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ABSTRACT

GOLDFARB, A. H., R. S. GARTEN, C. CHO, P. D. M. CHEE, L. A. CHAMBERS. Effects of a Fruit/Berry/Vegetable Supplement

on Muscle Function and Oxidative Stress. Med. Sci. Sports Exerc., Vol. 43, No. 3, pp. 501–508, 2011. Purpose: This study tested

the effectiveness of a fruit, berry, and vegetable concentrate (FVC), Juice Plus+� (NSA LLC, Collierville, TN), supplement on

muscle function and oxidative stress in response to an acute bout of eccentric exercise (EE). Methods: Forty-one healthy volunteers

(age = 18–35 yr) were randomly assigned to either a placebo (P) or an FVC treatment taking capsules for 28 d (6 dj1) before EE and for

the next 4 d. All subjects completed four sets of 12 repetitions of eccentric elbow flexion with their nondominant arm. Blood,

muscle soreness (MS), range of motion (ROM), and maximal isometric force (MIF) of the elbow flexors were obtained before and

immediately after exercise and at 2, 6, 24, 48, and 72 h postexercise. Plasma was analyzed for creatine kinase (CK), lipid hydroperoxides,

malondialdehyde (MDA), and protein carbonyls (PC). Glutathione ratio was determined from whole-blood extracts. Results: MS, ROM,

MIF, and plasma CK demonstrated significant time effects independent of treatment. MS and plasma CK increased over time, whereas

ROM and MIF decreased over time. There was a significant time and time � treatment effect for plasma PC and MDA. PC and MDA

increased over time in the P group (P G 0.01) but were not significantly altered in the FVC-treated group at any time. No significant

changes were noted in lipid hydroperoxides. The glutathione ratio was elevated immediately postexercise in both groups (P G 0.01) and

elevated 6 h postexercise with P compared with the FVC-treated group (P G 0.05). Conclusion: This study reports that 4 wk of

pretreatment with an FVC can attenuate blood oxidative stress markers induced by EE but had no significant impact on the functional

changes related to pain and muscle damage. Key Words: SORENESS, PROTEIN CARBONYLS, LIPID PEROXIDATION,

GLUTATHIONE, ISOMETRIC FORCE

E
xercise of sufficient intensity and duration can

result in skeletal muscle damage. Unaccustomed

lengthening-type actions (eccentric actions) typically

will result in greater muscle damage than concentric exer-

cise, which has been, in part, attributed to greater forces

exerted within the muscle (34,40). This greater force within

the muscle is believed to result in greater strain on the in-

volved structures. Greater peak force during eccentric con-

traction resulted in greater functional impairment (40), which

is thought to affect both connective structures and proteins

resulting in microdamage. Chemical changes associated with

both inflammatory (6,30) and oxidative stress processes have

been reported with this type of damage (28,30). These pro-

cesses not only degrade the damaged substances but are

also thought to enhance repair processes (8,14,24,30).

Reactive oxygen/nitrogen species (RONS) have been im-

plicated in both the initiation and the progression of muscle

fiber injury after the initial mechanical insult (11,18,28). A

single bout of exercise can activate several distinct radical

generating systems and can be categorized into both primary

as well as secondary RONS sources (18). The generation of

RONS during and after eccentric exercise (EE) has been at-

tributed to xanthine, NADPH oxidase production, ischemia

reperfusion, prostanoid metabolism, phagocytic respiratory

bursts, inflammatory processes, disruption of iron-containing

proteins, and excessive calcium accumulation, often resulting

from high force EE (6,11,21,27,29,33,38).

Increases in markers of oxidative stress within the blood

(16,25,36) and muscle (27,42,43) have been reported after

eccentric activities. However, not all studies report increases

in oxidative stress markers, depending on the site examined

(42) or the marker and exercise used (15). After eccentric

resistance exercise, blood protein carbonyls (PC) and oxi-

dized glutathione (GSSG) were reported to increase in both

young men (25) and young women (16). The GSSG con-

centration compared with the total glutathione (TGSH)

concentration (glutathione status) was elevated immediately

and 2 h after EE (16). In addition, several blood lipid per-

oxidation markers have been reported to be elevated after

EE (31). You et al. (42) reported that downhill running

elevated PC in both muscle and blood and that dietary
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antioxidant treatment attenuated the PC increase in both

muscle and blood.

Many substances have been purported to be potentially

beneficial as a pretreatment intervention in the hopes of re-

ducing damage or enhancing the repair of skeletal muscle

from this type of insult. Unfortunately, the research substan-

tiating protection of skeletal muscle from damage is either

inconsistent or lacking. A combination of antioxidants (vita-

min E ,vitamin C, and selenium) taken for 14 d before EE and

for 2 d after exercise was reported to prevent the increase in

both blood PC and malondialdehyde (MDA) at 48 h after

exercise (4,16). This combined antioxidant treatment did not

alter the immediate rise in GSSG after exercise. However,

subjects reported less soreness after this treatment, and the

increase of blood creatine kinase (CK) was attenuated. It was

suggested that membrane stabilization and/or improved

membrane integrity occurred with this treatment (4). In con-

trast, maximal isometric force (MIF) and range of motion

(ROM) decrement was similar for both treatments (4). In

contrast, a high-dose antioxidant (vitamins E and C) treatment

given for 37 d before EE attenuated peak torque loss (32).

