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Abstract

The present study analyzed the in vivo effects of drinking caffeinated and decaffeinated instant
coffee (8% w/v) by adult male Wistar rats submitted to high-intensity exercises. The parameters
used in the evaluation were the determination of the activities of NADPH oxidase,
myeloperoxidase and other antioxidant enzymes present in neutrophils of rats. It was observed
that exercise-induced superoxide anion production depends on the NADPH oxidase activity
(estimated by the cytochrome C reduction test) in peritoneal neutrophils (p < 0.05). The intake of
caffeinated and decaffeinated instant coffee beverages and of a caffeine solution to 1.67% did not
induced changes in the activities of the enzymes myeloperoxidase, superoxide dismutase and
glutathione peroxidase (p < 0.05). But consumption of caffeinated instant coffee drink prevented
an increase in NADPH oxidase-mediated superoxide production induced by highly intense
exercise in rat neutrophils. While the decaffeinated instant coffee drink or caffeine solution alone
did not affect NADPH oxidase-mediated superoxide production. We suggest that this activity is
associated with the chemical composition and concentration of phenolic compounds and other
antioxidant substances formed during roasting. From the obtained results, it was concluded that
moderate intake of caffeinated instant coffee (equivalent to a daily human consumption of 4 50-mL
cups of coffee) may have beneficial effects on health, contributing to a reduction in superoxide
anion generation. Therefore, more research must be conducted to elucidate the mechanism of
action of caffeinated coffee on NADPH oxidase in neutrophils.
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1. INTRODUCTION

Coffee is currently recognized as a super functional food, a fact that adds value to the
traditional consumption of the beverage by people of all social classes, including athletes. For
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this reason it is one of the most consumed beverages worldwide (Dallo, 2009; Kwak et al.,
2017; Olas & Brys, 2019; Pereira et al., 2020).

Coffee is known to be a stimulant, a property mainly attributed to caffeine, but many
components in coffee may be considered bioactive, such as diterpenes (cafestol and kahweol),
caffeic acid, phenolic compounds (chlorogenic acids, cafestol, kahweol and polyphenols),
alkaloids (caffeine and trigonelin) and other secondary metabolites. Therefore, there is
growing interest in the effects of this beverage on health (Parras, et al., 2007; Lattanzio et al.,
2009; Frost-Meyer & Logomarsino, 2012; Kwaketal., 2017, Kalschneetal, 2019;
Stefanello et al., 2019; Pereira et al., 2020).

The effects of regular coffee consumption on prevention of diseases or pathological
process related to oxidative stress such as inflammation, cardiovascular disorders, diabetes,
cancer, hepatic injury and cirrhosis have been demonstrated in several studies to be a
functional beverage (Frost-Meyer & Logomarsino, 2012; Moreira et al., 2013; O'Keefe et al.,
2013; Kalschne et al., 2019; Stefanello et al., 2019; Pereira et al., 2020).

The antioxidant activity of coffee bioactives such as caffeine promotes the reduction of
degradation of DNA, hydroxyl radicals and inflammatory cytokines. Chlorogenic acid acts to
protect DNA, increases the level of glutathione, improves the activity of glutathione reductase
and provides a reduction in body weight and fat mass. The antioxidant compounds in coffee
increase the ability to eliminate free radicals and reactive oxygen species, with a consequent
reduction in lipid peroxidation (Frost-Meyer & Logomarsino, 2012; Stefanello et al., 2019).

Antioxidant compounds are able to significantly delay or inhibit ROS oxidation.
Endogenous antioxidants, enzymatic or non-enzymatic, play an important role in the body's
first line of defense against oxidative stress. The main enzymatic antioxidants are: superoxide
dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), glutathione reductase (GR) and
peroxiredoxins (Prxs). These enzymes act on the superoxide anion (superoxide dismutase),
on hydrogen peroxide, producing water (glutathione catalase peroxidase) and on the oxygen
molecule (catalase). The second line of defense is performed by non-enzymatic antioxidants
(glutathione, uric acid, coenzyme Q, lipoic acid) that act to inactivate radicals and oxidants.
Finally, the third line of defense works to repair damaged biomolecules before their buildup
accumulation can result in changes in cell metabolism (Luczajetal., 2017; Mironczuk-
Chodakowska et al., 2018; Warraich et al., 2020).

