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ABSTRACT 

The influence of amino acid, their mixtures, and peptides on the immune response, 
phagocytosis in vitro, and in CBA mice, and broiler chickens, as well as on in vitro 
ability of listed preparations to protect animals' splenocytes from toxic action of 
benzene and aflatoxin Bl  were studied. It was shown that amino acids (Asp, Glu, 
Val, Tp ) ,  amino acid mixtures (cerebrobsine, levamine, aviamine), and the dipep- 
tides GluTp and LysAsp stimulate the immune response to SRBC at subcutane- 
ous and peroral application. The peptides thympentin, thymosin a-1, and pep- 
tide mixtures (thymosin fraction 5, thymalin) stimulate the immune response only 
at the site of subcutaneous injections. Lys, Tyr, and bursin (LysHisGly-amide), 
regardless of the mode of application, do not change, but Arg inhibits the immune 
response. None of the preparations studied change the immune response to Vi- 
antigen. Levamine, cerebrolysine, and aviamine are immunoreactive only at low 
doses (6.5 x 1p2-6.5 x 1p8 mg/kg). At a dose of 65 mg/kg these preparations 
lose immunostimulating properties. Amino acids (6.5 x lo2 mg/kg), which stimu- 
late, rather than influence or inhibit the immune response, enhance phagocytosis 
of S .  aureus by granulocytes, regardless of mode of application. Levamine and 
cerebrolysine in the range of doses of 6.5 x 1p2-6.5 x 1p6 mg/kg do not in- 
fluence phagocytosis; at a dose of 65 mg/kg, phagocytosis is enhanced. Aviamine 
stimulates phagocytosis as well at low and at high doses. 

*To whom correspondence should be addressed. Academy of Medical Sciences, Acad. Pavlov St. 12, St. Petersburg 197376, Russia. 
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The ability of preparations to protect in vitro at a low concentration (1.3 X 
mg/ml} murine or chickens’ splenocytes from toxic action of benzene and 

aflatoxin B l  (at 1:loOO dilution} does not correlate with their action on the im- 
mune response and phagoqtosis. The protective actions revealed by the follow- 
ing preparations include: (a} stimulating the immune response and phagocytosis 
(Glu, Asp, Trp, amino acid mixture aviamine, the dipeptides LysAsp, GluTrp, the 
peptide mixtures thymalin, thymosin fraction 5); (b} enhancing the immune re- 
sponse but not influencing phagocytosis (Met, levamine, cerebrolysine}; (c} influ- 
encing neither the immune response nor phagocytosis (Gly, Ile}. At the same time 
those preparations (Lys, Arg} that stimulate phagocytosis but influence the immune 
response in a digerent way (Lys does not influence; Arg suppresses the response} 
are inert as antitoxic agents. Antitoxic properties of amino acid preparations 
levamine, cerebrolysine, and aviamine retain as well in the assays at a rather large 
( I .  3 mg/ml} concentration like their phagocytosis-stimulating properties. 

INTRODUCTION 

Amino acids together with other biologically active 
compounds are important homeostasis regulating factors. 
The imbalance of amino acids in an organism may be 
the reason for the crash of homeostasis (1,2). The amino 
acid imbalance may be the result of the excess or the 
deficiency of any amino acid. The amino acid excess 
may arise from (a)  the inability of tissues to metabolize 
one amino acid to another; for example, phenylalanine 
to tyrosine (3); (6) the parenteral introduction of an 
amino acid in excess (43)  or from the addition of an 
amino acid in excess to the diet (6). The excess of one 
amino acid may cause the deficiency of another; for 
example, the excess of leucine (7%) in the diet inhib- 
its the utilization of isoleucine and valine (7), and the 
excess of arginine in the diet (100 mg/kg) results in the 
deficiency of leucine and isoleucine (8). The excess of 
that or another amino acid in an organism may be the 
reason for not only amino acid but also hormonal im- 
balance: the excess of leucine enhances the blood cor- 
ticosterone level (9) and the excess or arginine results 
in the enhancement of blood insulin concentration (8). 

The excess or the deficiency of an amino acid as well 
as the disruption of the metabolic processes caused by 
these circumstances may suppress the functions of the 
immune system. Thus, the parenteral injection of phe- 
nylalanine into animals in a large dose (300 mg/kg) 
depresses the production of hemagglutinins (4), and the 
deficiency of isoleucine or valine in the diet causes the 
decline of leukopoiesis and thymus atrophy (10). The 
amino acid metabolism products may influence directly 
the immunocompetent cells (7). It is known that amino 
acids are used as trophic agents (like levamine in human 
medicine and aviamine in veterinary medicine). How- 

ever, in that case the afore-said data on the possibility 
of unfavorable effects of amino acids and their mixtures 
on specific and nonspecific resistance indexes are not 
taken into account adequately. 

In 1986-1990 we showed for the first time (11-13) 
that it was possible to use amino acids not only as 
trophic agents, but also as immunomodulators by their 
application in very low concentrations which were near 
100 or more times lower than physiological (near 20 
mg/ml concentrations in mice) (14), and the immuno- 
modulating activity of short peptides was determined by 
the presence of immunoactive amino acids ( 13,15). 
Later, our data about the immunomodulating properties 
of separate amino acids were confirmed by other inves- 
tigators (6). Thereafter we found that like separate 
amino acids, low doses (6.5 x 1C2-6.5 x lo-* mg/kg) 
of amino acid mixtures presented with a brain hydroly- 
sate (cerebrolysine), a hen’s blood hydrolysate 
(aviamine), or an artificially composed amino acid mix- 
ture (levamine) revealed immunostimulating activity 
(17,18). There is little information about the influence 
on the indexes of specific and nonspecific resistance of 
these amino acid preparation doses that cause the trophic 
effects (18). But any data of that kind are important for 
clinicians using amino acid preparations as trophic 
agents in different pathological processes, in particular, 
for bacterial and nonbacterial intoxication that often 
accompany the acute decline of organism resistance, 
with an addition of intercurrent infections. Because of 
this demand, the use of preparations with combined 
action on specific and nonspecific organism resistance 
is being studied. 

The present investigation is a comparison study of the 
experiments on animals and in vitro of (a) a combina- 
tion of effects on the immune response, phagocytosis, 
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and antitoxic action of low doses of amino acid and 
peptide preparations; and (b) the influence of low and 
relatively high (trophic) doses of amino acid prepara- 
tions on the immune response, Thy-1 antigen expression 
on T-precursors, phagocytosis, and antitoxic effects. 

