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Abstract

Purpose Strenuous exercise induces inflammation and muscle damage. Turmeric (Curcuma longa L.) is a widely used spice
that exhibits potent anti-inflammatory response and appears to decrease indirect markers of muscle damage. A randomized,
double-blind, placebo-controlled trial was conducted to evaluate the effects of Curcuma longa L. extract (CLE) on inflam-
mation and muscle damage after a half-marathon race.

Methods Twenty-eight healthy, normal-weight men were randomly assigned to one of two groups: (1) CLE (3 capsules per
day, 500 mg each); or (2) placebo (PLA, 3 capsules per day, 500 mg of microcrystalline cellulose). Participants received the
intervention for 4 weeks and immediately before and after the half-marathon race. Creatine kinase, lactate dehydrogenase,
alanine aminotransferase, aspartate aminotransferase, myoglobin, interleukins 6 and 10 were assessed at baseline, immedi-
ately before, after, and at 2, 24, and 48 h after the half-marathon race.

Results The half-marathon race increased markers of inflammation and muscle damage. A greater increase in interleukin-10
was observed in the CLE group immediately after the competition compared to the PLA group (7.54 +1.45 vs 5.25+0.59 pg/
mL; p <0.05; d=0.55). Myoglobin concentration was lower 2 h after the race in participants from the CLE group compared
to the PLA group (62.10+8.26 vs 107.85 +18.45 ng/mL; p=0.01; d=0.86).

Conclusion Curcuma longa L. extract supplementation leads to an increase in IL-10 and decreased myoglobin in recreational
male runners after a half-marathon race.

Trial registration number U1111-1179-6335, February 13, 2016.
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Abbreviations FM Fat mass

AST Aspartate aminotransferase LDH Lactate dehydrogenase

Ccv Coefficient of variation LM Lean mass

CK Creatine kinase NF-kB Nuclear factor kappa B

CLE Curcuma longa L. Extract PLA Placebo

DXA  Dual-energy X-ray absorptiometry VAS Visual analog scale
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experience impaired neuromuscular function, reduced range
of motion, and muscle soreness (Howatson and van Someren
2008). There are still controversies on redox homeostasis
in response to exercise (Nikolaidis et al. 2013; Margaritelis
et al. 2019). Adaptations to oxidative stress and consequent
attenuation of muscle damage may occur after repeated
exercise in trained individuals, independently of the age
(Nikolaidis et al. 2013). However, high-intensity exercise
may induce greater oxidative stress, inflammation, and mus-
cle damage (Gonzalez-Bartholin et al. 2019). An increase in
inflammation and muscle damage, characterized by elevated
activities of lactate dehydrogenase (LDH), creatine kinase
(CK), and aspartate aminotransferase (AST), was observed
after a half-marathon race (Briviba et al. 2005; Lippi et al.
2011, 2008).

Strategies able to attenuate the exacerbated inflamma-
tory response caused by strenuous exercise are becoming
increasingly popular. Among them, nutritional supplements
with antioxidant and anti-inflammatory properties have been
widely consumed for this purpose (Howatson et al. 2010;
Howatson and van Someren 2008; Trombold et al. 2010).
Among the nutritional compounds able to positively impact
inflammation, curcuminoids have recently emerged. These
naturally occurring polyphenols are extracted from the rhi-
zome of the Curcuma longa L., an herb commonly known as
turmeric root (Kiuchi et al. 1993; Zhou et al. 2011). Among
the curcuminoids found in this herb, the three main active
compounds are curcumin, demethoxycurcumin, and bisdem-
ethoxycurcumin (Kiuchi et al. 1993).

