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Цель. Провести сравнительный анализ особенностей питьевой инструментальной ак-

тивности у крыс с различными проявлениями рискового поведения до и после внутримоз-

гового введения им равнорезультативных дипсогенных доз ангиотензинов. Материалы и 

методы. Работа была выполнена на 19 крысах-самцах породы Вистар массой 250-300 г. 

Все манипуляции c животными соответствовали международным этическим рекомендаци-

ям по проведению медико-биологических исследований с использованием животных. Под 

эфирным наркозом крыс предварительно скальпировали: удаляли мягкие ткани и надкост-

ницу. Через трепанационное отверстие в боковой желудочек мозга крысы вводили канюлю. 

Длина каждой канюли составляла 8 мм, внутренний диаметр 0,8 мм. Канюли имели огра-

ничитель на расстоянии 3,5 мм от вживляемого конца. Каждому животному вживляли одну 

канюлю в боковой желудочек мозга справа или слева, согласно координатам стереотакси-

ческого атласа для крыс (Л.Д. Пеллегрино с соавт., 1979) (АР= +1.0; L= 2; H= 2.5). Микро-

инъекции веществ в мозг выполняли ненаркотизированным животным с помощью микро-

шприца объемом 5 мкл («Hamilton», США). С целью внутрижелудочковых микроинъекций 

использовали ангиотензин-II, ангиотензин-III и [des-Asp1]-ангиотензин-I («Sigma», США). 

Результаты. В статье описаны механизмы реализации питьевой инструментальной актив-

ности у крыс с различными проявлениями рискового поведения. С позиций общей теории 

функциональных систем академика П.К. Анохина обсуждаются эффекты применения 

«равнорезультативных» доз ангиотензинов в инициации специфических паттернов питье-

вого поведения животных. Риск рассматривается как самостоятельный компонент систем-

ной организации целенаправленного поведения организма. Показано, что «интегральный 

паттерн индивидуального поведения» крыс избирательно модулируется ангиотензином-II и 

ангиотензином-III. Эта избирательность имеет узкую направленность и проявляется инди-

видуально, в зависимости от фоновой активности животных. Выводы. Ангиотензин-II и 

ангиотензин-III в зависимости от исходного уровня интенсивности инструментальной ак-

тивности (с различными проявлениями рискового поведения) животных вовлекаются в 

инициацию полноценного «интегрального паттерна индивидуального питьевого поведе-

ния», либо участвуют в направленной модуляции сложного целенаправленного поведения, 

которая проявляется путем увеличения дипсогенного эффекта. Одновременно [des-Asp1]-A-
I не участвует в механизмах воспроизведения приобретенных питьевых инструментальных 

навыков, а индуцирует только механизмы инициации врожденных индивидуальных форм 

питьевого поведения. 
Ключевые слова: риск, ангиотензины, доминирующая мотивация, целенаправленное 

поведение. 
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Aim. To carry out a comparative analysis of characteristics of drinking instrumental ac-
tivity in rats with different manifestation of risk behavior before and after intracerebral intro-
duction of equally productive dipsogenic doses of angiotensins. Materials and Мethods. The 
work was conducted on 19 Wistar male rats of 250-300 g mass. All manipulations with animals 
were performed in accordance with the international ethic recommendations on biomedical re-
search with use of animals. All rats were preliminarily scalped under ether anesthesia with re-
moval of soft tissues and periosteum. The cannulae were introduced into rat’s brain through the 

