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ABSTRACT

Background: In this study the concentration of lysozyme in blood plasma of Microtus agrestis,
Clethrinomys glareolus, Apodemus sylvaticus, BK rats and outbred white mice before and after infection
with culture forms of Trypanosoma microti, T, evotomys, T. grosi, T. lewisi and T. musculi respectively was
measured.
Methods: Blood samples of rodents, Microtus agrestis, Clethrionomys glareolus, Apodemus sylvaticus, BK
rats and outbred mice infected with T. microti, T. evotomys, T. grosi, T. lewisi and T. musculi respectively
were collected in heparinized micro- tubes immediately before inoculation and 3, 6, 12, 24, 48, 96
and more than 400 days after intra- perituneal inoculation with 5×105of their homologous trypano-
some parasites of which more than half were metacyclic trypomastigote in 0.2 ml of culture medium.
Micro- tubes were centrifuged and plasma samples were separated and the lysozyme activity was
measured by the agar method.
Results: Levels of lysozyme rose rapidly three to six days after the inoculation to ten to twenty than
their pre- infection levels. They then gradually decreased, although after more than one year they
were still two to ten folds higher than controls. The highest level measured occurred in rats infected
with T. lewisi and the lowest in A. sylvaticus infected with T. grosi. After one year the highest concentra-
tion of lysozyme was in mice infected with T. musculi and lowest in A. sylvaticus.
Conclusion: Persistent enhanced lysozyme levels may prevent re- infection with trypanosomes.
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Introduction

ysozyme (mucopeptide N- acetylmura-
mylhydrolase ) is an enzyme lytic for the
cell walls of certain bacteria, although this

may not be an exclusive function (1). It is a pro-
tein with low molecular weight (15000), stable at
acid pH and labile alkaline pH (2), and present in
body fluids, cells and tissue of many living organ-
isms where it appears to have a digestive and/ or
defense function. Its mechanism of proteolysis
has been described earlier (3, 4). It occurs in
many fish tissues (5, 6), in rabbit spleen (7), snails
(8), chicken lung (9) and polymorphonuclear leu-
kocytes (10). In mammals, the blood granulocytes
constituted the richest source of lysozyme (11).
Cheng et al. (12) demonstrated haemolymph ly-
sozyme activity in the snail, Biomphalaria glabrata
and found that the enzyme was released from the
phagocytes into the serum as a result of challenge
by Bacillus magaturium. Powding and Davidson
(13) studied lysozyme in the haemolymph of Gal-
leria mellonella and Bombyx mori. Elevation in
haemolymph lysozyme activity in G. mellanella
larvae and other insects following injection of
various materials represented the major part of
the humoral defense mechanism against microbi-
al invaders (14). The relationship between lyso-
zyme and immunoglobulins as mediators of mac-
rophage and plasma cell function is discussed (15).
There is no doubt that the enzyme is of consi-
derable importance in the immune defense sys-
tem, being capable, in combination with com-
plement and antibodies, of destroying pathogenic
bacteria (16).
In this study the concentration of lysozyme in
blood plasma of Microtus agrestis, Clethrinomys gla-
reolus, Apodemus sylvaticus, BK rats and outbred
white mice before and after infection with cul-
ture forms of Trypanosoma microti, T, evotomys, T.
grosi, T. lewisi and T. musculi respectively were
measured.

Materials and Methods
Rodents, including Microtus agrestis, Clethrinomy-
s glareolus, Apodemus sylvaticus, BK rats and out-
bred white mice were laboratory- bred in Sal-

