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Caffeine is an alkaloid acting as an antagonist on adenosine receptors; however,
the other targets for caffeine are known as well.Not much is known about effect of
caffeine on immunity. In this work, we have hypothesized that caffeine can cause alteration
of infectious disease progression. Tularemia, a zoonotic disease caused by
Francisellatularensis, was used as the model disease and BALB/c mice were used as an in
vivo model. Interleukines (IL) 1b, 2, 4, 6 and interferon g (IFN-g) were assayed by enzyme
linked immuno-sorbent assay (ELISA) from plasma and bacterial burden was tested in
spleen. We proved that caffeine caused increase of bacterial burden in the spleen in dose
response manner. Oppose to this, IL-6 and IFN-gwere decreased in dose response manner.
Caffeine seems to be able to modulate tularemia progression. Impact on neutrophils via
adenosine receptors and on macrophages via cholinergic anti-inflammatory pathway is
the most probable explanation.
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Caffeine, a simple alkaloid with proper
chemical name 1,3,7-Trimethylpurine-2,6-dione or
trimethylxanthine, is a secondary metabolite from
Coffea plants.In the current time, caffeine is well
accessible as an effective compound in some drugs
and beverages1. From a toxicological point of view,
caffeine is a low toxic compound with minimal
adverse effects2,3. Mechanism of caffeine action is
based on antagonism with adenosine on adenosine
receptors 4,5.However, caffeine is implicated in the
other pathways and neurotransmissions such as
the one based on acetylcholine, epinephrine,
norepinephrine, serotonin, dopamine and

glutamate can be mentioned as the
neurotransmitter being interfered6-10.

Not much is known about interaction
between caffeine and immune system. In a previous
work, link between caffeine and production of
antibodies was revealed11.In another work,
association between caffeine and oxidative stress
which is also in a proximity to inflammation was
proved and discussed 12,13. Implication of caffeine
in ongoing infectious diseases can be inferred
regarding to the quoted papers; however, detailed
evidence of such process is missing. In the current
manuscript, impact of caffeine on immunity during
an infectious disease is hypothesized. In order to
demonstrate relevance of the findings, tularemia, a
zoonotic disease caused by bacterium
Francisellatularensis, was chosen as a model. The
disease is similar in the used mice like humans14

hence the findings about caffeine can be easily
extrapolated to the human population.
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MATERIALS   AND  METHODS

Microorganism
In this experiment, Francisellatularensis

LVS (strain code ATCC 29684) was chosen as a
model pathogenic microorganism. Sub-passage of
the bacterium was inoculated on standardMcLeod
agar containing bovine hemoglobin and IsoVitaleX
enrichment (Becton-Dickinson, San Jose, CA,
USA). After one day planting, grown bacteria were
harvested and washed by centrifugation (2,000×g
for 10 minutes) using phosphate buffered saline
(pH 7.4). Finally, bacterial suspension 2.35×106

CFU/ml was prepared and used for laboratory
animals infection. Exact concentration ofF.
tularensis suspension was determined by re-
cultivation one day later.
Experiment on BALB/c mice

BALB/c mice were chosen as an animal
model. The female mice were two months old (with
approximate weight 21±2 g) in the experiment
beginning and they were purchased as specific
pathogen free animals from BioTest(Konarovice,
Czech Republic). Conditions for animals
husbandry were following: no limitation in access
to feed and water, temperature 22±2°C, humidity
50±10%, and light period from 7 a.m. to 7 p.m. The
part experiment based on live animals was done in
vivarium of the Centre of Biological Defense in
Techonin (Czech Republic). The experiment was
permitted by ethical commission of Ministry of
Defence, Czech Republic.

The animals were divided to six groups
each composed from nine animals. Suspension of
F. tularensis and/or solution of caffeine (analytical
purity, purchased from Sigma-Aldrich, St. Louis,
MO, USA) in saline were applied into rear limbs.
While F. tularensis suspension was applied
subcutaneously to left rear limb, caffeine was
applied intradermally to right rear limb. Division of
the groups was following:
1. The animals received 100 µl of F. tularensis

suspension only.
2. The animals received 100 µl of F. tularensis

suspension and 100 µl of caffeine solution
providing dose 5 mg/kg of body weight.

