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Abstract Gout, osteoarthritis, fibromyalgia and muscle damage following exercise have all been linked to increased
inflammation and oxidative stress in the body. Tart cherries (Prunus cerasus L..) may be useful as a healing aid due to their high
levels of bioactive constituents, including anthocyanins, flavonoids and other phenolic compounds, all of which have
demonstrated antioxidant and anti-inflammatory properties. Tart cherries may help provide a protective effect against muscle
damage. The purpose of this review, in particular, is to consolidate and evaluate various clinical and experimental studies about
the potential benefits of tart cherry on the management of exercise-induced muscle damage, osteoarthritis, gout and
fibromyalgia. To identify pertinent information, a thorough literature review was conducted across the databases PubMed,
Google Scholar, Web of Science and Scopus, with the last update on September 30, 2025. Research has shown that tart cherry
supplementation (specifically the Montmorency variety) has been proven to improve post-exercise recovery by decreasing
muscle soreness, fatigue indices and oxidative stress. Additionally, tart cherry products have been shown to relieve symptoms
of osteoarthritis, gout and fibromyalgia due to their antioxidant, uric acid-lowering and anti-inflammatory properties. These
studies show promising results; however, more studies are needed to determine the specifics of how tart cherry remedies work

and how effective they are in the long term.
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INTRODUCTION

Tart cherries are a bioactive phytochemical-rich food with
documented health benefits [m, ]. Montmorency tart cherries
(Prunus cerasus L.) are cited as a recovery aid owing to their
phytochemicals content, including anthocyanins, flavonoids
and other phenolic compounds. Such compounds are known
to have anti-inflammatory and antioxidant properties by
selectively modulating Reactive Oxygen Species (ROS),
bolstering the antioxidant defense mechanisms and
inhibiting the COX-2 anti-inflammatory pathway [@ 1.
Many investigations have highlighted antidiabetic [[7],
anticancer [@], neuroprotective [9] and cardioprotective [10]
properties of these potent antioxidants.

Research has shown that foods, especially tart cherry
and Tart Cherry Juice (TCJ), may help combat Exercise-
Induced Muscle Damage (EIMD). Empirical studies suggest
that TCJ may help most because it reduces inflammation and
exercise-induced lipid peroxidation, likely due to its
bioactive compound, anthocyanins. Thus, TCJ may aid

recovery and decrease muscle soreness and strain after
exercise []. While studies have demonstrated benefits
from consuming TCJ after resistance exercise and running,
the benefits of consuming TCJ after cycling may be reduced
due to the comparatively small muscle damage induced by
cycling [].

A meta-analysis and systematic review showed that Tart
Cherry Juice (TCJ) results in a small improvement in muscle
function after exercise-induced muscle damage. It increased
maximal voluntary isometric contraction by 9.13% and
lowered the levels of the pro-inflammatory cytokines such as
interleukin-6 (IL-6) and interleukin-8 (IL-8). However, it did
not cause a significant change in CK, C-reactive protein,
TNF-a, IL-18 or pain scores (VAS). A dose-response
analysis indicated that as the dose of TCJ increased,
contraction improved non-linearly, suggesting that TCJ
may improve performance and lower the mild inflammation
associated with EIMD []. Tart cherries can support post-

exercise recovery by reducing soreness and oxidative stress,
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lowering inflammation, improving sleep and enhancing
muscle power retention. Greater recovery was associated
with reductions in CRP and IL-6, with the most notable
performance improvements in jump height and modest
improvements in strength [[17].

High-intensity exercise that exceeds an individual’s
limits-especially unfamiliar tasks and eccentric movements-
can trigger primary EIMD, which reduces performance across
maximal power output, jumping, agility, speed and both
isokinetic and isometric strength [18]. A common
manifestation is Delayed-Onset Muscle Soreness (DOMS),
marked by soreness, stiffness, swelling, weakness, reduced
joint range of motion and impaired proprioception and it often
accompanies EIMD [[19,20]. EIMD typically involves an
initial mechanical insult followed by an inflammatory
response [21,22]. Although DOMS can coincide with muscle
damage, it is frequently viewed as the most performance-
disruptive symptom and its mechanisms remain debated (e.g.,
inflammation, connective tissue micro-damage, enzyme
leakage and neural factors), with soreness felt during exercise
representing a distinct phenomenon [23-26]. Strenuous or
prolonged activity can also cause fatigue via mechanical stress
and cytokine/ROS production; while these processes aid repair
and adaptation, excessive inflammation and oxidative stress
can worsen damage, elevate markers such as myoglobin and
CK, temporarily impair muscle function and hinder training
outcomes [27]. Nutritional strategies with anti-inflammatory
and antioxidant effects may help mitigate these consequences
and support recovery [28].

Objectives

This review summarizes and evaluates clinical and
experimental studies on the health benefits of cherries,
particularly their effects on EIMD, osteoarthritis, gout and
fibromyalgia. The review also aimed to synthesize findings
on cherry-based interventions (e.g., tart cherry/
Montmorency cherry/TCJ) for post-exercise recovery and
EIMD-related outcomes. Additionally, it assesses the
evidence for cherries’ role in symptom relief and in
modulating biomarkers in osteoarthritis, gout and
fibromyalgia.

METHODS

Literature Search Strategy

A detailed manual literature search was conducted across
various online databases to identify relevant clinical and
experimental studies on the health effects of cherries. Terms
searched included “exercise-induced muscle damage and
recovery,” “cherry juice,” “tart cherry,” “Montmorency
cherry,” “osteoarthritis,” “gout,” “fibromyalgia,” and
“procyanidins.” Boolean operators were used to set ‘OR’ for
an inclusive search and ‘AND’ for an exclusive search
related to recovery and cherry-based interventions.

EEINNT3

Inclusion Criteria
Original English published clinical or experimental research
articles that investigated cherry-based products (e.g., tart

cherry, Montmorency cherry or TCJ) on exercise-induced
muscle damage, recovery, inflammation, pain or clinical
symptoms of osteoarthritis, gout or fibromyalgia were
included in this review.

Exclusion Criteria

Studies were excluded if they were systematic reviews,
reviews, editorials or conference abstracts; did not contain
relevant outcomes; and did not include any cherry-derived
interventions.

