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Observation show that the central nervous system plays a certain part in
the regulation of lysozyme activity in different fluids of the organism.
The aim of this study was to examine the effect of caffeine as a factor
stimulating the central nervous system on lysozyme activity.

Four groups of mice were given a single oral dose of 2, 20, 40,
200 mg/kg caffeine solution in water by oral intubations. The control
group of four mice was given water. Caffeine solutions were given at
3-day intervals during 30 days. Measurements of lysozyme in mouse
blood serum were performed using a colorimetric rate-of-lysis Micro-
coccus lysodeikticus cell assay.

The lysozyme activity in the serum was found to depend on caffeine
concentration in water. This dependence was investigated and is pre-
sented in this paper.
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INTRODUCTION

Caffeine is a widely used nutrition factor. The use
of caffeine has several advantages and disadvanta-
ges. It has a wide range of effects on cardiovascular
activity including vasoconstriction, total peripheral re-
sistance, blood flow and so forth (1). Caffeine pro-
duces acute elevations in both systolic and diastolic
blood pressure in most individuals (2), has analgesic
properties (3), but as a complex-forming agent de-
creases the effective concentration of the antitumor
antibiotic actinomycin D (4). Caffeine is a potent
central nervous system (CNS) stimulant. Some ob-
servations show that CNS plays a certain part in the
regulation of lysozyme activity in different fluids of
the organism (5).

Lysozyme (1,4-B-N-acetylmuramidase), a small
(14.3 kDa) cationic protein, is generally assumed to
be a component of the first-line host defense against
bacterial invaders. This protein is a ubiquitous host
factor found in secretions and inflamed tissue at
infection sites. Lysozyme belongs to the class of en-
zymes that lyses the cell walls of bacteria, as the
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bond between the C-1 of N-acetylmuramic acid and
the C-4 of N-acetylglucosamine of the peptidoglycan
is cleaved. The antimicrobial activity of lysozyme is
known to be directed against certain Gram-positive
bacteria and to a lesser degree in vitro against Gram-
negative bacteria (6-8). Besides its antimicrobial ac-
tivity, lysozyme has many other functions including
inactivation of certain viruses (9), surveillance of
membranes of mammalian cells (10), enhancing of
phagocytic activity of polymorphonuclear leukocytes
and macrophages (11, 12), and stimulates prolifera-
tion and antitumor activity of monocytes (13). Neut-
rophilic granulocytes, monocytes and tissue macro-
phages produce lysozyme (14). Azurophilic and spe-
cific granules of neutrophilic granulocytes are the
richest source of lysozyme (15). Lysozyme is found
intracellularly in various blood cells and their bone
marrow precursors. Lysozyme is also present in plas-
ma/serum, tears, milk, spit, intestine mucous. In li-
ver, spleen, kidney and lung particularly high levels
of lysozyme are determined. Lysozyme is present in
many animals, but its concentrations vary in a wide
range depending on species (16, 17).

In most studies, lysozyme has been quantified by
a functional assay using Micrococcus lysodeikticus and
egg white lysozyme as standard. Measurement of the
degradation of the high molecular weight substrate
is a rather simple and quite sensitive method of
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following the enzyme reaction. Commonly, three dif-
ferent assay procedures are employed: a turbimetric
assay, a viscosimetric assay and a so-called lysoplate
assay (18-20). In addition to these functional as-
says, which determine the enzymatic activity of lyso-
zyme, immunological test systems (ELISA, RIA,
LIA) have been established (21, 22).

The major goal of the present report was to in-
vestigate activity of lysozyme in mouse blood serum
by the use of caffeine as a factor stimulating central
nervous system. A second goal was to examine the
nonspecific effects of caffeine on weight and activity
of movement.

MATERIALS AND METHODS
Reagents

Lysozyme from chicken egg white, Micrococcus lyso-
deikticus, EDTA and caffeine were purchased from
Sigma (St. Louis, USA). Other chemicals were of
analytical grade and used as received. All solutions
were prepared by using deionized water purified by
Millipore S. A. water purification system (Molsheim,
France).

Equipment

All colorimetrical measurements were performed
with a KFK-2 colorimeter (Russia). The samples
were mixed with a MM 2A magnetic stirrer (Czech
Republic) and incubated in a water bath (MK-70,
Germany). Serum was prepared by centrifugation
with an Eppendorf centrifuge 5415 D (Germany). A
Specord spectrophotometer (Germany) was used for
detection of lysozyme activity.

Animals and housing

BALB/c mice obtained from the vivarium of Immu-
nology Institute (Vilnius, Lithuania), weighing 27—
28 g were used in this study. Twenty female mice
were randomly allocated to treatment groups. The
mice were distributed in groups of four, housed in
groups in solid-bottomed cages containing bedding
of wood shavings and were allowed food and water
ad libitum. Room temperature was maintained at
21-24°C, and a 12 h light/dark cycle was employed.
Approval of the Lithuanian Ethic Committee for La-
boratory Animal Use was obtained prior to com-
mencement of the experiments.

Procedure

The mice were given a single oral dose of 2, 20, 40,
200 mg/kg caffeine solution in water by oral intuba-
tions. The control group of four mice was given
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water. The caffeine solutions were given at 3-day
intervals during 30 days.

On day 30 mice were given a single oral dose,
and after 1.5 h the experiment was completed. The
mice were killed by cervical dislocation. All groups
of mice were killed at the same time. Blood samples
were collected in tubes from four control and 16
caffeine-treated mice. Serum was prepared by cen-
trifugation at 3000 rpm for 5 min.