Dietary antioxidants such as vitamin E, vitamin C, carotenoids, minerals (Zn, Mn, Cu, Se) and
polyphenols can act in synergy with endogenous antioxidants and contribute to homeostasis and,
consequently, in the restoration of health. Exogenous antioxidants are found in fruits, vegetables,
cereals and drinks like coffee (Miroriczuk-Chodakowska et al., 2018).

Regular physical training also helps restore health, favoring an increase in life expectancy
and a reduction in risk factors. However, exceeding the recommended limits through intense
sports or exercise can cause muscle microtrauma (Margonis et al., 2007; da Silva et al., 2020).
Tissue damage resulting from acute or chronic exercise leads to an inflammatory response
involving leukocyte infiltration into skeletal muscle, which can induce a secondary injury in
which oxidative stress might be involved. Reduced nicotinamide adenine dinucleotide
phosphate (NADPH) oxidases present on the cell surface of activated neutrophils form an
active enzyme complex that catalyzes the production of reactive oxygen species (ROS), such
as superoxide (0%), which can be reduced to hydrogen peroxide (H,0,). Hydrogen peroxide
may be converted to hypochlorous acid by myeloperoxidases present in neutrophils, resulting
in oxidative stress (Babior, 2000; Cizetal., 2012; Kain & Halade, 2020). Therefore, the
activation of an antioxidant defense system during and after physical exercise is important to
avoid oxidative injury and exert additional anti-inflammatory actions (Powers & Jackson, 2008;
Limoén-Pacheco & Gonsebatt, 2009; Ruangthai & Phoemsapthawee, 2019).

In different studies with coffee, a reduction in the concentration of malondialdehyde has
been observed in various organs in animals and in human plasma (Rocha et al., 2010;
Carvalho et al., 2011; Kotyczka et al., 2011; Viana et al., 2012). However, literature data have
demonstrated that this effect may vary not only with the species of coffee tree studied but
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also according to how the coffee beans were obtained and roasted and the method used to
prepare the beverage (Toci et al., 2006; Duarte et al., 2009; Tripetch & Borompichaichartkul,
2019). Another factor that can contribute to these effects is the storage time of the grains.
Prolonged storage can alter the qualitative and quantitative composition of bioactive
substances in coffee (Tripetch & Borompichaichartkul, 2019).

Some authors attribute the antioxidant activity of coffee to its caffeine content
(Vignolietal.,, 2011). However, other compounds present in coffee can also act as
antioxidants, such as chlorogenic acid, trigonelline, melanoidins, diterpenes and Maillard
reaction products (Brezova et al., 2009; Liu & Kitts, 2011; Kalschne et al., 2019). Viana et al.
(2012) demonstrated that the intake of caffeinated instant coffee was able to reduce lipid
peroxidation and protein oxidation induced by intense exercise in the anterior tibialis muscles
of rats, but neither decaffeinated instant coffee nor caffeine solution showed antioxidant
activity in vivo. Other substances present in coffee may be responsible for the protective and
inducing effects of the endogenous antioxidant system (Stefanello et al., 2019).

Despite studies showing the antioxidant properties of coffee, few have examined the effect
of coffee consumption on the oxidative burst, one of the main events that lead to cell
activation and increased oxidative processes in the body. Thus, the aim of this study was to
analyze the possible in vivo effects of drinking caffeinated and decaffeinated instant coffee on
oxidative burst and on the enzyme activities of the components of the antioxidant defense
system in the neutrophils of rats subjected to intense exercise.

2. MATERIALS AND METHODS

2.1 Obtaining coffee samples and preparation of the beverage

Samples of caffeinated instant coffee and decaffeinated instant coffee of the Spressos
Melitta® brand were purchased from a local trader in Alfenas-MG. Theses coffees correspond
to a combination of 100% Arabica beans. Coffee drinks were prepared according to the
instructions on the package.

