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Coffee intake can promote activity of antioxidant enzymes with increasing MDA 
level and decreasing HDL-cholesterol in physically trained rats
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Abstract
This study investigated the effect of coffee intake and exercise on the antioxidative activity and plasma cholesterol profile of physically trained

rats while they were exercising. Forty eight rats were under either the control diet with water (C) or control diet with coffee (CF) and at the same
time they were given physical training for 4 weeks. In terms of physical training, the rats were exercised on a treadmill for 30 minutes everyday.
At the end of 4 weeks, animals in each dietary group were subdivided into 3 groups: before-exercise (BE); during-exercise (DE); after-exercise
(AE). Animals in the DE group were exercised on a treadmill for one hour, immediately before being sacrificed. Animals in the AE group were
allowed to take a rest for one hour after exercise. TG levels were significantly high in coffee intake group than in control group. Also TG level
of AE group was significantly higher than that of BE group. Exercise and coffee-exercise interaction effects were significant in total cholesterol
(P = 0.0004, 0.0170). The AE of coffee intake group showed highest total cholesterol levels. HDL-cholesterol was significantly lower in coffee 
intake group than in control group. Coffee, exercise, and coffee-exercise interaction effects were significant in SOD (P = 0.0001, 0.0001, and 0.0001).
The AE and BE of coffee intake group showed higher SOD levels than the other four groups. Catalase activities were significantly higher in coffee
intake group than control group. No significant main effect was found in GSH/GSSG. Coffee, exercise, and coffee-exercise interaction effects were
significant in MDA levels (P = 0.0464, 0.0016, and 0.0353). The DE and AE of coffee intake group and the DE of control group showed higher 
MDA levels than the BE of control group. Therefore, coffee intake can promote activities of antioxidant enzyme but it also increases MDA and 
decreases HDL-cholesterol in physically trained rats.
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Introduction4)

Many studies have sought to determine that aerobic exercise 
is associated with production of ROS and tissue damage in the 
body. These ROS are eliminated by an elaborate antioxidant 
defense system consisting of enzymes such as catalase, superoxide 
dismutase, glutathione peroxidase, and numerous non-enzymatic 
antioxidants, including vitamins A, C and E, glutathione, 
ubiquinone, and flavonoids [1]. Depletion of each of the 
antioxidant systems increases the vulnerability of various tissues 
and cellular components to reactive oxygen species. Antioxidant 
supplements are commonly used by athletes as a means to 
counteract the oxidative stress of exercise. Whether strenuous 
exercise does, in fact, increase the need for additional antioxidants 
in the diet is not clear [2]. On the other hand, ROS generated 
during exercise act as signals to increase the production of 
antioxidant enzymes relevant to the adaptation of muscle cells 
to exercise as an adaptive response [3]. Indeed, when rats were 
trained, the expression of antioxidant enzymes was increased [4]. 
Moreover, other research reported that interfering with free 

