Effect of Caffeine

on Mouse Immunocompetent Cells

Almira Ramanaviciené!,
Juzefa Acaité!,

Aldona Dringeliené!,
Arvydas Markevicius!,
Arunas Ramanavic¢ius®?®

! Laboratory of Ecological
Immunology, Institute of
Immunology of Vilnius University,
Vilnius, Lithuania

2 Sector of Immunoanalysis and
Informatics, Institute of
Immunology of Vilnius University,
Vilnius, Lithuania

3 Department of Analytical and
Environmental Chemistry,

Vilnius University,

Vilnius, Lithuania

This is a report on the potential influence of caffeine on some immune
parameters (spleen index, the concentration of lymphocytes, basophiles,
monocytes, neutrophils, and eosinophils) of mice. During the present study
mice were divided into five groups 4 mice in each. Group 1 (control) was
given water; group 2 was given 2 mg/kg caffeine; group 3-20 mg/kg caf-
feine, group 4-40 mg/kg caffeine, group 5-200 mg/kg caffeine solution in
water by oral intubations. Caffeine solutions were given at 3-day intervals
during 30 days. In group 3, a significant increase in spleen weight was
detected and the spleen index was 2.0 times (p < 0.05) higher than in the
control group. The immune-related hematological parameters of mouse
blood showed that chronic caffeine exposure caused monocytosis, neutrop-
hilia and eosinophilia. In group 3 we observed a 2.5 times higher (p <
< 0.05) concentration of monocytes, in groups 3, 4 and 5 - a 2.5-2.7
times higher (p < 0.05) concentration of neutrophils in comparison with
the control group. In the control group and group 2, the concentration of
eosinophils was within the normal range. However, in groups 3, 4 and 5
higher doses of caffeine significantly (3.5, 3.6 and 4.6 times (p < 0.05),
respectively) increased the concentration of eosinophils versus the control
group. The mean concentration of lymphocytes and basophiles was similar
in animals of all the five groups.

Our study showed that certain doses of caffeine increase the spleen
index and the concentration of some immunocompetent cells. Thus, caffei-
ne plays an important role in the development of immune resistance.
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INTRODUCTION

including vasoconstriction, total peripheral resistan-
ce, blood flow, and so forth (4). Caffeine produ-

Caffeine (1,3,7-trimethylxanthine) is a wide-range
most common psychoactive substance consumed on
a worldwide basis. Consumption of caffeine occurs
in a variety of forms, such as drinking coffee, tea,
maté, or soft drinks, chewing cola nuts, consuming
cocoa products or taking over-the-counter pain or
slimming medications. The mean daily caffeine
consumption for all adult consumers and from all
sources reaches 2.4-4.0 mg/kg for a 60-70 kg sub-
ject in the United States, UK and Canada as well
as 7.0 mg/kg in Scandinavia (1, 2).

Caffeine at submillimolar concentrations exerts
a wide variety of physiological effects on different
organisms from bacteria to humans (3). It has a
wide range of effects on cardiovascular activity,
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ces acute elevations in both systolic and diastolic
blood pressure in most individuals, has analgesic
properties, enhances lipolysis and fat oxidation, re-
duces glycogen breakdown (5, 6), increases lysozy-
me concentration in blood of mice (7), inhibits
carcinogenesis (8); however, as a complex-forming
agent it decreases the effective concentration of
antitumor antibiotic actinomycin D (9, 10). Caf-
feine consumption is associated with a modest, but
statistically significant decrease in fertility (11).
Furthermore, caffeine influences many pathways in-
volved in the cellular response to DNA damage,
reducing the cell cycle delay caused by DNA da-
mage and inhibiting repair of the damage (12);
caffeine concentration in plasma might proffer a
marked increase in erythrocyte sickling in vivo and
consequently slow recovery from a sickling crisis
(13). Caffeine is frequently used as a component
of anti-rheumatic, anti-inflammatory and anti-pyre-
tic drugs (14).
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The immune system is strongly affected by a va-
riety of physical and psychological stressors (15). Caf-
feine is the most widely used psychoactive substan-
ce in the world, and it is a potential stimulant of
the central nervous system (16). Mild positive sub-
jective effects occur at low to moderate doses of
caffeine (50-300 mg, i.e. 1-3 cups of coffee) and
are described as feelings of well-being, alertness,
energy and ability to concentrate. At high doses
(300-800 mg), rather negative feelings such as anxie-
ty, nervousness, and insomnia are reported, especially
in volunteers who are usually caffeine-abstinents (2).
The possible physical dependence on caffeine has
been considered for about a decade (17-20).