trephine opening in the lateral ventricle. The length of each cannula was 8 mm, the internal di-
ameter – 0.8 mm. All cannulae had a special restrictor at the distance of about 3.5 mm from the 
implantable end. Each animal was implanted one cannula into the lateral ventricle of the brain 
on the right or left side according to the coordinates of stereotaxic atlas for rats (L.D. Pellegrino 
at al., 1979) (AP = +1.0; L= 2; H= 2.5). Microinjections of substances were made into the brain 
of non-narcotized animals using a microsyringe of 5 μL volume («Hamilton», the USA). For 
intraventricular microinjections, angiotensin-II, angiotensin-III and [des – Asp1]-angiotensin-I 
(«Sigma», the USA) were used. Results. In the article the mechanisms of realization of drinking 
instrumental activity in rats with different manifestations of risk behavior are described. In view 
of P.K. Anokhin’s general theory of functional systems, the effects of application of «equally 
productive» doses of angiotensins on initiation of specific patterns of drinking behavior in rats 
are discussed. Risk is considered as an independent component of systemic organization of pur-
posive behavior of an individual. It is shown that the «integral pattern of individual behavior» of 
rats is selectively modulated by angiotensin-II and angiotensin-III. This selectivity has a narrow 
focus and individual manifestations, depending on the background activity of the animals. Con-
clusion. Depending on the initial level of the intensity of instrumental activity of the animals 
(with different manifestations of risk behavior), angiotensin II and angiotensin III are involved 
into initiation of full-scale «integral pattern of individual drinking behavior» or participate in 
the directed modulation of complex purposive behavior manifested by enhancement of 
dipsogenic effect. At the same time, [des – Asp1]-angiotensin-I does not participate in the 
mechanisms of reproduction of the acquired drinking instrumental habits but induces only 
mechanisms of initiation of congenital individual forms of drinking behavior.  

Keywords: the risk, angiotensins, dominating motivation, purposeful behavior. 
______________________________________________________________________________ 
 

According to an outstanding Russian 
physiologist academician P.K. Anokhin, a 
system-forming factor of a functional system 
of any level is a useful adaptive result of the 
activity which can be evaluated quantitatively 

[1]. The risk permits to predict the outcome of 
a situation, it is measurable [2] and performs 
several functions: stimu-lating, analytic, regu-
latory and protective [3,4]. A situation of un-
certainty stimulates an individual to actions in 
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the situation of choice, on the other hand – 
risk permits to evaluate usefulness (danger) of 
this choice. Trying to eliminate a risky situa-
tion, an individual makes a choice and realiz-
es the aim in a behavioral act with subsequent 
emotional evaluation of the achieved result 
[5-7]. A.P. Algin [6] defines risk «…as an 

activity associated with overcoming of uncer-
tainty in the situation of unavoidable choice 
in which it is possible to quantitatively and 
qualitatively evaluate the probabil-ity of 
achievement of the expected result, failure 
and deviation from the aim».  

In our work a comparative analysis was 
carried out of individual-typological peculiar-
ities of behavior of rats before and after 
intracerebral introduction of equally effective 
dipsogenic doses of angiotensins. A key crite-
rion which served the basis of individual-
typological classification of peculiarities of 
rats’ behavior was the initial intensity of their 

behavior in the experiment determined by a 
quantity of instrumental acts terminated by 
intake of water.  

Materials and Methods 
The work was conducted on 19 male 

rats of Wistar line with 250-300 g mass. All 
manipulations with animals were performed 

in accordance with the international ethic rec-
ommendations on medico-biomedical re-
search with use of animals. Scalping, implan-
tation of cannula into the lateral ventricle 
were performed under ether anesthesia ac-
cording to the coordinates of stereotaxic atlas 
for rats (L.D. Pellegrino at al., 1979) (AP = 
+1.0; L= 2; H= 2.5). Intraventricular mi-
croinjections of angiotensins («Sigma», the 
USA) were made to non-narcotized animals 
using a microsyringe of 5 μL volume («Ham-
ilton», the USA).  

Rats were taught instrumental skills on 
an automated setup – АS (A.V. Shvad-
chenko, A.P. Shcherbina et al., 1992) that 
permitted objective evaluation of successive 
fulfilment of stages of behavioral acts aimed 
at getting portions of water.  

Training began with placing an animal 
into the start box where the rat occasionally 
found access to the treadbahn bloсked by a 
mobile shutter. Then the rat per-formed a 
runway, he reached a rotating disk and had to 
turn it at a certain angle to move a water cup 
closer. After intake of water the rat was to 
return into the start box and again repeat  
purposeful  act.  The principal scheme  of  АS  
is given in Figure 1.  

