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Abstract. Study Objectives: This study was aimed to investigate the effects of combined administration of 
Catechin and Quercetin on blood lactate level. Methods: The research was conducted on 12 male Wistar 
rats weighing 300-350 gr. Rats were divided into two groups as the control group (n=6) and the test group 
(n=6). After the rats were quarantined for 10 days; each rat heart blood was taken on the first test day (pre 
catechin+quercetin supplementation), and again after they were participated to exercise on the second test day 
(pre catechin+quercetin supplementation). Between days 3 and 12 after testing (for 10 days), each rat in the 
test group was given 20 ml/kg of catechin+quercetin once daily, and each rat in the control group was given 
1ml/kg of 0.05% Dimethyl Sulfoxide (DMSO) by gavage. On days 13 (post catechin+quercetin supplemen-
tation), each rat was participated to exercise and take their heart blood. On day 14, the animals were allowed 
to rest and on day 15 (post catechin+quercetin supplementation), rats’ heart blood were taken under anesthe-
sia. Mann-Whitney test was used to analyze data. Results: There was no significant difference between control 
and test groups during the rest day and during exercise (day 2) testing. Significant changes were observed ac-
cording to the results of the rats, which were practiced to exercise after administration of catechin+quercetin 
for 10 days, between day 3 and day 12 after testing. A significant reduction was determined in lactate levels 
(p<0.01). Conclusion: Combined administration of catechin+quercetin was found to reduce lactate levels dur-
ing exercise, suggesting a performance-enhancing effect.
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Introduction

Although physical exercise has many beneficial 
effects on health, there are reports in the literature 
that reactive oxygen species (ROS) and formation 
of free radicals increase especially during violent ex-
ercise, and oxidative damage occurs in muscle, liver, 
blood, and other tissues (1,2). Major antioxidant en-
zymes among enzymatic systems effective at the cel-
lular level including SOD (superoxide dismutase), 
CAT (catalase), GPx (glutathione peroxidase), GST 
(glutathione S- transferase) (3). Acute exercise is 

said to have the potential to directly affect the ac-
tivity of these enzymes (1). Vitamin E, vitamin C, 
glutathione, and flavonoids can be given as examples 
to non-enzymatic antioxidants (3). Flavonoids have 
been known to be plant pigments for over a century. 
They are from the group of polyphenolic compounds 
and spread across all plants.  Catechins are flavonols 
from the group of polyphenols, which are found in 
wine, tea, fruits, and chocolate. They are known for 
their natural antioxidant activity (4). Quercetin, an-
other flavonol, is largely found in foods (especially in 
onions). Also, tea is rich in quercetin and kaempferol 
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from the group of flavonols and flavones (5). The most 
important function of quercetin is to speed up me-
tabolism (6). Metabolism is also accelerated by exer-
cise. Quercetin, known as a powerful antioxidant, is 
used for its antioxidant and anti-inflammatory effects, 
and it was investigated in detail to determine what 
it means for exercise (7). There is very little research 
determining the effect of catechin and quercetin on 
exercise together. Therefore our research is important. 
In light of the abovementioned information, the ob-
jective of this research was to investigate the effects 
of combined administration of catechin+quercetin on 
blood lactate levels.

Material and Method

In this study aimed to determine the effects of 
administration of catechin+quercetin on blood lactate 
levels, male Wistar rats weighing 300-350 g supplied 
from Ankara University, Faculty of Medicine were 
used as subjects. Rats were quarantined for 10 days be-
fore the administration. They were kept in special cag-
es, fed standard laboratory diet, and given water. They 
were maintained at an ambient temperature of 18- 22 
oC under a photoperiod of 12-hour light and 12-hour 
dark. They were placed in such a way that each cage 
contained 6 animals. Applications were carried out at 
Gazi University, Faculty of Science, Biology labora-
tory, and study protocol was approved by Gazi Univer-
sity, Local Ethics Committee for Animal Experiments 
(G.Ü.ET-10.091). Chemicals used in the study: cat-
echin and quercetin (Flavonoid), Dimethyl Sulfoxide 
(DMSO) were supplied from Sigma-Aldrich.

Experimental Design

Rats were divided into two groups as the control 
group (n=6) and the test group (n=6). Quercetin and 
catechin were administered to non-fasting rats in the 
morning (between 09.00 and 10.00 am). In the control 
group, 1 ml/ kg of body weight of 0.5% DMSO was 
administered to each rat daily by oral gavage (Figure 
1). In the test group, 20 mg/kg of body weight of cat-
echin and quercetin dissolved in 0.5% DMSO was ad-
ministered to each rat daily by oral gavage.