ford University in England and maintained in
cages on standard diets. Parasites, Trypanosoma
(Herpetosoma) microti, T, evotomys, T. lewisi and T.
musculi were maintained in Schneider´s Dro-
sophila medium and T. grosi was cultured in
graces medium (17).
Five animals of each species were bled from
the tail under the Laboratory Animal License
by collecting approximately 30 µl of blood
into heparinised capillary tubes immediately
and 3, 6, 12, 24, 48, 96 and more than 400
days after intraperitoneal inoculation with
5×1055 of their homologous trypanosome
parasites, of which more than half were
metacyclic trypomastigotes, in 0.2 ml of cul-
ture medium. Each capillary was sealed and
centrifuged at 4700 g for 3 min to separate
cells from plasma. The capillaries were broken
just above the packed cells and the portion
containing plasma was stored at – 20 °C until
used.
Plasma lysozyme activities were measured by
the agar plate method of Osserman and lawler
(18). One gram of purified agar (Difco) was
dissolved in 100 ml of 0.07 M phosphate buf-
fer pH 6.9 (17 ml of 0.2 M Na2Hpo4; 965 ml
distilled water) on hot plate stirrer. Fifty mg of
Micrococcus lysodeikticus (Sigma) was suspended
in the agar. Fifteen ml of the mixture were
poured into each of six 9 cm Petri dishes, al-
lowed to set and incubated overnight at 4 °C.
Eight holes (4 mm in diameter) were punched
in the agar in each dish and 15 µl of plasma
sample dispensed into each well. The Petri
dishes were then incubated at 37 °C for 3 h
and overnight at 4 °C. The Petri dishes were
then rinsed with PBS pH 7.2 and covered for
2 min with 1.5% tannic acid. The diameters of
the transparent hydrolysis zones were then
measured to the nearest 0.5 mm. The concen-
tration of plasma lysozyme were calculated
using a calibration curve constructed using
dilutions of chicken egg- white lysozyme
(Sigma) ranging from 1.9 to 2000 µg/ml.
The research was approved by the Ethical
Committee of Salford University.
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Results
Concentration of lysozyme in the plasma of
Microtus agrestis, Clethrinomys glareolus, Apodemus
sylvaticus, BK rats and outbred white mice be-
fore and after inoculation with their homolo-
gous trypanosomes are shown in Table 1 and
Fig. 1.

The level of lysozyme increased after inocula-
tion of trypanosomes to their specific rodents
and after 12 days reduced gradually, but stayed
in the higher level than before inoculation.
Hydrolysis zones of lysozyme in standard so-
lutions and in plasma of rodents before and
after inoculation are shown in Fig. 2a, b and c.

Table 1: Plasma lysozyme levels in M. agrestis, C. glareolus, A. sylvaticus, BK rats and Outbred mice
(5animals per group) before and after inoculation with their homologous trypanosome parasites

>400 DAYS**96**48**24**12**6**3**B I *Rodents

89.2±39.72
(74.6-134.2)

104.4±30.23
(83.9-151.0)

80.9±19.03
(74.6-100.0)

88.8±21.17
(66.3-119.4)

90.3±60.92
(32.75-160.2)

151.2±60.32
(100.0-241)

189.4±66.28
(119.4-271.9)

17.1±7.58
(7.1-25.8)***

M. agrestis
With
T. microti

116.3±38.36
(88.9-160.2)

137.0±55.02
(66.3-180.1)

119.0±45.13
(55.6-180.1)

132.9±80.93
(74.6-271.9)

164.1±51.31
(119.4-241.7)

211.92±65.83
(160.2-324.3)

179.6±41.42
(134.2-241.7)

22.2±6.63
(14.3-30.8)

C. glareolus
With
T. evotomys

48.4±10.30
(41.4-66.3)

52.9±13.13
(41.4-74.6)

89.2±39.43
(55.6-100)

73.4±33.45
(45.6-180.3)

111.0±46.78
(74.6-180.1)

123.4±52.56
(83.9-214.9)

152.9±74.38
(100.0-271.9)

20.6±6.62
(12.7-29.1)

A. sylvaticus
With
T. grosi

98.9±4.91
(94.3-100.0)

92.7±11.20
(74.6-100.0)

108.9±8.61
(100.0-119.5)

123.6±22.07
(100.0-150.2)

154.8±27.32
(119.4-180.1)

239.0±43.50
(180.1-288.3)

320.0±93.46
(214.9-435.2)

18.0±3.88
(17.1-23.0)

BK rats
With
T. lewisi

117.0±19.74
(100.0-134.2)

142.7±36.1
(100.0-180.1)

137.0±18.80
(119.4-180.1)

152.1±19.43
(134.2-180.1)

118.6±30.79
(161.1-241.7)

240.6±106.57
(105.1-386.9)

251.9±52.45
(180.1-324.3)

12.0±3.53
(7.98-17.15)

Outbred mice
With
T. musculi

Mean followed by standard deviation and ranges (µg/ml)
*Before inoculation
**After inoculation
***Figures in prentices are minimum and maximum levels of lysozyme in animals of each group