2.2 Experimental groups

The study was performed in accordance with the ethical principles outlined for animal
experimentation adopted by the Brazilian College of Animal Experimentation and received
approval from the Ethics Committee on Animal Research of Federal University of Alfenas
(Unifal-MG), Alfenas, Minas Gerais, Brazil (protocol n® 117/2007). Sixty-four adult male Wistar
rats (Rattus norvegicus) weighing 270 + 20 g were obtained from the Unifal-MG vivarium. The
animals were maintained in a temperature-controlled room under a 12 h:12 h artificial
light/dark cycle with food and water ad libitum access.

The rats were divided into 8 groups containing 8 animals in each: animals group not
subjected to intense exercise and treated with water (control group); animals group subjected
to intense exercise and treated with water (Exer); animals received caffeinated instant coffee
and not subjected to intense exercise (CC); animals received decaffeinated instant coffee and
not subjected to intense exercise (CD); animals treated with caffeine solution and not
subjected to intense exercise (CF); animals treated with caffeinated instant coffee and
subjected to intense exercise (Exer.CC); animals treated with decaffeinated instant coffee and
subjected to intense exercise (Exer.CD); and animals treated with caffeine solution and
subjected to intense exercise (Exer.CF).

Coffee Drink and Caffeine Administration: Freshly prepared coffee (8% w/v) was
administered daily to animals by gavage (3.8 mL/kg body weight) corresponding to 280 mg/kg
body weight for 21 days, equivalent to a daily human consumption of 4 50-mL cups of coffee.
Caffeine powder was used to prepare the caffeine solution (1.67% w/v) in water at 90°C. The
caffeine solution and the water were administered to animals by gavage for 21 days, once per
day at 6 mg/kg body weight and 3.8 mL/kg body weight, respectively. This amount was chosen
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based on the caffeine content in samples of Brazilian instant coffee and the optimum amount
suggested to improve physical performance, which is 3 to 6 mg/kg of pure caffeine
(Ramalakshmi & Raghavan, 1999). The animals were supplied with commercial NuvilabCr-1®
(Nuvital Nutriente S/A, Colombo, PR, Brazil) and water ad libitum throughout the treatment
period.

Intense Exercise Protocol: At the end of 19 days, animals from the Exer, Exer.CC, Exer.CD
and Exer.CF groups were exercised using functional electrical stimulation to produce
standardized repetitive activation of the fast anterior tibialis muscle, according to the method
of Paula et al. (2005). The functional electrical stimulations (FES) were performed on the
anterior tibialis muscle at 100 Hz with a 1:1 On-Off cycle (10 s contraction and 10 s rest) for
15 min using an Electrostimulator Kinesis Clinical apparatus (model Kinesis New
Microcontrolled®, KW Industry National Electronic Technology Ltda).

2.3 Obtaining serum and neutrophils samples

At the end of 21 days of treatment with coffee or caffeine-containing drinks, all animals
were anesthetized and blood samples were collected by cardiac puncture. The blood was
centrifuged at 2,500 g for 10 min to obtain serum for creatine kinase (CK) activity
determination. Rat neutrophils were obtained by intraperitoneal lavage with 20 mL of
phosphate-buffered saline (PBS) 6 h after an intraperitoneal injection of 2 mL of a 12% (w/v)
sterile sodium caseinate solution (Sigma®) in saline. After a gentle massage of the abdomen,
the cell suspension was collected by aspiration with a syringe containing a 40x12 mm needle
(Ferreira et al., 2012).

2.4 Preparation of neutrophil suspension

The cell suspension was centrifuged at 4°C (500 g for 10 min). The number of viable cells (>
95% neutrophils) was determined by Trypan blue exclusion in a Neubauer chamber (Knittel
Glaser, Braunschweig, Germany) under an optical microscope. The differential cell count was
performed after fixation and May-Grunwald-Giemsa staining. The cell suspensions were used
to determine NADPH oxidase and myeloperoxidase activities (Ferreira et al., 2012).

2.5 Preparation of neutrophil homogenates

After the addition of 1% Triton X-100 solution, the cell suspensions were lysed by freezing
and thawing and then submitted to centrifugation at 5,000 g for 10 minutes. This procedure
disrupted nearly 100% of the cells. The supernatant was used to determine the activities of
superoxide dismutase (SOD) and glutathione peroxidase (GPx) (Oyanagui, 1984; Sinet et al.,
1975).