After a quarantine period of 10 days; on day 0 of 
the test (pre catechin+quercetin supplementation), the 
animals were allowed to rest. On day 1 of the test (pre 
catechin+quercetin supplementation), each rat heart 
blood were taken. On day 2 (pre catechin+quercetin 
supplementation), each rat was practiced to exercise 
and heart blood was taken. Between days 3 and 12 of 
the test (for 10 days), each rat in the test group was 
given 20 ml/kg of body weight catechin and querce-
tin dissolved in 0.5% DMSO daily in the morning 
between 9.00 and 10.00 am. Each rat in the control 
group was given 1ml/kg of 0.05% DMSO by gavage. 
On day 13 of the test (post catechin+quercetin sup-
plementation), each rat was practiced to exercise and 
heart blood was taken. On day 14, the animals were al-
lowed to rest. On day 15 (post catechin+quercetin sup-
plementation), the animals were euthanized by heart 
blood were taken under anesthesia.

Exercise Protocol

On day 2 and day 13 of the test, swimming ex-
ercise was performed by making animals swim until 

Figure 1. An image of rats being fed by gavage and swimming exercises.
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exhaustion in an 80x60x60 cm pool. Meanwhile, it 
was ensured that animals became exhausted. Rats 
were made to swim in water at 28 oC until exhaus-
tion. The emergence of uncoordinated movements 
(small limb movements that fail to make the ani-
mal stay above water), staying under water without 
swimming for10 seconds were considered exhaustion 
criteria for rats (2,8).

Lactate Analysis

Blood samples of the subjects were analyzed using 
YSI 1500 Sport Lactate Analyzer and lactate values 
were determined16. Blood lactate levels of the subjects 
during rest and during exercise were measured using 
blood samples collected from heart and recorded.

Statistical Analyses

Statistical data used in the research were evalu-
ated by Windows SPSS 15.0 software package. 
Before testing data with statistical methods, the 
Shapiro-Wilk normality test was used to identify 
whether they satisfy normal distribution. It is con-
cluded that not all data meet the normal distribution 
assumption. In that case, the Mann-Whitney test 
was used to compare control and catechin+quercetin 
groups. Additionally, descriptive (summary) statis-
tics are given in tables. Significance was set at p<0.05 
and p<0.01.

Results

According to the results in Table 1, in view of 
statistical results for lactate levels obtained from val-
ues of blood collected during rest, no statistically sig-
nificant difference was found between control and test 
groups(p>0.05).  According to the results regarding 
blood samples collected during exercise, no significant 
difference was found (p>0.05). When the statistical 
results obtained from values regarding blood sam-
ples of rats forced to exercise after administration of 
catechin+quercetin are considered, a significant differ-
ence was established between the control group and 
test group in terms of lactate levels (p<0.01). Accord-
ing to this, lactate levels of rats forced to exercise after 
administration of catechin+quercetin decreased.

Discussion

The purpose of the study was to determine the 
effects of the administration of catechin+quercetin to 
rats participated on swim on their lactate levels. Lac-
tate levels during rest and exercise before administra-
tion of catechin+quercetin to control and test groups 
and lactate levels during exercise and recovery after 
administration of catechin+quercetin were measured. 
Lactate levels of rats administered catechin+quercetin 
and practiced to exercise were found to be significantly 
reduced compared to the control group (p<0.05). 

Time of measurement Group n X SD Statistics p

L
ac

ta
te

 m
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/L

)

Rest 1
(Pre suppl.)

Control 6 0.76 0.08
ZM=-0.241 0.810

Cat+que 6 0.76 0.17

Exercise 1
(Pre suppl.)

Control 6 4.62 0.65
t=-0.941 0.368

Cat+que 6 5.14 1.18

Rest 2
(Post suppl.)

Control 6 0.87 0.27
t=-0.911 0.384

Cat+que 6 1.00 0.24

Exercise 2
(Post suppl.)

Control 6 5.42 1.40
ZM=-2.882 0.004**

Cat+que 6 3.39 0.37

Table 1. Comparison of Lactate Levels before and after Administration of Catechin+Quercetin.