In the previous study, we investigated the effect
of different concentrations (2-200 mg/kg) of caffei-
ne on mouse serum lysozyme activity and observed
that its activity increased until 40 mg caffeine/kg of
mouse (7). Our investigations allow to suggest that
caffeine reinforces the first-line host defense against
bacterial invaders. The aim of the current study was
to determine the potential influence of caffeine on
some immune parameters (spleen index, concentra-
tion of lymphocytes, basophiles, monocytes, neut-
rophils, and eosinophils), which play an important
role in the development of immune resistance of
the organism against infection agents.

MATERIALS AND METHODS

Reagents. EDTA and caffeine were purchased from
Sigma (St. Louis, USA). All solutions were prepared
by using water purified with a Millipore S.A.water
purification system (Molsheim, France).
Equipment. The internal organs of mouse were
weighed with a Scalte SBA33 balance (Heligenstadt,
Germany). Measurements of hematological parame-
ters in mouse blood were performed using a multi-
parameter, automated hematology analyzer (Hema-
vet Mascot from Intelimetric Ltd Oxford, USA).
Animals and housing. BALB/c mice obtained from
the vivarium of the Institute of Immunology (Vil-
nius, Lithuania), weighing 27-28 g were used in this
study. Twenty male mice were randomly allocated to
treatment groups. The mice were distributed in five
groups of four, housed in solid-bottomed cages with
wood shavings bedding and were allowed food and
water ad libitum. The room temperature was main-
tained at 21-24 °C and a 12 h light/dark cycle was
employed. Approval of the Lithuanian Ethic Com-
mittee for Laboratory Animal Use was obtained prior
to commencement of the experiments (N—0034).
Procedure. The mice were given 0.3 ml dose of
2 (group 2), 20 (group 3), 40 (group 4), 200 mg/kg
(group 5) caffeine solution in water by oral intuba-
tion. The control group (group 1) of four mice was
given water. The caffeine solutions were given at 3-
day intervals during 30 days. On day 30 the mice

were weighed and killed by cervical dislocation. The
spleen was excised from each mouse and weighed.
The spleen index (SI) was calculated as (organ
weight/body weight) x 1000. Blood samples from
the heart were collected by syringes, 50 pl of Na-
EDTA (6%) was added into each 1 ml blood sam-
ple. The automated hematology analyzer counted
neutrophils, lymphocytes, monocytes and eosinophils
in the collected blood samples.

Statistical analysis. The data obtained in all test
groups were compared with those obtained in the
control group. Student’s test (demo version) was
used to determine the significance (p < 0.05) of
the results.

RESULTS AND DISCUSSION

Our results illustrate that the mean of spleen weights
was significantly higher (1.9 time, p < 0.05) in group
3 where animals were given 20 mg/kg of caffeine,
but in group 2 and 5 the mean of spleen weight
was almost the same as in the control group. The
similar tendency was observed during estimation of
spleen indices (SI) in the same groups of animals.
The SI of group 3 was significantly higher (2.0 ti-
mes, p < 0.05) than that of the control and other
groups (Fig. 1), showing that treatment of mice with
20 mg/kg caffeine exerted a stronger influence on
the weight of this organ. However, with increasing
the dose of caffeine the SI had a tendency to dec-
rease. In group 5 (200 mg/kg of caffeine) the SI
was 1.4 times lower than in the control group. The
spleen is a secondary lymphoid organ, where B and
T lymphocytes constitute the major cellular compo-
nents. The spleen enlargement can be caused by a
more intensive production of lymphocytes and mo-
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Fig. 1. Changes of spleen index depending on caffeine
dose. Group 1 (control) was given doses of water, group
2 - 2 mg /kg, group 3 — 20 mg/kg (p < 0.05), group 4 —
40 mg/kg (p < 0.05), group 5- 200 mg caffeine / kg of
mouse weight (p < 0.05)
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nocytes or can be related with enhanced levels of
macrophages and erythrocytes in the spleen (21).

Measurements of immune-related hematological
parameters in mouse blood show that chronic caf-
feine exposure causes monocytosis, neutrophilia and
eosinophilia, which depend on the dose of caffeine.
In group 3 we observed a 2.5 times and in group 4
a 1.7 times higher (p < 0.05) concentration of mo-
nocytes in comparison with the control group
(Fig. 2). These results explain the increased weight
of spleen in these groups of mice. Monocytes circu-
late in the blood stream and then migrate into the
tissues and differentiate into specific tissue macro-
phages which are actively phagocytic cells capable
of ingesting and digesting exogenous antigens such
as the whole bacterial cells, virus particles, and in-
jured or dead host cells (22).
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Fig. 2. Monocyte concentration in the blood of mice treated
with different caffeine doses (in group 3 — p < 0.05)

The mean concentrations of lymphocytes and ba-
sophiles were similar in animals of all five groups.
The mean concentrations of erythrocytes and the
concentration of hemoglobin in all mouse groups
treated with different caffeine doses were approxi-
mately 1.3 times higher than in the control group.