This later study pretreated for a longer time, which may have

contributed to the partial protection observed in the force

decrement. Unfortunately no oxidative stress or inflammatory

markers were assessed.

Nutritional and nutraceutical substances have been pur-

ported to have antioxidant effects as well as some anti-

inflammatory processes (6,7). Several nutritional supplements

have been suggested to help in the prevention and repair

rate of muscle damage and soreness but have not been ade-

quately investigated. Some substances within these supple-

ments include isoflavones, catechins, quercetin, >-lipoic acid,

and beta-carotene. A fruit, berry, and vegetable concentrate

(FVC) supplemented for 2 wk before aerobic exercise atten-

uated oxidative stress in both men and women (3) and

showed similar effects as a combined antioxidant (vitamins E

and C) treatment.

Supplementation with this FVC enhanced antioxidant

defense in healthy adults (3,22,23) by reducing PC as well as

by enhancing plasma immunity. Flavonoids, anthocyanins,

and antioxidants have been identified in several fruits, in-

cluding blueberries, strawberries, and cherries. Recently, con-

sumption of Bing sweet cherries (approximately 45 pieces

per day) was reported to lower circulating inflammatory fac-

tors within the blood (20). Tart cherry juice (24 fl oz) taken

for 8 d before EE reduced strength loss, with no difference

in pain or ROM (12). Regrettably, no measures of oxidative

stress were determined in this study. This FVC taken for

2 wk reduced oxidative stress markers in both men and

women in response to 30 min of aerobic exercise (3). To

provide adequate treatment of the FVC, we extended the

pretreatment period to 4 wk to closer approximate the length

of time of these other studies (20,32) to assess oxidative

stress effects and functional outcome changes to EE. In ad-

dition, it appears that antioxidant supplementation needs to

be continued after EE to help prevent secondary damage

(16). We have substantiated this with high-dose vitamin C

(5) but do not know if this FVC can reduce oxidative stress

as well as attenuate the muscle soreness (MS) or the muscle

function loss to EE.

Therefore, we compared the effectiveness of this FVC

with a placebo (P) treatment to ascertain if this juice powder

concentrate, which contains modest amounts of flavonoids,

anthocyanins, and antioxidants, can reduce the loss of

muscle function, MS, and oxidative stress in response to

acute EE. We hypothesized that the FVC would attenuate

oxidative stress and would also attenuate the MS and loss of

muscle function to the EE.

METHODS

Subjects. Forty-four apparently healthy college-aged

subjects (age = 18–35 yr) volunteered after explanation of

all experimental procedures and provided written informed

consent. All subjects completed a medical history, diet,

supplement, and fitness questionnaire to determine eligi-

bility. Subjects were nontobacco users, were not on anti-

inflammatory drugs or on dietary supplements (i.e., vitamins

or antioxidants for at least 3 months), and refrained from

these substances throughout the study. Subjects were non-

resistance trained for at least 6 months. The university insti-

tutional review board for human subjects committee approved

all experimental procedures, and subjects signed consent

forms describing all procedures before participation.

Supplementation. Subjects were randomly assigned in

a double-blind manner to either a P group (microcrystalline

cellulose) (n = 22) or an FVC group (n = 22). The FVC

capsules primarily contained a proprietary blend of fruit,

vegetable, and berry juice powder concentrates, encapsu-

lated (Juice Plus+�, NSA LLC, Collierville, TN). This

combination powder provided approximately 7.5 mg of beta-

carotene, 276 mg of vitamin C, and 108 IU of vitamin E

per day as well as natural flavonoids and anthocyanins,

as previously described (3). Subjects had their MIF deter-

mined on both arms using a Biodex isokinetic dynamometer

(Biodex Medical Systems Inc., Ronkonkoma, NY) after

meeting the initial screening criteria. They were then given

a sealed bottle with instructions to take six capsules per day

(three in the morning and in the evening, with meals) for

4 wk. They were not allowed to make up capsules missed

on previous days and were instructed to keep a record of

missed capsules. They continued to take the capsules for

the 4 d after the eccentric protocol. Subjects were contacted

once per week to remind them to take their capsules. All

subjects were shown how to fill in their dietary records

(3-d record) and bring them before the eccentric protocol.

