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Abstract
Caffeine is a methylxanthine compound that acts as a stimulant in humans. It is the most widely consumed behaviourally
active substance in the western world and it affects calcium influx and release in living cells. Caffeine is present in various
substances such as tea, coffee and some medications. This article is focused on the impact of caffeine on oxidation. Caffeine
promoted the peroxidation of linoleic acid emulsions used by 32.5, 48.9, and 54.3%, respectively, at 15, 30 and 45mg/mL
concentrations. Standard antioxidants such as a-tocopherol and trolox, a water-soluble analogue of tocopherol, inhibited 76.2
and 93.2% peroxidation of linoleic acid emulsion at 45mg/mL concentration. Also, PC50 value (caffeine concentration that
produced a 50% increase in linoleic acid peroxidation) of caffeine was found to be 185mM.
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Introduction

Caffeine (1,3,7-trimethylxanthine) (Figure 1) is a

member of the methylxanthine family of drugs, and is

present in coffee, tea and medicinal products. It is

probably the most widely consumed psychoactive

substance known to man. The amount of caffeine in

food items ranges from 25–120mg/mL of coffee, to

16–333mg/mL of tea and 8–16mg/mL for colas [1].

Caffeine in doses of 150–250 mg produces a sense of

well being, alertness, allays fatigue, improves motor

performance and increases motor activity [2]. Also, it

interacts with neurotransmitters in the brain and

promotes higher functions such as vigilance and

attention [3,4].

Historically, caffeine has been the subject of

extensive research, and studies have been conducted

in various species to determine the impact of caffeine

on various biochemical and physiological processes.

Based on the studies conducted to date it is clear that

in addition to its well-established psychoactive effects,

it also impacts upon the endocrine, cardiovascular,

respiratory, renal and gastrointestinal systems [5].

Various hypotheses, such as blocking of adenosine

receptors, mobilization of intracellular calcium, and

inhibition of phosphodiesterases and binding of

caffeine to benzodiazepine receptors have been

postulated as the possible mechanisms of action of

caffeine at the cellular level [1]. There is often intense

debate and controversy over the general impact of

caffeine on human well-being which has probably

been greatest in the field of cardiology [6–9]. In

addition, evidence is now accumulating to indicate

that caffeine and its methylxanthine metabolites can

affect the functioning of the immune system, but

hitherto caffeine has escaped the scrutiny of a

consolidated review dealing with its ability to have

an impact upon the immune system [10].

Oxidation processes are very important for living

organism. The uncontrolled production of reactive

oxygen species (ROS) and insufficient antioxidant

protection result in the onset of many diseases and

accelerate ageing. ROS include free radicals such as

superoxide anion radicals (Oz2
2 ), hydroxyl radicals

(OHz) and non free-radical species such as H2O2 and

singlet oxygen (1O2), which are various forms of

activated oxygen [11–13]. There is a balance between
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the generation of ROS and inactivation of ROS by the

antioxidant system in organisms. When there is an

imbalance between ROS and antioxidant defence

mechanisms, ROS may lead to oxidative modification

in cellular membranes or intracellular molecules

[14–15]. In addition, under pathological conditions

or oxidative stress, ROS are overproduced and result

in peroxidation of membrane lipids, leading to the

accumulation of lipid peroxides. The aim of this

article is to demonstrate the prooxidant effects of

caffeine in the linoleic acid emulsion system.

Material and methods

Chemicals

Caffeine, linoleic acid, a-tocopherol, and polyox-

yethylenesorbitan monolaurate (Tween-20) were

obtained from Sigma (Sigma-Aldrich GmbH, Stern-

heim, Germany). Trolox was purchased from Fluka,

ammonium thiocyanate from Merck and all other

chemicals used were analytical grade and obtained

from either Sigma-Aldrich or Merck.

