
Caffeine acts as a chemical stimulant in mammals

that can affect mood, alertness, and concentration. It

offers great prospects for the preventive treatment of neu-

rological disorders, e.g. Parkinson’s disease. Caffeine acts

as an antagonist at A1 and A2A adenosine receptors. It

releases a signal transduction cascade that involves

adenylate cyclase and cAMP. It also participates in pro-

tein phosphorylation by protein kinases and in gene

expression. At the neurotransmitter level, several systems

might be affected including dopaminergic and choliner-

gic transmissions [1]. At the cellular level, adding caffeine

to hippocampal slices leads to calcium release from inter-

nal stores and the development of new dendritic branch-

es [2]. Caffeine increases the levels of circulating fatty

acids, and therefore enhances body fat oxidation. It

impairs glucose homeostasis through transient increases

in insulin resistance [3] and is known to have antioxidant

properties [4, 5]. It might protect against a variety of

health problems [6]. Advantageous or disadvantageous

effects of caffeine depend on its dosage and treatment

duration, as well as on individual susceptibility and geno-

type, especially in the case of polymorphic genes associ-

ated with caffeine metabolism, i.e. cytochrome P450 –

CYP1A2 and catechol-O-methyltransferases (COMT) [7].

The excitation effect of caffeine has also been

observed in invertebrates. Caffeine-treated Drosophila flies

are more active than control flies. The response, however,

depends on the dose of the compound [8]. The survival

time of fruit flies that chronically ingested caffeine was not

only related with its dosage but also with the sex and the

genotype of the flies [9]. Caffeine exerts influences on

both developmental and cognitive processes in mature

ISSN 0006-2979, Biochemistry (Moscow), 2014, Vol. 79, No. 11, pp. 1192-1201. © Pleiades Publishing, Ltd., 2014.

Published in Russian in Biokhimiya, 2014, Vol. 79, No. 11, pp. 1464-1475.

Originally published in Biochemistry (Moscow) On-Line Papers in Press, as Manuscript BM14-146, September 7, 2014.

1192

* To whom correspondence should be addressed.

Unexpectedly Strong Effect of Caffeine on the Vitality

of Western Honeybees (Apis mellifera)

A. Strachecka1*, M. Krauze2, K. Olszewski1, G. Borsuk1, J. Paleolog1,

M. Merska2, J. Chobotow3, M. Bajda1, and K. Grzywnowicz4

1Department of Biological Basis of Animal Production, Faculty of Biology and Animal Breeding, University of Life Sciences

in Lublin, Akademicka 13, 20-950 Lublin, Poland; E-mail: aneta.strachecka@up.lublin.pl; krzysztof.olszewski@up.lublin.pl;

grzegorz.borsuk@up.lublin.pl; jerzy.paleolog@up.lublin.pl; milena.bajda@wp.pl
2Department of Biochemistry and Toxicology, Faculty of Biology and Animal Breeding, University of Life Sciences in Lublin,

Lublin, Poland; E-mail: magdalena.krauze@up.lublin.pl; malwina.merska@interia.pl
3Department of Zoology, Museum Zoological/Laboratory, Faculty of Biology and Biotechnology,

Maria Curie-Sklodowska University, Lublin, Poland; E-mail: jacek.chobotow@op.pl
4Department of Biochemistry, Faculty of Biology and Biotechnology, Maria Curie-Sklodowska University,

Lublin, Poland; E-mail: grzyw@hermes.umcs.lublin.pl

Received May 22, 2014

Revision received June 26, 2014

Abstract—We examined the influence of caffeine on honeybee lifespan, Nosema resistance, key enzyme activities, metabol-

ic compound concentrations, and total DNA methylation levels. Caffeine slowed age-related metabolic tendencies. Bees

that consumed caffeine lived longer and were not infested with Nosema spp. Caffeine-treated workers had higher protein

concentrations. The levels increased with aging but they then decreased in older bees. Caffeine increased the activities of

antioxidant enzymes (SOD, GPx, CAT, GST), AST, ALT, ALP, neutral proteases, and protease inhibitors, and the concen-

trations of uric acid, triglycerides, cholesterol, glucose, and Ca2+. Acidic and alkaline protease activities were lower in the

bees treated with caffeine. Creatinine and Mg2+ concentrations were higher in the caffeine-treated workers but only up to

14 days of age. Caffeine significantly decreased DNA methylation levels in older bees. The compound could be considered

as a natural diet supplement increasing apian resistance to stress factors. Our studies will enhance possibilities of using Apis

mellifera as a model organism in gerontological studies.