3. The animals received 100 µl of F. tularensis
suspension and 100 µl of caffeine solution
providing dose 15 mg/kg of body weight.

4. The animals received 100 µl of F. tularensis
suspension and 100 µl of caffeine solution

providing dose 45 mg/kg of body weight.
5. The animals received 100 µl of caffeine solution

providing dose 45 mg/kg of body weight.
6. The animals received only saline.

Second day after experiment beginning,
the animals received the same dose of caffeine like
the first day or received saline (animals without
application of caffeine i.e. groups 1 and 6). Three
days after immunization, the animals underwent
euthanasia in CO2 anesthesia by cutting of carotid
artery. The excurrent blood was collected into tube
with lithium heparin. Plasma was separated from
the blood by centrifugation at 1,000×g for 5
minutes.Spleen was sampled and homogenized by
pressing through a nylon net (diameter of a hole 1
mm). Bacterial burden was determined using
standard cultivation.
Cytokines assays

The immunochemical markers interferon
gamma (IFN-g), interleukin 1beta, 2, 4 and 6 (IL-1b,
IL-2, IL-4, IL-6) were determined using standard
enzyme linked immuno-sorbent assay(ELISA) kits
from Sigma-Aldrich. The assay was made in
compliance with protocol provided by the
manufacturer.
Statistical anis

SoftwareOrigin 9 (OriginLab Corporation,
Northampton, MA, USA) was used for the
experimental data processing. Data from the
experimental groups were compared one to each
other and significances of alterations between the
groups were estimated using one-way analysis of
variance with Fisher test for probabilities levels P
= 0.05 and P = 0.01 (size of group n = 9).

RESULTS   AND  DISCUSSION

In the experiment, no laboratory animal
perished prior to euthanasia. The infected animals
had typical symptoms for tularemia such as slow
motility, exhaustion, and stubby fur15,16. When
compared the infected animals one to each other,
no visible difference between the infected animals
treated with caffeine and the infected one without
caffeine was observed. Controls that received
saline and the controls that received only caffeine
had no uncommon manifestation and no difference
between the two groups has been revealed since
the experiment starting. It is necessary to rationalize
dose of caffeine used here. The lowest dose of
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caffeine used here roughly corresponds with a
dose of caffeine received by drinking of coffee or
caffeine containing drinks. In an example, a small
cup of coffee contains approximately 100 – 200 mg
of caffeine17,18. The upper dose of caffeine used

here is approximately three times under median
lethal dose19.

Experimental data regarding to bacterial
burden in spleen are summarized in figure 1. Spleen
has been chosen as an organ suitable for bacterial
burden testing because F. tularensis is retained
there within host cell hence analysis of the organ
is a standard protocol20,21. In the control animals
(i.e. groups 5 and 6), no bacteria were found. The
finding was expected and it is a confirmation of the
fact that the disease was not transmitted to the
controls. In the infected animals, average bacterial
burden per spleen was around 22,500 CFU for the
animals not treated with caffeine. The lowest dose
of caffeine (5 mg/kg) had no effect on the bacterial
burden; however, the upper doses 15 and 45 mg/
kg caused significant (P = 0.01) increase of bacterial
burden up to average 33,745 for the caffeine dose
15 mg/kg and 38,425 CFU for the dose 45 mg/kg.
When considered importance of the finding, it can
be stated that caffeine deteriorates the disease.
However, the negative effect followed
administration of the upper doses of caffeine.
When extrapolated the data to humans, worsening
of the disease can expected after caffeine
administration; however, doses exceeding common
drinking of coffee or tea should be accepted in