MATERIALS AND METHODS 

The following preparations were used in this study: 
amino acids (Sigma, St. Louis, MO); levamine 70 
(Leiras, Finland); the mixture of alanine 0.179 mole, 
arginine 0.034 mole, glycine 0.213 mole, histidine 
0.014 mole, isoleucine 0.021 mole, leucine 0.033 mole, 
lysine 0.022 mole, methionine 0.029 mole, phenylala- 
nine 0.027 mole, proline 0.026 mole, threonine 0.017 
mole, tryptophan 0.005 mole, valine 0.027 mole), 
cerebrolysine (Ebeve, Austria; from hydrolyzed brain 
tissues that contained 18 amino acids); aviamine (The 
Factory of Medicinal Preparations, St. Petersburg, Rus- 
sia), which contains hydrolyzed hens’ blood that con- 
tains 18 amino acids (alanine 0.026 mole, arginine 
0.006 mole, aspartic acid 0.034 mole, cysteine 0.004 
mole, glutamic acid 0.023 mole, glycine 0.028 mole, 
histidine 0.018 mole, isoleucine 0.002 mole, leucine 
0.002 mole, lysine 0.022 mole, methionine 0.002 mole, 
phenylalanine 0.004 mole, proline 0.010 mole, serine 
0.014 mole, threonine 0.006 mole, tryptophan 0.001 
mole, tyrosine 0.007 mole, valine 0.007 mole); 
thymalin (The Factory of Medicinal Preparations): the 
acetic acid extract of fresh calf thymus (a mixture of 
more than 50 peptides of molecular weights 1000- 
10,000 D); the thymosin fraction 5 (a mixture of 50 
peptides of molecular weights 1000-12,000 D) prepared 
from fresh calf thymus by the method of A. Goldstein 
and co-workers (19); and synthetic peptides: thymogen 
(GluTrp), TP-5 (ArgLysAspValTyr), bursin 
(LysHisGly-amide), and thymosin a-1. All the synthetic 
peptides used except for thymosin a-1 were prepared at 
St. Petersburg State University by classical peptide syn- 
thesis methods in solution (20). Thymosin a-1 was the 
generous gift of Dr. A. Azmuko (The Institute of Im- 
munology, Moscow). 

Male CBA mice (5 weeks old, body weight 14-16 g) 
were purchased from Rappolovo (Russia); 1103 animals 
were used. Broiler chickens (2 weeks old, body weight 
120-125 g) were purchased from farm Russko- 
Vysotskoe (Russia); 60 chickens were used. 

Peptide mixtures (thymosin fraction 5 and thymalin) 
and amino acid mixtures (cerebrolysine and aviamine) 

were dosed according to protein content (0.91, 0.64, 
1.0, and 0.032 g/ml, respectively); levamine was dosed 
according to total amino acid content (0.53 g/ml); and 
short peptides (LysAsp, GluTrp, bursin, and TP-5) and 
separate amino acids were dosed in accordance with dry 
weight samples. All were converted to kilograms of 
body weight. The preparations were dissolved in pyro- 
gen-free saline (Polfa, Poland) just before applications, 
and were injected into mice subcutaneously or per 0s via 
sound in 0.5 ml of sterile pyrogen-free saline or fed to 
chickens for 10 days in doses of 65-6.5 x mg/kg 
a day. Control animals were given sterile pyrogen-free 
saline. The mice were then intravenously (tail vein) 
immunized once with 2 x lo6 SRBC or with Vi-anti- 
gen (polysaccharide from Salmonella typhi abdominalis, 
0.001 pg per animal). Chickens were immunized intra- 
venously (underwing vein) with 5 x SRBC. On the 
fourth day after the immunization, the mice or the 
chickens were decapitated and IgM-PFC was determined 
in the spleens by the method of local hemolysis (21) in 
0.7% agarose (Sigma) in accordance with the previous 
report (15). To reveal IgM-PFC, a fresh complement of 
guinea pigs (1 : 10) for murine spleen cells and the fresh 
hens complement (1 : 3) for chicken spleen cells were 
used. The IgM-PFC values were calculated per lo6 
nucleated cells (not chicken nucleated erythrocytes). 

The in vivo assay of phagocytosis by peritoneal 
granulocytes has been performed by the method pub- 
lished earlier (15). Peptides or amino acids were injected 
in mice subcutaneously for 10 days; amino acid prepa- 
rations were fed to chickens and mice for the same 
period. The exudates for the phagocytosis assays were 
collected 2.5 hr after the intra-abdominal injections in 
mice or chickens of 10% sterile peptone (Nutritional 
Biochemicals Corporation) solution. The exudate cells 
were used at the final concentration of 12.5 million/ml. 
The phagocytosis experiments were performed with a 
24-hr culture of Staphylococcus aureus at the final con- 
centration of 250 million/ml. The peritoneal exudate 
cells were collected and incubated at 37°C for 15 min, 
then the suspension of S .  aureus was added at the 
above-mentioned concentration; the mixture was incu- 
bated at the same conditions for 15 min more. For in 
vitro assays the peritoneal exudate cells were co-incu- 
bated with the preparations to be studied at 37°C for 15 
min, followed by the addition of S. aureus suspension 
and an additional incubation at 37°C for 15 min. The 
cell suspension was centrifuged for 7 min at 1200 rpm 
and smears were made from the precipitate. The smears 
were stained with the Romanowski-Giemsa reagent. No 
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less than 300 cells for each preparation were calculated 
to evaluate phagocytosis in mice and chickens. Each 
assay was repeated three times. The phagocytic index- 
the percentage of granulocytes taking part in phagocy- 
tosis-and the phagocytic number-the average number 
of microbe cells captured by one granulocyte-were 
estimated. 

The induction assays of T-cell differentiation in mice 
by levamine, cerebrolysine, or aviamine has been ful- 
filled in vitro in the following manner. Cells of chest, 
thigh, and leg bone marrow were set free of erythro- 
cytes by 0.65% solution of ammonium chloride (22). 
This procedure produced a leukocyte suspension which 
contained no less than 85-90% of the viable cells, un- 
like the effect of 0.83% ammonium chloride solution, 
in which the leukocyte viability was no more than 70% 
(23). Then the cells were washed with a cold Hanks’ 
solution five times at 1200 rpm for 7 min and were 
mixed with the preparations to be studied so that 1 ml 
of the solution contained 3 x lo7 nucleated cells and 
1.3 x 10-3-1.3 x mg/ml of a preparation. The 
mixture of the preparation with the cells was incubated 
with periodic shaking at 37°C for 1.5 hr, then it was 
washed with Hanks’ solution five times and the cell 
susceptibility to the anti-mouse brain serum was evalu- 
ated in the complement-dependent cytotoxicity assay by 
the method of Niederhuber and co-workers (23). The 
antiserum was raised by the immunization of rabbits 
with the CBA mouse murine cortex tissue, in which 
Thy-1 antigen identical to Thy-1 antigen of T-cells was 
mostly localized (24,25). The immunization was carried 
out subcutaneously without Freund’s adjuvant by the 
method of Golub (26). The antiserum was heated at 
56°C for 30 min and then twice absorbed subsequently 
with murine liver homogenate and murine and sheep red 
blood cells (1 ml of the antiserum for 0.1 ml of the 
dense sediment of each kind of cells) for 1 hr at room 
temperature by the method of Feiglova and co-workers 
(27). After the absorption, the antiserum was diluted 
with cold distilled water (1 : 10) and die antigen-antibody 
complexes were deleted by re-precipitation with carbon 
dioxide. The anticortex serum was used at the 1 5 0  di- 
lution; in this case the antiserum caused the death of 
88.0 Ifr 1.3% of thymocytes in the presence of comple- 
ment-fresh guinea pig serum (1 :3)-and did not inter- 
act with the bone marrow cells of CBA mice. In the 
control cells of Hanks’ solution in presence of comple- 
ment (1:3), viability of lymphocytes was no less than 
85-90%, as usual. 

The number of Thy-l+ cells in chicken bone marrow 
after feeding with various doses of aviamine, cere- 

brolysine, or glutamic acid was estimated in vitro with 
the use of antiserum against chicken thymocytes. The 
antiserum was prepared by intravenous immunization of 
rabbits with chicken thymocytes at a dose of 1.7 x lo8 
cells for 3 consecutive days, 4 days apart, during 3 
weeks. In 1 week after the last immunization, rabbits 
were bled, the serum obtained was heated at 56°C for 
30 min and absorbed with chicken liver homogenate and 
chicken and sheep red blood cells, as in procedures used 
for antiserum against murine cortex (27). The removal 
of antigen-antibody complexes was carried out as in the 
deletion in experiments on mice. The antiserum was 
used at dilution 1 : 100 whereby it caused in presence of 
chicken complement (1:2.5) the death of 92 k 2.5% of 
thymocytes and 1.2 f 0.7% of chicken bursa cells. To 
determine the number of Thy-I+ cells, no less than 200 
cells were calculated; viability was tested by exclusion 
trypan blue (0.2%, Sigma). Each assay was repeated no 
less than 2-3 times. 