Two subjects from the P group and one subject from the

FVC treatment group did not complete the study and were

not included in the analysis, leaving n = 20 for the P group

and n = 21 for the FVC group. No adverse effects were

reported by any of the subjects in either group.
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Baseline measurements. Subjects’ height, weight,

blood pressure, heart rate, and percent body fat (on the basis of

gender) using three skinfold sites with Harpenden calipers

(18) were obtained by the same trained technician. Subjects

were familiarized and fitted to the Biodex isokinetic dyna-

mometer, with all settings recorded for future reference dur-

ing the eccentric protocol. Each subject performed three MIF

with their nondominant and dominant arm elbow flexors,

each lasting 3 s, with 60 s of rest between each effort. These

efforts served as a familiarization to the isokinetic dyna-

mometer as well as to obtain initial MIF for all subjects.

ROM was assessed using a goniometer, assessing the elbow

flexors on both arms by asking subjects to flex and extend

their arms at the elbows.

Experimental procedures. Subjects reported back to

the laboratory 4 wk after the initial assessment in the

morning after an overnight fast (at least 10 h) and not having

strenuously exercised 2 d before. They brought with them

their 3-d diet records and sat quietly at least 15 min before

having any measurements obtained. ROM and MS ratings

were then obtained. MS was assessed using a visual linear

scale ranging from 1 to 10 (10) in a rested position, through

ROM, and in response to palpation. A resting blood sample

(15 mL) was then taken from an antecubital vein and im-

mediately processed. Subjects were then seated into the

Biodex system, and their MIF obtained for both arms. They

then performed four sets of 12 repetitions of eccentric

actions using their nondominant arm elbow flexors at an

angular velocity of 20-Isj1, with 60 s of rest between sets.

The ROM for the action was set at 100- of flexion. The lever

arm was programmed to move against the subjects’ resis-

tance as long as 10 NIm of torque was produced by the

subject. The bar was returned to the initial flexed position by

the investigator during the rest interval of 3 s. Total amount

of work was recorded for each set and totaled. Peak forces

and decline of forces were also obtained. Subjects were en-

couraged by the investigator to give their maximal force on

all eccentric actions.

Blood samples were obtained before, immediately after

(0), and at 2, 6, 24, 48, and 72 h after the EE protocol via

vacutainer containing EDTA. Blood samples at 0 and 2 h after

the EE were obtained from the exercised arm if possible and

from either arm thereafter. Blood samples were analyzed for

plasma CK, PC, MDA, lipid hydroperoxides, and whole-

blood TGSH and GSSG.

Dietary records and analysis. All subjects were in-

structed to maintain their normal diet during the study period

and completed food records for 3 d before EE. The re-

searchers provided instruction regarding portion sizes and

recording of foods and beverages consumed. Nutrient intake

was analyzed for total calories, protein, carbohydrate, fat

(total, mono- and polyunsaturated, and omega-3), vitamin C,

vitamin E, and vitamin A intake (Diet Analysis Plus 8.0;

ESHA Research, Salem, OR).

Blood handling and analysis. Whole blood (1 mL for

both GSH and GSSG) was immediately pipetted into tubes

containing 10% of 5-sulfosalicylic acid with bathophenan-

trolinedisulfonic acid at a final concentration of 1 mM (1).

These tubes were mixed to ensure red blood cells were

lysed and destroyed enzymatic activity, then centrifuged at

3000 rpm at 4-C for 15 min (Beckman 6KR4, Fullerton, CA).

The supernatant was then pipetted into microcentrifuge tubes

and centrifuged at 11,000 rpm for 10 min to remove any

remaining cellular debris and then stored at j80-C until an-

alyzed for glutathione status. The remaining blood was im-

mediately centrifuged at 3000 rpm at 4-C for 15 min to obtain

plasma, and aliquots were stored at j80-C until analyzed.

Protein carbonyls. Plasma PC were determined using

an ELISA kit (Biocell Ltd., Auckland, New Zealand) fol-

lowing the procedures of Winterbourn and Buss (41). The

plasma samples were first adjusted to the appropriate protein

concentration using the standard procedure outlined in the

assay to ensure similar protein concentration. Each plate was

loaded with standards, controls, and unknown samples and

read at 450-nm wavelength on a microplate reader (BioTek

Instruments, Winesski, VT). The data were processed by a

KC Junior software package. All samples were measured in

duplicate and compared with standards.

Malondialdehyde. MDA was determined using the

Oxis (Bioxytech LPO-586, Foster City, CA) colorimetric

assay kit. Briefly, this procedure is based on the reaction of

the chromogen, N-methyl-2-phenylindole, with MDA at

45-C. One molecule of MDA reacts with two molecules of

N-methyl-2-phenylindole to yield a stable chromophore with

maximal absorbance at 586 nm. Probucol (10 HL) was added

to each microcentrifuge tube, and then either standard or

plasma (200 HL) was added and mixed. Then, 640 HL of N-

methyl-2-phenylindole in acetonitrile was added and mixed.

Concentrated HCl (150 HL) was then added to the tubes

and then capped, mixed, and incubated at 45-C for 60 min.

