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This investigation determined the efficacy of a tart cherry
juice in aiding recovery and reducing muscle damage,
inflammation and oxidative stress. Twenty recreational
Marathon runners assigned to either consumed cherry juice
or placebo for 5 days before, the day of and for 48h
following a Marathon run. Markers of muscle damage
(creatine kinase, lactate dehydrogenase, muscle soreness
and isometric strength), inflammation [interleukin-6 (IL-6),
C-reactive protein (CRP) and uric acid], total antioxidant
status (TAS) and oxidative stress [thiobarbituric acid re-
active species (TBARS) and protein carbonyls| were exam-
ined before and following the race. Isometric strength

recovered significantly faster (P = 0.024) in the cherry juice
group. No other damage indices were significantly different.
Inflammation was reduced in the cherry juice group (IL-6,
P<0.001; CRP, P<0.01; uric acid, P<0.05). TAS was
~ 10% greater in the cherry juice than the placebo group
for all post-supplementation measures (P <0.05). Protein
carbonyls was not different; however, TBARS was lower in
the cherry juice than the placebo at 48h (P <0.05). The
cherry juice appears to provide a viable means to aid
recovery following strenuous exercise by increasing total
antioxidative capacity, reducing inflammation, lipid perox-
idation and so aiding in the recovery of muscle function.

Muscle damage, inflammation and oxidative stress
typically occur in response to long-distance running
races such as half-Marathons (Duthie et al., 1990),
Marathons (Weight et al., 1991; Ostrowski et al.,
1999; Starkie et al., 2001; Kratz et al., 2002; Suzuki
et al., 2003; Smith et al., 2004) and ultraendurance
running events (Kim et al., 2007) and have subse-
quently proven to be useful models in which to study
the stress response to prolonged endurance exercise.
Numerous studies have examined the effect of dietary
supplements that contain antioxidants on markers of
muscle damage, inflammation and oxidative stress in
response to running. Because the goal of antioxidant
supplementation is to boost the body’s defenses
against oxidative stress it is not surprising that several
investigations using supplementation have shown
reductions in markers of oxidative stress in response
to running (Itoh et al., 2000; Mastaloudis et al., 2004;
Bloomer et al., 2006; Machefer et al., 2007). Despite
these positive effects, some studies have shown no
effect of antioxidant supplementation on markers of
running-induced oxidative stress (Rokitzki et al.,
1994; Kaikkonen et al., 1998; Dawson et al., 2002).

In addition, most investigations have shown that
antioxidant supplementation has no effect on the
indices of muscle damage following running (Kaikko-
nen et al., 1998; Dawson et al., 2002; Kingsley et al.,
2005; Mastaloudis et al., 2006; Machefer et al., 2007),
although a few studies have shown reductions in
markers of muscle damage (Rokitzki et al., 1994; Itoh
et al., 2000). Furthermore, several studies have shown
that antioxidant supplementation does not decrease
markers of inflammation after prolonged running
(Castell et al., 1997; Kaikkonen et al., 1998; Peters
et al., 2001b; Mastaloudis et al., 2004; Machefer et al.,
2007). However, some aspects of immune response to
prolonged running may be enhanced by glutamine
supplementation (Castell & Newsholme, 1997).

The efficacy of a nutritional intervention to lessen
exercise-induced muscle damage, inflammation and
oxidative stress might be improved by providing a
food or supplement that contains phytochemicals
with both antioxidant and anti-inflammatory proper-
ties. For example, cherries are known to be high in
numerous different phytochemicals with both anti-
oxidant and cyclooxygenase inhibitory properties
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(Wang et al., 1999; Seeram et al., 2001). Evidence of
anti-inflammatory effects from consuming cherries
has been demonstrated in studies involving healthy
human subjects (Jacob et al., 2003; Kelley et al.,
2006). Additionally, animal investigations have also
demonstrated pain inhibition (Tall et al., 2004) and
anticarcinogenic (Kang et al., 2003) effects with the
consumption of cherries. Only one previous piece of
research has used a cherry intervention with an
exercise model in hominids; Connolly et al. (2006)
supplemented subjects with a tart cherry juice before
and following high-intensity eccentric muscle con-
tractions and found a reduction in some markers of
muscle damage when compared with a placebo.
Despite the investigators not recording measures of
inflammation or oxidative stress, they speculated that
the differences were due to the anti-inflammatory and
antioxidant properties of the cherry juice (Connolly
et al., 2006); consequently it would be of benefit for
future investigations to examine measures of inflam-
mation and oxidative stress in order to provide an
insight into the potential mechanisms of cherry juice
supplementation (Howatson & van Someren, 2008).

