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From the data obtained the conclusion may be 
drawn that NaOC1 induces lipid peroxidation in 
LDL, which leads to disturbances in the structure 
of the surface proteolipid layer of the particles. 
This manifests itself, on the one hand, as re- 
stricted mobility (an increase of parameters S and 
x), and, on the other, as an increased polarity 
(drop of parameter h) of the microenvironment of 
fatty-acid chains of phospholipids as deep as the 
I2th CH 2 group (approximately 1.7 nm from the 
lipid-water interface). Marked changes in deeper 
regions (16th CH 2 group) become detectable only 
at concentrations of NaOC1 exceeding 1 raM. It 
should be noted that earlier we observed similar 
qualitative changes in the mobility and polarity of 
the phospholipid acyl chains depending on the 
degree of LDL autooxidation [5,13,14]. 

REFERENCES 
1. S. A. Evgina, O. M. Panasenko, V. I. Sergienko, and Yu. 

A. Vladimirov, Biol. Membrany, 9, N- ~ 9, 946-953 (1992). 
2. L SeeIigh, in: Spin-Labeling: Theory and Applications, Ed. 

L. Berlinger, Acad. Press, New York (1976). 

3. A. N. Kuznetsov, The Spin-2robe Technique [in Russian], 
Moscow (1976). 

4. A. N. Mayanskii and D. N. Mayanskii, Essays on the 
Neutrophil and Macrophage [in Russian],  Novosibirsk 
(I989). 

5. O. M. Panasenko, T. V. Vol'nova, O. A. Azizova, and Yu. 
A. Vladimirov, Biol. Mernbrany, 5, N_o 11, 1186-1191 
(1988). 

6. 13. M. Panasenko, S. A. Evgina, and V. I. Sergienko, in: 
Electrochemical Methods in Medicine [in Russian], Mos- 
cow (1991), pp. 7-8. 

7. I.  Arnhold ,  S. Hammerschmidt ,  M. Wagner, et aI., 
9Joined. Biochim. Acta, 49, 991-997 (1990). 

8. J. Heinecke, Free Radic. Biol. Med., 3, 65-73 (1987). 
9. F. T. Lindgren, in: Analysis of Lipids and Lipoproteins, Ed. 

E. G. Perkins, Champaign (Ill.) (1975), pp. 204-224. 
i0. O. H. Lowry, N. J. Rosebrough, A. L. Parr, and R. J. 

Randall, Jr. Biol. Chem., 193, 265-275 (1951). 
11. P. J. Mehlhom and L. Packer, Meth. EnZyrnol., 56, 515- 

526 (1979). 
t2. J. C. Morris, Y. Phys. Chem., 70, 3798-3805 (1966). 
13. O. M. Panasenko, T. V. Vol'nova, O. A. Azizova, and Yu. 

A. Vladimirov, Free Radic. Biol. Med., 10, 137-148 
(1991). 

14. O. M. Panasenko, O. A. Azizova, and Yu. A. Vladimirov, 
Soy. Med. Rev. Sect. B: Physicochern. Asp.Med., 3, Pt. 3, 
1-74 (1992). 

15. S. Schreier-Muccillo, D. Marsh, and I. C. P. Smith, Arch. 
Biochern, 172, 1-11 (1976). 

Behavioral Effects of [I-Casomorphin-7 and 
Its Des-Tyr-Analogs 
A. S. Maklakova, V. A. Dubynin, N. G. Levitskaya, V. N. Nezavibat'ko, 
L. A. Alfeeva, A. A. Kamenskii, and I. P. Ashmarin 

UDC 616.89-008.447-02:615.212.7:547.943]-07 

Translated from Byulleten" Eksperimental'noi Biologii i Meditsiny, Vol. 116, No_ 8, pp. 155-158, August, 1993 
Original article submitted March 20, 1993 

Key Words: locomotor activity; exploratory reaction; stress; casomorphins; opioids 

Early investigations of the effects of opioid peptides 
on behavior and the exploratory reaction demon- 
strated that intracerebral administration of mor- 
phine, endorphins,  and Met-enkephalin causes 
muscular rigidity and immmobility in experimen- 

M. V. Lomonosov Moscow State University; Institute of 
Molecular  Genetics, Russian Academy of Medical  Scie- 
nces, Moscow 

tal animals [4,16]. Further studies revealed a more 
complex character of opioid influence. Depending 
on the type of peptide, the mode of  its adminis- 
tration into the organism, the species of experi- 
mental animal, and the peptide dose, it is possible 
to register an entire spectrum of effects, ranging 
from significant motor excitation to a complete 
inhibition of locomotor activity and catotonia [14]. 
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Fig. 1. Effect of ~ - K - 7  (intraperitoneal administration; 20 mg/kg) on locomotor activity of experimental animals in O p t o -  
Varimex (a) and RODEO--2  (b) tests. Designations: here and in Fig. 2, Asterisk: significant differences between experimental 
and control groups (p<O.05). 