Fig. 1: Lysozyme concentrations in the plasma of
M. agrestis (a), C. glareoulus (b), A. sylvaticus ©, BK
rats (d), and outbred mice (before infection B), 3,
6, 12, 24, 48, 96, and more than 400 days after
infection

Fig 2a: Hydrolysis zones of different concentra-
tions of standard solutions: 1- 1.9, 2- 3.9, 3- 7.8, 4-
15.6, 5- 31.2, 6, 62.5, 7- 125, 8- 250, 9- 500, 10-
1000, 11, 2000 μg/ml
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Fig 2b: Hydrolysis zones of A. sylvaticus plasma: A,
before inoculation B- 3, C- 6,   D- 12, E- 24, F- 48,
G- 96 and H, more than 400 days after inoculation
with T. grosi

Fig 2c: Hydrolysis zones of outbreed mice plas-
ma: A before inoculation, B- 3, C- 6, D- 12, E- 24,
F- 48, G- 96 days after inoculation with T. musculi

Discussion
In mammals, lysozyme has been shown to be
synthesized in and secreted into the blood by
mononuclear phagocytes, particularly macro-
phages (19) and following antigenic stimula-
tion of the immune system, the level of serum
lysozyme increases significantly, for example
in rabbits infected with Trichinella spiralis (20)
and in the serum and urine of a dog with acute
myeloid leukemia (21). Ingram and Molyneux
(22, 23) reported a similar response in lizard
with two to five fold increases in serum lyso-

zyme of animals experimentally infected with
Leishmania. Daily lysozyme injection beginning
on day 6 of T. lewisi infection in rats signifi-
cantly reduced the number of circulating tryp-
anosomes and this effect was dose dependent
(24). Although these workers demonstrated
that lysozyme did not cause lysis or immobili-
zation alone or in combination with fibrino-
gen or rat serum, Usro and Ilard (25) demon-
strated that T. brucei was quickly immobilized
when exposed to lysozyme in vitro.
In the present study levels of lysozyme in the
control plasma taken pre- injection were more
than those reported for human sera (26). Up-
on trypanosome infection a ten to twenty fold
increase in plasma lysozyme concentration
occurred after 3- 6 days. The maximum value
was found in rats infected with T. lewisi and
the lowest in A. sylvaticus infected with T. grosi.
Following the peak in activity during the first
week of infection lysozyme levels fell but re-
mained 2 to 10 times higher than control val-
ues for at least one year when the highest level
was in mice, infected with T. grosi. Plasma ly-
sozyme levels were thus well high after the
rodents had their parasitaemias (7 to 13 days
after infection in Microtus, Clethrionomys and
Apodemus, BK rats 6- 12 weeks and in mice 3-
4 weeks.

Conclusion
Lysozyme probably plays an important role in
protecting rodents from re- infection.

Acknowledgements
Funding of this research was provided by Uni-
versity of Salford. The helpful comments of
Dr.GA Ingram are gratefully appreciated. The
authors declare that there is no conflict of in-
terest.

References
1. Osserman EF, KlockarsM, Halper J, Fisher RE.

Effects of lysozyme on normal and trans-
formed mammalian cells. Nature.1973, 243:
331- 335.



Iranian J Parasitol: Vol. 7, No.4, 2012, pp. 86-90

90 Available at: http://ijpa.tums.ac.ir

2. Jolles P. Lysozyme: A chapter in molecular biol-
ogy. Angewandte Chemie. 1969, 8: 227- 239.

3. Imoto T, Johnson LN, North A CT, Philips
DC, Rupley JA. 1972. The enzymes. P. D. Boy-
er (ed). Academic Press. New York.1972.

4. Osserman EF, Canfield RE,Begchok S. Lyso-
zyme. Academic press. New York. 1974.

5. Mochizuki A, MatsumiyaM, Mikami S. Lyso-
zyme in Nautilus macrophalus and Sepia esculenta.
Bulletin of the Japanese Society of Scientific Fi-
sheries.1981, 47:1223- 1225.

6. Fange R, Lundbland G, Lind J. Lysozyme and
Chitinase in blood and haemomyeloid tissue of
marine fish. Marine Biology. 1976, 36: 277- 282.