2.6 Creatine kinase activity

CK activity in animal serum was determined using the kinetic method at 340 nm. The
procedure was based on the conversion of creatine phosphate and adenosine diphosphate
to creatine and adenosine triphosphate, respectively. The results were expressed in U/L,
where 1 U is equivalent to the amount of CK that resulted in the phosphorylation of 1 mmol
of creatine per min at 37°C (Burtis et al., 2008).

2.7 Burst respiratory evaluation

2.7.1 NADPH oxidase system activity (Cytochrome C reduction test)

The production of superoxide anions by NADPH oxidase in neutrophils was monitored by
the reduction of cytochrome C (Cyt C). The test was conducted in a plastic bucket containing
1 x 10° neutrophils per milliliter, 100 pmol.L™" cytochrome C, and 20 pyg.mL™" catalase in PBS
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containing 10 mmol.L™" glucose (pH 7.4). The buckets were maintained at 37°C for 10 minin a
spectrophotometer to equilibrate the system. Superoxide production was initiated by the
addition of PMA (12-myristate 13-acetate phorbol) (100 ng.mL™"). After the addition of Phorbol-
12-Myristate-13-Acetate (PMA), the reaction was monitored by spectrophotometry for 3 min
at a wavelength of 550 nm (Jones & Hancock, 1994)

2.7.2 Myeloperoxidase Assay (HOCI formation)

Peritoneal neutrophils (1.0 x 10%/mL) were incubated with 12 mM taurine in a 10 mM
phosphate buffer (pH 7.4) containing 140 mM NacCl, 10 mM KCI, 0.5 mM MgCl,, 1 mM CaCl,
and 1 mg/mL glucose. After 10 min of preincubation at 37°C, cells were stimulated with
100 ng/mL PMA. After 30 min, the reactions were stopped by adding 20 g/mL catalase and
placing the tubes in melting ice for 5 min. Cells were pelleted by centrifugation (10 min at
12,000 g 4°C). The concentration of accumulated taurine chloramine present in the
supernatants was measured by the oxidation of TNB to 5,5-dithiobis(2-nitrobenzoic acid)
(DTNB). The decrease in TNB absorbance was measured at 412 nm as previously described
(Kettle & Winterbourn, 1994).

2.8 Antioxidant enzyme activity

2.8.1 Superoxide dismutase activity (SOD)

SOD activity in homogenates was quantified according to the reduction of cytochrome ¢
method described by Vilela et al. (2012). One unit of SOD activity was defined as the amount
of SOD sufficient to inhibit the rate of reduction of cytochrome C by 50%.

2.8.2 Glutathione peroxidase activity (GPx)

The GPx activity was measured according to the technique proposed by Diaz-Castro et al.
(2011). This method consists of the instant formation of oxidized glutathione, which is
continuously reduced by an excess of glutathione reductase and NADPH present in the
cuvette. The oxidation of NADPH to NADP* was monitored spectrophotometrically at 340 nm.
Cumen hydroperoxide was used as a substrate.

2.9 Statistical Analysis

The results were expressed as the mean + standard deviation (SD). The obtained data
corresponded to data normally distributed and were statistically analyzed by one-way analysis
of variance (ANOVA) followed by Tukey's test of multiple comparisons using Instat® software
and the level of significance was set to p < 0.05. The unilateral ANOVA test can also be used to
evaluate multiple measures of the same variable taken on the same subjects or in combined
individuals, either under different conditions or over more than two periods of time
(Mishra et al., 2019).

2.10 Ethics statement

All in vivo experiments followed the ethical principles outlined for animal experimentation
adopted by the Brazilian College of Animal Experimentation and were approved by the Ethical
Committee for Animal Experimentation of UNIFAL-MG doc. n°® 117/2007.