**p<0.01
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Smith et al. (2011) determined that blood lac-
tate levels of cyclists and triathlon athletes admin-
istered 1000 mg of quercetin daily for 3 weeks were 
reduced at exercise intensities of 75% VO2 peak level 
and above (9). Gasparin et al. (2003) suggested that 
the administration of quercetin significantly reduced 
glucose and lactate production (10). Su-Juan et al. 
(2007) demonstrated that quercetin could markedly 
prevent increased lactate dehydrogenase after exhaust-
ing swimming exercise (11). Gai-ning (2006) inves-
tigated the effects of quercetin on muscle tissue in 
rats made to exercise and determined that the MDA 
level was remarkably reduced (12). In another study 
by Adewole et al. (2007) combined administration of 
quercetin and exercise was found to significantly re-
duce the MDA level (13). Duarte et al. (2001) found 
that MDA levels of rats administered quercetin for 
5 weeks were reduced (14). Phachonpai et al. (2010) 
noted reduced levels of MDA in quercetin adminis-
tered rats. MacRae and Mefferd21 found that querce-
tin has a performance-enhancing effect on cyclists 
(15). Davis et al. (2009) checked the effects of a 7-day 
quercetin supplement in their study conducted on hu-
mans. When the results of volunteers made to exercise 
following administration of quercetin were evaluated, 
they found a statistically significant increase between 
groups (16). In a study conducted on non-athlete men, 
Nieman et al. (2010) administered 1000 mg of querce-
tin to adults daily, and 2 tests of 12-min were applied 
to them on a treadmill. People administered quercetin 
during their second trial time continued for an extra 
period of 3% (17). 

In studies conducted on athletes, quercetin was 
demonstrated to have no positive effect on physical 
performance (18,19). In another study, supplementing 
600 mg/day of quercetin for 6 weeks was found to have 
no positive effect on cyclists’ performance (3). It was 
reported by previous studies that quercetin adminis-
tration has no effect on muscle oxidative capacity or 
VO2Max values (20,21). In another study, no significant 
effect was determined in exercise performance and 
VO2max values of people administered quercetin sup-
plement (1g/day) for 6 weeks6. 

Murase et al. (2006) when they compared lac-
tate values in blood samples collected after exercise, 

they identified that catechin significantly affected 
dosage-based lactate levels of catechin administered 
test group to such an extent that they approached the 
values of the control group which wasn’t made to ex-
ercise. However, catechin administered groups made 
to exercise were also found to have lower lactate levels 
compared to the control group made to exercise (22).  
In a study of 14 days conducted on 28 young soccer 
players, Fraga et al. (2005) divided the players into two 
groups as FCMC group (n=14) consuming 105 grams 
of milk chocolate containing flavanol (168 mg of fla-
vanol) daily and CBC group (n=14) consuming 105 
grams of cocoa butter chocolate (<5mg of flavanol) 
daily in addition to their normal diet. Data obtained 
at the end of the study showed that consuming milk 
chocolate containing 168 mg of flavanol (Catechin) 
caused a reduction of 5mmHg in diastolic blood pres-
sure, of 11 % in plasma cholesterol level, of 15% in 
LDL- cholesterol, of 12 % in MDA, of 11 % in uric 
acid and of 11 % in lactate dehydrogenase (LDH) 
activity (23).

Conclusion

As a result, it can be suggested that the intake of 
Catechin in combination with quercetin suppresses 
lactate levels during exercise, resulting in positively 
increased performance. Such studies allow athletes to 
develop in terms of nutrition and training program is 
proposed to be beneficial.

Conflicts of Interest

The authors declare that there is no conflict of in-
terest in this manuscript.

References

1.	 Ji LL. Leeuwenburgh C, Leichtweis S, et al. Oxidative stress 
and aging: role of exercise and its influences on antioxidant 
systems. Ann Ny Acad Sci. 1998; 854: 102–17. 

2.	 Meisler A, Anderson ME, Glutathione. Ann Rev Biochem. 
1983; 52, 711–60.

10488.indd   410488.indd   4 9/11/2020   9:17:46 PM9/11/2020   9:17:46 PM



Household food security status, food purchasing, and nutritional health of saudi girls aged 6-12 years 5

3.	 Aydın A, Sayal A, Işımer A. Free Radicals and Antioxidant 
Protection System. Ankara: Gülhane Military Academy of 
Medicine Printing House No:20; 2001.

4.	 Gerhauser C. Beer constituents as potential cancer chemo-
preventive agents. Eur J Cancer. 2005; 41: 1941–1954.

5.	 Ayla S, Oktar H, Tanrıverdi G. et al. Protective Effect of 
Nicotinamid on Doxorubicin-induced Rat Hepatotoxicity . 
Anadolu University Science and Technology Journal. 2009; 
10(1): 229–238.

6.	 Erkoç Ş, Erkoç F, Keskin N. Theoretical investigation of 
quercetin and its radical isomers. J Mol Struct. 2003; 631: 
141–6.