DOI: 10.1134/S0006297914110066

Key words: honeybee, caffeine, vitality, antioxidant, proteolysis, DNA methylation



EFFECT OF CAFFEINE ON Apis mellifera 1193

BIOCHEMISTRY  (Moscow)   Vol.  79   No.  11   2014

honeybees in a way that is similar to the effects reported in

humans and other vertebrates [10]. In young honeybees,

caffeine reduces the age at which constrained individuals

are able to perform olfactory associative tasks, whereas in

older forager bees, caffeine not only promotes motivation

but also boosts cognitive performance in complicated

learning tasks [11]. The effects of caffeine on the process-

es occurring in apian brains have been studied [12, 13].

Apis mellifera is used as a model organism in relation

to vertebrates with regard to both epigenetics and experi-

mental gerontology [14-16]. However, the biochemical

response to caffeine administration in the case of key

apian metabolic pathways has not been thoroughly

explored. Therefore, further studies on specific caffeine

effects on biochemical processes and DNA methylation

in honeybees are needed, particularly in the context of

aging, since interspecies differences exist, even though

many metabolic pathways are conservative.

On the other hand, natural bioactive preparations

and antioxidants that will boost apian resistance and aid

body detoxification are in demand. This is particularly

important at a time of intensified agriculture, honeybee

colony collapse disorder (CCD), and the proliferation of

such diseases as varroatosis or nosemosis [17-20]. In this

situation, hopes are pinned on natural, bioactive nutri-

ents. One of them is caffeine.

Considering that caffeine has strong antioxidative

properties, we proposed the hypothesis that it lengthens

apian life, reduces the level of infestation by Nosema spp.,

affects key biochemical processes, and slows the age-

related increase in global DNA methylation level.

In this study, we decided to analyze the age-related

impact of caffeine on the activities/concentrations of apian

antioxidants, key enzymes/metabolic compounds, proteo-

lytic system, and total DNA methylation levels. These

parameters are of particular importance for the mainte-

nance of homeostasis, strengthening stress resistance, and

therefore for postponement of senescence. We also decid-

ed to specifically check whether caffeine might protect

bees against Nosema spp. Infestation, which is now one of

the major problems in worldwide apiculture [21-23].

MATERIALS AND METHODS

Two worker groups (A. mellifera) were set up each

consisting of 100 wooden cages (12 × 12 × 4 cm) with 40

one-day-old workers in each. Each cage has a glass front

screen as well as ventilation and feeding slots. The work-

ers were fed with sugar syrup (1 : 1) ad libitum using inner

feeders. In the first group, the syrup was supplemented

with caffeine (FP VI, Pharma Cosmetic) at the concen-

tration of 5 µg/ml, whereas in the second group, the con-

trol, caffeine was not added to the syrup. The cages were

kept in an air-conditioned chamber (26°C and 65% rela-

tive humidity). In each of the groups, 30 of the 100 cages

were designated for longevity tests and the remaining 70

for biochemical assays. The procedures described below

were started 2 h after the start of feeding.

Procedure 1. Dead workers were removed every two

days from the 30 longevity-test cages (in total, 1200 work-

ers were tested) and frozen at –25°C for further assess-

ment of Nosema spp. infestation [24] in each of the

groups. Numbers of workers that remained alive were

recorded and quartiles (75, 50, 25, and 0%) of worker

lifespan distributions were determined.

Procedure 2. Following Strachecka et al. [25], on the

1st, 4th, 10th, 18th, 25th, and 32nd day, fresh hemolymph

was taken 3 to 7 times from all the remaining 70 cages

from 12 to 15 living workers (altogether 2800 workers).

The procedure was performed in each of the groups.