This growing body of literature (Wang et al., 1999;
Seeram et al., 2001; Jacob et al., 2003; Kang et al.,
2003; Tall et al., 2004; Connolly et al., 2006; Kelley
et al., 2006) indicates that cherries may have potent
antioxidant and anti-inflammatory effects, which
make the expectation tenable that supplementation
with cherries, may have beneficial effects following
strenuous endurance activity. Therefore, the purpose
of this study was to examine the effect of a tart cherry
juice blend taken before and following running a
Marathon on markers of muscle damage, inflamma-
tion and oxidative stress. It was hypothesized that
consumption of cherry juice on the days before and
following the Marathon would reduce the subse-
quent markers of muscle damage, inflammation
and oxidative stress.

Materials and methods
Subjects

Before the start of the investigation all procedures were
approved by the institutional ethics committee in accordance
with the Declaration of Helsinki. Twenty volunteers, male
(n=13) and female (n = 7), participated in this investigation.
Eighteen of the participants were accepted for, and completed
the 2008 London Marathon, the environmental conditions on
the day of the race were: barometric pressure, 758 mmHg;
temperature, 7 °C; wind speed, 4km/h; relative humidity,
56%; there were also intermittent showers throughout the
day. Fourteen days later the remaining two volunteers com-
pleted the Marathon distance on similar terrain and similar
environmental conditions: barometric pressure, 751 mmHg;
temperature, 10 °C; wind speed 12km/h; relative humidity,
50%; there were also intermittent showers throughout the day.
All participants completed a health screening questionnaire
and a written informed consent. In addition, the participant
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characteristics, predicted Marathon time, Marathon history
and training mileage leading up to the race were recorded and
are presented in Table 1. We also asked participants to
complete a food diary, refrain from taking nutritional supple-
ments and strenuous exercise (other than completing training
runs before the Marathon) for the duration of the study.

Experimental overview

Volunteers were equally assigned to either a placebo or cherry
juice group based upon predicted finish time in a pseudo-
randomized fashion. We also attempted to balance the num-
ber of male and female subjects in each group to account for
possible sex differences in the response to Marathon running.
Of the two participants who completed a Marathon distance
over similar terrain to the London Marathon, one was
randomly assigned to the cherry juice group and the other
was assigned to the placebo group. Markers of muscle damage
(with the exception of muscle soreness and isometric force,
which were not measured pre-supplementation), antioxidative
status, oxidative stress and inflammation were taken on five
occasions; 6 days before the Marathon, the day before the
Marathon, immediately after, and at 24 and 48h after the
Marathon. Following the initial visit to the laboratory subjects
were allocated to treatment groups and were instructed to take
the supplement every day before, the day of the Marathon and
for the 48 h following the Marathon. This equated to 5 days
supplementation before the Marathon and 8 days of supple-
mentation in total.

Treatment groups

The placebo group was instructed to take two servings of a
fruit flavoured concentrate that was mixed with approximately
8floz of water and was intended to have similar visual
properties but without the phytonutrient content found in
the cherry juice blend. The cherry juice group took two 8fl oz
bottles of a commercially available tart cherry juice blend. The
cherry juice blend was a mixture of freshly prepared tart
cherry juice with commercially available apple juice in a
proprietary ratio (Cherrypharm Inc., Geneva, New York,
USA). Frozen tart cultivar Montmorency cherries (Prunus
cerasus) were used to prepare the cherry juice following
standard industrial processing procedures. The blended juice
was pasteurized by heating it to 85 °C, hot packed into §oz
bottles with a 3-min hold time to achieve commercial sterility,
and then forced cooled in a water bath. One 8 oz bottle of the
juice (containing the equivalent of 50-60 cherries) provided at
least 600 mg phenolic compounds, expressed as gallic acid
equivalents, 32 g carbohydrate and at least 40 mg anthocya-
nins, calculated as cyanidin-3-glucoside equivalents by the pH
differential (Connolly et al., 2006). The remaining 560 mg of
compounds is comprised of other flavonoids compounds, such
as the flavonols quercetin, kaempferol and isoramnetin and
their glucosides, flavanols such as catechin, epicatechin and
procyanidins and their glucosides and phenolic acids such as
neochlorogenic acid, 3-coumaroylquinic acid, chlorogenic
acid and ellagic acid. The oxygen radical absorbance capacity
(ORAC) of a sample bottle was 55mmol/L Trolox equiva-
lents, which compares favorably with reported ORAC values
ranging from 9.1 to 31.7 mmol/L Trolox equivalents for other
commercially available juices, such as grape juice, black cherry
juice, pomegranate juice, blueberry juice, acai juice and
cranberry juice (Seeram et al., 2008).

Participants were instructed to take one bottle or serving in
the morning and one in the afternoon for the duration of the
supplementation period. In addition, participants were asked



to keep the supplement in cool dark storage, preferably
refrigerated, until it was consumed to attenuate the possibility
of degradation of the active compounds by light and heat.

