
Indexed and abstracted in Science Citation Index Expanded and in Journal Citation Reports/Science Edition

Bratisl Lek Listy 2014; 115 (11)

699 – 703

DOI: 10.4149/BLL_2014_135

EXPERIMENTAL STUDY

Caffeine alters oxidative homeostasis in the body of BALB/c mice
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Abstract: Caffeine is a metabolite from coffee genus and some other plants. It has disparate molecular targets 
in the body. Beside the major action based on antagonism on adenosine receptor, it is involved in other neuro-
transmission pathways as well. The complete mechanism of caffeine action remains unrevealed including link 
to oxidative homeostasis. For the reason, the current paper solves how caffeine infl uences oxidative homeo-
stasis in BALB/c mouse model. Caffeine was given intramuscularly in doses 1–64 mg/kg and the animals were 
sacrifi ced in time intervals from 4 hours up to 3 days. In the experiment, a signifi cant increase of thiobarbituric 
acid reactive substances (TBARS) levels in the kidney and decrease in the brain indicated up and down regu-
lation of oxidative burden. Ferric reducing antioxidant power (FRAP) level in the kidney appoint at release of 
low molecular weight antioxidants in the organ. The remaining organs including heart, muscles and liver were 
intact. In the same way, caspase 3 level was steady and no apoptotic processes were proved (Fig. 3, Ref. 48). 
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Caffeine is a secondary metabolite known from some unrelated 
plants. Coffee plants such as Coffea arabica and C. canephora (1) 
and tea plants Camellia sinensis (2, 3) can be exampled. Formerly, 
caffeine effect was known from drinking of tea and coffee or con-
sumption of some sweets. Beside coffee and tea, caffeine is added 
to many drinks, energy drinks, food and drugs (4, 5). Caffeine is a 
drug, which is not legislatively regulated over the world compar-
ing to the other excitation causing substances and despite some 
adverse effects when caffeine is taken in an excessive amount (6).

In the body, caffeine is targeted to many disparate macromo-
lecular structures. The compound acts as a nonselective adenosine 
receptor antagonist (7). Though it is believed that the adenosine 
receptor is the major target, many other enzymes and receptors can 
meet caffeine. Caffeine can infl uence neurotransmission through 
acetylcholine, epinephrine, norepinephrine, serotonin, dopamine 
and glutamate pathways (8–12).

There is a link between oxidative balance and caffeine. It was 
proved that caffeine can increase low molecular weight antioxi-
dants and increase enzymes involved in degradation of reactive 
oxygen species (13). In another experiment, caffeine was found 
suitable to protect against oxidative stress caused by pentylene-
tetrazol-induced seizures (3). Caffeine was proved to be effec-
tive enough to control infl ammatory response in the body during 

stress conditions as reported by Tauler and coworkers when they 
analyzed infl ammatory cytokines in humans who underwent run 
competition (14). It should be emphasized that there is a close link 
between infl ammation and oxidative stress (15). Though the effect 
of caffeine on oxidative stress was proved in the reported papers, 
no fi nal conclusion owing to oxidative stress can be done. In this 
paper, a complex view on the oxidative balance after caffeine in-
take was done. The paper is aimed at fi nding of the most effected 
organs and scale of caffeine impact. Time intervals and lasting 
of the balance alteration were investigated as well. It is believed 
that this paper will allow answer how much, where and when the 
caffeine can alter oxidative balance. 

Material and methods

Experiment on laboratory animals
The experiment was based on 400 female laboratory mice 

BALB/c (Velaz, Unetice, Czech Republic). In the beginning of the 
experiment, the mice weighted 19 ± 1 g and they were 8 weeks 
old. For the whole experiment, the mice were kept in an animal 
house with temperature adjusted up 22 ± 2 °C, humidity 50 ± 10 
% and light/dark period each 12 hours. The mice had free access 
to food and water. Prior to the experiment beginning, plan of the 
project was permitted and then supervised by the ethical com-
mittee at Faculty of Military Health Sciences (Hradec Kralove, 
Czech Republic). 

The animals were divided into 20 groups each 20 animals. 
They received a dose of caffeine 0 (saline) – 1 – 4 – 16 – 64 mg/kg 
given intramuscularly into rear limb. Caffeine was solved in saline 
and applied in amount 100 μl. The controls received saline 100 
μl. The 20 animals per one dose were sacrifi ced after 4 hours and 
another 20 animals after one, two and three days. Sacrifi cing was 
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done under CO2 anesthesia by cutting of jugular vein. The whole 
liver, kidney, heart, vastus lateralis muscle and brain were collected 
immediately. The organs were kept at –80 °C until assay, which 
was not later than three weeks after the experiment beginning. 

