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FERTILITY IMPROVING COMPOSITION AND APPLICATION THEREOF 

The present invention relates to applications of a dimerized form of lysozyme 

for the improvement of fertility of animal or human germ cells, e.g. oocytes 

5 and spermatocytes. It further relates to the prophylactic intervention or 

therapeutic treatment of fertility or reproductive disorders in animals or 

humans. The invention also relates to the use of a lysozyme dimer for the 

manufacture of a pharmaceutical composition suitable for such applications 

and to an improved method for the preservation.of human or animal cells, and 

10 for a prolongation of the survival time of cells. 

BACKGROUND 

The limitation of the practical use of lysozyme and other therapeutically active 

15 enzymes was overcome in the late eighties, when it was discovered that 

isolated dimerized forms of enzymes, while retaining all beneficial properties of 

known monomeric forms, exhibit no negative side effects when used in 

therapeutic doses. The antiviral and antibacterial compositions comprising as 

the active ingredient lysozyme dimer or other dimerized enzymes have been 

20 described in WO 89/11294, whose entire contents shall herewith be 

incorporated by reference. 

Later on, further attractive features of lysozyme dimer were found and 

additional therapeutical applications of the drug were developed, especially for 

the treatment of bacterial and viral infections as disclosed in WO 94/01127, 

25 whose entire contents shall herewith be incorporated by reference. The 

inventor observed certain immunomodulating effects of the dimerized 

lysozyme, particularly concerning the modulation of cytokine levels, confirmed 

by in vitro and in vivo experiments. The lysozyme dimer is able - amongst 

others - to modulate the synthesis of TNFa., IL-2, IL-6 and INFa., and to 

30 activate phagocytosis and the immunological mechanisms connected 

therewith. The lysozyme dimer is particularly useful for the treatment and 

prophylaxis of diseases associated with excessively high levels of TNFa.. 

It could also be successfully demonstrated that lysozyme dimer compositions 

35 display remarkable potency in the inhibition or even total prevention of 

leukemic cell proliferation in vivo, particularly in the case of virus induced 

lymphatic leukemia. Further investigations led to the manufacture of 

pharmaceutical compositions comprising lysozyme dimer as the active 
. . 
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component applicable in ·cases of hair wpwth disorders, particularly hair 

growth disorders bC)~f:d on immunblogica! malfun¢tions or dysfunctions, or in 
preventing or treatihg diseases connected with a suppressed immune system. 

These remarkable effects· of the ly~o~yme dimer have been disclosed in WO 

5 96/21463, whose ~ritire contents shall h~rewith be incorporated by reference. 

SUMMARY OF THE INVENTION 

Surprisingly, furthe'r investigations revealed that the lysozyme dimer was also 

10 capable of positively affecting the preservation, particularly the freeze­

preservation of ani1Jl~I semen. It is of considerable importance - also in terms 

of commercial benefit - to have animal and human sperm samples properly 

preserved in order :to maintain motility and fertility of the spermatozoa ( = 
sperm cells) and to keep the number' of morphologically changed (i.e. 

15 pathologically altered) sperm cells as low as possible. 

It is well known in t~e art to use various· additives and adjuvants in admixture 

with the semen to facilitate freeze-preservation and protect the cells during 

thawing. For instance, the Russian patent application SU-604556-A teaches 

20 the preparation of a·synthetic aqueous medium for diluting and freezing 

agricultural animal SJ:>erm which c::omprises gum arabic, glycerol, lactose and 

10 to 20 % by weight of chicken egg yolk. 

The adjuvant effect of the lysozyme dimer and its contribution to an 

25 improvement in the preservation at various temperatures - though most 

frequently involving at least one d~ep-freezing step - of animal or human cells 

including tissue cells, blood cells, and sperm cells·is proven by analytical 

assessment of the most relevant parameters of biological activity or viability of 

the preserved and stored biological material, particularly after thawing of 
.. . 

30 deep-frozen samples. In case of animal or human sperm cells the 

improvements in th~ percentage of spermatozoa with normal motility, 

spermatozoon morphology, biochemical :and biological activity are determined 

after thawing. 

35 The treatment of animal or human cell suspensions with the lysozyme dimer 

prior to storage and. ~toring the· cells together with the lysozyme dimer is 

particularly preferred, regardless of the temperature ·Of storage, e.g., above or 

below freezing point temperature. Beside the adjuvant effect of the lysozyme 

" I J . 
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dimer - the obtained ;re.suits indicate that it can ad~re .. to and stabilize the cell 
. ........... :o:iV.·~'!.·~~·· , '· .. 

membranes of sperm~tozoa and other eukaryotic c~lileven at very low · 

temperatures - it is probably also its antibiotic activity and its inhibition of 

possible virus penetration that adds in the overall preservation improving 

5 efficacy, particularly during liquid storage. When storing at temperatures 

below the freezing point it is preferred to add the lysozyme dimer to the cell 

suspensions prior to the freezing step. 

The present invention is also directed to the improvement of fertility of 

10 oocytes, more particularly to the improved maturation o.f oocytes and the 

improved subsequent development of the fertilized egg cell and early embryo. 

In vitro experiments on bovine germ cells revealed that the presence of 

lysozyme dimer in the maturation medium in which the fertilization of the 

bovine oocytes took place had a beneficial effect on the fertilization rate and 

15 the quality of the resulting embryos. It was also found that the addition of a 

portion of the supernatant of a cell culture of polymorphonuclear cells (PMN), 

· or of lymphocytes, grown in the presence of a combination of lysozyme dimer 

and a mitogen such as LPS, PHA, or ConA, to the maturation medium of the 

oocytes had a similar advantageous effect on the fertilization rate and the 

20 embryo development. 

Another objective of the present invention is the improvement of animal or 

human sperm quality in vivo as well as the prophylactic intervention or 

therapeutic treatment of fertility or reproduction disorders of any known or 

25 unknown etiology, particularly of male fertility disorders having an 

immunological, hormonal or metabolic origin. In the most preferred 

embodiment the present invention is directed to the prophylaxis or therapeutic . 

treatment of oligospermia in animals or humans by administering an effective 

dose of lysozyme dimer to an animal or human individual at risk of or subject 

30 to such a fertility disorder to avoid or relieve such a condition. 