Because the bees fed with caffeine lived longer, analogi-

cally on the 42nd and 53rd day, 3 to 7 pooled samples

were obtained that contained 100 µl of fresh hemolymph,

respectively. A glass capillary was introduced between the

third and fourth apian tergite and, sampled in this way,

hemolymph was collected into sterile Eppendorf

(Germany) tubes containing 200 µl of ice-cooled 0.6%

NaCl. The tubes, each containing one pooled

hemolymph sample, were immediately frozen at –25°C

for further biochemical analyses. Additionally, 10 live

workers were randomly captured from all the remaining

70 cages and refrigerated at –25°C to further analyze

global DNA methylation levels.

Protein concentration was determined using the

Lowry method as modified by Schacterle and Pollack

[26]. Copper reagent (10 µl) was added to 10 µl samples

for a 10 min incubation at 25°C. Subsequently, 40 µl of

Folin reagent was added (1 : 17) for a 5 min incubation at

55°C. The resulting samples were analyzed spectrophoto-

metrically to measure the absorbance at 280 nm.

Antioxidant enzyme activities. Catalase (CAT) activity

was measured according to Aebi [27]. A sample of H2O2

solution (165 µl of 54 mM) was supplemented with 335 µl

of 50 mM phosphate buffer (pH 7.0) at 25°C. The reaction

was started with the addition of a 5 µl hemolymph sample.

Decomposition of H2O2 was monitored at 240 nm. One

unit of catalase was taken as the amount of the enzyme that

decomposes 1 µmol of H2O2 per minute at 25°C.

Glutathione peroxidase (GPx) activity was measured

according to Chance and Maehly [28]. A 25 µl sample of

the assay mixture (125 µM phosphate buffer, pH 6.8,

50 µM pyrogallol, 50 µM H2O2, and 5 µl of hemolymph)

was incubated for 5 min at 25°C, after which the reaction

was stopped by adding 5 µl of 5% H2SO4. Absorbance was

monitored at 420 nm.

Glutathione S-transferase (GST) activity was meas-

ured by the method of Warholm et al. [29]. A cuvette was

prepared with 215 µl of 0.1 M sodium phosphate buffer

(pH 6.5), 13 µl of 20 mM GSH, and 13 µl of 20 mM 1-

chloro-2.4-dinitrobenzene in 95% ethanol. The reaction,

which was carried out at 30°C, was started with the addi-
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tion of a 13 µl hemolymph sample. Absorbance increase

was monitored at 340 nm.

Superoxide dismutase (SOD) activity was measured

according to the method of Podczasy and Wei [30]. The

following substances were added to the tubes: 0.5 mM

xanthine, 0.3 mM EDTA, 49 mM p-iodonitrotetrazoli-

um, 0.92 mM Na2CO3, and a 5 µl hemolymph sample.

The reaction was initiated by addition of the indicated

amount of xanthine oxidase (up to 0.25 U/ml). After

15 min incubation at 25°C, the mixture was cooled.

Absorbance was monitored at 505 nm.

All antioxidant enzyme activities were calculated per

mg of protein.

Non-enzymatic antioxidant (albumin, uric acid, urea,

creatinine) concentrations were determined by colorime-

try using monotests from Cormay (Poland) according to

the manufacturer’s instructions.

Activities of aspartate aminotransferase (AST), ala-

nine aminotransferase (ALT), and alkaline phosphatase

(ALP) were measured with the kinetic method using

monotests from Cormay according to the manufacturer’s

instructions.

Concentrations of triglycerides, cholesterol, glucose,

Mg2+, and Ca2+ were measured by colorimetry using

Cormay monotests according to the manufacturer’s

instructions.

Protease and protease inhibitor activities were deter-

mined as follows. Proteolytic activity in relation to sub-

strates (gelatin, hemoglobin, ovalbumin, albumin,

cytochrome c, casein) was tested according to the Anson

method [31] modified by Strachecka et al. [32]. Five

microliters of each sample was incubated with 10 µl of 1%

substrates (each of six) in an appropriate buffer for 2 h at

37°C. The reactions were ended by adding 40 µl of cold

5% trichloroacetic acid (TCA). The supernatant was

spectrophotometrically analyzed to measure the

absorbance at 280 nm. Hemoglobin was changed as the

optimal substrate for subsequent analyses.

