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We compared physiological activity of synthetic complexes from angiotensin IV and func-
tionally different proteins (transport protein, bovine serum albumin; and neurospecifi c Ca2+-
binding protein, S100b) as model analogues of endogenous protein-peptide complexes. 
Physiological activity of angiotensin IV was specifi cally modifi ed by these proteins. Our 
results suggest that complexes of angiotensin IV with bovine serum albumin and S100b are 
strong factors for the integration of central and peripheral functions at the homeostatic and 
behavioral level.
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We previously studied the involvement of individual 
peptide components of the renin—angiotensin system 
into the central and peripheral mechanisms of regula-
tion of autonomic functions and evaluated the role of 
these components in the development and performance 
of behavioral reactions, including the acquired target-
ed behavioral response [2,3]. Differences were found 
in the spectra of activities of free and protein-bound 
angiotensins. It was hypothesized that protein-peptide 
complexes (PPC) play a specifi c role in the intrasys-
temic and intersystemic integration of functions [2,3]. 
Our experiments showed that these complexes exhibit 
physiological activity, which is modifi ed by function-
ally different proteins [4]. For example, “chimeric” 
compounds serve as the factors for prolonged mainte-
nance of certain functional states and reproduction of 
the relevant behavioral skills. For instance, administra-
tion of PPC consisting of the major effector peptide of 
the renin—angiotensin system (angiotensin II, AT-II) 

and transport protein (bovine serum albumin, BSA) to 
rats causes thirst followed by the realization of operant 
drinking behavior. PPC of AT-II and neurospecifi c pro-
tein S100b mainly affects the hemodynamics (systolic 
blood pressure, SBP; and heart rate, HR), but does not 
modulate drinking behavior [4].

AT-II is synthesized during enzymatic processing 
of the angiotensin precursor protein and is cleaved by 
various enzymes (e.g., aminopeptidases A and N, car-
boxypeptidase P, and angiotensin-converting enzyme) 
with the formation of a wide spectrum of end-pro-
ducts (fragment of AT-II1-7, AT-III, AT-IV, etc.). Little 
is known about physiological activity of these peptides 
[7,9,11,15]. It is known that AT-IV preferentially binds 
to specifi c receptors (AT4), but can exhibit affi nity for 
AT1 receptors and AT2 receptors for AT-II. Activity 
of AT-IV is manifested in the neurotrophic effect and 
modulation of learning (model of defensive behavior). 
The results of previous studies suggest that AT-IV is in-
volved in memory fi xation at the molecular genetic level 
under various pathological conditions (atherosclerosis, 
hypertension, and memory disorders) [5,9,11-14].

Here we compared the role of free AT-IV and AT-
IV bound to functionally different proteins (transport 
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protein BSA and neurospecifi c Ca2+-binding protein 
S100b) in the development and realization of complex 
acquired drinking behavior in rats. We evaluated the 
effect of complexes from AT-IV on hemodynamic pa-
rameters in animals (SBP and HR).

MATERIALS AND METHODS

Experiments were performed on male Wistar rats 
weighing 300-400 g.

Synthetic conjugates of AT-IV (American pep-
tides) with BSA and S100b protein (Sigma) were syn-
thesized in our laboratory. These compounds serve as 
model analogues of endogenous PPC. PPC of AT-IV 
and carrier protein molecules were synthesized using 
a bifunctional coupling agent 1-cyclohexyl-3(2-mor-
pholine-ethyl)-carbodiimide (Sigma). Chromatography 
showed that these conjugates contain 8-10 and 5-7 
molecules of AT-IV per molecule of BSA and S100b, 
respectively.

Physiological activity of AT-IV—BSA and AT-
IV—S100b complexes was compared with that of na-
tive AT-IV. We studied the effect of intraperitoneal 
treatment with these complexes on drinking behavior 
and hemodynamic parameters (SBP and HR).

Experimental animals of the treatment groups re-
ceived native AT-IV (400 μg/kg), PPC of AT-IV and 
BSA, and PPC of AT-IV and S-100b. The doses of 
PPC were equivalent to 400 μg/kg AT-IV. Control 
rats received intraperitoneal injections of the test sub-
stances in combination with angiotensin-converting 
enzyme inhibitor Capoten (n=8) and direct antagonist 
of AT1 receptors losartan (n=10) in a dose of 300 μg/
kg. Activity of the test substances was compared with 
that of 0.9% NaCl (solvent).

The effects of PPC consisting of AT-IV and pro-
teins on drinking behavior were studied on untrained 
rats maintained under conditions of free access to 
water (the volume of water intake in these rats was 
measured over 3 h after injection) and on animas dur-
ing training of complex targeted drinking behavior in 
an automatic device. Skill performance was estimated 
in the follow-up period. This approach allowed us 
to evaluate the time characteristics and dynamics 
of successive stages of complex drinking behavior 
(“start” compartment – running to the “manipulative” 
compartment – “manipulation” with a disk (drinking 
bowl) – water drinking from a bowl – return to the 
“start” compartment) [1]. Hemodynamic parameters 
were studied by the indirect method with a NIBP 
system (AD Instruments). Awake rats were placed in 
plastic cages. Due to variability in baseline SBP and 
HR, changes in these parameters were expressed in 
percents of the initial value.