Blood sampling and handling

Approximately 8.5mL of blood was taken from a branch of
the basilic vein at the ante-cubital fossa and collected into
serum separation tubes. The blood was spun in a refrigerated
(4 °C) centrifuge at 3500 g for 20 min; serum supernatant was
aspirated, protected from the light and immediately frozen
at — 80 °C for later analysis.

Dependent variables

Indices of muscle damage were serum creatine kinase (CK)
and lactate dehydrogenase (LDH), muscle soreness (DOMS)
and maximum voluntary isometric contraction (MVIC). In-
flammation markers were C-reactive protein (CRP), interleu-
kin-6 (IL-6) and uric acid. Markers of antioxidative status and
stress were total antioxidant status (TAS), thiobarbituric acid
reactive species (TBARS) and protein carbonyls (PC) —
TBARS and PC are measures of lipid and protein peroxida-
tion, respectively. All blood measures were run in duplicate.

Muscle damage indices

Serum CK concentration was determined using an automated
analyzer (c8000, Abbott Architect, Abbot Park, Illinois, USA).
The normal range for CK using this assay in males and females is
reported as 29-200 [U/L. Serum LDH was analyzed using a dry
slide chemistry analyzer (Ektachem DT60 II and DTSC II
Module, Ortho-clinical Diagnostics, Amersham, UK). The coeffi-
cient of variation (CV) of intra-sample reliability was <3% for
both CK and LDH. DOMS was determined using a 200 mm
visual analogue scale with ““no soreness” indicated at one end
and “unbearably painful” at the other. The subject stood with
the hands on hips and feet approximately shoulder width
apart. The participant was then asked to squat down to 90°
(internal joint angle), rise to the start position and then
indicate on the visual analogue scale the soreness felt in the
lower limbs. MVIC of the non-dominant knee extensors was
determined using a strain gauge (MIE Medical Research Ltd.,
Leeds, UK). Participants were seated on a platform and the
non-dominant ankle was attached to the strain gauge at an
internal joint angle of 80° (verified by a goniometer). Partici-
pants were given three submaximal trials at approximately
50%, 70% and 90% of their perceived maximum, followed by
two maximal trials, each separated by 1 min. Each contraction
lasted for approximately 3s and all participants were given
standardized verbal encouragement throughout. If there was
< 5% variance between the two MVICs the highest output
recorded on the strain gauge was used for data analysis. On
some occasions (13% of all trials) a third trial was necessary in
order to attain two trials within the 5% tolerance.

Inflammation indices

Serum IL-6 concentration was determined in duplicate using a
quantitative sandwich enzyme immunoassay ELISA techni-
que (Quantikine, R&D Systems Europe Ltd., Abingdon, UK).
Normal reference ranges for this assay are reported at <3 pg/
mL. The serum intra- and inter-assay precision, determined
by CV was <5%. Serum CRP concentration was determined
using an automated analyzer (c8000, Abbott Architect). The
normal reference values for this assay are reported at
<0.8mg/L with an intra-assay CV of 3.7%. Uric acid was
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determined using a dry slide chemistry analyzer (Ektachem
DT60 II and DTSC II Module, Ortho-clinical Diagnostics),
the intra-assay CV was 4.2%.

Antioxidative status and oxidative stress

TAS was assessed using a colorimetric assay kit (Randox
Laboratories Ltd., Antrim, UK) that was run on an auto-
mated analyzer (c8000, Abbott Architect); intra-assay relia-
bility was reported as a CV of <3%. TBARS and PC were
measured using commercially available kits (Cayman Chemi-
cal, Ann Arbor, Michigan, USA); the intra-assay CV was
5.5% and 4.7%, respectively.

Statistical analyses

Based on the available literature on prolonged endurance
exercise, estimates were made of the expected change, and
the inter-subject variation in change for each marker of muscle
damage, inflammation and oxidative stress in response to
running a Marathon. Assuming that the placebo group would
have the expected responses, estimates were made on how
much lower that response would need to be in the cherry juice
group with a sample of 10 per group at an o level of 0.05 and a
B level of 0.2 (80% power). Estimated effect sizes are reported
as percentage with a maximum possible effect of 100% (i.e., no
response in the cherry juice group). For markers of muscle
damage the estimated effect sizes (percent lower response in
cherry juice vs placebo) were 23% for MVIC (Suzuki et al.,
2006), 45% for DOMS (Suzuki et al., 2006), 90% for CK
activity (Duthie et al., 1990; Rokitzki et al., 1994; Starkie
et al., 2001; Kratz et al., 2002; Suzuki et al., 2003; Smith et al.,
2004) and 56% for LDH activity (Rokitzki et al., 1994; Smith
et al., 2004; Kim et al., 2007). For markers of inflammation the
estimated effect sizes were 85% for CRP (Weight et al., 1991;
Fallon, 2001), 63% for IL-6 (Ostrowski et al., 1999; Starkie
et al., 2001; Suzuki et al., 2003; Kim et al., 2007) and 27% for
uric acid (Duthie et al., 1990; Rokitzki et al., 1994; Kratz et al.,
2002). For markers of oxidative stress the estimated effect sizes
were 69% for TBARS (Duthie et al., 1990; Machefer et al.,
2007) and 35% for PC (Bloomer et al., 2006).