Fig. 1. Bacterial burden expressed as colony forming
units (CFU)for Francisellatularensisin spleen of mice
infected with tularemia. Error bars indicates standard
error of mean. Symbol ** is an expression for statistical
difference against the first group on probability level
P=0.01. Meaning of groups: 1 – animals infected with
tularemia; 2 – infected animals with caffeine dose 5 mg/
kg; 3 – infected animals with caffeine dose 15 mg/kg; 4
– infected animals with caffeine dose 45 mg/kg

Fig. 2. Plasmatic level of interleukin 6 (IL-6) Error bars
indicates standard error of mean. Symbol * respective
** is an expression for statistical difference against the
first group on probability level P0.05 respective 0.01.
Meaning of groups: 1 – animals infected with tularemia;
2 – infected animals with caffeine dose 5 mg/kg; 3 –
infected animals with caffeine dose 15 mg/kg; 4 – infected
animals with caffeine dose 45 mg/kg; 5 – animals with
caffeine dose 45 mg/kg; 6 – controls receiving saline
only

Fig. 3. Plasmatic level of interferon g (IFN-g). Error
bars indicates standard error of mean. Symbol *
respective ** is an expression for statistical difference
against the first group on probability level P0.05
respective 0.01. Meaning of groups: 1 – animals infected
with tularemia; 2 – infected animals with caffeine dose
5 mg/kg; 3 – infected animals with caffeine dose 15 mg/
kg; 4 – infected animals with caffeine dose 45 mg/kg; 5
– animals with caffeine dose 45 mg/kg; 6 – controls
receiving saline only
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order to reach the described effect. On the other
hand, such overdosing cannot be excluded since
caffeine is used in food supplements and drugs as
well and combination of the drugs, supplements
and drinks can easily lead to overdosing22,23.

ELISA for IL-1b, IL-2 and IL-4 did not
prove any significant effect of caffeine. Comparing
to the aforementioned, caffeine seems to be
implicated in regulation of IL-6 and IFN-g
production that can be perceived from figure 2 for
IL-6 and figure 3 for IFN-g. Caffeine caused decrease
of the IFN-gand IL-6 in a dose response manner.
The effect of caffeine was significant (P = 0.05) for
the upper dose of caffeine (45 mg/kg). The finding
is not surprising in a true sense of the world
because implication of caffeine in suppression of
inflammatory was proposed by some
investigators24,25.Caffeine can be involved in
control over inflammation via adenosine A3
receptors regulating neutrophils degranulation26,27.
Neutrophils are necessary for tularemia resolving
28 and involvement of caffeine in neutrophils
activation could explain alteration in the bacterial
burden. However, it cannot explain the involvement
in IFN-g and IL-6 levels. It is more probable that
caffeine meets another pathway beside the
regulation of neutrophils. There can be
hypothesized impact of caffeine on cholinergic
system when considered current literature.Caffeine
is able to interact with cholinergic system by
regulation of acetylcholine release29 and cholinergic
system is tightly linked to adenosine neurons so
activation of adenosine receptors leads to
inhibition of acetylcholine release and caffeine
prevents from this30-32. Beside this, caffeine is an
inhibitor of enzyme acetylcholinesterase33-35. The
inhibition of acetylcholinesterase results in higher
accessibility of acetylcholine as well. Increased
level of acetylcholine can interact with
acetylcholine receptors including á7 nicotinic
acetylcholine receptor located on macrophages36.
It is an compartment of so called cholinergic anti-
inflammatory pathway37-42. The proved suppression
of cytokines level can be attributed just to the
cholinergic anti-inflammatory pathway. The whole
effect caused by caffeine is probably a combination
of impact on the neutrophils via adenosine A3
receptors and on macrophages via the
acetylcholine.

CONCLUSIONS

Caffeine is a simple organic compound
with a broad impact on the body. In the current
experiment, we proved that caffeine is involved in
immunity regulation and can interfere with an
infectious disease. The effect is probably a result
of impact on the neutrophils via adenosine A3
receptors and on macrophages via the
acetylcholine. Considering the experimental data,
caffeine should be considered as a drug with
potentially serious role when taken during a
disease. High doses of caffeine during the diseases
could even have serious consequences.