Activities of acidic, neutral, and basic proteases were

measured by Anson’s method [31] modified by

Strachecka et al. [33]. Protease activities were assayed in

three buffers: 100 mM glycine-HCl, pH 2.4; 100 mM

Tris-HCl, pH 7.0, and 100 mM glycine-NaOH, pH 11.2.

Next, 5 µl of each sample was incubated with 10 µl of 1%

hemoglobin in an appropriate buffer for 90 min at 37°C.

The reactions were ended by adding 40 µl of cold 5%

TCA; the undigested proteins were precipitated and cen-

trifuged. The supernatant was analyzed spectrophotomet-

rically to measure the absorbance at 280 nm. One unit of

enzyme activity was defined as the amount of enzyme

producing a 0.001 increase in absorbance per minute.

Levels of natural inhibitors of acidic, neutral, and

alkaline proteases were determined by the method of Lee

and Lin [34]. When determining general levels of protease

inhibitor activities, pepsin was used as a protease marker

at acidic pH and trypsin as a protease marker at neutral

and alkaline pH. Five microliters of pepsin or trypsin was

preincubated with 5 µl of a given sample for 30 min. After

this time, 25 µl of 1% hemoglobin in an appropriate

buffer was added and the incubation continued for

60 min. The reactions were ended by adding 60 µl of

TCA, and the supernatants were assayed as described

above. Inhibitor activities were calculated according to

Lee and Lin [34].

Proteolytic activities in relation to diagnostic inhibitors

of proteolytic enzymes (pepstatin A, phenylmethylsulfonyl

fluoride (PMSF), iodoacetamide, o-phenanthroline) were

measured according to Lee and Lin [34]. Five microliters

of the diagnostic inhibitors were preincubated with 5 µl of

a given sample for 30 min. After this time, 25 µl of 1%

hemoglobin in an appropriate buffer was added and the

incubation continued for 90 min. The reactions were

ended by adding 60 µl of TCA, and the supernatants was

assayed as described above.

Global DNA methylation. DNA was extracted from

the head and thorax of 10 live workers additionally cap-

tured from all the remaining 70 cages using the DNeasy

Blood & Tissue Kit (Qiagen, Germany) following the

producer’s instructions. Extracted DNA samples were

stored at –25°C and subsequently modified by treatment

with Capture Antibody using MDQ1-96RXN Imprint®

Methylated DNA Quantification Kit following the pro-

ducer’s instructions (Sigma, USA).

Statistical analysis. Caffeine effects and the signifi-

cance of differences between the group averages were

determined using one-way ANOVA plus the least signifi-

cant analysis procedures (LSD) with SAS statistical soft-

ware (SAS Institute v9.13, 2002-2003 license 86636). The

Mann–Whitney U-test was used to analyze differences

between the two groups in the number of Nosema spp.

spores.

Fig. 1. Protein concentrations in the hemolymph of workers from

the control and caffeine-treated groups. * Differences are statisti-

cally significant for comparisons between the groups (control and

caffeine-treated) and workers of the same age at P � 0.05.
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RESULTS

Bees that consumed caffeine lived longer and were

not infested with Nosema spp. (Table 1). In particular, the

percentage of long-lived workers was greater in the bee

group that consumed caffeine. Caffeine-treated workers

had higher concentrations of proteins (Fig. 1). The fol-

lowing age-related tendencies were revealed. First, pro-

tein concentrations increased during the aging/matura-

tion process, but they then decreased in older bees. The

decrease, however, began much later in the caffeine-

treated group. Caffeine also increased the activities of

antioxidant enzymes (SOD, GPx, CAT, GST) (Fig. 2) as

well as the activities of AST, ALT, ALP (Table 2), neutral
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Fig. 2. Activities of antioxidant enzymes in the hemolymph of workers from the control and caffeine-treated groups. * Differences are statis-

tically significant for comparisons between the groups (control and caffeine-treated) and workers of the same age at P � 0.05. SOD, superox-

ide dismutase; GPx, peroxidase; CAT, catalase; GST, glutathione S-transferase.
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Table 2. Mean activities of aspartate aminotransferase (AST), alanine aminotransferase (ALT) and alkaline phos-

phatase (ALP) in workers from the control and caffeine-treated groups
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Table 3. Mean protease activities in workers from the control and caffeine-treated groups