For the estimation of antitoxic properties of amino 
acid and peptide preparations, benzene (Reanal, Hun- 
gary) and aflatoxin B1 in benzene (The Institute of 
Nutrition RAMS, Russia), which contained 1 x 
mg/ml of the toxin, were used as cytotoxic substances. 
Murine and chicken splenocytes were freed from eryth- 
rocytes by 0.65% and 0.7% ammonium chloride solu- 
tion, respectively. Spleen cells were washed three times 
with cold Hanks’ solution and then equal volumes of 
cell suspension (at a concentration of 2.5 x lo7 cells/ 
ml) and solutions of preparations to be studied (at a 
concentration of 1.3 x mg/ml) were mixed. Mix- 
tures of preparations with cells were incubated under 
constant shaking at 37°C for 30 min and then washed 
three times with cold Hanks’ solution. The splenocytes 
treated with preparations were mixed with benzene and 
aflatoxin B1, again incubated for 30 min, and washed 
five times with cold Hanks’ solution. For control, 
splenocytes were treated in vitro only with Hanks’ so- 
lution. Results were expressed as cytotoxicity indexes 
(percent) that were calculated according to a known 
formula (26): [(percent of dead cells in an experiment 
- percent of dead cells in a contro1)/100 percent of dead 
cells in a control] x 100. No less than 200 cells were 
calculated to evaluate each preparation. Each assay was 
repeated 2-3 times. 

RESULTS 

The assays of amino acid preparations levamine, 
cerebrolysine, and aviamine at subcutaneous injections 
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at a low dose (6.5 x mg/kg/day) showed that these 
preparations enhanced IgM-PFC production in the re- 
sponse to SRBC like the peptides TP-5, thymosin a- 1 ,  
thymosine fraction 5, and thymalin (Table 1). At the 
same time the above-listed peptides, unlike the amino 
acid preparations, did not influence the immune re- 
sponse at the peroral application (Table 1). 

The assays of the shorter as compared with TP-5 
peptides (dipeptides GluTrp [thymogen], LysAsp, and 
tripeptide LysHisGly-amide [bursin]) and their constitu- 
ent amino acid mixtures in the same conditions and at 
the same dose (6.5 x mg/kg) revealed the differ- 
ence in their effects on the immune response. The 
dipeptides GluTrp, LysAsp, and their constituent amino 
acid mixtures turned out to be active both at the subcu- 
taneous and at the oral application. At the same time 
bursin did not reveal any activity. The biological effects 
of the amino acids taken separately turned out to be 
independent of the route of application. Aspartic acid, 
glutamic acid, tryptophan, and valine stimulated the 
immune response subcutaneously as per os, whereas 
lysine and tyrosine did not reveal any such activity. 
Arginine inhibited the immune response (Table 1) .  

Levamine, cerebrolysine, aviamine, and all of the 
above-listed amino acids and peptides assayed at a dose 
of 6.5 x mg/kg did not influence the level of the 
thymus-independent immune response to Vi antigen at 
subcutaneous application in mice for 10 days: the IgM- 
PFC number varied in the range of 8.3 f 0.9-9.2 f 
0.7 in the experiment and 8.8 f 0.5-9.0 f 0.6 in the 
control (8-10 mice in each group for each preparation 
were used; the data are not shown in tables). 

The study of the action of preparations at a low dose 
(6.5 x mg/kg a day) on phagocytosis of S. aureus 
by murine peritoneal neutrophils also revealed differ- 
ences in their effects. The immunoactive mixtures of 
amino acids presented by levamine and cerebrolysine 
did not influence phagocytosis independently of the 
route of application, whereas the immunoactive prepa- 
ration aviamine enhanced phagocytosis at both routes of 
introduction. At the same time dipeptides (GluTrp, 
LysAsp) their constituent amino acid mixtures (TP-5), 
and separate amino acids that stimulate the immune re- 
sponse (aspartic acid, glutamic acid, tryptophan, and 
valine) do not influence the immune response (lysine, 
tyrosine) or even inhibit the (arginine) enhanced phago- 
cytic indexes independently of the mode of application 
(Table 1). 

Phagocytosis-modulating properties of amino acid 
and peptide preparations assayed in vitro at a dose of 
6.5 x mg/kg were also found in vitro when as- 

sayed at a low concentration (1.3 x mg/ml, Table 
2). At the same time the in vitro ability of amino acid 
and peptide preparations to protect murine and chicken 
splenocytes from the toxic action of benzene or aflatoxin 
B1 in vitro at a low concentration (1.3 x mg/ml) 
does not correlate with the influence of preparations on 
the immune response and phagocytosis. The antitoxic 
properties were manifested by (a) preparations stimulat- 
ing the immune response as well as phagocytosis 
(glutamic and aspartic acids, tryptophan, amino acid 
mixture aviamine, the separate peptides LysAsp, 
GluTrp, their constituent amino acid mixtures, and pep- 
tide mixtures thymalin, thymosin fraction 5) ;  (b) prepa- 
rations stimulating the immune response without influ- 
encing phagocytosis (methionine, levamine, 
cerebrolysine); (c) amino acids influencing neither the 
immune response, nor phagocytosis (glycine, isoleu- 
cine). Preparations that stimulate phagocytosis in vivo 
and in vitro (lysine, arginine) and influence the immune 
response ambiguously (lysine does not effect and argi- 
nine suppresses the response), are not active as antitoxic 
agents (Tables 2 and 3). 

The ability of amino acid preparations to protect in 
vitro chicken splenocytes from toxic action of benzene 
and aflatoxin B1 also persists when assayed at a rela- 
tively large concentration (1.3 mg/ml). The treatment of 
cells in vitro with levamine or cererbrolysine at a pre- 
scribed concentration reduces the indexes of cytotoxic- 
ity of benzene and aflatoxin B1 respectively from 20.4 
f 2.0% and 38.5 f 2.4% in the control to 0%, 18.4 
rt 2.0%, 6.9 f 1.3%, and 11.0 f 1.6% in the experi- 
ment, respectively. The treatment of splenocytes in vitro 
with aviamine (1.3 mg/ml) at a low concentration (1.3 
x mg/ml, Table 3) protects cells from toxic action 
of aflatoxin B1 but not of benzene: the indexes of cy- 
totoxicity of benzene and aflatoxin B1 comprise 20.4 f 
2.0% and 38.5 f 2.4% in the control and 18.3 f 
2.6%, and 5.1 f 1 . 1 %  in the experiment (p  < 0.01), 
respectively. 

Antitoxic activity of amino acid preparations revealed 
in vitro holds true in vivo. Thus, feeding of aviamine 
to chickens for 10 days (6.5 X mg/kg a day) en- 
hances chicken splenocyte resistance in vitro to benzene 
and aflatoxin B 1 : the index of cytotoxicity reduces from 
26.6 f 3.1% and 47.7 f 3.5% in the control to 11.3 
f 2.2% and 25.0 f 3.0%, respectively, in the experi- 
ment ( p  < 0.01; the data are not shown in tables). 