Oligospermia is characterized by a pathologically decreased concentration of 

spermatozoa and an abnormally high percentage of morphologically changed 

spermatozoa. It may be caused - amongst others - by hormonal, immunological 

35 or metabolic dysfunctions affecting the spermiogenesis, i.e. the production 

and/or riping of the spermatozoa. It was successfully demonstrated in vivo 

that after intramuscular injection of a pharmaceutical composition comprising 

lysozyme dimer as the active component to various male domestic animals the 
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sperm quaiity was considerably lrnproveq comprising but not limited to a 

drastic increase of sp'erm cell ~onqentration and a :remarkable decrease in ttie 

quantity of morphologically changed spermatozoa~'. It is believed-that the wide 

range of immunomocl~lating acti9ns of lysozyme dimer significantly contribute 

5 to the observed beneficial effects. 

The terms "modulating" and "modulatio11" used herein with regard to the . . . . 

lysozyme dimer's action on the ~nimal or human immune system shall express 

the bifunctional, immune system· balancing nature of that action. In the case 

10 of a suppressed im"1tinological status of an indivit:;lual, e.g. caused by 

infectious diseases, chemotherapy, stress, pollut~nts and the like, the 
. . . . , . 

lysozyme dimer strengthens the immune system and usually restores a 

physiqlogically nor"'!al level of immunological defense capacity or at least 

significantly contribl!tes to such restoration through actions comprising inter 

15 alia augmentation ()f blood or ~erum levels of certain cytokines including 
·. .. . . 

interferon and some i'nterleukins,. anc:l/or enhancement of phagocytic activity of 

the various phagocyt!zing kinds of cells of the immune system such as, for 

instance, monocytes> polymorphonuClear" cells (PMN), and macrophages. On 
. .. . . . . 

the other hand, if th.e immune system is overly challenged by toxic or 

20 otherwise damaging agents or itself produces a pathologically exaggerated 

immune response, the administration of lysozyme dimer may calm down the 

.overwhelming immurje responsEHhrough actions comprising, for instance, 

decreasing dangerOusly high tum.or necrpsis factor (TNF) levels, decreasing 

high fever to normafbody tel'T!perature, and/or decreasing blood or serum 

25 levels of the various well known forms of free oxidative radicals occurring in 

biological systems (including o)(ygen, hydroxyl, and nitrogen oxide radicals). 

It is a further object of the present invention to provide for a method to treat 

female individuals that suffer from a disturbed fertility, which may be caused, 

for instance, by a postpartum inflammation of the uterus endometrium, as is 
. ,. ,; . 

30 frequently the case·with domestic animais, in particular with cows. It could be 

demonstrated in in vivo studies that intrauterine infusion of a lysozyme dimer 

composition decreased the activity of endogenic prostaglandin. Also, a faster 

maturation of ovarian follicles, faster luteinization and a faster decrease of the . 

P-4 progesterone lev_el at a simultaneous increase in estradiol level was 

35 observed in the lysozyme dimer treated cows compared to the untreated 

control group. These dynamic changes together with a rapid breakdown of the 

prostaglandin F2 protjuction had in effect that the lysozyme dimer treated cows 
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were able to resume.:the estrous cycl~ .. about 11 ± ~:d~ .. ~ys earlier than cows 
.~· .. ~·'.: ';: .. ··~(~;:!·'::~··. ·~ • 

from the control group. · 

The present invention is further directed to the use of lysozyme dimer for the 
5 manufacture of a pharmaceutical composition to be applied for the 

aforementioned purposes. It is preferred that the lysozyme dimer be 
administered to the human or animal individual in a single or repeated dose of 
about 0.005 to 5 mg/kg, preferably of about 0.01 to 1 mg/kg body weight, 
corresponding to about 0.07 to 70 or 0. 14 to 14 µg lysozyme dimer per ml 

10 blood of a human individual, respectively (calculated on the basis of a 70 kg 
man having 5 liters blood). Advantageously, the drug is administered in the 
form of an injection solution containing the lysozyme dimer at a concentration 
of 0.01 to 10 mg/ml, preferably 0.1 to 0.5 mg/ml of the solution. 

15 It is further preferred that the applied lysozyme dimer is a dimerization product 
obtained by protein crosslinking of lysozyme monomers, which contains ·about 
10 % by weight or less of undesired byproducts, particularly of monomeric 
and oligomeric forms of lysozyme. The lysozyme monomers are preferably 
derived from hen eggs, but may also be obtained from other natural sources 

20 comprising humans, animals, plants and microorganisms or may be 
manufactured by chemical synthesis or by genetic engineering methods. 

The term Lydium-KLP as used herein refers to a liquid composition, preferably 
an injection solution, comprising a suitable solvent, a suitable preservative, 

25 and as the active drug lysozyme dimer - obtained via chemical crosslinking of 
egg white lysozyme - at a concentration of 0.01 to 10 mg/ml, preferably 0.1 
to 0.5 mg/ml of the solution. 

30 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph showing the development of oocytes fertilized in the 
presence of different concentrations of lysozyme dimer (as described 
in Example 6 hereinafter). 

35 In order that the invention described herein may be more fully understood, the 
following examples are set forth. The examples are for illustrative purposes 
only and are not to be construed as limiting this invention in any respect. 
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Example 1 : Effect of lyso:zyme dimer on the preservation of semen 

Investigations were performed on the effect of lysozyme dimer on boar semen 
' ' 

preserved at low temperatures. The experiments were conducted under clinical 

5 conditions on six b·o·~~s of different bre~ds: one "Duree", three "Hampshire", 
. . - . 

one "Pietrain" and one "WBP". The animals were used for artificial . . . ' . . . . . . 

insemination once a week. 