A recent review described that curcuminoids can posi-
tively impact several conditions, such as atherosclerosis,
cardiac hypertrophy, hypertension, ischemia/reperfusion
injury, and diabetic cardiovascular complications due to its
anti-inflammatory properties (Li et al. 2019). This effect may
be mediated via Toll-like receptors inhibition, a major family
of pattern recognition receptors that are key in the response
and regulation of both innate and adaptive immunity (Boo-
zari et al. 2019). Besides its use in sickness, curcuminoids
have been shown to positively impact healthy, exercising
individuals. After eccentric exercise, curcumin was shown
to attenuate inflammation by reducing interleukin-8 (Tanabe
et al. 2019b), and to prevent muscle damage by down-regu-
lating nuclear factor kappa B (NF-kB) activity (Sahin et al.
2016). This compound has also been shown to reduced pain
associated with delayed-onset muscle soreness in men after a
heavy eccentric exercise session, which positively impacted
participants’ recovery of muscle performance (Nicol et al.
2015). Another study showed that curcumin attenuated CK
activity and accelerated recovery of maximal voluntary
contraction in men after a single session of maximal isoki-
netic eccentric exercise (Tanabe et al. 2015). In these stud-
ies, curcumin was supplemented for a short period of time
and in isolated form (Nicol et al. 2015; Tanabe et al. 2015).
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Thus, considering that curcuminoids present cumulative
and synergistic properties (Ahmed and Gilani 2014; Kiuchi
et al. 1993), Curcuma longa L. extract (CLE) might result
in greater benefits. To the authors’ knowledge, no research
evaluated the effects of CLE supplementation on exercise-
induced inflammation and muscle damage in a recreational
population of runners. Therefore, we conducted an applied
study to investigate the effect of chronic CLE supplementa-
tion on cytokines and indirect markers of muscle damage in
healthy men after a half-marathon race.

Methods
Participants

The study protocol was reviewed and approved by the Eth-
ics Committee of the Federal University of Goias (number
421.008), and all experiments were performed in accord-
ance with all institutional and governmental guidelines and
regulations. Written informed consent was obtained from
all participants. This clinical trial was registered at ensaio-
sclinicos.gov.br (number U1111-1179-6335). Eligible par-
ticipants were male amateur runners with a normal body
mass index (> 18.5 and < 24.9 kg/m?), aged between 25 and
50 years, who expressed their willingness to participate in
this research. Potential participants were not included in
the study if they (1) were on weight loss diet/medication,
(2) were diagnosed with any acute or chronic disease, (3)
were taking medication that could affect the immune system,
(4) were injured, (5) were smokers, or (6) had a history of
chronic alcoholism.

A total of 40 participants were screened for participation;
36 met the inclusion criteria and were randomly allocated to
the CLE (n=18) and placebo (PLA; n=18) groups. Eight
participants withdrew for personal reasons (n=4 in each
group). The reasons were surgery (PLA, n=1), gastritis
(PLA, n=1), use of anti-inflammatory drugs (PLA, n=1),
which did not comply with protocol (PLA, n=1 and CLE,
n=2), muscle injury (CLE, n=1), and motorcycle acci-
dent (CLE, n=1). Therefore, 14 participants from the CLE
group and 14 from PLA group completed the study and were
included in the analyses.

Study design, randomization, and intervention

This study was a randomized, double-blind, placebo-con-
trolled clinical trial. Participants ingested three opaque
capsules per day containing CLE (500 mg each) or PLA
(microcrystalline cellulose, 500 mg each). Curcuma Longa
L. powder (1.5 g) was analyzed by high-performance liquid
chromatography (HPLC) equipped with photodiode array
detector and showed 64.5 mg of the major curcuminoids
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(i.e., 33.0 mg of curcumin, 16.5 mg of demethoxycurcumin,
and 15.0 mg of bisdemethoxycurcumin). The total amount of
curcuminoids was inferred by the standard addition method
(Sakkiadi et al. 2007). Briefly, a six-point calibration curve
of turmeric powder solutions was spiked with a known
amount of curcumin analytical grade. HPLC-UV detector
was set at a common wavelength (420 nm), according to
spectral similarities between curcumin and their methoxy-
lated derivatives (demethoxycurcumin and bisdemethoxy-
curcumin) (Poudel et al. 2019). The dosage was established
after a previous crossover, double-blind, placebo-controlled
pilot study performed by our research group (results not pub-
lished). This pilot study showed no differences in total anti-
oxidant capacity and curcumin concentration between 1.5,
3, and 6 g of CLE. Two capsules were ingested with lunch
and one with dinner for 29 days before the half-marathon
race, and immediately before the competition, when par-
ticipants were fed a standardized breakfast and consumed
three capsules of CLE. These recommendations were pro-
vided to increase the bioavailability of curcuminoids. Par-
ticipants were randomly stratified by age, finishing time of
their last half-marathon race, and dietary intake of legumes,
vegetables, fruits, and nuts, with a 1:1 allocation (www.
randomization.com). Randomization was performed by a
member of the study team not involved in the assessment
of outcomes. Study participants and members of the study
team involved in the collection of data and analysis of the
outcomes were blinded to the treatment condition. Adher-
ence to treatment was assessed by weekly phone calls and by
counting empty packs returned to the research unit. Partici-
pants were instructed to contact the research team if they felt
any discomfort during the intervention period. Participants’
training volume was controlled before the competition. Par-
ticipants were oriented to avoid running more than 16 km
in one session, to keep the exercise intensity at 70-85% of
the heart rate, and to rest 2 days before the competition. The
experimental design is shown in Fig. 1 of the supplementary
material.