Study Screening and Selection

Initially, the titles and abstracts were screened for relevance.
The full texts of the studies that appeared to meet our
eligibility criteria were reviewed. The searches were
conducted independently for each database to reduce the
possibility of selection bias.

Reporting Guidelines

This review was conducted as a narrative review. Whilst it
has followed a structured and systematic approach to
identifying and selecting literature, it has not been strictly
aligned with the PRISMA guidelines for systematic
reviews.

Overview and Active Constituents of Tart Cherry
Prunus cerasus L., also known as Cerasus vulgaris and/or
Prunus vulgaris, is a fruit from the family Rosaceae that goes
by the name "tart cherry." Tart cherry, often called sour
cherry, is a little tree that usually doesn’t grow taller than
eight meters. Its dark-colored berries have a unique sour
taste. The Montmorency tart cherry is the most widespread
variety farmed in the United States [29] (Figure 1). People
utilize tart cherries to make juices, canned fruit, brandy,
liqueurs, preserves and other things at home or in factories.
The fruit has a tart taste, luscious flesh, a pleasant aroma and
a hue ranging from pale crimson to dark red.

Tart cherries among the many fruits now called "super
foods." The idea of "super foods" is primarily based on
guesswork, yet there is substantial evidence that sour
cherries can be good for your health [30,31]. Tart cherries
are rich in polyphenols, particularly flavonoids, flavonols
and anthocyanins, with studies identifying at least 12
phenolic acids, 24 anthocyanins, 18 flavones and 17
flavanols [B2]. Chlorogenic acid, neochlorogenic acid,
cyanidins, 3-coumaroylquinic acid, kaempferol, melatonin
and quercetin are the primary polyphenols in tart cherry [33].

Figure 1(a-c): (a) Montmorency cherries (Prunus cerasus)
fruit, (b) Tart cherry juice and () Tart cherry capsules
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Figure 2(a-d): (a) Tart Cherry Active Constituents, (b) Tart Cherry Polyphenols, (c) Tart Cherry Anthocyanins and (d)

Montmorency Tart Cherry Anthocyanins
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Figure 3: Tart Cherry Health Benefits

The bioactive anthocyanins found in tart -cherries,
including cyanidin 3-glucoside, cyanidin 3-
glucosylrutinoside and cyanidin ~ 3-rutinoside [@].
Anthocyanins give the fruits their deep red color [@].
Montmorency tart cherries are rich in anthocyanins and other
plant compounds, such as polyphenols, carotenoids and
indolamines [@] (Figure 2).

The cultivar, climate and soil conditions all affect
the chemical makeup of sour cherry fruit [@]. The
literature indicates that tart cherry fruits contain 8.0-
21.5 g/100 g Fresh Weight (FW) of sugars, predominantly
sucrose, glucose and fructose and 295-1742 mg/100 g FW
of organic acids, chiefly malic acid. Cherries contain
254-407 mg of total polyphenols per 100 g of FW [@].
The primary phenolic acids are p-coumaric acid, 3-
caffeoylquinic and 5-caffeoylquinic. Flavanols (catechin/

epicatechin derivatives) and flavonols (kaempferol and
quercetin glycosides) are commonly present. Sour cherries
have an antioxidant capacity of 200-2000 umol TE/100 g

FW [39.40].

Biological Activities and Health Advantages of Tart
Cherry

Studies have focused on cherry anthocyanins, especially
cyanidin-3-sophorside, cyanidin-3-rhamnoglucoside,
cyanidin-3-glucosylrutinoside, cyanidin-3-glucoside,
peonidin-3-rutinoside and peonidin-3-glucoside. However,
evidence suggests that the entire phytocomplex and the
various cherry polyphenols likely act synergistically,
influencing several molecular pathways through synergistic
effects []. In addition to polyphenols, cherries contain
carotenoids (like beta-carotene), vitamins (such as vitamin
C), essential fatty acids, bioactives (like ellagic and
chlorogenic acids) and organic acids (citric and malic), as
well as some minerals that may beneficially interact to
improve health effects [41,42].

There is growing research linking tart cherries to
various health benefits. Traditionally, tart cherries have
been wused for vascular and heart protection,
neurodegeneration (i.e., Alzheimer’s), inflammation and
chronic diseases related to oxidative stress (i.e., diabetes
and cancer). Reported benefits include reduced appetite,
lower blood pressure, improved antioxidant defenses,
reduced muscle damage and soreness after exercise,
improved glycemic control, reduced inflammation, lower
uric acid and lower markers of oxidative stress and
inflammation. Tart cherry supplementation may also lessen
knee osteoarthritis pain and symptoms [@,@,@-@]
(Figure 3).
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Molecular Pathways and Mechanisms of Tart Cherry
Antioxidant and Anti-Inflammatory Potentials

Based on earlier research, anthocyanins remove free radicals
in several ways. The initial one is an attack on the hydroxyl
group (s) in the B-ring of anthocyanin, whereas the other one
is an attack on the oxonium ion in the C-ring [48]. Increasing
research suggests that, instead of directly acting as
radical scavengers, polyphenols enhance the body’s own
antioxidant capabilities through the induction of the
nuclear-related factor 2 (Nrf2)/antioxidant response
element pathway [49-51]. In vwvitro, polyphenols have
demonstrated the capacity to safeguard the Keapl-Nrf2
complex against breakdown while also facilitating Nrf2
phosphorylation. Phosphorylated Nrf2 translocates to the
nucleus, leading to downstream expression of proteins and
genes, which eventually ends in enhanced production
of antioxidant enzymes [52]. Polyphenols may also inhibit
the formation and function of enzymes that produce
superoxide anions, such as nicotinamide adenine
dinucleotide phosphate (NADPH) oxidase, thereby reducing
the amount of Reactive Oxygen Species (ROS) released [53-
55] (Figure 4).