The comparative analysis of the action on the im- 
mune response of low (immunostimuIating) and respec- 
tively high (trophic) doses of different amino acid prepa- 
rations at their subcutaneous application in mice revealed 
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Tab& 1 

The Efect of Amino Acid and Peptide Preparations on the Immune Response and Phagocytosis at Direrent 
Routes of Application in Mice (M f m) 

per 106 Spleen Cells 
IgM-PFC Phagocytic 

Index, % 

PreDaration Subcutaneously Per 0 s  Subcutaneously Per 0 s  

Levamine 

Controlb 

Cerebrolysine 

Control 

Aviamine 

Control 

Arginine (Arg) 

Control 

Aspartic acid 

Control 

Lysine (Lys) 

Control 

Tyrosine (Tyr) 

Control 

Valine (Val) 

Control 

Glutamic acid 

(ASP) 

(GI4 

Control 

Tryptophane 
(Trp) 

Control 

Glu + Trp 

Control 

24.5 f 3.5** 
(20) 

11.0 f 1.6 
(20) 

34.5 f 3.8* 
(10) 

11.0 f 1.6 
(20) 

19.0 f 2.3** 
(8) 

11.0 f 1.6 
(20) 

6.0 f 0.7* 
(20) 

10.5 f 0.6 
(20) 

38.4 f 1.0* 
(20) 

12.0 f 1.0 
(20) 

10.0 f 1.8 
(10) 

11.1 * 1.0 
(10) 

12.0 f 2.0 
(12) 

11.8 f 1.0 
(12) 

23.0 f 2.6* 
(10) 

10.8 f 0.6 
(10) 

19.3 f 2.8* 
(10) 

11.1 f 0.8 
(20) 

18.5 f 1.4* 
(10) 

12.0 f 1.0 
(10) 

23.5 k 1.9* 
(18) 

8.4 f 0.6 
(20) 

24.7 f 2.0* 
(10) 

13.2 f 1.4 
(8) 

20.3 f 1.4* 
(10) 

13.2 f 1.4 
(8) 

27.2 f 5.5** 
(8) 

14.5 f 3.5 
(8) 

5.5 f 0.2* 
(8) 

8.6 f 0.7 
(10) 

18.8 f 1.9* 
(30) 

8.7 f 0.9 
(30) 

10.6 f 2.2 
(20) 

9.6 f 0.9 
(20) 

12.9 f 2.5 
(8) 

8.6 f 0.7 
(10) 

17.6 f 1.3* 
(10) 

8.6 f 0.7 
(10) 

12.7 f 1.6* 
(10) 

8.6 f 0.7 
(10) 

17.5 f 2.6* 
(20) 

8.6 f 0.7 
(10) 

19.5 f 1.6* 
(12) 

8.6 f 0.7 
(10) 

18.2 f 3.4 
(6) 

17.3 f 2.3 
(8) 

18.0 f 1.5 
(6) -. 

17.3 f 2.3 
(8) 

27.9 f 0.9* 
(5 )  

17.5 f 0.7 
(6) 

48.1 f 1.8* 
(10) 

26.3 f 1.0 
(8) 

31.2 f 1.9** 
(10) 

26.3 f 1.0 
(8) 

49.1 f 2.7* 
(10) 

26.3 f 1.0 
(8) 

44.5 f 1.0* 
(10) 

26.3 f 1.0 
(8) 

57.6 f 3.6* 
(10) 

26.3 f 1.0 
(8) 

48.3 f 3.6* 
(8) 

18.5 f 2.5 
(8) 

44.7 f 1.9* 
(10) 

18.1 f 2.3 
(10) 

46.0 f 2.6* 
(9) 

18.5 f 2.5 
(8) 

22.2 f 1.9 
(6) 

19.5 f 1.8 
(8) 

22.2 f 1.9 
(6) 

19.5 f 1.8 
(8) 

30.0 f 1.3** 
(8) 

25.9 f 0.8 
(8) 

43.8 k 4.3* 
(6) 

20.1 f 0.6 
(8) 

33.4 f 4.4* 
(9) 

20.1 f 0.6 
(8) 

25.3 f 1.9** 
(8) 

20.1 f 0.6 
(12) 

34.1 f 0.8* 
(6) 

20.1 f 0.6 
(8) 

47.3 f 0.9* 
(6) 

20.1 i 0.6 
(8) 

40.5 f 2.5* 
(8) 

18.6 f 0.8 
(8) 

38.5 f 2.3* 
(8) 

20.1 f 0.6 
(6)  

39.5 f 2.4* 
(9) 

20.1 f 0.6 
(8) 
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Table I Continued 

Preparation 

IgM-PFC 
per 106 Spleen Cells 

Subcutaneously Per 0 s  

Phagocytic 
Index. % 

Subcutaneously Per 0 s  

Control 

LysAsp 

Control 

Lys + Asp 

Control 

Bursin 

Control 

Thy mopentin 

Control 

Thymosin a-I 

Control 

Thymosin 
fraction 5 

Control 

Thymalin 

Control 

18.8 f 2.4* 
(10) 

8.6 f 0.8 
(12) 

18.5 f 2.5* 
(1 1) 

8.6 f 0.8 
(12) 

20.0 f 1.8* 
(20) 

8.4 f 0.6 
(20) 

9.5 f 1.5 
(10) 

9.2 f 1.3 
(12) 

20.5 f 2.4* 
(1 1) 

8.3 f 0.6 
(12) 

14.1 f 1.3* 
(10) 

7.2 f 0.2 
(21) 

22.9 f 1.6* 
(12) 

11.0 f 1.6 
(12) 

15.4 f 2.5* 
(10) 

7.9 f 0.6 
(10) 

16.3 f 3.6* 
(10) 

8.8 f 1.3 
(10) 

16.7 f 2.2* 
(10) 

8.8 f 1.3 
(10) 

18.5 f 1.6* 
(12) 

8.6 f 0.7 
(10) 

9.4 f 1.5 
(10) 

9.2 f 1.3 
(10) 

14.7 f 1.7 
(8) 

13.2 f 1.4 
(10) 

19.4 f 3.7 
(10) 

13.2 f 1.4 
(10) 

15.2 f 1.7 
(10) 

13.2 f 1.7 
(10) 

8.7 f 1.5 
(10) 

9.4 f 1.5 
(10) 

31.5 f 0.4* 
(8) 

18.8 f 0.3 
(8) 

31.2 f 0.8* 
(9) 

18.6 f 2.3 
(10) 

28.1 f 1.6* 
(10) 

17.3 f 0.8 
(10) 

NA 

NA 

33.2 f 3.1* 
(9) 

19.6 f 0.8 
(9) 

26.4 f 1.8* 
(9) 

18.3 f 2.3 
(8) 

NA 

33.1 f 4.1* 

17.3 f 2.3 

31.2 f 3.3* 

19.6 f 0.8 
(8) (8) 

(8) (8) 

NA NA 

NA NA 

NA NA 

*p < 0.01; ** p < 0.05 by Student's t-test; in parentheses, the number of animals used for the assays 
aAssays were performed for a dose of 6.5 x lo-* mg/kg/day. 
bControl: sterile pyrogen-free saline 0.5 ml/mouse/day . 
NA: not assayed. 

the following. The immunostimulating activity of lev- 
amine, cerebrolysine, and aviamine varied in the range 
of acting doses of TP-5 (6.5 x 10-2-6.5 x 10-4 mg/kg) 
and more. Levamine enhanced PFC production to 
SRBC 2-2.2 times in the range of doses of 6.5 x 
6 . 5 ~  lo-' mg/kg as compared with the control. 
Cerebrolysine enhanced PFC production 1.6-3.1 times 
in the range of doses of 6.5 x 10-2-6.5 x lo-* mg/kg. 