Dietary intake

Participants were instructed to maintain their habitual
dietary intake during the intervention period. Thirty min-
utes before the half-marathon race, participants were fed
a standardized breakfast composed of one banana, one
slice of white toast, two slices of cheese, and 200 mL of
maltodextrin (total: 277 kcal, 50 g of carbohydrate, 6.86 g
of protein, and 5.52 g of fat) (Kerksick et al. 2018). None
of the participants reported gastrointestinal symptoms due
to breakfast. During the half-marathon race, participants
received two sachets of Carb-Up® (Probiotica, Sao Paulo,
Brazil), which contained maltodextrin, fructose syrup, and
waxy maize (20 g of carbohydrate per sachet). Dietary intake
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Fig.1 Curcumin concentration after consumption. **Indicates sta-
tistical difference between moments in the Curcuma longa L. extract

group

was assessed at baseline and after the intervention period
using 24-h dietary recalls and dietary records, including
2 week days and 1 weekend day. Dietary data were converted
from household measures to grams and milliliters to enable
the chemical analysis of food consumption by the software
Avanutri® (Avanutri Equipamentos de Avaliagdo Ltda, Rio
de Janeiro, Brazil). Energy intake, protein, carbohydrate, fat,
vitamins, and minerals were analyzed.

Anthropometric assessment and body composition

Participants were weighed, measured, and had their body
composition assessed at baseline. The weighing was per-
formed on a digital scale (Filizola, Brazil) accurate to 0.1 kg,
installed on a flat, firm, and smooth surface, and away from
the wall. Height was measured with a wall-fixed stadiom-
eter (Model Standard, Sanny®) that graduated to 0.1 cm.
The values were recorded immediately after the measures,
without rounding. All measurements were collected with
participants in bare feet and wearing light clothing. Partici-
pants’ fat mass (FM) and lean mass (LM) were assessed by
dual-energy X-ray absorptiometry (DXA) using a General
Electric Lunar Prodigy scanner (Encore 2011 software, ver-
sion 13.60, General Electric Medical Systems Lunar, Madi-
son, EUA). The coefficient of variation (CV) for the DXA
tests of LM and FM was 0.75% and 1.03%, respectively.

Half-marathon race

After 29 days of intervention, all participants performed a
half-marathon race (21 km) to induce muscle damage. The
race took place in Goiania (GO, Brazil) and started at 7:00
a.m. The average temperature during the competition was
29+2 °C and the wind speed was 16 km/h. The average
inclination of the route was 2.4%, with a maximum inclina-
tion of 12.9% uphill and 12.8% downhill.
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Biochemical analysis

Blood samples were drawn into vacuum tubes containing
K,EDTA from the antecubital vein of each participant’s
arm. Plasma samples were separated from whole blood by
centrifugation at 3500 rpm for 10 min at 4 °C (Combate,
C.E.L.M) and frozen at — 80 °C until analysis. CK, LDH,
alanine aminotransferase (ALT), and AST concentrations
were determined by automated enzymatic methods on a
Selectra 2 Merck®, using kits from Labtest Diagnodstica
SA, with sensitivity of 7.449 U/L, 0.054 mg/dL, 1.913 U/L,
and 1.751 U/L, respectively. Myoglobin, IL-6, and IL-10
concentrations were quantified by ELISA using a Spec-
traMax plus 384 Absorbance Microplate Reader microplate
reader (San Diego, California, USA) with a filter of 450 nm.
Reagent kits were Calbiotech® Myoglobin ELISA kit with
sensitivity of 25 ng/mL, Ebioscience® IL-6, and IL-10
ELISA kits with sensitivities of 1.6 pg/mL and 2.3 pg/mL,
respectively.