х–

0.063
0.063

0.256
0.327

0.492
0.329

0.723a

0.311b

0.487a

0.278b

0.377a

0.231b

0.193

0.175

Alkaline protease, U/mgNeutral protease, U/mgAcidic protease, U/mg

Notes: х–, mean value; ±se, standard error; a,b the differences between the groups are statistically significant for comparisons made within each of

the rows separately (bees of the same age and particular enzymes) at P � 0.05; * there were no living workers in the control group.



EFFECT OF CAFFEINE ON Apis mellifera 1197

BIOCHEMISTRY  (Moscow)   Vol.  79   No.  11   2014

proteases (Table 3), and protease inhibitors (Table 4). The

stimulating effects of caffeine were always more distinct

in older workers. Age-related tendencies similar to those

revealed in the case of protein concentrations were also

observed.

The activities of acidic and alkaline proteases (Table

3) were lower in the bees that were administered caffeine.

Both groups of bees were found to have aspartic and ser-

ine proteases (activity in relation to diagnostic inhibitors

pepstatin A and PMSF). The activities of these enzymes

first increased with age in young and adult workers and

then decreased in older bees (Tables 3 and 4).

Caffeine-treated workers had higher concentrations

of uric acid (Table 5), triglycerides, cholesterol, glucose,

and Ca2+ (Table 6). Concentrations of creatinine (Table 5)

and Mg2+ (Table 6) were higher in caffeine-treated work-

ers but only up to 14 days of age. After the 15th day of age,

they were higher in the control group. Concentrations of

albumin and urea were higher in the control group (Table

5). In both groups the concentrations of albumin and uric

acid (Table 5) decreased with age, while concentrations of

urea and creatinine increased until the 14th day and then

decreased. Growth tendencies in the concentration of the

non-enzymatic biochemical parameters (Table 6) were

observed in young and mature bees in both groups. Only

the concentration of glucose in the control group

decreased with age (Table 6).

The global methylation level increased with age. The

levels identified in young, just emerged workers (1- to 3-

day-old) were the same in the bees that consumed caf-

feine as in those that did not (Fig. 3). However, caffeine

significantly decreased DNA methylation levels in older

bees.
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0.07
0.05

0.03
0.04

0.06
0.03

0.05

0.04

х–

0.559
0.559

0.728a

0.623b

1.678a

0.839b

0.892a

0.280b

0.552a

0.251b

0.534a

0.243b

0.228

0.227

± se

2.18
3.27

4.23
5.28

4.57
3.64

4.51
5.73

3.24
4.55

6.03
3.21

4.36

2.27

х–

1071.431b

3548.183a

926.182b

3137.281a

771.263b

1457.271a

480.002b

1032.273a

214.281b

492.363a

50.227b

68.362a

67.392

67.220

Caffeine
adminis-
tration

–
+

–
+

–
+

–
+

–
+

–
+

+*

+*

Worker
age,
days

1 

4 

10 

18 

25 

32 

42 

53 

± se

2.73
3.87

1.94
1.26

2.06
2.73

3.85
4.22

2.66
3.12

4.23
2.41

2.11

1.68

Table 5. Mean concentration of non-enzymatic antioxidants in workers from the control and caffeine-treated groups

х–

34.283b

96.225a

42.172b

160.273a

52.781b

182.537a

106.283a

86.452b

104.252a

32.568b

32.625a

16.263b

16.092

15.253

Creatinine, µmol/literUrea, mmol/literUric acid, µmol/liter

Notes: х–, mean value; ±se, standard error; a,b the differences between the groups are statistically significant for comparisons made within each of 

the rows separately (bees of the same age and particular enzymes) at P � 0.05; * there were no living workers in the control group.

