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ABSTRACT 

Inflammation and pain induced by delayed onset muscle soreness (DOMS) can be induced by eccentric exercise or 

an unaccustomed activity.  The condition can causes problems in exercising and for athletes. The purpose of this 

study was to assess the effect of 150mg curcumin supplementation immediately after intensive eccentric exercise.  

Evaluations were made for total antioxidant Capacity (TAC), muscle damage markers, and DOMS induced pain. Ten 

healthy young males (age, 25.0 ± 1.6 years; height, 178.9 ± 4.1 cm; body mass, 81.1 ± 6.8 kg; fat%, 14.2 ± 2.1) 

completed a double blind randomized-controlled crossover trial to estimate the effects of oral curcumin 

supplementation (150mg) and a placebo on squat performance and DOMS following unaccustomed heavy eccentric 

exercise. Curcumin (CU) or placebo (P) was taken at the prescribed dose immediately after eccentric squat exercises; 

administrations were separated by a 14-day washout period. Measurements were made at the baseline, immediately, 

24, 48, and 72h after exercise comprising: (a) limb pain (1–10 cm visual analogue scale; VAS), (b) total antioxidant 

capacity (TAC) (c) serum markers of muscle damage and inflammation. Measurements taken after exercise showed 

significantly reduced levels of pain, creatine kinase (CK), alanine aminotransferase (ALT), and aspartate 

aminotransferase (AST) in C group compared with group P group (P<0.05). TAC remained significantly high in 

group C after exercise compared with levels in group P (P<0.05). The findings of this study suggest that a 150mg 

dose of curcumin may have antioxidant, anti-inflammatory and analgesic effects on DOMS. 

KEY WORDS: Delayed Onset Muscle Soreness (DOMS), Curcumin, Total Antioxidant Capacity (TAC), Muscle 

Damage, Squat Exercises. 
 

INTRODUCTION 
Delayed onset muscle soreness (DOMS) from 

training or exercise produces unpleasant and 

undesirable feelings of pain and muscle stiffness. 

That.  The condition can discourage a beginner 

or an experienced athlete from continuing with 

the exercise (1-4). DOMS results in discomfort 

at the site of the injury, inflammation, oxidative 

stress, edema and loss of muscle function and 

strength (5, 6). Extensive research has been done 

to investigate procedures to reduce DOMS and 

many studies have reported that nutrition 

interventions can reduce experiences of DOMS 

(7). Commonly known nutritional interventions 
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include caffeine, omega-3 fatty acids, and 

taurine (8-10).  

Recent research attention has focused on the 

effects of nutraceutical bioactive compounds 

such as polyphenols (11). Polyphenols are a 

class of organic chemical compound, mainly 

found in plants that are characterized by the 

presence of multiples of phenol structural units 

(12). Curcumin is a hydroxycinnamic acid 

derivative and its structure contains two 

hydrophobic polyphenolic rings with two 

carbonyl groups. It is the main curcuminoid 

found in the spice turmeric, a plant alkaloid 

obtained from ground rhizome of the perennial 

herb Curcuma longa (13). According to 

investigations, curcumin has multiple bio-

functional activities including anti-inflammatory, 

antioxidant, anti-cancer, anti-diabetes and chemo 

preventative activities (14-18).   

Evidence from tests suggest that in some 

conditions, curcumin possess similar anti-

inflammatory activity as some of the common 

non-steroidal anti-inflammatory drugs (NSAIDs) 

such as indomethacin, Vioxx, Celebrex, and 

ibuprofen, but without many of the side effects, 

such as gastrointestinal distress and 

cardiovascular complications (19, 20). 

Accordingly, some investigations have 

suggested that curcumin could be effective in 

controlling inflammation and oxidative stress 

induced by DOMS. 

Some investigations have evaluated for the 

effect of curcumin on DOMS (21-24). However, 

to the best of our knowledge, no study to date 

has tested administration of 150mg curcumin 

supplement immediately after intensive eccentric 

exercise. Therefore, the aim of this study was to 

evaluate the effect of acute curcumin 

supplementation on the DOMS markers 

immediately after intensive eccentric exercise. 