Free curcumin and its hydrolyzed conjugated forms were
determined using a complete validated HPLC-fluorescence
method based on Schiborr et al. (2010) and carried out in
accordance with official guidelines (Kadian et al. 2016).
Chromatographic separation was carried out in an Infinity
1260 LC system (Agilent, USA) using a C18 Luna® column
(150x 4.0 mm, 3 pm) protected by a TM Gemini guard col-
umn (4.0 X 3.0 mm, Phenomenex, USA). The mobile phase
consisted of a gradient elution of acetonitrile (ACN)/acetic
acid (AcOH) pH 3.2, as described: 45% ACN (0-8 min),
60% ACN (8.05-15 min), and 45% ACN (15.05-20 min).
The fluorescence detector was programmed to switch wave-
lengths to 429/529 nm and 285/529 nm for curcumin and
internal standard, respectively. Briefly, the method was
validated using an eight-point calibration curve ranging
from 44.0 to 261.0 ng/mL (Antunes et al. 2020). A linear
regression equation (y=0.000883 +0.01669 4+ 0.00378
x+0.00008, where y is the peak area and x is the concen-
tration) was set showing correlation coefficient (R»)>0.98
and highly significant F value (p <0.01). Accuracy was
expressed by relative error (RE) < 15% and an intra- and
inter-day precision showed relative standard deviation
(RSD) <5.6%. The limit of quantification (LOQ) was found
to be 44.0 ng/mL for curcumin.

Curcumin was determined in plasma samples after enzy-
matic treatment. Three time points were considered for
this analysis: before and after 29 days of supplementation
and 2 h after the half-marathon race. Shortly before HPLC
injection, an enzymatic hydrolysis of conjugates (Asai and
Miyazawa 2000) was performed in borosilicate tubes with
B-Glucuronidase aliquots (50 pL) from Helix pomatia type
HP-2 (Sigma-Aldrich, Germany), followed by a deproteina-
tion (AcoEt:MeOH) procedure. The extraction residue was
reconstituted (ACN, 100 pL) and injected (10 pL) into the
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HPLC-fluorescence detector system. Chromatographic
analysis showed very good peak symmetry (A< 1.1) and
separation efficiency for curcumin and its internal standard
(N=6330 and 54,674, respectively).

Statistical analysis

The sample size was estimated a priori using the G* Power
software version 3.1.7. Based on a reduction in IL-6 levels
(effect size, d=1.2) after exercise in a group supplemented
with curcumin (Davis et al. 2007), a sample size of 12 par-
ticipants would be needed in each group to give 80% power
to detect a significant difference between CLE and placebo
(with a two-sided type 1 error of 5%). Data distribution was
evaluated by the Kolmogorov—Smirnov test. Homogeneity
of variance was verified with Levene’s test. Results were
expressed as mean + standard error (SE). One-way analysis
of variance (ANOVA) was performed to compare curcumin
concentration across the time in the CLE group. A 2X6
[group (PLA, CLE) x time (baseline, immediately before,
after, and at 2, 24 and 48 h after the half-marathon race
pre, post, 24 h, 48 h, 72 h, and 96 h)] analysis of covariance
(ANCOVA), with baseline scores entered as the covariate,
was used to analyze all variables. When a significant interac-
tion was found, Duncan’s method for multiple comparisons
was used. A Fisher’s exact test was used to determine any
differences in the proportion of participants who correctly
guessed their supplements. Macronutrient dietary intake and
micronutrient dietary intake were adjusted for energy and
baseline values (when not homocedastic at baseline). Effect
sizes were calculated using Cohen’s d formula and classi-
fied as small (d=0.2), medium (d=0.5), and large (d=0.8)
(Cohen 1988). All statistical analyses were performed using
SPSS (IBM) version 21, with p <0.05 considered significant.

