reactive oxygen spe&8l€sS] that may
result in oxidative stress [1]. During exhaustiveereise, an insufficiency of endogenous antioxidamty cause
antioxidant defense systems to be temporarily okelmmed [2]. Considerable interest has been showfinding
ways to prevent heavy exercise-induced free-ragicaduction and muscle injury.

An antioxidant is a compound that inhibits or dslélye oxidation of substrates even if the compdsmmesent in a
significantly lower concentration than the oxidizedbstrate [3]. Antioxidant supplements, such aanvin C
(ascorbic acid) or vitamin E (alpha-tocopherolyénheen very popular among athletes and individddls

Spinach is an important dietary vegetable richriticxidants that is commonly consumed fresh indslar after
boiling fresh, frozen or canned leaves. Spinachains several active antioxidant components, inolyflavonoids,
p-coumaric acid derivatives, vitamin C and uridiméyich are reported to act synergistically [5]. $uih leaves
contain about 1000-1200mg:kgof total flavonoids [6, 7]. Flavonoids and othenepolic compounds act as
antioxidants by the free radical scavenging progerof their hydroxyl groups, and are also effextmetal
chelators. Flavonoids also possess anti-allergiti;iaflammatory, anti-thrombotic, anti-carcinogerand antiviral
actions, which in part may be related to their fragical scavenging properties [8]. The preserdystuas therefore
undertaken to evaluate the possible effects ofrébrdaily administration of spinach (1 mg/1kg boslgight) for 14
days on markers of muscle damage following acudéehexercise in trained healthy young men.
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MATERIALS AND METHODS

Participants

Twenty well-trained healthy young men volunteeredthis study. Each participant completed a praaige health
status questionnaire. They did not drink alcohobargular basis and did not take neither antainfhatory drugs
nor antioxidant supplements and cigarettes or akioughout the study. All participants were velpaiformed of

the aim of the study and written informed consemse obtained. The protocol of the study was apgaidwy the
university ethics committee in accordance withiedsinki Declaration.

Experimental design

All procedures were undertaken at the laboratorthefArdabil Sports Medicine Committee. Three wegler to
the main test, participants underwent a Bruce oesta treadmill to determine their Ry (maximal oxygen
consumption). Participants were randomized in aenogtudy placebo-controlled fashion into two groupginach
(S) (h=10) and placebo (Ph & 10). They arrived at the laboratory after ovehbiasting.

A baseline blood sample was taken. Afterwards,estibjconsumed either placebo (Half of Bread andch@gse) or
spinach supplement (Half of Bread, 20g cheese gpirsach at 1mg/kg body weight) daily for 14 days. day of
the test, participants attended the athletics aedtea overnight fasting. After a second blood skEmpas taken,
participants had a 10-min warm-up involving runnatgalmost 50%Vg,.x for 5 min and stretching for 5 min. Then
participants ran 21 km. They were allowed to corswmaterad libitum throughout the trial. Blood samples were
taken immediately, 2, 24 and 48 h after exercise.

Blood sampling and analysis

Approximately 10 ml of blood was withdrawn at eatitme point. Three milliliters of blood was placed i
heparinized tubes and centrifuged at 3000 rpm @omih at 4°C. Plasma was transferred to microtamesstored at
-80°C for subsequent analysis. The rest of thedlvas allowed to clot and centrifuged at 5000 remI0 min.
Serum was removed and aliquoted in 0.2 ml volunmessdored at -80°C until analysis. Serum LDH arautiin
were measured using commercial available kits (DGKE) and (DSA) respectively. TAC was analyzed bgriya
et al. method [9].

Statistical analysis

Results are expressed as means + SEM, and P<OBonaidered statistically significant. Data wenalgzed for
time and group inter-variability using repeated-mgas analysis of variance. Where no group effext found,
data was pooled. If the data showed significantdeat was performed determining time points ghiicance.

RESULTS AND DISCUSSION

Participants' characteristics
The characteristics of participants, including dggght, BMI and preliminary V&., are summarized in Table 1.

Antioxidant index

Baseline resting serum TAC was not different betwegoups. TAC increased after supplementation and
immediately after exercise compared with baselirst jn S group (P<0.05). There was significantéase in S
immediately after exercise compared to P group (PEg) (Figurel).

Muscle injury indices
LDH significantly increased immediately post, 2h2dnd 48h after exercise in both groups (P<0.0Bgr& was
significant difference between groups immediatétgraexercise (P<0.001) (Table2).