 

MATERIALS AND METHODS 
Participants. 10 healthy young males gave 

written informed consent and took part in this 

study. This study was conducted according to the 

guidelines laid down in the Declaration of 

Helsinki and approved by the ethics committee 

of Ardabil Branch, Islamic Azad University. All 

volunteers completed a questionnaire on 

physical activity, exercise, dietary intake and 

health history prior to participation in the study.  

Study Design. The study was designed as a 

double-blind randomized-controlled crossover 

trial to compare the effects of taking oral 

curcumin to those placebo on against evaluation 

markers of DOMS immediately after a bout of 

unaccustomed squat exercises. All subjects 

completed two test trials at an interval of  at least 

2 weeks. Randomization was applied to both 

groups (curcumin and placebo treatments). 

Exclusion criteria comprised regular leg weight 

training in the 3 months prior to the tests; current 

lower limb musculoskeletal injury; current use of 

non-steroidal anti-inflammatory drugs and 

antioxidant supplement, as well as neurological 

disease involving the lower limb. 

Dietary. Participants were instructed verbally 

and in writing to follow an average polyphenol-

contain diet throughout the duration of 

participation in the study starting 3 weeks prior 

to the start of the study period until the last blood 

sampling. A list of high polyphenol-contain 

foods was provided to participants to help them 

avoid major sources of dietary polyphenols. 

Induction of delayed-onset muscle 

soreness. DOMS was induced in all subjects by 

standardized repetitive quadriceps muscle 

exercise using a squat machine. The researchers 

selected one repeated maximum (1RM) on the 

squat machine to start with a low but reasonable 

weight that then increased with each repetition 

until subjects reached their 1RM. 1RM is 

defined as the highest weight under which a 

subject is able to perform a squat position just 

for one repetition. 

For the main trials, subjects performed 

exercises (7 sets of 20 squats) using a squat 

machine at under 50% 1RM. Each repetition was 

performed through the full pain-free range of 

motion in a slow controlled manner. Subjects 

performed the concentric portion of the 

repetition for 2 seconds, paused at full 

contraction for 1 second and then completed the 

eccentric portion over a 4-second period (for a 

total of 7 seconds per repetition). Subjects 

performed each set according to their level of 

tolerance and were given a rest period of 1 to 3 

minutes between sets (25). 

Intervention. Each participant underwent 2 

laboratory-based trials in randomized order: (1) 

placebo (control), (2) curcumin supplementation. 

There was an interval of at least 2 weeks 
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between trials. Curcumin was provided by the 

Thera values Corporation design (Tokyo, Japan) 

(26). The product was developed to result in 

much higher plasma concentration and 

bioavailability after intake compared to 

conventional curcumin powder. The curcumin 

capsule in this study consisted of 10% curcumin, 

2% curcuminoids without curcumin, 3.2% gum 

ghatti, 0.27% citric acid, 54.53% dextrin and 

30% maltose. The placebo capsule consisted of 

5% tartrazine, 3.5% gum ghatti, 0.3% citric acid, 

59.2% dextrin and 32% maltose. Participants 

received oral administration of  150mg curcumin 

or the same capsules of placebo from the 

researchers after exercise (just after second 

blood sampling)(27).  

Measurement of muscle damage and 

oxidative stress markers. Muscle damage and 

oxidative stress markers were measured 

immediately before, after, 24, 48, and 72h after 

eccentric strength exercise. Muscle soreness was 

assessed using a visual analogue pain scale 

(VAS), for which participants placed a mark on a 

10cm line to indicate a degree of soreness. 