All data analyses were conducted using SPSS for windows,
v. 15 and are reported as mean £ SD. Descriptive group
characteristics were examined for differences using an inde-
pendent samples Student’s #-test. For the purposes of data
analysis MVIC and TAS were expressed as a percentage
change from baseline to account for inter-individual variation.
All dependent variables were analyzed using a treatment
(cherry juice vs placebo) by time (pre-supplement, pre-race,
immediately post-race, 24 and 48 h post-race) mixed model
analysis of variance (ANOVA). DOMS and MVIC were not
recorded pre-supplementation so the time factor in the AN-
OVA had one less level. Maulchy’s Test of Sphericity was used
to check homogeneity of variance for all ANOVA analyses;
where necessary any violations of the assumption were cor-
rected using the Greenhouse—Geisser adjustment. Significant
interaction effects were followed up using LSD post hoc
analysis. A significance level of P < 0.05 was established
before analyses.

Results

There were no significant differences in previous
Marathon history, weekly mileage, longest single
training run and predicted finish time (Table 1),
and hence the groups were generally well matched.
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.- This was the first Marathon for three participants in
é = the cherry juice group and for two subjects in the
2 g i i placebo group. The mean “‘actual finish time” was
significantly slower than the “predicted finish time”
(t=2.477, P=0.023); although not significant the
o difference between the ‘“‘predicted finish time” and
£ ° *““actual finish time”” was greater in the placebo group
28 | qes (19 min) than the cherry juice group (7 min). Post-
gE | A race body mass was significantly lower than body
SS So mass the day before the race (P<0.001) with similar
declines in the cherry juice group and placebo group
(1.2 4+ 1.3 vs 1.7 + 1.5kg, respectively).
= All dependent variables showed a significant time
Sgi Ca effect (P <0.009) and demonstrated a power of
7o ;ﬁ > 0.74. The decrement in MVIC, expressed as a
£8 o~ percentage of baseline (Fig. 1.), was similar between
TE |8 groups post-race (24.3% in cherry juice vs 26.9% in
placebo) but a significant group effect indicated the
. recovery of strength over the following 48 h was more
N rapid in the cherry juice group (F1s)=35.559,
T2 P<0.024). For illustrative purposes the absolute
Ea j i changes in MVIC are presented in Table 2. Despite
S |23 the accelerated recovery in strength no other indices
22 | 3% of muscle damage were different between groups
(Table 2).
Serum IL-6 (Fig. 2.) showed a significant group
S5 | effect (F(1,18 =8.659, P=10.009) and group by time
@ &2 g interaction (Fi4 .7, =8.401, P<0.001) and was ele-
= 3 3 g vated immediately post-race, with a smaller elevation
22 g9 g in the cherry juice group vs placebo (41.8 vs 82.1 pg/
& |8E |58 |8 mL; P<0.001). IL-6 values had returned to baseline
e s |65 g by 24 h post-race. Serum CRP concentrations (group
g =4 — F1,18y=12.920, P=0.002; group by time — F4 72
é oo | 8 =10.938, P<0.001, Fig. 3.) were increased at 24 and
° oo | 2 48 h post-Marathon with significantly smaller eleva-
o |a S I tions in the cherry juice group vs placebo (P < 0.025).
S|E2 |ag g Serum uric acid (group — Fj 15 = 7.944, P<0.011;
£ k] group by time — F(4 72, = 2.801, P<0.032, Fig. 4.) was
2 sg | £
HEEEE
c | | ~w o
5|2E =% g 100
s 2 B
= —~ | Pwu | = g ,/"’/
$|los |HH |5 S 80 I
5|22 |53 | 5 =~ N
E 3 = 70 1 I —e— Cherry Juice
= =4 --»--  Placebo
S lg < 60 ; . . ,
5|32 |23 = Pre-race  Post-race 24h 48h
.123 H Time
o o
S ® GE‘g Fig. 1. Maximum voluntary isometric contraction (MVIC)
a 2 ® for the cherry juice and placebo groups before and following
- | a =2 - the Marathon. *Significantly greater recovery of force in the
213 5 § E cherry juice group (P <0.05); values are mean + SD (n= 10
S |6 Sa | S per group).
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Table 2. Indices of muscle function, damage and protein carbonyls for the cherry juice and placebo groups before and following Marathon running

Pre-supplement Pre-race Post-race 24h 48h

DOMS (mm)

Cherry juice N/A 0 115 £ 52 91+ 39 58 + 39

Placebo N/A 0 115 4+ 60 82+ 45 46 £+ 28
MVIC (N)*

Cherry juice N/A 432 + 114 310 + 88 387 +£ 94 435 + 109

Placebo N/A 384 + 112 276 + 69 313+ 74 349 + 96
CK (IU/L)