Results
Baseline characteristics

There were no differences between groups in any of the
baseline characteristics (Table 1).

Exercise training, dietary intake, side effects,
and blinding

The volume of training before the competition did not
differ between groups (PLA 158 +3.71; CLE 162 +2.99
AU; p>0.05; Table 1). Dietary intake also did not differ
between groups (p > 0.05; Table 2). No side effects were
reported during the intervention period. At the conclusion
of the study, 3 (21.4%) and 4 (28.6%) participants from the
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Table 1 Baseline data and characteristics of participants

PLA (n=14) CLE (n=14)
Age (years) 36+2 34+2
Body weight (kg) 77.0+3.6 71.4+33
BMI (kg/m?) 24.5+0.9 24.0+0.7
Body fat (kg) 15.0+22 125+24
Lean mass (kg) 57.5+1.9 54.1+1.5
Training volume (km/month) 158 +4 162+3
ETLM (min) 1045 104+6
CK (U/L) 321.8+55.7 283.1+46.0
LDH (U/L) 451.7+24.4 451.5+18.8
AST (U/L) 31.6+13.8 312+9.6
ALT (U/L) 27.7+8.8 26.3+9.1
Myoglobin (ng/mL) 63.3+9.9 56.91+£13.0
IL-10 (pg/mL) 1.9+0.1 2.70+0.3
IL-6 (pg/mL) 5.0+09 54+09

Data are expressed in mean+SE. p>0.05. ALT alanine transami-
nase, AST aspartate transaminase, BMI body mass index, CK creatine
kinase, CLE Curcuma longa L. extract group, ETLM end time on the
last half-marathon run, /L-10 interleukin-10, /L-6 interleukin 6, LDH
lactate dehydrogenase, PLA placebo group

PLA and CLE groups correctly identified the supplement
ingested (p =0.66).

Plasma curcumin concentration

Plasma curcumin was not detectable in participants from
the PLA group and varied with time in participants from
the CLE group. Plasma curcumin concentration increased
immediately after the half-marathon race in the CLE group
(8.3+5.6 vs 83.0+7.2 ng/mL, p<0.01), and 2 h after the
competition it dropped to 39.1 +10.1 ng/mL (p <0.01;
Fig. 1).

Inflammatory markers

A significant group X time interaction was found for IL-10.
Participants from the CLE group showed higher IL-10
concentration immediately after the race compared to
the PLA group (p =0.04; d=0.55; Fig. 2a). This marker
remained higher 2 h after the competition when compared
to pre-race concentration in the CLE group (4.43 +0.75 vs
2.60+0.35 pg/mL; p=0.01; Fig. 2a). As regards to IL-6,
both groups followed a similar pattern characterized by
a remarkable increase immediately after the half-mara-
thon race compared to pre-race (PLA 4.29 +1.56 pg/mL;
CLE 3.26 +1.32 pg/mL; p <0.05; Fig. 2b).

Table 2 Dietary intake before and after the intervention

Intervention effect
Effect (95% CI)

CLE (n=14)

PLA (n=14)

pa

Pb

p'cl

Mean change

Week 8

Baseline

pa

Mean change

Week 8

Baseline

0.09

409.6 (—280.4, 1099.8)
—25(=11.1,6.1)
8.8 (= 12.2, 30.0)
—28(—1458,9.1)

0.60
0.73
0.39
0.78
0.23
0.02
0.12
0.14
0.85

0.01
0.96
0.23
0.32
0.03
0.14
0.87

1332
0.55

0.1

2331.9+670.3

25.7+10.8
45.3+20.3
342+132

022 2198.6+1040.9
25.6+11.3

-34.0

1924.9+699.6

2201.2+888.3

Energy (kcal)
Protein (%)

0.59
0.66
0.92
0.09
0.32
0.45
0.43
0.95
0.27

0.82

0.5
-10.6

22.61+9.5
51.26+23.4
32.77+134

23.1+10.3

61.9+29.6

341+14.8
257.0+£109.5

-7.6

2.7

53.0+£23.0

0.23
0.64

0.