REFERENCES

1. Pohanka, M. The effects of caffeine on the
cholinergic system. Mini. Rev. Med. Chem., 2014;
16 (6): 543-549.

2. Seifert, S.M.,Seifert, S.A.,Schaechter,
J.L.,Bronstein, A.C.,Benson, B.E.,Hershorin,
E.R.,Arheart, K.L.,Franco, V.I.,Lipshultz, S.E.
An analysis of energy-drink toxicity in the
national poison data system. Clin. Toxicol.
(Phila),2013; 51(7): 566-574.

3. Cizkova, H.,Voldrich, M.,Mlejnecka,
J.,Kvasnicka, F. Authenticity evaluation of tea-
based products. Czech. J. Food Sci.,2008; 26(4):
259-267.

4. Chen, J.F.,Eltzschig, H.K.,Fredholm, B.B.
Adenosine receptors as drug targets - what are
the challenges? Nat. Rev. Drug Discov., 2013;
12(4): 265-286.

5. Ribeiro, J.A.,Sebastiao, A.M. Caffeine and
adenosine. Journal of Alzheimers Disease,2010;
20 S3-S15.

6. Szadujkis-Szadurska, K.,Grzesk, G.,Szadujkis-
Szadurski, L.,Gajdus, M.,Matusiak, G. Role of
acetylcholine and calcium ions in three vascular
contraction models: Angiotensin ii,
phenylephrine and caffeine. Exp. Ther.
Med.,2012; 4(2): 329-333.

7. Glatter, K.A.,Myers, R.,Chiamvimonvat, N.
Recommendations regarding dietary intake and
caffeine and alcohol consumption in patients
with cardiac arrhythmias: What do you tell your
patients to do or not to do? Curr. Threat. Options
Cardiovasc. Med.,2012; 14(5): 529-535.

8. Cummings, K.J.,Commons, K.G.,Trachtenberg,
F.L.,Li, A.,Kinney, H.C.,Nattie, E.E. Caffeine
improves the ability of serotonin-deficient (pet-
1-/-) mice to survive episodic asphyxia. Pediatr.
Res.,2013; 73(1): 38-45.



J PURE APPL MICROBIO, 9(2), JUNE 2015.

917POHANKA & PAVLIS:  IMPACT OF CAFFEINE ON TULAREMIA PROGRESSION IN MOUSE

9. Golembiowska, K.,Dziubina, A. The effect of
adenosine a(2a) receptor antagonists on
hydroxyl radical, dopamine, and glutamate in
the striatum of rats with altered function of
vmat2. Neurotox. Res.,2012; 22(2): 150-157.

10. Shin, H.J.,Ryu, J.H.,Kim, S.T.,Zuo, Z.,Do, S.H.
Caffeine-induced inhibition of the activity of
glutamate transporter type 3 expressed in
xenopus oocytes. Toxicol. Lett.,2013; 217(2):
143-148.

11. Pohanka, M. Caffeine downregulates antibody
production in a mouse model. J. Appl. Biomed.,
2015; 13(1): 1-6.

12. Pohanka, M. Role of oxidative stress in
infectious diseases. A review. Folia Microbiol.,
2013; 58(6): 503-513.

13. Pohanka, M. Caffeine alters oxidative
homeostasis in the body of balb/c mice. Brat.
Med. J.,2014; 115 (11): 699-703.

14. Nigrovic, L.E.,Wingerter, S.L. Tularemia. Infect.
Dis. Clin. North Am.,2008; 22(3): 489-504.

15. Hepburn, M.J.,Simpson, A.J.H. Tularemia:
Current diagnosis and treatment options. Expert
Rev. Anti-Infect. Ther.,2008; 6(2): 231-240.

16. D’Elia, R.V.,Laws, T.R.,Carter, A.,Lukaszewski,
R.,Clark, G.C. Targeting the “rising damp”
during a francisella tularensis infection.
Antimicrob. Agents Chemother.,2013; 57(9):
4222-4228.