Soreness was measured by distance in 

centimeters from the left end of the scale to the 

mark. Establishment of validity and reliability of 

VAS as a measure for subjective soreness was 

cited in another report (28). Markers for muscle 

damage were as follows;, creatine kinase (CK), 

alanine aminotransferase (ALT), and aspartate 

aminotransferase (AST); measured using 

spectrophotometer commercial kits (Pars- 

Azmoon, Iran). Total antioxidant capacity (TAC) 

was used to mark oxidative stress and measured 

by the method cited in Varga et al. (29). 

Statistical Analysis. All data are presented as 

mean ± SEM, and statistical significance was set 

at p<0.05. Data with  multiple time points during 

the main trial were analyzed using the mixed-

model repeated-measures ANOVA. Mauchly’s 

test was consulted and Greenhouse-Geisser 

correction was applied if the sphericity 

assumption was violated. If a significant p value 

was identified for the main effect of time (time 

of sample), multiple pair wise comparison was 

made using Bonferroni confidence interval 

adjustment. Moreover, comparison was made of 

dependent variable data in multiple time points 

between the two groups using the independent 

sample t-test. 

 

RESULTS  
Physical characteristics of the participants were 

as follows (expressed as mean ± standard deviation 

[SD]): age, 25.0 ± 1.6 years; height, 178.9 ± 4.1 

cm; body mass, 81.1 ± 6.8 kg; fat%, 14.2 ± 2.1. 

Total Antioxidant Capacity (TAC). 

Comparison of baseline resting plasma TAC 

showed no difference between the groups 

(P>0.05). TAC was significantly higher in C 

group than in group P at 24 and 48h after exercise 

(P=0.001 and P=0.01, respectively) (Figure1). 
 

 
Figure 1. TAC plasma level. Values represent means 

± SEM. † demonstrate a significant increase in group 

C compared with group P (p<0.05). 
 

 

CK. Baseline resting serum CK showed no 

difference different between groups C and P 

(P>0.05). CK showed a significant increase 

immediately, and at 72h after exercise in both 

groups compared with pre-exercise (P<0.05). CK 

was significantly lower in C group compared with 

group P 24h after exercise (P=0.019) (Figure 2).  

 

 
Figure 2. CK before and after exercise. Values 

represent means ± SEM. * show significant increase 

compared with pre-exercise in both groups (p<0.05). 

† demonstrates a significant increase compared with 

pre-exercise only in group P and a significant 

increase in group P compared with group C (p<0.05). 
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Visual Analogue Scale (VAS). VAS showed 

significant increase at the following times; 

immediately, 24, 48, and 72h after exercise in 

both groups compared with pre-exercise 

(P<0.05). VAS was significantly lower in group 

C compared with group P at the times; 48, and 

72h after exercise (P<0.05) (Figure 3). 

 

 
Figure 3. VAS before and after exercise. Values 

represent means ± SEM. * shows significant increase 

compared with pre-exercise in both groups (p<0.05). 

† demonstrates a significant increase compared with 

pre-exercise in both groups and significant increase in 

group P compared with group C (p<0.05). 

 

 

ALT and AST. Baseline resting serum ALT 

and AST were not different between groups 

(P>0.05). ALT significantly increased 

immediately, and 24h after exercise in both 

groups (P<0.05). ALT was significantly lower in 

C group compared with the P group 24h after 

exercise (P=0.019) (Table 2). AST was 

significantly lower in C group compared with 

the P group just 24h after exercise (P=0.034) 

(Table 1). 

 

DISCUSSION  
To the best of our knowledge, the present 

study was the first to examine the effects of 

150mg curcumin supplement on antioxidant 

capacity and muscle damage markers after 

intensive eccentric exercise in humans. The main 

findings in this study were as follows: (1) 

curcumin supplement maintained TAC high, 24 

and 48h after exercise (2) It enabled attenuation 

of CK, LDH, ALT, AST, and experience of pain 

related to DOMS. 

Table 1. ALT and AST before and after exercise. Values represent means ± SEM. 