Fresh semen was trea,ted with lysozyme dimer immediately after collection in 

10 the doses of 1, 2 aryd 4 µg per 1 ml of semen. The ejaculate was thoroughly 

tested at all phases· pf the experiment, i. e. before· and after adding lysozyme 

dimer to the semen, before freezing the semen, and after thawing. The 

following factors were assayed; spermatozoon concentration, percentage of 

spermatozoa with normal motility, spermatozoon morphology (including 

15 acrosomes), and survival rates in various diluents. and at various temperatures. 
' ' ' 

Biochemical assays :included: GOT (glutamate-oxaloacetate-transaminase), 

acrosin, hyaluronidase, acid phosphatase, and alkaline phosphatase. 

The following meth~~s of preservationbyfreezing were used: a) the ball 

method, b) freezing in 5 ml plastic rouncl tubes, and freezing in 7 ml flat tubes. 

20 Preliminary results are presented in Tables 1, 2 and 3. 

Table 1 shows that, unlike in the control group, when 4 µg of lysozyme dimer 

was added to 1 ml of fresh semen, the percentage of spermatozoa with normal 

motility increased on average by 10 % after equilib.ration at 5 ° c and on 

25 average by 15 % aft:~r thawing of the semen. 

Table 2 shows the effect of lysozyme dimer (4 µg per 1 ml of semen) on the 

percentage of spermatozoa with acrosomes that were damaged during the 

process of preservation. In the experim~ntal sample the percentage of 

30 damaged acrosomes in spermatozoa is $ignificantly lower than in the control 

samples (no lysozYme dimer added). 

Table 3 shows the results of GOT activity assays at individual phases of the 

experiment. It was noted that lysozyme dimer reduced the discharge of the 

35 enzyme from the spermatozoa after thawing (429 U per 109 spermatozoa on 

average) thus indicating less frequent occurrences of spermatozoon cell 

damages. 

i;:• I 
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Table 1: Effect of Jysozyme dimer (4µg/ml of s~~~h) ·on the percentage of 
spermatozoa with normal motility in different methods of boar· 
semen preservation at low temperatures 

Semen after Semen after thawing 
eauilibration 

Method of No. of Experimen- Control Experimen- Control 
preservation ejaculates tal group group tal group group 
The ball method 12 60-65 50-55 45-50 30-40 
Preservation in 5 ml 15 60-65 50 35-50 15-40 
round tubes 

Preservation in 7ml 15 60-65 50-55 45-55 25-45 
flat tubes 

Total 42 60-65 50-55 40-50 20-40 
Mean 60 50 45 30 

Table 2: Effect of lysozyme dimer (4µg/ml of semen) on the percentage of 
spermatozoa with damaged acrosomes in different methods of 
boar semen preservation at low temperatures 

Semen after Semen after thawing 
equilibration 

Method of No. of Experimen- Control Experimen- Control 
preservation ejaculates tal group grouo tal aroup group 
The ball method 12 13~18 12-21 29-36 26-41 
Preservation in 5 15 13-18.5 17.5-21 28-30 30-34 
ml round tubes 

Preservation in 7ml 15 11.5-13.5 13-18 31-33 33-38 
flat tubes 

Total 42 

Mean 15.2 16.4 30.1 33.0 

I 
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Table 3: Effect: of lysozyme dimer (4µg/ml of semen} on GOT activity 

(U/1 of!; spermatoz~a} in diff~rent methods of boar semen 
: l· 

preservafion at low temperatures 

.. . ·. 

;: Semen after Semen after thawing .. 
: 

equilibration 
. ·. ·-· .: . :.:· 

Method of ·· {'Jo. of Experimen- Control Experimen- Control 

preservation ejaculates 1:algroup group· tal group group 
-~ 

6oa~a51 The ball method . ' 12 522:.556 555-695 740-797 
'· '·• 

Preservation in 5 ~5 230~334 275~377 105-483 519-639 
ml 'round tubes .. 

Preservation in 7ml 15 103-635 110-625 110-626 117-797 
: 

flat tubes 

Total 42 
Mean 

. ; : 

396 380 429 549 
. · .. , 

The promising results of the investigations described above indicate that. 
. . . .. .. • .... •·. ' . ·1, :· ... ·. • . . . 

· lysozyme dimer can successfUl!y be used in the preservation of animal or 
• • ' • • . ~ . • ? .. • • • • • • 

human sperm. 

10 . Example 2: Effect of lysozyme dimer (KLP-602) on preservation of animal 

sperrriatozoa 

Studies were carried out on semen of different males of domestic animals (6 

boars, 5 dogs, 5 r~ms and 4 bucks). The lysozyme dimer preparation was 

15 applied to the fresh semen directly after collection and before conservation, in 
. . . •. 

the following doses: 1, 2, 4, 5, 10, 15 and 20 µg/ml of semen. In all stages of 

the experiment (before and after adding lysozyme dimer to the semen, just 

before freezing and after thawing of the semen) ~ detailed examination of the 

semen was performed including determination of spermatozoa concentration, 

20 percentage of prope~ly motile spermatozoa, morphology of the spermatozoa 

(including the acr~sC>mes), survival rates at various dilutions and temperatures. 

The biochemical investigations included. determination of GOT, hyaluronidase, 

and the activity of acidic and alkaline phosphatase. Freezing of the semen was 

performed using various methods of cryoprotectiori, such as freezing in pellets, 

25 straws (0.25 ml), 5 ml round and 1. 7 ml flat tubes. The addition of 4 - 10 µg 

lysozyme dimer to 1 ml of the fresh semen caused a real increase of 
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spermatozoa with prbfufessive motility after thawing~_~decrease .of the number 
of damaged acrosomes and reduced release of GOT from preserved 

,.,. 

spermatozoa for all animals. The results obtained indicate that addition of 
lysozyme dimer to fresh semen of different male animals can stabilize the cell 

5 membranes of spermatozoa for preservation at low temperatures. 