Cherry juice 187 4+ 126 109 4 40 586 + 315 2227 + 1486 1118 4 905

Placebo 201 £+ 164 187 + 220 912 + 663 2814 4+ 2235 1487 + 1180
LDH (IU/L)

Cherry juice 477 £+ 96 487 +£120 1084 + 358 828 4 265 591 £ 173

Placebo 557 + 88 483 + 97 1072 + 344 761 £ 179 712 + 234
PC (umol/L)

Cherry juice 24 + 11 12+ 11 17 £ 6 15+8 17 £ 6

Placebo 21 +£9 18+ 6 16+ 7 167 184+ 4

DOMS, muscle soreness; MVIC, maximal voluntary isometric contraction; CK, creatine kinase; LDH, lactate dehydrogenase; PC, protein carbonyls.
*Significantly more force in the cherry juice group than the placebo (P<0.05); values are mean + SD (n= 10 per group).
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£
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Time

Fig. 2. Serum interleukin 6 (IL-6) concentrations for the
cherry juice and placebo groups before and following
Marathon running. *Significantly lower serum IL-6 in the
cherry juice group than the placebo immediately post-race
(P<0.05); values are mean £ SD (n = 10 per group).

elevated post-race and at 24 h in the placebo group
with no increase in the cherry juice group (P < 0.0006).

TAS, as a percentage of baseline, was significantly
higher in the cherry juice group vs placebo (group —
F,18)=10.938, P<0.001; group by time — P = 0.053,
Fig. 5.). The 5-day supplementation increased TAS
in the cherry juice group (pre-race 111% of baseline,
P <0.01) with no change in the placebo group (101%
of baseline, P =0.75). TAS was increased in both
groups after the marathon (cherry juice group 124%
of baseline, P<0.01; placebo 112% of baseline,
P<0.01), and remained elevated in the cherry juice
group at 24 h (114% of baseline, P<0.01) but not in
the placebo group (103% of baseline, P =0.21). By
48 h post-race TAS was below baseline in the placebo
group (90%, P<0.01) but not different from baseline
in the cherry juice group (99% of baseline, P = 0.82).
The TBARS response to the Marathon was different

40

35 1 —es— Cherry Juice
30

o5 --m-- Placebo

20
15 1
10

CRP (mg/L)

Pre- Pre-race Post-race 24h 48h

supplement

Time

Fig. 3. Serum C-reactive protein (CRP) concentrations for
the cherry juice and placebo groups before and following
Marathon running. *Significantly lower serum CRP in the
cherry juice group than the placebo at 24 and 48 h post-race
(P<0.05); values are mean £ SD (n = 10 per group).

between groups (group by time — Fy 72 =3.199,
P=0.018, Fig. 6.) with significantly higher values
for the placebo group vs the cherry juice group at
48 h post-exercise (30.2 vs 21.4umol/L, P<0.01).
The PC response to the Marathon was not different
between groups (Table 2) with no post-race eleva-
tions evident in either group.

Following the investigation subjects were asked to
report if they knew what supplement they had been
given. Half (n = 5) of the cherry juice group guessed
correctly, the remainder of this group reported that
they did not know what supplement they were
taking. In the placebo group 20% (n =2) thought
they were on a placebo, the remainder did not know
or thought they were taking the cherry juice. In
addition, the food diaries provided by the partici-
pants did not allow for accurate quantification of
antioxidants; however, we attempted to quantify the
total number of food portions that may contain
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Fig. 4. Serum uric acid concentrations for the cherry juice
and placebo groups before and following Marathon run-
ning. *Significantly lower serum C-reactive protein in the
cherry juice group than the placebo immediately post-race
and at 24h post-race (P<0.05); values are mean + SD
(n =10 per group).

antioxidant compounds in the time before the race.
The mean number of portions was 20 vs 21 portions
for the cherry juice and placebo groups, respectively,
and was not significantly different between groups.

Discussion

It was hypothesized that consumption of a tart
cherry juice blend would reduce markers of muscle
damage, inflammation and oxidative stress in re-
sponse to running a Marathon. With respect to
markers of muscle damage, the cherry juice group
had a more rapid return of isometric knee extension
strength than the placebo group with no differences
between groups in CK, LDH or muscle soreness.
Despite this, markers of inflammation showed eleva-
tions in IL-6, CRP and uric acid to be significantly
smaller in the cherry juice group compared with the
placebo group. Finally, with respect to oxidative
stress, total antioxidant capacity was increased and
lipid peroxidation was decreased in the cherry juice
group compared with the placebo group; however,
serum protein carbonyl concentration was not dif-
ferent between groups.