Prooxidant effect determination in linoleic acid

emulsion

The prooxidant effect of caffeine was determined

according to the ferric thiocyanate method using

oxidation of linoleic acid emulsion as described by

Gülçin [16,17]. For preparation of stock solutions,

10 mg caffeine or 10 mg trolox dissolved in 10 mL

distilled water were prepared freshly for each

experiment. Ten mg of a-tocopherol was dissolved in

10 mL of ethanol. Different concentrations of caffeine

(from 15mg/mL–45mg/mL) in 2.5 mL of sodium

phosphate buffer (0.04 M, pH 7.0) were added to

2.5 mL of linoleic acid emulsion in sodium phosphate

buffer (0.04 M, pH 7.0). The linoleic acid emulsion

was prepared by mixing and homogenising 15.5mL of

linoleic acid, 17.5 mg of Tween-20 as emulsifier, and

5 mL phosphate buffer (pH 7.0). The control was

composed of 2.5 mL of linoleic acid emulsion and

2.5 mL of sodium phosphate buffer (0.04 M, pH 7.0).

The mixed solution (5 mL) was incubated at 378C in a

polyethylene flask. During the linoleic acid peroxi-

dation, peroxides are formed that leads to oxidation

of Fe2þ to Fe3þ . The latter ions form a complex with

ammonium thiocyanate and this complex has a

maximum absorbance at 500 nm. The peroxide level

was determined by reading the absorbance at 500 nm

in a spectrophotometer (Shimadzu, UV-1208 UV-VIS

Spectrophotometer, Japan) after reaction with 0.1 mL

FeCl2 (3.5%) and 0.1 mL thiocyanate (NH4SCN,

30%) at intervals during incubation. This step was

repeated every 5 h. The percentage of inhibition or

activation was calculated relative to the control at each

interval over a 30 h period. High absorbance indicated

high linoleic acid emulsion peroxidation. For prep-

aration of the FeCl2 solution, 0.281 g FeCl2.3/4H2O

was dissolved in 9.8 mL HCl (37.5%), and the volume

adjusted to100 mL with distilled water. For thiocya-

nate, 30 g of NH4SCN was dissolved in 70 mL of

distilled water.

Calculation of prooxidant and antioxidant effects

The percentage prooxidant effect of caffeine on

linoleic acid emulsion peroxidation was calculated by

the following equation:

Prooxidation effect ð%Þ ¼
AS

AC

£ 100

� �
2 100

where AC is the absorbance of a control reaction which

contains only linoleic acid emulsion and sodium

phosphate buffer and AS is the absorbance in the

presence of different concentrations of caffeine

[18,19].

On the other hand, the percentage inhibition of lipid

peroxidation in linoleic acid emulsion by a-tocopherol

and trolox was calculated by the following formula:

Antioxidant effect ð%Þ ¼ 100 2
AS

AC

£ 100

� �

in here AC is the absorbance of control reaction which

contains only linoleic acid emulsion and sodium

phosphate buffer and AS is the absorbance in the

presence of standard compounds such as a-tocopherol

and trolox [20–22].

Determination of PC50 value for caffeine

As can be seen from Figure 2, the oxidation of linoleic

acid emulsion in the control mixture reached a

maximum at 30 h reaction. For determination of the

PC50 value of caffeine (caffeine concentration that

produced 50% linoleic acid prooxidation), the effect

of three different caffeine concentrations (15, 30 and

45mg/mL) were investigated. The prooxidant effect of

caffeine at different concentrations was measured at

30 h reaction. As can be seen from Figure 3, the PC50

value was obtained after prooxidant activity was

plotted vs. caffeine concentrations (r 2:08968) and

Figure 1. The chemical structure of caffeine.
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then calculated from the graphs using the formula

given below:

Prooxidant effect of caffeine ð%Þ ¼ 1:1953

£ ½Caffeine� þ 7:03

Statistical analysis

The experimental results were performed in triplicate.

The data were recorded as mean ^ standard deviation

and analysed by SPSS (version 11.5 for Windows

2000, SPSS Inc.). One-way analysis of variance was

performed by ANOVA procedures.