Meanwhile,  e luc idat ion  of the peculiarities of 
opioid effects on spontaneous behavior and the 
exploratory reaction is a necessary stage in the 
investigation of the physiological effects of any 
newly discovered or synthesized opioid peptide. 

The first data regarding casomorphins, opioids 
of alimentary origin, were published more than 10 
years ago. Casomorphins are of major importance 
in the early ontogenesis of mammals. The most 
typical representative of this family is the hepta- 
peptide Tyr-Pro-Phe-Pro-Gly-Pro-I le  (known as 
beta-casomorphin-7,  or ~-K-7) corresponding to 
the 60th-66th fragment of 13-casein [6]. Although 
more than  20 natural  derivatives and synthetic 
analogs of ~-casomorphins are now known, their 
physiological effects are poorly understood. It is 
noteworthy that 13-K-7 is characterized by a high 
aff'mity to opioid receptors of the g type and a 
somewhat lower affinity to receptors of the A- and 
n- types [7]. It is probable that interaction with 
opioid receptors accounts for the effects of the 
peptide and its derivatives on nociception and other 
functions of the organism, including behavior. The 
present study was aimed at investigating the effects 
of ~-K-7 and its des-Tyr-analogs on locomotor  
activity and the exploratory reaction under  differ- 
ent experimental conditions. 

MATERIALS AND METHODS 

~-K-7 and its des-Tyr-analogs ~-K-6 (Pro-Phe- 
Pro-Gly-Pro-I le)  and  13-K-4 (Phe-Pro-Gly-Pro)  

were synthesized in the Laboratory of Regulatory 
Peptides, Institute of Molecular Genetics, Russian 
Academy of Sciences. The experiments were per- 
fo rmed  on 639 male n o n p e d i g r e e  albino rats 
weighing 150-250 g. Aqueous pept ide  solutions 
were administered intraperitoneally in a volume of 
0.2 ml. Distilled water was injected into the con- 
trol animals. The testing was carried out 5 min 
after peptide administration. 

Locomotor activity of rats during spontaneous 
behavior was registered using Opto-Varimex (Co- 
lumbus Instruments, USA) and RODEO-2 (Rus- 
sian Academy of Medical Sciences) apparatus, 
which make it possible to record separately the 
horizontal (HC) and vertical (VC) components  of 
locomotor activity and, in the latter case, the num- 
ber of holes in the chamber floor nose-poked by the 
animals (NH). Chamber size was 40•215 and 
47•215 cm, respectively, NH=16.  The record- 
ings were performed in silence and darkness during 
15 min. Parameters were evaluated in arbitrary units. 

In addition, the animals were tested in the 
"open field" (in a round arena with a diameter of 
80 cm). A rat was placed in the center  of the 
arena and HC, VC, the grooming reaction, and the 
number  of boluses were assessed during 2 min. A 
500 W lamp, an electrical bell, and a red lamp 
(15 W) were fixed at a height of 80 c m  above the 
arena. Two modifications of the experiment were 
created: under  "stress-free" condi t ions  (i.e., in 
silence and under red illumination) and "stress" con- 
ditions (with both lamps and the bell switched on). 
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Fig. 2. Effect of [ 3 - K - 7  (I) and its d e s - T y r - a n a l o g s  (13- 
K - 6  (2) and [5--K--4) (3) on number of holes in chamber 
floor n o s e - p o k e d  by animals in RODEO--2 test (intrape- 
rttoneal administration; 20 mg/kg). 

The data obtained were processed using ANOVA 
methods of statistical analysis (STATGRAF soft- 
ware ) .  