Carbohydrate (%)

Fat (%)

37.0+15.6

-14
2.1
5.6

-9.8

254.85+130.9

66.8 (= 15.7, 149.4)

9.8 (1.1, 18.6)

64.6
4.2

303.7+100.8
153+9.8

239.1+155.9
11.1+6.1

64

13.40+6.0

Magnesium (mg)

0.19
0.86
0.15
0.09
0.05

527.20+557.9
119.88+130.6

26.52+33.2

19.0+11.7
537.0+£499.8

Zinc (mg)

—209.5 (-778.5, 359.5)
13.7 (—100.9, 128.3)
20.6 (—32.9,74.3)

14.0 (-5.1,33.1)

-2193
-23.9
-175
1.9

400.9+417.1
116.8+104.9
42.1+81.6

620.2+783.2

Vitamin A (mg)

140.8+£171.0
59.7+108.5
12.6+14.1

-37.6
—38.2
-12.0

157.5+110.9

Vitamin C (mg)

0.13
0.30

10.82+13.0

64.7+102.8

22.8+37.0

Vitamin D (mg)

<0.01

14.6+26.4

Selenium (mg)

Data are presented as mean + SE. Macronutrients were adjusted for energy intake. CLE Curcuma longa L. extract group, PLA placebo group

#Obtained from analysis of covariance (ANCOVA) adjusted for baseline measures

"Homoscedasticity test between groups on baseline
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Fig. 2 Effect of the half-marathon race and Curcuma Longa L. extract
supplementation on interleukin-10 (IL-10) (a) and interleukin-6 (IL-
6) (b). *Indicates statistical difference between groups. Indicates sta-
tistical difference compared to MO and pre-competition in the same
group. *Indicates statistical difference compared to all moments in the
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Fig. 3 Effect of the half-marathon race and Curcuma longa L. extract
supplementation on myoglobin concentrations. *Indicates statistical
difference between groups. 'Indicates statistical difference compared
to MO, pre, and immediately after the half-marathon race competi-
tion in the same group. CLE Curcuma Longa L. extract group, MO
baseline, before supplementation, PLA placebo group, Pre before the
half-marathon race, Post immediately after the half-marathon race,
2 h post 2 h after the half-marathon race, 48 h post 48 h after the half-
marathon race

Muscle damage indices

The ANCOVA revealed a significant group X time inter-
action for myoglobin concentration. As shown in Fig. 3,
2 h after the half-marathon race, the CLE group exhibited
a lower concentration of myoglobin than the PLA group
(CLE 62.10+8.26 vs. PLA 107.85+18.45 ng/mL, p=0.01;
d=0.86; Fig. 3). Only time interaction was observed for CK,
AST, ALT, and LDH activities. In both groups, participants
had increased activities of CK (PLA 348.08 +121.49 U/L;
CLE 557.62 +135.36 U/L; p<0.05; Fig. 4a) and AST
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Post 2h Post 24h Post 48h Post

MO Pre Post 2h Post 24h Post 48h Post

same group. CLE Curcuma Longa L. extract group, MO before sup-
plementation, PLA placebo group, Pre before the half-marathon race,
Post immediately after the half-marathon race, 2 h post 2 h after the
half-marathon race, 48 h post 48 h after the half-marathon race

(PLA 15.69+3.75 U/L; CLE 23.80+5.30 U/L; p <0.05;
Fig. 4c) 24 h after the half-marathon race, when compared
to pre-race values. The same was observed in LDH activ-
ity immediately after the competition compared to pre-race
(p<0.01; Fig. 4b). Although it was not observed differences
between groups, LDH activity returned to pre-race value in
the CLE group after 24 h (24 h post 465.28 +17.26 U/L;
pre 440.08 +26.91 U/L, p=0.34; Fig. 4b), but not in the
PLA (24 h post 503.54 +53.98 U/L; pre 460.64 +53.61 U/L,
p=0.02; Fig. 4b). ALT activity increased immediately after
the race (p <0.01) without difference between groups (PLA
29.21+1.71 U/L; CLE 27.38 +1.83 U/L; p=0.24, Fig. 4d).
The half-marathon race time was 111.57 +24.99 min for
participants in the CLE group and 103.92 +17.95 min for
those assigned to the PLA group (p > 0.05).