Example 3: Efficacy of lysozyme dimer in the treatment of oligospermia in 

boars 

10 The experiment was performed on a six-year old boar with symptoms of 
oligospermia that persisted for 1.5 months, and with a high percentage of. 
morphologically changed spermatozoa caused by atrophy of the right testis. 
The boar was administered intramuscularly 10 ml of l ydjum-KLP comprising 2 
mg of lysozyme dimer as the active ingredient, corresponding to a dosage of 

15 approximately 0.020 mg/kg body weight of the animal. 

Before treatment, the spermatozoa concentration per ejaculate volume unit 
gradually decreased from 145.000 to 65.000 per mm 3 and morphological 
changes in spermatozoa varied from 25 % to 50 % (mean value 40 %). 

20 51 days after injection of Lydium-KLP, the spermatozoon concentration 
increased from 100.000 to 150.000 per mm3 and the morphological changes 
in spermatozoa were within the range of 18 to 21 % (mean value 19,5 %). 

25 

It can thus be concluded therefrom that Lydium-KLP seems to be a remarkable 
agent in the treatment of oligospermia in animals or humans. 

Example 4: Effect of Jysozyme dimer on the survival of sperm cells 

This example describes the effect of lysozyme dimer on the survival and 
biological activity of spermatozoa of boars and bulls. The study comprises 

30 determination of the: 

- influence of addition of lysozyme dimer to fresh semen of boars and bulls 
without subsequent conservation; 

- influence of lysozyme dimer on the process of cryoconservation of semen of 
these males, and 

35 - influence of the administration of a pharmaceutical lysozyme dimer 
composition (Lydium-KLP) on the fertilizing capacity of bulls and boars with 
poor quality of semen. 

The studies were carried out on 75 boars and 65 bulls and their ejaculates. 
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a) In vitro study: 

In· the course of the study, a most effective dose of lysozyme dimer added to 

the fresh semen was found to be 5 µg per 1 ml of semen. Lower .doses, e.g. 1 

and 3 µg/ml of semen had reduced or no ;biological activity. Similarly, doses 

5 higher than 5 µg/ml of semen did not produce univocal, repeatable biological 

effects. Therefore, in this study the addition of 5 µg of lysozyme dimer per 1 

ml of fresh semen was used. 

The addition of lysozyme dimer to fresh semen (without subjecting the semen 

10 to subsequent freezing) caused an average elongation of the survival time of 

spermatozoa of boars of about 6.8 ± · 1.5 hours, and of the bulls of about 3 ± 

1.2 h, in comparison to control samples. 

Similarly, the addition of 5 µg of lysozyme dimer to semen with subsequent 

15 cryoconservation and storage for 30 days in liquid nitrogen (-196°<;:) and 

subsequent unfreezing, had an advantageous influence on the elongation of 

the survival time of the sperm cells, which in examined ejaculates fluctuated 

; from 6 to 14 h in comparison with analogous control samples. 

20 Additionally, it was observed that in the lysozyme dimer treated ejaculates, 

particularly in the semen of boars, the percentage of spermatozoa with normal 

motility was about· 10 - 15% higher than in the untreated controls. Also, the 

number of spermatozoa with primary defects was about 20 - 25 % lower in 

comparison to anal()QOUS trialswithout the addition Of lysozyme dimer. 

25 

Moreover, in the lysozyme dinier treated group the observed lower 

concentration of spermatozoa with damages of acrosomes was statistically 

significant (p < 0,01 }. This effect was particularly visible with the semen of 

boars: in control samples the percentage of spermatozoa with damages of 

30 acrosome fluctuated between 35 and 60%, whereas in the experimental 

samples the percentage did not exceed 28%. 

Further, the addition of lysozyme dimer to semen with subsequent 

cryoconservation and thawing caused a statistically significant (p < 0.05) 

35 decrease of sperm cell destruction, as measured by means of discharged 

transaminases (AspAT). In the boar semen, a reduction in damaged cells of 

about 65 ± 8%, in semen of bulls of about 48 ± 11 %, in comparison to control 

samples, was observed. 

1·: 
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20 boars and 15 bulls having a poor quality of sem,e~ (low concentration of 

spermatozoa in the ejaculate, high percentage of cells with primary defects 

and damaged acrosomes, low percentage of spermatozoa with normal motility) 

5 and as a consequence thereof a considerably reduced reproductive capacity 

were subjected to lysozyme dimer treatment: 

A pharmaceutical lysozyme dimer composition (L ydium-KLP) was administered 

intramuscularly to the animals at a dose of 0.02 mg lysozyme dimer per kg 

body weight. The preparation was applied thrice in intervals of 10 days. The 

10 ejaculate was examined once a week in the period from first administration 

until the 95th day after the last administration. It was found that positive 

changes in the microscopic appearance of the boar semen developed - on 

average - after 40 ± 5 days after the first application of Lydium-KLP, and of 

bull semen after 50 ± 4 days and was maintained up to 48 ± 6 days in the 

15 boar and up to 65 ± 7 days in bulls. These changes were manifested by an 

increase of the spermatozoa concentration of about 25 - 40% in comparison 

to the initial concentration at time zero, an increase of the percentage of 

sperm cells with normal motility of about 10 to 26% compared to the situation 

at time zero. 

20 

Distinct changes were also observed with regard to the number of 

spermatozoa with primary defects. In the experimental group, their number 

decreased by about 20 to 30% in comparison to the control groups. 

25 c) fertility testing: 

In the experimental period, a biological evaluation of the boar and bull semen 

either patronised by lysozyme dimer or obtained fr.om males that received 

Lydium-KLP treatment was undertaken in local tests. Studies were carried out 

on 80 cows and 100 sows. It was shown, that the non-repetition factor (NR) 

30 in cows inseminated by semen protected by the addition of lysozyme dimer 

was 87.5 ± 8%. In the population of control cows this value was 70 ± 9%. In 

the population of sows inseminated by lysozyme dimer protected semen the 

value was 86 ± 5% and in the sow population of the control group it was 74 ± 
6%. 