Systemic inflammation may be eased by tart cherry. /n
vitro studies have examined how polyphenols reduce
inflammation at the molecular level. The available research
demonstrates that polyphenols inhibit the function and gene
expression of both cyclooxygenase (COX) isoforms, COX1
and COX2, thereby blocking the synthesis of prostaglandins,
a class of lipid compounds that facilitate the inflammatory
response by inducing pain, inflammation and edema [56-58].
TLRs, in particular the TLR4/CD14 pathway, are important
for detection/or innate immune response, especially for LPS
endotoxin. TLR4 signalling via LPS induces the nuclear
factor-kB (NF-kB) pathway, which promotes the synthesis
of inflammation indicators like tumor necrosis factor-alpha
(TNF-a), interleukin 1 beta (IL-1f), IL-6 and COX-2 [59].
Additionally, polyphenols may suppress the activation of
NF-kB, a transcription factor that regulates the expression of
more than 200 genes associated with the body's pro-
inflammatory response [60-62] (Figure 4).

Exercise-Induced Muscle Damage (EIMD)
Making up to 40% of body mass, skeletal muscles use oxygen
mainly during maximal effort, movement, posture, endurance,

rapid actions and heat production, all of which are essential
and vital [63-66]. During an isometric exercise, the muscle
generates force while maintaining its length. In a concentric
exercise, the muscle produces force while shortening. In an
eccentric exercise, the muscle is under tension while
lengthening [67]. Posture is maintained and loads are
supported by isometric contractions. Movement is generated
by concentric contractions. Motion is controlled and/or
slowed down by eccentric contractions [68]. Unfamiliar,
unusually intense or prolonged exercise can lead to muscle
damage and soreness; but EIMD mainly results from high-
intensity eccentric efforts [69]. EIMD occurs when muscle
fibers become overstressed or injured by new exercises, a new
exercise technique or greater exercise volume or intensity.
This is due to the change in the muscle’s biochemical
composition, such as increased muscle composition, less
mechanical energy output, decreased muscle power output
and greater muscle soreness. In most cases, soreness peaks
about 24 to 48 hours after exercise [[70].

Pathogenesis of Exercise-Induced Muscle Damage
(EIMD)

Exercise-related muscle injury is associated with
inflammation during recovery [71-74]. Within 24 hours,
there is a transient increase in neutrophils often with
leukocytosis [75], along with an influx of inflammatory
fluids and proteins, natural killer and lymphocytes [[76].
These elevations in neutrophils can last several days [77].
However, within 24 hours macrophages become the
dominant cell type and can persist for about 2 weeks [78].
Meanwhile, myocytes that are injured secrete the
cytokines TNF-a and IL-1f for several days following
exercise [[79], process involved in the early polarization of
M1  macrophages (CD68+/macrosialin/ED1+)  [[76].
Neutrophils alongside M1 macrophages produce ROS/RNS
during the respiratory burst [76,80]. Excess ROS can
negatively impact insulin-stimulated glucose uptake, which
reducing it due to impaired GLUT4 translocation [81] and
diminish muscle force production [82]. Obstructing
post-exercise remodeling is the TNF-a, which acts on the
ubiquitin-proteasome pathway via the E3 ligases (MuRF1,
MAFbx/Atrogin-1). In this regard, muscle proteolysis and
remodeling after EIMD are the results of the pro-
inflammatory cytokines ‘stimuli [83].

Tart Charry
Antioxidant

Antiinflammatory

.
o

-
Keap]l- (NAPDH) Nuclear CcOX TLR4/
Nrf2 oxidase factor-kB isoforms CD14

Figure 4: Molecular Pathways and Mechanisms of Tart Cherry Antioxidant and Anti-Inflammatory Potentials [68-72]
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Clinical Trials e A PL-controlled, single-blind, randomized clinical trial

A specific research study focused on recovery from
lower-body strength rugby sled training using TCJ in 24
male collegiate soccer players. Participants completed
sled-based resistance training after drinking either TCJ
or a placebo (PL) (70 mL, twice daily) for 3 weeks in a
double blind design. Baseline evaluations included
counter-movement jumps and knee flexion tests, with
three follow-up evaluations at 24, 48 and 72 hours post-
training to assess performance. Consistent with the
findings outlined in Table 1, TCJ supplementation was
accompanied by enhanced after-exercise recovery
following high-intensity sprint training, with little inter-
limb difference [84]

Thirteen participants consumed tart cherry for five days
(200 mg anthocyanin/day for four days, 100 mg on day
5) or PL, then completed an incremental cycle test to
exhaustion in hypoxia (13% O:). Time to exhaustion
was significantly longer with tart cherry (940+84 s)
compared to PL (912463 s; p<0.05) [85]

Researchers studied the impact of Montmorency cherry
concentrate (MCC) on exercise recovery, attributing
potential benefits to its antioxidant and anti-
inflammatory properties. In the study, 10 participants
received either MCC or a PL for 7 days to support
muscle recovery before undergoing knee extension
trials. The study measured anthocyanin content at 7.2
mg/ml and phenolic content at 20.2 mg/ml, providing
216 mg anthocyanins and 605 mg phenolics per 30 ml
serving. MCC improved strength recovery (76.5% vs.
59.5% for PL), increased plasma phenolic acids and
upregulated gene and protein expressions tied to
antioxidant activity [86]

An investigation focused on the impact of drinking TCJ
on the recovery of female university field hockey players.
Sixteen players were randomly assigned to either a control
group (8 players, no TCJ) or a TCJ group (8 players,
received TCJ). The TCJ group was monitored for 48
hours after the Yo-Yo Intermittent Recovery Test.
Compared to controls, players in the TCJ group showed
improved agility and jumping take-off performance and
experienced a smaller increase in IL-6, LDH and other
inflammatory markers over time [87]