radical metabolism with antioxidant supplements may prevent 
useful adaptations to training [5]. But, lots of studies have sought 
to determine that antioxidant supplements would benefit those 
who exercise regularly [6,7]. Coffee is one of the most widely 
consumed beverages in the world. Habitual coffee drinking has 
been associated with the prevention of diseases including cancer 
[8], cardiovascular disorders [9], obesity and diabetes [10] as 
well as neurodegenerative disorders [11,12]. Recently, coffee has 
aroused scientific interests because it is a rich source of a number 
of phenol compounds with antioxidant effects in vitro [13], 
stimulation of NO production and vasodilation [14], and regulation 
of xenobiotic-metabolizing enzymes [15]. Main polyphenols in 
coffee are phenolic acids such as chlorogenic and caffeic acid. 
Caffeine and its metabolites, di-and monomethylxanthines, have 
also been shown to have antioxidative properties [16]. But lots 
of studies also reported that caffeine, obtained from coffee, may 
decrease insulin sensitivity [17], increase serum homocysteine 
[18] and blood pressure [19]. Also it can be an important factor 
that increases the CHD risk. Moreover, coffee was demonstrated 
to act in vitro as pro-oxidant [1,14]. In our previous study, freeze 
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dried instant coffee intake increased activities of antioxidant 
enzymes but it also increased MDA and total cholesterol in rats 
[20]. In this study, coffee was fed as a solution of freeze dried 
coffee (Dongseo Co., Korea) and the average amount of coffee 
intake per rat was 0.12 g freeze dried instant coffee/ 100 g body 
weight /day. This concentration was based on the rationale as 
follows: to get the visible effects of coffee intake, we maximized 
the amount of coffee intake, but did not exceed the upper limit 
of caffeine consumption, which can be approximately 895 mg/60 
kg/day of caffeine because there was a report that the caffeine 
intake of physically active individuals went up to 895 mg/day 
[21]. Also, there were reports that caffeine content of food source 
was 106 mg × [1 serving] in espresso, 58 mg × [mL.sup.-100] 
in coffee, 25 mg × [mL.sup.-100] in black tea, and 15 mg x 
[mL.sup.-100] in green tea [22,23]. Thus, on the basis that a 
cup of coffee contains 87 mg of caffeine per 150 ml of coffee, 
10 cups of coffee (7.2 g of freeze dried instant coffee per one 
cup) contains 870 mg of caffeine which would not exceed the 
upper limit of daily caffeine consumption for 60 kg men. If this 
concentration were applied to rats by weight-based approach, the 
concentration would be 0.12 g/100 g BW/day of coffee which 
contains 1.45 mg/100 g/day of caffeine. Therefore, we investigated 
the effect of instant coffee intake on the antioxidative activity 
and plasma cholesterol profiles in rats with this concentration 
of coffee. 

Materials and Methods

Experimental diets

Forty eight male Sprague-Dawley rats (Daehanbiolink Co., 
Korea) weighing 65-75 g were fed either the control diet with 
water (C) or control diet with coffee (0.12 g/ 100 g body 
weight/day freeze dried instant coffee, Dongseo Co., Korea) (CF), 
and they were given physical training for 4 weeks. For physical 
training, animals were exercised on a treadmill for 30 minutes 
everyday. The control diet was vitamin-free casein based 
semisynthetic diet which met AIN-93 recommendation. 

Exercise and sample collection

At the end of 4 weeks, animals in each dietary group were 
subdivided into 3 exercise groups: before-exercise (BE); 
during-exercise (DE); after-exercise (AE). Animals in BE group 
were sacrificed without exercise at the end of week 4. Animals 
in DE group were exercised on a treadmill (15° incline, 0.5-0.8 
km/h) for 1 hour; animals in the AE group were allowed to take 
a rest for 1 hour after exercise. At the respective time points, 
animals were sacrificed by decapitation under the light ether 
anesthesia. Immediately following decapitation, plasma, muscle 
and liver were rapidly removed and stored at -40℃ until 
analyzed. Blood samples were collected in heparinized tubes. All 

blood samples were immediately centrifuged (3,000 rpm, 20 min, 
4℃) for the separation of plasma and erythrocytes.

Biochemical analysis

The activity of plasma catalase was determined with a 
commercial kit based on the method of Zamocky (Bioxytech 
Catalase-520). The activity of superoxide dismutase, the ratio of 
reduced glutathione and oxidized glutathione, and the levels of 
malondialdehyde were determined in liver cytosol. Liver was 
homogenized in cold Tris-KCl buffer (0.1 M) and the 
homogenized solution was centrifuged (8,000×g, 4℃, 30 min). 
The supernatant was then centrifuged (10,000×g, 4℃, 30 min). 
Again the supernatant was ultra-centrifuged (105,000×g, 4℃, 90 
min) and separated the cytosol. Superoxide dismutase (SOD) 
activity was determined with a commercial kit based on the 
method of Nebot (Bioxytech SOD-525). The ratio of reduced 
glutathione/oxidized glutathione (GSH/GSSG) was determined 
with a commercial kit based on the method of Anderson 
(Bioxytech GSH/GSSG-412). The levels of malondialdehyde 
(MDA) were determined with a commercial kit based on the 
method of Gerard-Monnier (Bioxytech MDA-586). Plasma 
Triglyceride (TG) was analyzed with a commercial kit based on 
the Trinder method (Youngdong Pharmaceutical Co., Korea). 
Total cholesterol (TC) was analyzed with a commercial kit based 
on enzymatic method (Youngdong Pharmaceutical Co., Korea). 
High-density lipoprotein-cholesterol (HDL-C) was analyzed with 
a commercial kit based on the same analytical method as total 
cholesterol after the precipitation. 