Aviamine raised IgM-PFC production 1.7-3.2 times in 
a more narrow range of doses 6.5 x 10-*-6.5 x 
mg/kg. An increase of levamine dose to 6.5 x lo-' mg/ 
kg caused the enhancement of PFC values (18.4 f 2.7 
as compared with 11.0 i- 1.6 in the control, p < 0.01; 
12 mice in each group; the data are not shown in tables) 
but this value was reliably ( p  < 0.05) less than at the 
injection of levamine at a dose of 6.5 x lo-' mg/kg. 
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Table 2 

The Phagocytosis-Modulating and Antitoxic Activity of Amino Acid and Peptide Preparations for Murine Cells In Vitro 
fM f ml 

~~~ _ _ _ _ ~  ~ ~~~ 

Cytotoxic Index 

with with 
(%I 

Phagoc ytic 

Index (%) Benzene Aflaxton 
with with in with in 

Hanks’ Benzene Hanks’ Aflatoxin Hanks’ 
with Solution and Solution and Solution 

Preparation Preparation (concentration) Preparation (concentration) Preparation (concentration) 

Levamine 
Cerebrolysine 
Aviamine 
Arginine 
Aspartic acid 
Lysine 
Tyrosine 
Valine 
Glutamic acid 
Tryptophan 
Glycine 
Methionine 
Isoleucine 
GluTrp 

Glu + Trp 
LysAsp 
Lys +Asp 
Thy mopentin 
Thymosin 

fraction 5 
Thymalin 

(thymogen) 

17.4 f 2.2 
18.2 f 2.4 
30.3 f 0.7* 
30.5 f 2.2* 
27.2 f 1.6* 
44.7 2.9* 
35.1 f 1.5* 
41.0 f 2.3** 
45.8 f 3.6* 
48.3 f 1.4* 
21.3 f 1.7 
22.5 f 2.2 
20.6 f 1.9 
35.2 f 0.6* 

37.4 f 2.6* 
30.7 f 3.2* 
25.1 f 1.8* 
40.5 + 2.2* 
22.4 f 1.7** 

34.0 f 3.9** 

20.6 f 0.6 
20.6 f 0.6 
17.3 f 0.4 
18.2 5 1.2 
18.2 f 1.2 
19.1 f 0.8 
18.7 f 0.7 
18.7 f 0.7 
18.2 f 1.2 
20.7 f 4.8 
23.5 f 1.5 
22.9 f 0.1 
18.0 f 0.7 
17.3 f 0.4 

17.3 f 0.4 
17.3 f 0.4 
17.3 k 0.4 
21.6 f 2.1 
17.3 f 0.4 

17.3 + 0.4 

O* 
4.3 f 1.4* 

12.9 f 2.4** 
25.3 f 3.0 
14.1 f 1.7** 
21.5 f 2.0 

NA 
NA 

8.0 + 1.9* 
11.8 f 2.3* 

O* 
O* 

6.7 f 1.2* 
O* 

O* 
15.1 f 1.3” 
12.9 f 2.4* 

NA 
O* 

O* 

21.1 * 1.4 O* 
21.1 f 1.4 21.2 f 2.9** 
21.4 f 1.4 21.1 f 2.9** 
21.1 + 1.4 27.0 f 1.2 
21.1 f 1.4 9.1 f 1.4* 
21.1 f 1.4 32.9 f 3.1 

NA NA 
NA NA 

21.1 f 1.4 
21.1 f 1.4 
21.1 f 1.4 O* 
21.1 f 1.4 
21.1 f 1.4 
21.1 f 1.4 15.3 f 2.5** 

12.0 f 2.3* 
18.8 f 2.8* 

7.5 f 1.3* 
8.4 f 1.3* 

21.1 f 1.4 15.3 f 2.5** 
21.4 f 1.4 12.9 f 2.4* 
21.1 f 1.4 15.1 f 2.5** 

NA NA 
21.1 f 1.4 10.8 f 1.6* 

21.1 f 1.4 6.4 f 1.2* 

31.0 f 2.3 
31.0 f 2.3 
31.0 f 2.3 
31.0 f 2.3 
31.0 f 3.3 
31.0 f 2.3 

NA 
NA 

31.0 f 2.3 
31.0 f 2.3 
31.0 f 2.3 
31.0 f 2.3 
31.0 f 2.3 
31.0 f 2.3 

31.0 f 2.3 
31.0 & 2.3 
31.0 f 2.3 

NA 
31.0 f 2.3 

31.0 f 2.3 

*p < 0.01; **p < 0.05 by Student’s f-test; assays were performed for a concentration of 1.3 X lo-’ mg f ml. 
NA: not assayed. 

kg. Further increasing of the levamine dose 100 times 
(to 65 mg/kg) was accompanied by the loss of the 
immunostimulating activity of the preparation. When the 
preparation dose of cerebrolysine was increased to 65 
mg/kg, it lost the ability to enhance the IgM-PFC num- 
ber (similar to levamine) (Table 4). Aviamine, unlike 
levamine and cerebrolysine, inhibited the immune re- 
sponse when assayed at the same dose (65 mglkg) at 
analogous conditions (Table 4). 

When aviamine was fed to broiler chickens the same 
regularity was observed: feeding with the preparation at 
doses of 6.5 x or 6.5 x stimulated the im- 
mune response (the IgM-PFC number was 62.5 f 6.2 

and 66.0 6.6, respectively, as compared with 27.0 f 
7.7 in the control; p < 0.01) and did not change at a 
dose of 65 mg/kg (the IgM-PFC number comprised 
35.0 f 3.2 in the experiment and 27.0 f 7.7 in the 
control; 5 chickens were used in each group; the data 
are not shown in tables). 

The studies of the influence on phagocytosis in vivo 
of the preparations to be investigated at the subcutane- 
ous injections in mice showed (Table 5 )  that levamine 
and cerebrolysine did not reveal any activity in the range 
of doses of 6.5 X 10-2-6.5 x mg/kg. Aviamine, 
like TP-5, enhanced the phagocytic activity of murine 
neutrophils at a dose of 6.5 x loe2 mg/kg. The increase 
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Properties of Amino Acids and Peptide Preparations 

Table 3 

Antitoxic Activity of Amino Acid and Peptide Preparations for Chicken 
Splenoqtes in Vitro (M m) 

123 

Preparation 

~~~ 

Cytotoxic Index (%) of Benzene or 
Aflatoxin B1 in Benzene with Amino 

Acid Preparations 
Aflatoxin B1 in 

Benzene Benzene 

Levamine 
Cerebrolysine 
Aviamine 
GluTrp 
Glu + Trp 
Glu 
Trp 
GlY 
Ile 
Met 
Control 

(splenocytes in 
Hanks’ solution) 

10.3 f 2.2** 
3.5 f 1.3* 

18.3 f 2.3 
3.5 f 1.3* 
8.7 f 2.0* 
1.6 f 0.6* 
3.5 f 1.3* 

O* 
10.6 f 1.5* 
9.3 f 1.4* 

19.3 f 2.3 

23.6 f 2.8** 
16.5 5 2.6* 
17.5 f 2.7* 
13.0 f 3.0** 
15.9 f 2.6* 
7.4 f 1.8* 

23.0 f 3.0** 
11.5 f 1.6* 
14.1 f 1.7* 
24.5 f 2.1** 

34.3 f 3.4 

*p < 0.01; **p < 0.05 by Student’s t-test. 
Assays were performed for a concentration of 1.3 X mg/ml. 