35 

Particularly positive biological effects were obtained after insemination of 

sows using semen of boars that had received a Lydium-KLP treatment as 

described above. Prior to this immunostimulation, the efficacy of sow 
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insemination by ejaculates of tpese boar~ did never exceed 35 - 40%; after 

immunostimulation -of the boars by the aforementioned lysozyme dimer 

therapy, the insemination efficacy iricreased to 78..; 85% during the 

experimental period. 

Example 5: Use of lysozyme dimer in the treatment of impaired fertility. in 

animals··· 

This example descr1bes an experimental trial to demonstrate and explain the 

activity and involved modes of action of lysozyme dimer towards endometritis 

10 in cows. 

The studies were carried out on 120 cpws with postpartum inflammation of 
; . : .. ·. 

the uterus endome.trium (endometritis puerparalis). The experimental group 

comprised 60 cow~ r~ndomly selected. The control. group comprised the same . . 

number of cows. C.~ws from th~ experimental group received 2 mg of 

15 lysozyme dimer in 40 - 50 ml of a 5 % glucose so.lution intrauterinely using a 

catheter. Cows fro.m the control group re:1ceived an infusion of antibiotics 

{Amoksiklav). The gynecological examinations to9k into consideration: state of 

.uterus and uterine cervix, course of in.volution anci term of finishing, fill.ing of 

the uterine cavity - amount, character. and smell of discharges, estimation of 

20 the ovary activity. ~aboratory investigations carried out on 20 cows from 
.. · . . 

. eve~y group (l: = 40 females) i~cluded; determination of factors of the cellular 

immunity, using the ·blastic transf9rrnation test under the influence of LF-7, 

pha!;JOCytosis test according to Wright, reduction of nitrotetrazolium blue 

(NBT}, esterase bl~e, determination of immunity factors of the humoral 

25 immunity - total protein and its fractions, leukocyte pattern, determination of 

the hormone level of the ov.arian cycl~ - progesterone (P-4) and estradiol - and 

activity of the metat>olite of PGF2 alpha (PGFM). "fhe efficacy of the applied 

therapeutical procedure was estimated on the basi~ of the obtained values 

from the investigated immunological factors, the dynamics of changes of PGF2 

30 alpha, the level ofprogesteron~ of the ovarian cy~I~, and the calculated 

fertility indexes such. as length of .the period from ~alving to first heat, 

pregnancy index, insemination inde~ and length of the intergestation period. 

The laboratory investigations showed a beneficial immunomodulating influence 

35 of intravenously administered Lydium-K~P on the values of the analyzed 

factors of the cellular immunity. In cows of the experimental group an increase . :··. . . . . 

of the phagocytosis index of about· 15 to 21 % , an _increase of the phagocytic 

activity and transformation abjlity of about 10 to .18% on average, and a 
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distinct increase of t~:~:;,ganimaglobulin fraction be~~~n the 3rd and 5th day 
after infusion of Lydiu~-KLP was observed. ,, ' 
Jn the control group of cows receiving the antibiotics changes in the 
immunological activity were detected and the values of the investigated 

5 factors indicated the appearance of a postpartum immunological niche, 
observed also in cows in other studies. 

The intrauterine infusion of Lydium-KLP decreased the activity of the 
endogenic prostaglandin, determined as PGFM. Particularly, distinct changes of 

10 the dynamics of this parameter are seen between 2 and 5 hours after 
Jysozyme dimer application. Its activity decreases by about 70 - 85% in 
comparison to the value, that was observed before infusion of Lydium-KLP. 

In cows receiving Lydium-KLP intravenously, an earlier maturation of ovarian 
15 follicles, an earlier"luteinization, and a faster decrease in the P-4 level in 

comparison to analogous changes in the cows of the contra• group was 
observed. Simultaneously with the changes in the level of P-4, changes in the. 
dynamics of the estradiols in blood were observed. Their increase correlated 
with the dynamics of disappearance of P-4. These changes and their faster 

20 rates in the cows from the experimental group had in effect that cows from 
this group came into the estrous cycle at about 11±3 days earlier than cows 
from the control group. 

The observed changes in the dynamics of the prostaglandin F2 production .and 
particularly its fast breakdown seem to be the main outcome of the beneficial 

25 activity of Lydium-KLP in the therapy of endometritis in cows. The dynamics 
of changes in the progesterone and estradiol levels in blo.od will confirm these 
remarks. 

30 

Example 6: Effect of lysozyme dimer (KLP-602) on bovine egg cells (oocytes) 
maturation and fertilization in vitro 

The following experiments were performed: 

A. Determination of the effect of different lysozyme dimer concentrations 
on maturation and in vitro fertilization of bovine egg cells (oocytes). 

35 B. Evaluation of the Jysozyme dimer influence on the interrelationship 
between either polymorphonuclear cells (PMNs) or lymphocytes, and oocyte 
maturation and early embryonic development. 
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C. Determination of the inf!uence of different ccmcentratioris of lysozyme 

dimer present during in vitro fertilization pf oocytl:ts ·on the subsequent emb~yo 
··, ' . . . . . ~ 

development 

5 Results: 

Ad A.: The experimeptal results indicatep that all tested concentrations· of 

lysozyme dimer wi'thln the range of (). 1 to 100 µg lysozyme dimer per ml cell 

or tissue culture sus.l?ension, r~spectively, impaired the cumulus oophorus 

expansion (mucification}, whereas a decrease of oocytes maturation rate was 

10 observed only at higher conce~trations of the substance, i.e. at concentrations 

above 10 µg lysozyfJ1.e dimer pe.r ml. .Th~ lysozym~ dimer concentration of Up 
·. :·:· . . ,. ; 

to 10 µg/ml had a· significant beneficial effect on the oocytes maturation 

despite of the observed impairing effect on the cu.mulus mucification. The . . . ·. 

results of the in vitro fertilization and embryo dev~lopment of oocytes 

15 maturated in the presence of different lysozyme cf imer concentrations showed 

a maximum increa~e ·.of the fertilization rat'e and o'r the number of oocytes that . ~ . . . . . ·' . . . . . . . 

reached the metaphase II stage after 36.hours of incubation, when the 

lysozyme dimer w~s ~sed in a concentr~ti~n of 10 f!Q/ml. . Also the 

percentage of fertiliz~d oocytes that re~ched the morula and blastocyst stages 

20 was significantly hi~t:ier when fertil!zation took place in the presence of 0. 1 to 

10 µg lysozyme dimer/ml (Fig. 1 ). 