A study examined how powdered Tart Cherry Extract
(TCE) affects recovery and oxidative stress after heavy
resistance training. Thirteen men took either a 500 mg
powdered TCE capsule or a PL for 7 days, then
completed a strenuous exercise regimen. Powdered
TCE significantly decreased oxidative stress markers-
creatine kinase myocardial band content, protein
carbonyl content and creatine kinase activity-compared
to PL. According to Table 1, powdered TCE also
reduced declines in handgrip strength and lowered
oxidative stress markers, suggesting it may help reduce
central fatigue after heavy resistance exercise [88]

studied the effects of TCJ supplementation for 8 days on
recovery after intermittent exercise in 20 team-sport
players. Subjects received either TCJ or PL for 8 days
and on the 6* day, performed the Loughborough
Intermittent Shuttle Test. As shown in Table 1, short-
term TCJ supplementation was associated with
accelerated functional recovery and reduced muscle
soreness following intermittent team-sport exercise,
though no significant differences emerged in markers of
muscle damage or inflammation [89]
Typically active adult females (n = 20) participated in a
double-blinded, randomized PL trial in which they
performed a repeated-sprint protocol and recovered for
up to 72 hours. During this period, participants were
given either a PL or MCC (30 ml twice daily for 8 days).
Recovery metrics included countermovement jump
height, muscle soreness and pain threshold. As
summarized in Table 1, MCC supplementation
improved restoration of countermovement jump height
and accelerated recovery from muscle soreness and pain
threshold but had no effects on limb girth or lowered
high-sensitivity C-reactive protein (hsCRP) [90]
The effects of MCC on exercise performance, vascular
function and nitric oxide biomarkers were examined in
trained cyclists using a PL-controlled, double-blind,
randomized crossover design. Participants consumed
either 60 ml of PL or MCC before performing bouts of
moderate- and severe-intensity cycling. As summarized
in Table 1, MCC supplementation substantially decreased
systolic blood pressure and enhanced end-sprint
performance, resulting in 10% greater peak 20-second
power and total 60-second work outputs compared to the
PL leg. performance during these tests [91]
The impact of TCJ supplementation on airway oxidative
stress and inflammation was evaluated in 19
recreational runners aged 18-50 years who completed a
42.2 km trail run. Participants ingested a PL or TCJ for
4 days before the run and for 48 hours afterwards.
Inflammation was measured using FeNO and induced
sputum were analyzed for inflammation (IL-6, CD163,
CD44, CD62E, CD66E) and oxidative stress (SOD and
PC). Compared to the PL, TCJ lowered most
inflammation markers but FeNO and protein carbonyls
were slightly higher [92]
One study assessed the effect of TCJ with whey protein
(TCW) on recovery post plyometric exercise in 16
participants. They consumed 2,240 mL of TCW or PL
beverage twice daily for 10 days. Participants
performed 5x20 drop jumps on the 6" day. As
summarized in Table 1, compared with PL, TCW
resulted in greater improvements in antioxidant capacity
and reported soreness. However, CK and LDH levels
were elevated post-exercise in all participants, with no
significant differences observed between the TCW and
PL groups [93]
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A study evaluating TCJ effects on DOMS post-eccentric
exercise compared a consumption group (TCJ: n = 15,
placebo: n = 14) and evaluated them for strength,
flexibility, thigh girth, muscle tenderness, pain and
exercise muscle damage markers at baseline,
immediately following and 24 h, 48 h, 96 h and one
week post-eccentric fatigue protocol. As summarized in
Table 1, TCJ consumption was associated with
significant time effects for strength, flexibility, thigh
girth and tenderness [94]

Among semi-professional soccer players,
supplementation with MCC (30 ml, twice daily for 8
days) improved recovery after intermittent sprint exercise.
Compared with PL, MCC accelerated recovery of
maximal voluntary isometric contraction and counter-
movement jump performance. In addition, it improved
agility, muscle soreness and IL-6 rise, without affecting
other inflammatory markers, CK or oxidative stress [95]
Tart cherry supplements improved race performance
and helped control inflammation during and after a half-
marathon in trained athletes. Athletes who took the
supplement also recovered better than those who took a
PL. After recovery, lower levels of immune and
inflammation-related molecules (IL-2, IL-5, IL-6, IL-
12p70, 1IL-13) were found. Early after the race, the
levels of IL-12p70 and IL-6, which signal quick
inflammation, were higher [96]

A clinical trial using a double-blind method with 23
resistance-trained men found that tart cherry powder
supplementation (480 mg daily for 10 days, pre- and
post-exercise) significantly reduced post-exercise
muscle soreness-the primary outcome-and lessened
muscle catabolism (creatinine, AST, ALT, bilirubin,
total protein) compared to PL. Although changes in
inflammatory cytokines or oxidative stress were
insignificant, recovery strength improved and post-
exercise soreness decreased, indicating a positive effect
on recovery [97]

In a randomized trial, trained cyclists (n = 16)/to
examine the effect of 30 ml MCC or an isoenergetic PL
taken twice daily for 8 days. On the fifth day of the trial,
participants performed a 109-minute stochastic cycling
trial designed to simulate the demands of a road cycling
competition. Compared with the PL, participants who
consumed the MCC maintained isometric maximum
contraction for 72 hours, improved cycling economy at
24 hours and reported lower muscle soreness than the
PL group. The indicators of the inflammatory response
(hsCRP, IL-6) were substantially lower than those of the
PL group. The markers of muscle damage (CK) and
oxidative stress (lipid hydroperoxides) were the same in
both groups. These results illustrate the ability of MCC
to aid recovery of muscle function and inflammation
control during exercise [98§]

A study examined the effects of MCC on muscle
damage, oxidative stress and inflammation over 3 days
of simulated high-intensity road cycling (n = 16) in
trained cyclists. Participants ingested 30 ml of either PL
or MCC twice daily for 7 days, with cycling trials on

days 5-7. Blood analyses showed that, compared with
PL, MCC reduced lipid hydroperoxide (LOOH) levels
and IL-6 levels, while hsCRP and other markers
remained unchanged. These results suggest that MCC
can reduce oxidative and inflammatory responses to
exercise, supporting its use in cycling and other sports
that require multiple performances in a single day [99]
The current study examines how powdered TCE affects
muscle soreness and stress following intense endurance
exercise. In the study, 27 trained endurance athletes (18
men and 9 women) took either a PL or 480 mg of TCE
daily for 10 days. The results showed that, compared to
PL, TCE clearly reduced thigh muscle soreness, as well
as cortisol levels and the Blood Urea Nitrogen (BUN) to
creatinine ratio. This suggests less muscle damage and
stress [100]