Assay of the markers
The stored tissues were mechanically homogenized using 

Ultra-Turrax (IkaWerke, Staufen, Germany) mill device. 100 mg 
of the tested organ was cut from cortex region and thrown into 
1 ml of phosphate buffered saline. The sample was processed by 
Ultra-Turrax for one minute. The homogenized samples were used 
immediately for the assays mentioned further.

Ferric Reducing Antioxidant Power (FRAP) is a method/value 
that respond to overall level of low molecular weight antioxidants 
(16, 17). It was measured using 2,4,6-tris(2-pyridyl)-s-triazine 
(TPTZ; Sigma-Aldrich) as a chromogenic reagent. A solution 
containing 10 mmol/l TPTZ and 40 mmol/l HCl was prepared 
and poured in a ratio 1:1 with 20 mmol/l FeCl3. An aliquot of the 
solution sized 5 ml was added into 25 ml of 0.1 mol/l acetate buf-
fer pH 3.6 and incubated at 37 °C for 10 minutes. 30 μl of tissue 
homogenate was given to200 μl of the aforementioned solution, 
diluted with 770 μl of deionized water, incubated for 10 minutes, 
and spin at 10,000 ×g for another 10 minutes. Absorbance was 
measured at 593 nm for the sample comparing to blank, which 
was saline solution assayed in the same way as the homogenate. 
FRAP value was calculated using extinction coeffi cient ε = 26,000 
l/mol×cm. Interference of caffeine in the FRAP assay was ne-
glected by a separate tests where its level up to 1 mmol/l was used.

Malondialdehyde is a marker responding to oxidative stress 
and oxidative damage of lipid membranes (18–20). The malondial-
dehyde was measured by Thiobarbituric Acid Reactive Substances 
(TBARS) assay. Firstly, a solution containing 67 mg of thiobarbi-
turic acid (Sigma-Aldrich) in 1 ml of dimethylsulfoxide and 9 ml 
of deionized water was prepared shortly before use. 200 μl of ho-
mogenate prepared using the aforementioned protocol was purifi ed 
from proteins by addition of 400 μl of 10 % trichloroacetic acid 
and incubated for 15 minutes on ice bath. After that, the mixture 
was centrifuged at 3,000 ×g for 15 minutes. 400 μl of supernatant 
or saline solution (blank) was mixed with another 400 μl of the 
solution containing thiobarbituric acid. In the fi nal step, solution 
was heated at 99 ºC for 10 minutes. The molar value of TBARS 
was calculated using extinction coeffi cient ε = 156,000 l/mol×cm. 
Interference of caffeine in the TBARS assay was neglected by a 
separate test where its level up to 1 mmol/l was used. 

Caspase 3 was chosen as a marker of apoptotic processes 
(19, 21). The marker was assayed using Caspase 3 Assay kit, 
Colorimetric (Sigma-Aldrich, Saint Louis, Missouri, USA). The 
kit was based on spectroscopic determination of caspase 3 enzy-
matic activity using standard 96 wells microplates and multichan-
nel spectrophotometer. The assay was made in compliance with 
provided protocol. 

Statistics 
Origin 8 Pro (OriginLab Corporation, Northampton, MA, 

USA) software was used for statistical processing of experimen-

tal data. One-way ANOVA with Bonferroni test were used and 
signifi cance of differences between the experimental groups was 
tested on probability levels p 0.05 and 0.01.

Results

In the animals, no signifi cant behavioral manifestation of expo-
sure to caffeine was observed. On the other hand, behavioral tests 
were not applied in this experiment so minor alteration in cogni-
tive abilities could pass without notice. Owing to the oxidative 
stress markers, an unequal effect on the tested organs was found. 
While TBARS level was signifi cantly increased in the kidney (Fig. 
1), the brain level decreased (Fig. 2). No signifi cant alteration in 
TBARS level was found in samples from liver, heart and vastus 

Fig. 1. Thiobarbituric acid reactive substances (TBARS) found in the 
kidney of mice exposed to caffeine. Dose of caffeine in mg/kg is de-
picted in the Figure. Error bars indicates standard error of mean. * 
respective ** appoint at signifi cance against the controls at probability 
level 0.05 respective 0.01.

Fig. 2. Thiobarbituric acid reactive substances (TBARS) found in the 
brain of mice exposed to caffeine. The overall description is same as 
in Figure 1 case. 
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lateralis muscle (data not shown). In the kidney, caffeine caused 
elevation of TBAR level in a dose response manner four hours and 
one day after application of the caffeine. No effect on the TBARS 
level was proved two and three days after the application. In brain, 
caffeine caused an opposed effect than in the kidney. The TBARS 
level was decreased in a dose response manner up to the third day. 