R ~ U ~ S  
Administration of 13-K-7 in doses of I and 5 mg/kg 
did not affect spontaneous behavior of the experi- 
mental  animals in any of  the tests used. A de- 
crease in HC value to 78% compared to the con- 
trol (p<0.05) and of VC to 81.1% (p=0.11) was 
recorded in the Opto-Varimex test after adminis- 

tration of ~-K-7 in a dose of 20 mg/kg (Fig. 1, a). 
The differences were most  significant 6-10 min 
after the beginning of recording (50.8% for HC 
and 51.6% for VC). During the lst-5th and 1 lth- 
15th rnin of the experiment reliable differences 
between the experimental and control animals were 
not detected. 

In the RODEO-2 test 15-K-7 in a dose of 20 
mg/kg induced a similar decrease in HC and VC 
values to 83.8 and 77.8% compared to the con- 
trol, respectively (Fig. 1, b). The most significant 
differences were also observed during the 6th-10th 
rain of recording (74.3 and 65.8% for HC and 
VC, respectively). However, we did not detect any 
reliable differences in NH between the experimen- 
tal and control  groups (Fig. 2). 

As for des-Tyr-analogs of 13-K-7, the charac- 
ter of their influence on locomotion was similar 
to the prototype effects. Administrat ion of the 
substances in doses of 1 and 5 mg/kg did not  
affect the locomotor activity of the rats (RODEO- 
2 test), while a dose of 20 mg/kg led to a cer- 
tain decrease in its value. In the case of [~-K-6 
this decrease was significant in the 6th-10th man 
of recording and consti tuted 60.4% compared to 
the control, while in the case of 15-K-4 it was 
significant in the l l t h -15 th  min and constituted 
59.6%. 

In contrast to [3-K-7, administration of ~-K-6 
and [3-K-4 in a dose of 20 mg/kg led to a reli- 
able decrease m NH to 76.0 and 73.7%, respec- 
tively, compared to the control (Fig. 2). These 
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Fig. 3. Effect of 13-K--7 (intraperitoneal administration; 1 mg/kg) on distribution of HC values in the "open field" test under 
stress conditions. 
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differences were significant in the lst-5th, 6th- 
10th, and 11th-15th rain of recording. 

In the " o p e n  f ie ld"  test (1 and 5 mg /kg  
13-K-7) under  stress-free conditions a decrease in 
the number of  boluses (40-60% compared to the 
control) was the only significant effect of peptide 
administration. Under stress conditions, for a com- 
mon  constant mathematical  average value of the 
HC parameter, 15-K-7 caused a reduction of its 
s tandard square deviat ion to 69.6% (1 mg/kg,  
p<0.01 according to the Fisher test, Fig. 3) and 
to 81.3% (5 mg/kg,  p<0.05) in comparison with 
the control. In  other words, in the experimental 
groups there were fewer animals which reacted by 
freezing or nonstop running to the switching on 
of the stress agents (especially in the 1st rain), A 
decrease in the number  of boluses was also ob- 
served but did not reach a significant level. 

A large body of experimental data has now 
been accumula ted  on the behavioral effects of 
opioid peptides. For instance, intraventricular ad- 
ministration of 13-endorphin induces a prolonged 
psychomotor excitation accompanied by hyperactiv- 
ity, head twitching, and tremor in cats [15]. In- 
j ec t ion  of g- and A-opio id  agonists produces  
either a s t imulat ing or an inhibitory effect on 
locomot ion  depending  on the doses used [12]. 
Intraventricular injection of D-Ala-D-Leu-enkepha- 
]in produces a biphasic effect on locomotor activ- 
ity, f~st decreasing and then increasing it [17]. For 
the systemic mode of administration the effect of 
g-opioid agonists is also dose-dependent: low doses 
of morphine (1-2 mg/kg) induce hyperactivity [10], 
whereas high doses 20 mg/kg) reduce motor ac- 
tivity to the point of catalepsy [5]. Dermorphin in 
a wide dose range (0.5-5.0 mg/kg) also decreases 
motor  activity of  experimental animals [2]. Selec- 
tive ~:-agonists (U50488H, PDl17302) lead to a 
suppression of  motor  activity only in high doses; 
in low doses (0.1 mg/kg) they stimulate groom- 
ing, reduce VC, and do not affect HC of locomo- 
tor activity [11]. 