3. RESULTS AND DISCUSSION

Several studies have shown an increase in CK activity and oxidative stress in different
tissues after intense muscle contractions (Paula et al., 2005; Huang et al., 2008; Chiang et al.,
2009; Viana et al., 2012; Petersmann et al., 2016; Cheng et al., 2020). The reactive species
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produced in high concentration are responsible for an increase in oxidative stress markers,
such as lipid peroxidation, protein carbonylation and DNA mutations that result in decreased
muscle strength and muscle fatigue (Kawaura et al., 2018).

The FES protocol produces contractions by electrical stimulation, which depolarizes the
motor nerve, producing a synchronous response in all motor units of the muscle. This
synchronization promotes efficient contraction and stimulation with frequencies between
50 and 100 Hz that induces tetanic contractions (Berger et al., 2008). In the present study, it
was noted that 48 h after completing FES at 100 Hz, the activity of CK was significantly higher
(P = 0.0006) in the exercise group (589.17 + 61.07 U/L) than in the control group (285.14 +
46.78 U/L).

In addition, FES induced a significant increase in superoxide production in neutrophils from
rats submitted to exercise compared to the control group. Maximum superoxide production
was observed 6 hours after FES (Figure 1A). This increase was prevented by drinking
caffeinated instant coffee but not by decaffeinated instant coffee or caffeine alone (Figure 1B).
Another study demonstrated that NADPH oxidase can be activated in resting neutrophils by
strenuous exercise. NADPH oxidases produce ROS from molecular oxygen using NADPH as
an electron donor (Chan et al., 2018). Levada-Pires et al. (2007) and Chan et al. (2018) showed
that the exercise-induced production of reactive oxygen metabolites in neutrophils most likely
occurred through the enhanced expression of p67phox and p47phox, the cytosolic
components of the NADPH oxidase complex. Dongetal. (2011) observed an excessive
activation of NADPH oxidase in rat neutrophils induced by overtraining. This result suggests
that the activation of NADPH oxidase observed after exercise is related to the remarkable
increase in the production of oxygen metabolites in phagocytic cells.
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FIGURE 1. Quantification of NADPH system activity by the reduction of cytochrome C. A) After different
times of the exercises. B) After consumption of caffeinated and decaffeinated instant coffee drinks and
caffeine alone. Exerc and Exer: exercise, CC: caffeinated coffee, DC: decaffeinated coffee, CF: caffeine.
The results were expressed as the mean + standard deviation (SD). The obtained data were statistically
analyzed by one-way analysis of variance (ANOVA) followed by Tukey’s test of multiple comparisons
and the level of significance was set to p < 0.05.

Two isoforms of NADPH oxidase are expressed in skeletal muscle such as NOX2 (located
within the sarcolemma and T tubule) and NOX4 (present in the sarcoplasmic reticulum and
mitochondria). NOX2 is characterized as a dominant source of ROS production mediated by
NADPH oxidase in contracting muscles (Powers et al., 2020).

It is known that the O," produced during an oxidative burst can be rapidly converted to
hydrogen peroxide (H,O,) by the enzyme superoxide dismutase (Henriquez-Olguin et al.,
2020). Myeloperoxidase is an enzyme found in the azurophilic granules of neutrophils that
catalyzes the production of hypochlorous acid from hydrogen peroxide and chloride
(Flannagan et al., 2012). However, no significant change was observed in myeloperoxidase
activity (Figure 2), myeloperoxidase-independent pathways had utilized suggesting that the
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hydrogen peroxide produced from superoxide anions. Coffee and caffeine beverages had no
significant effect on neutrophil myeloperoxidase activity.
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FIGURE 2. Determination of myeloperoxidase activity by HOCI formation test. Exerc and Exer:
exercise, CC: caffeinated coffee, DC: decaffeinated coffee, CF: caffeine. The results were expressed as
the mean * standard deviation (SD). The obtained data were statistically analyzed by one-way
analysis of variance (ANOVA) followed by Tukey's test of multiple comparisons and the level of
significance was set to p < 0.05.