The tubes were centrifuged at 10,000 rpm in an Eppendorf

microcentrifuge for 10 min, and the supernatant was loaded

onto the microplate. Each microplate was read at 586-nm

wavelength on a microplate reader (Biotek Instruments).

The data were processed by a KC Junior software package.

All samples were measured in duplicate and compared with

standards.

Lipid hydroperoxides. Lipid hydroperoxides were de-

termined from EDTA plasma using the Cayman Chemical

Assay Kit (No. 750002, Ann Arbor, MI). This procedure

used chloroform and methanol to extract the lipid hydro-

peroxides from plasma. The solutions were first prepared by

bubbling nitrogen gas through the solvents to deoxygenate

the extraction solutions. The extracted hydroperoxides react

with a ferrous ion, which then react with thiocyanate ion

as the chromogen (26). The absorbance of the samples and

standards were determined using a 96-well glass plate and

read on a microplate reader (Biotek Instruments) at 500-nm

wavelength and compared with standards. All samples and

standards were performed in triplicate.

Glutathione status. Glutathione was determined spec-

trophotometrically (Shimadzu UV-1601, Baltimore, MD) as
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previously described by Andersen (1). This method enables

both GSH and TGSH to be determined. 2-Vinyl pyridine

was used to recycle all of the GSSG back to GSH to quantify

TGSH concentration. The GSSG form was calculated from

the following formula: (TGSH j GSH)/2, as previously

reported (16). All samples were measured in duplicate and

compared with standards.

Analysis. Data for all blood parameters, muscle forces

measurements, andMSwere analyzed using a 2� 7 repeated-

measure ANOVA. Significant interactions and main effects

were further analyzed using Tukey’s post hoc tests, if needed,

to isolate where time differences occurred. Subject charac-

teristics, dietary variables, total work, and percent decrease in

work for the eccentric protocol were compared between

groups using a one-way ANOVA. All analyses were per-

formed using the Statistical Package for the Social Sciences

for Windows (Version 16.0; SPSS, Inc., Chicago, IL). Statis-

tical significance was set at P e 0.05. The data are presented

as mean T SEM.

RESULTS

All subjects that were included in the data analysis

(N = 41) successfully completed all aspects of the testing.

Capsule consumption, assessed via returned capsule count

and on the basis of the information of missed intake re-

corded by the subjects, was 98.5% T 0.5% and 97.7% T 0.6%

for the P and FVC groups, respectively. There were no

statistical differences at baseline between the groups for their

characteristics, as listed in Table 1. There were 15 men and

5 women in the P group and 11 men and 10 women in the

FVC group. The assessment of the 3-d dietary records period

before their EE showed no significant differences between

the two groups for the macromolecules and vitamins listed

(Table 2).

Force and work results. There were no significant

differences in the total amount of work performed during the

eccentric protocol between the groups (P = 1137 T 126 NIm,

FVC = 1117 T 130 NIm) nor the percent decrease in work

performed during the eccentric protocol from the first

set to the fourth set (P = 37% T 5.3%, FVC = 38% T 8.2%).

Figure 1A shows the percent decline in MIF over time for

the nondominant arm elbow flexors that performed the EE

for both groups (P e 0.001). There was an initial loss of

MIF immediately after EE, independent of treatment, which

remained depressed throughout the 72 h after EE.

ROM was significantly reduced in response to the ec-

centric protocol in the nondominant arm (Fig. 1B). A sig-

nificant time effect (P e 0.001) occurred for the loss of

ROM, independent of treatment from immediately after EE

through 72 h after EE.

MS was significantly increased (P = 0.0001) in both

groups and demonstrated a time main effect (Fig. 2A). MS

peaked at 48 h after EE, independent of treatment. Plasma

CK response to the EE (Fig. 2B) showed a significant time

effect, independent of treatment (P = 0.031). Both groups

showed similar increases in CK over the 24–72 h after EE.

TABLE 1. Characteristics for subjects.

Variable P (n = 20) FVC (n = 21)

Age (yr) 22.8 T 0.7 23.8 T 3.6
Height (cm) 165.6 T 2.5 169.0 T 1.5
Weight (kg) 66.3 T 2.6 69.7 T 3.8
BMI (kgImj2) 24.4 T 0.8 24.7 T 1.5
% body fat 19.1 T 2.0 18.2 T 2.0
Arterial blood pressure (mm Hg)

Systolic 118.9 T 2.4 114.8 T 2.6
Diastolic 71.9 T 1.6 69.8 T 1.6

Heart rate (bpm) 73.3 T 2.3 71.4 T 2.0

Values are presented as mean T SEM. Values for blood pressure and heart rate are at
rest. There was no statistical difference between the groups (P 9 0.05).

TABLE 2. Dietary intake averages from 3-d food records.