Detection of lysozyme activity

The lysozyme activity in the purchased reagent was
controlled following the instructions of supplier: one
unit of lysozyme will produce a AA450 of 0.001 per
min at pH 6.24 at 25 °C, using a suspension of
Micrococcus lysodeikticus as substrate, in a 2.6 ml
reaction mixture (1 cm light path).

Colorimetric lysozyme assay

The lytic activity of lysozyme (muramidase) toward a
stock suspension of lyophilized Micrococcus lysodeikti-
cus cells was studied in 0.01 M phosphate buffer, pH
6.2 with EDTA (0.15%) at 37 °C. This suspension was
freshly prepared by dispersing 0.7 mg/ml of M. lyso-
deikticus cells in phosphate buffer and mixed with a
magnetic stirrer for 0.5 h. For construction of th ca-
libration curve, solutions with different lysozyme acti-
vity were used (0 U/ml, 40 U/ml, 80 U/ml, 120 U/ml,
160 U/ml, 200 U/ml, 240 U/ml). Each assay was ini-
tiated by adding and mixing 0.1 ml of egg-white lyso-
zyme or investigated serum to 1 ml of bacterial cell
suspension and 1 ml of phosphate buffer. In control,
we used 0.1 ml deionized water instead of lysozyme.
The solutions were mixed and incubated at 37 °C for
0.5 h. After that test-tubes were placed in ice. Chan-
ges in turbidity were monitored at a wavelength of
540 nm. No change of turbidity occurred under these
conditions in the absence of enzyme.

A standard curve was plotted as a change of
optical density versus the concentration of lysozyme.
The concentration of lysozyme in mouse serum
sample was obtained from a standard curve and
expressed in U/ml.

RESULTS AND DISCUSSION

Body weight was assessed before mice were different-
ly treated with caffeine and on day 30 of experiment.
Mice preexposed to 2 mg/kg and 20 mg/kg caffeine
weighed significantly less than those exposed to water,
in agreement with previous observations that caffeine
can have an anorexic effect in the rat (23). However,
mice preexposed to high caffeine doses (40 mg/kg and
200 mg/kg) weighed more than those preexposed to



Influence of Caffeine on Lysozyme Activity in the Blood Serum of Mice

2,5
o 21
£
= —
g 1,5 1+ — —
S @ weight
4 |
(]
£
g
2os e
0
0, 2, 20, 40, 200,
caffeine preexposure dose, mg/kg

Fig. 1. Mean increase of weight of mice groups. Control
group was given doses of water, Group 1 — 2 mg caffei-
ne/kg of mouse weight, group 2 — 20 mg/kg, group 3 —
40 mg/kg, group 4 — 200 mg/kg

20 mg/kg caffeine, but less than those exposed to wa-
ter (Fig. 1). The difference in weight was the result of
caffeine exposure, because the weight was similar in the
groups at the start of the experiment.

We have observed the behavior of mice during
exposure to moderate doses of caffeine. The activity
of movement and play fighting of each group was
compared with those in the control group. Mice pre-
exposed to 20 mg/kg caffeine solution exhibited a
higher play fighting and movement activity. Howe-
ver, chronic exposure to a high dose (40 mg/kg and
200 mg/kg) had no effect on movement and play
fighting. We have observed a correlation of move-
ment activity and increased play fighting with mass
change of mice. Mice preexposed to 20 mg/kg caf-
feine weighed significantly less than those exposed
to water.
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Fig. 2. Calibration graph, changes in optical density vs.
lysozyme activity

We have found that lysozyme activity in the pur-
chased reagent used for plotting the calibration was
7900 U/mg of solid lysozyme reagent instead of
45000 U/mg declared by purchaser. The standard
curve (Fig. 2) obtained by using solutions of known
lysozyme concentrations and activities was used to
estimate the lysozyme concentration in the blood
serum of each mouse from all five groups. Changes
in the optical density of solution used for calibra-
tion were selected in the same range as those obtai-
ned during investigations of mouse serum.

The present experiment shows that different con-
centrations of caffeine increased lysozyme concen-
tration in mouse serum. The obtained results (Fig. 3)
show that even low concentrations of caffeine in the
diet significantly increased lysozyme activity in the
serum of mice, and confirmed the previous observa-
tions that CNS plays a certain part in the regula-
tion of lysozyme activity and that caffeine is a po-
tent CNS stimulant (5).

Our investigations allow to suggest that caffeine
reinforces the first-line host defense against bacte-
rial invaders.
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Fig. 3. Mean lysozyme activity found in each group of mice.
Control group was given doses of water. Group 1- 2 mg
caffeine/kg, group 2 — 20 mg/kg, group 3 — 40 mg/kg, group
4 — 200 mg/kg

CONCLUSIONS

The results obtained in this experiment show that
the state of CNS plays a particular role in the re-
gulation of lysozyme activity in the serum of mice.
Caffeine has an effect on mouse weight and move-
ment activity.
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KOFEINO POVEIKIS PELIU KRAUJO SERUME
NUSTATYTAM LIZOCIMO AKTYVUMUI

Santrauka

Tyrimai rodo, kad centriné nervy sistema atlieka svarby
vaidmenj reguliuojant lizocimo aktyvuma organizmo skys-
&iuose. Sio tyrimo tikslas buvo nustatyti kofeino, kaip cen-
tring nervy sistema stimuliuojancio agento, poveikj. Nusta-
tyta, kad lizocimo aktyvumas laboratoriniy peliy kraujo se-
rume priklauso nuo kofeino tirpalo, kuriuo buvo girdomos
pelés, koncentracijos.