 Groups Baseline 
Immediately 

after Exercise 

24h after 

Exercise 

48h after 

Exercise 

72h after 

Exercise 

ALT 

(U/L) 

Placebo 17.4 ± 0.62 21.0 ± 1.16* 25.5 ± 1.73† 23.0 ± 1.76 20.1 ± 1.97 

Curcumin 17.7 ± 0.61 22.9± 1.48* 20.4 ± 0.90* 19.8 ± 0.91 18.2 ± 1.34 

AST 

(U/L) 

Placebo 21.2 ± 2.32 24.4 ± 1.53 31.1 ± 2.21† 23.0 ± 1.30 24.4 ± 1.51 

Curcumin 20.9 ± 0.81 21.3 ± 1.11 24.0 ± 2.23 26.6 ± 1.93 26.6 ± 1.89 

* shows significant increase compared with pre-exercise (p<0.05). 

† demonstrates a significant increase compared with pre-exercise in both groups and significant increase in group P 

compared with group C (p<0.05). 

 

 

It is known that Curcumin has antioxidant 

quality (18). According to the findings of this 

study, TAC remained significantly higher in 

group C than in group P at 24 and 48h after 

exercise; this can possibly be attributed to 

antioxidant properties of curcumin (Figure 1). In 

parallel, markers of muscle damage enzyme 

showed a reduction in group C group compared 

to group P. Observations shown in figures 2, 3, 

and Table 1, alteration patterns of CK, ALT, and 

AST were almost the same as TAC. CK, and 

ALT were significantly enhanced after exercise 

demonstrating occurrence of DOMS, but there 

was a significant reduction at some points of the 

time series in group C. One explanation is that 

the antioxidant properties of curcumin caused a 

decline in some enzymes.  

Elevations of CK and ALT serum levels 

show increased leakage of these enzymes 

through cell membranes after exercise. Oxidative 

stress induced by lipid peroxidation may lead to 

membrane permeability that would allow muscle 

constituents such as CK and aminotransferases 

to escape (30). The phenolic compound of 

curcumin acts as a scavenger of reactive oxygen 

species and a quencher of the lipid peroxidative 

side chain (31). Thus, the phenolic OH groups of 

curcumin may have reduced lipid 

hydroperoxides. Finally, the inhibitory effects of 

curcumin on lipid peroxidation may have 
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prevented CK leakage and other related enzymes 

from cell membranes and consequently less 

increase in CK serum level. Previous studies 

have confirmed that supplements containing 

antioxidants are able to attenuate these enzymes 

(32, 33).  

Attenuation of these enzymes could also be 

attributed to the anti-inflammatory effects of 

curcumin. Several studies have confirmed that 

curcumin blocks the activity of transcription 

factor NF-kappaB, reduces AP-1 binding to 

DNA and causes decreased production of COX-

2, all of which play a role in inflammation (22, 

34, 35). Curcumin appears to target NF- kappaB 

as opposed to COX-2, indicating the potential 

for less serious side effects than NSAIDs (22). 

This mechanism could also be responsible for 

reduced inflammatory response to exercise 

observed in this study.   

Some investigations have evaluated the 

analgesic efficacy of curcumin. Di Pierro et al. 

reports that 400mg curcumin had a well-defined 

pain-relieving effect, even greater than that of 

acetaminophen 500 mg, and was better tolerated 

than nimesulide (36). Drobnic et al. also shows 

that curcumin supplement caused a decrease in 

DOMS-induced pain (23). The findings of this 

study support those results of earlier research. 

According to our data, 150mg curcumin 

supplement resulted in pain reduction of 48 and 

72h after exercise (Figure 4). This acute effect 

was probably related to desensitization or 

inhibition of a series of transient receptor 

potential ion channels involved in the generation 

of painful stimuli such as TRPV1 and TRPA1 

(37, 38). 

 

CONCLUSION 

The results of this study demonstrate that 

acute curcumin supplement after intensive 

eccentric exercise can not only keep antioxidant 

capacity responses high, but also serve to 

decrease muscle damage and pain in humans. 
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