Variable P (n = 20) FVC (n = 21)

Total calories (kcal) 2063 T 172 2364 T 114
Carbohydrate (kcal) 1005 T 86 1185 T 69
Carbohydrate (%) 49.4 T 2.2 50.0 T 1.4
Protein (kcal) 139 T 31.0 106 T 23.6
Protein (%) 15.5 T 0.9 16.0 T 0.9
Fats (kcal) 741 T 79 812 T 45
Fats (%) 35.2 T 1.8 34.2 T 0.7
Saturated fats (%) 12.3 T 1.1 12.1 T 0.5
Unsaturated fats (%) 13.6 T 1.1 11.5 T 1.0
Monounsaturated (g) 23.68 T 3.6 23.90 T 3.2
Polyunsaturated (g) 11.75 T 2.4 8.67 T 1.3
Omega-3 (g) 0.64 T 0.11 0.43 T 0.08
Vitamin C (mg) 83.6 T 15.3 147.8 T 29.8
Vitamin E (IU) 4.1 T 0.59 4.5 T 0.5
Beta-carotene (RE) 245.0 T 39.3 343.3 T 84.9

n = 20 for P and n = 21 for FVC. Values are presented as mean T SEM. There was no
statistical difference (P 9 0.05) for any of the variables.
RE, retinol equivalents.

FIGURE 1—A, MIF changes in response to EE of elbow flexors over

time. B, ROM changes of elbow flexors in response to EE over time.

Values are presented as mean T SEM. FVC, fruit, berry, and vegetable

concentrate. *Significant time effect independent of treatment.
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Blood oxidative stress results. A significant time

(P = 0.0001) and treatment (P = 0.002) effect occurred for

plasma PC (Fig. 3A). PC increased over time, from 2 h

postexercise through 72 h postexercise, in the P group. In

contrast, PC were not significantly altered in the FVC-

treated group over time. Therefore, there was a signifi-

cant difference in PC between treatments from 2 to 72 h

after EE.

A significant time and time � treatment effect (P = 0.039)

occurred for plasma MDA. MDA increased over time in the

P group, from 24 to 72 h after EE. In contrast, MDA was

not significantly altered in the FVC-treated group at any

time (Fig. 3B).

Lipid hydroperoxides were unaffected in either group over

time, and there was no significant difference between the

groups (Fig. 4A). The GSSG/TGSH ratio was significantly

elevated over time (Fig. 4B). The post hoc test revealed

that immediately after EE time, the GSSG/TGSH ratio was

elevated for both groups, whereas the 6-h postexercise time

was also elevated for the P group. This resulted in a signifi-

cant difference between groups at the 6-h postexercise time

point (P = 0.04).

DISCUSSION

The present study reports that this FVC compared with a

P pretreatment for 4 wk before and continued for 4 d after

EE can reduce blood markers of oxidative stress but did

not attenuate the decrements in MIF and ROM or the

increases in MS and blood CK. These data suggest that

the FVC acted as an effective antioxidant. These data also

suggest that the primary mechanism for muscle force loss,

FIGURE 2—A, MS in response to EE over time. B, CK response to

EE over time. Values are presented as mean T SEM. FVC, fruit,

berry, and vegetable concentrate. *Significant time effect independent

of treatment.

FIGURE 3—A, PC response to EE over time. B, MDA response to EE

over time. Values are presented as mean T SEM. FVC, fruit, berry, and

vegetable concentrate. *Significant time effect independent of treat-

ment. †Significant difference compared with P treatment.

FIGURE 4—A, Lipid hydroperoxides response to EE over time. B,

Glutathione ratio response to EE over time. Values are presented as

mean T SEM. GSSG, oxidized glutathione; TGSH, total glutathione;

FVC, fruit, berry, and vegetable concentrate. *Significantly different

from pretreatment. †Significantly different between groups.
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MS, and membrane integrity damage is unrelated to blood

markers of oxidative stress with EE. However, blood

markers of oxidative stress may not always reflect what has

happened within the muscles (38). This is the first study that

we are aware of that has examined this concentrate as a

potential prophylactic pretreatment agent to prevent the

deleterious effects of EE.

Pretreatment of various antioxidants to prevent muscle

damage and soreness has had limited success in preventing

muscle force loss, MS, and mixed results in preventing ox-

idative stress (5,7,9,11,13,14,37). Muscle force loss was

observed in both groups to a similar extent in the present

study. The extent of force loss peaked 24–48 h after EE and

resulted in a 40% loss of MIF. Several other studies have

also reported that the peak force loss occurs from 24 to 72

h after EE and varies dependent on the number of muscle

actions and the subjects used (4,14,15). It is interesting to

note that Bloomer et al. (4) reported a similar force loss

examining only women using this identical eccentric proto-

col. This suggests that both men and women exposed to EE

should have similar force losses.