Thus, the effects of FES and coffee or caffeine on the oxidative burst were studied. SOD
and GPx activities in peritoneal neutrophils were studied 6 h after FES (Table 1). The
intracellular activity of superoxide dismutase and glutathione peroxidase protects cells
against superoxide anions, hydrogen peroxide and lipid hydroperoxides. No significant
change was observed in the activity of these enzymes in neutrophils after the exercise
protocol was complete (Table 1). In our study, the administration of caffeinated coffee,
decaffeinated coffee or caffeine did not change the activities of SOD and GPx in rat
neutrophils.

Table 1. The effect of caffeinated and decaffeinated coffee on the superoxide dismutase and glutathione
peroxidase activities in the neutrophils, six hours after exercise.

Groups SOD (U/mg prot.) (n =5) GPx (nmols NADPH/g prot.) (n =5)
Control® 0.367+0.082 0.065+0.009
Exer® 0.528+0.053 0.075+0.013
cce 0.320+0.035 0.065+0.011
cDd 0.398+0.070 0.072+0.023
CFe 0.337+0.042 0.045+0.013
Exer.CCf 0.390+ 0.065 0.076+0.012
Exer.CD2 0.478+0.054 0.077+0.011
Exer.CF" 0.357+0.101 0.079+0.014

aControl group, PExercise group, “Caffeinated coffee group, 9Decaffeinated coffee group, ¢Caffeine group group, Exercise and
caffeinated coffee group, 8Exercise and decaffeinated coffee group, "Exercise and caffeine group. SOD: Superoxide dismutase;
GPx: Glutathione peroxidase; NADPH: reduced nicotinamide adenine dinucleotide phosphate; Prot.: Protein.
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There are conflicting reports in the literature regarding the activity of enzymes such as SOD
and GPx after physical exercise. These conflicting data could be attributed to the different
exercise protocols used in these studies; the body's response to exercise is highly dependent
on factors such as the type, duration and intensity of the exercise performed (Margonis et al.,
2007, Mufioz et al., 2010). Although there are other antioxidants that were not analyzed in this
work (catalase, thioredoxin, peroxiredoxin and reduced glutathione), SOD and GPx are the
body's first line of defense used to reduce the adverse effects of oxidative stress (Limoén-
Pacheco & Gonsebatt, 2009; Kawaura et al., 2018; Powers et al., 2020).

The results obtained in this study suggest that the activity of these antioxidant enzymes was
not activated in a manner proportional to the need induced by the pro-oxidant events. Physical
exercise promotes an increase in blood flow that exposes endothelial cells to stress and triggers
anincrease in the production of nitric oxide (NO). The increase in oxygen consumption (increase
the 100-fold) or hypoxia during physical activity induces an increase in the production of the
superoxide anion radical (Tsai et al., 2001; Paula et al., 2005; Chiang et al., 2009; Zlatkovic et al.,
2011; Henriquez-Olguin et al., 2020; Thirupathi et al., 2020).

Muscle contractions contribute to the increase of NO production in the contraction fibers
(Powers et al., 2020). NO interacts quickly with the superoxide anion leading to the formation
of peroxynitrite (ONOO"), a highly reactive species capable of inducing the depletion of thiol
groups and nitration of proteins, lipids and DNA, reducing NO bioavailability and increasing
the oxidative process. This fact could explain the absence of an increase in myeloperoxidase,
superoxide dismutase and glutathione peroxidase activities in neutrophils from the group of
animals subjected to an intense exercise protocol (Férstermann & Sessa, 2012; Henriquez-
Olguin et al., 2020; Powers et al., 2020).

In these situations, therapeutic intervention with dietary supplementation becomes
important to prevent the degradation of biologically active molecules (Paredes-Lopez et al.,
2010; Shahidi & Zhong, 2010; Lattanzio et al., 2009; Yfanti et al., 2019). The data collected in
this study show that drinking caffeinated instant coffee prevented an increase in NADPH
oxidase-mediated superoxide production induced by highly intense exercise in rat
neutrophils. Several studies have associated the increased production of superoxide anion in
neutrophils with the development of some diseases (Kvietys & Granger, 2011). Thus, these
results corroborate published data showing that drinking caffeinated instant coffee has an
antioxidant effect in vivo both in animals and in humans (Natella et al., 2007; Duarte et al.,
2009; Neto et al., 2010; Carvalho et al., 2011; Choi et al., 2011; Abreu et al., 2011; Viana et al.,
2012), and suggest that caffeinated instant coffee can modulate NADPH oxidase activity in rat
peritoneal neutrophils. This action may be due to the presence of chlorogenic acid, the main
bioactive component of coffee, which inhibits the activity of NADPH oxide through its potent
antioxidant action (Belviso & Barbosa-Pereira, 2019). More studies need to be conducted to
further information on these mechanisms of action.