 

 
 

Fig. 1. General view and scheme of setup: 
А – start box; B – «treadbahn» block; C – «manipulation» box;  

D – rotating disk; E – water cup with a signal lamp; F – mobile curtain 
 



   ОРИГИНАЛЬНОЕ  ИССЛЕДОВАНИЕ 
  

DOI: 10.23888/PAVLOVJ2018262222-228               ORIGINAL  STUDY 

 

225 
РОССИЙСКИЙ  МЕДИКО-БИОЛОГИЧЕСКИЙ  ВЕСТНИК 
имени академика И.П. Павлова. 2018. Т. 26. №2. С. 222-228 

I .P .  P AV LOV  RUS S IAN ME DICAL 
BIOLOGICAL HERALD. 2018; 26(2):222-8 

During training period rats were kept on 
a fixed supporting regime that is they were 
given water within 15 minutes once a day af-
ter daily manipulations in the set-up. Food 
was given without limitations. Temporal pa-
rameters of behavioral acts in rats were de-
termined: dT-1 – latent period of coming onto 
the treadbahn; dT-2 – period from appearance 
on the treadbahn to taking the «manipulation» 
posture; dT-3 – time from start of «manipula-
tion» to start of intake of water; dT-4 – time 
of intake of water; dT-5 – time from cessation 
of intake of water to withdrawal from «ma-
nipulation» posture; dT-6 – time of returning 
to the treadbahn; dT-7 – time of passage from 
the treadbahn to the start box. For evaluation 
of periods of the behavioral act (from dT-1 to 
dT-7) their absolute values were determined 
in sec. The time of testing of animals in АS 
was 10 minutes. Besides, there were also reg-
istered the number of pro-ductive instrumen-
tal acts, initiation of grooming acts and verti-
cal upright postures, and the number of at-
tempts to overcome obstacles on the way to 
water. The obtained data of behavioral exper-
iments were processed using parametric Stu-
dent’s t-test for sampling with normal distri-
bution.  

After that animals with different mani-
festations of risk behavior receiving water 
and food ad libitum, were introduced doses of 
angiotensins equally effective in water intake: 
angiotensin-II(А-II) – 300 ng, angiotensin-
III(A-III) – 350 ng and [des-Asp1] angioten-
sin-I ([des-Asp1]-A-I) – 400 ng («Sigma», the 
USA) into the lateral cerebral ventricles. 
«Equally-effective» doses of angiotensins that, 

being introduced into the lateral cerebral ven-
tricles, initiated intake of equal amounts of wa-
ter, were selected earlier in our research [8]. A 
solvent was normal saline solution (0.9 % 
NaCl), the volume of each microinjection was 
3µL. Injection of saline with dissolved sub-
stances was made slowly within 15-20 sec.  

Results and Discussion 
By the results of experiment all rats 

were divided into 3 groups. The 1st group in-
cluded animals (n=2, m=34 – number of run-
ways in АS), whose behavior was initially 

inactive and was characterized by performing 
not more than 2 instrumental acts, by delay on 
the treadbahn (dT-7) when returning to the 
start box, and by a high level of species-
specific activity (grooming, upright postures). 
After introduction of «equally-effective» dose 
of A-II the animals reproduced the same 
quantity of full-scale drinking acts, with re-
duction of the time of passage from the 
treadbahn to the start box (dT-7¯), prolonga-
tion of the time of intake of water (dT-4); the 
time of ex-it of the animals from the start box 
to treadbahn (dT-1) did not change. Taking 
into account peculiarities of the given individ-
uals it can be stated that A-II not only repro-
duced the characteristic features of the instru-
mental pattern of drinking behavior, but also 
promoted fulfilment by the animals of the op-
timal algorithm of achievement of the useful 
result of their activity (intake of water, p>0.05 
– compared to the initial level). According to 
the established strategy and effectiveness of 
the purposive drinking behavior, rats of the 1st 
group were classified as «non-risk-taking».  