The results obtained support the idea of a pre- 
dominantly suppressive effect of high doses of opio- 
ids on locomotion and the cataleptic effects of ~- 
K-7 derivatives [13]. The mechanisms of these 
effects are most probably connected with the abil- 
ity of [~-K-7 to interact  with peripheral opioid 
receptors [7]. In additional experiments a specific 
antagonist of g receptors, naloxone (1 mg/q<g) was 
administered 15 rain prior to injection of the pep- 
tide (or water in the control). It turned out that 
in the groups with combined  administration of 
naloxone and ~-K-7 the  decrease in HC and VC 
values was more  pronounced  than in the groups 

with administration of either ~-K-7 or naloxone 
only (RODEO-2). This potentiating effect was sig- 
nificant for [3-K-7 doses of 20 and 5 mg/kg. It is 
reasonable to assume that the locomotor effects of 
~-K-7 are mediated, at least partly, by opioid re- 
ceptors different from receptors of  the g type. 
Unde r  normal  condit ions,  the popula t ion  of g 
opioid receptors may carry out a sort of buffer 
function and prevent the lessening locomotor  ac- 
tivity. 

The absence of N-terminal  tyrosme in ~3-K-6 
and ~-K-4 and, as a result, a reduced affinity to 
opioid receptors may probably account  for their 
more feeble action on spontaneous locomotor  ac- 
tivity in comparison with the prototype.  At the 
same time, the selective effect of these peptides on 
the number of holes nose-poked by the animals 
together with the data of the antidepressive activ- 
ity of des-Tyr-analogs of ~-K-7 [9] allow us to 
postulate multiple pathways of the development of 
the peptide effects. 

The decrease in the number of boluses in the 
"open field" test is probably connected with a di- 
rect influence of ~-K-7 on g receptors of the in- 
testine [8]. In our opinion, the smaller scatter in 
horizontal activity values under stress conditions is 
a consequence of the antistress effect of the pep- 
tide. Similar effects revealed for some other opio- 
ids are a consequence of their inhibitory action on 
different transmitter systems of the brain [1]. It is 
noteworthy that the antistress activity of 13-K-7 
manifests itself in doses lower than those requ i red  
in order to affect spontaneous behavior and pain 
sensitivity [3]. It seems likely that [3-K-7 and its 
derivatives in these doses can display a number  of 
other neurotropic effects. 

Thus, in our opinion, the opioid peptide [5-K-7, 
of interest as an " a l i m e n t a r y "  opioid, should be 
further investigated in view of its possible thera- 
peutic applications as an antistress agent. 
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The accumulated data on the diverse effects of 
opioid peptides on the functioning of many, if not 
all, organs and systems of the human and animal 
organism [14] underscore the need to study their 
influence on one of the most important systems in- 
volved in the maintenance of homeostasis, namely the 
regulatory system of hydroionic balance, with the 
kidney being the central organ in this system. T a b  
ing into account the age-dependent changes occur- 
ring inthis  system [1,2,4-7,10], we thought it inte- 
resting to compare the effect of opioid peptides on 
hydroionic exchange in different age groups of ani- 
mals. Since the specific share of enkephalins and 
endorphins manifesting their modulating effect on 
the organism's functions [13] increases under stress 
conditions [3,9,12-14], it is reasonable to assume 
that under  conditions of hyperhydration, adminis- 
tration of enkephalins will promote a more  ratio- 
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nal, economical, and optimal return of the organ- 
ism to the initial state of  hydroionic equilibrium. 

The  objective of  the  present  s tudy was to 
study renal function in rats of three age groups 
under  the action of an arginine-containing syn- 
thetic analog of Leu-enkephalin (SAE). 

MATERIALS AND METHODS 
The experiments were performed on albino Wistar 
rats of  three age groups: group 1) 25-30-day-old 
rats (n=102); group 2) 45-50-day-old rats (n=62), 
and group 3) adult rats (older than 180 days, 
n=l15) .  After preliminary weighing, the experi- 
mental animals were placed in special cages for 1- 
2 h for the collection of  background samples of 
urine. Subsequently, their stomachs were loaded 
with water (5 ml/100 g body  weight) via a poly- 
ethylene probe. At the same time, the animals 
received an intraperitoneal injection of a synthetic 
analog of Leu-enkephalin in a dose of 100 ~tg/kg 
and a volume of 0.5 ml/100 g. Samples of urine 
and plasma were collected 1, 3, and 6 h after 
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