FRAP level, a marker of total low molecular weight antioxi-
dants, was altered in the kidney only. The last organs seem to be 
insensitive to caffeine regarding to FRAP level (data not shown). 
The FRAP levels in kidneys are depicted in Figure 3. The levels 
were increased in a dose response manner from the beginning up 
to the second day after experiment beginning. The effect was sig-
nifi cant for the upper doses of caffeine.

Investigation of caspase 3 level in the examined organs did 
not proved any signifi cant effect of caffeine on the enzyme. The 
activity of caspase 3 was steady and effect of caffeine on the cas-
pase 3 can be neglected on the account. 

Discussion

Caspase 3 is an enzyme involved in regulation of apoptosis 
and it can serve as a marker of the apoptotic processes (22–25). 
No signifi cant effect of caffeine on caspase 3 can be interpreted 
that caffeine has no ability to initiate apoptosis in the conditions 
of experiment. In some studies, caffeine was revealed to be able 
to regulate carcinogenesis progression (26, 27). The authors, how-
ever, state that some additional work has to be done prior to pro-
vide conclusions. They appoint at fact that cell cycle regulation 
by caffeine is not understood. 

Assay of TBARS and FRAP appointed at the unequal effect 
of caffeine on oxidative balance. While some organs seem to be 
resistant to caffeine effect, some others are strongly sensitive. An 
opposed effect was found in kidney and brain regarding to TBARS. 
It appears that caffeine caused oxidative stress in the kidneys while 
it could suppress even physiological release of malondialdehyde 

in the brain. Increased level of FRAP in the kidneys indicates that 
the body successfully protected itself by accumulation of low mo-
lecular weight antioxidants as a consequence of oxidative stress. 
The signifi cant effect of caffeine on oxidative balance is a little 
surprising in the animals one and two days after caffeine applica-
tion. Caffeine easily cross barriers in the body and is eliminated 
with half time up to 10 hours (28). Beside the elimination, it is 
metabolized by CYP1A2 (29, 30). Here reported result on the 
improvement of oxidative balance in the brain is in a good com-
pliance with data known in literature where caffeine is reported 
as a protective factor of neuronal cells (31). The effect on kidney 
reported here is original. In a study by Inkiewicz-Stepniak and 
Czarnowski, caffeine was reported as a drug able to ameliorate 
fl uoride initiated oxidative stress in brain, kidney and liver (32). 
Fact that mice were used here while rats were chosen in the quoted 
paper can be the explanation of the difference. Moreover, the au-
thors used stress conditions that were not chosen here. Regarding 
to brain, the results reported here are in a good compliance with 
the cited paper. 

In the current pharmacology, an extensive effort to intro-
duce an effective drug for Alzheimer disease is given by many 
researchers. Especially, inhibitors of acetylcholinesterase and 
agonist on N-methy-D-aspartate receptors are available (33–37). 
Development of effective drugs is limited by fact that the etiology 
of Alzheimer disease remains unknown and the known therapies 
ameliorates manifestation only (38–40). In clinical examinations, 
drinking of 3–5 cups of coffee per a day was proved to be able to 
decrease risk of Alzheimer disease about 65 % (41). The mecha-
nism of caffeine effect on the Alzheimer disease is not under-
stood. It should be emphasized that coffee contains more compo-
nents than caffeine only and the components can be responsible 
for coffee effect as well (42). On the other hand, the majority of 
scientists contribute the effect to caffeine rather to its metabolites 
and the other additive compounds presented in coffee (43). The 
data reported here appointed at reduction of malondialdehyde 
level in the brain. It means that caffeine altered basal metabo-
lism in the brain in a way to reduce malondialdehyde production. 
Production of reactive oxygen species, and malondialdehyde is 
terminal product of membranes damage by the reactive oxygen 
species, is quite common phenomenon even under physiological 
conditions (15, 44). The lasting exposition to reactive oxygen spe-
cies is hypothesized as reason of senescence (45, 46) and cause of 
Alzheimer disease initiation (47). A similar cause is hypothesized 
for Parkinson disease as well (48). Here described effect in the 
brain can be considered as an explanation of the caffeine related 
effect on neurodegenerations. 

Conclusions

Caffeine is able to regulate oxidative balance in the body. The 
effect is unequal to organs in the body. A positive effect in the brain 
and negative in the kidney was proved. The other organs seem to 
be resistant. The fi ndings can explain known facts about coffee 
potency to ameliorate some neurodegenerative processes where 
central nervous system is a target of pathology. 

Fig. 3. Ferric reducing antioxidant power (FRAP) found in the kid-
ney of mice exposed to caffeine. The overall description is same as in 
Figure 1 case.
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