Ad.B.: PMNs were incubated for 3 hou.rs in.RPM!~ 1640 medium either with. 

the addition of LP$ and lysozyrne ~imer or without these substances. After the 

25 incubation the cul~ure medium (supernatant) was collected and frozen at a 

temperature of -80 °C until used. In another experiment lymphocytes were 

incubated for 24 hours with the addition of Con A, PHA and lysozyme dimer, 

then the culture medium was collect~d and stored as mentioned above. 

Various experiments were conducted in which the following was evaluated: 

30 8.1. The effect of different concentrations of the supernatant from the 

PMNs culture on the oocytes maturation. The results indicated that the 

supernatant from 4PS-stimulated PMNs cultured in the presence of lysozyme 

dimer significantly ·increased the oocytes maturation rate. 

B.11. The influence of a co-culture of 105 LPS-stimulated or not 
. . . 

35 stimulated PMNs in the presence of lysozyme dimer on the maturation of 

~ I 

oocytes. The experimental results indicated that the addition of lysozyme 

dimer to LPS activated PMNs negatively affected the in vitro maturation of the 

bovine oocytes under the applied experimental conditions. This effect seemed 

I: 
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to indicate an increas.~~ production of some factor(~h,~Y· the PMN cells which 
affect the oocytes m~t~ration. .· ;:.:;·>~.', • 

B.111. The influence of a supernatant from a PMNs culture - similar to the 
. one disclosed in B.I - on oocytes maturation, fertilization and subsequent 

5 embryo development in vitro. It was found that the addition of the supernatant 
of a cell culture of LPS-stimulated PMNs grown in the presence of lysozyme 
dimer to the maturation medium at a concentration of 2.5 % v/v had a 
beneficial effect on oocytes fertilization and embryo development . 

8.IV. The effect of a supernatant derived from a culture of lymphocytes 
10 grown in the presence of Con A, PHA and lysozyme dimer on the oocytes 

maturation, fertilization and subsequent embryo development. The results 
showed that a concentration of 10% v/v of the supernatant in the maturation 
medium had a beneficial effect on the oocytes fertilization and subsequent 
embryo development. This effect was lower in the case of lymphocytes . 

15 stimulated with Con A or PHA with the additi~n of lysozyme dimer. 

Ad.C.: A lysozyme dimer concentration of 10 µg/ml in the medium in which 
oocytes fertilization took place had a beneficial effect on the quality of 
embryos obtained in vitro. It remains to be further clarified whether this effect 

20 resulted from this substance's influence on the oocytes or on the spermatozoa 
involved in the fertilization process. 

In general, it was found that the lysozyme dimer when used in low 
concentrations according to the different experimental protocols showed a 

25 beneficial effect on in vitro bovine oocytes maturation, their fertilization and 
subsequent embryo development. 

Example 7: Effect of lysozyme dimer (KLP-602) o"n the survival of eukaryotic 
cells 

30 The study was conducted on primary chicken embryo fibroblasts, and on 
continuous cell lines CC81 (xenotropic cat cell line, TBTR (bovine tracheal 
cells) and MDBK (bovine kidney cells). Its main objective was to compare the 
survival time of the cell lines in serum-free Parker's medium with and without 
the addition of lysozyme dimer. 

35 

Primary chicken embryo fibroblasts and continuous cell lines were propagated 
according to routine methods employed in virology. In brief: 
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a) Primary chicken embryo fibrobla~ts: embryos 9-10 days old were cut 

into small pieces and dissociat~d into ~ suspension of single cells by treatment 

with dilute trypsin (0.~5%) in sa.lin~ sQJution at pH 7.5 and stirred. The first 

extraction was discarcjed, while subsequent extractions were retained. The 

· 5 cells were removed by centrifugation and washed. They were then counted in 
' 1 •. : . • 

a hemocytometer chamber and diluted' in· growth l'Tledium (composition see 

below) to a concentration of about '2'.5 x 105 cells/ml. Then the cell suspension 

was distributed int~ s'uitable cJlture .vessels {Roux flasks and/or test tubes) 

and kept at 37°C. Usually after 24 hours, when monolayer cultures were 

10 gained, the growth medium was disca~ded and monolayers were inoculated 

with distemper virus, washed ~nd covt;ired by maintaining medium (see 

composition below) cpmprising lysozyme dimer. 

b) Continuous cell lines: Monolayer cultures on bottles were subcultured 

15 by trypsinization (trypsin Difeo Q.5%, sodium versene 0;02%) and the cells 

were suspended in growth medium. As ~oon as monolayer cultures were 

gained the growth medium was replac~d by maintaining medium. Virus 

inoculation was carried out be'iore the :cell suspension was distributed to glass 

20 

'· ,· ·. 

vessels. 

Growth Mediu111: Eagle's minimum essf;lntial medium supplemented with 

Hanks' salts and L'.°gliJtamine W!thout sodium bicarbonate (Sigma); 4-8% wt. 
. . 

(depending on cell cu'iture used) of fetal calf serum (Sigma; inactivated at 

58 ° C for 30 min}; antibiotics (100 units/ml penicillin, 100 µg/ml 
. . . 

25 dihydrostreptomycin sulfate, 2.Q µg/ml amphotericin B; 1 OOx tylosin). 

Maintaining medium: Parker's 19~ Medium (Biofactory of Sera and 

Vaccines, Lublin, Poland); antibiotics (same as in growth medium). 

