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TABLE 2. Local Skin Injury Index (in Points) on Day 14 af ter  

Staphylococcus Infection 

Salmosan 
dose, ~tg 

C o n t r o l  
10 
100 

Number 
of mice 

Local skin injury, points 

0 +1 +2 +3 

- -  2 2 1 

4 2 -- - -  
6 - -  - -  - -  

N o t e .  The drug  was i n j ec t ed  s u b c u t a n e o u s l y  24 h b e f o r e  
infection with live Staphylococcus  culture. 

administration, etc.; the use of various mouse strains, 
choice of drug doses, and analysis of the time course 
of immunomodulating effect are specified in these 
schemes. 

The suggested methods may be recommended 
both for the primary selection of newly synthesized 
agents and study of their immunomodulating effects 
at research institutions engaged in the development of 
immunomodulating agents and for plants manufactur- 
ing immunomodulating drugs for their quality control. 

And, finally, we should like to mention one 
more aspect of the possible apphcation of the 5'- 
nucleotidase test. Currently in vitro methods have been 
widely used in studies of the immunomodulating el- 

fects of drugs. Without in any way deprecating the 
significance of these methods in disclosing the mecha- 
nisms of immunomodulator action, we should like to 
emphasize the great significance of in vivo analysis 
of drug action. We insist on in vivo investigations 
because the problem of immunomodulation is one of 
the knotiest in biology and medicine. Analysis of 
published data and our own finding attests that any 
immunomodulator may show both immunostimtflating 
and immunosuppressive activities depending on the 
specific conditions. Our knowledge of these conditions 
are quite insufficient. To understand the mechanisms 
of immunomodulator action, learn to perdict an im- 
munomodutating effect, and to control it, we should 
concentrate out efforts on studies of these specific 
conditions. The use of the 5'-nucleotidase test, per- 
mitting in vivo monitoring of immunomodulator ef- 
fect, can make a valuable contribution to the solu- 
tion of this problem. 
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One of the important considerations when gener- 
ating antibodies to a hapten  is selection of the  
optimal density of hapten epitopes on the carrier 
protein molecule, since antigens of this type with 
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different hapten valence induce immune reactions of 
different intensity and character. The immunogenic 
properties of hapten-protein conjugates are deter- 
mined by both the nature of the carrier molecule 
and the number of homogeneous hapten determi- 
nants [5]. It is known that a very high hapten den- 
sity may lead to the inability of immunocompetent  
cells to respond to repeated administra-tions 
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Fig. 1. Time-course of antibody generation in response to immunization of mice with dopamine-protein conjugate with 
different epitope density. Abscissa: number of immunizations; ordinate: reverse titer values (M• Hapten-protein molar 
ratio: a) 4:1; b) 5.8:1; c) 8.8:1; d) 14:1; e and /) 18-22:1. Dose per mouse: a-e) 100 gg; /) 10 gg. 
of antigen [2]. The immunogenicity of hapten-pro- 
tein conjugates decreases if parameters such as 
epitope density and molecular weight deviate from 
the optimal values [3]. 

Here, using dopamine-protein conjugates as a 
model, we studied the effect of their main charac- 
teristics on the ability to induce the primary and 
secondary immune response. The choice of hapten 
was dictated by the need to generate antibodies to 
dopamine. This publication presents the first stage of 
the investigation. 

MATERIALS AN D METHODS 

Dopamine-bovine serum albumin (BSA) conjugates 
with a differing epitope density were prepared by 
the glutaraldehyde method as earlier described [1]. 
The different level of dopamine incorporation into 
the BSA molecule was achieved by varying the 
synthesis conditions (ratio of reactive agents and 
incubation time). 

BALB/c mice were immunized with preparations 
of DA4-BSA, DAs.8-BSA, DA~.6-BSA, DA~.s-BSA, 
DA10.6-BSA, DA14-BSA, and DAls.22-BSA in a dose 
of 100 gg/mouse three weeks apart. In the case of 
DAls.22-BSA conjugates we also used a dose of 
10 gg/mouse. The conjugates were dissolved in 0.05 
M carbonate buffer contaLrting 10 .3 M Na:S20 s (pH 
8.5) and admires" tered intraperitoneally in Freund's 
adjuvant. 