The fact that post-race strength loss was similar
between groups, with a more rapid return of strength
in the cherry juice group vs placebo, indicates that
consumption of the cherry juice may have served to
blunt the secondary muscle damage response. With
exercise-induced muscle damage the initial injury is a
mechanical disruption of myofibrils which triggers a
local inflammatory response that exacerbates the
initial damage (Pizza et al., 2002) and this is referred
to as the secondary damage response (Howatson &
van Someren, 2008). The IL-6, CRP and uric acid
data indicate that the inflammatory response to
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Fig. 5. Total antioxidative status (TAS) for the cherry juice
and placebo groups before and following Marathon run-
ning. *Significantly higher TAS in the cherry juice group
than the placebo (P<0.05); values are mean + SD (n= 10

per group).

running the Marathon was blunted by consuming
cherry juice and that this may have limited the
subsequent exacerbation of damage. While the
strength data support this interpretation, the CK,
LDH and DOMS data are less clear because these
markers were not different between the cherry juice
and placebo groups. However, there was an apparent
association between the inflammatory response and
the CK response. The post-race IL-6 elevation was
correlated with CK elevation post-race (r=0.58,
P=0.007), at 24h (r=0.61, P=10.006) and at 48h
(r=0.50, P=0.026). Similarly, CRP elevation at
24h was correlated with CK elevation at 24h
(r=10.56, P=0.01) and CRP elevation at 48h was
correlated CK elevation at 48 h (» = 0.52, P =0.019).
The apparent beneficial effect of cherry juice con-
sumption on recovery of strength is consistent with
previous findings showing that consumption of
cherry juice markedly reduced strength loss after a
bout of high-intensity eccentric contractions of the
elbow flexors (Connolly et al., 2006). In contrast,
Connolly et al. (2006) also found that cherry juice
consumption reduced the pain response to the ec-
centric exercise. However, the effect on pain was not
as marked as the effect on strength. Additionally, the
pain response to isolated maximum eccentric con-
tractions typically peaks 24-48 h after the exercise
bout (Connolly et al., 2006; Howatson & van Som-
eren, 2007); while the muscle soreness reported in the
present study was highest immediately post-race.
Post-race elevations in IL-6 have been consistently
shown in Marathon runners (Ostrowski et al., 1999;
Starkie et al., 2001; Suzuki et al., 2003). In only one
of those investigations (Starkie et al., 2001) was IL-6
measured for a longer period than 24 h after the race;
at 24 h, values were markedly lower than post-race.
Similarly, in the present study IL-6 had returned to
baseline by 24 h. Elevations in CRP (Weight et al.,
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Fig. 6. Serum thiobarbituric acid reactive species (TBARS)
for the cherry juice and placebo groups before and following
Marathon running. *Significantly higher TBARS in the
placebo group at 48h (P<0.05); values are mean + SD
(n =10 per group).

1991) and uric acid (Rokitzki et al., 1994; Kratz
et al., 2002) have also been demonstrated in response
to running a Marathon. Similar to the present
results, CRP elevations were shown to peak 24h
post-race and uric acid was shown to be elevated
immediately post-race and at 24 h. In our study, post-
race IL-6 elevation was 49% lower in the cherry juice
group compared with the placebo group while at 24 h
the CRP elevation was 34% lower in the cherry juice
group. These results are clear evidence of an anti-
inflammatory effect of the cherry juice.

While lower IL-6 values in the cherry juice group
are attributed here to an inflammatory effect others
have considered IL-6 as an anti-inflammatory cyto-
kine (Peters et al., 2001a; Steensberg et al., 2003;
Fischer et al., 2004). Infusion with recombinant hu-
man IL-6 has been shown to increase production of
IL-1ra and IL-10, which are both regarded as anti-
inflammatory cytokines (Steensberg et al., 2003).
Furthermore, prolonged (29 days) vitamin C
(500 mg/day) and vitamin E (400 IU/day) supplemen-
tation before concentric exercise (Fischer et al., 2004)
blunted the exercise-induced IL-6, IL-1ra and IL-10
responses. Of note this exercise did not induce eleva-
tions in CK activity and was not considered to have
caused muscle damage. High-dose vitamin C supple-
mentation (1500 mg/day) for 7 days before and 2
days following a 90 km run lowered the IL-1ra and
IL-10 responses and was interpreted as an attenua-
tion of the anti-inflammatory response (Peters et al.,
2001a). However, IL-6 values were not reported.
Furthermore, in an earlier study these authors
showed that vitamin C supplementation (1000 mg/
day) for 7 days before and 2 days following a 90 km
run resulted in an elevated CRP response compared
with a placebo which is consistent with a pro-inflam-
matory response (Peters et al., 2001b). The possibility
that IL-6 might be an anti-inflammatory cytokine
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has caused some to question the benefit of a vitamin
supplementation regimen that blunts the normal IL-6
response because it might compromise the immune
system (Fischer et al., 2004). Neither IL-1ra or IL-10
were measured here so it is difficult to compare and
contrast the current results with these previous
studies. In the present study it is important to note
that in addition to having a blunted IL-6 response to
exercise the cherry juice group had a more rapid
recovery of knee extension strength compared with
placebo. The combination of improved function and
lower values for various blood markers (IL-6, CRP,
uric acid, TBARS) is consistent with an accelerated
recovery in the cherry juice group.