Table 4 

The Effect of Different Doses of Amino Acid Preparations and Thymopentin on the Immune Response to 
SRBC at the Subcutaneous Injection in Mice ( M  f m) 

Preparation, IgM-PFC per 106 Spleen Cells Dose 
(mgikgW9 Levamine Cerebrolysine Aviamine Thy mopentin 

65.0 8.4 f 2.2 6.5 1.5** 18.4 f 6.4 

6.5 x 2.5 f 3.5* 34.5 f 3.8* 19.0 f 2.3* 20.5 f 2.4* 

6.5 x 10-4 21.2 f 3.4** 24.1 f 2.8* 35.9 f 8.7** 20.7 f 3.3* 

(8) (8) (8) NA 

(20) (10) (8) (11) 

(10) (10) (8) (8) 

(10) (10) (8) (12) 
6.5 x 22.6 * 1.2* 18.0 f 2.8* 14.6 f 2.2 6.9 f 1.2 

6.5 x 25.1 f 1.7* 13.0 f 2.0 11.4 f 3.2 

6.5 x 12.0 f 1.4 12.5 2.6 

Controla 11.0 Ifr 1.6 11.0 f 1.6 11.1 f 1.0 8.3 f 0.6 

(10) (10) (8) NA 

(10) NA (8) NA 

(20) (20) (8) (12) 

*p < 0.01, **P < 0.05 by Student’s f-test. 
In parentheses: number of animals used for IgM-PFC determination. 
aSterile pyrogen-free saline, 0.5 ml/mouse/day. 
NA: not assayed. 
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of a dose to 65 mg/kg that assisted in the loss of the 
immunostimulating activity of levamine and cere- 
brolysine and in inhibiting this ability of aviamine (Table 
4), influenced the phagocytic activity of neutrophils in 
a diverse way: levamine and cerebrolysine gained the 
capacity to stimulate phagocytosis but the phagocytosis- 
stimulating activity of aviamine did not change (Table 
5). Aviamine (6.5 x mg/kg) revealed the phago- 
cytosis-stimulating activity when the preparation was fed 
to chickens (the phagocytic index was 33.9 f 2.2 in the 
experiment and 21.6 f 1.81 in the control; p C 0.05; 
5 chickens were used in each group; the data are not 
shown in tables). Aviamine maintained the phagocyto- 
sis-stimulating activity at a dose of 65 mg/kg also when 
the preparation was fed to mice and chickens: the ph- 
agocytic index was respectively 31.2 f 0.8 and 33.9 f 
2.2, as compared with 25.9 k 0.8 and 21.6 f 1.8 in 
the control ( p  < 0.01; 7-8 mice and 5 chickens were 
used in each group; the data are not shown in tables). 

None of the preparations, when assayed at different 
concentrations and at different routes of application, 
changed the phagocytic number in mice or in chickens, 
which was 1.7 If- 0.06-1.9 5- 0.08 as compared with 
1.7 f 0.05-2.0 f 0.09 in the control (the data are not 
shown in tables). 

To elucidate the mechanism of the many diverse ef- 
fects of preparations used at low and high doses on the 
immune response, we have studied the influence of dif- 
ferent concentrations of amino acid preparations on their 

ability to express Thy-1 antigen on murine bone mar- 
row T-cell precursors. The in vitro treatment of the 
bone marrow cells with levamine, cerebrolysine, or 
aviamine in the concentration range of 1.3 x 10-3-1.3 
x mg/ml stimulated the Thy-1 antigen expression 
on the cell membranes. The increase of the Thy-l+ cell 
number varied from 16.6 f 0.8% to 20.7 f 2.8% as 
compared with 0% in the control (cells in Hanks’ solu- 
tion; the data are not shown in tables). The ability of 
preparations to express Thy-1 antigen on T-cell precur- 
sors disappeared as the concentration of preparations 
increased to 1.3 mg/ml (corresponding to a dose of 65 
mg/kg for the in vivo assays of preparations). 

The vitral phenomenon of t$e effect of low and high 
concentrations of amino acid preparations on T-cell dif- 
ferentiation was confirmed in vivo when aviamine was 
fed to mice or chickens at doses of 6.5 X and 65 
mg/kg. At a dose of 6.5 X mg/kg the preparation 
furthered the production of Thy-l+ cells in the bone 
marrow of mice or chickens (14.3 f 1.6% and 13.9 f 
1.7%, respectively, as compared with 0% in mice and 
1.2 f 0.5% in chickens in the control; p C 0.01), and 
did not reveal any activity at a dose of 65 mg/kg (the 
number of Thy- 1 + cells in mice and chickens does not 
differ in the experiment and in the control and com- 
prised 0% and 0% in mice and 2.3 f 0.7% and 1.2 f 
0.5% in chickens, respectively (8-9 mice and 5 chick- 
ens were used in each group; the data are not shown in 
tables). 

Table 5 

The Effect of Different Doses of Amino Acid Preparations and Thymopentin on Phagocytosis at the 
Subcutaneous Injection in Mice (M f m) 

Preparation Dose 
(mg W d a y )  Levamine Cerebrolysine Aviamine Thy mopentin 

65.0 24.0 f 0.4* 
( 5 )  

6.5 x lo-* 18.2 f 3.4 
(6) 

6.5 x 19.6 f 0.8 
(6) 

6.5 x 20.6 f 1.7 
(5 )  

Controla 17.5 0.7 
(6) 

25.0 f 0.6* 
(6) 

18.0 f 1.5 
(5 )  

20.3 f 1.4 
(5 )  

20.2 f 1.9 
(5 )  

17.5 5 0.7 
(6) 

24.6 f 0.4* NA 
(5 )  

27.9 f 0.9* 
(5 )  (8) 

14.8 f 1.0 NA 
(4) 

18.3 * 0.2 NA 
(5 )  

17.5 f 0.7 
(6) (8) 

33.1 f 4.1* 

17.3 f 2.3 

*p < 0.01, by Student’s t-test. 
In parentheses: number of animals used for the assay. 
Tyrogen-free sterile saline, 0.5 rnl/rnouse/day. 
NA: not assayed. 
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DISCUSSION 