7. Jolles P. Lysozyme from rabbit spleen and dog
spleen. In: Methods in enzymology, SP.
Colwick and NO. Kaplan (ed). Academic Press.
New York.1962,5: 137- 140.

8. Takeda H, Stradine GA, Whitaker DR, Roy C.
Lytic enzymes in the digestive juice of Helix
pomatia, Chitinase and muramidases. Canad J
Biochem. 1966, 44: 509- 518.

9. Jolles P. Relationship between chemical struc-
ture and biological activity of hen egg- white ly-
sozyme and lysozyme of different species. Pro-
ceedings of the Royal Society of London.1967,
B, 167: 350- 364.

10. Hindenberg A, Spitznage lJ, Arnheim N. Lyso-
zymes of lysozyme in leukocytes and egg white:
evidence for the species- specific control of egg-
white lysozyme synthesis. Proceedings of the
National Academy of Sciences in the United
States of America. 1974,71: 1653- 1657.

11. Hansen NE, Karle H, Anderson V. Lysozyme.
EF Osserman; RE Canfield and Beychock
(eds,). Academic Press. New York. 1974.

12. Cheng TC, Chorney MJ, Hoshino TP. Lyso-
zyme- like activity in the haemolymph of
Biomphalaria glabrata challenged with bacteria. J
Inverteb Pathol.1977, 29: 179- 174.

13. Powding RF, Davidson WJ. Studies on insect
bacteriolytic enzymes. I. Lysozyme in
haemolymph of Galleria mellonella and Bombyx
mori. Compar Biochm Physiol. 1973, 45B: 669-
686.

14. Mohring W, Messner B. Immunoreaktionen
bei insekten I. Lysozyme als grundlegender
antibakterieller faktor im humoralen Abw-
ehrmechanismus der insekten. Biologisches
Zentralblatt. 1968. 87: 439- 470.

15. Osserman EF. Postulated relationships be-
tween lysozyme and immunoglobulins as medi-
ators of macrophage and plasma function. Ad-
vances in Parasitology.1976, 4: 98- 105.

16. Glynn AA. The complement lysozyme se-
quence in immune bacteriolysis. Immunology.
1966, 16: 463- 471.

17. Mohamed HA, Molyneux DH, Scott CM. Ly-
sozyme characterization of trypanosomes of
the subgenus Herpetosoma. Parasitology. 1987,
94: 39- 48.

18. Osserman EF, Lawler DP. Serum and urinary
lysozyme (muramidase) in monocytic and
monomyelocytic leukemia. J Exper Medi.
1966,124: 921- 955.

19. Kokoshis OL, Di Luzio NR. Serum lysozyme:
an index of macrophage function. J
ReticuloSocie. 1979, 25, 85.

20. Prokopowicz D, Trippner M. Experimental
trichinellosis. Some indices: Activity of lyso-
zyme in the course of trichinellosis in rabbits.
Zentralblatt fur Bakteriologie Mikrobiologie
Hygine. ABT, Originale. 1984, 225: 560- 565.
(in Polish).

21. Tasca S, FurlanelloT, Cldin M. High serum and
urine lysozyme levels in a dog with acute mye-
loid leukemia. J Vet Diagnos Investg. 2010,
22:111- 115.

22. Ingram GA, Molyneux DH. The humoral im-
mune response of the spiny- tailed agamid liz-
ard (Agama caudospinosum) to injection with
Leishmania agamae promastigotes. Veterinary
Immunology and Immunopathology. 1983a, 4:
479- 491.

23. Ingram GA, Molyneux DH. The primary
humoral immune response of European green
lizards (A. viridis) to Leishmania lacerta agamae.
Parasite Immunology. 1983b, 5: 95- 108.

24. Bierman J, Mac Innis AJ, Lobstein OE. Effects
of lysozyme on Trypanosoma lewisi. Ann Clin Lab
Sci. 1979, 9: 381- 386.

25. Urso B, Ilard I. Lysozyme action on
Trypanosoma In vitro. 3rd international Symposi-
um. Fleming´s lysozyme. Milan. Abstract.
1964.P: 49.

26. Zoren SK, Stevens CA, Schachter EN, Gee
JBL. The angiotension converting enzyme in
pulmonary sarcoidosis and the relative diagnosis
value of serum enzyme. Lung. 1980, 157: 87.