A crossover study involved 10 trained male athletes
aged 40-70 years. Participants used MCC (anthocyanin
content of 9.1 mg/ml; 273 mg per 30 ml serving) and an
isoenergetic fruit control. Supplements were taken for 7
days prior to and 48 h after a unilateral leg exercise. The
exercise consisted of 10 sets of 10 repetitions of knee
extensor exercises at 80% IRM. With MCC
supplementation, muscle strength recovery was higher
at 24 and 48 hours post-exercise (recovery conditioned
at 91% vs. 85% and 93% vs. 89%, respectively).
Prolonged exercise spanning 24 hours also showed a
reduction in protein carbonyls (24% vs. 83% increase).
Values on markers of nitrotyrosine, hsCRP and total
nitrotyrosine were unresponsive, as were other
collateral markers that may indicate total antioxidant
capacity. These data suggest MCC may help muscles
recover after exercise by reducing oxidative protein
damage [101]

In a PL-controlled randomized clinical trial, recreational
marathon runners ingested PL or TCJ for 5 days prior
to, on the day of and for 2 days following a marathon.
TCJ but not PL, mitigated the post-race decline in
isometric  strength and markers of post-race
inflammation (IL-6, CRP and uric acid). Total
antioxidant capacity was approximately 10% higher
during the post-supplementation period and TBARS
decreased markedly, indicating reduced lipid
peroxidation at 48 hours post-race. No between-group
differences were observed for protein carbonyls or other
indicators of muscle damage in this population [[102]
This PL-controlled, double-blind, randomized study
examined the effect of TCJ on pain in long-distance
runners (ages 18-61) who averaged 26.3 km over 24
hours. Fifty-four participants drank 355 ml of either PL
or TCJ twice daily for 7 days before and during the race.
Both groups reported increased pain but the PL group
had a 37£20 mm increase, compared with 12+18 mm in
the TCJ group. TCJ drinkers reported greater overall
satisfaction and a higher likelihood of consuming the
juice again. These findings suggest that TCJ intake
before and during a run may significantly reduce muscle
pain and improve satisfaction among high-volume

runners compared to PL [103]
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Experimental Studies

o The study specifically examined how TCJ and kernel
extract influence muscle regeneration and antioxidant
status in aging male BALB/c mice. Researchers
administered kernel extract (30 mg/kg/day) and/or TCJ
(1 mg anthocyanins/day) daily for three weeks. They
measured antioxidant and muscle stem cell (satellite
cell) levels in muscle and blood tissues to assess
regenerative and antioxidant potential. The results
revealed a marked increase in muscle stem cells,
particularly in mice treated with kernel extract, while
antioxidant markers remained largely unchanged. These
findings highlight the potential for TCE supplements to
preserve muscle mass and combat sarcopenia-related
degeneration in aging populations [[104]

e A study explored whether tart cherry concentrate
powder can prevent glucocorticoid-induced muscle
atrophy in mice. Mice treated with TCE (250 or 500
mg/kg) showed significant protection against muscle
wastage, as shown by preserved calf muscle strength,
thickness and weight, along with improved histology.
The treatment also modulated inflammation and
oxidative stress, as well as the expression of genes
related to both muscle atrophy (SIRTI, myostatin,
atrogin-1, MuRF1) and muscle synthesis (PI3K, Aktl,
A1R, TRPV4). Overall, these results suggest that tart
cherry concentrate powder appears effective in
lessening glucocorticoid-induced muscular atrophy
[105]

o TCE enhances skeletal muscle recovery after exercise-
induced damage. In a mouse muscle and immune cell
system, TCE increased muscle regeneration markers
(MHC, MCP-1, HGF) and neutrophil-derived ROS.
TCE moderately decreased myoblast proliferation but
did not affect cell viability, myeloid differentiation or
cell type. These findings show that TCE enhances
muscle repair by boosting regenerative signaling and
ROS production, while reducing myoblast proliferation
and the inflammatory response. The effects may occur
directly in muscle tissue or through changed cross-talk
between immune and muscle cells [106]

Fibromyalgia

Fibromyalgia is a long-term musculoskeletal disease that
causes problems with pain. It is now the second most
prevalent rheumatologic diagnosis [[107]. A known symptom
of fibromyalgia is increased discomfort after activity
(fibroflares) and faster DOMS might be a cause of this sort
of pain. DOMS is a well-known result of hard exercise,
especially when it involves eccentric contractions in muscles
that aren't used to it [[108]. The temporal progression of
DOMS mirrors its pathophysiology [[109]. Fibromyalgia is
one of the most common musculoskeletal disorders. It causes
pain, soreness and stiffness in the joints, tendons and
muscles [110]. Fibromyalgia frequently presents in young to
middle-aged females with chronic generalized pain,
exhaustion, stiffness, sleep disturbances and cognitive

impairments. Fibromyalgia frequently occurs alongside
various unexplained symptoms, sadness and/or anxiety and
a decline in daily life tasks. Fibromyalgia usually produces
widespread bilateral pain that has many "tender points."
Even though fibromyalgia brings about severe physical
pain, it does not cause tissue deformity, damage or
inflammation [111].

Research indicates that the stimulus strength required to
provoke a pain response in individuals with fibromyalgia is
over 50% less than that of normal subjects [111,112].
Researchers have looked into the pathophysiology of this
increased sensitivity (allodynia and hyperalgesia) and think
it has to do with problems in the central cortical processing
and problems with the central nervous system at the spinal
cord level [[113]. Cumulative evidence shows altered
neurotransmitter systems in fibromyalgia, affecting sleep,
fatigue, pain and mood. Patients exhibit elevated plasma
norepinephrine [114] but reduced dopamine and serotonin
[115], contributing to widespread pain and discomfort.
Increased glutamate heightens pain sensitization [[116].

Because a lot of people with fibromyalgia have trouble
sleeping, the melatonin concentration was also thought to be
a factor in the disease's development. It was demonstrated
that diminished melatonin levels at evening may exacerbate
night time pain perception [117]. In fibromyalgia,
hypothalamic-pituitary-adrenal axis disruption causes
adrenal insufficiency, hindering the release of endorphins,
ACTH and cortisol. This makes people tired all the time,
makes it harder for them to exercise and makes their muscles
operate improperly [[118].