In the control group and group 2 (treated with
2 mg/kg of caffeine) the concentration of eosino-
phils was within the normal range. However, with
increasing the dose of caffeine the departure from
the control group increased, too (Fig. 3). In group
3 treated with 20 mg/kg caffeine, departure from
the control group was 3.5, while in the group treated
with 40 mg/kg — 3.6, 200 mg/kg — 4.6 times higher
(p < 0.05). A very similar tendency of caffeine in-
fluence on the concentration of neutrophils was ob-
served (Fig. 4). In groups 3, 4, 5 treated with 20,
40, 200 mg/kg caffeine, the concentration of neut-
rophils increased 2.5-2.7 times (p < 0.05) in com-
parison with the control group. An increased con-
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Fig. 3. Eosinophil concentration in blood of mice treated
with different caffeine doses (in groups 3, 4,5 — p < 0.05)
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Fig. 4. Neutrophil concentration in blood of mice treated
with different caffeine doses (in groups 3, 4, 5 — p < 0.05)

centration of eosinophils was observed in response
to a high dose of caffeine. Caffeine can be a poten-
tial allergen (23). On the other hand, caffeine can
increase migration of eosinophils and neutrophils
from bone marrow to the blood stream. Eosino-
phils, like neutrophils, are motile, phagocytic cells
that can migrate from the blood into the tissue spa-
ces. Their phagocytic role is significantly less im-
portant than that of neutrophils, and it is thought
that their major role consists in defense against pa-
rasitic organisms. However, neutrophils are the first
cells that arrive at a site of inflammation during
response to many types of infection. We suggest that
under the effect of caffeine bone marrow releases a
higher than usual concentration of neutrophils and
eosinophils, and their circulation in the blood of
caffeine-treated mice shows that the organism is ac-
tively preparing for defense against infection. Thus,
these results allow to suggest that caffeine enhances
the immune resistance of the organism to infection.
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Our study shows that certain doses of caffeine
increase the spleen index and the concentration of
some immunocompetent cells (monocytes, eosino-
phils and neutrophils), while the concentrations of
lymphocytes and basophiles were similar in animals
of all five groups. These results show that caffeine
plays an important role in the development of im-
mune resistance. Thus, the results presented in this
study allow us to suggest that consumption of caf-
feine can reinforce the efficiency of anti-infection
or anti-inflammatory drugs.
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KOFEINO POVEIKIS PELIU
IMUNOKOMPETENTINEMS LASTELEMS

Santrauka

Sio darbo tikslas buvo itirti kofeino poveikj kai kuriems
peliy imunologiniams rodikliams (bluznies indeksui, lim-
focity, bazofily, monocity, neutrofily ir eozinofily skaiciui).
Tyrimo metu pelés kas 3 dienos 30 dieny buvo girdomos
skirtingos koncentracijos vandeniniu kofeino tirpalu
(0,3 ml): T grupé (kontrolé) buvo girdoma vandeniu, IT gru-
pe — 2, III grupe — 20, IV grupé - 40, V grupé — 200 mg
kofeino/kg svorio. Nustatéme, kad III grupés peliy gerokai
padidéjo bluznis, o bluznies indeksas buvo du kartus (p <
< 0,05) didesnis nei kontroliniy peliy. Be to, monocity kon-
centracija III grupéje 2,5 karto (p < 0,05), neutrofily kon-
centracija III-V grupéje 2,5-2,7 karto (p < 0,05) buvo di-
desné lyginant su atitinkamais kontrolinés grupés rodikliais.
Didinant kofeino doze, didéja ir eozinofily koncentracija:
IIT grupéje — 3,5 karto, IV grupeje — 3,6 karto, V grupe-
je — 4,6 karto (p < 0,05) lyginant su kontroline grupe.

Sio darbo rezultatai rodo, kad tam tikros kofeino kon-
centracijos didina bluznies indeksa ir kai kuriy imuno-
kompetentiniy lasteliy (monocity, eozinofily, neutrofily)
koncentracijg kraujyje. Taigi galima teigti, kad kofeinas
stiprina organizmo atsparuma, aktyvina organizmo imuni-
n¢ bikle.

Raktazodziai: kofeinas, kraujo lastelés, bluznis, pelés
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