Although antioxidant pretreatment may attenuate oxi-

dative stress, it is noteworthy that high-dose antioxidant

treatment was ineffective in preventing skeletal muscle

contractile force loss (12–14). In fact, Beaton et al. (2)

reported that vitamin E supplementation of 1200 IUIdj1

for 30 d was ineffective in preventing muscle damage to

eccentrically biased contractions. Furthermore, it was re-

ported that that vitamin E can stabilize membranes but did

not diminish the amount of damage to eccentric contrac-

tions (36). However, an antioxidant (PEG-SOD) injected

into the muscle of mice (39) was shown to prevent muscle

force decline because of injury. In addition, isolated muscle

treated with Tiron, a radical scavenger in the bathing me-

dium, reduced force decline associated with Ca2+ handling

loss (27). Therefore, it is probable that nutritional antioxi-

dant supplementation will not be an effective route to pro-

tect against force decline within muscle.

ROM loss in our present study showed similar decrements

with both treatments. The ROM loss is comparable with the

loss reported by Bloomer et al. (4), using a similar eccentric

protocol. Lee et al. (24) reported significant declines in

ROM from 24 to 72 h after EE. This ROM loss can vary

depending on the number of muscle actions.

The present study reports a similar biphasic MS response

to the eccentric protocol in both groups. MS was signifi-

cantly elevated from 24 to 72 h after EE and by 72 h had

started to normalize, as previously reported, using an iden-

tical protocol (4). In addition, the increase in MS is similar to

several other studies (4,10,15,24).

Vitamin C given for 7 d before (3 gIdj1) and after EE

attenuated MS (5,17). However, despite less MS, there was

still a similar increase in CK and decreased MIF with this

treatment (5). In contrast, low-dose vitamin C (200 mg)

taken 2 wk before downhill running did not alter increases in

MS, lipid peroxidation, and CK (34). In addition, taking an

acute dose of vitamin C before a shuttle run had no bene-

ficial effects (33) nor was taking vitamin C only after the

exercise beneficial (32). The present study reports similar

CK and MIF responses to the study of Bryer and Goldfarb

(5), but the present study reports no MS differences with this

FVC. The vitamin C content in the FVC was 276 mgIdj1,

which probably was insufficient to alter MS, even with the

combination of other ingredients.

CK increased to a similar extent, independent of treat-

ment in the present study from 24 to 72 h after EE. The

blood CK increase is typically attributed to the leakage of

this enzyme out of the muscle cells because of a loss of

membrane integrity. The increases observed with CK in the

present investigation are similar to what has been reported

in previous studies (4,9,24). It should be noted that high-

dose vitamin E (2) can attenuate the CK leakage from

muscle, independent of the extent of muscle damage (36).

Therefore, it is probable that the amount of vitamin E

(108 IU) within the FVC treatment was insufficient to at-

tenuate the CK leakage.

In contrast to the functional measures, the present study

reports that this FVC pretreatment was effective in attenu-

ating the increase in several markers of oxidative stress

within the blood. Both PC and MDA increases were not

observed in the blood with the FVC treatment. The sec-

ondary increase in glutathione status was also attenuated.

These data suggest that the FVC was capable of inhibiting

the rise in these blood oxidative stress markers but had no

effect on muscle functional outcomes because the extent of

MIF and ROM loss and MS increase was similar compared

with the P treatment. The results of the present study also

indicate that oxidative stress was probably not the primary

factor contributing to the functional changes in response to

EE. It is probable that the forces within the muscle during

the EE and the subsequent inflammatory-mediated factors

(7,26,35) contributed to the functional changes observed in

both groups. Further research is needed to more fully un-

derstand how one can minimize the damage associated with

EE to help prevent the loss in function. It would be inter-

esting to know if this FVC influenced the inflammatory-

mediated response with this protocol.

In conclusion, this study reports that pretreatment with an

FVC for 4 wk before and continued for 3 d after an eccentric

protocol can attenuate blood oxidative stress markers but

had no significant impact on the changes in functional

measures and MS associated with this muscle-damaging

procedure. In addition, the results suggest that blood oxi-

dative stress may not be a good indicator of muscle damage

and force declines manifested by this protocol. We suggest

that supplementation of nutritional antioxidants should not

be encouraged to prevent muscle damage because theses

nutritional antioxidants have shown minimal beneficial

functional outcomes.

This research study was partially supported by the NSA LLC
and the University of North Carolina Greensboro.

http://www.acsm-msse.org506 Official Journal of the American College of Sports Medicine

A
P
P
L
IE
D
S
C
IE
N
C
E
S

Copyright © 2011 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.



The results of the study do not constitute endorsement of
the FVC product by the authors. The results of the present study

do not constitute endorsement by the American College of Sports
Medicine.

REFERENCES

1. Anderson ME. Determination of glutathione and glutathione disul-

fide in biological samples. Methods Enzymol. 1985;113:548–55.

2. Beaton LJ, Allan DA, Tarnopolsky, MA, Tiidus PM, Phillips SM.

Contraction-induced muscle damage is unaffected by vitamin E

supplementation, Med Sci Sports Exerc. 2002;34(5):798–805.

3. Bloomer RJ, Goldfarb AH, McKenzie MJ. Oxidative stress re-

sponse to aerobic exercise: comparison of antioxidant supplements.