The fiters of specific antibodies in mice sere were 
determined three weeks after each immunization from 
the final point of the titration curve using indirect 
ELISA modified for low-molecular-weight monoam- 
ines [4]. For the removal of antibodies to the pro- 
tein carder, prior to titer determination, the sera (500 
~d, diluted 1:100) were exhausted on glutamldehyde- 
modified BSA. The nonspecific binding of antibodies 
with modified BSA after exhaustion constituted 0.8% 
with respect to binding with DA-BSA conjugate. The 

data obtained were processed sta~'tically using Fisher- 
Student's test. 

RESULTS 

The data on the immunogenicity of dopamine-pro- 
tein conjugates with different epitope density are 
presented m Fig. 1. The preparations DA~.8-BSA 
and DA14-BSA induced the most strongly expressed 
primary immune response. The character of the 
response to DA~.6-BSA and DAI0.~-BSA was analo- 
gous to that in the case of DA~.8-BSA and  DA14- 
BSA (the data are not presented). Conjugate DA14- 
BSA proved to be most effective. The intensity of 
the primary immune response to this preparation 
was comparable to that registered upon hyperim- 
munization with DA4-BSA. Conjugates with a low 
hapten density (DA4-BSA and DAs.8-BSA ) and 
high-valence conjugates (DAhs.2~-BSA) did not dif- 
fer in their ability to induce the primary immune 
response. The antigen titers in mice sera after 
single immunization with DA4-BSA and DAs.s-BSA 
were more than three times lower than those in 
mice immunized with DA14-BSA. The difference in 
the primary immune response was even more pro- 
nounced for DAls_2:-BSA and DAI4-BSA , the anti- 
body titer in the latter case being more than four 
times higher. 

Synthesis of DAts.~2-BSA conjugates was accom- 
plished with a 4-fold excess of glutaraldehyde with 
respect to hapten, which constituted a 670-fold ex- 
cess of it vis-a-vis the protein and led to a signiti- 
cant polymerization of BSA. In their electrophoretic 
mobility, these conjugates were close to 140 kD 
proteins. 

In view of this, we thought it advisable to test 
two immunization doses of these preparations: 100 
and 10 gg/mouse. However, we failed to enhance the 
immunogenicity of DA~s.22-BSA by decreasing its im- 
munization dose. 



7 2 8  BuLletin of ExperimentM Biology and Medicine, VoI. 115, N o- 6, June, 1993 

The same tendency was traced in the response 
kinetics, except that the immunogenlcity of DA~.8-BSA 
after hyperimmunization (4 injections) attained that 
of DAs.s-BSA and DAI4-BSA. 

Thus, the immunogenicity of dopamine-protein 
conjugates increased in the foUowing order: DA4-BSA 
- DAs.s-BSA - DA14-BSA and decreased with a fur- 
ther increase of hapten valence. The optimal immune 
response developed at a hapten valence of 5.8-14. It 
may be supposed that the partial tolerogenic proper- 
ties of thymus-dependent antigens such as dopamine- 
protein conjugates are accounted for both by specific 
processes (that are more typical for low-substituted 
antigens) and by nonspecific processes that are con- 
nected with alterations in the physicomolecular char- 

actefistics of antigen. The latter is directly connected 
with the mode and conditions of hapten-protein cou- 
pling. High-substituted conjugates (DA18.~-BSA) acquire 
tolerogemc properties due to nonspecific mechanisms 
rather than to specific blocking of receptors. 
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An important role of the interaction between the 
neuroendocfine and immune systems in the forma- 
tion of the defense response of the organism during 
stress is now commonly acknowledged [5,9]. Never- 
theless, the specific mechanisms of this process re- 
main the object of recent studies. In this connection, 
the data reported by Canadian scientists [15] on the 
ability of defensins (cationic cyclic polypeptides pos- 
sessing antimicrobial properties and located in the 
granular apparatus of neutrophils and some macroph- 
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ages [4,10]) to suppress adrenocorticotropic hormone 
(ACTH)-induced production of steroids by adrenal 
cells in culture are of certain interest. This property 
of the polypeptides has been termed by the authors 
corticostatic. The ability of defensins to exert a 
corticostafic effect has been regarded by researchers as 
one of the probable molecular mechamsms of the 
immune effect on the activity of the hypothalamus- 
pituitary-adrenocortical system (HPACS), which is 
based on the principle of negative feedback [8]. How- 
ever, it is not yet certain whether such an adrenal- 
altering effect of defensins is true for the whole or- 
ganism. We were the first to study the effect of exog- 
enous defensins on some indexes of the organism's 
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