Discussion

This study demonstrated that chronic supplementation
of CLE increased IL-10 and decreased myoglobin after a
half-marathon race in healthy, normal-weight men. To the
authors’ knowledge, this was the first randomized, double-
blind, placebo-controlled applied trial to evaluate the chronic
effects of CLE supplementation on exercise-induced inflam-
mation and muscle damage in a recreational population of
runners.

In this study, participants of both groups experienced
an increase in IL-6 concentration immediately after the
half-marathon race (Barros et al. 2017), revealing no effect
of chronic CLE supplementation on this parameter. Simi-
larly, in athletes who performed 2 h of cycling, acute cur-
cumin supplementation had no effect on IL-6 concentration
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Fig.4 Effect of the half-marathon race and Curcuma longa L. extract
supplementation on creatine kinase (CK) (a), lactate dehydrogenase
(LDH) (b), aspartate aminotransferase (AST) (c), and alanine ami-
notransferase (ALT) (d). "Indicates statistical difference compared to
MO and pre-competition in the same group. *Indicates statistical dif-
ference compared to all moments in the same group. *Indicates sta-

(Sciberras et al. 2015). On the other hand, a study with rats
showed that curcumin was able to reduce concentrations
of TNF-a and IL-6 after an eccentric exercise, reflecting
improved muscle recovery (Davis et al. 2007). In chronic
inflammatory diseases, curcumin appears to be effective in
reducing IL-6 concentration (Cho et al. 2007); however, the
baseline IL-6 level is significantly higher, suggesting that the
anti-inflammatory effect of curcumin might depend on the
intensity of the inflammatory process. In response to muscle
contraction, IL-6 acts as a precursor for the synthesis and
release of other anti-inflammatory markers and myokines,
such as IL-10, which gives IL-6 a more restorative than
inflammatory function (Gleeson et al. 2011; Petersen and
Pedersen 2005).

IL-10 is an anti-inflammatory cytokine that acts by sup-
pressing the activation and function of immune cells after
an initial inflammatory response is established (Mosser and
Zhang 2008). Increased IL-10 concentration can acceler-
ate the inflammatory recovery process (Peake et al. 2017),
and its deregulation can impact the development of several

tistical difference compared to pre in the same group. CLE Curcuma
Longa L. extract group, MO baseline, before supplementation, PLA
placebo group, Pre before the half-marathon race, Post immediately
after the half-marathon race, 2 & post 2 h after the half-marathon race,
48 h post 48 h after the half-marathon race

inflammatory diseases (Dagdeviren et al. 2016; Gleeson
et al. 2011). Curcumin has the ability to induce the expres-
sion and production of IL-10, which partly explains its anti-
inflammatory effects?®. In this study, participants assigned
to the CLE group had higher IL-10 levels immediately after
the half-marathon race when compared to participants from
the PLA group. This result might be explained by the effect
of curcumin on IL-10 release (Mollazadeh et al. 2017). In
accordance with this finding, studies with mice showed
that curcumin was able to increase IL-10 production and to
inhibit leukocyte recruitment and IL-1p, TNF-a, and NF-kB
activation (Fattori et al. 2015; Sahin et al. 2016). Although
strenuous exercise increases inflammation’, Ostrowski et al.
(1999) demonstrated that the release of pro-inflammatory
cytokines is balanced by IL-10 production after a marathon
race, which might positively impact the recovery process
for exercising individuals. On the other hand, clinical tri-
als that evaluated the acute supplementation with curcumin
before exercise did not find a positive impact on inflamma-
tion (Drobnic et al. 2014; Nicol et al. 2015; Sciberras et al.
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2015). The inconsistent results might be associated with the
length of intervention (acute vs chronic supplementation).
Therefore, future studies are needed to better understand the
acute and chronic mechanisms related to the anti-inflamma-
tory responses generated by CLE supplementation.