The results were analyzed by Student’s t test.

RESULTS

AT-IV in PPC with functionally different proteins was 
shown to have various physiological properties. These 
differences were found at the central and peripheral 
level.

As differentiated from free AT-II and BSA-bound 
AT-II, administration of native AT-IV (n=8), PPC of 
AT-IV and BSA (n=8), and PPC of AT-IV and S-100b 
(n=8) was not accompanied by the induction of water 
intake in animals that had free access to water. Free AT-
IV signifi cantly reduced the performance of drinking 
behavior in rats that were trained in a complex drinking 
skill (n=8, p<0.01). The incidence of drinking reactions 
tended to increase after treatment with PPC of AT-IV 
and BSA (n=9; Fig. 1, a). PPC of AT-IV and S100b 
had no effect on the performance of acquired drinking 
behavior in animals (n=10; Fig. 1, a). This PPC did not 
modulate the process of training in a new skill for the 
reinforcement in an automatic device (change in the 
direction of disk movement to obtain water). As distinct 
from PPC of AT-IV and S100b, PPC of AT-IV-BSA and 
free AT-IV signifi cantly suppressed the acquisition of 
this skill for water reinforcement (Fig. 1, b).

We evaluated peripheral effects of free AT-IV and 
protein-bound AT-IV. Injection of 0.9% NaCl to con-
trol animals (n=12) was followed by an insignifi cant 
increase in BP and HR (by 5-8%), which persisted for 
1 h. This fact was taken into account when evaluating 
the signifi cance of hemodynamic shifts in experimen-
tal animals after injection of the test substances. PPC 
of AT-IV and S100b (n=10) had a strong hypertensive 
effect (by the amplitude and duration; Fig. 2, a). Sin-
gle injection of this PPC was followed by a signifi cant 
increase in the mean SBP (p<0.05 compared to control 
animals receiving 0.9% NaCl). The observed changes 
persisted for 1.5 h. PPC of AT-IC and BSA (n=9) pro-
duced insignifi cant effects comparable with those of 
0.9% NaCl. There are confl icting data on the action 
of free AT-IV on SBP. It should be emphasized that 
previous studies were mainly performed on experi-
mental models of isolated blood vessels (vasodilation 
and vasoconstriction) [5,10-13]. Our experiments on 
awake animals (n=10) demonstrated the hypotensive 
effect of this peptide. The mean SBP in treated rats de-
creased by 13% (p<0.05 compared to control animals 
receiving 0.9% NaCl; Fig. 2, a).

The most signifi cant changes in HR (effect and 
duration) were observed after treatment with PPC of 
AT-IV and S100b (p<0.05; Fig. 2, b).

Capoten and losartan abolished the effect of PPC 
of AT-IV-S100b and free AT-IV on hemodynamic pa-
rameters.

Hence, activity of AT-IV (one of the fi nal products 
of angiotensinogen processing) differs from that of AT-
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II (the main effector peptide of the renin—angiotensin 
system). For example, free AT-IV (not bound to the 
protein) produces a strong hypotensive effect and sup-
presses the development and realization of complex 
acquired drinking reactions, but AT-IV does not induce 
the inherited drinking behavior.

We showed that activity of peptide is modulated 
by functionally different proteins. These data are con-
sistent with the results of previous studies [4]. The 
complex of AT-IV and BSA mainly affects drinking 
behavior, while the complex of AT-IV and S100b has 
a strong infl uence on hemodynamic parameters. For 
example, PPC of AT-IV and BSA has a moderate acti-
vating effect on acquired behavior, suppresses the de-
velopment of new drinking skills, and does not affect 

SPB and HR. The complex of AT-IV and S100b has 
other properties: induces sustained increase in SBP and 
HR, but has no effect on the performance of acquired 
drinking behavior and development of new skills.

It can be hypothesized that physiological activ-
ity of angiotensins during the interaction with vari-
ous types of specifi c receptors is mediated by hetero-
geneous processes of signal transduction [6,8,9,15]. 
These changes contribute to a specifi c regulatory re-
sponse, which involves the cell genome. Complexes 
of angiotensins with functionally different proteins 
determine the divergence of signal transduction path-
ways, which induces an adequate cell response with 
the involvement of the renin—angiotensin system (in 
the whole organism).

Fig. 1. Effects of free AT-IV and protein-bound AT-IV on the performance (a) and development (b) of operant drinking behavior in rats. 
Here and in Fig. 2: control, 0.9% NaCl (1); free AT-IV (2); AT-IV and BSA (3); AT-IV and S100b (4). Baseline value (I); administration of 
substances (II); aftereffect (III). Dotted line: time for the persistence of significant differences between test parameters. *p<0.05 compared 
to the control; +p<0.01 compared to the baseline value.

Fig. 2. Changes in SBP (a) and HR (b) after intraperitoneal injection of free AT-IV and protein-bound AT-IV.
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Various proteins (transport protein BSA and neu-
rotrophic protein S100b) modulate activity of angio-
tensins (AT-II and AT-IV), which probably contri-
butes to the cooperation or antagonism between some 
components of the renin—angiotensin system. These 
features are of considerable importance in the central 
and peripheral mechanisms of intrasystemic and inter-
systemic integration of functions.
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