Recent data indicated that oxidative stress may
significantly contribute to fibromyalgia. Recent results
indicate a link between prooxidative processes and pain
sensitization in individuals with fibromyalgia [119]. In
fibromyalgia, the level of coenzyme Q10 (CoQ10) is
decreased, which causes problems with mitochondria.
Consequently, there is a diminished mitochondrial
membrane potential, heightened superoxide anion action and
an elevated production of lipid peroxidation byproduct
[120]. The quantity of lipid peroxidation products has been
shown to possess a positive relationship with the degree of
severity of fibromyalgia as measured by the Fibromyalgia
Impact Questionnaire-Revised (FIQR) [[12]1]. Numerous
lines demonstrate that fibromyalgia patients have too many
oxidants and not enough antioxidants. Prooxidative
processes in fibromyalgia patients are linked to particular
gene variations that have a role in oxidative equilibrium. For
example, diminished Activity of Catalase (CAT),
Superoxide Dismutase (SOD) and NADPH oxidase is
associated with the degree of fatigue and pain severity, as
measured by the FIQR [122]. People with fibromyalgia have
lower levels of antioxidant enzymes (SOD, CAT, GPx and
GR) and higher levels of NO and malondialdehyde (MDA).
Antioxidant enzyme levels are negatively correlated with
symptom severity but lipid peroxidation is positively
correlated with elevated FIQR scores [[121]. In fibromyalgia,
there are higher amounts of NO in the blood, which is a key
pain sensitizer [[21].
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Effective supplementation involves 250-350 ml of juice
(or 30 ml concentrate) taken twice daily for several days
before, after or around the time of exercise, with the total
phenolic content being the primary determinant >1000
mg/day of phenolic compounds is often a threshold required
to see benefits. Studies show that chronic intake (60-65 ml
concentrate or 500 ml of regular juice/day for 7-9 days) can
enhance muscle function and diminish fatigue biomarkers
and soreness during recovery from resistance or intermittent
exercise [27].

Consequently, antioxidant treatments may help lessen
the bad effects of fibromyalgia. The use of antioxidative
methods for therapy has reduced the majority of symptoms
associated with fibromyalgia. Numerous investigations have
validated the notion of advantageous antioxidant treatment
for this condition through clinical interventions, including
hyperbaric oxygen therapy [123], aerobic activities (yoga
and Tai Chi) [124] and antioxidant adjuncts (CoQ10 and
vitamins D and E) [125-126].

Fibromyalgia is characterized by persistent low-grade
inflammation, increased pro-inflammatory cytokines,
immunological dysregulation and neuroinflammation, all of
which contribute to pain pathway stimulation and symptom
worsening [[127]. Recent data highlights the crucial
association of peripheral inflammation with fibromyalgia
pathophysiology, suggesting that inflammation is not merely
a consequence but a basic factor propelling fibromyalgia
onset and continued existence [[127,128]. Several
investigations have shown that fibromyalgia patients
commonly have greater levels of inflammatory indicators,
such as C-reactive protein (CRP), which is an excellent
indicator of low-level systemic inflammation [129+130].
Chemokine (C-C motif) ligand 2 (CCL2), a strong
chemoattractant molecule that has a role in inflammation,
was found in the plasma of those suffering from
fibromyalgia [131,132]. A catalytic response may be
initiated by this inflammatory state, intensifying the
excruciating symptoms that define fibromyalgia and
possibly increasing the disease's entire impact [133].
Furthermore, the severity of fibromyalgia symptoms has
been linked to high levels of inflammatory serum cytokines,
like IL-8 and IL-37 [[127]. Certain immune cells are attracted
to inflammatory sites by IL-8 and IL-37. Therefore, in
fibromyalgia sufferers, its spikes indicate an extremely
stimulated inflammatory reaction [[134]. With the emergence
of neuroinflammation as a crucial element of its
pathophysiology, fibromyalgia has come to be understood as
a condition closely associated with central inflammation
[135]. Central inflammation in fibromyalgia is caused by the
induction of glial cells, especially astrocytes and microglia,
which release pro-inflammatory cytokines (IL-10, IL-8, IL-
6, IL-1B, TNF-a, GDNF and BDNF) []136,137]. This
ongoing neuroinflammatory state is further supported by
raised cytokine concentrations in CSF [[138].

Modern fibromyalgia anti-inflammatory treatments
include a wide range of pharmaceutical and alternative
medications. Because of their good safety records and
potential for long-term advantages, alternatives to

pharmaceutical therapies-such as dietary changes-are often
considered the first option for fibromyalgia [139]. Although
a lot of research has been done on the possible advantages of
taking antioxidants, magnesium, CoQ10 and vitamins C and
D as supplements, managing symptoms is still a challenging
area [139-145].

Clinical Trials

o Fibromyalgia is a chronic pain condition that might
respond to intake of tart cherry [169]. The study
conducted by Elliot et al. consisted of a randomized, PL-
controlled, dual-blind, cross-over study of the
therapeutic impact of MCC, concerning 14 women with
fibromyalgia and an eccentric exercise protocol.
Subjects ingested 10.5 ounces of the juice daily (= 600
mg phenolics, 40 mg anthocyanins) for 10 days. No
change to the local muscle soreness was noted, though
MCC did have some PL-controlled advantages, noting
preservation of muscle strength and a reduction of pain
in some of the patients. This study indicates that MCC
supplements, particularly when used as a pre-loading
strategy in the face of anticipated physical stress, may
assist fibromyalgia patients with muscle recovery and
pain management [109] (Table 2)

Though many tests were done on patients without
fibromyalgia, the results could still apply to the management
of fibromyalgia since both have concerns about muscle pain
and muscle preservation and the decrease of inflammation
and oxidative stress. While the trial “Efficacy of a tart cherry
juice blend in preventing the symptoms of muscle damage”
focused on healthy male college students, the outcomes
might be useful in managing muscle-related pain central to
fibromyalgia. Participants in this study completed a placebo-
controlled, randomized, crossover trial where they
consumed a tart cherry-apple juice blend (equal to around
100-120 cherries daily) for eight days with an eccentric
exercise session. Participants on the placebo cherry juice
reported a substantial decrease in pain (p = 0.017),
experienced strength loss averaging 22% over 4 days and
experienced muscle tenderness, with a 22% loss of strength
exercise. Participants on the placebo cherry juice reported a
substantial decrease in pain ( p = 0.017), while the loss of
strength averaged 22% over 4 days and muscle tenderness
with a loss of strength was 22% exercise [147].