Statistical analysis

The data were expressed as mean values and their standard 
deviation (SD). The significance of difference between control 
group and coffee intake group was analyzed using t-test at P 
value < 0.05. The variables were analyzed by two-way analysis 
of variance (ANOVA) with coffee intake and exercise as factors. 
When a significant interaction effect was found, Scheffe post 
hoc tests were performed. When a significant coffee intake or 
exercise effect was found and the interaction effect was 
insignificant, one-way ANOVA was used to compare the means 
of the groups. All analyses were performed using SAS 9.1 for 
Windows (SAS Institute, Inc., Cary, NC,). The statistical 
significance level was set at P < 0.05.

Results

Effect of coffee intake on body weight and food efficiency ratio

Table 1 shows the effect of coffee intake on body weight and 
food efficiency ratio in physically trained rats. There were no 
significant differences in final body weight, food intake and food 
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Table 1. The effect of coffee intake and regularly exercise training on body 
weight and FER 

Group
t-test

C1) CF
Initial BW (g)2) 69.90 ± 3.75 69.92 ± 3.36 NS3)

Final BW (g) 288.81 ± 27.35 277.67 ± 28.82 NS
Food intake (g/day) 18.90 ± 1.68 19.48 ± 2.22 NS
FER 0.42 ± 0.04 0.41 ± 0.03 NS
1) C: control diet + physical training, CF: coffee intake + physical training 
2) BW: body weight, FER: feed efficiency ratio 
3) No significant difference between control group and coffee intake group by t-test, 

P < 0.05 

Table 2. The effect of coffee intake and exercise on the triglyceride, total 
cholesterol and HDL-cholesterol in trained rats

  
 

Group
Main effect (P value)4)

C1) CF

Triglyceride
(mg/dl)

BE2)b 107.00 ± 10.92 120.00 ± 31.90 Coffee 0.0085**
DEb 107.67 ± 24.46 150.60 ± 28.68 Exercise 0.0044**
AEa 141.60 ± 29.25 155.67 ± 10.73 Coffee*exercise 0.2590

Total 
cholesterol
(mg/dl)

BE  93.83 ± 9.22ab3)  86.00 ± 4.70abc Coffee 0.3290 
DE  76.33 ± 6.56c  81.00 ± 6.75bc Exercise 0.0004**
AE  86.17 ± 8.33abc  96.83 ± 8.82a Coffee*exercise 0.0170*

HDL- 
cholesterol
(mg/dl)

BE  37.85 ± 4.95  28.11 ± 9.66 Coffee 0.0003**
DE  44.77 ± 9.45  27.71 ± 5.77 Exercise 0.4621
AE  36.58 ± 14.20  27.37 ± 3.22 Coffee*exercise 0.4739

1) C: control diet + physical training, CF: coffee intake + physical training 
2) BE: before exercise, DE: during exercise, AE: after exercise 
3) Values with different superscripts are significantly different from each other group 

at P < 0.05. 
4) Determined by two-way ANOVA (* P < 0.05, ** P < 0.01)

Fig. 1. The effect of coffee intake and exercise on total cholesterol (Tcol) in 
physically trained rats. Which are determined by two-way ANOVA. Data were 
means and letters in the same figure were significantly different at P < 0.05. Control:
control diet + physical training, coffee: coffee intake + physical training. BE: before 
exercise, DE: during exercise, AE: after exercise

Table 3. The effect of coffee intake and exercise on superoxide dismutase 
(SOD) activity in trained rats

  
 

Group
Main effect (P value)4)

C1) CF

SOD
(U/mg 
protein)

BE2) 87.75 ± 1.47c3)  97.70 ± 0.69b Coffee 0.0001**
DE 84.77 ± 2.91c  86.82 ± 3.00c Exercise 0.0001**
AE 86.93 ± 3.89c 105.00 ± 1.02a Coffee*exercise 0.0001**

1) C: control diet + physical training, CF: coffee intake + physical training 
2) BE: before exercise, DE: during exercise, AE: after exercise
3) Values with different superscripts are significantly different from each other group 

at P < 0.05
4) Determined by two-way ANOVA (** P < 0.01)

Fig. 2. The effect of coffee intake and exercise on superoxide dismutase (SOD) 
in physically trained rats. Which are determined by two-way ANOVA. Data were 
means, and letters in the same figure were significantly different at P < 0.05. Control: 
control diet + physical training, coffee: coffee intake + physical training. BE: before 
exercise, DE: during exercise, AE: after exercise 

efficiency ratio of the groups. Coffee effect was not shown on 
body weight and food efficiency ratio. 