Results and discussion

The ferric thiocyanate method measures the amount

of peroxide, the primary product of lipid peroxidation,

produced during the initial stages of oxidation. During

linoleic acid peroxidation, peroxides are formed and

these peroxides react with ferrous ions (Feþ2) to form

ferric ions (Feþ3). The latter ions form a complex with

thiocyanate ions (SCN2) which has a maximum

absorbance at 500 nm. For comparison, a-tocopherol

and trolox were used as standard antioxidants in the

linoleic acid system and exhibited effective antioxidant

activity in this system. The prooxidant effect of

different concentrations of caffeine (15–45mg/mL) on

peroxidation of linoleic acid emulsions are shown in

Figure 2 and were found to be 32.5, 48.9 and 54.3%.

On the other hand, a-tocopherol and trolox at a

concentration of 45mg/mL had 76.2 and 93.2%

antioxidant effect on the same emulsion system. There

was a significant difference ( p , 0.05) between the

effects of 15mg/mL and 45mg/mL caffeine. However,

the difference was not statistically significant between

15mg/mL and 30mg/mL or 30mg/mL and 45mg/mL.

In addition, as can be seen in Figure 3, the PC50

(caffeine concentration that produced 50% linoleic

acid prooxidation) value of caffeine was calculated as

185mM. Consequently, these results clearly indicate

that caffeine has an effective prooxidant activity in the

peroxidation of linoleic acid emulsions.

Lipid peroxidation is an important chemical

change, which lowers the nutritional quality of food

and pharmaceutical products. The primary and

secondary products of lipid oxidation are detrimental

to health [23]. Lipid peroxidation involves a series of

free radical-mediated chain reaction processes and is

associated with several types of biological damage.

The role of free radicals and ROS is becoming

increasingly recognized in the pathogenesis of many

human diseases, including cancer, aging and athero-

sclerosis. In the body, excess production of free

radicals induces lipid cell membranes to produce lipid

peroxides and ROS, which leads to many biological

changes, such as DNA damage, aging, heart disease

and cancer [15,22,24].

Because of biological variation in caffeine metab-

olism, consumption of caffeine-containing food and

beverages can yield varying plasma concentrations

among individuals in a population. For example, in

adults the caffeine half-life is reduced in smokers

compared to non-smokers. De Leon and co-workers

reported plasma caffeine concentrations 2- to 3-fold

higher in non-smokers than smokers for each level of

caffeine intake [25]. On the other hand, the caffeine

half-life is approximately doubled in women taking

oral contraceptives [26,27]. Also, because caffeine

is such a widely consumed drug, study participants

may have residual levels of caffeine and/or meta-

bolites in their plasma, prior to the experiment.

These difficulties may contribute to inconsistencies in

studies investigating the effects of caffeine consump-

tion [10]. It has been stated that plasma levels reach

20–50mM following ingestion of 2–3 cups of coffee

(where 1 cup of coffee contains 75–150 mg caffeine)

[28]. Horrigan and co-workers made similar

observations, using HPLC analysis of human blood

samples [29].
Figure 3. The prooxidant effects of caffeine depending on

concentration (15–45mg/mL).

Figure 2. The prooxidant effects of different concentration of

caffeine (15–45mg/mL) compared to antioxidant effect of standard

antioxidant compounds, a-tocopherol and trolox at 45mg/mL.
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Conclusion

According to data obtained from the present study,

caffeine was found to be an effective prooxidant in a

linoleic acid emulsion assay. Based on the discussion

above, the usage of caffeine should be restricted in

lipid-containing food or pharmaceutical products.

This restriction is required for nutritional quality and

prolonging the shelf life of food or pharmaceuticals.
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[16] Gülçin İ. The antioxidant and radical scavenging activities of

black pepper (Piper nigrum) seeds. Int J Food Sci Nut 2005;56:

491–499.
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