Elevations in uric acid after prolonged endurance
exercise have been shown consistently (Duthie et al.,
1990; Rokitzki et al., 1994; Kratz et al., 2002; Ronsen
et al., 2004), but the mechanism is not well under-
stood. Increased uric acid after Marathon running
may reflect (1) decreased clearance of uric acid,
secondary to dehydration (Suzuki et al., 2006), (2)
increased mobilization of uric acid as part of the
antioxidant defences (Mastaloudis et al., 2004;
Rietjens et al., 2007) or (3) increased production
of uric acid as part of the inflammatory process
(Kondo et al., 2005). Post-race weight loss was not
different between the cherry juice and placebo groups
(1.2+ 1.3 vs 1.7+ 1.5kg, P=0.49), therefore, it is
unlikely that the differences in uric acid were attri-
butable to dehydration effects. Previous studies have
attributed exercise-induced uric acid elevations to
antioxidant defence mechanisms (Mastaloudis
et al., 2004; Rietjens et al., 2007). Furthermore, uric
acid infusion has been shown to increase total anti-
oxidant capacity and decrease exercise-induced oxi-
dative stress (Waring et al., 2003). However, the
cherry juice group had an increased total antioxidant
capacity and decreased oxidative stress in the pre-
sence of lower uric acid levels compared with the
placebo group. Therefore, the uric acid changes in
response to running a Marathon were not reflective
of an enhanced antioxidant defence. A third inter-
pretation is that uric acid elevations reflected the
inflammatory response to running a Marathon. CRP
is correlated with uric acid in healthy subjects
(Kondo et al., 2005). In the present study detectable
levels of CRP were not evident until 24 and 48 h post-
Marathon. CRP at 24 and 48 h was correlated with
uric acid levels (r=0.57, P=0.009 and r=0.45,
P =0.048, respectively) lending some support to the
conclusion the uric acid elevations in response to
running a Marathon reflect the inflammatory re-
sponse.

In previous studies TBARS were not elevated
immediately after or 24 h after a Marathon (Rokitzki
et al., 1994) or at any time point up to 5 days after a
half-Marathon (Duthie et al., 1990). In contrast,
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following 3 weeks of multivitamin—mineral supple-
mentation an elevation in TBARS was reported in
the placebo, but not the treatment group, at 72h
during a 7-day foot race (Marathon des Sables)
(Machefer et al., 2007). In the present study, TBARS
was not elevated immediately post-Marathon or at
24 h. However, at 48 h a marked increase in TBARS
was apparent in the placebo group but not in the
cherry juice group, which shows a similar response in
the elevation of TBARS following extended endur-
ance activity (Machefer et al., 2007). It is notable in
the present study that the increase in TBARS in the
placebo group occurred when total antioxidant ca-
pacity had fallen below baseline (89%). This indi-
cates that normal antioxidant defences may only be
effective at preventing oxidative stress up to 24 h after
Marathon running and that after that point an
augmentation in antioxidant capacity was required
to prevent oxidative stress. Consistent with this
summation, TAS at 48h (percentage of baseline)
was negatively correlated (r = —0.49, P =0.03) with
TBARS at 48 h (percentage of baseline).

While previous studies have measured changes in
TBARS as a marker of lipid peroxidation in response
to a half Marathon (Duthie et al., 1990), a Marathon
(Rokitzki et al., 1994) and an ultraendurance event
(Machefer et al., 2007) it is recognized that TBARS
lacks specificity (Urso & Clarkson, 2003). F,-iso-
prostanes is perhaps a more specific marker of lipid
peroxidation that has been examined in ultramara-
thon events (Mastaloudis et al., 2004; McAnulty
et al.,, 2007). Antioxidant supplementation was
shown to reduce the elevation in F,-isoprostanes
after a 50km race, but uric acid, CRP and IL-6
were unaffected by antioxidant supplementation
(Mastaloudis et al., 2004).

PC has been shown to be elevated after a 160 km
run (McAnulty et al., 2007), a soccer match (Ispirli-
dis et al., 2008) and a 30-min running (Bloomer et al.,
2006). Surprisingly, in this investigation, there was
no evidence of protein oxidation (based on PC data)
after the Marathon despite obvious signs of inflam-
mation and muscle damage.