While initial results from one clinical trial indicate
possible advantages of supplementation with tart cherries for
fibromyalgia, fibromyalgia and cherries does not have
enough clinical backing to prove anything substantial
Currently, there are no studies to suggest that, fibromyalgia
and cherries are directly correlated. A sufficient number of
good-quality, randomized controlled trials have yet to be
conducted to confirm these results.

Gout
Almost 3% of adults suffer from the most common
inflammatory arthritis condition: gout. Most of these cases
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are in developing countries. Gout can cause kidney issues,
coronary artery disease, diabetes, stroke or metabolic
syndrome [[148]. Its origin is monoclonal in hyperuricemia,
as urate crystals form and trigger inflammation in the joints
and tendons. During an attack, anti-inflammatory medicines
usually provide relief [[149].

Clinical Trials

A randomized, double-blind crossover trial with a PL
investigated 25 adults with mild uric acid elevation.
Intake of 960 mg of TCE (20.7 mg proanthocyanins bis-
equivalent) over one week did not significantly change
postprandial uric acid levels after a purine-rich, tart
cherry apple meal. However, tart cherry consumption
appeared to diminish postprandial Blood Glucose Level
(BGL). It also tended to reduce IL-1f3 and IL-10 levels
and increase interferon gamma (IFN-y), while uric acid
remained unchanged during the acute period. These
findings may indicate unexplored metabolic and
immunomodulatory functions of tart cherries [150]
(Table 3)

In a randomized trial of 282 men with gout starting
urate-lowering therapy, a tart cherry citrate (TaCCi)
mixture was compared with a citrate mixture plus
sodium bicarbonate over 12 weeks. All groups had
comparable improvements in urine pH and serum urate.
Still, TaCCi achieved greater reductions in CRP and
urine albumin-to-creatinine ratio, which were associated
with fewer gout flare episodes. These findings indicate
that tart cherry supplementation has added anti-
inflammatory and renal protective impacts in the
management of gout [151]

In a randomized study comprising 48 subjects, tart
cherry was consumed as a capsule (480 mg) or as a juice
(240 ml), once or twice daily for 48 hrs. All participants
were over 18 years old. The study found supplementing

Table 2: Clinical Studies Concerned with the Effect of tart Cherry on Fibromyalgia

with tart cherry lowered uric acid levels, albeit
temporarily. The most pronounced and sustained effect
was observed after the consumption of a single capsule.
No measurable changes were observed in hsCRP levels,
an inflammatory marker in blood plasma or in defenses,
however. The study concluded that TCJ and capsules
were equally effective for short-term uric acid lowering,
without any demonstrated anti-inflammatory or
antioxidant effects [[152]

A cohort of 26 overweight or obese participants
participated in a randomized, placebo-controlled,
crossover study in which each participant received, for
4 weeks, either a PL or 240 ml/day of TCJ, followed by
a 4 week washout period. Participants who consumed
TCJ substantially decreased their serum uric acid levels,
on average by 19.2% and showed a tendency towards
moderation in a number of inflammatory markers,
including hsCRP and MCP-1. These results support the
suggestion that the daily intake of TCJ could help in
managing hyperuricemia and inflammation due to
gout [[153]

MCC intake has been demonstrated to reduce blood uric
acid levels, which may alleviate gout-related pain.
Administration of 30 or 60 ml of MCC twice daily
resulted in decreased blood uric acid and increased
urinary uric acid excretion, with both dosages producing
comparable outcomes. Furthermore, MCC consumption
elevated plasma antioxidant anthocyanin
concentrations, as corroborated by additional studies
indicating that blood antioxidant levels remained
elevated for up to 12 hours post-consumption [[154]

In a single-blind, randomized, two-phase crossover
study, 12 healthy adults (average age 26) drank either
30 or 60 ml of MCC mixed with water, with at least 10
days between tests. Both amounts lowered blood uric
acid and increased the amount of uric acid excreted in
urine, yielding similar results and suggesting that MCC

Serial

Study

Participants Number

Tart cherry dose/duration

Outcome

1

Elliot ef al. [109]

14

TCJ (10.5 daily (= 600 mg phenolics, 40 mg anthocyanins) for

10 days

-Preserved muscle strength
-Reduced muscle pain

Table 3: Clinical Studies Concerned with the Effect of Tart Cherry on Gout

Serial | Study Participants Number Tart cherry dose/duration Outcome
1 Gonzalez et al. [150] 25 TCE 960 mg (20.7 mg proanthocyanins) for 1 Reduced BGL
week Reduced serum IL-1f and IL-10
Increased serum INF-y
2 Wang et al. [151] 282 TaCCi for 12 weeks Improved urine pH
Reduced serum urate
Decreased serum CRP
Decreased urine albumin/creatinine ratio
Decreased gout flare episodes
3 Hillman et al. [152] 48 TCJ (240 ml) or capsule (480 mg) for 48 hours Reduced serum urate
4 Martin and Coles [153] 26 TCJ (240 ml/day) for 4 weeks Reduced serum urate
Reduced serum hsCRP and MCP-1
5 Cock [[154] - TCC (30 or 60 ml /day) Reduced serum urate
Increased urine urate
6 Bell et al. [155] 12 MCC (30 or 60 ml) for 2 days Reduced serum urate
Increased urine urate
7 Martin et al. [156] 10 TCJ (240 ml/day) for 4 weeks Reduced serum urate

Reduced serum TNF-a and MCP-1
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may help with gout-related pain. MCC also increased
blood levels of anthocyanins and antioxidants for up to
12 hours after drinking [[155]