Effect of coffee intake and exercise on plasma lipid profile

The differences in plasma TG, TC and HDL-C are shown in 
Table 2 and Fig. 1. Significant coffee and exercise effects on 

TG levels were present (P = 0.0085, 0.004). Individual coffee 
and exercise effects were analyzed. TG levels were significantly 
higher in coffee intake group than in control group. TG level 
of AE group was significantly higher than those of BE and DE 
groups. Exercise and coffee-exercise interaction effects were 
significant on total cholesterol (P = 0.0004, 0.0170, respectively, 
Fig. 1). The AE of coffee intake group showed highest TC levels 
and the DE of control group showed lowest TC levels. Coffee 
intake increased TC levels in DE and AE, but in BE group, 
significant increase was not shown. In control group, TC levels 
of DE were lower than those of BE and AE. In coffee intake 
group, TC levels of AE were higher than those of BE and DE. 
Coffee effect was significant on HDL-C, which was significantly 
lower in coffee intake group than in control group. 

Effect of coffee intake and exercise on SOD activity

Table 3 and Fig. 2 show the effect of coffee intake and exercise 
on SOD activity. Coffee, exercise, and coffee-exercise interaction 
effects were significant on SOD (P = 0.0001, 0.0001, and 0.0001, 
respectively, Fig. 2). The AE and BE of coffee intake group 
showed higher SOD levels than the other four groups. Coffee 
intake increased SOD activities in BE and AE, but in DE group, 
significant increase was not shown. In coffee intake group, SOD 
activities of DE were lower than those of BE and AE
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Table 4. The effect of coffee intake and exercise on catalase activity in trained
rats

  
 

Group
Main effect (P value)3)

C1) CF

Catalase
(U/mg 
protein)

BE2) 7.53 ± 3.70 13.00 ± 2.71 Coffee 0.0008** 
DE 7.90 ± 3.47  8.26 ± 2.71 Exercise 0.1420 
AE 6.65 ± 4.19 12.87 ± 3.89 Coffee*exercise 0.1493

1) C: control diet + physical training, CF: coffee intake + physical training 
2) BE: before exercise, DE: during exercise, AE: after exercise 
3) Determined by two-way ANOVA (** P < 0.01)

Table 5. The effect of coffee intake and exercise on reduced glutathione/ 
oxidized glutathione (GSH/GSSG) in trained rats

  
 

Group
Main effect (P value)3)

C1) CF

GSH/ 
GSSG

BE2) 9.76 ± 2.05 9.47 ± 0.48 Coffee 0.4365 
DE 8.27 ± 2.76 7.42 ± 0.55 Exercise 0.1980
AE 9.03 ± 2.13 8.33 ± 2.05 Coffee*exercise 0.9529

1) C: control diet + physical training, CF: coffee intake + physical training 
2) BE: before exercise, DE: during exercise, AE: after exercise 
3) Determined by two-way ANOVA

Table 6. The effect of coffee intake and exercise on malondialdehyde (MDA)
levels in trained rats 

  
 

Group
Main effect (P value)4)

C1) CF

MDA
(n mol/
mg protein)

BE2) 0.51 ± 0.06b3) 0.68 ± 0.15ab Coffee 0.0464*
DE 0.85 ± 0.15a 0.77 ± 0.06a Exercise 0.0016**
AE 0.63 ± 0.06ab 0.80 ± 0.17a Coffee*exercise 0.0353*

1) C: control diet + physical training, CF: coffee intake + physical training
2) BE: before exercise, DE: during exercise, AE: after exercise 
3) Values with different superscripts are significantly different from each other group 

at P < 0.05. 
4) Determined by two-way ANOVA (* P < 0.05, ** P < 0.01)

Fig. 3. The effect of coffee intake and exercise on malondialdehide (MDA) in 
physically trained rats. Which are determined by two-way ANOVA. Data were 
means, and letters in the same figure were significantly different at P < 0.05. Control: 
control diet + physical training, coffee: coffee intake + physical training. BE: before 
exercise, DE: during exercise, AE: after exercise

Effect of coffee intake on catalase activity

The effect of coffee intake and exercise on catalase activities 
is shown in Table 4. A significant coffee effect (P = 0.0008) was 
found in catalase activities. Since the interaction effect was 

absent, the individual effect of coffee could be analyzed. Catalse 
activities were significantly higher in coffee intake group than 
in control group. 