The 2nd group included rats (n=10, 
m=86 – the number of runways in АS) with 
moderate activity of drinking behavior (not 
more than 5 acts) which were classifies as 
«cautious» with «pragmatic» behavioral strat-
egy. These animals demonstrated high values 
of time required for stages dT-4 and dT-7. 
Some rats (n=5, m=43 – the number of run-
ways in АS) were made intracerebral 
microapplications of A-II. The dT-7 parame-
ter reduced, that is, the time of passage from 
the treadbahn to the start box shortened in 
certain sessions, the time of intake of water 
increased (dT-4 – p< 0.05), the time of pas-
sage from the start box to the treadbahn re-
mained unchanged (dT-1). In rats of the 2nd 
group the number of «references» to the emp-
ty water cup de-creased as well as the number 
of «references» to the shutter (p<0,05). In re-
sponse to intracerebral introduction of A-II 
the grooming parameters unreliably increased 
(p>0.05 in comparison with that in the initial 
condition). Introduction of [des-Asp1]-A-I to 
the rats of this group was not accompanied by 
reproduction of the instrumental skill in them 
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(duration of dT-1 period reliably increased as 
compared to the initial condition, p<0.05). 
Single non-effective runways towards the 
«manipulation» compartment were noted but 
they did not finish with manipulation with the 
disk and in-take of water. The number of 
grooming acts and upright postures reliably 
increased (p<0.05).  

The 3d group included rats with high 
effectiveness (>5 acts). They (n=7, m=64 – 
the number of runways in АS) demonstrated 
the «beneficial» behavioral strategy – «risk-
taking». The animals were under the «risk» of 
not to complete a large number of effective 
runways in the setup during the limited time 
of test. The longest period in these animals 
was the period of drinking act (dT-4, p<0.05), 
and all the rest additional activity appeared to 
be insignificant in comparison with other 
groups of animals. In these rats there were no 
«references» to the shutter and to the empty 
drinking cup in the initial condition, and the 
amount of «references» to the shutter strictly 
corresponded to the amount of productive 
acts in АS. They did not «fritter away» the 
energy to «empty activity» but pragmatically 
structured their purposive activity and 
achieved the useful result due to increase in 
the number of productive acts in АS. Changes 
in behavior in «risk-taking» rats after intro-
duction of A-II were on the whole similar to 
those in the preceding group of animals. The 
time of consuming act (dT-4) did not change 
with microinjections, while dT-1 and dT-7 
parameters increased. So, behavior of the an-
imals was sort of rationalized. Animals to 
whom [des-Asp1]-A-I was injected, did not 
reproduce the drinking instrumental skill. The 
rats did not make a single attempt to over-
come the shutter, their behavior was charac-
terized by alternation of investigatory activity 
and grooming. Thus, introduction of [des-
Asp1]-A-I suppressed realization of the «jus-
tified risk» strategy by probable destruction 
of probabilistic prediction of the result of ac-
tivity [4,5,9]. However, after testing in АS, 
the dipsogenic effect of [des-Asp1]-A-I was 

manifested by additional drinking with free 
access to water, with the amount of consumed 
water corresponding to the effect of the equal-
ly effective dose.  

Decision taking is an «intermediary, 
critical» and «highly condensed» process [1] 
that results from the afferent synthesis initiat-
ed by the dominating motivation [10]. Situa-
tion of uncertainty may be of «regular» or 
«occasional» character [6], in one case deci-
sion taking is associated with the conflict 
caused by the necessity to overcome a physi-
cal obstacle; in the other case – with the risk 
as a particular way of solution of the above 
mentioned conflict. Decision taking rids an 
organism of excessive «amount of degrees of 
freedom» and is accompanied by formation of 
specific «efferent excitations» having adap-
tive character [1,5,9] and reflected in the fu-
ture result of behavior. An actual physiologi-
cal task is evaluation and analysis of the func-
tional parameter of risk-related behavior both 
in the process of decision taking and in the 
stage of realization of the behavioral act.  

All components of the functional sys-
tem of behavior are integrated and not ab-
solutely independent and isolated. Dominat-
ing motivation, memory apparatus, deci-
sion taking are integrated, and risk is a spe-
cific component of behavior whiсh appears 
in conditions of the uncertainty of achieve-
ment of the goal [5]. Risk is manifested as 
an independent characteristics of behavior 
of an individual, and changes in the bio-
logical functions associated with risk, are of 
adaptive character.  

Conclusion 
Depending on the initial level of the in-

tensity of instrumental activity of animals, an-
giotensin-II stimulates reproduction of the full-
scale «behavioral pattern» or participates in the 

directed modulation of complicated purposive 
behavior by its optimization in thirst. [des-
Asp1]-angiotensin-I does not participate in 
mechanisms of reproduction of the instrumen-
tal skill, but only induces mechanisms of ini-
tiation of the inborn forms of behavior. 

______________________________________________________________________________ 
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