The presented data indicate that amino acids provide 
necessary protective functions of an organism. The re- 
sults obtained confirm and widen literary data about the 
role of amino acids in providing the vitally important 
biological processes in organisms (such as nitrogenous 
balance and protein synthesis). The presence of eight 
amino acids (Lys, Val, Thr, Met, Trp, Leu, Ile, and 
Phe) is necessary according to literature (28) for nitrog- 
enous balance maintenance. A few more (14) amino 
acids are necessary for protein synthesis: Cys, Gln, 
Arg, His, Tyr, and Ser in addition to those mentioned 
above (29). The proliferation of PHA-stimulated lym- 
phocytes requires 12 amino acids: those enumerated 
above, without Phe and Ser (30). According to Chuang 
and co-workers (30), Asp, Glu, and Asn (which are the 
most immunoactive amino acids according to our data) 
are not at all necessary for the realization of the cell 
proliferative response to PHA. The literature and our 
own data show that amino acids take part in the pro- 
cesses of nitrogenous balance maintenance, lymphocyte 
proliferation, and immune response in different shares. 
The fact that the most immunoactive amino acids (Asp, 
Asn, and Glu) are not necessary for nitrogenous balance 
maintenance or for the lymphoproliferation emphasizes 
the difference between the mechanisms of these pro- 
cesses. The data presented in this paper show that pep- 
tide mixtures (thymosin fraction 5, thymalin) as well as 
separate dipeptides (GluTrp, LysAsp) when assayed at 
low doses and concentrations (6.5 x mg/kg or 1.3 
x mg/ml), reveal the combined effect on the in- 
dexes of specific and nonspecific resistance: they en- 
hance antibody production, phagocytosis, and antitoxic 
action. The combination of effects of dipeptides is de- 
termined by the combination of amino acid influence of 
one amino acid (Asp) in the peptide LysAsp or of both 
amino acids (Glu and Trp) in the peptide GluTrp. The 
combination of influences of peptides with more amino 
acid residues on the indexes of specific and nonspecific 
resistance likely depends not only on the presence of 
amino acids acting in a combined mode in a peptide, but 
is determined by special features of this peptide spatial 
arrangement. Thus, pentagastrin and cholecystokinin 
that contain amino acids of the combined action, stimu- 
late the immune response (22,31), but do not influence 
the phagocytic indexes (3 1); neurotensin, conversely, 
enhances phagocytosis (3 l), but does not influence the 
immune response (13,31), in spite of the fact that 
neurotensin structure contains amino acids with com- 
bined effects. 
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The comparative analysis of the influence of low and 
relatively high (trophic) doses of different amino acid 
preparations on the immune response to SRBC reveals 
the inverse dependence between trophic and 
immunostimulating activities. Thus, levamine is highly 
active as immunostimulator in the range of doses of 65 
x 10-*-6.5 x lo-* mg/kg/day. The increase of a dose 
to 6.5 x lo-' mg/kg results not in the enhancement but 
in the reliable decrease of the PF number 1.2- 1.3 times 
as compared with the application of the minor doses 
(6.5 x 10-2-6.5 x lo-* mg/kg). Further increase of a 
dose of levamine 100 times (to 65 mg/kg) elicits not the 
increase but the marked decline in the immuno- 
stimulating activity of levamine: PFC number is 2.5-3.0 
times lower as compared with the above-mentioned 
minor doses. Cerebrolysine and aviamine demonstrate 
the analogous properties; moreover, aviamine inhibits 
reliably the immune response at a dose of 65 mg/kg. 
The inverse dependence of the trophic and immuno- 
stimulating activities is characteristic not only for amino 
acid mixtures but also for separate amino acids, for 
example, for aspartic acid (12). 

The immunostimulating effects of low doses of 
levamine, cerebrolysine, and aviamine as well as the 
effects of low doses of separate amino acids (Asp, Glu, 
Ser, Thr, Val), of thymic (thyrnalin, T-activin, thymosin 
fraction 5, TP-5), and non-thymic gastrointestinal 
(pentagastrin, cholecystokinin) or brain (cortexin) pep- 
tides (1 1,15,31-34) are connected with the functioning 
of T-, but not B-cells, since all these preparations induce 
the Thy-1 antigen expression on the T-precursor mem- 
branes and enhance the thymus-dependent immune re- 
sponse without influencing the thymus-independent re- 
sponse. The inability of amino acid preparations to 
increase the immune response at the trophic dose (65 
mg/kg) might be explained, as it was shown in our 
work, by the loss of their ability to express Thy-1 an- 
tigen on T-precursors when assayed at a relatively high 
concentration ( 1.3 mg/ml) . 

Unlike the effects on the immune response, amino 
acid preparations do not diminish, but on the contrary 
enhance the phagocytic activity of murine neutrophils 
and chicken pseudo-eosinophils as the doses or concen- 
trations increase. Thus, the large dose of levamine, 
cerebrolysine, and aviamine which causes the loss of 
immunostimulating activity of these preparations, stimu- 
lates phagocytosis. The decrease of a dose lo00 times 
(to 6.5 x mglkg) leads to the disappearance of 
phagocytosis-stimulating activity of levamine and 
cerebrolysine, and a further decrease in dose makes all 
preparations inactive. Thus, the effect of the large doses 
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of amino acids preparations on phagocytes, unlike their 
influence on the immune response, appears to be defined 
by the philogenetically determined trophic properties of 
granulocytes. At the same time it is noteworthy that low 
doses of levamine and cerebrolysirie do not influence 
phagocytosis. These facts are all the more important 
because these amino acid mixtures contain predomi- 
nantly those amino acids which stimulate phagocytosis 
at low doses (6.5 x 10-2-6.5 x 10 lo mg/kg): alanine, 
arginine, asparitic acid, asparagine, cysteine, isoleucine, 
lysine, proline, serine, threonine, tryptophan, tyrosine, 
and valine (15). It should be noted that the effects of 
amino acids and of aviamine are very similar. The simi- 
larity might be explained by the higher content of 
immuno- and phagocytosis-stimulating amino acids in 
aviamine than in levamine (52% and 40%, respec- 
tively). Another reason for the observed phenomenon 
might be that aviamine contains the most immunoactive 
(11,13) glutamic and aspartic acids (near 24% of total 
amino acid quantity), which are absent in levamine. It 
is also important that levamine and cerebrolysine, as 
well as aviamine, normalize the index of phagocytosis 
completeness impaired under the benzene influence 
(Popova, Belokrylov, and Derevnina, unpublished re- 
sults). TP-5, thymosin a-1, thymosin fraction 5 ,  and 
thymalin increase the immune response in subcutaneous 
but not peroral application. At the same time TP-5 is 
able to enhance the phagocytic activity of granulocytes 
at both routes of introduction. The manifestation of the 
peptides’ immunomodulating properties exclusively dur- 
ing parenteral use is true only for the peptides of a 
definite length. Thus, dipeptides which are known to 
penetrate the gastrointestinal tract (in particular, the 
peptide thymogen, GluTrp) unlike 1’P-5, thymosin a-1, 
thymosin fraction-5, or thymalin, are active both at the 
parental (subcutaneous) and at the oral application. 
Bursin (LysHisGly-amide), the molecule of which in- 
cludes three amino acids residues only, proves to be 
immunoinert at subcutaneous and at peroral introduc- 
tion. This fact might be explained in the following way: 
all three amino acids of bursin (Lys, His, and Gly) are 
immunoinactive (1 3); those peptides which consist of the 
immunoinactive amino acids only are not able to influ- 
ence the immune response (13,15). Moreover, Lys and 
His are not necessary for the realization of the immune 
response according to Jose and Robert (35). Hence the 
ability of peptides to increase the immune response at 
per 0s application depends not only upon the length of 
the peptide chain, but also upon the amino acid compo- 
sition, whereas the phagocytosis-stimulating activity of 
peptides is not always connected with their ability to 

Belokrylov et al. 

penetrate the gastrointestinal tract as, for example, in the 
case of TP-5. 

As the data presented in this paper show, not only 
peptides and their constituent amino acids (15), but 
amino acid mixtures also influence the immune response 
and phagocytosis in a different manner. This evidence 
supports the previous suggestion (15) about the relative 
independence of the specific and nonspecific forms of 
the organism protection. The phenomenon of the diver- 
sity in the effects of amino acids taken separately and 
of amino acid preparations on the immune response and 
phagocytosis at low and high doses shows that variations 
in bioactive compound concentrations may be those of 
homeostasis relating mechanisms. This phenomenon 
exhibits the general biological character. The effect also 
shows up in mammals (mice) and birds (chickens). It is 
important to emphasize that composition, doses, and 
routes of preparation introduction play the essential role 
in the realization of the immuno-effects of peptides, 
separate amino acids, and their mixtures; the directed 
action of immuno-correcting drugs might be achieved by 
varying these factors. 

REFERENCES 

1. 

2. 

3. 

4. 

5.  

6. 

7. 

8. 

9. 

10. 