The effects of the tart cherry juice on markers of
muscle damage, inflammation and oxidative stress
demonstrated in this study are most likely attribu-
table to the numerous different phytochemicals in
tart cherries that have been shown to have antiox-
idant and anti-inflammatory properties (Wang et al.,
1999; Seeram et al., 2001). The high-ORAC value for
the cherry juice (55mmol/L Trolox equivalents)
compared with values reported for other available
juices (ranging from 31.7 to 9.1 mmol/L Trolox
equivalents) (Seeram et al., 2008) indirectly indicated
that the antioxidant phytochemicals in tart cherries
were unlikely to have been degraded by the proces-
sing and storage procedures, although it remains to
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be determined if similar effect would be evident using
a concentrate.

Although it is likely that muscle damage, inflam-
mation and oxidative stress are important factors in
the adaptation process, minimizing these factors in
response to strenuous or prolonged exercise may be
important to the recovery process when subsequent
training and performance can be inhibited. For
example, the IL-6 response to the same bout of
exercise is more prolonged during a period of high-
intensity training compared with a period of low-
intensity training (Rensen et al., 2001). Similarly, a
dramatic increase in training load to simulate over-
reaching was shown to increase TBARS in rats
(Zoppi & Macedo, 2008). Numerous studies have
examined the effects of various nutritional interven-
tions with antioxidants on markers of muscle da-
mage, inflammation and oxidative stress. While some
studies have demonstrated reductions in markers of
oxidative stress (Itoh et al., 2000; Mastaloudis et al.,
2004; Kingsley et al., 2005; Bloomer et al., 2006;
Machefer et al., 2007) and muscle damage (Rokitzki
et al., 1994; Itoh et al., 2000) other studies have
shown no effect on markers of oxidative stress
(Rokitzki et al., 1994; Kaikkonen et al., 1998; Daw-
son et al., 2002) or muscle damage (Kaikkonen et al.,
1998; Peters et al., 2001b; Dawson et al., 2002;
Kingsley et al., 2005; Mastaloudis et al., 2006;
Machefer et al., 2007). Additionally, antioxidant
interventions have generally shown to have little or
no positive effect with regards to elevations in mar-
kers of inflammation in response to prolonged run-
ning (Castell et al., 1997; Kaikkonen et al., 1998;
Peters et al., 2001b; Mastaloudis et al., 2004; Mache-
fer et al., 2007). However, reductions in neutrophilia
and IL-8 were evident following glutamine supple-
mentation (Castell & Newsholme, 1997) and vitamin
C supplementation was shown to decrease IL-6
following 90 min shuttle running (Thompson et al.,
2001), although there was no effect of vitamin C
supplementation on CRP, uric acid or markers of
muscle damage, and markers of oxidative stress were
not examined. In the present study clear reductions
in IL-6, CRP and uric acid were evident with the
cherry juice intervention. These findings have impor-
tant practical significance for distance runners con-
sidering that the inflammatory response to prolonged
endurance exercise (particularly IL-6) has been
linked to delayed recovery (Neubauer et al., 2008).

The 8-day supplementation period in this study is
markedly shorter than most investigations examining
the effects of dietary interventions on markers of
exercise stress. For example, reductions in markers of
oxidative stress and/or muscle damage following
ultraendurance running events (Mastaloudis et al.,
2004; Machefer et al., 2007), a Marathon race
(Rokitzki et al., 1994) or repeated days of running



(Itoh et al., 2000) occurred with 21-32 days supple-
mentation. The optimal dosage and supplementation
period for this cherry juice remains to be determined
but it is apparent that marked effects can be achieved
with a relatively short duration of supplementation.

In conclusion, when compared with a placebo,
cherry juice taken for 5 days before, the day of and
for 2 days after running a Marathon was effective at
accelerating recovery of strength, increasing total
antioxidant capacity, minimizing lipid peroxidation
and reducing IL-6, CRP and uric acid. This repre-
sents a broad spectrum of aiding recovery and
providing protection against the inflammation and
oxidative stress that is associated with prolonged
running.

Perspectives

Various strategies are routinely used to accelerate
recovery following strenuous physical activity. Pre-
vious work (Connolly et al., 2006) has suggested that
tart cherry juice accelerates recovery following mus-
cle damaging exercise, which was speculated to be
attributable to the anti-inflammatory and antioxi-
dant phytochemicals contained within the juice. The
current investigation supports the supposition of
Connolly et al. (2006) and has demonstrated that
the cherry juice reduced oxidative stress and inflam-
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mation and hence increases the rate of recovery. Tart
cherry juice appears to provide a feasible alternative
to pharmaceutical and therapeutic interventions in
aiding recovery following such exercise; in addition,
it may also prove useful where a number of strenuous
exercise bouts are required within a relatively short
period of time. Furthermore the marked reductions
in inflammation afforded by tart cherry juice may
also have implications for the management of other
clinical pathologies that display inherently high levels
of inflammation and oxidative stress, although this
remains to be elucidated.

Key words: recovery, inflammation, muscle damage,
antioxidants, Montmorency cherries.
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