17. Yubero-Lahoz, S.,Pardo, R.,Farre, M.,Mathuna,
B.O.,Torrens, M.,Mustata, C.,Perez-Mana,
C.,Langohr, K.,Carbo, M.L.,de la Torre, R.
Changes in cyp1a2 activity in humans after 3,4-
methylenedioxymethamphetamine (mdma,
ecstasy) administration using caffeine as a probe
drug. Drug Metab. Pharmacok.,2012; 27(6): 605-
613.

18. Howards, P.P.,Hertz-Picciotto, I.,Bech,
B.H.,Nohr, E.A.,Andersen, A.M.N.,Poole,
C.,Olsen, J. Spontaneous abortion and a diet
drug containing caffeine and ephedrine: A study
within the danish national birth cohort. PLoS
One,2012; 7(11).

19. Warszawski, D.,Gorodischer, R.,Kaplanski, J.
Comparative toxicity of caffeine and
aminophylline (theophylline ethylenediamine)
in young and adult rats. Biol. Neonate.,1978;
34(1-2): 68-71.

20. Rossow, H.,Sissonen, S.,Koskela,
K.A.,Kinnunen, P.M.,Hemmila, H.,Niemimaa,
J.,Huitu, O.,Kuusi, M.,Vapalahti, O.,Henttonen,
H.,Nikkari, S. Detection of francisella tularensis
in voles in finland. Vector-Borne Zoonotic
Dis.,2014; 14(3): 193-198.

21. De Pascalis, R.,Chou, A.Y.,Ryden, P.,Kennett,
N.J.,Sjostedt, A.,Elkins, K.L. Models derived

from in vitro analyses of spleen, liver, and lung
leukocyte functions predict vaccine efficacy
against the francisella tularensis live vaccine
strain (lvs). mBio,2014; 5 (2).

22. Banerjee, P.,Ali, Z.,Levine, B.,Fowler, D.R. Fatal
caffeine intoxication: A series of eight cases from
1999 to 2009. J. Forensic Sci.,2014; 59(3): 865-
868.

23. Jabbar, S.B.,Hanly, M.G. Fatal caffeine overdose
a case report and review of literature. Am. J.
Forensic Med. Pathol.,2013; 34(4): 321-324.

24. Gordillo-Bastidas, D.,Oceguera-Contreras,
E.,Salazar-Montes, A.,Gonzalez-Cuevas,
J.,Hernandez-Ortega, L.D.,Armendariz-
Borunda, J. Nrf2 and snail-1 in the prevention
of experimental liver fibrosis by caffeine. World
J. Gastroenterol.,2013; 19(47): 9020-9033.

25. Machado, S.R.,Parise, E.R.,Carvalho, L. Coffee
has hepatoprotective benefits in brazilian
patients with chronic hepatitis c even in lower
daily consumption than in american and european
populations. Braz. J. Infect. Dis.,2014; 18(2):
170-176.

26. Sullivan, G.W.,Luong, L.S.,Carper, H.T.,Barnes,
R.C.,Mandell, G.L. Methylxanthines with
adenosine alter tnf-alpha-primed pmn
activation. Immunopharmacology,1995; 31(1):
19-29.

27. Chan, E.S.L.,Fernandez, P.,Cronstein, B.N.
Adenosine in inflammatory joint diseases.
Purinergic Signal.,2007; 3(1-2): 145-152.

28. Allen, L.A.H. Neutrophils: Potential therapeutic
targets in tularemia? Front. Cell. Infect.
Microbiol.,2013; 3.

29. Montano, L.M.,Carbajal, V.,Arreola,
J.L.,Barajas-Lopez, C.,Flores-Soto, E.,Vargas,
M.H. Acetylcholine and tachykinins
involvement in the caffeine-induced biphasic
change in intracellular ca2+ in bovine airway
smooth muscle. Br. J. Pharmacol.,2003; 139 (6):
1203-1211.