± se

0.005
0.004

0.007
0.002

0.005
0.003

0.004
0.007

0.002
0.006

0.003
0.002

0.003

0.004

х–

0.053a

0.023b

0.051a

0.011b

0.043a

0.009b

0.025a

0.005b

0.020a

0.003b

0.008a

0.002b

0.010

0.010

Albumin, g/dl

± se

0.09
0.10

0.13
0.16

0.18
0.20

0.10
0.05

0.11
0.06

0.09
0.07

0.10

0.12

х–

0.372
0.384

0.588b

0.963a

0.821b

1.629a

0.337a

0.140b

0.293a

0.064b

0.203a

0.089b

0.121

0.163

± se

0.21
0.20

0.32
0.17

0.23
0.25

0.31
0.27

0.24
0.37

0.33
0.12

0.26

0.33

х–

28.312
28.671

27.332b

32.783a

23.128b

34.217a

21.337b

34.718a

17.229b

33.273a

14.211b

33.183a

30.283

25.416

Caffeine
adminis-
tration

–
+

–
+

–
+

–
+

–
+

–
+

+*

+*

Worker
age,
days

1 

4 

10 

18 

25 

32 

42 

53 

± se

0.22
0.27

0.18
0.26

0.15
0.32

0.28
0.35

0.17
0.26

0.21
0.23

0.29

0.31

Table 6. Mean concentrations of triglycerides, cholesterol, glucose, Mg2+ and Ca2+ in workers from the control and

caffeine-treated groups

х–

19.593b

20.378a

27.836b

29.817a

22.172b

29.273a

15.288b

27.263a

15.118b

24.178a

12.782b

23.289a

23.142

20.182

Ca2+, mmol/literMg2+, mmol/literGlucose, mmol/liter

Notes: х–, mean value; ±se, standard error; a,b the differences between the groups are statistically significant for comparisons made within each of 

the rows separately (bees of the same age and particular enzymes) at P � 0.05; * there were no living workers in the control group.

± se

0.12
0.10

0.09
0.11

0.08
0.12

0.11
0.20

0.14
0.10

0.07
0.14

0.22

0.13

х–

0.321
0.382

0.338
0.528

0.482b

0.927a

0.499b

0.995a

0.311b

0.997a

0.234b

0.933a

0.829

0.731

Cholesterol, mmol/liter

± se

0.23
0.27

0.13
0.28

0.13
0.12

0.09
0.11

0.23
0.15

0.25
0.23

0.37

0.26

х–

0.836
0.845

0.992
1.033

1.103b

1.489a

1.729b

1.985a

1.829b

2.361a

1.283b

2.381a

1.922

1.725

Triglycerides, mmol/liter
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DISCUSSION

Caffeine is reportedly the most popular psycho-stim-

ulant [35] that influences general activity and, particular-

ly, learning efficacy in honeybees as well [36-43]. Our

studies showed, however, that metabolic effects of caf-

feine have a far greater significance in honeybees than one

could expect.

Caffeine substantially extended the lifespan of caged

bees (Table 1). Among other possible reasons, this might

be caused by a significant reduction in Nosema spp. infec-

tion in the workers that consumed the compound.

Caffeine activates the signaling pathway that produces

proteolytic system agents, especially protease inhibitors,

of which high activities were observed in our study (Table

4). The high activity of these compounds led to amino

acid deficiency that might have suppressed Nosema

growth or at least reduced the availability of amino acids

essential for the production of Nosema proteins [44].

Thus, we showed in this study that caffeine can protect

bees against Nosema. On the other hand, Ashihara and

Crozier [45] reported that caffeine had long been consid-

ered to constitute chemical defense against biological

stressors. Kim and Sano [46] suggest that this substance

stimulates the production and/or translocation of pro-

tease inhibitors and signaling molecules, and therefore it

enhances plant resistance against infection by viruses and

bacterial pathogens. Therefore, not only increased resist-

ance to Nosema but also improved general vitality can be

found in bees that consume caffeine. Extended lifespan of

our bees corresponded with the results of the biochemical

analyses.

Caffeine changed the metabolism of the bees

through modifications in the concentrations and activi-

ties of many other biochemical parameters (Tables 2-6

and Figs. 1 and 2). First, caffeine positively influenced

the protective functions in the bees by increasing the

activities of the antioxidant system (Fig. 2). Higher activ-

ities of the antioxidant enzymes, which were triggered by

caffeine treatment, suggest that caffeine may promote

detoxification [47, 48]. These activities may also result

from a low degree of infection by Nosema spp. [49].