30 Toxicity of drugs: the toxicity of lysozyme dimer (KLP 602) and pentoxyfylline 

was evaluated on cell cultures in bacteriological test tubes (6 tubes per each 

solution of the drug) and plastic plates ( 8 wells for each solution). The plates 

with the cultures were kept at 37°C in a humid chamber with carbon dioxide. 

The effect of the drugs on cells was examined under a light microscope ( a 

35 simple or reverse mi9roscope)~ 

Assessment of cell vitality: Confluent monolayers were detached by 
. . 

trypsinization, centrifuged and the cell suspension was stained with neutral 

red. The number of cells was counted in a Burker's chamber. 

,, 
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A~~~nuated strain BMD of canin~·~i~~·;~6virus (Lublin, Poland} 

BP1 and BP2 strains of distemp~r ~lrus (Pulawy, Poland) 

5 Hemagglutination was performed with erythrocytes of pigs (0.25%) suspended 

in Sorensen's buffer with 0.1 % of bovine albumin, pH 5.8. 

In this study the lysozyme dimer was applied at various concentrations ranging 

from 1 to 1000 µg/ml (Tables 4, 4a, 4b, 4c). 

10 As a result of the experiments it was found that lysozyme dimer when used at 

concentrations between 1 and 25 µg per ml cell culture suspension was f'.lOt 

only non-toxic to the cells but also remarkably prolonged the survival t.imes of 

the cells: the cells persisted in the form of unchanged monolayers for 2 to 8 
days longer than the untreated controls (Tab.4). When applied at higher 

15 concentrations the lysozyme dimer appeared to be slightly toxic to the 

eukaryotic cells (as concluded from an increased count of dead cells and from 
morphological changes of the treated cells) but still retained its exciting cell­

life extending activity over the whole range (i.e. 1 to 1000 µg per ml cell 

culture suspension) of tested lysozyme dimer concentrations (Tab.4a, Tab.4b). 
20 

This effect of eukaryotic cell life prolongation was also observed with virus­

infected animal cells exposed to varying concentrations of lysozyme dimer in 

combination with a fixed concentration of pentoxyphylline (Tab.4c). 

Interestingly, in this cell culture experiment an extremely strong effect was 

25 observed with chicken embryo fibroblasts at the highest dose of lysozyme 

dimer applied (i.e. 1000 µg per ml cell culture). Cell life prolongation at a ratio 

of at least 1.3 ( = 30 % increase of cell life time compared to controls) and up 
to 1 .67 ( = 67% increase) at the extreme was regularly achieved in the 
experiments. 

30 
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Table 4: Effect of lysozyme dimer (KLP-602) on the survival of eukaryotic 

cell lines in serum-free Parker's 199 medium 

Concentration Prolongation of survival time [days) in relation to untreated 

of lysozyme controls 

dimer [µg/ml] Chick embryo Cell line CC81 Cell line TBTR Cell Une MDBK 

fibroblasts 

1.0 6 0 3 2 
... 

2.5 6 1 3 2 

5.0 6 4 6 2 

10.0 6 3 8 0 

25.0 ND* 3 ND ND 
. 50.0 ND T** ND ND 

100.0 ND T ND ND 
* = not determined;. * * =toxic effects occurred 

Table 4a: Effect of lysozyme dimer (KLP-602) on the survival of chick embryo 

fibroblasts in serum-free Parker's 199 medium . . 

Concentration Morpho- Dead cells Survival Remarks 
of lysozyme logical [%] .. .time . . 

dimer [u.g/ml] changes [days] 

8 BZ 19.4 18 
.. 16 BZ 18.0 18 

32 BZ 20.0 18 

64 BZ 19.5 18 

125 BZ 21.0 18 Slight growth inhibition 

250 + 24.0 18 . within first 24 hours 

500 ++ 21.0 18 growth inhibition within first 

24 hours, granular foci 

1000 +++ 25.0 21 growth inhibition within first 

24 h, high percentage of 

granules 

Control BZ 19.5 14 
+ minute toxic changes 

10 + + foci of toxic changes 
+ + + distinct toxic changes 
BZ cell morphology without changes 
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Table 4b: Effect ofi.IY$ozyme dimer (KLP-602)· onJt\~!survival of CC81 cells in 
serum-frt!e Parker's 199 medium ,'? :.; ' • 

Concentration of Morphological Dead cells Survival time 
lysozyme dimer changes [%] [days] 

[µg/ml] 

10 BZ 11.0 10 

20 BZ 15.0 10 

40 BZ 17.0 10 

50 BZ 17.0 10 

80 + 24.0 10 

100 ++ 52.0 10 

Control BZ 8.0 6 

5 Table 4c: Effect of various doses of lysozyme dimer (KLP-602) in 
combination with 10 µg/ml pentoxyfylline on the survival of virus 
infected cultures of chicken embryo fibroblasts and CCB 1 cells in 
serum-free Parker's 199 medium 

Survival of distemper virus I canine parvovfrus 
10 µg/ml pentoxyfylline infected cells [days] 

+ 
lysozyme dimer [µg/ml] Chick embryo fibroblasts Cell line CC81 

8 21/18 NB 

10 NB 13/10 

16 NB NB 

20 NB 13/10 

32 21/18 NB 

40 NB 13/10 
50 NB 13/10 
64 21/18 NB 
80 NB 13/10 

100 NB 13/10 

125 21/18 NB 

250 21/18 T 

500 25/18 T 
1000 30/21 T. 

Control 18/14 13/10 
10 T = toxic action of the drugs; NB = not determined 
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Infection was done with distemper virus and·.canine parvovirus; viral titers of 

controls (in CCID50/ml) were 103
·25 (diste~per virus) f 105·0 (canine parvoviru·s) 

Investigations carried out with other cells under comparable conditions, in 

5 particular with Leydig cells and similar macrophages, confirmed the 

aforementioned results. They further revealed that the cells' DNA content and 

protein synthesis increased after treatment with lysozyme dimer. It is, 

however, not yet fully understoc;>d howthe lysozyme dimer interacts with 

eukaryotic cells antj particularly with mammalian immunocompetent cells in 

10 order to interfere with apoptosis, i.e. the genetically pre-determined 

"programmed" cell death. The experimental results obtained so far are 

~ I 

' . . . . . . . 

nevertheless very exciting with regard to ttie observed anti-aging effect of the 

lysozyme dimer ori eukaryotic cells and the practical implications thereof may 

not yet be entirely anticipated. 