W. R. Beisel, Single nutrients and immunity, Am. J .  
Clin. Nutr., Suppl., 35(2), 417 (1982). 
R. L. Gross and P. M. Newberne, Role of nutrition in 
immunologic function, Physiol. Rev., 60( 1) (1980). 
K. D. Neame, Phenylalanine as inhibitor of transport of 
amino acids in brain, Nature, 192(4798), 173 (1981). 
W. L. Ryan and M. J.  Carver, Inhibition of antibody 
synthesis of L-phenylalanine, Science, 143(3605), 479 
(1964). 
W. L. Ryan, Inhibition of the immune response by phe- 
nylalanine. Application to skin transplantation, J .  Am. 
Med. Assoc., 191(4), 295 (1965). 
S.  W. Hier, Influence of injection of single amino acid 
on the blood level of free amino acids, J .  Biol. Chem., 
171(2), 813 (1947). 
Ph. Chevalier and A. Aschkenasy , Haematological and 
immunological effects of excess dietary leucine in the 
young rats, Am. J. Clin. Nutr. 30(10), 1645 (1977). 
K. Iwasaki, K. Mano, M. Ishihara, Y. Yugari, and T. 
Matsurawa, Effects of ornitine or arginine administration 
on serum amino acids levels, Biochemistry Int., 14(5), 
971 (1987). 
H. N.  Munro, M. H. Steele, and W. C. Hutchinson, 
Blood corticosterone level in the rat after administration 
of amino acids, Nature, 199(4899), 1182 (1963). 
A. Aschkenasy, Dietary proteins and amino acids in leu- 
kopoiesis. Recent haematologicai and immunological 
data, World Rev. Nutr. Diet, 21, 159 (1975). 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
X

av
ie

r 
U

ni
ve

rs
ity

 o
n 

01
/3

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Properties of Amino Acids and Peptide Preparations 127 

1 1 .  

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

G. A. Belokyrlov, I. V.  Molchanova, and E. I. 
Sorochinskaya, Amino acids as immunogenesis regula- 
tors, Dokl. Akad. Nauk USSR, 286(2), 471 (1986). 
G. A Belokyrlov and I. V. Molchanova, The quatitative 
characterization of some amino acid effects on the im- 
mune response, Immunology USSR, (3), 61 (1988). 
G. A. Belokrylov, I. V. Molchanova, and E. I .  
Sorochinskaya, Immunomodulatory properties of certain 
amino acids influence the immunostimulating properties 
of specific peptides, Int. J .  Immunopharmacol., 12(8), 
841 (1990). 
H. N. Christensen and T. R. Riggs, Concentrative up- 
take of amino acids by the Ehrlich mouse ascites carci- 
noma cell, J. Biol. Chem., 194(1), 57 (1952). 
G. A. Belokrylov, 0. Ya. Popova, I .  V. Molchanova, 
E. I. Sorochinskaya, and V. V. Anokhina, Peptides and 
their constituents amino acids influence the immune re- 
sponse and phagocytosis in a different ways, Int. J .  
Immunopharmacol., 14(7), 1285 (1992). 
Z. Zidek, Immune-related edemagenic activity of 
glutamines and glutamic acid, components of immuno- 
modulatory agents, Agents Actions, 42, 163 (1994). 
G A. Belokrylov and I. V. Molchanova, Levamine and 
cerebrolysine as immunostimulators, Bull. Exp. Biol. 
Med. USSR, 113(2), 165 (1992). 
G. A. Belokrylov, 0. Ya. Popova, 0. N. Derevnina, 
and I. V. Molchanova, The ambiguity in effects of large 
and low doses of amino acid preparations on the immune 
response and phagocytosis in mice, Bull. Exp. Biol. 
Med. USSR, 117(5), 500 (1994). 
A. L. Goldstein. A. Guha, M. M. Zatz, M. A. Hardy, 
and A. White, Purification and biological activity of 
thymosine, a hormone of the thymus gland, Proc. Natl. 
Acad. Sci. USA, 69(7), 1800 (1972). 
V. F. Martynov, V. V. Anokhina, G. A. Belokyrlov, L. 
I .  Leontjeva, and E. I. Sorochinskaya, Immunoactive 
peptides. The synthesis of the active fragments of some 
thymic peptide hormones. J. Gen. Chem. USSR, 59(10), 
2369 (1989). 
N. K. Jerne and A. A. Nordin, Plaque-forming in agar 
by single antibody-producing cells, Science, 140(3565), 
405 (1963). 
G. A. Belokyrlov, The immunostimulating activity of 
aspartic acid, Bull. Exp. Biol. Med. USSR, 102(8), 213 
(1986). 
J .  E. Niederhuber and E. Moller, Antigenic markers on 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

mouse lymphoid cells: the presence of MBLA on anti- 
body forming cells and antigen binding cells, Cell. 
Immunol., 3(4), 559 (1972). 
G. A. Belokyrlov, Yu. L. Zhitnuchin, and B. N. 
Sofronov, Evidence for cross-reactive antigens of thymus 
and brain in cortex, Bull. Exp. Biol. Med. USSR, 82(7), 
834 (1976). 
A. N. Barclay and H. Hyden, Localization of the Thy- 
1 antigen in rat brain and spinal cord by immunofluores- 
cence, J .  Neurochem., 31(6), 1375 (1978). 
E. S .  Golub, Brain-associated 8 antigen: reactivity of 
rabbit anti-mouse brain with mouse lymphoid cells, Cell. 
Immunol., 2(4), 353 (1971). 
E. Feiglova, L. Pichlikova, and K. Nousa, Antilympho- 
cytic activity of rabbit anti-chicken-antibrain sera, Folia 
Biol. CSSR, 18(4), 256 (1972). 
W. C.  Rose, Amino acids requirements of man, Fed. 
Proc., 8(2), 546 (1949). 
W. J .  Waithe, C. Dauphinais, P. Hathaway, and K. 
Hirschorn, Protein synthesis in stimulated lymphocytes. 
11. Amino acid requirements, Cell. Immunol., 17(2), 323 
(1975). 
J. C. Chuang, C. L. Yu, and S. R. Wang, Modulation 
of human lymphocyte proliferation by amino acids, Clin. 
Exp. Immunol., 81(1), 173 (1990). 
G. A. Belokrylov, I. V. Molchanova, 0. Ya. Popova, 
The stimulation of immunogenesis by neurotensin, penta- 
gastrin, thymopentiin and the realization ways, Bull. Exp. 
Biol. Med. USSR, 103 (Il), 584 (1989). 
I. V. Miroschnichenko, A. A. Yarilin, I. D. Ryabinina, 
V. F. Martynov, L. I .  Leontjeva, and E. I. 
Sorochinskaya, Blast-transformation and the change of 
surface markers on murine T-lymphocytes precursors at 
the action of synthetic fragments of thymic factors, Im- 
munology USSR, (2), 85 (1986). 
G. A. Belokrylov, The Thymic Peptides in Regulation of 
the Immune System Functions (E. A. Korneva, ed.), 
Nauka Publ. House, St. Petersburg, 1993. 
G. A. Belokrylov and V. S. Turovsky, The comparative 
characterization of the immunostimulating activity of low 
molecular polypeptides of calf thymus and brain cortex, 
Immunology USSR, (3), 34 (1984). 
D. G. Jose and A. Robert, Quantitative effects of nutri- 
tional essential amino acid deficiency upon immune re- 
sponses to tumour in mice, J. Exp. Med., 137(1), 1 
(1973). D

ru
g 

D
ev

el
op

m
en

t a
nd

 I
nd

us
tr

ia
l P

ha
rm

ac
y 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

X
av

ie
r 

U
ni

ve
rs

ity
 o

n 
01

/3
0/

12
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.