7.	 Chen JC, Ho FM, Pei-Dawn Lee Chao, et al. Inhibition 
of iNOS gene expression by quercetin is mediated by the 
inhibition of IkappaB kinase, nuclear factor-kappa B and 
STAT1, and depends on heme oxygenase-1 induction in 
mouse BV-2 microglia. Eur J Pharmacol. 2005; 521(1-3): 
9–20.

8.	 Schirmer RH, Krauth-Siegel RL, Schulz GE. Glutathione 
Reducase, New York, John Wiley and Sons Press. 1989.

9.	 Smith JEW, Pirner M, Zachwieja Jeffrey JFACSM. Querce-
tin Lowers Blood Lactate Response During Progressively 
Intense Exercise. Med Sci Sports Exerc. 2011; 43(5): 430.

10.	Gasparin FR, Spitzner FL, Ishii-Iwamoto EL, et al. Con-
stantin J. Actions of quercetin on gluconeogenesis and gly-
colysis in rat liver. Xenobiotica; 2003; 33(9): 903–11.

11.	Su-juan C, Hai-ying L, Zheng-ying X. Effect of quercetin 
on hemoglobin and blood biochemical indexes in rats fol-
lowing exhausted exercise. Journal of Clinical Rehabilitative 
Tissue Engineering Research. 2007; 11 (37): 7468–9.

12.	Gai-ning D. Effect of quercetin on Free radical Metabolism 
in Muscle and Exercise Performance of Trained Rat. Jour-
nal of Clinical Rehabilitative Tissue Engineering Research. 
2006; 23(2): 24–33.

13.	Adewole SO, Caxton-Martins EA, Ojewole JAO. Protec-
tive Effect of quercetin on the Morphology of Pancreatic 
β-Cells of Streptozotocin-Treated Diabetic Rats. Afr J Tra-
dit Complement Altern Med. 2007; 4(1): 64–74.

14.	Duarte J, Pérez-Palencia R, Vargas F, et al. Antihyper-
tensive effects of the flavonoid quercetin in spontaneously 
hypertensive rats. Br J Pharmacol. 2001; 133(1): 117–24.

15.	Phachonpai W, Wattanathorn J, Muchimapura S, et al. 
Neuroprotective effect of quercetin encapsulated liposomes: 
a novel therapeutic strategy against Alzheimer’s disease. Am 
J Appl Sci. 2010; 7(4); 480–5.

16.	Davis JM, Murphy EA, Carmichael MD, Davis B. querce-
tin increases brain and muscle mitochondrial biogenesis 
and exercise tolerance. Am J Physiol Regul Integr Comp 
Physiol. 2009: 296(4): 1071–7.

17.	Nieman DC, Williams AS, Shanely RA, et al. quercetin’s 
influence on exercise performance and muscle mitochondri-
al biogenesis. Med Sci Sports Exerc. 2010; 42(2): 338–45.

18.	Bakheet SA. Assessment of anti-cytogenotoxic effects of 
quercetin in animals treated with topotecan. Oxid Med Cell 
Longev, 2011.

19.	Baldassari J, Franke WC, Horohov DW, et al. Effects 
of quercetin on exercise potential and exercise-induced 
cytokines in the horse. Comp Exer Physiol. 2012; 8(2): 
131–42.

20.	Alessio HM, Hagerman AE, Fulkerson BK, et al. Gen-
eration of reactive oxygen species after exhaustive aerobic 
and isometric exercise. Med Sci Sports Exerc. 2000; 32(9): 
1576–81.

21.	Astrand PO, Rodahl K, Dahl HA, et al. Textbook of Work 
Physiology Physiological Bases of Exercise, Fourth Edition, 
Canada: Human Kinetics Pub; 2003.

22.	Murase T, Haramizu S, Shimotoyodome A, et al. Green tea 
extract improves running endurance in mice by stimulating 
lipid utilization during exercise. Am J Physiol Regul Integr 
Comp Physiol 2006; 290(6): 1550–6. 

23.	Fraga CG, Actis-Goretta L, Ottaviani JI, et al. Regular con-
sumption of a flavanol-rich chocolate can improve oxidant 
stress in young soccer players. Clinical & Developmental 
Immunology, March 2005; 12(1): 11–7.

Correspondence: 
Meriç Eraslan
Faculty of Sports Sciences, Akdeniz University, Antalya, Turkey
E-mail: mericeraslan@hotmail.com

10488.indd   510488.indd   5 9/11/2020   9:17:46 PM9/11/2020   9:17:46 PM