Jr' 
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.. : .·:. Claims 

1. Use of a lysozyme dimer for the manufacture. of a pharmaceutical 
composition for the prophylactic intervention or therapeutic treatment of 

5 animal or human fertility impairment. 

10 

2. Use according to claim 1, wherein said prophylactic intervention or 
therapeutic treatment comprisesimproving at.least one of the following fertility 
parameters: sperm quality, egg cell maturation, embryo development. 

3. Use according to claim 1 or 2, wherein said prophylactic intervention or 
therapeutic treatment comprises improving at least one of the following sperm 
quality factors: duration of sperm cell viability, sperm cell motility, sperm cell 
membrane stability, acrosome protection, concentration of morphologically 

15 normal sperm cells, total count of sperm cells in the ejaculate. 

4. Use according to claim 1, wherein said impairment is affected or caused 
by at least one of the following disorders: immunological disorder, hormonal 
disorder, metabolic disorder, and wherein the immunological disorder optionally 

20 comprises an inflammation of the uterus. 

5. Use according to claim 1, wherein said fertility impairment is due to 
oligospermia. 

25 6; Use according to claim 1, wherein said prophylactic intervention or 
therapeutic treatment comprises modulating at least one of the following 
parameters: cellular immunity, phagocytic activity; a cytokine level, a hormone 
level. 

30 7. Use according to anyone of claims 1 to 6, wherein said pharmaceutical 
composition comprises lysozyme dimer in an amount suitable for administering 
said lysozyme dimer to a human or animal individual in a single or repeated 
dose of about 0.005 to 5, preferably about 0.01 to 1, mg lysozyme dimer per 
kg body weight, or in a single or repeated dose of about 0.07 to 70, preferably 

35 0.14 to 14, µg lysozyme dimer perml blood. 
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8. Use according to anyone of claims 1 to 7, wherein said composition is in 

the form of a liquid solution containing the lysozyme dimer at a concentration 

of 0.01 to 10, prefe:~~:bly 0.1 to 0.5, mg/ml of the solution. 

5 9. Use according to claim 1 or 2, for improving egg cell maturation and/or 

10 

. . . . : . . . 

embryo development )Nherein said prophylactic intervention or therapeutic 

treatment comprises:~upplementing an egg cell maturation medium with an 

effective amount o{lysozyme dimer, preferably with about 1 to 10 µg 

lysozyme dimer per ·ml of maturation medium. 

10. Use of a lysozyme dimer for an improved preservation of eukaryotic 

cells, ·particularly o·f animal or human germ cells, and/or for prolongation of 

eukaryotic cell life, by incubating or storing eukaryotic cells in the presence of 
. ·. '; 

lysozyme dimer, preferably in the presence of 0. 1 to 50 µg lysozyme dimer per 

16 ml of a suspension containing said cells. 

11 . Use according fo claim 1 Q, for. a prolongation of cell life by a factor of . . 

at least up to 1.3, preferably by a factor of up to 1.67. 

20 12. Use according to anyone of the preceding claims, wherein said lysozyme 

dimer is a crosslinked dimerization product of lysozyme monomers and 

contains about 10 % by weight or less of undesired byproducts, particularly of 

monomeric and oligomeric forms of lysozyme. 

26 13. A method fora·n improved preservation of eukaryotic cells, particularly 

of animal or huma'n' germ cells, and/or for prolongation of eukaryotic cell life, 

wherein the method comprises storinQ or incubating said cells in the presence 

of lysozyme dimer, preferably in the presence of 0.1 to 50 µg lysozyme dimer 

per ml of a suspension containing said cells. 

30 
14. The method according to claim 13, wherein said preservation comprises 

a freezing step and wherein lysozyme dimer is added to the eukaryotic cells, 

preferably before subjecting the cells to the freezing step, at a dose of 0.1 to 

20 µg, preferably of about 1 to 4 µg, per 1 ml of a suspension containing said 

35 cells. 

15. A method for improving egg cell maturation and/or embryo development, 

characterized in that it comprises supplementing an egg cell maturation 

• 
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medium with an effec~ive amount of lysozyme dimer; preferably with about 1 

to 10 µg lysozyme dtfti:·~r per ml of maturation rried·l~·ffl. 
· ... ~: ; ... :: 

16. A method according to anyone of claims 13 to 15, wherein said 

5 lysozyme dimer is a crosslinked dimerization product of lysozyme monomers 

and contains about 10 o/o by weight or less <;>f undesired byproducts, 

particularly of monomeric and oligomeric forms of lysozyme. 

17. A composition for use in the prevention or treatment of animal or human , 

10 fertility impairment, characterized in that the composition comprises lysozyme 

dimer in an amount sufficient to administer to a human or animal subject a 

dose of about 0.005 to 5 mg lysozyme dimer per kg body weight, or 0.07 to 

70 µg lysozyme dimer perml blood. 

15 18. The composition according to. claim 17 in the form of a liquid solution 

containing the lysozyme dimer at a concentration of 0.01 to 10, preferably 0.1 

to 0.5, mg/ml of the solution. 

19. A composition for use in the preservation of eukaryotic cells, 

20 particularly of animal or human germ cells, and/or for a prolongation of 

eukaryotic cell life, characterized in that it comprises lysozyme dimer in an 

amount sufficient to incubate or store said cells in the presence of 0. 1 to 50 

µg of lysozyme dimer per 1 ml of a suspension containing said cells. 

25 20. The composition according to anyone of claims 17 to 19, characterized 

in that said lysozyme dimer is a dimerization product of lysozyme monomers 

and contains about 10 % by weight or less of undesired byproducts, 

particularly of monomeric and oligomeric forms of lysozyme. 
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