Moreover, caffeine modified non-enzymatic antioxi-

dants, e.g. by decreasing albumin and urea concentra-

tions and increasing uric acid concentration in the

hemolymph of the bees over their entire lifespans. This

was probably caused by the intensity of processes con-

nected with intercepting reactive oxygen forms and bind-

ing ions [50]. Second, enzymes involved in the proteolyt-

ic system are essential components of insect resistance

barriers [51] and are associated with the activity of the

antioxidant system [52]. The enzymes also contribute to

the amelioration of the consequences of oxidative damage

[53, 54]. As mentioned above, caffeine increased proteo-

lytic activity in our bees. Third, following caffeine admin-

istration, a rise was observed in the activity of AST, ALT,

and ALP. We confirmed that, in a similar fashion to natu-

ral methylxanthines, caffeine increased the concentration

of triglycerides, cholesterol, glucose, and Ca2+. Such

responses to caffeine consumption have previously been

observed in mammals [3, 48, 55-57]. Consequently, this

study might provide new possibilities for using A. mellifera

as a model animal. Particularly, it also fills the lacuna in

biochemical knowledge on caffeine impact on apian

vitality in the context of aging.

Biochemical changes occurring in bees with aging

and in senility were another topic of this study. In senile

workers, activities of antioxidant and proteolytic enzymes

(Fig. 2 and Tables 3 and 4), as well as those of AST, ALT,

and ALP, decreased (Table 2). At the same time, concen-

trations of proteins (Fig. 1) and non-enzymatic antioxi-

dant (Table 5) and non-enzymatic biochemical com-

pounds (Table 6) also decreased. However, all these

changes were observed on the 32nd day of age in the con-

trol group, whereas only on the 53rd day in the caffeine-

treated group. This is most likely due to a deceleration of

senescence-related metabolic changes [58] in the workers

that consumed caffeine. It should be also noted that bio-

chemical changes that we observed in the old bees were

similar to those observed in old mammals [59]. This con-

firms that new opportunities have emerged for the use of

honeybees in experimental gerontology [14, 58].

We confirmed that global DNA methylation levels

increase in bees during aging (compare [15] and [60]), but

caffeine slowed this process (Fig. 3). Apparently, caffeine

affects the epigenetic control of the apian genome by

reducing global DNA methylation. Barres et al. [61] sug-

gest that caffeine induces promoter hypomethylation in

rat myotubes. DNA hypomethylation is a transient mech-

anism involved in mRNA synthesis. Such changes in the

genome affect protein inhibitor synthesis and methyl-

transferase activity, as well as inducing changes in key

biochemical pathways. Caffeine-dependent changes in

DNA methylation and, consequently, in the levels of

many biochemical compounds, which were observed in

our study, might be connected with changes in gene

expression induced in the apian brain [13].

It should be noted that, as in the case of many other

compounds [62], the effects of caffeine largely depend on

the dose [55, 63]. Caffeine treatment may cause either

favorable or disadvantageous biochemical changes, as

well as even resulting in dysfunctions of specific tissues

and metabolic disorders [64] depending on its dose. The

caffeine doses applied in our study were similar to those

successfully and safely applied in rats and mice (5 µg/ml)

[55]. They were not disadvantageous and extended apian

lifespan while slowing senescence in both biochemical

and epigenetic terms. It appears that honeybees respond

to caffeine dosage in a similar manner to mammals.

Caffeine supplementation of the diet (5 µg/ml)

influenced the worker bee lifespan, global DNA methyla-
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tion levels, protein content, antioxidative and proteolytic

system activities, as well as enzymatic and non-enzymat-

ic biochemical parameters. The response seems surpris-

ingly clear and significant.

Caffeine could be taken into consideration as a nat-

ural dietary supplement increasing apian resistance to

stress conditions, e.g. diseases, infestations with microor-

ganisms, and oxidative stress. The possibilities of using

caffeine to prevent Nosema spp. infestation seem particu-

larly promising in queen bee rearing.

This study facilitates the use of A. mellifera as a

model organism in epigenetic and biochemical gerontol-

ogy studies.
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