Bilirubin was significantly increased immediatelgda24h after exercise in P group compared to pezeése and
48h after exercise in S group (P<0.05). There vwgsfecant differences between groups immediat@y@.027), 2h
(P=0.033) and 24h (P=0.004) after exercise (Table2)

To our best knowledge, the present study is fiegtort of the effects of chronic administration g@insich on
exercise-induced muscle damage in men. The purpbfas study was to evaluate the effect of 14dsyimach
supplementation on antioxidant capacity and musataage indices.

Pellegrini et al. (2003) showed among some antantiddegetables, spinach had the highest antioxickgpecity in
the TEAC and FRAP assays [10]. According our d&fs(C as a marker of antioxidant power is signifidptigher
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in S group after 2weeks supplementation and imnelgiafter exercise compared with P group showing t
influence of this type of supplementation of spimao antioxidant power.

Half marathon increased LDH immediately, 2, 24 484 after exercise compared with pre-exercise th gooups.
Furthermore, the rate of enhancement immediatédy akercise was significantly higher in P groupnpared with
S group. There are two possible explanations fsrdifference. First, the anti-inflammatory effeofsspinach might
be responsible of this phenomenon [11]. Secong@iynash is a strong antioxidant [12-14]. ElevatidiBH serum
concentration shows promotion in leakage of thisyere after exercise through cell membrane. Cell brane
damage may be results from lipid peroxidation. Base of between groups LDH may be owing to effespmach
as an antioxidant preventing lipid peroxidation.céing some researches, lipid peroxidation mayd l&a
membrane permeability and the escape of muscletitmrgs [15-17].Inhibitory effects of spinach on lipid
peroxidation may have prevented leakage of LDH fih membrane and consequently alleviation of LE##um
concentration.

It seems spinach supplementation has been ablecteake bilirubin serum concentration, one of theromarkers
of muscle damage. Some studies reported the edevafi bilirubin after exercise [18]. Bilirubin lelseems to
depend on the oxidative stress and the oxidatiesstcan induce hemeoxygenase and leads to hemaddtgn
and bilirubin synthesis [19].

Tablel. Subjects' Characteristics

P group S group
Age (years) 22.10+1.85| 22.60+1.65
Height (cm) 176.80 +4.16| 177.50 * 8.38
Weight (kg) 71.00 £7.39| 75.90 +10.73
VOoma (Mlkg®.min®) | 49.70 £4.32| 48.90 +4.91

Values are mean +SD, Vg maximal oxygen consumption

Table 2. LDH, Bilirubin.

Parameters Groupk Baseline Pre Post 2h 24h 48h
(mean £ SD) (mean * SD) (mean + SD (mean + SD) afmeSD) (mean £ SD)
LDH (UIL) P 269.35 27.53| 250.24 26.27 | 504.4& 79.23 | 502.16+ 152.66 | 433.02+ 262.47 | 392.96x 156.90
T 251.12+ 19.39 | 234.8% 23.09 | 341.6%51.76 | 428.68+112.47 | 352.38+59.21 307.08+ 62.53
Bilirubin (mg/di) P 1.05+ 0.38 0.99+ 0.44 2.00t 1.20 1.76+1.03 1.61 0.55 1.33% 1.1Z
T 0.93+0.41 0.8Q+ 0.37 0.98t 0.36 0.94 0.22 0.94+0.27 1.23+1.00

" indicates Significant increase compared with pxereise (P<0.05) indicates Significant differences compared witk-prercise and between
groups (P<0.05)! indicates Significant differences just betweerugs(P<0.05). Values are mean + SPre pre-exercise, Post post-exercise
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Figurel. The effect of spinach supplementation onl@sma totals anti-oxidant capacity (TAC) in trainedhealthy young men. Values
represent mean * SEM (n=10). * P < 0.05 vs pre-exase values. T P < 0.05 vs placebo and pre exercRee pre-exercise, Post post-
exercise
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CONCLUSION

The present study demonstrates that an acute hareocise can induce oxidative stress in wellredi healthy
young men. Chronic daily oral supplementation véfiinach for 14 days has some alleviating effectsnoiscle
damage markers such as LDH and bilirubin and irser@aantioxidant capacity. It seems antioxidant ewtst of
spinach such as flaveniods, vitamin C and otherthaf ilk have been able to attenuate the markémsuscle
damage.
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