Med Sci Sports Exerc. 2006;38(6);1098–105.

4. Bloomer RJ, Goldfarb AH, McKenzie MJ, You T, Nguyen L.

Effects of antioxidant therapy in women exposed to eccentric ex-

ercise. Int J Sport Nutr Exerc Metab. 2004;14:377–88.

5. Bryer SC, Goldfarb AH. Effect of high dose vitamin C supple-

mentation on muscle soreness, damage, function and oxidative

stress to eccentric exercise. Int J Sport Nutr Exerc Metab. 2006;16:

270–80.

6. Cannon JG, Blumberg JB. Acute phase immune responses in ex-

ercise. In: Sen CK, Packer L, Hanninen O, editors. Handbook of

Oxidants and Antioxidants in Exercise. Amsterdam: Elsevier Press;

2000. p. 177–93.

7. Cannon JG, Orencole SF, Fielding RA, et al. Acute phase response

in exercise: interaction of age and vitamin E on neutrophils and

muscle enzyme release. Am J Physiol. 1990;259:R1214–9.

8. Cantini M, Giurisato E, Radu C, et al. Macrophage-secreted

myogenic factors: a promising tool for greatly enhancing the pro-

liferative capacity of myoblasts in vitro and in vivo. Neurol Sci.

2002;23(4):189–94.

9. Childs A, Jacobs C, Kaminski T, Halliwell B, Leeuwenburgh C.

Supplementation with vitamin C and N-acetyl-cysteine increases

oxidative stress in humans after an acute muscle injury induced by

eccentric exercise. Free Radic Biol Med. 2001;31(6):745–53.

10. Clarkson PM, Tremblay I. Exercise-induced muscle damage, re-

pair and adaptation in humans. J Appl Physiol. 1988;65(1):1–6.

11. Close GL, Ashton T, Cable T, Doran D, MacLaren DP. Eccentric

exercise, isokinetic muscle torque and delayed onset muscle sore-

ness: the role of reactive oxygen species. Eur J Appl Physiol. 2004;

91(5–6):615–21.

12. Connolly DA, McHugh MP, Padilla-Zakour OI. Efficacy of a tart

cherry juice blend in preventing the symptoms of muscle damage.

Br J Sports Med. 2006;40(8):679–83.

13. Coombs JS, Powers SK, Rowell B, et al. Effects of vitamin E and

>-lipoic acid on skeletal muscle contractile properties. J Appl

Physiol. 2001;90(4):1424–30.

14. Essig DA, Nosek TM. Muscle fatigue and induction of stress

protein genes: a dual function of reactive oxygen species? Can J

Appl Physiol. 1997;22(5):409–28.

15. Goldfarb AH. Nutritional antioxidants as therapeutic and preven-

tive modalities in exercise-induced muscle damage. Can J Appl

Physiol. 1999;24(3):249–66.

16. Goldfarb AH, Bloomer RJ, McKenzie MJ. Combined antioxidant

treatment effects on blood oxidative stress after eccentric exercise.

Med Sci Sports Exerc. 2005;37(2):234–9.

17. Jackson AS, Pollock ML. Practical assessment of body composi-

tion. Phys Sportsmed. 1985;13:76–90.

18. Jackson MJ. Exercise and oxygen radical production by muscle.

In: Sen CK, Packer L, Hanninen O, editors. Handbook of Oxidants

and Antioxidants in Exercise. Amsterdam: Elsevier Press; 2000. p.

57–68.

19. Kaminski M, Boal R. An effect of ascorbic acid on delayed-onset

muscle soreness. Pain. 1992;50(3):317–21.

20. Kelly DS, Rasooly R, Jacob RA, Kader AA, Mackey BE. Con-

sumption of Bing sweet cherries lowers circulating concentrations

of inflammation markers in healthy men and women. J Nutr.

2006;136(4):981–6.

21. Klebanoff, SJ. Oxygen-dependent cytotoxic mechanisms of phago-

cytes. In: Gallin JI, Fauci AS, editors. Advances in Host Defense

Mechanisms, Vol. 1. New York: Raven Press; 1982. p. 111–62.

22. Lamprecht M, Oettl K, Schwaberger G, Hofmann P, Greilberger JF.

Several indicators of oxidative stress, immunity, and illness im-

proved in trained men consuming an encapsulated juice powder

concentrate for 28 weeks. J Nutr. 2007;137(12):2737–41.

23. Lamprecht M, Oettl K, Schwaberger G, Hofmann P, Greilberger

JF. Protein modification responds to exercise intensity and an-

tioxidant supplementation. Med Sci Sports Exerc. 2009;41(1):

155–63.

24. Langen RC, Schols AM, Kelders MC, Van Der Velden JL,

Wouters EF, Janssen-Heininger YM. Tumor necrosis factor-alpha

inhibits myogenesis trough redox-dependent and -independent

pathways. Am J Physiol Cell Physiol. 2002;283(3):C714–21.