Effect of coffee intake and exercise on GSH/GSSG

Table 5 shows the effect of coffee intake and exercise on GSH/ 
GSSG. No significant main effect was found in GSH/GSSG. 
Coffee intake and exercise did not affect GSH/GSSG.

Effect of coffee intake and exercise on MDA level

The effect of coffee intake and exercise on MDA levels is 
shown in Table 6 and Fig. 3. Coffee, exercise, and coffee-exercise 
interaction effects were significant on MDA levels (P = 0.0464, 
0.0016, and 0.0353, respectively, Fig. 3). The DE and AE of 
coffee intake group and the DE of control group showed higher 
MDA levels than the BE of control group. Coffee intake 
increased MDA levels in BE and AE, but in DE group, significant 
increase was not shown. In control group, MDA levels of DE 
were higher than those of BE and AE.

Discussion

This study showed that freeze dried instant coffee consumption 
induced a favorable turn on of the activities of antioxidant 
enzymes but also increased MDA and decreased HDL-cholesterol 
in physically trained rats. The hypothesis was that coffee 
consumption, as an antioxidant, can react effectively to exercise- 
induced oxidative stress, increase the activity of antioxidant 
enzymes and decrease cholesterol level in physically trained rats. 
The evidence of an alteration in the antioxidative status with 
oxidative stress is based on the change of antioxidant enzyme 
activities and lipid peroxidation under exercise induced oxidative 
stress. At various points during the study, the antioxidative status 
in rats was evaluated using the ratios of GSH/GSSG and the 
activities of catalase and SOD as a direct measure, and the level 
of MDA and lipid profile as an indirect, long-term measure. 
Coffee intake increased catalase and SOD activities in other study 
[24]. Consistently in this study, SOD activities of the CF group 
were significantly higher than those of the C group in BE and 
AE. But in DE, there were no significant differences in the SOD 
activities. In SOD activities of the C group, there were no 
differences regardless of exercise. However in the CF group, 
SOD activities of AE were significantly higher than those of 
BE and DE, and especially those of DE were significantly lower 
than those of BE and AE. It can be supposed that coffee 
consumption can increase the activities of SOD and help 
recuperation of antioxidant defense system in physically trained 
rats, but coffee intake did not react effectively in DE. Catalase 
activities of the CF group were significantly higher than those 
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of the C group. No significant main effect was found in 
GSH/GSSG. It means that coffee intake and exercise induced 
oxidative stress did not induce the change of GSH/GSSG in 
trained rats. Other previous research showed considerable 
evidence that training adaptation of antioxidant activity is due 
to altered gene expression, with both mRNA and enzyme protein 
levels being up regulated [25]. Training adaptation of antioxidant 
enzymes is influenced heavily by a number of physiological and 
environmental factors, such as gender, age, diet, and medication 
[26]. Exercise training in animals fed an antioxidant-deficient 
diet, such as vitamin E and selenium, has been shown to elicit 
greater levels of antioxidant adaptation than those fed normal 
diet [27,28]. Moreover, those researches recommend us to 
reconsider the taking of antioxidant supplements during training. 
In all probability, antioxidant supplements should not be 
recommended before training as they hinder with muscle cell 
adaptation [29]. When antioxidants were given, these adaptations 
were, however, not permitted [5]. On the other hand, antioxidants 
may be administered before competition, when exercise is likely 
to be exhaustive and result in the generation of ROS that 
overwhelm the defensive mechanisms [30]. Consistently, in this 
study, CF group freely received coffee in tap water with exercise 
training during four weeks, and coffee intake could increase the 
activities of catalase and SOD in BE and AE but did not react 
efficiently in DE. Considerable numbers of studies have 
demonstrated that oxidative stress can occur during exercise [31]. 
Oxygen consumption can be increased several-fold with exercise 
[32]. Xanthine dehydrogenase oxidizes hypoxanthine to xanthine 
and xanthine to uric acid using NAD+ as the electron acceptor 
forming NADH and superoxide [33]. Tissue damage resulting 
from exercise may induce the activation of inflammatory cells 
such as neutrophils, with the subsequent production of ROS by 
NADPH oxidase [34]. Catecholamine concentrations are increased 
during exercise, and ROS can result from their auto-oxidation 
[35]. Muscle mitochondria undergo increased uncoupling and 
superoxide generation with increasing temperatures. Therefore, 
exercise-induced hyperthermia may cause oxidative stress [36]. 
An increase in temperature and relative humidity from 20℃ and 
40%, respectively, to 30℃ and 80%, respectively, was associated 
with a greater increase in the oxidation of glutathione in red 
blood cell hemolysate and lipid peroxidation in plasma following 
a submaximal exercise test in horses [37]. Auto-oxidation of 
oxyhemoglobin to methemoglobin results in the production of 
superoxide and the rate of formation of methemoglobin can be 
increased with exercise [38]. Therefore, during exercise, 
increased ROS need more actions of antioxidants. But coffee 
intake group of DE could not defend ROS effectively. MDA 
levels of the CF group were significantly higher than those of 
the C group in BE and AE. In the CF group, there were no 
differences in MDA levels regardless of exercise, but in the C 
group, MDA levels of DE were significantly higher than those 
of BE and AE. It can be supposed that coffee can be pro-oxidant 
or its metabolites can increase lipid peroxidation, but the levels 