In a small randomized, PL-controlled crossover study,
10 overweight or obese adults (average age 38.1 years,
BMI 32.2) drank 8 ounces of 100% TCJ or a PL daily
for four weeks, with a two-week break in between. Most
participants had normal uric acid levels but 70% had
lower serum uric acid levels after drinking TCJ. The
juice also lowered ESR and was associated with
decreases in TNF-a and MCP-1. For those who began
with TCJ, triglycerides fell from 168-139 mg/dl, along
with decreases in VLDL and the TG/HDL ratio. These
early results suggest TCJ might help with uric acid
levels and inflammation [156]

Experimental Studies

Xanthine Oxidase (XO) metabolizes purines to uric acid
and, in doing so, produces reactive oxygen species,
which, in turn, contribute to conditions such as gout. XO
was extracted from bovine milk and the inhibitory
effects of allopurinol, TCJ and its active compound
(kaempferol) were compared using UV-Vis assays and
Michaelis-Menten kinetics. Allopurinol, TCJ and
kaempferol inhibit XO at molybdenum, with relative
inhibition quantified as an ICsx value [157]

A study sought to ascertain the therapeutic effects of
active compounds extracted from tart cherries harvested
from ultrasound-assisted ethanol extraction (TCU), as
well as those from thermal reflux extraction (TCH), on
acute gouty arthritis induced by monosodium urate
(MSU) in an animal model. In particular, TCH treatment
demonstrated a pronounced efficacy by attenuating joint
swelling and eliciting a concomitant increase in pain
thresholds, in addition to exhibiting a dose-dependent
decrease in neutrophil infiltration, TNF-a and IL-1f,
blockade of the NF-kB/TRIF pathway, silencing of the
NLRP3 inflammasome and promoting the enzymatic
activity of superoxide dismutase (SOD), thereby
suggesting a possible anti-gout therapeutic rationale [158]
In one study, researchers gave TCE to rats with
hyperuricemia caused by oteracil potassium and adenine.
The group that received a low dose (0.17 g/kg) had lower
serum uric acid levels and less kidney injury, likely due to
reduced adenosine deaminase activity [159]

Researchers used LC-MS to analyze anthocyanins in
TCJ concentrate and found that cyanidin 3-
glucosylrutinoside was the main compound, followed

by cyanidin 3-rutinoside. In a mouse model of acute
gout, daily oral TCJ concentrate for 14 days reduced
inflammation caused by monosodium urate (MSU).
This treatment led to about a twofold decrease in NF-«kB
activation and reduced inflammatory cell accumulation
in the ankle joint compared with the controls. These
results show that TCJ concentrate, at doses relevant to
clinical use, can suppress MSU-triggered NF-kB-
mediated inflammation [[160]

Osteoarthritis

A study was conducted to examine the effect of daily
consumption of TCJ on symptoms of knee osteoarthritis
(OA) in 66 participants aged 45-79 years over 120 days,
in a double-masked, randomized controlled trial. Each
participant was administered 16 ounces of either PL or
TCJ daily. In contrast, the participants’ pain, stiffness,
joint flexibility, quality of life and plasma cartilage
biomarkers were assessed at baseline, 2 and 4 months
intervals during the study. Of the 57 participants who
completed the study, the TCJ knee extension group
achieved considerable improvements absent in the PL
group, including pain, quality of life, knee range of
motion and a reduction in YKL-40, a -cartilage
degradation marker. There were no other changes that
were statistically relevant in the PL group (Table 4) [[161]
A PL-controlled, double-blinded, randomized,
crossover trial with 58 individuals with mild to
moderate knee OA examined the effects of TCJ. For six
weeks, participants drank two 8-ounce bottles of TCJ
every day. Each bottle had about 30 mg of anthocyanins
and 450 mg of phenolic compounds. After that, they
took a PL. Results showed that WOMAC scores, which
measure pain, stiffness and function, improved more
during the TCJ phase than during the PL phase. Even
though the variations in treatment results were not
statistically significant, TCJ caused a significant drop of
23% in the inflammatory marker, hsCRP levels,
whereas the other therapy caused a 51% rise [47]

A PL-controlled trial spanning 21 days studied 20
participants aged 40-70 years with inflammatory OA
who consumed 10.5 ounces of TCJ twice daily.
Supplementation with TCJ significantly reduced serum
CRP and inflammatory markers (TNF-a, IL-10, IL-6)
but showed no significant changes. It may be that TCJ
reduces systemic inflammation and provides
symptomatic relief in OA, thus serving as an adjunct or
an alternative to NSAIDs [[162]

Table 4: Clinical Studies Concerned with the Effect of Tart Cherry on Osteoarthritis

Serial | Study Participants Number Tart cherry dose/duration Outcome
1 Du eral [161] 66 TCJ (16 oz/day) for 4 weeks Reduced pain and stiffness
Improved knee ROM

Reduced serum YKL-40

2 Schumacher et al. [47] 58 TCJ (16 oz/day) for 6 weeks Reduced pain and stiffness
Reduced serum hsCRP
3 Kuehl et al. [162] 20 TCJ (21 oz/day) for 3 weeks Reduced serum CRP
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Number of Clinical Studies with Tart Cherry

Figure 5: Number of Clinical Trials with Tart Cherry
Presented in the Study

CONCLUSIONS

This review involved 31 clinical trials with tart cherry (juice,
extract or concentrate) administration in subjects to prevent
exercise-induced muscle damage (20 clinical trials), gout-
induced pain (7 clinical trials), osteoarthritis (3 clinical
trials) and fibromyalgia (1 clinical trial). All trials showed a
positive influence of tart cherry administration on muscle
pain and recovery (Figure 5). Overall, exercise recovery was
the area with the most consistent clinical findings, with
multiple studies showing positive impact on soreness and
recovery outcomes. Gout studies showed promise with
respect to uric acid and inflammation, yet sample sizes and
study designs varied greatly. There are only 3 studies on
osteoarthritis, which showed limited and mostly short-term
symptom and biomarker improvements. Evidence on
fibromyalgia is also very limited (1 study) and as with the
other studies, findings should be interpreted with caution.
Though tart cherry has potential as a nutritional intervention,
chronic conditions especially need more definitive longer
randomized control trials to assess the efficacy and
durability of the intervention. The review also included three
studies exploring the effects of tart cherry on damage to
muscles induced by exercise and four studies examining its
possible advantages in gout.
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