25. Lee J, Goldfarb AH, Rescino MH, Hegde S, Patrick S, Apperson K.

Eccentric exercise effect on blood oxidative-stress markers and de-

layed onset of muscle soreness. Med Sci Sports Exerc. 2002;34(3):

443–48.

26. Maruhashi Y, Kitaoka K, Yoshiki Y, et al. ROS scavenging ac-

tivity and muscle damage prevention in eccentric exercise in rats.

J Physiol Sci. 2007;57(4):211–6.

27. McHugh MP, Connolly DA, Eston RG, Gleim GW. Exercise-

induced muscle damage and potential mechanisms for the repeated

bout effect. Sports Med. 1999;27(3):157–70.

28. Mihaljevi( B, Katusin-Razem B, Razem D. The reevaluation of the

ferric thiocyanate assay for lipid hydroperoxides with special

considerations of the mechanistic aspects of the response. Free

Radic Biol Med. 1996;21(1):53–63.

29. Moopanar TR, Allen DG. Reactive oxygen species reduce myofi-

brillar Ca2+ sensitivity in fatiguing mouse skeletal muscle at 37-C.

J Physiol. 2005;564(1):189–99.

30. Pizza FX, Peterson JM, Baas JH, Koh TJ. Neutrophils contribute

to muscle injury and impair its resolution after lengthening con-

tractions in mice. J Physiol. 2005;562(3):899–913.

31. Sacheck JM, Milbury PE, Cannon JG, Roubenoff R, Blumberg JB.

Effect of vitamin E and eccentric exercise on selected biomarkers of

oxidative stress in young and elderly men. Free Rad Biol Med.

2003;34(12):1575–88.

32. Shafat A, Butler P, Jensen RL, Donnelly AE. Effects of dietary

supplementation with vitamins C and E on muscle function during

and after eccentric contractions in humans. Eur J Appl Physiol.

2004;93(1–2):196–202.

33. Smith LL, Wells JM, Houmard JA, et al. Increases in plasma

prostaglandin E2 after eccentric exercise: a preliminary report.

Horm Metab Res. 1993;25(8):451–2.

34. Tesch PA, Dudley GA, Duvoisin MR, Hather BM, Harris RT.

Force and EMG signal patterns during repeated bouts of concen-

tric or eccentric muscle actions. Acta Physiol Scand. 1990;138(3):

263–71.

35. Thompson D, Williams C, Garcia-Roves P, McGregor SJ,

McArdle F, Jackson MJ. Post-exercise vitamin C supplementation

and recovery from demanding exercise. Eur J Appl Physiol. 2003;

89(3–4):393–400.

36. Thompson D, Williams C, Kingsley M, et al. Muscle soreness and

damage parameters after prolonged intermittent shuttle-running

following acute vitamin C supplementation. Int J Sports Med.

2001;22(1):68–75.

37. Thompson D, Williams C, McGregor SJ, et al. Prolonged vitamin

SUPPLEMENT OXIDATIVE STRESS AND MUSCLE FORCE Medicine & Science in Sports & Exercise
d

507

A
P
P
L
IE
D
S
C
IE
N
C
E
S

Copyright © 2011 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.



C supplementation and recovery from demanding exercise. Int J

Sports Nutr Exerc Metab. 2001;11(4):466–81.
38. Tsivitse SK, McLoughlin, TJ, Peterson JM, Mylonae E, McGregor

SJ, Pizza FX. Downhill running in rats: influence on neutrophils,

macrophages, and MyoD+ cells in skeletal muscle. Eur J Appl

Physiol. 2003;90(5–6):633–8.

39. Van der Meulen JH, McArdle A, Jackson MJ, Faulkner JA.

Contraction-induced injury to the extensor digitorum longus mus-

cles of rats: the role of vitamin. Eur J Appl Physiol. 1997;83(3):

817–23.

40. Warren GL, Hayes DA, Lowe DA, Armstrong RB. Mechanical

factors in the initiation of eccentric contraction-induced injury in

rat soleus muscle. J Physiol. 1993;464:457–75.
41. Winterbourn CC, Buss IH. Protein carbonyl measurement by enzyme-

linked immunosorbent assay. Methods Enzymol. 1999;300:106–11.

42. You T, Goldfarb AH, Bloomer RJ, Nguyen L, Sha X, McKenzie

MJ. Oxidative stress response in normal and antioxidant supple-

mented rats to a downhill run: changes in blood and skeletal

muscles. Can J Appl Physiol. 2005;30(6):677–89.

43. Zerba E, Komorowski TE, Faulkner JA. Free radical to skeletal

muscles of young, adult and old mice. Am J Physiol. 1990;

258(3):C429–35.

http://www.acsm-msse.org508 Official Journal of the American College of Sports Medicine

A
P
P
L
IE
D
S
C
IE
N
C
E
S

Copyright © 2011 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.