of MDA were equilibrium under exercise induced antioxidative 
stress. Other investigation showed that generation of H2O2 
accounts for the genotoxic effects of coffee [39] and another 
reported that chlorogenic and caffeic acids and their pyrolysis 
products which are contained in coffee cause formation of ROS 
[40], and also caffeine was shown to possess pro oxidant 
properties under specific conditions [41]. Moreover, coffee was 
demonstrated to act in vitro as pro-oxidant [14,42]. There is 
considerable evidence that increased antioxidant defense system 
is due to altered gene expression, with both mRNA and enzyme 
protein levels, but data are limited and sometimes controversial 
[25,43]. For those points of view, some coffee contents can help 
increase antioxidant defense system, but the other contents or 
the decomposed contents of coffee which can come with roasting 
degree, type of coffee bean, the amount of consumption and 
preparation method can be pro oxidant [14,21], those can induce 
increased MDA levels. In addition, TC levels of the CF group 
were not significantly different from those of the C group 
regardless of exercise. Whereas HDL-C levels of the CF group 
were significantly lower than those of the C group. Moderate 
exercise-training has been reported to increase HDL-cholesterol 
[4,44], but in this study, coffee intake decreased HDL-cholesterol 
in trained rats. The cholesterol-raising effect of coffee intake has 
long been controversial [45]. But other research reported that 
the effect of coffee diterpenes on total cholesterol is due to raised 
LDL and VLDL cholesterol and decreased HDL cholesterol [46]. 
The consumption of 450-1,000 ml of coffee has increased the 
plasma total homocysteine (tHcy) concentration by 19% at 4 h 
and 11-22% after 2 to 4 weeks [18,47]. Elevated plasma tHcy 
concentrations have been associated with an increased risk of 
cardiovascular diseases in many case-control studies and in some, 
but not all, prospective cohort studies [48]. On the other side, 
some studies have investigated the role of homocysteine in 
promoting oxidative stress and have obtained conflicting results. 
There was a significant correlation between homocysteine and 
MDA but it is also conflicted [49]. Even though coffee 
consumption would increase the tHcy concentration, there is no 
convincing evidence that coffee consumption would increase the 
risk of CVD [50]. By all accounts, this study observed coffee 
intake induced significant increase in MDA levels and significant 
decrease in HDL-cholesterol, and other studies reported that 
coffee intake increased tHcy. It can be supposed that coffee intake 
can be associated with risk factors of CVD. Therefore, despite 
the many uncertainties regarding the mode of action, these results 
suggest that coffee intake can promote activities of antioxidant 
enzyme but also increase MDA and decrease HDL-cholesterol 
in physically trained rats. Further researches are required to 
demonstrate effects of appropriate time and amount of coffee 
intake on physically trained rats under exercise induced 
antioxidative stress.
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