In contrast, it was observed that drinking decaffeinated instant coffee or caffeine solution
alone had no significant effect on superoxide production in the neutrophils of the animals
studied. These results allow us to suggest that despite the boost to physical performance
provided by caffeine consumption, as reported by some authors, caffeine alone (when
administered in doses similar to those found in caffeinated coffee drinks) is not able to prevent
an increase in superoxide production induced by intense exercise (Altimari et al., 2006; Astorino
& Roberson, 2010). There is contrasting evidence regarding the contribution of caffeine to the
antioxidant capacity of coffee. Although some studies found a high antioxidant activity with
phenolic compounds but not caffeine, others indicate that caffeine provides a substantial
contribution to the antioxidant properties of coffee (Brezova et al., 2009; Olcina et al., 2008).

It is important to highlight that in addition to caffeine and other methylxanthines, coffee
beverages contain hundreds of other antioxidant compounds, such as flavonoids and
chlorogenic acid. The latter represent approximately 6-10% of the dry weight of the coffee.
Different methods of processing and roasting (with variation in temperature and time) the
beans and preparing the beverage may influence the chemical composition of coffee,
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especially the concentration of phenolic compounds present in the drink (Daglia et al., 2000;
Lima et al., 2010; Kwak et al., 2017). The roasting process contributes to a reduction in the
content of chlorogenic acid of 8-10% and 11-45% of polyphrnols and consequently in the
antioxidant potential (Kwak et al., 2017; Zain et al., 2018). It is known that the decaffeination
process induces a loss of 5-caffeoylquinic acid in brewed coffee due to the formation of a
complex between this compound and caffeine (Toci et al., 2006). Duarte et al. (2009) found
that the decaffeination of coffee with dichloromethane reduces the antioxidant potential of
coffee in vitro. These data could explain the different effects observed between caffeinated
and decaffeinated instant coffees on superoxide anion production induced by strenuous
exercise in rat neutrophils. The exact mechanism by which caffeinated instant coffee acts as
an antioxidant is not fully understood. Based on published data and our results, we suggest
that this activity is associated with the chemical composition and concentration of phenolic
compounds and other antioxidant substances formed during roasting (Toci et al., 2006;
Duarte et al., 2009). These compounds are most likely formed by Maillard and melanoidin
reactions with which the decaffeination process can interfere, thereby reducing the ability of
decaffeinated coffee to inhibit NADPH oxidase (Limén-Pacheco & Gonsebatt, 2009).

Despite suggestions that some flavonoids may inhibit the oxidative burst of phagocytes via
various mechanisms, the complexity of coffee’s chemical spectrum makes it difficult to elucidate
which factors are responsible for this effect. Therefore, more research must be performed to
elucidate the mechanism of action of caffeinated coffee on NADPH oxidase in neutrophils.

4. CONCLUSION

From the results obtained, we conclude that the exercise protocol adopted herein
stimulated NADPH oxidase-mediated superoxide production in neutrophils in the animals we
studied. Neither decaffeinated instant coffee nor caffeine solution had an effect on the
respiratory burst of neutrophils. Caffeinated instant coffee intake did not induce changes in
myeloperoxidase and antioxidant enzyme activities, but it was able to prevent the increase of
NADPH oxidase-mediated superoxide production in rat neutrophils. Moderate intake of
caffeinated instant coffee (equivalent to a daily human consumption of 4 50-mL cups of
coffee) may have beneficial effects on health, contributing to a reduction in superoxide anion
production triggered in neutrophils by high-intensity exercise. Thus, our results support the
beneficial effects of the coffee beverage on health, and suggest its potential use as a functional
beverage against oxidative damage induced by high-intensity exercise.
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