30. Preston, Z.,Lee, K.,Widdowson, L.,Freeman,
T.C.,Dixon, A.K.,Richardson, P.J. Adenosine
receptor expression and function in rat striatal
cholinergic interneurons. Br. J. Pharmacol.,2000;
130(4): 886-890.

31. Materi, L.M.,Rasmusson, D.D.,Semba, K.
Inhibition of synaptically evoked cortical
acetylcholine release by adenosine: An in vivo
microdialysis study in the rat.
Neuroscience,2000; 97(2): 219-226.

32. Carter, A.J.,Oconnor, W.T.,Carter,
M.J.,Ungerstedt, U. Caffeine enhances
acetylcholine release in the hippocampus in-vivo
by a selective interaction with adenosine a(1)
receptors. J. Pharmacol. Exp. Ther.,1995; 273



J PURE APPL MICROBIO, 9(2), JUNE 2015.

918 POHANKA & PAVLIS:  IMPACT OF CAFFEINE ON TULAREMIA PROGRESSION IN MOUSE

(2): 637-642.
33. Pohanka, M.,Dobes, P. Caffeine inhibits

acetylcholinesterase, but not
butyrylcholinesterase. Int. J. Mol. Sci.,2013; 14:
9873-9882.

34. Okello, E.J.,Leylabi, R.,J., M.G. Inhibition of
acetylcholinesterase by green and white tea and
their simulated intestinal metabolites. Food
Funct.,2012; 3: 651-661.

35. Stoytcheva, M.,Zlatev, R.,Velkova, Z.,Valdez,
B.,Ovalle, M. Electrochemical study on the
kinetic behavior of the immobilized
acetylcholinesterase. ECS Trans.,2009; 20(1):
175-184.

36. Pohanka, M. Alpha7 nicotinic acetylcholine
receptor is a target in pharmacology and
toxicology. Int. J. Mol. Sci.,2012; 13(2): 2219-
2238.

37. Sun, P.,Zhou, K.W.,Wang, S.,Li, P.,Chen, S.J.,Lin,
G.P.,Zhao, Y.,Wang, T.H. Involvement of mapk/
nf-kappa b signaling in the activation of the
cholinergic anti-inflammatory pathway in
experimental colitis by chronic vagus nerve
stimulation. PLoS One,2013; 8(8): e69424.

38. de Haan, J.J.,Hadfoune, M.,Lubbers, T.,Hodin,
C.,Lenaerts, K.,Ito, A.,Verbaeys, I.,Skynner,

M.J.,Cailotto, C.,van der Vliet, J.,de Jonge,
W.J.,Greve, J.W.M.,Buurman, W.A. Lipid-rich
enteral nutrition regulates mucosal mast cell
activation via the vagal anti-inflammatory reflex.
Am. J. Physiol.-Gastroint. Liver Physiol.,2013;
305(5): G383-G391.

39. Chen, Y.H.,Guo, Q.S.,Pan, X.H.,Qin, L.,Zhang,
P. Smoking and impaired bone healing: Will
activation of cholinergic anti-inflammatory
pathway be the bridge? Int. Orthop.,2011; 35(9):
1267-1270.

40. Tonhajzerova, I.,Mokra, D.,Visnovcova, Z.
Vagal function indexed by respiratory sinus
arrhythmia and cholinergic anti-inflammatory
pathway. Respir. Physiol. Neuro.,2013; 187(1):
78-81.

41. Zabrodskii, P.F.,Lim, V.G.,Shekhter,
M.S.,Kuzmin, A.V. Role of nicotinic and
muscarinic cholinoreceptors in the realization
of the cholinergic anti-inflammatory pathway
during the early phase of sepsis. Bull. Exp. Biol.
Med.,2012; 153(5): 700-703.

42. Pohanka, M. Hi-6 modulates immunization
efficacy in a balb/c mouse model. Environ.
Toxicol. Pharmacol.,2013; 36(3): 801-806.