The exercise protocol used for inducing muscle dam-
age in participants of this study was efficient, as reflected
by increased response of CK, LDH, myoglobin, and AST,
which is consistent with the other studies (Lippi et al. 2008,
2011). Muscle damage may be associated with altered mem-
brane permeability and cell disruption, resulting in plasma
protein extravasation (Brancaccio et al. 2007). Therefore, it
is characterized by an increase in intramuscular proteins in
blood, temporary decrease in force production, increased
muscle soreness, and swelling of the involved muscle groups
(Howatson and van Someren 2008). Our participants showed
a similar half-marathon race end time to their previously
reported end times, suggesting a similar physical effort.

In this study, participants from the CLE group experi-
enced lower myoglobin concentration than the PLA group,
which indicates reduced muscle damage. Myoglobin is one
of the intramuscular proteins used to monitor muscle dam-
age or increased muscle membrane permeability; however,
its peak is early due to the size of the molecule (Driessen-
Kletter et al. 1990). In accordance with findings from this
clinical trial, experimental studies demonstrated that cur-
cumin supplementation was effective in reducing myoglobin
concentration after induction of physical stress (Boz et al.
2014; Davis et al. 2007). Moreover, studies have shown that
curcumin supplementation reduced muscle soreness imme-
diately (Basham et al. 2019), 24 h (Nicol et al. 2015), and
3 days (Tanabe et al. 2019b) after exercise in healthy men.
On the other hand, a commercially available curcumin sup-
plement did not reduce muscle damage after an acute muscle
injury induced by eccentric continuous exercise (Drobnic
et al. 2014). The inconsistency among studies might be
explained by the amount of curcumin present in the sup-
plements and the time which it was offered to participants.
It was already demonstrated that a high concentration of
antioxidants induced pro-oxidant activity (Rahal et al. 2014).
Supporting this finding, an experimental study showed that,
in a concentration-dependent manner, curcumin can exhibit
both anti- and pro-oxidant activities (Li et al. 2019). Interest-
ingly, two papers recently published by the same research
group showed that lower dosage of curcumin (180 mg) for a
longer period of time (i.e., 7 days) attenuated the exercise-
induced acute inflammation, muscle soreness, and damage
in healthy men (Tanabe et al. 2019a, b).

The increased AST and ALT activities following strenu-
ous exercise may indicate liver and skeletal muscle dam-
age (Jastrzebski et al. 2015). For this reason, studies have
investigated the activity of liver enzymes as a marker of
muscle damage (Jastrzebski et al. 2015; Lippi et al. 2011).

@ Springer

In rats, curcumin was shown to reduce liver damage via
inhibition of NF-kB, reducing inflammation in the hepatic
microcirculation (Fan et al. 2014). However, only experi-
mental studies and models of hepatic steatosis could verify
the effects of curcumin on liver function, and these results
cannot be extrapolated to humans. In this study, CLE sup-
plementation did not reduce AST and ALT activity after
the half-marathon race. These findings suggest that CLE
has no effect on acute injury or no effect on the activity of
hepatic transaminases in humans.

Limitations of this study include (1) the short time
frame to assess the changes in biomarkers after the half-
marathon race (48 h); (2) the inclusion of a specific popu-
lation group (healthy, normal-weight men); and (3) the
performance of only one type of physical activity (half-
marathon race). To assess a more comprehensive long-
term recovery, 72-96 h of assessment after the race would
be needed. Moreover, further research would be needed
to investigate the effects of CLE supplementation in other
population groups (e.g., women, older adults, and indi-
viduals with obesity) performing different types of physi-
cal activity (e.g., resistance or aerobic exercise training
and other sports). Important advantages of this study are
the ecological experimental approach, the chronic supple-
mentation with turmeric extract, and the study design. In
conclusion, 4 weeks of CLE supplementation leads to an
increase in IL-10 and decreased myoglobin in recreational
male runners after a half-marathon race. Future research
should investigate the real impact of CLE on inflammatory
response after a strenuous exercise.
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